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(infineon.

Purpose

» This document describes the steps and settings to create a

configuration file for the XDPE122xx and XPDE142xx family of
multiphase controllers.

» Both AMD, Intel, PWM-VID settings are shown. Different parts of
the family support all or only a few of the settings.

» Each window in the GUI tool will be explained.

» Target audience: Design engineers with knowledge of tuning
feedback loops for Intel and AMD settings.

CKAYAHO'C WWWISW.BAND -+ MPUCOEANHANCS! Infineon Proprietary



(infineon

>
Q
D
-
Q
Q

Purpose

Supported devices

Install GUI software

Main GUI window

General error messages and warnings
Phase & frequency

Input settings

Output settings

2020-04-30 restricted Copyrig@@@ﬂwéwwg&ﬂﬁ.ﬁﬁ mm?ﬂlmwﬂ |‘/’| cs! Infineon Proprietary m



Supported Devices

XDPE12250 XDPE12283 XDPE14283
XDPE12254 XDPE12284 XDPE14284
XDPE12286 XDPE14286
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Infineon

i

Installation procedure

»  Two ways to download/update the GUI
o Infineon Toolbox available at http://www.infineon.com/toolbox
o Follow the instructions listed to download and install the Infineon Toolbox
o In the Infineon Toolbox, go to Manage tools and select PowerClient’s Install or Update

button.

nnnnnnnn

o MyICP (My Infineon Collaboration Platform)

o Register and login to your MyICP account
o Once logged in, go to https://myicp.infineon.com/sites/enterprise power/

> There may be a need to install latest license file. Ask your Infineon FAE for the latest one
- copy the license file IR DPDC License.txt into the installation directory

NOTE: Infineon toolbox is the fastest way to have access to the GUI as it doesn’t need internal
clearing of the user.
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Main GUI window

(infineon

> PowerClient main dialog displays and consists of GUI version, menu bar, toolbar, system and device tree nodes and
status, USB/dongle Firmware communication status and version, I2C bus voltage, 7-bit8-bit address display, 12C bus
communication speed, poll telemetry data status, online/offline status, GUI license file duration and status bar.

PowerClient version

—————>> £3 PowerClient GUI Build 7326 - (] %

Emulators  Customers Malibu  Help

Menu bar

/‘ Fle DesignTools  2cBuz

LGl - EHEE S

Toolbar

BV =

System and device tree
nodes and status

Selected part to
communicate with is

@ Loop B : Vout=0.000V

Group]
[ J 0x24 (XDPEL42B6A Intel SVID) -
® Loop A : Vout=0.000V  lout=0.004 = .
lout=0.0084 T=28.0°C

| Blue : OMine

highlighted in Blue.

Green : Online no faults : :
Red * Online with faults Select by left click with
Grey : Incorract i2¢ address

mouse pointer over
the part number

7-bit/8-bit address Poll telemetry data License file duration

Device USB/dongle
Firmware
communication status
and version

A

H USBOOS v59.0 | 3.3V 8-Bit | 100 KHz | Telem On| Online 1076 Days! Ready <—— Status bar

I2C bus voltage

Online/offline mode
control

/|\
/ I12C bus communication ,\

speed
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Main GUI window: Starting the GUI

)

)

When you first launch the GUI after installation, it will have an empty System Board window.
Adding parts can be done automatically or manually.

£3 PowerClient GUI Build 7326

Automatic (Auto Populate Devices)

(@]

in online mode, it will automatically
scan and display all connected Infineon
supported devices

File DesignTools i2cBus Emulstors Customers Malibu Help

SRV ES=ZG ) r BHSE Y A

( 1 @vitim ﬁﬁard - DefaultSystem

Manual selection

1)

Right click on the System Board
Default System

Select Add Group

Right click on the Group1

Select Add Device

Select Sierra B/C (XDPE122xx) or
Sequoia (XPDE142xx)

Select desired part number

+ Add Device @ » X@ Sierra A > l
s Delete Group @_ Sierra B/C ( : ) DA

Expand/Collapse Loop Nodes @ Tahoe .

Clear Group Faults @ Sequoia »

q’: Load System File

H Save System File

@ w Add Group

)
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DO

XDPE122508
XDPE12254B
XDPE12283B
XDPE122848
XDPE12286B @
XDPE12250C
XDPE12254C
XDPE12283C
XDPE12284C

XDPE12286C

USB0O0S v39.0 | 3.3V 8-Bit | 100KHz | Telem On| Online [1088 Days| Ready

The GUI will use the last system tree node setup as a default in the next GUI launched.

If the USB dongle is connected, it will try to sync available devices listed in the main GUI window.

(infineon



Main GUI window: Menu bar (File)

Load System File...
o loads the whole system and device
register configuration data

Save Whole System As...
o saves the whole system and device
configuration data

Bk

'

Append CRC and Time Stamp

o if checked, it appends the CRC and
time stamp to the file name when a
configuration file is saved

Generate Multi-Config File...

o generates a multi-config file to simplify
the need or ordering/keeping track of
devices with different configuration
files

£3 PowerClient GUI Build 7326

| Design Tocls  idcBus  Emulstors  Customers  Malibu  Help
Load System File.. V‘ @ ﬂ -@- @ @
Save Whole System As... o _ﬂ"' ‘8 &

Append CRC and Time Stamp
Generate Multi Config File...

ve Registers to MVM..
Regtore NV to Registers

Show OTP and Register CRC.C—_|

ecent Used System Files...

Exit =

ur=0.004 T=27.0°C
ut=0.00A T=26.0°C

Show OTP and Register CRC...
—__| o dialog that displays the current
k calculated register and NVM CRC

Save Registers to NVM...
o dialog that will allow the user to
perform a NVM upload

Restore NVM to Registers
o Dialog that will allow the user to
perform a NVM upload

2020-04-30 restricted

USBOOS v59.0 |23V 2-Bit

Recent Used System Files...
o list the last four configuration files
loaded

values

Exit
o Close the GUI

100 KHz | Telem On| Online (1076 Days Ready
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Main GUI window: Menu bar (Design Tools)

> Design tools contain all the tools and utilities needed to configure the device.

(infineon

File

® sy
:.

Please see each dialog specific section for a
detailed information about these selections

9—<Z

Copy Loop A/B to LoopB/A

o copies LoopA/B register values to LoopB/A

o LoopA and LoopB must have the same
number of phases to enable this feature

=

Design Tools | i2cBus  Emulators

£% PowerClient GUI Build 7326 -

Phase & Frequency...
Input Settings...
Output Settings...
Current Sense...
Temperature Settings...
On/Off Settings
Feedback Loop...
Nen-Linear Control...

Current Balance

Power State Transition...

Intel SVID...

AMD SVI2...

nVidia PWM..
Telemetry...
Multi-Function...
Manufacturer Info...
MISC...

Overclocking...

PMBus Commands
Copy Loop Ato Loop B

Copy Loop B to Loop A

Customers  Malibu  Help

B0+ E M

=0.00A T=27.0°C
=0.00A T=28.0°C

KHz | Telem On| Online |1076 Days| Ready

NOTE: User must have selected a part in Device Node (blue highlighted background) to be able to select any design tool.
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(infineon

Main GUI window: Toolbar

> Toolbar provides shortcuts of the most frequently use basic operations and control dialogs.

IVEEYQ_ T—ﬁ_@ ﬂ _ﬁ-*-[ﬁ-vﬁ.swn
A 1

Auto Populate Devices Power State Transition

o in online mode, it will
automatically scan and
display all connected
Infineon supported

devices Telemetry

SVID

New Design .
o clears the current system Voltage Settings

tree nodes to start a new
design Non-Linear Control

Configuration Comparator Feedback Loop

o compares and generates a
report that displays
differences between two
configuration files

Current Sense

Temperature Settings

Configuration Summary
o generates a report about
the configuration file

selected On/Off Settings

Phases & Frequency

Linear Format Calculator Input Settings

o Calculates equivalent
voltage value based on
the linear format value

NOTE: Some controls are disabled unless the device node (part at specific address)is selected.
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Main GUI window: System tree nodes

»  System tree nodes list all the devices in the system and how they are arranged into groups.

System node

o root node that represents the entire
system board

o user can add group(s), save and load
board design, or do other board-level
functions by right clicking on the node

Group node

o group of devices that may contain
single or multiple devices

o user can add device(s), delete group,
or do other group-level functions by
right clicking on the node

Device node

o individual device that specifies device
slave address, part number and
operational mode

o user can load and save specific device
configuration file, delete device, or do
other device-level functions by right
clicking on the node

Loop node

o displays device’s output voltage,
output current and temperature per
loop

2020-04-30 restricted

Q PowerClient GUI Build 7326

File  Design Tools  i2cBus

IEIU i=

Swstem Board

X=

y2" T

Emulators  Customers Malibu  Help

LG v THTEE O

Group]
0x24 (XDPE14286A Intel SVID) -

® Loop A : Vout=0.000V
@ Loop B : Vout=0.000V

lout=0.004 T=31.8°C
lout=0.0084 T=28.0°C

vith faults

Blue : Offline

Green : Online no faults
Red : Onling w

Gray : Incorract i2c

address

USBOOS w58.0 | 2.3V

&-Bit

Nodes color status indicator

@ Blue: GUI in in offline mode

® Green: communication is normal and
no faults present in any subsidiary
devices

®Red: communication is normal but a
subsidiary device has raised fault(s)
®Grey: no communication to the device
due to incorrect I2C address or no dongle
connected

100 KHz | Telem On| Online |1076 Days Ready

ConyroEKAURHOC WWWESW BAND - [IPYICOEAMHANCS! Infineon Proprietary
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Main GUI window: Communication and license

I2C bus communication speed

o base speed is 100KHz

o can be change in the i2c Bus > i2c
Address Scanner

o ensure that the target device(s) show
up in the list to verify that the
communication is stable at the selected
speed after the Scan i2c/PMBus
Address button is selected

(infineon

7-bit/8-bit I12C address

o 8-bit is the base i2c address display

o can be change in the i2c Bus 2 Use
8-bit i2c Address

USB/Dongle FW status

o Green: dongle is detected

o Red: either the dongle is not connected or
the driver is not correctly installed

USB/Dongle FW version

o if the dongle is detected and communicating
correctly, it will display the hardware and
Firmware version.

o ifthe version is v0, there may be an issue
with the driver

o user needs to update its Firmware version if
a newer USB dongle firmware is available

£% PowerClient GUI Build 7326

File  DesignTocls i2cBus

() = 05 =

Emulators

Malibu

LG rwHeE M

Customers Help

® system Board

- @ Loop A - Vout=0.000V
‘.. Loop B - Vout=0.000V

=@ Groupl
E|. 0xB4 (XDPE14286A AMD 5VI2) -

lout=0.00A T=28.0°C
lout=0.004 T=29.0°C

Poll telemetry data

o Telem On: continuously poll telemetry data

o Telem Off: telemetry data will only update
when Read from device is selected

\

2020-04-30 restricted

8-Bit | 100KHz | Telem OHWWTE Days Reaﬁy

USBQg v59.0 | 3.3V

will expire

License file duration
o list remaining days before the GUI license

o Contact your Infineon FAE

Status bar
o Displays if the current communication status
between the GUI and the device
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Main GUI window: Online/offline mode control

Online mode
o GUI will attempt to communicate to the
device
o If device is detected, user can
o modify contents of the device
o load contents of a configuration file
into the device
o Save contents of the devices’
registers into NVM
o Restore NVM contents into the
registers
o Poll telemetry data
o If device cannot be detected
o Write and read from the device will
be disabled
Offline mode
o Write to internal cache register only and not
to the device, regardless of the connection
status
o Can be use as a system file editor or a
system file viewer

2020-04-30 restricted

£% PowerClient GUI Build 7326

AP =

Y-2" ‘r-

File DesignTocls i2cBus  Emulaters  Customers  Malibu  Help

LB vwHHeE

® system Board

® Loop A : Vout=0.000V
@ Loop B - Vout=0.000V

=-@ Groui 1

=X J OxB4 (XDPE14286A AMD SVI2) -

lout=0.00A T=28.0°C
lout=0.004 T=29.0°C

USB005 v39.0 || 2.3v 8-Bit

100 KHz | Telem On|| Online 1076 Days| Ready

ConyroEKAURHOC WWWESW BAND - [IPYICOEAMHANCS! Infineon Proprietary
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Agenda

Purpose

Install GUI software

Main GUI window

General error messages and warnings
Start to create a configuration file
Phase & frequency

Input settings

Output settings
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Infineon

i

General errors, warnings and reminders

> When a change is made in a dialog
o Write to device button will change to Write to device* to indicate that changes have been made to the dialog.
- Write to device* needs to be selected to commit the changes.

Write to device | Write to device™ |

o In online mode, all changes made will be written into the device.
o In offline mode, all changes made will be written to the internal cache register only and not to the device.

> Error checking to make sure no design rule is violated
o & Error: red indicator flags an error
- An example is a value entered it out of range.
- Write button is disabled when error(s) is present.
- Tabbed dialog name will also turn red when error is active to show which tabbed dialog has the error.
o /& Warning: yellow indicator flags a warning
- A warning means the input value may cause non-optimal performance.
- Warnings do not prevent the GUI from committing changes to the device.
o Hovering the cursor over the error sign will display explanation of the warning.

> Blue dialog fieldnames
o Itindicates that there is no register associated with it.
o Values are only save as a system configuration data.
o Itis only use for simulation and/or calculation.

> Disabled or greyed out dialog fields
o Itis for information only and maybe a calculated data from another window.
o It can also be enabled/disabled depending on the part number.

NOTE: Data must be entered and written one dialog at a time. If data is being modified on two or more dialogs, pressing

the Write to device button will only write data on the current dialog. Other change(s) data made on the other dialog(s)
will be gone.
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Often used selection

Infineon

i

Write to device

o In online mode, all changes made will be written into the device.

o In offline mode, all changes made will be written to the internal cache register only and not to
the device.

Read from device

o In online mode, it will restore and refresh dialog field values based on its current associated
register value.

o In offline mode, it will restore and refresh dialog field values based on its associated internal
cache register value.

Close

o Close the window

Help

o Open up the GUI user guide

Shutdown Response / Response

o Ignore: fault is ignored

o Latch: Shuts down the HS and LS FETs

o Hiccup: Shuts down HS and LS FETs and controller will attempt to restart the system in hiccup
manner

CKAUAHO'C WWWWISW BAND - IIPUCOEANHARCA! Infineon Proprietary
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Agenda

Purpose

Install GUI software

Main GUI window

General error messages and warnings
Start to create a configuration file
Phase & frequency

Input settings

Output settings
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(infineon

Steps to create a start-up configuration file

»  Easiest is to start by using an existing approved config file and modify the parameters that differ.
- Ask your Infineon FAE for a reference config file.
»  If no existing approved config file is available, user can manually create one.

( @mﬁem GUI Build 6471 [E=EEE—)
e

Design Teols '_ i2cBus  Engineering Emulators  Customers Help |
(]

,L Phase & Frequency... 1 " @ ﬁ wn
| Input Settings... _e -@- 48} SVID g g
Sy| & Output Settings...

1) Select Design Tools menu
2) Open each listed selections
o Open each dialog and set all
the register settings desired.

Current Sense...

Tempe:a!ur.e Settings... 10004 TOC
On/Off Settings 1000A TOC
Feedback Loop...

Mon-Linear Control...

.
N = 4

Cument Balance

=N

Power State Transition...
Intel SVID

AMD 5VIZ...

nVidia PWM...
Telemetry...

< B

Multi-Function...
Manufacturer Info...
MISC...

Overclocking...

USBoov00.0 | 8-Bit | 100 KHz | Offline | 116 Days | Ready
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(infineon

Agenda

Purpose

Install GUI software

Main GUI window

General error messages and warnings
Start to create a configuration file
Phase & Frequency

Input settings

Output settings
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Phase & Freq

uency

Loop Mode
o maximum number of phases
supported

o depending on which part number,
there will be more or less
combinations to select from

(infineon

& Phase and Frequency - 0x6C

Loop Mode |7+ 1

Operation Mode
o type of application

o POL/telecom is intended for ASIC
and FPGA loads that does not follow
Intel standards

Operation Mode | Intel

d Loop A
Mumber of Phases (Nph)

{

) /
[v Enable Auto Phase Detect

Pinout Diagram | < |

Loop B
Mumber of Phazes (Nph)

Maximum (Nph)
o number of phases populated for the
respective loop

o value mostly depends on the full
load current rating of the
application and current capability
per phase

o the controller uses the Nph value to
set the internal phase timing
relationship for the loop

o for normal applications,
Maximum = PSO State

Maximum: 7 -

PS0State: | 7

P31 State: 1 5

P32 State: 1 S

P33 State
1 =

PSO State: | 1 —

P31 State: 1 5

P32 State: 1 S

Enable Auto Phase Detect

o automatic detection of number of
mounted phases on a board

o recommended to always have box
marked

Pinout Diagram

o displays pinout diagram of the
device

P53 State
1 =

w | kHz

Faw: | 714

Fsw
o switching frequency

o depending on NPH in a loop,
available frequencies may differ
slightly due to internal division
ratios

Faw: (521 ~ kHz

| Max Duty Cycle: |55_25::| %

Mazx Duty Cycle: |55_25::| % |

o PSx State

o number of phases enabled during
specific power states

o Should be set based on load current
requirement for the system and current
capability per phase. This is usually
limited by the power device used.

o Maximum>=PS0>=PS1>=PS2>=PS3

o For normal applications,
PSO State = Maximum

o if not used, set all PSx State =
Maximum phases

o typically used for Intel applications
o for AMD, see note on next page

| [ Use Doubler Driver

[ Use Doubler Driver |

A

Use Doubler Driver

o enable to use 2 power stages per
phase in doubler configuration.
Causes the PWM frequency at the
PWM pin to double as the driver will

Write to device

Read from device

Close | Help |

divide the PWM again.

2020-04-30 restricted

Max Duty Cycle

o Maximum duty cycle allowed for
PWM signal

o calculate for minimum Vin and Max
Vout operation

o May need to be higher (50% or
more often used) to allow for
transient condition during steps in
load

ConyroEKAURHOC WWWESW BAND - [IPYICOEAMHANCS! Infineon Proprietary




Phase & Frequency

> For AMD, the power states translate to

o PSO State=normal operation

o PS1 State=PSIO_L

o PS2 State=PSI1_L

o PS3 State= Not Used (set to same as PS2)

Loop A
Mumber of Phases (Nph)

Maximum: [ 7 =
PSOState: | 7 —
PS1Stte: | 1 =
PS2State: [ 1 =

PS3 State

[ =

(infineon.

Note: GUI does not change the text for different modes like AMD. It always uses the Intel names.
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Agenda

Purpose

Install GUI software

Main GUI window

General error messages and warnings
Start to create a configuration file
Phase & frequency

Input Settings

Output settings
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Input Settings... Vin Sense

Vin Sense Type
o Vin Sense method that can be

(infineon

modified in the Iin Sense/Input\
Power tab

Vin Source

o Measured: Vin telemetry will be
based on the sense result on the
Vin sense pin

o Vin Fixed: Vin telemetry will be a
fixed value entered in the Vin
Fixed dialog field

Vin Sense Network:
When Vin is set to measured, an

<+ Input Settings - 0xE8

[~ Common Footprint

Vin Sense Naux Sense] lin Sense/Input Power ]

vin Sense Type | Divider Sense Type |

Vin Source |Measured .

Vin Sense Network

Vin Sense Gain 539

R1 12.000 El: K

external resistor divider is needed.
Vin Sense Gain

o gain factor and will depend on the
resistor divider resistance

R1, R2

o Typical values are 19.1kQ/1.54kQ
or 13kQ/1kQ

Max Sense Voltage

o Default should be ~16V for a 12V
nominal VIN application

o Value depends on the resistor
divider resistance

Vin Reading Offset

o Used to compensate for offset error
in the VIN sense for a more

R2 1.000 = KO
c1 nF
Max Sense Voltage 16.800 v

Vin Reading Offset 0.0000 E|i v

'In Settings

VinCn | 10.000 Ay

Vin UVP 8 000 \

T

Vin/lin Sense Design Tool |

Vi/Iin Sense Design Tool

o Opens the Input Sense Design
Tool that helps calculate settings

[v Clear Fault When Vin Toggle <

Vin Fixed | 12.000

Vin OVF

16.000

Vin OVP Response
Latch

Clear Fault When Vin Toggle

o Checked: Vin toggle ( Vin go
away and comes back) can reset
fault conditions just like the
action of toggling VR_EN can
reset fault conditions

o Unchecked: only toggling VR_EN
can reset fault conditions

Vin Fixed

o Vin telemetry value when Vin
Source is set to Vin Fixed

Vin OVP (overvoltage protection)

o Voltage level on when the regulator
stop switching to protect power
stages and load

o Maximum value is based on the
“Max Sense Voltage” value

/!

Read from device |\ Close | o

accurate VIN telemetry

Vin On

o Voltage level on when will Vout
regulation start

2020-04-30 restricted

Vin UVP ( Undervoltage protection)
o Voltage level on when to turn off

Vin OVP Response
o Ignore: Vin OVP fault is ignored
o Latch: Shuts down HS and LS FETs

* enable pin or Vin need to be
toggled to restart

o Hiccup: Shuts down HS and LS FETS
and will automatic retry once fault
is gone

Vout

ConyroEKAURHOC WWWESW BAND - [IPYICOEAMHANCS! Infineon Proprietary




Input Settings... Vaux Sense

Vaux Enabled for

o Options to enable it in LoopA,
LoopB and both LoopA/B

o If this function is not used, set it
to disabled

Vaux Source

o pin to be used to sense the Vaux
voltage

N Vaux EnablEd for |Disabled o

Vaux Sense Network
Vaux Sense Gain

o Gain factor to get correct voltage
reading

o Typical value is 515 but depends
on the resistors and board layout

R1, R2

=& Input Settings - 0xE8

[~ Common Footprint

VauxSensel lin Sense/Input Power ]

WaLx Source |Disaa|ed |

Vaux Sense Metwork

Vaux Sense Gain 515 E|
R1 19.100 E| KQ

R2 1.544 KQ

o Typical values are 19.1kQ/1.54kQ
Max Sense Voltage

o Default should be ~16V for a 12V
nominal VIN application

o Value depends on the resistor
divider resistance

Vaux Reading Offset

o Used to compensate for offset error
in the Vaux sense for a more
accurate Vaux telemetry

Vaux On

o Voltage level on when will Vout
regulation start assuming Vin also is
above its threshold

Vaux UVP

o Voltage level on when to turn off
Vout

2020-04-30 restricted

Max Sense Voltage 16.049

Vaux Reading Offset 0.0000 v

Vaux Settings
Vaux On ,m
Vaux UVP ,TO:|

/

Vin/lin Sense Design Tool

ADC

VAUX
R1
VauxSense
R2 c1

Read from device

Close |

(infineon

Vi/Iin Sense Design Tool

1 o Opens the Input Sense Design

Tool that helps calculate settings
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Input settings...

Common Footprint
(XDPE14284 device only)

Iin Sense/Input Power

(infineon

o When selected, = Input Settings - 0x7C

- pin36: dedicated for Isys
- pin37 dedicated for Vsys

[~ Commaon Footprint

Vi/Iin Sense Design Tool

o Opens the Input Sense Design
Tool that helps calculate settings

-7

Vin/lin Sense Design Tool |

Input Current Warning Threshold

o Input current threshold when
warning happen

- pin38: Vin Vin Sense] Vaux Sense linSense /Input Power
- Enables Vsys Sense tabbed
dialog
Source | Estimate lin (Psys/Isys disabled) -
Source
o Selection of how input current is
measured lin Estimate Settings

o Disabled, Calculated, PI Sense,...

o Selection list is based on the
selected part numbers.

lin Sense Gain 16 E|i

lin Offset | 0.3125 =5 A

t Sense Amplifier

192 El

0.02 Afmy

Iin Estimate Settings

o Calculates the input power that
depends on real efficiency, Iout, NEalGam
Vin, duty cycle and losses.

o Values should be changed to

n Sense Gain

make reported Iin match the Sense Ga
external measured Iin.
Sense Gain 485 3
Current Sense Amplifier T empe

o Gain adjustments for the sensed
signal when Source selected is
set to be Iin Sense Amplifier.

Input Current Warning Threshold| 400.0 E| A/

Iin Offset

o Compensate any offset error in
the Iin sense for a more accurate
Iin telemetry

lin Offset o 0000

Pwrin Protection Threshold [ 3600 - W]

PwrIn Protection Threshold

o Power level when input power
protection will trigger

Pwrin Protection Response | lgnore -

]
L
T
&
m
£
13

PwrIn Protection Response

o Ignore: Pwrln protection fault is
ignored

o Latch: Shuts down HS and LS FETs

o Hiccup: Shuts down HS and LS FETS

and will automatic retry once fault
is gone

PI Measurement Method
o Gain adjustments for the sensed

Write to device |

Read from device |

PwrIn Settings

o Gain adjustment when Source
selected is PwrIn Sense.

signal when Source selected is
set to be PI Sense.

o Calibration: sets the calibration
cycle and can compensate
temperature drift and more.
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Input settings...

