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ISL91117

FN8569
High Efficiency Synchronous Boost Converter with 4.2A Switches and Output Rev 3.00
Disconnect March 7, 2014
The ISL91117 is a highly-integrated boost switching regulator Featu res
for battery powered applications. The device provides a power
supply solution for products using dual-cell or three-cell * Input voltage range: 1.8V to 4.8V
alkaline, NiCd or NiMH, or one-cell Li-ion or Li-polymer battery. * Fixed 5V or adjustable output
This device is capable of deliveting an output current of 1.5A * Output current: up to 1.5A (PVIN = 3.3V, VOUT = 5V)
with PVIN = 3.3V and VOUT = 5V. The use of a synchronous « High efficiency: up to 96%

rectifier maximizes efficiency at high loads. No-load quiescent
current of only 35uA optimizes efficiency under light-load

conditions. Forced PWM and/or synchronization to an external ¢ True input-output disconnect when disabled
clock may also be selected for noise sensitive applications. .

* 35pA quiescent current maximizes light-load efficiency

2.6MHz switching frequency minimizes external component
The I1SL91117 is designed for standalone applications and size

supports 5V fixed output voltage or variable output voltages Selectable forced-PWM mode and external synchronization
with an external resistor divider. Power supply solution size is
minimized by a 2.34mm x 1.72mm WLCSP and a 2.6MHz
switching frequency, which allows for the use of tiny,
low-profile inductors and ceramic capacitors to minimize the
size of the solution.

Fully protected for short-circuit, over-temperature and
undervoltage

Small 2.34mm x 1.72mm WLCSP

. Applications
Related Literature s
* Smart phones and tablets

+ AN1918, ISL91117117-EVZ, ISL911171IA-EVZ Evaluation « Wireless communication devices

Boards
* Products including portable HDMI and USB-OTG
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ISL91117

Block Diagram

Pin Configuration
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Pin Descriptions
ISL91117 PIN
(4x5 WLCSP)
TOP VIEW PIN # NAMES DESCRIPTION
A5,B5,C5 | VOUT |Boost output. Connect 2x22uF capacitor to
PGND.
A4,B4,C4 LX Switching node of the boost converter.
A3,B3,C3 | PGND |Power ground for high switching current.
A2,B2,C2 | BLKG |Blocking FET terminal. Connect the input side of
the inductor.
A1,B1,C1 | PVIN |Powerinput.Range:1.8Vto4.8V.Connecta22pF
capacitor to PGND.
D1 VIN |Supply input. Range: 1.8V to 4.8V.
D2 EN Logic input, drive HIGH to enable device.
D3 MODE |Logic input, HIGH for auto PFM mode. LOW for
forced PWM operation. Also, this pin can be used
with an external clock sync input. Range:
2.75MHz to 3.25MHz. Maximum voltage on this
pin should be limited to VIN.
D4 GND |Analog ground pin.
D5 FB Voltage feedback pin.
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ISL91117

Ordering Information

PART NUMBER PART vouTt TEMP RANGE PACKAGE PKG.

(Notes 1, 2, 3) MARKING v) (°c) (Pb-free) DWG. #
ISL91117117Z-T (Note 4) GAXC 5 -40 to +85 20 Ball WLCSP W4x5.20F
ISL91117117Z-T7A (Note 4) GAXC 5 -40 to +85 20 Ball WLCSP W4x5.20F
ISL911171I1AZ-T GAXB ADJ. -40 to +85 20 Ball WLCSP W4x5.20F
ISL911171IAZ-T7A GAXB ADJ. -40 to +85 20 Ball WLCSP W4x5.20F
ISL91117117-EVZ (Note 4) Evaluation Board for ISL91117117Z
ISL9111711A-EVZ Evaluation Board for ISL911171IAZ

NOTES:
1. Please refer to TB347 for details on reel specifications.

2. These Intersil Pb-free WLCSP and BGA 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. Intersil Pb-free

WLCSP and BGA 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), please see device information page for ISL91117 For more information on MSL please see techbrief TB363.
4. Contact Intersil for Availability.
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ISL91117

Absolute Maximum Ratings

PVIN,VIN . e eeeas -0.3Vto 6.5V
LX(NOtE 7). oottt e nnas -0.3Vto 6.5V
FB(ISLOL1ATIIAZ) . .. oottt e -0.3Vto 2.7V
FB(ISLOLLATITZ) ..o eee e i e e e e eeeeenens -0.3V to 6.5V
MODE/SYNC . ...ttt eeaes -0.3V to VIN+0.3V
GND,PGND . ...t -0.3Vto 0.3V
AllOtherPins . ... ..ottt i e eia e -0.3Vto 6.5V
ESD Rating

