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The 1ISL91133 is an integrated boost switching regulator for
battery powered applications. The device provides a power
supply solution for products using a one cell Li-ion or
Li-polymer battery.

The device is capable of delivering up to 2.3A output current
from V| = 2.5V and Vgyt = 3.3V. The no load quiescent
current is only 108uA in Boost mode and 45pA in Forced
Bypass mode, which significantly reduces the standby
consumption.

The I1ISL91133 offers a Bypass mode operation where the
output is directly connected to the input through a 38mQ
MOSFET to allow a significantly lower dropout voltage. The
Bypass mode can be entered by an external command, or by
auto bypass. The Forced Bypass mode allows the output
voltage to operate close to the input voltage and improves the
efficiency under these conditions.

The ISL91133 is designed to support 6 fixed output voltages
ranging from 3.15V to 5V. A voltage select pin is available for
each output variant to scale up the output voltage by a small
offset to compensate the load transient droop.

The I1ISL91133 requires only an inductor and a few external
components to operate. The 2.5MHz switching frequency
further reduces the size of external components.

The ISL91133 is available in a 16 bump, 0.4mm pitch,
1.78mmx1.78mm WLCSP.

Related Literature

For a full list of related documents, visit our website

¢ 1SL91133 product page

Features
¢ Input voltage range: 2.35V to 5.4V
* Output current: up to 2.3A (VN = 2.5V, Vgout = 3.3V)

* Burst current up to 2.5A (V| = 2.5V, Vgu1 = 3.3V,
ton < 600ps, T = 4.6ms)

High efficiency: up to 96%

* 108uA quiescent current minimizes standby consumption in
Boost mode, 45uA in Forced Bypass mode

¢ 2.5MHz switching frequency minimizes external component
size

Forced Bypass or Auto Bypass modes with a 38mQ switch

* PFM mode at light load currents

Fully protected for overcurrent, overtemperature, and
undervoltage

¢ Load disconnect when disabled
Small 1.78mmx1.78mm WLCSP

Applications

* Smartphones and tablet PCs

* Wireless communication devices
* 2G/3G/4G RF power amplifiers
* USB OTG power source
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ISL91133

Block Diagram
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ISL91133

Pin Configuration Pin Descriptions
16 BALL WLCSP
TOP VIEW PIN
PIN # NAMES DESCRIPTION
TN TN TN TN B3, B4 VOuT Boost output; connect a 2x22pF capacitor to
(A1) (A2} { A3} | A4} PGND.
EN PG VIN VIN c3,c4 LX Inductor connection
TN TN TN TN D2, D3, PGND | Power ground for high switching current.
{B1 ) (B2} {B3) (B4 ; D4
VSEL oND VOUT  VoUT A3,A4 | VIN | Power input; Range: 2.35V to 5.4V. Connect a
,,,,,,,,,,,,,,,,,,,,,,,,, 22pF capacitor to PGND.
C1 Cc2 c3 C4 B1 VSEL | Output selection between LO and HI. While
N N S N operating at boost mode, pull this pin Hl to select
BYPS GND LX LX the high output level. To select the low output
P P TN ST level, pull this pin to LO.
‘\ D1 D2 D3 D4 A2 PG Open-drain output; provides output power-good
GND PGND PGND PGN status.
Al EN Logic input; drive HIGH to enable device.
c1i BYPS Force bypass input; Pull this pin LO to activate

forced bypass mode, where both Q2 and Q3 are
turned on, the rest of the IC is disabled. When this
pin is HI, auto bypass mode is activated.

