Nonlinear Control...

(infineon.

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

»y  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

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

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

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 Default Hi-Z ATRL Setting
ATRH2 Max On Time: |2600 -|ns
- ATRL On Threshold: | 45 = mV e
| ATRHZ Control |D|sabled v| Min OFf Time- 200 — P
| ATRL Hysteresis: | 10 = mV .

ATRHZ Threshold | 23 |5 mv

Off Time: |00« [ns On Time: (250 «|ns

[ PID Coefficient

PP — Min Current for ATRL Hi-Z: |4 - |A
Control Methed: |Hi-Z -

Hi-Z_Ton

Min Ton Time for ATRL Hi-Z: | 180 ¥ | ns

in On Tir r “Hi- Min Off Time
Steady State T Min G Time for ATRL-HFZL 2 _TE !
I Delta Actual 4Ph ~
Ki (ATRL) | O [2 20 20
I . Hi-Z_Toff
ATRKp (AvP) | 0 2 46 o . Miax On Time
f
| [ write to device* | [ Read from device | [ close | [ Heb
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Nonlinear Control

ATR

Infineon

i

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

—-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.

VOUT but will increase ring-back.

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

ATRH2

ATRHZ Control [Disabled
ariz ol | 25

600 ~|(ns

< mv

Off Time On Tinte:

PID Coefficiept

Delta
Ki(aTRL) | 0 [

Actual

ATRKp (A¥P) | O = 46 46

Default Hi-Z ATRL Setting

ATRL On Threshold: | 45 =

ATRL Hysteresis: | 10

Control Method: |[Hi-Z -

Min On Time for ATRL-HI-Z

my

Min Off Time: | 200

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

Min Ton Time for ATRL Hi-Z: | 180 -

=|mv

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.

Hi-Z_Ton

Min Off Time

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

Hi-Z_Toff

-~~~

f
Write to device* | | Read from device ‘

-
S~

ATRH2 Control . Only use if
ATRHL1 is not enough.

-Disabled: no ATRH2 control,
—-Enabled with Pulse Control: ATRH2
pulse width is programmed by the
Off Time and On Time

2018-10-18 restricted

Off Time

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

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...

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

ATR

(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
—-Disabled: Disable ATRL

—-Hi-Z/Low side on: FET turns on
when ATRL window is active
-Recommended to be in Hi-Z if
ATRL needs to be enabled

eWhen both high side FET and low
side FET are off, the positive
current will go through the low side

a<! Nonlinear Contral - 0x3 \ = X
Loop A I Loop B I
ATR | FATR | DVID | Non-Linear
Loading - ATRH Load Releasing - ATRL
ATRHT ATRL Control
ATRH1 Control |Enab|ed with 0.125 Normal Pulse v‘
ATRH1 Threshold | 25 = mv Default Hi-Z ATRL Setting
ATRH2 Max On Time: | 2600 - [ns
ATRL On Threshold: | 435 mv
ATRH2 Control |D\sabled ‘ Min Off Time- [200 ns
— ATRL Hysteresis® 0 mv B
ATRH2 Threshold | 25 < | mV L . A e -y
Control Method: |Hi-Z €C="~ - |—|
Off Time: |600 = |[ns On Time: (250 ~|ns Min Ton Time for ATRL Hi-Z: 180 > |ns

PID Coefficient .
Steady State iz Min On Time f

4Ph v

Min Off Time

Delta Actual
Ki(ATRL | 0 £

ATR K¢IVF‘J 0 =

Hi-Z_Toff

body diode

eCompared to the path through low
side FET, the low side body diode
will cause a larger voltage drop
across the low side FET and be able
to reduce the positive inductor

- Max On Tim
46 PWM
/ | Write to device* |

current sooner, thereby more
effectively reduce the overshoot

‘ Read from device |w
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
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\

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 Ki value
for different humber of phases
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Nonlinear Control... ATR

