ART OF LOOP
COMPENSATION

Control theory and loop




POSSIBLE SETUP

Bode plot of the control loop (plant + compensator)

Vin |

Output

Feedback

R

irgection

Oscilloscope

_NV\/\_IAY,_VVW.

Ingection
Transformer
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LOOP COMPENSATION

DIY Injection transformer

= Use a wideband common mode choke as small signal transformer
= BOM:

» (Choke: 35mH WE-CMBNC #7448040435

= Box: Z116PH/RD by Kradex

= Bananas: bil-20-sw & bil-20-rt HIRSCHMANN T&M

= (Coax: 4067878 Amphenol RF

01. 07. 2025 ANALOG
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https://www.we-online.com/en/components/products/WE-CMBNC?sq=7448040435#7448040435
https://www.tme.eu/en/details/z116ph_rd/multipurpose-enclosures/kradex/z116ph-abs-red/
https://www.tme.eu/en/details/bil20-sw/4mm-banana-sockets/hirschmann-t-m/bil-20-sw/
https://www.tme.eu/en/details/bil20-rt/4mm-banana-sockets/hirschmann-t-m/bil-20-rt/
https://fr.farnell.com/amphenol-rf/112575/conn-coax-rf-bnc-fem-50-ohms/dp/4067878?st=112575

LOOP COMPENSATION

DIY Injection transformer : flat response from 10Hz to 1 MHz!

Progress

)

Undo Redo Help

®© m ¢
Screen
capture

2 8 » =

File
Annotate  Preset Add zoom Measure .o

Frequency
10.0000 Hz
10.9648 Hz
12.0226 Hz
13.1826 Hz
14.4544 Hz
15.8489 Hz
17.3780 Hz

19.0546 Hz

A 085 U~

Margin
Gain

Phase

Input Output Generator Points Points

Channel 1 Channel 2

CEEE G
IMHz 146 my/  3IMHz 1 dB/
AC TMQ AC 1MQ

-1.79 mV 3dB
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Acquisition
24.04 MSa/s Sample
2.4 kpts 18 bit

Amplitude
0.50 Vpp
0.50 Vpp
0.50 Vpp
0.50 Vpp
0.50 Vpp
0.50 Vpp
0.50 Vpp

0.50 Vpp

ARV~

Frequency
5.50124 kHz

294.722 Hz

Exit FRA X

(&) C4 Menu
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BASICS OF CONTROL THEORY |
= Upss): Reference voltage = setpoint

Open / Close loop transfer function = U,(s): Error voltage = Error
= Ugompls): Control voltage = system input

. __ Output (s)
transfer function (s) = Input (s) = Up,(s): Output voltage = system output
£ lifi P = Gc(s): Transfer function of the
rror amplirier ower stage compensator
4 ) 4 ) = Gp(s): Transfer function of the plant
+ UErr(S) UC (s) = target/actual comparison +
UgerlS) 7 >Q | Gls) me= Gols) * > UpuelS) : ° -
% Error Control u compensator = Error amplifier
Reference - voltage (Compensator) voltage (Plant) Output
voltage voltage
oL(s) = === G¢(s) - Gp (S)
Ugrr(s)

: : » Open loop transfer function

GCL(S) — UOut(S) _ GOL(S)

Uget(s)  1+GoL(s)
» Closed loop transfer function

Closed Loop / Block-diagram

01. 07. 2025 ANALOG
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BASICS OF CONTROL THEORY

Identify stability on an open loop bode plot

= Cross over frequency (bandwidth) - £,

Frequency at which the gain crosses 0dB (,1")
Usually a maximum of 1/10th of the switching
frequency is desired

Higher cross over frequency - Faster transient
response

= Phase margin - @y

Phase left to -180° when the gain reaches 0dB
Should be = 45°(60° preferred)

Lower phase margin - more oscillating in transient
response (load step)

= Gain margin - Gy

Gain below 0dB when the phase reaches -180° (,-")
10-15dB is considered good

Gain margin too low -> low variation robustness -
oscillations could be the result

