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Datasheet

Nisshinbo Micro Devices Inc.

NC2780

Synchronous 34V Input Buck Switching Regulator (Controller)

FEATURES

GENERAL DESCRIPTION

Input Voltage (Maximum Rating):

40Vto34V(36V)
Start-Up Voltage: 45V
Output Voltage: 0.7Vto 53V
Feedback Voltage Tolerance: 064V+1%

Quiescent Current:
Typ. 15 yA (PFM at no load)
Oscillation Frequency: 250 kHz to 1 MHz
Soft-Start: 500 ps (When CSS is open)
Can be optimized with external capacitance.
Minimum On-Time: Typ. 100 ns
Minimum OFF-Time: Typ. 120 ns
Duty-Over: Oscillation Frequency x 1to 1/4
Operating mode: Auto switch mode,
Force PWM mode, PLL sync mode
Operating Temperature Range: -40 °Cto 105 °C
SSCG (Spread Spectrum) »:Option
Power-Good
Anti-Phase Clock Output
Under Voltage Lockout (UVLO) Function:

Vee = Typ. 3.3V
Overvoltage Detection (OVD),
Undervoltage Detection (UVD)
Thermal Shutdown: Typ. 160 °C
Output Overcurrent Protection: Hiccup mode/
Latch mode

Short-Circuit Protection Function: SW to VIN or GND

The NC2780 is a CMOS-based controller-type buck
switching regulator that operates using external
high-side and low-side NMOSFETSs. Equipped with
a PFM function, it achieves high efficiency even at
light loads, enabling low consumption in the system.
Also, the switching frequency can be adjusted in the
range of 250 kHz to 1 MHz by an external resistor.

HSOP-18-AK
52mmx6.2mmx 1.5 mm

APPLICATIONS

® Power source for digital home appliances such as

digital TV, DVD players.

® Power source for office equipment such as printers

and fax machines.

® Power source for mobile communication

equipment, cameras and video instruments.

® Power source for high voltage battery-powered

equipment.
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Nisshinbo Micro Devices Inc.

Datasheet

NC2780 series

PRODUCT NAME INFORMATION

NC2780 aa

bbb ¢ dd e

Description of Configuration

Composition Item Description
Indicates the package.
aa Package Code AK: HSOP-18-AK
bbb Output Voltage Select the output voltage range and current limit threshold voltage.
c Version Select the Overcurrent Protection and SSCG.
. Taping direction.
dd Packing Refer to the packing specifications.
e Grade Indicates the quality grade.

Select the output voltage range and current limit threshold voltage.

bbb Quiput Voliage|Range Current Limit Threshold Voltage Reverse Current Limit Threshold Voltage
(Typ.) (Typ.)

001 50mV -25mV

002 3.15V < Vour £5.3V 70mV -356mV

003 100mV -50mV

101 50mV -25mV

102 0.7V < Vour £ 3.15V 70mV -35mV

103 100mV -50mV

Select the Overcurrent Protection and SSCG.

c Overcurrent Protection SSCG
A
B Non-Latch Type Hiccup Mode
C
Latch Mode
D
Grade
e Applications Operating Temperature Range Test Temperature
S General-Purpose and Consumer Application -40°C to 105°C 25°C
ORDER INFORMATION
HALOGEN- PLATING WEIGHT QUANTITY
PRODUCT NAME PACKAGE RoHS FREE COMPOSITION (mg) (pcs/reel)
NC2780AK bbb c E2 e HSOP-18-AK v v Sn 81 1000
Click here for checking details.
NISSHINBO
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Datasheet

Nisshinbo Micro Devices Inc. NC2780 series

PIN DESCRIPTIONS
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NC2780 Pin Configuration

*TAB on the bottom of the package is the silicon substrate level.
Please be sure to connect to GND on the mounting board.

Pin No. | Pin Name | 1/O Description
1 VIN | Power Supply Input Pin
2 CSS/TRK | Soft-Start Adjustment Pin
3 AGND _ | Analog GND pin of internal circuit _
Be sure to connected to the PGND pin on the board.
4 EN | Enable Pin o . o
Input "Low" to this pin shuts down the IC. Input "High" to this pin enables the IC.
5 SENSE | Sense pin for inductor current o o . .
Set the current value for current limit and reverse current limit by connecting a sense resistor.
6 VOUT | Power supply input pin for internal circuit / output voltage sense pin
Timing Resistor pin to Program the Oscillator Frequency
7 RT | Connecting a resistor between the GND pin and this pin sets the switching frequency.
Switching frequency range is from 250 KHz to 1 MHz.
Error Amplifier Phase Compensation Pin
8 COMP 0] . . .
Connect a resistor and a capacitor for phase compensation.
9 FB | Feedback Input Pin . '
Set the output voltage by connecting an external resistor.
Clock Qutput Pin
10 CLKOUT O | Outputs a pulse signal (Duty typ. 50%) whose phase is 180° different from the switching control
signal inside the IC during PWM operation.
Power-Good Output Pin
11 PG 0O NMOS open drain pin.
Mode Control Pin and External Clock Synchronization Input pin
12 MODE | High: Forced PWM Control, Low: PWM/PFM Auto Switching Control,
Clock input: PLL synchronization mode.
13 PGND — | Power GND pin
Be sure to connected to the AGND pin on the board.
14 LGATE O | Gate Drive pin for Bottom(low-side) Synchronous N-Channel MOSFET.
15 SW | Switching Pin
Connect the high-side MOSFET source, low-side MOSFET drain, and inductor.
16 HGATE O | Gate Drive pin for Top(high-side) N-Channel MOSFET
Bootstrapped Pin
17 BST O | By connecting a capacitor (Csst) between the BST and SW pin, the voltage between the BST
and SW pin is controlled to Typ.5V. Cast is charged from VCC.
18 Violo o) Output pin of Internal 5V linear Regulator

The control circuits of drive external MOSFETSs are powered from this voltage source.

For details, refer to "_TYPICAL APPLICATION CIRCUIT " and " THEORY OF OPERATION".

Ver.1.0
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Nisshinbo Micro Devices Inc.

Datasheet

NC2780 series
ABSOLUTE MAXIMUM RATINGS

Symbol Ratings Unit
VIN Pin Voltage VIN -0.3 to 36 \%
EN Pin Input Voltage Ven -0.3toVin+0.3<36 \%
CSS/TRK Pin Voltage Vessitrk -03toVn+0.3<3 \Y,
VOUT Pin Voltage Vour -0.3to 6 \Y
SENSE Pin Voltage VseNse -0.3to 6 \%
RT Pin Voltage VRt -0.3t0 3 \%
COMP Pin Voltage Vcowmp -0.3toVec+0.3<6 \Y,
FB Pin Voltage Vrs -0.3t0 3 \Y
VCC Pin Voltage Vee -0.3to 6 \%
Output Current for VCC Pin Internally limited mA
BST Pin Voltage VasT SW-0.3toSW+6 \Y,
HGATE Pin Voltage VHGATE SW-0.31t0 BST \%
SW Pin Voltage Vsw -0.3toVin+0.3<36 \%
LGATE Pin Voltage VLGATE -0.3to 6 \%
MODE Pin Voltage VmopE -0.3to 6 \Y
PG Pin Voltage Vee -0.3to 6 \Y
CLKOUT Pin Voltage VeLkout -0.3toVec+0.3<6 \%
Junction Temperature Range ™ Tj -40to 125 °C
Storage Temperature Range Tstg -55t0 125 °C

ABSOLUTE MAXIMUM RATINGS

over these absolute maximum ratings is not assured.

Electronic and mechanical stress momentarily exceeded absolute maximum ratings may cause permanent damage and
may degrade the lifetime and safety for both device and system using the device in the field. The functional operation at or

" Please refer to "THERMAL CHARACTERISTICS" for the thermal resistance under our measurement board conditions.

THERMAL CHARACTERISTICS
Package Parameter Measurement Result Unit
HSOP-18.AK Thermal Resistance (0ja) 32 /W
e Thermal Characterization Parameter (yjt) 8

0ja : Junction-to-Ambient Thermal Resistance

yijt : Junction-to-Top Thermal Characterization Parameter

The above values are reference data under measurement conditions based on JEDEC STD.51.

NSSHNBO
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Nisshinbo Micro Devices Inc.

Datasheet

NC2780 series

ELECTROSTATIC DISCHARGE RATINGS

Conditions Protection Voltage
HBM C =100pF, R = 1.5kQ +2000V
CDM +1000V
ELECTROSTATIC DISCHARGE RATINGS
The electrostatic discharge test is done based on JESD47.
In the HBM method, ESD is applied using the power supply pin and GND pin as reference pins.
RECOMMENDED OPERATING CONDITIONS
Symbol Ratings Unit
Input Voltage ViN 4.0to 34 \%
Operating Temperature Range Ta -40 to 105 °C
Output Voltage Range Vour 0.7t05.3 \%

RECOMMENDED OPERATING CONDITIONS

All of electronic equipment should be designed that the mounted semiconductor devices operate within the recommended
operating conditions. The semiconductor devices cannot operate normally over the recommended operating conditions,
even if when they are used over such conditions by momentary electronic noise or surge. And the semiconductor devices
may receive serious damage when they continue to operate over the recommended operating conditions.

NSSHINBO




Datasheet

Nisshinbo Micro Devices Inc. NC2780 series

ELECTRICAL CHARACTERISTICS

Vin =12V, Ven = Vinunless otherwise specified.
For parameter that does not describe the temperature condition, the MIN / MAX value under the condition of
-40 °C £ Ta £ 105 °C is described.

