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System Description

1 System Description

[X| 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
# 1-1. Intel® Stratix® 10 Power Tree Example

PARAMETER LOAD CAPABILITY (gég-ur‘éﬁhglé)
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 0.9V 15A VCCERAM'(z\;CCPLLDIG
Buck Controller 2 1.8V 20 A VCCH (3)
Buck Controller 6 12V 20A DDR (4)
TPS650861 VTT LDO 0.6V 1.8A DDR VTT (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 0.02A VCCIO3V(4)
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12V —»

TPS82130

3A Step-Down
Converter Module

12V

12V

12A power module

TPSM5D1806 4.5V to

15V input dual 6A single

5V A: 6 phases
> CSD95410
F———>
Power Stage VCC0.85V 136 A
TPS53688
Dual-Channel 8 phase
\ 4 step-down controller
—
3V
TLV76733 33 N B: 2 phases CSD95410
1ALDO g
F———>
Power Stage VCCT, VCCR 1V 50 A @
» Buck 1 Controller CSD86360 VCCERAM, VCCPLLDIG
d g Power Stage 09V15A
Buck 2 Controller CSD86360
P F——> k
5V N Power Stage VCCH1.8V20A
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 rt
uck 5 Converter > VIP23A
Buck 6 Controller CSD86360
P F————»
Power Stage DDR 1.2V 20A
VTT LDO R
Buck 1
TPSM5D1806 4.5V to » Open rail
15V input dual 6A single
12A power module Buck 2 . .
P Open rail
Buck 3 .
TPSM5D1806 4.5V to » Open rail
15V input dual 6A single
12A power module Buck 4 » Open rail

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

1.1.2 Intel® Agilex™ Power Tree Example

& 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 1.2V 6 A VCCIO (3)
TPSM5D1806
Buck 4 1.8V 6A VCCIO (3)
TPSM5D1806 Multiphase output Open 12A N/A
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System Description

% 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 20 A @
Buck Controller 6 1.1-1.35V 20A 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
11 v
VN o gt?pz;i?nm 5V A6phases ] CSD95410 oeveon- A >|| VCeNCeP |
Converter Module Ll Power Stage
TPS53688 '4" VCCL_HPS(1) |
Dual-Channel 8 phase
step-down controller VCCPLLDIG_HPS(1) |
TLV76733 33V B: 2 phases 09V40A
1ALDO P‘ifvgfg‘gge - »  vec nssiexenvce rssioxe |
44 VCCH(2)/VCCFUSE_GXP/VCCH_SDM |
12V Buck 1 Controller N CSD86360 5V20A '44 VCCRTPLL_GXE |
Power Stage
o 44 VCCRT_GXP |
Buck 1 Output 5V Buck 2 Controller CSD8E360 18v20A | VCCPLLDIG_HPS(1) |
Power Stage
VCCL_SDM |
Buck 3 Converter 25V3A

TPS650861
User programmable 3

Buck4 Converter

converter, 3 controller, 4
LDO & 3 load switch
Power Management IC

VCCPLLDIG_SDM |

VCCPT(3) |

15V input dual 6A single
12A power module

(PMIC) Buck 5 Converter
Buck 6 Controller CSD86360 m
Power Stage
VTTLDO
Buck 1 08V3A
TPSM5D1806 4.5V to
15V input dual 6A single
12A power module Buck 2 11V4A
Buck 3 12V6A
TPSM5D1806 4.5V to
15V input dual 6A single 18V6EA
12A power module Buck 4
TPSMS5D1806 4.5V to Single output

1-2. Intel® Agilex™ Power Tree and Rail Assignment

VCCPLL_HPS/VCCPLL_SDM/VCCADC

VCCA_PLL(4) |

VCCCLK_GXP |

VCCH_GXP |

VCCH_GXE |

VCCCLK_GXE |

VCCIO_PI0/VCCIO_PIO_SDM |

VCCIO_SDM |

VCCIO_HPS |

VCCBAT |

VCCFUSEWR_SDM |

Power Sequence

OO0
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1.1.3 Xilinx Versal™ Power Tree Example

