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1.  General description
NEX82016 is a highly integrated and high-performance
digital-analog hybrid LLC controller. It operates in
multi-mode conditions, and works together with the
dual channel SR controller NEX81915/6 to achieve
an efficient and reliable power supply. This makes
NEX82016 suitable for medium to high power isolated
power supply applications.

NEX82016 has been optimized to simplify the overall
design and maximize LLC performance. Advanced
multiple mode control allows for independent
configuration of the working status of each mode. Skip
mode during light load reduces the switching loss.
Adjustable dead time reduces conduction loss. Burst
mode control and ultra-low static current maximize the
ultra-light load efficiency and reduce standby power
consumption. Efficiency can be improved across the
entire load range.

NEX82016 adopts a current mode control architecture
with good loop stability. Open register configuration
allows for flexible configuration of various control
and protection parameters, with a few peripheral
components and easy design. It integrates a half-
bridge drive module, capable of directly driving LLC
bridge MOSFETs. In addition, NEX82016 has built-
in high-voltage start-up function and X-cap discharge
function, effectively simplifying peripheral components
and reducing the total BOM cost of the power supply.
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Fig. 1. Typical application circuit

2.  Features and benefits
• Integrates high-voltage start-up and X-cap

discharge functions, with simple peripheral circuits
• Integrates a half-bridge driver, supporting a

maximum frequency of 600 kHz
• High-performance digital-analog hybrid control
• Flexible configuration of various control and

protection parameters
• Ultra high efficiency across the entire load range
• Out of audible noises at all operating modes
• Brown-in/brown-out protection
• Overcurrent protection (OCP)
• Overpower protection (OPP)
• Capacitive Mode Regulation (CMR)
• Short-circuit protection (SCP)
• Overvoltage protection (OVP)
• Internal and external overtemperature protection

(OTP)
• Available in SO16 package

3.  Applications
• Desktop and laptop adapters
• TV and monitor power supplies
• LED drivers
• AC-DC power sources

https://www.nexperia.com
https://www.nexperia.com
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4.  Ordering information
Table 1. Ordering information

Package
Type number

Temperature range (Tj) Name Description Version

NEX82016D -40 °C to 125 °C SO16 plastic small outline package; 16 leads; body
width 3.9 mm SOT109-1

5.  Marking
Table 2. Marking code
Type number Marking code
NEX82016D NEX82016
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6.  Pinning information

6.1.  Pinning configuration

D package
SOT109-1 (SO16)

VCC VIN

VFB VCR

PROT VCS

GND GPIO

VREG NC

LG HB

NC BST

HV HG
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6.2.  Pin description

Symbol Pin Description

VCC 1 IC power supply pin, the output of the internal HV start-up current source, also acts as the input of the
auxiliary power supply

VFB 2 closed-loop feedback input

PROT 3 output overvoltage protection, and can also be used for overtemperature protection by connecting a
NTC resistor

GND 4 ground terminal
VREG 5 internal voltage regulator output, as the LG power supply
LG 6 LLC low-side MOSFET gate driver output
NC 7, 12 not connected
HV 8 high voltage start pin, charging the VCC when starting; discharges the X-cap when the AC power is off
HG 9 LLC high-side MOSFET gate driver output
BST 10 HG power supply; connect to external bootstrap capacitor and diode
HB 11 the midpoint of the half-bridge and low-level reference for high-side driver
GPIO 13 can be used for PFC control
VCS 14 LLC current sense input; externally connected to the resonant current sense resistor
VCR 15 LLC capacitor voltage sense input; externally connected to divider across LLC capacitor
VIN 16 bus voltage detection; BI/BO control
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7.  Limiting values
Table 3. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to GND (ground = 0 V).[1]

Symbol Parameter Conditions Min Max Unit
VHV voltage on pin HV IHV < 50 μA -0.3 700.0 V
IHV current on pin HV - 20 mA
VBST HG power supply VHB VHB +14 V

