ROHM

User’s Guide

ROHM Solution Simulator

Input Voltage 3.5V to 36 V
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BD90620EFJ/BD90620HFP Simulation Guide

This material provides a guide for performing simulations on the BD90620EFJ/BD90620HFP using the ROHM Solution Simulator.
This user's guide describes the BD90620EFJ of the HTSOP-J8 package, but there is also the BD90620HFP of the HRP7 package.

Please refer to the terminal layout of the data sheet and read as appropriate.
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Information « For more details on the product, see the following product information link.
» Product information link: BD90620EF], BD90620HFP

» For a comparison between the actual equipment and the simulation results, see the following modeling reports.

» Modeling reports: Modeling report 1, Modeling report 2
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User’s Guide

Constants and simulations

Since the BD90620EFJ has several external components, it is
necessary to determine the constants to match a design
parameter. Table 1 shows the procedure for the designs and
the simulations.

The constants are determined in order from the first item in the
Design item column.

The Related parts name column shows the parts symbols.

The Simulator NOTE ) and the analysis type column shows a
simulator environment and the analysis type. The "Frequency
Domain" and the "Time Domain" are available with ROHM
Solution Simulator in ROHM Official Site. Only limited
constants are changeable. To make the schematic change,

use "SystemVision®Cloud". Clicking [Edit in
systemvision.com] button in ROHM Solution Simulator
environment, it is available to change the circuit and to
simulate. Same as ROHM Solution Simulator, the "Frequency
Domain" and the "Time Domain" are available.

Checkpoints and the characteristics column show the location
where the waveform displayed, and the characteristics
checked.

For more details, see the page in the page column.

Since each component influence individually, simulation items
need to simulate again, to determine all the parts constants,
all the characteristics need to simulate again.

Table 1. List of the design procedures and the operation check methods

Simulator NOTE 1) and
the analysis type

Related
parts name

Design item

Checkpoints and the characteristics

1. Output voltage R1, R2 Time Domain Output pin

Output voltage 5
2. Switching frequency RRT Time Domain Switching pin
Switching frequency 8
3. Inductor L1 Time Domain Inductor
Inductor current 1
4. Output capacitor CO1, CO2 Time Domain Output pin, output capacitor
Output ripple voltage, capacitor ripple 16
current
5. Input capacitor Cin Calculation equation Input capacitor
Ripple current 21
6. Schottky barrier diode D1 Calculation equation Schottky barrier diode
Diode current, loss 22
7-1. Phase compensation circuit | R3, C1 Frequency Domain Feedback circuit
Phase margin, gain margin | CO1, CO2 Phase margin, gain margin 24
7-2. Phase compensation circuit R3, C1 SystemVision®Cloud Output pin
Load transient response  CO1, CO2 Time Domain Load transient response 31
8. Soft start RRT Time Domain Output pin
Output voltage 36

(NOTE 1) See the next page
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Constants and simulations (continued)

(NOTE 1) Simulator and the analysis type
- Frequency Domain : The frequency analysis to be performed in the ROHM Solution Simulator environment.
- Time Domain : The transient analysis to be performed in the ROHM Solution Simulator environment.
- SystemVision®Cloud Frequency Domain  : The frequency analysis to be performed in the SystemVision®Cloud environment.
- SystemVision®Cloud Time Domain : The transient analysis to be performed in the SystemVision®Cloud environment.

- Mathematical equation : Use mathematical equation instead of simulators to determine the characteristics.

Information  Detailed procedures are shown below. For more detail simulation, it is able to get the SPICE model provided

following link to perform in other simulation environment.

» SPICE model: BD90620EF], BD90620HFP

SystemVision® is a registered trademark of Mentor Graphics Corp.
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Design parameter

The schematic can set some parameters. Table 2 is a sample. Famous items and values are shown below, situations of mounting

devices or its functions change them.

Table 2. Example of the design parameter

Input voltage

Output voltage

Output ripple voltage

Output voltage, load transient response

Qutput current

Switching frequency

Soft start time

min 6 V, nominal 13.2 V, max 18 V

5V +£10%

20 mV p-p or less

+3% or less (when lout=0.8A— 1.5A — 0.8A)
min 0.3 A, nominal 0.8 A, max 1.5 A

500 kHz

1.38 ms
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Detailed procedures

1. Output voltage

Simulator to be used: ROHM Solution Simulator
Simulation type: Time Domain
External component to be designed: R1, R2

Monitoring point: VOUT

Please refer to the Selection of Components Externally Connected and Application Example described in
the Datasheet P.12-P.28 when selecting the constants of the components.

Model Links : Link to Product / Link to Datasheet / Link to Buy
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Calculate the output voltage

e The output voltage can be calculated with the following equation.

R1+R2

Voyr = 0.8+
out R2

vl

Substituting R1 of 43kQ, R2 of 8.2k, the output voltage is around 5V.

v, —08x43k+8'2k—4995 vl
our — = 82k
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Detailed procedures

1. Output voltage (continued)

Place the load resistance

e The load resistance Rload describes from Ohm'’s law, and calculates below equation.

V,
Rload = 7 our [Q]

LOAD

With low current load, then high load resistance, an overshoot is observed. It makes convergence time and simulation time long
because of low negative feedback. This time, set 0.8A load to shorten convergence time and simulation time. Above equation,

load resistance is 6.25Q.

