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The ISL6271A is a versatile power management IC (PMIC)
designed for the Xscale type of processors. The device
integrates three regulators, two fault indicators and an 12c
bus for communication with a host microprocessor. Two of
the three regulators function as low power, low drop out
regulators, designed to power SRAM and phase-lock loop
circuitry internal to the Xscale processor. The third regulator
uses a proprietary switch-mode topology to power the
processor core and facilitate Dynamic Voltage Management
(DVM), as defined by Intel.

Since power dissipation inside a microprocessor is
proportional to the square of the core voltage, Intel XScale
processors implement DVM as a means to more efficiently
utilize battery capacity. To support this power saving
architecture, the ISL6271A integrates an 12C bus for
communication with the host processor. The processor, acting
as the bus master, transmits a “voltage level” and “voltage
slew rate” to the ISL6271A appropriate to the processing
requirements; higher core voltages support higher operating
frequencies and code execution. The bus is fully compliant
with the Phillips® 12c protocol and supports both standard
and fast data transmission modes. Alternatively, the output of
the core regulator can be programmed in 50mV increments
from 0.85V to 1.6V using the input Voltage ID (VID) pins. All
three regulators share a common enable pin and are
protected against overcurrent, over temperature and
undervoltage conditions. When disabled via the enable pin,
the ISL6271A enters a low power state that can be used to
conserve battery life while maintaining the last programmed
VID code and slew rate. An integrated soft-start circuit
transitions the ISL6271A output voltages to their default
values at a rate determined by an external soft-start capacitor.
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Features

» Three Voltage Regulators (1 Buck, 2 LDOs)

 High-Efficiency, fully-Integrated synchronous buck
regulator with DVM

+ 800mA DC output current for the buck regulator

* Proprietary ‘Synthetic Ripple’ Control Topology

» Greater than 1MHz Switching Frequency

» Diode emulation for light load efficiency

« 12C Interface Module for DVM from 0.85V to 1.6V
» Optional fixed 4-bit VID-control in lieu of DVM

+ Small Output Inductor and Capacitor

» Battery Fault signal

* Input Supply Voltage Range: 2.76V-5.5V

* 4x4 mm QFN Package:

- Compliant to JEDEC PUB95 MO-220
QFN - Quad Flat No Leads - Package Outline

- Near Chip Scale Package footprint, which improves
PCB efficiency and has a thinner profile

* Pb-free Available (RoHS Compliant)

Applications

+ PDA

» Cell Phone

+ Tablet Devices

+ Embedded Processors

Related Literature

» Technical Brief TB379 “Thermal Characterization of
Packaged Semiconductor Devices”

+ Technical Brief TB389 “PCB Land Pattern Design and
Surface Mount Guidelines for QFN Packages*

» Application Note AN1139 “Setup Instruction for the
ISL6271 Evaluation Kit”

Ordering Information

TEMP. PKG.
PART NUMBER* RANGE (°C) PACKAGE DWG. #
ISL6271ACRZ (Note) -25to 85 20 Ld 4x4 QFN | L20.4x4
(Pb-free)

*Add “-T” suffix for tape and reel.

NOTE: Intersil Pb-free products employ special Pb-free material sets;
molding compounds/die attach materials and 100% matte tin plate
termination finish, which are RoHS compliant and compatible with both
SnPb and Pb-free soldering operations. Intersil Pb-free products are
MSL classified at Pb-free peak reflow temperatures that meet or
exceed the Pb-free requirements of IPC/JEDEC J STD-020C.
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ISL6271A

Regulator Block Diagram
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ISL6271A

Absolute Maximum Ratings

(PVCC, VCC,LVCC)toGND. .........
PHASEtoPGND......................
PGNDtoGND .....................
All other pinstoGND . .. .............

ESD Rating

Thermal Information

Human Body Model (Per MIL-STD-883 Method 3015.7). . . .. 2kV

Recommended Operating Conditions

Ambient Temperature Range. .. .......
Supply Voltage (PVCC,VCC) .........
Supply Voltage (LVCC) ..............

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the

device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:

1. 0y is measured in free air with the component mounted on a high effective thermal conductivity test board with “direct attach” features (TB379).

2. For 8¢, the “case temp” location is the center of the exposed metal pad on the package underside.

................... v Thermal Resistance. ................ 6ja (°C/IW) 6yc (°C/W)
-0.3V to (PVCC +0.3V) 4x4 QFN Package (Notes 1,2) .. .. 45 7.5
.......... -0.3V t0 0.3V Maximum Junction Temperature (Plastic Package) ........150°C
............ -0.3Vto 7V Maximum Storage Temperature Range. ..........-65°C to 150°C

Maximum Lead Temperature (Soldering 10s) .. ........... 300°C

Electrical Specifications Operating Conditions, Unless Otherwise Noted; Ta = -25°C to 85°C, PVCC = VCC = 3.7V. Component values

