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1 Product Overview

Features

« Wide Input Voltage Range (2.5V-14V) with an
external Vcc

e Single Input Voltage Range (4.5V to 14V)
« Continuous 3A Load Capability

e 800kHz Switching Frequency

e 10uA Supply Current at Shutdown

+ EaSy SuplRBuck® engine Stable with Ceramic
Capacitors and no External Compensation

« Enhanced Light Load Efficiency with Reduced
Switching Frequency and Diode Emulation

e Forced Continuous Conduction Mode Option

e Thermally Compensated Peak Over-Current
Protection with three selectable levels

* Internal Soft-Start

« Enable Input

e Pre-bias Start Up

e Thermal Shut Down

e Power Good Output

« Precision Reference Voltage (0.5V+/-0.6%)

¢ Small Size 3mmx3mm QFN

¢ Lead-free, Halogen-free and RoHS6 Compliant

Product Overview

Description

The IR3883 SuplRBuck® is an easy-to-use, fully
integrated and highly efficient monolithic DC/DC
regulator. The on-chip PWM controller and
MOSFETs make IR3883 a space-efficient solution,
providing accurate power delivery. The IR3883
employs an Enhanced Stability (EaSy) engine that
makes it stable with ceramic capacitors without
compensation.

IR3883 can operate in Forced Continuous
Conduction Mode (FCCM) or can enter Diode
Emulation mode during light loads to save power.
With ultra-light loads, IR3883 can enter a low
quiescent current mode making it ideal for Standby
power supplies.

It features important protection functions, such as
Pre-bias startup, internal soft-start, hiccup over-
current protection and thermal shutdown to give
required system level security in the event of fault
conditions.

Applications

e Server and Computing

» Storage Applications

» Communications Infrastructure

* General DC-DC Converters

» Distributed Point of Load Power Architectures

Table 1-1 Ordering Information
Part Number Package Type Standard Pack Part Number
Form Quantity
IR3883 PQFN 3 mm x 3 mm Tape and Reel 3000 IR3883MTRPBF
IR3883 ] I_‘__I ] I_‘__I |_‘__|
—— PBF —Lead Free
TR —Tape and Reel
M —Package Type
Figure 1-1 IR3883 Part Number Configuration Code
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Basic Application

2 Basic Application
V<Vin<14V
L
=
En/FCCM Vin PVin Boot
ot
Vee
sw {1
L
PGood PGND 1: """" |
PGood - § —- (Optional)
Vo
Fb
Gnd PGnd OCSet i
J? P
Figure 2-1  IR3883 Basic Application Circuit
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Figure 2-2  IR3883 Performance Curves
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Block Diagram

3 Block Diagram
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Figure 3-1  Simplified block diagram
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Pinout Diagram and Pin Description

4 Pinout Diagram and Pin Description
PVin PVin PGND PGND
i16 15: {14 13
A PN y,
N P -, P Y SN
Vin 1_) Y f’ 12 |:SW
vee [ L1
....... ) Exposed i SW
....... Pad [
OCset|3 ) {20 |sw
GND[4 ) | j (9o |soor
CY Y (Y Y
EN/ PG Fb Vo
FCCM
Figure 4-1  Pinout Diagram: PQFN 3 mm x 3 mm (Top View)
Table 4-1 Pin Description
Pin No. Name Pin Function
Type
Vin S Input supply to the internal LDO.
Vce S Input bias for the internal control circuitry and driver. Supplied by an internal
LDO or an external Vcc voltage. A 2.2uF ceramic capacitor must be used
between Vcc and the Power ground (PGND).
3 OCSet I Over Current Protection (OCP) limit set point. Three user selectable OCP
limits are available by floating this pin, connecting it to Vcc or connecting it to
PGnd.
Gnd S Signal ground for internal reference and control circuitry.
5 En/FCCM I Multifunction pin: (1) Enable pin to turn on and off the IC.
(2) Enable Diode Emulation (DE) Mode operation when En/FCCM voltage is
lower than FCCM stop threshold, or Forced Continuous Conduction Mode
(FCCM) operation, when En/FFCM voltage is higher than FCC start threshold.
6 PGood O | Power Good status output pin is open drain. Connect a pull up resistor of 50kQ
from this pin to Vcc or an external bias voltage.
7 Fb I Output voltage feedback pin. Connect this pin to the output of the regulator via
a resistor divider to set the output voltage.
8 Vo I Vo sense pin. Connect this pin directly to the output of the regulator to set the
on-time.
9 Boot I Supply voltage for the high-side driver. Connect this pin to the SW node of the
regulator through a bootstrap capacitor.

Datasheet
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Pinout Diagram and Pin Description

Table 4-1 Pin Description

Pin No. Name Pin Function

Type

10, 11,12 SW O | Switch node. This pin is connected to the output inductor.

13,14 PGND S Power Ground. This pin serves as a separated ground for the MOSFET

drivers and should be connected to the system’s power ground plane.
15, 16 PVin S Input supply for the power stage.
Exposed - Exposed pad needs to be connected to PGND with PCB layout design.
Pad Thermal via holes can be placed on the exposed pad to aid thermal

dissipation.

Datasheet
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5 Specifications

5.1 Absolute Maximum Ratings

Specifications

Stresses beyond those listed in Table 5-1 may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated in the
operational sections of the specifications are not implied.

Table 5-1 Absolute Maximum Ratings

Parameter Min Max Units Conditions

PVin, Vin, En/FCCM to PGND -0.3 16 \Y; 2.3
Vee to PGND -0.3 6 v 2
Boot to PGND -0.3 22 \Y (DC)

-0.3 24 \Y; (AC, 10ns) >
SW to PGND -0.3 16 \Y; (DC) ?