DC -3 700 V
VHB voltage on pin HB

t < 1 μs -14 - V
VCC IC power supply voltage -0.3 36.0 V
VREG voltage on pin VREG -0.3 14.0 V
VHG MOSFET driver voltage built-in upper MOSFET drive VHB - 0.3 VBS + 0.3 V
VLG MOSFET driver voltage built-in lower MOSFET drive -0.3 20.0 V
VFB, VPROT,
VIN, VGPIO

voltage on pin (VFB, PROT,
VIN, GPIO) -0.3 6.5 V

VCS, VCR voltage on pin (VCS, VCR) -6.5 6.5 V
Ptot total power dissipation Tamb = 75 °C - 0.7 W
Tstg storage temperature -55 150 °C
Tj operation junction temperature -40 150 °C

[1] Stresses beyond those listed here may cause permanent damage to the device. These are stress ratings only, which do not imply
functional operation of the device at these or any other conditions beyond those indicated under Section 10. Exposure to these limiting
values for extended periods may affect device reliability.

8.  ESD ratings
Table 4. ESD ratings
Symbol Parameter Conditions Min Typ Max Unit

HBM: ANSI/ESDA/JEDEC JS-001 class 1C; pin HV, BST,
HG and HB -2000 - 2000 V

HBM: ANSI/ESDA/JEDEC JS-001 class 1C; other pins -1500 - 1500 VVESD
electrostatic
discharge voltage

CDM: ANSI/ESDA/JEDEC JS-002 class C2a -500 - 500 V

9.  Thermal characteristics
Table 5. Thermal characteristics
Symbol Parameter SOT109-1 Unit
RΘJA junction-to-ambient thermal resistance 108 °C/W
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10.  Recommended operating conditions
Table 6. Recommended operating conditions
Symbol Parameter Conditions Min Max Unit
VCC DC supply voltage 0 33 V

VFB, VPROT, VIN, VGPIO
voltage on pin (VFB, PROT, VIN,
GPIO) -0.3 5.0 V

VCS, VCR voltage on pin (VCS, VCR) -5 5 V
Tj operation junction temperature -40 125 °C

11.  Electrical characteristics
Table 7. Electrical characteristics
Where VCC = 0 V to 33 V; typical values are measured at VCC = 24 V; Tj = 25 °C (unless otherwise noted).

Symbol Parameter Conditions Min Typ Max Unit
Power supply pin (VCC)
VCC_ON VCC on threshold voltage 16.1 18.2 19.6 V

VCC_SYSON
system starting voltage on
VCC 20.0 20.8 22.0 V

VCC_low low voltage on VCC tracks with VCC_OFF - 12.5 - V
VCC_OFF VCC off threshold voltage 11.3 12.4 12.7 V
VCC_RST VCC pin reset voltage 4 5 6 V

VCC_SCP
short-circuit voltage threshold
on pin VCC 1.8 1.9 2.0 V

ICC_normal operating current on pin VCC fSW = 100 kHz; HG = LG = NC - 5.5 - mA

ICC_burst
supply current at burst mode
on pin VCC - 1.5 - mA

High voltage starting pin (HV)

VHV_ON
current source activated
threshold voltage - 40 - V

IHV2 current limit on pin HV VCC > VCC_SCP 10 12 14 mA
IHV1 current limit on pin HV VCC < VCC_SCP - 0.85 1.30 mA
IHV_OFF off-state current on HV pin VHV = 400 V; VCC = 24 V - - 10 μA
X-cap discharge function (HV)
tline_removal AC input disconnect time - 96 - ms
tline_discharge discharge time - 32 - ms
tline_detect detection time - 32 - ms
Nline_discharge discharge times ends the discharge after 8 times - 8 - time
Internal voltage regulator output pin (VREG)

VREG
regulation voltage on pin
VREG VCC = 24 V; ICC = 50 mA 10.8 11.3 11.8 V

VREG_UVP
undervoltage threshold on pin
VREG 8.5 9.0 9.5 V

High-side driver supply pin (BST)