01. 07. 2025

-10dB

-20dB

50dB

40dB—

30dB-

20dB-

10dB-

0odB

T T T T T IIII T T T T T LILEL T T T T T LIBLEL -2200
100Hz 1kHz 10kHz 100kHz

— solid = gain (dB) Go, (s)
.-+« dotted = phase (°)

Typical bode plot — Open loop

If the open loop transfer function is measured in a closed loop
configuration (by Frequency Response Analysis) -180° corresponds to
0°. Reason is the inverting behavior of the error amplifier which is

automatically considered. The phase margin can be read directly from

[5G

0° (this is the case in all following slides )

11 |
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IMPACT OF PHASE MARGIN

Simulation — Buck Demo Board with various compensators

V(out)
5.03V . .
] ]
] ]
] ]
I I - - -
5.02V- i rising phase margin
] . .
i = less ringing
5.01V- e
500V e e N
4.99V i
' Maximum i
voltage drop :
4.98V- depends P
slightly on i
s.97v-{ @™ I .
1 1 ~ o —
: AT : /;fv AT 20kHz
] ]
4.96V T T T n T T T T T
Ops 50ps 100ps 150ps 200ps 250ps 300ps 350ps 400ps 450ps 500ps
—_— Py=15° = @py=60°
— @u=30°=— @n=75°
— (pM=90°

Load step response: /. 1A 2 2A /U,=19V

1 2 | OHECE/INIEZORSACADEMY | M CHACATON

V(out)/V(inj)

70dB ——— , 105°
60dB T S YR OO i ............................. | 9o
L]
50dB - D T S | 75°
‘::-'.‘. (pM : ......... °
40dB - *rising phase margin-§-------.. - 60
Yo | | TteemerT - R CR N
30dB_| E tL 4se
;
20Bf T =GN ey, [ 30°
""""""" =R
o84 TN\ e | SR [ 15°
""" H
00
0dB (-180°)
-10dB] f=20kHz [ -15°
-20dB L -30°
-30dB T T T T LI L I T T T T T LI L T T T T LI L -[}50
100Hz 1kHz 10kHz 100kHz
= solid = gain (dB) GOL (5) —_— Py=15° == Py=60°
..+« dotted = phase (°) — Py=30° == @y=75°
— (PM=90°

Bode plot - Open loop: /,=2A /U,,=19V

D ANALOG
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IMPACT OF CROSSOVER FREQUENCY

Simulation — Buck Demo Board with various compensators

5.01V Viout) 70dB . Vlout)/U(inj) 105°
5.00V 60dB | g0°
50dB ] ko750
4.99V -
40dB -] -I 60°
4,98V 30dB4 - 45°
4,97V 20dB ] L 30°
~ ] 10dB ] L5
4.96V ~63mV - Can we estimate the voltage drop?
OO
0dB (-180°)
4.95V
-10dB- L -15°
4,96V - i -20dB- i i E \_ -30°
N
l.'93‘, I I I I I I I I I -30dB T T T T T LILEL I T T T T T LILEL i ! ! T T T LI -Aso
Ops 50ps 100ps 150ps 200ps 250ps 300ps 350ps 400ps 450ps 500ps 100Hz 1kHz 10kHz 100kHz
= f,=10kHz — solid = gain (dB) GOL (5) = fx=10kHz
= f,=20kHz .+« dotted = phase (°) = [ x=20kHz
= f,=30kHz = f,=30kHz
Load step response: /. 1A 2 2A /{,=19V Bode plot - Open loop: /y,,=2A /U,,=19V

ANALOG
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PLANT TRANSFER
FUNCTION




TRANSFER FUNCTION OF THE PLANT
What does it depend on?

