ROHM Datasheet

SEMICONDUCTOR

Single-chip Type with Built-in FET Switching Regulators

Flexible Step-down
Switching Regulators
with Built-in Power MOSFET

BD9876AEFJ
@General Description @®Key Specifications
Output 3.0A and below High Efficiency Rate Step-down B Input Voltage 7V to 42V
ggg‘égigg;é 9“'?“"“ Po e MOSF '(ij '”t‘?g‘alp Type B Ref. Precision (Ta=25°%C) +1.0%
mainly used as second ary s ide Po wer
supply, for example from fixed Power supply of 12V, 24V W Max Ogtput Current o 3A (Ma>§.)
etc, Step-down Output of 1.2V/1.8V/3.3V/5V, etc, can be B Operating Temperature '40°C to 105 DC
produced. T hisICh ase xternal C oil/Capacitor B Max Junction Temperature -55°Ct0 150 C

down-sizing throu gh 30 OkHz F requency operation,

inside Nch-F ET SW for 45V *“ withstand-pressure” @®Packages
commutation and als 0, hig h speed| oad respons e HTSOP-J8 4.90mm x 6.00mm x 1.00mm
through Curr ent Mode Controlisas imple e xternal
setting ph ase compensati on sy stem, througha wide
range e xternal constant, a c ompact Power supply can
be produced easily.

@®Features

Internal 200 MQ Nch MOSFET

Output Current 3A

Oscillation Frequency 3 00kHz
Synchronizes to External Clock ( 200kHz~
500kHz ) HTSOP-J8
Feedback Voltage 1.0V+1.0%
Internal Soft Start Function

Internal Over Current Protect Circuit,
Low Input Error Prevention Circuit,
Heat Protect Circuit

ON/OFF Control through EN Pin
(Standby Current 0 A Typ.)

B Package: HTSOP-J8 Package

@Applications
B For Household machines in general that have
12V/24V Lines, etc.

0.01uF
Il

@Typical Application Circuits d

15uH CDRH105R
Lx VCC '——l—( ) VCC 24V
O 10uF/35V

(SUMIDA)
GRM31EB3YA106KA12L

.

5v/3A vouT O
I RBO50L-40 (ROHM) J%

IR

47uF/16V (rarate)
GRM32EB31C476KE 15(murata} GND BsT|IC T }—
ON/OFF
L—( I QFN
ve EN E control
L
R1 212060 C1 —=6800pF
FB sYNG|[ ] F———QOsvNe

R2 3 30kQ R3 31060

3

Figure 1. Typical Application Circuit

OsStructure : Silicon Monolithic Integrated Circuit O This product is not designed for normal operation with in a radioactive.
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BD9876AEFJ

Datasheet

@Pin Configuration

@Pin Description
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Figure 2. Pin Configuration (TOP VIEW)

Pin No. Pin Name | Description
1 Lx Terminal for inductor
2 GND Ground pin
3 VvC Error amplifier output
4 FB Inverting node of the trans conductance error amplifier
5 SYNC Input pin of an external signal for the device synchronized by external signal
6 EN Stand-by ON/OFF pin
7 BST Voltage Supply pin for High Side FET Driver
8 VCC Voltage input pin
- Thermal Pad | PAD for enhance the radiation of heat. Connect to GND absolutely.

@Block Diagram
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Shutdown N
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Figure 3. Block Diagram
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BD9876AEFJ Datasheet

@Description of Blocks

1. Refere nce
This Block generates Error Amp Standard Voltage.
Standard Voltage is 1.0V.

2. REG
This is a Gate Drive Voltage Generator and 5V Low Saturation regulator for internal Circuit Power supply.

3.0SsC
This is a precise wave Oscillation Circuit with Operation Frequency fixed to 300 kHz fixed (self-running mode).
To implement the synchronization feature connect a square wave (Hi Level: higher than 2V Low Level: lower than 0.8V )
to the SYNC pin. The synchronization frequency range is 200 kHz to 500 kHz.
After connecting the rising edge of LX will be synchronized to the falling edge of SYNC pin signal after 3 count.
At the synchronization remove the external clock, the device transitions self-running mode after 7 microseconds.

4. Sof t Start
A Circuit that does Soft Start to the Output Voltage of DC/DC Comparator, and prevents Rush Current during Start-up.
Soft Start Time is set at IC internal, after 10ms from starting-up EN Pin, Standard Voltage comes to 1.0V, and Output
Voltage becomes set Voltage.

5. ERROR AMP
This is an Error amplifier what detects Output Signal, and outputs PWM Control Signal.
Internal Standard Voltage is set to 1.0V. Also, C and R are connected between the Output (VC) Pin GND of Error Amp
as Phase compensation elements. (See P.11)

6. ICOMP
This is a Voltage-Pulse Width Converter that controls Output Voltage in response to Input Voltage.
This compares the V oltage added to the interna | SLOPE waveform in respo nse to the F ET W S Current with Error
amplifier Output Voltage, controls the width of Output Pulse and outputs to Driver.

7. Nch FET SW
This is an internal commutation SW that converts Coil Current of DC/DC Comparator.
It contains 45V” with stand pressure” 200mQ SW.
Because the Current Rating of this FET is 3.5A included ripple current, please use at within 3.5A.
The device has the circuit of over current protection for protecting the FET from over current.
To detect OCP 2 times sequentially, the device will stop and after 13 msec restart.

8. UVLO
This is a Low Voltage Error Prevention Circuit.
This prevents internal circuit error during increase of Power supply Voltage and during decline of Power supply Voltage.
It monitors VCC Pin Voltage and internal REG Voltage, And when VCC Voltage becomes 6.4V and below, it turns OFF
all Output FET and turns OFF DC/DC Comparator Output, and Soft Start Circuit resets.
Now this Threshold has Hysteresis of 200mV.