Rload = —— =625  [q]
04t =084 >

Optimize simulation time

e |t is necessary to set longer time than softstart time that this IC mounts. Setting RRT=27kohm, the softstart time is 1.38ms, and

considering output convergence time, set simulation time 4ms.

Perform the simulation

e Click P to perform the simulation and wait until the simulation is completed.

Information The simulation takes approximately 14 minutes. The time varies with the server usage rate.

For Advanced Options, “Balanced” is recommended.

© 2020 ROHM Co., Ltd. No. 63UG050E Rev.001
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Detailed procedures

1. Output voltage (continued)

Display and check the voltage

. Check stability of its voltage with zooming the wave.

35—

3.0

25

Voltage (V)

2.0 —

0.5 —

0.0

-0.5

. Drag and drop the "Waveform Probe" onto VOUT to display.

. Display a cursor at voltage, check if its value within the value of design parameter example.
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Detailed procedures

2. Switching frequency

Simulator to be used: ROHM Solution Simulator
Simulation type: Time Domain
External component to be designed: RRT

Monitoring point: A in the figure below

Please refer to the Selection of Components Externally Connected and Application Example described in
the Datasheet P.12~P.28 when selecting the constants of the components.

Model Links : Link to Product / Link to Datasheet / Link to Buy
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Set the switching frequency
e The switching frequency is set with the value of resistance RRT.

To set the value, see the graph and table provided in the “Selection of the switching frequency setting resistor Rrr, Crr” section
of the Datasheet.

Check the load current

e Since the waveform should be loaded for continuous operation, it can be simple and readable switching frequency during the
operation that is calculated with the following inequality.
Vin = Vour) - Vour (18V —5V) x5V

I =164 A
104D > 2-Vin fow - L1 > 2 x 18V x 500kHz x 22uH 64m  [A]

Setting lLoap to 0.8A that is satisfied with above, check if it is within the value of design parameter example.

© 2020 ROHM Co., Ltd. No. 63UG050E Rev.001
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Detailed procedures

2. Switching frequency (continued)

Optimize simulation time

e |t is necessary to set longer time than softstart time that this IC mounts. Setting RRT=27kohm, the softstart time is 1.38ms, and

considering output convergence time, set simulation time 4ms.

Perform the simulation

e Click P to perform the simulation and wait until the simulation is completed.

Information The simulation takes approximately 14 minutes. The time varies with the server usage rate.

For Advanced Options, “Balanced” is recommended.

Display the waveform and read the frequency
1. Drag and drop the "Waveform Probe" onto A to display.
2. Move the cursor over the waveform and right click.
3. Select “Plot in Viewer” from the pop-up menu.

4. Zoom the waveform around the end with the viewer, and click the “Waveform Analyzer” icon on the right.
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Detailed procedures

2. Switching frequency (continued)

5. When the “Operations window” is displayed, select the “Time” tab at the bottom and click the [Frequency] button. Finally, clicking

> displays the frequency on the waveform.

Time-Domain Operations X

Frequen
quency net24 - B v b Press to apply the operation

DutyCycle Falltime Frequency | Owvershoot
Period PulseWidth Risetime SettleTime

SlewRate Slope Undershoot

Level| Time | Calc Trans Trig

6. Check that the frequency is within the design target value.
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Detailed procedures

3. Inductor

Simulator to be used: ROHM Solution Simulator
Simulation type: Time Domain
External component to be designed: L1

Monitoring point: L1

Please refer to the Selection of Components Externally Connected and Application Example described in
the Datasheet P.12-P.28 when selecting the constants of the components.

Model Links : Link to Product / Link to Datasheet / Link to Buy

AAA~

VOUTB_ [7:.¥¥V—\' 17;""—;
soscgs e L
VOUT e L1 A VIN
—Jow v
»Rloa o L S & e
E:‘ = =T O o = o QD

Calculate the inductance value

e The inductance value is calculated with the following equation. Set the inductor ripple current to approximately 30% of the IC

allowable current.

_ (VIN(Max) - VOUT) “Vour

L1
VIN(Max) ' fsw ' AIL

[H]

Vin(Max): Maxmum input voltage of the value of the design parameter example

Al : Inductor ripple current = allowable current x 0.3

The inductance value is calculated as follows using the values of the design parameter example.

_ (18V = 5V) x 5V
" 18V x 500kHz x 2.54 x 0.3

L1 =963 pH

Select a 10 pH inductor from commercial products.

© 2020 ROHM Co., Ltd. No. 63UG050E Rev.001
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Detailed procedures

3. Inductor (continued)

Check discontinuous load current

e Low current load occurs discontinuous operation. Following inequality calculates continuous load current situation. When the

load current is small, to avoid discontinuous operation, it may make inductance value large.

(VIN(Max) - VOUT) “Vour

I > [A]
Lo4p 2 - Vinmax * fsw - L1

Substituting the values of design parameter example to the above inequality, the current under 0.36A causes discontinuous

operation.

(18V —5V) x 5V

lioap > 55 8V X 500kHzZ x 10uH [A]

Now, minimum load current (0.3A) of the design parameter example occurs discontinuous operation. Then, to operate
continuously, it is necessary to make inductance value large to 0.2A load current with a margin. The inequality transforms to
below.

