ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



ROHIM Datasheet

SEMICONDUCTOR

2.7V to 5.5V Input, 2A Integrated MOSFET
Single Synchronous Buck DC/DC Converter
For Automotive

BD9S200MUF-C

General Description Key Specifications
BD9S200MUF-C is a synchronous buck DC/DC Input Voltage: 2.7V to 5.5V
Converter with built-in low On Resistance power Output Voltage Setting: 0.8V to Vevin x 0.8V
MOSFETs. It is capable of providing current up to 2A. Output Current: 2A(Max)
The SLLM™ control provides excellent efficiency Switching Frequency: 2.2MHz(Typ)

characteristics in light-load conditions which make the
product ideal for reducing standby power consumption of

High Side MOSFET ON Resistance: 35mQ (Typ)
Low Side MOSFET ON Resistance: 35mQ (Typ)

equipment. Small inductor is applicable due to high Shutdown Circuit Current: OuA (Typ)
switching frequency of 2.2MHz. It is a current mode Operating Temperature: -40°C to +125°C
control DC/DC Converter and features high-speed

transient response. Phase compensation can also be set Package W(Typ) x D(Typ) x H(Max)

easily. VQFN16FV3030 3.00mm x 3.00mm x 1.00mm
It can also be synchronized to external pulse. -

Features
®  SLLM™ (Simple Light Load Mode) Control
AEC-Q100 Qualified®ete 7)
Single Synchronous Buck DC/DC Converter
Adjustable Soft Start Function
Power Good Output
Input Under Voltage Lockout Protection
Short Circuit Protection
Output Over Voltage Protection
Over Current Protection
Thermal Shutdown Protection VQAFN16FV3030

Wettable Flank QFN Package Wetable Flank Package
(Note 1) Grade 1

Enlarged View

Applications
B Automotive Equipment
(Cluster Panel, Infotainment Systems)
m  Other Electronic Equipment

Typical Application Circuit
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Figure 1. Application Circuit

SLLM™ s a trademark of ROHM Co., Ltd.

OProduct structure : Silicon monolithic integrated circuit OThis product has no designed protection against radioactive rays
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Datasheet

Pin Configuration
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Figure 2. Pin Configuration
Pin Descriptions
Pin No. Pin Name Function
Power supply pins for the DC/DC Converter.
1,2 PVIN X . o
Connecting a 10uF ceramic capacitor is recommended.
3,4 PGND Ground pins for the DC/DC Converter.
5 AGND Ground pin.
Vourt voltage feedback pin. An inverting input node for the gm error amplifier. Connect output
6 FB voltage divider to this pin to set the output voltage. See page 17 on how to compute for the
resistor values.
An output pin of the gm error amplifier and the input of PWM comparator.
7 ITH Connect phase compensation components to this pin. See page 20 on calculate the resistance
and capacitance of phase compensation.
Pin for selecting the SLLM™ control mode and the Forced PWM mode. Turning this pin signal
MODE Low forces the device to operate in the Forced PWM mode. Turning this pin signal High
8 ISYNC enables the SLLM™ control and the mode is automatically switched between the SLLM™
control and PWM mode according to the load current. In addition, external synchronization
operation is started by inputting synchronous pulse signal to this pin.
9 ss Pin for setting the soft start time. The rise time of the output voltage can be specified by
connecting a capacitor to this pin. See page 19 on calculate the capacitance.
Switch pin. These pins are connected to the source of the High Side MOSFET and drain of the
10, 11,12 SW Low Side MOSFET. Connect a bootstrap capacitor of 0.1uF between these pins and the
BOOT pin.
13 BOOT Connect a bootstrap capacitor of 0.1uF between this pin and the SW pins.
The voltage of this capacitor is the gate drive voltage of the High Side MOSFET.
14 PGD Power Good pin, an open drain output. Use of pull up resistor is needed. See page 12 on
setting the resistance.
15 EN Pin for controlling the device. Turning this pin signal Low forces the device to enter the
shutdown mode. Turning this pin signal High enables the device.
16 AVIN Power supply input pin of the analog circuitry. Connect this pin to PVIN. Connecting a 0.1pyF
ceramic capacitor is recommended.
A backside heat dissipation pad. Connecting to the internal PCB ground plane by using via
- EXP-PAD . e D
provides excellent heat dissipation characteristics.
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Block Diagram
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Figure 3. Block Diagram
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Description of Blocks

1.

VREF
The VREF block generates the internal reference voltage.

UVLO (Under Voltage Lockout)
The UVLO block is for under voltage lockout protection. It will shutdown the device when the Vin falls to 2.45V(Typ) or
lower. The threshold voltage has a hysteresis of 100mV(Typ).

