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1. Introduction

This document describes the design example of a power supply using the NR111E intended for the DC/DC converter
that supports a 5 V/4 A (max.) output. The NR111E is a buck converter IC with a built-in power MOSFET. By using the
peak current control method, the IC stably operates with a low ESR capacitor such as a ceramic capacitor.

The IC has the protections including overcurrent protection (OCP), undervoltage lockout (UVLO), and thermal
shutdown (TSD).

This document contains the following: the specifications of the design example, circuit diagrams, the bill of materials,
the setting examples of component constants, a pattern layout example, and the evaluation results of the power supply
characteristics. For more details on the parts listed in this document, refer to the corresponding data sheets.

2. Power Supply Features 3.  Application
e Efficiency: 94% (Vin=9V,Vo=5V,lp=1A) e Audio Visual Equipment
e Current Mode PWM Control e White Goods
e Few Components and Small Mounting Area e Auxiliary Power Supply
Built-in power MOSFET e Other Switched Mode Power Supplies (SMPS)

Ceramic Capacitor can be used for Output Capacitor
Built-in Phase Compensation Circuit
e Soft Start Function
Soft-start Period Adjustment by External Capacitor
e Enable Function
e Protections
Overcurrent Protections (OCP): Drooping Type,
Auto-restart
Thermal Shutdown (TSD): Auto-restart
Undervoltage Lockedout (UVLO)

4. Design Example: Appearance

NR111E

SIPW-T4 (40 V,5 A)
40 mm

NR110 Series ©°
NR120 Series
NR88O Series
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5. Design Example

5.1 Power Supply Specifications

Parameter Symbol Conditions Min. Typ. Max. Unit
Input
Input Voltage Vin 8 — 31 \%
Output
Rated Voltage Vout — 5 — \Y
Rated Current® lout — — 4 A
Output Ripple Voltage VRipPLE \C/ZU:T 2:25H\1“{: ICOéJTzzzg ﬁl;(z) — 20 — mVp p
Efficiency n }I'//LN:ZZSQ"(\:/’ lour =05 A\ 94 — %
Environment
Conduction Noise — Ta=25°C As per CISPR22B / EN55022B| —
Temperature
Operating Ambient Temperature® |  Top —40 — 85 °C

@ Must be used in the range of thermal derating. For details, refer to the NR111E data sheet.
@ Low ESR ceramic capacitors can be used for C4 and C5.
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5.2 Circuit Diagram
R1
AN L1 Vo
Vins c3 = R ﬁ
VoS
Vin HT|BS Ss| 8] R4
O—e [Z]IN EN[7TH
! {3sw ISET|[B] ) ca_|cs
- _1 - FI oD FB[E] e T b1 R10 R6 p———
Ul C12
N T 1 7% °
GND GND
Figure 5-1.  Circuit Diagram
5.3 Bill of Materials
Part Symbol Part Type Ratings Remarks
C1 Chip ceramic capacitor 10 pF, 50 V, 3216
C2 Chip ceramic capacitor 10 pF, 50 V, 3216
C3 Chip ceramic capacitor 0.1 uF, 50V, 1608
C4 Chip ceramic capacitor 22 uF, 25V, 3225 Low ESR type
C5 Chip ceramic capacitor 22 uF, 25V, 3225 Low ESR type
c7 Chip ceramic capacitor 0.1 uF, 50V, 1608
C12 Chip ceramic capacitor Open Adjustment capacitor
D1 Schottky diode 40V,5.0A SIJPW-T4 (Sanken)
L1 Inductor 10 uH SLF12575T-100M5R4-P (TDK)
R1 Chip resistor 510 kQ, 0.1 W, 1608
R3 Chip resistor 22 Q,0.1 W, 1608
R4 Chip resistor 10 kQ, 0.1 W, 1608
R5 Chip resistor 1.5kQ, 0.1 W, 1608
R6 Chip resistor 2.2kQ, 0.1 W, 1608
R10 Chip resistor Open Adjustment resistor
U1 Buck Converter IC eSOIC8 NR111E (Sanken)
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5.4 Pattern Layout Example

PCB dimensions: 40 mm x 40 mm.
Note that the pattern layout example only uses the parts illustrated in the circuit diagram below because this board is
used for some other products.

