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DS04-27227-2E

ASSP For Power Management Applications

1-channel DC/DC Converter IC

with Synchronous Rectifier

MB3885

m DESCRIPTION

The MB3885 is a 1-channel DC/DC converter IC using pulse width modulation (PWM) and synchronous rectifi-
cation, designed for down conversion applications.

This device is a power supply with high output drive capacity. Synchronous rectification also provides for high
efficiency.

In addition, a 5 V regulator is built in to reduce the number of system components. The result is an ideal built-in
power supply for driving products with high speed CPU’s such as home TV game devices and notebook PC’s.
This product is covered by US Patent Number 6,147,477.

m FEATURES

» Synchronous rectification for high efficiency

» Supply voltage range : 5.5V to 18 V

* Built-in high-precision reference voltage circuit: 2.5V £ 1%
» Error Amp. threshold voltage : 1.25V + 1% (0 °C to 85 °C)
« Oscillator frequency range : 10 kHz to 500 kHz

* Built-in soft-start circuit with error Amp. input control

» Totem pole type output for N-ch MOSFET

m PACKAGE

20-pin Plastic SSOP

(FPT-20P-M03)

O
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m PIN ASSIGNMENTS

(TOP VIEW)

N 1] O | J20:nc
NC.: 2[ ] | Ja9:nc
cscp: 3[ | | ]18:VREF
ct: af | [ ]17:seND
RT: 5[ | | ]16:PenD
cs: 6[ | | J15:0uT2

-INE: 8 |: :l 13 : 0OUT1
+INE : 9|: :|12:CB

(FPT-20P-M03)
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m PIN DESCRIPTIONS

Pin No. Symbol I/O Description
1 N.C. O No connection
2 N.C. a No connection
3 CSCP O Timer latch short protection capacitor connection terminal
4 CT O Triangular wave oscillator frequency setting capacitor connection terminal
5 RT a Triangular wave oscillator frequency setting resistor connection terminal
6 CS O Soft-start capacitor connection terminal (Also used as output control)
7 FB 0] Error Amp. output terminal
8 -INE I Error Amp. inverted input terminal
9 +INC I Overvoltage comparator non-inverted input terminal
10 VCC O Reference voltage, control circuit power supply terminal
11 VB 0] Output circuit bias output terminal

Output bootstrap terminal
12 CB O Insert a capacitor between the CB and VS terminals, to bootstrap the IC in-
ternal output transistor.

13 ouT1 0] Totem pole output terminal (External main side FET gate drive)

14 VS O External main side FET source connection terminal

15 OUT? o gﬁ;c/eer)n pole output terminal. (External synchronous rectifier side FET gate
16 PGND O Ground terminal

17 SGND O Ground terminal

18 VREF 0] Reference voltage output terminal

19 N.C. a No connection

20 N.C. g No connection
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m BLOCK DIAGRAM
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m ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions - Rating Unit
Min Max

Supply voltage Vee O O 20 \%
Boot voltage Vcs CB terminal O 25 Y,
Output current lo O O 120 mA
Peak output current lop I?tu iyf/?z/zc x Duty) O 800 mA
Power dissipation Po Ta<+25°C O 555* mw
Storage temperature Tstg O -55 +125 °C

*: The package is mounted on the dual-sided epoxy board (10cm x 10cm).

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.
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m RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Conditions - Value Unit
Min Typ Max

Supply voltage Vee a 5.5 12 18 \%
Boot voltage Ve CB terminal O O 23 \%
Reference voltage output current lor VREF terminal -1 O 0 mA
Bias output current los VB terminal -1 O 0 mA
Input voltage Vin -INE termi.nal 0 O Vec - 1.8 \%
Vine +INC terminal 0 O Vce \%
Output current lo O -100 O 100 mA
Peak output current lop [()tu iyls/sfg/;c x Duty) =700 O 700 mA
Oscillator frequency fosc O 10 200 500 kHz
Timing resistor Rt d 6.8 10 12 kQ
Timing capacitor Cr O 150 470 15000 pF
Boot capacitor Cs O O 0.1 1.0 pF
5&?&?2;;’3'&99 Crer  |VREF terminal 0 0.1 1.0 uF
Bias output capacitor Cve VB terminal 1.0 4.7 10 uF
Soft-start capacitor Cs O O 0.1 1 pF
Short detection capacitor Cscp O O 0.01 0.1 pF
Operating ambient temperature Ta d -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
FUJITSU representatives beforehand.