B2, C2, GND Analog ground pin

D1
Ordering Information
PACKAGE
PART NUMBER TAPE AND REEL TAPE AND REEL PKG.
(Notes 2, 3) PART MARKING Vout (V) TEMP RANGE (°C) (UNITS) (Note 1) (RoHS Compliant) DWG. #

ISL91133IILZT 133L 3.15/3.3 -40 to +85 3k 16 Ball WLCSP W4x4.16E
ISL91133IIMZ-T 133M 3.3/3.5 -40 to +85 3k 16 Ball WLCSP W4x4.16E
ISL91133IINZ-T 133N 3.5/3.7 -40 to +85 3k 16 Ball WLCSP W4x4.16E
ISL91133I10Z-T 1330 3.7/3.77 -40 to +85 3k 16 Ball WLCSP W4x4.16E
ISL91133IIPZT 133P 4.5/4.76 -40 to +85 3k 16 Ball WLCSP W4x4.16E
ISL91133I1QZ-T 133Q 5.0/5.2 -40 to +85 3k 16 Ball WLCSP W4x4.16E

ISL91133IIL-EVZ Evaluation Board for ISL91133IILZ

ISL91133IIM-EVZ Evaluation Board for ISL911331IMZ

ISL91133IIN-EVZ Evaluation Board for ISL91133IINZ

ISL91133I10-EVZ Evaluation Board for ISL91133110Z

ISL91133IIP-EVZ Evaluation Board for ISL91133IIPZ

ISL91133I1Q-EVZ Evaluation Board for ISL9113311QZ

NOTES:
1. Refer to TB347 for details about reel specifications.

2. These Pb-free WLCSP packaged products employ special Pb-free material sets; molding compounds/die attach materials and SnAgCu - el solder ball
terminals, which are RoHS compliant and compatible with both SnPb and Pb-free soldering operations. Pb-free WLCSP packaged products are MSL
classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J STD-020.

3. For Moisture Sensitivity Level (MSL), see the ISL91133 product information page. For more information about MSL, see TB363.
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ISL91133

Absolute Maximum Ratings

GND,PGND ...ttt ittt it e ii e eeas
AllOtherPins .......coiiiiii it e i

ESD Rating

Human Body Model (Tested per JESD22-A114F)
Machine Model (Tested per JESD22-A115-C)
Charge Device Model (Tested per JESD22-C101F)
Latch-up (Tested per JESD-78D; Class 2, Level A)

-0.3V to 6.5V
-0.3V to 6.5V
-0.3Vto 0.3V
-0.3Vto 6.5V

Thermal Information

Thermal Resistance (Typical) 0ja (°C/W)  0,5(°C/W)
16 Ball WLCSP Package (Notes 4, 5) .... 70 14
Maximum Junction Temperature . . ...........covviiinnenn... +125°C
Storage Temperature Range. .............. ..o -65°C to +150°C
Pb-Free Reflow Profile . . ...........ccooiiiiiiintt, see TB493

Recommended Operating Conditions

Ambient Temperature Range .. ...................... -40°Cto +85°C
Supply Voltage Range (BoostOnly) ...............cun... 2.35V to 5.5V
Max Load Current (VN = 2.5V, Vouyr=3.3V)...........oinll 2.3ADC

Max Load Current (V|\ = 2.5V, Voyr = 3.3V, tgn = 600us, T = 4.6ms). .2.5A

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such conditions may adversely impact product
reliability and result in failures not covered by warranty.

NOTES:

4. 0)p is measured in free air with the component mounted on a high-effective thermal conductivity test board with “direct attach” features. See TB379.

5. For 6)g, the board temp is taken on the board near the edge of the package, on a trace at the middle of one side. See TB379.

Electrical Specifications
temperature range, -40°C to +85°C.

VIN =VEN =3V, L1 = 0.47uH, C4 = C5 = 22pF, T = +25°C. Boldface limits apply across the operating

MIN TYP MAX
PARAMETER SYMBOL TEST CONDITIONS (Note 6) | (Note 7) | (Note 6) | UNIT

POWER SUPPLY

Input Voltage Range VIN 2.35 5.4 \"
Vin Undervoltage Lockout Threshold VuvLo Rising 2.2 2.35 '

Falling 1.9 2.0 \'

