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Introduction

Power management solutions presented here have been assembled and verified by Altera® or third-party FPGA development board
providers. Each development board is accompanied by a photo of the board, power tree and its Linear Technology bill-of-materials.
For more information and technical documentation, visit www.linear.com/Altera.

Development Boards in this Brochure Can Be Found at linear.com/Altera

Board Part Number for
FPGA Supplier Product Name FPGA Core Page

Arria® 10 Arria 10 GX FPGA Development Kit LTC®3877 + LTC3874 4
Arria 10 SoC Arria 10 SoC Development Kit LTM®4677 5
Altera 100G Development Kit, Stratix V GX Edition LTM4627 6
Stratis® V Stratix V GX FPGA Development Kit LTC3880 7
Stratix V Advanced Systems Development Kit LTM4620 8
DE5-Net FPGA Development Kit LTM4628 9
Cyclone® V Terasic® DEO-Nano-SoC Kit/Atlas-SoC Kit LTC3612 10
MAX® 10 MAX 10 NEEK LTC3612 1

Development Boards Listed on the Board Supplier's Website

Board Part Number for

FPGA Supplier Product Name FPGA Core Page
Transceiver Signal Integrity Development Kit, Stratix V GX Edition LTC3855 12
Altera Transceiver Signal Integrity Development Kit, Stratix V GT Edition LTC3880 12
Stratix V DSP Development Kit, Stratix V Edition LTC3855 12
Terasic TR5-F40W FPGA Development Kit LTM4628 12
TR5-Lite FPGA Development Kit LTM4628 12
Arria V GX FPGA Starter Kit LTC3880 12
Arria V Arria V GX FPGA Development Kit LTC3880 12
Altera Arria V GT FPGA Development Kit LTC3880 12
Arria V SoC Arria V SoC Development Kit and SoC Embedded Design Suite LTC3866 13
Cyclone V E Cyclone V E FPGA Development Kit LTC3608 13
Cyclone V GT FPGA Development Kit LTC3613 13
Cyclone V GX Terasic | Cyclone V GX Starter Kit LTC3605 13
Altera Cyclone V SoC Development Kit Rev C LTC3613 13
Gyclone V SoC Terasic DE1-SoC Development Kit LTC3608 13
Arrow® SoC Kit Development Kit LTC3608 13
Macnica® Helio Base Board LTC3613 13

Contact board supplier to purchase the board

Altera: www.altera.com AIEI'ERA

now part of Intel

Arrow: Www.arrow.com N\RE\N

. . [ ]
Macnica: www.macnica.com MACNICA

Terasic: www.terasic.com
asiC

www.terasic.com

Contact Linear Technology for schematics and design support: refdesign@linear.com

www.linear.com/Altera
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Arria 10 GX FPGA Development Kit INIETERA
Altera’s Arria 10 GX FPGA Development Kit delivers a complete design environment that includes all hardware and :

oy . . . t of Intel «
software you need to take advantage of the performance and capabilities available in Arria 10 GX FPGAs. SN PartEn IS

DYNATRON
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Power Tree designed in LTpowerPlanner®

Rail / Function Part Number General Description
LTC3877 Dual Phase Step-Down Synchronous Controller with VID Output Voltage
Programming and Low Value DCR Sensing
0.95V: V¢ (FPGA Core) - —
Polyphase Step-Down Synchronous Slave Controller with Sub-Milliohm
LTC3874 ;
DCR Sensing
1.1V: VCCRT_GXB LTM4637 20A DC/DC Step-Down pModule® Regulator
3.3V: System Power LTM4620A Dual 13A or Single 26A DC/DC pModule Regulator
Power-Up/Down Sequencing, Power Monitoring, LTC2977 8-Channel PMBus Power System Manager Featuring Accurate Output
Voltage Margining and Fault Management Voltage Measurement
PowerPath™ Management LTC4357 Positive High Voltage Ideal Diode Controller
Input Overvoltage Protection LTC4365 Overvoltage, Undervoltage and Reverse Supply Protection Controller
. LT®3082, LTC4352, s . . .
Housekeeping System Power and Power LTC3025-1 LTC2418 Low Noise Linear Regulators, 24-Bit ADC; Low Voltage Ideal Diode.
Management LT1380 LTC4315 Voltage Reference. Bus Buffer

www.linear.com/Altera
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Arria 10 SoC Development Kit

Altera’s Arria 10 SoC Development Kit offers a quick and simple approach for developing custom

ARM® processor-based SoC designs.