as shown in Figure 19, Typical Application Circuit: Vout = 1.6V, loyT = 0mA

PARAMETER SYMBOL TEST CONDITIONS | miNn | TYP | max | unims
CORE BUCK REGULATOR
Input Voltage Range PVce PVce = Vee 2.76 5.5 \%
(After V¢ reaches Rising VpoR)
Output Voltage Nominal Range VOUT Programmable in 50mV increments 0.85 1.60 \%
Max. DC Output Current Icore (Note 3) 800 mA
Current Limit (DC plus Ripple) Icore_lim | (wafer level test only) 950 1300 mA
PMOS on Resistance 'DS(ON)p | lout =200mA 275 mQ
NMOS on Resistance rDS(ON)n | lout =200mA 140 mQ
Frequency (Note 4) f Vin = 3.7V, Vo = 1.0V, VF6 = 0.9V 1.2 MHz
Load Regulation VOUT = 1.6V; lo = 1mA-500mA .05 1 %
Line Regulation Over VCC range 1 %
VOUT Pk-Pk Ripple Vp.p Vout = 1.6V, | = 0.4A, CCM 5 mV
Discontinous Mode Operation 10 mV
Over Temperature -1 2 %
System Accuracy
Room Temperature -1 1 %
Under Voltage Threshold (Note 5) Rising, as % of nominal VOUT 94 %
Falling, as % of nominal VOUT 86 %
Over Voltage threshold Rising, as % of nominal VOUT 114 %
Falling, as % of nominal VOUT 106 %
Start-up Time tst From Enable Active @ lo = 10mA; Vo = 1.6V 1.3 ms
Ring Damping Switch Resistance Ron(RD) 50 75 Q
LINEAR REGULATORS
Input Voltage LvCC Connected to PVCC 2.76 5.5 \%
Not connected to PVCC 1.70 3.5 \%
Output Voltage VSRAM 1.1 \%
VPLL 1.3 \Y
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ISL6271A

Electrical Specifications Operating Conditions, Unless Otherwise Noted; Tp = -25°C to 85°C, PVCC = VCC = 3.7V. Component values
as shown in Figure 19, Typical Application Circuit: Vout = 1.6V, loyT = OmA (Continued)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Output Tolerance lout = TmA -25 2.5 %
Maximum Average Output Current I_SRAM 50 mA
I_PLL 40 mA
Current Limit lido_lim Each LDO regulator 120 300 %
(Note 7)
Line Regulation LVCC =1.7-5.5V 0.25 %
Load Regulation lo=1to 25mA 5 %
Undervoltage Threshold Rising - % of VPLL, VSRAM 91 %
Falling - % of VPLL, VSRAM 86 %
Start-Up Time tst Soft-start power up to 1.3V, Csoft = 10nF 1.3 ms
SYSTEM
Supply Current (VCC) la lcore = No load 380 HA
Il EN =0V 2 5 pA
Supply Current (LVCC) ILvee 25 uA
EN Voltage ViH 2.0
VL 0.55 \Y
Soft-Start Source Current loo 34 4.8 6.2 MA
(Controlled by 12C control bits D5, D4) o 6.7 96 125 uA
l10 16 24 32 MA
144 30 47 64 MA
Temperature Shutdown Tr Rising T 130 140 150 °C
Tt Falling T 85 95 105 °C
POR/BFLT# Threshold (Note 6) VpPOR Rising VCC 2.60 2.80 3.0 \Y
VPOR Falling VCC 244 2.60 2.76 \Y
PGOOD Pull Down Resistance Ron 700 960 Q
VIDEN, VID2, VID3 Voltage Threshold VIH(VID) 24 \Y,
ViL(vID) 1.0 \
I>C LOGIC
SCL, SDA Voltage Threshold ViH(12c) 2.0
ViL(2c) 0.55
SDA Pull Down Resistance Ron(sDA) 132
NOTES:
3. Guaranteed by design; correlated with statistic data for PVCC = VCC from 3.5V to 5.5V.
4. Switching frequency is a function of input, output voltage and load.
5. As a result of an over-current condition exceeding 800mA. Will result in a PGOOD fault.
6. A high rising POR tracks with a high falling POR.
7. Percentage of Maximum Average Output Current (I_SRAM or |_PLL).
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ISL6271A

Typical Operating Performance

Test results from the Intersil ISL6271A Customer Reference Board (CRB). Output filter on switcher made up of a 4.7pyH drumcore with 100mQ of
DCR and an output capacitance of 10uF. X5R; Rcomp = 50kQ, Vin = 3.6V unless otherwise noted.

100%
95%
90% //—\
85% // \
80% S~
~—
75%
= Vo=1.6V
70%
= \0=1.3V
65%
60%
0 200 400 600 800
lo (mA)
FIGURE 3. EFFICIENCY (Vin = 3.6V)
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ISL6271A

Typical Operating Performance (continued)

Test results from the Intersil ISL6271A Customer Reference Board (CRB). Output filter on switcher made up of a 4.7pyH drumcore with 100mQ of

DCR and an output capacitance of 10pF. X5R; Rcomp = 50kQ, Vin = 3.6V unless otherwise noted.
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LDO transient response with 3.3uF output capacitance.
LVCC =4.1V. 10mA DC load+ 55mA step load.

FIGURE 11. LDO TRANSIENT RESPONSE
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ISL6271A

Typical Operating Performance (continued)

Test results from the Intersil ISL6271A Customer Reference Board (CRB). Output filter on switcher made up of a 4.7pyH drumcore with 100mQ of

DCR and an output capacitance of 10pF. X5R; Rcomp = 50kQ, Vin = 3.6V unless otherwise noted.

Forced PGOOD fault. Converter operating in CCM at 420mA prior to

applying a 320mA transient step. This pushes the regulator beyond

the overcurrent threshold of 700mA. The phase node three-stated
and follows Vout to 0V. 20us/DIV

FIGURE 14. FORCED PGOOD FAULT

Functional Pin Description

PVCC - Input power to the core switching regulator. This
voltage is typically supplied by a the primary, single-cell Li-ion
battery or power adapter.

VCC. Voltage source for control circuitry. Must be held within
0.3V of PVCC.

BBAT. Secondary back-up voltage used to provide an
indication of the main battery status when the main battery is
low or absent. BBAT is typically a coin cell device and must be
maintained between 1.5V and 3.75V if it is not connected to
VCC pin. Connect it to VCC if BFLT# function is not used.