% 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 10A 5V Intermediate (1)
Buck 1 1.2V 2A VCCO Option (3)
TPSM5D1806
Buck 2 1.5V 2A VCCO Option (4)
Buck 3 15V 4 A VCCAUX (10)
TPSM5D1806
Buck 4 1.1t03.3V <3A VCCO(12)
VCC_SOC, VCCBRAM,
Buck Controller 1 0.78 V 8A
VCCINT_IO (5)
Buck Controller 2 0.88 V 3-4A VMGTAVCC(9)
Buck Controller 6 1.2V 6 A VMGTAVTT (7)
TPS650861
Buck Converter 3 1.5V 2A VMGTAVCCAUX (8)
Buck Converter 4 3.3V 3A 3.3V System Rail (11)
Buck Converter 5 Open 0.5A VCCO_PMIO (6)
LDOA1 3V 0.02 A VCCIO3V(4)

6

EERE Xilinx 5L 08 Intel FPGA [A]1F DL BIRY 7 712 R T2

English Document: TIDUDTO

Copyright © 2022 Texas Instruments Incorporated

JAJUB54 — SEPTEMBER 2022
Submit Document Feedback


https://www.tij.co.jp
https://www.tij.co.jp/jp/lit/pdf/JAJU854
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJU854&partnum=TIDA-010241
https://www.ti.com/lit/pdf/TIDUDT0

13 TEXAS

INSTRUMENTS
www.tij.co.jp System Description
12V
Xilinx Versal UC2
TPS82130 @ VCCINT
3A Step-Down 5V A: 6 phases 0.7(UC2)  PL&AI
12V—p| CSD95410
C&Z‘(’j‘?‘?:r TPS53688 Power Stage vecaux || ENGINE
Dual-Channel 8
A l:)iasezr;g:- @
TLv76733 | 3.3V | down controller B: 2 phases @ 5 VECESOC 75 (uc2)
1ALDO I CSD95410 o YCCBRAM | | 26 (uc2
Power Stage VCCINT_IO 78 )
o = 0.78 (UC2)
Buck 1 VCCO(HDIO!
12v Co:froller CSD86360 o . ) 1133V
Power Stage o vecompio) |, 4,
Buck 2
TPSM5D1806 @ Controller CSD86360 @ VMGTAVCC | | 088V
45Vto 15V Power St
input dval oA |15V Buck 3 AL VMGTAVCCAUX
single 12 A TF’SU650861 Converter l 15V
ser
power module programmable 3 Buck4 VMGTAVTT 12V
converter, 3 Converter 3.3V System
controller, 4 LDO Buck 5 Rail
& 3 load switch VCC_PSINTLP PS Scalar
Convert o 0.7 (UC2) A
Man;;“:;m © onverter VCCO_PMIO @ R VCC_PSINTFP 07 (UC2) Engine
(PMIC) Buck 6 @
Controller CSD86360 ° VCC_PMIO (0:n) 1.2-3.3V
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
pzwgrlem1ozdﬁle Option o VREFP | {1024
TPSM5D1806 Buck 3 vcco
45Vto 15V = Option @
input dual 6 A Buck 4 veeo
ingle 12A | Buck4 C
ps\lAr/]gremodule Option @
DDR Memory
1-3. Xilinx Versal™ Power Tree and Rail Assignment
1.1.4 Xilinx Virtex-7® Power Tree Example
% 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 6A VCC1V8 (10)
TPSM5D1806
Buck 2 0-1.8V 6A VADJ (11)
Buck 3 1.2V 6A QDR4_VDDQ_1V2 (8)
TPSM5D1806
Buck 4 Open 6A N/A
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& 1-4. Xilinx Virtex-7® Power Tree Example (continued)
RAIL NAME
PARAMETER LOAD CAPABILITY (SEQUENCE)
Buck Controller 1 1.2V 20 A MGTAVTT(3)
Buck Controller 2 09V 10A 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)
12V
12V —p SIIPSiiz—Igi(\)Nn 5V » A: 8 phases CSD95410 VCCINT, VCCBRAM
Converter Module 1 Power Stage —* VCCINT_I0 0.85 V 155 A
TPS53688
Dual-Channel 8 phase
step-down controller
P—— |
TLV76733 33V B: 2 phases
1ALDO > CSD95410
| Power Stage ——» VCCHMMB 1.2V 25A
N Buck 1 Controller N CSD86360
12V Power Stage ———» MGTAVIT1.2V20A
y
TPSM5D1806 4.5 V t Buck 2 Controll CSD86360
15V input dual 6 A ° [ ] sv s Power Stage ————» MTAVCCO0.9V 10A

