ROHM Application Note

SEMICONDUCTOR

ROHM Switching Regulator Solutions

Evaluation Board: /pr ;4
Step-down Switching Regulator ..free RoHS
With Built-in Power MOSFET

BD9G101G (5V | 0.5A Output) No.0000000015

@Introduction
This application note will provide the steps necessary to operate and evaluate ROHM’s step-down switching regulator using the BD9G101G
evaluation boards. Board layout recommendations, operation procedures, application data and build of materials are provided.

@Description
This evaluation board has been developed for ROHM’s step-down switching regulator customers evaluating BD9G101G. While accepting a
wide power supply of 6-42V, a step down output of 1V-29V can be produced. The IC has an internal 800mohm Nch MOSFET (1A max) and
a fixed operating frequency range of 1.5MHz. A Soft Start circuit prevents in-rush current during startup along with UVLO (low voltage error
prevention circuit), OCP (over-current protection) and TSD (thermal shutdown detection) protection circuits. An EN pin allows for simple
ON/OFF control of the IC to reduce standby current consumption.

@®Applications
Industrial distributed power applications
Automotive and battery powered equipment

@Evaluation Board Operating Limits and Absolute Maximum Ratings

Limit
Parameter Symbol Unit Conditions
MIN | TYP | MAX
Supply Voltage
BD9G1010G | VCC | 6 | - | 42 | \ |
Output Voltage / Current
BD9G101G VOUT - 5 - \ *Set by R1 and R2
BD9G101G 10UT - 0.5 - A

@Evaluation Board
Below is the evaluation board with the BD9G101G. Component selection and board layout guidelines are provided in the
BD9G101G datasheet.
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@CEvaluation Board Schematic
Below is the evaluation board schematic for BD9G101G.
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@CEvaluation Board 1/O

Below is the reference application circuit that shows the inputs (Vcc and EN) and the output (Vout @ 5V/0.5A)
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@CEvaluation Board Operation Procedures
Below is the procedure to operate the evaluation board

1. Connect GND to a GND pin on the evaluation board
2. Connect Vcce to the VCC_pin. This will provide Vcce to the Vec pin of the IC

i. Note: EN pin is pulled HIGH as default. EN needs to be set to LOW for IC operation.

3. Output voltage can be measured from the VOUT_pin on the evaluation board. Output current can be measured with a

proper load at VOUT.
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@®Reference Graphs Application Data for BD9G101G
Below graphs show efficiency, frequency response and load characteristics of the BD9G101G eval board.

AR 195 . Marmal SRR 19121 .. Marnil
e o L] AT pped 4 & S
- - g, - - — B,
W T v T v w - - ] "
] T . i B Full
T 1 EN10Vidiv /f"Ji" T EN10VFdiv '
! & i |
H y T T T
L £
H y, i
HE . |
| 10vigiv /»’ i
| VOouT
- Twidiv
ssnmennes | NE [T | e 5 s o 5
i | 100111 {118 | Roirnal L
e IM— 32U i
IOUT 0-ZAddiv !
iT F I e '
i A1 h 3 L. gy
A% & 19ins Ay ERiIS -
1K ERAmE 16 ERAeEE
Start-up Characteristics Start-up Characteristics
VIN=8Y, IOUT=0maA VOUT=5V WIN=8V. 10UT=500mA. VOUT=5V
kbl 19k — Rl SUIZAPR 190078 pr— ol
i 13 mmrcmm‘ Stapd a4 m.-sslql,mpu"m_l
i 2 F :n;ll:u | T i@ el
EN 20Vidiv ' EN 20Vidiv 2 o T
|
[ 1] Fe ] Ll i ]
Lx
) Le
0Widiv 10ViGy |
) /-
chan T e o1 £
I S ! 7 | TEu
| IOUT 0 24w
T
Lr (R L 2
K [RL 0 [ 1]
Al . GEOGHT
_ Start-up Characteristics Start-up Characteristics
VIN=12V, [OUT=0mA, YOUT=5V VIN=12V, 10UT=500ma VOUT=5V
Skl bl — e el SnzAtah 195 H p— Romal
1 bl AiLE T SR St 141 IS SRR
o e . St il
EM 10Vidiv e 3 BN 10V B
F I
Ko
| 1 1071 HA q01
N e o111 Ty
s 1
Le | | Lx
10Vidi i 10V/div
S ouT A WoUT
A TWlidiv . 1Vidiv
e i e i
[P R At p— i : I :. i | Bige 053 & e I Bdpe CH3 &
R AU 7 o 111 | L[_LL_,.E.“ bt =t Ty
HOUIT D:2A¢d | : i
| |
x « oW ¥ " o = i vz oy TOUT 02AMdY
kLY £ 20 i ERELCE e kLY +. 1w L1} I TR
FE L 35, SEHEE 1 T3, HHET
Start-up Characteristics B Start-up Characteristics
VIN=42V_ 10UT=0mA, VOUT=5V WIN=42V 10UT=500mA, VOUT=5V