PHASE. The output switching node that connects to the output
inductor to generate the processor core voltage.

VOUT. Output voltage of the core regulator. Programmable
from 0.85 to 1.6V via the integrated 12C bus or VID pins.

LVCC. Input voltage to the VSRAM and VPLL LDO pass
elements. To minimize power loss across the pass element this
should be tied to a pre-regulated system voltage between 1.8V
and 2.5V. LVCC can operate from the main battery input when
lower voltages are unavailable.

VPLL. 1.3V LDO regulator designed to supply power to the
phase-locked loop circuitry internal to the microprocessor.

VSRAM. 1.1V LDO regulator designed to supply power to the
microprocessor SRAM circuitry.

FB. Core voltage feedback (to the error ampilifier) via an
external compensation resistor.

SOFT. An external capacitor connected between this pin and
ground controls the regulators output rise time. The start-up
ramp begins when VCC reaches its power-on-reset (POR)
rising threshold and the EN pin is high.
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d¥: 186 G667 nS

CLoodmrsmies . DL
dY: 341111 W
Wi AG0 mft
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PGOOD delay = 186ns from disable.
Vout = 0.85V prior to EN going low, 400ns/DIV

FIGURE 15. PGOOD DELAY

EN - The ISL6271A outputs are enabled when a voltage
greater than 2V is applied to the EN pin. The core regulator
output MOSFETSs bridge is turned off and the LDOs are
disabled when EN is pulled low.

BFLT# - Battery fault indicator. A high level indicates the
adequacy of the battery for regulator start-up. Designed to
interface with the processor General Purpose 10O, this pin is
actively pulled low when the main battery is absent.

PGOOD - An open-drain output that indicates the status of the
three regulators. It is pulled low when any of the regulators are
outside their voltage tolerances.

VIDEN - Pull this pin low to enable 12C communication.
Connecting this pin to VCC disables the 12C bus and enables
the VID inputs. In this mode the slew rate is fixed at a value
determined by the soft-start capacitor.

SCL (VIDO) - This is a dual function pin. When VIDEN is low it
acts as the 12C clock input (SCL). When VIDEN is high this pin
acts as bit 0 to the VID DAC.

SDA (VID1) - This is a dual function pin. When VIDEN is low it
acts as the 12C data/address line (SDA) used to transfer
voltage level and slew rate instructions to the ISL6271A. When
VIDEN is high this pin acts as bit 1 to the VID DAC.

VID2, VID3 - VID inputs to the error amplifier reference DAC.
Used to control the core voltage when VIDEN is high.

GND - Device signal ground. Connected to PGND at a single
point to avoid ground loops.

PGND - Power ground return connection for the internal
synchronous rectifier.

FN9171 Rev 2.00
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ISL6271A

Operational Description

Initialization

Upon application of input power to the ISL6271A, the power
good signal (PGOOD) will switch from low to high after four
conditions are met - (1) VCC exceeds the power on reset
“rising threshold”, (2) the EN pin is high and (3) the LDO input
voltage (LVCC) is greater than 1.6V, (4) All three outputs are in
regulation. Figure 16 illustrates this start-up sequence. The
outputs are powered on under a soft-start regime with the core
output voltage defaulting to 1.3V (unless under VID control)
and the LDOs at their fixed output levels. Once the outputs are
in regulation, the ISL6271A will respond to a voltage change
command via the 12C bus.

When under VID control (VIDEN = Hl), the Vout will rise to a
value set by VID pins. The slew rate is always fixed by the soft-
start capacitor.

Core Regulator Output

The ISL6271A core regulator is a synchronous buck regulator
that employs an Intersil proprietary switch-mode topology
known as Synthetic Ripple Regulation (SRR). The SRR
architecture is a derivative of the conventional hysteretic-mode
regulator without the inherent noise sensitivities and
dependence on output capacitance ESR. The topology
achieves excellent transient response and high efficiency over
the entire operating load range. Output voltage ripple is
typically under 5mV in Continuous Conduction Mode (CCM)
and under 10mV in DCM (diode emulation). The output core
voltage is derived from the main battery pack (typically a single
cell Li-ion battery) and is programmable in 50mV steps
between 0.85 and 1.6V. The output regulator set-point is
controlled by an on-chip DAC which receives its input either
from the 12C bus or the VID input pins (VID0-VID3). Table 1
identifies the VID code states and corresponding output
voltage. To minimize core voltage over-shoot and under-shoot
between code states, the ISL6271A implements
programmable, voltage slew rate control via the 12C bus. The
slew rate is a function of the data in the slew rate control
register and also the soft-start capacitor; the slew rates in Table
2 assume a soft-start capacitor value of 10nF. Once the
regulator has initialized, the IC can be placed in a low
quiescent state by pulling low the EN pin. The regulator
‘remembers’ the last programmed voltage level and slew rate
after each subsequent EN cycle, and return to the previous
set-point once EN is brought high.