V|n Supply Current in Boost Mode lvin_oost | PFM mode, no external load on Voyt 108 150 A
Vin Supply Current in Auto Bypass Mode lvin_BYP1 ViN=4.2V, Vour < 4.2V 80 120 HA
V|n Supply in Forced Bypass Mode lviN_BYP2 ViN = 3.5V 45 70 WA
VN Supply Current, Shutdown Isp EN = GND, V|y = 3.6V 1.3 5 A
OUTPUT VOLTAGE REGULATION

Output Voltage Range, Boost Mode Vout loyT = 100mA 3.15 5.20 \'
Output Voltage Accuracy ViN=3.6V -2 +4 %
Output Voltage Clamp VeLavP Vour Rising 5.4 5.7 v
Output Voltage Clamp Hysteresis VcLAMP_HS 170 mV
INDUCTOR VALLEY CURRENT LIMIT

Inductor Valley Current Limit Ipk_LMT ViN=2.6V 3.6 4 4.6 A
During Soft-Start IpPK_LMT_Su 1.5 A
DC/DC SWITCHING SPECIFICATIONS

Oscillator Frequency fsw ’ 2.1 ‘ 2.50 ‘ 2.9 ’ MHz
BOOST ON-RESISTANCE

P-Channel MOSFET (Q2) ON-Resistance 'DSON_P ViN =3.5V, g = 200mA 0.04

N-Channel MOSFET (Q1) ON-Resistance 'DSON_N ViN = 3.5V, Ig = 200mA 0.045 Q
PFM/PWM TRANSITION

Load Current Threshold, PFM to PWM ViN = 3.0V, Vour =3.3V 500 mA
Load Current Threshold, PWM to PFM VIN = 3.0V, VoyT =3.3V 300 mA
FN8680 Rev 1.00 Page 4 of 14
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ISL91133

Electrical Specifications v, =vgy =3V, L4 =0.47uH, c4 = C, = 220F, T, = +25°C. Boldface limits apply across the operating
temperature range, -40°C to +85°C. (Continued)

MIN TYP MAX
PARAMETER SYMBOL TEST CONDITIONS (Note 6) | (Note 7) | (Note 6) | UNIT
THERMAL SHUTDOWN
Thermal Warning 120 °C
Thermal Shutdown 150 °C
Thermal Shutdown and Thermal Warning 20 °C
Hysteresis
LEAKAGE CURRENT
VO To VIN Reverse Leakage ILEAK ViIN=3V,Vour=5V,EN=0 0.3 1.0 A
VIN to VOUT Leakage ViN =3V, Vour=0V,EN=0 0.05 1.0 pA
LX Pin Leakage Current INFETLEAK Vix=5V,EN=0 -1 1 HA
SOFT-START
Level 1 Linear Start-up Current, Fast ILINL ISL91133IILZ, ISL911331IMZ, ISL91133IINZ, 1300 mA
1SL91133110Z
Level 1 Linear Start-up Current, Slow ISL91133IIPZ, ISL9113311QZ 350
Level 2 Linear Start-up Current, Fast ILIN2 ISL91133IILZ, ISL911331IMZ, ISL91133IINZ, 2400 mA
1SL91133110Z
Level 1 Linear Start-up Current, Slow ISL91133IIPZ, ISL91133I11QZ 700
Soft-Start Time EN Hi to Regulation tss ISL91133IILZ, ISL91133I1IMZ, ISL91133IINZ, 600 us
1SL91133110Z, 50Q load
1SL91133I1IPZ, 1ISL91133I11QZ, 50Q load 1200 us
BYPASS MODE
Bypass P-Channel MOSFET (Q3) 'DSON_BP loyt = 600mMA, V) = 3.5V 0.038 Q
ON-Resistance
Auto Bypass Hysteresis VBYP_Hys 100 mV
Bypass Mode Current Limit (for Vocp_BYP VN = 5V, measured by V|\-Vout 150 mV
ISL91133IIPZ and 1SL91133I1QZ only)
LOGIC INPUTS/OUTPUT (PG, EN, VSEL, BYPS)
Input Leakage, PG IpG_LEAK PG = HIGH 0.05 1 HA
Input HIGH Voltage, EN, VSEL, BYPS Vi 1.2 v
Input LOW Voltage, EN, VSEL, BYPS ViL 0.4 v
Pull-down Resistance, EN, VSEL, BYPS Rpp 1.5 MQ
FAULT Reset Timer tFRST 20 ms

NOTES:

6. Parameters with MIN and/or MAX limits are 100% tested at +25°C, unless otherwise specified. Temperature limits established by characterization
and are not production tested.