(Vinemax) — Vour) * Vour

L1> [H]

2 Vinmax) * fsw * ILoap

1> (18V —5V) x 5V 4]
2 x 18V x 500kHz x 0.24

L1>18.1 uH

Select a 22puH inductor from commercial products.

© 2020 ROHM Co., Ltd. No. 63UG050E Rev.001
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Detailed procedures

3. Inductor (continued)

Check the maximum output current
e Check inductor current cannot over the minimum value of the over current protection. The relationship describes following

inequality.

Al
Lswiimirminy = lour(Max) + -5 [4]

loyr(Max): Maximum output current of the value of the design parameter example

Al :Inductor ripple current

At the beginning of this chapter, calculated inductance value is 9.63uH with IC allowable current x 0.3. To make the
discontinuous operation current smaller, the inductance value is now 22uH. Therefore, inductor ripple current is smaller than
initial calculation. Recalculate inductance ripple current as same as before.

~ (Vineaz) = Vour) *Vour

Al = (4]
L VIN(Max) “fow - L1

(18V —5V) x 5V

= 18V x 500kHz x 22z S28mA

Recalculating inductance ripple current with that value of 22uH, recheck to be satisfied the inequality.

328mA
25 [A] > 154 +

2.5 [A] = 1.664 [A]

This example shows the inequality satisfied that maximum output current is not over the minimum over current protection.

© 2020 ROHM Co., Ltd. No. 63UG050E Rev.001
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Detailed procedures

3. Inductor (continued)

Prevent the subharmonic oscillation

e The current mode DC/DC converters in continuous operation with an OnDuty ratio over 50% may cause a subharmonic

oscillation. The oscillation can be prevented in the inequality. Larger inductance value may be easily satisfied the inequality.

2:D—-1 Vinwmin) — Vour
L1 > ‘R¢ - H
=2-(1=D) 'S m L]
- Vour
D: OnDuty of the switching pulse =
Vinminy

Vinminy: Minimum source voltage of the design parameter example
Rs: Current feedback coefficient = 4.0 u [A/A]
m: Inclination of the slope compensation current = 6 X 10765,

fsw: Switching frequency [Hz]

The value of 22uH calculated before satisfies the inequality with the values of design parameter example.

> Zev ! 4uA/A oV -5V [H]
= 57 < AL A X e 06 < 500kHzZ
2:(1-3p

L1>27 uH

Place the load resistor

e To check the maximum value of the inductor current, set the load current to the maximum value of the design target example.

In this example, since the load current is set to 1.5 A, load resistor Rload is 3.33Q (=5 V/1.5A).

Optimize simulation time

e It is necessary to set longer time than softstart time that this IC mounts. Setting RRT=27kohm, the softstart time is 1.38ms, and

considering output convergence time, set simulation time 4ms.

© 2020 ROHM Co., Ltd. No. 63UG050E Rev.001
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Detailed procedures

3. Inductor (continued)

Perform the simulation.
e Click » to perform the simulation and wait until the simulation is completed.

Information The simulation takes approximately 14 minutes. The time varies with the server usage rate.

For Advanced Options, “Balanced” is recommended.

Display the waveform and check the inductor current.

1. Drag and drop “Waveform Probe” onto the symbol of L1 in the circuit diagram. When the waveform dialog box is opened, select

the current waveform “i (p2)” to display the waveform.

2. Zoom the area where the current is stable and read the peak current with the cursor. Check if the reading value matches the

maximum output current calculated before.

‘ I1/i(p2) we WI1/i(p2)

1.65 —
1.60 —

12 — 155
< <
& M b
@ @ 1.50 —
S 08 =
5} 0
06 — 1.45
04 — 1.40 —
0.2 —
1.35 =
0.0
1.30 X
T T T T T T T T T i T i i
0.0m 05m 1.0m 1.5m .2.0m 25m  30m 35m 4.0m 3.995m 3.996m 3.997m 3.998m 3.999m 4.000m
Time (s) Time (s)
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Detailed procedures

4. Output capacitor

Simulator to be used: ROHM Solution Simulator
Simulation type: Time Domain
External component to be designed: CO1, CO2

Monitoring point: VOUT, CO1

Please refer to the Selection of Components Externally Connected and Application Example described in
the Datasheet P.12~P.28 when selecting the constants of the components.

Model Links : Link to Product / Link to Datasheet / Link to Buy
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Calculate the ripple voltage.

e The output ripple voltage can be calculated with the following equation.

Al

AVpp = Al - ESR + ———MM
kP L 8 Couyr " fsw

vl

Where

Al: Ripple current of the inductor [A]

ESR: Equivalent series resistance of the output capacitor  [Q]
Coyr: Capacitance of the output c:apacitor(NOTE R
fsw: Switching frequency [Hz]

(NOTE 1) The MultiLayer Ceramic Capacitor (MLCC) is decreased from the nominal capacitance due to the DC bias characteristics
and the AC voltage characteristics. To simulate accurately, let the property of the capacitor be the actual capacitance of 13.8uF instead

of the nominal capacitance of 22uF.

