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.-= CYPRESS MB39A214A

Sl 2ch DC/DC Converter IC with PFM/PWM

il

Synchronous Rectification

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 voltage ripple. It supports low on-duty operation to allow stable output of low voltages when there is a
large difference between input and output voltages. It also allows the high switching frequency setting, enabling the downsized
peripheral circuits and low-cost configuration. MB39A214A realizes ultra-rapid response and high efficiency with built-in enhanced
protection features. It is most suitable for the power supply for ASIC or FPGA core, input/output devices, or memory.

Features

B High efficiency
B Frequency setting by internal preset function: 310 kHz, 620 kHz, 1 MHz

B High accuracy reference voltage :+0.7% (Ta = + 25°C)
BVIN Input voltage range :6Vto28V
HOutput voltage setting range :0.7Vto53V

B Possible to select the automatic PFM/PWM selection mode or PWM-fixed mode
B PAF frequency limitation function (Prohibit Audio Frequency) : > 30 kHz (Min)
HBuilt-in boost diode, external fly-back diode not required

W Built-in discharge FET

B Built-in over voltage protection function

M Built-in under voltage protection function

W Built-in over temperature protection function

HBuilt-in over current limitation function

B Soft-start circuit without load dependence

B Current sense resistor not required

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

H Standby current 10 pA (Typ)

B Package : TSSOP24 (4.4 mm x 6.5 mm x 1.2 mm [Max])

Applications

W Digital TV

M Photocopiers

ESTB

BBD, DVD players/recorders

M Projectors etc.

Cypress Semiconductor Corporation * 198 Champion Court . San Jose, CA 95134-1709 . 408-943-2600
Document Number: 002-08358 Rev. *A Revised April 14,2016
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1. Pin Assignment

MB39A214A

(TOP VIEW)
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2. Pin Descriptions

MB39A214A

Pin No. Pin Name /0 Description

1 BST1 — CH1 boost capacitor connection pin.

2 EN1 | CH1 enable pin.

3 VOUT1 | CH1 input pin for DC/DC output voltage.

4 FB1 | CH1 input pin for feedback voltage.

5 CSt | CH1 soft-start time setting capacitor connection pin.

6 GND — Ground pin.
Frequency switching signal input pin.

7 FREQ FREQ: GND Short Switch!ng frequency 310 kHz
FREQ: Open Switching frequency 620 kHz
FREQ: VB Short Switching frequency 1 MHz

8 CSs2 | CH2 soft-start time setting capacitor connection pin.

9 FB2 | CH2 input pin for feedback voltage.

10 VOuUT2 | CH2 input pin for DC/DC output voltage.

11 EN2 | CH2 enable pin.

12 BST2 — CH2 boost capacitor connection pin.

13 DRVH2 (0] CH2 output pin for external high-side FET gate drive.

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

15 DRvVL2 — CH2 output pin for external low-side FET gate drive.

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

v wone
MODE: VB Short PWM fixed

18 VB (0] Internal circuit bias output pin.

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

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

21 PGND — Ground pin for output circuit.

22 DRVLA (0] CH1 output pin for external low-side FET gate drive.

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

24 DRVH1 (0] CH1 output pin for external high-side FET gate drive.
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3. Block Diagram

MB39A214A
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4. Absolute Maximum Ratings
. Rating .
Parameter Symbol Condition - Unit
Min Max
VCC pin input voltage Vvee VCC pin -0.3 +30 \
BST pin input voltage Vest BST1, BST2 pins -0.3 + 36 \"
LX pin input voltage Vix LX1, LX2 pins -1 +30 \
Voltage between -
BST and LX Vesrix - 03 7 v
EN pin input voltage Ven EN1, EN2 pins -0.3 + 30 \"
Vs FB1, FB2 pins -0.3 VB + 0.3 \"
Vvour VOUT1, VOUT2 pins -03 +7 Vv
Vium ILIM1, ILIM2 pins -0.3 VB + 0.3 \"
Input voltage :
Ves CS1, CS2 pins -03 VB +0.3 \
VErea FREQ pin -03 VB +0.3 Vv
Vmope MODE pin -0.3 VB + 0.3 \"
DRVH1, DRVH2 pins,
Output current lour DRVL1, DRVL2 pins — 60 mA
Power dissipation Po Ta<+25°C — +1282 mw
Storage temperature Tsta — -55 +125 °c