Arria 10 SoC Development Kit
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Rail / Function Part Number

Power Tree designed in LTpowerPlanner

General Description

AITRERA

now part of Intel

0.9V: Vg (FPGA Core) LTM4677 Dual 18A or Single 36A uModule Regulator with Digital Power System Management
3.3V: System Power LTM4676 Dual 13A or Single 26A uModule Regulator with Digital Power System Management
1.2V: AVDD_PLL LTC3026-1 1.5A Low Input Voltage VLDO™ Linear Regulator
1.0V: ENET_DVDD LTC3025-1 500mA Micropower VLDO Linear Regulators
1.8V: USB_FPGA LT3010 50mA, 3V to 80V Low Dropout Micropower Linear Regulator
. 8-Channel PMBus Power System Manager Featuring Accurate Output Voltage

Voltage Monitor and Control LTC2977 Measurement

. 16-Bit 8-/16-Channel Delta-Sigma ADC with Easy Drive™ Input Current Cancellation
16-Bit ADC for Analog Input LTC2497 and 12C Interface
1.25V Voltage Reference LT1389 Nanopower Precision Shunt Voltage Reference

www.linear.com/Altera
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Stratix V 100G Development Kit (100G Development Kit, Stratix V GX Edition)

Altera’s 100G Development Kit, Stratix V GX Edition enables a thorough evaluation of 100G designs.

Rail / Function

Part Number

Power Tree designed in LTpowerPlanner

General Description

AITRERA

now part of Intel

0.9V: Ve (FPGA Core) LTM4627 15A DC/DC pModule Regulator

5V, 3.3V, 2.5V, 1.5V: System Power LTM4601 12A uModule Regulators with PLL, Output Tracking and Margining
5V: System Power L TM4600 10A High Efficiency DC/DC uModule

2.5V: VCCA_PLL, AUX

1.0V: VCCT_GXB

1.1V: Ethernet PHY LTC3026 1.5A Low Input Voltage VLDO Linear Regulator

1.5V: VCCH_GXB, VCCPT, VCCD_PLL

1.2V: CFP Translators

1.0V: VCCR_GXB LT3070 5A, Low Noise, Programmable Output, 85mV Dropout Linear Regulator
12V: System Power LT1374 4.5A, 500kHz Step-Down Switching Regulator

Clock for uModule Regulators LTC6900 Low Power, 1kHz to 20MHz Resistor Set SOT-23 Oscillator

Housekeeping System Power and Power Management

LT1761, LTC4357

Low Noise LDO, Ideal Diode

www.linear.com/Altera
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Stratix V GX, FPGA Development Kit

The Altera Stratix V GX FPGA Development Kit provides a complete design environment, including all the
hardware and software you need to start developing FPGA designs.
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Rail / Function

Part Number

Power Tree designed in LTpowerPlanner

General Description

Dual Output PolyPhase® Step-Down DC/DC Controller with Digital Power

AITERAY

now part of Intel

0.85V: VCCINT (FPGA Core) LTC3880 System Management.