» The plant transfer function depends on:
= Control technique (e.g. voltage- / current-mode control)
= Topology of the converter (e.g. buck, boost)
= Conduction mode (DCM - discontinuous conduction mode, CCM — continuous conduction mode)
= Controller IC (internal gains, compensation ramp)
= Components used (capacitors, inductors, power semiconductors )
= |nput- and output-voltage
= |Load

15 | 01.07. 2025 ANALOG wi
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TRANSFER FUNCTION OF THE PLANT oremmios

14, 15,16

1 e =
o ——

Inductor

Buck Demo Board

Vout.  Gnd

Vin 2 ( f’"!‘-

General Specification

= DC/DC Buck Converter
= |/oltage Mode control/

Output Capacitors:
J14,)15, )18, J16, J17

= (M
= |/ =9-26V
- Vout =5V
. /out,max =2A ‘ §1% 2, o | Switching
. Pout,max = 1OW A i ’_ A  C signal
= [, =285kHz — 1.52MHz |
Vout
Vin: ; .
9-26 VDC : : . )
= Inductor: 10pH/3A WE-LHMI 13 - = Eroe U Injection signal
74437346100 Soft Start /
VE .‘;"L'E.'(‘JSON.K' - ' - i Seuna Loop compensation:
MORe T T 2 B 110,111,112

DEMONSTRATION BOARD

PN: 600006
Rotary Switch Switching Frequency in kHz vV2022.4

16 | A e | M CHACATON D SEGI{:OEE




c18 c19 C22
885012207103 | 885012108021 | 875015119006

TRANSFER FUNCTION OF THE PLANT
REDEXPERT | WCAP-CSGP | WCAP-CSGP | WCAP-PHGP

X7R 0805 X5R 1206 H-Chip Polymer

1HF 50V 1OHF 25V ZZOHF 6.3V
ESR @ 20kHz 45mM() 22m() 5mQ

Schematic and setup - Buck Demo Board

Ri4

Cout eq = C18 + C19 + €22 = 227.5pF
considering DC Bias effect

LED—GRN

2k55 -|_ . -|- . 4k32
L cis 4.7nF 4.7nF

47nF 100nF
L Ri1
10k
~ A =~ Vr 11
GNDS GNDS GHDS GNDS GNDS Current Limit 3.3nF
Ci4 R16 R20

c10
T-’L?nF TiOnF a2r B25R

D4 100k
Y | L: 10pH/3A LHMI - 74437346100|
1PL 2N7002 /
Jumper_Gnd_Open Q01
& o o Collect MIN. LOAD RESR eq = 20mQ at 20kHz &
pnlollectar -
2 R33 LED-RED Low=0utafR i | i i
a1 100 ¥ 05 HTEEE considering jumper resistance, etc.
e GND &
CO———9—(EGHD]
IEN EGND)——
DL GND -
34, 40V ﬁiH L sync PG %
ViniQ = e ' 2Ly VBIAS s ;
" I I uif VIN Boor N =i T I
s a2aps B Y arscSire 4 vee Lx 1_3 U 5V
N % . )
—_ 2 K02 et .1_1’5 lﬁ s ch 51 Lx L Out
U - V 3 260 330F 3 —_— i ru—_— LuF Bl g Fe |2 0. L3 .
In -—t B0V 33uF A Fup—1uf 10l -2, ~ 8 2 —_
500+ o | 50V 50V 1o Fsw o COMP 2 —
2204F MM = g ——= Out
ndo 50 GNDS 11 R 2 5
nd 20 . ’ ) ; —_—
1 a ‘ Load ’
J7 GNIGNDS o 0 [] H
GND g2
coMpL O Injection
Soft Start 0.8V Guk Enable " R N L Resistor GND
I . . 0.3-0.9 A B o
A B R3 7 P9 onp
P2 3 I:l]ic'c‘k L.54 | 2.04 | 2.54 n
11ms 20ms 4ms - A B C
R7 R RLO & o
) [] 47k8| [ 36k3| | 29k4 o JFLD k“’ll i e
2 c4 6 R4
st s ! R15 2 ek (16 R19

fsw = 510kHz  « s
switch position 2

01. 07. 2025 ANALOG
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TRANSFER FUNCTION OF THE PLANT

