NJWA4171

2.4MHz, 2.5A MOSFET Switching Regulator IC for Buck Converter

mFEATURES

eHigh Oscillating Frequency 100kHz to 2.4MHz
eHigh Efficiency at Light Loads A ver.

eLow Iq at Sleep Mode 1g=120pA typ. A ver.
eCurrent Mode Control
eExternal Clock Synchronization
e\\Vide Operating VVoltage Range
eSwitching Current

ePWM Control

eMaximum Duty Cycle 100%
eExternal Compensation Circuit
eCorrespond to Ceramic Capacitor (MLCC)
eSoft Start Function 2ms typ.
eUVLO (Under Voltage Lockout)

eQOver Current Protection (Hiccup type)
eThermal Shutdown Protection
ePower Good Function
eStandby Function

ePackage Outline

3.4V to 40V
3.6A min.

HSOP8-M1

mAPPLICATION

eConsumer Electronics
eIndustrial Equipment
eHigh voltage to logic and microprocessor power supplies

mTYPICAL APPLICATION
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mGENERAL DESCRIPTION

The NJW4171 is a high speed oscillating frequency
buck converter with 40V/2.5A MOSFET. It has two lineup:
the A version has PWM/PFM mode to ensure high
efficiency at light load, the B version is forced PWM
mode.

Operating voltage range is wide input range from 3.4V
to 40V, it can correspond to supply voltage drop such as
cold crank. Moreover, 100% maximum duty cycle
contribute to maintain stable output voltage even if supply
voltage drops.

The NJW4171 has wide switching oscillating
frequency range, 100kHz to 2.4MHz and internal external
clock synchronization function. Therefore the NJW4171
can avoid interference with the AM radio frequency.

Internal protection functions: UVLO, an over current
protection and a thermal shutdown circuit can protect
circuit when abnormal condition.

The NJW4171 has wide coverage in consumer
electronics and industrial application, because of features
that are wide input range, wide switching oscillating
frequency range and 100% maximum duty cycle.

mPRODUCT CLASSOFOCATION

NAME Ver. FUNCTION

NJW4171GM1-A A With light load mode

NJW4171GM1-B B Without light load mode

RT
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GND  COMP
R1
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mAPPLICATION CHARACTERISTICS

Efficiency vs. Output Current
(A ver., Vour=5V, fogc=500kHz)
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NJWA4171

mBLOCK DIAGRAM
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Low: OFF(Standby)
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mPIN CONFIGURATION
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PIN NO. SYMBOL DESCRIPTION
1 SW Switch output
2 GND Ground
3 COMP Error Amplifier output
4 FB Feedback input
5 RT Oscillating frequency setting
6 PG Power Good output
Enable control and
7 EN/SYNC -
external clock synchronization

8 V* Power supply

Note) Exposed Pad on backside should be connected to

ground and soldered to PCB.

Ver.1.6
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NJW4171

mPRODUCT NAME INFORMATION

NJW4171 GM1 - A - T1 (TE1)

Part Number Package SPEC Taping Form

GM1:HSOP8-M1 None: Standard
Version T1: Automotive

A: With light load mode
B: Without light load mode

mORDERING INFORMATION

LIGHT
PACKAGE AUTO HALOGEN- | TERMINAL WEIGHT | MOQ
PRODUCT NAME LOAD RoHS MARKING
OUTLINE MOTIVE FREE FINISH (mg) (pcs)
MODE
NJW4171GM1-A
HSOP8-M1 yes yes yes Sn100% 4171A 81 3000
(TE1)
NJW4171GM1-A-T1
(TE1) HSOP8-M1 yes yes yes yes Sn100% 71AT1 81 3000
NJW4171GM1-B
HSOP8-M1 yes yes Sn100% 4171B 81 3000
(TED)
NJW4171GM1-B-T1
(TE1) HSOP8-M1 yes yes yes Sn100% 71BT1 81 3000

This data sheet are applied to "NJW4171GM1-A" and "NJW4171GM1-B".
Please refer to each data sheet for other versions.

New Japan Radio Co.LEd.
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NJWA4171

mABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATINGS UNIT
Supply Voltage V* -0.3to +45 \%
V*- SW pin Voltage Vv-sw +45 \%
EN/SYNC pin Voltage VEnsyne -0.3to +45 \%
FB pin Voltage Vrs -0.3t0 +7 \%
PG pin Voltage \e -0.3t0 +7 \%
Power Dissipation(Ta=25°C) (2-layer / 4-layer)
Po mw
HSOP8-M1 8601/ 2,900
Junction Temperature Tj -40 to +150 °C
Operating Temperature Topr -40to +125 °C
Storage Temperature Tsg -50to +150 °C

(1): Mounted on glass epoxy board. (76.2x114.3x1.6mm:based on EIA/JEDEC standard, 2Layers)
(2): Mounted on glass epoxy board. (76.2x114.3x1.6mm:based on EIA/JEDEC standard, 4Layers)
(For 4Layers: Applying 74.2x74.2mm inner Cu area and a thermal via hole to a board based on JEDEC standard JESD51-5)

mRECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL VALUE UNIT
Supply Voltage v+ 3.4t040 \%
PG pin Voltage VpG 0to55 \%
Timing Resistor Rt 215t078.7 kQ
Oscillating Frequency fosc 100 to 2,400 kHz
External Clock Input fsyne fosc?<0.9 tofoscxL.7 kHz
Maximum 2,800kHz