Common Footprint

(XDPE14284 device only)

o When selected,
- pin36: dedicated for Isys
- pin37 dedicated for Vsys
- pin38: Vin
- Enable Vsys Sense tabbed

dialog

VSYS Sense (XDPE14284 only)

(infineon

=+ Input Settings - 0x7C

Vsys Sense Network
Vsys Sense Gain

o Gain factor to get correct voltage
reading

o Typical value is 515 but depends
on the resistors and board layout

R1, R2
o Typical values are 19.1kQ/1.54kQ
Max Sense Voltage

o Default should be ~16V for a 12V
nominal VIN application

o Value depends on the resistor
divider resistance

[v Common Footprint

Vin Sense | Vaux Sense lin Sense/Input Power

Vsys Sense Network

Vsys Sense Gain 515
R1 19.100 H KO
R2 1.542 KO

Max Sense Voltage 16.064 v

Vin/lin Sense Design Tool

Vi/Iin Sense Design Tool

o Opens the Input Sense Design
Tool that helps calculate settings

Vsys Sense

ADC

Vays

R1 <

Vsys Sense

R2 c1

Read from device

Close |

Q

Note: This tabbed dialogue is only visible on a XDPE14284 device and when Common Footprint

is selected.
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Input settings... Input Sense Design Tool

Input Sense Circuit Diagram

o External components for the
different sense schemes.

Copy to Input Setting

o Copies calculated values and
settings in the Input Settings/Vin
Sense tabbed dialog.

2020-04-30 restricted

Input Sense Design Tool

Input Sense Circuit Dia

Vin

VinSense
=

Vin

gram

El

Rl

Fshunt

Tin

Current Sense

AMP

Copy to Input Setting

(infineon

Input Sense Design

Input Sense Type

T ° Selects which type of input
Input Current Sense Type | TSI TITANNN - current sensing will be use.
- . Selected Sense Network based on
Enter Desi T 15: T
an Taree recommanded o Depending on selected
Vin Max i configuration entered design
R17| 13.000 2 KO target numbers and calculation of
lin Max 10 HA R [T000 = ka recommended values for the
Rshunt 10 = ma i . \ external components will be
| shown.
Current Sense s = o Enter the resistor values that will
AMP Gain
be used. Typical the recomended
Recommended values.
Sense Network:

Vin Sense Gain

2
3
[1-]
-
5| B

n [
e 1w

lin Sense Gain 384

48.00 A

lin Max Digitized

Win Max Digitized 16.80 v

ConyroEKAURHOC WWWESW BAND - [IPYICOEAMHANCS! Infineon Proprietary




(infineon

Agenda

Purpose

Install GUI software

Main GUI window

General error messages and warnings
Start to create a configuration file
Phase & frequency

Input settings

Output settings
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Output Settings...

Vout

(infineon

o Displays Loop A or Loop B
information

o 3 tabbed dialogs for each loop

o Active tab is highlighted in bold
blue text font

- Screenshot has Loop A and
Vout information displayed

=

VID Table

o Selection of VID voltage step
Vboot

o Boot voltage

For Intel application, VID Table and
Vboot can be changed in the SVID
dialog

For AMD application, , VID Table is
automatically changed to 6.25mV

For POL/Telcom or PWM-VID
application, VID Table and Vboot can
be change in this tabbed dialog

Slew Rate
o Rate on how fast voltage changes

For Intel application, Slew Rates can bel]

changed in the SVID dialog

2020-04-30 restricted

‘@ Output Settings - 0x7C

LoopA] Loop B]

=7 Vout l Vout Protection | lout Protection ]

/ID Table

10mV- (0.5V~2.55V -|

Slope | 0.498 E|: mal
Offset 0 E|i my

Change Vout

Low Byte (VID Code)| 0 El:

Slew Rate

Fast Slew Rate 25 E|: mv/us

Slow Slew Rate |1/2 of SR-fast  «

High Byte (Offser)] 0 —=| _ YOUL=

PMBus Configuration |

PMBus Configuration

o Opens the PMBus Configuration
dialogue that is use to send PMBus
commands to set Vout.

Loadline Settings
Slope

o Use to define how much Vout is
adjusted by load current

Offset

o Use to position the Vout with a fixed
offset over the all load currents

o Typical value is 0mV

Change Vout

o Manual control of Vout

High Byte (Offset)

o Adds an offset to existing Vout

o Values >80 count converts to a
negative number

Low Byte (VID Code)
o Sets a VID code for a specific Vout

o Any settings that is not 0 will
override other voltage commands

Write to device Read from device

Close |
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Output Settings...

Enable detection (Fixed OOVP)

o Enable/disable Fixed OOVP
Threshold detection

Fixed OOVP Threshold

o Threshold that determines if Vout
is over voltage

o Triggered when Vout > Fixed
OOVP Threshold

o Always active after the
initialization state except during
open sense line fault detection

o Recommended setting is <output
cap rating and >Vout_Max

Vout Protection

(infineon

@ Output Settings - 0x7C

Loop A] Loop B]

Vout  Vout Protection | lout Protection

OOovP

Fixed OOVP Threshold
Tracking OOVP Threshold

OOVP Response

Enable detection (Tracking OOVP)

o Enable/disable tracking OOVP
Threshold detection

Tracking OOVP Threshold

o Threshold is based on the
difference between Vout and
Vtarget.

o Triggered when (Vout - Vtarget) >
Tracking OOVP threshold

o Enabled during soft start,
calibration, active regulation and
shutdown states

o Disabled during DVID ramping
o Recommended setting is 0.4V

1 Fixed OUVP Threshold

Tracking OUVP Threshold

QUVP Response

H55 Response
Driver Fault Response

(Cat Fault Response

3.45V
0.4v

Latch

0.5V
0.3V

Latch

Latch
Latch

lgnore

[¥ Enable detection

[¥ Enable detection

£

[¥ Enable detection

¥ Enable detection

~

Enable detection (Fixed OUVP)

o Enable/disable Fixed OUVP
Threshold detection

Fixed OUVP Threshold
o Output under-voltage protection

o Triggered when Vout < Fixed
OUVP Threshold

o Only enabled during the active
regulation state

o Recommended setting is < system
required min Vout and > fixed
QUVP disable threshold

Enable detection (Tracking OUVP)

o Enable/disable tracking OUVP
Threshold detection

Tracking OUVP Threshold

o Triggered when (Vtarget - Vout) >
Tracking OUVP threshold

o Only enabled during the active
regulation state

o Recommended setting is 0.3V

Write to device I

Read from device

OOVP Response

o Response when Vout exceeded
any of the fixed or tracking OOVP
threshold and when any of the
OOVP enable detection is enabled

o Response time: flagged on 4
consecutive samples at a rate of
50MHz are over the threshold

OUVP Response

o Response when Vout exceeded
any of the fixed or tracking OUVP
threshold and when any of the
OUVP enable detection is enabled

o Response time: flagged on 4
consecutive samples at a rate of
50MHz are over the threshold

2020-04-30 restricted
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Output Settings... (iﬁﬁneon,
Fixed/Tracking OOVP/OUVP fault

VSENP S, L > Fixed OUVP/OOVP fault
—>

<iVADC
50MSPS D
VSENN P e

7

Fixed OUVP/OOVP threshold

Selected Vout
elected Vou > Tracking OUVP/OOVP
VSENP _ > faul
VADC = >
50MSPS D D D >
VSENN TP T

Tracking OUVP/OOVP threshold

4 consecutive samples over/under the limit will trigger the fault.

2020-04-30 restricted Copyrigl@@qﬂwéqﬁw?%@ﬂﬁ.ﬁh p‘WE’OEﬂMWﬂMCﬂ! Infineon Proprietary



Output Settings...

Vout Protection

HSS Response

o

Response on high side short fault
(i.e. High side MOSFET is shorted
and Vout is raising by itself)

Input: phase current sampled at
50Mhz rate

Default threshold: 1.6 x P2CL
Response time: 80ns; 4
consecutive samples at 50Mhz
rate greater than threshold

Driver Fault Response

‘@ Output Settings - x7C
Loop A ] Loop B ]
Vout  Vout Protection | lout Protection
QOVP

Fixed OOVP Threshold
Tracking OOVP Threshold

OOVP Response

ouve

Fixed OUVP Threshold
Tracking OUVP Threshold

QUVP Response

H55 Response

Driver Fault Response

(Cat Fault Response

3.45V
0.4v

Latch

0.5V
0.3V

Latch

Latch
Latch

lgnore

[¥ Enable detection

[¥ Enable detection

£

[¥ Enable detection

¥ Enable detection

~

(infineon

Cat Fault Response
o Response on catastrophic fault

Write to device I

Read from device

o Response on driver fault signal
from power stages

o Input: Tmon Voltage signal

o Detection is enabled all the time

o If Tmon voltage is higher than
2V, a Driver Fault will be
reported

o Response time:

- Tmon have to be high for
minimum 200ns before fault
is flagged

- Shutdown response at 60ns
after fault is flagged
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Output Settings...

Iout Protection

Note: The different thresholds for OCP and warning have an relationship and GUI may

limit or round possible settings and change the other limits to match.

Inst. OCP (Over Current Protection)
o This looks at the instant peak
current in each phase

o There is a 5 switching cycles
delay before any action is taken

- See next page for diagram

o Response will determine what
action to take when the instant
peak current exceeded its limit

@ Output Settings - (x7C

Loop A ] Loop B]
Vout ] Vout Protection  lout Protection

Inst. OCP

Avg OCP (Over Current Protection)

o This looks at the average current
in each phase

o Recommended settings per ph:
- Icc Max * 1.15 / Nph Max

o Response will determine what
action to take when the average
current exceeded its limit

Threshold 60 Eli A/Ph
Total Threshold A

Response | Latch v

Avg OCP

Threshold 50 E|i AjPh

OC Warning (Over Current)

o This looks at the average filtered
current in each phase

o Fault will be triggered if the
average filtered current
exceeded this limit

The function Peak Current Control in
Sequoia that can be selected can be
set to either cycle average that is the
same as Sierra or instant current
which is a faster but noisier detection
mode

Total threshold

o Threshold that represents the
total output current where the
warning will be triggered

Total Threshold [ 350 |

Response |Latch w

OC Warning

Threshold | 48 =] A/Ph
Total Threshold A
Current Sampling | Cycle Avarage
Assertion Filter |Disable PCC
Assertion Min On Time |No Min On Time

A\

Pulse to Pulse Cycle Limit (P2CL)

(infineon

Inductance nH Edit

P2CL Threshold |58

P2CL Response |Latch

MNegative Current Limit (NCL)

MNCL Threshold | -40 E|i A/Ph ¥ Enable

Min Hi-Z for NCP| 320 ns
Phase Fault

Threshold @Vout=1.76V | 2.000
Response |Ignore

Inductance

o Output inductor for the buck
converter that can be edited in
the Feedback Loop/Output Model
dialogue

o Use in the calculation for the
P2CL function

P2CL (Pulse to Pulse Cycle Limit)

o Per phase current limit designed
to prevent inductor saturation by
monitoring peak inductor current
per phase and limit PWM pulse
width cycle by cycle

o Recommended value is Isat @
125 deg C in inductor datasheet
minus 1 or 2A.

o Response will be triggered if
current exceeded this limit for
255 consecutive switch pulses

N
- Max Current (Imax) Digitized Edit
. 4@w

Write to device |

Read from device |

Close |

OC warning (PCC in AMD applications)

Max Current Digitized

Negative Current Limit (NCL)

o If the current in one phase goes too
much negative, its PWM output will
go to High Impedance ( Hi-Z) for a
specified minimum time.

o This function can be enabled by
marking the box next to Enable.
See explanation on following pages
for function
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o

A fast lightly filtered Over Current warning
signal. Filter can be selected for how long over

current have to be before it activates the output.

The output can be selected for how long it will
stay on after detection. It will reset itself after
selected time if no more OC is detected.

It uses the same threshold current as set in OC
warning.

o

Highest phase current
that can be measured

Can be changed in the
Current Sense dialogue

Threshold @ vout=1.76V

o Maximum difference in phase
current to trigger a phase fault. It
change a little depending on Vout.

Response

o Response when phase fault signal
comes from power stage
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Output Settings... Cinfineon
The different current limits in Sequoia/Sierra

P2CL limit , ‘ Look at each phase current pulse by pulse to
protect against inductor saturation

Inst OCP Looks at total load current. Reaction time
Typical 10us. Typical set according to system
allowed max current

Avg OCP Looks at filtered average total current. Will react
- . = . with some delay set by the filter. Typical 2ms
PCC (OC warning) i | g i g Typical setting is the thermal limit current
Fast reacting (2-4us) peak current warning
PCC. Typically set close to Avg OCP In
XDPE122xx typical 4-6us delay. XDPE142xx 1-
3us delay
Load
current
Fault and Warning signals
—_— | — Z
Inst OCP = ; g ; Inst OCP and AvgOCP can be selected to

Turn off (Latch) or give a Warning.
PCC only give Warning

Avg OCP

PCC

Active low signals
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Output settings... (infineon
Inst OCP behavior

Notice that the current measured is the inductor
current and not the direct load current. Inductor
current rises slower than the load current and will
add a delay that depends on variables like
Inductance, Input voltage, output voltage and
more.

ISEN1 ——>

IADC Block AVg isample . ______ _ _
25MSPS 51 samples per tsw

IREF1 —»

1 sample
per tsw

J/ VvV V

' n
> >0 Q>D d
: _ P Inst OCP
ISEN6 ——>

IADC Block Avg

7

per tsw

Action can be

__________\:__ _________
\%
4
4

25MSPS 51 samples
IREF either Latch,
Inst OCP Hiccup or Ignore
threshold | 5 consecutive samples over the limit

|
|
|
|
|
|
|
|
i
|
Fault. |
i
|
|
|
|
|
|
|
|
|
|

will trigger the fault.

|
|
_

If any sample is under the threshold the Inst OCP
flag/fault and timer will reset immediately
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Output Settings... infineon
NCL function explanation (ffneon

Input: Iout
Response time: 5ns; No shutdown response available

Recommended settings: amplitude should be greater than the negative current induced by Cdv/dt during
DVID down.

Shutdown response: Not available

If inductor current is too negative, highside FET may fail during the dead time between lowside off and
highside on due to too much current going into the highside body diode.

NCL will set lowside to off once the inductor current reaches the negative current limit

To avoid chatting, the hysteresis level is set to release the HiZ only when the inductor reaches Y4 of the
negative current limit and a minimum HiZ on time is satisfied.

—>| |<€ min HiZ time
«—>

NCL HiZ

/HiZ removed when I, > Il ../4 (hysteresis)

e

I, < Limi, POWerstage tristated
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(infineon.

Output Settings... limitations in OCP settings

There is a limitation in what values Avg OCP and OC Warning/PCC
can have.

They can be set in steps of 2A and the range is 0-30A/phase less
than Inst OCP.

When changing Inst OCP the AvgOCP and PCC will change the same
amount. i.e. Change Inst OCP 7A and both other will also change
7A

InstOCP is not influenced by changes in AvgOCP or PCC

Example Inst OCP =70A /phase AvgOCP = 60A and PCC =46A

Change Inst OCP to 69A and that will make AvgOCP=59A and
PCC=45A
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Output Settings...
Avg OCP or Avg OC Warning behavior

Filter
Filter frequency can be selected.
Time for a overcurrent signal to pass through the filter will depend on how much overcurrent.

Like for any low pass filter a small current step take longer time to get to the threshold than a large
overcurrent. See graph for example where limit is selected to 45A and different current steps.

Total delay times from an Overcurrent to fault response is the sum of Filter frequency selected and the
corresponding delay time and also depend on switching frequency as there is an 5 consecutive sample
digital delay after the filter. This digital delay makes higher filter frequencies insignificant to total time
delay.

See block diagram on next page for more details.

Infineon

i

@Telemetry%)x?ﬁ = i&‘ AVG OCP Low Pass Fllter Tlme
Telemetry Filter || Envelop Detector to Cross a 45 Am p th res h o I d
Slow Filter for|yout and lout Telemetry
Loop A Loop B b o] 6
Filker | 20 |2 Fiter | B 1% ©
Bandwidth KH3 Bandwidth KHz § 5
e
Block Size for SVID lout Telemetry 'I-E 4
Loop A Loop B & ?
Filter 2 5 Filter 2 e -g 3 == (0-60A
Block Size ms Elock Size ms ; § 2 0-80A
o 4
Block Size for SVID Vin and lin Telemetry ';é; E 0' 100A
Filter 2 — t .E 1 1 5
Elock size ms 3 ~
S NV, 0:0:0..0..0.6:000000 000 ottt
8 0 . — DS . e
] 0 10 20 30 40
[ wrie | [ close E Filter Setting
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Output Settings... infineon
Avg OCP and Avg OCP warning (e

ISEN1 Block Avg
IADC >  Onetsw 1 sample Filter
IREF1 25MSPS period ger tew Filter frequency can be selected. Examples
- - of delay times on previous page.
1 sample
. per tsw Digital delay
5 consecutive samples of
. overcurrent need to be
LPF: 57H
ISEN6 > ] o7z detected before an Avg
IADC Block Avg 1 sample OCP is active. Sample
>  One tsw per tsw time is selectable and also
IREF6 25MSPS period depend on switching
r g 1 sa;nple frequency.
per tsw
// ;
+ &« 5
S| NxTsw . sh abh dbb dbb o> AvgOCP fault

T
Iéo counter
— Reset

Avg OCP threshold 3
tsw=time >
between 2 PWM > g OCP
+ vg
pulses. & NxTsw S .
_ Ié(7) Resegounter T S i o S i S e Wa rnlng
> > > >

*¥0.1-0.8ms delay between each sample, Setting is selectable 50*tsw to 400*tsw delay.
OCwarn threShOId Register [fault_Ipf_num_fsw] is for this setting
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Fast OC warning Sierra and Sequioa Cycle
sampling. AMD PCC peak current control

(infineon.

ISEN1 Delay time
Block Avg _ 1-2 fuII_PWM cycles
IADC >  Onetsw 1 sample Notice the sampling need at least one
25MSPS period per tsw full PWM cycle to pass through the
IREF1 > Block average filter and depending on
. how fast load current rises and when in
1 sample time it happens it may need one more
. per tsv, sample to reach the threshold level.
ISEN6 S Notice that the current measured is the inductor
current and not the direct load current. Inductor
IADC Block Avg 1 sample | :
> One tsw per tsw current rises slower than the load current and will
IREF6 25MSPS period add a delay that depends on variables like
- Inductance, Input voltage, output voltage and
more.
More than Pulse
1-63 stretcher . PCC/ OC
UM pules Warning
| OC Warning
threshold
tsw=time Current have to be above Signal Min OnTime:
the limit for a selected An overcurrent event may
between 2 PWM number of switching be to short for the
pulses_ pulses before output goes external circuit. This allow
high. This to act as a any OverCurrent pulse to
filter for short be stretched to be longer
overcurrents for easier detection
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Fast OC warning Sequoia Inst. Current
AMD PCC peak current control

sampling

Delay Time
1-2 full PWK cycles

Maotice the s=ampling need at

least one full PWM cycle to
pass through the Block average

filter and depending on how

fast load current rises and

when in time it happens it may

Current have to be above the
limit for 2 selected number [1-
31} of switching pulses before
autput goes high. This is to act
as a filter for short
OWErCUTTEMnts

Signal Min OnTime:

to short for the external
circuit. This allows any
CverCurrent pulse to be

stretched 3 number of full

An overcurrent event may be

switching cycles to be longer

(infineon

need one more sample to for easier detection

reach the threshold level

ISEM1
IADC Block "D‘Ug 1 sample
IREF1 25MISPS 1 Tsw per Tsw Selected by register Selected by register
acwarn_faw_ncount oCWarn_min_on_time
+ 1—31 Tsw Pulse stretcher
- detection 0-63 Tsw
1 =ample
per Tsw A "’\
ISENL Block A F :I\ :I\
|ADC oC Ug W S T
2smses || 1 Tsw PCC/0OC
IREF1 Warni
arning
threshold Bypass
[ PCC
g Z . Pulse stretcher
\ T 0-63 Tsv
pcc/oC
Warning
threshold
DelayTime, Current have to be above the
gxgt‘f‘d E_'"“k ’:“’;:‘dgert limit for x number of SOMHz
|onsc:aflc 2 3 pulses | % * 20ns) then output
N = of this black go high.
otice that sampling of current Acts like a filtar.
in ADC is done at 25MHz
Symbols in Blue is the new faster PCC path added in Sequoia
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OC warning Sierra and Sequoia
AMD PCC peak current control

Instantaneous t1

t t4 t5 . t6
ocp t2E 3E : 55 : 7

PCC/OC warning
threshold

Load
current

Inductor
current

PCC

programmable Minimum PCC assertion
time is programmable

(infineon.

tl: load current reaches OC warning threshold
Some of the current comes from the output
capacitors while inductor current takes time to
increase

t2: Inductor current reaches OC warning
tgresgolg. Contribution to the delay between
t2 and t1:

- Output inductance (Higher=slower)
- Input voltage ( higher=faster)
- Loop bandwidth ( higher=faster)

t3: Instantaneous Imon (switching cycle block
averaged inductor current) reaches OC
warning threshold. Delay between t3 and t2 is
<=two switching cycles

t4: PCC is asserted. Delay between t4 to t3 is
programmable in range of 1~63 switching
cycles

t5:load current decreases and reaches OC
warning threshold

t6: Inductor current decreases and reaches
OC warning threshold

t7:Instantaneous Imon follows inductor
current and goes below OC warning threshold
which de-assert PCC signal. Note: the
assertion time should be >minimum assertion
time which is programmable in range from
0~63 switching cycles
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Faster PCC only Sequoia XDPE142xx Cinfineon
AMD PCC peak current control

» t1: load current reaches OC
warning threshold

> t2: Inductor current reaches OC
warning threshold. Contribution
to the delay between t2 and t1:

nooet t4 t5 6 — Output inductance

/ AAAAE/ - Input voltage

- Loop bandwidth

> t3: Current sampled at 25Mhz
reaches OC warning threshold.

PCC (OC warning)

Load
current

» t4:load current decreases and

reaches OC warning threshold

Inductor

current > t5: Inductor current decreases
Instant current ||| L and reaches OC warning
sense fast 5 threshold
samples : P : )
pcc — 1 ] »  t6:Current sampling follows

inductor current and goes below
OC warning threshold which de-
assert PCC signal.

PCC signal can be stretcrhed 0-63 switch cycles Shown with O stretch
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Infineon

i

P2CL Pulse to pulse cycle limit

> Internal Calculation of phase current

— Inductor value , Measured Vin, Vout and Imidpoint are used to calculate the inductor

current during the on time of the high side MOSFET. inductor
PZCL I|m|t ::I:;r:f:::cation

2RSS
——————————————————————————————————————————————————————————— ‘\\\ inductor
current

\\/ with truncation
Calculated )

rising inductor
current

Inductor
Current

Fault counter

count down one

step Fault counter
count up one
step when PWM
is truncated

Imidpoint
measurements

PWM

4

A load change
makes a need
for a wider
PWM pulse.
Which result in

— Current is measured at every Imidpoint and the controller higher inductor
calculates the rising current during the next PWM high period. current peak

- When the calculated current reaches the P2CL limit the PWM will be truncated
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Infineon

i

P2CL Pulse to pulse cycle limit

Response :

Each PWM pulse will immediately be truncated when the phase current exceed the P2CL
limit
Fault flagged after 255 switching cycles above limit.

It uses an up/down counter.
It will count down for all pulses that are below threshold and up again if new pulses

exceed threshold.
When number of accumulated above threshold pulses reaches 255 a fault signal is

generated.

A single pulse under threshold will not reset counter to O like the other current limit
functions

Counter do not go below 0

» Recommended settings: Inductor saturation current or 1-2A below saturation current

> Shutdown response: Shutdown/Ignore/Hiccup
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>
Q
D
-
Q
Q

Current sense

Temperature

On/off settings

Feedback loop

Voltage loop compensation procedure
Nonlinear control

Current balance

Power state transitions
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Current sense...

Current Sense Type

o For XDPE1x286 and XDPE12550
part, selection can be DCR sense
(as shown), DCR Shunt or Non-
DCR (i.e. power stage with
internal current sense)

o For other parts, current sense
type will automatically change to
Non-DCR

o Graphical figure will change to
match selection made

‘o Current Sense - 0x3E

LoopA} Loop B ] Calibration

Current Sense Type |DCR ~

2020-04-30 restricted

Vin L DCR + Ryz. =DCRy

A YY) —h Ve
\——A\W 1t
D5xRh DSxRb Ch
HAAA
Rc
\J 9
ISEN IREF
Current Reading Tuning
W lsen Gain
Isen Gain TC | 0.00 —Hppm/'C

Isense Gain Adjust by lout

Condition | 20.000 Eli ASPh
Gain Adjust 0.000 Eli

Isen Gain Adjust by Vout | 0.0000000 El: AN

loffset Adjust by Vout 0.00000 =4 A/A

sampling Position Adjust 0 E|: ns

infineon

Current Sense Design Tool

Power Stage | N/A (DCR) )

Existing Network

Enter parameters of existing network:
WF

R [ 1002 Ho
¥ UseRe 2554 H 0

T (netwark)
mismaich
measured

Calculated Characteristics:

DCReff@25°C 0379 mo

Leff@25°C 59 nH
T (L/DCR) 153 WS
T (network) 158 us

Imax digitized 105
Capability Noh
Min. Imax =

requirement Afph

Current Sense Design Tool
o Dialog that helps calculate the
settings and any resistors needed

Write to device* | Read from Device |

Close Help
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Current sense... DCRsense

Isen Gain

o

Gain factor for the measured
voltage across Cb that represent
the current through the inductor
Tune this value such that the
current reading gain is accurate
from OA to 2/3 of TDC with Isen
Gain TC set at 3906.25ppm/°C
when temp change in inductor is
small

To get a starting value set the
gain=0.15mV/DCR

Isen Gain checkbox

o

o

Checked: override calibrated gain
settings from the Calibration tab
Unchecked: gain will use values
from the Calibration tab

Isen Gain TC

[¢]
[¢]

o

o

Temperature Coefficient for gain
Typically between 2000 ~ 4000
ppm/°C

Use the ideal copper TC=3906.25| 4
first and then based on
temperature compensation result
of inductor DCR to trim this value
This value could be different by
layout.

