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ADVANTAGES OF RENESAS R5 MULTIPHASE DC/DC
PRODUCTS

Small PCB size and thin solution

7x10mmz2 total solution size for 4 outputs/phases

Small WLCSP package

4MHz frequency - supports less than 2x2x1mm case size inductors
Fast transient performance - less output capacitors

No external components for compensation, VOUT setting, etc.

High efficiency
» 91% peak efficiency 3.3V - 1.0V/4A

Easy to design in — no PCB level design needed

» Internal compensation — no need to design compensation
= Parts pre-programmed with required VOUTSs, sequencing, etc.

Multiple package options

= WLCSP, 0.4mm pitch
= Upcoming BGA, 0.8mm pitch, samples available in early 2018 (ISL91302B)

Proven technology in mass production
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TARGET MARKETS AND APPLICATIONS

Industrial & Networking Markets

Consumer Markets

Renesas MPU and ASICs
Industrials and FPGAs

Enterprise Networks, Switches,
Routers, WIFI

Security and Wearable Cameras

Optical Transceiver Modules

VR / AR Goggles and Glasses

Smartphones and Tablets

SSDs

=
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AP PROCESS NODE TRANSITION DRIVES POWER
DESIGN DEVELOPMENT

4 16nm | > Lower Vout (Stringent Transient), High Current, Small Size
1V 1V @ 15A - Single System PMIC CANNOT Meet the Core Power Requirement
(Single i - Need Dedicated Power Solution, Similar to Computing
Supply Single ‘
N IC ISL91305)
c
S 10nm
< | 0.85V
< 0.75V ; @22A
=1 : (Dual Rail
(8 Single IC
o) S| 913028 i 7 _ _
- . : nm Increasing current (i.e. faster
< | Mediatek To | 0.5V @
= o5y | I — ‘ : .— Slew rate) AND Lower supply

<. | 35A :
, ; (1-4 Power voltage (lower transients)

Pk Chip)

Rail w/Dual Double difficult power design
15A 22A 35A
Current (A)
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CORE POWER: SMARTPHONE/TABLET VS. LAPTOP

Typical Notebook MB
with Intel Core I5

Huawei Latest P9
Smartphone MB

| Y ”.:"::' ‘ :rw P
" Octa-Core-AP

Quad-Core-CPU

PLATFORM ©S Android 05, v6.0 (Marshmallow)
Chipset HiSilicon Kirin 955
Processor Number Cache o ClockSpeed 4 #ofCores/] A MaxTDP/ A CPU Quad-core 255 GHz Cortex-A72 & quad-core 1.8 GHz Cortex-AS3
Vv V' #ofThreads V' Power Vv - - d -
GPU Mali-T380 MP4
~ Desktop MEMORY  Card slot microSD, up to 256 GB (uses SIM 2 slat)
Internal 32 GB, 3 GB RAM (EVA-L19/EVA-L09)
Intel® Core™i5-6402P 6.0 MB 2.80 GHz 4/ 4 65 64 GB, 4 GB RAM (EVA-L29)
Processor (6M Cache, up
to 3.40 GHz)
l' Phone AP/GPUs: Dedicated ‘Sub’ PMIC

Power Solution: Renesas Multi-phase VR for Notebook

- Renesas Multi-phase Buck




SMARTPHONE/TABLET CORE POWER REQUIREMENT

= Smartphone/Tablet Core Power Management - ‘Old Socket’ but now has new

requirements:

High current demanding (~ 4A - 5A/phase) = ‘Sub’ PMIC
Low profile solution (<=1mm)

Small footprint solution with minimum external components
Wide input voltage range

Low quiescent current

High efficiency

Tight transient spec

Dynamic output voltage change

Communications with AP/GPU

Protection

= Renesas Multi-Phase Buck:

Dedicated voltage regulator for AP/GPUs
It targets high performance and high current market segments
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ISL91302B MULTI-PHASE BUCK PMIC

ISL91302B Solution Size: 70 mm?

Designed to meet the stringent AP/GPU

applications:

_ _ 40% Size
= Small solution size . Reduction!