module

single 12 A power

TPS650861
User programmable 3
converter, 3 controller,
4 LDO & 3 load switch
Power Management IC

Buck 3 Converter

Buck4 Converter

v

v

\4

\4

(PMIC) Buck 5 Converter
Buck 6 Controller N CSD86360
Power Stage
VTT LDO
TPSM5D1806 4.5 V to Buck 1
15 Vinput dual 6 A
single 12 A power Buck 2
module
TPSM5D1806 4.5 V to Buck 3
15 Vinput dual 6 A
single 12 A power Buck 4

module

\4

1-4. Xilinx Virtex-7® Power Tree and Rail Assignment

\4

DDR4 VDDQ 1.2V 3 A

MGTVCCAUX 1.8V 1A

VCCAUX 25V 1A

RLD3VDDQ_1V2 1.2
V10A

O OO O O O

VCC18 1.8V 6A

VADJ 0-1.8V 6A

QDR4_VDDQ_1V2 1.2V

GGG

6A

Open rail
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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 CSD86360 20A

Power Stage

A 4

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

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

3-1 shows how to connect to the board to program the TPS650861 and the TPS53688.
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Hardware, Software, Testing Requirements, and Test Results

3.2 Test Setup
3.2.1 TPS53688 Programming Setup

DC POWER SUPPLY

CURRENT (A)

CURRENT

0 60

FINE COARSE

VOLTAGE (V)
|
I
VOLTAGE
FINE COARSE
= =
USB-TO-GPIO USB-TO-GPIO used

for communication

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

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
request the full data sheet on the product page on ti.com

information on how to interface with the TPS53688,
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3.2.2 TPS53688 Transient Test Setup

Oscilloscope

DC POWER SUPPLY

CURRENT (A)

CURRENT

OO

FINE COARSE

VOLTAGE (V)

VOLTAGE

X

FINE COARSE

@ ®

Function
Generator

Electronic Load

X 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

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-Ul 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

CURRENT (A)

CURRENT

X

FINE COARSE

( DC POWER SUPPLY )

VOLTAGE (V)

VOLTAGE

X

FINE COARSE

@ O

&

- =) veecaux @
A o0

&

-

su,nunuLsE
ty

TPSB3688 n
vouT_A

Oscilloscope

PUOUT_#

Q "
PUOUT_8

Electronic Load
R Or Transient
Load

& 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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X 3-6. TPS53688 Phase B Efficiency
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X 3-7. TPS650861 Buck Controller Efficiency
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3-8. TPS650861 Buck Converter Efficiency
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B 3-9. TPSM5D1806 Multi-output Efficiency
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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.

[T

v
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248mV 20:56:48

3-11. TPS53688 Phase A Transient 0.7 V, 145 A

v
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¥ 3-12. TPS53688 Phase A Transient 0.85V, 120 A
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X 3-13. TPS53688 Phase B Transient 0.85V, 45 A
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X 3-14. TPS53688 Phase B Transient 1V, 45 A
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- (7] 1 ]
; O -1.208ms € 1.205V
! O 1.160ms @ 1.173V
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¥ 3-15. TPS53688 Phase B Transient 1.2V, 45 A
3.3.2.2 TPS650861 Transient Results
T
i
; s,
Buck 1 VOUT ﬂ
l !
. :
i
i
Qutput Current | - s
T | ] -
;é , e
I
P1:max(C1) P2min(Ch) P3:max(C4) P4: min(C4) P5:1is62080(C4) P6.fallB020(C4) P7rise2080(C2) P8:1ise2080(C4)
325 mV -17.0 mV 18.2A 19A 8.2920 us 21770 us
> 2408 mV <-1289 mV 2694 A -854 0 mA <234us <256 us
> 946 mV <-114.5mV 12A 14 A <60ns <60ns
> 549 mV <549 mV 185A 22A < 2.7229160 ms < 2 4437673 ms
> 8,245 mV <5967 mV 4543 A 836.8 mA <2113 us <1048 us
5448e+3 5.448e+3 5.448e+3 5.448e+3 20.314000e+6 20.314042e+6
v v 4 v v v