7. Typical values are for Ty = +25°C and V| = 3V.
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ISL91133

Typical Performance Curves
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ISL91133

Typical Performance Curves continued)
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ISL91133

Typical Performance Curves (continueq)

VouT (200mV/DIV) :

3-3V4—HAH—0—H+:FH—0—€

65

60

o 55

50

45

NMOSgoosT

rps(oN) (mQ)

35

40 I PMOSgypass

— |

(7]

PMOSgoosT
-y

30

25

20
2.0

4.0ps/DIV

FIGURE 16. Vggr TOGGLE RESPONSE, V) = 3.5V -> 3.1V, LOAD = 1A

3.0 3.5 4.0 4.5 5.0 5.5 6.0

ViN (V)
FIGURE 17. MOS 'DS(ON) vs VlN

FN8680 Rev 1.00
Jul 12, 2018

RRENESANS

Page 8 of 14



ISL91133

Functional Description

Functional Overview

Refer to the “Block Diagram” on page 2. The ISL91133
implements a complete boost switching regulator with PWM
controller, internal switches, references, protection circuitry, and
bypass control.

Internal Supply and References

Referring to the “Block Diagram” on page 2, the ISL91133
provides a power input pin. The VIN pin provides an operating
voltage source required for stable Vggp generation. During Bypass
mode, the VIN pin also carries the input power to the output.
Separate ground pins (GND and PGND) are provided to avoid

problems caused by ground shift due to the high switching currents.

Enable Input

A master enable pin, EN, allows the device to be enabled. Driving
EN low invokes a power-down mode, where most internal device
functions, including input and output power-good detection, are
disabled.

POR Sequence and Soft-start

Bringing the EN pin high allows the device to power up. A number
of events occur during the start-up sequence. The internal voltage
reference powers up, and stabilizes. The device then starts
operating.

When the device is enabled, the start-up cycle starts in the Linear
mode. During the linear phase, the bypass FET Q3 is controlled
as a constant current source, delivering a fixed current I |y4 as
shown in the “Electrical Specifications” table on page 5. If the
output voltage has not reached the V| - 300mV threshold within
the 512ps time interval during the I ;y4 mode, the ISL91133
enters a level 2 Linear mode, where the bypass MOSFET Q3 is
controlled as a constant current source, delivering a fixed current
ILIN2 as shown in the “Electrical Specifications” table on page 5.
If Voyr still has not reached the V| - 300mV threshold within
1024ps in the I |yo current, a fault condition is triggered.

When Vgyr successfully rises to within 300mV from V| within
either the I jyo or I N2 Period, the boost operation starts. The
boost operation begins with a fixed duty-cycle of 75% with a
reduced current limit (Ipk LT su) as shown in the “Electrical
Specifications” on page 4. The fixed duty-cycle operation
continues until the output voltage reaches 2.3V, then the
closed-loop current mode PWM loop overrides the duty cycle to
regulate the output voltage.

If the output has not reached the target regulation voltage after
64 s, a FAULT condition is triggered.

Due to the soft-start current limits and time constraints, it is
recommended that the output current be limited to below
500mA at power-up, especially when the output capacitor value
is large. If the output current exceeds the start-up capability, a
fault condition is triggered. The regulator shuts down for 20ms,
then soft-start repeats. This Hiccup mode continues until the
output current is reduced to reach the regulated output voltage.