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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5. Recommended Operating Conditions
. Value ]
Parameter Symbol Condition - Unit
Min Typ Max
VCC pin input voltage Vvee VCC pin 6 - 28 Vv
BST pin input voltage Vest BST1, BST2 pins - - 34 \
EN pin input voltage Ven EN1, EN2 pins 0 - 28 Vv
Vg FB1, FB2 pins 0 - VB \Y
Vvour VOUT1, VOUT2 pins 0 - 5.5 \
Input voltage Vium ILIM1, ILIM2 pins 0 - 2 Vv
VFREQ FREQ pln 0 - VB \'
VMODE MODE pln 0 - VB \'
DRVH1, DRVH2 pins, DRVL1, DRVL2
Peak output current lour pins - 1200 - + 1200 mA
DUty < 5% (t = 1/fosc X Duty)
Operating ambient Ta . ~30 .25 .85 oG
temperature
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.
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6. Electrical Characteristics
(Ta = +25°C, VCC = 12 V, EN1, EN2 = 5 V)

Pin . Value i
Parameter Symbol | o Condition - Unit
: Min Typ Max
Output voltage Vvs 18 VB=0A 5.04 5.20 5.36 \
Bias Voltage | Input stability LINE 18 VCC=6Vto28V — 10 100 mV
Block Load stability LOAD 18 VB=0Ato-1mA — 10 100 mvV
[VB Reg ] Short-circuit
los 18 VB=0V -145 |-100 |-75 mA
output current
Under VL 18 VB pin 4.0 4.3 4.6 Vv
voltage Threshold voltage ,
9 VL 18 VB pin 3.7 4.0 4.3 Vv
Lockout
Protection 1
Circuit Block | Hysteresis width VH 18 VB pin _ 0.3 - Vv
[UVLO]
Soft-Start/ Charge current lcs 5,8 CS1,CS2=0V -1.5 -1.0 -0.75 |[uA
Discharge Electrical discharge EN1,EN2=0V, o & .
Block resistance Ro 310 |vouTi, vouT2 2 0.15 v 25 Q
[Soft Start, Dischar _
. ge end EN1,EN2=0V, 0l
Discharge] | oitage Vvovin 1310 | youT1, VOUT2 pins - 027 |— v
FREQ pin GND connection
ON time fon 124 1yCG =12V, VOUT! = 1.5 V 430 (538 1646 ns
(Preset value 1) FREQ pin GND connection
tonz1 13 VCC = 12 V, VOUT2 = 1.5V 320 400 480 ns
FREQ pin OPEN
ON time ton12 24 VCC =12 V, VOUT1 = 1.5 V 210 263 316 ns
(Preset value 2) FREQ pin OPEN
tovee 118 ygo_12v, voUT2= 1.5V 160|200 240 Ins
FREQ pin VB connection
ON time ton1s 24 VCC =12V, VOUT! = 1.5 V 130 163 196 ns
! (Preset value 3) FREQ pin VB connection
ON/OFF Time tonzs 13 P 100 125  |150 ns
Generator VCC =12V, VOUT2=1.5V
Block o FREQ pin GND connection .
[ton Mlmmum tonmiN11 24 VCC = 12 V. VOUT1 = 0V 136 191 ns
Generator] O(’; t|met lue 1) FREQ pin GND connection
I Vv -
eeetvale founer |18 lygo Z12 v, voUT2 =0 V 103|145 Ins
FREQ pin OPEN
Minimum tonminiz |24 VCC =a2 V. VOUT1 =0 V — 77 108 ns
O time FREQ pin OPEN
Preset value 2 pin _
(Presetvalue2) ltowanz |13 |GG - 12y, vOUT2 =0 V %8 |82 Ins
FREQ pin VB connection
Minimum tonminiz |24 VGG =p12V VOUT1 =0V — 55 77 ns
ON time FREQ pi \;B i
Preset value 3 pin Vb connection _
( ) Jtowmes 113 1yoo 12 v, vOUT2 = 0 v 43 |6l ns
Minimum OFF time | torrmin 24,18 |— — 410 535 ns