9.T SD
This is a Heat Protect (Temperature Protect) Circuit.
When it det ects an ab normal temperatur e exc eeding Ma ximum Juncti on Temperature (T j=150°C), it turns OFF alll
Output F ET, and tur ns OF F DC/DC Co mparator Outp ut. W hen T emperature fall s, it has/with H ysteresis and
automatically returns.

1 0.EN
With the Voltage applied to EN Pin(6pin), IC ON/OFF can be controlled.
When a Voltage of 2.0V or more is applied, it turns ON, at Open or OV application, it turns OFF.
About 550kQ Pull-down Resistance is contained within the Pin.
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BD9876AEFJ Datasheet

@Absolute Maximum Ratings

Iltem S ymbol Ratings Unit
VCC-GND Supply Voltage VCC 45 \%
BST-GND Voltage VBST 50 \Y,
BST-Lx Voltage AVBST 7 \%
EN-GND Voltage VEN 45 \Y
Lx-GND Voltage VLX 45 \%
FB-GND Voltage VFB \%
VC-GND Voltage VC \%
SYNC-GND Voltage SYNC \Y
High-side FET Drain Current IDH 3.5 A
Power Dissipation Pd 3.76Y w
Operating Temperature Topr -40~+105 °Cc
Storage Temperature Tstg -55~+150 °c
Junction Temperature Tjmax +150 °Cc

(*1)During mounting of 70x70x1.6t mm 4layer board (Copper area: 70mmx70mm).Reduce by 30.08mW for every 1°C increase. (Above 25°C)

@Electrical Characteristics (Unless otherwise specified Ta=25°C, VCC=24V, Vo=5V,EN=3V )

Limits . o
Parameter S ymbol - Unit Con ditions
Min. T yp. Max.
[Circuit Current]
Stand-by current of VCC Ist -0 10 HA | VEN=0OV
Circuit current of VCC Icc -1 2 mA | FB=1.2V
[Under Voltage Lock Out (UVLO)]
Detect Voltage Vuv 6.16 46 7 \%
Hysteresis width Vuvhy — 200 300 mV
[Oscillator]
Oscillating frequency fosc 270 300 33( kHz
Max Duty Cycle Dmax 85 91 97 %
[Error Amp]
FB threshold voltage VFB 0.990 1.000 1.010 \%
Input bias current IFB -1.0 0 1.0 HA | VFB=0OV
Error amplifier DC gain Avea 700 7000 70000 VIV
IVC=+10pA,
Trans Conductance Gea 11( 220 44( LAV VC=15V
Soft Start Time Tsoft 7 10 13 ms
[Current Sense Amp]
VC to switch current transconductance Ges 5 10 20 AV
[Output]
Lx NMOS ON resistance RonH — 200 340 mQ
Lx pre-charge NMOS ON resistance RonL — 10 17 Q
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BD9876AEFJ Datasheet
Over Current Detect Current locp 3.5 6 —A
[CTL]
) ON VENON 2 — VCC \Y
EN Pin Control voltage
OFF VENOFF -0.3 — 0.8 \Y
EN Pin input current REN 2.7 55 11 HA | VEN=3V
[SYNC]
) High VSYNCH 2.0 — 55 \Y
SYNC Pin Control voltage
Low VSYNCL -0.3 — 0.8 \Y
SYNC Pin input current REN 6 12 24 MA | VSYNC=3V
SYNC falling edge to LX rising edge delay tdelay 200 400 600 ns
©Not designed to withstand radiation.
@Operating Ratings(Ta=25°C)
Ratings .
Item S ymbol - Unit
Min Typ Max
Power Supply Voltage VCC 7 — 42 \%
Output Voltage VOUT 1.0? - VCCx0.7 Y,

(*2)Restricted by minimum on pulse typ. 200ns

@Detailed Description

< Synchronizes to External Clock
The SYNC pin can be used to synchronize the regulator to an e xternal system clock. To implement the synchronization
feature connect a square wave to SYNC pin. The square wave amplitude must transition lower than 0.8V and higher than
2.0V on the SYNC pin and have an on time greater than 100ns and an off time greater than 100ns. The synchronization
frequency range is 200 kHz to 500 k Hz. The rising edge of the LX will be synchronized to the falling edge of SYNC pin

signal after SYNC input pul se 3 count. At the sy nchronization, the ext ernal clock is

self-running mode after 7 microseconds.

SYNC

SYNC_LATCH

U UHHHH

removed, the device transiti ons

Set the latch for

1 synchronization

Lx

l400nsec

K-

about
7usec

Figure 4. Timing chart at Synchronization

www.rohm.com

© 2013 ROHM Cao., Ltd. All rights reserved.

TSZ22111 - 15 - 001

5/23

TSZ02201-0Q1Q0AJ00170-1-2
14.MAR.2014 Rev.005



BD9876AEFJ Datasheet

<OThe case of not using the function of synchronization
Although the SYNC pin is pulled down by resistor in this device, if the function of the synchronization is not used, it is
recommended to connect SYNC pin to ground.

SYNC e . =

GND
O—

o

Figure 5. the method to disposal the SYNC pin without
synchronization

OSOFT START
The soft start time of BD9876AEFJ is determined by the DCDC operating frequency (self-run mode 300 kHz =10ms).
If synchronization is used at the time of EN=ON, The soft start time is restricted by SYNC pin input pulse frequency.
SYNC pin input pulse frequency is fosc_ex kHz, the soft start time is expressed by below equation.

300

Tss = —————
fosc_ex

X 10 [ms]

<OCP operation
The device has the circuit of over current protection for protecting the FET from over current.
To detect OCP 2 times sequentially, the device will stop and after 13 msec restart.