m ELECTRICAL CHARACTERISTICS
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(VCC =12V, VB =0mA, VREF =0 mA, Ta = +25 °C)

] N Value )
Parameter Symbol Pin No. Conditions - Unit
Min Typ Max
VRer 18 Ta=+25°C 2475 2.500 2.525 \
Output voltage
P 9| AVeerd | 15 |Taz0°Cto+85°C 0 0.5 O %
1. VRer
Reference - . —
Voltage Block Input stability Line 18 VCC=55Vto18V a 1 10 mV
[Ref] Load stability | Load 18 |VREF=0mAto-1mA O 3 10 mV
shortoutput | 18 |VREF=2V 28 | -14 | -7 |ma
current
2.
g:gikvo'tage Output voltage| VB 11 0 495 | 505 | 515 | V
[VB]
3. Tglrtgsgo'd Vin 10 |vcc= [ 2.6 2.9 32 | v
Undervoltage voltag
Lockout Hysteresis .
Circuit Block | width Vi 10 H = 0.2 S
[UVLO] Resetvoltage | Vst | 10 0 17 21 25 | V
4.
Soft-start Charge _ _ _
Block current les 6 H 14 10 6 KA
[CS]
5. Threshold Vi 3 O 063 | 068 | 073 | V
Short voltage
Detection Input source lescr 3 0 14 10 06 LA
Comparator | current
Block Short
[SCP] detection time tscp 3 CSCP =0.01 pF 4.5 6.8 12.2 ms
6. Oscillator _ _
. fosc 4 RT=10kQ,CT=470pF| 170 190 210 kHz
Triangular frequency
Wave
Oscillator Frequency Aosc/
Block temperature fosc 4 Ta=0°Cto+85°C 0 1* O %
[0SC] variation rate
FB=16V
VH1 8 or 1.241 | 1.2500 | 1.259 \%
Threshold Ta=+25°C
7. voltage =
Error Amp J Vo I o AN 1.2375 | 1.2500 | 1.2625 | V
Block -
[Error Amp.] | InPut bias ls 8 |-INE=OV 200 | -20 O | nA
current
Voltage gain Av 7 DC 60 100 O dB
* : Standard design value
(Continued)
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(VCC =12V, VB =0mA, VREF =0 mA, Ta = +25 °C)

