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FPGA Applications

 CloudRAN « ADAS
 Massive MIMO  Machine Vision
» Backhaul + 8K Display & Transport
* Fronthaul e Surveillance
+ Baseband « Military Vision Systems
« Small Cell  Drones

(® Embedded Vision

 CloudRAN

* Deep Neural Networks

* Image and Speech
Recognition

* Video in the Cloud

» Big Data Analytics

« Data Center Interconnect

*  Motion Control

* Machine-to-Machine

* Preventative Maintenance
* Smart Energy and Grid

* Smart Medical

« Big Data Analytics

[&] Industrial loT ¢ Cloud Computing + SSD Storage




Finer Process Demands for Higher Power

28nm 20nm 14nm
Arria® V Intel® Arria® 10 Intel® Stratix® 10
Stratix® V

Integration and Processing Power

VIRTEX” VIRTEX VIRTEX —
77
KINTEX‘.' KINTEX” KINTEX VERSAL,
ARTIX?
SPARTAN?
28nm 20nm 16nm 7nm

mes




Lower Core Ralil Voltage and Higher Current

Core Core
Rail Rail
Voltage Current

28nm 20nm 16nm /nm




Power Modules Address FPGA Power Design Challenges

Complex Rail Combination <3% Accuracy & Low Noise

12V Input Rail 1: VCCINT

Mmms 25 Vow
PG 0.85V @ 20A Max

Rail 2: VCCBRAM/INT_IO  0.85V@3A Max

MPMJS:iZC Vour
- Rail 3: VCCAUX/ADC  1.8Vi@ 3A Max
-

3A Module PG
Rail 4: VMGTAVTT 1.2V@ 7A Max

L MPM3EE3-7 b
7A Module P
Rail 5: VMGTVCCAUX 1.8V@ 0.6A Max
L MmesA

Rail 6: VMGTAYCC ~ 0.9V@ 3A Max

Vour
PG
PG
Rail 7: VCC_IO 3.3V@ 3A Max
MPMmzc Vour

3A Module PG

Rail B: VCC_DDR 1.2V@ 7A Max

VCC_DDR = Rall - DDR_VTT 0.6V

Rail 10: DDR_VREF 0.6Y

Limited Space & Height Power Up & Down Sequence

Started Shut Down

Example:

Xilinx 7nm Versal ACAP : ‘ \ \
Acceleration o1 Siot1" a2 Sio ot Sz St | St

Card
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Typical Architecture FPGA Power Solution

Core logic rail and
. ———
internal memory

Auxiliary supply
voltage

—

VCCINT

VCCINT_IO VMGTAVCC

VMGTAVCCAUX

VCCBRAM
Virtex/Kintex VMGTAVTT

FPGAs
VCCAUX_IO VCC_HBM -

VCC_IO_HBM

VCCADC

VCCAUX Ultrascale+ _

—

VCCAUX_HBM

Power supply for
I/O banks

High-speed
transceiver rails

High-bandwidth
memory rails
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Leverage Power Design Tool’'s from FPGA Vendors

Power/current estimation based on specific application

& XILINX. Ginane Garvtcer, Vean® e (N
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04.08
Thermal
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Duvice 1SGO40H RAM 0000

Device Grade xtended 3 Extrome Low Dsp 0000

Fackage F35 Clock 0,000

Transceiver Grade [ PLL Do

Power Characteristics pecal " 0000
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HBM 0000

Thermal Analysis Summary Pame | 1773
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 Altera Early Power
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Typical Power Requirement for FPGAs

Maximum deviation during core rail
load transient

31.2mV peak-to-peak
ﬂmm

Maximum peak-to-peak ripple for sensitive
rails

3mV peak-to-peak

[Dresma, ey fmmim, flmmrms, fomm,flaemng frmrmny frusms, fromn furoa, frrrmm gy

400ns/div

Monotonic start-up

1ms/div.