N\

NR110 Series
NR120 Series
NR880 Series

(A) Top View (B) Bottom View

Figure 5-2. Pattern Layout Example
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6. Performance Data

All the performance data contained in this document were measured at a room temperature. Unless specifically noted,
V|N =12 V, Vou'r =5V.

6.1 Start/Stop Operation

The NR111E has the undervoltage lockout. Figure 6-1 shows the startup characteristics of output voltage vs. input
voltage (i.e., the IN pin voltage). When Vout = 5 V, the input voltage must be set to >8 V.

6

5 /

4 / IOUT=0A H
2 —|OUT=1A
o 3
o] A SN
2 on 7 Off
A
g
3 1

0

0 2 4 6 8 10 12
Input Voltage (V)

Figure 6-1. Output Voltage vs. Input Voltage

6.2 Overcurrent Protection

The NR111E has the drooping overcurrent characteristic. Figure 6-2 shows the overcurrent characteristics according
to the input voltage.

6
5 = = |
3
s * A
>
E’ 3 | —VIN=9V =
S ——VIN=12V \
5 2 VIN=15V BEEE
3 1 | —VvIN=19v L
VIN =24V
0 I
0 1 2 3 4 5 6
Output Current (A)
Figure 6-2. Overcurrent Protection Characteristics
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6.3 Circuit Current at No Load

Figure 6-3 and Figure 6-4 show the IN pin input voltage dependance at no load (Vout =5V, lout = 0 A) in operation
and non-opetation, respectively.

Circuit Current at No Load (mA)

8 10 12 14 16 18 20 22 24
Input Voltage (V)

Figure 6-3. Circuit Current at No Load vs. Input VVoltage in Operation
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Circuit Current at No Load (mA)

Figure 6-4. Circuit Current at No Load vs. Input VVoltage in Non-opetation
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6.4 Efficiency

Figure 6-5 shows the characteristics of power supply efficiency vs. output current.

100
i P 7———:_::—_;%
» e
=
2 50
c ——VIN=9V
2 40 L
L —V\/IN =12V
= 30 _ -
VIN=15V
20 ——VIN=19V [
10 ——VIN=24V [
0
0.0 0.1 1.0
Output Current (A)
Figure 6-5. Efficiency vs. Output Current
6.5 Load Regulation
5.3 —VIN=9V
—VIN=12V
5.2 VIN=15V
—VIN=19V
S 5.1 ——VIN =24V
: | |
g 5.0 —— e
©
>
5 49
i=3
S
4.8
4.7
0.0 0.5 1.0 15 2.0 2.5 3.0 35 4.0

Output Current (A)

Figure 6-6. Output Voltage vs. Output Current

DEE0015 Rev.1.0 SANKEN ELECTRIC CO., LTD. 9
Jul. 05, 2022 https://www.sanken-ele.co.jp/en
© SANKEN ELECTRIC CO., LTD. 2022



http://www.sanken-ele.co.jp/

DEEOO015

. _____________________________________________________________________________________________________________________________|
7. Operation Check

All the performance data contained in this document were measured at a room temperature. Unless specifically noted,
V|N =12 V, VOUT =5V.
For more details on the NR111E such as electrical characteristics and operational descriptions, refer to the data sheet.

7.1 Startup Operation

The soft start function is activated at power-on. The soft start period depends on the capacitance of the capacitor
connected to the SS pin. Even when the IC starts with the enable function, the soft start function is activated.

Figure 7-1 and Figure 7-2 show the startup waveforms with the UVLO (the EN pin is pulled up to the IN pin) and
enable function (external signal is input to the EN pin), respectively.

Tek {Fi1 i Tek BGAS i AR

Vour (2 VIdiv) Vour (2 V/div)

(14
[’, - _—
2
(@ 2.00v & 2 j[lo.oms }ggk:ofism ?sofv ] (@ 2.00v 2 j[lo.oms }ggk:ofism 12.501‘, ]
Figure 7-1. Operational Waveforms at Startup by Figure 7-2.  Operational Waveforms at Startup by
UVLO (lout=1A, Css = 0.1 uF) Enable Function (lour =1 A, Css = 0.1 pF)
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7.2 Switching Operation

Figure 7-7 to Figure 7-3 show the operational waveforms according to the load.
The NR111E regulates the output voltage with the current mode PWM control. In a heavy load condition, the circuit
operates in the continuous conduction mode of PWM frequency of 350 kHz (typ.). In a light load condition, the circuit
operates in the discontinuous conduction mode because the turn-off timing is controlled depending on the load. The

minimum on-time is limited to 150 ns (typ.).