-4.0 18 \Y (AC, 10ns)
Boot to SW -0.3 VCC + 0.3 \Y L
V,, Fb to GND -0.3 6 \Y (DC)

-0.3 6.5 \Y; (AC, 10us) >
OCSet, Pgood to GND -0.3 6 \Y; 2
PGnd to Gnd -0.3 0.3 \%
Note:

1. Must not exceed 6V.

2. PGND pin and GND pin are connected together.

3. Maximum SW node voltage should not exceed the absolute maximum rating defined in Table 5-1.

Table 5-2 Thermal Information

Parameter Value / Units Condition
Junction-to-ambient thermal resistance 6;, 40°C/W 4
Junction to PCB thermal resistance 8;_pcg 6°C/W
Junction to case top thermal resistance 8; 1o, 38°C/W

Storage Temperature Range

-55°C to 150°C

Junction Temperature Range

-40°C to 150°C

Note:

4. 0,, is measured with components mounted on a high effective thermal conductivity test board in free air

Datasheet
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Specifications

5.2 Recommended Operating Conditions
Table 5-3 Recommended Operating Conditions

Symbol Parameter Min Max Units Condition
PVin Input Voltage Range with External Vcc 2.5 14 \% 53
PVin, Vin | Input Voltage Range with Internal LDO 55 14 Y, 6.3
Vce Supply Voltage Range 4.5 55 Y 3.
V, Output Voltage Range 0.5 5 \%
Il Continuous Output Current Range 0 3 A
T, Operating Junction Temperature -40 125 °C
Note:

5. Vin is connected to Vcc to bypass the internal LDO.
6. Vin is connected to PVin. For single-rail applications with PVin=Vin=4.5V-5.5V, Vcc (the internal LDO output
voltage) is in dropout mode. Please refer to the application information in the internal LDO and the Over
Current Protection sections.

5.3

Typical values are specified at Ta = 25°C.

Table 5-4 Electrical Characteristics

Electrical Characteristics
Unless otherwise specified, these specifications apply over, 5.5V < Vin = PVin < 14V, 0°C < T, < 125°C.

Symbol Parameter Test Conditions ‘ Min ‘ Typ ‘ Max ‘ Units

Power Stage

Rs(on)_Top Top Switch Voot - VSW= 5.2V, Tj =25°C - 82 106.4 | mQ

Rs(on)_ot Bottom Switch Vce = 5.2V, Tj =25°C - 26 33.9 mQ
Boot Diode Forward Voltage |lg,o; = 10mA 200 300 mV

Supply Current

lin(standby) Vin Supply Current (standby) | En = Low - 18 10 MA

lin(static) Vin Supply Current (static) |En =2V, No Switching - 137 200 MA

lin(oyn) Vin Supply Current En = High, Fs = 800kHz, - 4.5 55 mA
(dynamic) Vin =12V

Soft-Start

SS,.e | Soft-Start Ramp Rate | 016 | 02 | 024 [mvips

Feedback Voltage

Veg Feedback Voltage - 0.5 \Y,
Accuracy 0°C <Tj < 85°C, Vout =0.5V -0.6 +0.6 %

-40°C <Tj < 125°C, Vout =0.5V"| -1 +1 %

lves Vg Input Current Ve =0.5V, Tj = 25°C -0.4 0 +0.4 MA

On-Time Timer Control

Ton On-Time Vi, =12V, V, = 1.05V 109 ns

TonMin) Minimum On-Time V,,=12V,V, =0V ?# 20 50 ns

Datasheet
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Specifications

Table 5-4  Electrical Characteristics
Symbol Parameter Test Conditions Min Typ Max | Units
Tottmin) Minimum Off-Time Vg =0V, Tj=25°C 240 320 ns
Internal Regulator (LDO)
Ve LDO Output Voltage 5.5V <V, <14V, 0A - 5.5mA 4.9 5.2 5.4 \
4.5V <V, <5.5V, 0A-55mA 4.4 - - \Y%
Vin Line Regulation 5.5V <V,, <14V, 5.5mA - - 30 mV
Vip Load Regulation 0A - 5.5mA - - 100 mV
lshort Short Circuit Current - 90 - mA
Thermal Shutdown
Thermal Shutdown 8 - 145 - °C
Hysteresis 8. - 25 - °C
Under Voltage Lockout
Vee UVLO_ |V Start Threshold V¢ Rising Trip Level 4 4.2 4.4 \
Start
Vee UVLO_ |V Stop Threshold V¢ Falling Trip Level 3.6 3.8 4.1 \Y
Stop
Enable_High | Enable Threshold Ramping up 1.14 1.2 1.36 Y
Enable Low Ramping down 0.9 1 1.06 \%
Ren Input Impedance 500 | 1000 | 1500 kQ
VEecem_start FCCM Start Threshold 2.6 - - \
Vecem_stop FCCM Stop Threshold - - 2.3 Vv
Current Limit
loc Current Limit Threshold 0°C<Tj<125°C, OCSET=PGND | 4.0 5.14 5.9
0°C<Tj<125°C, OCSET=float® 3.2 4.04 4.6 A
0°C<Tj<125°C, OCSET= V% 2.3 2.95 34
Thlk_Hiccup |Hiccup Blanking Time 8. - 20 - ms
Over Voltage Protection
Vovp Output OV Protection OVP detect 115 120 125 %
Threshold
TovpoEL Output OV Protection Delay - 5 - us
Power Good
Vesuppen Power Good Threshold Fb Rising 85 90 95 | % Vref
Vegowen) Power Good Threshold Fb Falling 80 85 90 | % Vref
log Power Good Sink Current PG =0.5V, En =2V 2.5 5 - mA
Ves(ow) Power Good Voltage Low Vin =Vce =0V, Rpull-up = 50kQ - 0.3 0.5 \Y,
when no supply to 3.3V
Note:

7. Hotand Cold temperature performance is assured via correlation using statistical quality control. Not tested in

production.

8. Ensured by design but not tested in production.

Datasheet
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5.4

Typical Operating Characteristics -40°C To +125°C

Specifications
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Figure 5-1  Typical Operation Characteristics (Set 1 of 3)
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Specifications
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Figure 5-2  Typical Operation Characteristics (Set 2 of 3)
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locp vs. Vcc
OCSet = GND, Room temperature
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Figure 5-3 Typical Operation Characteristics (Set 3 of 3)
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5.5 12V Typical Efficiency and Power Loss Curves

PV, = 12V, V¢ = Internal LDO, |, = 0A-3A, Room Temperature, No Air Flow. Note that the efficiency and power
loss curves include the losses of IR3883, the inductor losses and the losses of the input and output capacitors.
The table below shows the inductors used for each of the output voltages in the efficiency measurement.