VBST_OFF
BST pin undervoltage
threshold VBST - VHB 5.8 6.3 6.8 V

IBST_IQ BST quiescent current - - 35 μA
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Symbol Parameter Conditions Min Typ Max Unit
IBST supply current on BST - - 520 μA
Resonant capacitor voltage detection pin (VCR)

Vslop_ramp VCR slope compensation programmable; in 8 steps; 30 mV/
μs 30 60 240 mV/μs

- VCR slope compensation
accuracy 60 mV 50 60 70 mV/μs

Resonator current detection pin (VCS)
positive threshold 1.44 1.50 1.56 V

VOCP overcurrent protection voltage
negative threshold -1.62 -1.50 -1.38 V
positive; in 8 steps; 20 mV/step 20 - 160 mV

Vpolarity
voltage threshold for current
polarity negative; in 8 steps; -20 mV/step -160 - -20 mV

Vpolarity+ - 40 - mV
Vpolarity-

tolerance of voltage threshold
for current polarity - -40 - mV

VCS_zero current zero-crossing threshold -30 0 30 mV
Closed-loop feedback input pin (VFB)
VFB voltage on pin VFB 3.1 3.3 3.5 V

VFB_OFFSET
internal bias voltage on pin
VFB [1] 0.50 0.51 0.52 V

IFB current on pin VFB 80 85 90 μA

RFB
internal pull-up resistance on
pin VFB - 40 - kΩ

Drive pin (LG and HG)
Isource_HG source current on pin HG - -1 - A
Isource_LG source current on pin LG - -1 - A
I_sink_HG sink current on the HG pin - 1.5 - A
I_sink_LG sink current on the LG pin - 1.5 - A
Protection pin (PROT)

VOVP overvoltage protection voltage the voltage is higher than this
threshold 2.40 2.50 2.60 V

VOTP
external overtemperature
protection

the voltage is lower than this
threshold 0.76 0.80 0.84 V

IOTP
source current for external
OTP 76 80 84 μA

Universal IO pin (GPIO)
VOH output high level 4.5 - 5.8 V
VOL output low level 0 - 0.2 V
Input protection pin (VIN)
VBI brown-in threshold 2.0 - 2.2 V
VBO brown-out threshold

step = 0.05 V
1.6 - 1.8 V

IC internal overtemperature protection
TOTP overtemperature protection - 150 - °C

[1] Guaranteed by design.
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12.  Detailed description

12.1.  Overview
NEX82016 is a digital-analog hybrid LLC controller for high-efficiency resonant power supplies. Together with the NEX8308X
PFC controller and the NEX81915/6 dual SR controller, a complete resonant power supply can be built, which is easy to
design and has a very low component count.

This power supply meets the efficiency regulations of Energy Star Level VI, the Department of Energy (DoE), the Eco-design
directive of the European Union, the European Code of Conduct (CoC) Tier 2 external power supply standards, and other
guidelines. It can be used with any power supplies with low power consumption requirements.

12.2.  Functional block diagram
The NEX82016 functional block diagram is shown in Fig. 2.

aaa-043210

VCC charge and
X-cap discharge

Power
management 

Switching 
control

UVLO

Line
detect

OTP 
detect 

SCP 
detect 

OCP 
detect 

Polarity 
detect 

FB current 
sense

BI/BO

SCP

CUR_P

OCP
OPP

OVP

OTP_ext Protection 
logic

iFB VCR

OTP_int

VREG

VCR 
detect 

Valley 
detect 

HV

VIN

PROT

VCS

VFB

VOUT
detect

VCC

VREG

BST

HG

LG

GND

VCR

GPIO

HB

Gate

Gate

Fault

Multi-mode
control

Fig. 2. Functional block diagram
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12.3.  Feature description

12.3.1.  Supply voltage
NEX82016 includes:

• A high-voltage supply pin for start-up (HV)
• A general supply to be connected to an external auxiliary winding (VCC)
• An accurate regulated voltage (VREG)
• A floating supply for the high-side driver (BST)

12.3.1.1.  Start-up and supply voltage (HV, VCC)
The startup process of NEX82016 is shown in Fig. 3. The HV pin can be connected to the output voltage of a PFC or AC
input via an external resistor. Internally, a high-voltage series switch is located between the HV and VCC pins. The capacitor
on VCC is charged via the HV pin if the VHV is greater than VHV_ON, typically 40 V.