Loop A ] Loop B ] Calibration

Current Sense Type DCR ~

L

7
INeRb DSxRE | cb
A
Rc
ISEN
Cu Reading Tuning

I¥ lsen Cain | 0.5000

Isen Gain TC | 3006.25 = ppm/'C

Isense Gain Adjust by lout

Condition 0.000 EIZ A/Ph
Gain Adjust 0.000 33

Isen Gain Adjust by Vout | 0.0000000 33 AN
loffset Adjust by Vout 0.00000 Eli AlA

sAmpling Position Adjust 0 3 ns

DCR +  Ryw.

IREF

Current Sense Design Tool

Power Stage | N/A (DCR) ~

Existing Network

Enter parameters of existing network:

Ab [ 2295 H 0 /
11182 El Q
Calculated Characteristics:

DCReff@25°C 0300  |mn

Leff@25°'C 152 nH
T (L/DCR) 505 WS
T (network) 505 Hs

(infineon
Power Stage

o When Current sense Type is
DCR, selections are DCR and Sense
Resistor

Cb and Rb

o Enter the real values used on the
PCB for capacitor and resistor

o Cb typical 0.22uF

T ( Network) mismatch measured

o This is the mismatch in the two
time constants Rb*Cb and L/DCR
for the real components

o Typical put a value 1-2%

o Explanation follows on the next
pages

Imax digitized 58
Capability > Aph
Min. Imax

requirement Afph

Imax Digitized and Min. Imax
requirement.

o Check that the calculated Imax
Digitized capability is equal or
higher than Min Imax
Requirement

o If not try to add more Rc to get a
lower voltage on the ISEN-Iref
signals. This to not exceed the
30mV input range for the current
sense input for DCR.

Isen Gain Adjust by Vout

o

| W/Ie to device I Read from Device |

Linear current sense gain

/

Help |

\ Close |

compensation based on Vout

Ioffset Adjust by Vout

o

Offset f the current sense based
on Vout

Sampling Position Adjust

o

o

Adjustment of reported phase
current in the Telemetry window
See next page for explanation

2020-04-30

restricted

Isen Gain Adjust by Iout

currents

o Optional gain adjustment to the current sense based on Iout
o Compensate for a non-linear behavior in current reporting for small

o For load currents greater than the specified A/ph Condition, the
specified Gain Adjust value will be applied
o Recommended setting for Condition is 16~20A/ph

Isen Gain @ I, per phase = Isen Gain * (I, — Iconaition) * (1 + GainAdjust)
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Current sense... Sense resistor

Isen Gain

o

Gain factor for the measured
voltage across Cb that represent
the current through the inductor
Tune this value such that the
current reading gain is accurate
from OA to 2/3 of TDC with Isen
Gain TC set at 3906.25ppm/°C
when temp change in inductor is
small

To get a starting value set the
gain=0.15mV/DCR

Isen Gain checkbox

o

o

Checked: override calibrated gain
settings from the Calibration tab
Unchecked: gain will use values
from the Calibration tab

Isen Gain TC

[¢]
[¢]

o

o

Temperature Coefficient for gain
Typically between 2000 ~ 4000
ppm/°C

Use the ideal copper TC=3906.25| 4
first and then based on
temperature compensation result
of inductor DCR to trim this value
This value could be different by
layout.

Isen Gain Adjust by Vout

o

LoopA] Loop B ] Calibration

Current Sense Type |DCR

g
ISEN IREF
W Tuning
[¥ lsen Cain :

Isen Gain TC 000 —H|ppm/C

Isense Gain Adjust by lout

Condition 0.000 Eli A/Ph
Cain Adjust 0.000 El:

Isen Gain Adjust by Vout | 0.0000000 E' AN
loffset Adjust by Vout 0.00000 El ASA
pling Position Adjust 0 3 ns

‘ Current Sense Design Tool I

Power Stage | N/A (Sense Resistol +

Existing Network

Enter parameters of existing network:

Rb 0 3: o]

™ UseRcRb 1000

Calculated Characteristics:

Reff@25°C 0078 mo

Imax digitized 300
Capability A,fph
Min. Imax

requirement A;’ph

(infineon
Power Stage

o When Current sense Type is
DCR, selections are DCR and Sense
Resistor

With a sense resistor instead of DCR sense,
the resistor divider is often Oohm.

Typically temperature dependance TC is
much less than for DCR. See resistor
vendors datasheet for value.

Wr e to device*

/

Read from Device |

Linear current sense gain

\ Close |

Help |

compensation based on Vout

Ioffset Adjust by Vout

o

Offset f the current sense based
on Vout

Sampling Position Adjust

o

o

Adjustment of reported phase
current in the Telemetry window
See next page for explanation

2020-04-30
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Isen Gain Adjust by Iout

currents

o Optional gain adjustment to the current sense based on Iout
o Compensate for a non-linear behavior in current reporting for small

o For load currents greater than the specified A/ph Condition, the
specified Gain Adjust value will be applied
o Recommended setting for Condition is 16~20A/ph

Isen Gain @ I, per phase = Isen Gain * (I, — Iconaition) * (1 + GainAdjust)
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Current sense... Non-DCR

Isen Gain

o Gain to use for all phases for the
signal from the power stage

o To get a starting value, set the
gain=0.35 when using a power
stage like TDA21460

Isen Gain checkbox

o Checked: override calibrated gain
settings from the Calibration tab

o Unchecked: gain will use values
from the Calibration tab

Isen Gain TC
o Temperature Coefficient for gain
o Typically set to 0

Isen Gain Adjust by Vout
o Linear current sense gain
compensation based on Vout

Ioffset Adjust by Vout
o Offset f the current sense based
on Vout

1

Sampling Position Adjust

o Adjustment of reported phase
current in the Telemetry window

o See next page for explanation

@ Current Sense - (x7C

Loop A } Loop B ] Calibranon]

Current Sense Type Non-DCR

IQUT————» ISEN

raveler

REIN ———————————» |REF

CurPagt Read&m ng

W lsen Gain 03750

> kencanTc [ 000 =eemsC

Isense Gain Adjust by lout

Condition | 0.000 E|3 AfPh

Current Sense Design Tool

(infineon

Power Stage ]

Existing Network

Enter parameters of existing network:

Calculated Characteristics:

Power Stage

o When Current sense Type is Non-
DCR, select device name family
depending on the power stage

being used
o Traveler/Voyager
o Big Rock

o Sapphie/Denali

Gain Adjust | 0.000 33
\ Isen Gain Adjust by Vout | 0.0000000 33 APC/V

/ loffset Adjust by Vout | 0.0000000 3: AN
Sampling Pesition Adjust 0 Sns

Imax digitized [ 133
Capability Afph

Min. Imax
requirement A;ph

Write to device | Read from Device |

Close e

Isen Gain Adjust by Iout

o Optional gain adjustment to the
current sense based on Iout

o Compensate for a non-linear
behavior in current reporting for
small currents

o For load currents greater than the
specified A/ph Condition, the
specified Gain Adjust value will
be applied

o Recommended setting for
Condition is 16~20A/ph

Isen Gain @ I, per phase
= Isen Gain * (I, — Iconaition) * (1 + GainAdjust)

2020-04-30 restricted
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Infineon

i

Current Sense...

Sampling Position Adjust. Will influence the Phase current in Telemetry window

— Current is measured at every Imidpoint of the falling edge of inductor current and the controller
use this for current balance function and report the per phase current in telemetry window

— Sometimes the inductor current curve is not perfect. Delays in powerstage and distortion shift the
curve and the reported phase current will not be the actual average phase current.

— This setting allow for some adjustment to get closer to the mid point of inductor current that is then
reported in Telemetry window as phase current.

— Current balance is not influenced as it still compare all phases at same point in time.

Inductor
Current

Imidpoint
measurements

PWM

With Adjust as negative the sampling occur earlier equals higher reported current
Positive number delays the sampling and reports a lower phase current
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Current sense... Current sense design tool

A tool to help calculate current sense parameters. Use knowledge
from the 3 following theory slides to find suitable numbers to enter.

| First enter some basic numbers for the design |
2nd step. Enter Data for inductor used

And the Cb capacitor 0.22uF recommended.
T margin typical 2%

| 3rd step. Enter Data for Rb resistor

ol Current Sense Design Tool -

Current Sense Type [DCF{ v] Current Sense Mefwork Design Tool
Enter Design Targets:
Current Sense Circuit Diagrkm
DCR 0.24 = mQ
I o L DCR + Ra. =DCRu . 150 = nH
I I W,
| _| I ot e -
05xFb 05xEb | ¢ Desired Imax 46.55 Ald [[]Use Re Re 32 o
| LA
f i i T margin 1 =] 5% Calculated Characteristics:
I ISEN IREF Izense Gain to Use
I Recommended
\V Sense Network: T (L/DCR)
Fsw 500 = KHz
b 022 . T (hetwork)
i 12 =V i
Vout 15 = v Re a Imax Digitized
# of Phases 5 = b
Desired Imax (Include OCF) 180 = A Copy to Loop A Current Sense l [ Copy to Loop B Current Sense l

(infineon

Use Rc. If there is a
high DCR value the
sense voltage may be
needed to be divided
down by using resistor
Rc. If this is used mark
the box and enter a
number in the Rc field

Isense gain. Calculated
value that can be used
as Isense gain in the
current sense window.

It is to be used as
starting point as final
gain is determined by
testing.
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Current sense... dynamic response: Rb*Cb (iﬁ’ffneon

time constant

. L/DCR
Ve =Voom "R g T ST » Impact of how Rb*Cb compared to

L/DCReff:

the same vy at any frequency

Yocr - If Rp*C, < L/DCReff, v, will
| underdamp vpcgr Which leads to
Veb % B (Rb*cb)new = (Rb*cb)orig*(1+x/z)
If Rp*C, > L/DCR, v, will

X overshoot/undershoot during
Y
] overdamp Vpcr. 10 adjust time
Vout (W/ Vv, M constant:
non-zero \ v,
- M - (Ry*Cplnew = (Rb*cb)orig*(l'Y/Z)
V,

transient when LL is non-zero. To
CKAYAHO'C WWWISW.BAND -~ MTPUCOEANHANCS! Infineon Proprietary
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Current sense... Adjust DCR sense network time constant - —
method 1: using transient waveforms with non-zero LL slope (Inflneon,
(1 of 2)

» The DC current sense gain
must be tuned before
adjusting time constant »>
actual DCR on board
DCReff@ZSdegC= DCRL_l_DCRtrace
can be calculated

e o v— » Step 1: enter C, and R, values
QQQQQQQQQQQQQQQQ e e SR used on the board
Va L DCR+ Rom. :DT_R(—VD,. L[ 150 E|nm Rb 201 ko .
Xy me Lo em mne Ly Step 21 set up transient load
I = from 5% TDC to 55% TDC and
ozl e ] measure z and x ory in
Ro [ 203 |kn .
= previous page

» Step 3: if Vg, overshoots Vg,
enter x/z to "t mismatch
measured”; otherwise, enter -
y/z to "t mismatch measured”
- actual L can be calculated
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Current sense... Adjust DCR sense network time constant - —
method 1: using transient waveforms with non-zero LL slope (Inflneon,
(2 of 2)

» Step 5: Select the desired C,
value and then R, will be
calculated automatically

— Tip: recommend to keep the
same C, value and only adjust
= R, value to minimize
et E) e | modifications on board

St e, CEEw » Step 7: change the R, or C, to
- the new values on the board and
verify DC current reading and
time constants matching again

\\\\\\\

— Iteration of DC current reading
and time constant adjustments
might be necessary
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Current sense... Calibration

Partly automated calibration of offset and gain per phase.
Optimizes the reported current and compensate for
variations between phases.

It is also possible to manually enter values into the
Register Value section.

Calibration Procedure

1. Check the Phx checkbox to select which phase(s)
to calibrate.

2. Click Begin Calibration button

o A series of pop up windows will guide the user
when to turn on/off the load.

o Note: max of 30A per phase

o  GUI will measure telemetry values in each phase
in sequence with no load and with load and will
calculate offset and gain for each selected phase.

o  Calculated calibrated values will be displayed in the
Calibration Values column.

3. Click on the Copy Calibration Values to
Registers button to copy the values to the
register section.

4. Click the Write to device button to write them
into memory of the controller.

Phx

o When checked, phase x will calculate the suggested

calibration values for Ioffset and Gain.

Total PSx - Ioffset

o
o

[¢]

Total loffset for each PS states.

During calibration, calibrated values are
automatically changed to 0

Selecting the Update checkbox will copy these
values to its equivalent Register Values dialog fields
when Copy Calibration button is selected

‘e’ Current Sense - 0:3E

Current Sense Design Tool

Loop A | Loop B Calibration
Loop A
Calibration Values Register Values
loffset Gain loffset Gain
I~ PRT |:|A |:| | 4625 = A [ o0ss0s =
[~ PR2 I:IA |:| | 4000 =] A [ oss0s =
I~ PR3 I:IA |:| | 6500 =| A [ oss08 =
- |:|A |:| | 5875 =] A [ o0ss08 =]
s |:|A |:| |-4750 = & [ 05508 =]
[~ PhE I:IA I:l [-11.875 = A [ 05508 =]
Ca7 | Ja [ ]| [42s0 =a [ ossos =
Total PSO I:IA [0000 = A [~ Update
Towlpst|[  |a 0.000 =] A [~ Update
TomlPsz|[  |a 0000 = & [ Update
TowlPs3 [ |a [ 0000 =] A I~ Update

™

Loop B

Calibration Values
loffset Gain

Register Values

loffset

et | ]a

Total PSO I:IA
Towlpst|[  |a
Total P2 I:IA
TowPsz|[  |a

| 0.ooo = a

[0000 = A
[0000 = A
[0000 = A
[0000 = A

(infineon

Gain

0.5508 3:

™ Update
™ Update
[~ Update
™ Update

Read from|Device |

/ Write to device* |

Close | Help

Begin Calibration

[¢]
[¢]

When selected, it will start the calibration process.
Only enabled when at least 1 Phx checkbox is
selected.

Copy Calibration Values to Registers
o This will copy the calculated Calibration Values
column to the Register Values column.

to the actual registers

o Write to device button needs to selected to write

2020-04-30
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(infineon

Current sense... Calibration

Differences in DCR sense, power stages or layout can ‘& Current Sense - 0x3E
make each phase differ slightly in Gain and Ioffset.
— - - = i Current Sense Design Tool
Gain will be locked against changes if the “hook” on LITerT bense Tesin oo
Loop A or B tab is marked as then all Gain is forced to Loop A | Loop B Calibration
the same setting as entered in Loop tab. Loop A Loop B
Ioffset Calibration Values Register Values Calibration Values Register Values
o Offset current for each phase. - (el Gain loffset Gain [l Gain loffset Gain
o Calnbbe _ent?red manually or automated by the TP 25 = [oss0s = || | [ A7 A [0000 A [Toss08 =
calibration function — P2 l:l'“ |: (4000 = & [ 0ssos =
Gain I~ PR3 |:|A |:| | 6500 =| A [ oss08 =
o Gain for each phase. e = s> [ 03508 =
o Can be entered manually or automated by the B o I:IA |:| ‘E _
calibration function. |-47s0 = A [ ossos =
I~ Ph6 |:|A I:l [-11.875 = A [ 05508 =]
Total PSx Ioffset Caz [ Ja[  ]/|[4250 = A [ossos o
o Adjustment of reported current for different
PowerStates. L
o As PowerStates may use different number of phase, A [0.000 =1 A [~ Update Total PSO I:IA [0.000 =] & [ Update
the reported current may change and can be § §
compensated by adding an offset. Total PST A 0.000 = A I Update Towlpst|[  |a 0.000 =] A [ Update
Total PS2 I:IA 0.000 = A& [ Update Total PS2 I:IA 0.000 =] A [ Update
Total PS3 I:IA 0.000 E|: A [T Update Total PS3 I:IA 0.000 E|: A [ Update
Write to device* | Read from Device | Close | Help |
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Current sense

Temperature

On/off settings

Feedback loop

Voltage loop compensation procedure
Nonlinear control

Current balance

Power state transitions
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Temperature Settings

Shutdown response :

What to do when an OTP Shutdown
temperature threshold is passed

[l Temperature Settings \X3E

Custom NTC design :

This button open a new window where

(infineon

calculations can be done when a non
standard NTC is used

v

Shutdown response | Latch -

Loop A

Temp Source
TSEN1 v|

OTP Shutdown | 128 |5

VR_HOT (Temp Alerty | 120 5 =¢

TSEMNT

Sense Method |Integrated Tsens -

Temp Offzet 0.00

/

Temp Source:
Temperature signal comes from :
-TSEN1

-TSENZ2
It is possible to have same Sensor
input for both loops

Loop B
Temp Source

TSEN1 v
= €
VR_HOT (Temp Alert) | 120 =] -C

OTP Shutdown | 128

OTP Shutdown:

Select the temperature for when Over
Temperature Shutdown is to be
activated.

TSEMNZ

Sense Method | |ntegrated Tsens v‘

Temp Offset

0.00 =

Write to device* ‘

I Read from device ‘

I Close ‘

VR_HOT :

Select the temperature for when VR-
HOT fault and pin to be activated.
This function have a 3% hysteresis.
i.e. When set to 100C the VR_HOT
warning will be set when temperature
goes above 100C and stay on until
temperature drops 3% (97C) then
the fault flag reset itself.

==

Temp Offset:

Allow an offset to be entered to
compensate for any measurement
errors or offset due to location of
temperature sensor.

2020-04-30 restricted

\

TSEN1 and TSEN2:
NTC is placed near output inductors.

temperature sense measurement

-NTC: Use an external NTC resistor to measure temperature. Typically the
-Integrated Tsense: Available if the power stage(s) provide an integrated

-Disable: Do not use the temperature function
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Current sense

Temperature

On/off settings

Feedback loop

Voltage loop compensation procedure
Nonlinear control

Current balance

Power state transitions
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On/Off Settings

(infineon

Start-up Rate Option

—Controls the rate (mV/us) of which the
controller will ramp up VOUT to the desired
Vboot voltage or the rate for shutdown if in
Programmed Shutdown mode. Start-Up
and Shutdown rate can differ from each
other if so selected by Start-up/shutdown
rate selection

VR Shutdown on Fault

due to shutdown fault
—Fault rails only: only faulted rail(s) will
shutdown due to shutdown fault

—All rails shutdown: all rails will shutdown

This also influence PMBuUSs status reporting.

7~ On/Off Settings - 0x3E

l PMBUS Conﬁgural\en l

Loop A ] Loop B ]

Turn On

VR Shutdown on fault [AII Rails Shutdown

Bo Bl

Config Delay

Config Delay

—This delay is introduced after the rising 3.3Volt supply
passes UVLO to ensure the voltage completely settles
—After this delay, the VR will initialize the analog
measurements which are sensitive to the integrity of
3.3Volt supply.

Typical setto 3.0

Turn Off

Turn On Delay | 1 £ l mE—

Start up/Shutdown Rdte Option
)
Start-Up/Shutdown Rate Index | 10 =

Start-up Rate Selection €€
| [Start-uplshutdown rate index\L

Programmalble

Start-up Rate 10.000 | mv/us
OUTEN Active Hi

[ Using AVR_EN pin

Turn On Delay
Time from Enable signal until Vout start to ramp up.

Turn Off Delay | O
Shutdown Rate C' 000
N

Commanded Shutdown Kedponse

@ Hi-Z Shutdown

=) Programmed Shutdown

Turn Off Delay
Time from Enable signal goes away until Vout start fall.

VR_READY Assert for
’L00|:r.ﬂ\0nl\,.-r

l Close ] l Help ]

Start-up/shutdown rate selection

Start up ramp can be selected to be equal to or slower
than the ramp for Turn off. This is useful when
powering up a large capacitor bank as the slew rate
can be set lower to avoid too high peak currents

The selected slew rate in mV/us for up/down is
displayed for information
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On/Off Settings

£~ On/Off Settings - 0:3E 1 -

’ PMBus Configuration ]

Loop A l Loop B ]

Turn On

Turn On Delay | 1 = ms

Start up/shutdown Rate Option

‘H:-ﬂ

Programmable -

)

Start-Up/Shutdown Rate Index 10

Start-up Rate Selection

ry

VR Shutdown on fault [AII Rails Shutdown v]
Config Delay k.o = ms
Turn Off

Turn Off Delay | O = ms
Shutdown Rate mv/us

Commanded Shutdown Respon

@ Hi-Z Shutdown

) Programmed Shutdown

[ Start-up/Shutdown rate index

Start-up Rate 10.000 | mv/us

OUTEN Active Hi

| Usinghs AVE_EN | pin
|

WVR_READY Assert at

[After Soft Start v] K_

WR_READY Assert for
[Loop A Only v]

(infineon

Commanded Shutdown Response

—Hi-Z Shutdown: Forces both the HS and LS
FETs to tri-state when the VR is turned off
—Programmed Shutdown: VOUT ramps down
with the rate specified in the Shutdown Rate

VR_READY Assert at

—After Soft Start — VR_READY is asserted after
the soft start ramp to VBoot is complete. This is
the appropriate setting for VR13 application.
—Beginning of Soft Start - VR_READY is asserted
after VR_EN is asserted when the controller is
ready to accept SVID commands. This is the
appropriate setting for IMVP8 applications

N
o) Lo
_ X ~

OUTEN Active Hi
is High

VR_EN is Low

information

—Checked: Output is enabled when VR_EN
—Unchecked: Output is enabled when

The pin used for enable is shown for

2020-04-30 restricted
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VR_READY Asserts for

—Loop A only — VR_READY pin assertion for
Loop A only. This is the appropriate setting where
loop independent VR_READY signals are
needed.

—All Active Loops — VR_READY pin assertion for
all active loops. This is the appropriate setting
where there is only one VR_READY signal for
multiple loops.
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On/Off Settings

£ On/Off Settings - 0x3E

I Turn On Delay | 1 5 ms

Start up/shutdown Rate Option

Programmable v]

Start-Up/Shutdown Rate Index 10 =

Start-up Rate Selection
Start-up/Shutdown rate index v]

Start-up Rate 10.000 | mv/fus
OUTEN Active Hi

Using AVR_EN pin

’ PMBus Configuration YR Shutdown on fault ’AII Rails Shutdown v]
Config Delay p.o = ms
Loop A | Loop Bl
Tum On Turn Off

PMBus Configuration

When using PMBus there are additional on off
settings possible.