= High output current capability

= Flexible configuration through internal one time
programmable (OTP) registers

» Best efficiency performance

= Best transient response with proprietary R5 control
technique

= Accurate system level telemetry ADC for VIN, Vout,
|OUT, temperature, etc.

= Support I1°C and SPI communication protocol

= Full protection features, e.g., OV, UV, OT, OC

© 2018 Renesas Electronics Corporation. All rights reserved. Page 7 BIG IDEAS FOR EVERY SPACE u 2 E N ESAS



PRODUCT HIGHLIGHTS
ISL91302B AND ISL91301A/B
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ISL91302B: MULTI-OUTPUT MULTI-PHASE BUCK PMIC

Single Cell Li-lon

2.8V ~ 5.5V

ENESAS

(R

~

ISL91302B

SINGLE /DUAL RAIL

BUCK1 PHASE 1

Single Cell Li-lon

2+2

(

RENESAS
ISL91302B

SINGLE/DUAL RAIL

BUCK 1 PHASE1

IMP Buck Controllers|

BUCK1 PHASE2
BUCK 1 PHASE3
BUCK 2 PHASE1

12C/SPI INTERFACE

GPIOYMPIOs

ADC TELEMETRY

> MP Buck Controllers

BUCK1 PHASE 2

12C/SPI INTERFACE

A

BUCK2 PHASE 1

GPIOs/MPIOs

BUCK2 PHASE 2

ADC TELEMETRY

2+2 Configuration

ouT1

ouT2

'y

| VOUTJl_/ 10A
L | I
| A Vour2 / 10A >
4
I
-
—

COMMUNICATION

3+1 Configuration

Vour: / 15A

(i

COMMUNICATION

3+1

Single Cell Li-lon

-

MP Buck Controller|

T 12C/SPI INTERFACE

GPIOYMPIOs

ADC TELEMETRY

(il

RENESAS
ISL91302B

SINGLE/DUAL RAIL

BUCK PHASE 1
BUCK PHASE 2
BUCK PHASE 3

BUCK PHASE 4

J

COMMUNICATION

4+0 Configuration

Vour/ 20A

[

ouT

4+0
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ISL91302B: MULTI-OUTPUT MULTI-PHASE BUCK PMIC

ISL91302B

Supported output configurations

» Dual phase: 2+2; Max output: 10A+10A
= Triple phase: 3+1, Max output: 15A + 5A
» Quad phase: 4+0, Max output: 20A

2.5V to 5.5V supply voltage

Programmable output from 0.3V to 2.0V

Low Ig: 75uA in DCM mode

94% peak efficiency

Output voltage remote sensing

+0.5% system accuracy

I2C and SPI protocol

Independent dynamic voltage scaling (DVS) for each output
Programmable frequency from 2MHz to 6MHz

Full protection features: OVP, UVP, OCP, OTP

2.55mm x 3.67mm 54-ball WLCSP with 0.4mm ball pitch

REGLULATOR

INT HANDGAF

AAN_FILT [ ]
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REGLULATOR
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STAGE &

FALLT CONTROL (L, OV AND
‘VER-TEMPERATURE] || POWER
+ CURRENT LIMIT L

Far s
141ta4d
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ISL91302B PACKAGE INFORMATION
I—)—l |-I—0.400

54x 0.265 £0.035

= 2.55mm x 3.67mm
= 54-ball WLCSP
= 0.4mm pitch
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ISL91301A/B: MULTI-OUTPUT MULTI-PHASE BUCK

PMIC

Input 2.5V ~ 5.5V
or
Single Cell Li-lon

-

RENESAS

~

Input 2.5V ~ 5.5V
or
Single Cell Li-lon

ISL191301A BUCK1 PHASE 1
TRIPLE RAIL
MP Buck Controllers BUCK1 PHASE 2
BUCK2
12C/SPI INTERFACE
BUCK3

GPI10s/MPIOs

-

—_m VOUl > SOC
m_l T
—m Yo", NAND

J

-

RENESAS
ISL91301B

QUAD RAIL

\

BUCK1 PHASE 1

MP Buck Controllers

BUCK2 PHASE 1

12C/SPI INTERFACE

BUCK3 PHASE 1

GPIOs/MPI0s

-

BUCK4 PHASE 1

2+1+1 Configuration

L
T

-  DDR
T

1+1+1+1 Configuration

| A Yourt — > SoC
I

| vnVour — > 1/0
I

| v Your — DDR
.

