FUJITSU SEMICONDUCTOR
DATA SHEET DS405-00007-2v0-E

ASSP for Power Management Applications

2ch DC/DC converter IC
with PFM/ PWM synchronous rectification

MB39A214A

B DESCRIPTION
MB39A214A is a N-ch/ N-ch synchronous rectification type 2ch Buck DC/DC converter IC equipped with
a bottom detection comparator for low output voltagple. It supports low on-duty operation to allow
stable output of low voltages when there is a laifference between input and output voltages. It also
allows the high switching frequency setting, enmalplhe downsized peripheral circuits and low-cost
configuration. MB39A214A realizes ultra-rapid resperand high efficiency with built-in enhanced
protection features. It is most suitable for the poswgaply for ASIC or FPGA core, input/output devices, or
memory.

B FEATURES
* High efficiency
* Frequency setting by internal prefatction : 310 kHz, 620 kHz, 1 MHz

* High accuracy reference voltage +0.7% (Ta=+ 25 °C)

* Vy Input voltage range :6Vto28V

* Output voltage setting range :0.7Vto 53V

* Possible to select the automatic PFM/PWM selection mode or PWM-fixed mode
* PAF frequency limitation function (Prdit Audio Frequency) : > 30 kHz (Min)

e Built-in boost diode, external fly-back diode not required

* Built-in discharge FET

* Built-in over voltage protection function

* Built-in under voltage protection function

* Built-in over temperature protection function

* Built-in over current limitation function

» Soft-start circuit without load dependence

* Current sense resistor not required

* Built-in synchronous rectification type output steps for N-ch MOS FET

» Standby current QA (Typ)

* Package TSSOP244.4mmX6.5 mmX 1.2 mm [Max])

B APPLICATIONS

* Digital TV

* Photocopiers

» STB

* BD, DVD players/recorders
* Projectors etc.
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HPIN ASSIGNMENT

(TOP VIEW)

BST1[ | 24 ] DRVH1
ENL[ | 23[ | Lx1
VOUTL [ 22| | DRVL1

FB1[ | 21[ | PGND
cs1[ ] 20[ ] 1Lim1
GND [ 19[ ] vee
FREQ[ ] 18] ] vB
cs2[] 17[ ] mopE
FB2 [ ] 16[ ] ILIM2
vouT2[ |10 15[ ] brRvL2
EN2 [ |11 14 ] x2
BsT2[ |12 13[ ] DRVH2
(FPT-24P-MO09)
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HPIN DESCRIPTIONS
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Pin No. | Pin Name I/O Description

1 BST1 — CH1 boost capacitor connection pin.

2 EN1 I CH1 enablepin.

3 VOUT1 I CHL1 input pin for DC/DC output voltage.

4 FB1 I CH1 input pin for feedback voltage.

5 Cs1 I CH1 soft-start time setting capacitor connection pin.

6 GND — Groundpin.
Frequency switching signal input pin.

7 FREQ | FREQ GND Short Sw_itch?ng frequency 310 kHz
FREQ : Open Switching frequency 620 kHz
FREQ : VB Short Switching frequency 1 MHz

8 CS2 I CH2 soft-start time setting capacitor connection pin.

9 FB2 I CH2 input pin for feedback voltage.

10 VOUT2 I CH2 input pin for DC/DC output voltage.

11 EN2 I CH2 enablepin.

12 BST2 — CH2 boost capacitor connection pin.

13 DRVH2 (0] CHZ2 output pin for external high-side FET gate drive.

14 LX2 — CH2 inductor and external high-side FET source connection pin.

15 DRVL2 — CH2 output pin for external low-side FET gate drive.

16 ILIM2 I CH2 over current detection level setting voltage input pin.
DC/DC control mode switching signal input pin.

| wooe | 4 |MECE:GNDtn empum
MODE : VB Short PWM fixed

18 VB @] Internal circuit bias output pin.

19 VCC I Power input pin for control and output circuits.

20 ILIM1 I CH1 over current detection level setting voltage input pin.

21 PGND — Ground pin for output circuit.

22 DRVL1 0] CHZ1 output pin for external low-side FET gate drive.

23 LX1 — CH1 inductor and external high-side FET source connection pin.

24 DRVH1 (0] CHL1 output pin for external high-side FET gate drive.
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VIN
l (6V1t028V)
vce i
ENI VB J\VB
VOUTL ENZ 52V l
VouT ! <CH1> vee : i
i
N 1
H o —il5 250 > X H BST1
il uw .
. 1
It ! w Lt TET
= H <Error Comp.> ' DRVHL T
FB1, : : T
= | ! ;(LXI
N T
| T
77 cs: R Slope & Offset '
L Y o v8 JENL . DRVLL ! 1
; ; s JUVLO(OTPy—]. —() 1 L
i | i
ILMLAN i <ILIM Comp.> .
A !
|
; : ~ ~
: i
i !
; l
: <OW Comp.> - [ \
i oveL , Owlatch | OVP i ~\PGND
B R B @elay15 ) ; @; J7
N x 115V N
H <UW Comp.>
:
1 x07V
|
i
W VOouT2
~
GND

o
4 FUJITSU DS405-00007-2v0-E



MB39A214A
I————_—_—_—_——T—_—-_—_-_-T-T-TTTTTTTTTTT———_———s

BABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition . Rating Unit
Min Max

VCC pin input voltage Vee | VCC pin -0.3 +30 Y,
BST pin input voltage ¥st |BST1, BST2 pins -0.3 + 36 Y,
LX pin input voltage Vx LX1, LX2 pins -1 + 30 \%
BSTandix | Vet — -03 7|
EN pin input voltage W EN1,EN2pins -0.3 +30 \Y,
Veg FB1,FB2pins -0.3 VB + 0.3 \Y

Vyour |VOUTL, VOUT2 pins -0.3 +7 Vv

Input voltage Vium ILIM1, ILIM2 pins -03 VB + 0.3 \%
Vs CS1,CS2pins -0.3 VB + 0.3 \Y

Vereg | FREQ pin -0.3 VB + 0.3 \%

Vmope | MODE pin -03 VB + 0.3 \%

Output current dut ngrll ’ I:[))RR\\//FZZpFi):;S’ — 60 mA
Power dissipation e Ta< + 25°C — +1282 mw
Storage temperature sTe — -55 + 125 °C

WARNING: Semiconductor devices can be permanently damaged by application of stress (voltage, current,
temperature, etc.) in excess of absofngximum ratings. Do not exceed these ratings.

DS405-00007-2v0-E FU(ﬁ)TSU 5
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ERECOMMENDED OPERATING CONDITIONS

temperature

Parameter Symbol Condition . value Unit
Min Typ Max
VCC pin input voltage Vee | VCC pin 6 — 28 Y
BST pin input voltage ¥st |BST1, BST2 pins — — 34 Y
EN pin input voltage N EN1,EN2 pins 0 — 28 \%
VEes FB1,FB2pins 0 — VB Vv
Vyour |VOUTL, VOUT2 pins 0 — 55 \%
Input voltage Vium ILIM1, ILIM2 pins 0 — 2 \%
Vereg | FREQ pin 0 — VB \
Vmope | MODE pin 0 — VB \
DRVH1, DRVH2 pins,
Peak output current lout DRVL1, DRVL2 pins —-1200 — + 1200 mA
Duty < 5% (t = 1/hscX Duty)
Operating ambient Ta . _30 + 95 + 85 oc

WARNING: The recommended operating conditions are redtin 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 withirittrecommended 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 applicaticsidmithe listed conditions are advised to contact

their representatives beforehand.

)
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BELECTRICAL CHARACTERISTICS

MB39A214A
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(Ta=+25°C,VCC =12V, EN1, EN2 =5V)