Table 5-5 Inductor List for IR3883 12V Efficiency Measurement

VOUT (V) | LOUT (uH) P/N DCR (mQ)
1.0 1.0 XEL4030-102 8.89
1.2 1.0 XEL4030-102 8.89
1.8 1.5 XEL4030-152 15.1
2.5 2.2 XAL5030-222 13.2
3.3 2.2 XAL5030-222 13.2
5 3.3 XAL5030-332 21.2
IR3883 Efficiency @ PVin=12V and FCCM IR3883 Power Losses @ PVin =12V and FCCM
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Figure 5-4 12V Efficiency and all power losses including inductor losses and losses of input and output
capacitors in Forced Continuous Conduction Mode.
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Figure 5-5  Diode Emulation Mode improves efficiency at light load (12Vin)
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Specifications

5.6 5V Typical Efficiency and Power Loss Curves

PV,, = 5V, V¢ = Internal LDO, |, = 0A-3A, Room Temperature, No Air Flow. Note that the efficiency and power
loss curves include the losses of IR3883, the inductor losses and the losses of the input and output capacitors.
The table below shows the inductors used for each of the output voltages in the efficiency measurement.

Table 5-6 Inductor List for IR3883 5V Efficiency Measurement

VOUT (V) |LOUT (uH) PIN DCR (mQ)
0.9 1.0 XEL4030-102 8.89
1.0 1.0 XEL4030-102 8.89
1.2 1.0 XEL4030-102 8.89
1.8 1.5 XEL4030-152 15.1
2.5 15 XEL4030-152 15.1
IR3883 Efficiency @ PVin = Vin=Vcc =5V and FCCM IR3883 Power Losses @ PVin = Vin = Vce =5V and FCCM
95 1 .
BT enrmea 0.3
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Figure 5-6 5V Efficiency and all power losses including inductor losses and losses of input and output
capacitors in Forced Continuous Conduction Mode.
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Theory of Operation

6 Theory of Operation

The IR3883 is an easy-to-use, fully integrated and highly efficient monolithic DC/DC regulator. The on-chip PWM
controller and MOSFETs make IR3883 a space-efficient solution, providing accurate power delivery.

The IR3883 offers two different operation modes: Forced Continuous Conduction Mode (FCCM) and Diode
Emulation Mode (DEM). With FCCM, the device always operates as a synchronous buck converter with a pseudo
constant switching frequency of 800 kHz and small output voltage ripples. In DEM, the synchronous FET is turned
off when the inductor current drops to zero, which provides better efficiency at the light load.

6.1 EaSy SuplRBuck® Engine

The IR3883 uses the Enhanced Stability (EaSy) engine that comprises Constant on-time control with proprietary
internal ramp compensation to offer stability across a wide range of conditions.

Unlike conventional COT devices, which usually require a certain amount of output ripple voltages to ensure the
stability, the IR3883 includes proprietary internal ramp compensation, facilitating the use of low ESR ceramic
output capacitors without resorting to the injection of external ripple voltage.

In addition, the internal ramp implements the input voltage feedfoward feature, which helps to preserve the same
loop response with a wide input voltage range.

The operation of IR3883 is described as follows. The output voltage of the regulator is fed to the FB pin through a
resistor divider. Combined with the proprietary internal ramp, the FB voltage is then compared to an internal
reference voltage. If the combined voltage is lower than the reference voltage, the control FET is turned on for a
fixed duration to charge the output capacitor. When the on-time of the control FET is finished, the synchronous
FET is turned on. In FCCM, synchronous FET stays on till the combination of FB voltage and the internal ramp
drops below the reference voltage and a new PWM pulse is initiated. In DEM, synchronous FET will be turned off
when the inductor current drops to zero.

6.2 Pseudo Constant Switching Frequency

The IR3883 operates with a pseudo constant frequency of 800 kHz within the recommended operation range. To
achieve the constant switching frequency, the on-time of the control FET is automatically adjusted for different
input and output voltages.

The on-time is determined by the ratio of the voltages at V, pin and PV,, pin, and can be calculated as follows:

Ton= VO Xi
PV, 800k

6.3 Soft-Start

The IR3883 has an internal digital soft-start circuit to control the output voltage rise time, and to limit the current
surge at the start-up. To ensure correct start-up, the soft-start sequence initiates when Enable and Vcc voltages
rise above their UVLO thresholds and generate the Power On Ready (POR) signal. The internal soft-start signal
linearly rises at the rate of 0.2mV/us. The nominal Vout start-up time is fixed, and is equal to:

0.5v
Tstart =
0.2mV /us

The over-current protection (OCP) and over-voltage protection (OVP) are enabled during the soft-start to protect
the device for any short circuit or over voltage condition. Figure 6-1 illustrates the theoretical operation waveforms
during the start-up.

=2.5ms
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Theory of Operation

PGood

0.5V

Internal

Softstart ? 0.9*Vref

FB

Figure 6-1 Theoretical Waveforms during Soft-Start

6.4 EN/FCCM

En/FCCM is a multi-function pin. It can be used to:

*  On/Off the IR3883

* Select the operation mode: FCCM or DEM

« Implement Under-Voltage Lockout of the Input Voltage

When En/FCCM voltage is higher than the Enable_high threshold, 1.2V typical, the IR3883 is turned on with DEM.
In order to operate in FCCM, the En/FCCM voltage needs to be above 2.6V. The Enable/FCCM thresholds are
designed to be compatible with 3.3V logic.

The IR3883 has a precise Enable_high threshold voltage, which is internally monitored by the Under-Voltage
Lockout (UVLO) circuit. As shown in configuration_1 in Figure 6-2, the input of the Enable pin can be derived from
the PVin voltage by a set of resistive divider, REN1 and REN2. By selecting different divider ratios, users can
program the UVLO threshold voltage. The bus voltage UVLO is a very desirable feature. It prevents the IR3883
from regulating at PVin lower than the desired voltage level.

