Design Guide: TIDA-010241

Flexible Power Reference Design for High-Performance

Xilinx and Intel FPGA

Description

As the processing capabilities of field-programmable
gate arrays (FPGAs) continue to increase, the number
of power rails increase while the requirements

per rail become more stringent. To manage these
requirements, power management ICs (PMICs) and
controllers are necessary to power all the rails,
provide sequencing, all while being in a compact form.

Resources

TIDA-010241 Design Folder
TPS650861 Product Folder
TPSM5D1806 Product Folder
TPS53688 Product Folder
CSD95410RRB Product Folder

Ask our TI E2E™ support experts
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Features

* Dual-channel DCAP+ controller
— 6 + 2 phase configuration for core and
secondary rails
— PMBus and VR13.HC SVID capabilities for
dynamic voltage scaling
+ Six power rails and sequencing from PMIC
— Three controllers provides up to 20 A
— Three converters provides up to 3 A
— Built-in VTT regulator for DDR
— Flexible programming allows for custom
sequencing and power rail assignment
» Compact converter using modules
— Configurable module, dual 6-A rails, or single

12-A rail
Applications
* Radar

» Electronic warfare

» Software defined radio

« MRI

 CT and PET scanner

* Ultrasound scanner

+ X-ray systems

* Multiparameter patient monitor
» Semiconductor test

» Oscilloscopes and digitizers

v
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1 System Description

Figure 1-1 shows that the TIDA-010241 reference design is comprised of various power components:

» The TPS53688 controller is configured in a 6 + 2 phase configuration. The six-phase output is used for the
core rail of the FPGA, while the two-phase output is used for secondary core power.

» The TPS650861 PMIC has three controllers, three converters, and VTT LDO that are configurable and has
flexible sequencing via software. The TPS650861 also has additional GPIOs that can be used to control
external converters, or controllers for sequencing, or utilize both attributes.

» The TPSM5D1805 devices are used for any extra rails as well as providing an intermediate 5-V rail required

by the three converters on the TPS650861

1.1 Key System Specification

The following tables show example or rail assignments and power trees with the Intel® Stratix® 10, Intel Agilex™,

Xilinx® Versal®, and Xilinx Virtex-7® FPGAs.
1.1.1 Intel® Stratix® 10 Power Tree Example

Table 1-1. Intel® Stratix® 10 Power Tree Example

PARAMETER LOAD CAPABILITY (gég-u"éﬁgg)
Input Power Supply Voltage 12V N/A
Phase A (Six Phases) 0.85V 136 A VCC(1)
TPS53688
Phase B (Two Phases) 1V 50 A VCCT, VCCR (2)
TPSM5D1806 Two-phase configuration 5V 10 A 5-V Intermediate (1)
Buck Controller 1 09V 15A VCCERAM'(Z\;CCPLLDIG
Buck Controller 2 1.8V 20 A VCCH (3)
Buck Controller 6 1.2V 20A DDR (4)
TPS650861 VTT LDO 0.6V 1.8A DDRVTT (4)
Buck Converter 3 1.8V 3A VCCIO (4)
Buck Converter 4 25V 3A V2P5 (4)
Buck Converter 5 1.2V 3A V1P2(4)
LDOA1 3V 0.02 A VCCIO3V(4)
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12V
TPS82130 5V A: 6 phases
12V —»| 3AStep-Down » > CSD95410
F——>
Converter Module Power Stage VCC0.85V 136 A
TPS53688
Dual-Channel 8 phase
\ 4 step-down controller
 —
3V
TLV76733 33V B: 2 phases CSD95410
1ALDO g >
F——>
Power Stage VCCT, VCCR 1V 50 A @
12V o Buck 1 Controller CSD86360 VCCERAM, VCCPLLDIG
d g Power Stage 09V15A
TPSMSD1806 45VIo [~ gy Buck 2 Controller > PCSDS‘;?GO |, VCCH18V20A
15V input dual 6A single » ower Stage
12A power module
Buck 3 Converter
» VCCIO 1.8V 3A
TPS650861
User programmable 3 Buck4 Converter
converter, 3 controller, 4 » V2P5 3 A
LDO & 3 load switch
Power Management IC
(PMIC) Buck "
uck 5 Converter > VIP23A
Buck 6 Controller CSD86360
> —
Power Stage DDR1.2V20A
VTT LDO .
Buck 1
TPSM5D1806 4.5V to » Open rail
15V input dual 6A single
12A power module Buck 2 >0 "
» Open rai
Buck 3 .
TPSM5D1806 4.5V to » Open rail
15V input dual 6A single
12A power module Buck 4 » Open rail