[ oo, NAND
I
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ISL91301A/B: MULTI-OUTPUT MULTI-PHASE BUCK

PMIC

ISL91301A/B

= Supported output configurations
» Dual phase (ISL91301A): 2+1+1, Max output: 8A+4A+4A

= Single phase (ISL91301B): 1+1+1+1, Max output: 4A+4A+4A+4A

2.5V to 5.5V supply voltage
Programmable output from 0.3V to 2.0V
Low Ig: 62UA in low power mode

94% peak efficiency

Output voltage remote sensing

+0.7% system accuracy

12C and SPI protocol

output
Programmable frequency from 2MHz to 6MHz
= Full protection features: OVP, UVP, OCP, OTP

= 2.57mm x 2.92mm 42-ball WLCSP with 0.4mm ball

pitch

Independent dynamic voltage scaling (DVS) for each

REGULATOR

INT BANDGAP

BAN_FILT [}

REGULATOR

AN [

CHIF TEMFERATURE SENSOR

REGULATOR

ACCURATE PHASE ADDING
ETHMEE A

FAULT CONTROL UV, OV AND
VER-TEMPERATURE| —
+ CURRIENT LIMIT STAGER

Faplel
1Tivitl

L]

3| E

|

i

A

|

A ¥ 0 R 0 S W A A W
18 38 11§ 1¢8

[TTITTTT]
5

S5P/1AC CONTROLLER ETAGE C

PVN_D
aTe | | powen
STAGED FHD
PGND_D

O
GHD

)8(9)5)%[3|3)3|3
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ISL91301A/B PACKAGE INFORMATION

—| lgg——— 0.400

| |
¢e@®®i®®®

42X 0.265 +0.035 J F @ @ @'@ @ @
J[oJclorclole
1O ANGOO T
JlclclcloYoYo
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= 2.57mm x 2.92mm roe FL‘_ o t
= 42-ball WLCSP reo = |

—»| le—0.285
= 0.4mm pitch
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DESIGN IN SUPPORT TOOLS
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ISL91302B COLLATERAL

Documentation
= |SL91302B datasheet
= EVB User’s Guide
Evaluation Board
= |SL91302B22-EVZ (for 2+2 configuration)
= |SL91302B31-EVZ (for 3+1 configuration)
= |SL91302B40-EVZ (for 4+0 configuration)
Online Support Portal
= Online FAQs database
Ordering Information

= Samples available

ISL91302B
Dual Output Multiphase Buck Regulator

FN8828
Rev.0.00
Sep 22,2017

The ISL91302B is a highly efficient, dual-output,
synchronous multiphase buck switching regulator that
can deliver up to SA per phase continuous output current.
The ISL91302B features four integrated power stages
and has the capability to assign its power stages to either
output. This flexibility allows less desig) fora
wide range of applications where dual, triple, or quad
phase outputs are needed, such as CPU and GPU core
power mobile applications.

The ISL91302B features integrated low ON-resistance
MOSFETs, programmable PWM frequency, and

diode lation, which efficiency
while the external p count and
solution size.

Using Intersil’s proprietary RS modulator technology, the
ISL91302B delivers a highly robust power solution
capable of ultra-fast transient resy llent loop
stability, and seamless DCM/CCM transition without
requiring external compensation.