To prevent the IC from being damaged by excessive power consumption due to VCC short to GND during startup:

• The charging current of the high-voltage current source is limited to IHV1 when the VCC is less than VCC_SCP.
• When the VCC is greater than VCC_SCP, the charging current of the high-voltage current source is IHV2, and the VCC rises

rapidly.
• When the VCC exceeds VCC_ON, typically 18.2 V, the high-voltage current source is turned off, UVLO turns to high level,

and the chip begins to detect the input voltage. During the detection period, the VCC is charged and discharged back and
forth between VCC_OFF and VCC_ON.
• VCC_OFF: VCC is charged.
• VCC_ON: VCC is discharged.

• When the VIN is greater than the brown-in threshold VBI and the duration exceeds tfilter_BI, the BI/BO signal becomes
high, and the high-voltage current source is turned on to charge the capacitor on VCC until the VCC reaches VCC_SYSON,
typically 22.5 V. The IC starts to output the driving signal, at the same time, the high-voltage current source is turned off.

The auxiliary winding of the transformer begins to take over the power supply of VCC as the output voltage is established. If
the supply voltage of the auxiliary winding is insufficient, causing VCC to drop to 12.5 V, the high-voltage current source will
restart to charge the VCC capacitor. This prevents the VCC from dropping further and triggering undervoltage protection. If
the VCC is less than 5.5 V, IC will be latched and can only be restarted after powered on again.
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12.3.1.2.  Regulated supply (VREG)
The capacitor at VREG can be charged and regulated at 11 V by the internal regulator from VCC. VREG can be used to:

• Supply the internal low-side driver
• Supply the internal high-side driver through a bootstrap circuit
• External reference voltage

To ensure that the external MOSFETs receive sufficient gate voltage, the voltage on the VREG pin must reach VREG_UVP,
typically 9.2 V, before the system starts switching. If the VREG drops below this undervoltage protection level, the system
restarts.

12.3.1.3.  High-side driver floating supply (BST)
The bootstrap power supply circuit is shown in Fig. 4. The external bootstrap buffer capacitor CBST supplies the high-side
driver. The bootstrap capacitor is connected between the high-side driver supply, the BST pin, and the half-bridge node, HB.
CBST is charged from the VREG pin through the bootstrap diode DBST. The high-side driver is off if the VBST is lower than
VBST_OFF.
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12.3.2.  Multi-mode control (VFB, VCR)
The system controls the output power by regulating the primary VCs. The input power of the resonant converter can be
calculated with equation (1):

(1)

ΔVCs is the voltage variation on the resonant capacitor.

Pin can be adjusted by changing the voltage variation on the primary side resonant capacitor.

(2)

ƞ is transfer efficiency.

Pout is related to Pin, which can also be adjusted by ΔVCs.
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(3)

IO can be calculated with equation (3). When the system is regulated and the output voltage is stabilized, a small change in
ΔVCs corresponds to a small change in the output current.

When the high-side switch is on, the primary side current flows through the transformer and the resonant capacitor CS.
Half of the energy provided by the input is transferred to the output. The other half charges the resonant capacitor CS. The
voltage across the resonant capacitor increases.

When the high side switch is off and the low side switch is on, the energy stored in the resonant capacitor CS is transferred
to the output and its voltage decreases. In this way, a linear relationship can be seen between the growth of the resonant
capacitor voltage and the output power.

A secondary TL431 circuitry in combination with an optocoupler connected to the primary VFB pin continuously regulates
the output voltage. The heavier the output load, the smaller the optocoupler current, higher VCR_ref and lower switching
frequency.