Tek BAS kUL Tek ftiAd hUHRE
W
» b ; - »

i IOUT (l A/le)

@ 500V &
@ 1.00A &

Jorser

2.50G5/s @ “
1M points 7.70 v

Figure 7-3. Operational Waveforms in Normal
Operation (lout =4 A)
b USRE

Tek BRiAS

VSW (5 V/le)

IOUT (l A/dlv)

Jorser

2.50G5/s @ “
1M points 10,0V

Figure 7-4. Operational Waveforms in Normal
Operation (lout = 2 A)
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VSW (5 V/dIV)

-]
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&WW
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& 1.00a &

Figure 7-5. Operational Waveforms in Normal
Operation (lour = 0.4 A)
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Figure 7-7. Operational Waveforms in Normal
Operation (loutr = 10 mA)

SANKEN ELECTRIC CO., LTD. 11
https://www.sanken-ele.co.jp/en

DEE0015_Rev.1.0
Jul. 05, 2022

lour (L A/div)

B WW

@ Vo & }[1.00;1: 2.50G5/s @ “ }
@ 1.00A & 1M points 10.0v
Figure 7-6. Operational Waveforms in Normal

Operation (lour = 0.25 A)
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7.3 Output Ripple Voltage

The design example has an output ripple voltage of about 20 mVp_p. The bandwidth of the oscilloscope is set to
20 MHz.

Tek EAtH I L AT

( 2 )(1.00us 2.50GS/s 2
1M points  30.8mV

Figure 7-8. Output Ripple Voltage Waveform (lout =4 A)

7.4 Load Transient Response

Figure 7-11 to Figure 7-9 show the load transient response waveforms of output voltage when the change rate of the
load current is 3 A/ms, 30 A/ms, and 300 A/ms, respectively.

Tek AGAS USRS Tek AxAD USRS
; -3 A/ms : R
3 Alms / 30 A/ms 30 A/mis
Yy \ B R T \f o
B lour (2 AAC/div) 1 lour (2 AACHdiv)
- v
b 2.00A & : }[2-00"15 ?.0(’OokMpS'.:r/ish._‘TJ:U } b 2004 & : }[1-00""5 :gbokMpSOIish.jU:U }
Figure 7-9. Load Transient Response Waveforms Figure 7-10. Load Transient Response Waveforms
(3 A/ms) (30 A/ms)
Tek A% USEE

-300 A/ms

0 N P

IOUT (2 AAC/le)

©

2 1.00ms 10.0MS/s @i LV
& 2004 & 100K poin

Figure 7-11. Load Transient Response Waveforms

(300 ms/A)
|
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8. Variable Output Voltage

The output voltage of the NR111E can be changed with the resistors, R4, R5, and R6 connected to the FB pin. For
L1, select the appropriate inductance according to the output voltage. This section provides the guide for setting R4, R5,
R6, and L1.

When removing or mounting the parts of the evaluation board, use a heat gun or hot tweezers, and pay extreme
attention to the peel-off of the land pattern and thermal stress on other parts.

R1
AMA L1 Vo
T i v I AR
VinS c3 R3 RS
VoS
Vin |:W\r—|__1_ BS ss[8] R4
O—e Z{IN  EN[TH
01 _E Sw ISET 1—,_ S __C4 __C5
o1 = c2 41 GND FB E __C7 T D1 R10 R6 T T
T [T e
O—e—s . S — 0

Figure 8-1. Circuit Diagram

Vin R2 m
O RI Comn

ENE S

)
NR110 Series ©°
NR120 Series
NR880 Series

Figure 8-2. Output Voltage Adjustment Resistors and Inductor
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8.1 Selecting R4, R5, and R6

The FB pin is the feedback pin to compare the reference voltage and output voltage signal. This pin is connected
between the voltage dividing resistors, R4, R5, and R6. The threshold voltage, Vg is 0.8 VE£2 %.