Sequence requirement

Start Up

Started

Shut Down

)

P PWR:RST! PWR !
Slot1 Slot1 Slot 2

Slot2 °

RST

I RST IRST: PWR : PWR :
Slot1 Slot2  Slot1 Slot 2




High-speed Transient Required by FPGA Core

Current (A) - Typical Xilinx Specification

————— » 25% step size at 100A/us

Time (ns)




High-speed Transient Required by FPGA Core

Current (A)

Peak-to-Peak response to a voltage drop

I
| |
| | /
Voltage (V) _ L How fast the control loop

_______ The design and quality of
decoupling/bypass capacitors
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Use COT Control to Achieve Faster Transient Response

Current-mode Control Constant-On-Time Control

0 A e T 04
ot o {\\J\\J\\}\\[\ 0 P b R B R SN
18A “Hxxj [ 18A- “H“xj T f = T e
| LOAD 124
b= bA—
04 nA—— §
| | Multiple Pulse
15V~ 15V reduces delay

o - : : T
V- V-

T96ps A0GUS BlGps 196ps Fﬂﬁuw B02us B05ps A0Bps B1lps Bldps




Why Do | Need Bypass/Decoupling Capacitors?

Current (A)

ldeal Parasitic
Voltage Inductance

Sou rceC—-’m\—

)

Voltage (V)

Time (ns)

mes




Non-ideal Decoupling Capacitor

@]

ESL ESR

?

Impedance

Impedance Drops
Due to Capacitance

Impedance Rises
Due to Inductance

0 Frequency
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Decoupling Capacitors

Impedance » Use a combination of

22uF 1uF  1nF
0805 0603 0402

different type and values of
capacitors

* Place the small package
capacitor on the bottom of
FPGA

» Use SP-Cap to provide bulk
capacitance

Frequency




Monotonic Start-up

Monotonic Start-up Non-Monotonic Start-up

Steady State Steady State

Voltage Voltage

Time Time




Sequence Requirement

Start-up Sequence Shut-down Sequence

 Recommended:
o0 Use sequencer chip to control the start-up and shut-down sequences
o0 Use built-in sequencing control — MPM54304

 Not recommended:
0 Connect PG and EN in an cascaded manner




Advantages of Power Module Solution

Fully integrated power
module solution

Rich Designh Resource Online

* FPGA Reference design package
“ « EVB Design Files (SCH, Layout...)
* MPSmart Simulation Model

Verified

T Performance
TR0 00 o)e op

TA0A

* Module Layout Component Library
+ Allegro & Altium

« 3D STEP Model

+ Application notes/Articles

* Reliability Report

https://www.xilinx.com/products/technology/power.html#partners
https://www.monolithicpower.com/en/design-tools/reference-design-partners/xilinx-reference-design.html

me




Partnership with Xilinx Xilinx Zyng US+ RFSoC ZCU1275
Development kit

MPS is partnered with Xilinx on . WE S —
power reference designs TR — e e,
« Xilinx Zynq US+ RFSoc
Development kit
« Spartan-7 reference design board J— womer,
with full MPS power solution
« More activities are coming! o -

MPS EVREF0102 Power Module
* Full module solution

« Power RF 12-bit 2GSPS ADCs
and 14-bit 6.4GSPS DACs rails

« Ultra-low noise - <1mV Ripple

EVREFO102-A Rev |
RFSaC Andlog Power Ma:)\.le




Advantages of MPS Power Modules

— Soft Saturation Inductor

Small-size

High-efficiency

Ease of Use

Wide Temp Range Passive Short Time-to-
market

mes

Mesh-connect Packaging Technology

—— Monolithic Power Stage




MPS Advanced Packaging Technology

mes

Simple, Easy Solutions-

U - - - - S - - S S S S S . . . I
: Mesh Connect™
Wire Bond (No Wire Bond)
Gold Wire e Mold Compound

Leadframe Die Attach Epoxy Tin Plating Leadframe Bump (Copper) Bump (Solder) Lead Finish

High Reliability, Small Form Factor, Better Heat

Dissipation, Minimized Inductance, and Faster Response




Product Selection Guide for FPGA Power

Step 1 Step 2 Step 3 Step 4

Check Voltage Rail Estimate Rail Select MPS Power Get Support if
Optimization

needed

Requirement Current Module Product

SOmAS 300mA-1A 1A-3A 3A-4A 4A-8A 8A-20A 20-40A
300mA

At MPM3606A MPM3606A  MPM3632C MPM3683-7 MPM3683-7 MPM3695-25  2xMPM3695-25

5V Iniput MPM3805 MPM3811  MPM3833C MPM3840 MPM3683-7 MPM3695-25 2xMPM3695-25

Termination




Intelligent Scalable DC-DC Power Module Family

MPM3695-25 MPM3695-10
MPM3695A-10

* 16V, 20A power module with integrated inductor » 14V, 7A/10A power module with integrated inductor
» Scalable for higher current + Scalable for higher current