Document Number: 002-08358 Rev. *A
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Value
Parameter Symbol | Pin No. Condition - Unit
Min Typ Max
Error Threshold voltage VTH 4,9 Ta = +25°C 0.695 |0.700 |0.705 |V
Comparison FB pin input current Ir 4,9 FB1,FB2=0.7V -0.1 |0 +0.1 uA
Block VOUT pin input
[Error Comp.] pin inpu lvo 3,10 VOUT1, VOUT2=1.5V — |60 86 |uA
current
Over current detection Y 21t023 |PGND - LX1, LX2 _30 o 30 mV
Over Current offset voltage OFFILM 1211014 |ILIM1, ILIM2 = 500 mV *
Sﬁ,‘ff“"“ ILIM pin current [V 20,16 |ILIM1,ILIM2=0V -6 |-5 |-4 |uA
[ILIM Comp.] ILIM pin current _ . . m| ppm/
Temperature slope Tium 20,16 Ta = +25°C 4500 oC
Over- Over-voltage o
voltage detecting voltage Vovp 4,9 For REF1, REF2 voltage 110 115 120 Yo
Protection PR — _ 1] _ %
Gircuit Block Hysteresis width Vhovp 4,9 5 7
[OVP Comp.] Detection delay time | tovp — — 10 15 20 us
Under- Under-voltage o
voltage detecting voltage Vuve 4,9 For REF1, REF2 voltage 65 70 75 Yo
Protection T i _ _ 1l _ %
Gircuit Block Hysteresis width Vhuve 4,9 10 7
[UVP Comp.] Detection delay time | tuve — — 100 [150 200 Hs
Over- TotpH — — _ 150[” _ °C
tF? rr(r)ltpeecrtia;ﬁre Protection
1 o
Circuit Block | lemperature ToreL — — S PPVSU I c
[OTP]
High-side output Ron 24,13 DRVH1, DRVH2 =-100 mA |— 4 6 Q
on-resistance RoL 24,13 |DRVH1,DRVH2=100mA |— 1 15 o)
Low-side output Ron 22,15 DRVL1, DRVL2 =- 100 mA |— 4 6 Q
on-resistance RoL 22,15 |DRVL1,DRVL2=100mA  [— |1 15  |Q
LX1,LX2=0V,
Output source | 24,13 BST1,BST2 = VB o _osM | — A
current SOURCGE 12215  |DRVH1, DRVH2 =25V :
Duty < 5%
LX1,LX2=0V,
. 24,13 BST1,BST2 = VB )]
Output Block Output sink current | lsin 2215 |DRVH1, DRVH2 = 2.5V — |09 = A
[DRV] Duty < 5%
LX1,LX2=0V,
BST1, BST2 = VB
DRVL1, DRVL2-low to 15125 135 Ins
Dead fi ; 24 to 22 | DRVH1, DRVH2-on
ead time
? 131015 X1, X2 =0V,
BST1, BST2 = VB
DRVH1, DRVH2-low to 3 |50 165 Ins
DRVL1, DRVL2-on
BST diode voltage Ve 1,12 IF=10mA 0.75 |0.85 0.95 \
. LX1,LX2=0V,
Bias current lgsT 1,12 BST1. BST2 =52V 11 15 22 uA