Click this button to get to the PMBus page

=i

Turn Off Delay | 0 = ms
Shutdown Rate mv/us

Commanded Shutdown Response
@ Hi-Z shutdown

) Programmed Shutdown

VR_READY Assert at
[After Soft Start v]

VR_READY Assert for
ILoop A Only v]

Write to device* ]

l Read from device ]

[ Close l [ Help l
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>
Q
D
-
Q
Q

Current sense

Temperature

On/off settings

Feedback loop

Voltage loop compensation procedure
Nonlinear control

Current balance

Power state transitions

2020-04-30 restricted Copyrig@@@ﬂwéwwg&ﬂﬁ.ﬁﬁ mm?ﬂlmwﬂ |‘/’| cs! Infineon Proprietary m



infineon
Feedback loop (e

Bode Plot Type:

Pull down menu where different types Bode plot
of Bode plots can be selected Shown for the condition that is selected
under the Bode Plot Type button

.
& Feedback Loop - 0x7C -

Loop A | Loop 5 Phase /Gain Margin is calculated
gode Plot Type Steady State Bode Plot & based on the parameters entered in
’Loop Gain w/o AVP v] -

Phase/Cain Margin f:; MOdeI tab
ow [ 6761 Jue N o BW Bandwidth. Where gain passes 0dB
™ -_4” o< S22 - > g PM Phase Margin
ol dB ‘-h""""‘-— [ 50 %
Double Pole 1464 | KHz T L ;; = GM Gain Margin
240
Fsw KH2< E 300 -
% For Information these parameters are
Nph III 1 100 1000
Vi Nommal 12 v Frequen Shown

PID ] Soft Start Modell

\- .
— Double Pole: The pole due to output L

Cap Bank 1 Cap Bank 2 and C
ct 19 2| pF/unit c2| 470  uF/unit L | 150,00 |2
Rei | 5000 2] masunic Re2 | 4000 2| mojunic  DcrR| 03 2|ma \ Fsw: Switching frequency
vn [ power |amme b TSGR, vou
#ofcap| 12 |2 #ofcap| &8 |2 Parasitic Inductor Stage W L '0:::? il Nph Number of phases
Cap Bank 3 Cap Bank 4 tz| o1 D nEfe g g
ap Ban ap Ban R f
N 212 (10000 = mo | Input voltage: Used for calculations |
c3 19 [ pFrunit c4 5 [ uF/unit = — <
Re3 | 5.000 ] masunit | Req | 5.000 ] mosunit - Ext. Vsen Filter Compensator T
Cfb,
Cfoext] 00 []pF e
#ofCap | 40 | zofCap| 0 = Ext. Vsen Filter
Rfb ext 0 =0

(o] [
-
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(infineon

Feedback loop Model

= IS I Recommend to start with the Model tab as
il Bode plot depends on Model being set up
Loop A | Loop & | with what values used.
Bode Plot Type d . . .
— — n Steady State Bode Plot /’ Any derating of Ceramic capacitors due to
: : : 2 ) voltage must be considered before entering
Phase/Cain Margin [ K
. ~ 240 Capacitor values.
BW | 6761 |KHz . - /\\ /,/ 150
P deg g AWANE = =3 Lbuck:
=z I = I g . .
GM | 1718 |ds £ P T L, = Here the Inductor value is entered. This
@ prad P M & I . . .
2 L o 2 S nductance value is saved in a register
Double Pol 14.64 | KH - - e MAR B L .
oubie T : : A N inside the controller and important to set
e Khz = 200 |- correct for calculations to be right.
Nph [ 8] = 10 100 1000
/ Frequency (Krt2) Other L and C related values on this page
is used by GUI only for Bode plot and

VinNommal | 12 |2 v
o il ”“de'/ / simulations. They are not saved in
Lbuck

Cap Bank 1 Cap Bank 2 K, controller
ci 19 = pF/unit c2| 470 = yuF/unit L | 150,00 5|nH
Rer | 5.000 = masunic  Rez | 4000 =] mosunit bcr| 03 Elma Model simulates a CPU in a socket. Cap
oo power | touce o LR v bank 1 and 2 are MLCC and bulk
¥arcap| 12 g ¥orcop| 8 | Parasitic Inductor age TLL L1 capacitors after inductors. Bank 3 and 4 are
2| 01 HnH | - 3 W Sp i insi
Cap Bank 3 Cap Bank 4 n 5 Rag $Ra  FRap R ~ MLCC capacitors inside the socket.
= _ . . _ RL2 /10,000 £ ma L .
€3 | 18 5 uF/unit C4| 15 [=|uF/unit e < Parasitic inductor L2 and Rc2 simulate the
Rc3 | 5000 =] ma/unit  Red | 5000 2] mosunir  EXT Vsen Filter . . 2 impedance of the copper traces into the
C 0.0 =l pF = |
#ofcap | 40 = #ofcap| 0 2 fb ext P L F”m—f_ socket
Rfb ext 0 =
Ctotal [ 47280 |uF  ESReff mQ Pole [ |MhHz Ext Vsen Filter:
\\

\ Simulates any resistance and capacitance
in the feedback path. i.e. a 10ohm resistor

| write | | Close | that is used to inject signals for Bode

= e measurements

’ Export Bode Plot Data
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Feedback loop Soft Start

(infineon

W Feedback Loop - 0x7C |
Loop A l Loop B ]
Bode Plot Type Steady State Bode Plot
ILoop Gain w/o AVP - . 250
Phase/Gain Margin 5 e
4 240
3 —c AN 10
] X 12 1
oy NS -
= N ] . s 2
= b = —_
T o—— 5 =
o | @
-2 120 2
Double Pole KHz i Sy j;
= & 360
Nph 1 10 100 1000
Vin Ne / 12 v Frequency (KHz)
PID  Soft Start l Model ]
Startup Rate mv/us
PID Reduction 8 =
Actual Max Phase
ke
K
@ 2]
Export Bode Plot Data l Write ‘ l Close ‘

Slew rate is for information and can be
selected in another place.

During softstart the PID values can be
reduced to slower settings.

They do not need to be as fast responding
during soft start as during normal operation.

i.e. Not the same big transients to handle.

The lower settings allow a smoother
monotonic ramp of Vout

PID compensation can be optimized during
soft start.

Startup Rate

—Effective startup ramp rate

—The startup rate can be changed in the
On/Off Settings dialog

PID Coefficients

—During start up: adjust the voltage
feedback loop compensation during the
initial start up period only
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Feedback loop PID

(infineon

(6 reesvackloop-00c T i W e Poles >>> PID button
Loop A ] Loop B]
Bode Flot Type Poles / Zeros can be converted to
Steady State Bode Plot - = . . .
[Loop Gain w/o AVP -] " . // PID Coefficients by clicking this
Phase/Gain Margin i; y button
Bw [ 6761 |k ] e .
i [ 4399 |4 z & al ~ \\ W D Copy <<< PID button:
3 .34 . - = .
— - s " TSR T B copies Recommended PID
ML L= e & s TS, & ’/ Coefficients to the PID Coefficient
|| Double Pole KHz Y //, T K120 Y «
-0 M-240

Fsw KHz 5 o -3:»/

Nph IIl e 10 100 100y Selected Phase: For information the
VinNomal | 12 2] V FrequgnCy (KHz) - PID coefficients for different number
PID | Soft Start | Model | I of phases can be shown for

fide/FID Coefficients information.
Poles/zer0R} P et A PID Coefficients: the coefficients
Z High Ki can be entered directly or calculated
Z Low 26 @] by the GUI using the buttons.
P_High 26 - =
o Low i kot [ ] \ Recommended PID Coefficients
- 90 PID Kfp2
Gain@1Hz| 10000 war [ ] N GUI can calculate a set of
AvPBw| 224 > recommended coefficients
PID Scaling Weight Phase Margin | |dB P - Calculate button: .dl.splays the
i Sl Enabl = W calculated PID coefficients
In >Cale enabple .
'\ \ based on the entered values in
\ ‘\ the Model tab, Vin and Vout
(e ] [ i.
~ Vout: Output voltage Used for

internal calculations of PID in the GUI

PID Scaling Weight
Vin Scale Enable See following slides for
explanation. Typical setting 75%

Poles / Zeros

Enter the parameters for the desired Poles and Zeros. GUI
can convert this to PID coefficients

2020-04-30 restricted
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(infineon.

Vin scaled PID
» Kp, Ki, Kd can be programmed to be scaled over Vin to

— Maintain the same zeros and poles location
- Keep the same gain
Note: Kfp2, Kfpl and Kp(avp) are unchanged over Vin

2020-04-30 restricted Copyrig@@qﬂwéwm&ﬂ@.ﬁh PWEOE&MWFII?ICH! Infineon Proprietary



PID scaling over Nph change (1 of 2)

(infineon

Gaina
i is not changed Ki

-20dB 1

|

\ |

z1 \ :

NphTW I

Kpd B —---- :

|

|

»  Kp, Kd, Kfp2, Kfpl and Kpavp will be 0dB _ I

scaled automatically as the Nph is being LC filter I

added or dropped. Note: Ki is not changed :

> As Nph is increasing :

- Kp, Kd is decreasing :

- Kfp2, Kfpl, Kpavp is increasing :

) Chan%e of Kd is proportional to Nph and :

Kp, Kfp2, Kfpl and Kpavp are proportional I

to square root of Nph :

» z1,z2, p2, pl are moved to the higher !

frequency when Nph is increasing because :
double pole location is moved to higher : >
frequency f, £ frequency

anti_alias
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Feedback Loop PID: (infineon
Compensator — Steady State (Voltage Loop)

PID coefficients

Gaina
— PID compensator: similar to Type III o
compensator Ki Kfp
- f,,: 1st zero of PID compensator i

(Ki and Kp intersection)

| .
PID compensah

« f,,: 2nd zero of PID compensator
(Kp and Kd intersection)

- f,: pole at origin (Ki)

- f,: high frequency pole (Kd and
Kfp intersection) 0dB

. . ) LC filter
* fanti aias: high frequency anti-alias

pole @ around 10MHz for LoopA/B
LC filter:

o f.c: output LC filter double pole
o fe: ESR zero of C

n

frequenc'y

f

anti_alias
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Feedback Loop PID: Recommendations for (ﬁ;ﬁ—neon
Designing a Stable Voltage Feedback Loop

»  The first zero should be placed on the left side of the LC filter’s double poles, and the second
zero placed on the right side of the double poles

»  The cross-over frequency (fc) or bandwidth (BW) should not exceed 1/4 of the switching
frequency

> The Gain should cross the 0dB threshold with a slope of -20dB /dec
»  Kp/Ki/Kd/Kfp values are larger for lower phase-count than that for higher phase-count

> PID coefficients are non-linear. Coefficient index delta of 32 is equivalent to 6dB change in
gain

»  Kp(AVP) should be smaller for VR’s where a large DC load-line setting is required
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Feedback Loop PID: Steady State Voltage Cinfineon
Loop Compensation Kp impact on transient

Vtarget Gal;[]
_ Ki KF
Vour @ Kp = 180 4P
2 V.. @ Kp = 148 L :\m
Wrarget PID compens r
V.. @ Kp = 116 !
I
0dB ! I
LC filter: :
11
11
11
11
11
11 |
11 |
11 |
Ll 1 >
o] fszszz fc 1:pfesr 1:anti_alias frequency
Chi Z200mY O Bw Chz Z200mY & Bw M2 0ps 2 5G55 IT 10.0p= At
& Ch3 oo S40mby
Ref1 20 0y 2.0y

» P term is proportional to Verr. The higher the Kp the higher the BW, but the higher the ring
back

»  From the time domain transient response:

— Kp mainly affects the first ring back amplitude

— Kp has some impact on first undershoot beyond 100ns of load stepping
Note: Kp affects the transient response within the first 5us
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Feedback Loop PID: Steady State Voltage Cinfineon
Loop Compensation Ki impact on transient

2 V

rarget

target y

Kfp
S

| I\so
|
PID compens r

V,,; @ Ki = 159
Vy @ Ki = 127

0dB
LC filter

L1 >
ohl  200mY & Bw ChZ  200mY & B MOI00ps 12565 G00psir o fszszz fc f fesr fanti alias frequency
A Ch3 o« 1.44% -

» Iis the integral term used to drive the DC value of Verr to zero
»  From the time domain transient response, Ki mainly affects:
- The settling trend of Vy after the initial transient response
- If Ki is too high, Vg, overshoots Vi, in the highlighted region
- If Ki is too low, Voyr may lag Vi, 4e in the highlighted region can cause extra undershoot
Note: Ki affects the transient response after the initial 10us to 40us
2020-04-30 restricted Copyrlgl@@{pﬂmé’w‘ﬂﬂlﬁ%&ﬂ@_Ahmmﬁmwﬂmcﬂ| Infineon Proprietary



Feedback Loop PID: Steady State Voltage Cinfineon
Loop Compensation Kd impact on transient

Gain
Vtarget A

390 Ki «d :A:”,Kfp

Vg, @ Kd

Wrarget

Vgt @ Kd = 360 B ¥ R N
2w qut u_r 1__PID compensator

Vi, @ Kd = 328

0dB o L
LC filter

L1 R
0 foficfn fe fofesr 1:anti_alias frequency

Chi 20.0mY 2 Ew Chz 20.0mY 2 Ew k2 0ps 2.56G55 IT 1L
& Ch3 o S40mY

Fefl 20.0mY Z.0ps

» D is the derivative term. The higher the Kd, the higher the BW but with less phase margin
»  From the time domain transient response, Kd mainly affects:

- The first undershoot beyond the 100ns of load stepping. The higher the Kd, the less the
undershoot

- But too high of Kd will cause Vg7 ringing due to insufficient phase margin
Note: Kd affects the transient response within the first 5us
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Feedback Loop PID: Steady State Voltage
Loop Compensation Kfp impact on transient

51 *
a4
Vrarger

Ch1 20.0rm4 2 B

Ref1  20.0mY 2.0us

Vtarget
Vot @ Kfp = 164
V.« @ Kfp = 132

V,, @ Kfp = 100

Chi 20.0mY 2 B M 2.0ps 2 5GE5s

A Ch3 o 1.44Y

IT 200kt

(infineon

Gaig
Ki Kfp
I
PID compensator
|
|
I
0dB ! I
LC filter: :
11
11
11
11
11
11 1
11 |
11 1
L1 1 ] >
° foficfza fe Fofesr fanti_alias  frequency

> KFfp provides a high frequency pole to roll off the gain introduced by the P and D terms. If Kfp is too

high, the D term gain at high frequency will not be attenuated and

margin

ence results in less phase

»  From the time domain transient response, Kfp mainly affects:
- The first undershoot beyond the 100ns of load stepping. The higher the Kfp, the less the

undershoot

- But if Kfp is too high it will lead to V7 ringing due to insufficient phase margin
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Feedback Loop PID: Steady State Voltage Loop  (infineon
Compensation Kp (AVP) impact on transient

Tek Fun Sample A0970 Acgs 25 Apr
Vearghe @ Kp (AVP) = 171
Vot 1@ Kp (AVP) = 171
Viarger @ Kp (AVP) = 139
V,,: @ Kp (AVP) = 139

2.
Wrarcget

Vot @ Kp (AVP) = 95

Chi 200y G By Chz 200y 2 Ew M 2.0ps 2 5658 IT
& Ch3 o 1.44Y

» Kp(AVP) is the low pass filter of the AVP loop.
»  From the time domain transient response, Kp(AVP) mainly affects:

- how fast the target voltage can track the changing inductor current during transient
conditions

- If Kp(AVP) is too low, V7 will take longer to settle to the final DC target

- The higher the Kp(AVP) , the higher the AVP loop BW, and it may overlap with the
voltage loop to induce extra undershoot or ringing at Vgt

Note: Kp(AVP) affects the transient response in 5us to 20us
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Feedback Loop PID: Cinfineon
Compensator — Steady State (Voltage Loop)

s o o S
Loop A 1 Loop B 1 K| d ffp
Bode Plot Type Steady State Bode Plot K I = 1
[Loop Gain w/o AVP vI & 50 =
Phase/Cain Margin 5 o PID com nsa r
4 =0 | T N et g R e 'p' e
BW KHz » ] 1=
mos i | g 3] T i :
= - — @
o 1715 ]as 3 e SNan 0dB . -
2 = Moz = .
|| Double Pole KHz £ [ Ko I_C f||ter| |
= kHz p . 1 I
Nph lII 3 10 100 1000 ! !
Vin Normal 12 [ v Frequency (KHz) 1 I
PID | soft Start | Model | : :
Recommended PID Coefficients I
Pales/Z: PID Coeffici
cleseroes - Oseelécclteelllrs}’hase Kp l:l 1 1 1
Z High | 38 Kz Index (1 Ph) il 11 11 I
Z Low El | KHz Kp | 34 £ “ d >
301 B _ = [ ] W] o fszszz 1Cc 1:p f:esr 1:anti_alias frequency
P_High 4 KHz Foles kil 26 [2 Copy ko1 I:I
e
Feow | 191 Bz (S ke [107 2 o w2 [ Poles/Zeroes
Gain@1Hz 10000 2 dB kip1 | 28 [ 36 koave [ |
AVPBW 224 | KHz Kfp2 | 20 |2 BwW I:lKHZ - Z].: flrSt ZerO at le
PID Scaling Weight KpavP | 38 | Phase Margin I:IdB - ZZ: Second Zero at fzz
[T] Vin Scale Enable Vour | 1.80 v _ P LOW . pOIe at fp
(o) (G - P_High: pole at fop aies
— —_— == - Gain @ 1Hz: DC gain

- AVP BW: AVP bandwidth

- Poles>>>PID button: calculates and populates
the desired PID coefficients based on Poles and
Zeros information entered
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>
Q
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Q
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Current sense

Temperature

On/off settings

Feedback loop

Voltage loop compensation procedure
Nonlinear control

Current balance

Power state transitions
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(infineon

Voltage Loop Compensation Procedure

(Sranr)

v

STEP 1 - Disable Non-Linear Control

Non-Linear Control » ATR/FATR/Non-Linear

Disable ATRH1/2, ATRL, FATR, non-linear Ki

and zero out PID during ATR

STEP 4 - PID Optimization at Low
Frequency Load Transient

v

STEP2 - Enter Output Model

tarted wit

v

STEP 5 - Load Frequency Sweep
and further optimize PID
Non-Linear Control may need to be
added to fix the excessive overshoot
or undershoot

good config
file?

Recommended PID
Click on Calculate and
Copy Rec. PID<<<

STEP3 - Copy l

Able to

2020-04-30
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Increase switching
frequency, add more
output caps, or reduce
output inductance

meet spec?

STEP 6 — Measure Bode Plot
with Network Analyzer

Sufficient
phase & gain
margin?
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Current sense
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On/off settings

Feedback loop

Voltage loop compensation procedure
Nonlinear control

Current balance

Power state transitions
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Nonlinear Control...

The following parameters can be programmed in the
Nonlinear Control dialog:

)

Active Transient Response (ATR) parameters to reduce
undershoot or overshoot excursions during transient load
events

Frequency Active Transient Response (FATR) parameters to
improve transient response over output load frequency,
especially for transient loads at beat frequency

Dynamic VID (DVID) parameters to optimize the VR’s
response to the SetVID_Fast/Slow/Decay commands
Non-Linear parameters to gain more undershoot or
overshoot margin at high load repetition frequency

Feed forward parameters to gain faster response during the
specific cases listed below or variable case as below

(infineon.

Only enable the ATR functions if adjusting PID
alone can not meet the undershoot and overshoot
requirements

—-ATR control mechanisms are driven by comparators and
programmable thresholds

-The response is non-linear and may add jitter at the
output

— The thresholds should be at least 5mV (typically 10mV)
wider than the measured steady state ripple voltage

- If ATR has to be enable, the PID should be made less
aggressive [ start by adjusting(lower) Kd and Kfp terms

PID Coefficient
Steady State

Delta Actual 4Ph -
Ki (ATRL) | O [ 20 20
|
ATR Kp (AVP) 0 = 46 46

ol Monlinear Control - 0x3E l = o £3
Loop A l Loop B ]
ATR ] FATR | DVID | Non-Linear
Loading - ATRH Load Releasing - ATRL
ALRH] _ ATRL Control
ATRH1 Control |Enabled with 0.125 Normal Pulse v|
| ATRH1 Threshold | 25 =] mv l Default Hi-Z ATRL Setting l
ATRH2 Max On Time: |2600 - |ns
= ATRL On Threshold: | 45 = mV
ATRHZ Control |D|sabled v| Min OFf Time- 200 — P
o5 [= ATRL Hysteresis: | 10 = mV e
ATRH2 Threshold = mv Contral Method. [z ] Min Current for ATRL Hi-Z: [4 ~|A
—— ontrol Method: | Hi- -
Off Time: 600 ~vjns  OnTime: [250 ~|ns Min Ton Time for ATRL Hi-Z: [180 | ns

Hi-z_Ton
Min On Time far ATRL-HI-Z Min Off Time
PWM Hi-Z plrere—).

Hi-Z_Toff
Max On Time
PWM Low

| Write to device* |

| Read from device |

| Close | | Help

2020-04-30
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Nonlinear Control...

Infineon

i

ATR
ATRH1 Control

-Use to program the strength of the ATRH1 control
—-A wider pulse width corresponds to a stronger ATRH1 control
—Disable: No ATRH1 control

VOUT but will increase ring-back.

—-Enabled with 0.50/0.375/0.25/0.125 Normal Pulse: ATRH1 control is enabled. The normal pulse width is decided by the
feedback loop control and ATRH1 will be fired in 0.50/0.375/0.25/0.125 normal pulse width
-Recommended starting point is 0.25 of normal pulse if ATRH1 is needed. Stronger ATRH control reduces the undershoot of

/ .

o Nonlinear Control - 0x3E

Loop A } Loop B }
ATR | FATR | DVID | NgfiLinear |

Loading - ATRH
ATRH1

Load Releasing - ATRL
ATRL Control

ATRH1 Control [Enfbled with O gs Normal Pulse_x|

ATRH1 Threshold | 25 - mv

Default Hi-Z ATRL Setting

ATRL On Threshold: | 45 =

ATRH2
my

ATRHZ Control [Disabled -
arr2 Tff\nola | 25 2

600 ~|(ns

Min Off Time: | 200

ATRL Hysteresis: | 10 = |/mV

Control Method: |[Hi-Z -

my

Off Time On TINRE

Min Ton Time for ATRL Hi-Z: | 180

Hi-Z_Ton

PID Coefficiept Min Gn Time for ATRL-HI-Z Min Off Time

Delta Actual

Ki(agRL | 0 =
Hi-Z_Toff

ATRKp (A¥P) | O = 46 46

Min Current for ATRL Hi-Z: |4 - |A

ATRH1 Threshold

—-ATRH1 control threshold

-The smaller the threshold, the stronger the ATRH1
response because of the increased likelihood that
ATRH1 will be triggered

-It is recommended that the threshold not be too close
to the steady-state ripple size, otherwise ATRH pulses
can be falsely fired during normal regulation. Select a
threshold at least 10mV higher than measured VOUT
switching ripple.

ATRH2 Threshold-ATRH2 control threshold
—Similar to ATRH1 Threshold
- Recommended to set > ATRH1 Threshold

-~~~

f
Write to device* | | Read from device ‘

-
S~

]

ATRH2 Control . Only use if
ATRHL1 is not enough.

Off Time
-Off time (PWM low

-Disabled: no ATRH2 control,
—-Enabled with Pulse Control: ATRH2

pulse width is programmed by the Control

duration) of the ATRH2
pulse when ATRH2 Control
is set to Enabled with Pulse

Off Time and On Time

2020-04-30
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On Time

-On time (PWM high duration) of the ATRH2 pulse
when ATRH2 Control is set to Enabled with Pulse
Control

-If ATRH2 On time is too narrow, it could be swallowed
by the driver and then provide little or no help in
reducing undershoot

-If ATRH2 On time is too large, it could saturate output
inductor. It can also make the PWM width too wide and
be limited by the maximum duty cycle setting.

-Select ATRH2 pulse in the range of 100ns to 200ns
and select a much longer Off time (>800ns) for robust
ATRH2 behavior
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Nonlinear Control... ATR

ATRL On Threshold

-ATRL will be engaged if the VOUT overshoot
exceeds the target VOUT plus this threshold
-Recommended not to set smaller than the

(infineon.

ATRL On Hysteresis

-Prevents ATRL window chattering
and hence stressing FET drivers
—-Recommended value is 10mV

switching ripple amplitude, otherwise it will be
falsely fired in the steady state

Control Method

SR \ | lsis== | _pisabled: Disable ATRL
Bl -Hi-Z: Low side FET is off, uses Body diode
ATR. | FATR | DVID | Nor-Linear - Low side on: FET turns on when ATRL
Loading - ATRH Load Releasing - ATRL i i i
ATRHT L window is active
e \ -~Recommended to be in Hi-Z if ATRL needs
R — to be enabled
ATRHZ ATRL On Threshold: | #5 [=|mv Max On Time- Izﬁuc—vlns
ATRH2 Control |D\sabled v‘ ATRL Hysteres =T Min Off Time- [200 ns
ATRHZ Threshod | 22 BV I g ——_ Current for ATRLH.Z. [4 = eWhen both high side FET and low side FET
Off Time: |600 = |ns On Time: {250 ~([ns i i i-Z: r , | |V urr WI rou
Min Ton Time for ATRL Hi-Z- [180 =|ns a e Of-'f the OS t ec ent ” o th 0 h
the low side body diode
[ | Focoetoem Stoady State oz MmO Time for ATA 01t Tine eCompared to the path through low side
' o e | FET, the low side body diode will cause a
i AT%,,W, gl | i MaxonT LA larger voltage drop across the low side FET
/ S and be able to reduce the positive inductor
/ current sooner, thereby more effectively

Ki (ATRL)

-Delta: This will reduce Ki when the ATRL window is active
regardless of ATRL function is enabled/disabled. When the
ATRL window is active, less error Voltage signal will be
accumulated by the integrator which allows the average
VOUT to be shifted up during high frequency transients
that relieves some stress on meeting the undershoot
specifications.