SCP (Short Circuit Protection)
This is the short circuit protection circuit. After soft start is judged to be completed, if the FB pin voltage falls to 0.56V(Typ)
or less and remain in that state for 1ms(Typ), output MOSFET will turn OFF for 14ms(Typ) and then restart the operation.

. OVP (Over Voltage Protection)

This is the output over voltage protection circuit. When the FB pin voltage becomes 0.880V(Typ) or more, it turns the
output MOSFET OFF. After output voltage falls 0.856V(Typ) or less, the output MOSFET returns to normal operation.

TSD (Thermal Shutdown)

This is the thermal shutdown circuit. It will shutdown the device when the junction temperature (Tj) reaches to 175°C(Typ)
or more. When the Tj falls below the TSD threshold, the circuits are automatically restored to normal operation with
hysteresis of 25°C(Typ).

OCP (Over Current Protection)
The Over Current Protection function operates by limiting the current that flows through High Side MOSFET at each cycle
of the switching frequency.

Soft Start

The Soft Start circuit slows down the rise of output voltage during startup, which allows the prevention of output voltage
overshoot. The soft start time of the output voltage can be specified by connecting a capacitor to the SS pin. See page 19
on calculate the capacitance. A built-in soft start function is provided and a soft start is initiated in 1ms(Typ) when the SS
pin is open.

Error Amplifier

The Error Amplifier block is an error amplifier and its inputs are the reference voltage 0.8V(Typ) and the FB pin voltage.
Phase compensation can be set by connecting a resistor and a capacitor to the ITH pin. See page 20 on calculate the
resistance and capacitance of phase compensation.

PWM Comparator
The PWM Comparator block compares the output voltage of the Error Amplifier and the Slope signal to determine the
switching duty.

10.0SC (Oscillator)

This block generates the oscillating frequency.

11.Driver Logic

This block controls switching operation and various protection functions.

12.Power Good

When the FB pin voltage reaches 0.8V(Typ) within 7%, the built-in Nch MOSFET turns OFF and the PGD output turns
high. In addition, the PGD output turns low when the FB pin voltage reaches outside +10% of 0.8V(Typ).
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Absolute Maximum Ratings (Ta=25°C)

Parameter Symbol Rating Unit
Input Voltage Vevin, Vavin -0.3to +7 Y,
EN Voltage VEN -0.3 to Vavin \Y,
MODE / SYNC Voltage VMODE/SYNC -0.3 to Vavin \%
PGD Voltage VeGD -0.3to +7 \%
BOOT Voltage VBoot -0.3to +14 Y,
Voltage from SW to BOOT AVsoot -0.3to +7 \%
FB ITH SS Voltage Ves, ViTH, Vss -0.3 to Vavin \%
Maximum Junction Temperature Tjmax 150 °C
Storage Temperature Range Tstg -55 to +150 °C

Caution 1: Operating the IC over the absolute maximum ratings may damage the IC. The damage can either be a short circuit between pins or an open circuit
between pins and the internal circuitry. Therefore, it is important to consider circuit protection measures, such as adding a fuse, in case the IC is
operated over the absolute maximum ratings.

Caution 2: Should by any chance the maximum junction temperature rating be exceeded the rise in temperature of the chip may result in deterioration of the
properties of the chip. In case of exceeding this absolute maximum rating, design a PCB boards with thermal resistance taken into consideration by
increasing board size and copper area so as not to exceed the maximum junction temperature rating.

Thermal Resistanceote 1)

Parameter Symbol Thermal Resistance (Typ) Unit
1g(Note 3) ‘ 252p(Note 4
VQFN16FV3030
Junction to Ambient B 189.0 57.5 °C/W
Junction to Top Characterization Parameter(Vote 2) Wt 23 10 °C/W

(Note 1) Based on JESD51-2A(Still-Air)

(Note 2) The thermal characterization parameter to report the difference between junction temperature and the temperature at the top center of the outside
surface of the component package.

(Note 3) Using a PCB board based on JESD51-3.

Mtggﬁ:ew;?gocgr d Material Board Size
Single FR-4 114.3mm x 76.2mm x 1.57mmt
Top
Copper Pattern Thickness
Footprints and Traces 70um

(Note 4) Using a PCB board based on JESD51-5, 7.

Layer Number of ' . Thermal ViaNete 5
Measurement Board Material Board Size Pitch Diameter
4 Layers FR-4 114.3mm x 76.2mm x 1.6mmt 1.20mm ®0.30mm
Top 2 Internal Layers Bottom
Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness
Footprints and Traces 70um 74.2mm x 74.2mm 35um 74.2mm x 74.2mm 70um

(Note 5) This thermal via connects with the copper pattern of all layers.