Human Body Model (Tested per JESD22-A114E)............... 2.5kV

Machine Model (Tested per JESD22-A115-A)...........cccvuu.. 200V
Latch Up (Tested per JESD-78B; Class 2, Level A) .............. 100mA

Thermal Information

Thermal Resistance (Typical) 0ja (°C/W) 0, (°C/W)
20 Ball WLCSP (Notes 5,6). ............ 66 1.0
Maximum Junction Temperature (Plastic Package) ............ +125°C
Storage Temperature Range. ...............oovuvnns -65°C to +150°C
Pb-Free Reflow Profile . .............. .o, see link below

http://www.intersil.com/pbfree/Pb-FreeReflow.asp

Recommended Operating Conditions

Temperature Range . ...........ccciiiiiiiiiinnnnnnn -40°Cto +85°C
Supply Voltage Range ............oiiiiiiiiiinnnenn, 1.8V to 4.8V
Load Current Range (DC). .. ....oviiiii i iiieenenns OA to 1.5A

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:

5. 0jp is measured in free air with the component mounted on a high effective thermal conductivity test board with “direct attach” features. See Tech

Brief TB379
6. For 0)c, the “case temp” location is taken at the package top center.

7. LX pin can withstand switching transients of -1.5V for 100ns, and 7V for 20ms.

Analog Specifications viN=PvIN = EN = 3.6V, VOUT = 5V, L1 = 1H, C1 = 22F, C2 = 2 x 22yF, Ty = +25°C. Boldface limits apply over
the operating temperature range, -40°C to +85°C and input voltage range (1.8V to 4.8V).

SYMBOL PARAMETER TEST CONDITIONS (N'::ItleN 8)| TYP (N“c’)lgx 8)| UNITS
POWER SUPPLY
VIN Input Voltage Range 1.8 4.8 '
Vyvio |VIN Undervoltage Lockout Threshold Rising 1.725 | 1.775 \'
Falling 1.550 | 1.650 v
lvIN VIN Supply Current PFM mode, no external load on VOUT (Note 9) 27.5 60 MA

Isp VIN Supply Current, Shutdown

EN = GND, VIN = 3.6V

0.4 1.0 pA

OUTPUT VOLTAGE REGULATION

Output Voltage Accuracy loyt = OmA, PWM mode -2 +2 %
loyt = 1MA, PFM mode -3 +4 %
VEB FB Pin Voltage Regulation For adjustable output version (ISL9111711AZ) 0.788 0.80 0.812 Vv
IF FB Pin Bias Current For adjustable output version (ISL91117I11AZ) 0.2 MA
AVOUT/ |Line Regulation, PWM Mode loyt = 500mA, MODE = GND, VIN step from 2.3V to 4.8V +0.005 mvV/mV
AVIN
AVOUT/ |Load Regulation, PWM Mode VIN = 3.7V, MODE = GND, IOUT step from OmA to 500mA +0.005 mV/mA
Aloyr
AVOUT/ |Line Regulation, PFM Mode loyt = 100mA, MODE = VIN, VIN step from 2.3V to 4.8V +12.5 mV/V
AVIN
AVOUT/ |Load Regulation, PFM Mode VIN = 3.7V, MODE = VIN, gyt step from OmA to 100mA +0.4 mV/mA
Alour
VcLamp | Output Voltage Clamp Rising 5.25 5.95 \'
Output Voltage Clamp Hysteresis 400 mV
DC/DC SWITCHING SPECIFICATIONS
fsw | Oscillator Frequency 2.4 2.6 2.9 MHz
tonmiN | Minimum On Time 80 ns
InFeTLEAK | LX Pin Leakage Current -0.5 +0.5 MA
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ISL91117

Analog Specifications viNn=PvIN = EN = 3.6V, VOUT = 5V, L1 = 1H, C1 = 22F, C2 = 2 x 22yF, Ty = +25°C. Boldface limits apply over
the operating temperature range, -40°C to +85°C and input voltage range (1.8V to 4.8V). (Continued)