Boost Mode Overcurrent Protection

When the inductor peak current in the N-channel MOSFET
reaches the current limit for 16 consecutive switching cycles, the
internal protection circuit is triggered, and switching is stopped
for approximately 20ms. The device then performs a soft-start
cycle. If the external output overcurrent condition exists after the
soft-start cycle, the device again detects 16 consecutive
switching cycles reaching the valley current threshold. The
process repeats as long as the external overcurrent condition is
present. This behavior is called ‘Hiccup mode’.

Short-Circuit Protection

The ISL91133 provides short-circuit protection by monitoring the
output voltage. When output voltage is sensed to be lower than a
certain threshold, the PWM oscillator frequency is reduced in
order to protect the device from damage. The N-channel MOSFET
peak current limit remains active during this state.

Boost Conversion Topology

The ISL91133 integrates one N-channel MOSFET (Q1 in the block
diagram on page 2) and one P-channel MOSFET (Q2) to
implement a synchronous boost converter. A body switch
scheme is employed in Q2 to implement the true shutdown
function when the device is disabled. Otherwise the step-up
converter has a conduction path from the input to the output via
the body diode of the P-channel MOSFET.

PWM Operation

The control scheme of the device is based on the valley current
mode control, and the control loop is compensated internally.
The valley current of the P-channel MOSFET switch is sensed to
limit the maximum current flowing through the switch and the
inductor. The typical current limit is set to 4A.

The control circuit includes a ramp generator, a slope
compensator, an error amplifier and a PWM comparator. The
ramp signal is derived from the inductor current. This ramp signal
is then compared to the error amplifier output to generate the
PWM gating signals for both the N-channel and the P-channel
MOSFETs. The PWM operation is initialized by the clock from the
internal oscillator (typical 2.5MHz). The P-channel MOSFET is
turned on at the beginning of a PWM cycle, the N-channel
MOSFET remains off, and the current starts ramping down. When
the sum of the ramp and the slope compensator output reaches
the error amplifier output voltage, the PWM comparator outputs
a signal to turn off the P-channel MOSFET. At this time, both
MOSFETs remain off during the dead-time interval. After the
dead time, the N-channel MOSFET is turned on and remains on
until the end of this PWM cycle. During this time, the inductor
current ramps up until the next clock. Following a short dead
time, the P-channel MOSFET is turned on again, repeating as
previously described.

PFM Operation

The boost converter is capable of operating in two different
modes. When the inductor current is sensed to cross zero for
eight consecutive times, the converter enters PFM mode. In PFM
mode, each pulse cycle is still synchronized by the PWM clock.
The N-channel MOSFET is turned on at the rising edge of the
clock and turned off when the inductor valley current reaches
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ISL91133

typically 20% of the current limit. Then the P-channel MOSFET is
turned on, and it stays on until its current goes to zero.
Subsequently, both N-channel and P-channel MOSFETs are
turned off until the next clock cycle starts, at which time the
N-channel MOSFET is turned on again. When Vgt is 1.5% higher
than the nominal output voltage, the N-channel MOSFET is
immediately turned off and the P-channel MOSFET is turned on
until the inductor current goes to zero. The N-channel MOSFET
resumes operation when Vg falls back to its nominal value,
repeating the previous operation. The converter returns to
2.5MHz PWM mode operation when Vgt drops to 1.5% below
its nominal voltage.

Based on this PFM mode algorithm, the average value of the
output voltage is approximately 0.75% higher than the nominal
output voltage under PWM operation. This positive offset
improves the load transient response when switching from skip
mode to PWM mode operation. The ripple on the output voltage
is typically 1.5%*Vgyt (nominal) when input voltage is
sufficiently lower than output voltage, and it increases as input
voltage approaches output voltage.

Bypass Operation

The I1ISL91133 is designed to allow bypass operation when the
input voltage is within close proximity of the output voltage. The
bypass operation is provided by a 38mQ P-channel MOSFET Q3
connecting between VIN and VOUT. In the bypass mode, Q1 in the
boost circuit is turned off and Q2 is turned on. Thus, the effective
bypass resistance is the parallel combination of the rgy of Q3,
and the series of the inductor DCR and rgy of Q2.

There are two ways to enter Bypass mode: Auto Bypass and
Forced Bypass.