TABLE 1. VOLTAGE-SET COMMAND BITS

I2C DATA BYTE OR VID PINS

LSB | NOMINAL

MSB D3 | D2 | D1 D0 | OUTPUT
X X X X 0 0 0 0 0.850
X X X X 0 0 0 1 0.900
X X X X 0 0 1 0 0.950
X X X X 0 0 1 1 1.000
X X X X 0 1 0 0 1.050
X X X X 0 1 0 1 1.100
X X X X 0 1 1 0 1.150
X X X X 0 1 1 1 1.200
X X X X 1 0 0 0 1.250
X X X X 1 0 0 1 1.300
X X X X 1 0 1 0 1.350
X X X X 1 0 1 1 1.400
X X X X 1 1 0 0 1.450
X X X X 1 1 0 1 1.500
X X X X 1 1 1 0 1.550
X X X X 1 1 1 1 1.600

SYSTEM TIMING
1

2.8V TYP.
vccC RISING POR

THRESHOLD

THRESHOLD

BFLT#

Data transferred to the
EN reference DAC on the
rising edge of SCL
during the ACK bit

12C, SCL ﬂ

SOFT-START
SLEW RATE

—_—

12C PROGRAMMABLE
SLEW RATE

VOouT

|
l
||

| A
VPLL, VSRAM V]

PGOOD |

FIGURE 16. SYSTEM TIMIMG DIAGRAM
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ISL6271A

TABLE 2. SLEW RATE-SET BIT

I2C DATA BYTE RATE
D5 | D4 mV/us
X | x| oo | x| x| x|X 0.5
X | x| o |1 | x| x| x|X 1
X | x| 10| x| x| x| X 2.5
X | x| 1|1 x| x| x|X 5

Soft-Start and Slew Rate Control

To assure stability and minimize overshoot at start-up and
during DVM ftransitions, the ISL6271A implements a controlled
rise time of each regulator output. The Slew Rate control bits in
Table 2 are used to route one of 4 current sources to the SOFT
pin. These current sources along with the soft-start capacitor
will control the rate of rise of voltage during DVM transitions.
The recommended 10nF soft-start capacitor will result in a
typical slew rate of 1mV/ys at start-up and the programmable
DVM slew rates defined in Table 2. Slower or faster start-up
and DVM transactions can be accommodated by selecting a
smaller or larger soft-start capacitor. By default bits D5 and D4
are set to “01” corresponding to a SS current of 10pA. Writing
“00” will result in a 5uA of current whereas “10” corresponds to
24pA and “11” corresponds to a typical source current of 47uA.
The expression i = cdv/dt can be used to solve for the
appropriate slew rate.

Example: Desired slew rate = 10mV/us fixed slew rate and the
slew rate control bits are set to “11”. Then:

Isource = 111= 47pA (nominal), therefore

_ Isource _ 47pA _
C==w omv_ +'"F

dt us

(EQ. 1)

NOTE: Intel specifies a maximum slew rate for Vcore transitions. To
satisfy this requirement, the SS capacitor and SOFT pin sink/source
current tolerances must be considered. Refer to the Electrical
Specification table and appropriate Intel documents for details. Note
that when D5 and D4 are set to “11” the maximum source current is
64pA. Under this condition, the slew rate would be 16mV/us if a 4.7nF
SS capacitor varied by 15% negative. For this reason a 6.8nF capacitor
is recommended when D5 and D4 are set to “11”.

Undervoltage and Overvoltage on Vout

If the output voltage of the switching regulator exceeds 114%
of the SOFT pin voltage (programmed DAC voltage) for longer
than 1.5us, an overvoltage fault will be tripped and the phase
node will be three-stated. Hysteresis requires the voltage to fall
to 106% before the fault is automatically reset.

An undervoltage occurs when the output voltage falls below
86% of SOFT pin voltage. Once this fault is triggered,
hysteresis sets the reset point to 94%. An undervoltage
condition will occur if the output DC current plus the ripple
exceeds the current limit point for a period longer than the
output capacitance hold-up time.

Loop Compensation

All three regulators are internally compensated for stability;
however, an external resistor connected between the core
regulator output and the FB pin can be used to alter the closed
loop gain of the switching regulator and optimize transient
response for a given output filter selection. The following
combinations of component values are recommended:

TABLE 3. RECOMMENDED KEY COMPONENT VALUES FOR
CORE REGULATOR

Lo cout RCOMP
3.3pH 4.7yF 100kQ
4.7uH 10pF 50kQ

Overcurrent Limit

To protect against an overcurrent condition, the core regulator
employs a proprietary current sensing circuit that monitors the
voltage drop across the internal upper MOSFET. When an
overcurrent condition is detected the controller will limit the
output current and if the condition persists, the output voltage
level will drop below the undervoltage level tripping the
PGOOD indicator. See “Applications section” for details.

SRAM and PLL LDOs

The two linear regulators on the ISL6271A are designed to
satisfy the power requirements of the SRAM and phase-lock
loop circuitry internal to XScale processors. These regulators
share a common input voltage pin (LVCC) that can be tied to
the main battery PVCC or preferably to a lower system voltage
to effect a higher conversion efficiency. It is recommended that
LVCC be connected to pre-regulated voltages between 1.8V -
2.5V.

Each LDO is internally compensated and designed to operate
with a low-ESR ceramic capacitor (X5R or better) between
2.2uF and 3.3pF. Both LDOs have overcurrent, undervoltage
and thermal protection and share a common enable signal
(EN) with the core regulator, allowing them to be
enabled/disabled together as required by the processor.

BFLT#

The logic state of the BFLT# output indicates whether the main
battery input is adequate to power the system in normal
operation. A battery low (or absent) condition is indicated by
this pin being pulled low. Upon initial application of battery
power, it will indicate a battery good condition when the battery
voltage is greater than 2.8V (nominal), and it will sustain the
battery good indication until the voltage drops below 2.6V
(nominal). The output is pulled actively low, with no main
battery connected by tapping power from the secondary input,
BBAT. It is actively driven to BBAT when the main battery is
within the POR thresholds.

BBAT

The BBAT pin is an input voltage to the ISL6271A that supports
the BFLT# indicator function as described above. When the
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main battery is absent, or of inadequate potential, the BBAT
input voltage supplies power to support the BFLT# indicator.
The input voltage must be between 1.5V and 3.75V for proper
operation and is typically supplied from the system back-up
battery. The maximum current drain from the BBAT pin is
0.1uA.