The ISL91302B is widely configurable through the
factory OTP settings. Available features which can be
used include:

« SPIor I2C interface
+ External signal telemetry with an internal ADC

* Dynamic Voltage Scaling (DVS) with selectable slew
rate

Please contact support for additional configurations.
Related Literature
« For a full list of related documents, visit our website

« ISL91302B product page

Features
* Dual output 3+1 or 2+2, or single output 4-phase
*2.5V to 5.5V supply voltage

* 5A per phase output current capability

* Small solution size
4 phase design

« High efficiency (94
* Low I in low pow

* Supports S0A/us pt
nominal output cap’

* Voltage, current ,an
integrated ADC pl|

*+(0.7% system accu|

+ OTP Programmabl i
6MHz

*12C and SPI progra|

« Independent Dynar|
each output

* Soft-start and fault

circuit protection  #9 2
+2.55Immx 3.670m |
pitch e —

Applications
* Smart phones, tabl«JEes
* FPGA and ASIC pg
« Industrial MPU pov
* Human machine in’

https://www.intersil.com/en/products/power-management/pmic/integrated-fet-regulators/ISL91302B.html#resources

=  P/N:ISL91302BIZ-T Reel 3000 Piece/Reel 1K Price: $3.90
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ISL91301A AND ISL91301B COLLATERAL

Documentation
= |SL91301A/B datasheet

Evaluation Board

» |SL91301AllI-H-EV1Z (for 2+1+1 4A/phase configuration)
= |SL91301All-L-EV1Z (for 2+1+1 3A/phase configuration)

RENESAS

ISL91301A, ISL91301B
Triple/Quad Output Power Management IC

DATASHEET [

The ISL91301A is a 4-phase, three output programmable
Power Management IC (PMIC) and the ISL91301B isa
4-phase, four output programmable PMIC. They are
optimized with highly efficient, synchronous buck
capable of and single-ph:
operations. The devices can deliver 4A per phase
continuous output current for 2.8V to 5.5V supply
voltages or 3A per phase current for wider 2.5V to 5.5V
supply voltages. It features four buck controllers and has
the capability to reconfigure its power stages to these
controllers. This flexibility allows seamless design-in for a
wide range of applications that require high output power
and small solution size.
The ISL91301A and ISL91301B integrate low
ON. s MOSFETs and PWM
frequency, allowing the use of very small extemal
inductors and capacitors. They feature automatic Diode

= |SL91301BII-H-EV1Z (for 1+1+1+1 4A/phase configuration) Exniai i =R

conditions to further improve efficiency and maximize
battery life. The ISL91301A and ISL91301B deliver a
highly robust power solution by featuring a controller

= |SL91301BII-L-EV1Z (for 1+1+1+1 3A/phase configuration) e S e

Online Support Portal
= Online FAQs database

regulation, ultra-fast transient response, seamless
DCM/CCM transitions, and requires no external
compensation

In addition to the standard interrupt, chip enable, and
watchdog reset functions, the ISL91301A and ISL91301B
also feature four MPIOs and two GPIOs capable of
supporting SPI, I2C communication protocol, and various
other pin mode functions.

Features

« Triple output 2+1+1 phases
output single phase (ISL913

*4A per phase for the 2.8V t¢
VIN_SEL = AVIN

«3A per phase for the 2.5V tc
VIN_SEL = GND

* Small solution size (6x8mm i

« High efficiency (93% for 3.1 [l L

« Low IQ in low power mode [0St

+0.7% system accuracy, ren J§

« Programmable PWM freque |8

« I2C programmable output fr [

« Independent Dynamic Volta,
output

* Soft-start and fault detection
short-circuit protection

+2.551mmx2.87mm 42 ball \ |

Applications
* Smart phones
« Wearable devices
+ Tablet PCs

1ISL91301

Related Literature EVB
Fora full list of related documents; vist 5
+ISL9I301A, ISL91301B product pages

= https://www.intersil.com/en/products/power-management/pmic/integrated-fet-regulators/ISL91301.html#resources

Ordering Information
= Samples available
=  P/N:ISL91301AIIZ-T
= P/N:ISL91301BIIZ-T

3000 Piece/Reel 1K Price: $3.12
3000 Piece/Reel 1K Price: $3.12

© 2018 Renesas Electronics Corporation. All rights reserved.
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ISL91302B DEMO KIT EVALUATION BOARD