VCR is the divided VCs voltage, when it exceeds VCR_ref, the high-side MOSFET turns off, and the low-side MOSFET turns on
after a configured dead time. When VCR is lower than -VCR_ref, the low-side MOSFET turns off, and the high-side MOSFET
turns on after a configured dead time. The two MOSFETs conduct symmetrically within one switching cycle as shown in
Fig. 5.
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NEX82016 adopts different control modes under different load conditions as shown in Fig. 6.
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The IC operates in normal mode at high load, the switching frequency decreases as the load increases. In extremely heavy
load conditions, the minimum switching frequency can be clamped by limiting the maximum turn on time of the IC, to prevent
the system temperature from rising too high.

At light loads, the operating frequency of a resonant converter increases. As a result, magnetization and switching losses
increase. For this reason, the efficiency of a resonant converter drops at light loads. A newly introduced multi-mode ensures
high efficiency at low loads.

When the output power drops to P1 level, the system enters skip mode 1. When the output power drops to P2 level, the
system enters skip mode 2. The system continues switching for several cycles and switching off for a period within a skip
cycle as shown in Fig. 7. Switch mode parameters, such as switching cycles, threshold voltage and filter time to enter or
exit skip mode, valley detection method and numbers of valleys, can be enabled and configured separately. To ensure a
constant output power level, it increases the energy per cycle at the same time. The result is a decrease in frequency and
switching losses reduction.
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Fig. 7. Skip mode waveform

When the output power drops to P3 level, the skip cycle duration is extended to typically 43 μs, and the system enters burst
mode to avoid the switching frequency entering the audible noise range.

12.3.3.  Resonant current detection (VCS)
The resonant current of a tank circuit is monitored by detecting the voltage across a sense resistor which is in series with the
shunt capacitor of the resonant capacitor CS. The purposes of resonant current detection are as follows:

1. Capacitive mode detection: There are two comparators inside the IC that detect the zero-crossing state of positive and
negative currents respectively. The threshold voltage VCMR ranges from 20 mV to 160 mV and is divided into 8 levels on
average, which can be selected according to applications.

2. Overcurrent protection: The OCP threshold is 1.5 V.
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3. Zero-crossing detection: When the system operates in skip mode and the switch mode is set to L-H-L-H-IDLE, the last
high-side MOSFET will be turned off when the resonant current is crossing zero.

12.3.4.  Dead zone regulation (HB)
To avoid cross-conduction of the high and low-side MOSFETs, there needs to be a certain dead time between the drivers of
the high and low-side. Customers can configure the dead time through the GUI interface according to applications.

12.3.5.  Protection control
NEX82016 has comprehensive protections to ensure the reliability of the system as shown in Table 8, such as brown-in/
brown-out protection, overpower protection (OPP), overcurrent protection (OCP), short-circuit protection (SCP), overvoltage
protection (OVP), overtemperature protection (OTP), and capacitive mode regulation (CMR). The protection method, restart
time and number of restarts of OPP, SCP, OVP, and OTP can be configured independently.

Table 8. Protection modes
Protection Notes Mode
BI/BO input brown-in/brown-out real-time protection
OPP overpower protection retry, hiccup, latch
CMR capacitive mode regulation cycle-by-cycle
OCP overcurrent protection cycle-by-cycle
SCP output short-circuit protection retry, hiccup, latch
OVP output overvoltage protection retry, hiccup, latch
OTP external overtemperature protection retry, hiccup, latch

If the protection is configured as latch mode, the system can only resume after powered off and on again.

If the protection is configured as retry or hiccup mode, the system stops working for a period of time and then restarts.

12.3.5.1.  Input brown-in/brown-out protection (VIN)
The VIN pin is connected to the DC bus (front stage PFC output) through a voltage divider resistor for brown-in/brown-out
state detection.

If the VIN is greater than the brown-in threshold voltage VBI and the duration exceeds the GUI configured filtering time
tfilter(BI), NEX82016 starts switching once VCC is higher than the VCC_SYSON threshold.

If the VIN is less than the brown-out threshold voltage VBO and the duration exceeds the GUI configured filtering time
tfilter(BO), NEX82016 stops switching until brown-in is detected again.