i . Value .
Parameter Symbol Em Condition . Unit
0. Min | Typ | Max
Output voltage Vs 18 |VB=0A 5.04| 5.20 5.36 \%
Bias \Voltage | Input stability LINE 18 | VCC=6V1to28V — 10 100
Block Load stability LOAD | 18 [VB=0Ato—1mA — | 10 | 100 | mv
[VB Reg ] Shortcircait
ort-cireut los | 18 |vB=0V ~145|-100| —75 | mA
output current
Under Vin 18 | VBpin 4.0 4.3 4.6 V
voltage Threshold voltage -
9 Vi 18 | VBpin 37 | 40 43| v
Lockout
Protection
Circuit Block | Hysteresis width I 18 | VBpin — 0.3* — \Y
[UVLO]
Soft-Starty | Charge current &k 58 [CS1,CS2=0V —15| -1.0 | —0.75| pA
Discharge | Electrical discharge| EN1, EN2=0V, .
Block resistance Ro 3,10 VOUT1, VOUT2>0.15 V o 25 — | @
[Ds,ofthSta”’ Discharge end v 410 |ENLEN2=0V, o2 v
ischarge] |\ itage vovtH | 225 | yOUT1, VOUT2 pins '
FREQ pin GND connection
ON time fonin |24 yccz12v vouTi =15y | 430 | 38| €461 s
(Preset value 1) FREQ pin GND connection
v | 13 lyoc =12y, vouTa =15y | 320 | 400 4801 s
FREQ pin OPEN
ON time fovz | 24 ycc-12v,vouTi=15y | 210 | 263 3161 ns
(Preset value 2) FREQ pin OPEN
tovz | 131y ccz12v vout2 =15y | 169 | 200 2400 s
FREQ pin VB connection
ON time tovs | 24 |\ycc-1pv vouti=15y | 130 | 183 1967 ns
ON/OFF (Preset value 3) FREO pin VB ;
Time tonzs | 13 Q pin VB connection 100 | 125 | 150| ns
VCC=12V,VOUT2=15V
Generator FREQ pin GND .
Block . pin connection _
Mlnlmum tonmingL 24 VCC = 12 V, VOUTL = 0V 136 191 ns
[ton ON time
Generator] (Preset value 1) FREQ pin GND connection -
tonminzz | 13 VCC = 12 V. VOUT2 = 0V 103 145 ns
- FREQ pin OPEN
Minimum fowniz | 24 1\ec 215 v vouTl = ov — | 77| w8 s
ON time -
(Preset value 2) FREQ pin OPEN _
fownaz | 13 |yec =12 v, vouT2 = ov 8| B2 ms
L FREQ pin VB connection
Mlnlr.num tONM|N13 24 VCC = 12\/, VOUT1 = 0V — 55 77 ns
ON time - .
(Preset value 3) FREQ pin VB connection .
townaz | 13|y =12 v, vouT2 = 0V 43| e s
Minimum OFF time| éremin | 24, 13 — — 410 535 ns
[o0]
DS405-00007-2v0-E FUJITSU 7
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i . Value .
Parameter Symbol Em Condition : Unit
0. Min | Typ | Max
Error Threshold voltage M 4,9 |Ta=+25°C 0.695| 0.700 0.70% V
Comparison | FB pin input current =Y 4,9 | FB1,FB2=0.7V —-0.1 0 +0.1 | YA
Block N
VOUT
[Error Comp] c:?rintp'” nput o | 310 |vouTi,vouT2=15v | —| 60| 86| pA
Over current detection 21t0 23| PGND— LX1, LX2
- +
Over Current | offset voltage VorFM | 51 1 14| ILIM1, ILIM2 = 500 mV ) 0 30 | mv
Detection -
Block ILIM pin current hum 20,16 | ILIM1, ILIM2 =0V -6 -5 —4 HA
[ILIM Comp.] |ILIM pin current Tum 2016 |Ta=+25°C — las00*| — pFlm/
Temperature slope C
\?(;f;;]e dogtzzgsg?jtage Vow | 49 | For REF1, REF2 voltage 11p 115 120
Protection Hysteresis width Vove | 4,9 — — 5% — | %
Circuit Block
[OVP Comp.] |Detection delay time obp — — 10 15 20 | Ms
\L/J(;?:J(; gggﬁ;:g'ﬁ; G Vuw | 49 | For REF1, REF2 voltage 685 7 7% b
Prote.ction Hysteresis width Muve 4,9 — — 10* — %
Circuit Block
[UVP Comp.] |Detection delay time ubp — — 100 150 | 200| Ms
Over- ToteH — — — 150* — °C
':Demtpertt_':lture Protection
rotection
temperature °
Circuit Block P Tore - - - 125* - c
[OTP]
DRVH1, DRVH2 =
High-side output Ron 24,13 |~ 100 mA — 4 6 Q
on-resistance
RoL 24,13 | DRVH1, DRVH2 = 100 mA — 1 1.5 Q
DRVL1, DRVL2 =
Low-side output Ron 22,15 | 100 mA _ 4 6 Q
on-resistance
Ro. 22,15 | DRVL1, DRVL2 =100 mA| — 1 1.5 Q
LX1,LX2=0V,
Output source | 24,13 |BST1,BST2=VB 05 A
current SOURCE | 2215 |DRVH1, DRVH2 = 2.5V '
Duty < 5%
Output Block
[DRV] LX1,LX2=0V,
. 24,13 |BST1,BST2=VB "
Output sink current sink 22,15 | DRVHL, DRVH2 = 2.5V — 0.9 — A
Duty < 5%
LX1,LX2=0V,
BST1, BST2=VB
DRVL1, DRVL2-low to 150 25 %) s
. 24 to 22| DRVH1, DRVH2-on
Dead time 3 to
131019 x1,Lx2=0YV,
BST1, BST2=VB
DRVH1, DRVH2-low to 3 | 50 | €5 ns
DRVL1, DRVL2-on

(o0}
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i . Value .
Parameter Symbol E'n Condition Unit
0. Min | Typ | Max
BST diode voltage 1,12| k=10 mA 0.75| 0.85| 0.95 \%
Output Block g ¥ k
[DRV] . LX1,LX2=0V, A
Bias current dsT 1,12 BST1, BST2=52V 11 15 22 V)
Preset value 1 FREQ pin:
conditions Verear | 7 | GND connection 0 - 0.2 v
Switching Preset value 2 Vereoz | 7 | FREQ pin: OPEN 06| —| 12 v
Frequency conditions
Control Block | preset value 3 ) .
[FREQ] conditions VEreos 7 | FREQ pin: VB connection 2.4 — VB \Y
FREQ pin _
output voltage VEreg 7 FREQ = OPEN 0.63 0.9 1.1y \Y
PFM/PWM mode
conditions MODE pin:
PAF function Veews | 17| GND connection 0 - 0.2 v
negate
PFM/PWM mode
PFM Control i
conditions .
Circuit Block | pAF function Veewz | 17 | MODE pin : OPEN 06| —| 12| V
[MODE] assert
PWM-fixed mode v 17 | MODE pin: VB connection 46| —| VvB| Vv
conditions PwM pin: '
PAF frequency dae — |Ta=—30°Cto+85°C 30 45 — | kHz
MODE pin voltage YiopE 17 | MODE = OPEN 0.63 0.9 1.17% V
ON condition \bn 2,11| EN1, EN2 pins 2.64 — — V
Enable Block | OFF condition Ve 2, 11| EN1, EN2 pins — — 0.66 \Y
[EN1,EN2] | Hysteresis width M |2, 11| EN1, EN2 pins —| o4y —| v
Input current N 2,11| EN1, EN2 =5V 11 15 22| A
Standby current cks 19 | EN1, EN2 =0V — 0 10 | HA
Power supply LX1,Lx2=0V
T BST1, BST2:
current during idle lcer 19 S S . — 600 860 | MA
. VB connection
Power Supply | period FB1 FB2 =0.75V
Current ’ -
Power supply LX1, LX2 =0V
. BST1, BST2:
' . — A
gu::az;itodnunng lcco 19 VB connection 1200 | 1700| K
P FBL,FB2=0.6V

*: This parameter is not be specified. This shouldi$ed as a reference to support designing the circuits.
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BTYPICAL CHARACTERISTICS

VB bias voltage Vg (V)

Error Comp. Threshold voltage Vry (V)

Power dissipation vs. Operating ambient temperature
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Minimum off time torrmin (NS)

Dead time (ns)

Minimum off time vs. Input voltage
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EFUNCTION
Bottom detection comparator system for low output voltage ripple

The bottom detection comparator system for low output voltage ripple determines the ON\jrasiifg

the input voltage (}) and output voltage (/) to hold the ON state to a specified period. During the OFF
period, the reference voltage (INTREF) is compared with the feedback voltage (FB) using the error
comparator (Error Comp.). When the feedback volt&d) is below the reference voltage (INTREF) ,
RS-FF is set and the ON period starts again. Switching is repeated as described above. Error Comp. is used
to compare the reference voltage (INTREF) with #exlback voltage (FB) to control the off-duty condition
in order to stabilize the output voltage.

This system adds the inductor current slope detected during the synchronous rectificationgpgrtod (t

the reference voltage (INTREF) , and generatesufiout voltage slope during the OFF period, which is
essential for the bottom detection comparator systethgihC. This enables the stable control operations
under the low output voltage ripple conditions.

® Circuit diagram

® \Waveforms

Voutr VIN -
Bias
T T Reg.
ton
generator
tON
< o RS-FF
< >
B rror Comp. R Q RS out . Vourt
- rive i 00
INTREF |, S Logic | B&s O
=
g
Slope
VREF Detector
o Yaus 7T

FB
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(1) Bias Voltage Block (VB Reg.)
The 5.2 V (Typ) bias voltage is generated from the VCC pin voltage for the control, output, and boost
circuits. When either or both of the EN1 pin (pine2d EN2 pin (pin 11) are set to the “H” level, the
system is restored from the standby state to supply the bias voltage from the VB pin (pin 18).

(2) ON/OFF Time Generator Block (ton Generator)
This block contains a capacitor for timing setting andsistor for timing setting and generates ON time
(ton) Which depends on input voltage and output voltage. The switching frequency can be switched by
setting the FREQ pin (pin 7) to any one of GNilhgection, OPEN, and VB connection. ON time for each
CH is obtained from the following formula.