Parameter Symbol Conditions MIN TYP MAX Unit
Start-Up Voltage VsTART - - 4.5 \Y,
VCC Pin Voltage (VCC - AGND) Vee Vrs = 0.672 V 4.9 5.1 5.3 Y,
Shutdown Current Isp VN=34V,Ven=0V - 3 21 MA
Ve =0.672 V,
Quiescent NC2780AK0xxx Vmope =5V, - 1.0 15
Curreht 1_ lar Vout = Vsense = Vsw =5V mA
at Switching Stop Ves =0.672V,
in PWM Mode NC2780AK1xxx Vmope = 5V, - 1.6 2.1
Vout = Vsense = Vsw =1.5V
Ve =0.672 V,
Quiescent NC2780AKOxxx Vmope =0V, - 15 75
Curreht 2_ laz Vout = Vsense =Vsw =5V UA
at Switching Stop Vis = 0.672 V,
in PFM Mode NC2780AK1xxx Vmope =0V, - 45 145
Vour = Vsense = Vsw =15V
UVLO Release Voltage VUvioreL | Ve Rising 3.85 4.0 4.2 \Y,
UVLO Detection Voltage VuviopeT | Ve Falling 3.1 3.3 3.4 \%
FB Pin Voltage Ves Ta=25°C 0.6336 0.64 0.6464 Y,
-40°C <Ta<105°C 0.6272 0.6528 Vv
Oscillation Frequency 0 fosco RrT = 135 kQ 225 250 275 kHz
Oscillation Frequency 1 fosct Rkt = 32 kQ 900 1000 1100 kHz
Minimum OFF Time torF VIN=5V,Vour=5V - 120 190 ns
Minimum ON Time ton ViN=5V,Vour=0.7V - 100 120 ns
Synchronizing Frequency fsyne fosc as the reference foscx0.5 - foscx1.5 | kiz
250 - 1000 kHz
Soft-Start Time 1 tss1 CSS/TRK = OPEN 0.4 - 0.75 ms
Soft-Start Time 2 tss2 Css=4.7nF 1.4 - 20 ms
Charge Current for Soft-Start Pin ITss Vcssmre = 0V 1.8 2 22 MA
CSS/TRK Pin Voltage at VSsEND Vrs Vs Vrs v
End of Soft-Start +0.03 +0.06
8531%[\?}? PRitr:3|stance for RonbIs_css xls”::’:vé \\//EN oV, 20 3.0 5.0 KO

All electrical characteristic parameters that specify the minimum and maximum specifications are tested under the condition of
Tj=Ta=25°C.

NSSHNBO

Ver.1.0



Datasheet

Nisshinbo Micro Devices Inc. NC2780 series

ViN =12V, Ven = Vin unless otherwise specified.
For parameter that do not describe the temperature condition, the MIN / MAX value under the condition of
-40 °C < Ta< 105 °C is described.

Parameter Symbol Conditions MIN TYP MAX Unit
On-resistance of Pull-up MOSFET _
(HGATE Pin) RupHeATE (BST-SW)=5V - 25 7.0 Q
On-resistance of Pull-down MOSFET _
(HGATE Pin) Roownneate | (BST-SW) =5V - 1.5 5.0 Q
On-resistance of Pull-up MOSFET
(LGATE Pin) RupLeaTE - 4.0 8.5 Q
On-resistance of Pull-down MOSFET
(LGATE Pin) RoownLeaTE - 1.5 5.0 Q
Current Limit NC2780AKx01x 40 50 60 mV
Threshold Voltage | NC2780AKx02x Viuimir MODE = “High” 60 70 80 mV
(SENSE - VOUT) | NC2780AKx03x 90 100 110 mV
Reverse Current | NCZ780AKx01x -35 -25 -15 mvV
Sense Threshold | NC2780AKx02x VIRevLMIT MODE = “High” -45 -35 -25 mV
(SENSE - VOUT)  ['\ca780aKx03x -60 -50 -40 mV
SW Short to GND Detector
Threshold Voltage (VIN - SW) VSWSHORTDET 0.325 0.43 0.525 \%
SW Short to VCC Detector
Threshold Voltage (SW - PGND) VSWSHORTDET 0.310 0.43 0.535 \%
EN Pin “High” Input Voltage VENH 1.3 - - \%
EN Pin “Low” Input Voltage VENL - - 1.1 \%
EN Pin “High” Input Current len VN=34V,Ven=34V 0.20 - 2.45 MA
EN Pin “Low” Input Current lenc Vin=34V,Ven=0V -1.00 0 1.00 MA
FB Pin “High” Input Current IFBH ViNn=34V,Vre=3V -0.1 0 0.1 MA
FB Pin “Low” Input Current IFBL ViNn=34V,Vee=0V -0.1 0 0.1 MA
MODE “High” Input Voltage VMODEH 1.35 - - \%
MODE “Low” Input Voltage VMoDEL - - 0.74 \%
MODE “High” Input Current IMoDEH Vin =34V, Vmope =6 V 1.00 - 6.80 MA
MODE “Low” Input Current ImMoDEL Vin=34V, Vmope =0V -1.0 0 1.0 MA
CLKOUT Pin “High” Output Voltage VcLkouTH CLKOUT =Hi-Z 4.7 - VCC \Y,
CLKOUT Pin “Low” Output Voltage VeLkoutL CLKOUT =Hi-Z 0 - 0.1 \%
PG Pin “Low” Output Voltage VPGoFF Vin=4.0V, - 0.26 0.54 v
Il =1 mA
PG Pin Leakage Current lpcoFF Vin=34V, -0.10 0 0.10 MA
Ve =6V
. VFBOVDDET Vrs Rising 0.680 | Veex1.10 | 0.740 \%
FB Pin OVD Threshold Voltage -
VFBOVDREL Vrs Falling 0.664 | Veex1.07 | 0.712 \%
Vv Ves Falli 0.556 | Vesx0.90 | 0.604 \Y
FB Pin UVD Threshold Voltage FEUVDDET | Vre T8TING e
VFBUVDREL Vrs Rising 0.574 | Veex0.93 | 0.628 \Y,
Trans Conductance Amplifier gm (EA) Veomp = 1.5V 0.35 1 1.55 mS

All electrical characteristic parameters that specify the minimum and maximum specifications are tested under the condition of
Ti=Ta=25°C.

NSSHNBO
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Datasheet
Nisshinbo Micro Devices Inc. NC2780 series

TYPICAL APPLICATION CIRCUIT
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NC2780AK Typical Application Circuit
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Datasheet
Nisshinbo Micro Devices Inc. NC2780 series

THEORY OF OPERATION

Forced PWM Mode and PFM Mode

The output voltage control methods are selectable between the PWM / PFM auto-switching mode and the forced PWM mode by
using the MODE pin.

Forced PWM Mode

Forced PWM mode is selected when setting the MODE pin to “High”. This mode can reduce the output noise, since the frequency
is fixed during light load conditions. Thus, lLmin becomes less than "0" when lour is less than AlL / 2. That is, the electric charge,
which is charged to Cour, is discharged via MOSFET for the durations — when I reaches "0” from I.vin during the tonws periods
and when IL reaches Iumin from ”0” during torrns periods. But, pulses are skipped to prevent the overvoltage when high-side
MOSFET is set to ON under the condition that the output voltage being more than the set output voltage.

PFM Mode

PWM / PFM auto-switching mode is selected when setting the MODE pin to “Low”. This mode can automatically switch from PWM
to PFM to achieve a high-efficiency during light load conditions. By the PFM mode architecture, the high-side MOSFET is turned
on for ton x 1.54 (typ) at the PWM mode under the same condition as the PFM mode when the FB pin voltage drops below the
internal reference voltage (Typ.0.64 V). After the On-time, the high-side MOSFET is turned off and the low-side MOSFET is turned
on. When the inductor current of 0 A is detected, the low-side MOSFET is turned off and the switching operation is stopped (Both
of hi- and low-side MOSFETs are OFF). The switching operation restarts when the FB pin voltage becomes less than 0.64 V.
PWM/PFM auto-switching mode switches between PWM mode and PFM mode depending on the load current. When this product
detects that the inductor current has become 0A for 16 consecutive cycles during light load, it switches from PWM mode to PFM
mode. Also, if the load increases and the high-side MOSFET turns on before detecting OA of inductor current, the PFM mode will
switch to PWM mode.

The On-time at the PWM mode is determined by a resistance, input and output voltages, which are connected to the RT pin.

ILmax |
LMAX

tonHs torFHs | 3 . |
T=1/fosc . tonHs torFHs

Forced PWM Mode PFM Mode

NSSHNBO
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Datasheet

Nisshinbo Micro Devices Inc. NC2780 series

Enable Function

Standby state by inputting the "Low" to the EN pin, can be set to the active state by inputting the "High". When the EN pin voltage
drops lower than 1.1 V, which is the EN "Low" input voltage (VenL), switching is turned off. When the EN pin voltage rises higher
than 1.3 V, which is the EN "High" input voltage (VenL), the NC2780 starts and begins a soft start. The EN pin voltage must be
0.52V or less in order to make the current flowing through the VIN pin to the shutdown current (Isp).

If enable function is not necessary, connect EN pin to VIN pin or other designated "High" voltage node at start-up.

Input voltage cannot be applied to the EN pin when no voltage is applied to the VIN pin.

However, please note that if the VIN pin and the EN pin are turned on at the same time with Ta > 125°C, it may occur the thermal
shutdown detection state.

MODE Switching Function

The NC2780 operating mode is switched among the forced PWM mode, PWM/PFM auto-switching mode and PLL_PWM mode,
by a voltage or a pulse applied to MODE pin. The forced PWM mode is selected when the voltage of the MODE pin is more than
1.35 V, and the PWM works regardless of a load current. The PWM/PFM auto-switching mode is selected when it is less than
0.74 V, and control is switched between a PWM mode and a PFM mode depending on the load current. See Forced PWM mode
and PFM mode for details. And see Frequency Synchronization Function for the operation on connecting an external clock.