PGOOD

PGOOQOD is an open-drain output that indicates the status of the
three regulators (VOUT, VSRAM, VPLL). This output is held low
until all outputs are within their specified voltage tolerance. As
soon as outputs are in regulation, the output is released and
pulled high by an external resistor tied to a compliant system
voltage. This output can be AND’d with other system power-good
indicators that also have open-drain outputs. Note that this is not a
latched output and under a soft short condition on any of the
regulators it is possible to see this pin oscillate at a frequency
proportional to the fault current level and the fault monitoring
hysteresis internal to the ISL6271A regulator.

PHASE Node Ring Damping Circuit

To enhance system reliability and minimize radiated emission,
the ISL6271A implements a PHASE node snubber while
operating in diode emulation. The active snubber places a 50Q2
(nominal) resistor across the output inductor when the low side
synchronous rectifier is turned off to prevent reverse current.

Inter-IC Communications

Communication between the host processor and the ISL6271A
takes place over a two-wire 12C interface. The bus consists of
one bidirectional signal line, SDA (data), and a clock pin input,
SCL, generated by the bus master. Both pins are pulled-high to
a system voltage with external pull-up resistors. A typical pull-
up resistor value for a single master/slave interface operating

in normal mode is 5kQ.

See the Phillips specification listed in the reference section for
specific details on the selection of the pull-up resistor. The bus

supports both standard mode and fast mode data rates as
defined by the Phillips protocol. A typical 12C transmission is
illustrated in Figure 17. When the bus-resident master
(processor) wants to communicate with a bus-resident slave
(1ISL6271A), it will pull the SDA line low while the SCL line is still
high. This signals a “start” condition. It will then clock the
address of the desired slave device at a rate of one bit per clock
cycle. The address is embedded in the first seven bits of the first
byte transfer, with the eighth bit giving the directional information
(Read/Write) for the next byte of information. When the slave
detects an address match, it will hold the SDA line low during the
ninth clock pulse to acknowledge a match (ACK). If the direction
bit indicates a “write” (send) byte, the slave will receive the byte
clocked in by the master and will give an “acknowledge” by
again pulling the SDA line low during the ninth clock cycle. The
master then can either terminate transmission by issuing a
“stop” bit, or continue to transfer successive bytes until
complete.

Multiple successive bytes can be transferred with only an
acknowledge bit separating them until a “stop” or repeated
“start” signal is given by the master. The data embedded in the
byte is latched into its appropriate register(s) on the rising edge
of the SCL during the acknowledge pulse and is applied to the
ISL6271A DAC. The internal DAC on the ISL6271A converts the
4 bit digital input as defined in Table 1 into the reference voltage
of the core regulator error amplifier.

If the master issues a ‘read’ command to the ISL6271A, to
verify the contents of the internal registers, the device will
place the byte on the bus to be clocked in by the master. After
the host master receives the byte, the cycle is terminated by a
“NOT acknowledge” signal, and a ‘stop’ bit. A ‘stop’ is
generated by releasing the SDA line to pull high during a high
state on the SCL line.

r—1 r—1

[ | Pl

| | - - | |

SDA |\ | LA
| I acknowledgement acknowledgement [ Sr l

| | signal from slave signal from receiver | |

[ [

[ |

| I byte complete, | |

| interrupt within slave |

: | clock line held low while : |

| | interrupts are serviced | |

S l ------ Sr
SCL

CIAWE 2\ 7 s\ /o 1 2 3-8 0 loR |

LS| LP I

ACK
START OR ACK STOP OR
REPEATED START REPEATED START
CONDITION CONDITION

FIGURE 17. I12C DATA AND CLOCK
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12C SEND BYTE PROTOCOL
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Lﬁ SLAVE ADDRESS —DI |<7

VID and Slew Rate Program Re

A STOP
DATA BYTE 4>|

FIGURE 18. INTERFACE BIT DEFINITION AND PROTOCOL

gister

In a typical XScale configuration, the processor’s “Power
Manager” will issue the voltage and slew rate commands to
the ISL6271A over its PWR_ 12C bus after the ISL6271A
acknowledges its address. The data byte is composed of two
pieces of ‘set’ information: The prescribed voltage level
embedded in bits D0-D3, and the prescribed transition slew
rate (from the previous voltage to the target voltage)
embedded in bits D4-D5. Each set of bits is transmitted MSB
first. This protocol is depicted in Figure 18.

Application Guidelines

Every effort should be made to place the ISL6271A as close
as possible to the processor, with the orientation favoring the
shortest voltage routing. The regulator input capacitors
should be located close to their respective input pins.

All output capacitors should be kept close to their respective
output pins with the ground pins connected immediately to
the ground plane. Care should be taken to avoid routing
sensitive, high impedance signals near the PHASE pin on
the controller, and the attendant PCB traces.

To minimize switching noise, it is important to keep the loop
area associated with the phase node and output filter as
short as possible. It is also important that the input voltage
decoupling capacitor C7 be located as close to the PVCC
pin as possible and that it has a low impedance return path
to the PGND pin. In general a good approach to layout is to
consider how switching current flows in a circuit, and to
minimize the loop area associated with this current. In the
case of the switching regulator, current flows from C7
through the internal upper P-MOSFET, to the load through
the output filter and back to the PGND pin. To maximize the
effectiveness of any decoupling capacitor, minimize the
parasitic inductance between the capacitor and the circuit it
is decoupling. Notice that Figure 19 illustrates the SIGNAL
ground with RED highlighting. All components associated
with these terminals should be tied together first. Be sure to
make only one connection between this net and the PGND
pin to avoid ground loops and noise injection points into
sensitive analog circuitry.