—Actual: Calculated value based on the Delta and Steady
State

-Steady State: Steady state Ki value for different number
of phases

2020-04-30
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reduce the overshoot
e

ATR Kp (AVP)*

-Delta: Kp(avp) index when ATR is

detected

—Actual: Calculated value based on the

Delta and Steady State

—-Steady State: Steady state Kp value

for different number of phases
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Nonlinear Control... ATR

Control Method

—-Disabled: Disable ATRL

—-Hi-Z:Low side FET is off, uses Body diode
Default Hi-Z ATRL setting -Low side on: FET turns on when ATRL is active

Set all the ATRL parameters to a default
setting with Hi_Z response

—-Recommended to be in Hi-Z if ATRL needs to be enabled. See
description on following slides

Max Off Time
—Maximum PWM Hi-Z duration in
ATRL Hi-Z control mode when the
ATRL window is active

a0 Nonlinear Control - 0x3E - [ESARsE > - -

Min Off Time

Loop A } Loop B }

—Minimum PWM low duration in

—Minimum PWM Hi-Z duration in
ATRL Hi-Z control mode when the
ATRL window is active

ATR | FATR | DVID | Non-Linear / _
Loading - ATRH Load ReNesing - ATRL f ATRL Hi-Z control mode when the
AT'Z:I:HI Control {Enabledwnhﬂlzs Normal Pulse vI ATRL Conlg! ATRL WlndOW IS aCtlve
| TR Threahoidl] 25 o Default Hi-Z ATRL Setting 'I
/ - -
AT'::iHZ Control {Disabled vI ATRL On Threshald: | 43 SV I — — Mln Current for ATRL HI-Z
| —— ATRL Hystoresis: [ 10 E]mv Min OffTime: (200 x]n -Minimum current in ATRL Hi-Z
— — Control Method: [HiZ i curensfor AT L2 (8 wlae | control mode when the ATRL
Off Time: 600 ~[ns  On Time: |250 ne Min Ton Time for ATRL Hi-Z: | 180 ~|ns . . .
\ window is active. If the current (per
| | phase) is lower the setting here,
I b e the ATRL control mode will become
| Delta Actual 4Ph - \ “ ) ”
| ke [0 5 [20 20 I Low Side ON” See next page for
ATRKp (AVR) | 0 [ 46 46 I | Max On Time 1 - more details
| Min Ton Time for ATRL Hi-Z

2020-04-30 restricted Copyrig@@@ﬂwéww?%&ﬂ@.ﬁh p(WE’GEﬂ'MWﬂMCﬂ! Infineon Proprietary



(infineon

Nonlinear Control... ATR

> Min Current for ATRL Hi-Z

»  —When the phase current is lower than the setting specified here, the ATRL behavior will be changed from Hi-Z to
LSFET on

»  —Minimum positive inductor required to sustain Hi-Z state during ATRL

»  —When the inductor current falls below this threshold, the low side FET will turn on to continuously discharge the
output cap

1 -+

(T P————

PWM 1

PWM Hi-Z —p!
| 1 | 1 | 1 1 1 1 | 1 1 1 | r | 1 | 1 1 1 1 1 1 1 1 1 | | 1 | 1 | 1 | 1 1 | 1 1 1 1 |

Ch1 100y £ Ew 1 4 .0psz 125MI5sE 3.0z 40t
Ch3 2.0 By & ChZ ~ 7Z.0mM
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Nonlinear Control: (infineon
ATR Overview

> Active Transient Response (ATR) is used to reduce undershoot or overshoot excursions
during transient load events

— ATRH: Actively inserts additional pulses (PWM High pulses) on each phase to minimize
undershoot during load step conditions

— ATRL: Actively turns on the low side FET(s) (PWM Low pulses) or forces PWM into tri-state
so that the inductor current can go through the low side body diode during load release
conditions

> ATRH threshold: ATRH will be fired when the droop caused by the load step is above the
programmed threshold

VOUT
- ATRH1/2 programmable thresholds 4
ATRLoy M~ - Two
. . ATRL,¢ K ~ ogrammable
> ATRL threshold: ATRL will be fired when A N PR fracking
either of the 2 programmable tracking Viarget ~ S.o thresholds for
thresholds are entered during load release ~_  |loadrelease
i ATRH1 ~ . spikes
spikes ~o
ATRH2 S..
— ATRLon
) Three
- ATRLoff = ATRLon Hysteresis S o S o programmable
S~o O~ tracking
SN o thresholds for
S load step droops
> IOUT
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Nonlinear Control: (infineon
ATRH

> ATRH - undershoot detector
- Use during positive load steps to enable the additional PWM pulses on top of the regular
scheduled PWM pulses controlled by the PID

« This adds pulses to one or more phases to reduce the Vg undershoot

- When V7 is below the ATRH threshold, the corresponding ATRH window will be activated
— The firing of ATRH pulses between phases are “scheduled” to prevent inductor saturation

- The pulse width of the ATRH pulses is controlled by a combination of the PID and the
programmable on/off time durations
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Nonlinear Control: infineon
ATRH e

> When the load undergoes a positive step (increased load current), Vy,r droops
> When Vgt < ATRH_th, the controller will fire extra PWM pulses to reduce undershoot

- The ATRH_th is equal to target voltage minus ATRH threshold

w/o ATRH with ATRH

Talt Stappad Bingle Seg 1 Aags
LA L LA AL L AL R (LA AL BN

Tk Stopped Single Se 1 Aons
Stopped BlngleBeq __ ___ 1Aogs

Vtarget

ATRH1 window

Vout

ATRH1_th

~d

b

LU

e e b P v by o TN TR N T T T T M T A
T ih1 S0.0mY &2 Py MZEIl.IsZ
(M1 (SN fa Wi
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Nonlinear Control: infineon
ATRL

» ATRL - overshoot detector

- Use during negative load step (load current release) to quickly bring the PWM outputs to
a Hi-Z or Low state (depending on what the programmed action is)

i

« This turns off the power stage in Hi-Z mode letting current flow through the Body
diode to dissipate the energy.

« Or when in Low Side On mode turns on the low side FET
to reduce the Vg overshoot

- When Vg7 is above the ATRLon threshold, the ATRL window will be activated and
deactivates once Vg drops below ATRLoff threshold.

— If ATRL is disabled normal switching will continue and the PWM pulses will be shorter
during the load release compared to when ATRL is on and either PWM pulses are
supressed ( LowSide FET on) or High Impedance ( Hi-Z) to force current through the FET
body diode.
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Nonlinear Control: infineon

ATRL

> When the load is released, V, ; overshoots due to excess energy in the inductor being
transferred to the output capacitors

i

> When Vg, > ATRL_th, activating a PWM Hi-Z or Low Side On mode will attempt to dissipate
some excess energy to reduce overshoot

- ATRL_th is target voltage plus ATRL on threshold

w/o0 ATRL with ATRL
’ — s — _ -;,.‘._.,,\,_,._ b e o / ’ — _' _ ~_.,3~,.‘r‘__. N PP
J e
= ~ ~ = - - ~ ~ ~ - ~ ~ ~ ~ -~ ~ ~ - ™~
~ - i S ~ - ,-1 IS N
F e = F e e S B ] ‘-»% & “v—-d o

\‘-omv OMeet:1 0oy 930 Wuaeom| :L-v\-uv Loyicly  SEOMSI 2omg | ‘!-umv ONet:1av 900 Quaeom| ,‘L—\vuv L0yuwicly  SBOMSI PX P |

| - S WO N Jeaw Saarpes ‘- llllll WO N oeaw Sagapes

j‘\wys. WO N, eem | I iy R8O | s wa Ny s00m 9 s
Verr  Febrwery 04 00 MI34s | : Ve Pebraary 04 200 M50
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Nonlinear Control: (infineon
ATRL

» The three settings for ARTL will treat the PWM signal differently
» Disabled Hi-Z Low Side on

Tek  Stopped Single Seq 14605 16 Tek  Stopped Single Seq 1 Acgs - Tek  Stopped SingleSey  TAws &
ed ctopped Single seq  Vhewe _
W Lo
i A,
e sl Py
|
[
In:-,;d-.!u-n.-nl Ioaed qurtent load durrent
|
[
W . o . (] 3 [ ko ""1 < M
i
1 i | i [
| e |
I Hipb il .'..r".r-'ﬁ'.‘n'»*'f“-.;ﬂ\wﬂ?t-‘r'-:#.J#*.W'"‘ﬂ | h‘-ﬂ\n i I-.'LM-JML.[ A b WWWV AL L g ehaniil it o 8 Uit sl g
| A ) L
= | J . = f
9 " Bl s B s A L e B A F 2+Wwvw""l€ ) e bl g, 9 e L—'-I&'J\""“"‘\‘\"‘r"""‘“-""’""""\ A Rt o i L S e Y
T . ' chz  1.0¥ M 1.0ps 50.0MS/
chz 1.0V M 1.0y 50.0MSH chz  10v M 1.0ps My M 10
Ché  200my 0 A Chd ~ 38dmY Chd  200myY 0 A Ohé Ché  200mY & A Ché ~ 38dmy

Disabled=ATRL is not active at all. PWM pulses continue
Hi-Z= Let the circulating current go through the body diode of the bottom FET

Low Side On= FET is on and let inductor current circulate through bottom FET and pulses are skipped.
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Nonlinear Control: (infineon
ATRL

Vour —

VTARGET

VATRL

ATRL

PWM1 ] — ]

PWM2 — X [ ] [ ]

PWM3 [ ] / \ [ ]

PWM4 // I s \ [ ] e

/— ~V
PWM can go to tri-state Blanked PWM \

Hi-Z Low Side on
All PWM phases tri-state at the same time to all PWM pulses are blanked the whole time Vout is
phases until Vout falls below ATRL threshold voltage above ATRL threshold voltage

Disabled
PWM pulses are continuing during the load release.

PWM pulses may be blanked for high Vout overshoot
depending on how fast PID regulation reacts
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Nonlinear Control: (infineon
ATR Recommendations

> Only enable the ATR functions if adjusting PID alone can not meet the undershoot and
overshoot requirements

- ATR control mechanisms are driven by comparators and programmable thresholds
— The response is non-linear and may add jitter at the output

»  The thresholds should be at least 5mV (typically 10mV) wider than the measured steady
state ripple voltage

> If ATR has to be enable, the PID should be made less aggressive - start by adjusting Kd and
Kfp terms
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Nonlinear Control...FATR

(infineon.

>FATR can improve transient response over output load frequency, especially for transient loads at beat

frequency.
>FATR is made up of 3 independent load frequency detectors and adjustment controls that activate when the

target load frequencies are detected.

>Only enable FATR if adjusting PID and ATR together still cannot meet the undershoot and overshoot
requirements.

>Recommended FATR settings are the default settings when FATR is required.
>Recommended FATR settings for manual optimization of the FATR settings
—-Step 1: Determine the oscillation frequency
-Step 2: Determine the cause of the oscillation

oIf it is due to ATR, disable ATR at a frequency that is slightly below the frequency determined in step 1
oIf it is due to an aggressive PID, lower the bandwidth at a frequency that is slightly below the frequency

determined in step 1

oIf it is due to current balance, increase the current balance Kp coefficient at frequencies above one-fifth

of the switching frequency

2020-04-30

o5l Nonlinear Control - 0x3E

Loop A ] Loop B }

ATR  FATR | DVID | Non-Linear

Fatr Detector
Detector 1

Min Frequency: 47 2| 403.226 |KHz

Verror Threshold: | 15 |2 |mv

Behavior Change During Fatr

Disabled ATRH For Detector2 -
Disabled Int. ATRL For Detector2 -
Disabled Auto Phasing |Mo change -

Disable FATR Behavior

Detector 2
Min Frequency: 62 || 208333 |KHz

Verror Thresheld: | 15 &= mv

Fatr Current Balance
Switch Ibal Coefficient |No change hd

FATR Ibal Kp 40 =

FATR PID Coefficient

Adjust PID Coefficient |For Detector 1+

Steady State

Delta Actual 4Ph -
Kp 6 = 28 34
Kd -4 g4
kip1 6 [=
kfp2 -6

FATR Vout Offset

Offset Vout |No change -

Offset voltage in PSO state 0.00 = mv

Offset voltage in PS1 state 000 = mv

‘ Write to device* ‘

| Read from device |

| Close | | Help |

restricted
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Nonlinear Control...FATR

(infineon

Min. Freq. (Detector 1and 2)

Disable FATR Behavior / Restore FATR
Behavior

Button will toggle the text each time it is
clicked
—Selection boxes below will display “No
Change” in terms of FATR behavior when
disabled

-Minimum load transient frequency for Detector 1
and 2

-A frequency above the specified frequency and an
amplitude above Verror Threshold will execute FATR
settings.

ol Nonlinear Control - Ox3E

Verror Threshold (Detector 1 and 2)
-Defines the window which the controller
counts the number of crossings above
and below the Verror threshold over
time to determine the load repetition
frequency

-Verror threshold should be greater than
the output ripple voltage to avoid false

Loop A I Loop B ]

ATR  FATR l DvID ] Non-Linear

FATR PID Coefficient

Coefficient |For Detector1 =

Disable FATR Behavior ‘

Delta
Kp 6 [=
62 [+][ 208333 |knz w

Werror Threshold: | 15 = |mVv

Fatr Detector

Detector 1
Min Frequency: 47

Detector 2

5| e8] o

-4
Werror Threshold: | 15 = mV kfp1 6 =
kfp2 -6

Behavior Change During Fatr Fatr Current Balance

Disabled ATRH For Detector 2 = Switch Ibal Coefficient |No change
Disabled Int. ATRL For Detector 2 - FATR Ibal Kp 40 [= TR Vout Offset

Disabled Auto Phasing |No change A

Offset voltage in PS1 state

Offset voltage in PSO state

detection.

Verror Threshold O
Steady State ’
4Fh -

Verror Threshold

Actual

FATR Current Balance

-The recommended setting is to adjust the
current balance parameter Kp (FATR Ibal.
Kp) to 240 at and above one-fifth of the

0.00 T=

000 [+ mv

switching frequency to mitigate circulating

Write to device* ‘ I Read from device ‘

Caoe ] |

Help ‘

current
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Nonlinear Control...FATR

Behavior Change During FATR: select the desired
behavior for various Non-Linear features when the
load frequency is above the FATR setting

-No Change: no behavior change
—-For Detector 1or 2: behavior change based on the
detector value selected

a5 Nonlinear Control - 0x3E

(infineon

FATR Current Balance

-The recommended setting is to adjust the current
balance parameter Kp (FATR Ibal. Kp) to =40 at
and above one-fifth of the switching frequency to
mitigate circulating current

Loop A ] Loop B ]

ATR  FATR ] DVID | Non-Linear

FATR PID Coeffipfent

Disable FATR Behavior

Detector 2
Min Frequency: 62

Fatr Detector
Detector 1
Min Frequency: a7

Kp 6 [ 28 34
-

Verror Threshold: | 15 = mV

eIl

Verror Thresheld: | 15 2 mV

Kd 4 = 94
kfp1 6 =
kfp2 -6

Behavior Change During Fatr Fatr Current Balance

Coefficignt |For Detector1 =
Steady State
Delta Actual M

FATR PID Coefficient

-Reducing the PID coefficients during load transient will
help stabilize the system

-Adjust PID Coefficient
eadjust PID coefficient based on the detector selected

-Kp/Kd/Kfp

eDelta: allows user to set PID coefficient changes
eActual: Calculated value based on the Delta and Steady
State

eSteady State: Steady state values for the 1Ph, 2Ph, or
MaxPh

Disabled ATRH ForDetector2 = Switch Ibal Coefficient |No change L4
Disabled Int. ATRL For Detector2 v FATR Ibal Kp 40 = FATR Vout Offset
Disabled Auto Phasing |No change - Offset Vout Mo change -
Offset voltage in PSO state 0.00 2 mv
Offset voltage in PS1 state 0.00 2 mv
‘ Write to device* | ‘ Read from device |
2020-04-30 restricted
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Nonlinear Control...FATR

FATR Vout offset

Allows offset compensation that in some conditions can
occur when FATR is active

o= Monlinear Control - Ox3E =l
- -
Loop A l Loop B ]
ATR  FATR | DVID | Non-Linear
FATR PID Coefficient
Disable FATR Behavior Adjust PID Coefficient

Fatr Detector Delta Actual
Detector 1 Detector 2 Kp 6 |2 28 34
Min Freguency: 47 |= KHz Min Frequency: 62 = KHz Kd 4 = a0 94
Verror Threshold: | 15 = mv Verror Threshold: | 15 = mv kfp1 6 = 0 56

kfp2 6 = 20 26

Behavior Change During Fatr Fatr Current Balance

Disabled ATRH Switch Ibal Coefficient
Disabled Int. ATRL FATR Ibal Kp w0 FATR Vout Offset
Disabled Auto Phasing Offset Vout

Offset voltage in PSO state 0.00 = mv

Offset voltage in PS1 state 0.00 = mv

(oo ] [ ]
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Nonlinear Control: infineon
FATR (lieon

Verror Threshold (Detector 1/2)

— Defines the window which the controller counts the number of crossings above and below
the Verror threshold over time to determine the load repetition frequency

- Verror threshold should be greater than the output ripple voltage to avoid false detection
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Nonlinear Control: infineon
FATR (leon

Hysteresis for Verror Threshold

- Once the load repetition frequency has been detected, the hysteresis threshold reduces
the threshold necessary to stay at the detected frequency

Behavior Change During FATR: select the desired behavior for various Non-Linear features
when the load frequency is above the FATR setting

— No Change: no behavior change

— For Detector 1/2/3: behavior change based on the detector value selected
- ATRH Disabled Rate

- Rate that applies to both entering and exiting the behavior
« Recommended settings is Slew
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Nonlinear Control: (infineon
FATR Design Example

> Observation: Vg7 oscillation at load frequencies above 700kHz

»  Optimization: Reduce PID in FATR PID Coefficient for load frequencies > 700kHz

FATR disabled FATR enabled

Hle Edit Merbcal HorizfAcg  Trig Display  Cursors Messure Maske  Math MyScope  LEilE FHle Edit ‘arbcal  Hovizficq  Trig  Display  Cursors Measure  Maske  Math  MyScope  Lkilt
Tei  Stopped Single Seq 1 A 19 Mow 09 20005353 Teks  Stopped 435 Aas 18 Wow 08 2007214
e T T T T T I ST TR I TP T Y U B L B i B T T T R IR T
YE 1.07 1 S12: E1.6ps - NE 1.074Y Sl WA o
T A0 -4 2 Cobt: 21Bpr A A 141 Bl ©ObE: 17 EpE A
o swml cEsikes o 45THA | L sl eDasens WMl 6 Ao |

FreciG1) TZ0 BfHz P TE0542ER | miTI0GEE MITEZOEE o0 00 r: 1.0 FregiGt) 714 FHz P F143I054k m GRS SR M 1318M o0 22848 no 4930
I A NI B v b b b Pl Lo lwoy o b bl e b b b e e
Chil 00k 5 Ew BA00p: 12555 00pshr ol a0 0k S Ew M A00p: 125550 S00padt

4 Ol o108y 4 Cal o+ 1.08Y

VOUT Waveform Comparison
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Nonlinear Control...DVID

a-l Nenlinear Control - Dx3E

Loop A | Loop E|

Current Comp Gain:

Dynamic VID (DVID) parameters to optimize the
VR’s response to the SetVID_Fast/Slow/Decay
commands

ATR | FATR DVID |N0n—Linear|

S mV/us | Default DVID Setting ‘ ESR Compensation Index:

SR-Slow: | 12.50 | mV/us

DVID Compensation for Positive Step - Overshoot Suppression

[¥] Advanced Settings

1.000 = ESR Voltage Gain Adj: | 1.000 = Current Comp Gain:

DVID Compensation for Positive Step

101 2

-1.000 2

DVID Compensation for Negative Step

ESR Voltage Gain Adj:

DVID Compensation for Negative Step - Undershoot Suppression

0.375 [2

(infineon

[RTE————_———— S

Duration for Voffset: | 1.92 = us Voffset: | 1.25 = |mV Duration for Voffset: | 1.92 |~ ns Voffset: | 1.25 2&|mV
Misc
Voffset for Decay Operation: 0 = mv
Power State After Decay: ’Same as Before Decay v]
Read from device | close | [ Hep |
2020-04-30 restricted
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Nonlinear Control...DVID

Show Advanced Settings
—-Enables DVID advance settings when selected

(infineon.

Default DVID Settings
based on the user-specified parameters in the
Feedback Loop/Output Model dialog

—-Sets all other parameters (including advanced
setting parameters) to their default values

—Calculates and sets the ESR Compensation Index

o) Nonlinear Control - 0x3E

s —— . — T — | A o e S|

Loop A } Loop B ]
ATR | FATR  DVID | Non-Linear |

Fast | 25
SR mv/us Default DVID Setting ESR Compensation Indexc 4701 1=
SR-Slow: | 12.50 | mV/us

| Advanced Settings

DVID Compensation for Positive Step - Overshoot Suppression DVID Compensation for Negative Step - Undershoot Suppression

Current Comp Gain: | 1.000 £ ESR Voltage Gain Adj: | 1.000 = Current Comp Gain: |-1.000 [ ESR Voltage Gain Adj: | 0.375 =
DVID Compensation for Positive Step DVID Compensation for Negative Step

Duration for Voffset- | 1.92 |2 ps Voffset: | 1.25 [&|mV Duration for Voffset: | 1.92 |[%ns Voffset: | 1.25 [mv
Misc

Woffset for Decay Operation: 0 = mv
Power State After Decay: |Same as Before Decay -
|
| Write to device* ‘ | Read from device |

2020-04-30 restricted

ESR Compensation Index

—-Calculates the voltage offset caused by the ESR
of the output capacitors during DVID slewing

-Is inversely proportional to the Cout *ESR time
constant (Cannot equal 0!)

-Decrease and re-adjust the DVID Compensation
slider bars (when Advance setting box is not
marked)

oIf fast response is needed or ring back follows
the overshoot

eLowering this value forces the target voltage to
ramp up/down faster that makes the response
more aggressive and bigger overshoot if the
sliders stay in the same position

-Increase and re-adjust the DVID Compensation
slider bars when Advance setting box is not
marked

oIf there is a need to weaken the compensation

Note: The normal range for ESR Compensation
Index is ~40 to ~130. Values below 40 often
result in a very aggressive response and the ones
bigger than 130 end up very small
improvements.
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(infineon

Nonlinear Control...DVID

DVID Compensation slider bars
-Use to adjust Current Comp. Gain and ESR Voltage Gain Adjust in positive or negative step

—-Positive Step — Overshoot Suppression

oIf the DVID response is slow, move the slider to the right to make it faster at the expense of a higher overshoot
oIf the DVID response is very aggressive, move the slider to the left to make it slower and have more overshoot
suppression

-Negative Step - Undershoot Suppression
oIf a slower response and with less undershoot is desired, move the slider to the left (smaller index)
eMove the slider to the right or left to obtain the desired response

-Slider bars are disabled and not visible when Advance Settings box is marked

ol Monlinear Control - Ox3E /\ l o | ——

Loop A ] Loop B ]

ATR | FATR DVID ]Non-Linear]

SR-Fast: mf/us l Default DVID Setting ‘
SR-Slow: | 12.50 W/ us

[7] Advanced Settings

DVID Compensation for Positi¥e Step - Overshoot Suppression DVID Compensation for Negative p - Undershoot Suppression
Less U More Less ) More
Current Comp Gain: [1.000 ESR Voltage Gain Adj: |1.000 Current Comp Gain: |-1.000 |= ESR Voltage Gain Adj: |0.375 [
DVID Compensation for Positive Step DVID Compensation for Negative Step
| Duration for Voffset: | 1.92 = |us Voffset: | 1.25 = mV Duration for Voffset: | 1.92 = |ns Voffset: | 1.25 [ mV
Misc
Voffset for Decay Operation: 0 = mv

Power State After Decay: ISame as Before Decay v]

(o) [ ]
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Nonlinear Control...DVID

Current Comp. Gain

-Use to compensate the voltage offset caused by the
load-line effect on the output capacitor charging or
discharging current during DVID slewing

-Directly proportional to load-line and inversely
proportional to ESR

—-Positive Step - Overshoot Suppression
eUsually > 1 because faster response is desired

- Negative Step - Overshoot Suppression
eUsually < 0 because response should be slowed
down to prevent any undershoot, therefore it is
suggested to be not fully compensated

o5 Nonlinear Control - 0x3E

(infineon

ESR Voltage Gain Adj
-Used to compensate voltage offset caused by the
output capacitors’ ESR during DVID slewing

—Positive Step - Overshoot Suppression
eUsually setto 1

-Negative Step - Undershoot Suppression
eUsually set less than Positive Step - Overshoot
Suppression value

Loop A } Loop B ]

ATR | FATR DVID |Non-Lingar |

srFast | 25f] mv/us Default DVID Setting
sRslow: [ 1240 | mv/us

Advanced Settings
DVID Compensation forfPositive Step - Overshoot Suppression

Less J

DVID Compensation for Positive Step
Duration for Voffset: | 1.92 2us Voffset: | 1.25 [&mVv

Misc

Voffset for Decay Operation: 0 2 mv

Power State After Decay: |Same as Before Decay -

DWVID Compensation for Negative Step - Undershoot Suppression

Less \'J

Current Comp ®ain: | 1.000 £ ESR Voltage Gain Adj: | 1.000 = Current Comp Gain: |-1.000 £

DVID Compensation for Negativg S;
Duration for Voffset: | 1.82

Duration for Voffset

-Time where the Voffset will be applied after
_~ the ramp completion

-Independent settings for Positive and
Negative Step

Voffset: | 1.25 [&|mv

Voffset

-Offset amplitude added after the ramp
'™~ completion

-Independent settings for Positive and

‘Write to device*

Read from device

Negative Step

2020-04-30 restricted
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Nonlinear Control...DVID

ot Nonlinear Control - Dx3E

(infineon

Loop A ] Loop B }

ATR | FATR DVID |Non-Linear |

SR-Fast: my/ps
SR-Slow: my/us

DVID Compensation for Positive Step - Overshoot Suppression

Default DVID Setting

[] Advanced Settings

ESR Compensation Index: 101 [=

DVID Compensation for Negative Step - Undershoot Suppression

Voffset for Decay Operation

—-After the VR reaches the Vtarget + Voffset through
decay, the VR will actively drive Vout and continue to
ramp to the Vtarget with the specified number of

Less U More Less U
phases for PS2, at slow slew rate
Current Comp Cain: |1.000 |7 ESR Voltage Cain Adj: | 1.000 Current Comp Gain: |-] ESR Voltage Gain Adj: | 0375 .
) —~Recommended value is 25mV
DVID Compensation for Positive Step DviD C sation for Negative Step
Duration for Voffser: | 192 2| ps Voffser: | 1.25 [£|mv Uration for Voffset: | 1.92 [=|ns Voffset: | 1.25 [&{mv Powerstate After Decay
Misc
Voffset for Decay Operation: | 0[5 mv -Same as Before Decay - VR will keep the same
ower olate er Decay. ame as Before Deca - H
Fouer it farDace. [same 2 efore Decay -] € PowerState after the decay as it had before decay.
Cmvie] [ | Normally for VR13 applications.
-PS2 - VR enters PS2 state after decay. Normally for
IMVP8 applications.
[—— \natangne ¥ _—
With Voffset for Decay = 0 ; With Voffset for Decay = 25mV
\-‘\'. ‘ ) ..I'.
S . . . Decays to
% 45_‘ ~ T Vtarget+Voff
g oM - N e e B - set
m -, . ™ ~
Q 45— -L—_\’ ———————————————————————————————————————————————— A - ——————T- .
oS voffsetforDecay) ...} Drivento
4 | P Vtarget with
. « b e . Slow Slew
LT LU (0 o ann ey 0 8 8 0 0 59 0 ¢ Rate
D ey OWe by S gdnew . [——— - | - - P - o—
- - - L veret | pmpp— L ] - i L rmra - e ]
S man o s .
- e R - R e RS e g =0 - e 9L o
2020-04-30 restricted Infineon Proprietary
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Nonlinear Control...
DVID Optimization Procedure

(infineon

<

STEP 1: Feedback Loop = Output Model Dialog
Enter the correct output model of system

v

STEP 2: Feedback Other - DVID Dialog
Uncheck Show Advance Settings &
Click on Default DVID Settings

v

STEP 3: DVID Up/Down Transition Optimization
Use slider bars to achieve the desired DVID response

STEP 4: Re-Adjust ESR
—p Compensation Index and
slider bars

Results are
satisfactory?