5V: System Power LT3009 3pA lg, 20mA Low Dropout Linear Regulators

5V, 3.3V, 1.8V, 1.5V: System Power LTM4628 Dual 8A or Single 16A uModule Regulator

1.0V: VCCR, CWT

15V: VCCD_FPLL, VCCH_GXB, VCCPT LTM4614 Dual 4A per Channel Low Vi DC/DC pModule Regulator

3.0V: VCCA_GXB LT3021 500mA, Low Voltage, Very Low Dropout Linear Regulator

2.5V: VCCA_FPLL, VCCPD_PGM L.T3080-1 Parallelable 1.1A Single Resister Low Dropout Regulator

12V, 3.3V: System Power LTC3855 ggr?ls,eMulnphase Synchronous DC/DC Controller with Differential Remote
1.0V: ENET_DVDD ) .

1.5V- VCCIO_HSMB LTC3025-1 300mA Micropower VLDO Linear Regulator

2.5V: VCCIO . . .

15V VCCIO LT3029 Dual 500mA Low Dropout, Low Noise, Micropower Linear Regulator
1.8V: VCCIO LT3022 1A, 0.9V to 10V, Very Low Dropout Linear Regulator

2.5V: System Power LT3083 Adjustable 3A Single Resistor Low Dropout Regulator

Housekeeping System Power and
Power Management

LTC2915, LTC2418, LTC4357,

LTC2990, LTC4352

Voltage and Current Monitor, AD Converter, Hot Swap Controller, Ideal Diode

www.linear.com/Altera
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Stratix V Advanced Systems Development Kit
The Stratix V Advanced Systems Development Kit is a complete systems design environment, including both the

hardware and software needed to start architecture development and system design using Stratix V FPGAs.

Stratix V Advanced System Development Board
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Rail / Function
0.9V: V¢ (FPGA Core), PEX

Part Number

Power Tree designed in LTpowerPlanner

General Description

AITRERA

now part of Intel

15V: VCCIO, System Power LTM4620 Dual 13A or Single 26A DC/DC pModule Regulator

5V, 3.3V: System Power LTC3855 Dual, Multiphase Synchronous DC/DC Controller with Differential Remote Sense
2.5V: VCCIO LTC3612 3A, 4MHz Monolithic Synchronous Step-Down DC/DC Converter

1.0V: VCCT_GXB, VCCR_GXB

2.5V: VCCPD_PGM, VCCA_FPLL | LTM4628 Dual 8A or Single 16A DC/DC pModule Regulator

3.3V: System Power

?gg g?gé% Power LTC3615 Dual 4MHz, 3A Synchronous Step-Down DC/DC Converter

12V: HSMC, FMC LTC3115-1 40V, 2A Synchronous Buck-Boost DC/DC Converter

1.1V: MOSYS_VDDA L.T3083 Adjustable 3A Single Resistor Low Dropout Regulator

?% ITA%(S_\\(/SD_E\)//E)DHV LT3070 5A, Low Noise, Programmable Output, 85mV Dropout Linear Regulator
1.5V: VCCD_FPLL L T3080-1 Parallelable 1.1A Adjustable Single Resister Low Dropout Regulator
3.0V: VCCA_GXB LT3022 1A, 0.9V to 10V, Very Low Dropout Linear Regulator

5.37V: ADC LT3009 3pA Ig, 20mA Low Dropout Linear Regulators

Housekeeping System Power and
Power Management

LTC4357, LTC4367,

LTC4352

Hot Swap, OV UV Protection, Ideal Diode

www.linear.com/Altera
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Stratix V DE5-Net FPGA Development Kit
The Terasic DE5-Net Stratix V GX FPGA Development Kit provides the ideal hardware solution for designs that
demand high capacity and bandwidth memory interfacing, ultralow latency communication and power efficiency.