Figure 1-1. Intel® Stratix® 10 Power Tree Example 10 Power Tree and Rail Assignment

1.1.2 Intel® Agilex™ Power Tree Example

Table 1-2. Intel® Agilex™ Power Tree Example

RAIL NAME
PARAMETER LOAD CAPABILITY (SEQUENCE)
Input Power Supply Voltage 12V N/A
Phase A (Six Phases) 0.8V 60-180 A VCC(1)
TPS53688
Phase B (Two Phases) 09V 40 A VCCT, VCCR (1)
Buck 1 0.8V 3A VCCL (1)
TPSM5D1806
Buck 2 1.1V 4 A VCCH (2)
Buck 3 12V 6A VCCIO (3)
TPSM5D1806
Buck 4 1.8V 6A VCCIO (3)
TPSM5D1806 Multiphase output Open 12A N/A
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Table 1-2. Intel® Agilex™ Power Tree Example (continued)
RAIL NAME
PARAMETER LOAD CAPABILITY
(SEQUENCE)
Buck Controller 1 5V 20 A Intermediate 5V (1)
VCCERAM, VCCPLLDIG
Buck Controller 2 1.8V 20A @
Buck Controller 6 1.1-1.35V 20 A DDR (2)
TPS650861
VTT LDO DDR VTT (2)
Buck Converter 3 2.5V 3A VCC_CLK (2)
Buck Converter 4 25V 3A VCCFUSE (3)
Buck Converter 5 Open 3A N/A
. 08V60A— A
12V ——p S/Igtséi%éievn AL A: 6 phases CSD95410 F{ VCC/veeP |
Converter Module | Power Stage
TPS53688 44 VCCL_HPS(1) |
Dual-Channel 8 phase
step-down controller VCCPLLDIG_HPS(1) |
TLV76733 33V B: 2 phases
1ALDO | P?)if;?g‘gge 09V40A ;{ VCC_HSSI_GXENCC_HSSI_GXP |
44 VCCH(2)/VCCFUSE_GXP/VCCH_SDM |
Buck 1 Controller CSD86360 5V20A '44 VCCRTPLL_GXE |
12v Power Stage
44 VCCRT_GXP |
Buck 1 Output 5V Buck 2 Controler CSD86360 18v20A | VCCPLLDIG_HPS(1) |
Power Stage
VCCL_SDM |
Buck 3 Converter 25V3A
VCCPLLDIG_SDM |
TPS650861
cg:\/e;rferfg:irir;::raoll)ll;azt Buck Converter VCCPT(3) |
LDO & 3 load switch
Power Management IC
(PMIC) Buck 5 Converter VCCPLL_HPS/VCCPLL_SDM/NCCADC
VCCA_PLL(4) |
Buck 6 Controller | CSD86360
Power Stage VCCCLK_GXP |
VITLDO VCCH_GXP |
VCCH_GXE |
Buck 1 0.8V3A YBgELUeE |
TPSM5D1806 4.5V to
15V in| | BA single
v AP:; \3:? "‘150 ongle Buck 2 11V4A VCCIO_PIONCCIO_PIO_SDM |
VCCIO_SDM |
Buck 3 12V6A
TPSM5D1806 4.5V to VCCIO_HPS |
15V input dual 6A single 18V6EA
12A power module Buck 4
VCCBAT |
VCCFUSEWR_SDM |
1;\7?&?1?;32\5 efissx‘tgﬁe Single output Power Sequence
12A power module @ @ @
Figure 1-2. Intel® Agilex™ Power Tree and Rail Assignment
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1.1.3 Xilinx Versal™ Power Tree Example

Table 1-3. Xilinx Versal™ Power Tree Example for VM1402, 1502, 1802, 2702, VM2502-2902, VC1702-