STEP 6 Done

v

STEP 5: Adjust parameters
in the Advanced Settings

2020-04-30 restricted

Results are
satisfactory?

Re-optimize loop
compensation or
change output
cap/inductor and
restart from STEP 1
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Nonlinear Control... (iﬁﬁneon,
DVID Optimization Procedure

»  If desired response cannot be achieved in Step 5

»  —Re-adjust PID coefficients in the Feedback Loop/Compensation tab dialog. The current response is not well
optimized.

> eAn unstable system will cause undesired rings or oscillations
) *A very slow system cannot meet DVID timing requirements

»  —Reduce output inductance or capacitance: Current introduced by very large output capacitance (C*dv/dt) is very
difficult to compensate for.

»  eExtra current (energy stored in L) during a DVID up event will transfer to the output cap resulting in overshoot
waveform

»  elLarge overshoot will accumulate more error in the PID which the loop has to remove, resulting in slight undershoot
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Nonlinear Control... Non-linear

Non-Linear parameters to gain more undershoot or
overshoot margin at high load repetition frequency.
More explanation on next pages.

f® Monlinear - (x5A

Loop A | Loop B |

ATR | FATR' DVID Nun-LinearKiIACLmdlineI

Mon-Linear Ki

Delta Actual Steady State

Positive Verror: |20 3: my Ki I 4 3: 15 11
MNegative Verror: I-z[] 3: my Ki I 0 3: 11 11

AC Loadline

AC Loadline | -
Loadline Bandwidth Loadline slope | 0.302734400 mQ Edit
F P2 kp_ave [ 45 =
Kp_AVP_F2 I 1 3:

| - F1 6.322 KHz

F2 0.030 KHz

Write to device* Read from device | Close Help
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Nonlinear Control... Non-linear

(infineon

Positive Verror: Delta Ki :
-Verror threshold to activate Ki change specified in -Ki change applied to the original Ki when Positive or
Delta Ki Negative Verror is met

Nonlinear - 0x5A

ATR | FATR | DVID Non-Linear Ki/ACLoadline

Mon-Linear Ki

Delta Actual Steady State
Positive Verror: | 20 El: my Ki 4 EI: 15 11
Negative Verror: | .20 El: m\ Ki 0 El; 11

Negative Verror:
-Verror threshold to activate Ki change specified in
Delta Ki

Loop A l Loop B ] -/

Actual:

—Calculates and displays
the actual Ki when the
changes in Delta are
applied

Steady State:
-Displays the original
steady state Ki

AC Loadline
AC Loadline
Loadline slope 0302734400 m Edit
kp_ave | 45 = h
kpavr2 [ 1 = \
F1 6322 KHz
F2 0.030 KHz
¥
Write to de\ricel | Read from device Close Help
|

Note: Verror threshold should be larger than output ripple amplitude to avoid false trigger
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Nonlinear Control... AC loadl

MNeonlinear - (k54

ine

Loop A l Loop B ]

ATR | FATR | DVID Non-LinearKiMCLoadline]

MNon-Linear Ki

Delta Actual Steady State
Positive Verror: ’T:l mv Ki ’4—:| 15 11
Negative Verror: ’E mv Ki ’0—:| 11
AC Loadline
AL Loadline
Loadline Bandwidth Loadline slope | 0.302734400 |m
' kp_ave [ 45 =
kpaverz [ 1 =
I > F1 6.322 Hz
0.030 KH

/‘FZ

A

Edit

Write to device* |

N\
0se R Help |

v A
Read from device | / cl

N\

N\

(infineon

AC loadline:

Enable or Disable the AC
loadline function.

AC loadline add a slope to
a loadline between 2
frequencies. While still
having the regular
performance at steady
load for applications that
normally do not use
loadline.

AC loadline may improve
higher frequency load
transients to have less
over/undershoot.

Kp_AVP:

Propotional gain factor at
upper frequency of the
range where AC loadline
works. See calculated
frequency F1

Kp_AVP_F2:
Propotional gain factor at
lower frequency of the
range where AC loadline
works. See calculated
frequency F2

Loadline slope:

Slope of the AC loadline
between selected
frequencies.

Notice that when AC
loadline is enabled there is
no loadline at lower
frequencies.

2020-04-30 restricted
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Nonlinear Control: Cinfineon
Non-Linear Background

» At high load repetition frequency, VOUT cannot settle within one load cycle

1kHz Load Transient 250kHz Load Transient
(VOUT is settled) (VOUT is not settled)
175 + T T T 1.75 ,_| i —‘ i B ’_ B | | i —‘ B 200
] - o [
g 17 - - 17 l ‘ i | 150 <
3 §
8165 | Les ’\u’\ f\u f\vf\vf\uf\vf\ uf\uf\u/\ -
| — AAAARRRRARAR
16 1.6 \ \J \ \I \ \ \ \ \ \ \ \ 50
e \JOUt e VIDDAC === [(ll0ad]) e \JOUt e VIDDAC === [(ll0ad])
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Nonlinear Control: (infineon
Non-Linear Background

> For high frequency transient response the error can not be reduced to 0 before next cycle of
transient load occurs

2.00E-01

1.50E-01

1.00E-01

S 5.00E-02
E

s 0.00E+00

-5.00E-02

-1.00E-01

-1.50E-01

VError at 1kHz Load Transient

VError at 250kHz Load Transient

2.00E-01

¢, Error # 0

Error = 0

1.50E-01

/

1.00E-01 z

\
A

v

e LA AN A NN NS

| =
o 3 0.00E+00

IR IRIRIRIRIAIRIAVATANAIR

-1.00E-01

2020-04-30

restricted

0.0005

-1.50E-01
0001 00015 0002 1.50E-04 1.60E-04 1.70E-04 1.80E-04 1.90E-04 2.00E-04

e E 1O e 311§
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Nonlinear Control: infineon
Non-Linear Background (e

»  Compensator I term is proportional to the integrated error
Iterm = Ki = [ Error dt
» Ki for positive and negative Verror can be specified separately to influence the I term:

- If Kil > Ki(original) AND Ki2 < Ki(original), VOUT will be shifted up
- If Kil < Ki(original) AND Ki2 > Ki(original), VOUT will be shifted down

2.00E-01

1.50E-01 ‘

1.00E-01

s so0e02 Kil for positive error

0.00E+00

-5.00E-02

Ki2 for negative error

-1.00E-01

-1.50E-01 ! ‘ ‘

1.50E-04 1.60E-04 1.70E-04 1.80E-04 1.90E-04

2.00E-04

e 11 ]
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Nonlinear Control: (infineon

Non-Linear example

» If more undershoot margin is needed, we can specify a positive Ki to shift VOUT up

1.8 ‘ 250
LI LT T B B e e R E E e - 200
Mon-Linear Ki [ [ ﬁ [ [ [ f [ f
S 17 | 0o - BN 8 | 150
Delta g |
Positive Verror: | 20 = mV Ki 4 1= g | ‘
Megative Verror: | -20 =|mV ki n = §1_55 <’ N N | <‘k 100
16 ¥y \ ‘ \ Q & N \ 50
1.55 0
0.00015 0.00016 0.00017 0.00018 0.00019 0.0002
———\out_+NLKi =———Vout I{lload)
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(infineon

>
Q
D
-
Q
Q

Current sense

Temperature

On/off settings

Feedback loop

Voltage loop compensation procedure
Nonlinear control

Current balance

Power state transitions
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Current balance...

(infineon

Kp - Current Balance Compensator

Used to tune current balance loop compensator
Ki - Current Balance Compensator

Used to tune current balance loop compensator
Z1 - Current Balance Compensator

Displays the zero location of current balance

compensator

BW - Current Balance Compensator

Displays the bandwidth of current balance

How to tune and how to disable

When tuning make sure the Bandwidth BW is less
than the BW for Vout loop. Typical 1/3 of the
voltage loop.

Typical start values are Kp=30 Ki=5

To turn off current balancing set Kp=0 and Ki=0

compensator

Current Balance - ha3E

Loop A l
Adding Offset Curent for Thermal Balance

Phé
0.0000 (= %

Ph5
0.0000 | %

Ph2 Ph7

0.0000 (= %

Phd
0.0000 (= %

Fh3
0.0000 /%

Dynamic Frequency Control

Base Fsw kHz

Kp [ 30 1= Ki

Current Imbalance Threshold|  10.0000

0.0000 | %

NewFsw | 0 5 kHz

Thermal Balance

Relative to phasel an offset for current can
be added for each phase.

This allow for thermal balancing i.e. Some
phases have better airflow and can be
allowed to take a higher current

-
A
> A

o | 28639
2l o EE Current Imbalance Detection Duration | 6 Fsw cycles ~
Blank time for condition detector after Fsw chang | 4 Faw cycles w
Write to device T e Help
2020-04-30 restricted
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(infineon

Current balance...

Dynamic Frequency Control

When current imbalance or ATRH exceeds
thresholds it is typically when load frequency is close
to switching frequency.

It can benefit ripple voltage and/or current balance

to then change the switching frequency to another New Fsw

frequency Set the frequency to shift to when current
imbalance or ATRH indicate possible conditions
where a shift of frequency is beneficial. Typical
2 or 3 steps from Base Fsw.

Curient Blance - 08 No shift occurs when set to 0

LoopAl
Adding Offset Current for Thermal Balance

Ph1 Ph2 Ph3 Phd a5 Phé Ph7

:; 0.0000 &) % [ 00000 =] % [0.0000 & % [ 0.0NpO [&] % [ 00000 [ % [ 00000 & %

Current imbalance threshold

Dynamic Frequency Control

At which current balance difference to trigger

e anee Compersaer BosoFon[ T Joiz  NewFow[ 0 B [71 Juie / shift of frequency.

Kp | 30 (5 Ki b & /

_ Current Imbalance Threshold| 10.0000 [2] A& Current imbalance duration
AL el e Gurrn e nco Delocion Durcion (ISR <€ How long time for imbalance detected until
Blari time for condtion detector afer Fsw chang |4 Fsw cycles v\ trigger shift of frequency
N Blank time
e fo device Resdrom device = \ How long time to wait after a change of

frequency until detector can activate a new
change in frequency.
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>
Q
D
-
Q
Q

Current sense

Temperature

On/off settings

Feedback loop

Voltage loop compensation procedure
Nonlinear control

Current balance

Power state transitions
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Power State Transitions...

Power State Transition - Ox77

LoopAl Loop B ]

PSO - Ps4] Auto Phasing
Auto Phasing & PPM

¥ Mo phase count change by Set Powerstate Command

PSO Auto Phasing | Auto Phasing Enabled only ~

P51 Auto Phasing | Disabled
PS2 Auto Phasing | Disabled

PS3 PFM | Disabled

Current Rebalancing Time before Phase Dropping | 20 El: us

ATR Behavior in non-PS0 Mode

In PST Mode | Disabled o

In PS2 Mode | Disabled b

ATR Threshold Setting

(infineon

‘Write to device Read from device Close | Help

2020-04-30 restricted

Auto Power State Definitions

PS0-> more than 1 phase operation
oIOUT is greater than the ‘phase
add’ current threshold

PS1-> 1 phase (or 2 phase) operation
oIOUT is less than ‘phase add’
current threshold
oIOUT is greater than PS2 threshold

PS2-> Diode Emulation, Constant on-

time, variable frequency
oIOUT is less than PS2 threshold
(typically set between 5A and 2
inductor ripple current)

PS3
oSame as PS2

For AMD

PSO=normal operation
PS1=PSIO_L
PS2=PSI1_L

Power State PSO
Is automatically selected when in Overclocking
mode or manual selected Vout.
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Power State Transitions...

Power State Transition - Ou77

Loop A l Loop B ] <

¥ Mo phase count change by Set Powerstate Command
PSO - Ps4| Auto Phasing

Auto Phasing & PPM

PSO Auto Phasing | Auto Phasing Enabled only ~
PS1 Auto Phasing | Disabled e
PS2 Auto Phasing | Disabled e

P53 PFM | Disabled o

Current Rebalancing Time before Phase Dropping

ATR Behavior in non-PS0 Mode

In PS1 Mode |Disabled

In PS2 Mode | Disabled

ATR Threshold Setting

(infineon

No phase count change by set PowerState

Command

When checked, the controller will always operate at
PS0O mode. PS commands on the SVID bus are
ack’d but will not be reacted to.

Write to device

Read from device Close | \le
AN

PS0/1/2 Auto Phasing
- Specifies the auto phasing function for PSO, PS1,
or PS2
« Disabled: Auto phasing and PFM are disabled
« Auto phasing is enabled only
« Auto phasing and PFM enabled
PS3 PFM
- Specifies if PFM is enabled for PS3 operation for
extra power savings
+ Disabled -PFM is disabled

€ When disabling/enabling auto phasing function, PID
will get change. This is due to PID scaling function is
enabled when auto phasing is enabled.
If PID for Max phase operation is changed, just change
back to original value before again selecting auto
phasing disabled.

Window look slightly different if controller is in
VR14 mode.
Autophasing same for all PS

2020-04-30 restricted

Current Rebalancing Time before Phase Dropping
-This is used to set the delay before phase dropping
(includes by PS command and auto phasing). During this
period, the controller is trying to unload the current from
the phase to be dropped
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Power State Transitions...

(infineon

Auto Phasing

phases.

Thresholds for Dropping Phases:

—-At which output current should a shift to
less number of phases occur.

Example: As Iout current drop below 60A
there will be a change from 4 phases to 3

box ticked

No phase count change by Set Powerstate Command:
-Do not change number of phases even if Powerstate is changed when

Power State Transition - (h3E

Loop A \ Loop B ]

PSO - PS4  AutoPhafing ] PEM |

Thrasholds for Dr&pping Phases
Phase Drop Thresholds:

To 5-Phase 100

To 1-Phase 20 = A
To 2-Phase 40 = A
To 3-Phase 60 A A
To 4-Phase 80 A
=] A
= A

To 6-Phase 120

Auto Phase Drop Delay | 10

Phase Adding Verror Threshold 250 |2 mvé//

Hysteresis for Phase Adding | 4A

Thrasholds for Adding Phases
Phase Add Thresholds:

To 2-Phase 24
To 3-Phase 44
To 4-Phase 64

To 5-Phase 84

» » » P P

To 6-Phase

To 7-Phase

g [10 Jus

Hysteresis for Phase Adding:

-To avoid too many add/drop of phases a
hysteresis can be set. This avoid a continuous
change of number of phases if current is just at
the set threshold

Thresholds for Adding Phases:

- Calculated from the Hysteresis and the set
value for dropping phases. When Iout is higher
than the shown current one phase is added

Auto Phase Drop Delay

-For autonomous phase dropping to occur, the
output current needs to remain lower than the
drop threshold for the entire period of time
specified by the Auto Phase Drop Delay
parameter.

Phase Adding Verror threshold

-When the error voltage is larger than the
specified value, the controller will proceed to
add all phases immediately.

i.e. during a large loadstep and Vout drops fast.
Then this detection activate all phases for best
recovery.

Write to device

Read from device Close

Help
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(infineon

Power State Transitions... PFM

Current Reading Gain Adjust

If any of the selections for Autophasing select PFM Adjustment to the current reading accuracy in PFM mode
function then a PFM tab is added in the window. In Hi-Z Delay Compensate
other cases this tab is not visible. Reduces the actual off-time of the PWM signal in order to

compensate the power stage delay in transitioning
from off to Hi-Z
Loadline in PFM
Loop,\]mp B| Define how much Vout is adjusted by load current in PFM
from 12.5% to 100% of the load-line setting

Power State Transition - (x3E

Mo phase count change by Set Powerstate Command

PSO-PS4 | AutoPhasing  PFM | Offset \_’°“t
Adjust the threshold voltage for the PFM comparator to
Inductor | 118.40 | nH Edit initiate a new PFM cycle (on/off pulse) when the Vout
PEM Control PEM Entrv reaches or drops below this threshold. The threshold
Current Reading | oo [=] & . ' Threshold should be raised or lowered so that the PFM ripple
Gain Adjust - Hren ety peM | 70 [ A stays well within the regulation window allowed under
HI-ZDelay [ 130 s PFM
Compensation = K (AVP) '
. = PEM Exit p
Loadine In PP | 0352 [ me Current Threshold A delta-term to reduce the bandwidth of the AVP loop
Offset Vout | -20.00 & mv Exit PFM 120 = A during PFM mode
Kp (4VvP) 1 B vdrop Threshold oo Current Threshold Entry PFM
Ton Pulse width | 3 = [ 380 |ns ExitpEM | > B In 1-Phase PWM mode, the output current must reach this
. Min Hi-Z Duration 50~ 2 e threshold in order to enter PFM mode
for Exit PFM i

Current Threshold Exit in PFM
Exit from PFM under conditions of overcurrent (i.e. 2-3A
above the PFM/PWM efficiency cross-over load)
Vdrop Threshold Exit PFM
The threshold at which a transient would trigger an exit
from PFM to PWM operation
Write to device Read from device Close Help ATRH1 must be enabled for this function
Min. Hi-Z Duration for Exit PFM
Exit PFM if the Hi-Z time of 6 consecutive PFM cycles is
less than this threshold
Configure this threshold such that an exit condition occurs
at the PFM/PWM crossover efficiency load-level
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Agenda

Intel SVID XDPE122xx

Intel SVID XDPE142xXx
AMD SVI

Telemetry

Multi Function
Manufacturer info
MISC

Overclocking
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SVID... Telemetry XDPE122xx family

The Intel SVID window is only available for devices that
support SVID

2 v 50- 00 s

LoopAI LDDDB' MISC | SWID Address and Input Power Sensor | Psys |

Telemelryl Platform Performance & |dentification Register | SWID Emulator Through 12C |

SVID Address | D

Status (11h, 10k}

Data Frame Parity 1CC Max Thermal
Errar Error Errar Alert Seﬂled

SR-Slow (25h) mius

Enable to SVID Ready (2Dh)[_ 2 _]us

Temperature (17h) lII T HEX

Temperature Zone (12h)

Fin (1Bh) W HEX

Readout of the status bits in SVID registers.

lout(15h) [ 0 ]a [ 00 JHEX
S—————— Readout of parameters in SVID registers.

(oo ] [ ]

2020-04-30 restricted
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SVID...
family

Platform Performance XDPE122xX

(infineon

Allow settings of all the registers that SVID use.

Depending on settings some parameters may not be visible if not used i.e. VR13HC settings only visible when VR13HC

is activated.
Intel SVID - 0n3E
LoopA] LDDDBI MISC ] SVID Address and Input Power Sensor ] Psys ]
Telemetry Platform Performance & ldentification Register l SVID Emulator Through 12C ]
Platform Performance Registers Identification Register (Displayed in HEX)
SR-Fast (24h) | 2% K mWius Protocel D (05h) | Oxd (Others) >
SR-Slow Setting (25h) [1/2 ~ | of SR-Fast Capacity (06h) (1 byte Hex CE =
ICC Max (21h) | 253 A
Temp Max (22h) [ 135 =] *¢ Defautt Multi-WR Corfig (34h)
VR_HOT b0: When SetVID 0.0V |VR_Ready Deassert
Tolerance (27h) | 22 [ mV
b1: Lock VID/PS | Unlocked ~
WVboot (26h) | D.900 W
Vout Max (30h) | 1275 ~ |V VID Table |5mV w
Loadline Slope (23h) mQ | Edit AlICall Selection | Both Addr IXE& IkF~ ~
Max Input Power (2ER) | 510 |5 W/ SVID lout Report Scaling | 100% w
) - Enabled VIU Keject it
Vin Full Scale (0BR/OCH) | 80.00 5 v SVID+Offset is higher than Vout
Max
WR13 HC
WR13HC Support (24h:bT) lec Max Add (50h) 0 <A Actual lee Max A
Yes ~ =
PinMaxAdd (51h) 0 5|W  achalPinmax| 510 |w
Read from device Close Help
2020-04-30 restricted
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SVID... Emulator through I12C XDPE122xx Infineon
family L=

Allow a number of SVID settings to be emulated and sent
via I2C to voltage regulator.

Loop B have less number of settings as it is already set in
loop A

o - o0 . =

LoopAl LonB] MISC ] SVID Address and Input Power Sensor ] Psys ]

Telemetry] Platform Performance & |dentification Register SVID Emulator Through [2C l
2w v
e oot /20 SReFast_~ WPO (34h)
sottar 3 v e
Power State (324) WP2(3Ch)
VID Offset (335) 0 = mv WP3(3Dh)
Pin Alert (2Fh) 0 W WP4 (3ER)
| PinAlert Add (525) 0 = w
J—
HC.Actve 2456
Default Multi-VR Config (34h)
bO- When SefVID=0V  |VR_Ready De-assett  ~
Enabled Vrite Function bi:Lock VIDPS | Unlocked -

AN
| oo ] (o ] [
_ AN

Mark the box to enable this I2C SVID emulator function
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SVID... Address and Input Power Sensor (ﬁ{f'fneon
XDPE122xx family

Selection of SVID address SVID address can also be selected using
external resistors. Table shows the different
combinations of resistor and address

Intel SVID - 0x3E

LoopA | LoopB| MISC ~ SYID Address and Input Power Sensor | Psys Selection of Input power sensor
SVID Address | . '
nput Power Sensor SVID Address
Loop A Address Base |0x0 ~ — P . .
e e Depending on selections some of the menus may be
Loop B Address Base (k] b grayed out as they are not selectable
SVID Address Setting | based address W
Max Input Power (2Eh) 510
Max Input Power A
Actual Input Power 510
Protocol 1D (05h) | iikeOri{NAA)

AlICal Selection [ Ne AICSI
Capability (06h) (1 byte) (in HEX)
—| Power state and input power alert Pin Alert can be
</ set from GUI when the enable box is marked

ower State (32h) | PSO

Allow emulation of SVID via I2C commands

Pin Alert (2Fh) D =
Pin Alert Add (52h) 0 =
Actual Pin Alert III
SVID register reload/reset Conditio | Follow Loop A
Wite to device Read from device Close Help
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SVID...

Intel SVID - (x3E

Psys XDPE122xx family

me.ﬂ.l Loop Bl MISC I SVID Address and Input Power Sensor Psys |
Psys Source |Vinx in e \
\
Gain| 0 5 Offset| 000 T W
SVID Registers \ \
Psys Warning 1 Counter (4Eh) LTI
Psys Warning 2 Counter (4Dh) 100 =
Psys Critical Threshold (4Ah) | 0 |2 W
Psys Warning T Threshold {4CHh) 0 & W
Psys Warning 2 Threshold (4B) | 0 |+ Wl
Psys Critical Asserfion De-bounce Time (4Fh) i] 2 s \
Psys Critical De-assertion De-bounce Time (496) [i] 0 us \
Enable write function
\nirite to device Read from device N
2020-04-30 restricted
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Select which source to use for Psys
calculations.

For some Source settings the Gain
and offset can be trimmed to make
reported input Power match
measured values.

Settings for PSYS registers

To be able to write to the registers
check this box.

Infineon Proprietary




SVID...

MISC XDPE122xx family

(infineon

This window have SVID settings that are not grouped into other functions.