12.3.5.2.  Output overvoltage protection/external overtemperature protection (PROT)
Output overvoltage protection (OVP) and external overtemperature protection (OTP) can be configured on the PROT pin.

Fig. 8 shows the connection methods for different applications. The typical source current of the PROT pin is 80 μA. The
overtemperature protection threshold voltage is 0.8 V, and OTP will be triggered once VPROT is lower than this threshold.
The overvoltage protection threshold voltage is 2.5 V, and OVP will be triggered once VPROT is higher than this threshold.
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12.3.5.3.  Overpower protection (OPP)
When the optocoupler current is lower than the set value for a certain period (filter time tfilter_OPP), the overpower protection
is triggered.

12.3.5.4.  Overcurrent protection (OCP)
The system measures the primary current continuously via a sense resistor connected to the VCS pin. If the measured
voltage exceeds the overcurrent level (VOCP), typically 1.5 V, the system stops switching and enters OCP mode.

12.3.5.5.  Output short-circuit protection (SCP)
If OCP occurs, the internal counter will change to increase. If OCP does not occur for consecutive NSCP_RST switching
cycles, where NSCP_RST is the reset counter value, the counter will be reset. If consecutive OCP times is greater than
NSCP_trigger, where NSCP_trigger is the trigger counter value, SCP will be triggered.

12.3.5.6.  Capacitive mode regulation (CMR)
NEX82016 has Capacitive Mode Regulation (CMR) that ensures that the system is always operating in inductive mode.

At lower input voltage or higher output power and depending on the resonant design, the resonant current could have
already approached zero before the capacitor voltage reaches the regulation level. When the resonant current has changed
polarity before one switch is turned off and the other switch is turned on, hard switching occurs. This event is called
capacitive mode.

To prevent the system from operating in capacitive mode, the system switches off the high-side/low-side switch when the
resonant current approaches zero, the threshold of which can be configured, typically -40 mV and 40 mV.

12.3.5.7.  X-cap discharge (HV)
NEX82016 integrates an intelligent X-cap discharge circuit. The circuit will automatically discharge the X-cap when AC is
off, while remaining off during normal operation. If the HV pin is connected to the PFC output, the X-cap discharge function
needs to be turned off. The X-cap discharge function can be turned on or off through a GUI configuration.

12.3.6.  System standby optimization (GPIO)
When the system operates in normal or skip mode, GPIO outputs low. When the system operates in burst mode, GPIO
outputs high during the burst-off period while keeps low during the burst-on period. The maximum sink and source current
of the pin GPIO is 10 mA. GPIO signal can be used to control the operation state of the previous PFC stage, such as shut
down PFC, decrease the bus voltage by changing the feedback loop of PFC at light load to optimize the system standby
power, etc.
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13.  Package outline

ReferencesOutline
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projection Issue date
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SOT109-1 MS-012

sot109-1_po

03-02-19
23-10-27

Note
1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.

SO16: plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
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Fig. 9. Package outline SOT109-1 (SO16)
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14.  Abbreviations
Table 9. Abbreviations
Acronym Description
ANSI American National Standards Institute
BI Brown-in
BO Brown-out
CDM Charged Device Model
CMR Capacitive Mode Regulation
DoE Department of Energy
ESD ElectroStatic Discharge
ESDA ElectroStatic Discharge Association
GUI Graphical User Interface
HBM Human Body Model
IC Integrated Circuit
IEC International Electrotechnical Commission
JEDEC Joint Electron Device Engineering Council
MOSFET Metal-Oxide-Semiconductor Field-Effect Transistor
OCP OverCurrent Protection
OPP OverPower Protection
OTP OverTemperature Protection
OVP OverVoltage Protection
PFC Power Factor Correction
SCP Short-Circuit Protection
SR Synchronous Rectifier
UVLO Under-Voltage LockOut
X-cap X-Capacitor

15.  Revision history
Table 10. Revision history
Document ID Release date Data sheet status Change notice Supersedes
NEX82016 v.1.2 20250917 Product data sheet - NEX82016 v.1.1

Modifications: • Table 7 updated.