For some space constrained designs, the En/FCCM pin can be directly connected to PVin without using the
external resistor dividers.

The En/FCCM pin should not be left floating. A pull down resistor in the range of tens of kilo ohms is recommended.
Cofiguration_2 and Configuration_3 in Figure 6-2 include the connections of En/FCCM without using the external
resistor divider. Figure 6-3 illustrates the theoretical start-up waveforms.

PVin PVin 5V
1
pvin|  [vin I pvin | [vin i pvin | [vin
Reny E: _-|Vcc = Vee = Vce
En/FCCM En/FCCM 1 En/FCCM =
IR3883 I IR3883 I IR3883 I
> = = -
Renz :; -
Configuration_1: Configuration_2: Configuration_3:
Single supply with internal LDO, Single supply with internal LDO Single supply with 5V input,
adjustable PVin UVLO and and FCCM operation external Vcc and FCCM operation

optional FCCM or DEM

Figure 6-2 EN/FCCM Configurations
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Pvin=Vin=12V PVin=Vin=Enable=12V
Vcc_UVLO

: Vce Vcc

ov e |
i | |
ov : |
I Enable >1.2V :

¥ I

| . | : N

[ : Fb | I Fb
oV | - | ! -

: 90% of Vref : 90% of Vref

I |

PGood

ov ! ov : PGood

I

. l

|

i —_—
ov ov "\

Pgood stays at logic low Pgood stays at logic low
Start-up with Enable up after PVin and Vin. Start-up with PVin, Vin and Enable tied together.
PGood is pulled up to an external supply. PGood is pulled up to an external supply

Figure 6-3 EN/FCCM theoretical start-up waveforms

6.5 Pre-bias Start-up

The IR3883 is able to start up into a pre-charged output without causing oscillations and disturbances of the output
voltage. When IR3883 starts up with a pre-biased output voltage, both control FET and Synch FET are kept off till
the internal soft-start signal exceeds the FB voltage.

During pre-bias start-up, PGood signal is held low till the first gate signal for control FET is generated.

6.6 Internal Low Dropout (LDO)

IR3883 has an integrated low dropout LDO regulator, providing the DC bias voltage for the internal circuitry.

The typical LDO output voltage is 5.2V. A 2.2uF low ESR ceramic capacitor is required to be placed close to the
VCC pin. For internally biased single rail operation, VIN pin should be connected to PVIN pin, as shown in the first
2 configurations of Figure 6-2. If an external bias voltage is used, VIN pin should be connected to VCC pin to
bypass the internal LDO, as shown in Figure 6-4.

To minimize the standby current, the internal LDO is disabled when the Enable of IR3883 is below the Enable_high
threshold.

PVin Ext Vcc
PVin  Vin
Vee

Figure 6-4 Use an external bias voltage
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6.7 Over Current Protection

IR3883 offers three selectable over current limits using OCSet pin. The Over Current Protection (OCP) is
performed by sensing the peak inductor current through the RDS(on) of the Sync MOSFET. This method
enhances the converter’s efficiency, reduces cost by eliminating a current sense resistor and any layout related
noise issues. The current limit is pre-set internally and is compensated according to the IC temperature to minimize
the OCP limit variation induced by temperature. However, OCP limits are not Vcc compensated. If Vcc drops
below the regulation, OCP limits are also reduced.

OCP circuit senses the current of the Sync MOSFET at the end of 100ns after Control FET is turned off. If the
current exceeds the OCP limit, PGood and soft-start signal will be pulled low. Sync FET remains on till the current
is decreased to zero, then IR3883 enters hiccup mode. Both Control FET and Sync FET remain off during the
hiccup blanking time. After the hiccup blanking time expires, IR3883 will try to restart. If the over current fault is
still detected, the preceding actions will be repeated. IR3883 stays in the hiccup mode till the over current fault is
removed. OCP is activated in start-up also. Figure 6-5 illustrates the operation of OCP.

———————————————— Current Limit
Inductor

Current

! Hiccup

¢ N
! Blanking time E/\/\/\
ya

N

—
]
|

LDrv

|

|

|

|

|

|

|

|

|

— —
HDrv |_ |
|

|

| ]
|

|

]

|

|

|

|

|

|

|

PGood

Figure 6-5 OCP with Hiccup Mode lllustrations

6.8 Minimum On-Time and Off-Time

The minimum on-time refers to the shortest time for control FET to be reliably turned on. Typically, it is 20ns for
IR3883.

The minimum off-time refers to the minimum time duration in which the Sync FET stays on for each switching
cycle. The minimum off-time is needed for IR3883 to charge the bootstrap capacitor and to monitor the current of
the Sync FET for OCP.

For high duty-cycle applications, it is important to make sure the desired off-time is larger than the minimum off-
time specified in the Electrical Table.

In real applications, the switching frequency can increase with the load current, in order to compensate for the
power losses induced voltage drop in the circuitry. The following formula could be used to estimate the off-time
when the conduction losses of power stage and DCR losses of the inductor are considered.
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Vi Vo - (RDS(on)CtrI +DCR)x 1,
1-0ff = 1:3n X
V, + (RDS(OH) +DCR)x 1,

Sync

Where Rpsionyctri @1d Rpgonysync are the Rpgqn) Of the Control FET and Sync FET respectively. DCR is the DC
resistance of the inductor.

To ensure a proper operation, Toff should meet the following criterion.

Ty > (mimum off - time)

max

Where (minimum off - time) .., = 320ns. Please note that the actual Toff is usually smaller than the calculated value
as shown above because the switching losses, losses on the PCB losses etc. are not considered in the calculation.

6.9 Over Voltage Protection (OVP)

The IR3883 senses the voltage at FB pin for Over-Voltage Protection (OVP). When FB voltage exceeds the OVP
threshold for the duration longer than the output OV protection delay (typical value is 5us), OVP circuitry is tripped.
Control FET is turned off immediately and PGood is pulled low. Sync FET is turned on to discharge the output
capacitor, till the FB voltage drops below the OVP threshold.