VC voltage discharged
OCP threshold/(‘ by OCP latch

VC

1
VC voltage rising by -/:
output connect to GND

force the High side FET OFF
by detecting OCP current

(pulse by pulse protection) “ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂm]mmﬂ_

e (ITNARUU LT

—
=1
3

=T
[ [}
P output connect to GND )
'K}/E/ utu E
|
[ 1
[ [}
VOUT L i
D !
[ )
[
11 :
]
oCcP I ;
| |
i set the OCP latch by detecting i OCP latch reset after 13 msec
i ¥ the OCP current 2 times sequencially :/ (300 k Hz 4000 counts)
OCP_LATCH

Figure 6. Timing chart at OCP operation
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BD9876AEFJ Datasheet

<OCP operation at soft start

BD9876AEFJ have the function to change the OCP reference voltage according to slope for soft start to prevent IC from
abnormal current at higher input voltage. This function restricts the OCP threshold a half of the specification value (typ.3A).

I
SS |
1AY
I
OCP _REF I
3A N
6A — — —— — — —

Figure 7. the relation SS node voltage and OCP reference voltage.
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BD9876AEFJ

Datasheet

@®Reference Data (Unless otherwise specified, Ta=25°C, VCC=24V, Vo=5V, EN=3V)

1
0.9
0.8
1.5
0.7
— 0.6 \/CC=42\/
3 05 vee=3e |\ < \ -
() V \ \ £
S VCC=24V, o
. o
03 Vce=12V \ \ \ Temp=105°C
0.2 \ \ \ \ 0.5 Temp=25°C \
0.1 \\ \\ \\\\ Temp=_40°C
0 0
-60 -40 -20 O 20 40 60 80 100 120 0 5 10 15 20 25 30 35 40 45
Temp[°C] veCv]
Figure 8. Standby Current Figure 9. Circuit Current
Temperature Characteristics Power supply Voltage Characteristics
2 8
7
1.5 =6 \ \
= \ \
S5
= < detect voltage \
w
‘g 1 \ o4 \
|9 -
o VCC=12V \ s 3 relset voltage
VCC=24V ~
0.5 3>
VCC=36V
vec=42v 1
0 0
-60 -40 -20 0 20 40 60 80 100 120 -60 -40 =20 0 20 40 60 80 100 120
Temp[°C] Temp[°C]
Figure 10. Circuit Current Figure 11. UVLO Threshold
Temperature Characteristics Temperature Characteristics
350 100
340 90
330 80
'}E“ 320 _ 70
-5- 310 X 60
2 300 — E 50
3 290 / \ >Q< 40
w <
& 280 s 30
270 20
260 10
250 0
-60 -40 -20 0 20 40 60 80 100 120 —-60 -40 -20 0 20 40 60 80 100 120
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Figure 12. Oscillation Frequency Figure 13. Max Duty
Temperature Characteristics Temperature Characteristics
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BD9876AEFJ Datasheet
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Figure 16. FB Voltage - IVC Figure 17. Soft Start Time
Current Characteristics Temperature Characteristics
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Figure 18. Nch FET ON Resistance
Temperature Characteristics

Figure 19. Pre-charge FET ON

Resistance Temperature Characteristics
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BD9876AEFJ Datasheet
10 14
9 VCC=42V g ~
VCC=36V
8 VCC=24V s 11 \\
£ ~< 5% ° \\
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o 0
60 -40 -20 0 20 40 60 80 100 120 760 -40 ~20 0 20 40 60 80 100 120
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Figure 20. OCP Detect Current Figure21. VC to SW current transconductance
Temperature Characteristics Temperature characteristics
2
=
T 1
]
=
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e
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L
0
-60 -40 -20 0 20 40 60 80 100 120
Temp[°’C]
Figure 22. EN Threshold
Temperature Characteristics
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BD9876AEFJ

Datasheet

@Example of Reference Application Circuit (Input 24V, Output 5.0V)

15uH CDRH105R
(SUMIDA)

5V/3A VOUT O—l—<—m’“—<
RBO50L--40 (ROHM)

47uF/16V
GRM32EB31C476KE15(murata)

RT S 120kQ

AA

AA

R2 30k

0.01uF
I

Lx VGG :ﬂ:l——l—( ) VGG 24V
O 10uF/35V
GRM31EB3YA106KA12L
[T psT| T —}— =~ ™
ON/OFF
|‘—(:u: T }—QFN
VG EN control
Gl —=6800pF
FB SYNG| [ ———QOsvNe

R3 10k Q2

Figure 23. Reference Application Circuit

@®Reference Application Data (Example of Reference Application Circuit)

100
90
80
70
60
50
40
30
20
10

Transtormation Efticiency n|%]

— |

[—F %
I Voo N

[N WA WA
\ \ \ vec=12v

\ \ VCC=24V

\ VCC=36V

VCC=42V

0

500 1000 1500 2000

LOAD CURRENTImAI

2500 300

Figure 24. Electric Power
Conversion Rate

05C:
P
*f

100, 0000 Hz ~ bowvpesk € 9,00V INTEG:  lecycle  HACE |
100steps/dacade CPRENIOFF SLSIPIOFF ANALICHI/ACH2 EQLION SWEEF HiEg

19,2329200%kHz #R: +0, 165 B *9: +75.05 ckg

FrELdeg
150

s |
S ‘1‘\_‘ -
® [+ gain N n o
S A
0 e e R
: il
L ‘| =100 E

Figure 25. Frequency Response
Characteristics (10=0.5A)

£ 1 OO0z " Zidmipeck [C Q.00 V O INTEG: ldcycle HMND: |
t [Q0steps/decads CPRSNIOFF SLSUPIOFF ANALICHI/CHZ EOLION SUEER

*F: 12, |STecatkHz #R: -0,065 dB *9: +70,31 deg

A 31 v aagt

o s

i1 Py

B I BEH m = .