) B Value )
Parameter Symbol Pin No. Conditions - Unit
Min Typ Max
E;i%“vf’? d(:t)r/] BW 7 |Av=0dB 0 800* | O | kHz
7 VFeH 7 0 2.2 2.5 a \%
' Output voltage
Error Amp VesL 7 O O 0.8 1.0 \Y
Block
[Error Amp ] Cou”rtr‘;‘r‘]ttsource lsoree | 7 |FB=16V 0 ~100 | -45 | pA
Output sink lsink 7 |FB=16V 15 | 9.0 0 | mA
current
8.
PWM A 7 Duty cycle =0% 1.2 1.3 O \
Comparator Threshold
Block voltage
[PWM Comp.1, VH 7  |Duty cycle =Dtr 0 1.81 2.0 \Y
PWM Comp.2]
9.
Dead time . _
Adjustment | Maximum Dtr 13 |RT=10kQ, 85 90 95 | %
duty cycle CT =470 pF
Block
[DTC]
Duty < 5% —700*
Output current Isourcel 13 (t=1/ fosc x Duty) O 700 O mA
(main side) Duty < 5% )
Isink1 13 (t=1/ fosc x Duty) O 900 O mA
OUT1 =-100 mA, CB - CB -
outputvoltage| 0" | ' |cB=17v,vs=12v | 25 | o9 | 7 |V
(main side) v 13 |OUT1=100mA, 0 VS+ | VS+ |
10. Output ot CB=17V,VS=12V 0.9 1.4
Block Duty < 5%
Drive uty < 5% -
[ ] 0utput current ISOURCEZ 15 (t = 1 / fosc < Duty) |:| 750* D mA
(synchronous Duty < 5%
rectifier side uty < 5% *
) | lsinke 15 (t=1/ fosc x Duty) 0O 900 O mA
Output voltage | Vorz 15 OUT2 =-100 mA 2.5 4.1 O \
(synchronous
rectifier side) | Vo2 15 |OUT2 =100 mA O 1.0 1.4
Diode voltage Vb 12 VB =10 mA O 0.9 1.1 \
* . Standard design value
(Continued)
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(Continued)
(VCC =12V,VB=0mA, VREF =0 mA, Ta =+25 °C)
] N Value .
Parameter Symbol Pin No. Conditions - Unit
Min Typ Max
RT =10 kQ, CT =470 pF
OUT1 =0UT2 = OPEN,
to1 VS =0V 100 200 O ns
10. Output _ OUT2: 73 -OUTL:
Block Dead time 13,15
i ol
o2 VS =0V 100 250 O ns
OUT1: 7} -0OuUT2: [
11. Threshold _
Overvoltage | voltage VH 9 +INC = [ 1.44 1.47 1.50 Y
Detection
Comparator Input bias
Block current s 9 +INC=0V -200 -30 O nA
[OVP]
12 Power supply | 10 0 0 65 | 98 | mA
General current
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m TYPICAL CHARACTERISTICS

Supply Current vs. Supply Voltage Reference Voltage vs. Supply Voltage
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(Continued)
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Triangular wave frequency fosc (Hz)
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(Continued)

Power Dissipation vs. Ambient Temperature
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m FUNCTION DESCRIPTION
1. DC/DC Converter Function
(1) Reference Voltage Block

The reference voltage circuit takes the voltage feed from the power supply terminal (pin 10) and generates a
temperature compensated reference voltage (2.5 V Typ) , for use as the reference voltage for the power supply
control unit.

Also, an external load current can be obtained from the power supply at the VREF terminal (pin 18) , up to a
maximum of 1 mA.

(2) Triangular Wave Oscillator Block

A triangular waveform with amplitude 1.3 V to 1.9 V can be generated by connecting a timing capacitor and
resistor to the CT terminal (pin 4) and RT terminal (pin 5) , respectively.

The triangular oscillator waveform can be inputto the IC's internal PWM comparator, as well as supplied externally
from the CT terminal.

(3) Error Amp Block (Error Amp.)

The error Amp. is an amplifier that detects the output voltage from the DC/DC converter and outputs a PWM
control signal. The error Amp. has a broad in-phase input voltage range of 0 to Vcc—-1.8 V that can be easily set
by the external power supply.

In addition, an arbitrary loop gain can be set up by connecting a feedback resistor and capacitor between the
error Amp. output pin and inverter input pin, providing stable phase compensation to the system.

Also, power-on rush current can be prevented by connecting a soft-start capacitor between the error Amp. non-
inverted input pins CS terminal (pin 6) . The soft-start function operates with a stable soft-start time that is not
dependent on the output load of the DC/DC converter.

(4) PWM Comparator Block (PWM Comp.)

This is a voltage - pulse width modulator that controls the output duty according to the input voltage.
Main side : Turns the output FET on in the intervals in which the error Amp. output voltage
is higher than the triangular wave voltage.
Synchronous rectifier side : Turns the output FET on in the intervals in which the triangular wave voltage
the is lower than error Amp. voltage.

(5) Output Block

The output block has totem pole configuration on both the main side and synchronous rectifier side, and can
drive an external N-ch MOSFET.