© 2020 ROHM Co., Ltd. No. 63UG050E Rev.001
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Detailed procedures

4. Output capacitor (continued)

The output ripple voltage is calculated with the actual capacitance of 13.8uF for CO1, CO2. As a guideline, ESR is 2.5mQ from

two 5mQ capacitors connected in parallel.

328mA

5ma
= X = o.
AVpp = 328mA X — =+ o 3 8uF x 2 x 500kHz >0 ™

Calculate the ripple current of the output capacitor.

e The ripple current of the output capacitor can be calculated with the following equation.

AL
Icorms) = N [Arms]

Where
Al : Ripple current of the inductor  [A]

All Capacitors should be used within its ripple current rating. Substitute inductor ripple current to above equation.

328 mA

ICO(RMS) = W =947 mApps

The ripple current per capacitor is 47.3mAms since two capacitors, CO1 and CO2 are connected in parallel in this schematic.

© 2020 ROHM Co., Ltd. No. 63UG050E Rev.001
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Detailed procedures

4. Output capacitor (continued)

Confirm the maximum value of the output capacitance.

e Operating on the rush current in the startup time, too much capacitance causes output not startup. Whole caps in later stage

included CO1, CO2 must be satisfied the inequality.

< Tsseuiny * (Isw Limiruiny — Isw sTartMax))

COUT %
ourt

Where

x 0.819 [s]

Tssminy: Minimum value of the soft start time = 2
w

Isw Limirminy: Minimum value of the output switching current of the over current protection = 2.5 A

Isw starrMax): Maximum value of the load current flowing through the output switch during startup  [4]
Vour: Output voltage  [V]

fsw: Switching frequency [Hz]

Substitute the values (of 1.5A Isw sTarT (Max), €t al.) to the inequality, and according to the calculation whole output capacitance

must be under 101.8uF.

690.8
500kHz

% 0.819 x (2.54 — 1.54)
5V

Coyr <

COUT < 2263 ,UF

Place the load resistor

e To check the maximum value of the inductor current, set the load current to the maximum value of the design target example.

In this example, since the load current is set to 1.5 A, load resistor Rload is 3.33Q (= 5 V/1.5A).

Optimize simulation time

e It is necessary to set longer time than softstart time that this IC mounts. Setting RRT=27kohm, the softstart time is 1.38ms, and

considering output convergence time, set simulation time 4ms.

© 2020 ROHM Co., Ltd. No. 63UG050E Rev.001
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Detailed procedures

4. Output capacitor (continued)

Perform the simulation.

e Click » to perform the simulation and wait until the simulation is completed.

Information The simulation takes approximately 14 minutes. The time varies with the server usage rate.

For Advanced Options, “Balanced” is recommended.

Display the waveform and check the ripple voltage.
1. Drag and drop “Waveform Probe” onto the VOUT in the schematic to display the waveform.
2. Zoom the waveform until you can read the ripple voltage.

3. Display the cursor and read the voltage amplitude.
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49986 —
45 — *\
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4.0 N 49982 —
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\ 49976 —
& 25— N -
5 \ 8 49974 —
o \ o
> 20— \ > 49972 —
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1.5 7 » 49970 —
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\ .
An | (4:9966
49064 —
00 49982 —
4.9960 X
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Detailed procedures

4. Output capacitor (continued)

Check the ripple current of the output capacitor.

1. Drag and Drop "Waveform Probe" onto the Col symbol in the schematic. Select the current waveform "i (p1)" to be displayed
from the dialog.

2. Move the cursor onto the waveform and right click there.
3. Select "Plot in Viewer" element in the popup menu.

4. Zoom the waveform around the end with the viewer, and click the "Waveform Analyzer" icon on the right.

80.0m —j Elco1/i(p1)
60.0m —|
40.0m —
___ 20.0m — /
= 0.0m

-20.0m —

A

Current

-40.0m —

-60.0m —

-80.0m |

T T T T T
3.995m 32.996m 2.997m 3.998m 3.999m 4.000m
Time (s)

5. The "Operation window" dialog will be displayed. Click the "RMS" button that appears when the "Level" tab at the bottom is
selected. Select "Visible X Range" element included the pull-down menu "Apply to:" in the "RMS Options" dialog that expands

to the right. Click » to display the Root Mean Square value (RMS) of the ripple current on the waveform.

Level Operations X | RMS Options x
RMS | c12/i(p1) v B Applyto: | Visible X Range v
Options Entire Waveform
Average |[ Amplitude | LevelCross | [ LocalMax UE LT

Local Min Maximum Minimum  PeakToPeak

RMS

Default

Level| Time Calc Trans Trig

6. Make sure that the RMS of ripple current is close to the calculated value.

80.0m — Elco1/i(p1)

60.0m —

RMS: 41.87802 mA |
40.0m —] [3.99476m; 4.00000m] |

20.0m —j

3.995m 3.996m 2.997m (5?998-“ 3.999m 4.000m
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Detailed procedures

5. Input capacitor

Ripple current of the input capacitor

e The ripple current of the input capacitor becomes maximum when the switching duty ratio is 50%, that is, 1/2 of the input

voltage = output voltage.