BBAT < VCC |
COIN CELL ‘ 5kgé 5kQé 5kQ
BACK-UP I ISL6271A < S XScale P
BBAT SCL/VIDO |- }
PWR_I2C
Pvcc SDA/VID1 |- >
Li-ion R7,10Q R
4.2v >
0 HEE FAULT
2.60V =T c3 BFLT# >
- 0.1pFI
Tour EN |« REG. EN
= VSRAM > >
+—LVCC cs _L VCC_SRAM
1.8V l 2.2pF I
OR25V , zﬁ;‘; XSR
. VPLL ’ »| VCC_PLL
I rpanglis
c4 SOFT 2.2yF
10nFJ— Rcomp, 50K X5R
me FB AN P! VCC_CORE
VIDEN VOUT
ViD2 rvw]_ JT—
VID3 PHASE L1 3
4.7yH cé
= 10pF
GTD PGND X5R

Single point connection —=

between PGND and GND pins

—1_—<€— Power ground. Minimize the loop area associated
with L1, C6 and the PHASE and PGND pins.

FIGURE 19. TYPICAL APPLICATION CIRCUIT
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Loop stability calculations are simplified when using the
ISL6271A and are limited to the selection of a single feedback
resistor, Rcomp. The Rcomp resistor will affect the closed loop
gain of the internal compensation network as in Equation 2.
Empirical and theoretical testing suggests that a value of 50K
will provide the most ideal transient response to the expected
XScale load and voltage transitions when used with the
recommended 4.7uH output inductor and 10uF output
capacitor. Using the ISL6271A evaluation board, a 50K
feedback resistor resulted in a minimum of 60 degrees of
phase margin under worst case line and load transitions. When
placing the Rcomp feedback resistor, be sure to avoid routing it
parallel to switching circuits, especially the phase node, that
could otherwise induce noise into the FB pin.

_(RceCces+1)

= EQ.2
Geomp RcompeCces (EQ-2)

Overcurrent Protection and Ripple Current

The OCL trip level inside the ISL6271A is a function of the
upper PMOS output transistor’s on-resistance and over-current
comparator threshold voltage. The device was designed to
accommodate a maximum RMS current of 800mA, and to
accommodate this DC current level plus the associated ripple
current, the OC limit of the ISL6271A will not trip below 950mA.
Ripple current inside the ISL6271A is defined by the
expression,

Irioole = (Vin—Vout) , Vout
PP Lefs Vin

(EQ. 3)
where “fs” is the switching frequency of the converter. The
architecture of the ISL6271A is such that the switching
frequency will increase with higher input voltage. This behavior
attempts to keep the ripple current constant for a given output
inductor, input voltage and output voltage. To minimize ripple
current and preserve transient response, Intersil recommends
an output inductor between 3.3uH and 4.7uH. Higher values of
inductance will minimize the risk of tripling the over-current
minimum threshold of 950mA.

SSR Theoretical Operation

The ISL6271A is a PWM controller that uses a novel
architecture developed by Intersil called Synthetic Ripple
Regulation. The architecture operates similar to a hysteretic
converter without the deficiencies of noise sensitivities.
Reduced to its simplest form, the Synthetic Ripple Regulator
inside the ISL6271A is made up of three elements as
illustrated in Figure 20: A transconductance amplifier (Rippler
Amplifier), a window comparator with hysteresis and an Error
Amplifier. While operating in continuous conduction mode, the
converter has a natural switching frequency of 1.2MHz
delivering an ultra low output voltage ripple and exceptional
transient response as illustrated in Figures 23 and 24.

INPUT VOLTAGE
SYNTHETIC RIPPLE REGULATION T =
SIMPLIFIED DIAGRAM T
Lo
ERROR AMP
Vref(DAC), > WINDOW COMPARATOR OUTPUT
4’<>— VOLTAGE |
\—'\Nv—H— SINKISOURCEj.

Rc Cc

RIPPLE CAPACITOR
VOLTAGE

CONTROL

Cr G
= _J Gme Vout ,off
to ton lout -{ Gme (VinVout ),on
aA%%
Rcomp

FIGURE 20. SIMPLIFIED SRR DIAGRAM

Figure 20 illustrates the two control loops inherent to the SRR
architecture. The inner loop consists of the ripple amplifier, the
window comparator, gate drive circuitry and the power stage.
The outer loop controls the inner loop and is made up a high
bandwidth error amplifier with internal and external
compensation.

CCM Operation - Heavy Current

Figure 21 illustrates the SSR in CCM. When the upper
P-MOSFET is turned on, the phase voltage equals the input
voltage and the ripple transconductance amplifier outputs a
current proportional to the difference of the input and output
voltage. This current will ramp the voltage on the ripple
capacitor Cr in Figure 20. As this voltage reaches the upper
threshold of the hysteretic comparator, the comparator output
will switch low. After a propagation delay, the upper
P-MOSFET is turned off and the lower N-MOSFET is turned
on, forcing synchronous rectification. At this point, the ripple
amplifier now has inputs of OV and VOUT and will sink current
to discharge the ripple capacitor. When the voltage across the
ripple capacitor reaches the lower threshold of the hysteresis
window, the window comparator outputs a high signal. After a
propagation delay, the upper P-MOSFET turns on repeating
the previous switching cycle.

“\ [~ s S~

PHASE
VOLTAGE VOuT

HYSTERESIS
WINDOW

VRP

.