Also, the high output drive capability (700 mA Max : duty < 5%) provides high gate-source capacitor, enabling
the use of low on-resistor FET devices.
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2. Control Functions

Output ON/OFF control is provided by using the CS terminal (pin 6) setting functions.
Output On/Off Setting Functions

CS terminal voltage level Output state
GND OFF
Hi-Z ON

3. Protective Functions
(1) Timer Latch Short Circuit Protection (SCP)

The short circuit protection comparators read the output voltage levels. If the output voltage falls below the short
detection voltage, the timer circuit is activated to start charging the external capacitor Cscp connected to the
CSCP terminal (pin 3) .

When capacitor voltage reaches approximately 0.68 V the output FET turns off, setting the idle interval to 100%.
Once the protection circuit is activated, it can be reset by turning the power supply off and on again. (See “Setting
the Timer Latch Short Circuit Protector Time Constant.”)

(2) Undervoltage Lockout Circuit Block (UVLO)

Transient status during normal power-on or momentary drops in supply voltage can cause abnormal operation
in an control IC, leading to damage or degradation of system components. The undervoltage lockout circuit
prevents such abnormal operations by reading the internal reference voltage level and switching the output FET
off, setting the idle interval to 100% and holding the CSCP terminal (pin 3) to “L" level.

System operation is restored when the supply voltage rises back about the undervoltage lockout circuit threshold
voltage.

(3) Overvoltage Protection Block (OVP)

The overvoltage protection circuit uses an overvoltage comparator (OVP Comp.) to read the output voltage
levels from the DC/DC converter. If the output voltage exceeds the threshold voltage a latch is set, turning off
the main side FET.

Once the protector circuit is activated, it can be reset by switching the power supply off and on again.
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m SETTING THE TIMER LATCH SHORT CIRCUIT PROTECTOR TIME CONSTANT

The error Amp. output level constantly compares operation with the short circuit protection comparator as the
reference voltage.

When the DC/DC comparator load conditions are stable, the short circuit protection comparator output is at “H”
level, transistor Q1 is on, and the CSCP terminal (pin 3) is held at input standby voltage

(Vste : =50 mV) .

If load conditions change rapidly, such as during a load short, causing output voltage to drop, the short circuit
protection comparator output goes to “L” level. This causes the transistor Q1 to shut off, charging the short circuit
protection capacitor Cscp (connected to the CSCP terminal) at 1 pA.

Short detection time
tscp (s) = 0.68 x Cscp (UF)

When the capacitor Cscp is charted to the threshold voltage (V+: = 0.68 V) a latch is set, turning the external
FET off (setting the idle interval to 100%) . At this time the latch input is closed and the CSCP terminal is held
at the input latch voltage (Vi: =50 mV) .

g l10 HA

| o 1O o —@OU—J
i S N = D=}

CSCRA\
A&

UVLO —
Cscp :4_ Latch

Q1 Q4

A

< Timer Latch Short Circuit Protection Circuit >
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m PROCESSING WITHOUT USING THE CSCP TERMINAL

When the timer latch short circuit protection circuit is not used, the CSCP terminal (pin 3) should be shorted to
SGND using the shortest possible connection.

+——@7) SGND cscp(3)—

< Operation Without Using the CSCP Terminal >
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m SOFT-START TIME SETTING

The soft-start function prevents rush current events when the IC power is turned on, by connecting soft-start
capacitors (Cs) to the CS terminal (pin 6) .

When the IC is activated (Vcc = UVLO threshold voltage) , Q2 is off and the CS terminals begin charging the
externally connected soft-start capacitors (Cs) at 10 pA.

Because the error Amp. output (FB) is determined by the ratio of the lower of the two non-inverted input terminals
(1.25 V, CS terminal voltage) to the inverted input terminal voltage (-INE) , the soft-start interval (when CS
terminal voltage < 1.25 V) FB is determined by the ratio of the —INE terminal voltage and CS terminal voltage.
Thus the DC/DC converter output voltage is in proportion to the rise in the CS terminal voltage as the soft-start
capacitor connected to the CS terminal charges. The soft-start time is determined by the following formula.