FEEWENIHe )

Figure 26. Frequency Response
Characteristics (10=3.0A)

¢ VOUT : 200mV/div (AC) -

IL : 1A/div (DC)

o

TVOUT © 200mViaw (AC)

A oo

Figure 27. Load Response Characteristics

(I0=0A—3.0A)

(

Figure 28. Load Response Characteristics

0=3.0A—0A)

EN : 5V/div (DC)
LX : 10V/div (DC

= EN : 5V/div (DC)
1 LX : 10v/div (DC

IL : 0.5A/div (DC)
VOUT : 2V./div (DC)

1 IL : 0.5A/div (DC)
VOUT : 2V./div (DC)

Figure 29. startup Waveform

Figure 30. Stop Waveform
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BD9876AEFJ

Datasheet

@Example of Reference Application Circuit (Input 24V, Output 12V)

CBST 10uF/35V
|} GRM31EB3YAT06KA12L
33uH CDRH127R (murata)
(SUMIDA) 0.01uF
L
vour O ? _l_.._mm_. Lx vee j]:l—A'—ller vee
COUT1Z= COUT2 D Q CVCC2 = CVCC1
I open I RBO50L-40 (ROHM) I I
GND BST|IC—
47uF/16V ON/OFF
GRM32EB31C476KE 15(murata) — T lve EN ([T} OEN control
< 1
R Z110kQ C1 —=6800pF
open
c2 FB SYNC
b3 R3 3 10kQ
R2 $ 10kQ
J
Osyne
Figure 31. Reference Application Circuit
@®Reference Application Data (Example of Reference Application Circuit)
100
- 90
S \ \
g 70
g NN
3 60 \ \ \
& VCC=24V
& 5o \ \
: -
S 40 VCC=36V
)
© =
e 30 VCC=42V
S
L 20
2
© 10
=
0
0 500 1000 1500 2000 2500 3000
LOAD CURRENT[mA]
Figure 32. Electric Power
Conversion Rate
0SC: 1. 00@@2eeeeoMHz " SO, @mvpeak DC @, 00 ¥ INTEG: Shcycle  HMMC: 1[ ] 05C: 1. 000O00D0EEMHz " 50.@mWpeak DC ©.@@ V' INTEG: S@cycle  HMNC:
Sp S@steps/decade CPRSN:OFF SLSWP:OFF ANAL:CHIACH2 EOL:ON [SWEEF  Hiid WP S@=teps/decade CPRSNIOFF SLEWP:OFF ANAL:CH1/CHZ EQL:ON

wfi  20.8929613kHz #R: +0.032 cB ®0: +53.28 deg #®fi 15, 1350125kH=  #R: +0.155 cB *6: +77.32 deg
GAIMIME] PHRASEL deg] GATMISB] FHASE[deg] n
189 120
&8 135 E E8 135
<0 izt E 4 1\:\\ = e N s = =y £
ni Ny
20 i — \g\ 45 E S P a5 E
o _\E\ ] 8 e ‘\& o
!
—za 45 -26 "‘ —45
—a4a LN gp —48 fxr : —a0
{ e
—6a -135 -68 -135
108 1k lak laok mleB E 180 1k 18k 1aak 17'17lsa
FREQUENCYIHz 1 FREQUENCY [Hz 1
Figure 33. Frequency Response Figure 34. Frequency Response
Characteristics (10=0.5A) Characteristics (10=3.0A)
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BD9876AEFJ Datasheet

@Example of Reference Application Circuit (Input 24V, Output 3.3V)

CBST
|1
10uF/35V
15uH CDRH105R "
(SUMIDA) 0.01uF gnFil\:I:tLI)EB3YA106KA12L

L

vouT O L voe :u:»—A'—llrro voo
CouT1 couT2 D Q CVCC2 == CVCCH
I open I RBO50L-40 (ROHM) open I I
GND BST|C [ —
47uF/16V
GRM32EB31C476KE15(murata) — T gn ON/OFF
| ve EN :[I: O control
s
R1 3 62kQ ¢t =L 6800pF
open
o2 FB SYNCl
R2  27kQ I R3 3 6.8kQ
j!
QO syYNG

Figure 35. Reference Application Circuit

@®Reference Application Data (Example of Reference Application Circuit)
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|/ AN
o N AN
50 \ \ \ VCC=7V

Transformation Efficiency n[%]

\
20 \ \ VCCE12V
\ VCC=24V
30 \
VCC=42V

20
10

0

0 500 1000 1500 2000 2500 3000
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Figure 36. Electric Power
Conversion Rate
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FREQUENGY [Hz ] 188 1k 18k 1@@k inm
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Figure 37. Frequency Response Figure 38. Frequency Response
Characteristics (10=0.5A) Characteristics (10=3.0A)
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BD9876AEFJ Datasheet

@Example of Reference Application Circuit (Input 24V, Output -12V)

CBST
{ | 4.7uF/50V
47uH CDRH105R 001uF GRM32EB31H475KA187
(SUMIDA) (murata)
L
T 1 P — Lx veo|[ T} T ~T Ovee
COUT1 COUT2 D O CVCC2== CVCCI
g; open ;'; RBO50L—40 (ROHM) open ;l; ;|;
GND ir|:|]i GND BST| T —
47uF/ 16V
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Figure 39. Reference Application Circuit

@®Reference Application Data (Example of Reference Application Circuit)
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Figure 40. Electric Power
Conversion Rate
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Figure 41. Frequency Response Figure 42. Frequency Response
Characteristics (10=0.5A) Characteristics (10=3.0A)
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@Evaluation Board Pattern (Reference)

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 VCC pin should be bypassed to ground with a low ESR ceramic bypass
capacitor with B dielectric. Care should be taken to minimize the loop area formed by the bypass capacitor connections, the
VCC pin, and the anode of the catch diode. See Fig.28 for a PCB layout example. The GND pin should be tied directly to the
thermal pad under the IC and the thermal pad.