FIGURE 21. SYNTHETIC RIPPLE REGULATION IN CCM
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Light Load Operation - DCM

A light load is defined when the output inductor ripple current
reaches zero before the next switching cycle. Under this
condition, the ISL6271A synchronous rectifier will turn off
emulating a diode to prevent negative inductor current. As
explained below, the switching frequency and losses
associated with turning on the synchronous rectifier will be
reduced to enhance the low current efficiency. The top
waveform in Figure 22 shows the phase voltage in DCM. The
middle waveforms include the error amplifier voltage, ripple
capacitor voltage and the boundaries of the hysteresis
comparator which track the EA output. The waveform at the
bottom is representative of the inductor current. Notice thatin a
switching cycle the inductor current rises as the upper
P-MOSFET turns on, falls when the lower N-MOSFET turns
on, and stays at zero after the current reaches zero as a result
of diode emulation.

CLAMPED VRP> LOWER HYS

VPH

VCMP
VRP

Pa
'CLAMPED VRP = > LOWER HYS
RN /

ILO

FIGURE 22. SRR IN DCM

To understand the ISL6271A light load operation, look carefully
at the waveforms in the middle of Figure 22. Notice that the
voltage across the ripple capacitor, VRP, has a minimum clamp
voltage (typically 0.4V), and that the Error Amplifier can go
below this voltage (typically clamped to 0.2V). In DCM, the
voltage across ripple capacitor will be discharged each cycle to
the clamp voltage. While the lower hysteresis is below this
voltage, the ripple capacitor will remain clamped keeping the
upper P-MOSFET off. As the EA voltage increases so too will
the lower threshold of the hysteresis window until it reaches
the ripple capacitor clamp voltage (VCLMP). At this point, the
upper FET will be enabled and will turn on. The lighter the load,
the lower the error amplifier output is, and the longer the ripple
capacitor voltage stays at the VCLMP voltage. This results in a
phase node switching frequency that is proportional to load
current (that is, lower switching losses and higher efficiency at
lighter loads). In DCM the switching frequency will be lower
than in a heavy load, CCM.

A load transition from full load to no load will result in a finite
period of time during which the error amplifier settles to a new
steady state condition. As illustrated in Figure 23, the SSR
architecture inherent to the ISL6271A responds within 6us of
the mode change, slewing the error amplifier output below the
clamped ripple capacitor voltage and preventing the upper FET
from turning on. Prior to reaching the new stability point, the
phase node applies four phase pulses before the controller
forces the output voltage to the prescribed regulation point.
Once the output falls below the reference voltage the controller
then pumps up the output voltage and enters its steady state
DCM. Mode changes that take the converter from CCM into
DCM will have much higher output voltage spike than a load
step that remains in CCM. Compared with competitive
solutions the ISL6271A responds very well during this severe
mode change and it is more than sufficient to meet Vcore
tolerance specifications as required by Intel.

T ||'r1||'.||:[||r| |'||[||r|||r1||[1||1 T

A0 s

L

W
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S
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FIGURE 23. CCM TO DCM MODE

Transition Between Light load and Heavy Load

Unlike most control topologies that require two sets of circuits
to control the light and heavy load operation, the SRR control
naturally switches between heavy and light load with the same
control circuit. As the load gets lighter, the feedback forces the
error amplifier output to a lower voltage and when the lower
threshold of the hysteresis window is lower than VCLMP, light
load operation begins. The scope shot in Figure 24 illustrates a
mode transition from a DCM (10mA load current) to CCM
(170mA) with trace 4 (GRN) being the command pulse that
initiates the mode change. Prior to the load step, and while the
converter is in DCM, the ripple voltage is approximately 10mV
and the ripple frequency is 125kHz. In CCM, the converter
operates at a frequency of approximately 10X that of DCM and
the ripple is reduced by more than a factor of two.
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Measured Core Voltage Conversion Efficiency

The actual efficiency of the ISL6271A switching regulator is
illustrated in Figure 3 from 10mA to 800mA. The curves were
taken at room temperature using the ISL6271A evaluation
board. The output inductor used is an ultralow profile,
drumcore device with a DCR of 100mQ.

'_IIII'IIII'IIIlII]I.'II]I.'II T I:Ill1=IYI1IFI1IT_

10mV RIPPLE

[ L= -
1 IN DCM
E Es - <€—— CCM
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FIGURE 24. DCM TO CCM MODE TRANSITION

Thermal Management

Although the ISL6271A is characteristically a low heat
generator, it will generate some heat as a result of the
inefficiencies in power conversion. The worst-case internal
power dissipation should be less than 250mW, translating into
a 11°C rise in junction temperature above ambient. If the
temperature of the chip does exceed 150° £10°C as a result of
a high ambient temperature, the controller will disable the
outputs until the temperature decreases by 45°C.

Powering Intel XScale Processors

Intel identifies ten power domains required for powering
XScale processors. Of these ten power domains or voltages,
many may be strapped together as in Figure 25 and supplied
by a single regulator. These voltages however must be applied
systematically to the processor and two pins, SYS_EN and
PWR_EN facilitate this power sequence. The PWR_EN pin is
dedicated to enabling the CORE, PLL and SRAM power
domains and should be connected to the ISL6271A enable pin.
The SYS_EN pin is responsible for enabling the system
regulator. Figure 25 illustrates one possible configuration using
the Intersil EL7536 to power five of the 10 domains.

NOTE: Intel warns that an improper power sequence can damage the
processor. Refer to the appropriate Intel applications material to ensure
proper voltage sequencing.