* 10mm x 12mm x 4mm LGA package * 8mm x 8mm x 1.6mm ultra-thin LGA package

* No compensation network required

+ Differential Remote Voltage Sensing
* Programmable via PMBus:
Current Limit, SS, FSW, OCP, UVP, OVP, OTP limit

* Versatile solution to FPGA and ASIC core power




Intelligent Scalable DC-DC Power Module Family

Output: 0.5V -5.5V

Control

On/off
Output voltage

Programmable

System

Frequenc
Manager < Y

Protection features
Timing
Operation mode

Monitor

Input: 3.3V-16V
Voltages and currents

Temperature

Fault status




FEATURES

4V to 18V Input voltage range

3A continuous current

0.8V to 5.5V output voltage range
0.5% accuracy of Vg

Fixed 3MHz Fsw

Force CCM operation

Power-good pin

OCP/OTP/UVLO protection features

Applications

FPGA/ASIC POL converters
Networking/servers

LDO replacement

Space constraint applications

MPM3632C (18V, 3A, Low Voltage Ripple)

12v

VIN ()T
o T

EN O————

VIN

EN

vCcC

PG

BSTH
SW -

MPM3632C  °UT ‘
R3 ch_
OUT_SENSE 22pFI
KO

FB

PGND AGND

Available in a QFN (3mmx5mmx1.6mm) Package

12V\y, 1.8Vour
Cour=1x22uF

ch3 10,

ANAAAARAAN

Chi| 10.0mVAValE 100V <M 300ms A Chi 7 1844
OV Schi 20040

HELE0 N

nnnnnnn

3A2mV




MPM3683-7 (16V, 8A Module)

Vin | |TFN|N NG VoUTH vﬁ'
= Wide 4V to 16V input range “T
. N = En MPM3683-7 = 2.
- 2.7V to 16V with external 3.3V VCC E',:{m T T L

= Qutput voltage range: 0.6V to 5.5V - j/

= Continuous 8A/ peak 10A output current vone V"S“"‘I*

= Differential output voltage remote sense R,

Res
= QOutput voltage tracking 1 ]

= Power-good indication

= 1% maximum output regulation error in the
range of -40~125°C

» Adjustable switching frequency
= Selectable PFM or Force CCM mode

= Non-Latched OVP/UVP/OCP/OTP protection
features

= Available in QFN-32, 7mm x 7mm X 4mm




Available Reference Designs for Xilinx FPGAs

FPGA Series FPGA Part Numbers EVB # # of Rails Core Current
. KU13P, KU15P EVREF0103-A 8 50A Max
Kintex Ultrascale
and Ultrascale+
KU3P, KU5P, KU9P, KU11P EVREF0103-B 8 25A Max
ZU9CG, ZU9EG, ZU11EG-ZU19EG EVREF0101-A 13 50A Max
Zynq Ultrascale+
MPSoC
ZU3CG to ZU7EV EVREF0101-B 13 25A Max
Zynq 7000 XC72007S to XC7Z020, XC7Z2030 EVREFO0100-A 7 3A Max
Zynq Ultrascale+
RFSoC Analog ZU21DR to ZU29DR EVREF0102-A 5 N/A
Rails

Complete Reference Design Available at:
https://www.xilinx.com/products/technology/power.html#partners and
https://www.monolithicpower.com/en/design-tools/reference-design-partners/xilinx-reference-design.html




Kintex Ultrascale+ Reference Design Board

. Demo Board Core
FPGA Series | FPGAP/N P/N Current
KU13P, KU15P | EVREF0103-A | 50A Peak
Kintex
Ultrascale+
KU3P, KU5P,
KU9P. KU11P EVREF0103-B | 25A Peak