Control Method
-Disabled: Disable ATRL
—Hi-Z/Low side on: FET turns on when

Default Hi-Z ATRL setting ATRL window is active
Set all the ATRL parameters to a default -Recommended to be in Hi-Z if ATRL
setting with Hi_Z response needs to be enabled

Max Off Time

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

Min Off Time
—Minimum PWM low duration in

/ ATRL Hi-Z control mode when the
ATRL window is active
|

@ Nonlinear Control - 0x3E —-— = — 53—

Loop A } Loop B }

ATR | FATR | DVID | Non-Linear

Loading - ATRH
ATRH1
ATRH1 Control {Enabled with 0.125 Normal Pulse vI

Load Reldasing - ATRL
ATRL Conkgl

Default Hi-Z ATRL Setting

ATRH1 Threshold | 25 = mVy

NS

ATRH2

Min Current for ATRL Hi-Z
—Minimum current in ATRL Hi-Z
control mode when the ATRL
window is active. If the current (per
phase) is lower the setting here,

Max On Time: | 2600 «|ns

ATRL On Threshold: | 45 = mV

ATRH2 Control [Disabled -

|
| ~ ATRL Hysteresis: | 10 = /mV
ATRHZ Threshold | 25 5 mv

Off Tme: |00 = |ns On Time: |250 = |ns

Min Off Time: |200

Min Current for ATRL Hi-Z: |4 -

Min Ton Time for ATRL Hi-Z: | 180 x|ns

]
=

Control Method: |HI-Z

7

Hi-Z_Ton

| PID Coefficient Min On Time for ATRL-HI-Z Min Off Time .
l Steady sate e the ATRL control mode will become
Delta Actual n \ ~ . ”
| ke [0 5 [20 20 Low Side ON” See next page for
amkpavn [0 [ © a0 Tme |- more details
| Min Ton Time for ATRL Hi-Z

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

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
ATRLy, M~ _ X 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 So SO 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), Vg, 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)
« This turns off the power stage or turns on the low side FET to reduce the Vgt
overshoot

- When Vg7 is above the ATRLon threshold, the ATRL window will be activated and
deactivates once Vg drops below ATRLoff threshold
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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, firing a PWM Hi-Z or Low pulse will attempt to dissipate some excess
energy to reduce overshoot

- ATRL_th is target voltage plus ATRL on threshold

w/o ATRL with ATRL
+ Vtarget It : /——~——*Z— —
’ — s — _ -;,.‘._.,,\,_,._ b e o / ’ — _' o ~_.,3~,.‘r‘__. N PP
J e
I EE—— E— —— | —— —
= ~ ~ = - - ~ ~ ~ - ~ ~ ~ ~ -~ ~ ~ - ™~
~ - i S ~ - ,-1 IS N
-t
F e = B R I R ] ‘\ — e
| MonV ONet: 103y 00 00w | A \ L L0yicly  SEOMS 2omp | | Monv ONet1iay 0 Ga00m)| | A \ L 20ymitly  SROMSY 20mi |
i:““"‘" - WO R, 200 - sr..,..." * - i:u::-. W R, 00w ‘ ‘- sx-.»«: ’ -
j‘\wys. WO N, eem | I iy R8O | s wa Ny s00m | 19 s
Ven  Pebrrary 0400 W34S | 5 Ven  Pebrrary 04200 M2302 |
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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

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 |
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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 [=

Fatr Detector

Detector 1 Detector 2

Min Frequency: 47 [£]] 403.226 [KHz  Min 62 = 208333 |KHz Kd 4
Werror Threshold: | 15 = mV Werror Threshold: | 15 = |mVv kfpT 5 =
Behavior Change During Fatr Fatr Current Balance kfp2 6
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

I 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

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 -

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

Offset voltage in PSO state 0.00 2 mv
Offset voltage in PS1 state 0.00 2 mv
‘ Write to device* | ‘ Read from device |
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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: Vg 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

DVID Compensation for Negative Step - Undershoot Suppression

ESR Voltage Gain Adj: | 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 |
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Nonlinear Control...DVID

Show Advanced Settings
—-Enables DVID advance settings when selected

(infineon.