Once OVP is tripped, Control FET remains latched off till a reset is performed by cycling either VCC voltage or
Enable signal. Figure 6-6 illustrates the operation of over voltage protection.

"“DLI__//_ ([ _I

J)

A

LDrv

120%V e 115%V o
re

\/ref

90%V et

FB

PGood

- -
OVP delay =5us

Figure 6-6 Operation of Over Voltage Protection

6.10 Power Good Output

The PGood pin is the open drain of an internal NFET and needs to be externally pulled high through a pull-up
resistor. PGood signal is high when three criteria are satisfied.

1. Enable and VCC voltages are above their respective thresholds.
2. No fault occurs including over current, over voltage and over temperature.
3. Vout is within regulation.
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In order to detect if Vout is in regulation, PGood comparator continuously monitors the FB voltage. When FB
voltage ramps up above the upper threshold — 90% of Vref, PGood signal is pulled high. When FB voltage ramps
down below the lower threshold — 85% of Vref, PGood signal is pulled low. Figure 6-7 illustrates the PGood upper
and lower thresholds.

For pre-biased start-up, PGood is not active until the first gate signal of the control FET is initiated.

IR3883 also integrates an additional PFET in parallel to the PGood NFET, as shown in Figure 3-1. This PFET
allows PGood signal to stay at logic low when the bias voltage of IR3883 is low, and/or the En is low, but the
external PGood bias voltage still presents. Please refer to Figure 6-3. A 50kQ pull-up resistor is needed for 3.3V
PGood bias voltage to maintain PGood low when IR3883 is disabled.

90%Vrer v 9
H ref

85%Vrer M}

PGood

Figure 6-7 Power Good Thresholds

6.11 Over Temperature Protection

Temperature sensing is provided inside IR3883. The Over Temperature Protection (OTP) threshold is typically set
to 145°C. When OTP threshold is exceeded, both MOSFETS are turned off, and the internal soft-start is reset. The
internal LDO is still in operation when OTP is tripped.

Automatic restart is initiated when the sensed temperature drops below the OTP threshold. The hysteresis of the
OTP threshold is 25°C.
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7 Application Information

The following key parameters shall be used as an example for typical IR3883 applications. The application circuit
is shown in Figure 7-1.

o PV, =12V (x10%)

« V,=33V

« I,=3A

* V, Ripple Voltage = +1% of V,

* Transient response = + 3% of V, (for 30% Load Transient)

7.1 Enabling IR3883

To enable IR3883 in Diode Emulation Mode (DEM), the voltage at EN/FCCM pin should be higher than the Enable
threshold, but lower than FCCM stop threshold. If a resistor divider is used to generate the Enable voltage from
PVin as shown in Figure 6-2 configuration 1, the resistor divider can be selected as follows.

PVin miny % Rz >1.36
Ren: + Ren
R
PV, — EN2___ <23
e Rent + Rens

Where PVyminy @Nd PViymax are the minimum and maximum input voltages respectively.

To enable IR3883 in FCCM, the voltage at EN/FCCM pin should be no less than the FCCM start threshold. The
EN/FCCM pin can be connected directly to PVIN, or a resistor divider can be used. Following criterion should be
satisfied when selecting the resistor divider for FCCM.

REN 2

PV —ENz
RENl + REN 2

>2.6

in(min)

7.2 Input Capacitor Selection

Without input capacitors, the pulse current of control FET is directly from the input supply power. Due to the
impedance on the cable, the pulse current can cause disturbance on the input voltage and potential EMI issues.
The input capacitors filter the pulse current of the control FET, resulting in almost constant current from the input

supply.
The input capacitors should be selected to tolerate the input pulse current, and to reduce the input voltage ripple.
The RMS value of the input ripple current can be expressed by:

lews = 1o x4/Dx(1—-D)

oY
Vin

Where:

Irms iS the RMS value of the input capacitor current.

I, is the output current. D is the Duty Cycle

To meet the requirement of the input ripple voltage, the minimum input capacitance can be calculated as follows.
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I, xDx(1-D)

Cingminy > f XAV

in(max)
Where AV, max is the maximum allowable peak-to-peak input ripple voltage.

Ceramic capacitors are recommended as input capacitors due to low ESR, ESL and high RMS current capability.
In addition, a bulk capacitor is recommended if the input supply is not located close to the voltage regulator.

7.3 Inductor Selection

The inductor is selected based on output power, operating frequency and efficiency requirements. A low inductor
value causes large ripple current, resulting in the smaller size, faster response to a load transient but lower
efficiency and high output noise. Generally, the desired peak-to-peak ripple current in the inductor (Ai) is found
between 20% and 50% of the output current.

The saturation current of the inductor is desired to be higher than the over current limit. An inductor with soft-
saturation characteristic is recommended. For some core material, inductor saturation current may decrease as
the increase of temperature. So it is important to check the inductor saturation current at the high temperature
For the buck converter, the inductor value for the desired operating ripple current can be determined using the
following relation:

Aig D..
PVinmaX _\/0 = LXTiw ; Tonmin :%
onmin s
; V,
L= (Pvinmax _Vo) Xi ; Dmin = 0
AILmax X Fs Vinmax

Where:

PVinmax = Maximum input voltage

V, = Output Voltage

A max = Maximum Inductor Peak-to-Peak Ripple Current
F<= Switching Frequency

Tonmin = ON-time when PV, = PV max
Dpin = Minimum Duty Cycle
7.4 Output Capacitor Selection

To ensure the loop stability, a minimum of 22uF output capacitor is suggested. The voltage ripple and transient
requirements determine the output capacitor selection. Please refer to Table 7-1.

The following formula calculates the peak-to-peak output voltage ripple due to the inductor ripple current charging
the output capacitor.