10.0 A/div|
-29.80 A ofsl|

¥ 3-16. TPS650861 Buck 1 Transient 0.9 V, 20 A

v
2 100 MS/s]Ed
X1= 2.58675 ms
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A
Measure P1:max(C1) P2:min(C1) P3:max(C4) P4:min{C4) P5:fallg020(C4) P6:rise2080(C4) P7:rise2080(C2) PB:rise2080(C4)
value 75.0mV -38.4 mV 184V 15V 21411us 8.0413 us
mean <3255 mV <-2433 mV 184304V 1489%6 V 21443 ps 8933 us
min <2250 mV <-225.0 mV 104V 22V 15195 us 3.9796 us
max <1984 mV <1984 mV 19.1V 18V 7.9919 us 145.2288 us
sdev <7129 mV < 58.786 mV 364.1 mV 261.5 mV 2484 ns 9332 us
num 2433e+3 2433e+3 2433e+3 2433e+3 2.441e+3 2.441e+3
v v

status v v v v

X1= 3.00248 ms

X 3-17. TPS650861 Buck 2 Transient 1.8V, 20 A

¥ |
Qutput Current t vesp{,

2 l1

]

A
Measure P1:max(C1) P2Zmin(C1) P3:max(C4) P4:min(C4) P5:1ise2080(C4) P6:fall3020(C4) P7.rise2080(C2) P8:rise2080(C4)
value B2mv 241 mV 1824 22A 8.4075 us 20092 us
mean > 3567 mV <-21.38 mV 181112 A 20420 A 8.4451 s 202351 us
min > 946 mV <-114.5 mV 178A 19A 76933 us 1.8435 us Increment
max > 549 mV <549 mV 185A 22A 9.1874 us 21575 us =
sdev > 20.52 mV <2173 mV 137.7 mA 163.6 mA 2702 ns 6381ns 2
num 147 7 147 147 147 147 8
v v v v v v -

[T

2 MS
X1= 2.58675 ms

¥ 3-18. TPS650861 Buck 6 Transient 1.2V, 20 A
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T
"?_"‘Lm Clelli-T} ‘Channel 1: x10| | |
Ci| ST A ~a =
2]
OME it Current
i
P1:max(C1) P2.min(C1) P3:max(C4) P4:min(C4) P5.fallB020(C4) P6.rise2080(C4) P7:1ise2080(C2) P8:rise2080(C4)
502 mV -2.89 mV 274V 285 mV 242 1ns 3.4666 us
< 1.308 mV <-1.930 mV 24663V < 196.5 mV < 8.60us <961us
<2795 mV <-27.95 mV 119 mV <118V <70ns <69ns
<1439 mV < 14.39 mV EEERY <319 mv < 3.5705953 ms < 6.5113987 ms ;
<3425mV <6.061 mV 763.3 mV <2783 mV <2285us <5935 us 3
1.023e+3 1.023e+3 1.023e+3 1.023e+3 110.622e+3 110.621e+3 a
v v v v v v '

X 3-19. TPS650861 Buck 3 Transient 1.8V, 3 A

vorsgeoupy  Channel 1: x10

T
1
I

i
!
i
v
e
1
O?m‘curreﬂt ; " T
2 i
1
Measure P1:max(C1) P2Z:min(C1) P3:max(C4) P4.min(C4) P5:fall§020(C4) P6:rise2080(C4) P7:rise2080(C2) PB:rise2080(C4)
value 6.73 mV -3.80 mV 278V 285 mV 2183 ns 35454 us
mean 6.73 mV -3.80 mV 278V 285 mV 2183 ns 35454 us
min 6.73 mV -3.80 mv 278V 285 mV 2183 ns 3.5454 us
max 673 mV -3.80 mv 278V 285 mV 2183 ns 35454 us
sdev - - - - - -
1 1 1 1 1 1
v v L4 v v v