Recommended Operating Conditions

Parameter Symbol Min Max Unit
Input Voltage Vpevin, Vavin 2.7 5.5 \Y,
Operating Temperature Topr -40 +125 °C
Output Current lout - 2 A
Output Voltage Setting Vout 0.8(MNote 1) Vpevin X 0.8 \Y,
SW Minimum ON Time ton_mIN - 95 ns
External Clock Frequency fsyne 1.8 2.4 MHz
Synchronous Operation Input Duty Dsyne 25 75 %

(Note 1) Although the output voltage is configurable at 0.8V and higher, it may be limited by the SW min ON pulse width. For the configurable range,
please refer to the Output Voltage Setting in Selection of Components Externally Connected.
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Electrical Characteristics (Unless otherwise specified Ta=-40°C to +125°C, AVIN=PVIN=5V, EN=5V)
Parameter Symbol Min Typ Max Unit Conditions
AVIN
Shutdown Circuit Current Isbn - 0 10 MA | Ven=0V, Ta=25°C
oo lout=0mA
Circuit Current lcc 400 650 900 MA Non-switching, Ta=25°C
UVLO Detection Voltage VuvLon 2.30 2.45 2.60 \Y Vavin Falling
UVLO Release Voltage VuvLoz2 2.40 2.55 2.70 \Y Vavin Rising
UVLO Hysteresis Voltage VuvLo-Hys 50 100 125 mV | Ta=25°C
ENABLE
EN Threshold Voltage High VENH 20 - ViN \Y
EN Threshold Voltage Low VENL GND - 0.8 \Y
EN Input Current len 2 5 8 MA | Ven=5V, Ta=25°C
MODE/SYNC
MODE/SYNC Threshold Voltage High | VmopesyncH 20 - ViN
MODE/SYNC Threshold Voltage Low | VwmobesyncL GND - 0.8
MODE/SYNC Input Current IMoDESYNC 4 10 16 MA | Vmopesync=5V, Ta=25°C
Reference Voltage, Error Amplifier
FB Pin Voltage Vrs 0.788 0.8 0.812 Y
FB Input Current [5:! - 0 0.2 MA | Ves=0.8V, Ta=25°C
ITH Sink Current liTHsI 12 19 25 MA Vee=0.9V, Ta=25°C
ITH Source Current litHso -25 -19 -12 MA | VF=0.7V, Ta=25°C
Vavin=5V,
. 05 1.0 20 MS | The SS Pin OPEN
Soft Start Time tss —
0.6 1.2 24 | ms |YAnz33V,
The SS Pin OPEN
SS Charge Current Iss -2.34 -1.8 -1.26 MA
Switching Frequency
Switching Frequency fsw 2.0 2.2 24 | MHz |
Power Good
PGD Falling (Fault) Voltage Vecorr e | VB Vs Vs V| Ves Falling
- x 0.87 x 0.90 x 0.93
- VrB Ves VrB C
PGD Rising (Good) Voltage VPGDTH_RG % 0.90 %093 % 0.96 \Y Ves Rising
- VEB VEB VFB .
PGD Rising (Fault) Voltage VPGDTH_RF x1.07 x1.10 X113 Y Ves Rising
. VrB VrB Vrs .
PGD Falling (Good) Voltage VPGDTH_FG X 1.04 x1.07 x1.10 \Y Vs Falling
PGD Output Leakage Current ILEAKPGD - 0 2 MA | Vpep=5V, Ta=25°C
PGD FET ON Resistance Reeb 10 30 60 Q
PGD Output Low Level Voltage VpGDL 0.01 0.03 0.06 \% lrep=1mA
Switch MOSFET
) . ) 10 35 60 mQ | Vpuin=5V
High Side FET ON Resistance Ronn
15 38 65 mQ | Vpvin=3.3V
. . 10 35 60 mQ | Vpuin=5V
Low Side FET ON Resistance RonL
15 38 65 mQ | Vpvin=3.3V
High Side FET Leakage Current ILEAKsWH - 0 5 LA \T/;Z'E‘E?C'SV’ Vsw=0V
Low Side FET Leakage Current ILEAKSWL - 0 5 MA }l_/;'g;?ésv’ Vsw=3.5V
SW Current of Over Current
Protection(No’) locp 28 4.0 5.5 A
SCP, OVP
Short Circuit Protection Detection
Voltage Vscp 0.45 0.56 0.67 \%
Output Over Voltage Protection
Detection Voltage Vove 0.856 0.880 0.904 \Y
(Note 1) This is design value. Not production tested.
www.rohm.com
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Typical Performance Curves
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Typical Performance Curves — continued
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Figure 10. MODE/SYNC Threshold Voltage vs Temperature
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Typical Performance Curves — continued
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Typical Performance Curves — continued
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Typical Performance Curves — continued

5.5

5.2

4.9

Ven = 5.0V 4.6

4.3

\

\
\
\

3.7

|

v
] |
l’

EN Input Current : Igy[pA]

N W~ OO N 0O © O

3.4

Ven = 3.3V
3.1

SW Current of Over Current Protection : locp[A]
N
o

50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125

Temperature[°C] Temperature[°C]

Figure 20. EN Input Current vs Temperature Figure 21 SW Current of Over Current Protection
vs Temperature

o
o
<
o

0.904

Release
0.615 l

0.896

0.888

0.560 0.8

!