Al

AV — L max
° 8xC,xf,
Therefore,
Al o
° 8><AVOmin X fsw
Where:

AV, = Minimum allowable peak-peak output ripple voltage.
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Al o = Maximum Inductor Ripple Current

The ESR and ESL of the output capacitors, as well as the parasitic resistance or inductance due to PCB layout,
can also contribute to the output voltage ripple. For most applications, it is suggested to use Multi-Layer Ceramic
Capacitor (MLCC) as output capacitors for their low ESR, ESL and small size.

To meet the transient response requirements, the output capacitors should also meet the following criterion.

LxAlZ2

Omax

2% AV, o XV,

OL_max

0

Where AV, .« IS the max allowable V, deviation during the load transient. Al ., is the maximum step load
current. Please note that the impact of ESL, ESR, control loop response, transient load slew rate, and PWM
latency is not considered in the calculation shown above. Extra capacitance is usually needed to meet the transient
requirements.

7.5 Output Voltage Programming

Output voltage can be programmed with an external voltage divider. The FB voltage is compared to an internal
reference voltage of 0.5V. The divider ratio is set to provide 0.5V at the FB pin when the output is at its desired
value. The calculation of the feedback resistor divider is shown below.

VO =Vref x (1+h

FB2

Where Rgg; and Rgg, are the top and bottom feedback resistors. Rgg, is recommended not to be greater than
20kQ, in order to avoid the interference with the internal circuitry.

7.6 Feedforward Capacitor

A small MLCC capacitor, Cff, can be placed in parallel with the top feedback resistor, Rgg,, to improve the transient
response. As a general rule of thumb, for a fixed Rgg; of 16.5kQ, 100pF can be used for V, less than 1.8V, and
220pF for V, equal to/higher than 1.8V. Please refer to Table 7-1.

7.7 Bootstrap Capacitor Selection
For most applications, a 0.1uF ceramic capacitor is recommended for bootstrap capacitor placed between SW

node and Boot Pin.

7.8 V.c Bypass Capacitor
A 2.2uF ceramic capacitor must be placed between V.. and GND.
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Table 7-1 lists recommended configurations for a few commonly used output voltages.

Recommended Configurations

Application Information

Table 7-1 Recommended Configurations
VIn V) [lomax A Vo (V) | Repyk@) | Regok@) | L (uH) Cy(PF) | Minimum C, (uF)
Note 2. Note 2. Note 3. Note 1.

0.9 15.0 18.7
1.0 16.5 16.5 1.0 100

° 3 1.2 16.5 11.8 2 x 22yF
1.8 16.5 6.34
2.5 16.5 4.12 1.5 220
0.9 15.0 18.7
1.0 16.5 16.5 1.0 100

1 3 1.2 16.5 11.8 2 x 220F
1.8 16.5 6.34 1.5
2.5 16.5 4.12
3.3 16.5 2.94 2.2 220
5.0 16.0 1.78 3.3
0.9 15.0 18.7
1.0 16.5 16.5 2.2 100

1 15 1.2 16.5 11.8 2 x 220F
1.8 16.5 6.34 3.3
2.5 16.5 4.12
3.3 16.5 2.94 4.7 220
5.0 16.0 1.78

Note:

1. The output capacitors are selected to meet +1% output ripple voltage and +£3% undershoot/overshoot at 30%
of max load transient with 2.5A/us slew rate. More output capacitors might be needed for more stringent
transient load requirements. Please note that 22uF is rated capacitance at OV DC bias voltage.

2. Rgg; and Ryg, are the top and bottom feedback resistor respectively, shown as R6 and R7 respectively in

Figure

7-1.

3. The selection of L is based on 20% - 50% of max output current.
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Table 7-2  List of Inductors
L (uH) Part Number (P/N) Manufacturer lot (A) DCR (mQ) | Size (L x W x H) (mm)
1.0 XEL4030 - 102 Coilcraft 9.0 8.89 4x4x3.1
1.0 XFL5030 - 102 Coilcraft 6.5 4.2 5.28x5.48x 3.1
1.0 CMLEO53T - 1RO Delta 11 8.4 4.85x4.7%x2.8
1.0 SPM5030 - 1RO TDK 8.5 11.44 5.2x5.0x3.0
15 XEL4030 - 152 Coilcraft 8.5 15.1 4x4x3.1
15 CMLBO51H - 1R5 Delta 9 23 5.4x5.75x 1.8
2.2 XAL5030 - 222 Coilcraft 9.2 13.2 5.28x5.48x3.1
2.2 CMLEO53T - 2R2 Delta 8.2 21 49x5.2x3.0
3.3 XAL5030 - 332 Coilcraft 8.7 21.2 5.28x5.48x 3.1
3.3 CMLEO53T - 3R3 Delta 7.3 29.7 49x5.2x3.0
4.7 XAL5030 - 472 Coilcraft 6. 36 5.28x5.48x3.1
4.7 CMLEO63T - 4R7 Delta 8 23.6 6.8x7.3x3.0
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7.10 Application Diagram and Bill of Materials
PVin Vin+
R4 i R N R o
c2 J. ° =L o J.CG lc7 J_
0.1uF T 22uF = 22uF
“1 — L T T
= = W _%_ Vo+
Vee+ = 9—."’_’| I e = 1 1
o N - oo e u1 - grv-\ . ”
— A i s £ 2 2 2.2uH
c1 R1 NS A 12
Vin SwW
22uFT ’ 1 C10 =C11