Ver.1.6
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NJW4171

mELECTRICAL CHARACTERISTICS
(Unless otherwise noted, V*=Venssync=12V, R1=6.8k(}, Ta=25°C)

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Under Voltage Lockout Block
ON Threshold Voltage V1. oN V*=L—H 31 325 34 Y,
OFF Threshold Voltage VT1_oFr V'=H->L 30 3.15 33 \%
Hysteresis Voltage Vhiys 70 100 - mV
Soft Start Block
Soft Start Time tss Ve=0.75V 1 2 4 ms

Oscillator Block

Oscillating Frequency 1 fosc1 Rr=27kQ 255 300 345 kHz

Oscillating Frequency 2 foscz R1=6.8kQ 850 1,000 1,150 kHz

Oscillating Frequency 3 foscs Rr=2.87kQ 1,860 2,000 2,140 kHz

Error Amplifier Block

Reference Voltage Vs -1.0% 0.8 +1.0% \Y,

Input Bias Current Is 0.1 - 0.1 pA

Error Amplifire

Transconductance am - 450 - HANV

Error Amplifire Gain Av - 1,000 - -

Output Source Current lom+ 52 64 76 LA

Output Sink Current lom 52 64 76 LA

PWM Comparate Block

Maximum Duty Cycle MuDury | - Version Vee=0:3V, 100 - - %

B version Ves=0.6V

Minimum OFF Time torF-min - 65 105 ns

Minimum ON Time ton-min - 100 140 ns

OCP Block

COOL DOWN Time tcooL - 110 - ms

Output Block

Output ON Resistance Ron Isw=2.5A - 0.15 03 Q

Switching Current Limit lum 36 4.6 55 A

SW Leak Current ILEAk Vensync=0V, V=40V, Vsw=0V - — 4 pA
— New Japan Radio Co.LEd. —
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NJW4171

mELECTRICAL CHARACTERISTICS (CONTINUED)
(Unless otherwise noted, V*=Venssync=12V, R1=6.8k(}, Ta=25°C)
PARAMETER ‘ SYMBOL ‘ TEST CONDITION MIN. TYP. MAX. UNIT

Enable Control / Sync Block

EN/SYNC pin
. V1HH ENisYne | VENsYNe=L — H 1.6 - \Vas V
High Threshold Voltage
EN/SYNC pin
VTHL ENsyne | VEnsyne=H - L 0 — 0.5 \Y
Low Threshold Voltage
EN/SYNC pin
) lensyne | Vensyne=12V - 0.8 18 pA
Input Bias Current
Power Good Block
High Level A
. VTHH PG Measured at FB pin, Rising 0.848 0.864 0.880 \%
Detection Voltage
Low Level o
. VTHL PG Measured at FB pin, Rising 0.744 0.760 0.776 \%
Detection Voltage
Hysterisis Region Vhys PG 16 mV
Power Good
. Ron_pc lrc=10mA 100 150 Q
ON Resistance
Leak Current at OFF State ILeak_PG Vpe=5.5V 0.1 pA
General Characteristics
A version,
L - 120 150 pA
) R.=No load, Not Switching
Quiescent Current Iop -
B version,
_ - 22 27 mA
R.=No load, Not Switching
Standby Current Iop_stB Vensyne=0V - - 3 uA

WNew Japan Radio Co. Ltd.
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NJWA4171

mTHERMAL CHARACTERISTICS

PARAMETER SYMBOL VALUE UNIT
Junction-to-ambient : 1450 .
thermal resistance Sia HSOP&-M1 43@ Cw
Junction-to-Top of package . 220 .
characterization parameter wit HSOP8-M1 6.39@ cw

(3): Mounted on glass epoxy board. (76.2x114.3x1.6mm:based on EIA/JJEDEC standard, 2Layers)
(4): Mounted on glass epoxy board. (76.2x114.3x1.6mm:based on EIA/JEDEC standard, 4Layers)
(For 4Layers: Applying 74.2x74.2mm inner Cu area and a thermal via hole to a board based on JEDEC standard JESD51-5)

mPOWER DISSIPATION vs. AMBIENT TEMPERATURE

Power Dissipation P, (mW)
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Ambient Temperature Ta (°C)
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NJWA4171

mTYPICAL APPLICATION
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NJW4171

mTYPICAL CHARACTERISTICS
Timing Resistor vs. Oscillating Frequency Oscillating Frequency 1 vs. Supply Voltage
(V*=12V, Ta=25°C) (Ry=27kQ, Ta=25°C)
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NJW4171

B TYPICAL CHARACTERISTICS
Quiescent Current vs. Supply Voltage Quiescent Current vs. Supply Voltage
(A ver., R_.=No Load, Not Switching, Ta=25°C) 3 (B ver., R .=No Load, Not Switching, Ta=25°C)
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NJWA4171

B TYPICAL CHARACTERISTICS
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Output ON Resistance: Roy (Q) Minimum OFF Time: torr.min (NS)
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NJW4171

B TYPICAL CHARACTERISTICS

Quiescent Current vs. Temperature Quiescent Current vs. Temperature
(A ver., R_.=No load, Not Switching) (B ver., R =No Load, Not Switching)
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NJWA4171

