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Voltage Loop Compensation Procedure

(rarr)

v

STEP 1 - Disable Non-Linear Control STEP 4 - PID Optimization at Low
> Non-Linear Control > ATR/FATR/Non-Linear Frequency Load Transient
Disable ATRH1/2, ATRL, FATR, non-linear Ki
and zero out PID during ATR #

STEP 5 - Load Frequency Sweep
and further optimize PID
STEP2 - Enter Output Model Non-Linear Control may need to be
added to fix the excessive overshoot
or undershoot

tarted wit

good config y'y
file?
N Able to
STEP3 - Copy meet spec?
Recommended PID
Click on Calculate and
Copy Rec. PID<<< -
Increase switching STEP 6 — Measure Bode Plot
frequency, add more with Network Analyzer
output caps, or reduce

output inductance

Sufficient
phase & gain
margin?
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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 - DGIC ==
Loop A | Loop 8 | Phase /Gain Margin is calculated
gode Plot Type Steady State Bode Plot & based on the parameters entered in
’Loop Gain w/o AVP v] 0 d I b
Phase/Gain Margin E’i; MO e ta
Bw | 5761 |z NG e BW Bandwidth. Where gain passes 0dB
P [4399 deg S i —— 0§ :
om [ 1718 as e e S A O PM Phase Margin
e Mo £ . .
Double Pole 1464 | KHz s L .-;: GM Gain Margln
240
Fsw KH2< . 200 .
) For Information these parameters are
Noh [ 6 ] 1 100 1000
Vin Normal 12 = v Frequen Shown
PID | Soft Start Model | \.\ Double Pole: The pole due to output L
Cap Bank 1 Cap Bank 2 and C
ci 19 2| pF/unit €2 470 | pF/unit L | 15000 |5
Rei | 5.000 ] mosunit  Rez 4000 2] mo/umc  pcr| 03 E|mo \ Fsw: Switching frequency
Vin | touek DCR Rz Vo
#ofCap |12 |2 #ofcap| 8 |2 Parasitic Inductor A‘jh:; e c}:: e 181 Nph: Number of phases
01 [ 2R .
CaplEils CaplEankis - - ™ ° B . M \{ Input voltage: Used for calculations
cz[ 19 Furunt | ca[ 15 Burune || RE2 10000 Eymo — & :
Rc3 | 5.000 [*] mojunit Red  5.000 “|mosunic  EXT. Vsen Filter Compensator J—cn:“"
Cfbext| 00 [ZfpF =
#of Cap | 40 = ZofCap| 0 = Ext. Vsen Filter
Rfb ext 0 =0
Crotal [ 47280 |y EsReff [ 0081 |mn pole [ |mhz
(o] [oon ]
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Feedback loop Model

(infineon

Recommend to start with the Model tab as
Bode plot depends on Model being set up
with what values used.

Any derating of Ceramic capacitors must be}
considered before entering Capacitor
values.

Lbuck:

Here the Inductor value is entered. This
Inductance value is saved in a register
inside the controller and important to set
correct for calculations to be right.

Other L and C related values on this page
is used by GUI only for Bode plot and
simulations. They are not saved in
controller

Model simulates a CPU in a socket. Cap
bank 1 and 2 are MLCC and bulk
capacitors after inductors. Bank 3 and 4 are
MLCC capacitors inside the socket.

Parasitic inductor L2 and RL2 simulate the
impedance of the copper traces into the
socket

- -
Loop A l Loop B ]
-
Bode Plot Type Steady State Bode Plot 1l
[Loop Cain w/o AVP v] . /
Phase,/Cain Margin e P & S
& ] 240
BW | 6761 |KHz . - /\\ /,/ 5
Py = P, L= ]
43.99 fin) ~ -
o [3399 ] dog g NS v
GM 1718 |d8 g = T [ 0 =
(U A [ in® IO
i 2 [E L] @ S
Double Pole KHz i > S _~i§
o | spls = |l
Iy 36D
Nph [ 5] /w/ 10 100 100
Vin M . 12 v Frequency (KHz)
PID | Soft Start Mcdel/ /
Cap Bank 1 Cap Bank 2 Lbuck K,
ci 18 5 pF/unit c2| 470 & pFfunit L | 150.00 | nH
Rci | 5.000 | mQfunit  Re2 | 4000 B mfunit DCR| 03 =m0
Vin | power Lg:_::_ =3 L: R Vout
#ofCap | 12 |2 #ofcap 8 = Parasitic Inductor | sge [T cJ— T oJ— J—c,
2| 01 HnH ml. Rux Roi fRe (SR
Cap Bank 3 Cap Bank 4 o ™
= . RLZ2 | 10.000 5 mQ
c3| 19 | ur/unit ca|[ 15 UF/unit m — 1
Rez | 5000 []mosunit  Red [ 5000 [+ moyunic EXt Vsen Filter — I I
— Cib_ext
= - Cfbext| 0.0 = pF —
Zof Cap | 40 = zofCap| 0 |2 Ext. Vsen Filter
Rfb ext a =
N
\\
l Export Bode Plot Data] ’ Write ] l Close ]
i s T
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Ext Vsen Filter:

Simulates any resistance and capacitance
in the feedback path. i.e. A 10o0hm resistor
that is used to inject signals for Bode

measurments
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Feedback loop Soft Start
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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

B Feedback Loop - 0x7C | =
Loop A l Loop B ]
Bode Plot Type Steady State Bode Plot
ILoop Gain w/o AVP v‘ . 250
Phase/Cain Margin 5 e
" 240
o . L AL :%;
. = o o
PM | 43 deg T RN o =
= N ] 2
[ o
on [T715 n B — > &
@ - ™ 3
-2 120 2
Double Pole KHz i Sy j;
= E 360
Nph 10 100 1000
Vin Nomal 12 & v Frequency (KHz)
PID  Soft Start l Model ]
Startup Rate mv/us
PID Reduction 8 =
Actual Max Phase
ke
K
w [22]
Export Bode Plot Data l Write ‘ l Close ‘
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Feedback loop PID
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,

.

Poles >>> PID button

Loop A ] Loop B]
- Poles / Zeros can be converted to
’Loop Gain w/o AVP v] 5 Steady State Bode Plot . // PID COEffiCientS by C|iCking this
Phase/Gain Margin i y button
BW -_G.r 6 KH . LN N
M d : —_ ;‘3’— ------ “'.\ \‘ » 120 g Copy <<< PID buttOI‘l:
o - e " N i i D Z g1 P copies Recommended PID
o & T § ,/ Coefficients to the PID Coefficient
|| Double Pole 1464 ;
Neh [ 6 ] Selected Phase: For information the
VinNomal | 12 1= PID coefficients for different number

PID ] Soft start | Model |

Poles/Zeroes
Z_High
Z Low
P_High

FP_Low

Gain@71Hz| 10000

-
-
-

AvwPBw | 224

PID Scaling Weight

[ vin Scale Enable N

of phases can be shown for
information.

PID Coefficients: the coefficients
can be entered directly or calculated
by the GUI using the buttons.

Recommended PID Coefficients

GUI can calculate a set of
recommended coefficients

- Calculate button: displays the
calculated PID coefficients
based on the entered values in

“

the Model tab, Vin and Vout

\
Export Bode Plot Data

~ Vout: Output voltage Used for
internal calculations of PID in the GUI

PID Scaling Weight
Vin Scale Enable

See next 2 slides for explanation

Poles / Zeros

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

2018-03-28 restricted
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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
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PID scaling over Nph change (1 of 2)

Gaing
i is not changed Ki

-20dB f .

I

\ ! !

z1 \\ 1 1 I

Nph? I I ,

Kpd bom - :: : : !

S § 1 1 i

11 I I I |

> Kp, Kd, Kfp2, Kfpl and Kpavp will be 0dB _ =T O : !

scaled automatically as the Nph is being LC filter 11\ 1 I I |

added or dropped. Note: Ki is not changed : : q | : I

|

> As Nph is increasing L ! ! !

d

- Kp, Kd is decreasing : : : I : :

- Kfp2, Kfpl, Kpavp is increasing : : : : : :

) Chan%e of Kd is proportional to Nph and TR ;

Kp, Kfp2, Kfpl and Kpavp are proportional I I B .

to square root of Nph : : : : I

I

» z1,z2, p2, pl are moved to the higher : : : : '

frequency when Nph is increasing because R :
double pole location is moved to higher 111 ; >
frequency f, fafic fo fo foofesr £, fanti_a”asfrequency
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Feedback Loop PID:
Compensator — Steady State (Voltage Loop)

PID coefficients

Gainy

— PID compensator: similar to Type III
compensator

2018-03-28 restricted

f,;: 1st zero of PID compensator
(Ki and Kp intersection)

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

f,: pole at origin (Ki)

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

fanti_alias: Nigh 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,

(infineon.