Evaluate the transfer function

Open Measure

LOOP

Compare Evaluate

~ Tune W

= How?
= |C datasheet
= Mathematical modeling (MATLAB, Mathcad, etc.)
= Simulation (average model of the plant)
= Measurements

18 | N ey | M CHACATON D SEGI(-:OEE




TRANSFER FUNCTION OF THE PLANT

Plant transfer function - model accuracy

1+

Qo

.wo

Wo2

= simplified transfer function
» Plant (in CCM) is basically a second-order response (like a LC-filter)

» LCdouble pole (complex conjugate pole)

1

"~ 2m-\/10pH-227,54F

~ 3,338kHz

> = fo = —— f,
1/L COut 21T'1/L'C0ut

= Quality of the LC double pole:

R 2,50
> Load

10pH
C0ut 227.54F

~ 11.92

more detailed transfer function

>

YV V V

LC double pole (complex conjugate pole)
1

Wy = =

JL-COut (1+ ESR) JlOpH-227,5pF~(1+
Rpoad

- fo = 3,325kHz

! ~ 20,882 - 10 % rad

ZOmQ)

ESR-zero:

W7 ESR —

1 1

RELE e r———
~ 34,997kHz

~ 68,9kHz ??

Rgsr Cout

fLESR = T zomaazronr

1
OR - >
fzEsR 2m-10mQ-231pF

Quality of the LC double pole:
1

Qo = =

L ESR
w0'<—R + Cout’ (RESR+(1+ ) Rde))
Load 1 Rpo0ad

20,88-103% -<1°“H +227,5uF (20mﬂ+(1+2°m9) 75m Q))

~ 1,86

2,50

19 | 01.07. 2025
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As in real life, quality makes the difference!

ANALOG
DEVICES



TRANSFER FUNCTION OF THE PLANT

Bode plot — calculation and measurement (model accuracy)

= The model accuracy depends heavily on
the parasitics included

» Red: Simplified transfer function V(out)/V(comp) °
! 60dB — - 20
(Laplace transform) from the slide / :f !
before 50dB LARREE R 114 35S EEEEEEE LERR RS POt i ki i dd AAAAA LI LT o ! 0\ : 0°
.............. 'o.. 1 . 1
= Yellow: Transfer function (Laplace 40dB : / /;\ Desired i -20°
transform) including the damping LA \\ f,=20kHz |
effect and the natural frequency shift 30dB o E E -40°
of the double pole due the ESR and e .
DCR (inductor) 20dB L -60
j -80°
= Grey: Measurement of the plant 10dB 1 80
tran_sfer function using RTA4000 0dB } -100°
Oscilloscope. \ S
[
o : -10dB ko -120°
» The quality is strongly influenced by \ B
the parasitic resistances simulated -20dB — i _140°
= solid = gain (dB) \ i
o 15
> If you start from the simplification, you  _3048 """ Sglt;ﬁfez Ehé‘\slilflzzted e -160°
get an overcompensated control loop == grey = Measured \ ) SRR
-40dB +— . — —— -180°
> ;’he ESL has an effect at higher 100Hz 1kHz 10kHz 100kHz
requencies
Gp (s)

01.07. 2025 ANAL
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TRANSFER FUNCTION OF THE PLANT

Frequency response measurement - Bode plot

= A smallinjection resistor is inserted U o NV U
into the feedback voltage divider In LYT —© Uout

> The injection resistance is small Ucomp PWM — Cout
compared to the series resistance URef 0— comparator
of R1 (4,32kQ) and R2 (8250)

» The test signal (sinusoidal
frequency sweep) is fed in via the
injection resistor with an injection Clock
transformer 1:1 Injection

IR
transformer| v 05C
= The oscilloscope plots the gain and

the phase by measuring the signal sawtooth [~ CH1
input/output ratio at each test
frequency