Detection 0.872

0.505
0.864

Short Circuit Protection Detection Voltage : Vgsp[V]

o
~
N
o

0.856

50 256 O 25 560 75 100 125 50 -25 0 o5 50 75 100 125

Output Over Voltage Protection Detection Voltage : Voyp[V]

Temperature[°C] Temperature[°C]

Figure 22. Short Circuit Protection Detection Voltage Figure 23. Output Over Voltage Protection Detection Voltage
vs Temperature vs Temperature

www.rohm.com

© 2017 ROHM Co., Ltd. All rights reserved. 11/42 T8Z02201-0J1J0AL01320-1-2
TSZ22111 + 15 + 001 04.Dec.2017 Rev.002


http://www.rohm.com/

BD9S200MUF-C Datasheet

Function Explanations
1. Enable Control
The device shutdown can be controlled by the voltage applied to the EN pin. When Ven becomes 2.0V or more, the
internal circuit is activated and the device starts up with soft start. When Ven becomes 0.8V or less, the device will be

shutdown.
V\N N
0 > t
VEN N
VEnH
VENL
0 l >t
Vour
Vourx0.93(Typl?
0 >t
tss
___9 ‘___
t_wait
200us(Typ)
Figure 24. Enable ON/OFF Timing Chart
2. Power Good Function

When the FB pin voltage reaches 0.8V(Typ) within £7%, the PGD pin open drain MOSFET turns OFF and the output
turns high. In addition, when the FB pin voltage reaches outside +10% of 0.8V(Typ), the PGD pin open drain MOSFET
turns ON and the PGD pin is pulled down with impedance of 30Q(Typ). It is recommended to use a pull-up resistor of
about 10kQ to 100kQ for the power source.

+10%(TYP) === == == mmmm s s e e (e
R LY/ ) e

Vourt

-10%(Typ) == -=="=="=="====--

e

)

PGD

Figure 25. Power Good Timing Chart
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Function Explanations — continued
3. External Synchronization Function
By inputting synchronous pulse signal to the MODE/SYNC pin, the switching frequency can be synchronized to
external synchronous pulse signal. When pulse signal is applied at a frequency of 1.8MHz or higher, the external
synchronization operation is started after the falls of the synchronous pulse are detected 7 times.
Input the signal with the synchronization frequency range between 1.8MHz and 2.4MHz and the duty range between

25% and 75%.
Please note that the output voltage fluctuates by about 2% for a moment when switching between the synchronized

oo [
T

1 2 3 4 5 6 7
Internal CLK operation >< Synchronizing operation

11 1A

Figure 26. External Synchronization Function Timing Chart

When using the external synchronization function, connect a capacitor of 10pF in parallel to the phase compensation
components (resistor and capacitor) connected to the ITH pin, as a countermeasure against the interference to the
ITH pin of the Error Amplifier output.

)
=)

ITH MODE/
SYNC

Figure 27. Recommended Circuit When Using External Synchronization Function
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Function Explanations — continued
4. SLLM™ Control and Forced PWM Control

SLLM ™(Simple Light Load Mode) is a technology that enables the OFF control of switching pulses while operating
with Pulse Width Modulation(PWM) control loop under light load condition. Therefore, it allows the linear operation
without excessive voltage drop or deterioration in transient response during the switching from light load to heavy load
or vice versa.
By utilizing this technology, BD9S200MUF-C operates in PWM mode switching under heavy load condition and
automatically switches to SLLM™ control under light load condition in order to improve the efficiency. By keeping the
MODE/SYNC pin voltage level 0.8V or less, it forces the device to operate with Forced PWM mode. And, by applying
2.0V or more to MODE/SYNC pin, it allows the device to operate with SLLM™ control. As for the Forced PWM mode, it
has lower efficiency compared to SLLM™ control under light load condition. However, since the device operates with a
constant switching frequency under varying load conditions, the countermeasure against noise is relatively easier.
Please note that SLLM™ does not operate adequately when the switching Duty is 50% or more.