VC1902
RAIL NAME
PARAMETER LOAD CAPABILITY (SEQUENCE)
Input Power Supply Voltage 12V N/A
VCCINT, VCC_PSINTLP,
Phase A (Six Phases) 0.8V +80 A VCC_PSINTFP,
TPS53688 VCC_PMC (1)
Phase B (Two Phases) 1.2V 20 A DDR Power(2)
TPSM5D1806 Two-phase configuration 5V 10 A 5V Intermediate (1)
Buck 1 1.2V 2A VCCO Option (3)
TPSM5D1806
Buck 2 1.5V 2A VCCO Option (4)
Buck 3 1.5V 4A VCCAUX (10)
TPSM5D1806
Buck 4 1.1t03.3V <3A VCCO(12)
VCC_SOC, VCCBRAM,
Buck Controller 1 0.78V 8A .
ek oniroter VCCINT_IO (5)
Buck Controller 2 0.88V 3-4 A VMGTAVCC(9)
Buck Controller 6 1.2V 6 A VMGTAVTT (7)
TPS650861
Buck Converter 3 1.5V 2A VMGTAVCCAUX (8)
Buck Converter 4 33V 3A 3.3V System Rail (11)
Buck Converter 5 Open 0.5A VCCO_PMIO (6)
LDOA1 3V 0.02A VCCIO3V(4)
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12V
Xilinx Versal UC2
TPS82130 @ VCCINT
3A Step-Down 5V A: 6 phases 0.7(UC2)  PL&AI
12V—p| CSD95410
C&Z‘(’ji?:r TPS53688 Power Stage vecaux || ENGINE
Dual-Channel 8
A l:)iasezle:- @ vee soc
down controller X s _
TI1_X7LGSSS 3.3V B: 2 phases @ Y g.:z (Egi)
Power Stage VCCINT_IO 78 )
o 0.78 (UC2)
Buck 1 CCO(HDIO
12v Controller o VECOHDION L1 1 433y
Power Stage o vecompio) |, 4,
Buck 2
TPSM5D1806 @ Co:froller CSD86360 @ VMGTAVCC | | 088V
45Vto 15V Power St
input dual 6 |15V Buck 3 e vmeTAVCCAUX | | 4 5
single 12 A TPS650861 Converter [ :
power module prograunfri;ble 3 Buck4 VMGTAVTT 12V
converter, 3 Converter 3.3V System
controller, 4 ITDO Buck 5 Rail VeC PSINTLP
& 3 load switch | PS Scalar
Convert o 0.7 (UC2) A
Man;;“:;m © onverter VCCO_PMIO @ R VCC_PSINTFP 07 (UC2) Engine
(PMIC) Buck 6 @
Controller CSD86360 o VCC_PMIO (0:n) 12-33V
Power Stage other
VITlDO | o VCC PMC1 7 (uc2) PMC
o vecaux pme | [, o,
TPSM5D1806 Buck 1 o VCCAUX_SMON 15V
45Vto 15V .
input dual 6 A Buck 2 Veeo @ o VECO_PMIO (0:n) 11 1 2.3.3 v
pswgr'em102dﬁle > Option o VREFP | | 1 o4y
TPSM5D1806 vcco
45Vto 15V Buck3 Option @
input dual 6 A Buck 4 veeo
ingle 12A | bucks -
pswgremodule Option @
DDR Memory
Figure 1-3. Xilinx Versal™ Power Tree and Rail Assignment
1.1.4 Xilinx Virtex-7® Power Tree Example
Table 1-4. Xilinx Virtex-7® Power Tree Example
RAIL NAME
PARAMETER LOAD CAPABILITY (SEQUENCE)
Input Power Supply Voltage 12V N/A
. VCCINT, VCCBRAM,
Phase A (Six Phases) 0.85V 155 A
TPS53688 VCCINT_IO(1)
Phase B (Two Phases) 1.2V 25A VCCHMB(2)
TPSM5D1806 Two-phase configuration 5V 10 A 5-V Intermediate (1)
Buck 1 1.8V 6 A VCC1V8 (10)
TPSM5D1806
Buck 2 0-1.8V 6 A VADJ (11)
Buck 3 1.2V 6 A QDR4_VDDQ_1V2 (8)
TPSM5D1806
Buck 4 Open 6 A N/A
Buck Controller 1 1.2V 20 A MGTAVTT(3)
Buck Controller 2 09V 10 A MTAVCC (6)
Buck Controller 6 1.2V 10A RLD3VDDQ_1V2(4)
TPS650861
Buck Converter 3 1.2V 3A DDR4 VDDQ (5)
Buck Converter 4 1.8V 1A MGTVCCAUX (7)
Buck Converter 5 25V 1A VCCAUX (9)
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12v
TPS82130 5V A: 6 phases
12V ——»| 3 A Step-Down CSD95410 » VCCINT, VCCBRAM,
Converter Module Power Stage VCCINT_IO 0.85V 155 A
TPS53688
Dual-Channel 8 phase
4 step-down controller
1
TLV76733 3.3v B: 2 phases
1ALDO > CSD95410
Power Stage ——— > VCCHMMB 1.2V 25A @
Buck 1 Controller CSD86360
12v Power Stage ——» MGTAVTT 1.2V 20A @
TPSM5D1806 4.5 V to Buck 2 Controller CSD86360
15V input dual 6 A 5V Power Stage ——» MTAVCC 0.9V 10A @
single 12 A power
module
Buck 3 Converter
» DDR4VDDQ 1.2V 3A
TPS650861
User programmable 3 Buck4 Converter
converter, 3 controller, » MGTVCCAUX 1.8V 1A
4 LDO & 3 load switch
Power Management IC
PMIC
( ) Buck 5 Converter > VCCAUX25V 1A @
Buck 6 Controller CSD86360 ) RLD3VDDQ_1Vv21.2
Power Stage V10A
VTT LDO o
TPSM5D1806 4.5 V to Buck 1
15V input dual 6 A > VCC181.8V6A
single 12 A power Buck 2
module ue » VADJO0-1.8V 6A @
TPSM5D1806 4.5 V to Buck 3 » QDR4_VDDQ_1v2 1.2V
15V input dual 6 A 6A
single 12 A power Buck 4
module » Open rail
Figure 1-4. Xilinx Virtex-7® Power Tree and Rail Assignment
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2 System Overview