Transfer function
» Depending on which input/output

ratio is evaluated, the plant, Plant G, (s)
compensator or open loop
transfer function can be Compensator G (s) Uiy, Ucomp

determined Open loop Go, (s) Upnj

wn O
O
|
Q—o
(o)

Oscilloscope

UComp UOut

UOut

1 ANAL
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TRANSFER FUNCTION OF THE PLANT

Frequency response measurement — Bode plot with RTA4004-K36 (Rohde&Schwarz)

RTA4004; 1335.7700K04; 101217 (01.700 2021-11-11)

= 20230214
‘\ m]] Q “““ y oY 16:34
Rilckgangig  Laschen Zoom FFT Markieren - T'T
&  Start: 100 Hz Stopp: 100 kHz Points: 100 Pts/ Gen.: Il £ AmpL.-Profil =
40 dB N o 200 )
"*Gain (dB) Phase (°)
20 dB 100 2]
10 dB 50 )
.E.o dB I

-10 dB

- Low impedance|

Ll
a2
30 dB 13 300 H;

, ’ ! _.Injection level
. DOWer source seetfes _ Bk i Lo o s iR =
g F/ 2 5\/ S c il b : 4 &3 50 di 1kHz 10kH 250 )
10m A & :
( . 57 Y G Bode-Diagramm: Eingang = C1, Ausgang = C2
& capacltor) Index Frequency Gain Phase Amplitude
- . ; ' z 2 102.33Hz 27.02dB -1.90°" Z\t’pp_
'-;‘f\ o $ s / 2 SQ reS I Stlve IVIarker Frequenz Verstirkung Phase
' T < W ?
|nJect|0n % 100 ke 28198 IS > C:) s % 2 X
” A (1_,2) 84.2 kHz 23.21 dB 39,53 ° Eingang Ausgang Start  Wiederh. Zuriicks. Einstell. Help Yerlassen
. ; R ki 150 my
e U aNSTOrmerfi= & | o B
- o \ : m Aomy M 6.4 mv/ ““‘ M 10 a8/ 50 1y
e e g ; ‘ : :
o ) *The injection level must be
*An resistive load is mandatory for frequency chosen carefully:
Test setu P response analysis because a controlled electronic Measurement :

Too big: wrong result
load affects the measurement (not the small signal behaviour)

Too small: bad SNR (noisy)
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COMPENSATOR DESIGN
Type lll - Compensator

C Uout Type lll
= 1 pole of origin (integrator) Qo - (u s ).(P s )
= High gain at low frequencies = = [Ge = ()220
R2 1 . I
» Small static error o ——|— (1T0)P1) (1'wp2)
- UComp
= 2 poles & 2 zeros ER" Ure —>— = Typelll:
1
> W71 = e
= (Gain and phase at crossover N > wo. = 1
frequency can be affected . 227 C2-(R1+ R3)
1
] > Wpy = R1-(C14C3)
= Phase boost up to 180 o o - (C14C3)
» Due 2 zeros P17 R2.c1-c3
> Suitable for voltage mode Al > wpy = R;Cz
+90°
= Commonly used for voltage mode 92 K

24 | AL A | M CHACATON D SEGI{:OEE



COMPENSATOR DESIGN e ¢

) R2 C1
Type 1l - Compensator - Design example* Based on the plant transfer function R1 —— .
P S
= Compensator A (R1=4,33kQ; R2=10kQ; R3=820Q; C1=4,7nF; C2=4,7nF; C3=3.3nF) et fowgf SRR
R1 4.33E+03 4.33E+03 4.33E+03

Compensator B (R1=4,33kQ; R2=2.55kQ; R3=820Q; C1=10nF; C2=4,7nF; C3=1.5nF)* R2 1.00E+04 255E403  2.55E+403

R3 8.20E+01 8.20E+01  8.20E+01
[ ] — [ —_— [ —_— [ — [ — . —

Compensator B + C (R1=4,33kQ; R2=2.55kQ; R3=820; C1=10nF; C2=9,4nF; C3=1.5nF) _. RS R —
2 4.70E-09 4.70E-09  9.40E-09