-1 SLLM™ Control

Efficiency [%]

Output Current lout [A]
Figure 28. Efficiency (SLLM™ Control and Forced PWM Control)

@ SLLM™ Control @ Forced PWM Control
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h—ﬁ'-_uw B o *,_"f,," FET— o
] Time=2us/div | ' : Time=2ps/div
SW=2V/div ] SW=2V/div
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i ! |
r - | |
| I
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Figure 29. SW Waveform (SLLM™ Control) Figure 30. SW Waveform (Forced PWM Control)
(Vin=5.0V, Vour=1.8V, lout=50mA) (ViIN=5.0V, Vour=1.8V, louT=1A)
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Protection
1. Short Circuit Protection (SCP)
The Short Circuit Protection block compares the FB pin voltage with the internal reference voltage VREF. When the
FB pin voltage has fallen to 0.56V(Typ) or less and remained there for 1ms(Typ), SCP stops the operation for
14ms(Typ) and subsequently initiates a restart. This protection circuit is effective in preventing damage due to sudden
and unexpected incidents. However, the device should not be used in applications characterized by continuous
operation of the protection circuit (e.g. when a load that significantly exceeds the output current capability of the chip is

connected).
. . Short Circuit Short Circuit
The EN Pin The FB Pin Protection Protection Operation
) <0.56V(Typ) ON
2.0V or higher Enabled
=0.60V(Typ) OFF
0.8V or lower - Disabled OFF
Soft Start
Vour
SCP Delay Time SCP Delay Time
08V  —1ms (Typ)
FB
Vscp: 0.56V(Typ) —>- K™
SCP OFF
Sw LOW H H H
loce —>----
Inductor Current
(Output Load w N o~ L
Current)
Internal L
HICCOP e e e
Delay Signal 14ms (Typ)
SCP Reset

Figure 31. Short Circuit Protection (SCP) Timing Chart

2. Over Current Protection (OCP)
The Over Current Protection function operates by limiting the current that flows through High Side MOSFET at each
cycle of the switching frequency. This protection circuit is effective in preventing damage due to sudden and
unexpected incidents. However, the device should not be used in applications characterized by continuous operation

of the protection circuit (e.g. when a load that significantly exceeds the output current capability of the chip is
connected).
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Protection — continued
3. Under Voltage Lockout Protection (UVLO)
It will shutdown the device when the AVIN pin falls to 2.45V(Typ) or lower.
The threshold voltage has a hysteresis of 100mV(Typ).

Vv e L4
oV Vol O

VIN

VUVLO-HVS_ _

t_wait
ST
Vour

FB —

SoftSstart N

O |

Normal operation UVLO Normal operation

Figure 32. UVLO Timing Chart

4. Thermal Shutdown
This is the thermal shutdown circuit that prevents heat damage to the IC. Normal operation should always be within
the IC’s power dissipation rating. However, if the rating is exceeded for a continued period, the junction temperature
(Tj) will rise which will activate the TSD circuit[Tj 2175°C (Typ)] that will turn OFF output MOSFET. When the Tj falls
below the TSD threshold, the circuits are automatically restored to normal operation. Note that the TSD circuit
operates in a situation that exceeds the absolute maximum ratings and therefore, under no circumstances, should the
TSD circuit be used in a set design or for any purpose other than protecting the IC from heat damage.

5. Over Voltage Protection (OVP)
The device incorporates an over voltage protection circuit to minimize the output voltage overshoot when recovering
from strong load transients or output fault conditions. If the FB pin voltage exceeds Output Over Voltage Protection
Detection Voltage at 0.880V(Typ), the MOSFET on the output stage is turned OFF to prevent the increase in the
output voltage. After the detection, the switching operation resumes if the output decreases and the over voltage state
is released. Output Over Voltage Protection Detection Voltage and release voltage have a hysteresis of 3%.

Vour
Vove : 0880V(Typ)
FB hys OVP Release
Threshold
Internal OVP
Signal

Figure 33. OVP Timing Chart
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Selection of Components Externally Connected
Contact us if not use the recommended constant in the application circuit.

Necessary parameters in designing the power supply are as follows:

Table 1. Application Specification

Parameter Symbol Example Value
Input Voltage Vin 5.0V
Output Voltage Vour 1.2V
Switching Frequency fsw 2.2MHz(Typ)
Inductor Ripple Current Al 0.4A
Output Capacitor Cout 44pF
Soft Start Time tss 4.5ms(Typ)
Maximum Output Current loutmax 2A
Application Example
R4
Vin
—e PVIN PGD PGD
AL AVIN BOOT 1
1 MODE/SYNC
Cint = Cing JT_ Cq
L :_|: Enable —| EN SwW l L o—o— Vour
SS Ri00
ITH
R Cour1 == —= Cour
PGND
Rs FB
AGND
Cs = ICZ Re
Figure 34. Typical Application
1. Switching Frequency
The switching frequency fsw is fixed at 2.2MHz(Typ) inside the IC.
2. Selection of Output Voltage Setting
The output voltage value can be set by the feedback resistance ratio.
Vv _ R+Ry
out Vour = =—2x 0.8 [V]
Ri
FB - )
SW Minimum ON Time that BD9S200MUF-C can output
- stably in the entire load range is 95ns.
0.8V(T Use this value to calculate the input and output conditions
Re 8V(Typ) + that satisfy the following equation
VOUT
95 [ns] < ————
| Vin X fosc

Figure 35. Feedback Resistor Circuit
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Selection of Components Externally Connected — continued

3.