The thermal pad should be connected to any internal PCB ground planes using multiple VIAs directly under the IC. The LX
pin should be routed to the cathode of the catch diode and to the output inductor. Since the LX connection is the switching
node, the catch dio de and output ind uctor should be | ocated close to th e LX pins, and the area of the PCB con ductor
minimized to prevent e xcessive capacitive coupling. For operation at full rated loa d, the top side ground area must provide
adequate he at dissipating area. T he additional e xternal components can be p laced approximately as shown. It may be
possible to obtain acceptable performance with alternate PCB layouts, however this layout has been shown to produce good
results and is meant as a guideline.
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Figure 43. Evaluation Board Pattern
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Figure 44. Reference Board Pattern
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BD9876AEFJ Datasheet

@Power Dissipation
It is shown below reducing characteristics of power dissipation to mount 70mmx70mmx1.6mm‘ PCB
Junction temperature must be designed not to exceed 150°C.
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Figure 45. Power Dissipation ( 70mm x 70mm X 1.6mm" 1layer PCB)

@Power Dissipation Estimate
The following formulas show how to estimate the device power dissipation under continuous mode operations. They should
not be used if the device is working in the discontinuous conduction mode.
The device power dissipation includes:
1) Conduction loss : Pcon = IOUT? x RonH x VOUT/VCC
2) Switching loss: Psw = 1.25 x 1072 x VCC? x [OUT x fsw
3) Gate charge loss : Pgc = 22.8 x 107 x fsw
4) Quiescent current loss : Pq=1.0 x 1073 x vCC
Where:
IOUT is the output current (A) , RonH is the on-resistance of the high-side MOSFET (Q) , VOUT is the output voltage (V).
VCC is the input voltage (V), fsw is the switching frequency (Hz).
Therefore
Power dissipation of IC is the sum of above dissipation.
Pd = Pcon + Psw + Pgc + Pq
For given Tj, Tj =Ta + 6ja x Pd
Where:
Pd is the total device power dissipation (W), Ta is the ambient temperature (°C)
Tj is the junction temperature (°C), 6ja is the thermal resistance of the package (°C)
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@Application Components Selection Method
(1) Inductor
Something of the shield Type that Fulfills the Current Rating (Current value Ipecac below), with low DCR (Direct Current
Resistance element) is recommended.
Value of Inductor influences Inductor Ripple Current and becomes the cause of Output Ripple.
In the same way as the formula below, this Ripple Current can be made small for as big as the L value of Coil or as high
as the Switching Frequency.

Ipeak =lout + AIL/2 [A] @ /\ ﬂ\
Vin-Vout Vout 1 \/ AI:L \/
AlL= X X [A] ( 2

L Vin f

Figure 46. Inductor Current

(n: Efficiency, AIL: Output Ripple Current, f: Switching Frequency)

For design value of Inductor Ripple Current, please carry out design tentatively with about 20%~50% of Maximum Input
Current.

¥ When current that exceeds Coil rating flows to the coil, the Coil causes a Magnetic Saturation, and there are cases
wherein a decline in efficiency, oscillation of output ha ppens. Please have sufficient margin and select so that Peak
Current does not exceed Rating Current of Coil.

(2) Output Capacitor
In order for Capacitor to be used in Output to reduce Output Ripple, Low Ceramic Capacitor of ESR is recommended.
Also, for Capacitor Rating, on top of pu tting into consideration DC Bias Characteristics, please us e something whose
Maximum Rating has sufficient margin with respect to the Output Voltage.
Output Ripple Voltage is looked for using the following formula.

1
Vpp=AlLx ————— + AILXResr [V] =+ (3)
271 XfXCo

Please design in a way that it is held within Capacity Ripple Voltage.

(3) Output Voltage Setting
ERROR AMP internal Standard Voltage is 1.0V. Output Voltage is determined as seen in (4) formula.

vouT
R1 ERROR AMP
- (R1+R2)
Vo= ———> 10[V] = - - (4
R2

R2

VREF

1.0V

Figure 47 Voltage Return Resistance Setting Method

(4) Boot strap Capacitor
Please connect from 0.01puF (Laminate Ceramic Capacitor) between BST Pin and Lx Pins.
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(5) Schottk y diode
Recommend selecting a diode which is satisfied with maximum input voltage of the application, and which is larger
than maximum current rating. If Vf of Schottky diode is large, there is a possibility that Vf of internal parasitic diode
and Vf of Schottky diode reverse and might cause IC error operation when increasing a difference in temperature with
IC. Recommend using a diode with smaller Vf as possible, and location is recommended to be nearest to the pin.
BD9876AEFJ use below diode is recommended.

mE Vv rv[V] | o[A] V FIV] I rIMA]
RBO50L-40 40 3 0.55 1
RBO0O55L-30 30 3 0.55 3

(6) About Adjustment of DC/DC Comparator Frequency Characteristics
Role of Phase compensation element C1, C2, R3 (See P.7. Example of Reference Application Circuit)

Stability and Responsiveness of Loop are controlled through VC Pin which is the output of Error Amp.
The combination of zero an d pol e that det ermines Stability an d Resp onsiveness is adj usted by the ¢ ombination of
resistor and capacitor that are connected in series to the VC Pin.

DC Gain of Voltage Return Loop can be calculated for using the following formula.

Vs
Vout

Adc =Rl x Gcs x Ae x

Here, VFB is Feedback Voltage (1.0V).Aga is Voltage Gain of Error amplifier (typ: 77dB),
Gcs is the Trans-conductance of Current Detect (typ: 10A/V), and Rl is the Output Load Resistance value.

There are 2 important poles in the Control Loop of this DC/DC.

The first occurs with/ through the output resistance of Phase compensation Capacitor (C1) and Error amplifier.
The other one occurs with/through the Output Capacitor and Load Resistor.

These poles appear in the frequency written below.

_ Gea
fpl =
27T XC1 X Aga
1
fp2 =

27 x COUT xR

Here, Gga is the trans-conductance of Error amplifier (typ: 220 pA/V).