The output voltage, Vour is adjusted by these feedback resistors. When setting the feedback resistors, set the total
current, Irg flowing through these resistors to >0.2 mA. Note that if Irs is too high, the efficiency is decreased due to the
increased power dissipation.

Even when setting Vour to 0.8 V (the same voltage as Veg), be sure to connect R6 for stable operation. The relationship
between the input voltage and output voltage of the buck converter is determined by the SW pin on-time. The SW pin on-
time should be set to >200 ns.

The following equation shows the relationship between R4, R5, and R6.

V, -V
R4 + RS — ~ouT — VFB Q)
IB

\%
R6 = —2 (2)

Irp

_ Ve 3
Vour = (R4 + R5) X R6 + Vig (V) 3)

Where;

Vour is the output voltage setting value,
Irs is the feedback current setting value, and
Vs is the FB pin threshold voltage (0.8 V).

The following are examples of calculating the resistance of R4, R5, and R6 when Vour = 3.3 V and Igg = 0.2 mA.

Re=-B___ 98 _, kQ) 4
T Ipg 02x1073 @

Vour =V, 33-038
R4 +R5 =20 FB_ =12.5 (k) (5)

Irg 0.2x1073

Table 8-1 shows an example of selecting feedback resistors at typical output voltages. You are responsible for
examining and verifying conditions in actual use, such as input/output specifications, thermal derating, and resistance
accuracy.

Table 8-1. Reference Values of Output Voltage and Feedback Resistors

Output Voltage R4 R5 R6 Voltage across R6 Ies
(V) (kQ) (kQ) (kQ) (mV) (mA)
2.5 3.9 2.2 24 800.00 0.33
33 3.9 3.6 24 800.00 0.33
5.0 7.5 3.0 2.0 800.00 0.40
9.0 15 7.5 2.0 801.62 0.40
12.0 30 3.6 24 800.00 0.36
15.0 27 12 2.2 800.97 0.36
19.0 30 20 2.2 800.77 0.36
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8.2 Selecting L1

The NR111E employs current mode PWM control by peak detection current control. In the peak detection current
control, when the duty cycle exceeds 50%, the inductor current may fluctuate in a period that is an integral multiple of
the switching frequency. This is called subharmonic oscillation, which occurs in principle in the peak detection current
control mode.

The NR111E compensates for the inductor current inside the IC to suppress the subharmonic oscillation. Since the
compensation amount of inductor current depends on the output voltage, L1 must be set to an appropriate value
according to the output voltage. Figure 8-3 shows the reference selection range of inductance to avoid subharmonic
oscillation. Note that the upper limit of the inductance changes depending on the input/output conditions and load
current.

80

70

-

60 :
|

| S A, A | S——— // ( . ——

40 / ~_Inductance .

| selecting range
30 - RS SR S e ! SR

Inductance (uH)

0 2 4 6 8 10 12 14 16
Output Voltage (V)

Figure 8-3. Reference Inductance Selection Range

For stable operation, set the inductance so that inductor ripple current, Al is 0.3 A to 1.2 A under the input/output
conditions where the duty cycle is <50%. Al is calculated by the following equation.

(Vin = Vour)
=—X 6
AL =13 Viy X f Vour ©)

Where;

V) is the input voltage,

Vour is the output voltage,

L is the inductance, and

f is the oscillation frequency (350 kHz).

When the inductance is calculated directly from Al,, the following equation can be used.

_ (Vi = Vour)

=— " xV, 7
Al X Vi x £ "OUT Q)

The peak inductor current, I_p can be calculated by the following equation using Al_ and the output current, lour.

Al
Ip = 7L X loyr (8)

When selecting an inductor, make sure that I, does not exceed the saturation current of the inductor.
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Important Notes

All data, illustrations, graphs, tables and any other information included in this document (the “Information”) as to Sanken’s products
listed herein (the “Sanken Products™) are current as of the date this document is issued. The Information is subject to any change
without notice due to improvement of the Sanken Products, etc. Please make sure to confirm with a Sanken sales representative that
the contents set forth in this document reflect the latest revisions before use.