Selection of Input Capacitor

The input capacitor requires a large capacitor value for Cin1 and a small capacitor value for Cinz. Please use ceramic
type capacitor for these capacitors. Cin1 is used to suppress the ripple noise, and Cinz is used to suppress the switching
noise. These ceramic capacitors are effective by being placed as close as possible to the PVIN pin and the AVIN pin.
Capacitor with value 4.7uF or more for Cin1, and 0.06puF or more for Cinz are necessary. In addition, the voltage rating for
both capacitors has to be twice the typical input voltage. Set the capacitor value so that it does not fall to its minimum
required value against the capacitor value variances, temperature characteristics, DC bias characteristics, aging
characteristics, and etc. Please use components which are comparatively same with the components used in
“Application Example” on page 22. Moreover, factors like the PCB layout and the position of the capacitor may lead to IC
malfunction. Please refer to “Notes on the PCB layout Design” on page 34 and 35.

Selection of Output LC Filter
In order to supply a continuous current to the load, the DC/DC converter requires an LC filter for smoothing the output
voltage. When an inductor with a higher inductance value is selected, the ripple current flowing through the inductor Al.
and the ripple voltage generated in the output voltage are reduced. However, the load transient response characteristic
becomes slow. If an inductor with a lower inductance value is selected, its transient response characteristic is faster.
However, the ripple current flowing through the inductor becomes larger and the ripple voltage in the output voltage
becomes larger, causing a trade-off between the response characteristic and the ripple current and voltage. Here, the
inductance value is selected so that the ripple current component is in the range between 200mA and 1000mA.

Vin

Inductor Saturation Current > loutmax + AlL/2 J <

Al L Vour

’K Ne—_ s __ Driver p
Maximum Output Current loytmax

IS

COUT
t —_— I

Figure 36. Waveform of Current Through Inductor Figure 37. Output LC Filter Circuit

Inductor ripple current AlL can be represented by the following equation.

1

Al = Voyr X (Viy =V, X ——
L our X (Viy our) Vin<fsw XL

= 414 [mA]
where

Viny isthe 5.0V

Vour isthe 1.2V

Ly is the 1.0pH

fSW is the 2.2MHz (Switching Frequency)

The rated current of the inductor must be larger than the sum of the maximum output current and 1/2 of the inductor
ripple current AlL. The output capacitor Cout affects the output ripple voltage characteristics. The output capacitor Cout
must satisfy the required ripple voltage characteristics.

The output ripple voltage can be represented by the following equation.

1
8XCourXfsw

AVgpy = Al X (RESR + ) (V]

Where
Rggr is the Equivalent Series Resistance (ESR) of the output capacitor

The output ripple voltage AVrpL can be represented by the following equation.

1
AVip, = 0.414 X (10 +———) =467 [mV]

where
Coyr is the 44pF
RESR is the 10mQ
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Selection of Components Externally Connected — continued

In addition, for the total value of capacitance in the output line Cout(Max), choose a capacitance value less than the
value obtained by the following equation:

(tssmin)—200[usDX(Iocp(min)—ISWSTART)

COUT(Max) < Vour [F]
Where:
IswstarT is the maximum output current during startup
IOCP(Min) is the minimum OCP operation SW current 2.8A
tss(Min) is the minimum Soft Start Time
Vour is the output voltage

Startup failure may happen if the limits from the above-mentioned are exceeded. Especially if the capacitance value is
extremely large, over current protection may be activated by the inrush current at startup and prevented to turn on the
output. Please confirm this on the actual application. Stable transient response and the loop is dependent to Cour.
Please select after confirming the setting of the phase compensation circuit.

Also, in case of large changing input voltage and output current, select the capacitance accordingly by verifying that the
actual application setup meets the required specification.

Selection of Soft Start Capacitor

Turning the EN pin signal high activates the soft start function. This causes the output voltage to rise gradually while the
current at startup is placed under control. This allows the prevention of output voltage overshoot and inrush current. The

rise time tss_ext depends on the value of the capacitor connected to the SS pin. The capacitance value should be set to
0.22pF or less.