Solution Power Tree — High Power Version

12V Input e ; Rail 1: VCCINT
¢ ; Vin MPM3695-25 Vour i
. EN 20A Module PG . 0.85V @ 40A Max
[ Vin MPM3695-25  Vour
! EN 20A Module PG 5
' Rail 2: VCCBRAM/INT_IO 0.85V@3A Max
¢ Vin MPM3632C Vour
EN 3A Module PG .
Rail 3: VCCAUX/ADC 1.8V@ 3A Max
[ Vin MPM3632C Vour
EN 3A Module PG
Rail 4: VMGTAVTT 1.2V@ 7A Max
¢ Vin MPM3683-7 Vour

7A Module PG
Rail 5: VMGTVCCAUX 1.8V@ 0.6A Max

MPM3606A Vour
1A Module PG

Rail 6: VMGTAVCC  0.9V@ 7A Max

=3

MPM3683-7 Vour
7A Module PG

Rail 7: VCC_IO 3.3V@ 3A Max

@ MPM3632C Vour
EN 3A Module PG
Rail 8: VCC DDR 1.2V@ 7A Max
Vin MPM3683-7 Vour
EN 7A Module PG

Rail 9: DDR_VTT 0.6V

Vv DDR
CC_ Vin MP20075
EN DDR Termination

Rail 10: DDR_VREF 0.6V




Summary of High Power Version

Rail . . Max D

a Rail Name VOUT Limit axDC | o0 Up MPS Part#
Number Load

1 VCCINT 0.85Vv +39, 40A 1 MPM3695-25 x2

VCCBRAM/

2 VCCINT 10 0.9v +3% 3A 2 MPM3632C

3 VCCAUX/ADC 1.8V +39, 3A 3 MPM3632C

4 VMGTAVTT 1.2V +39, T7A 2 MPM3683-7

5 VMGTVCCAUX 1.8V +39, 0.6A 3 MPM3606A

6 VMGTAVCC 0.9v +39, TA 1 MPM3683-7

7 VCC_IO 3.3V +39, 3A 4 MPM3632C

8 VCC_DDR 1.2V +3% T7A 4 MPM3683-7

9 DDR_VTT VCC_DDR/2

+39, N/A 4 MP20075
10 DDR_VREF VCC_DDR/2




Solution Power Tree — Low Power Version

12V Input Rail 1: VCCINT

¢ MPM3695-25 Vour
20A Module PG 0.85V @ 20A Max

Rail 2: VCCBRAM/INT_IO 0.85V@3A Max

& MPM3632C Vour
3A Module PG

Rail 3: VCCAUX/ADC  1.8V@ 3A Max

[ 3 MPM3632C Vour
3A Module PG

Rail 4: VMGTAVTT 1.2V@ 7A Max

L ¢ MPM3683-7 Vour

7A Module PG

Rail 5: VMGTVCCAUX 1.8V@ 0.6A Max

¢ Vin MPM3606A Vour
EN 1A Module PG

) . — v Rail 6: VMGTAVCC  0.9Vv@ 3A Max
EN 3A Module PG

Rail 7: VCC_IO 3.3V@ 3A Max
[ Vin MPM3632C Vour

3A Module PG
Rail 8: VCC _DDR 1.2V@ 7A Max

Vi MPM3683-7 Vour
EN 7A Module PG

Rail 9: DDR_VTT 0.6V

Vv DDR
CC_ Vin MP20075
EN DDR Termination

Rail 10: DDR_VREF 0.6V




Summary of Low Power Version

Rail Rail Name VOUT Limit | MaxDC | goqup MPS Part#
Number Load
1 VCCINT 0.85Vv +39, 20A 1 MPM3695-25
VCCBRAM/
2 VCCINT 10 0.9v +39%, 3A 2 MPM3632C
3 VCCAUX/ADC 1.8V +3% 3A 3 MPM3632C
4 VMGTAVTT 1.2V +39, T7A 2 MPM3683-7
5 VMGTVCCAUX 1.8V +39, 0.6A 3 MPM3606A
6 VMGTAVCC 0.9v +3% 3A 1 MPM3632C
7 VCC_10 3.3V +39, 3A 4 MPM3632C
8 VCC _DDR 1.2V +39, 3A 4 MPM3683-7
9 DDR_VTT VCC _DDR/2
+39, N/A 4 MP20075
10 DDR_VREF VCC_DDR/2




Zynqg Ultrascale+ Reference Design Board

i %
J i SEQ 1

1= = Rl SY/A0A"