ISL91302B22-EVZ
User’s Manual: Evaluation Kit

Core Power Solutions

ISL91302B22-EVZ ISL91302B EVB : 2+2, Max Output Current: 10A + 10A
ISL91302B31-EVZ ISL91302B EVB : 3+1, Max Output Current: 15A + 5A
ISL91302B40-EVZ ISL91302B EVB : 4+0, Max Output Current: 20A

© 2018 Renesas Electronics Corporation. All rights reserved. Page 18 BIG IDEAS FOR EVERY SPACE - z ENESANAS



ISL91301A/B DEMO KIT EVALUATION BOARDS

ISL91301
EVB

ISL91301BII-L-EV1Z, ISL91301BII-H-EV1Z
User’s Manual: Evaluation Board

Core Power Solutions

RENESAS

EVB Part Number

ISL91301AllI-H-EV1Z  ISL91301A 4A/Phase EVB
ISL91301All-L-EV1Z ISL91301A 3A/Phase EVB
ISL91301BII-H-EV1Z  1SL91301B 4A/Phase EVB

1+1+1+1, Max Output Current: 3A+3A+3A+3A

: 2+1+1, Max Output Current: BA+4A+4A
: 2+1+1, Max Output Current: 6A+3A+3A

: 1+1+1+1, Max Output Current: 4A+4A+4A+4A
ISL91301BII-L-EV1Z ISL91301B 3A/Phase EVB :

© 2018 Renesas Electronics Corporation. All rights reserved.
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MULTI-PHASE BUCK PMIC DEMO KITS

= Complete demo kit for multi-phase buck, including EVBs, customer GUI and

dongle

ISL91302B

RE N ESAS 12C Communication

o e

& Buck2 ¥

———& Buck1 ¥

B (e ]
Disable

L 123280 ||®

DVS Pointer M|
(®)pvso (pvst O pvs2 () pvs3

DVS Pointer M
@pvso ODVS1 O pvs2 O pvs3

Desired Value  Read Value

Dvs2 %IO I

owo (B0 || [lo |J¥[|owe (Bo__|

Desired Value l'ln‘d\'ll,ue~

|o—|]f3'
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i

@

=]
=]

Script File Path [ | Check to Read

Board Configuration
% CA\ISL91302B POR Script 3+ 1.0¢ 8] 3+1Phase Lo oo So A

Handheld PMIC HID 12C Control

u
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m

Intersil Inc. Copyright 2016
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ISL913OZB & ISL91301A/B Customer GUIs

© 2018 Renesas Electronics Corporation. All rights reserved.
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DESIGN IN SUPPORT: OPTIMIZED TUNING FOR THE BEST
PERFORMANCE

= Multi-phase buck products have more than 700 registers
= To ensure each design is getting best performance:

» Part has been loaded with default register values - starting point
» Registers can be tuned for the best efficiency/transient performance for various L/Cout combinations
= System-level simulation model is provided for performance verification