B PIN DESCRIPTIONS

PIN NAME PIN NUMBER FUNCTION
SW 1 Switch Output pin of Power MOSFET
GND 2 GND pin
Output pin of the Error Amplifier.
COMP 3 A resistor and capacitors for compensation are connected between the COMP pin and
the GND.
Output Voltage Detecting pin
FB 4 Connects output voltage through the resistor divider tap to this pin in order to
voltage of the FB pin become 0.8V.
RT 5 Oscillating Frequency Setting pin by Timing Resistor.
Oscillating Frequency should set between 100kHz and 2.4MHz.
PG 5 Power Good pin. An open drain output that goes high impedance when the FB pin
voltage is stable around +8% to -5%.
Standby Control pin
The EN/SYNC pin internally pulls down resistor. Normal Operation at the time of High
EN/SYNC 7 Level. Standby Mode at the time of Low Level or OPEN.
Moreover, it operates by inputting clock signal at the oscillatory frequency that
synchronized with the input signal.
Power Supply pin for Power Line
A 8 Insert a bypass capacitor close to the V* pin —the GND pin connection in order to lower
high frequency impedance.
Exposed .
PAD - Exposed PAD on backside should be connected to ground and soldered to PCB.
— WNew Japan Radio Co. Ltd.
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NJWA4171

B Description of Block Features
1. Description of Light Load Mode

NJW4171 A version have a light load mode to give efficiency in the
light load. When a output current decreases, NJW4171 switches over
from PWM mode to PFM mode automatically. The IC becomes the
sleep state then, and the gquiescent current of the IC decreases to 120uA
typ.. Therefore NJW4171 can minimize an input current of the
application.

If the peaks of the switch current become less than about 200mA typ.,
NJW4171 is switched by a light load mode.

In the light load mode, the ripple voltage becomes slightly larger than in
the normal operation because the oscillating frequency becomes lower
due to the PFM operation. Fig. 1. shows operation waveform of the light
load mode.

Increasing the inductor L-value improves the efficiency at light load
because the switching shut down time is extended.

It optimizes efficiency at light load to minimizing the leak current of the
output voltage setting resistor and the leak current of the catch diode.

Light load mode of NJW4171 can be used by setting the EN/SYNC pin
to high level.

During external synchronous operation, the light load mode is disabled
and operates at the input clock frequency.

When the CLK signal is input to the EN/SYNC pin at operate in
light load mode, it switches from light load mode to normal operation
mode.

The NJW 4171 B version is not in light load mode.

Changes in the switching frequency at light load operation will affect the

Technical Information

SW Wave form (5V/div)

-
i i
1100 s

a) Waveform of lout=1mA

SW Wave form (5V/div) |

BT
100 v it

b) Waveform of lout=10mA

Fig. 1.
Operation waveform of the Light Load Mode

ripple frequency. You should use the B version for load sensitive to ripple noise.

Ver.1.6 )
www.njr.com
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NJW4171

Technical Information

W Description of Block Features (Continued)
2. Basic Functions / Features
® Error Amplifier Section (Error AMP)
0.8V+1% precise reference voltage is connected to the non-inverted input of this section.
To set the output voltage, connects converter's output to inverted input of this section (FB pin). If requires output voltage
over 0.8V, inserts resistor divider.
This AMP section has high gain and external compensation pin (COMP pin). It is easy to insert a resistor and a
capacitor between the COMP pin and the GND, making possible to set optimum loop compensation for each type of
application.

® PWM Comparator Section (PWM), Oscillating Circuit Section (OSC)
Oscillating frequency can be set by inserting resistor between the RT pin and GND. Table. 1. shows example of
oscillating frequency and timing resistor. The resistance supports a series of E24 and a series of E96.
Referring to the sample characteristics in "Timing Resistor and Oscillating Frequency", set oscillation between 100kHz
and 2.4MHz.

Table 1. NJW4171 oscillating frequency and timing resistor

Oscillating Frequency Timing Resistor Oscillating Frequency Timing Resistor

(MHz) (k) (MH2) (k)
0.1 78.7 12 5.6
0.2 41.2 14 453
0.3 27 16 3.83
04 20 18 33
0.5 154 2.0 2.87
0.6 12.7 21 2.67
0.7 10.7 2.2 249
0.8 9.1 2.3 2.32
0.9 7.87 24 2.15
1.0 6.8

The PWM signal is output by feedback of output voltage and slope compensation switching current at the PWM
comparator block. The NJW4171 can operate with low saturation so that maximum duty is 100%.

NJW4171 is limited in minimum ON time ton-min=100ns typ. and minimum OFF time tor--min=65ns typ.

When you design the application, please refer to "Application information - Setting of the oscillating frequency™.

® Power MOSFET (SW Output Section)

The power is stored in the inductor by the switch operation of built-in power MOSFET. The output current is limited to
3.6A(min.) the overcurrent protection function. In case of step-down converter, the forward direction bias voltage is
generated with inductance current that flows into the external regenerative diode when MOSFET is turned off.

The SW pin allows voltage between the V* pin and the SW pin up to +45V. However, you should use an Schottky
diode that has low saturation voltage.