Comp A Comp B Comp B+C
3 3.30E-09 1.50E-09 1.50E-09

fz1 3387.99 6244.54 6244.54

fz2 7679.04 7679.04 3839.52

fpo 4596.87 3197.82 3197.82

fp1 8213.32 47874.78 47874.78

fp2 413169.87 413169.87 206584.94

= Different locations for poles and zeros result in different open loop characteristics.
= Optimized performance going from compensator A -> B -> B+C.
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STABILITY THROUGH THE COMPENSATOR - BUCK DEMO BOARD

Compensator and plant

Compensator A
V/(comp)/V(inj)

Compensator B

V(comp)/V(inj) V(comp)/V(inj)

Compensator B + C

30dB 230°
25dB —-210°
20dB- el 1900
15dB- -170°
»:'_:.;-' L)
10dB-{ **° —150°
':' : .'.:.?.' ‘e s®

B- e doe P, , o See n L1 o

>d : "{'-30.'. o, ""::?:'::" . 30
0dB 110°

(-90°)
-5dB. 90°
T T LI I T T LI ) I T T 1) T T T LI}
100Hz 1kHz 10kHz Y 100kHz

Desired Crossover

= solid = gain (dB)

G (s)

-+« dotted = phase (°)

= coloured = Measured

Bode plot — Compensator X

26 | OHECE/INIEZORSACADEMY | M CHACATON

-10dB—

-20dB—

-30dB—

-40dB—

-50dB

30dB

\/(out)/V/(comp)

20dB

10dB —

0dB

-160°

100Hz

1kHz 100kHz

= solid = gain (dB)
..« dotted = phase (°)

= black = Measured

Bode plot - Plant: /,,,=2A /U,,=19V
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STABILITY THROUGH THE COMPENSATOR - BUCK DEMO BOARD

Load step response - Test setup

RTA4004; 1335.7700K04; 101217 (01.700 2021-11-11)

A m Q I8 y o s Norm 50 ps/f Fertig

1.5A 5 GSafs 200 ps Einzelwert =

2023-02-21
15:10

Rilckgangig  Laschen Zoom FFT Markieren

Output voltage — AC coupling

p((?lv(\)ler;/ozusr\cle ;" plemesyy | ) \_ - load step response )

w CapaC|tor) _ & '1' (o oo [ Output Current 1-
soaa | pe |2 Ioad step from 1A to 2A in 10ps
-0 nl! 50 us s 50 w 100 us 150 us a0 us 250 us 300 us 350 us 400 us 450 us out
Vp-: -51.058 mV = Vp+ clipping+ &l t: 21 s 12: 785 ps Bt:57.5 ps 1/8t:17.3913 kHz

10my % T o«

Test setup Measurement

ANALOG
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STABILITY THROUGH THE COMPENSATOR - BUCK DEMO BOARD

Compensator and plant

Compensator A Compensator B Compensator B + C

V/(comp)/V(inj)

V(comp)/V(inj) V(comp)/V(inj)

230°

~ (o)
(pBoost,max ~ 124

- = .'0 H
~ o *
PBoostmax ~ 119 ',

...............

L)
2 7
i

-210°

-190°

-150°
-130°
|
PBoostmax ¥ 82°—110°
Pl (-90°)
'SdB LI | LI | + 7 LI | 900
100Hz 1kHz 10kHz 100kHz

= solid = gain (dB)

«++« dotted = phase (°)
= coloured = simulated

= gray = measured

Bode plot — Compensator X

28 | OHECE/INIEZORSACADEMY | M CHACATON

-50dB T — T T T
100Hz 1kHz 10kHz 100kHz

30dB

\/(out)/V/(comp)

20dB

10dB —

0dB

e e
.....
*e
.
.