Frequency Synchronization Function

The NC2780 can synchronize to the external clock being inputted via the MODE pin, with using a PLL (Phase-locked loop). The
forced PWM mode is selected during synchronization. The external clock with a pulse-width of 100 ns or more is required. The
allowable range of oscillation frequency is 0.5 to 1.5 times of the set frequency(", and the operating guaranteed frequency is in
the 250 kHz to 1 MHz range(?. The NC2780 can synchronize to the external clock even if the soft-start works. That is, the NC2780
executes the soft-start and the synchronization functions at a time if having started up while inputting an external clock to the
MODE pin.

When the maxduty or the duty-over state is caused by reduction in differential between input and output voltages, the device runs
at asynchronous to the MODE pin, and it operates in the frequency reduced until one-fourth of the external clock frequency.
Likewise, the CLKOUT pin becomes asynchronous to the MODE pin. If making synchronization to the MODE pin, take notice in
use under a reduced input voltage.

Duty-Over Function

When the input voltage is reduced at cranking, the operating frequency is reduced until one-fourth of the set frequency with
being linearly proportional to time in order to maintain the output voltage. Exploiting the ON duty to exceed the maxduty value at
normal operation can make the differential between input and output voltages small. The duty-over function enables when the
minimum OFF time (torr) is detected.

Input Voltage (Vin) \

Output Voltage (Vour)

Dashed line:
without duty-over function

Oscillation Frequency (fosc) ————————<c-------------------------

OFFDUTY = tOFF

Frequency Modulation with Duty-Over

() See Oscillation Frequency Setting for details of the set frequency.
(2 The adjustable oscillation frequency range becomes 250kHz < fosc < 600kHz when 0.7 V < Vour < 1.35V.

NSSHNBO
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Datasheet
Nisshinbo Micro Devices Inc. NC2780 series

CLKOUT Output Function

During PWM operation, the NC2780 outputs a pulse signal (Duty Typ. 50%) whose phase is 180° different from the switching
control signal inside the IC from the CLKOUT pin. During PFM operation or BADFREQ detection, the CLKOUT pin is fixed in
“Low”. It works for synchronized switching control signals, even during frequency synchronization.

Even in versions with the SSCG function enabled, the signal modulated by the SSCG is output along with the switching control
signal. However, when the input voltage becomes close to the output voltage and the maximum duty or duty over state occurs,
the operating frequency is controlled to be lowered relative to the switching control signals inside the IC, so the CLKOUT pin
output becomes asynchronous with the operating frequency and does not match the frequency. If this function is not used, leave
the CLKOUT pin open.

[PWM Mode] [PLL PWM Mode] [DutyOver]
MODE=CLK input
sw sw /[ [ [ [ tm gy
T R AL AL B L™= " e
CLK CLK CLK
(Internal (Internal (Internal
U U, Tt
time= time= t'me=
CLKOUT 180° phase CLKOUT 180° phase CLKOUT 180° phase !
difference difference difference
timeV lime= . time=
Not synchronized
with SW

CLKOUT Output Image

NSSHNBO
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Datasheet
Nisshinbo Micro Devices Inc. NC2780 series

Power Good Output Function

The power good function with using a NMOS open drain output pin can detect the following states of the NC2780. The NMOS
FET turns on and the PG pin becomes "Low" when detecting them. When these conditions are released, the NMOS FET turns
off and the PG pin outputs "High". (Vur: PG pull-up Voltage).

*EN = "Low" (Shut Down)

*UVLO (Shut Down)

*Thermal Shut Down

- Soft-Start Time

-At UVD Threshold Voltage Detection

-At OVD Threshold Voltage Detection

- At Hiccup-Type Protection (when hiccup mode is selected)
- At Latch-Type Protection (when latch mode is selected)

The PG pin is designed to become 0.54 V or less in “Low” level when the current floating to the PG pin is 1 mA. The use of the

PG pull-up voltage (Vup) of 5.5 V or less and the pull-up resistor (Rrc) of 10 kQ to 100 kQ are recommended. If not using the PG
pin, connect it to “Open” or “GND”.

EN Input Voltage (Ven)
A

Vcen

VCEL

v

Output Voltage (Vour) ' i
A

Vser

= FET : >
PG Voltage (Veg) i E E
A :
“H” is detected l_deer A4V R ‘ ' 5 oo
abnormal condition. L Typ.
1 120ps
Power Good Output Pin Rising / Falling Sequence of Power Good Circuit

Connecting Diagram

NSSHNBO
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Datasheet
Nisshinbo Micro Devices Inc. NC2780 series

Soft-Start Function

The soft-start time is a time between a rising edge ("High" level) of the EN pin and the timing when the output voltage reaches the
set output voltage. Connecting a capacitor (Css) to the CSS / TRK pin can adjust the soft-start time (tss) — provided the internal
soft-start time of 500 us (Typ.) as a lower limit. The adjustable soft-start time is 1.6 ms (Typ.) when connecting an external capacitor
of 4.7 nF with the charging current of 2.0 yA (Typ.). If not required to adjust the soft-start time, set the CSS / TRK pin to “Open” to
enable the internal soft-start time of 500 ys (Typ.). If connecting a large capacitor to an output signal, the overcurrent protection
or the SW GND short protection might run. To avoid these protections caused by starting abruptly when reducing the amount of
power current, soft-start time must be set as long as possible.

There is no upper limit on the capacitance value of Css.

Each of soft-start time (tss1/ tss2) is guaranteed under the conditions described in the chapter of “Electrical Characteristics”.

¥¢msp—-———————————-

1.6ms

Css [nF] = (tss - tvo_s) / 0.64 x 2.0

tss: Soft - Start time (ms)
tvo_s: Time period from EN = “High” to VOUT’s rising
(Typ. 0.160ms)

1.2ms

0.5ms {

1nF 3.3nF4.7nF  10nF 33nF

Soft-Start Time Adjustable Capacitor (Css) vs. Soft-Start Time (tss)

! |
|l + »
< lss >
Ce |tVO s! |
A » " Se !
: I
VCEH | : -
T n |
Vout ! ! : time
A : : I
VseT ] I :
G ; time
|
A | 120us
| (Typ.)_|
I »
time =

Soft-Start Sequence

NSSHNBO
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Datasheet
Nisshinbo Micro Devices Inc. NC2780 series

Tracking Function

Applying an external tracking voltage to the CSS / TRK pin can control the soft-start sequence — provided that the lowest internal
soft-start time is limited to 500 us (Typ.). Since Vrs becomes nearly equal to Vcsstrk at tracking, the complex start timing and soft-
start can be easily designed. The available voltage at tracking is between 0 V and 0.64 V. If the tracking voltage is over 0.64 V,
the internal reference voltage of 0.64 V is enabled. Also, an arbitrary falling waveform can be generated by reducing Vcss/trk to
0.64 V (Typ.) or less, because the NC2780 supports both of up- and down- tracking.

VOouT

0.64V

CSS/TRK

Tracking Sequence

Min. ON-Time

The min. ON time (Max.120 ns), which is determined in the NC2780 internal circuit, is a minimum time to turn high-side MOSFET
on. The NC2780 cannot generate a pulse width less than the min. ON time. Therefore, settings of the output set voltage and the
oscillator frequency are required so that the minimum step-down ratio [Vout/Vin X (1 / fosc)] does not stay below 120ns. If staying
below 120 ns, the pulse skipping will operate to stabilize the output voltage. However, the ripple current and the output voltage
ripple will be larger.

Min. OFF-Time

By the adoption of bootstrap method, the high-side MOSFET, which is used as the NC2780 internal circuit for the min. OFF
time, is used a NMOS. The voltage sufficient to drive the high-side MOSFET must be charged. Therefore, the min. OFF time is
determined from the required time to charge the voltage. By the adoption of the frequency’s reduction method by one-quarter of
a set value (Min.), if the input-output difference voltage becomes small or load transients are caused, the OFF period can be
caused once in four-cycle period of normal cycle. As a result, the min. OFF time becomes 190 ns (Typ.) substantially, and the
maximum duty cycle can be improved.

When the input voltage is low or there is a sudden load transient, the duty over function turns off the high-side MOSFET every
four cycles at the minimum, effectively increasing the maximum duty ratio to reduce the input-output voltage difference.

NSSHNBO
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SSCG (Spread Spectrum Clock Generator)

In order to reduce the interference of conductive / radioactive noise, we have prepared an option of SSCG (Spread Spectrum
Clock Generator) function. SSCG function is valid during PWM operation. SSCG suppresses the peak noise by spreading the
switching frequency in a specific range. In this version, the switching frequency (fosc) changes with the ramp wave within a
range of + 3.6% (Typ.) of set frequency. The modulation cycle is 128 / fosc. See the figure below. SSCG is valid only during
PWM operation and disabled during PFM operation. Also note that the SSCG is invalid when an external clock is applied. Note
that the effect of SSCG cannot be obtained when an external clock is input. Also, modulation of ramp wave cannot be
maintained during pulse-skipping operation to prevent overvoltage.

Switching Frequency
A

fosco* 3.6%

fOSCO

fosco-3-6%

Fluctuation Diagram of Oscillation Frequency by SSCG

PROTECTION FUNCTION

Thermal Shutdown

When the junction temperature exceeds the thermal shutdown detection temperature (Typ.160°C), switching stops and self-

heating is suppressed.
This IC will restart when the junction temperature drops below the thermal shutdown release temperature (Typ.140°C). Then,

the Soft-Start function is activated.