v swz2 220F T 220F
ce IR3883 0 |
ocset sWi
—

Boot

R6 ceo
16.5k | 220pF
w| o] ~| ©

01
=
=1
.,||
|-t> w N -
@
zZ
o
EN/FCCM
PG
Fb
Vo
[e]
W
e
2
m

Q R7

PGoon 2.94k
s N ;I ' RS
DEM: R3=8.06k
-I 49.9k

Figure 7-1 Application Circuit for a 12V to 3.3V, 3A Point of Load Converter

Table 7-3  Suggested Bill of Materials for the Application Circuit

Qua | Part Ref. | Value Description Part Number Manufactur
ntity er
1 C1 2.2uF |CAP CER 2.2UF 16V 10% X5R 0402 |GRM155R61C225KE44D Murata
1 C2 1uF CAP CER 1UF 16V 10% X5R 0402 GRM155R61C105KE01D Murata
2 C4,C5 0.1uF |CAP CER 0.1UF 16V 10% X7R 0402 |GRM155R71C104KA88D Murata
2 Ce6, C7 22uF | CAP CER 22UF 16V 20% X5R 0805 C2012X5R1C226M125AC TDK
2 |C10,C11| 22uF |CAP CER 22uF 6.3V X5R 20% 0805 |C2012X5R0J226M TDK
1 C9 220pF |CAP CER 220PF 50V 10% X7R 0402 |GCM155R71H221KA37D Murata
1 L1 2.2uH |5.28x5.48x3mm, DCR=13.2mU, XAL5030-222 Cailcraft
Isat=7.2A
2 R2, R5 49.9k |RES SMD 49.9K OHM 1% 1/10W 0402 | ERJ-2RKF4992X Panasonic
16.5k |RES SMD 16.5K OHM 1% 1/10W 0402 | ERJ-2RKF1652X Panasonic
1 R3 (FCCM)
8.06k |RES SMD 8.06K OHM 1% 1/10W 0402 | ERJ-2RKF8061X Panasonic
(DEM)
1 R4 0 RES SMD 0.0 OHM JUMPER 1/10W  |ERJ-2GEOR0O0OX Panasonic
1 R7 2.94k |RES SMD 2.94K OHM 1% 1/10W 0402 | ERJ-2RKF2941X Panasonic
2 R6, R10 16.5k |RES SMD 16.5K OHM 1% 1/10W 0402 | ERJ-2RKF1652X Panasonic
1 Ul IR3883 |3mmx3mm 3A POL Regulator IR3883MTRPBF Infineon
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7.11 Typical Operating Waveforms

Application Information

PV, = V,, = 12.0V, V,=3.3V, |,=0A - 3A, No airflow, room temperature

L B s By B B B B 2 B

@r -
| PGood

?:,wg,,w T O T O O O Y S Ll T T T Y T Y T T NI AN T SO N
@ 5-0vidiv By:20.0M A S 3V 5.0ms/div 2.0MS/s 500ns/pt
@z 1.0div B,:20.0M None Normal Stopped Single Seq 1
@ 2.0vidiv By:1.0G 1acqs RL:100k
@i 2.0vrdiv By:20.0M Auto  July 03, 2015 14:01:30

Value Mean Min Max St Dev Count  Info

@820 max 3.38 [3.38 3.38 3.38 [o.0 1.0
&2y min -100.0m  [-100.00002m [-100.0m  |-100.0m (0.0 1.0
& Freq*  [Hz B 7 7 0.0 0.0 |O]
@32 Mean  [3.306V  [3.3055507  [3.306 3.306 0.0 1.0

Figure 7-2 Start up at 3A Load, Enable = En/FCCM (Ch;:PV,,, Ch,:V,, Ch3:Pgo04 Chs:Vee)

e |

OO VESOF S 200 SO CCOR S COR P NN V0 O V0

T [

B P N O IO Y S A0 SO O N

(IR A N O O N

& 5-ovidiv By:20.0M
Eay 1-01div By:20.0Mm
@ 20vidiv By:1.0G

@i 2.0vidiv By:20.0M

W IV 5.0msidiv 2.0MS/s 500ns/pt

Nong Normal J| stopped Single Seq 1
1acgs RL:100k
Auto  July 03, 2015 14:03:15

Figure 7-3 Start up at OA Load, Enable = En/DEM (Ch,:PV,
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A i

W
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|” PGood

PR N N TN S N AR N N R T R PN I T N T TN [N Y T T Y SN
@& 5.0vidiv By:20.0M A S 118V ] 5.0ms/div 2.0MS/s 500ns/pt
e 1.0/div By:20.0M None Normal Single Seq 1
@ 2.0vidiv By:20.0M 1 acgs RL:100k
@i 1.0vidiv By:20.0M Auto  July 03, 2015 14:19:07

Figure 7-4 Start up at OA load with a pre-bias voltage of 2.64V, FCCM (Ch,:SW, Ch,:V,, Ch3:Pg,.q, Ch,:EN)

T v T
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& 50vidiv §,:20.0M g / 118V 5.0ms/div 2.0MS/s 500ns/pt
@ay 1.0idiv 8,:20.0M Nona Normal Single Seq 1
@ 2.0vidiv §,:20.0M 1acqs RL:100k
Qi 1-0vrdiv Bp:20.0M Auto  July 03, 2015 14:19:33

Figure 7-5 Start up at OA load with a pre-bias voltage of 2.64V, DEM (Ch;:SW, Ch,:V,, Ch3:Pgy0q4, Ch,:EN)
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((eay s.oviaiv MO Bysoom A eiy /S 3.0V 500nsidiv 1.0GSls 1.0ns/pt
d
Value Mean Min Max St Dev Count  Info :::p:; RL:5.0k
Sl Freq"  [B61.7kHz [861.55808k [861.2k  [861.8k  [131.2 137.0 2098 s
L) Max 129V 12.734988 [18.7 151 77.93m  [137.0 Auto  May 02, 2016 16:59:00
&) Min 3V 37800417 |4.1 EX] pa.a5m  [137.0

Figure 7-6 FCCM, SW node,

3A

((gen soviaw §,:1.0G ] A Qeip S 10.4v 1.0ps/div 1.0GS/s 1.0ns/pt
None Auto
Value Mean Min Max St Dev Count Info o
&L Max 14.7V 14.521413  [14.3 14.7 76.18m  [83.0 184 207 acqs RL100K
@&l Min EE 1712565 |-1.9 a7 49.06m  [83.0 Auto . July 93, 2015 14;27:10
W Freg® 426.1kHz |426.47317k |425.8k 426.9k 235.3 83.0