® Power Supply, GND pin (V+* and GND)

In line with switching element drive, current flows into the IC according to frequency. If the power supply impedance
provided to the power supply circuit is high, it will not be possible to take advantage of IC performance due to input
voltage fluctuation. Therefore insert a bypass capacitor close to the V* pin — the GND pin connection in order to lower
high frequency impedance.

WNew Japan Radio Co. Ltd.
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NJW4171

Technical Information

B Description of Block Features (Continued)
3. Additional and Protection Functions / Features

® Under Voltage Lockout (UVLO)
The UVLO circuit operating is released above V+=3.25V/(typ.) and IC operation starts. When power supply voltage is
low, IC does not operate because the UVLO circuit operates. There is 100mV/(typ.) width hysteresis voltage at rise and
decay of power supply voltage. Hysteresis prevents the malfunction at the time of UVLO operating and releasing.

® Soft Start Function (Soft Start)
The output voltage of the converter gradually rises to a set value by the soft start function. The soft start time is 2ms
(typ.)- It is defined with the time of the error amplifier reference voltage becoming from 0V to 0.75V. The soft start circuit
operates after the release UVLO and/or recovery from thermal shutdown.

Vref, _ 

FB pin Voltage

OSC Waveform
ON
SW pin
OFF
/4_ Soft Start time: tss=2ms(typ.) to Vg=0.75v ~ —» <4— Steady -

(@) t
UVLO(3.25V typ.) Release, peraton

Standby,
Recover from Thermal
Shutdown

\ 4

4 Soft Start effective period to V=0.8V

Fig. 2. Startup Timing Chart

New Japan Radio Co.LEd.
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NJW4171

Technical Information

W Description of Block Features (Continued)
® Over Current Protection Circuit (OCP)
NJW4171 contains overcurrent protection circuit of hiccup architecture. The overcurrent protection circuit of hiccup
architecture is able to decrease heat generation at the overload.

The NJW4171 output returns automatically along with release from the over current condition.
At when the switching current becomes lum or more, the overcurrent protection circuit is stopped the MOSFET output.
The switching output holds low level down to next pulse output at OCP operating.

When FB pin voltage becomes 0.5V or less, the switching operation stops after the overcurrent detection continued
128 pulses.

After NJW4171 switching operation was stopped, it restarts by soft start function after the cool down time of approx
110ms (typ.).

0.8V e~ — — o o oo o o e e e e
FB pin
Voltage A RRUEETENE \
OV e s( S( —
) )
ON
SW pin
OFF g( g(
| " i I I I ) I ) o
[ L [ [ [ [l 1 1
1 1 [ [ [ [l 1 1
1 1 [ [ [ [l 1 1
. X | ——dmm e - - R e T T e b mlmm———
Switching M ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ | .
Current 1 1 [y [y [y [/ 1
° $ $ /]
Pulse Count : 128 pulse Cool Down time :110ms typ.
Pulse by Pulse
Static Status Detect Overcurrent Soft Start

Fig. 2. Timing Chart at Over Current Detection

® Thermal Shutdown Function (TSD)
When Junction temperature of the NJW4171 exceeds the 165°C*, internal thermal shutdown circuit function stops SW
function. When junction temperature decreases to 145°C* or less, SW operation returns with soft start operation.
The purpose of this function is to prevent malfunctioning of IC at the high junction temperature. Therefore it is not
something that urges positive use. You should make sure to operate within the junction temperature range rated (150°C).
(* Design value)

® Standby Function
The NJWA4171 stops the operating and becomes standby status when the EN/SYNC pin becomes less than 0.5V.
The EN/SYNC pin internally pulls down resistor, therefore the NJW4171 becomes standby mode when the EN/SYNC
pin is OPEN. You should connect this pin to V* when you do not use standby function.

New Japan Radio Co.LEd.
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NJW4171

Technical Information

W Description of Block Features (Continued)
® External Clock Synchronization
By inputting a square wave to EN/SYNC pin, can be synchronized to an external frequency.
You should fuffill the following specification about a square wave. (Table 2.)

Table 2. The input square wave to an EN/SYNC pin.

Condition
foscx0.9 to foscx1.7
Input Frequency ;
2,800kHz Maximum
Duty Cycle 40% to 60%

1.6V or more at High level

Voltage magnitude
0.5V or less at Low level

The trigger of the switching operating at the external synchronized mode is detected to the rising edge of the input
signal. At the time of switching operation from standby or asynchronous to synchronous operation, it has set a delay time
approx 20us to 30us in order to prevent malfunctions. (Fig. 4.)

High
EN/SYNC pin
Low

| 1 | 1
| 1 | 1
| | | ]
! ! ! !
ON
SW pin
OFF
> < > >
Standby Delay Time External Clock Synchronization

Fig. 4. Switching Operation by External Synchronized Clock

® Power Good Function, Over Voltage Protection
It monitors the output status and outputs a signal from PG pin that internally connected to open drain MOSFET.
The Power Good pin goes high impedance when the FB pin voltage is stable around 0.760V to 0.864V/(typ.).
A low on the pin indicates that the FB pin voltage is out of the setting voltage.
To prevent malfunction of the Power Good output, it has hysterisis 16mV(typ.) and the delay time approx 20us to 30us
against the FB pin voltage changes.