Intel SVID - (x3E

LoopA | Loop B MISC

SWID Address and Input Power Sensor ] Pays ]

“WID DAC HIGH™ Function Enabled | Disabled ~
SVID Alert Behavior at Vboot | Alert asserts e
WVR_Ready Behavior in PS4 | De-assert ~

[] Enabled Wboot is 0.8V \when VADDR is Tied to GND <

|dentification Register {Displayed in HEX)

Product ID (01h)
Product Revision (02h)

Date Code (03h) =

0
Lot Code (04h) | 0

‘winite to device

Read from device Close Help

2020-04-30

restricted

Enable Vboot It is used for testing
purpose in production test. In a Vboot=0
application it is not easy to know if the OVolt
means there is an error or not. With function
enabled and short vaddr pin to ground,
output will go to 0.8V when VREN is
asserted.

Using this function, the production can short
vaddr pin to GND and measure Vout to
determine if the board has any issues before
they ship the board.
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Agenda

Intel SVID XDPE122xx

Intel SVID XDPE142xx
AMD SVI

Telemetry

Multi Function
Manufacturer info
MISC

Overclocking
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SVID XDPE142xx family

VR14 - 0x3E

(1

LoopA | Loop B| MISC | SVID Address | Psys |

SVID Support | VR14 .

Platform Performance & ldentification Register l SVID Emulator Through 12C ] SVID Emulator through 12C for Work Point ]Telemetry]

Flatform Performance Registers Information Register (HEX) VID Related Registers

SR-Fast(24h) | 25 3: m\ius Protocol ID (05h) ID Table | 10mV (VR13, VR14) -
D4h (VR13, 10mV VID table) - :
SR-Slow Seting (25h) [ 12~ |of SR-Fast |
Temp Max (22h) ’T:| < Vendor 1D (00k)
= Vout Max (30h) | 2 550 |V
VR—HDT_ Product ID (0h) -
Tolerance (27h) [ 22 =] mv . - [0 ] Loadline Slope (23h, 36h)
roduct Revision ((Zh) — X
All Call Address | Both Addr IxE & BF = Date Code 03[ 0 =] mQ M
DD R Lot Code (04r) [ 0 =] Max 1D - OciOsn, 0o 0000 ] v

Vout Fullscale (0Dh, OEh)| 0.000 =H V

SetVID Fast Behavior

Capability (06h) [CE=]

(infineon

of 2)

The Intel SVID window is only available for
devices that support SVID. Available settings
depend on selected mode VR13, VR13HC,
VR14...

For description of the different SVID commands
see Intel SVID manual for SVID 1.91

Readout of SVID registers (xxh). Some can be
changed others are Read only.

= pd
lout Report Sealing <€« Extended Capability (0%h)

Default Multi-VR Config (34h)

Iout report scaling. Only change the SVID
reported current. Other telemetry is still
100%

PinMax (2En) [ 510 = w High Power (50h) b0: When SetVID 0.0V| VR_Ready De-asse =
. . &
Pin Max Resolutio] 2| W € ecigion (70h) [ 00 ] b1: Lock VIDIPS | Unlocked -
Pout Resolution| 1|V Supported Power State (51h) b2: Fast Psys Loop Uses PoE———
Supported Phase Shedding (520)[ 00 | | o PysloplsedPes 7]
s Phase Shedding Method (52h)
VID_DAC_HIGH Function | Disabled < . SVID Telemetry Source
VR_EN Neg Edge Behavior (54h)

Vout | Block Size -

lout | Block Size - $
Pout | Block Size -

Alert Behavior at Vboot
PS4 VR_Ready Behavior| Asset <]

™ TestVboot Enable

Bl Meg Edge Response [55h]
lec Max
ICC Max (21h

lce Max Resolutio

lce Max Alert Behavior|

Unlatched -

r Lhsable hilter tor lec Max
Alert

Pin Max resolution will change automatically
in VR14 mode when selecting higher/lower
Pin values

Telemetry source what kind of filter to use.

Slow filter like an analog lowpass filter or a
block size that give average of all samples
over one full switching period

N~

N

Current resolution will change automatically
in VR14 mode when selecting higher ICCmax
than 255A

Close Help |

\nirite to device Read from device

.

N

2020-04-30 restricted

VID_DAC_HIGH a status indicator in
SVID Statusl1 register if voltage is more
than 30mV from the VID target. The status
function can be enabled or disabled.
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SVID XDPE142xx family

VR14 - 0x3E

LoopA | Loop B| MISC | SVID Address | Psys |

SVID Support | VR14 .

(2

Platform Performance & ldentification Register l SVID Emulator Through 12C ] SVID Emulator through 12C for Work Point ]Telemetry]

Flatform Performance Registers Information Register (HEX)

SR-Fast(24h) [ 25 =] mVius Protocol ID (05h)
04h (VR13, 10mV VID table) .
SR-Slow Setting (25h) [1/2_ ~ |of SR-Fast | = |
Temp Max (22h) s = Vendor ID (00h)
VR_HOT : =
Product ID (01h) | 78 ]
Tolerance (27h) 22 3: m\/
Product Revision (02h)
Al Call Address | Both Addr 0<E & 0xF ~ SRS > i
DD R Lot Code (04r) [ 0 =]

SetVID Fast Behavior
lout Report Scaling

Capability (06h) [CE=

Extended Capability (0Sh)

FinMax (2Eh) [ 510 = w High Power (50h)
Pin Max Resolutiof 2| W/ Expected Precision (70h)
PostResolution 1 |W Supported Power State (51h)

Supported Phase Shedding (52h) 00|

Phase Shedding Methed (53h)| 00
VR_EN Neg Edge Behavig

VR_EN Neg g€ Response (55h)[ 00 |

Misc

VID_DAC_HIGH Function | Disabled =
Alert Behavior at Vboot
P34 VR_Ready Behavior

™ TestVboot Enable

lec Max

ICC Max 21h) [ 285 = A
lec Max F{esolutio A
lec Max Alert Behavior| Unlatched  ~

r Lhsable hilter tor lec Max
Alert

VID Related Registers

VID Table | 10mV (VR13, VR14) -
Vboot (26h) | 1.800 - |y
Wout Max (30h) | 2.550 - |y

Loadline Slope (22h, 36h)
Max VID + Offset{0Sh, Dﬁ\h[D]El \J

Vout Fullscale (0Dh, OER)| 0.000 —H V

Default Multi-VR Config (34h)

b0: When SetVID 0.0V| VR_Ready De-asse ~

b1: Lock VID/PS

b2: Fast Psys Loop Use I5 2
FelooplsesPos |

SVID Telemetry Source

Vout | Block Size -
lout | Block Size -
Pout | Block Size -

infineon
of 2) (fheon

The Intel SVID window is only available for
devices that support SVID.

For description of the different SVID
commands see Intel SVID manual for SVID
1.91

Test Vboot Enable It is used for testing
purpose in production test. In a Vboot=0
application it is not easy to know if the OVolt
means there is an error or not. With function
enabled and short xaddr pin to ground,
output will go to 0.8V when VREN is
asserted.

Using this function, the production can short
xaddr pin to GND and measure Vout to
determine if the board has any issues before
they ship the board.

Disable Filter disables the lowpass filter

and uses the instant sampled Icc values for

\nirite to device Read from device

Close

Help

the ICC alert. Makes reaction time fast but
can give alerts due to noise in Icc

2020-04-30 restricted
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SVID XDPE142xx family

Emulates selected SVID commands using i2c bus to
read and write them.

VR14 - 0x3E

LoopA| Loop B| MISC | SVID Address | Peys |

SVID Support | I =

Platferm Performance & |dentification Register  SVID Emulator Through [2C ] SVID Emulater through 12C for Werk Point Telemetry]

See SVID specification for what the settings do.

vip_serrwe@m [ v
Multi-WR Config (34h)

Slow Slew Rate - -
oW SHEW, oAk 1/2 of SR-Fast b0- When SetViD =0V VR_Ready De-asset =
Vout Max (305) 0.000 MR b1I: Lock VIDIPS Unlocked h

Power State (327) | PS0 -
woometay | 0 PinAlertezil) | 0 W
Al Call Act (0F) | Ne Al Cal ] pintertactazy [
Phshed Act (536) ‘Mumaﬁc phase-shedding < | Actual Bin Alert W

= O

[¥ Enabled \write Fugction

To change any value mark the Enable Write
function.

N~

‘wirite to device™ Read from device Close Help
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SVID XDPE142xx family

VR14 - (:3E

LoopA|Loop B| MISC | SVID Address | Psys |

SVID Support | VR14 .

Platform Performance & |dentification Register | SVID Emulator Through I2C - SVID Emulator through [2C for Work Point |T13Ierrmatr5.r

wPo (3an) [ 0000 |V

weaesen [ 0 v

WPDAlert(57h)[7] | Metis disabled

T | WP4Alert (596) [7] | Alet is disabled

WPO Slew Rate (57h) [64] | Fast Slew Rate

T | WP4 Slew Rate (559h) [6-4] Fast Slew Rate

wereasm [0 v

wesaFm [ 0|V

WPIAlert(57h) 3] | Mlert is disabled

- WP5Alert (595) (3] | Mert is disabled

WP1 Slew Rate (57h) [20] | Fast Slew Rate

" | WP5SlewRate (59h) [2] | Fast Slew Rate

wezeewm [0 v

wes(gon) [ 0]V

WPZAlert (58h) [7] | Mertis disabled

M WPEAlert (5AR) [7] | Mert is disabled

WP2Slew Rate (58h) [64] | Fast Slew Rate

" | WPESlewRate (5Ah) [64] | Fast Slew Rate

wezaow [0 |V

we7cen) [0 v

WP3Alert(58k) 3] | et is disabled

M WP7Alert (5Ak) 3] | Alert is disabled

WP3 Slew Rate (58h) (2] | Fast Slew Rate

" | WP7SlewRate(5A) 24 | Fast Slew Rate

WP_SLEW_TT (5Bh)

FAST[7:6] DECAY[3:7] [SetWPFast)  ~ W Ensbled Ve Funcion
SLOW[5-4] | SetviP(Fast) - TABLE[1:0] | SetWP(Fast) -

T~

infineon

Settings for the different Workpoints.

See SVID specification for what the settings do.

To change any value mark the Enable Write
function.

\nirite to device™ |

Read from device | Close Help

2020-04-30 restricted
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SVID XDPE142xx family

VR14 - 0x3E

Loee ] Liop 5| SC || SWDAdtes | Farm | Readout for Status and other telemetry

SVID Support | VR14 - readings

Platform Performance & ldentification Register I SVID Emulater Through 12C SVID Emulator through 12C for Work Point - Telemetry

See SVID specification for what the settings do.
SVID Address [ 0 |

Status (11h, 10k)

PR T G TRer seed \ Green = there is not fault detected.
T

Red = fault detected

Vin (18) [0000]v [ 00 |HEX Temperature (1700 |°C [ 00 |HEX
lin(19) [ 0 |a [ 00 |HEX Temperature Zone (12m)]_00_| HEX

Pin (18h) [ 00 |w HEX SR-Slow (25h) miVius

Vout(16h) [048 v [(00 |HEX Enable to SVID Ready (20m)_4 _Jus

lout (15 [ 00 [& [0 ]Hex <\ Readout of values from registers
Pout(18h) [ 0 |w [ 00 |HEX T

‘wirite to device™ | Read from device | Close Help
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SVID XDPE142xx family

F® VR14 - 03E

LoopA| Loop B MISC | SVID Address | Psys |

SVID Alert Behavior at Vboot | -|

VR_Ready Behavior in PS4 | - |

™ Enabled Vboot is 0.8V \When VADDR is Tied to GND

|dentification Register (Displayed in HEX)

Product ID (01h)
Product Revision (02h)
Date Code (03h) E
Lot Code (0¢h) [ 1 =]
CorfiigID (16H) [ =]

‘Write to device™ | Read from device Clese Help

ConyroEKAURHOC WWWESW BAND - [IPYICOEAMHANCS! Infineon Proprietary | 144 /
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SVID XDPE142xx family

VR14 - 03E

LoopA | LoopB| MISC SVID Address | Pys |

(infineon

Input Power Sensor SVID Addres| Mormal Rail with SWID Addr 0x0 - | ~

Loop A Address Bas:

Input Power Sensor SVID address is the address for
SVID commands relating to input power.

SVID Address Setting| based address -

Loop A address Base is the address for SVID
commands for loop A. typical set to 0x0

Loop B address Base is the address for SVID
commands for loop A. typical set to Ox1

SVID address Setting select if the address should look
at the external resistor that can set an offset to the Base
address

Wirite to device”™ Read from device ‘

Close Help

2020-04-30 restricted
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SVID XDPE142xx family

VR14- 03E

Loop A| Loop B| MISC | SVID Address ~ Psys

Psys Source Disabled -

Platform Performance Register |dentification Register

Manx Input Power (2Eh) W

Pin Max Resolution
lec In Max (20h) 0 3: A

lce In Resolution

Protocol 1D (05h) |VR14 Psys Device - |

SVID Register Reload/Reset Conditi4 Follow Loop A -

Capability (06h) 0 =
Extended Capability (0Sh) lII
High PwR (sor) [ 00 |
EXP_ACCURACY (70h)
PWRSTATE SUP (5T | 00|
Vin Full Scale (0Bhch)| 000 = v

SVID Telemetry Source

lin | Block Size =
Pin | Block Size -

All Call Selection | No AllCal -

Pays Warning/Critical

‘\

Psys Warning 1 Counter (4Eh) s

Psys Warning 2 Counter (4Dh) s

Psys Critical Threshold (430 770) [ =]

Psys Warning 1 Threshold (40h_ 788) [ 5 =] :

Psys Warning 2 Threshold (484 79%) [ o =] A
Psys_Critical Assertion De-bounce Time (1) [0 =] [ 0 |

Psys_Critical De-assertion De-bounce Tme (490 [0 =] [ 0 |us

[¥ Enable write function

T

Read from device Close Help

\Write to device™

(infineon

Readout for PSYS settings

See SVID specification for what the settings do.

Telemetry source what kind of filter to use.
Vin

Instantenious or Slow filter. Instantenious is immediate
latest sample while Slow is like a analog lowpass filter

Iin, Pin: Slow filter like an analog lowpass filter or a block
size that give average of all samples over one switching
period

To change any value mark the Enable Write
function.

2020-04-30 restricted
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Agenda

Intel SVID XDPE122xx

Intel SVID XDPE142xXx
AMD SVI

Telemetry

Multi Function
Manufacturer info
MISC

Overclocking
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AMD SVI2...

afineon

| This window contains the settings relevant to SVI2 operation to meet AMD requirements |

AMD SVI2 - 3E

Loop A Loop B
WOTFC Delay 650 ~n

Slew Rate 25 El: mv/us

Default 5VI12 Offset 000 == mv

Default 5vI2

lec Max | 255 — A
Vboot Selection |Config Register Vboot Selectl

Vboot |0.731V ~

\winite to device ‘ ad from device |

WOTFC Delay 650

Slew Rate 10 El: mi/us

= m\v

|
\ AN

Header Setting | Loop A: VDD, Loop B: VDD2 ~
Vout margin down behavior | Program Slew Rate w

= ns

Header Setting
Controls which of loop A and B are assigned to VDD1
and VDD?2.

Vout Down behavior
Select if decay or slew voltage down

VOTFC Delay: Voltage On The Fly Complete signal.
Can be set to delay the VOFTC signal after Vout
ramp completed. Example: in case of a small
overshoot the delay allow Vout to stabilize

Slew Rate is the setting for how fast voltage
changes after a SVI2 or manual voltage command.
Typical 25mV/us

Vboot selection

Select if boot voltage is selected by the SVI2 pins or
read from configuration Vboot. When Config
Register selected it is possible to set the Vboot
voltage here.

2020-04-30 restricted

Default SVI2 Offset

Compensation for any offset from the requested
SVI2 voltage level to what Vout really is.

On a design where the Vout do not match the SVI2
voltage this offset can be adjusted.

Reason for offset can as example be layout of the
PCB causes some small voltage drop.

Icc Max is the setting for full scale current for the
reporting via the SVI2 bus. Set it to the maximum
current expected.

ConyroEKAURHOC WWWESW BAND - [IPYICOEAMHANCS! Infineon Proprietary




(infineon

Agenda

Intel SVID XDPE122xx

Intel SVID XDPE142xXx
AMD SVI

Telemetry

Multi Function
Manufacturer info
MISC

Overclocking
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Telemetry...

Telemetry - (x3E

Faults

Telemetry| Filter | Envelop Detector | Shows what faults are detected
Basic Faults - Loop A

Basic
Walue .
. o L/ Shows measured values for input
m'j” 0,000 A Voltage, Current and the calculated
B P H
o 0000w < input Power
Loop A and loop B measurements
Loop A Loop B Shows measured values.
Vout D.000 v 0.000 vV For the phase currents some phases
lout 0000A  €—50004 | may show OA due to not all phases

Pout ufg-utw u;]-g-utw M active. Typical for low load currents

Temp

- ——1_1| | wherei.e. Only 2 phases are active.
;?I“” gﬁ: gﬁ: Then it will show 0 A for the other
- 0000 A phases ?s they are not active for the
23 0.000 A moment.
o4 0.000 A
a5 0.000 A Vout values are filtered and sampled
76 0,000 A and due to sampling behavior and
o7 0,000 A resolution in filter there can be up to
o8 a 0.25% error in reported Vout
Clear Faults Clear Faults button
Click this button to clear a fault.
Notice this only works if the fault
condition is no longer existing.
S . = Help Otherwise the fault will immediately

be listed again.
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Telemetry... Filter

E] Telemetry - 0x3E i SN X -
Slow Filter for Vout and Iout

Telemetry Filter l Envelop Detecmr] — | Telemetry
Adjusts the bandwidth of the
Slow Filter for Vout and lout Telemetry / slow telemetry filter. This is
a single pole low-pass filter.

Each telemetry component
Filter 2 5 Filter 1 (Iout, Vout ) has its own

o [OTEE | g 00810 o oo he bt of
the bandwidth is common to
all slow filters for the same

Loop A Loop B

Block Size for Customizing Bus Telemetry

! Loop.
Loop A Loop B T Bandwidth
' Filter | 0 12 Fiter [ 0 2 Indicates the bandwidth of the

Slow Filter
Elock Size 0.0154 | ms Block Size 0.0154 | ms \.\

| Block size for SVID/SVI2
Telemetry
Win and lin Telemetry Adjusts the block size for the
Filter 0 |- averag? valﬁe;_co be tlaken
across for the fast telemetry.
Block size ms The fast filter calculates the
average across a block of
' T data at a time (different from
. a moving average).
Block Size
Write to device ] ’ Read from device ] ’ Close ] ’ Help ] Block size of Input Voltage and
Current telemetry. Set the
= length of time of the “block”
that average the samples
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Telemetry...

Filter theory

(infineon.

The ADC's are oversampling the inputs. For Vadc, there are 102 samples taken per switching cycle. For
Iadc, 51 samples are taken in the same time period. These numbers depend on the switchin

frequency chosen. As fsw changes, the number of averagin

samples will be different since the ADC

sample rate is fixed. The averager will average all the samples in 1 switch cycle and output a block
averaged number. Hence, the update rate of the ADCs for telemetry used is 1 block averaged sample

per switching cycle.

VSENP

VSENN

ISEN1

IREF1

ISEN6

IREF6

N

VADC
50MSPS

7

N

Block Avg
102
samples

LPF: 57Hz

—> [2C Vout Telemetry

i

Block Avg
51
samples

< IADC
25MSPS

N

IADC
25MSPS

Block Avg
51
samples

1 sample
per tsw

1 sample
per tsw

1 sample
per tsw

> SVI2 Vout Telemetry

LPF: 57Hz —>12C Pout
Telemetry
Block Avg SVI2 Iout
32
samples Telemetry
Lo 571 I2C Iout
P2z Telemetry

*Above filter rate and samples is for a 490kHz switching frequency. Will change depending

on filter setting and Switching frequency
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Telemetry... Envelop Detector

] Telemetry - 0x7C = e

Telemetry | Filter Envelop Detector

Max
Maximum measured value of the
selected Signal Selection
Min
Minimum measured value of the
selected Signal Selection
Signal Selection:
Enables/disables of the envelope
detector
Available Signals: Phase Current,

Phase Selection Phase Selection Total Current, Output Power,

[N/A - (/A ,]\ Input Voltage, Output

Voltage, Input Current, Input

Input Loop A Loop B /

[ a L]
Mn[ A Mn[  ]a Mn[  |A

Signal Selection Signal Selection Signal Selection K [

A\

[Input Voltage vl ’Phase Current vl [Phase Current v]

N

N

\ Power
Phase Selection

Available when Signal Selection
\ -Phase Current signal is

selected

Reset
Resets the Max and Min values
recorded
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Multi Function...

The Multi-Function dialog gives the user access to

the configuration settings pertaining to the fault pins

on the device. The configuration settings allow users

to:

»  Enable or disable pins

» Map specific faults to external pins

»  Configure how the pins are driven for system
compatibility

(infineon

Pin Settings

»  Firmware functions

For all pins there are some common settings

Drive
- Output Buffer type to be use for the pin
- Open Drain: can pull to GND, need an external
resistor for pullup
- CMOS: Actively driven output signal
Polarity
- Logic signal polarity for the pin. Should it be High or
Low level when the related signal is active.

o=l Multi Function - 0x7C

o

Pin Settings l Fault Signal

VR_EN Selection

MP_BVRREADY MP_IMON

Function: |Loop B VR_READY - - Function: |Loop A lout -
Polarity: | Active High - - Polarity: | Active High

Drive: [0pen Drain v] "'] Drrive: CMOS

MP_BVREN MP_FALLT1

Function: [Loop BVR_EN v] Function: [FauﬂT '] Function

Paolarity: [J‘\dive High v] Paolarity: [Adive High "] Polarity

Drrive: [Open Dirain v] Dirive: [CMOS "'] Drive

Loop A: [J‘WF{_EN '] Loop A Selected
Loop B: [MP_EVF{EN '] Loop B Selected
2020-04-30 restricted
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Multi Function...

Pin Settings

Depending on selected part some selections may be
grayed out and not available.

MP_BVRREADY Function
- Function that will be mapped to MP_BVRREADY
pin
MP_BVREN Function
- Function that will be mapped to MP_BVREN pin
VR_EN Selection
- Pin that will be use for VR_EN function for a
specific loop

(infineon
MP_FAULT2 Function

- Function that will be mapped to MP_FAULT?2 pin
MP_FAULT1 Function
- Function that will be mapped to MP_FAULT1 pin
LPM Output Selection
- Low power mode selector that asserts the signal when
the selected loop is either disabled or in PS4
active only when LPM is selected for a pin.
MP_IMON Function
- Function that will be mapped to MP_IMON pin
MP_PINALERT# Function
- Power In alert,

s Multi Function - 0x3¢ R T ——_—— - N ESEEEE >
Pin Settings ] Fault Signal |
MP_BVRREADY WMP_FAULT2 MP_IMON
Function: |BVR_RDY -] Function: |Unused - Function: [Loop A Fast OC Waming -
Polarity: [ Active High - Polarity: | Active High Polarity: [ Active High -
Drive:  [CMOS -] Drive:  |CMOS Drive:  [CMOS -
MP_BVREN MP_FAULT1 MP_PINALERT# ,
Function: [BVF{_EN v] Function: |Unused - Function: [Unuged v]
Polarity: [Mi\,e High v] Polarity: | Active High Polarity: | Active Low
Drive: [cmos v] Drive: CMOS Dirive: Open Drain
VR_EN Selection MP_SMBALERTH
Loop A [AVR_EN -] Loop A Selecied Function: [Unused =
LoopB: |MP_BVREN - Loop B Selected Polarity: [ Active High
I Drive:  [Open Dran MP Pin status
MP_BVRRDY MP_Fault2 MP_IMON VR_EN gélgkstRaizg I(C));JEF]Oen to
MP_BVREN MP_Faultl MP_PINALERT# [ Low | Read < different Pins
o] [
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Multi Function...

Output Pin
Displays which
controller pin the
Fault1/2 signal will
be routed to. Pin
selected in previous
tab

Loop A/B Selected

Checked: selected
fault(s) from the
corresponding
loop(s) will be
routed to the
output pin

Unchecked: no fault
from the loop will
be routed to the

Fault Signal

Persistence

Duration of the indicated fault

before being cleared
Latch: de-asserted by

toggling OE, recycling

3.3V or sending

CLEAR_FAULTS
Hiccup: de-asserted if

fault condition is

(infineon

Signal Mapping

Selection panel for which fault
signals should be reported and
sent out to the Fault pin.
Multiple Signals can be selected.
Signal which is sent out will still
appear in the Telemetry/Fault

Detail

¢ removed
output pin
Z
a2 Multi Function —\OxTC / / -
Fin Settings Fault Signal
Fault1 Signal Fault2 Signal
Signal Mapping S¥nal Mapping
Qutput Pin CRC Fault - Optput Pin CRC Fault -
Vin OVP Vin OVP
Vdd UVP Vdd UVP
VR_HOT VR_HOT
g OC Warning Howg OC Warning
Avg OCP Fault = Avg OCP Fault =
Inst. OCP Fault Inst. OCP Fault
Loop A Selected Input OC Warning oop A Selacted Input OC Warning
P2CL Fault P2CL Fault
Loop B Selected QOVP Fault | oop B Selected OOVP Fault
OUVP Fault OUVP Fault
_ Ext Temp Shutdown s A Ext Temp Shutdown s
Persistence High Side Short Fault Persist High Side Short Fault
’Him PS2/PS3 sraistence PS2/PS3
P SME_Alerts [ Hicoup - SME_Alert#
PFM Active 2 PFM Active 2
i (e ] [LGoe ]
2020-04-30 restricted
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Manufacturer Info...