Default DVID Settings

—-Calculates and sets the ESR Compensation Index
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

o) Nonlinear Control - 0x3E

s —— . — T — | A o e S|

Loop A } Loop B ]

ATR | FATR  DVID | Non-Linear |

Current Comp Gain: | 1.000 £

DVID Compensation for Positive Step

SR-Fast: mv/us
SR-Slow: mv/ us

DVID Compensation for Positive Step -

-~

Default DVID Setting

| Advanced Settings

ESR Compensation Index- 1

Overshoot Suppression DVID Compensation for Negative Step - Undershoot Suppression

ESR Voltage Gain Adj: | 1.000 = Current Comp Gain: |-1.000 = ESR Voltage Gain Adj: | 0.375 =

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: m
|
| Write to device* ‘ | Read from device |

2018-10-18 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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Nonlinear Control...DVID

(infineon

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

Power State After Decay: ISame as Before Decay v]

DVID Compensation for Positi¥e Step - Overshoot Suppression DVID Compensation for Negative p - Undershoot Suppression
Less U More Less )
Current Comp Gain: | 1.000 | ESR Voltage Gain Adj: |1.000 g Current Comp Gain: |-1.000 |2 ESR Voltage Gain Adj: | 0.
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 (=
Misc
Voffset for Decay Operation: 0 = mv

More

375 2

mv

(o) [ ]
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Nonlinear Control...DVID

(infineon

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

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

o5 Nonlinear Control - 0x3E

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

SR-Fast: ‘ mV/us
SR-Slowr Wﬂ mv/us

DVID Compensation forfPositive Step - Overshoot Suppression

Default DVID Setting

Advanced Settings

Less Less

Current Comp Wain: [1.000

DVID Compensation for Positive Step
Duration for Voffset: | 1.92 2us

DVID Compensation for Negati
Voffset:

1.25

= mV
Misc

Voffset for Decay Operation: 0 2 mv

Power State After Decay: |Same as Before Decay -

DWVID Compensation for Negative Step - Undershoot Suppression

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

U

Vg S,

Voffset: | 1.25

Voffset

-Offset amplitude added after the ramp
completion

-Independent settings for Positive and

‘Write to device*

Read from device

Close

Negative Step

2018-10-18 restricted
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Nonlinear Control...DVID

afineon

o Nonlinear Control - 0x3E ‘ = e
Loop A | Loop B | -
ATR | FATR DVID | Non-Linear | Voffset for Decay Operatlon
o -& o Sk Compensaton dec [101 ~After the VR reaches the Vtarget + Voffset through
. o D:d““”“d e . R decay, the VR will actively drive Vout and continue to
ompensation for Positive Step - Overshoot Suppression ompensation for Negative Step - Undershoot Suppression 1 . . .
oes o vore e g ramp to the Vtarget with the specified number of
phases for PS2, at slow slew rate
Current Comp Gain: [1.000 £ ESR Voltage Gain Adj: | 1.000 Current Comp Gain: |1 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.
| F— — _
With Voffset for Decay = 0 ; With Voffset for Decay = 25mV
" ey
o i e . Decays to
% ] ~ T Vtarget+Voff
9 o - - T ™ R - set
© .
D 45 e e T el N e .
oS T VoffsetforDecay) ... | | Drivento
d - 4 Vtarget with
. N . Slow Slew
LT LU (0 o ann ey 0 8 8 0 0 59 0 ¢ Rate
W m ey e iy m Ngdnew L s ) - W = S -t - - LT L]
- - - L Yuret | b L ] - i L rmra - S 0 ]
S === - S =
- e R - S LY U] e g =0 - A 9L b
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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?

v

STEP 5: Adjust parameters

STEP 6 Done in the Advanced Settings

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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(iﬁfﬁeon
Nonlinear Control... Non-linear

Non-Linear parameters to gain more undershoot or
overshoot margin at high load repetition frequency.
More explanation at end of this Nonlinear Control section.