JVOUT ' (VIN(SO%) - VOUT)

Ieinerms) = lour(Max) [Ayms]

Vin(so%)

Where

lour(Max): Maximum current of design parameter example  [A]
o . o, _ Vour

Vinsow): Input voltage giving the duty ratio of 50% = 05 [v]

Vour: Output voltage  [V]

All Capacitors should be used within its ripple current rating. Substitute the values of the design parameter example to above
equation.

5V x ((5)—'2
5V
0.5

—5v)

Ieinerms) = 1.5A X =0.75 Apms

© 2020 ROHM Co., Ltd. No. 63UGO0S50E Rev.001

21/38 SEP. 2020



BD90620EFJ/BD90620HFP Simulation Guide User’s Guide

Detailed procedures

6. Schottky barrier diode

Guideline of the average rectified current

e This product uses a Schottky barrier diode with low forward voltage and short reverse recovery time. The average rectified

current flowing in the diode can be calculated by the following equation.

VIN(Max) - VOUT

(4]

IF(AVE) = IOUT(Max) ' VIN(Max)

Where
lour(max): Maximum output current of the value of the design parameter example [A]
Vinmax): Maximum input voltage of the value of the design parameter example  [V]

Vour: Output voltage  [V]

As a guideline, the absolute maximum rating of the diode should be 1.2 times or more of the average rectified current

calculated above. Substitute the values of the design parameter example to the equation.

18V -5V
IF(AVE) = 15A X T =108 A

Absolute maximum rating for the average rectification current of the diode > Ir(4yg) X 1.2
Absolute maximum rating for the average rectification current of the diode > 1.30 A (= 1.084x1.2)

Dissipate power loss

e When current flows through the diode, a forward voltage is generated, resulting in loss. If you use a product of 0.65V or less,

you can reduce loss, increase efficiency, and protect IC internal elements. The following equation is the diode loss calculation.

Vinwax) = Vour

Ppioge = IOUT(Max) ' Ve (W]

VIN(Max)
Where

lour(max): Maximum output current of the value of the design parameter example [A]
Vinmax): Maximum input voltage of the value of the design parameter example  [V]
Vour: Output voltage  [V]

Vr: Forward voltage of the diode  [V]
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6. Schottky barrier diode (continued)

Substitute the forward voltage V¢=0.5V and the value of the design parameter example.

18V -5V
Ppioge = 1.5A X EET TN x 0.5V =054 W

To withstand overcurrent protection and output short circuit, the absolute maximum rating of the diode should be about 1.5

times the overcurrent detection value as a guideline.

Select the diode from reverse voltage
e As a guideline, the reverse voltage of the diode should be 1.2 times or more the maximum input voltage.
Reverse voltage > Viymax) X 1.2
Substitute the values of the design parameter example to the equation.

Reverse voltage > 21.6 V (=18V x1.2)

© 2020 ROHM Co., Ltd. No. 63UG050E Rev.001
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7-1. Phase compensation circuit: Phase margin, gain margin

Simulator to be used: ROHM Solution Simulator
Simulation type: Frequency Domain
External component to be designed: R3, C1, CO1, CO2

Monitoring point: vsrc7

Please refer to the Selection of Components Externally Connected and Application Example
described in the Datasheet P.12~P.28 when selecting the constants of the components.

Model Links : Link to Product / Link to Datasheet / Link to Buy

ACOpen Loop
Teanster Functien | VSICT R1
CAAA— CAAA—
VOouT8 CCYNYT VYYTT
Closed-loop Insert dEHAREERRES X mRa e
Ve BDY0620EF) Average =
— &7 78

VOUT,. i 3 | VIN

Rload {0) CO1

=YV
et | Bl
== g

AR

N
T
1
1l
AANS
A=
)
N

The zero-cross frequency fc of the loop gain improve the frequency response, but reduce the stability due to the phase delay.
Since opposite is also true, it can be said that the two have a trade-off relationship. The switching regulator is sampling at the
switching frequency. As a guideline, set the zero-cross frequency fc to 1/10 or less of the switching frequency fsw in order to

suppress the gain during sampling and stabilize the system.

Phase compensation is made with the system including R3 and C1 connected to the VC pin. The phase delay due to the two
poles fp1, fp2 is canceled by the phase lead due to zero fz1. Only for introduction, another zero fz2 can be inserted for
increasing the zero-cross frequency to the high frequency range and ensuring the phase margin. Inserting C2 in parallel with

feedback resistor R1 in this way is called lead compensation, and stability can be improved.

The phase margin and zero cross frequency, Gain Margin will be checked later by simulation.
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7-1. Phase compensation circuit: Phase margin, gain margin (continued)

Cancel the pole with zero

e The frequency of two poles (phase delay) and two zeros (phase lead) is calculated by the following equation.

f ! [Hz]
= z
PL= 2m - Cout * Rioaa
GEA
frz = - Cl-A, Ay [Hz]
S [H2]
I = R en z
S [Hz]
Uze =5 R1¢2 zD
Where

Cour: Capacitance of the output capacitor™TED  [F]

Output voltage [V]

Rioaq: Load resistance [Q] = Load current [4] (€))

Gga4: Transconductance of the error amplifier = 270 [pA/V]

Ay: Voltage gain of the error amplifier = 7943 (= 78 dB)