2.1 Block Diagram

12V A: 6 phases CSDY5140 180A
Power Stage
B: 2 phases CSD95140 60A
Power Stage
Buck 1 Controller N CSD86360
Buck 2 Controller R CSD86360 20A
g Power Stage
Buck 3 Converter > 3A
Buck4 Converter > 3A
Buck 5 Converter > 3A
Buck 6 Controller R CSD86360 20A

Power Stage

‘l

VTT LDO -
Buck 1 > 0.6-5V6A
Buck 2 > 0.6-5V6A
Buck 3 > 0.6-5V6A
Buck 4 > 0.6-5V6A

Figure 2-1. System Block Diagram

2.2 Design Considerations

In certain applications, these FPGAs are used on VPX cards which have a limited amount of space in all three
dimensions. The layout of the design must fit within the 100-mm x 100-mm space of VPX cards. The Z axis is
another constraint, with both passive component and ICs needing to be less than <5 mm. This allows additional
room for heat sinks and better cooling for VPX cards that are already slotted very closely with each other.
Furthermore, this design needs to have flexibility in the rail assignment and sequence to match up to a wide
variety of Intel and Xilinx power supplies.
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2.3 Highlighted Products
2.3.1 TPS53688

From a performance standpoint the TPS53688 is capable of handling the high-current requirement and low-
voltage output that is required for the core current rail for the FPGA. Furthermore the feedback scheme of
DCAP+ allows it to have very good transient capabilities to achieve the typical < 1% requirement need on the
core rail. Furthermore, its PMBUS and VR13.HC SVID allows it to interface with Intel and Xilinx FPGAs to
provide dynamic voltage scaling (DVS) to the core rail to adjust the voltage depending on the mode the FPGA is
operating in.

2.3.2 TPS650861

The TPS650861 is a configurable PMIC with one-time programmable memory (OTP) where the sequencing

and the output voltage can be set on start-up. The device can also be interfaced via 12C for easy configuration
changes. The TPS650861 device has three controllers that utilize D-CAP2™ technology allowing very good
transient performance to meet FPGA requirements. The device also includes a VTT LDO that can be used for
DDR memory in conjunction with Buck 6 of the TPS650861. Furthermore, there are three converters as well that
require a 5-V input to the TPS650861, but these are lower current rails that used for the accessory rails on the
FPGA.