Here, in this Control Loop, one zero becomes important. With the zero which occurs because of Phase compensation
Capacitor C1 and Phase compensation Resistor R3, the Frequency below appears.

1
fz1= ————
2w X Cl xRS

Also, if Output Cap acitor is b ig, and t hat E SR (RESR) is big, in this Co ntrol Loop, there are cases when it has a n
important, separate zero (ESR zero).
This ESR zero occurs due to ESR of Output Capacitor and Capacitance, and exists in the Frequency below.

1
fzesr =
( = 2T COUTRESR ESR zero)

In this case, the 3™ pole d etermined with the 2" Phase compens ation Capacitor (C2) and Phase C orrection Resistor
(R3) is used in order to correct the ESR zero results in Loop Gain.
This pole exists in the frequency shown below.

1

(Pole fp3 = 7 x C2 % R3 that corrects ESR zero)
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The target of Phase compensation design is to create a communication function in order to acquire necessary band and
Phase margin.

Cross-over Frequency (band) at which Loop gain of Return Loop becomes “0” is important.

When Cross-over Frequency becomes low, Power supply Fluctuation Response, Load Response, etc worsens.
On the other hand, when Cross-over Frequency is too high, instability of the Loop can occur.

Tentatively, Cross-over Frequency is targeted to be made 1/20 or below of Switching Frequency.

Selection method of Phase Compensation constant is shown below.

1. Phase Compensation Resistor (R3) is selected in order to set to the desired Cross-over Frequency.
Calculation of RC is done using the formula below.

2 1 x COUT x fc Vout
R3 = X
GEA x GCS VFB

Here, fc 5 the desired Cross-over Frequency. It is made abou 1/20 and belav of the Normal Switching Frequency (fs).

2. Phase compensation Capacitor (C1) is selected in order to achieve the desired phase margin.
In an app lication that has a represe ntative Induct ance v alue (abo ut se veral pH ~20uH), b y matchi ng zero of
compensation to 1/4 and below of the Cross-over Frequency, sufficient Phase margin can be acquired. C1 can be
calculated using the following formula.

4
Cl > 27xR3 xfc

RC is Phase compensation Resistor.

3. Examination whether the second Phase compensation Capacitor C2 is necessary or not is done.
If the ESR zero of Output Capacitor exists in a place that is smaller than half of the Switching Frequency, a second
Phase compensation Capacitor is necessary. In other words, it is the case wherein the formula below happens.

1 fs

2nxCOUTxRESR 2

In this case, add the seco nd Phase compensation Capacitor C2, and match the frequency of the third pole to the
Frequency fp3 of ESR zero.

C2 is looked for using the following formula.
COUT x RESR

R3

C2 =
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@1/0 Equivalent Schematic

Pin. Pin. . . . Pin. Pin. . . .
No Name Pin Equivalent Schematic No Name Pin Equivalent Schematic
Y i
BST ht
1 Lx - SYNC |
VC [}
2 GND
E}i 5 SYNC
7 BST Lx []
GND< *
8 vce D—ZF_LEP
GND
ve <1—£ E#
e ENC}
3VC ve O il 6 EN £
) [ T
— GND<—— .
GND<
FB }A
4F B
GND[ |
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@Operational Notes

Reverse Connection of Power Supply
Connecting the power supply in reverse polarity can damage the IC. Take precautions against reverse polarity when
connecting the power supply, such as m ounting an external diode between the power supply and the IC’'s p ower

supply pins.

Power Supply Lines

Design the PCB layout pattern to provide low impedance supply lines. Separate the ground and supply lines of the
digital and analog blocks to prevent noise in the ground and supply lines of the digital block from affecting the analog
block. Furthermore, connect a cap acitor to grou nd at all p ower supply pins. Consider the effect of temperature and
aging on the capacitance value when using electrolytic capacitors.

3. Ground \Voltage

Ensure that no pins are at a voltage below that of the ground pin at any time, even during transient condition.

4. Ground  Wiring Pattern

When using both small-signal and large-current ground traces, the two ground traces should be routed separately but
connected to a single ground at the refer ence point of the app lication board to av oid fluctuations in the small-signal
ground caused by large currents. Also ensure that the ground traces of e xternal components do not cause variations
on the ground voltage. The ground lines must be as short and thick as possible to reduce line impedance.

. The rmal Consideration

Should by any chance th e power dissipation rating be e xceeded the ris e in temp erature of the chip may resultin
deterioration of the properties of the chip. The absolute maximum rating of the Pd stated in this specification is when
the IC is mounted on a 70mm x 70mm x 1.6mm glass epoxy board. In case of exceeding this absolute maximum rating,
increase the board size and copper area to prevent exceeding the Pd rating.

Recommended Operating Conditions
These conditions represent a range within which the expected characteristics of the IC can be approximately obtained.
The electrical characteristics are guaranteed under the conditions of each parameter.

7. Inrush  Current

10.

When power is first supplied to the IC, it is possi ble that the internal lo gic may be unst able and in rush
current may flow instantaneously due to the internal powering sequence and delays, especially if the IC
has more than one power supply. Therefore, give sp ecial consideration to p ower coupling capacitance,
power wiring, width of ground wiring, and routing of connections.

Operation Under Strong Electromagnetic Field
Operating the IC in the presence of a strong electromagnetic field may cause the IC to malfunction.

esting on Application Boards
When testing the IC on a n application bo ard, connecting a capacitor directly to a low-impedance output pin m ay
subject the IC to stress. Always discharge capacitors completely after each process or step. The IC’'s power supply
should always be turne d off completely before connecting or removing it from the test setup duri ng the inspection
process. To prevent damage from static discharge, ground the IC during assembly and use similar precautions during
transport and storage.

Inter-pin Short and Mounting Errors

Ensure that the direction and position are correct when mounting the IC on the PCB. Incorrect mounting may result in
damaging the IC. Avoid nearby pins being shorted to each other especially to ground, power supply and output pin.
Inter-pin shorts could be due to many reasons such as metal particles, water droplets (in very humid environment) and
unintentional solder bridge deposited in between pins during assembly to name a few.