<FREQ pin : GND connection>

Mvourn 4300 (bsc1 = 230 kHz)

tONl (nS) - VVIN

tonz (NS) = Vvourz_ ¢ 3590 (bsc2 = 310 kHz)
VVIN
<FREQ pin : OPEN>
tont (nS) = m X 2100 (BSCl = 460 kHZ)

VVIN

tonz (NS) =% X 1600 (bsco = 620 kHz)

<FREQ pin : VB connection>

ton: (NS) = % X 1300 (bsc1 = 750 kHz)
tonz (NS) = —YOUTZ_ 5 1000 (bsco = 1000 kHz)

VVIN

The switching frequency of CH2 is set to 1.33 times that of CH1 to prevent the beat by the frequency
difference of channel to channel.

(3) Output Block (DRV1, DRV2)
The output circuit is configured in CMOS type for both of the high-side and the low-side. It provides the
0.5 A (Typ) source current and 0.9 A (Typ) sink current, drive the external N-ch MOS FET. The output
circuit of the high-side FET supplies the power frihra boost circuit including the built-in boost diode. The
output circuit of the low-side FET supplies the pofwvem the VB pin. This circuit monitors the gate
voltages of the high-side and low-side FETs. Until eiffieT is turned off, this circuit controls the ON
timing of another FET, preventing the shoot-through current. The sink ON resistance of the output circuit is
low 1 Q (Typ), improve the self turn on margin of low-side FET.

14 FUﬁTSU DS405-00007-2v0-E
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(4) Starting sequence
When the EN1 pin (pin 2) or EN2 pin (pin 11) is sethe “H” level, the bias voltage is supplied from the
VB pin. If the voltage of the VB pin exceeds ¥LO threshold voltage, the DC/DC converter starts
operations and carries out the soft start. The soft start is a function used to prevent a rush current when the
power is started.
Activating the soft start initiates charging of the capadtmnected to the CS1 pin (pin 5) and CS2 pin (pin
8) and inputs the lamp voltage to the error carafor (Error Comp.) of each channel. The DC/DC
converter generates the output voltage according to thatValtage. This results in the soft start operation
that does not depend on the output load. The ovagmprotection (OVP) and under voltage protection
(UVP) functions are disabled while the soft start is active.

<Timing chart>

|
|
L UVLO release
!

VB T iA--t-i--- UVLO Vnw
| ———»CH1 soft start completed

I I 16V
RS e —— 0.805 V
cs1 L ST TR

SRR AR
Vourt1 I

DRVL1

EN2 i i i i ] ——» CH2 soft start completed
X b e 1.6V
cs2 R R R o 0-805V
DRVH2 ' Vo | I !l | | |
DRVL2 S TS ARRARTRR A RRRRRRD)
oL
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(5) DC/DC converter stop sequence (Discharge, standby)
When the EN1 pin (pin 2) or EN2 pin (pin 11) is set to the “L” level, the output capacitor is discharged
using the discharge FET §R = 25Q) in the IC. If the voltage of the VOUTL1 pin (pin 3) and VOUT2 pin
(pin 10) is below 0.2 V (Typ) by discharging the outpapacitor, the IC stops discharge operation. Further,
if both the EN1 and EN2 pins are set to the “L” letled, IC also stops the output of the VB pin and enters
the standby state after detecting UVLO. The current of the VCCpig) (b then 10 pA (Max).

<Timing chart>

! | . Standby
- ! L
EN1 ! o
VB -4~ UVLO Vi
— - - 16V
cs1 '

DRVH1 [T
DRVL1 | | ‘

' 'CH1 discharge FET ON

Vour1 —\
0.2V+i----- S '

EN2

CSs2

—i--- 16V

DRVHZ ([T |

DRrvL2 - [[[{{TTTTITTTT
I<_>:CH|2 discharge FET ON

Vout2 ; ; i'\lk':' -02V

(6) Under Voltage Lockout Protection (UVLO)
The under voltage lockout protection (UVLO) protects ICs from malfunction and protects the system from
destruction/deterioration, according to the reasons mentioned below.
* Transitional state when the bias voltage (VB) or the reference voltage (VREF) starts.
* Momentary decrease
To prevent such a malfunction, this function detects a voltage drop of the VB pin (pin 18) using the
comparator (UVLO Comp.), and stops IC operations.
When the VB pin exceeds the threshold voltage ofittder voltage lockout protection circuit, the system
is restored.
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(7) Over Current Limitation (ILIM)
This function limits the output current when it has increased, and protects devices connected to the output.
This function detects the inductor currenfrom the electromotive force of the low-side FET on-resistance
Ron, and compares this voltage with the 1/5-time value of the voltage &f the ILIM1 pin (pin 20) and
ILIM2 pin (pin 16) on a cyclically, using ILIM ComgJntil this voltage falls below the over current limit
value, the high-side FET is held in the off state. After the voltage has fallen below the limit value, the
high-side FET is placed into the on state. Tinists the lower bound of the inductor current and also
restricts the over current. As a result, it becomes operation that the output voltage droops.
The over current limit value is set by connecting the resistor to the ILIM pin. The ILIM pin supplies the
constant current of 5 pA (Typ) . However, the current value has a temperature slope up to 4500 ppm/°C to
compensate the temperature dependence characteristics of the low-side FET on-resistance.

VILIM

ffffffffff ILIM detection value (Ron % I =

)

Keep the off state of the high-side FET
until the detection value is gained.

\\}”f - - Output voltage setting value

Normal operation | Over current limit operation

DS405-00007-2v0-E FU(ﬁ)TSU 17
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(8) Over Voltage Protection (OVP)
This function stops the output voltage when the output voltage has increased, and protects devices
connected to the output.

1. Using OVP Comp, this function makes a comparison between the voltage which is 1.15 times (Typ) of
the internal reference voltage INTREF1 and INTRE®.7 V), and the feedback voltage for the FB1
pin (pin 4) and the FB2 pin (pin 9).
If the feedback voltage mentioned in 1 detects the higher state by 15us (Typ) or more, the operations
below will be performed.

* Set the RS latch.

* Set the DRVHL1 pin (pin 24) and the DRVH2 pin (pin 13) to the “L” level.

* Set the DRVL1 pin (pin 22) and the DRVL2 pin (pin 15) to the “H” level.

2.

These operations fix the high-side FET to the affesand the low-side FET to the on state for both
channels of the DC/DC converter, and stops switcfiatgh stop).The over-voltage protection state can be
cancelled by setting both the EN1pin (pin 2) and EN2(pin 11) to the “L” level or reducing the VCC
power once until the bias voltage (VB) falls below,Vof UVLO.

<Timing chart>
Vour Output voltage
setting value
ov
INTREF X1.15
EBL cooomooAooNmommm e — INTREFX1.10
! — INTREF
- oV
DRVH1 Co
orvir (TR :
Cs1 i i i i i
1 1 1 1
_ X : : . Output voltage
Vourt2 | | X Vo setting value
_______ b 0V
- y y y CTtrTTyTTmmmee- INTREF
FB2 Lo ! o
"""" R A S S S S
DRVH2 | |
1100
CSs2 i i i i i
ENL,EN2 ------ R AR e e
E E E E : E—» Standby
VB L | | :\-\-UVLO Vi
—>T<— <>
Less than 15 ps 15 us /I\
Cancellation of over-voltage protection
state by EN ="L".
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(9) Under Voltage Protection (UVP)

This function stops the output voltage when the output voltage has lowered, and protects devices connected

to the output.

1. Using UVP Comp, this function makes a comparison between the voltage which is 0.7 times (Typ) of
the internal reference voltage REF1, REF2 (0.7 M9, the feedback voltage for the FB1 pin (pin 4) and
the FB2 pin (pin 9).

2. If the feedback voltage mentioned in 1 detects the higher state by 150us (Typ) or more, the operations
below will be performed.

* Set the RS latch.
* Set the DRVHL pin (pin 24) and the DRVH2 pin (pin 13) to the “L” level.
¢ Set the DRVL1 pin (pin 22) and the DRVL2 pin (pin 15) to the “L” level.

These operations fix the high-side FET to the affesand the low-side FET to the off state for both

channels of the DC/DC converter, and stops switchatghlstop). The discharge operation is then carried

out to discharge the output capacitor (The dischargetipe continues until the state of the under-voltage

protection is released).

The under-voltage protection state d@ cancelled by setting both the EN1 pin (pin 2) and EN2 pin (pin 11)

to the “L” level or reducing the VCC power@auntil the bias voltage (VB) falls belowyy of UVLO.

<Timing chart>
_E ________________ Output voltage
' setting value
Vout1 i
: Y
e —INTREF
ipidydodolololololololodulpiotutud "INTREF X 0.8
FB1 ' INTREF X0.7
_________________________________________________ .1 0V
prvHr  WLLLLCOET T Ty .
oV R L
cst 1 e |
. : : : . l o Output voltage
! ! ! :\ ' ! setting value
Vout2 | \ \ \ ! !
------- E  RELEEEE T PR P EE PR FEEEE — ---- oV
FB2 --To--- P ST :Li::::::lt::jl:::::::::::::::: INTREF
------- i A W S - ov
DRVH2 : .
DRVL2 | | | ' : ,
cs2 o E L
EN1, EN2 o ; ; -
: i—»Standby
VB P TIN_UVLO Vi
Less than 150 ps 150 ps
Cancellation of over-voltage protection state by EN = "L".
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(10) Over Temperature Protection (OTP)
The over-temperature protection circuit block (OTP) pitesia function that prevents the IC from a thermal
destruction. If the junction temperature reaches ¥@5the DRVHL1 pin (pin 24) and DRVH2 pin (pin 13)

are set to the “L” level, and the DRVL1 pin (pin 22 ) and DRVL2 pin (pin 15) are set to the “L” level. This

fixes the high-side and low-side FETSs to the offestaf both channels in the DC/DC converter, causing

switching to be stopped. The discharge operation is then carried out to discharge the output capacitor (The
discharge operation continues until the state of the over-temperature protection is released). If the junction

temperature drops to + 125, the soft start is reactivated. (Restored automatically.)