Soft-start time (time to output 100%)
ts (s) = 0.125 x Cs (uF)

CS terminal voltage

=23V
Error. amp block comparison voltage
to -INE voltage
T 071 T3 V) A U S U
0V —

Soft start time ts
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VREF

10 pA | 8 10pa

FB 7

Error
~-INE @ NAmp.

B
®) _L_/

6
&)
cs ll.ZS v

Q2 f UVLO

< Soft-start Block >

Cs

[
)




m PROCESSING WITHOUT USING THE CS TERMINALS
When the soft-start function is not used, the CS terminal (pin 6) should be left open.
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"Open"

< Operation Without Soft-start Setting >

m OSCILLATOR FREQUENCY SETTING
The oscillator frequency can be set by connecting a timing capacitor (Cr) to the CT terminal (pin 4) and a timing

resistor (Rr) to the RT terminal (pin 5) .

Oscillator frequency

_ 893000
fosc (kHz) = Cr (pF) *Rr (KQ)

m OUTPUT VOLTAGE SETTING

—|NE<8>
2 R2 .
I
cs® ,L
baad

125V

Error
Amp.

Vo =
R2

125V

(R +R2)
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m OVERVOLTAGE PROTECTION CIRCUIT VOTAGE SETTING

Overvoltage conditions in the DC/DC converter output voltage can be detected by connecting external resistance
from the DC/DC converter output voltage to the +INC terminal (pin 9) on the respective overvoltage protection
comparator circuits (OVP comp.) .

When the output voltage of the DC/DC converter rises above the detection voltage, the overvoltage protection
comparator (OVP Comp.) output goes to “H” level, setting a latch and shutting off.

Detection voltage
Vove (V) = 1.47 x (R3 +R4) /R4

Once the protection circuit has been activated, it can be reset by lowering the VCC voltage below the reset
voltage (1.7 V Min) .

Vo
VCC
R3 OVP R
(9) Iy Comp. Q
+INC1 S
R4 i}
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m PRECAUTIONS RELATED TO SUPPLY VOLTAGE RANGE

Although the supply voltage range listed under recommended operating requirements is 5.5V-18V, generation
of heat limits the maximum operating supply voltage since the IC’s internal loss varies with the frequency of
oscillation and FET’s total gate charge. When using the MB 3885 in an application, caution must be taken in
relation to supply voltage range.

As shown below, Is (average current) can be determined from the total gate charge Qg:, Qgz, charged from the
gate capacitance (Ciss1, Ciss2, Crss1, Crss2) of the external FET Q1, Q2, by the following formula.

lB(A) =h+l
11 N Qg1 T2 Qg2

= Ibias1 x T e + Ibiasz x _ + I (Ibias1 = Ibiasz= 2 mA)

Because IC current consumption other than Is is 6.5 mA, power consumption can be determined from the
following formula.

Power consumption : Pc
Pc (W) =0.0065 xVcc+Veec xle=1/2%xVe X Is



MB3885

Vinl vce

=2 mA

Bias current

Ibias1

Z2mA

. Bias current
Ibias?2 =

Using the above formulas to determine power consumption, settings should be made with reference to the “Power

Consumptionvs. Input Voltage” on the following page, as well as the “Power dissipation vs. Ambient Temperature.”
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Power Consumption vs. Input Voltage (Qg Parameters)
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m APPLICATION CIRCUIT
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m COMPONENT LIST

COMPONENT ITEM SPECIFICATION VENDOR PARTS No.
Q1, Q2 FET VDS =30V, Qg =23 nC (Max) IR IRF7811
D1 Diode VF=0.35V (Max) ,atIF=1A ROHM RB051L-40
D2 Diode VF=0.3V (Max), at IF =10 mA ROHM RB495D