Page 3 of 8



Application Note

o
[100mAdig | i i Viout-offset SV
| 10rmifidiv
-
i) v § Semim | e [ I;-:ﬂ:: thmm
Load Responge Lx Switching/ “out Ripple
lo=50mA+=Z00ma lo =20m&
e ety A ook s e B
i 13.0000000kHE 9R:  —0L.ETE OB w9 H0T.90 ded
Vioutoffset 5\ ! =
10miViiv at- Phasg-- S P
: SRS T
KT i B T B T "
. _Gaeg Ll L
-"'1-\____ \uﬂ_'
A Ty Je
ahh___#
s} [y o e i " i - = W
:—I.-. - I.:.-" PR ek |
Lx Switching/ Vout Ripple Frequency Responge
lo=200mé& lo=100maé, VOUT=5V

DGGE ], MOSCOORMNTE Cu  (Mwbesk OC AR W INITG!  [dcwcle  HEWC: |
S dimtepz/dechdn CPRENIOFF ELENPSOFF ANRLICHLACHE ECL30FF

L T804 kit R 43,805 dB edl 459,533 deg

- Phase g b
al H._\__W_\ -
H‘."‘-\. H\
@ --"""—-\_\_ =
AR
ul i L i o
= a ) - e
L Ly [a]
Frequency Response

lo=500ma&, VOUT=5V

Efficiency n [%]

a0

TO

40

a0

20

10

Vin:lw/f;ﬁ
Vin=8v /»)Q/‘
v
// ///\hzz«w Vin=42
a4
=

OutputCurrent [mA]

Efficiency - Output Current  VOUT=5Y

Page 4 of 8

1000



Application Note

@ Application Components Selection Method

(1} Inductors
Something of the shield type that fulfills the current rating (Current value
Ipeak below). with low DCR is recommended.Value of Inductance influences
Inductor Ripple Cumrent and becomes the cause of Output Ripple.

In the same way as the formula below, this Ripple Current can be made small /\ A
for as big as the L value of Coil or as high as the Switching Frequency. / \/ MLL \/

Ipeak =lout + L2 [A] 4)
Figure 43. Inductor Current
Win-Vout Wout 1
A= T X vn X 7 I (5}

(AIL: Cutput Ripple Current, £ Switching Frequency)
For design value of Inductor Ripple Current, please carry out design tentatively with about 20% ~50% of Maximum

Input Current.
In the BODRG1DG, it is recommended the below series of 2. 2uH -~ 10pH inductance value.
Recommended Inductor TOKD DE4S18C Series

TAIYD YUDEMN NRAD1E Series

(2} Input Capacitor
In order for capacitor to be used in input to reduce input ripple, mount low ceramic capacitor of ESR near the Ve pin.
In the BD2G101G, it is recommended the 4.TuF or more capacitor value. In case of using the electrolytic capacitor,
mount 1uF ceramic capacitor in parallel in order to prevent oscillation

{3} Output Capacitor
In erder for capacitor to be used in output to reduce output ripple, Low ceramic capacitor of ESR is recommended.
Also, for capacitor rating. on fop of putting into consideration DC Bias characteristics, please use something whose
maximum rating has sufficient margin with respect to the Cutput Voltage.
Cwitput ripple voltage is looked for using the following formula.

1

Vpp=2JIL x + AL*Rezm  [V] (6)

2 XfxCo

Please design in a way that it is held within Capacity Ripple Voltage.
In the BDEG1D1G, it is recommended a ceramic capacitor over 10pF.

(4} Output voltage sefting
The intemal reference voltage of ERROR AMP is D.75V. Output voltage is determined like (7) types.

Vout

Csp R {R1+R2)
= 3

Wiy T 0780 =+ = (T}
L

075 T

Figure 8. Output voltage setting

However, in order to aveoid the BSTUVLO operation at the time of a reduced power and light load, please set up R1+R2
is satisfied the following formulas.

RI+ RSV =10° =++(8)

The example of output resistances setting :  cutput voltage 5V R1=3.0kQ R2=068kQ
output voltage 12V R1=T.5k% R2=0.51k&
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(5)Feed-forward capacitor Csp
Please mount feed-forward capacitor in paraliel to output resistance R1.
In erder that a feed-forward capacitor may adjust the loop characteristic by adding the pair of a pole and zero to the
loop characteristic. A phase margin is improved and transient response speed improves.
The feed-forward capacitor Csp should use the value near the following formulas.

Cip -
Rl

=015 [WF] =+ (3

The example of a Csp sefting - output voltage 5V R1=3.0k5% R2=088k% Csp=0.1uF or 0.22uF
output voltage 12V R1=T.5kR R2=0.51kRQ Csp=0.1uF

By abowve mentioned measure, there is not BSTUVLO operation in litgh load and Vin-Vout=3\V.
{8) Bootstrap Capacitor
Please connect from 15000pF (Laminate Ceramic Capacitor) between B5T Pin and Lx Pins.