(11) Operation mode
In the PWM-fixed mode, the system acts by the switching frequency specified with the FREQ pin
regardless of the load.

In the automatic PFM/PWM selection mode, the switching frequency is reduced at low load, for enhancing

the conversion efficiency characteristics. Thisdtion detects 0 A of the inductor current from the
electromotive force of the low-side FET ON resisewhen the low-side FET ON state, and places the

low-side FET into the off state. This idle period continued until the output voltage decreased, this results the

switching frequency being reduced automatically deppgndn the load current when the inductor current

is below the critical current. The system acts by the switching frequency specified with the FREQ pin, when

the inductor current exceeds the critical current.

For Automatic PFM/PWM selection mode with PAF function, the switching frequency at low load is held to

30 kHz (Min) or more.
The operation mode can be switched by setting the M@DEpin 17) to any one of GND connection,
OPEN, and VB connection.

¢ P\WM-fixed mode

|
louTx E\
1

lxx e Nl
____—————————————————:——=~\—:\—I-- -———-—-——-OA
1 1
Vixx Inductor current in the opposite
direction

® Automatic PFM/PWM selection mode

:
louTx N

|

1

Vixx

Switching frequency reduced
X': Each channel number
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¢ Enable function table

ENL1 pin EN2 pin DC/DC converter (CH1) DC/DC converter (CH2)
L L OFF OFF
H L ON OFF
L H OFF ON
H H ON ON

¢ DC/DC Control mode function table

MODE pin

DC/DC control

GND connection

Automatic PFM/PWM selection mode

OPEN

Automatic PFM/PWM selection mode with PAF function

VB connection

PWM-fixed mode

» Switching frequency control function table

FREQ pin Switching frequency
GND connection dsc1 = 230 kHz, fsco = 310 kHz
OPEN bsc1 = 460 kHz, bsco = 620 kHz
VB connection $sc1 = 750 kHz, Hsc, = 1000 kHz

* Protection function table
The following table shows the state of the VB pin (p&), the DRVHL1 pin (pin 24), the DRVH2 pin (pin
13), the DRVL1 pin (pin 22), the DRVL2 pin (pin 15) when each protection function operates.

Output of each pin
i . . after detection
PfrOtegtlon Detection condition d DC(DC OUtputF
unction VB DRVH1, | DRVL1, ropping operation
DRVH2 | DRVL2
Under \oltage .
Lockout Protection VB<4.0V — L L lc;liztzuhr:rl eelectrlc
(UVLO) 9
Over-current .
limitation Veano - Vixa, Vixe > 5.2 V | Switching| Switching The voltage is dropped
Viumt, Viumz by the constant current
(ILIM)
Over \oltage Veg1, Vis2 >
Protection INTREF1, INTREF2<1.15| 5.2V L H 0 V clamping
(OVP) (15 ps or higher)
Under \oltage Veg1, Veg2 > . .
Protection INTREF1, INTREF20.7 | 5.2V L L Ei'sccrt]g‘r’aé‘:frf:t?;ge by
(UVP) (150 ys or higher) 9
Over Temperature . .
Protection Tj>+ 150 °C 5.2V L L Eilsegrt\g?a:aifr?:t?;ge by
(OTP) 9
Enable EN1, EN2: H— L 590V L L Electrical discharge by
(EN) (Voutw, Vout2>0.2 V) ' discharge function

DS405-00007-2v0-E
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H|/O PIN EQUIVALENT CIRCUIT DIAGRAM

FB1, FB2 pins EN1, EN2 pins

VB<] vee <

L ESD protection
element

FBl "—"M—Eﬂ—| _____ EN1
FB2 = Enz©

Rl

>
>
>

<
-
<

al

ESD protection

al
L]

AA
vy

element
GND<J—— GND<]
FREQ pin MODE pin
VB ] VB<]
Yy 8 y §

D—

FRWQ O——4¢—MW—R}—4— MODEQ Wy

al
Ll ]

4 ’II
AAA
vy

GND <] ® GND<]

AAA

wy

ILIM1, ILIM2 pins VOUT1, VOUT?2 pins
vB <] ve <l
VOUT1
ILIM1 | _VOuT2
ILIM2 =
GND<
PGND <

I |_ .....
._| |_ .....
=
S
o —
=
oo

)
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CS pin DRVL1, DRVL2 pins
vB<] ve <] *
x 8 Y
cs1 DRVL1
cs20 —W Eﬂ T ’ O prvi2
GND <} PGND
DRVH1, DRVH2, BST1, BST2, LX1, LX2 pins VB pin
VB <—— vce
Yy
BST1
BST2 <
ED
» O VB
) DRVH1 L
DRVH2 £ — y Y ¥
GND <
LX1 PGND <]
LX2
VCC pin
vee <
A 'y
GND <——
PGND <

)
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BEXAMPLE APPLICATION CIRCUIT

VIN

m
zZ
[N
1|
o |o R2 [LRL2 RI1 |y

Ci12

|||—|

[any
o

R4 | o R3-2 R3-1

m
Z
~
|
« |B

|||—|

12V
vee 2 ?

. ©OVIN

VOuT1 % 5 ;© PGND
VB |18
l VIN
BST1 |1 <
Cs1 Q1 6 o o
DRVH1 |24 {5 —r O O
ILIM1 4 3
10V, 7A
Ux1 |23 ——O vouT1
¢ < ,—@ PGND
=3 + » <
- Ql|7|s © & N
MODE DRVL1 4@ O o
2 3 ]
1 @
L
FREQ .
MB39A214A <~
VOUT2 VIN
BST2 |12
13 % 6 n i
- DRVH?2 5 — —vr 8 lo
3 T L2 1.8V, 7A
* ' ' @
Lxo | 14 T © vouT2
L
0 PGND
EN2 5 3] + o <E
Q3|7|8 < <
cs2 DRvL2 [13 = < o o
2 1 &
ILIM2 )
PGND _@21 .

GND

24
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B PART LIST
Component | Item Specification Vendor | Package Part number Remarks
Vps=30V, b=6.3A, 8.6A DualType
. FDS6982A
o1 N-chFET |25 2 o 18| FAIRCHILD | SOPS S6982AS | ool
Vps=30V,pb=6.3A,8.6A, DualType
- FDS6982AS
Q3 N-chFET | 2% o 1o | FAIRCHILD | SOP8 (2elomonts
L1 Inductor 1JH (18 A) NEC TOKIN - MPC1055L1R0
L2 Inductor L5UH (12.4 A) NEC TOKIN - MPLC1040L1R5
c1-1 Ceramic 104F (25 V) MURATA | 3216 | GRM31CB31E106K
CapaCltor
c1-2 Ceramic 10[F (25 V) MURATA 3216 | GRM31CB31E106K
capaCItor
c2-1 POSCAP 2201F (2V) SANYO Dcase 2TPLF220M6
c2-3 Ceramic 1000 pF (50 V) TDK 1608 | C1608IB1H102K
CapaCltor
c3-1 Ceramic 10[F (25 V) MURATA 3216 | GRM31CB31E106K
capaCItor
c3-2 Ceramic 10F (25 V) MURATA 3216 | GRM31CB31E106K
CapaCltOr
ca-1 POSCAP 15014F (6.3 V) SANYO Dcase 6TPL150MU
c4-3 Ceramic 1000 pF (50 V) TDK 1608 C1608IB1H102K
capaCItor
cs5 Ceramic 0.1F (50 V) TDK 1608 C1608IB1H104K
CapaCltOr
c6 Ceramic 0.1F (50 V) TDK 1608 C1608IB1H104K
CapaCltor
c7 Ceramic 0.11F (50 V) TDK 1608 C1608JBLH104K
CapaC|t0r
cs Ceramic 4.7UF (16 V) TDK 1608 C1608JB1C475K
CapaCltOr
c12 Ceramic 3300 pF (50 V) TDK 1608 | C1608IB1H332K
CapaCltor
c13 Ceramic 3300 pF (50 V) TDK 1608 C1608JB1H332K
CapaC|t0r
c14 Ceramic 1500 pF (50 V) TDK 1608 C1608IB1H152K
capacitor
c15 Ceramic 1500 pF (50 V) TDK 1608 C1608JB1H152K
CapaCltor
R1-1 Resistor 15K SSM 1608 RR0816P152D
R1-2 Resistor 27 KQ SSM 1608 RR0816P273D
R2 Resistor 68 K SSM 1608 RR0816P683D
R3-1 Resistor 431Q SSM 1608 RR0816P432D
R3-2 Resistor 56 kQ SSM 1608 RRO816P563D
R4 Resistor 39 K SSM 1608 RR0816P393D
R5 Resistor 150 K2 SSM 1608 RR0816P154D
R6 Resistor 150 K2 SSM 1608 RRO816P154D
R23 Resistor 1.8Q KOA 1608 | RK73HLJTTDIRSF
R24 Resistor 10 KOA 1608 | RK73HLJTTD1ROR
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| FAIRCHILD : Fairchild Semiconductor Corporation

SANYO : SANYO Electric Co., Ltd. / Panasonic
NEC TOKIN : NEC TOKIN Corporation

TDK : TDK Corporation

MURATA : Murata Manufacturing Co., Ltd.