VEN
_ (CsXVEB) Vo '
tss Exr = T e [s]
SS Ven
0 L t
where
tss xT s the Soft Start Time Vour
Cs is the Capacitor connected to the SS pin
Veg is the FB pin Voltage 0.8V(Typ)
I is the SS Charge Current 1.8uA(Typ) 0 .
tss ext
With C3=0.01uF et
200us(Typ)
0.010x0.8
tss pxr = % = 4.44 [ms] Figure 38. Soft Start Timing chart

Turning the EN pin High without connecting capacitor to the SS pin and keeping the SS pin either OPEN condition or
about 10kQ to 100kQ pull up condition to power source, the output will rise in 1ms(Typ).
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Selection of Components Externally Connected — continued
6. Selection of Phase Compensation Components
A current mode control buck DC/DC converter is two-pole, one-zero system. Two poles are formed by an error amplifier
and load, and the one zero point is added by phase compensation. The phase compensation resistor R3 determines the
crossover frequency fcrs that the total loop gain of the DC/DC converter is 0dB.The crossover frequency should be set
20kHz to 100kHz. A high value fcrs provides a good load transient response characteristic but instability. Conversely, a
low value fcrs greatly stabilizes the characteristics but the load transient response characteristic is impaired.

(1) Selection of Phase Compensation Resistor R3
The Phase Compensation Resistance Rs can be determined by using the following equation.

2TXV X XC,
Ry = ouT*fcrsXCout Q]

VrBXGMpXGMmA
where
Vour is the Output Voltage
fcrs is the Crossover Frequency
Cour is the Output Capacitance
Veg is the Feedback Reference Voltage 0.8V(Typ)
Gyp is the Current Sense Gain 14.3A/V(Typ)
GMA is the Error Amplifier Trans conductance 260uA/V(Typ)

(2) Selection of Phase Compensation Capacitance C2
For stable operations of DC/DC converter, the zero point (phase lead) to cancel the phase lag formed by loads is
determined with Co.
C2 can be calculated with the following equation.

C, = - [F]

- 1
21X fcrs X5 503XVour

(3) Loop Stability

Actually, characteristics will vary depending on PCB layout, arrangement of wiring, kinds of parts used and use
conditions (temperature, etc.). Be sure to check stability and responsiveness with actual apparatus. Phase margin of at
least 45° in the worst conditions is recommended. Gain Phase Analyzer or Frequency Response Analyzer FRA is used
to check frequency characteristics with actual apparatus. Contact the measurement apparatus manufacturer for
measurement method. When these measurement apparatuses are not available, there is a method of assuming Phase
margin by load response. Monitor variation of output when the apparatus shifts from no load state to maximum load. And
it can be said that responsiveness is low if variation amount is large, and phase margin is small if ringing occurs
frequently (twice or more as a guide) after variation.

However, confirmation of quantitative phase margin is not possible.

Maximum load

Load |
lout
Output voltage Inadequate phase margin
Vour P4
RN Adequate phase margin

0 >t

Figure 39. Load Response
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Selection of Components Externally Connected — continued
7. Input Voltage Startup

VIN

V|N X08 2 VOUT

Vourt

UVLO release

Figure 40. Input Voltage Startup Time

The soft start function starts up the device according to the specified soft start time. After UVLO is released, the voltage
range that can be outputted during the soft start operation is 80% or less of the input voltage. Note that the input voltage
during the startup with soft start should satisfy the following expression

Vour
Vin 2 os LV

8. Bootstrap Capacitor
Bootstrap capacitor C1 shall be 0.1uF. Connect a bootstrap capacitor between the SW pin and the BOOT pin.
For capacitance of bootstrap capacitor, take temperature characteristics, DC bias characteristics and etc. into
consideration to set minimum value to no less than 0.047pF.

Recommended Parts Manufacturer List
Shown below is the list of the recommended parts manufacturers for reference.

Table 2.
Device Type Manufacturer URL
C Ceramic capacitors Murata www.murata.com
C Ceramic capacitors TDK product.tdk.com
L Inductors Coilcraft www.coilcraft.com
L Inductors Cyntec www.cyntec.com
L Inductors Murata www.murata.com
L Inductors Sumida www.sumida.com
L Inductors TDK www.product.tdk.com
R Resisters ROHM www.rohm.com
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Application Example 1