Document Number: 002-08358 Rev. *A
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Pin . Value )
Parameter Symbol | o Condition - Unit
0. Min Typ Max
Prosotvalue | Verea: |7 |FREQ pin: GND connection |0 — o2 |v
Switching Preset value 2 - .
Frequency conditions VEReQ2 7 FREQ pin: OPEN 0.6 1.2 \
Control Block
(FREQ] Prosot value 3 Vereas |7 |FREQpin: VBconnection |24 [—  |VB |V
FREQ pin _
output voltage VEreq 7 FREQ = OPEN 0.63 0.9 1.17 v
PFM/PWM mode
gondiions Veews |17 | MODE pin: GND connection |0 — o2 |v
negate
PFM/PWM mode
PFM Control conditions ;
Circuit Block PAF function VPFM2 17 MODE pin: OPEN 0.6 — 1.2 Vv
[MODE] assert
mg’l'tf:;id mode Vewn 17 |MODE pin : VB connection |46 |—  |vB |V
PAF frequency frar — Ta = -30°C to +85°C 30 45 — kHz
MODE pin voltage VmobE 17 MODE = OPEN 0.63 0.9 1.17 \"
ON condition Von 2,11 |EN1, EN2 pins 2.64 — — \
Enable Block OFF condition Vorr 2,11 |EN1, EN2 pins — — 0.66 \Y%
[EN1, EN2] Hysteresis width VH 2,11 |EN1, EN2 pins — 04" |— v
Input current len 2,11 |EN1, EN2 = 5V 11 15 22 uA
Standby current lccs 19 EN1, EN2 = OV — 0 10 uA
Power supply LX1,LX2=0V
. BST1,BST2:
Bower Suool cgrrirggt during idle lcct 19 VB connection — 600 860 uA
PRy 1P FB1, FB2=0.75 V
Current
Power supply LX1, LX2 = OV
) BST1, BST2:
gugf);ﬁtoc:]urlng lcce 19 VB connection — 1200 1700 uA
P FB1,FB2=0.6 V

[1]: This parameter is not be specified. This should be used as a reference to support designing the circuits.
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7. Typical Characteristics

MB39A214A

5.40
5.36
5.32
5.28
5.24
5.20
5.16
5.12
5.08
5.04
5.00

VB bias voltage Vys (V)

0.705
0.704
0.703
0.702
0.701
0.700
0.699
0.698
0.697
0.696
0.695

Error Comp. Threshold voltage Vv (V)

Power dissipation vs. Operating ambient temperature

2000

1500

1282

1000

N

500

Power dissipation Pp (mW)

0

-50 -25 +0 +25 +50 +75 +100+125
Operating ambient temperature Ta (°C)

VB bias voltage vs. Operating ambient temperature

VCC=12V |
lve=0A

-40 -20 0 +20 +40 +60 +80 +100

Operating ambient temperature Ta (°C)

Error Comp. Threshold voltage vs.
Operating ambient temperature

-40 -20 0 +20 +40 +60 +80+100
Operating ambient temperature Ta (°C)

VB bias voltage Vve (V)

ILIM pin current lium (HA)

54

53

5.2

5.1

5.0

VB bias voltage vs. VB bias output curre

nt

Ta=+25°C

VCC=12V —
A

X
( VCC=28V

VCC‘3=6V

-30 26 -20 -15 -10 -5

VB bias output current lyg (MA)

ILIM pin current vs. Operating ambient temperature

-3.5

A
o

A
o

o
o

&
)

-6.0

N\

N\

N\

AN

N

AN

N

40 -20 0 +20 +40 +60 +80 +10C

Operating ambient temperature Ta (°C)
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DRVH?1 on time vs. Operating ambient temperature
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650

//
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qg, 400 VOUT1=1.5V

= 350
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- —

> 250 [

8 200 —
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100

-40 -20 0 +20 +40 +60 +80 +100
Operating ambient temperature Ta (°C)
DRVH1 minimum on time vs. Input voltage
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— 200 |

2 \ FREQ=GND

2 150 \\
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— 50 T —
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5 0 |

5 10 15 20 25 30
Input voltage Vin (V)
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A 40 : :
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Operating ambient temperature Ta (°C)
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DRVH2 on time vs. Operating ambient temperature
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a
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Operating ambient temperature
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Operating ambient temperature Ta (°C)
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MB39A214A

600
550
500
450
400
350
300
250
200

Minimum off time torrwin (NS)