NEX82016 v.1.1 20250723 Product data sheet - NEX82016 v.1

Modifications: • Table 6: The maximum value of VCC updated.

NEX82016 v.1 20250711 Product data sheet - -
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16.  Legal information

Data sheet status

Document status
[1][2]

Product
status [3]

Definition

Objective [short]
data sheet

Development This document contains data from
the objective specification for
product development.

Preliminary [short]
data sheet

Qualification This document contains data from
the preliminary specification.

Product [short]
data sheet

Production This document contains the product
specification.

[1] Please consult the most recently issued document before initiating or
completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".
[3] The product status of device(s) described in this document may have

changed since this document was published and may differ in case of
multiple devices. The latest product status information is available on
the internet at https://www.nexperia.com.

Definitions
Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. Nexperia does not give any representations or
warranties as to the accuracy or completeness of information included herein
and shall have no liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the relevant
full data sheet, which is available on request via the local Nexperia sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
Nexperia and its customer, unless Nexperia and customer have explicitly
agreed otherwise in writing. In no event however, shall an agreement be
valid in which the Nexperia product is deemed to offer functions and qualities
beyond those described in the Product data sheet.

Disclaimers
Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, Nexperia does not give any
representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. Nexperia takes no responsibility
for the content in this document if provided by an information source outside
of Nexperia.

In no event shall Nexperia be liable for any indirect, incidental, punitive,
special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, Nexperia’s aggregate and cumulative liability towards customer
for the products described herein shall be limited in accordance with the
Terms and conditions of commercial sale of Nexperia.

Right to make changes — Nexperia reserves the right to make changes
to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.

Suitability for use — Nexperia products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical
systems or equipment, nor in applications where failure or malfunction
of an Nexperia product can reasonably be expected to result in personal

injury, death or severe property or environmental damage. Nexperia and its
suppliers accept no liability for inclusion and/or use of Nexperia products in
such equipment or applications and therefore such inclusion and/or use is at
the customer’s own risk.

Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Nexperia makes no representation
or warranty that such applications will be suitable for the specified use
without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using Nexperia products, and Nexperia accepts no liability for
any assistance with applications or customer product design. It is customer’s
sole responsibility to determine whether the Nexperia product is suitable
and fit for the customer’s applications and products planned, as well as
for the planned application and use of customer’s third party customer(s).
Customers should provide appropriate design and operating safeguards to
minimize the risks associated with their applications and products.

Nexperia does not accept any liability related to any default, damage, costs
or problem which is based on any weakness or default in the customer’s
applications or products, or the application or use by customer’s third party
customer(s). Customer is responsible for doing all necessary testing for the
customer’s applications and products using Nexperia products in order to
avoid a default of the applications and the products or of the application or
use by customer’s third party customer(s). Nexperia does not accept any
liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those
given in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — Nexperia products are
sold subject to the general terms and conditions of commercial sale, as
published at http://www.nexperia.com/profile/terms, unless otherwise agreed
in a valid written individual agreement. In case an individual agreement is
concluded only the terms and conditions of the respective agreement shall
apply. Nexperia hereby expressly objects to applying the customer’s general
terms and conditions with regard to the purchase of Nexperia products by
customer.

No offer to sell or license — Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or the
grant, conveyance or implication of any license under any copyrights, patents
or other industrial or intellectual property rights.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific Nexperia product is automotive qualified, the
product is not suitable for automotive use. It is neither qualified nor tested in
accordance with automotive testing or application requirements. Nexperia
accepts no liability for inclusion and/or use of non-automotive qualified
products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without Nexperia’s warranty of the
product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond
Nexperia’s specifications such use shall be solely at customer’s own risk,
and (c) customer fully indemnifies Nexperia for any liability, damages or failed
product claims resulting from customer design and use of the product for
automotive applications beyond Nexperia’s standard warranty and Nexperia’s
product specifications.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Trademarks
Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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