AUTO BYPASS

Auto bypass is enabled by pulling the BYPS pin HIGH. When V) is
1.5% higher than the target Vgur regulation and no switching
has occurred for 5us, the device automatically enters the bypass
mode. Figures 18 and 19 illustrate the time sequence of the auto
bypass mode entry.

FORCED BYPASS

Forced Bypass mode can be activated by pulling the BYPS pin
LOW. Figures 20 and 21 illustrate the time sequence of the
forced bypass entry. If Voyt is <V|y when forced bypass is
requested (BYPS is LOW), the bypass MOSFET Q3 is controlled as
a current source to regulate Voyr. If Voyr is > V| when bypass is
requested (BYPS is LOW), to prevent reverse current flowing from
the output to the battery, the ISL91133 first stops the boost
operation and activates an internal discharge circuit to discharge
the output voltage to the V| level before bypass can take place.

FAULT MODE
The ISL91133 enters a FAULT mode if one of the following
conditions are encountered:
1. During start-up, Vot does not reach the threshold from
Linear mode to Boost mode within the preset time interval.

2. In Boost mode, peak current limit is reached for longer than
2ms.

PG FLAG

PG is an open-drain output, it provides a flag signal (Hi-Z) to the
system when power-up is successful. The PG also provides an
early warning flag for overcurrent and over-temperature
conditions by turning on the open-drain FET. If a fault condition is
encountered, the PG is deasserted.

To summarize, PG is deasserted if:

1. Voyt drops below the PG low threshold (96% of Voyr).

2. Die temperature has reached the thermal warning threshold
(+120°C typ).

3. A fault condition is encountered.
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FIGURE 18. AUTO BYPASS WITH FALLING V|y
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FIGURE 21. FORCED MODE, BOOST TO BYPASS

Thermal Shutdown

A built-in thermal protection feature protects the ISL91133, if the
die temperature reaches +150 °C (typical). At this die
temperature, the regulator is completely shut down. The die
temperature continues to be monitored in this thermal-shutdown
mode. When the die temperature falls to +120°C (typical), the
device resumes normal operation.

Applications Information

Component Selection

Refer to the typical application circuit in Figure 1 on page 1, and
the following component selection sections.

INDUCTOR SELECTION

An inductor with high frequency core material (for example,
ferrite core) should be used to minimize core losses and provide
good efficiency. The inductor must be able to handle the peak
switching currents without saturating.

A 0.47pH inductor with 23A saturation current rating is
recommended. Select an inductor with low DCR to provide good

efficiency. In applications where radiated noise must be
minimized, a toroidal or shielded inductor can be used.

TABLE 1. INDUCTOR VENDOR INFORMATION

INDUCTANCE DIMENSION
MANUFACTURER | SERIES (uH) (mm)
TDK TFM201610A|  0.47 2.0x1.6x1.0
TOKO DFE201610R 0.47 2.0x1.6x1.0
CYNTEC PIFE32251B 0.47 3.2x2.5x1.2

Vin AND Vot CAPACITOR SELECTION

The input and output capacitors should be ceramic X5R type with
low ESL and ESR. The recommended input capacitor value is
22pF. The recommended Voy capacitor value is 10puF to 22pF.

TABLE 2. CAPACITOR VENDOR INFORMATION

MANUFACTURER SERIES WEBSITE
AVX X5R www.avx.com
Murata X5R www.murata.com
Taiyo Yuden X5R www.t-yuden.com
TDK X5R www.tdk.com

Recommended PCB Layout

Correct PCB layout is critical for proper operation of the
ISL91133. Position the input and output capacitors as close to
the IC as possible. Keep the ground connections of the input and
output capacitors as short as possible and on the component
layer to avoid problems that are caused by high switching
currents flowing through PCB vias.

PG Pullup L].

FIGURE 22. LAYOUT RECOMMENDATION
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Revision History

The revision history provided is for informational purposes only and is believed to be accurate, but not warranted. Please visit our website to make sure
you have the latest revision.