Register Address Map

ADDRESS REQISTER ADDRESS REQISTER ADDRESS REGISTER
Owdd I0_CHIPNAME 0x30 ADC_ALXOMSE OxBO0 BUCHL_EN_DLY
02 13_CHIPYERSION Ox31 | ADC_AUXOLSE OxB1 BUCHL_SHUTDN_DLY
OwiA 0_DIEID3 Ox32 ADC_ALUKAMSE OxB8 BUCHZ_DCM
0B 10_DIEID2 0x33 ADC_AUXALSE x93 BUCH2_CFGOD
0xDC O_DIEIDL x4z 10_IZCCFG OxBa BUCH2_PROTCFG
Oox0D 13_DIEIDD o043 W0_SPICFG x8E BUCH2_DNSOCFGL
OwdE OTP_VERSION axdd 10_MODECTRL OxBF BUCHZ_DNSOCFGO
Ox0F I0_SOFTRESET 0xa3 0_RSTDVS OxS0 BUCH2_DNSICFGL
ox10 CHIPSTATE Oxa0 10_PINMODE x5l BUCHZ_DVS1CFGO
Ooxii CHIPSTATE_D<CMPGOOD ox38 FLT_TEMIPWARN OxS2 BUCH2_IWS2CFGL
oxi3 FLT_RECORDTEMP =39 FLT_TEMIPS HUTDN x93 BUCH2_DNS2CFGO
Oxld FLUI_RECORDBUCK1 Ox3& FLT_TEMIPHYS Ox5d BUCH2_DNS3CFGL
ox1n FLT_RECORDBUCH2 ox38 FLT_BUCK1_ISENSEWARN Ox33 BUCH2_DNS3CFGO
ol ADC_SAMFPLEOMSE Ox3C FLT_BUCKZ2_ISENSEWARN OxS BUCH2_YOUTMAXMSE
oxi7 ADC_SAMPLEOLSE xS FLT_BUCK1_ISENSESHUTDN 97 BUCH2_VOUTMAXLSE
[SE-] ADC_SAMFLEIFHIMSE Ox3E FLT_BUCK2_ISENSESHUTDN Ox58 BUCH2_D¥SCFG
ox1s ADC_SAMFLELFHILSE Ow00 FLT_MASKTEMP Oxg3 BUCH2_D¥SSEL
OniA ADC_SAMPLELPHIMSE Omd FLT_MASHKBUCKL OxSa BUCH2_RSPCFGL
1B ADC_SAMPLELPHILSE OwB2 FLT_MASHBUCKZ Ox98 BUCH2_RSPCFGO
oxic ADC_SAMFLEIFH3IMSE w03 FLT_OT_CTRL OxSC BUCHZ_EN_DLY
oxiD ADC_SAMFLELPH3LSE w4 FLT_BUCK1_CTRL Ox30 BUCH2_SHUTDN_DLY
OxiE ADC_SAMPLELIPHAMSE OwBS FLT_BUCKZ_CTRL
OxiF ADC_SAMFPLE1PH4LSE [l BUCHL_D<CM
ox20 ADC_SAMFLE1TMSE el e BUCK1_CFGO
ox21 ADC_SAMPLEITLSE OxBE BUCHKL_PROTCFG
ox22 ADC_SAMPLEIMSE OxT2 BUCKL_DVSOCFGL
o023 ADC_SAMFLEILSE T3 BUCK1_DVSOCFGOD
ox24 ADC_SAMFLE3MSE ouTa BUCKL_DVS1CFGL
ox25 ADC_SAMFPLEILSE 0TS BUCKL_DVEA1CFGD
o2e ADC_SAMPLE4PHAMSE ox7e BUCHL_DVS2CFGL

Zoom Factor: 100 X Zoom Position: —98.3us

—09.60s —61.00mv |
-90.47us -2.000my
A128.0ns A59.00my |

SidiDey W"‘ "'ﬁ'l “'m"\
Gi»v—33.4000us JU1 L —
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RS MODULATION TECHNOLOGY INFORMATION

RENESAS

Products

‘ Q Search Intersil.com

Applications Tools Support

Home > All Products > Power Management > R5™ Technology

R5 Modulation Technology
Rapid Robust Ripple Regulator

Reduce board footprint and BOM costs with Intersil's R5™ Technology.

Intersil's RS Controller Technology is a proprietary modulation technigue that offers the
fastest response to changing output load conditions. R5 is the next evolution of our
unigue current-made hysteretic controller with improved bandwidth and lower Ig than
previous implementations.

Using R5 results in much smaller output voltage overshoot and undershoot, resulting
In a lower output capacitance. As a result, the board footprint and BOM cost can be
reduced significantly.

Key Features:

* Best-in-class transient performance

* Stable operating frequency in steady-state with variable duty cycle and
frequency in response to load transient

= Automatic Phase Adding/Shedding with efficiency optimization algorithm
* Seamless, natural fransition between PWM and PFM

* Low-Ig in PFM

Buy & Sample About

Language: ENG HX Sign in Intersil Products

E= Parametric search

Simplified RS diagram

synehatic
FBpple

o >

https://www.intersil.com/en/products/power-management/rs5-technology.htmi
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