Monlinear Control - 0x3E

Loop A | Loop B |

ATR | FATR | DVID Non-Linear Ki/AC Loadline

Non-Linear Ki
Delta Actual Steady State
Positive Verror: | 20 2 mV Ki 0 = 28 28
Negative Verror: |-20 = mV Ki 0 = 28 28

AC Loadline

Loadline slope | 0.703125000 mQ

DC Loadline Adjust | 0.0000 |2 Actual DC Loadline Adjust | 0.000000000 mQ
AC Loadline Adjust | 0.0000 |2 Actual AC Loadline Adjust | 0.000000000 mQ
Kp_AVP 0 Kp_AVP_F2 | 1 2
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

Monlinear Control - (x3E

Loop A l Loop B ]

ATR | FATR | DVID Non-Linear Ki/AC Loadline

Mon-Linear Ki
Delt; Actual Steady State
Positivé Verror: | 20 [ mV Ki 0 = 28 28
Megative Verror: |-20 & mV Ki 0 = 28 28

AC Loadline

DC Lofidline Adjust | 0.0000 = Actual DC Loadline Adjust | 0.000000000 mQ
AC Lpadline Adjust | 0.0000 = Actual AC Loadline Adjust | 0.000000000  mg
Kp_AVP 0 Kp_AVPF2 | 1 2
"
Write to d;vice* Read from device Close Help

1

Negative Verror:

-Verror threshold to activate Ki change specified in
Delta Ki

Actual:

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

Loadline slope | 0.703125000 | mn \

Steady State:
-Displays the original
steady state Ki

Note: Verror threshold should be larger than output ripple amplitude to avoid false trigger
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Nonlinear Control... Non-linear

[ Neonlinear Control - 0x3E

Loop A | Loop B |

(infineon

ATR | FATR | DVID Non-Linear Ki/AC Loadline
Mon-Linear Ki
Delta Actual Steady State
Positive Verror: | 20 [ mV Ki 0 = 28 28
Megative Verror: |-20 & mV Ki 0 = 28 28
AC Loadline
Loadline slope | 0.703125000 mQ
DC Loadline Adjust | 0.0000 = Actual DC Loadline Adjust | 0.000000000 mQ
AC Loadline Adjust | 0.0000 = Actual AC Loadline Adjust | 0.000000000  mg
Kp_AVP 0 Kp_AVPF2 | 1 2
== Feed Forward:
Write to device* Read from device Close Help \\ -a low pass filter to make

on Vin

it less sensitive to noise

AC loadline:
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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 + | | | ’_| 3 —‘ —| | | ’_ B a 3 a —‘ a 200
] r G ﬂ [
g 17+ t 1.7 | | | 150 .
3 g
8165 , Les ’\uf\ f\vf\vf\vf\v"\uf\vf\ uf\uf\uf\ -
| e RRRRRRARR
16 1.6 \ \J \ \ \ \ \ \ \ \ \ \ 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 error cannot 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

3 0.00E+00

IR IRIRIRIRIAIRIAVATANAIR

-1.00E-01
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-1.50E-01
1.50E-04 1.60E-04 1.70E-04 1.80E-04 1.90E-04 2.00E-04

e 311§

0.0015 0.002
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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 S00E02 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:
Non-Linear example

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

Mon-Linear Ki

Positive Verror:

Megative Verror: |-
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1.8 ‘ 250

s +—4+——+t+t+t++t++—++—+—+—++++++—++——+++-+ 200

-

S

|

|

|
T

Delta % |

20 = mv Ki 4 [= g . ‘ | k
20 = my ki 0 = §1657—— S e | | B e e e e S (R S S S B o 1 100
I_G\J\uuuujm

¥ ¥ ¥ ¥ [¥ Y U Y Y
——Vout +NLKi =——Vout I{lload)
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