(NOTE 1) The MultiLayer Ceramic Capacitor (MLCC) is decreased from the nominal capacitance due to the DC bias characteristics

and the AC voltage characteristics. To simulate accurately, let the property of the capacitor be the actual capacitance of 13.8uF instead

of the nominal capacitance of 22pF.

e Substitute the values of the design parameter example into the equation. For the output capacitors Co1 and Co2, use the MLCC
mentioned in the example of NOTE1. The load resistance Rioad is obtained from Ohm's law (1). Check the phase margin and

gain margin with two patterns that substitute the output voltage and the minimum load current or the maximum load current into

this law.
. . 1 1
When the load current is at the minimum(= 0.3 4), fp; = T — = S 346 Hz
T Lour " Rour 27 x 13.8uF X 2 X o34
, , 1 1
When the load current is at the maximum(= 1.5 A), fp; = T — = = 1.73k Hz
T Lour " RouT 27 x 13.8uF X 2 X TEq
—_Gma 270 =1.15 MH
fr2 = 51 4, = 2 X 4700pF x 7943~ - z
= ! = ! =1.69 kH
f21_21T-R3-Cl_27T><20k(2><4700pF_ ' z
= ! = ! =20.6 kH
(fz2 T2m-R1-C2  2mx43kQx 180pF 2)
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7-1. Phase compensation circuit: Phase margin, gain margin (continued)

Input IC properties

e Input the values from the design parameter example and from the constant of external part to the three properties needed this

product U1.
1. Parameter L: Input the value of inductor L1
2. Parameter fsw: Input the value of design parameter example

3. Parameter OnDuty: Input OnDuty ratio= output voltage / input voltage

Optimize simulation frequency range

e In order to observe the whole Bode plot of this product, simulation is performed from "Start Frequency" 0.01Hz and to "End

Frequency" 1Meg Hz.

Perform the simulation.

e Click » to perform the simulation and wait until the simulation is completed.

Information The simulation takes approximately 20 seconds. The time varies with the server usage rate.

For Advanced Options, “Balanced” is recommended.
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7-1. Phase compensation circuit: Phase margin, gain margin (continued)

Display the characteristics and check the values.

1. 1. After simulation, the amplitude and phase characteristics are drawn on the graph displayed on the initial screen. If you close
the graph, redisplay it by the following procedure.
a. Drag and drop “Waveform Probe” onto the symbol of vsrc7 in the circuit diagram.

b. When the waveform dialog box is opened, go to folder vsrc7 and then oltf. Then, select “dbMag” to display the amplitude

characteristics.
c. Drag and drop the probe symbol at the lower left on the graph onto the symbol of vsrc7 again.

d. When the waveform dialog box is opened, go to folder vsrc7 and then oltf. Then, select “phase” to display the phase

characteristics.

2. Right-click on the graph and select “Multi Trace” in “Display Mode” from the pop-up menu. The amplitude characteristics and

the phase characteristics are displayed on the top and bottom graphs, respectively.
3. Right-click on the graph and select "Add Cursor" from the popup menu to display the cursor.

4. Move the cursor to the frequency where the amplitude characteristic becomes 0. In practice, the resolution of the simulation

set the value close to 0. At this time, the value displayed on the frequency axis is the zero-cross frequency.

5. The value displayed on the phase characteristics on the zero cross frequency is the phase margin.
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7-1. Phase compensation circuit: Phase margin, gain margin (continued)

Zero cross frequency and phase margin at minimum load current (=0.3A)

100.0 M ... oltf/dbMag

80.0 — ~
60.0 — i

40.0 —
20.0 —

B o B

-60.0 —

)

-142.3918n

Magnitude (dB)

200.0 — Ml vsrc7/oltf/phas

—~
100.0 — 41.2716

0.0 94—+ i 1 MATIH AR ] ] - mEiii
-100.0 — \
-200.0 —
-300.0 — \
-400.0 —

100.0m 1.0 10.0 100.0 1.0k 10.0k [100.0k 1.0M

Frequency (Hz) (38.9018k)

Phase (degrees)

Zero cross frequency and phase margin at maximum load current (= 1.5A)

100.0
e sjii M .. oltf/dbMag
60.0 — i
40.0 — T~
20.0 — 1.3476u)

00 +——t+t+——+t+——+1+—+1+—+- ——

-20.0 \
-40.0 —

-60.0 —

Magnitude (dB)

200.0 — Ml vsrc7/oltf/phas

T~
100.0 — 43.3890)_ |

0.0
-100.0 — \
-200.0 —
-300.0 — \
-400.0 —
100.0m 1.0 10.0 100.0 1.0k 10.0k [100.0k 1.0M

Frequency (Hz) (38.8394k)

Phase (degrees)
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7-1. Phase compensation circuit: Phase margin, gain margin (continued)

7. Next, move the cursor to the frequency where the phase characteristic becomes 0. In practice, the resolution of the simulation

set the value close to 0.