The High level detection of Power Good includes an overvoltage protection.
When FB pin voltages exceed the high level detection voltage by abnormality of the application, NJW4171 turns
off power MOSFET by priority.
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Technical Information

W Application Information
® Oscillating Frequency Setting
When the switching regulator high oscillating frequency, the application can use a small inductor and capacitor. If
oscillating frequency is high, consider that you are subject to efficiency reduction of the application and a limit of the
minimum ON time.
NJW4171 is set in tonmn 100ns typ. at the minimum ON time. As for the ON time for buck converter application, set
oscillating frequency to become more than 100ns typ.

The buck converter of ON time is decided the following formula.

VOUT [S]

% fosc

ton =

Vin shows input voltage and Vour shows output voltage.
When the ON time becomes below in 100ns typ., in order to maintain output voltage at a stable state, change of duty or
pulse skip operation may be performed.

® Inductors
Because a large current flows to the inductor, you should select the inductor with the large current capacity not to
saturate. Design the inductor ripple current Al in approx. 20% to 40% of the output current.
Reducing L decreases the value of the inductor. However a peak current increases and adversely affects the efficiency.
(Fig. 5.)
Moreover, you should be aware that the output current is limited because it becomes easy to operating to the
overcurrent limit.

The peak current is decided the following formula.
AlL=0.21t0 0.4 x lout [A]

ViN-V xV
L:( n-Vour)*Vour [H]

Al xVyxfosc

1Pk =lour + = [A]

Peak Current |,

Current Indunctor Peak Current |,
A Ripple Current Al ¢ Indunctor
—————————————————————————— Ripple Current Al
Output Current f R

h A
A

t t

ON OFF

Reducing L Value Increasing L value

Fig. 5. Inductor Current State Transition (Continuous Conduction Mode)
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Technical Information

B Application Information(Continued)

In most case, a suitable inductor L-value is fixed by oscillating frequency. The Inductor setting example is shown in
Table 3.

Table 3. Inductor Setting Example

Oscillating
Frequency Inductor L Part Number
[MHZ] [uH]
0.1 47 (22 to 100) CLF12577NIT (TDK)
0.3 15 (6.8 t0 33) CLF10060NIT (TDK)
05 10 (4.7 t0 22) CLF7045NIT (TDK)
1 4.7 (2.210 10) CLF6045NIT (TDK)

15 3.3(1.8t06.8) CLF6045NIT (TDK)
21 22(1to4.7) CLF5030NIT (TDK)
24 1.5(0.8t03.3) CLF5030NIT (TDK)

Inductor L-value is a theoretical value. The optimum value varies according such factors as application specifications
and components. Fine-tuning should be done on the actual device.

® |nput Capacitor
Transient current flows into the input section of a switching regulator responsive to frequency. If the power supply
impedance provided to the power supply circuit is large, it will not be possible to take advantage of the NJW4171
performance due to input voltage fluctuation. Therefore insert an input capacitor as close to the MOSFET as possible. A
ceramic capacitor is the optimal for input capacitor.

The effective input current can be expressed by the following formula.

\/VOUT x (VIN —Vour )
Vin

lrws = lour % [Al
In the above formula, the maximum current is obtained when Vin = 2 x Vour, and the result in this case is
Irms = lout (vax) + 2.
When selecting the input capacitor, carry out an evaluation based on the application, and use a capacitor that has
adequate margin.
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Technical Information

B Application Information(Continued)
® Output Capacitor
An output capacitor stores power from the inductor, and stabilizes voltage provided to the output.
Because NJW4171 corresponds to the output capacitor of low ESR, the ceramic capacitor is the optimal for
compensation.
In addition, you should consider varied characteristics of capacitor (a frequency characteristic, a temperature
characteristic, a DC bias characteristic and so on) and unevenness peculiar to a capacitor supplier enough.
The output capacitor is decided in reference to follows.
Cour = 100 108 [uF]

Vour *fosc

Therefore when selecting a capacitors, you should confirm the characteristics with supplier datasheets.
When selecting an output capacitor, you must consider Equivalent Series Resistance (ESR) characteristics, ripple
current, and breakdown voltage.

The output ripple noise can be expressed by the following formula.

Vv

ripple(p-p) —

Al, x [ESR + 1 J [V]

8xfosc X Cour

The effective ripple current that flows in a capacitor (Ims) is obtained by the following equation.

| .= Al, [Arms]

rms 2\/5

@ Caich Diode

When the switch element is in OFF cycle, power stored in the inductor flows via the catch diode to the output capacitor.
Therefore during each cycle current flows to the diode in response to load current. Because diode's forward saturation
voltage and current accumulation cause power loss, a Schottky Barrier Diode (SBD), which has a low forward saturation
voltage, is ideal.

When select the SBD, the reverse current at the high temperature is important, too.

The characteristic of SBD has a high reverse current than a general diode. If the reverse current is large, it leads to the
loss of the diode, so check the specification of the SBD.

® Setting Output Voltage, Compensation Capacitor
The output voltage Vour is determined by the relative resistances of R1, R2.
Because leak current increase if a resistor value is low, the efficiency in the light load is affected.
When use the A version of the light load function, you should increase resistance to improve a loss with the light load.

R2
Vo= —+1|xV; [V
ouT [Rl jx s [V]
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Technical Information

B Application Information (Continued)
® Compensation design example
A switching regulator requires a feedback circuit for acquiring a stable output.