Terasic DE5-Net Dev Kit
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Rail / Function

Part Number

Power Tree designed in LTpowerPlanner

General Description

maslc

www. terasic.com

0.9V: VCCINT (FPGA Core)
1.8V: VCCIO ;
25V VCCIO LTM4628 Dual 8A or Single 16A pModule Regulator
1.5V: VCC for DDR3
1.0V: VCCR, VCCT
1.5V: VCCD_FPLL LT3080-1 Parallelable 1.1A Adjustable Single Resister Low Dropout Regulator
5.0V: Bias
3.3V: System Power LTM4601 12A uModule Regulator with PLL, Output Tracking and Margining
3.0V: VCCA_GXB LTC3025-1 500mA Micropower VLDO Linear Regulator
12V Power Source Selector LTC4357 Positive High Voltage Ideal Diode Controller
Low V|y, 8A DC/DC uModule Regulator with Tracking, Margining and Frequency
LTM4608 e
Synchronization
RS485 Interface LTC2855 3.3V 20Mbps RS485/RS422 Transceivers with Integrated Switchable Termination

www.linear.com/Altera
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10

Cyclone V, DEO-Nano-SoC Kit/Atlas SoC Kit

The DEO-Nano-SoC Development Kit presents a robust hardware design platform built around the
Altera System-on-Chip (SoC) FPGA, which combines the latest dual-core Cortex-A9 embedded cores
with industry-leading programmable logic for ultimate design flexibility.
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Terasic DEO-Nano-SoC Kit
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e Summary Report
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Total Power Loss: 5.14W
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Total Solution Size:  SUnits”2
P=34.15W

Power Tree designed in LTpowerPlanner

Rail / Function Part Number General Description

1.1V: VCCINT (FPGA Core)

1.1V: HPS Core (FPGA Hardened Core) LTC3612 3A, 4MHz Synchronous Step-Down DC/DC Converter

3.3V: VCCIO

1.5V: VCCIO LT3080 Adjustable 1.1A Single Resister Low Dropout Regulator

9V: HDR LT3580 Boost/lnvgrmg DC/DC Converter with 2A Switch, Soft-Start and
Synchronization

External Analog Interface LTC2308 Low Noise, 500ksps, 8-Channel, 12-Bit ADC

www.linear.com/Altera
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MAX10 NEEK

The MAX 10 Nios® Il Embedded Evaluation Kit (NEEK) from Terasic is a full featured embedded evaluation kit mas IC
based on the MAX 10 family of FPGAs. It is a comprehensive design environment with everything embedded www.terasic.com
developers need to create a processing-based system.

IBGIEEEEE P

1) B e s ] o et et

1.2V MAX10 VCC

MAX 10 NEEK Development Kit

12v2238
P=267W
sv32ma 12v2son
T svossal [T g¥ 12V 0344
P16A1W LosI-03AW EFL-90% P-0aW
33v1078
svorsal [T g9 T z_wassuxT

Loss1=039W EFfL=30% D=327W

+ 0052 (2:8Y CMOS Sensor
0.084

Dual LDO

1m0 ),
2.

Loss=0.04W Ef=B4.85%

+ & 052/ [18V MAX10 VCCIO

051A

P=0.23W

Loss=0.36W

Eff=72% p=0.52W

LTC3612 5V 1, 2.5V MAX10 VCCA
3 3 |
SV1034] 7 ¥
Loss1=0.54W EfL=90% P=162W,
113022 ), ., s [[Z5V MAXIO VCCIO 7 1.5V DDR3
25vosa] [Tig¥ 15V 084
Loss=08W  Eff=60% 12w
LCD Backlight Power
5V 0444
Summary Report P=2.22W
HDMI TX 5V
Total Input Power:  16.41W 4 &
5V 0.06A
Total Cutput Power: 13.55W
=028
Total P Loss: 2.86W =
O OWE L OS] 113080 )., 5,4 [ LCD Driver
Total Efficiency: 82.58% 5V D.24] ﬂ@ 33V 02A
Total Solution Size:  8Units"2 Loss=0.35W __ Eff-66% P=DETW.
171962 )55, go0ef[_LCDTP
svoozal [Tig¥ 22v 0.008
Loss=0.03W  Eff=66% P=007W,