MFR Information ( Manufacturer Information)
MFR_ID (2 bytes)
2-byte programmable
MFR_MODEL (5 bytes)
5-byte programmable i.e parthnumber in ASCII
format
MFR_LOCATION (1 bytes)
1-byte programmable
MFR_REVISION (1 bytes)
1-byte programmable
MFR_DATE (4 bytes)

Reserved by Infineon for storing vendor log data User Data _
MFR_SERIAL (4 bytes) memory location where a User
Reserved by Infineon for storing vendor log data can store any data.

MFR Info - 0534

MFR Information HEX ASCHI Ilzer Data Checksum
MFR_ID (2 bytes) | 4345 | IF User Data 0 (2 bytes)| 0000 Register : Displays the
MFR_MODEL (5 bytes) [3134323836 | [ 14286 | User Data 1 (2 bytes)| 0000 CYIC“C re{ljurI]dtar::Iql:l) code
value calculated by
MFR_LOCATION (1 bytes) [ 00 | [] e — k/ PowerClient based on
MFR_REVISION (1 byte) Register (MCEG_EN =0) [ 700COFD2 th? currgnt reg(;;_ster
) - values. Depending on
MFR_DATE (4 bytes) | 00000000 | | || Register (MCFG_EN - 1) [ ABEB4145 use of multi-config or
MFR_SERIAL (4 bytes) | 00000000 | | | NVM not it will be 2 different
checksums
NVM (permanent memory
\iirite to device Read from device | Close | Help | in device): Displays the

cyclic redundancy code
value calculated by the
device during download
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MISC... Open Loop

Duty Cycle
- Fixed duty cycle in open loop
Open Loop Behavior
- Disabled: Open loop is disabled
- Close Loop with Phase Control
- Open Loop with Phase Control controller will send
out a fixed Duty Cycle .
PH 1/2/3/4/5/6
- Enabled: phase 1/2/3/4/5/6 will operate in open
loop test
- Hi-Z: phase 1/2/3/4/5/6 is not activated.

2020-04-30

o Misc - 0x3E

Open Luupl Dri*.fer]
Loop A Loop B
Duty Cycle | 0.0000 & % Duty Cycle | 00000 & %
Enable Open Loop A Enable Open Loop B

| Disabled - | | Dizabled - |
Ph 1 [Enabled | Ph 7 [Enabled =
Ph 2 [Enabled |
Ph 3 [Enabled |
Ph 4 [Enabled |

(infineon.

lwirite to device | | Read from device | | Close | | Help |

In open loop mode, output voltage faults (OUVP)

protection and all ATR events must be disabled to

prevent premature shutdown and false tripping of the

ATR.

Step 1: (Important) make sure VR is turned off.

i.e. Enable signal low

- It is strongly recommended that the
VR be disabled when the user is
disabling/enabling open loop
function. Otherwise, undesired
damage may occur at the power
stage.

Step 2: Select the Open Loop Behavior

Closed Loop with Phase control

or

Open Loop with Phase Control

Step 3: Set the Duty Cycle
Should be greater than 0%

- To check whether the power stage is
operating, a low duty cycle is
recommended, typically ~ 10%.

Select PH x behavior for each Phase
Enabled

or

Hi-zZ

Click the Write button to activate the
settings

turn on regulator i.e. by enable signal

Step 4:

Step 5:

Step 6:

restricted
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MISC... Driver

(infineon

Controller PWM Tri-state type

1.5V: PWM will be forced to 1.65V when controller would like to turn off both HSFET and LSFET. This setting is used for
drivers which do not have an internal divider to force a Tri-state condition.

Hi-Z: PWM will stay hi impedance when controller would like to turn off both HSFET and LSFET. The voltage on the PWM
for Hi-Z will be determined by the driver’s internal divider and any stray capacitance may delay the entry to Tri-State.

Misc - 034

Open Loop Driver| OSP |

Min Pulse Width |50ns w Min Pulse Width |50ns w

Min Toff Time of Next Pulse | 80ns ~ Min Toff Time of Next Pulse |8lns

Enable auto phase detect:

During startup the controller can measure each PWM
signal and detect if there is a powerstage connected
or not.

Min pulse width

Some powerstages do not work well if the PWM is
too short. This setting allow to set what the
shortest PWM pulse width is to match the need of
the powerstage.

Min Pulse \Width Behawvior Diagram /
Controller PWM Tri-state Type | Hi-Z ~ ¥ Enable auto phase detect
Loop A Loop B

VY]
<

Min Hi-Z | 200ns  ~ Min Hi-Z | 200ns

[ Use double driver [ Use double driver

¥ No start-up if phase is missing

when auto phase detect is enabled when auto phase detect is enabled

Close ‘ Help |

wirite to device Read from device ‘

2020-04-30 restricted

Min Toff Time
Minimum time off between PWM pulses

v Mo start-up if phase is missing \

Min Hi-Z

Minimum time for the Hi-Z output.

Allow time for the PWM signal to reach the Hi-Z
status as it is not active driven.

Stray capacitance can make it a longer time to
enter Hi-Z status and therefor a longer time is

needed
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MISC...

Driver

Misc - Ox54

OpenLoop Driver | OSP |

g
Min Pulse Width Behavior Diagram | /

Controller PWM Tri-state Tvpe

Loop A

Min Pulse Width |50ns ~
Min Toff Time of Mext Pulse | 80ns w
Min Hi-Z | 200ns

I Use double driver

Hi-Z ~ [ Enable auto phase detect

Loop B
Min Pulse Width | 50ns w

Min Toff Time of Mext Pulse | 80ns w

Min Hi-Z [ 200ns

I Use double driver

(infineon
Behavior Diagram

Gives a visual explanation of the different settings
and how PWM pulse is treated. See next page in
this presentation for diagrams.

Iv¥ Mo start-up if phase is missing
when auto phase detect is enabled

[¥ Mo startNp if phase is missing
hase detect is enabled

\nirite to device ‘ \aad from device |

N\

\
e | O]
\

AN

Use Double driver

In systems with many phases i.e. 16 a doubler
driver can be used that split the PWM signal to
two separate Powerstages. But it divide the
frequency at same time. Marking this box make
controller to know and double switching frequency
and know a doubler is used.

2020-04-30 restricted

No startup if phase missing:

If the detection of PWM outputs during startup find a
not connected powerstage a selection can be mad to
start up anyway or not start if all expected
powerstages are not detected
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MISC... Driver (lneon

Min Pulse Width = 30n5
Min pulse width Behavior = No Min Pulse width Control

5nS 5ns
1 Min Pulse
. ’ Width Control
No Action
15n5 15n5

Min Pulse
Width Control
Min Pulse Width = 30n5

Min pulse width Behavior = PWM is Low if pulse width is lower than Min pulse width

2 5nS 5n5
Min Pulse h
Suppressed Width Control I L
15n5 15:15
H Min Pulse : :
Width Control L s
3 Min Pulse Width = 30n5
Min pulse width Behavior = PWM is Low if pulse width is less 10n5
Suppress if s - _ sns .
| PP h Min Pulse n
ess than Width Control ::
10us T T T T
Stretch to the s s
set value if ] Min Pulse | H
Ionger | | | Width Control | | L
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MISC... OSP

(infineon

OSP Output Sense protection

In case of shorted or open feedback this function try to detect this and stop switching if
output voltage is not above a threshold within a certain time.

Misc - 0x5A

Max Duty during OSP detection

Limits the dutycycle and the output voltage during
startup.

Typical 6.25%

i.e. With 12 Volt input and max 6.25% dutycycle
Vout can reach 0.75 Volt

Open Loop] Driver OSP
Loop A
OSP Function |Enabled ~
Max duty during OSP Detection 25% ~ s
Q5P Timeout
0OSP Threshold E|
Loop B
OSP Function | Enabled
Max duty during OSP Detection
OSP Timeout
0O5SP Threshold 250 \
‘wirite to device Read from device | Close Help

OSP timeout

How long time is allowed for Vout to reach the
threshold before turning off and signal OPS fault.
Typical 64us When using slow startup slew rates
1mV/us or less the timeout have to be longer 128us.
Or even disable OSP function in these cases.

OSP threshold
Voltage expected to be higher than this within the set
time to continue normal startup.
Typical 250mV
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MISC... OSP timing diagram

T1 T2 T3 T4

OE

A
\ 4

Ton delay

OSP threshold (250mV by default)

Vtarget

VSEN (Vout sampled by
ADC through remote
sense lines)

=

PWM

A
v

maximum duty

\

Compare VSEN sample to OSP threshold: if
greater, then no OSP; if smaller then report
OSP fault

PWM maximum duty is limit to OSP maximum >  T4:

duty value (6.25% by default)

OSP timeout timer

< n
< >

OSP timeout (64us by default)

2020-04-30 restricted

Infineon

i

> T1: Output enable is asserted.

> T2 (Ton delay after T1)

Internal Vtarget starts ramping if Vboot=non zero
(note: if Vboot=zero, then no OSP detection until
Vtarget starts ramping because of VID change
commands.

VSEN (Sampled Vout through the differential voltage
across remote sense lines):

- Normally VSEN follows Vtarget.

- However if remote sense lines are shorted or open,
then VSEN voltage can be be near zero.

PWM maximum duty is limit to OSP maximum duty
cycle from T2 to T4. ( this prevent Vout from going
too high in case of open feedback)

Vtarget reaches OSP threshold.

OSP timeout timer starts timing.

OSP timeout timer is expired.

Compare VSEN sample to OSP threshold: if greater,
then no OSP; if smaller then report OSP fault.

PWM maximum duty limit goes back to nominal
maximum duty limit.
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Overclocking.

Fsw Spread Spectrum

Frequency will step up and down between a
Maximum Max Fsw and a Minimum frequency
Min Fsw. Step size will depend on number of

phases and the set duration

(infineon

Enable Fsw Spread
Spectrum

If marked the frequency will
shift between a max and a
min value with a selectable
repetition frequency

Fsw Spectrum
Sweep Duration
How long time for

SWITCHING FREQUENCY

USER SPECIFIED FREQUENCY DELTA

NOMINAL SET FREQUENCY

1 msec

a full cycle of
frequency change

Overclocking - (x5A

LoopA] Loop B ]
Faw Spread Spegigfm

™ Enable Fsw Spread Spectrum

Fsw Spectrum Sweep Duration |5ms ~

Max Delta for Fsw Spectrum o 3:
Max Fsw 595.2 KHz
Min Fsw 5352 |KHz

SVID Register in Overclocking Mode

SR Fast (24h) 3 3: m\/us

Vout Max (30h) | 2.55 W

Puwrln Max (2Eh) w

High Byte

Misc

lout Scaling in Oy g Mode | 100% ~

emp Scaling in Overclocking Mode | 100% ~

Max Vout in Overclocking Mode 3.1 Eli

Manual VID Type | Fixed Vout Mode e

Manual Min VID Type | Take Manual VID e

Loadline in overclocking mode | 0.303 3: mQ

‘Vout Control in Overclocking Mode

(Offset)| © E|:

Low Byte (VID Code)| 0 3:

Vout = \."

‘wirite to device™ Read from device | Close | Help |

2020-04-30 restricted

TIME

Max Delta for Fsw Spectrum

If changing from one Max Delta value to another
you must first set it to 0 and write to the
controller to stop the present spectrum and then
write the new value for the new spectrum to take
effect.
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(infineon
Overclocking...

lout Scaling in Overclocking Mode and Temp Scaling in Overclocking Mode
will allow the user to select 25%, 50% or 100% reporting of IOUT(SVID/SVI2) and temperature(SVID) per loop.

These scaling settings will be valid when VOUT is set by the Manual VID or overclocking is enabled.

Only SVID/SVI2 telemetry will be scaled
12C and PMBUS reporting will not be scaled, they will report 100% of the actual IOUT and temperature.

Over temperature shutdown will be based on the unscaled (100%) temperature value
OCP will be based on the unscaled (100%) IOUT value

Overclocking - Ox3A

Max Vout in Overclocking Mode:

Allow a maximum Vout to be set. Any command

to set a higher Vout will be ignored and actual

/ Vout will stop at the selected voltage even if
commanded to go higher.

LoopAl Loop B ]
Fsw Spread Spectrum Misc

" Enable Fsw Spread Spectrum
lout Scaling in Overclocking Mode | 100% ~

Few Spectrum Sweep Duration |5ms  © Valid for Intel mode and Pmbus. Not active for
Max Delta for Fsw Spectrum ’ﬂ Temp Scaling in Overclocking Mode | 100% e AM DmOde
Max Fsw KHz Max Vout in Overclocking Mode ’?:l
Min Fsw KHz Manual VID Type | Fixed Vout Mode v
Manual Min VID Type  Take Manual VID ~ ICC Max
SVID Register in Overclocking Mode e e ’m o a nd
SRFast(2m| 8 =] murps N\ Loadline:
Vout Max (30h) (285 v|V As default this gets copied from regular loadline
Pwrln Max (26h)__ 510 | w setting. Can be changed here if other values are

wanted for overclocking mode.

Wout Contral in Overclocking Mode

High Byte (Offset)| 0 =]
Low Byte (VID Code)| 0 33

winte to device™ Read from device | Close | Help |
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Overclocking...

Overclocking - 0x5A

LoopAl Loop B ]
Fsw Spread Spectrum Misc
™ Enable Fsw Spread Spectrum

lout Scaling in Overclocking Mode |100% -
Fsw Spectrum Sweep Duration |5ms b

Max Delta for Fsw Spectrum o El:

Temp Scaling in Overclocking Mode | 100% -

[ ws B 5952 KHz Max Vout in Overclocking Mode 3.1 3:
Min Fsw 5952 |KHz Manual VID Type |Fixed Vout Mode ~

Manual Min VID Type | Take Manual VID

SVID Register in Overclocking Mode
Loadline in overclocking mode | 0.303 El: mi}

SR Fast (24h) 8 El: m\V/us

Vout Max (30h) | 2.55 vV

Purln Max (2Eh) W

‘Vout Control in Overclocking Mode

High Byte (Offset)| 0 3:
Low Byte (VID Code)| 0 E|:

Vout = \."
N

(infineon

© TN

‘write to device™ |

Read from device | Close Help

Manual VID type:
Fixed Vout Mode
Fixed offset mode
In ‘Fixed VOUT' Mode, VOUT is set by the VID code specified
by the operating mode.
In ‘Fixed VOUT' Mode, the SVID ALERT# will assert
immediately upon receipt of an SVID command to change
VOUT.
Because VOUT will not change, T_alert assertion will
not be delayed by VID_DELTA/SLEW_RATE
In AMD SVI2, VOTF Complete will not assert in Fixed
VOUT mode
In ‘Fixed VOUT’ Mode, changes to the Manual VID register will
cause VOUT to change but will not cause SVID ALERT# to
assert.
Writing the Manual VID register to 0 will cause VOUT to
return to the SVID/SVI2 commanded voltage

Vout control in overclocking mode

Allow MANUAL VID settings

Offset : can be + or - offset values >80 count as
negative. 2 complement hex

VID code: Vout follows the AMD VID table except for 0
that will cause VOUT to return to the SVID/SVI2
commanded voltage

This function also work in non overclocking mode to
manually enter VID code to set Vout.

Manual Min VID type

Select between “Take Manual VID” or

"Take MAX of SVID or Manual VID”

The last setting will limit the voltage to the lowest of the
2 settings.
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Overclocking...

Overclocking - 0x5A

LoopAlLDDpB]
Fsw Spread Spectrum Misc
™ Enable Fsw Spread Spectrum SR fast
| Scaling in O locking Mode | 100% ~ . . . .
Fom Spectrum Sweep Duration [bms U sestng fn Bvercioriing hose R _— Allow another setting for slew rate while in overclocking
Max Delta for Fsw Spectrum ’ﬁ Temp Scaling in Overclocking Mode | 100% ~ mode
[ ws B 5952 KHz Max Vout in Overclocking Mode =
Min Fsw 5952 KHz pe | Fixed Vout Mode ~
VID T Take Manual VID ~
SVID Register in Overclocking Mode " vee (e tane = VOUt Max . . . .
s romi a5 ] e e et Tl | Allow another setting for maximum Vout while in
VoutMax (300) 255 v|v € overclocking mode

Purln Max (2Eh) W

‘Vout Control in Overclocking Mode

High Byte (Offset)| 0 =1 PwrIn max
Low Byze (Vi Code)| 0 ] ~_| Allow another setting for maximum input power while in
vout = [ 0000 [v overclocking mode
‘Write to device® Read from device | Close Help |
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PMBus Commands

Each PMBus command can be selected and the values
read or written to.

Depending on command it may be read or write only. In
such case the different buttons get grayed out.

[ PMBus - 0x7C — / [E=gEERT)
=) command g/ e Command LoopA Value LoopB Value R List of each PMBus command and if a controller
01 OPERATION - . . . . .
o ORI _ is connected it will read out the settings and list
I ) ~ .
LoopA Unt Off MEIRL WRITE_PROTECT them in easy to read formats.
Loon B Unt OF 13 CAPABILITY E
oop 20 VOUT_MODE
21 VOUT_COMMAND
The OPEEAo-;ON command us :sid to tumfthe ~ | o VOUT MAaX Vo |t’ Am pe re etc b
unit on an in conjunction with the input from -
the CONTROL{VR_!JENABLE} pin. i 2 VOUT_MARGIN_HIGH
OPERATION[7:0] = 0XXG0RK 2 VOUT_MARGIN_LOW
Unit OFF. 27 VOUT_TRANSITION_RATE
OPERATION[7:0] = 1000XXXX &~ = . .
Vo ~VOUT COMAND < r : The selected PMBus command is explained
OPERATION[7-0] = 100101XX 2 MAX_DUTY . .
Vout = VOUT_MARGIN_LOW, lgriore Faults 5 VIN_ON with more details
During Transition 2 VIN _0 FF
OPERATION[7:0] = 100110XX =
Vout = VOUT_MARGIN_LOW, Act On Fautis 39 IOUT_CAL_OFFSET
%uggﬂﬁgsﬁiﬁﬂm T 40 VOUT_OV_FAULT_LIMIT
Vout = VOUT_MARGIN_HIGH, Ignors Faults 41| VOUT OV FAULT RESPONSE
During Transtion a VOUT_UV_FAULT_LIMIT
QPERATION[7-0] = 101010XX 45 VOUT_UV_FAULT_RESPONSE
[\)u’m_.rt - _I\_I‘OU'iIt'__MARGIN_HIGH. Act On Favits &% OUT OC FAULT LIMIT
ransiion . . -
All-:nontﬁer combinations are not defined. 47 I0UT_OC_FAULT_RESPONSE
4A IOUT_OC_WARN_LIMIT
aF OT_FAULT_LIMIT
50 OT FAULT RESPONSE 2
Continuous Update - reads the PMBus
) Continuous Update Cont|nUOUS|y
) Com oo ) —
Read Once - Read PMBus once every time
button is clicked
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Agenda

PMBus

Customer specific
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nVidia

2020-04-30 restricted Copyrigl@@qﬂwéwm’@ﬂﬁ.ﬁh P‘VPEOE&MWFII?ICH! Infineon Proprietary



Infineon

i

Purpose

Describe the settings needed to run in nVidia mode

Target audience:
Design engineers that have some experience with digital power and nVidia needs as the
explanations focus on settings in XDPE12xxx and XDPE 14xxx family of controllers.
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nVIDIA PWM VID Overview

A pulse width modulated I/O that controls the Voltage Regulator VID

set point (output voltage) by modulating the duty cycle of the signal
sent

= PWM VID functionality applies to Loop 0 only
= An optional method of control is to digitize an analog voltage
(VAUX) and generate an output voltage proportional to this input.

PWM VID implementation allows for

= Wider range of VID set points using a single I/O pin
= VID target change can be communicated in a single cycle
= PSI entry/exit is instantly communicated
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nVidia PWM VID connections

In nVidia PWM mode some pins get a new function in
parts that do support the PWM-VID function

—>|VDDIO
PWM VID
_U-Lr signal —> PWROK

NVPSI —ISVC

XDPE12286
Low XDPE14286
pPerformance —>{MP_BVREN

Mode enable

nV-Standby —>SVD
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Select nVidia mode

Loop Made [[] Enable Aute Phase Detect

Pinout Diagram

Select the / Loop A Loop B
PWM_VID to enter I Number of Phases (Nph) Number of Phases (Nph)

R Maximum: 4 5 Maximum: 1 -
nVidia mode
PSOState: | 4[5 PSOState: | 1 [
PS1 State: 4 = P51 State: 1 =
PS2 State: 4 [ P52 State: 1 =
PS3State: | 4 |5 PSiState: | 1 [
Few: 521 > |kHz Fsw |521 * |kHz
Max Duty Cycle: | 56.25 |5 % Max Duty Cycle: | 56.25 (5] %

[7] Enable Tracking Mode
[ Use Doubler Driver

[ Use Doubler Driver

[ Write to device*

lRead from device] [ Close I [ Help

£3 PowerClient GUI Build 6660* == 2|

The selected mode
File DesignTools i2cBus Engineering Emulators  Customers Help

is visible after the . 0 _
component name \DT/ BB+ BHTE Y G

System
=+ Groupl
=] 0x7C (XDPE12286A PWM-VID) -

Loop A - Wout 0.000V lout 0.00A TOC
Loop B - Vout 0.000v  lout 0.00A T O0°C

USBio v00.00 0.0V 8-Bit | 100 KHz | Offfine | 110 Days| Ready
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Find nVidia settings in GUI

You may need a password to activate the nVidia settings. Enter it in the Customers tab
Ask your Infineon FAE if you do not have a password.

File | DesignTools | i2cBus Engineering Emulators  Custom Help

: it Phase &F
|23 fl el = % - i

Input Settings...

Qutput Settings...

Current Sense...

oY
(]
9
I Temperature Settings.. It 0.00A TO'C
#.  On/Off Settings t0.00A TOC
B Feedback Loop...
[£] Mon-Linear Control...
= Current Balance
Y Power State Transition...

+ Intel SVID...

AMD SVI2...

> nVidia PWM...
El  Telemetry...
i+  Multi-Function...

Manufacturer Info...
MISC...
Overclocking...

PMBus

USBoxv00.00 (00| | 7-Bit | 100 KHz | Online | 144 Days| Ready
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GUI settings

I2C (Disabled)
or PWM VID
control of Vout

(=Enabled) |— |

Start up with
Vboot or the value
set by the PWM

ol nWidia PWM - 0x7C

e S

Dynamic Voltage

|| Enabled - PWM VIC v

Low Peformance Mode

Vout (duty Cycle = 100%) | 4.99000
Vout (duty Cycle = 0%) | 1.15000

Wout in Standby Mode | 0.67000

Pin Assignment

-
¥

s
id

&
id

(infineon

[] Enable Low Performance Mode &

v
y Pin Selection| N/A -
1 Loop A Phase Count| 4 &

Tick box to enable
nVidia Low
Performance Mode

<
|
N~

Loop B Phase Count 1 = \\

Select which pin
will act as the
enable for Low
Performance Mode

Select number of
phases when in
Low Performance
Mode

signa L . Basic Vout Setting
If PWM signal Loop A
comes later then Voot [ 0 v
starting with Wboot SiewRate s Sew e e
signal is applied
the voltage will . | vt deviee | | Ressfomdeviee | [ Clse | [ Wap |
change to the | N
voltage set by the |,
PWM Vout@100%
uty cycle, _
| Vboot voltage/~
S Vout@ 0%
- duty cycle
>
& PWM-VID OUTPUT
| Standby voltage| W standby Mode
A Vboot
" @ Vout@100% duty cycle
Vout@0% duty cycle
0 0.2 0.4 0.6 0.8 1
Duty Cycle
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Sierra Digital Solution
» Digital NVPWM connect directly to the SVD pin
» Signal digitized by 100MHz clock (10ns resolution)

— Typical FVID 300kHz
— Usable FVID range 100kHz €<->3MHz

DutyCycle Error vs Duty over FVID
|
T

=—300khz ——

10%
9%
8%

i

1

7% 1|
\
\

====100khz

» Digital offset can be added via I12C

5%
4%

» T\
i \\\\
S—

1000khz

S — \

———— [ |

1%
0%

—

0 20 40 60 80 100
PWM VID DutyCycle
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Digital PWMVID Measurement

» The dutycycle is calculated as the quotient of the ON time of the
NVPWM over the PERIOD of the signal.

— ON time is measured from the rising edge to the falling edge
of the NVPWM

— PERIOD is measured from a rising edge to the next rising edge

—>{TON k—

—>  PERIOD  <—

» The calculation is updated on every rising edge of NVPWM

» A continuous moving average of 4 dutycycles calculations is used
to set the target voltage
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Digital Solution Equations
» Duty = Ton/Period
» Vout = vout_vid_vmin + duty - pwm_vid_slope

- pwm_vid_slope = (Vmax-Vmin)/(5mV(VIDtable)) per 100%
duty cycle change
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Other notes

» The SVC pin is used for the NVPSI function. Pulling the pin low
would set the VR to a low power state
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nVidia PWM... Slewrates

» Digital solution

- the slewrate can be set in the Output Settings window. The
fast slew rate setting is used.
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Revision History

y 2.0: Added XDPE142xx information
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