11. Un used Input Pins

Input pins of an IC are often connected to the gate of a MOS transistor. The gate has extremely high impedance and
extremely low capacitance. If left unconnected, the electric field from the outside can easily charge it. The small charge
acquired in this way is e nough to prod uce a significant effect on the conducti on through the transist or and ca use
unexpected operation of the IC. So unless o therwise specified, unused input pins should be connected to the power
supply or ground line.
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12.

Regarding the Input Pin of the IC

This monolithic IC cont ains P+ isolation and P substrate layers between adjacent elements in or der to kee p them
isolated. P-N junctions are formed at the intersection of the P layers with the N layers of other elements, creating a
parasitic diode or transistor. For example (refer to figure below):

When GND > Pin A and GND > Pin B, the P-N junction operates as a parasitic diode.
When GND > Pin B, the P-N junction operates as a parasitic transistor.

Parasitic diodes inevitably occur in th e structure of the IC . The operation of p arasitic diodes can result in m utual
interference among circuits, operational faults, or physical damage. Therefore, conditions that cause these diodes to
operate, such as applying a voltage lower than the GND voltage to an input pin (and thus to the P substrate) should be
avoided.

\ Resistor | | Transistor (NPN) |
PmA Pin B c B S Pin B

LJ =
%Parasnslc N M’PN N

Elements --¥---i

,' P Substrate N4 P Substrate ! Elements
JT— GND JT— GND GND = / — GND
Parasitic Parasitic N Region
Elements Elements close-by

Figure48. Example of monolithic IC structure

13. Cer amic Capacitor

14.

15.

16.

When us ing a ceramic ¢ apacitor, determin e the dielectric const ant c onsidering the change of capacitance with
temperature and the decrease in nominal capacitance due to DC bias and others.

Area of Safe Operation (ASO)
Operate the IC such th at the outp ut voltage, output ¢ urrent, and p ower dissipation are all within the Area of Saf e
Operation (ASO).

Thermal Shutdown Circuit(TSD)

This IC has a built-in thermal shutdown circuit that prevents heat damage to the IC. Normal operation should always
be within the IC’ s power diss ipation rating. If ho wever the rating is e xceeded for a continu ed period, the junctio n
temperature (Tj) will rise which will activate the T SD circuit that will turn OFF all output pins. When the Tj falls below
the TSD threshold, the circuits are automatically restored to normal operation.

Note that the T SD circuit operates in a situation that exceeds the absolute maximum ratings and therefore, under no
circumstances, should the T SD circuit be used in a set de sign or for any purpose other than protecting the IC from
heat damage.

Over Current Protection Circuit (OCP)

This IC incorp orates an inte grated overcurrent protecti on circuit that is acti vated when the lo ad is shorted. This
protection circuit is effective in preventing damage due to sudden and unexpected incidents. However, the IC should
not be used in applications characterized by continuous operation or transitioning of the protection circuit.
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@Ordering part number

BD 9 8 7 6 AEF J|- E?2
|

Part Number package Packaging and forming specification

EFJ : HTSOP-J8 E2: Embossed tape and reel

@External information

HTSOP-J8(TOP VIEW)

Part Number Marking
K
D987 6 A
LOT Number
'y
1PIN MARK
HTSOP-J8
o0t <Tape and Reel information>
(MAX 5 25 includg BURR) Tape Embossed carrier tape
s o' Quantity | 2500pcs
11 77 gy £2
o - = _ 3 9 Direction o ) .
g g] : jg 8 2 of feed The direction is the 1pin of product is at the upper left when you hold
s ™ Q;m i ° (reel on the left hand and you pull out the tape on the right hand )
. LT
*__1PIN MARK ‘\\ , \
0.545 005
m 017003 0 0 0 0 O O 0 0 0 0 0 0 0 O 0
1, f (54
=
5 i
.27 +0.05 giE aﬁ @ @ {E aﬁ giE
gl = L0000 y
33 ( ]
"g § ¥ \ 1pin/ Direction of feed \
_—
(Unit : mm} Reel *Order quantity needs to be multiple of the minimum quantity.
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Notice

Precaution on using ROHM Products
1. Our Products are designed and manufactured for application in ordinary electronic equipments (such as AV equipment,
OA equipm ent, telecommun ication e quipment, home el ectronic ap pliances, amuseme nt equi pment, etc.). Ify ou
intend to use our Products in devices re quiring extremely high reliability (such as medical equipment (Note 1) transport
equipment, traffic equipment, aircraft/spacecraft, nuclear power controllers, fuel controllers, car equipment including car
accessories, safety d evices, etc.) and whose malfunction or failure ma y caus e loss of human | ife, bodily i njury or
serious damage to property (“Specific Ap plications”), please consult with the ROHM sal es representative in adv ance.
Unless otherwise agreed in writing by ROHM in advance, ROHM shall not be in any way responsible or liable for a ny
damages, expenses or losses incurred by you or third parties arising from the use of any ROHM’s Products for Specific

Applications.
(Note1) Medical Equipment Classification of the Specific Applications
JAPAN USA| EU CHINA
CLASSII CLASSI b
CLASSIV CLAss “HASST o CLASSTI

2. ROHM desig ns and man ufactures its Products subj ect to strict qualit y co ntrol s ystem. Ho wever, semicon ductor
products can fail or malfunction at a c ertain rate. Please be sure to implement, at your own responsibilities, adequate
safety measures including but not limited to fail-safe d esign against the physical injury, damage to any property, which
a failure or malfunction of our Products may cause. The following are examples of safety measures:

[a] Installation of protection circuits or other protective devices to improve system safety
[b] Installation of redundant circuits to reduce the impact of single or multiple circuit failure