Power Tree designed in LTpowerPlanner

Rail / Function Part Number General Description

%g x%%l(gPGA Core) LTC3612 3A, 4MHz Synchronous Step-Down DC/DC Converter

1.8V: VCCIO LT3030 Dual 750mA/250mA Low Dropout, Low Noise, Micropower Linear Regulator
1.5V: VCCIO, DDRS3 LT3022 1A, 0.9V to 10V, Very Low Dropout Linear Regulator

3.3V: LCD Driver LT3080 Adjustable 1.1A Single Resister Low Dropout Regulator

3.3V:LCD TP LT1962 300mA, Low Noise, Micropower LDO Regulator

Current Monitor LTC2990 Quad I2C Voltage, Current and Temperature Monitor

www.linear.com/Altera
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Additional Development Boards
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Stratix V
Altera: Transceiver Signal Integrity Development Kit, Stratix
V GX Edition

Stratix V
Altera: DSP Development Kit, Stratix V Edition

Stratix V
Terasic: TR5-Lite FPGA Development Kit

Arria V
Altera: Arria V GX FPGA Development Kit

Stratix V
Altera: Transceiver Signal Integrity Development Kit,
Stratix V GT Edition

Stratix V
Terasic: TR5-FA0W FPGA Development Kit

Arria V
Altera: Arria V. GX FPGA Starter Kit

Arria V
Altera: Arria V GT FPGA Development Kit

www.linear.com/Altera
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Arria V Cyclone V
Altera: Arria V SoC Development Kit and SoC Embedded Altera: Cyclone V E FPGA Development Kit
Design Suite

e

F LA L

Cyclone V Cyclone V
Altera: Cyclone V GT FPGA Development Kit Terasic: Cyclone V GX Starter Kit

Cyclone V Cyclone V
Altera: Cyclone V SoC Development Kit Rev C Terasic: DE1-SoC Development Kit and Education Board

Cyclone V Cycle V

Arrow: SoC Kit Development Kit Macnica: Helio Base Board

www.linear.com/Altera



http://www.linear.com/FPGA

14

Design Support
Linear Technology provides design support tools that help you select, design and simulate Linear Technology’s products. These
tools shorten your design time and optimize your power supply solution before you build your prototype board.

LTpowerCAD Il

LTpowerCAD® is a free download and easy-to-use power supply design tool with a user-friendly graphical user interface (GUI) and
powerful design features. It helps power supply designers select a solution for given supply specifications, design power stage
components, estimate regulator efficiency and power loss, and optimize supply loop stability and load transient performance. It is

a fast offline tool that runs on Windows PCs, and includes a sync-release feature to ensure your program and its solution libraries
are up-to-date. Once a circuit design is completed, it is easily exported to the LTspice® simulation platform. Inside the LTpowerCAD
toolbox, there is also an_LTpowerPlanner system architecture tool for system-level power management design and optimization.

File Edit View Tools

M\@\QH“H 15T PR m=REF |[AE=F] EE O

b |

\N

Untitied TabL % |

System Architecture and Plan

LTpowerPlanner

Power Tree Example

LTpowerPIanner

7| LTpowerCAD V2.

‘ ' LTpowerCAD Design Tool vza2
TECHNOLOG’Y Copyright 2014, Linear Technology Corp. All rights reserved.

e ST Optona Fetres _— Sea rch and Se|ection
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Iy [E] Syne. to External Clock
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Voltage Sensing
Num, of Output Rails  [One -] [] Margin Control

Num, of Parallel Phases 1 [E] Power Good Manitor
[ Poly-phase / Load Share
[ 2C/PMBus Interface