¥ 3-20. TPS650861 Buck 4 Transient 2.5V, 3 A
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Channel T: x10 |

A
Measure P1:max(C1)
value 4.59 mV
mean 454636 mV
min 437 mV
max 4.77T mV
sdev 9149wV
num 42

status v

P2Z:min(C1) P3:max(C4)
-2.62 mV 274V
-2.59632 mV 275693V
-2.80 mV 274V
241 mv 281V
90.82 uV 19.16 mV

42 45

v v

P4.min(C4)
319 mV
295.75 mV
252 mV
319 mv
16.89 mV
45

v

P5:fall8020(C4)

269.7 ns
267613 ns
2465 ns
2848 ns
8.588 ns
45

v

P6:rise2080(C4) P7:rise2080(C2)

36164 us
3.5901 us
3.3862 us
37732 us
103.7ns

45

v

PB:rise2080(C4)

X 3-21. TPS650861 Buck 5 Transient 1.2V, 3 A

3.3.2.3 TPSM5D1806 Transient Results

Fy
Measuwre P1:max(C1) P2:min(C1) P3rise(C4) P4:max(C4) PS:min(C4) PE:- - -
value 23 mv 31 mv 371302ps 496 A
v 4 v v

2.00 Addiv
-7.400 A ofst

2.00 msidiv
200MS 100 MSis

3-22. TPSM5D1806 Transient 0.9V, 6 A
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o
A

Measuwre P1:max(C1) P2:min(C1) P3irise(C4) P4:max(C4) PS:min(C4) P&:- - -

value 301 mv -46.1 mv 37.3955 ps 5054 550 m&

v v v v

2.00MS 100 MS/s | Edge

X 3-23. TPSM5D1806 Transient 1.2V, 6 A

'y
P1:max(C1) P2:min(C1) P3:rise(C4) P4:max(C4) PS:min(C4) P&:- - -
64 mV -69 my 401003 ps 4994 550 m&,
v v v v

2.00 Afdiv

-6.800 & ofst 2.00 MS 100 MS/s | Edge

¥ 3-24. TPSM5D1806 Transient 1.8 V, 6 A
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s
[EXEEN EREES
|

A
P1:max(C1) P2:min(C1) P3:rise(C4) P4:max(C4) PS:min(C4) PE- - -
8B my 117 mv 354633 ps 496 A 588 mA
v v v v v

) imebase  -5.12 ms| [Trigge:
200 Aldiv 2.00 ms/div | Sto
-7.400 & ofst 200MS 100 MS/s | Edge

X 3-25. TPSM5D1806 Transient 3.3V, 5 A

¥ 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 YiR—k-1)y—R

TIE2E™ YR —b « 73 —F AL, TP =T BPRIFE DRI LR EF T A Mo 23— "D dGE D [H 2
BAZENTELGIT T, MAFORIEZBRRLIZD, M E OEMALT-0T 52T, REFCHER TR HITHEHD
LNTEET,

Vo 7ENTNDA TN, B TR BE LD, BUROFERIESNDHL DT, BT TI OfERRERER T 5
DTIFRL STLS Tl O RMRE L2 D TIXHV EE A, TI DA SRAEEZZ IR TTEI N,

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.
TARTOMEEL, TN ELOFAEERBLET,

5 About the Author

WENCHAU ALBERT LO is a system engineer at Texas Instruments, where he is responsible for developing
system solutions for the Aerospace and Defense sector. Wenchau has been with Tl since 2016. Wenchau
earned his Bachelor of Science in Electrical and Computer Engineering from the University of lllinois at Urbana
Champaign and his Master of Science in Electrical Engineering from the Georgia Institute of Technology.
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