3. OurProducts are des igned and ma nufactured for us e und er stand ard cond itions and not u nder an y spec ial or
extraordinary environments or cond itions, as e xemplified b elow. Ac cordingly, RO HM shal I not bein any way
responsible or liab le for any damages, expenses or losses arising from the use of an y ROHM’s Products under any
special or e xtraordinary e nvironments or conditi ons. If youinten d to use our Pr  oducts un der any spec ial or
extraordinary environments or conditio ns (as exem plified bel ow), your inde pendent verification an d confirmatio n of
product performance, reliability, etc, prior to use, must be necessary:

[a] Use of our Products in any types of liquid, including water, oils, chemicals, and organic solvents

[b] Use of our Products outdoors or in places where the Products are exposed to direct sunlight or dust

[c] Use of our Products in pla ces where the Products are exposed to sea wind or corrosive gases, including Cl2,

H2S, NH3, SO2, and NO2

[d] Use of our Products in places where the Products are exposed to static electricity or electromagnetic waves

[e] Use of our Products in proximity to heat-producing components, plastic cords, or other flammable items

[f] Sealing or coating our Products with resin or other coating materials

[g] Use of our Products without cleaning residue of flux (even if you use no-clean type fluxes, cleaning residue of
flux is recommended); or W ashing our Pr oducts by using water or water-soluble cleaning agents for cleaning
residue after soldering

[h] Use of the Products in places subject to dew condensation

4. The Products are not subject to radiation-proof design.

5. Please verify and confirm characteristics of the final or mounted products in using the Products.

6. In particular, if a transient lo ad (a large amount of loa d applied in a s hort period of time, such as pulse. isa pplied,
confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying power
exceeding normal rated power; exceeding the power rating under steady-state loading condition may negatively affect
product performance and reliability.

7. De-rate Power Dissipation (Pd) depending on Ambient temperature (Ta). When used in sealed area, confirm the actual
ambient temperature.

8. Confirm that operation temperature is within the specified range described in the product specification.

9. ROHM shall not be in any way responsible or liable for failure induced under deviant condition from what is defined in
this document.

Precaution for Mounting / Circuit board design
1. When a highly active halogenous (chlorine, bromine, etc.) flux is used, the residue of flux may negatively affect product
performance and reliability.

2. In principle, the reflow soldering method must be used; if flo w soldering method is pref erred, please consult with the
ROHM representative in advance.

For details, please refer to ROHM Mounting specification

Notice - GE Rev.002
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Precautions Regarding Application Examples and External Circuits
1. If change is made to the constant of an e xternal circuit, please allow a s ufficient margin considering variations of the
characteristics of the Prod ucts and e xternal com ponents, including transient ch aracteristics, as well as stati ¢
characteristics.

2. You agree that application notes, reference designs, and associated data and information contained in this document
are prese nted only as g uidance for Prod ucts use. Therefore, in cas € you use su ch informatio n, you are sol ely
responsible for it and you must exercise your own independent verification and judgment in the use of such information
contained in this document. ROHM shall not be in any way responsible or liable for any damages, expenses or losses
incurred by you or third parties arising from the use of such information.

Precaution for Electrostatic
This Product is electrostatic sensitive pro duct, which may be damaged due to electrostatic discharg e. Please take pro per
caution in your manufacturing process and storage so th at voltage e xceeding the Pro ducts maximum rating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human body / equipment / solder iron,
isolation from charged objects, setting of lonizer, friction prevention and temperature / humidity control).

Precaution for Storage / Transportation
1. Product performance and soldered connections may deteriorate if the Products are stored in the places where:
[a] the Products are exposed to sea winds or corrosive gases, including CI2, H2S, NH3, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by ROHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

2. Even under ROHM recommended storage condition, solderability of products out of recommended storage time period
may be degraded. It is stron gly recommended to c onfirm solderability before using Products of which storage time is
exceeding the recommended storage time period.

3. Store/ transport cartons in the co rrect direction, which is in dicated on a carton with a s ymbol. Otherwise bent le ads
may occur due to excessive stress applied when dropping of a carton.

4. Use Products within the specified time after opening a humidity barrier bag. Baking is required before using Products of
which storage time is exceeding the recommended storage time period.

Precaution for Product Label
QR code printed on ROHM Products label is for ROHM’s internal use only.

Precaution for Disposition
When disposing Products please dispose them properly using an authorized industry waste company.

Precaution for Foreign Exchange and Foreign Trade act
Since our Products might fall und er controlled goods prescribed by the applicable foreign exchange and foreign trade act,
please consult with ROHM representative in case of export.

Precaution Regarding Intellectual Property Rights
1. Allinformation and data incl uding but not limited to appl ication e xample contained in this document is for reference
only. ROHM does not warrant that foregoing information or data will not infringe any intellectual property rights or any
other rights of any third party regarding such information or data. ROHM shall not be in any way responsible or liable
for infringement of any intellectual property rights or other damages arising from use of such information or data.:

2. No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third parties with respect to the information contained in this document.

Other Precaution
1. This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.

2. The Products may not be dis assembled, converted, modified, reproduced or otherwise changed without prior written
consent of ROHM.

3. Innoeventshall you use in any way whatsoever the Pro ducts and the r elated technical information contained in the
Products or this document for any military purposes, including but not limited to, the dev elopment of mass-destruction
weapons.

4. The proper na mes of comp anies or pro ducts described in this document are trademarks or registered t rademarks of
ROHM, its affiliated companies or third parties.
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Datasheet

General Precaution
1. Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in an 'y way responsible or liable for failure, malfunction or accident arising from the use ofa ny
ROHM’s Products against warning, caution or note contained in this document.

2. All information contained in this docume nt is current as of the issuing date and subj ect to change without any prior
notice. Before purchasing or using ROHM'’s Products, please confirm the la test information with a ROHM sale s
representative.

3. The information contained in this doc ument is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate an d/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.
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