Figure 7-7 Diode Emulation Mode, SW node, 0.3A
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Figure 7-8 FCCM, V, ripple, 3A load, V
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Figure 7-9 DEM, V, ripple, 0.3A load
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Figure 7-10 Short circuit (Hiccup) recover (FCCM) (CH,=SW, CH,=V,;, CH3=Pg,04, CH,=I,)
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Figure 7-11 Enter OCP Hiccup mode (FCCM) (CH,=SW, CH,=V_ i, CH3=Pg50q, CH,=1,)
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Figure 7-12 Transient Response, OA to 3.0A step, FCCM (CH,=V,,;, CH,= |, Undershoot: -43mV,

Overshoot: 49mV)
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Figure 7-13 Transient Response, 0.03A to 3.0A step, DEM (CH,=V,;, CH,= |,,;, Undershoot: -31mV,
Overshoot: 61mV)
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7.12 IR3883 Thermal Image

Thermal Image of the board at Vin = 12V, Vo = 3.3V, lo = 3A, no
airflow; IR3883 =55°C, L=46°C, Amb = 25°C

Figure 7-14 IR3883 Thermal Image
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Layout Recommendations

The pinout of IR3883 makes it easy to route the PCB layout. General PCB design guidelines should be followed
to achieve the best performance.

Bypass capacitors, including input/output capacitors and Vcc bypass capacitor, should be placed as close as
possible to the corresponding pins.

SW node area should be minimized and be limited to the top layer only

Output voltage should be sensed with a separated trace directly from the output capacitor. The sensing trace
should be away from the inductor and SW node to avoid the interference of switching noises.

Analog ground and power ground are connected through a single point connection.
The feedback resistor divider should be connected to the analog ground.
The exposed pad can be connected to power ground plane through via holes to aid thermal dissipation.

Wide copper polygons are desired for input and output power connections in favor of power losses reduction
and thermal dissipation. Sufficient via holes should be used to connect the power traces between different
layers.

€6 Cl1
C1C10

C4
C5

Single point connection R 6
between AGND and PGND

Figure 8-1 IRDC3883 Demo Board Layout — Top Layer
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€6 Cl1
C1C10

C4
L1

€3

To aid thermal dissipation ,
exposed pad is connected to
PGND through 4 via holes

€6 ClL1
C1C10

C4
L1

Feedback trace is away
from L and SW node .

PGND

Figure 8-3 IRDC3883 Demo Board Layout — Signal Layer 2
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Figure 8-4 IRDC3883 Demo Board Layer — Bottom Layer

8.1 PCB Metal and Component Placement

Evaluations have shown that the best overall performance is achieved using the substrate/PCB layout as shown
in following figures. PQFN devices should be placed to an accuracy of 0.050mm on both X and Y axes. Self-
centering behavior is highly dependent on solders and processes and experiments should be run to confirm the
limits of self-centering on specific processes.

For further information, please refer to SupIRBuck® Multi-Chip Module (MCM) Power Quad Flat No-Lead (PQFN)
Board Mounting Application Note.” (AN1132)
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Figure 8-5 PCB metal pad sizing and spacing (all dimensions in mm)
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8.2 Stencil Design

Stencils for PQFN can be used with thicknesses of 0.100-0.250mm (0.004-0.010"). Stencils thinner than 0.200mm
are unsuitable because they deposit insufficient solder paste to make good solder joints with the ground pad; high
reductions sometimes create similar problems. Stencils in the range of 0.125mm-0.200mm (0.005-0.008"), with
suitable reductions, give the best results. Evaluations have shown that the best overall performance is achieved
using the stencil design shown in following figure. This design is for a stencil thickness of 0.127mm (0.005"). The
reduction should be adjusted for stencils of other thicknesses.

0.25
- rk - 072

'
[N
=

= 0.70 =
Y2

0.50

e 070 =

0.50

— 0.90 —

X
\

N
N
_’030

030

SININR
§§§§ﬂw
SININEY
§§§§

o,
| 7] A 2 Yy
1 =
2 i 7 1
l Mk 4
— I—:{ o — 72 -

0.25 0.30 0.30

Figure 8-6 Stencil pad spacing (all dimensions in mm)

8.3 Marking Information

IR LOGO

PN1| @

I:R ? ———— ASSEMBLY SITE CODE

3883 =t PART NUMBER

— MARKING CODE

DATE CODE———

LOT CODE ——

Figure 8-7 Marking information
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8.4 Package Information
) a2
- [3.00 —& [ [——1.80+0.100—~1-¢-[0..0@[C[A[B]
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PIN 1 AREA _/] / ~[= = o3
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Figure 8-8 Package Dimensions
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CONTROL DIMENSIONS ARE IN MILLIMETERS.
MILLIMETER
SYMBOL
MIN. | NOM.| MAX.
A [0.80]|0.85]0.90
A1 0.00 | 0.02 | 0.05
A3 | —mm 0.&&3 —
b [0.20 [ 0.25]0.30
D 3.00 BSC.
E 3.00 BSC.
e 0.50 BSC.
D2 [1.70 [ 1.80 ] 1.90
E2 [1.70 [ 1.80] 1.90
K (020 — | —
L [0.30 [0.35]0.40
aaa 0.05
bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
N 16
Figure 8-9 Package Dimensions Table
8.5 Environmental Qualificationst

Table 8-1 Environmental Qualificationst

Qualification Level

Industrial

Moisture Sensitivity Level

PQFN 3 mm x 3 mm JEDEC Level 1 @ 260°C

Human Body Model Class 2
ESD (JESD22-A114F) > 2000V to < 4000V
Charged Device Model Class C3
(JESD22-C101F) >1000V
RoHS Compliant Yes

T Qualification standards can be found at Infineon web site: www.infineon.com
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Revision History:

Revision / Date ‘Subjects (major changes since previous revision)

IR3883 Rev 3.1, 09/07/2021

3.0 08-20-16 .

1st release to web (production version)
Changed OCP limits based on characterization data (compared with prelim datasheet)

Changed CDM from JESD22-C101D Class 3 (<1000V) to JESD22-C101F Class C3
(21000V)

Added 5V efficiency curves & OCP vs Vcc curve

3.1 09-07-21

Updated Figure 8-5
Changed "12V" to "5V" in the title of Table 5-6
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