FPGA FPGA P/N EVB P/N Core
Series Current

ZU9CG, ZUYEG,
ZU11EG-ZU19EG, | EVREF0101-

Zynq ZU21DR to A 50A Max
Ultrascale+ ZU29DR
MPSoC and
RFSoC -
ZU3CG to ZU7EV EVREF0101 25A Max

B




ZYNQ UltraScale+ FPGA Power Rails

5 Multiple
: Banks
: Zyng UltraScale+ MPSoC HOD/HPIO
: : VCCINT VDO (HDNO)
Rail1{ 33— » 0.850.9v 12033V ] S
: ] iHPO)
— VREFP {OpSanal) el | =
(Cr— 125y R T —)
. : VCCALIX
Y 18V
Rail2{ " —s¢ Ao | ngy | VMETAVCE (GTHY : ™ Rail6
; ' VMETAVCCALX (GTH) .
[Eiter | 2< 18w 18 » ﬁ Rail7
WMETAVTT [GTH .
12v LU {_JRail3
VCCBRAM | o oo o, 1av [VMETAVCCAUX IBTYY |
VCCINT 10 | poer o 1oy | VMETAVTT (6T L
WCC_PSPLL
127
WCCO P
WOD PSINTLE LRSI LI Sl f:._.j
VT PSINTFP WCCO PEKT] JRails
Esclarrad Program P —— 0LA50.0V el N —— {_JRai
Mmooy . = = 0850 8V LE13V S0(3 )
vDDGaE VDD VOC PSALN ay LAY WCCO PSIOHE - G
WCCO PEDDR - ;
(_F — vee psanc | | LISV = —{_JRail4
.......... W] YOO PSOOR PLL 18V oaspay | | VPS5 MGTRAVCC - (yRail5
VPSS METRAVTT
1.8
viT  wee vrerca e ) vona

EAEE3E O AT




MPS Power Module Solution Power Tree

0.85V @ 40A/20A

|- .
SEQ_PG1 Rail1
] -A for 40A, use 2 x MPM3695-25
-B for <20A, use MPM3695-25

SEQ_EN1

| _MPM3695-25

1.8V @ 2A

» Rail2
SEQ_EN SEQ_PG3
1.2V@ 20A/3A | Rail3
SEQ_EN : EQ_PG2 _a for 3 - 20A, use MPM3695-25

I -B for <3A, use MPM3632C

! MPM3632C

1.1-1.5V @ 0.5A > Raild
SEQ_EN SEQ_PG4 (USER)
20,
‘ 0.85V+/-3% @1&7 Rail5
SEQ2 SEQ_PG2

1
| MPM3620A ,

1.8V+-3% @ 1A

» Rail7
SEQ_EN SEQ_PG3

i

1.7-3.4V @ 0.3A > Railg

SEQ_EN SEQ_PG4 (USER)

i

1.1-34V @ 0.5;&> Rail9
SEQ_EN SEQ_PG4 (USER)

.95-1.9V @ 1.0@ Rail10
SEQ_EN SEQ_PG4 (USER)

i

0.9V @ 10ARA .
1 -Afor 2 — 10A, use MPM3695A-10

-B for <2A, use MPM3620A




Solution Summary — High Power Version

Rail Rail Voltage Maximum Rail | Part Number
Number DC Current

1 0.85V 40A MPM3695-25 x 2
2 1.8V 2A MPM3620A

3 1.2V 20A MPM3695-25
4 1.1V-1.5V 1A MPM3610A

5 0.85V 1A MPM3610A

6 0.9V 10A MPM3695A-10
7 1.8V 1A MPM3610A

8 1.7V - 3.4V 0.6A MPM3606A

9 1.1V - 3.4V 0.6A MPM3606A

10 0.95V - 1.9V 1A MPM3610A




Solution Summary — Low Power Version

Rail Rail Voltage Maximum Rail | Part Number
Number DC Current

1 0.85V 20A MPM3695-25 x 1
2 1.8V 2A MPM3620A
3 1.2V 3A MPM3632C
4 1.1V-1.5V 1A MPM3610A
5 0.85V 1A MPM3610A
6 0.9V 2A MPM3620A
7 1.8V 1A MPM3610A
8 1.7V - 3.4V 0.6A MPM3606A
9 1.1V - 3.4V 0.6A MPM3606A
10 0.95V - 1.9V 1A MPM3610A




Performance of Reference Designs Meet FPGA Specifications

Start-up Sequence Shut-down Sequence

:m
SEQT o
SEQ?