Pole
Because the frequency characteristics of the application change according to < i 7 -20dB/dec
the inductance, output capacitor, and so on, the compensation constant should 8 E_N
ideally be determined in such a way that the maximum band is acquired while 0° : E i
the necessary phase for stable operation is maintained. § 5 i E i
These compensation constants play an important role in the adjustment of the £ ""E _____ : i
NJW4171 when mounted in an actual unit. Finally, select the constants while performing -90° . :
measurement, in consideration of the application specifications. fe/10 Freqfliency 10fp
Pole
Feedback and Stability
Basically, the feedback loop should be designed in such a way that the open
loop phase shift at the point where the loop gain is O dB is less than -180°. It is §

also important that the loop characteristics have margin in consideration of
ringing and immunity to oscillation during load fluctuations. With the NJW4171, +90°

the feedback circuit can be freely designed, enabling the arrangement of the § +45°
poles and zeros which is important for loop compensation, to be optimized. a o°
f,/10 f, 10f,
The characteristics of the poles and zeros are shown in Fig. 6. Frequency
Poles: The gain has a slope of -20 dB/dec, and the phase shifts -90°. Zero
Zeros: The gain has a slope of +20 dB/dec, and the phase shift +90°. Fig. 6.

Characteristics of Pole and Zero
If the number of factors constituting poles is defined as “n”, the change in the

gain and phase will be “n"-fold. This also applies to zeros as well. The poles and zeros are in a reciprocal relationship, so
if there is one factor for each pole and zero, they will cancel each other.

Pole and Zero Settings
The position of the poles and zeros are decided by the setting of an application and the error amplifier.
Fig. 9. shows compensation circuit. Table 4. shows setting of poles and zeros.
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B Application Information (Continued)

V*

Technical Information

lout

i SBD (:OUT l
(Opuon) %

éj

5L

Fig. 7. Compensation Circuit Configuration

Table 4. Setting of Poles and Zeros

%
i

Symbol Calculating formula Setting example Description
1
for = A f f A position of 1st pole fpy is fixed by Cc
fp1 2 X T —r‘r’] xCe % o1 58%‘:0 connected to the output of the error
amplifier.
(ex. 71.7H2)
The pole frour is caused by capacitor and
1 load resistance connected to the output.
foour = In this case, the load resistance assumes a
frout 2x X | T x Cour maximum load current and calculates.
ouT 35< <12 When it uses a ceramic capacitor for Cour, it is
(ex. 2.4kHz) POUT realistic to calculate at effective capacitance in
(ex. 8.8) consideration of DC bias.
£ 1 A position of zero fz; is fixed by Rc and Cc
fn 2 2xmxR. xCq connected to the output of the error
(ex. 21.2kH2) amplier.
1 20KHz t0 80KHZ The Zero fz, is caused by R2 and Crs.
f22 f, = 2% xR2%Coy (ex. 38.8kH2) The fzo compensates it for a phase shift of
O fp2.
fop B About 50KHz :arEsuZtr;% Eﬁl; of the error amplifier is set to

Note) The specifications example is based on application circuit P.27.

Above several 100 kHz, various poles are generated, so the upper limit of the frequency range where the loop gain is 0
dB is set to fifth (1/5) to tenth (1/10) of oscillating frequency.

When high oscillating frequency, control a loop gain to about 100kHz to get enough phase margins.

In addition, please tuning Rrs and Cc2 when circuit is unstable in the high frequency area of the loop gain.
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B Application Information (Continued)
@ Board Layout

In the switching regulator application, because the current flow corresponds to the oscillating frequency, the substrate
(PCB) layout becomes an important.

You should attempt the transition voltage decrease by making a current loop area minimize as much as possible.
Therefore, you should make a current flowing line thick and short as much as possible. Fig.8. shows a current loop at
step-down converter. Especially, should lay out high priority the loop of Cin-SW-SBD that occurs rapid current change in
the switching. It is effective in reducing noise spikes caused by parasitic inductance.

NIW4171 NJIW4171
Built-in SW L Built-in SW L
ommeo! ' fmj\ 5 o f(m\
VIN CIN SBD COUT VIN CIN SBD COUT
*
(a) Buck Converter SW ON (b) Buck Converter SW OFF

Fig. 8. Current Loop at Buck Converter

Concerning the GND line, it is preferred to separate the power system and the signal system, and use single ground
point.

The voltage sensing feedback line should be as far away as possible from the inductance. Because this line has high
impedance, it is laid out to avoid the influence noise caused by flux leaked from the inductance.

Fig. 9. shows example of wiring at buck converter. Fig. 10. shows the PCB layout example.

L
R Vour

YT 40 —O—]

VIN CIN -|_ SBD COUT

L Sk
R

The capacitor is NJIW4171
connected near an IC.

O

To avoid the influence of the voltage
drop, the output voltage should be
detected near the load.

Separate Digital(Signal)  Because FB pin is high impedance, the
GND from Power GND  yltage detection resistance: R1/R2 is
put as much as possible near IC(FB).