The power sequencing is controlled by the TPS650861 and can be set with OTP. The TPS650861 has four
GPIOs can be programmed to turn on independently in the sequence or come up with the other regulators in the
TSP650861. Additionally, the TPS650861 comes with six CTRL pins that can also be used for sequencing. For
example, if an external converter has power good functionality, the converter can be tied to one of the six CTRL
pins to trigger the rest of the sequence.

For more information on the how to program the TPS650861, there is a booster pack evaluation kit to help users
easily program the TPS650861. Additionally, the TPS65086100 Non-Volatile Memory Programming Guide steps
users through the programming process.

2.3.3 TPSM5D1806

The TPSM5D1806 is a module that can either be dual 6-A converters, or a single 12-A multiphase converter.
Furthermore, because the TPSM5D 1806 is a module, the overall solution size is relatively small for the power
output it is capable of providing. The TPSM5D1806 is used for higher current accessory rails, system rails, and
is used to provide the 5-V intermediate rail needed by the TPS650861 converters.

3 Hardware, Software, Testing Requirements, and Test Results

3.1 Hardware Requirements

The following list shows all of the hardware needed to power up the design and communicate with the
TPS650861 PMIC, TPSM5D1806 power module, and the TPS53688 controller. The power supply must be able
to supply 12 V and must be able to supply a current of at least 20 A.

* PC with USB Port

»  USB2ANY Interface adaptor to program the TPS650861

* USB-TO-GPIO USB interface adapter EVM to program the TPS53688

*  Power supply

» Electronic load

Figure 3-1 shows how to connect to the board to program the TPS650861 and the TPS53688.
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3.2 Test Setup
3.2.1 TPS53688 Programming Setup

DC POWER SUPPLY
CURRENT (A) VOLTAGE (V)

CURRENT VOLTAGE

0 60

FINE COARSE FINE COARSE

?@

Figure 3-1. TPS53688 USB-to-GPIO Setup

|
—
.
USB-TO-GPIO USB-TO-GPIO used

for communication

To adjust the settings for the TPS53688, the USB-to-GPIO and the FUSION-PRODUCTIO-GUI are needed to
interface between the board and the computer. For more information on how to interface with the TPS53688,

request the full data sheet on the product page on ti.com
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3.2.2 TPS53688 Transient Test Setup

DC POWER SUPPLY
CURRENT (A)  VOLTAGE (V)

CURRENT VOLTAGE

e €0

FINE COARSE lglNE COARSE

@ ®

Oscilloscope

Function

Generator Electronic Load

Figure 3-2. TPS53688 Transient Test Setup

To test the transient performance of the TPS53688, the following equipment is needed to test both phase A and

phase B:

» Power supply capable of high current to test the full capability of the 180 A on phase A of the TPS53688 and
the 60 A on phase B

» Electronic load set the current levels of the transient

» Function generator to provide the switching waveform to the onboard load transient circuit

» Oscilloscope to measure the load step and probe the voltage across the output capacitor to measure the
transient performance. Voltage measurements across the output capacitor can be take directly from J11 (for
phase A) and J12 (for phase B).
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3.2.3 TPS650861 Programming Setup

DC POWER SUPPLY
— CURRENT (A)  VOLTAGE (V)

USB2ANY used for 12C SRR oG

- ] 0 60

FINE COARSE FINE COARSE

USB2ANY

Figure 3-3. TPS650861 USB2ANY Setup

The TPS650861 requires a USB2ANY and the IPG-UI GUI to interface, and modify the TPS650861 voltage
outputs and sequencing. For more information on how to use the IPG-UI GUI and how to program the
TPS650862 see the TPS65086100 Non-Volatile Memory Programming Guide.
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3.2.4 TPS650861 and TPSM5D1806 Transient Test Setup

( DC POWER SUPPLY )

CURRENT (A)  VOLTAGE (V)

CURRENT VOLTAGE

o0 660

FINE COARSE FINE COARSE

\ ~YoX

@

- =) veecaux @
= ™) ono

w

-

su,nunuLsE
ty

TPSB3688 n
vouT_A

Q (
PUOUT_8

Oscilloscope

PUOUT_#

Electronic Load
R Or Transient
Load

Figure 3-4. TPS650861 and TPSM5D1806 Transient Test Setup

To test the capability of the TPS650861 and TPSM5D1806 devices, the following equipment is needed:

» Electronic load to provide the current load and provide the transient step
— Another option is to use a load slammer circuit and use the electronic load to provide the baseline current
and use the load slammer circuit to switch between the two currents
» Oscilloscope to measure the current of the transient and then another to measure the voltage across the
capacitor to measure the transient capability of the converter
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3.3 Test Results
3.3.1 Efficiency Results

Efficiency graphs are shown in the following images.
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Figure 3-5. TPS53688 Phase A Efficiency
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Figure 3-6. TPS53688 Phase B Efficiency
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Figure 3-7. TPS650861 Buck Controller Efficiency
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Figure 3-8. TPS650861 Buck Converter Efficiency
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Figure 3-9. TPSM5D1806 Multi-output Efficiency
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Figure 3-10. TPSM5D1806 Single-Output Efficiency 5-V Output
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3.3.2 Transient Results

3.3.2.1 TPS53688 Transient Results

The following images show the TPS53688 transient waveforms.
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Figure 3-11. TPS53688 Phase A Transient 0.7 V, 145 A
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Figure 3-12. TPS53688 Phase A Transient 0.85V, 120 A
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Figure 3-13. TPS53688 Phase B Transient 0.85V, 45 A
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Figure 3-14. TPS53688 Phase B Transient 1V, 45 A
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3.3.2.2 TPS650861 Transient Results

Figure 3-15. TPS53688 Phase B Transient 1.2V, 45 A
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Figure 3-16. TPS650861 Buck 1 Transient 0.9 V, 20 A
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Figure 3-17. TPS650861 Buck 2 Transient 1.8 V, 20 A
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Figure 3-18. TPS650861 Buck 6 Transient 1.2V, 20 A

X1= 258675 ms
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Figure 3-19. TPS650861 Buck 3 Transient 1.8 V, 3 A
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Figure 3-20. TPS650861 Buck 4 Transient 2.5V, 3 A
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value 4.59 mV -2.62 mV 274V 319 mV 269.7 ns 36164 us
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Figure 3-21. TPS650861 Buck 5 Transient 1.2V, 3 A

3.3.2.3 TPSM5D1806 Transient Results

A
Measure P1:max(C1) P2:min(C1) P3rise(C4) P4:max(C4) P5:min(C4) PEi- - -
value 23mv 3 my 371302 ps 496 24 525 mA

status v v v v

2.00 Addiv
-7.400 A ofst

Figure 3-22. TPSM5D1806 Transient 0.9V, 6 A
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Figure 3-23. TPSM5D1806 Transient 1.2V, 6 A
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Figure 3-24. TPSM5D1806 Transient 1.8 V, 6 A
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Figure 3-25. TPSM5D1806 Transient 3.3V, 5 A

Figure 3-26. TPSM5D1806 Transient 5V, 10 A
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4 Design and Documentation Support
4.1 Design Files

4.1.1 Schematics

To download the schematics, see the design files at TIDA-010241.

4.1.2 BOM

To download the bill of materials (BOM), see the design files at TIDA-010241.

4.2 Tools and Software

Tools

USB2ANY Interface adapter to interface with the TPS650861

USB-TO-GPIO Interface adapter to interface with the TPS53688

Software

IPG-UI GUI Software to interface with the TPS650861
FUSION_DIGITAL_POWER_DESIGNER Software to interface with TPS53688

4.3 Documentation Support

1. Texas Instruments, TPS53688 Dual-Channel, 8-phase step-down, digital multiphase D-CAP+™ controller
with VR13.HC SVID and PMBus product page

2. Texas Instruments, CSD95410RRB 90-A peak continuous synchronous buck NexFET™ smart power stage
product page

3. Texas Instruments, TPS650861 Programmable Multirail PMU for Multicore Processors, FPGAs, and
Systems data sheet

4. Texas Instruments, TPSM5D1806 4.5-V to 15-V Input, Dual 6-A / Single 12-A Output Power Module data
sheet

5. Texas Instruments, TPS65086100 Non-Volatile Memory Programming Guide

4.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

4.5 Trademarks

TI E2E™ and D-CAP2™, and are trademarks of Texas Instruments.
Agilex™ is a trademark of Intel.

Intel® and Stratix® are registered trademarks of Intel.

Xilinx® is a registered trademark of Xilinx Incorporated.

Versal® and Virtex-7® are registered trademarks of Xilinx.

All trademarks are the property of their respective owners.
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