) RLF12545T

L1 Coail 2.7 uH 12 A,45mQ TDK -2R7NBR7
C1l OS Condenser 22 uF 25V
Cc2 Ceramics Condenser 0.1 uF 25V
C3 Ceramics Condenser 0.022 pF 25V
C4 Ceramics Condenser 0.1 uF 25V
C5 Ceramics Condenser 0.01 pF v

C6 Ceramics Condenser 470 pF 50V 0 0
C7 Ceramics Condenser 0.1 uF 25V
C8 Ceramics Condenser 4.7 uF v
C9 Ceramics Condenser 0.1 uF 25V
C10 Electrolytic Condenser 68 uF 6.3V
Cl1 Ceramics Condenser 2.2 uF 6.3V
C12 Ceramics Condenser 0.1 uF 25V
R1 Resistor 2 kQ 1/4 W
R2 Resistor 3.3kQ 1/4 W
R3 Resistor 10 kQ 1/4 W
R4 Resistor 6.2 kQ 1/4 W O O

R5 Resistor 10 kQ 1/4 W
R6 Resistor 2.7kQ 1/4 W
R7 Resistor 10 kQ 1/4 W

Notes : IR : International Rectifier Corp.
ROHM : Rohm, Ltd.
TDK : TDK, Ltd.
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m REFERENCE DATA

Conversion efficiency n (%)

100

Conversion Efficiency vs. Load Current Characteristics

~—

Vin=6V

— —Vin=85V

Vin=10V

3 4 5 6
Load current IL (A)
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m PRECAUTIONARY INFORMATION

Printed circuit board ground lines should be designed with consideration for common impedance.

Take sufficient countermeasures should be taken to protect against static electricity.

Always place semiconductors in containers that have anti-static provisions, or are conductive.

After mounting, PC boards should be placed in conductive bags or containers for storage and handling.
Working surfaces, tools, and measurement equipment should be grounded.

Persons handling semiconductors should be grounded directly with resistance of 250 kQ to 1 MQ.

Do not apply negative voltages.
Application of negative voltage of —0.3 V or greater can create parasitic transistor effects on an LSI device,
leading to abnormal operation.

m ORDERING INFORMATION

Part Number Package Remarks

MB3885PFV

Plastic SSOP 20-pin
(FPT-20P-M03)
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m PACKAGE DIMENSION

20-pin, Plastic SSOP Note 1) *: These dimensions do not include resin protrusion.
(FPT-20P-MO03) Note 2 ) Pins width and pins thickness include plating thickness.
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The contents of this document are subject to change without notice.
Customers are advised to consult with FUJITSU sales
representatives before ordering.

The information and circuit diagrams in this document are
presented as examples of semiconductor device applications, and
are not intended to be incorporated in devices for actual use. Also,
FUJITSU is unable to assume responsibility for infringement of
any patent rights or other rights of third parties arising from the use
of this information or circuit diagrams.

The products described in this document are designed, developed
and manufactured as contemplated for general use, including
without limitation, ordinary industrial use, general office use,
personal use, and household use, but are not designed, developed
and manufactured as contemplated (1) for use accompanying fatal
risks or dangers that, unless extremely high safety is secured, could
have a serious effect to the public, and could lead directly to death,
personal injury, severe physical damage or other loss (i.e., nuclear
reaction control in nuclear facility, aircraft flight control, air traffic
control, mass transport control, medical life support system, missile
launch control in weapon system), or (2) for use requiring
extremely high reliability (i.e., submersible repeater and artificial
satellite).

Please note that Fujitsu will not be liable against you and/or any
third party for any claims or damages arising in connection with
above-mentioned uses of the products.

Any semiconductor devices have an inherent chance of failure. You
must protect against injury, damage or loss from such failures by
incorporating safety design measures into your facility and
equipment such as redundancy, fire protection, and prevention of
over-current levels and other abnormal operating conditions.

If any products described in this document represent goods or
technologies subject to certain restrictions on export under the
Foreign Exchange and Foreign Trade Law of Japan, the prior
authorization by Japanese government will be required for export
of those products from Japan.
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