[C] Search Designer’s Tools Only

Find Part # : (###%) (&

9] Alwoys Kesp Search Page Open

LTpowerCAD

n Website  PartName Type  Desc Topology MaxVin Min Vin
[ ] = | icwen |LTM4625 |uModule| 14VIN, 54 Step-Down DC/DC pModule Regulator Buck 20 4
o i~ LTC Web  |LTM4649 Module | 16V Single oc/oe ] Buck 16 45
O [F= ]| tcweb. |™as03-1 Step Down pModule Regulator. Use LTMA618 for new designs. Buck 20 45 =|
Vo s = LTC Web  |LTM4603 Step ut PLL, Use LTM4618 for new designs. Buck 20 45
O |65 | ucwes |V
| | e || ucwe [LTmasis
D L) towes |esos Export To LTspice View Layout Example
A7 | (5] ucwen |LTMac02
7 L5 towe. |- Note: Click on a capacitor symbol to link to the library.
LTM4602 AVoge™ 6.28 mVpp
LTpowerCAD currently supports design | Vin Inductor peak current= 591 A +AVoNo= 031 %
- .ﬁ Vvin Vout ’ ’ Vo . -
PR llcm o vk cad  Ve® Circuit
Ceomp/ITH I
Part# =[] =™ I ~
I

c 150 pF GND 3 Cref Output ulk Caps, Cb Output Ceramic Caps, Cce
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# of caps. 2 Ccomp J Fan# Part# P t
Rref > c 330'uF c| 100 pF arame er

150.00 k0 <~ cp ESR 9ma ESR 2ma
150.00 k0 ¢ ESL. 1.6'nH ESL 12nH
1.0% #0f Cb, 1 #of Cee 2

DC voltage and temperature degradation of capacitors are not considered. please enter actual capacitance. H
Please contact your local LTC sales office for technical support. es I g n
Part Il - Small Signal Modeling and Compensation Tuning Reset
Compensation Component Tuning and Design Verification
Download Remote sense Differential Sensing ¢ Direct Local Sensing
LA ALARRIL A% .} Cret 4 » 82 pF c 4| » 0 pF
Vin 4 » 12,65V Each Ceomp ¢ | > 150 pF
LTPOWe rCAD 1o < B 0.00 A ™ Check if constant current 1oad
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L Tspice

LTspice is a free, simple and powerful circuit simulation tool with a library containing all Linear Technology products, as well as
commonly used discrete passive and transistor components.

% L Tspice IV - [henry_z simulation.asc]
1, FEile Edit Hierarchy View Simulate Tools Window Help

E

Qo ar
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. JE ILoad
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ce,
{Rref} -{Cp) x(nh} ;|;{nc)
e

If simulation model is not found please “Sync Release™.

Aran 3m startup

Note: if not running at the default switching frequency of the uModule,
manual adjustment of the desired switching frequency may be needed.

Parameters Imported from LTPowerCAD Design Tool:

.params Vin=12V Istep=-3A to=5u Rref~150k
.params Ch=330u Rb=9m Lb=1.6n nb-1 Cce=100u Re=2m Le=1.2n nc=2
.params Cref-82p Cp=0p Ccomp=150p Cinb=150u ncib-2 fsw—1075k Rset-238k Cd-10u ncd—1

G LTspice IV - [henry_z simulation.raw] Q@F

L

Download
LTspice

L TpowerPlay

i:: File View PlotSettings Simulation Tools Window Help ) X
B d T A QAR B HEE s20h O8 )
| £ heney_e simiaion ase| d% heny_2simuation aw
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LTpowerPlay® is a powerful and intuitive Windows-based development environment used to configure and interrogate Power

System Management (PSM) devices. It can also be used in an offli
configuration file that can be saved and reloaded at a later time.

Analog Monitoring and Control

Vin [poL1 | LoGIC
E | S cPU
L . poLs | 110
1 DC1613 . PSM 1_3‘
'USB-to-PMBus » i \
< 2 — POL5 CORE
o ‘__34 FPGA
.| poL6 | )
‘ 1
. POL7 CORE
LcBgarIdl [L\, PMBus \\> P PoOLS | 110 -
ontroller [\ H
Download
powerPlay
[ )
www.linear

.com/Altera

ne mode (with no hardware present) in order to build a multichip

o 4
S (Ungrouped)

=43 U0 (7h30) LTC3880
{34 voo
14 o

S o) U1 (7h32) LTC2974
g U0
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