8. The value displayed on the amplitude characteristic on the frequency is the gain margin.

Gain margin at minimum load current (=0.3A)

100.0 M ...oltf/dbMag
80.0 — ~
60.0 — \\\
40.0 — ~

20.0 —
0.0 111 i - (-9.5552)

iy mi

-60.0 —

Magnitude (dB)

200.0 — Ml vsrc7/oltf/phas
100.0 -1.6930u

O o —_— .. (SN

-100.0 — \
-200.0 -
-300.0 — \
-400.0 —

100.0m 1.0 100 100.0 1.0k 10.0k 10p.0k 1.0M

Frequency (Hz) (Tg3.8889Kk

Phase (degrees)

Gain margin at maximum load current (= 1.5A)

1(;8.(3 — \]\ M ...oltf/dbMag
S 600 — T~
~ | ™~
o 40.0 — ! Ban
T 200 1 \(
= OO [ T N T N T S TN S S T '97630 L L
c | N
S -20.0 — z
S -40.0 — { \\

-60.0 — ;

200.0 — Ml vsrc7/oltf/phas
1000 - b
o : (1.7051u
5 0.0
$ 1000
o -200.0 —
192}
& -300.0 — \
% -400.0 -

100.0m 1.0 100 100.0 1.0k 10.0k 10p.0k 1.0M
Frequency (Hz) (85.0803k)
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7-1. Phase compensation circuit: Phase margin, gain margin (continued)

Stable operation satisfying the standard conditional inequality

e Once the pole and zero frequencies satisfy the following inequality, it can be judged that stable operation is achieved.

1.05 fp1<fnn< 5 fp

When the load current is at the minimum(= 0.3 A4), 173 Hz < 1.69 kHz < 1.73 kHz

When the load current is at the maximum(= 1.5 A4), 865 Hz < 1.69 kHz < 8.65 kHz

The standard conditional inequality is satisfied. In detail, the stable operation can be achieved if all following three
requirements are met.

For introduction, insert fz2 to the schematic.
2.05 fc<fn< 2 f

When the load current is at the minimum (= 0.3 A4),19.5 kHz < 20.6 kHz< 77.8 kHz
When the load current is at the maximum (= 1.5 A4), 194 kHz < 20.6 kHz< 77.7 kHz

The standard conditional inequality is satisfied.

Meet requirements and operate stably

e Stable operation will be achieved if the following three requirements are met by substituting the values of design parameter
example.

Switching frequency fsy

1. Zero cross frequency f; < m

When the load current is at the minimum (= 0.3 A), 38.9 kHz < 50 kHz
When the load current is at the maximum (= 1.5 A4),38.8 kHz < 50 kHz
It is checked that this requirement is satisfied.
2. Phase margin: The typical value shall be 45° or more, and the worst value shall be 30° or more.
When the load current is at the minimum (= 0.3 A), 41.3° > 30°
When the load current is at the maximum (= 1.5 A), 43.4° > 30°
It is checked that this requirement is satisfied.
3. Gain margin: The typical value shall be -10 dB or less, and the worst value shall be -6 dB or less.
When the load current is at the minimum (= 0.3 A), -9.56dB < -6dB
When the load current is at the maximum (= 1.5 A), -9.76dB < -6dB

It is checked that this requirement is satisfied.
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7-2. Phase compensation circuit: Load transient response

Simulator to be used: SystemVision®Cloud
Simulation environment and type: SystemVision®Cloud Time Domain
External component to be designed: R3, C1, CO1, CO2

Monitoring point: VOUT

Please refer to the Selection of Components Externally Connected and Application Example described in
the Datasheet P.12-P.28 when selecting the constants of the components.

Model Links : Link to Product / Link to Datasheet / Link to Buy

RT 8

VOUT

Rload CcO2 CO1

'
capacrance,

SAAA
- ¥¥Y

Open the circuit diagram for Time Domain from the ROHM Solution Simulator. To perform the simulation of the load transient
response, a variable current source is required for the load. Since the circuit diagram cannot be changed in the ROHM Solution
Simulator environment, move to the SystemVision®Cloud environment to conduct the procedure. As shown in the figure above,
clicking the [Edit in systemvision.com] button on the circuit diagram in the ROHM Solution Simulator environment allows you to

access the SystemVision®Cloud environment, where you can edit the circuit diagrams and perform the simulations.
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7-2. Phase compensation circuit: Load transient response (continued)

Change schematic

e When moving to SystemVision®Cloud, the parameters of each element are set to the initial values, so change them to the values

designing so far.

e The procedure to replace the load resistance Rload with a pulse current source to check the load transient response is as

follows.
1. When you move to SystemVition®Cloud, the menu related to components is displayed on the left side of the schematic.
2. Input "current source" in "Search Components" to display a list of current sources.
3. Press the delete key to delete selected load resistance Rload.

4. Drag and drop "Current Source - Pulsed" from the list at the location where Rload was and connect to the schematic.

EEITET ||

Please refer to the Selection of Components Externally Connected and Application Example described in
the Datasheet P.12-P.28 when selecting the constants of the components.

Model Links : Link to Product / Link to Datasheer / Link to Buy

isrc1 CcO2 co1

11
I
N
i

5. This current source isrc1 is arranged so that current flows from GND to the IC. To let the current flow from the IC to GND,

click "Flip Vertical" that appears when you click the current source (or you can place original flow and set the property negative).

S

o i
| -

©

=
ass | § i
o
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7-2. Phase compensation circuit: Load transient response (continued)

Input the load current properties

e The pulse current source isrc1 is changed transiently as shown below. Double-click isrc1 to display its properties. Input each

value according to the waveform.