SSM :SUSUMUCo.,Ltd.

)
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B APPLICATION NOTE
1. Setting Operating Conditions

Setting output voltages

The output voltage can be set by adjusting the setting output voltage resistor ratio. Setting output voltage is

calculated by the following formula.

R1+R2 2.&10' AV
Vourxk = ———— X (0.6946 + 0.266% Al X (1— ————) XRop syn) +——2%
R2 OFF
Vin—V Y -V
AVOUTX - ESRXA|L_ A||_ — IN ouT X ouT ‘ tOFF: NIN OUTX)
L Vin X fosc VinXfosc
VouTtx : Output setting voltage [V]
Vin : Power supply voltage [V]
AVourx  : Output ripple voltage value [V]
tore : Off time [s]
Ron_sync @ ON resistance of low-side FER]
Al : Ripple current peak-to-peak value of inductor [A]
ESR : Series resistance element of output capa€ifor [
L > Inductor value [H]
fosc : Switching frequency [Hz]
VouTx VOUTx
R1
FBx
R2
x: Each channel number

The total resistor value (R1+R2) of the setting output resistor should be selected upf 100 k

o)
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Minimum power supply voltage
The maximum on duty is limited by "the minimum off timgrAn) that an IC holds without fail as a fixed
value" and "the on timed) determined by the power voltage vahrel the output voltage setting value”.
The ratio between the output voltage and the power voltage must be less than the maximum on duty.

The minimum power supply voltagesdthis required to sustain the output voltage can be calculated by the
following formula.

(Vour + lout_max X (RDC + Ron_main)) X Vour
Vour — (Vout *+ lout max X (RDC + Ron_synd) X torr min X fosc X 1.2

Vin MiN =

Vinmn - Power supply voltage [V]

Vour : Output setting voltage [V]

lout max : Maximum load current value [A]

Ron main  : ON resistance of high-side FE®][
Ron_sync  : ON resistance of low-side FER]

RDC : Series resistance of inducte [

fosc : Switching frequency setting value [Hz]
tore v @ Minimum off time (Maximum value) [s]

(For the minimum off time, see “ON/OFF Time [Minimum OFF time ] " in
“BMELECTRICAL CHARACTERISTICS".)

Use the smaller switching frequency setting in order to make the voltage output possible with the lower
power voltage.

Slope voltages

It is necessary to sustain the Slope voltage 15 mhiigbrer in order to obtain the stable switching cycle.
The Slope voltage can be calculated by the following formula.

Ve = (Vin — Vour) X Vour X Ron_sync
Slope — L X Vi X f
in X fosc

Vsiope : Slope voltage [V]

Vin : Power supply voltage [V]

Vour : Output setting voltage [V]

fosc : Switching frequency [Hz]
Ron_syne  : ON resistance of low-side FER]
L . Inductor value [H]
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Setting soft-start time
Calculate the soft-start time by the following formula.

ts= 7 X 10° X Ccs

ts : Soft-start time [s] (time until output reaches 100%)
Ccs : CS pin capacitor value [F]

Calculate the delay time until the soft-start activation by the following formula.
ty=43%X Cyp

ty 1 VB voltage delay time (at)y =12 V) [s]
Cyg : VB pin capacitor value [F]

When activating the other in the state where a side channel has already been activated (UVLO release: VB
output already), the delay time is hardly generated.

e el
ENl 1 1 1 1 1 1
EN2 i i i i i
Vouri E ! E E : :
Vourz Dt ' | X X
e r— [ [ [

)
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Setting switching frequency
The switching frequency is set at the FREQ pin. As for the setting process, see the switching frequency

control function table.

Setting over current limitation
The over current limitation value can be set by adjustiegpver current limitation setting resistor value
connected to the ILIM pin.
Calculate the resistor value by the following formula.

Al
Rum = 10 x Ron_sync X (Ium — )

Rum : Over current limitation value setting resistof [
lm : Over current limitation value [A]

Al : Ripple current peak-to-peak value of inductor [A]
Ron_sync - ON resistance of low-side FER]

ILIM
RLiM

Inductor current

LM = -]

Over current
limitation value
lout

Time

If the rate of inductor saturation current is small, the inductor value decreases and the ripple current of
inductor increase when the over-current flows. At timé there is a possibility that the limited output
current increases or is not limited, because the bottandattor current is detected. It is necessary to use
the inductor that has enough large rate of indusdituration current to prevent the overlap current.
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The over current limit value is affected by ILIM piawsce current and over current detection offset voltage
in the IC except for the on resistance of the low-side FET and the inductor value. The variation of dropped
over current limit value caused by IC characteristics is calculated by the following formula.

2 X10'X Ry + 0.03

Alyw =
HM RON_Sync
Alim : The variation of dropped over current limit value [A]
Rim : Over current limitation value setting resistof [

Ron_sync 1 ON resistance of low-side FER]

Inductor current

Over current limit value Iuim - -

Dropped over current limit value due to | - -
IC's characteristics
lo

Time

The over current detection value needs to set &gt margin against the maximum load current.

)
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Power dissipation and the thermal design
IC's loss increases, if IC is used under the high power supply voltage, high switching frequency, high load
and high temperature. The IC internal loss can be calculated by the following formula.

Pic = Vee X (lec + Qs _otain X foscit Qs _votaiz X foscd

Pc : IC internal loss [W]
Vee : Power supply voltage V) [V]
lec : Power supply current [A] (2 mA Max)

Qc_Totai1 : ToOtal quantity of charge for the high-side FET and the low-side FET of each CH1 [C]
Qc_Tota2 : Total quantity of charge for the high-side FET and the low-side FET of each CH2 [C]
fosc1  : CH1 switching frequency [Hz]
fosca  : CH2 switching frequency [Hz]

Calculate junction temperature (Tj) by the following formula.

Tj=Ta+ 6ja X P¢

Tj  :Junction temperature [°C] (+ 125°C Max)

Ta :Ambient temperature [°C]

fja : TSSOP-24P Package thermal resistance (+ 78°C /W)
Pc :ICinternal loss [W]

Handling of the pins when using a single channel
Although this device is a 2-channel DC/DC converter control IC, it is also able to be used as a 1-channel
DC/DC converter by handling the pins of the unused channel as shown in the following diagram.

VOUTX BSTx — “Open”
FBx DRVHx —— “Open”
CSx . ,
ILIMx DRVLx — “Open
ENXx
LXX

Note: x is the unused channel number.
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2. Selecting parts

Selection of smoothing inductor
The inductor value selects the value that the ripple oup®ak-to-peak value of the inductor is 50% or less
of the maximum load current as a rough standard. Calculate the inductor value in this case by the following

formula.

VIN _VOUT X VOUT
LORX lout max Vin Xfosc

L . Inductor value [H]

lout max : Maximum load current [A]

LOR : Ripple current peak-to-peak value of inductor/Maximum load current ratio (= 0.5)
Vin : Power supply voltage [V]

Vour : Output setting voltage [V]

fosc : Switching frequency [Hz]

It is necessary to calculate the maximum currenteviiat flows to the inductor to judge whether the
electric current that flows to the inductor is a rated value or less. Calculate the maximum current value of
the inductor by the following formula.

Al
2

ILmax = lout max +

ILmax  : Maximum current value of inductor [A]
lout max : Maximum load current [A]

Al : Ripple current peak-to-peak value of inductor [A]
L : Inductor value [H]

Vin : Power supply voltage [V]

Vour : Output setting voltage [V]

fosc : Switching frequency [Hz]

Inductor current

ILMAX
louT_MAX |,

Time

)
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Selection of Switching FET
If selecting the high-side FET so that the value of the high-side FET conduction loss and the high-side FET
switching loss is same, the loss is effectively decreased.
Confirm that the high-side FET loss is within the rating value.

PuviainreT = Pron_main+ Psw_main

Pvainrer  : High-side FET loss [W]
Pron_main : High-side FET conduction loss [W]
Psw main : High-side FET switching loss [W]

High-side FET conduction loss

_ 2 ouT
Pron_main = lout mMax™ X ———— X Ron_main
IN

Pron_main : High-side FET conduction loss [W]
lout max : Maximum load current [A]

Vin : Power supply voltage [V]

Vour : Output voltage [V]

Ron_main @ ON resistance of high-side FE®][

The high-side FET switching loss can be calculated roughly by the following formula.