Table 3. Specification Example 1

Parameter Symbol Example Value
Product Name IC BD9S200MUF-C
Supply Voltage ViN 3.3V
Output Voltage Vour 1.0V
Soft Start Time tss 1.0ms(Typ)
Maximum Output Current loutmax 2.0A
Operation Temperature Range Topr -40°C to +125°C
R4
Vi
—o—9 PVIN PGD PGD
e————AVIN BOOT 1
Chni— —Cpo _L | MODE/SYNC Cq
L L Enable —{ EN SW lNE:“—I +—o— Vour
SS Rioo
ITH
c Ry Cour1 Z= == Cour2
4
PGND
Rs FB
AGND
Cs = ICZ Ra
Figure 41. Reference Circuit 1
Table 4. Parts List 1
No Package Parameters Part Name(Series) Type Manufacturer
L1 1.0pH CLF5030NIT-1RON-D Inductor TDK
Cour1 3216 22uF, X7R, 6.3V GCM31CR70J226K Ceramic Capacitor Murata
Cour2 3216 22uF, X7R, 6.3V GCM31CR70J226K Ceramic Capacitor Murata
Cint 2012 10uF, X7R, 10V GCM21BR71A106K Ceramic Capacitor Murata
Cinz 1005 0.1uF, X7R, 16V GCM155R71C104K Ceramic Capacitor Murata
R1o00 - SHORT - - -
R4 1005 7.5kQ, 1%, 1/16W MCRO1MZPF7501 Chip Resistor ROHM
R2 1005 30kQ, 1%, 1/16W MCRO1MZPF3002 Chip Resistor ROHM
R3 1005 8.2kQ, 1%, 1/16W MCRO1MZPF8201 Chip Resistor ROHM
R4 1005 100kQ, 1%, 1/16W MCRO1MZPF1003 Chip Resistor ROHM
C1 1005 0.1uF, X7R, 16V GCM155R71C104K Ceramic Capacitor Murata
C2 1005 4700pF, X7R, 50V GCM155R71H472K Ceramic Capacitor Murata
Cs - - - - -
Cs - - - - -
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Characteristic Data (Application Examples 1)
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20 i e Phase )
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Figure 42. Efficiency vs Output Current Figure 43. Frequency Characteristics
(lout=2A)
Time: 100ps/div Time: 500ns/div

Vout: 100mV/div i Vout: 20mV/div

. V— A A A MV |

louT: 500mA/div
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|
\ d
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Figure 44. Load Transient Response Figure 45. Output Ripple Voltage
(lout=0A—2A) (lout=2A)
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Application Example 2

Table 5. Specification Example 2

Parameter Symbol Example Value
Product Name IC BD9S200MUF-C
Supply Voltage ViN 3.3V
Output Voltage Vour 1.0V
Soft Start Time tss 1.0ms(Typ)
Maximum Output Current loutmax 2.0A
Operation Temperature Range Topr -40°C to +125°C
Output Capacitor Cour 88uUF
R4
Vi
—e PVIN PGD PGD
AVIN BOOT
Cini == Coe L | MODE/SYNC v
— ouT
4 Enable —{ EN SW * ® ® *—
SS
ITH Cour COUTz__Coum_E:oum
Ry T - -T- -T-
PGND
Rs FB
AGND
G — ICZ
Figure 46. Reference Circuit 2
Table 6. Parts List 2
No Package Parameters Part Name(Series) Type Manufacturer
L1 0.47puH XEL4030-471ME Inductor Coilcraft
Court 3216 22uF, X7R, 6.3V GCM31CR70J226K Ceramic Capacitor Murata
Cour2 3216 22uF, X7R, 6.3V GCM31CR70J226K Ceramic Capacitor Murata
Cours 3216 22pF, X7R, 6.3V GCM31CR70J226K Ceramic Capacitor Murata
Cout4 3216 22uF, X7R, 6.3V GCM31CR70J226K Ceramic Capacitor Murata
Cint 2012 10uF, X7R, 10V GCM21BR71A106K Ceramic Capacitor Murata
Cinz 1005 0.1yF, X7R, 16V GCM155R71C104K Ceramic Capacitor Murata
R100 - SHORT - - -
R 1005 7.5kQ, 1%, 1/16W MCR01MZPF7501 Chip Resistor ROHM
R2 1005 30kQ, 1%, 1/16W MCRO1MZPF3002 Chip Resistor ROHM
R3 1005 30kQ, 1%, 1/16W MCRO1MZPF3002 Chip Resistor ROHM
R4 1005 100kQ, 1%, 1/16W MCR01MZPF1003 Chip Resistor ROHM
C4 1005 0.1uF, X7R, 16V GCM155R71C104K Ceramic Capacitor Murata
C2 1005 1000pF, X7R, 50V GCM155R71H102K Ceramic Capacitor Murata
Cs - - - - -
C4 - - - - -
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Characteristic Data (Application Examples 2)
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Figure 47. Efficiency vs Output Current
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Figure 48. Frequency Characteristic
(lout=2A)

Time: 100us/div

Vout: 100mV/div

lout: 500mA/div

s
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Figure 49. Load Transient Response
(lout=0A—2A)

Figure 50. Output Ripple Voltage
(lout=2A)
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