SYMBOL PARAMETER TEST CONDITIONS (N':I:: 8)| TYP (NT;X 8)| UNITS
SOFT-START and SOFT DISCHARGE
tgg | Soft-start Time Time from when EN signal asserts to when output voltage 1 ms
ramp starts.
Time from when output voltage ramp starts to when 2 ms
output voltage reaches 95% of its nominal value.
VIN = 2V, Igy7 = 200mA
RpiscHg | VOUT Soft-Discharge ON-Resistance EN < VIL 120 Q
POWER MOSFET
Rpson_p | P-Channel MOSFET ON-Resistance lout = 200mA 90 mQ
Rpson_N | N-Channel MOSFET ON-Resistance lout = 200mMA 75 mQ
Ipk_Lmt | P-Channel MOSFET Peak Current Limit 3.7 4.2 4.7 A
PFM/PWM TRANSITION
Load Current Threshold, PFM to PWM 200 mA
Load Current Threshold, PWM to PFM 75 mA
External Synchronization Frequency Range 2.75 3.25 MHz
Thermal Shutdown 150 °C
Thermal Shutdown Hysteresis 35 °C
LOGIC INPUTS
ILeak |Input Leakage 0.03 0.5 WA
VIH Input HIGH Voltage 1.4 \'
ViL Input LOW Voltage 0.4 v
NOTES:

8. 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.

9. Quiescent current measurements are taken when the output is not switching.

FN8569 Rev 3.00

Page 5 of 12
March 7, 2014 RENESAS



ISL91
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Typical Performance Curves
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FIGURE 3. MAXIMUM OUTPUT CURRENT vs INPUT VOLTAGE (Vgut = 5V)

FIGURE 4. EFFICIENCY vs LOAD CURRENT

(VOUT = 5V, MODE = LOW, Tp = +25°C)
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ISL91117

Typical Performance Curves (continuea)
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ISL91117

Typical Performance Curves (continued)
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FIGURE 16. LINE TRANSIENT (VOUT = 5V)
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ISL91117

Functional Description

Functional Overview

Refer to the “Block Diagram” on page 2. The ISL91117
implements a complete boost switching regulator, with PWM
controller, internal switches, references, protection circuitry, and
control inputs.

Internal Supply and References

Referring to the “Block Diagram” on page 2, the ISL91117 provides
two power input pins. The PVIN pin supplies input power to the
DC/DC converter, while the VIN pin provides the operating voltage
source required for stable VRgr generation. 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
the EN pin LOW invokes a power-down mode, where most
internal device functions, including input and output power-good
detection, are disabled.

Soft Discharge

When the device is disabled by driving EN LOW, an internal
resistor between VOUT and GND is activated. This internal
resistor has typical 120Q resistance.

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. There is a typical 1ms delay between
assertion of the EN pin and the start of switching regulator
soft-start ramp.

The soft-start feature minimizes output voltage overshoot and
input in-rush currents. During soft-start, the reference voltage is
ramped up to provide a ramping VOUT voltage. While the output
voltage is lower than approximately 20% of the target output
voltage, switching frequency is reduced to a fraction of the
normal switching frequency to aid in producing low duty cycles
necessary to avoid input in-rush current spikes. Once the output
voltage exceeds that threshold, switching frequency is increased
to its nominal value.

The soft-start time is typically 3ms. Increasing the load current
will increase these typical soft-start times.

Short Circuit Protection

The ISL91117 provides short-circuit protection by monitoring the
feedback voltage. When feedback 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 P-Channel
MOSFET peak current limit remains active during this state.

Undervoltage Lockout

The undervoltage lockout (UVLO) feature prevents abnormal
operation in the event that the supply voltage is too low to

guarantee proper operation. When the VIN voltage falls below the
UVLO threshold, the regulator is disabled.

Thermal Shutdown

A built-in thermal protection feature protects the ISL91117 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 +125°C (typical), the
device will resume normal operation.

When exiting thermal shutdown, the ISL91117 will execute its
soft-start sequence.

External Synchronization

An external sync feature is provided. Applying a clock signal with
a frequency between 2.75MHz and 3.25MHz at the MODE input,
forces the ISL91117 to synchronize to this external clock. The
MODE input supports standard logic levels.

PWM Operation

The control scheme of the device is based on the peak current
mode control, and the control loop is compensated internally.
The peak current of the N-channel MOSFET switch is sensed to
limit the maximum current flowing through the switch and the
inductor.

The control circuit includes ramp generator, slope compensator,
error amplifier, PWM comparator (see “Block Diagram” on page 2).
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 driving both N-channel and P-channel
MOSFETs. The PWM operation is initialized by the clock from the
internal oscillator (typical 2.6MHz). The N-channel MOSFET is
turned ON at the beginning of a PWM cycle, the P-channel MOSFET
remains OFF, and the current starts ramping up. 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 N-channel MOSFET. Here, both MOSFETs remain OFF
during the dead-time interval, and then the P-channel MOSFET is
turned ON and remains ON until the end of this PWM cycle. During
this time, the inductor current ramps down until the next clock. At
this point, following a short dead time, the N-channel MOSFET is
again turned ON, repeating as previously described.