Minimum off time vs. Input voltage

Ta=+25°C

10

Input

15 20 25 30
voltage Vin (V)

Dead time vs. Operating ambient temperature

60
//
55 ——
50 toz ]
_—T
//
g 45
g 40 LX=0V
® 35 Vest=VB —
o
30 ) —
D1 —
25 ——
20
40 -20 0 +20 +40 +60 +80 +100

Operating ambient temperature Ta (°C)

p1 : Period from DRVL off to DRVH on
tp2 : Period from DRVH off to DRVL on

Minimum off time torrvin (NS)

I current Ig (MA)

Minimum off time vs.

Operating ambient temperature

600
550
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—
450 =
400 /'/
//
350
300
250
200
-40 -20 0 +20 +40 +60 +80 +100
Operating ambient temperature Ta (°C)
Bootstrap diode I vs. V¢
100 !
=
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—Ta=+85C I L AL
/ / /
] / / _ |
A/ Ta=-30°C =
0.1 77
f—f—f Ta=+25°C ———
//
0.01 FS=="1
i
0.001 A
0.2 0.4 0.6 0.8 1 1.2
Ve voltage Vk (V)
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8. Function

Bottom detection comparator system for low output voltage ripple

The bottom detection comparator system for low output voltage ripple determines the ON time (ton) using the input voltage (Vin) and
output voltage (Vour) 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 voltage (FB) 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 the feedback 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 rectification period (torr) to the reference voltage
(INTREF) , and generates an output voltage slope during the OFF period, which is essential for the bottom detection comparator
system, in the IC. This enables the stable control operations under the low output voltage ripple conditions.

® Circuit diagram

Voutr ViN -
Bias
T T Reg.
ton
generator
fon
z RS-FF
- <Error Comp.> R Q|RSout Vour
- Drive ; JO0
INTREF |, S Logic | B9 ©
z
?
Slope
l VRer Detector
1 7 777

® \Waveforms
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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 (pin 2) and 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 and a resistor 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 GND
connection, OPEN, and VB connection. ON time for each CH is obtained from the following formula.

<FREQ pin: GND connection>

Vvouri

x 4300 (fosci = 230 kHz)
Vi

tont (ns) =

V )
tonz (NS) = W x 3200 (foscz = 310 kHz)

<FREQ pin: OPEN>

V
tont (NS) = — 2211w 2100 (fosci = 460 kHz)
Vvin
Vvour2 .
tone (ns) = ——— x1600 (foscz = 620 kHz)
Vvin

<FREQ pin: VB connection>

\
tont (NS) = — 21" w1300 (fosc1 = 750 kHz)
Vvin
Vvourtz2 .
tone (ns)= ——— x 1000 (foscz = 1000 kHz)
VIN

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 from the
boost circuit including the built-in boost diode. The output circuit of the low-side FET supplies the power from the VB pin. This circuit
monitors the gate voltages of the high-side and low-side FETs. Until either FET 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.
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4. Starting sequence

MB39A214A

When the EN1 pin (pin 2) or EN2 pin (pin 11) is set to the “H” level, the bias voltage is supplied from the VB pin. If the voltage of the
VB pin exceeds the UVLO 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 capacitor connected to the CS1 pin (pin 5) and CS2 pin (pin 8) and inputs the lamp

voltage to the error comparator (Error Comp.) of each channel. The DC/DC converter generates the output voltage according to that
lamp voltage. This results in the soft start operation that does not depend on the output load. The over voltage protection (OVP) and
under voltage protection (UVP) functions are disabled while the soft start is active.

<Timing chart>

EN1

VB

CS1
DRVH1
DRVLA1

VouT1

EN2

CSs2
DRVH2

DRVL2

Vout2

PR T pap-" T

i —1—™UVLO release

1
I
1
1
!
————-
!
1
!
1
!

-- UVLO V1
L CH1 soft start completed

- -.|.--___ -
1

16V

=z
|
Al
m
a

k
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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
(Ron = 25 Q) inthe IC. If the voltage of the VOUT1 pin (pin 3) and VOUT2 pin (pin 10) is below 0.2 V (Typ) by discharging the
output capacitor, the IC stops discharge operation. Further, if both the EN1 and EN2 pins are set to the “L” level, the IC also stops
the output of the VB pin and enters the standby state after detecting UVLO. The current of the VCC pin (lvcc) is then 10 pA (Max).