SW Power Supply (VIN Short) / GND (GND Short) Protection

In addition to normal current limit, the NC2780 provides the SW power supply / GND short protection to monitor the voltage
between the MOSFET’s drain and source. Since the current limit function is controlled with an external inductor’s DCR or a sense
resistance, the current limit function cannot work when a through-current is flowed through the MOSFET and when an overcurrent
is generated by shorting the SW pin to VDD/GND. The detecting current is determined by SW shot to VDD/GND detector threshold
voltage (ON-resistance of MOSFET x Current, Typ.0.43 V).

NSSHNBO
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Current Limit Function

The current limit function can be to limit the current by the peak current method to turn the high-side MOSFET off that the potential
differences is over the current limit threshold voltage. The threshold voltage is selectable among 50 mV /70 mV / 100 mV.

The current limit value is detected with the voltage across a sense resistance that is connected to the inductor in series. By
connecting a resistance with low level of variation, the current limit with high accuracy can achieve.

As a result, be caution that the power loss is caused from the current and Rsense. The peak current in the current limit inductor
can be calculated by the following equation.

Peak Current in Current Limit Inductor (A) = Current Limit Threshold Voltage (mV) / Rsense (mQ)

H-side :
NMOSFET SENSE
| SW : /an\_‘ VOUT
L-side c
NMOSFET Inductor Rsense ouT

s

Figure A Detection with Sense Resistance

Even if a sense resistor is not connected, it is possible to control the current limit value using the DCR of an inductor,
but this is not recommended as that the accuracy will deteriorate significantly.

Reverse Current Limit Function

The reverse current limit function can be to limit the current by the peak current method to turn the low-side MOSFET off that the
potential differences between voltage of VOUT and SENSE is below the reverse current limit threshold voltage.
Reverse current limit inductor peak current is calculated by the following equation.

Reverse current limit inductor peak current (A) = Reverse Current Limit Threshold Voltage (mV) / Rsense (mQ)

This function mainly operates when the output is tied to a voltage higher than the set output voltage in some reasons.

Through-Current Protection

The HGATE pin voltage (Vreate) and the LGATE pin voltage (VieaTe) are monitored to protect a through-current caused by an
external MOSFET. In the case of turning-on the low-side MOSFET, after a difference between Vueate - SW pin voltage (Vsw)
becomes 1V or less, increasing Vieate can prevent not to turn on both of the high-side and low-side MOSFETSs at a time and
thereby prevent the through-current. In the case of turning-on the high-side MOSFET, after a difference between Vicate - GND
(PGND pin voltage) becomes 1 V or less, increasing a difference between Vucate - Vsw can prevent the through-current.

NSSHNBO
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Bad Frequency (BADFREQ) Protection

If a current equivalent to 2 MHz (Typ.) or more or 125 kHz (Typ.) or less is applied to the RT pin when the resistor of the RT pin is
in open / short, the NC2780 will stop switching to protect the IC and will cause the internal state to transition to its state before the
soft-start. The CLKOUT pin is fixed to "Low" while the bad frequency as above is detected. The NC2780 will restart under the
normal control from the state of soft-start when recover after the abnormal condition.

BADFEQ BADFEQ
Detection Release
VFB . .
A ! !
| | |
0.64V ! : :
| | 1
| | |
| | |
| | |
| | |
1 1 :
CLKOUT | | | time
A | | |
| |
| |
| |
1 1
| |
| |
| |
| | ‘
PG : : : time
| | |
A 1 1 1
| |
| | .
| |
| |
| |
| |
| |
L L :
time

BADFREQ Detection / Release Sequence

UVLO (Undervoltage Lockout) Function

The UVLO function is a function that prevents malfunction by turning off switching when the VCC pin voltage becomes lower than
the UVLO detection voltage (VuvLoper) due to a drop in the input voltage. Since switching stops, the output voltage drops
depending on the load and Coutr. When the VCC pin voltage rises above the UVLO release voltage (VuvioreL), the NC2780
restarts and begins a soft start.

Input Voltage (Vin)
Internal Regulator Voltage (Vcc)
UVLO Release Voltage (Vyviorel) = — TR~ ——————————— T-_~
UVLO Detection Voltage (Vuvioper)™ ~— ~ ~ NRC T T

SW Voltage (Vsw)

Output Voltage (Vour)

Soft-Start Time (tss)

UVLO Timing Chart

NSSHNBO
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Under Voltage Detection (UVD)

The UVD function indirectly monitors the output voltage with using the FB pin. The PG pin outputs "Low" when the UVD detector
threshold is 90% (Typ.) of Vrs and Vrs is less than the UVD detector threshold for more than 30 ps (Typ.). When Vs is over 93%
(Typ.) of 0.64 V, the PG pin outputs "High" after delay time (Typ.120 us). And, the hiccup- / latch-type overcurrent protection works
when detecting an overcurrent, an SW power supply protection, or an over voltage protection during the UVD detection.

Over Voltage Detection (OVD)

The OVD function indirectly monitors the output voltage with using the FB pin. Switching stops even if the internal circuit is active
state, when detecting the over voltage of Vrs. The PG pin outputs "Low" when the OVD detector threshold is 110% (Typ.) of Vrs
and Vs is over the OVD detector threshold for more than 30 ps (Typ.). When Vesis under 107% (Typ.) of Vrs, which is the OVD
released voltage, the PG pin outputs "High" after delay time (Typ.120 ps). Then, switching is controlled by normal operation. The
over voltage protection works when an error is caused by a feedback resistor in peripheral circuits for the FB pin.

Output Voltage (Vour)
A

Vovorf---------3 om----
Vovprf----- A2 4o

Veer|—*------
Vuvor|f----------
Vuvorf=--==-==~

R S P

B L Er TF

SW Voltage (Vsw)
4

»

VSW

PG Voltage (Veg) i T
A

Vup 1 DR r T
> [« a— . 5
| Typ. ; i . ;
i i 130us 1 120us

1 130us 1 120us

v

Over Voltage Detection / Under Voltage Detection Sequence
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Over Voltage Protection (OVP)

The OVP function monitors the voltage of VOUT pin to reduce an over voltage, when an error is caused in peripheral circuits for
the FB pin. Switching stops even if the internal circuit is active state, when Vour is over the OVP detector threshold. When Vour
is under the OVP detector threshold, switching is controlled by normal operation. If the UVD for FB pin occur during the OVP
detect state, an error will occur and hiccup- / latch-type protection will work. However, the operation under this function is not
guaranteed because the OVP detector threshold is set to the absolute maximum rating and more for the VOUT pin.

Hiccup-Type / Latch-Type Overcurrent Protection

The hiccup-type / latch-type overcurrent protection can work under the operating conditions that is the UVD can function during
the current limit or OVP and the SW GND short protection. The latch-type protection can release the circuit by setting the EN pin
to "Low" or by reducing Vin to be less than the UVLO detector threshold, when the output is latched off. The hiccup type protection
stops switching releases the circuit after the protection delay time (Typ. 3.5 ms). Since this protection is auto-release, the EN pin
switching of "Low" / "High" is unnecessary. And damage due to the overheating might not be caused because the term to release
is long. When the output is shorted to GND, switching of "ON" / "OFF" is repeated until the short circuit condition is released.

Overload

Output Current (lour)
A

The load is
. Soft-Start .
/ removed | ——————

v

Output Voltage (Vour) :
A i

Vser L o o o o

v

SW Voltage (Vsw); ' '

Vsw E

PG Voltage (Veg)

v

— Hiccup Delay > ;

Timing Chart of Hiccup Type Overcurrent Protection
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THERMAL CHARACTERISTICS (HSOP-18-AK)
Thermal characteristics depend on the mounting conditions.
The following measurement conditions are based on JEDEC STD. 51.
Measurement Conditions
Item Measurement Conditions
Environment Mounting on Board (Wind Velocity = 0 m/s) 76.2
Board Materia Glass Cloth Epoxy Plastic (Four-Layer Board) 50
Board 76.2 mm x 114.3 mm x 0.8 mm ( \
Dimensions
Outer Layer (First Layer):
Less than 95% of 50 mm Square =3
Cooper Ratio Inner Layers (Second and Third Layers):
PP Approx. 100% of 50 mm Square & %
Outer Layer (Fourth Layer): e e
Approx. 100% of 50 mm Square 3 : I
Through-holes ¢ 0.3 mm x 21 pcs. o . |

Measurement Result

Item Measurement Result Unit
Thermal Resistance (6ja) 32
Thermal Characterization 8 °CIW
Parameter (yit)

0ja: Junction-to-Ambient Thermal Resistance

yijt: Junction-to-Top Thermal Characterization Parameter

CALCULATION METHOD OF JUNCTION TEMPERATURE

Measurement Board Pattern (HSOP-18-AK)

The junction temperature (Tj) can be calculated from the following equation.

Tj=Ta+0BjaxP
Tj=Tc (top) + yjt x P

Ta : Ambient temperature
Tc (top) : Package mark side center temperature
P : Power consumption under user’s conditions

NSSHNBO
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MARKING SPECIFICATION

DOA®BE®@®® : Product Code --- Refer to the following table

O

: Lot Number --- Alphanumeric Serial Number

18

O

QOO0
A .- oeend

\

HSOP-18-AK Marking Specification

There can be variation in the marking when different AOI (Automated Optical Inspection) equipment is used. In
the case of recognizing the marking characteristic with AOI, please contact our sales or distributor before
attempting to use AOI.