PFM Operation

The boost converter enters the PFM mode of operation under light
load conditions. When the inductor current is sensed to cross zero,
the converter enters PFM mode. In this 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 peak current reaches a certain current limit. Then the
P-channel MOSFET is turned ON, and it stays ON until the inductor
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.

In most operating conditions, there will be multiple PFM pulses
to charge up the output capacitor. In addition to the inductor
current limit for PFM operation, the PFM pulses are also
controlled by output voltage. These pulses continue until VOUT

FN8569 Rev 3.00
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ISL91117

has achieved the upper threshold of the PFM hysteretic
controller. Switching then stops, and remains stopped until VOUT
decays to the lower threshold of the hysteretic PFM controller.

Applications Information

Component Selection

The fixed-output version of the ISL91117 requires only three
external power components to implement the boost converter:
an inductor, an input capacitor, and an output capacitor.

The adjustable ISL91117 versions require three additional
components to program the output voltage. Two external
resistors program the output voltage, and a small capacitor is
added to improve stability and response.

L1 1pH
VIN = 1.8V o]
TO 4.8V BLKG
PVIN -
o X VOUT = 5V
22pF l VOUT |—o .
VIN  ISL91117 R1 | C3 l
EN 320k 22PF ]| c2
FB 2x
MODE R2 <22yF
60.4k

<+ enD
I—| PGND

FIGURE 19. TYPICAL ISL91117IIAZ APPLICATION

Output Voltage Programming, Adjustable
Version

Setting and controlling the output voltage of the ISL9111711AZ
(adjustable output version) can be accomplished by selecting the
external resistor values.

Equation 1 can be used to derive the R1 and R2 resistor values:

Vout = 0.8Ve(1+5]) (EQ. 1)

R2

When designing a PCB, include a GND guard band around the
feedback resistor network to reduce noise and improve accuracy
and stability. Resistors R1 and R2 should be positioned close to
the FB pin.

Feed-Forward Capacitor Selection

A small capacitor (C3 in Figure 19) in parallel with resistor R1 is
required to provide the specified load and line regulation. The
suggested value of this capacitor is 22pF for R1 = 320kQ. An
NPO type capacitor is recommended.

Non-Adjustable Version FB Pin Connection

The fixed output version of the ISL91117 does not require
external resistors or a capacitor on the FB pin. Simply connect
VOUT to FB, as shown in Figure 20.

L1 1pH
VIN = ol
1.8V TO 4.8V BLKG
o X | PYN VOUT = 5V
220F | vout
VIN ISL91117
EN c2
FB 2%
MODE a + 22uF
e 35
O o
v +

FIGURE 20. TYPICAL ISL91117117Z APPLICATION

Inductor Selection

An inductor with high frequency core material (e.g., 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 1pH inductor with 24A 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

MANUFACTURER SERIES WEBSITE
Coilcraft XFL4020-102ME |www.coilcraft.com
Murata LQH5BPN1RONTO |www.murata.com

PVIN and VOUT 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 VOUT capacitor value is 2x22uF or
47uF.

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

FN8569 Rev 3.00
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ISL91117

Recommended PCB Layout Feedback

Correct PCB layout is critical for proper operation of the network
ISL91117. The input and output capacitors should be positioned
as closely to the IC as possible. The ground connections of the
input and output capacitors should be kept as short as possible,
and should be on the component layer to avoid problems that are
caused by high switching currents flowing through PCB vias.

FIGURE 21. RECOMMENDED LAYOUT

Revision History

The revision history provided is for informational purposes only and is believed to be accurate, but not warranted. Please go to web to make sure you
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Package Outline Drawing
W4x5.20F

20 BALL WAFER LEVEL CHIP SCALE PACKAGE (WLCSP 0.4mm PITCH)
Rev 0,5/13
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RECOMMENDED LAND PATTERN SIDE VIEW
NOTES:

1. Dimensions and tolerance per ASME Y 14.5M - 1994.

Dimension is measured at the maximum bump diameter
parallel to primary datum@

Primary datum [Z] and seating plane are defined by the spherical
crowns of the bump.

A Bump position designation per JESD 95-1, SPP-010.

5. There shall be a minimum clearance of 0.10mm between
the edge of the bump and the body edge.
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