R = ]

| [SEQ4

Load Transient Waveform

25% load step at 100A/us Output Voltage Ripple at 0.6A Load

4.6mv pe%k to peak
4

M\ L i Fd ., M
M“‘H._.-" wb_‘ﬂ_\‘/ W'"‘"'N" -‘....,_\.:, 1" -o.\....‘.” mi'\-«_" -w..mm:! \-fm,a,__h-‘._l

100us/div 400ns/div
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= Limitation of single stage filter
» Two-stage filter design




Forced CCM Operation

! R Add more bypass capacitors to

V ton, T reduce output voltage ripple
ﬂ Sl - — > DV
10T oor
—_|— l L 4 IL»P‘F’/Z
_ T N A
Cn = *l|<— S2 Cour == / ton XI/_ \
= lpp/2
0 1GND
GND
IL,p—p




Why use second stage inductive filter?

Output voltage ripple with one 22uF output capacitor

MPM3833C

4mV Peak-to-Peak

i A AR Y/ R AIRY,

VIN Plane - | | N
LOAD
4x22uF output capacitor 5x22uF output capacitor
1 2mV Peak-to-Peak "7 1.7mV Peak-to-Peak
S e f\-\jf\\v ;I‘/\ /\\‘,I_\f; Rf\_\j[\ 2 e A f\‘\, ;‘-Lv/\ f\\vI,\J; K"A'\Jf\\

mes



Design the Second Stage Filter

51 * —_— Vour
. 10T I' f@\ 000 —T—¢
| L
Ch = _.lt ) Cour = - ¢,
—
- CIGND
GND

https://www.monolithicpower.com/cn/passive-filter-design-
concept-of-buck-regulators-for-ultra-low-noise-applications

Design COUT to reduce the
output voltage ripple to 5mV-
10mV

Select Ly at 0.22uH-1uH value

1
C, =
Y am2f2L,




Damping of the LC filter

Damping 3
branch 25 < 25
Ly DCR e 1 Mage = 5 = ;
>N > 3 :
I I < 9 ,: w 1.5
1 1 1.5 m
| i e :
: Rdampi %, 0.5 = 0';
i : 0
: i 1.35
I £ ==K, 1.35
: : > Y~ A a z 1.25
. | > MARAAAAAAA A~ 3 11 a
i I ; . ATAVAVATATATIVATATA A & 15 v
1 1 _1 ™ 1.15 vV )
= = 5 o 1.05
------- ‘ o 105 -
- - 0.95
0.95 150 200 250 300 350 400
150 200 250 300 350 400
time/uSecs 50uSecs/div
time/uSecs 50uSecs/div
Ly
RDamp > 2 C_
. 2
Need to satisfy
Ly
1

mes




Same Performance as LDO Solution

” MRS

Monolithic Power Systems

—-A

[ d
*

ps

Rev 1

og Power Module
®

Vin=5V+/-5%

ADC_AVCC

0.925V/2A

ADC_AVCCAUX

1.8V/2A

DAC_AVCC

0.925V/3.5A

DAC_AVCCAUX

1.8V/I2A

DAV_AVTT

2.5/3.0V/2A

mes




Same Noise Performance as LDO

LB i e e e e L 100
250kHz/div - 3
~13 ! ] 90 5~<
S I | =
2 I s 85 -
i _ 14 uV, Switching frequency B /
o : Z 80
E 5 I/ N
o B O
s w 7S ] N
g 5 h s \/IN=5V, VOUT=0.925V, 1.2MHz ':
: : 70 |- emm\/IN=5V,VOUT=1.8V, 1.2MH2Z
' ] s\/[N=5V,VOUT=3V,1.2MHz
. : 65 i | |
J«‘_{ e . i L1 — A 0.0 1.0 2.0 3.0

4X more efficient than LDO

mes




Contact Information

For more information regarding MPS reference designs,
please contact referencedesign@monolithicpower.com

Or Heng Yang Heng.Yang@monolithicpower.com

Complete Reference Design Available at:
https://www.xilinx.com/products/technology/power.html#partners and
https://www.monolithicpower.com/en/design-tools/reference-design-partners/xilinx-
reference-design.html