»

Ki Kip

LC filter

S

-20dB | | |
E(_p/I/E PID compensa:tor

n

f0 lefLC fzz 1:c f, f

esr

f

anti_alias
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Feedback Loop PID: Recommendations for (iﬁﬁ’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 Gai‘[]
Ki Kfr
Vout @ Kp = 180 ! Kd T p )
7 Vour @ Kp = 148 0dB| /Tﬂ :
Viarget o _p(, : PID comD?ns r
Vour @ Kp = 116 ™ !
¥l \ 1 1
oo ——H :
LC filteri I
11 1
11 1
11 1
11 1
11 1
11 1
11
11
11
Ll 1 1 B
° foficfa fe fofesr fanti_alias  frequency

Ch1 200y <r B Chz 200y <r B Il 2.0ps 2 5GE5E IT 10.0pziot
& Chid o G40mY

Fef1 20 Ok 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

2018-03-28 restricted Copyright © Infineon Technologies AG 2018. All rights reserved. Infineon Proprietary



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

Gain
7 Vtarget 4
rarget
V,,; @ Ki = 159 ‘ d P
Vour @ Ki = 127 0dB Kp% | !
A | PID compénsator

\_‘-{ I I
1IN 1 I I
rl \ 1 1
L 1 I
0dB 1 PO i
LC filteri I
11 I
11 1
11 1
11 1
11 I
11 1

11

11

11

L1 1 1 >
ohl  200mY & Bw ChZ  200mY & B MOI00ps 12565 G00psir o fszszz fc fpfesr fanti alias frequency

A Cha » 1.44Y

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

Vtarget Ga"'?
Ki K
Vout @ Kd = 390 Kd P )
0dB val | AN
J . out @ d 360 “-( : PID Compiéns .
Wraroet

W Vout @ Kd = 328 ‘:—I[:\l\ : :
1o I i
0dB . T N i i
LC filteri .
11 1 1
11 1 1
11 1
11 1
11 1
11 1

11

11

11

Ll 1 >
° foficfa fe fofesr fanti_alias  frequency
Ch1 20.0mY 52 Ew Chz 20.0mY 52 Ew MW Z2.0ps 2 5655 IT 110
& Ch3 o S40mY
Refl 20.0mY 2.0ps

» 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 V7 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 (infineon
Loop Compensation Kfp impact on transient

[H T -*

9.
Wrarget Vtarget Gaip

Ki Kfp

V. @ Kfp = 164 Kd

V. @ Kfp = 132 Kp

1
'PIDcomp?ns r

o
o
vy

V. @ Kfp = 100 !

I
|
I
1
0dB i

LC filter

_—— e - -
—— = ——

L1 1 o

f ff. f.f o frequenc

CH1  200mY 0 Bw Chz  200mY @ Buw MZ0Ops 25654%  IT 200psht o ALcfz fc pesr anti_alias q Y
& Ch3 - 1.44Y

Ref1  Z0.0mY 2.0us

> 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 hence results in less phase
margin

> 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 Run Sample 0970 Aoigs 20 Spr
Viarghe @ Kp (AVP) = 171
Vou @ Kp (AVP) = 171
Viarget @ Kp (AVP) = 139
V.. @ Kp (AVP) = 139

.

WEargyet

V,,. @ Kp (AVP) = 95

Chi Z0.0mY 2 Bw Chz 200y L2 B M 2.0pz 2 565 IT
A& 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, V1 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:
Compensator — Steady State (Voltage Loop)

(infineon

Gaig ‘
Ki X
| Kd h o
20dB P i\o
....................... L.RID.compensator
1 1
1
[ !
0dB SO

LC filter

1
+
1

|

I

|

|

|

I

|

|

|

1

|
o) fszszz 1Cc fp f:esr

f:anti_alias

frequgncy

-
-
Loop A } Loop B 1
Bode Plot Type Steady State Bode Plot
[Loop Gain w/o AVP vI & -
Phase/Cain Margin 5 e
4 240
20 e, 23
PM | 4399 |deg oo A 1
- = L =] B . &
GM 718 |de = T — = 0 =
© - Mz &
S ™~
Deuble Pole KHz E = e
> 24
" 261
Noh[ 6 ] 1 10 100 1000
Vin Ne / 12 = v Frequency (KHz)
PID 1 Soft Start ] Model ]
Recommended PID Coefficients
Poles/Zeroes PID Coefficients
Selected Phase Kp |:|
_ 55 [=
Z_High = KHz Index (1 Ph) Ki l:l
ztow 0 [ 0 (34 2 [
P _High 391 |2 KHz Poles . Fy
oles Ki| 26 [ Copy kot [ ]
FPlow 191 |5 KHz PID = ===
= p2
Gain@THz 10000 = dB =
- = ko1 [ 28 5 koave [ |
Aveew| 224 [Z|khz Kipz | 20 [£ Bw [  Jkwz
Kp AVP | 38 £ 48
PID Scaling Weight - Phase Margin l:l de
[] vin Scale Enable Vout | 1.80 |y
Export Bode Plot Data l Write ] [ Close ]
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Poles/Zeroes

Z1: first zero at f;,

Z2: Second zero at f,,
P_Low: pole at fp
P_High: pole at .. ajas
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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