Psw main = 1.56 X Vg X fosc X lout max X Qsw

Psw main : Switching loss [W]

Vin : Power supply voltage [V]

fosc : Switching frequency [Hz]

lout max : Maximum load current [A]

Qsw : Amount of high-side FET gate switch electric charge [C]

MOSFET has a tendency where the gate drive losedses because the lower drive voltage product has

the bigger amount of gate electric chargg)(@lormally, we recommend a 4 V drive product, however, the

idle period at light load (both the high-side FET aralltw-side FET is off-period) gets longer and the gate
drive voltage of the high-side FET may decrease, in the automatic PFM/PWM selection mode. The voltage
drops most at no-load mode. At this time, confirm thatboost voltage (voltage between BST-LX pins) is

a big enough value for the gate threshold value voltage of the high-side FET.

If it is not enough, consider adding the boost diode, increasing the capacitor value of the boost capacitor or
using a 2.5V (or 1.8 V) drive product to the high-side FET.

Select the ON resistance of low-side FET from the range below.

Ron SyncS Lv Ron Syncs &, Ron Sync> 0.015
- Al - Al Al
(ILIM - )
Ron_sync : ON resistance of low-side FER]
Al : Ripple current peak-to-peak value of inductor [A]
ILm : Over current detection value [A]
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If the formula above has been already satisfied andatew ON resistance FET as possible is used for the
low-side FET, the loss is effectively decreased. Especially, it works dramatically in the low on duty mode.
The loss of the low-side FET can be calculated by the following formula.

\Y

— — 2 ouT

PSyncFET— PRON_Sync— IOUT_MAX X (1 - v ) X RON_Syr‘lc
IN

Psyncrer  : Low-side FET loss [W]

Pron_sync : Low-side FET conduction loss [W]
lout max : Maximum load current [A]

Vin : Power supply voltage [V]

Vour : Output voltage [V]

Ron_syne  : ON resistance of low-side FER]

Turn-on and turn-off voltage of the low-side FETenerally small and the switching loss is small enough

to ignore, so that is omitted here.

Especially, when turning on the high-side FET under the high power supply voltage condition, the
rush-current might be generated by according to self-turn-on of the low-side FET. The parasitic capacitor
value of the low-side FET needs to satisfy the following conditions.

CI'SS
VrH syne>——= — XV
iss

Vi syne - Threshold voltage of low-side FET [V]

Ciss : Parasitic feedback capacitance of low-side FET [F]
Ciss . Parasitic input capacitance of low-side FET [F]
Vin : Power supply voltage [V]

Also approaches of adding a capacitor close between the gate source pins of the low-side FET or adding
resistor between the BST pin and the boost capaaitdrso on are effective as a countermeasure of the
self-turn-on(adding resistor between the BST pin ardtiost capacitor is also effective to adjust turn-on
time of the high-side FET).

This device monitors the gate voltage of the switching FET and optimizes the dead time. If the dumping
resistor is inserted among DRVH, DRVL and the switctiEJ gate to adjust turn-on and turn-off time of

the switching FET, this function might malfunction. In this device, resistor should not be connected among
the DRVH pin, the DRVL pin of IC and the switching FET gate, and should be connected by low
impedance as possible.

The gate drive power of the switching FET is supplied from LDO (VB) of IC inside. Select switching FET
so that the total amount of the switching FET electric charge for 2 channels (QG_Totall, QG_Total2)
satisfies the following formula.

Ive max > Qg Totain X foscit+ Qo otaiz X foscz

lve max : VB load current upper limit value (see the following graph) [A]

Qs Tow1  : Total quantity of charge for the high-side FET and the low-side FET of each CH1 [C]
Qc_toraz  : Total quantity of charge for the high-side FET and the low-side FET of each CH2 [C]
fosc1 : CH1Switching frequency [Hz]

foscz : CH2 Switching frequency [Hz]

DS405-00007-2v0-E FUﬁTSU 35



MB39A214A
I————_—_—_—_——T—_—-_—_-_-T-T-TTTTTTTTTTT———_———s

0.08

0.07

0.06

0.05
0.04

0.03

0.02

VB load current upper limit value [A]

0.01

0
6 8 101214 16 18 2022 24 26 28
Vin [V]

Moreover, select the total quantity of the high-sidd [EEectric charge as a guide that does not exceed the
total quantity of the high-side FET electric charge upper limit value shown below.

From the top line
FREQ=GND:CH1

\ FREQ=GND:CH2
\ FREQ=OPEN:CH1 |

25
\\ FREQ=OPEN:CH2
N i

\\ FREQ=VB:CH1
15 %E\
10 \gé:v

w
o
~

FRE?=VB:CH2

The total quantity upper limit of electric
charge of the high-side FET Qg_max [NC]

Power supply voltage Vi [V]

Whether the mean current value that flows to switching FET is a rated value or less of switching FET is
judged. Each rating value for the switching FET barcalculated roughly by the following formula.

I5 main > lout max X D
Ip_sync™ lout_max X (1 —D)

Io main  : high-side FET drain current [A]
Ip_sync  : Low-side FET drain current [A]
lout max : Maximum load current [A]

D : On-duty

Vbss> Vin
: Voltage between the high-side FET drain and source and the low-side FET drain and

source [V]
Vin  : Power supply voltage [V]

Vpss
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Selection of fly-back diode
This device is improved by adding the fly-back diode when the conversion efficiency improvement or the
suppression of the low-side FET fever is desiréitipagh those are unnecessary to execute normally. The
effect is achieved in the condition where the switching frequency is high or output voltage is lower. Select
schottky barrier diode (SBD) that the forward currersismall as possible. In this DC/DC control IC, the
period for the electric current flow into fly-back diode is limited to dead time period because the
synchronous rectification system is adopted. (athivdead time, see “Output Block” in “ELECTRICAL
CHARACTERISTICS"). Each rating for the fly-backode can be calculated by the following formula.

Ib> lout max Xfosc X (to1 + o)

Ip : Forward current rating of SBD [A]
lout max : Maximum load current [A]
fosc : Switching frequency [Hz]

ton, b2 : Dead time [S]

Al
lrsm> lout max +
lEsm : Peak forward surge current ratings of SBD [A]
lout max : Maximum load current [A]
Al : Ripple current peak-to-peak value of inductor [A]

VR ry > Vin

Vr ry : Reverse voltage of fly-back diode direct current [V]
Vin : Power supply voltage [V]

)
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Selection of input capacitor

Select the input capacitor whose ESR is as smalbssible. The ceramic capacitor is an ideal. Use the
tantalum capacitor and the polymer capacitor of the low ESR when a mass capacitor is needed as the
ceramic capacitor can not support.

The ripple voltage is generated in the power sugpliage by the switching operation of DC/DC. Calculate
the lower bound of input capacitor according to an alldevaipple voltage. Calculate the ripple voltage of
the power supply from the following formula.

I \ Al
OUT_MAX oUT | ESRX (lour ax + L)

AV =
Cin Vin X fosc

AV y : Power supply ripple voltage peak-to-peak value [V]
lout max : Maximum load current value [A]

Cin . Input capacitor value [F]

Vin : Power supply voltage [V]

Vour : Output setting voltage [V]

fosc : Switching frequency [Hz]

ESR : Series resistance component of input capa€ifor [
Alg : Ripple current peak-to-peak value of inductor [A]

Capacitor has frequency characteristic, the temperature characteristic, and the bias voltage characteristic, etc.
The effective capacitor value might become extremely small depending on the use conditions. Note the
effective capacitor value in the use conditions.

Calculate ratings of the input capacitor by the following formula:
Vein > Vin

Vein : Withstand voltage of the input capacitor [V]
Vin  : Power supply voltage [V]

V VourX (Vin —Vour)
Vi

Irms> lopmax X

Irms : Allowable ripple current of input capacitor (effective value) [A]
lomax : Maximum load current value [A]

Vin  : Power supply voltage [V]

Vour : Output setting voltage [V]
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Selection of output capacitor
A certain level of ESR is required for stable operabf this IC. Use a tantalum capacitor or polymer
capacitor as the output capacitor. If using a ceramic ¢apagth low ESR, a resistor should be connected
in series with it to increase ESR equivalently.
Calculate the output capacitor value by the following formula as a guide.

1

Cour> ——————
OUT= 4 Xfosc X ESR

Cout : Output capacitor value [F]
fosc : Switching frequency [Hz]
ESR : Series resistance of output capac{ijr [

Moreover, the output capacitor values are also derived from the allowable amount of overshoot and
undershoot. The following formula is represented asvitrst condition in which the shift time for a sudden
load change is 0s. The output capacitor value allow a smaller amount than the value calculated by the
following formula when a longer shift time.

Alour® X L .
Cour> out ...Overshoot condition
2 X Vout X AVout over

Aloyr® X L X (Vour + Vin X fosc X torr_ v
2 X Vour X AVour unoer X (Vin—Vour—Vin X fosc X tore mi)

Coutr > ... Undershoot condition

Cout : Output capacitor value [F]
AVour over : Allowable amount of output voltage overshoot [V]
AVout unoer : Allowable amount of output voltage undershoot [V]

Aloyt : Current difference in sudden load change [A]
L : Inductor value [H]

Vin : Power supply voltage [V]

Vour : Output setting voltage [V]

fosc : Switching frequency [Hz]

tore MmN : Minimum off time

When changing to no load suddenly, the output gelia overshoot, however, the current sink is not
executed in the mode other than PWM fix. As a rethdt,decrement of the output voltage might take a

long time. This sometimes results in the stop mode Isecailithe over voltage detection. In the mode other
than PWM fix, select the capacitor value so that the overshoot value is set to the over voltage detection
voltage value or less (115% of the output setting voltage or less).