<Timing chart>

! ' ! Standby
EN1 | !
VB E E - -:- ™C- UVLO Vi
BRREEE - 16V
CS1 | :

DRVH1 [T |
DRvL1 [T |

VouTi —\ -
02V-1----= = '

N2 —— »
CS2 | 5 L 16V
DRVHZ 1O e L
DRvL2 T[T T L
! ! I<_>I: CH2 discharge FET ON
Vout2 ! ! ! ____' 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.
B Transitional state when the bias voltage (VB) or the reference voltage (VREF) starts.
B 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 of the under 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 current I, from the electromotive force of the low-side FET on-resistance Ron, and compares this voltage with the 1/5-time
value of the voltage Vium of the ILIM1 pin (pin 20) and ILIM2 pin (pin 16) on a cyclically, using ILIM Comp. Until 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. This limits 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 YA (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

)

ILIM detection value (Ron x I =

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

Output voltage setting value

{lourt

Normal operation | Over current limit operation
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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 INTREF2 (0.7 V), and 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 15 ps (Typ) or more, the operations below will be
performed.
+ Set the RS latch.
+ Set the DRVH1 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.

These operations fix the high-side FET to the off state and the low-side FET to the on state for both channels of the DC/DC
converter, and stops switching (latch stop).The over-voltage protection state can be cancelled by setting both the EN1pin (pin 2)
and EN2 pin (pin 11) to the “L” level or reducing the VCC power once until the bias voltage (VB) falls below V1nL of UVLO.

<Timing chart>

Vour1 Output voltage
setting value
ov

INTREFX1.15
FB1 ~_INTREFx1.10
: —— INTREF
: ov
DRVH1 |
072 T I AN REER AR ARERRR AR AR l
cst o i i |
_ | ) | : N Output voltage
Vowr G4 ] | oo vale
- — : R R POSEEED INTREF
FB2 1 ) i i i
L e e - ov
DRVH2 | |||||||||_|||||||||| | i || L
prviz (T TTTTTTTT T rrrrrrreer :
cs2 . | | |
O S — — S
i E i i i E—b Standby
VB Lo : : :\.\UVLO Vi
— <~
Less than 15 us 15 ps T

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 V), and 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 DRVH1 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 off state and the low-side FET to the off state for both channels of the DC/DC
converter, and stops switching (latch stop). The discharge operation is then carried out to discharge the output capacitor (The
discharge operation continues until the state of the under-voltage protection is released).

The under-voltage protection state can be cancelled by setting both the EN1 pin (pin 2) and EN2 pin (pin 11) to the “L” level or reducing
the VCC power once until the bias voltage (VB) falls below VL of UVLO.

<Timing chart>

Output voltage
setting value

Vour1
ov
FB1
DRVH1 ' '
DRVLA P
Cs1 P : P
.- M : e b i Output voltage
Vourz P : ; b setting value
SRR S R R S — ooV
FB? --T---- L _________ P EEEEE %\\:::::?:j.::::::::: INTREF
------- N S ARSI S - ov
DRVH2 L

cs2 Lo i
EN1, EN2 T ; : 3 \ ]
i 1 » Standoy
vB Lo : : I -SRg UVLO Vi
— < <> -
1 1 1l 1m us ¢

Less than 150 us
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) provides a function that prevents the IC from a thermal destruction. If the
junction temperature reaches + 150°C, the DRVH1 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 FETs to the off-state, of 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°C, 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. This function detects 0 A of the inductor current from the electromotive force of the low-side FET ON resistance
when 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 depending on 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 MODE pin (pin 17) to any one of GND connection, OPEN, and VB connection.