Fig. 9. Board Layout at Buck Converter
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EN/SYNC

Power Good

Connect Signal GND line and Power GND line on backside pattern

Fig. 10. Layout Example (upper view)
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Technical Information

W Calculation of Package Power
A lot of the power consumption of buck converter occurs from the internal switching element (Power MOSFET). Power
consumption of NJW4171 is roughly estimated as follows.

Input Power: PNn=VinxIn [W]
Output Power: Poutr = Vout x lout  [W]
Diode Loss: Poiope = VF x lu@vg) x OFF duty  [W]

NJW4171 Power Consumption:  Pross = Pin— Pout — Poiobe  [W]

Where:
Vi : Input Voltage for Converter In : Input Current for Converter
Vour : Output Voltage of Converter lout : Output Current of Converter
VE : Diode's Forward Saturation Voltage IL(avg) : Inductor Average Current

OFF duty  : Switch OFF Duty cycle

Efficiency (n) is calculated as follows.
N = (Pout + Pi) x 100 [%0)]

You should consider temperature derating to the calculated power consumption: Pp.
You should design power consumption in rated range referring to the power dissipation vs. ambient temperature
characteristics.
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B Application Design Examples

IC

Input Voltage
Output Voltage
Output Current

Oscillating frequency

Power Good O———

R; 15.4kQ %

eN/syNe O—

High: ON
Low: OFF

(Standby)

:NJW4171GM1-A
tVin=12V

: Vour=5V

: lout=2.5A

: fosc=500kHz

)
EN/SYNC v+

NJIW4171

PG SW

RT

I Open

L 10uH/3.1A

Res.
Cour 47uF/16V  Option

Technical Information

I 10uF/50V

Crs
5pF

FB

Vour =5V

R2
820kQ

GND COL R1
‘ 154kQ
Rc 7.5kQ %_J- C, Option
Cc 1,000pF 7%
Reference Qty. Part Number Description Manufacturer
IC 1 NIW4171GM1-A Internal 2.5A MOSFET SW.REG. IC New JRC
L 1 CLF7045NIT-100M Inductor 10uH, 3.1A TDK
SBD 1 D1FT4A Schottky Diode 40V, 3A Shindengen
Cint 1 UMK325BJ106MM Ceramic Capacitor 3225 10uF, 50V, X5R Taiyo Yuden
Cour 1 GRM32EB31C476KE15 Ceramic Capacitor 3225 47uF, 16V, B Murata
Crs 1 5pF Ceramic Capacitor 1608 5pF, 50V, CH Std.
Cc 1 1,000pF Ceramic Capacitor 1608 1,000pF, 50V, CH | Std.
Rc 1 7.5kQ Resistor 1608 7.5k, 1%, 0.1W Std.
R1 1 154kQ Resistor 1608 154kQ, +1%, 0.1W Std.
R2 1 820k Resistor 1608 820kQ, +1%, 0.1W Std.
Rr 1 15.4kQ Resistor 1608 15.4kQ, 1%, 0.1W Std.
New Japan Radio Co.LEd.
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B Application Characteristics

Efficiency vs. Output Current

(A ver., Vour=5V, fggc=500kHz)

Technical Information

Load Regulation
(A ver., fogc=500kHz)
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HSOPS

mPACKAGE DIMENSIONS
5.2+ 0.3 j(;
=l -

4.4+ 0.2
6.2+ 0.3

4+ 0.2

|
I I I
1.27
0.895max 0.15%5:32
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[
\

1.55% 0.15

N [H
(111
(111

J (I
//
——
0.08+ 0.05
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\\

2.7+ 0.05
/
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HSOPS8

mEXAMPLE OF SOLDER PADS DIMENSIONS

0.5 L1.27
N
N
| -
|
|
ﬁ :ﬁ <« =4
- :ji Nl o <
,‘,,
|
|
2.6
4.31
I
<Solder pattern> <Metal mask>

<Instructions for mounting>
Please note the following points when you mount HSOP-8 package IC because there is a standoff on the backside electrode.
(1) Temperature profile of lead and backside electrode.
It is necessary that both re-flow temperature profile of lead and backside electrode are higher than preset temperature.
When solder wet temperature is lower than lead/backside electrode temperature, there is possibility of defect mounting.

(2) Design of foot pattern / metal mask
Metal mask thickness of solder pattern print is more than 0.13mm.

(3) Solder paste

The mounting was evaluated with following solder paste, foot pattern and metal mask.

Because mounting might be greatly different according to the manufacturer and the product number even if the solder composition
is the same.

We will strongly recommend to evaluate mounting previously with using foot pattern, metal mask and solder paste.

Sn37Pb (Senju Metal Industry Co., Ltd OZ7053-340F-C)
Sn3Ag0.5Cu (Senju Metal Industry Co., Ltd M705-GRN350-32-11)