The capacitor has frequency, operating temperature, andvbltage characteristics, etc. Therefore, it must
be noted that its effective capacitor value may be significantly smaller, depending on the use conditions.
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Calculate each rating of the output capacitor by the following formula:

Vcout > Vour

Veour : Withstand voltage of the output capacitor [V]
Vour : Output voltage [V]

I Al
> —L
RMS 23

Irws :Allowable ripple current of output capacitor (effective value) [A]
Al_  : Ripple current peak-to-peak value of inductor [A]

When connecting resistance in series configuration vahileramic capacitor is in use, the resistor rating is
calculated by the following formula.

ESRXAI 2

Pesr>
ESR 12

Pesr : Power dissipation of resistor [W]
ESR : Resistor value]
Al : Ripple current peak-to-peak value of inductor [A]

)
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Selection of bootstrap capacitor
To drive the gate of high-side FET, the bootstrap capacitor must have enough stored charge. 0.1 pF is
assumed to be standard, however, it is necessary to adjust it when the high-sidgisBif.Tonsider the
capacitor value calculated by the following formula as the lowest value for the bootstrap capacitor and
select a thing any more.

Cgst> 10X Qg

Cgst : Bootstrap capacitor value [F]
Qc : Total quantity of charge for the high-side FET gate [C]

Calculate ratings of the bootstrap capacitor by the following formula:

Veest> Ve

Vepst - Withstand voltage of the bootstrap capacitor [V]
Vg : VB voltage [V]

VB pin capacitor
4.7 uF is assumed to be a standard, and wheaf Qvitching FET used is large, it is necessary to adjust it.
To suppress the ripple voltage by the switching FET gate drive, consider the capacitor value calculated by
the following formula as the lowest value for VB capacitor and select a thing any more.

Cvg>50XQgs

Cvs VB pin capacitor value [F]
Qg : Total amount of gate charge of high-side FET and low-side switching FET for 2CH [C]

Calculate ratings of the VB pin capacitor by the following formula:

Ve > Ve
Veus : Withstand voltage of the VB pin capacitor [V]
Vg : VB voltage [V]
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Layout

Consider the points listed below and do the layout design.

* Provide the ground plane as much as possible on the IC mounted face. Connect bypass capacitor
connected with the VCC and VB pins, and GND pinhaf switching system parts with switching system
GND (PGND). Connect other GND connection pingtwagontrol system GND (AGND), and separate
each GND, and try not to pass the heavy currenttpattugh the control system GND (AGND) as much
as possible. In that case, connect control sy&&D (AGND) and switching system GND (PGND) at
the single point of GND (PGND) directly beld®. Switching system parts are Input capacitqgX,C
Switching FET, fly-back diode (SBD), inductor (L) and Output capaciteg£C

* Connect the switching system parts as much as possible on the surface. Avoid the connection through the
through-hole as much as possible.

* As for GND pins of the switching system parts, provide the through hole at the proximal place, and
connect it with GND of internal layer.

* Pay the most attention to the loop composed of input capacijtdr $@itching FET, and fly-back diode
(SBD). Consider parts are disposed mutually todze for making the current loop as small as possible.

* Place the bootstrap capacitorég, Cest2) proximal to BSTx and LXx pins of IC as much as possible.

* Connect the line to the LX pin proximal to the drain pin of low-side FET. Also large electric current
flows momentary in this net. Wire the line of widthadfout 0.8 mm as standard, and as short as possible.

* Large electric current flows momentary in the neD&8VHx and DRVLx pins connected with the gate of
switching FET. Wire the linewidth of about 0.8 mnmb®a standard, as short as possible. Take special
care about the line of the DRVLXx pin, and wire the line as short as possible.

* By-pass capacitor (fc, Cyg) connected with VCC, and VB should pkaced close to the pin as much as
possible. Also connect the GND pin of the bypass capacitor with GND of internal layer in the proximal
through-hole.

* Pull the feedback line to be connected to the VOUTX pin of the IC separately from near the output
capacitor pin, whenever possible. Consider thedoreected with VOUTx and FBx pins to keep away
from a switching system parts as much as possible because it is sensitive to the noise.

Also, place the output voltage setting resistor connectédstdine near IC, and try to shorten the line to
the FBx pin. In addition, for the internal layer right under the component mounting place, provide the
control system GND (AGND) of few ripple and few spike noises, or provide the ground plane of the
power supply as much as possible.

Consider that the discharge current momentary fiotesthe VOUTX pin (about 200 mA at Vout = 5 V)
when the DC/DC operation stops, and then sustain the width for the feedback line.

There is leaked magnetic flux around the inductdramkside of place equipped with inductor. Line and
parts sensitive to noise should be considered fiamed away from the inductor (or backside of place
equipped with inductor).

Layout example of IC peripheral Layout example of switching system parts
1pin\ DIIA/ CesT1 High-siclie FET High-sitlie FET
VIN =
AOND g Cee - —] (19 :
S O =)
AGND[ ™~ =/ Through-hole = = = =
_____ g = “« o |
g0 gD:DO Low-side FET——» 5 L L = <E——Low-side FET
'r____:E Og ]E PGND To the LX1 pin/oE %) PGND :O\TO the LX2 pin
L 7 44 B Ce sBD(option)HE [ o d [ #}sBD (option)
Output voltage setting Il Cour O Cour
resistor layout L | | L
CBSTZ PGND
Connect AGND and PGND right under IC Vour Vourz
Surface  Internal Output voltage ~ Output voltage
layer Vour: feedback  Vour. feedback

)
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Conversion Efficiency vs.Load Current

Conversion Efficiency vs.Load Current
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Output Ripple Waveform
Automatic PFM/PWM selection mode
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Switching Waveform
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Startup, Shutdown and Protection Function Operation Waveform
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VOUT1 500mV/div : '100ps/div ]
. 10UT1 5A/div R ‘i
j = 1
| p— VINS12V ]
{ % MODE=VB ]
{ ’\ FREQ=0Open ]
LX1 10V/div

v

Normal operatlon‘: Over Under voltage protection >
current
protection
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BUSAGE PRECAUTION

1.

Do not configure the IC over the maximum ratings.

If the IC is used over the maximum ratings, the LS| may be permanently damaged.
It is preferable for the device to normally openatthin the recommended usage conditions. Usage outside
of these conditions can have an adverse effect on the reliability of the LSI.

2.

Use the device within the recommended operating conditions.

The recommended values guarantee the normal LSI operation under the recommended operating conditions.
The electrical ratings are guaranteed when the devicged within the recommended operating conditions
and under the conditions stated for each item.

3.

4.

5.

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

Take appropriate measures against static electricity.
Containers for semiconductor materials should have anti-static protection or be made of conductive
material.
After mounting, printed circuit boards should be stband shipped in conductive bags or containers.
Work platforms, tools, and instments should be properly grounded.
Working personnel should be grounded with resistance of 230 B MQ in serial body and ground.

Do not apply negative voltages.

The use of negative voltages bele®.3 V may make the parasitic transistor activated to the LSI, and can
cause malfunctions.
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B ORDERING INFORMATION
Part number Package Remarks

24-pin plastic TSSOP

MB39A214APFT (EPT-24P-M09)

B EV BOARD ORDERING INFORMATION
EV board number EV board version No. Remarks

MB39A214A-EVB-01 MB39A214A-EVBO1 Rev. 1.0 TSSOP-24

)
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BRoHS COMPLIANCE INFORMATION OF LEAD (Pb) FREE VERSION
The LSI products of FUJITSU SEMICONDUCTOR withTEare compliant with RoHS Directive, and has
observed the standard of lead, @, mercury, Hexavalent chromiypolybrominated biphenyls (PBB),
and polybrominated diphenyl ethers (PBDE). A product whose part number has trailing characters “E1" is
RoOHS compliant.

B MARKING FORMAT (Lead Free version)

39A214A
XXXX

~ E1 XXX
T

INDEX Lead-free version
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BLABELING SAMPLE (Lead free version)

Lead-free mark
JEITA logo JEDEC logo

MB123456P - 789 - GEl

N '
(3N) 1IMB123456P-789-GE1 @

(3N)2 1561190005 107210

QC PASS
||||II|I|I||II|| [

1,000 PCS

MB123456P - 789 - GE1
R

| 2006/03/01 ASSEMBLED IN JAPAN

| MB123456P-789-GE1 | N
T i 1/1} 0605-Z01A | 1000

The part number of a lead-free product has "ASSEMBLED IN CHINA" is printed on the label
the trailing characters "E1". __ | ofaproduct assembled in China.

)
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EMB39A214APFT RECOMMENDED CONDITIONS OF MOISTURE SENSITIVITY

LEVEL

FUJITSU SEMICONDUCTOR Recommended Mounting Conditions]

Iltem

Condition

Mounting Method

IR (infrared reflow), warm air reflow

Mounting times

2 times

Before opening

Please use it within two years after
manufacture.