The Sanken Products are intended for use as components of general purpose electronic equipment or apparatus (such as home
appliances, office equipment, telecommunication equipment, measuring equipment, etc.). Prior to use of the Sanken Products, please
put your signature, or affix your name and seal, on the specification documents of the Sanken Products and return them to Sanken.
When considering use of the Sanken Products for any applications that require higher reliability (such as transportation equipment
and its control systems, traffic signal control systems or equipment, disaster/crime alarm systems, various safety devices, etc.), you
must contact a Sanken sales representative to discuss the suitability of such use and put your signature, or affix your name and seal,
on the specification documents of the Sanken Products and return them to Sanken, prior to the use of the Sanken Products. The
Sanken Products are not intended for use in any applications that require extremely high reliability such as: aerospace equipment;
nuclear power control systems; and medical equipment or systems, whose failure or malfunction may result in death or serious injury
to people, i.e., medical devices in Class 1l or a higher class as defined by relevant laws of Japan (collectively, the “Specific
Applications”). Sanken assumes no liability or responsibility whatsoever for any and all damages and losses that may be suffered by
you, users or any third party, resulting from the use of the Sanken Products in the Specific Applications or in manner not in
compliance with the instructions set forth herein.

In the event of using the Sanken Products by either (i) combining other products or materials or both therewith or (ii) physically,
chemically or otherwise processing or treating or both the same, you must duly consider all possible risks that may result from all
such uses in advance and proceed therewith at your own responsibility.

Although Sanken is making efforts to enhance the quality and reliability of its products, it is impossible to completely avoid the
occurrence of any failure or defect or both in semiconductor products at a certain rate. You must take, at your own responsibility,
preventative measures including using a sufficient safety design and confirming safety of any equipment or systems in/for which the
Sanken Products are used, upon due consideration of a failure occurrence rate and derating, etc., in order not to cause any human
injury or death, fire accident or social harm which may result from any failure or malfunction of the Sanken Products. Please refer
to the relevant specification documents and Sanken’s official website in relation to derating.

No anti-radioactive ray design has been adopted for the Sanken Products.

The circuit constant, operation examples, circuit examples, pattern layout examples, design examples, recommended examples, all
information and evaluation results based thereon, etc., described in this document are presented for the sole purpose of reference of
use of the Sanken Products.

Sanken assumes no responsibility whatsoever for any and all damages and losses that may be suffered by you, users or any third
party, or any possible infringement of any and all property rights including intellectual property rights and any other rights of you,
users or any third party, resulting from the Information.

No information in this document can be transcribed or copied or both without Sanken’s prior written consent.

Regarding the Information, no license, express, implied or otherwise, is granted hereby under any intellectual property rights and
any other rights of Sanken.

Unless otherwise agreed in writing between Sanken and you, Sanken makes no warranty of any kind, whether express or implied,
including, without limitation, any warranty (i) as to the quality or performance of the Sanken Products (such as implied warranty of
merchantability, and implied warranty of fitness for a particular purpose or special environment), (ii) that any Sanken Product is
delivered free of claims of third parties by way of infringement or the like, (iii) that may arise from course of performance, course
of dealing or usage of trade, and (iv) as to the Information (including its accuracy, usefulness, and reliability).

In the event of using the Sanken Products, you must use the same after carefully examining all applicable environmental laws and
regulations that regulate the inclusion or use or both of any particular controlled substances, including, but not limited to, the EU
RoHS Directive, so as to be in strict compliance with such applicable laws and regulations.

You must not use the Sanken Products or the Information for the purpose of any military applications or use, including but not
limited to the development of weapons of mass destruction. In the event of exporting the Sanken Products or the Information, or
providing them for non-residents, you must comply with all applicable export control laws and regulations in each country including
the U.S. Export Administration Regulations (EAR) and the Foreign Exchange and Foreign Trade Act of Japan, and follow the
procedures required by such applicable laws and regulations.

Sanken assumes no responsibility for any troubles, which may occur during the transportation of the Sanken Products including the
falling thereof, out of Sanken’s distribution network.

Although Sanken has prepared this document with its due care to pursue the accuracy thereof, Sanken does not warrant that it is
error free and Sanken assumes no liability whatsoever for any and all damages and losses which may be suffered by you resulting
from any possible errors or omissions in connection with the Information.

Please refer to our official website in relation to general instructions and directions for using the Sanken Products, and refer to the
relevant specification documents in relation to particular precautions when using the Sanken Products.

All rights and title in and to any specific trademark or tradename belong to Sanken and such original right holder(s).

DSGN-CEZ-16003
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