NC2780 Marking List

Product Name

DR

Product Name

DR

NC2780AK001AE2S C2780A001 NC2780AK101AE2S C2780A101
NC2780AK001BE2S C2780B0O01 NC2780AK101BE2S C2780B101
NC2780AK001CE2S C2780C001 NC2780AK101CE2S C2780C101
NC2780AK001DE2S C2780D001 NC2780AK101DE2S C2780D101
NC2780AK002AE2S C2780A002 NC2780AK102AE2S C2780A102
NC2780AK002BE2S C2780B002 NC2780AK102BE2S C2780B102
NC2780AK002CE2S C2780C002 NC2780AK102CE2S C2780C102
NC2780AK002DE2S C2780D002 NC2780AK102DE2S C2780D102
NC2780AK003AE2S C2780A003 NC2780AK103AE2S C2780A103
NC2780AK003BE2S C2780B003 NC2780AK103BE2S C2780B103
NC2780AK003CE2S C2780C003 NC2780AK103CE2S C2780C103
NC2780AK003DE2S C2780D003 NC2780AK103DE2S C2780D103
(] (]
NiSSHNBO

-21-



Datasheet
Nisshinbo Micro Devices Inc. NC2780 series

APPLICATION NOTE
Operation of Step-Down Switching Regulator

A basic step-down switching regulator is illustrated in the following figures. This switching regulator charges energy in the inductor
when the high-side MOSFET turns on, and discharges the energy from the inductor when the high-side MOSFET turns off and
controls with less energy loss, so that a lower output voltage than the input voltage is obtained.

I

THigh-side Vi1
MOSFET 5

ViN I:I—O/O l KUE\ J_ DVOUT
. /,—-—.\\ v
Low-Side oV

MOSFET

(@]
o)
S
J\
Y

GND ton " torF
- t=1/ fosc
Basic Circuit Current Through Inductor

Step1. The high-side MOSFET turns on and current IL (=i1) flows, and energy is charged into Court. At this moment, I increases
from ILmin (= 0) to reach lLmax in proportion to the On-time period (ton) of the high-side MOSFET turns on and current I
(=i1) flows, and energy is charged into Cout. At this moment, IL increases from lLmin (= 0) to reach lLmax in proportion to
the On-time period (ton) of the high-side MOSFET.

Step2. When the high-side MOSFET turns off, the low-side MOSFET turns on in order to maintain I. at [Lvax,
and current IL (= i2) flows.

Step3. When MODE = Low (PFM / PWM Auto-Switching Mode),
IL (= i2) decreases gradually and reaches IL = I.min = O after a time period of toren, and the low-side MOSFET turns off.
This case is called as discontinuous mode. The PFM mode is switched if go to the discontinuous mode. If the output
current is increased, a time period of torr runs out prior to reach of I = l.min = 0. The result is that the high-side MOSFET
turns on and the low-side MOSFET turns off in the next cycle. This case is called continuous mode. Upon entering this
continuous mode, NC2780 will transition to the PWM mode.
When MODE = High (Forced PWM Mode), MODE = External Clock (PLL_PWM Mode),
Since the continuous mode works at all time, the low-side MOSFET turns on until going to the next cycle. That is, the
low-side MOSFET must keep “On” to meet IL = l.min < 0, when reaches IL = lLmin = O after a time period of toren.

In the PWM mode, the output voltage is maintained constant by controlling ton with the constant switching frequency (fosc).
In PFM mode, ton is constant and the output voltage is kept constant by controlling fosc.

NSSHNBO
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Calculation of PFM Ripple
Calculation example of output ripple voltage (Vout_ pem) is described. Vout_ pem can be calculated by Equation 1.
And, the maximum value of inductor current (I._ prm) can be calculated by Equation 2.

Vout prm = Reout Esr X (IL_prm) + Coer_ToN_PFM X (IL_PFM_/ 2) / fosc / CouT EFF »« wrrrrrrmrmrrrrssese e Equation 1

IL_pem = ((ViIN- VouT) / L) X Coer_TON_PEM X VOUT / VIN / fosC - rererrrrrrrrrerere et Equation 2

Vout_prm : Output ripple

Rcout_esr : ESR of output capacitor

IL_pFm : Maximum current of inductor

Coer_ton_prm : Scaling factor of On-time - Typ.1.54X (Design value)
(ViNn- Vour) / L : Slope of inductor current

Coer_Ton_PFM % VouT / VIN / fosc : On-time

IL(A) 4 Inductor Current (Max.)

IL_PEm
Slope /

Al=(Vin- Vour) / L Slope

\ / AIL =Vour/L

<«—— Average Area of
IL (A) x Time (s)

»
»

T T2 Time (s)

High - Side MOSFET

Low - Side MOSFET

Inductor Current Waveform at PFM Mode
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Output voltage can be calculated by the following simple equation.

Vour=I1xT/C
| : Current, C : Capacitance, T : Time

Since | is represented by "1/2 x IL_prm" as the average current, the time of current passing at the PFM mode can be expressed by
the following equation.

T = Coer_ton_prm/ fosc

And, the output ripple voltage (Vout_rrm) is superimposed a voltage for ESR x |, and Equation 1 is determined. But, ESR is so
small that it may be ignored if ceramic capacitors are connected in parallel.

The amount of charge to the output capacitor can be calculated by Equation 3.
(High-side MOSFET On-time (T1) + Low-side MOSFET On-time (T2)) x Average amount of current ---+- Equation 3
Then, T1 and T2 can be calculated by the following equations, and the time of current passing can be determined.

T1 = Coer_ton_prM / fosc X Vout / ViN-------+- (On-time at PFM)
T2 = (Vin/ Vour-1) x T1 (0 = I._prm — Vout/ L x T2)

T=T1+T2
=ViN/ Vour x T1
= Coer_ton_prm / fosc

And then, the amount of charge can be determined as Equation 4.

T X I PFM/ 2 = OEF_TON_PFM / TOSC X IL_PEM [ 2 wrrrrerrrerrre ettt Equation 4

With using above equations, the output ripple voltage (Vout_rrm) can be calculated by Equation 5.

V=IT/C= COEF_TON_PFM / fosc % |L_PFM/ 2/ COUT_EFF ................................................................... Equation 5

Output Voltage Setting

The output voltage (Vour) can be set by adjustable values of Rrop and Rsot. The value of Vour can be calculated by Equation1.

VouT = VEB X (RTOP + RBOT) / RBOT «rrrrrrrrrrrrrsrrrsrssesssestst sttt Equation 1

For example, when setting Vour = 3.3 V and setting Reot = 22 kQ, Rrop can be calculated by substituting them to Equation 1. As
a result of the expanding Equation 2, Rrop can be set to 91.4 kQ.

To make 91.4 kQ with using the E24 type resistors, the connecting use of 91 kQ and 0.39 kQ resistors in series is required. If the
tolerance level of the set output voltage is wide, using a resistor of 91 kQ to Rrop can reduce the number of components.

Rrop = (3.3V / 0.64V - 1) x 22kQ
Rk I 1 O R R R PR P Equation 2

As to NC2780AK001x, NC2780AK002x, NC2780AK003x, Rtor and Rsot should be selected to meet the required output voltage
(Vout) > 2.91 V with a variation in resistance taken into account.

NSSHNBO
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Oscillation Frequency Setting

Connecting the oscillation frequency setting resistor (Rrt) between the RT pin and GND can control the oscillation frequency in
the range of 250 kHz to 1 MHz(®. For example, using the resistor of 66 kQ can set the frequency of about 500 kHz.

The Electrical Characteristics guarantees the oscillation frequency under the conditions stated below for fosco (at Rrr = 135 kQ)
and fosc1 (at Rrt = 32 kQ).

1200 : : : : :
L R R e
T R
N | | | | |
T | | | |
2,600 -------- N oemmee bomoooe omnee bomoeooes
(&) 1 1 1 1 1
(2] 1 ! 1 1 1
o 1 1 1 1
L T~ R ARRERLEE
200 -------- R SR L SR P
0 ! ! ! ! !
30 50 70 90 110 130 150
Rer [kQ]

Rrr [kQ] = 41993 x fosc [kHz] » (-1.039)
Oscillation Frequency Setting Resistor (Rrr) vs. Oscillation Frequency (fosc)

Selection of External Components

External components and its value required for NC2780 are described. Each value is reference value at initial.
Since inductor’s variations and output capacitor’s effective value may lead a drift of phase characteristics, adjustment to a unity-
gain and phase characteristics may be required by evaluation on the actual unit.

Cyoc

2. 2uF
2y
e SU R

CSSITRC Vi
{cssmre] 400F 4.5V D 34V
RGN EI——' Vour
33V
— =] [ sW }——t —’\N\:—-—I—
COUT
——fwewse | NC2780AK EI—' A 150uF
g I More HSILS-FET §1m
["cowr| E— NP35N04YLG
FB CLKO UT '—
Rrop
914k
cpo
24pF

Reor Rer
2XQ 66kQ

NC2780AK Typical Application Circuit

©) The adjustable oscillation frequency range becomes 250 kHz < fosc < 600 kHz when 0.7 V < Vour < 1.35V.
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1. Determination of Requirements
Determine the frequency, the output capacitor, and the input voltage required. For reference values, parameters listed in the
following table will be used to explain each equation.

Output Voltage (Vour) : 3.3V

Output Current (lout) : 10A

Input Voltage (Vin) : 12V

Input Voltage Range : 8V to 16V

Frequency (fosc) : 500kHz

ESR of Output Capacitor ESR (Rcout EsRr) : 3mQ

2. Selection of Unity-gain Frequency (funity)

The unity-gain frequency (funity) is determined by the frequency that the loop gain becomes "1” (zero dB). It is recommended to
select within the range of one-sixth to one-tenth of the oscillator frequency (fosc). Since the funity determines the transient
response, the higher the funity, the faster response is achieved, but the phase margin will be tight. Therefore, it is required that
the funiry can secure the adequate stability. As for the reference, the funiry is set to 70 kHz.