Storage period

From opening to the 2nd reflow

Less than 8 days

When the storage period after
opening was exceeded

Please process within 8 days
after baking (125°C £3°C, 24H+ 2HDH) .
Baking can be performed up to two timeg.

Storage conditions

5°C to 30°C, 70% RH or less (the lowest possible humidity)

[Mounting Conditions]
(1) IR (infrared reflow)

260C

245T

Main heating

170 C

to
190 C

RT

(b)

(a)

"M" rank : 250C Max
(a) Temperature Increase gradient
(b) Preliminary heating
(c) Temperature Increase gradient
(d) Peak temperature
(d") Main Heating

(e) Cooling

(d)

: Average 1C/sto 4C /s

: Temperature 170C to 190TC, 60 s to 180 s

: Average 1C /sto 4T /s

: Temperature 250C Max; 245T or more, 10 s or less
: Temperature 230°C or more, 40 s or less

or

Temperature 225C or more, 60 s or less

or

Temperature 220°C or more, 80 s or less
: Natural cooling or forced cooling

Note: Temperature : the top of the package bod

DS405-00007-2v0-E
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(2) Manual soldering (partial heating method)

Item Condition
Before opening Within two years after manufacture
Storage period Within two years after manufacture

Between opening and mounting| (No need to control moisture during the storgge
period because of the partial heating methogl.)

Storage conditions 5°C to 30°C, 70% RH or less (the lowest possible humidity)

Temperature at the tip of a soldering iron: 400°C Max
Time: Five seconds or below per pin*

*. Make sure that the tip of a soldering iron does not come in contact with the package body.

Mounting conditions

)
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B PACKAGE DIMENSIONS

24-pin plastic TSSOP Lead pitch 0.50 mm

Package width x 4.40 mm x 6.50 mm
package length
Lead shape Gullwing
Sealing method Plastic mold
Mounting height 1.20 mm MAX
Weight 0.08g
(FPT-24P-M09)
24-pin plastic TSSOP Note 1) Pins width and pins thickness include plating thickness.
(FPT-24P-M0Q9) Note 2) Pins width do not include tie bar cutting remainder.
Note 3) #: These dimensions do not include resin protrusion.

#6.50+ 0.10 (.256+. 004) 0.145+ 0.045

® W‘m)
iililstiilillilikili J

BTM E-MARK

O #4.40£ 0,10 6.40+0.20
\ / (173+. G04Y.252+. G08)

( &) (Mounting height)

IO | S e

I I
I I
I I
I I
~ o |  E— |
® A | |
A
0.50(.020 oo I ——F= |
e REECDT e |
5 -.001 | f JJ |
I I
I I
I I
I I

1.10%18

0.60% 0.15 0.10+0.05
(.024%. 006 (004%. 002f a4 0

Dimensions in mm (inches).

© 20072010 FUITSU SEMICONDUCTOR LIMITED F240325:25 Note: The values in parentheses are reference values.

Please check the latest package dimension at the following URL.
http://edevice.fujitsu.com/package/en-search/

)
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B MAJOR CHANGES IN THIS EDITION
A change on a page is indicated by a vertical line drawn on the left side of that page.
Page Section Change Results

19 B FUNCTION Corrected the timing chart as follows.
(9) Under \Voltage Protection (UVP) Less than 1hs — Less than 15Qs
24 Bl EXAMPLE APPLICATION CIRCUIT | Revised the figure.

B PART LIST + Revised the symbol Q1, Q3, R1-1, R3-1 and R4 to
R6.
25, 26 + Added the symbol C14, C15, R23 and R24.
+ Revised the company name.
43 ~ 46 | M REFERENCE DATA Revised the figure.

)
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H EXAMPLE APPLICATION CIRCUIT «+cereerrtnnatiniiiiiiiiiiiiiiniisinsiinsisssnsssisssnssinssinen @dh oo,
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FUJITSU SEMICONDUCTOR LIMITED

Nomura Fudosan Shin-yokohama Bldg. 10-23, Shin-yokohama 2-Chome,
Kohoku-ku Yokohama Kanagawa 222-0033, Japan

Tel: +81-45-415-5858
http://jp.fujitsu.com/fsl/en/

For further information please contact:

North and South America

FUJITSU SEMICONDUCTOR AMERICA, INC.
1250 E. Arques Avenue, M/S 333

Sunnyvale, CA 94085-5401, U.S.A.

Tel: +1-408-737-5600  Fax: +1-408-737-5999
http://us.fujitsu.com/micro/

Europe

FUJITSU SEMICONDUCTOR EUROPE GmbH
Pittlerstrasse 47, 63225 Langen, Germany

Tel: +49-6103-690-0 Fax: +49-6103-690-122
http://emea.fujitsu.com/semiconductor/

Korea

Asia Pacific

FUJITSU SEMICONDUCTOR ASIA PTE. LTD.
151 Lorong Chuan,

#05-08 New Tech Park 556741 Singapore

Tel : +65-6281-0770 Fax : +65-6281-0220
http://sg.fujitsu.com/semiconductor/

FUJITSU SEMICONDUCTOR SHANGHAI CO., LTD.
30F, Kerry Parkside, 1155 Fang Dian Road,

Pudong District, Shanghai 201204, China

Tel : +86-21-6146-3688 Fax : +86-21-6146-3660
http://cn.fujitsu.com/fss/

FUJITSU SEMICONDUCTOR PACIFIC ASIA LTD.

FUJITSU SEMICONDUCTOR KOREA LTD.

902 Kosmo Tower Building, 1002 Daechi-Dong,
Gangnam-Gu, Seoul 135-280, Republic of Korea
Tel: +82-2-3484-7100 Fax: +82-2-3484-7111
http://kr.fujitsu.com/fsk/

2/F, Green 18 Building, Hong Kong Science Park,
Shatin, N.T., Hong Kong

Tel : +852-2736-3232 Fax : +852-2314-4207
http://cn.fujitsu.com/fsp/

Specifications are subject to change without nofoe.further information please contact each office.

All Rights Reserved.

The contents of this document are subject to change without notice.
Customers are advised to consult with sales representatives before ordering.
The information, such as descriptions of function and appitafrcuit examples, in this document are presented sole
for the purpose of reference to show examples of opertind uses of FUJITSU SEMICONDUCTOR device; FUJIT
SEMICONDUCTOR does not warrant proper operation of thecgewith respect to use based on such information. W
you develop equipment incorporating the device based on such information, you must assume any responsibility
out of such use of the information.

FUJITSU SEMICONDUCTOR assumes no liability for any damages whatsoever arising out of the use of the info
Any information in this document, including descriptionswsfction and schematic diagrams, shall not be construed &
license of the use or exercise of any intellectual property right, such as patent right or copyright, or any other righ
FUJITSU SEMICONDUCTOR or any third party or does FUJITSU SEMICONDUCTOR warrant non-infringement
any third-party's intellectual property right or other right by using such information. FUJITSU SEMICONDUCTOR
assumes no liability for any infringement of the intellectual property rights or other rights of third parties which wo
result from the use of information contained herein.

The products described in this document are designed, developed and manufactured as contemplated for generg
including without limitation, ordinary industrial use, genafdice use, personal use, and household use, but are not
designed, developed and manufactured as contemplatied ((5e accompanying fatal risks or dangers that, unless
extremely high safety is secured, could have a serious efféw fublic, and could lead directly to death, personal inj
severe physical damage or other loss (i.e., nuclear reactionléontrzlear facility, aircraft flight control, air traffic
control, mass transport control, medical life support systeissile launch control in weapon system), or (2) for use
requiring extremely high reliability (i.e., sulemsible repeater and artificial satellite).

Please note that FUJITSU SEMICONDUCTOR will not be liggainst 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 f
failures by incorporating safety design measures into yamiiitfy and equipment such as redundancy, fire protection,
prevention of over-current levels and other abnormal operating conditions.

Exportation/release of any products described in this documentequire necessary procedures in accordance with
regulations of the Foreign Exchange and Foreign T€addrol Law of Japan and/or US export control laws.
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The company names and brand names herein are the trademagistered trademarks of their respective owners.

Edited: Sales Promotion Department



	DESCRIPTION
	FEATURES
	APPLICATIONS
	PIN ASSIGNMENT
	PIN DESCRIPTIONS
	BLOCK DIAGRAM
	ABSOLUTE MAXIMUM RATINGS
	RECOMMENDED OPERATING CONDITIONS
	ELECTRICAL CHARACTERISTICS
	TYPICAL CHARACTERISTICS
	FUNCTION
	I/O PIN EQUIVALENT CIRCUIT DIAGRAM
	EXAMPLE APPLICATION CIRCUIT
	PART LIST
	APPLICATION NOTE
	1. Setting Operating Conditions
	2. Selecting parts

	REFERENCE DATA
	USAGE PRECAUTION
	ORDERING INFORMATION
	EV BOARD ORDERING INFORMATION
	RoHS COMPLIANCE INFORMATION OF LEAD (Pb) FREE VERSION
	MARKING FORMAT (Lead Free version) 
	LABELING SAMPLE (Lead free version) 
	MB39A214APFT RECOMMENDED CONDITIONS OF MOISTURE SENSITIVITY LEVEL
	PACKAGE DIMENSIONS
	MAJOR CHANGES IN THIS EDITION
	CONTENTS