(TiDiode
Select suitable shottky dicde for break down voltage and input current.

o Note: Feed-forward capacitor Csp is not populated on the BD9G101G evaluation board. The capacitor is recommended
for designs requiring improved phase margin and transient response.

@Evaluation Board Layout Guidelines
Below are the guidelines that have been followed and recommended for BD9G101G designs.
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Figure 45. Reference PCB layout

Layout is a critical portion of good power supply design. There are several signals paths that conduct fast changing currents
or voltages that can interact with stray inductance or parasitic capacitance to generate noise or degrade the power supplies
performance. To help eliminate these problems, the WVCC pin should be bypassed to ground with a low ESR ceramic bypass
capacitor with B dieleciric. Care should be taken to minimize the loop area formed by the bypass capacitor connections, the
YCC pin, and the ancde of the catch diode. See Figure.45 for a PCB layout example.

In the BOD9G101G, since the LY connection is the switching node, the catch diode and output inductor should be located
close to the LX pins, and the area of the PCB conductor minimized to prevent excessive capacitive coupling. And GMD area
should not be connected directly power GND, connected avoiding the high current switch paths. The additional extermal
components can be placed approximately as shown.
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@Evaluation Board BOM
Below is a table with the build of materials. Part numbers and supplier references are provided.

Qty Description Manufacturer Part Number Digikey P/N

1 1 CIN1 CAP CER 4.7UF 50V Y5V 1206 Murata GRM31CF51H475ZA01L 490-1828-1-ND

DIODE TVS 30V 400W UNI 5%

2 1oane Qo Littlefuse SMAJ30A SMAJ30ALFTR-ND
0,

3 1 co2 fé%PGCER LB 2 AL A Murata GRM31CR61A106KA0LL 490-1820-2-ND
CAP CER 0.015UF 50V 10% X7R

4 1 CBST Murata GRM188R71H153KA01D 490-1514-1-ND
0603

5 1 DI DIODE SCHOTTKY 60V 2A PMDU ROHM RBO60M-60TR RBO60M-60CT-ND

6 1 swi  pNITCH SLIDE SPDT30V.2A PC E-Switch EG1218 EG1903-ND
RES 68.0K OHM 1/8W 1% 0805

7 1 R1 Yageo RCO805FR-0768KL 311-68.0KCRCT-ND
SMD

8 1 Rz Koo 120KORM Ui L5 R Yageo RCO805FR-0712KL 311-12.0KCRCT-ND

DEM4518C
9 1 LX  INDUCT 10uH SOD-106 TOKO s -
10 1 U1 5V, 0.5A Step-down SW Reg w/ ROHM BD9G101G )

FET
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Motes

No copying or reproduction of this document, in part or in whole, is permitted without the
consent of ROHM Co. Lid.

The content specified herein is subject to change for improvemeant without notice.

The content specified hersin is for the purpose of infroducing ROHM's products (hereinafier
"Products”). f you wish to use any such Product, please be sure to refer io the specifications,
which can be obteined from ROHM upon request.

Examples of application circuits, circuit constants and any other information contained herein
illustrate the standard usage and operations of the Products. The peripheral conditions must
be taken into account when designing circuits for mass production.

Great care was taken in ensuring the accuracy of the information specified in this document.
However, should you incur any damage arsing from any ineccuracy or misprint of such
information, ROHM shall bear mo responsibility for such damage.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or
implicitly, any license to use or exercise intellectual property or other rights held by ROHM and
other parties. ROHM shall bear no responsibility whatsoever for any dispute arising from the
use of such technical information.

The Products specified in this document are intended to be used with general-use electronic
equipment or devices (such as audio visual equipment, office-automation equipment, commu-
nication devices, electronic appliances and amusement devices).

The Products specified in this document are not designed to be radiation tolerant.

Whil= ROHM always makes efforts io enhance the quality and relisbility of its Products, a
Product may fail or malfunction for a vanety of reasons.

Please be sure to implement in youw equipment using the Products safety measwes to guard
egainst the possibility of physical injury, fire or any other damage caused in the svent of the
failure of any Product, such as derating, redundancy, fire confrol and fail-safe designs. ROHM
shall bear no responsibility whatsoever for your use of any Product outside of the prescribed
sCope or not in accordance with the instruction manual.

The Products are not designed or manufactured fo be used with any equipment, device ar
gystemn which requires an extremely high level of reliability the failure or matfunction of which
may result in & direct threat to human life or create a risk of human injury (such as a medical
instrument, transporiation eguipment, aerospace machinery, nuclear-reactor controller,
fuel-controller or other safety device). ROHM shall bear no responsibility in any way for use of
any of the Products for the above special purposes. f a Product is intended to be used for any
such special purposs, please contact a ROHM =ales representative bafore purchasing.

If you intend to export or ship overseas any Product or technology specified herein that may
be controlled under the Foreign Exchange and the Foresign Trade Law, you will be required to
obtain a license or permit under the Law.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHIM ROHM Customer Support System

SEMICONDUCTOR

hittp:fwww.rohm.coms/contact/
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