Solder paste composition

WNew Japan Radio Co. Ltd.
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B PACKING SPEC Unit: mm
TAPING DIMENSIONS
= Feed direction SYMBOL DIMENSION REMARKS
P2, PO @ DO T A 6.7+ 0.1
/ T B 5.55+ 0.1
" DO 1.55+ 0.05
{5 - {Bfi]} - {ﬁ*Q} - — v D1 2.05+ 0.05
" | | E 1.75+ 0.1
LS F 5.5+ 0.05
: : : = PO 4.0+ 0.1
® 77@* "7@**** —1-R— | -1 P1 8.0+ 0.1
| | | P2 2.0+ 0.05
/ : : : T 0.3+ 0.05
T2 2.47
A P1 © D1 I(g KO 2.1+ 0.1
W 12.0+ 0.2
SYMBOL DIMENSION
A @ 330+ 2
B @ 80+1
C @ 13+ 0.2
D @ 21+ 0.8
E 2+ 0.5
W 13.5+ 0.5
Wl 17.5¢ 1
TAPING STATE
Insert direction
| Sealing with covering tape
I
0 0 0O 0000000 Fl
BEEY| ) EE II IEE
| Empty tape _| Devices Empty tape Coverlng tape
Feed direction | 400mm MIN. | 3000pcs/reel ' 500mm MIN. ' 400mm MIN.
PACKING STATE
Label Label
Put a reel into a box
o
New Japan Radio Co.LEd.
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B MOUNTING METHOD

INFRARED REFLOW SOLDERING METHOD

Recommended reflow soldering procedure

I/ f
260°C /\ e
230°C - \/ q
220°C
180°C
150°C
Room Temp.
a b c a
a Temperature ramping rate :1to4°C/s
b Pre-heating temperature :150t0 180°C
time 16010 120s
¢ Temperature ramp rate :1to4°C/s
d 220°C or higher time : Shorter than 60s
e 230°C or higher time : Shorter than 40s
f Peak temperature : Lower than 260°C
g Temperature ramping rate :1t06°C/s
The temperature indicates at the surface of mold package.
New Japan Radio Co.LEd.
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mREVISION HISTORY

DATE REVISION CHANGES
27.Mar.2017 Ver.1.0 New Release
Corrected of FEATURES.
13.Apr.2017 Ver.1.1 Addition of PACKAGE DIMENSIONS, EXAMPLE OF SOLDER PADS DIMENSIONS,
PACKING SPEC and MOUNTING METHOD.
01.Aug.2017 Ver.1.2 Corrected of Application Data.
17.Jun.2019 Ver.1.3 Status change of A ver., Correct the formula of P.23
29.0ct.2019 Ver.1.4 Correct the formula of P.19
5.Feb.2021 Ver.1.5 Add the PRODUCT CLASSIFICATION
23.Aug.2021 Ver.1.6 Corrected of Application.

Ver.1.6

WNew Japan Radio Co. Ltd.

. -33-
www.njr.com



NJW4171

[ CAUTION ]

1. NJR strives to produce reliable and high quality semiconductors. NJR’s semiconductors are intended for specific applications
and require proper maintenance and handling. To enhance the performance and service of NJR's semiconductors, the devices,
machinery or equipment into which they are integrated should undergo preventative maintenance and inspection at regularty
scheduled intervals. Failure to properly maintain equipment and machinery incorporating these products can result in
catastrophic system failures

2. The specifications on this datasheet are only given for information without any guarantee as regards either mistakes or
omissions. The application circuits in this datasheet are described only to show representative usages of the product and not
intended for the guarantee or permission of any right including the industrial property rights.

All other trademarks mentioned herein are the property of their respective companies.

3. Toensure the highest levels of reliability, NJR products must always be properly handled.
The introduction of external contaminants (e.g. dust, oil or cosmetics) can result in failures of semiconductor products.

4. NJR offers a variety of semiconductor products intended for particular applications. It is important that you select the proper
component for your intended application. You may contact NJR's Sale's Office if you are uncertain about the products listed in this
datasheet.

5. Special care is required in designing devices, machinery or equipment which demand high levels of reliability. This is particularly
important when designing critical components or systems whose failure can foreseeably result in situations that could adversely
affect health or safety. In designing such critical devices, equipment or machinery, careful consideration should be given to
amongst other things, their safety design, fail-safe design, back-up and redundancy systems, and diffusion design.

6. The products listed in this datasheet may not be appropriate for use in certain equipment where reliability is critical or where the
products may be subjected to extreme conditions. You should consult our sales office before using the products in any of the
following types of equipment.

- Aerospace Equipment

- Equipment Used in the Deep Sea

- Power Generator Control Equipment (Nuclear, steam, hydraulic, etc.)
- Life Maintenance Medical Equipment

- Fire Alarms / Intruder Detectors

- Vehicle Control Equipment (Automobile, airplane, railroad, ship, etc.)
- Various Safety Devices

7. NJR's products have been designed and tested to function within controlled environmental conditions. Do not use products under
conditions that deviate from methods or applications specified in this datasheet. Failure to employ the products in the proper
applications can lead to deterioration, destruction or failure of the products. NJR shall not be responsible for any bodily injury, fires
or accident, property damage or any consequential damages resulting from misuse or misapplication of the products. The
products are sold without warranty of any kind, either express or implied, including but not limited to any implied warranty of
merchantability or fithess for a particular purpose.

8. Warning for handling Gallium and Arsenic (GaAs) Products (Applying to GaAs MMIC, Photo Reflector). These products use Gallium
(Ga) and Arsenic (As) which are specified as poisonous chemicals by law. For the prevention of a hazard, do not burn, destroy, or
process chemically to make them as gas or power. When the product is disposed of, please follow the related regulation and do not
mix this with general industrial waste or household waste.

9. The product specifications and descriptions listed in this datasheet are subject to change at any time, without notice.
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