I Width 800us
Pulse 1.5A /
Initial 0.8A
=l I:{gl;r;p time = I;{(z)al:rslp time
t

N

Delay 3ms Period 1.6ms

Example of the load current

Property values
Property Editor M X

Current Source - Pulsed

Labe isrct Lo2

INITIAL_VALUE

0.8 A R
PULSE_VALUE

1.5 A &
RAMPTIME_INITIAL_TO_PULSE

10e-6 sec [
RAMPTIME_PULSE_TO_INITIAL

10e-6 sec |
START_DELAY

3e-3 & =
PULSE_WIDTH

800e-6 = Lo
PERIOD

|.6e-3 ec W
AC_MAGNITUDE

0.0 A =
AC_PHASE

0.0 dezres WX
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7-2. Phase compensation circuit: Load transient response (continued)

Optimize simulation time.

e It is necessary to set longer time than softstart time that this IC mounts. Setting RRT=27kohm, the softstart time is 1.38ms,

considering output convergence time and transient time, set simulation time 4ms.

Display the waveform and read the fluctuation value

e Click P to perform the simulation and wait until the simulation is completed.

Information The simulation takes approximately 12 minutes. The time varies with the server usage rate.

For Advanced Options, “Balanced” is recommended.

Display the waveform and check the load fluctuation voltage.
1. Drag and drop “Waveform Probe” onto the VOUT in the circuit diagram to display the voltage waveform.
2. Select i (p1) (i (p2) if the "Current Source - Pulsed" is not flipped vertically) from the list to display the load current waveform.

3. To observe the fluctuation due to load transient response, zoom the x-axis from 2.8ms to 4ms and the y-axis from 4.9V to

5.1V.
4. Right-click on the graph and select "Add Cursor" from the popup menu to display the cursor.

5. Place the cursor at the steady state around 2.8ms, at the minimum value of undershoot, and at the maximum value of

overshoot.

6. The undershoot rate (a) and overshoot rate (b) obtained from the cursor values satisfy the values of the design parameter

example.
(A) The amount of undershoot relative to the output voltage is expressed as follows.
(4.8602 V - 4.9970 V)/4.9970 V x 100 = -2.74%
(B) The amount of overshoot relative to the output voltage is expressed as follows.

(5.1350 V - 4.9970 V)/4.9970 V x 100 = +2.76%
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7-2. Phase compensation circuit: Load transient response (continued)
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8. Soft start

Simulator to be used: ROHM Solution Simulator
Simulation type: Time Domain
External component to be designed: RRT

Monitoring point: VOUT

Please refer to the Selection of Components Externally Connected and Application Example described in
the Datasheet P.12~P.28 when selecting the constants of the components.

Model Links : Link to Product / Link to Datasheet / Link to Buy

L AAA— CAAA—

VouTE. Yy VY
BDY0620EF)_Tran e 8
RT i:]
VOUT sasiaees
:A _l I 7y W PV
RRT |
—] nGND Ve -
Rload
e e L - SRH"

KRR
a1

YN ; eI e ks
 EEE®)

Calculate the soft start time.

e The soft start time is calculated by the following formula using the switching frequency. The variation is £18.1%. The switching

frequency is determined by RRT as described before. For details, refer to the "Switching frequency" section.

6908

SS — "¢
fsw

[s]

Substituting 500kHz according to the value of the design parameter example to the equation, the softstart time is 1.38ms.

oo 6908 _ ]
$ST500 kHz 0™ B
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8. Soft start (continued)

Place the load resistor

e The load resistance is calculated with the output voltage and the output current according to Ohm's law.

_ Vour
Ioap = Rload [A]

Substituting the output voltage 5V, and the standard current 0.8A from the values of the design parameter example, the load

resistance is 6.25Q).

5
Rioaa = 084 =6.25 (]

Optimize simulation time

e It is necessary to set longer time than softstart time that this IC mounts. Setting RRT=27kohm, the softstart time is 1.38ms, and
considering output convergence time, set simulation time 4ms. The advantage is that it can perform simultaneously with other

simulations.

Perform the simulation.

e Click P to perform the simulation and wait until the simulation is completed.

Information The simulation takes approximately 14 minutes. The time varies with the server usage rate.

For Advanced Options, “Balanced” is recommended.
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8. Soft start (continued)

Display the waveform and read the voltage value with the cursor.
1. Drag and drop “Waveform Probe” onto the VOUT in the circuit diagram to display the waveform.
2. Right-click on the graph and select "Add Cursor" from the popup menu to display the cursor.

3. Move the cursor to the voltage 4.5V that multiply 90% by 5V of the value of the design parameter example. In practice, there

is a limit to the resolution of the simulation, and we tune to the voltage closest to 4.5V.

4. X-axis of the cursor is softstart time, and met the design value.

5.5 Il voutb 1
5.0 —

o

4.0 —

3.5

3.0

2.5

Voltage (V)

2.0 —

I I I I I I I I
0.0m 0.5m 1.0m | 1.5m 20m 25m 3.0m 3.5m 4.0m

1.2400m )€ (5)
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10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

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

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 or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

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

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

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

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

ROHM ROHM Customer Support System
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http://www.rohm.com/contact/
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