DATE REVISION CHANGE

Jul 12,2018 FN8680.1 Updated Related Literature section.
Updated the ordering information table by adding Tape and Reel quantity column.
Removed About Intersil section and updated Disclaimer.

Sep 5, 2014 FN8680.0 Initial Release
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PaCKage OUtI ine Dran ng For the most recent package outline drawing, see W4x4.16E.
W4x4.16E
4X4 ARRAY 16 BALLS WITH 0.40 PITCH WAFER LEVEL CHIP SCALE PACKAGE
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SIDE VIEW

NOTES:

1. All dimensions are in millimeters.

2. Dimension and tolerance conform to ASMEY14.5-1994,
and JESD 95-1 SPP-010.

/3\ NSMD refers to non-solder mask defined pad design per TB451.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); larg: le corr { i ; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and

sufficiently investi i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who di

party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

butes, disposes of, or of ise sells or transfers the product to a third party, to notify such third

(Rev.4.0-1 November 2017)

RENESAS

SALES OFFICES Renesas Electronics Corporation

http://www.renesas.com

Refer to "http://www.renesas.com/" for the latest and detailed information.

Renesas Electronics America Inc.
1001 Murphy Ranch Road, Milpitas, CA 95035, U.S.A.
Tel: +1-408-432-8888, Fax: +1-408-434-5351

Renesas Electronics Canada Limited
9251 Yonge Street, Suite 8309 Richmond Hill, Ontario Canada L4C 9T3
Tel: +1-905-237-2004

Renesas Electronics Europe Limited
Dukes Meadow, Millboard Road, Bourne End, Buckinghamshire, SL8 5FH, U.K
Tel: +44-1628-651-700, Fax: +44-1628-651-804

Renesas Electronics Europe GmbH

Arcadiastrasse 10, 40472 Dusseldorf, Germany
Tel: +49-211-6503-0, Fax: +49-211-6503-1327

Renesas Electronics (China) Co., Ltd.
Room 1709 Quantum Plaza, No. 27 ZhichunLu, Haidian District, Beijing, 100191 P. R. China
Tel: +86-10-8235-1155, Fax: +86-10-8235-7679

Renesas Electronics (Shanghai) Co., Ltd.
Unit 301, Tower A, Central Towers, 555 Langao Road, Putuo District, Shanghai, 200333 P. R. China
Tel: +86-21-2226-0888, Fax: +86-21-2226-0999

Renesas Electronics Hong Kong Limited
Unit 1601-1611, 16/F., Tower 2, Grand Century Place, 193 Prince Edward Road West, Mongkok, Kowloon, Hong Kong
Tel: +852-2265-6688, Fax: +852 2886-9022

Renesas Electronics Taiwan Co., Ltd.
13F, No. 363, Fu Shing North Road, Taipei 10543, Taiwan
Tel: +886-2-8175-9600, Fax: +886 2-8175-9670

Renesas Electronics Singapore Pte. Ltd.
80 Bendemeer Road, Unit #06-02 Hyflux Innovation Centre, Singapore 339949
Tel: +65-6213-0200, Fax: +65-6213-0300

Renesas Electronics Malaysia Sdn.Bhd.
Unit 1207, Block B, Menara Amcorp, Amcorp Trade Centre, No. 18, JIn Persiaran Barat, 46050 Petaling Jaya, Selangor Darul Ehsan, Malaysia
Tel: +60-3-7955-9390, Fax: +60-3-7955-9510

Renesas Electronics India Pvt. Ltd.
No.777C, 100 Feet Road, HAL 2nd Stage, Indiranagar, Bangalore 560 038, India
Tel: +91-80-67208700, Fax: +91-80-67208777

Renesas Electronics Korea Co., Ltd.
17F, KAMCO Yangjae Tower, 262, Gangnam-daero, Gangnam-gu, Seoul, 06265 Korea
Tel: +82-2-558-3737, Fax: +82-2-558-5338

© 2018 Renesas Electronics Corporation. All rights reserved.

Colophon 7.0