3. Selection of Inductor
After the input and the output voltages are determined, a ripple current (AlL) for the inductor current is determined by an inductance
(L) and an oscillator frequency (fosc). The ripple current (AlL) can be calculated by Equation 1.

AlL= (VouT / L /0SC) X (1 = VOUT/ VIN MAX) 7 rrresrres s Equation 1
Vin_max: Maximum input voltage

The core loss in the inductor and the ripple current of the output voltage become small when the ripple current (AlL) is small. But,
a large inductance is required as shown by Equation 1. The inductance can be calculated by Equation 2 when a reference value
of AlL assumes 30% of lout is appropriate value.

L = (VOUT/ AL 1 T0SG) X (1 = VOUT / VINMAX)### 555 r s 5 sssssss s sttt Equation 2
= (Vout/ (lout x 0.3) / fosc) x (1 - Vout / VIN_mAX)

The inductance can be calculated by substituting each parameter to Equation 2.
L =(3.3V/10A x 0.3 /500kHz) x (1 - 3.3V /16V) = 1.75uH

When selecting the inductor of 2.2uH as an approximate value of the above calculated value, AlL can be shown as below.
Al =(3.3V /2.2uH / 500kHz) x (1 - 3.3V / 16V) = 2.38A

4. Setting of Output Capacitance
The output capacitance (Cout) must be set to meet the following conditions.

4-1. Calculation based on phase margin
To secure the adequate stability, it is recommended that the pole frequency (fr_our) is set to become equal or below one-fourteenth
of the unity-gain frequency. The pole frequency (fr_out) can be calculated by Equation 3.

fr our=1/(2 % ™ % Cout_erF % ((Rout_min x 2 X 1T % fosc %X L) / (Rout_min + 2 % T x fosc x L) + Rcout_esr))

----- Equation 3
Court_err: Output capacitance (effective value)
Rout_min: Output resistance at maximum output current

Rout_min = Vout/ lout
=3.3V/10A
=0.33Q

Equation (4) can be expressed by substituting fr_out = funity / 14 to Equation 3.

Cout_err =14/ (2 x 1 % funiry % ((Rout_min* 2 % 1T X fosc X L) / (Rout_min+ 2 xTTx fosc x L) + Rcout_Esr))
---- Equation 4

Then, the output capacitance (effective value) can be calculated by substituting each parameter to Equation 4

Cour err =14 / (2 x T x 70kHz x ((0.33Q x 2 x T x 500kHz x 2.2uH) / (0.33Q + 2 x T x 500kHz x 2.2uH) + 3mQ))
= 100.1pF

It is recommended that the output capacitance is set to become equal or over the effective value calculated by Equation 4
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The effective value of capacitor capacitance varies with the applied DC voltage. Equation 5 below shows calculation formula for
ceramic capacitors. Please refer to capacitor specification for more accurate bias characteristics.

COUT_EFF = COUT_SET X (VCO_AB _ VOUT) / VCO_AB ................................................................................ Equation 5

Court_seT: Output capacitor’s spec
Vco_as: Capacitor’s voltage rating

With using Equation 5, the effective value is calculated to become 100.1 yF or more. The output voltage (Cout) can be shown
as below when Vco_asis 10 V.

Cout_seT > Court_err / ((Vco_as - Vout) / Vco_as)

Cout_set > 100.1uF / ((10 - 3.3) / 10)
Cout > 149.4pF

As the calculated result, Cout selects a capacitor of 150 pF (the effective value is 100.5 pF)

4-2. Calculation based on ripple at PFM mode.
With using the calculated value of Cour, the amount of ripple at the PFM mode can be shown as Equation 6 and Equation 7.

IL_pem = ((VIN_MAX - VouT) / L) X Coer_TON_PFEM X VOUT / VIN_MAX [ fOSG =+ rrrrrrrrrrrrrrrr e Equation 6
Vout_pem = Reout_esr X (IL_pem) + Coer_ToN_PEM X (IL_PEM / 2) / fosc / CoUT_EFF wwrrrrrrrrrrmrrrrrrsseeeeeeeees Equation 7

IL_pFrm: Maximum inductor current
Coer_ton_prm: On-time scaling (multiples of PFM_On time)
Vout_prm: Maximum output ripple

Coer_ton_Prm Can be calculated by 1.54 times (Typ.) as the design value. The ripple value can be calculated by substituting each
parameter to Equation 6 and Equation 7.

IL_prm= ((16V - 3.3V) / 2.2uH) x 1.54 x 3.3V / 16V / 500kHz

=3.67 A
Vout_prm = 3mQ x 3.67A + 1.54 x (3.67A / 2) / 500kHz / 100.5uF
=67.2mV

Vout_prm must be set to become the target ripple value or less. If Vout_pem is over the target value, the output capacitance must
be calculated by Equation 8.

Cout_err = 1.54 x (IL_prm / 2) / fosc / (VouT_pEM = RCOUT_ESR X (IL_PEM)) - rrrrrrrrrrresrrsr s Equation 8

However, note that if the ripple voltage in PFM mode becomes extremely small by setting a large COUT, the high-side MOSFET
may turn on and switch to PWM mode before detecting OA of inductor current during PFM mode operation.
The ripple voltage value for PFM mode to operate normally is typically 20mV or higher.

5. Designation of Phase Compensation

Since the current amplifier for the voltage feedback is output via the COMP pin, the phase compensation is achieved with using
external components. The phase compensation is able to secure stable operation with using an external ceramic capacitor and
the phase compensation circuit.

VOUT

CSF'D

ERROR_AMP
COMP

Vrer
0.64V

l ICCT Cez

Connection Example for External Phase Compensation Circuit

™
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5-1. Calculation of Rc

The phase compensation resistance (Rc) to set the calculated unity-gain frequency can be calculated by Equation 9

RC =2 X7 X% fUNITY X VOUT x COUT_EFF / (gm_ea x VREF X Om pwr) ............................................................

Equation 9
Om_ea: Error amplifier of gm

Vrer: Reference voltage (0.64V)
Om_pwr: power level of gm

gm_pwr X AVs = AlL
Om_ea/ AVs =0.05 x 10 * (-6) x fosc / Vour
Om_ea X gm_pwr = 0.05 x 10 * (-6) x AlL % fosc / Vout

Equation 10
AVs: Output amplitude of the slope circuit

Rc can be calculated by substituting Equation 10 to Equation 9

Rc =2 x 1 x funiry X Vout % Cout err / (VRer % 0.05 x 10 * (-6) x AlL x fosc / Vour)
=2 x 1 x 70kHz x 3.3V x 100.5uF / (0.64 x 0.05 x 10 * (-6) x 2.38A x 500kHz / 3.3V)
=12.63 = 13kQ

5-2. Calculation of Cc

Cc must be calculated by Equation 11 so that the zero frequency of the error amplifier meets the highest pole frequency (fr_our)
Then, fr_out = 5.0 kHz is determined by calculation of Equation 3

(2 x 1 x Rc * fr_our)

1/ QU frrerr e Equation 11
17(2 % 3.14 x 13kQ x 5.0kHz)
2.45 = 2.7nF

5-3. Calculation of Ccz
Cc2 can be calculated by two different calculation methods to vary from the zero frequency (fz_esr) depending on the ESR of a
capacitor. fz_esrcan be calculated by Equation 12

fz esr = 1/ (2 x 1 x Rcout_Esr * Cout_EFF)

| CEFF) Tt Equation 12
= 528kHz
[When the zero frequency is lower than fosc / 2]
Ccz2 sets the pole to fz_esr
Cc2 = RCOUT_ESR X COUT_EFF/ R w# v r e e e e Equation 13

[When the zero frequency is higher fosc / 2]
Cc:2 sets the pole to fosc / 2 so as to be a noise filter for the COMP pin

fosc/2=1/(2x 1 x Rc x Cc2)
Cc2=2/(2 x mx Rc % fosc)

Equation 14
In the reference example, Cc:zis used as the noise filter for the COMP pin because of being higher than fosc/2

Cc2=49 = 47pF

5-4. Calculation of Cspp
Cspp sets the zero frequency to meet the unity-gain frequency.

Rrop = Reot % (Vout / VRrer - 1)
Cspp =1/ (2 x m x funiry x Rrop)

Equation 15
When Reot = 22kQ
Rrop = 22k x (3.3V / 0.64V - 1)

=91.4kQ

Cspp = 1/ (2 x 1 x 70kHz x 91.4kQ)
=24.8 = 27pF
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Cautions in Selecting External Components

Inductor

e Choose an inductor that has small DC resistance, has sufficient allowable current and is hard to cause magnetic saturation.
The inductance value must be determined with consideration of load current under the actual condition. If the inductance value
of an inductor is extremely small, the peak current of SW may increase along with the load current. As a result, the current
limit circuit may start to operate when the peak current of SW reaches to "SW limit current”.

Capacitor
e Choose a capacitor that has a sufficient margin to the drive voltage ratings with consideration of the DC bias characteristics
and the temperature characteristics.

e The use of a ceramic capacitor for Cin is recommended. If combined use of a ceramic and the electrolyte capacitor, the
stable operation will improve since the margin becomes bigger. Choose the electrolyte capacitor with the lowest possible
ESR with consideration of the allowable ripple current rating (Irms). Irms can be calculated by the following equation.