TOTAL POWER SOLUTION
(INTEL XScale PROCESSOR)

nVDD_FLT
nBatt_FLT

Xscale

EL7536
3.3V
OUTPUT

REGULATOR

EN Mos VCC_USIM

FIGURE 25. XSCALE POWER DOMAINS

Design Notes

Refer to Table 3, "RECOMMENDED KEY COMPONENT
VALUES FOR CORE REGULATOR".

1. Do not leave pins VID2(5) or pin VID3(6) floating when
using the 12C bus. Tie these pins to GND (16).

2. Make sure that load current on VOUT returns to the pin 7
(PGND). Pin 16 (GND) functions as a quiet return for the
LVCC loads. Tie Pin 16 to Pin 7 at a single point as in
Figure 19.

3. Select the output capacitor for VSRAM and VPLL as
follows: 2.2uF<C8, C5<4.7uF, X5R.

4. BFLT# is internally pulled up to BBAT. Do not pullup to any
other external voltage.

5. The 12C pull-up resistors will affect standby leakage power.
A typical value to accommodate the 12C bus slew rate
requirements in “Standard Mode” is 5K.

6. Set the soft-start capacitor to 10nF to implement a 1mV/us
slew rate of the output voltage at startup. For max slew rate,
use 6.8nF soft-start capacitor.

7. Tie PGOOD to the XScale nVDD_fault pin.

8. Tie the BFLT# pin to the XScale nBatt_fault pin. The BFLT#
pin is pulled up internally to BBAT. A valid BFLT# state
under all conditions can be achieve by connecting BBAT to
the system BACK-UP battery. Otherwise, consider the
system start-up/shut-down voltage timing to determine what
system voltage that BBAT can be tied to that will ensure the
correct BFLT# operation. Current drain on BBAT is much
less than 1pA.

9. Itis a good design practice to isolate PVCC from VCC with
a low pass filter (LPF) made up of a 10Q resistor and 0.1pF
ceramic capacitor. Ensure that VCC is kept within 0.3V of
PVCC to avoid turning on internal protection diodes.
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Internal ESD Structures Layout Recommendation

The ISL6271A input/output pins are protected from over-
voltage conditions by clamping the pin to one diode drop above
or below the VCC voltage rail. During shutdown it is possible OUTPUT CAP
that the SDA and SCL pins have a voltage greater than VCC. ——
Under this condition, the ESD diodes will provide a reverse |
current path to circuitry on VCC that can act as a load on the
back-up battery. To avoid this condition, interrupt VCC from
external circuitry if a voltage greater than VCC is expected on
any of the pins identified below.

SOFT-START
PGND GND
¢ CAP [ PVCC INPUT CAP
BBAT GND veepk ™
vce [1 GND

FIGURE 27. COMPONENT PLACEMENT AND TOP COPPER

1 PVCC Since the ISL6271A can operate at a high switching frequency,
it is especially important to apply good layout practices.
Decoupling of the regulator’s input voltage (PVCC) and
minimizing the loop area associated with the phase node
1Lvee output filter is essential for reliable operation. Return currents
from the load should find a low impedance path to the PGND
pin on the IC (Pin 8). Ideally, the core voltage would be
distributed to the embedded processor on a low impedance
power plane; however, a 30-50mil, short trace should be
sufficient. When implementing DVM it is important to minimize
inductance between the load and the output filter. The
1 FB processors can command slew rates of up to 200mA/ns and
local decoupling at the processor socket is essential to
satisfying this requirement.

SDAL

I—ird % T
'_L‘JE

SCL[

EN 1VvouT

VPLLL

VSRAM[ 1PGOOD
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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 go to the web to make
sure that you have the latest revision.

DATE REVISION CHANGE

August 10, 2015 FN9171.2 - Removed obsolete part from Ordering Information table: ISL6271ACR.

- Updated Intersil logo, page 1 copyright information and disclaimer.

- Added revision history and About Intersil verbiage.

- Updated POD L20.4x4 to most recent revision with change as follows: Added +/- 0.05 tolerances to
dimensions in Top View and Bottom View.

About Intersil

Intersil Corporation is a leading provider of innovative power management and precision analog solutions. The company's products
address some of the largest markets within the industrial and infrastructure, mobile computing and high-end consumer markets.

For the most updated datasheet, application notes, related documentation and related parts, please see the respective product
information page found at www.intersil.com.

You may report errors or suggestions for improving this datasheet by visiting www.intersil.com/ask.

Reliability reports are also available from our website at www.intersil.com/support

© Copyright Intersil Americas LLC 2004-2015. All Rights Reserved.
All trademarks and registered trademarks are the property of their respective owners.

For additional products, see www.intersil.com/en/products.html

Intersil products are manufactured, assembled and tested utilizing ISO9001 quality systems as noted
in the quality certifications found at www.intersil.com/en/support/qualandreliability.html

Intersil products are sold by description only. Intersil may modify the circuit design and/or specifications of products at any time without notice, provided that such
modification does not, in Intersil's sole judgment, affect the form, fit or function of the product. Accordingly, the reader is cautioned to verify that datasheets are
current before placing orders. Information furnished by Intersil is believed to be accurate and reliable. However, no responsibility is assumed by Intersil or its
subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see www.intersil.com
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Package Outline Drawing
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NOTES:

1. Dimensions are in millimeters.
Dimensions in ( ) for Reference Only.

2. Dimensioning and tolerancing conform to AMSE Y14.5m-1994.
3. Unless otherwise specified, tolerance: Decimal * 0.05

/4. Dimension b applies to the metallized terminal and is measured
between 0.15mm and 0.30mm from the terminal tip.

5. Tiebar shown (if present) is a non-functional feature.
{6\.‘ The configuration of the pin #1 identifier is optional, but must be

located within the zone indicated. The pin #1 identifier may be
either a mold or mark feature.
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