® PWNM-fixed mode

lourx \

|LXx i"..\ ~ -
e e i i -——-———-0A
! - —--——K
Vixx Inductor current in the opposite
direction

® Automatic PFM/PWM selection mode

-

Switching frequency reduced

X : Each channel number
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Enable function table
EN1 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

[

witching frequency control function table

FREQ pin Switching frequency
GND connection fosct = 230 kHz, foscz = 310 kHz
OPEN fosct = 460 kHz, foscz = 620 kHz
VB connection fosct = 750 kHz, foscz = 1000 kHz

Protection function table
The following table shows the state of the VB pin (pin 18), the DRVH1 pin (pin 24), the DRVHZ2 pin (pin 13), the DRVL1 pin (pin 22),
the DRVL2 pin (pin 15) when each protection function operates.

Output of each pin
after detection
Protection function Detection condition d DC/.DC output
VB DRVHI1, DRVLA1, ropping operation
DRVH2 DRVL2
Under Voltage Natural electric
Lockout Protection VB<4.0V — L L discharge
(UVLO) g
Over-current .
limitation Veano - Vuxi, Vixe > 52V |Swiching |Switching | e voltage is dropped by the
Viumt, Viime constant current

(ILIM)
Over VO“age VFB1, Veg2 >
Protection INTREF1, INTREF2Xx1.15 52V L H 0 V clamping
(OVP) (15 ps or higher)
Under Voltage Vegit, Vg2 > . . .
Protection INTREF1, INTREF2x0.7 52V L L Fdsgfg%a' discharge by discharge
(UVP) (150 ps or higher)
Over Temperature ) . )
Protection Tj > + 150°C 52V L L E'rf‘c’ttlrc'fna' discharge by discharge
(OTP)
Enable EN1,EN2:H— L 50V L L Electrical discharge by discharge
(EN) (Vouri, Vour2 >0.2'V) ' function
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I/0 Pin Equivalent Circuit Diagram

FB1, FB2 pins EN1, EN2 pins
vB<] vee <

-
kK ESD protection
element
EN1 O ARR - . ]

el

FB1 A Bg
FB2 |_ EN2 Yy Lé 1
= L
2 ESD protection 'y -
element FlJ I_‘
GND <}—— GND < .
FREQ pin MODE pin
VB < : VB <} .
l 8 i EL
FRWQ O_._N_ES_.._ MODE O M | [T—
i = r Y =
GND <] GND<]
ILIM1, ILIM2 pins VOUT1, VOUT2 pins
VB < vB <]
VOUT1
O—4 O — =
ILIM1 VOouT2
ILIM2 = ~
‘._..
GND<]
PGND <] L [>GND
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DRVL1, DRVL2 pins
vB < .
DRVL1
DRVL2

VB<———
h 4
BST1
pst2 <

i

LX1
Lx2
VCC pin
vee
A
GND <}———
PGND

DRVH1, DRVH2, BST1, BST2, LX1, LX2 pins

DRVH1
DRVH2

PGND

VB pin

VCC

GND <

PGND <]
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10.Example Application Circuit

MB39A214A

1.8V, 7A
© vouT2

—

C4-3

VIN
19 12V
VCC l . ©VIN
31 vouT1 ~ g@PGND
: i
o
,T VB |18
g ]
N“ FB1 %
'I I VIN
=, BsT1 [ ?
EN1 ©— EN1 ’
51 cst o Qi s l_l lcy
DRVH1 4@ — 5 o
20| 1L jmi1 4T3, © l l
= 2
OI Lx1 |23
- >
o +
7{ mopE DRVL1 S
1 9
— '
A R .
MB39A214A ~
o101 vouT2 VIN
5 BST2 [12 ?
o °
3 1. 1
e Q3 |5 - o
o DRVH2 {13 = —8 S Y
FB2 4 3
E:r L2
Lx2 [ 14 o
=1 Lw
EN2 =
EN2 ©O—— a3, 5) S0
8]cs2 DRVL2 [15 = < o
16 2 &
ILIM2 )
o © 21
oI PGND _@ .
—_ — = €7

E © PGND
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