IRMS = lout/ Vin x v { Vout * (Vin - Vout) }

MOSFET

e (Gate - Source Voltage
When considering variations in production and margin, a MOSFET with a withstand voltage of 10 V or more is
recommended despite the 5 V high and low driver.

e Gate Threshold Voltage
Choose a MOSFET with the threshold voltage between 1.0 V (Min.) and 3.4 V (Max.) with consideration of variations in
production and margin.

e Drain Current
Choose a MOSFET having a sufficient margin with consideration of peak current and limit current.

o Connection of Body Diode for Source Current
Choose a diode with the withstand current over the reverse limit current rating. The NC2780 reverse current value becomes
one-half of the normal limit current value.

e Input Capacitor (Ciss)
As an index of performance, Ciss: 3800pF

o On-resistance (Rps (on)) & All Gate Capacitance (Qg)
Choose a MOSFET with the lowest possible characteristics because having an influence on efficiency. Generally, a high-
performance MOSFET is rated that Ros x Qq (performance figure) is small.

e Since test specifications vary with MOSFET makers, it is necessary to confirm the application with the NC2780 implemented
on a board system.
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MOSFET Losses
The MOSFET total loss is calculated by the sum of the switching losses when the high-side and the low-side MOSFETSs turning-
on / off and the conduction losses by the MOSFET's on-resistance. If the total loss become larger than expected, the external
MOSFET must be selected with consideration of the on-resistance, the switching losses and the package’s power dissipation.
The following figure shows the timing chart of the high side / low side MOSFETs at normal switching. The loss at each delay
time can be calculated as follows.

A

sSwW LS-FET Vps
4~ (RonL * lour)
Ve (Body Diode)
LS-FET
Vas

A
v
A
v
A
A A%
A
v
A
v
A
v
A
v

6 . 3 % 5 6

DC / DC Converter Basic Switching Timing Chart

t1 (t5):

For the duration between the low-side MOSFET’s turn-off and the high-side MOSFET’s turn-on, the loss occurs to supply a
current from the body diode on the low-side MOSFET. Likewise, for the duration between the high-side MOSFET’s turn-off
and the low-side MOSFET’s turn-on, the loss occurs. The losses (Poeap) for t1 and t5 can be calculated by the following
equation.

Poeap = VE % lout x fosc x (tbeap1 + tbeaps)

Ve: The forward voltage of a body-diode
toeap1: The delay time from the instant when the gate-source voltage (Vss) falls below the threshold voltage (VtH) on the low-
side MOSFET to the instant when Ves exceeds Vth1 on the high-side MOSFET.
Toeaps: The delay time from the instant when Vas falls below Vtr on the high-side MOSFET to the instant when Vas exceeds
VtH on the low-side MOSFET.

t2 (t4):

Since the drain-source voltage (Vbs) is equal to Vin when the high-side MOSFET turns on/off after delay time (toeap1 / toeaps),
the source current and the output current (lout) become equal. Therefore, a large loss occurs. The losses (Psw) at turn-on /
off can be calculated by the following equation.

Psw = 1/2 x ViN % louT % fosc * (trise + traLL)

trise: A duration between the gate voltage rising start time from the threshold voltage and the end of stabilized voltage (Vsp)
on the high-side MOSFET.

TeaLL: A duration between the start time of the gate voltage stabilizing and the falling time below the threshold voltage on the
high-side MOSFET.

For the stabilized duration, Ves of the high-side MOSFET remains constant roughly since the gate charge current is used to
charge Cep. And, the reverse recovery loss (Prr) occurs to recover the body diode of the low-side MOSFET when the high-
side MOSFET turns on. Refer to the MOSFET datasheet for information about the electric charge (Qrr) required for recovery.

Prr = Vin x Qrr x fosc
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And, the power (PcH, PcL) for electric charge of the MOSFET’ gate and the power (PossH, PossL) for electric charge of the
MOSFET’s output capacity occur. Each power can be calculated by following equations. Refer to the MOSFET datasheet for
detailed values.

PeH = QaH % Vee x fosc
PeL = QoL % Vce % fosc
PossH = 1/2 x CossH x (VIN)? x fosc
PossL = 1/2 x CossL *x (VIN)? x fosc

Vee: VCC pin voltage
QaH, QaL: Gate electric charge quantity for High- /Low- side MOSFETs
CossH, CossL: Drain-gate capacity + Drain-source capacity for High- /Low- side MOSFETs

t3 (t6):

For the duration of t3, the conduction loss of the high-side MOSFET (Pus(on)) occurs. For the duration of t6, the conduction
loss of the low-side MOSFET (PLs(on)) occurs. Each loss can be calculated by the following equation. ON duty is closely
analogous to Vout / Vin.

lrRms = 4 (((lout)? + (Ip-p)? / 12))
Phs (on) = (Irms)? * Ront % Vout / ViN
PLs (on) =(lrms)? * RonL % (1-Vout/ VIN)

IrRvs: MOSFET’s rms current
Ir-p: MOSFET’s peak current amplitude
RonH, Rone: On-resistance for High- /Low- side MOSFETs

Since the conduction loss depends on the duty, the loss varies with step-down ratio. When the step-down ratio is large and
the ON duty is small, the loss of the low side MOSFET becomes larger, and when the ratio is small, the loss of the high-side
MOSFET becomes larger. From above equations, each loss of the high-side and the low-side MOSFETs can be calculated by
the following equations.

Pus = Pus (on) + Psw + Prr + PGH + PossH
PLs = PLs (on) + PeL + PossL + Poeap

As is evident from these equations, the switching loss becomes predominant when the input voltage and the frequency are
high, and the conduction loss conversely becomes predominant when they are low.
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Technical Notes

The performance of power source circuits using this IC largely depends on peripheral circuits. When selecting the peripheral
components, please consider the conditions of use. Do not allow each component, PCB pattern or the IC to exceed their respected
rated values (voltage, current, and power) when designing the peripheral circuits.

e |tis recommended to mount all the external components on the same layer as the IC on board. External components must be
connected as close as possible to the Ics and make wiring as short as possible. Especially, the capacitor connected in between
VIN pin and GND pin must be wiring the shortest. If their impedance is high, internal voltage of the IC may shift by the switching
current, and the operating may be unstable. Make the power supply and GND lines sufficient.

e Since the current loop of a switching regulator changes with each switching, the current changes significantly and high-
frequency noise may be generated due to parasitic capacitance and inductance. Design the board layout so that the current
loop length is as short as possible.

e AGND and PGND for the controller must be wired to the GND line at the low impedance point of the same layer with Cin and
Cout. Reduce the impedance between the AGND and PGND of IC.

e |tis recommended that the Cin, high-side, and low-side MOSFETSs be placed on the same layer as the IC on PCB. If vias are
used and placed on a different layer from the IC, the parasitic inductance of vias may affect the ringing of the SW pin voltage
and increase noise.

® Rropr, Reort, and Cspp should be set close to the FB pin, but mount them away from the inductor, SW pin, and BST pin to
avoid their noise.

® Place a capacitor (Csst) as close as possible to the SW pin and the BST pin. If controlling slew rate for EMI, a resistor (Rest)
should be in series between the BST pin and the capacitor (Csst), but not be in series to MOSFET for HGATE and LGATE
pins. Because connecting the resistor in series to the MOSFET becomes a cause of a through-current.

e The tab on the bottom of the HSOP-18-AK package must be connected to GND when mounted on the board. To
improve thermal dissipation on the multilayer board, set via to release the heat to the other layer in the connecting part
of the tab on the bottom. Likewise, thermal dissipation for MOSFET is required.

e The MODE pin requires the “High” / “Low” voltages with the high stability when the forced PWM mode (MODE =
“High”) or the PFM mode (MODE = “Low”) is enabled. If the voltage with the high stability cannot be applied,
connection to the VCC pin as “High” level or the AGND pin as “Low” level is recommended. If connecting to the PGND
pin as noisy, a malfunction may occur. Avoid the use of the MODE pin being “Open”.

e If Voutis a minus potential, the setup cannot occur.

e The power for the controller and for the high-side MOSFET must be used on the same power supply, since the internal slope
compensation is applied as the power supply voltage of the high-side MOSFET is equal to the controller’s. If applying the other
power supply voltage, the controller will become unstable owing to the inappropriate slope compensation.

o The thermal shutdown function prevents the IC from fuming and ignition but does not ensure the IC’s reliability or keep the IC
below the absolute maximum ratings. The thermal shutdown function does not operate on the heat generated by other than
the normal IC operation such as latch-up and overvoltage application.

o The thermal shutdown function operates in a state over the absolute maximum ratings, therefore the thermal shutdown function
should not be used for a system design.
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REFERENCE PCB LAYOUTS
NC2780 PCB Layouts

PCB Layout - 15t Layer (Top Layer)

PCB Layout - 2" Layer
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PCB Layout - 3 Layer

PCB Layout - 4" Layer (Bottom Layer)
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INTERNAL EQUIVALENT CIRCUIT FOR EACH PIN

Note: Typical Characteristics are intended to be used as reference data; they are not guaranteed.
Vin =12V, NC2780AK001B, Ta =25 °C

1) FB Voltage vs Temperature

MODE = “High”
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2) Oscillation Frequency vs Temperature

MODE = “High”
Fosc = 250 kHz Fosc = 1000 kHz
275 __ 1100
N N
I 270 I 1080
X, X,
8 265 5 1060
+© 260 +© 1040
2. 255 > 1020
(] [&]
g 250 & 1000
=} 3
g 245 i',' 980
% 240 “8- 960
E 235 E 940
S 230 S 920
[ (2]
O 225 O 900
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
Temperature Ta [°C] Temperature Ta [°C]
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4) Current Limit Threshold Voltage vs Temperature

NC2780AKxxx2x, MODE = “High”

Current Limit Threshold Voltage Reverse Current Sense Threshold Voltage
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5) SW Ground Short Threshold Voltage vs Temperature
MODE = “High”
0.53
= 0.51
£0.49
2047
50.45
0.43
0.41
0.39
0.37
0.35
0.33
0.31

S|

SW Short to GND Detector

Threshold Voltage V.

50 25 0 25 50 75 100 125
Temperature Ta [°C]

6) VIN Short Detection Threshold Voltage vs Temperature
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7) Quiescent Current vs Temperature

NC2780AK0xxx
Vour=5V
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10) Efficiency vs Output Current

Vour=3.3V
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Fosc = 1000 kHz
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Vout =5V, Fosc = 500 kHz
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13) Line Transient Response
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MODE = “High”, lout =10 A
Vin=8Vto 16V ViNn=16Vio 8V
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14) Line Requlation
Vout = 3.3V, Fosc = 500 kHz
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15) Up — Down Tracking
Vout = 3.3V, Fosc = 500 kHz, lour = 0 A, MODE = “High”
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16) MODE Transient Response
Vour = 3.3V, Fosc =500 kHz
MODE = “Low”
lout = SweepUp lout = SweepDown
1.8 — 0.8
Output Current < Qutput Current <
1.7 £ 0.7 =
16 ° 06 3
- 15 & - — 05 §
> = > =
= 14 3 = 0.4 3
> 133 03 35
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17) Load Dump
Vout = 3.3 V, Fosc = 500 kHz
MODE = “High”
lour=0A lour=10 A
35V 35V
) — TN\
1av [ TN 14V 14v [ NGO | 14V

= =

3 Input Voltage 3 Input Voltage

> > I —

5 34 g 34

3 s

° 33 W © 3.3 W

*>-' 3.2 *>-' 3.2

3 Output Voltage 3 . Output Voltage

5 3.1 ‘ g 3.1

© 3.0 3.0

0 10 20 30 0 10 20 30
Time t [ms] Time t [ms]

18) Dropout Voltage
Vour = 3.3 V, Fosc = 250 kHz, MODE = “High”
Vn=0Vto16VtoOV
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50 | emmloyr=10A

s e
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Vour = 3.3 V, Fosc = 1000 kHz, MODE = “High”
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UVLO Release Voltage Zoom-in View
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Cro ™1
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[Components list for our evaluation]

Symbol Specs Manufacturer Parts Number
10 yF, 50 V, 125°C TDK CGABP3X7S1H106K
o 47 yF, 63V, 105°C Nichicon PLV1J470MDL1TD
Cest 0.22 pF, 25V, 125°C Murata GCM188R71E224KA55D
Cvcc 2.2 yF, 25V, 125°C Murata GCM21BR71E225KA73L
33 yF, 16V, 125°C TDK CGA8P1X7R1C336M
couT 100 pF, 16 V, 125°C TDK CKG57NX7S1C107M
1.0 yH, 5.60mQ, 13.3 A TDK SPM6545VT-1ROM-D
1.5 uH, 7.40mQ, 11.6 A TDK SPM6545VT-1R5M-D
2.2 yH, 7.40mQ, 12.0 A TDK SPM7054VT-2R2M-D
: 2.2 yH, 2.62mQ, 18.5 A SAGAMI ELEC XRK1365B-2R2M
3.3 pH, 4.90mQ, 16.8 A TDK SPM12565VT-3R3M-D
3.3 yH, 3.55mQ, 16.5 A SAGAMI ELEC XRK1365B-3R3M
Rsense 3mQ, 1%, 3W Bourns CRE2512-FZ-R003E-3
o (1}
— NSSHNBO
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HSOP-18-AK PI-HSOP-18-AK-E-A

m PACKAGE DIMENSIONS

UNIT: mm
5.2040.3

0.60TYP 015401 o
s 0 %\ - 19-0.05 2.9040.05 E
RAAAHARAH AAAAHAAAA &

E ol r ™

733 o g ]

b I

© | e Z -
1HHHHHHHEFE7, : LEELELLL
: O\’\O“/AZ (0.30)
DETAIL C
0.0540.05
0.0840.05
m EXAMPLE OF SOLDER PADS DIMENSIONS
UNIT: mm
2.60
nnaAmannn
gooutog
0.50 H 0.25

<Instructions for mounting>
Please be careful when mounting, because there is a standoff on the backside electrode of the package.

NSSHINBO
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HSOP-18-AK PI-HSOP-18-AK-E-A
m PACKING SPEC
UNIT: mm
(1) Taping dimensions / Insert direction
Insert direction
0.3+0.1
(E2) —hHe———
Q Q A
= O = i
— = |
—] ] AN
= = -
— —
— —
v L I
2.1+0.1 —
(2) Taping state
—

()

Feed direct ion =

Sealing with covering tape

D O 0O 0O 0O 0O gp O 0 0 0 O

(ORI NONINe) (ORI NO)
Trailer part | Devices | Leader part
more than 160mm ! 1000pcs/reel ! more than 400mm !

NSSHINBO
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HSOP-18-AK

(3) Reel dimensions
15.4 <10

60 =
180719

(4) Peeling strength

Peeling strength of cover tape
-Peeling angle 165 to 180° degrees to the taped surface.
*Peeling speed 300mm/min
Peeling strength 0.1 to 1.0N

Cover tape

165 to 180°

/'

Direction to pull

T T Tl T T

@ [Foed direction T
Carrier tape

PI-HSOP-18-AK-E-A

NSSHINBO
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HSOP-18-AK

(5) Packing state

m HEAT-RESISTANCE PROFILES

Package Surface Temperature(°C)

PI-HSOP-18-AK-E-A

<{Label|> Product name, Quantity, Lot No, Mark

1 reel

Box size : 185x185x 20

MAX: 4reel
Box size : 185x185x 80

260°C MAX.
3°C/s MAX. 255°C
/- D 30s MAX.
217°C 6°C/s MAX.

200°C
150°C

P 60-150s

60120 | I g

Time(s)

Reflow profile

NSSHINBO
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Date

Revision

Changes

Nov.10.2023

1.0

Initial release
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11.

12.

13.

The products and the product specifications described in this document are subject to change or discontinuation of production without
notice for reasons such as improvement. Therefore, before deciding to use the products, please refer to our sales representatives for the
latest information thereon.
The materials in this document may not be copied or otherwise reproduced in whole or in part without the prior written consent of us.
This product and any technical information relating thereto are subject to complementary export controls (so-called KNOW controls)
under the Foreign Exchange and Foreign Trade Law, and related politics ministerial ordinance of the law. (Note that the complementary
export controls are inapplicable to any application-specific products, except rockets and pilotless aircraft, that are insusceptible to design
or program changes.) Accordingly, when exporting or carrying abroad this product, follow the Foreign Exchange and Foreign Trade
Control Law and its related regulations with respect to the complementary export controls.
The technical information described in this document shows typical characteristics and example application circuits for the products. The
release of such information is not to be construed as a warranty of or a grant of license under our or any third party's intellectual property
rights or any other rights.
The products listed in this document are intended and designed for use as general electronic components in standard applications (office
equipment, telecommunication equipment, measuring instruments, consumer electronic products, amusement equipment etc.). Those
customers intending to use a product in an application requiring extreme quality and reliability, for example, in a highly specific application
where the failure or misoperation of the product could result in human injury or death should first contact us.

* 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 (automotive, airplane, railroad, ship, etc.)

* Various Safety Devices

»  Traffic control system

»  Combustion equipment
In case your company desires to use this product for any applications other than general electronic equipment mentioned above, make
sure to contact our company in advance. Note that the important requirements mentioned in this section are not applicable to cases
where operation requirements such as application conditions are confirmed by our company in writing after consultation with your
company.
We are making our continuous effort to improve the quality and reliability of our products, but semiconductor products are likely to fail
with certain probability. In order to prevent any injury to persons or damages to property resulting from such failure, customers should be
careful enough to incorporate safety measures in their design, such as redundancy feature, fire containment feature and fail-safe feature.
We do not assume any liability or responsibility for any loss or damage arising from misuse or inappropriate use of the products.
The 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. We 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.
Quality Warranty
8-1. Quality Warranty Period

In the case of a product purchased through an authorized distributor or directly from us, the warranty period for this product shall be

one (1) year after delivery to your company. For defective products that occurred during this period, we will take the quality warranty

measures described in section 8-2. However, if there is an agreement on the warranty period in the basic transaction agreement,

quality assurance agreement, delivery specifications, etc., it shall be followed.
8-2. Quality Warranty Remedies

When it has been proved defective due to manufacturing factors as a result of defect analysis by us, we will either deliver a substitute

for the defective product or refund the purchase price of the defective product.

Note that such delivery or refund is sole and exclusive remedies to your company for the defective product.
8-3. Remedies after Quality Warranty Period

With respect to any defect of this product found after the quality warranty period, the defect will be analyzed by us. On the basis of

the defect analysis results, the scope and amounts of damage shall be determined by mutual agreement of both parties. Then we

will deal with upper limit in Section 8-2. This provision is not intended to limit any legal rights of your company.
Anti-radiation design is not implemented in the products described in this document.
The X-ray exposure can influence functions and characteristics of the products. Confirm the product functions and characteristics in the
evaluation stage.
WLCSP products should be used in light shielded environments. The light exposure can influence functions and characteristics of the
products under operation or storage.
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.
Please contact our sales representatives should you have any questions or comments concerning the products or the technical
information.

(0] (0] Official website

N"SS H ||N Bo https://www.nisshinbo-microdevices.co.jp/en/

Purchase information

Nisshinbo Micro Devices Inc. https://www.nisshinbo-microdevices.co.jp/en/buy/
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