-10dB—

-20dB—

-30dB—

-40dB—

-160°

— solid = gain (dB) G, (s)
++++ dotted = phase (°)
= black = simulated
T gray = measured

Bode plot - Plant: /,,,=2A /U,,=19V
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STABILITY THROUGH THE COMPENSATOR - BUCK DEMO BOARD
Compensator A (R1=4,33kQ; R2=10kQ; R3=820Q; C1=4,7nF; C2=4,7nF; C3=3.3nF)

5.02V . \/(out) 50dB — \/(out)/V(inj) 100°
: — .
5.01v+4 | | ‘ ‘ 'l \ I 40dB- \k:\"&':;.. - 80°
5.00V: I : | Il | 30dB— o /_ Goo
v
] o? | o
4.99V/ i ‘ i ’ “ | | O | | | || | | | I || | || 20dB+ "-._..'\\ b ,l"" 40
i i 10dB— . sekeanns2l 20°
4.98V- i I | Qu =~ 20° 0°
) E‘-_’i 0dB : (-180°)
4.97V- ~
° 1 AT -10dB- f~ 20kHz | NS - -20°
1 1 1
4.96\ i fi~ <7~ 20kHz -20dB- i \ | _40°
i i EG l?\
4.95V . L - -30dB | (oM~ CNOUENR | goe
Ops 50ps 100ps 150ps 200ps 250ps 300ps 350ps 400ps 450ps 500us 100Hz 1kHz 10kHz 100kHz
— red = simulated — solid = gain (dB) GOL (s)
— gray = measured .+« dotted = phase (°)
= red = simulated
T gray = measured
Load step response: /. 1A 2 2A /{,=19V Bode plot - Open loop: /,=2A /U,,=19V
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STABILITY THROUGH THE COMPENSATOR - BUCK DEMO BOARD
Compensator B (R1=4,33kQ; R2=2.55k0; R3=820Q; C1=10nF; C2=4,7nF; C3=1.5nF)*

*Design analyzed before

v _
5.02V (out) 50dB . Vlout)/\linj) i 100°
h.\'\ “'-.':-'r, :
5.01V 40dB —~ S i 80°
: 0t 'y
1 ssoe®’®
= 30dB T ees® S 60°
5.00V il A e ————
[ seot
/ 20dB K 40°
4,99V | ‘|| [ 1| 1N | I| | I || | || || Iy | i | I |’ !l | || | | [l
) f Pom = 54°
}\ || 10dB 20°
\ /. {
4.98V | o 0°
v - (-180°)
4.97V- "t ~ I
| -10dB f~ 18kHz | \\ -20°
1
4,96V | | SN
. -20dB ! -40°
1
1 J—
495\ -30dB | Gum — enough -60°
Ops 50ps 100ps 150ps 200ps 250ps 300ps 350ps 400ps 450ps 500us 100Hz 1kHz 10kHz 100kHz
— green = simulated — solid = gain (dB) GOL (S)
= gray = measured ...~ dotted = phase (°)
= green = simulated
T gray = measured

Load step response: /. 1A 2 2A /{,=19V Bode plot - Open loop: /,=2A /U,,=19V
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STABILITY THROUGH THE COMPENSATOR - BUCK DEMO BOARD
Compensator B + C (R1=4,33kQ; R2=2.55k0; R3=820Q; C1=10nF; C2=9,4nF; C3=1.5nF)

u V(out) (V(out)/\(inj))
5.02V 50dB =T 00°
| S=—| v ! !
—— LRI H
40dB \\\ o . 80°
"\ “....'.....
30dB R T BN ik 60°
(R \\
(| || | || | (| 1 | 1‘. | | | || Il |l || et 20d8 \\\\ 62° 40°
10dB ‘\\ Pm = 20°
X 0°
14 1 0dB .
AUgyt = . p SN (-180°)
- u ~ I
4.97V 2m - 29kHz - 2310F 27— 2 cos(62°) -10dB X 29kHz: N\ = -20°
I
4.96V = 23mV -20dB : -40°
4.95V . . . . . . -30dB Gm — enough -60°
Ops 50ps 100ps 150ps 200ps 250ps 300ps 350ps 400ps 450ps 500ps 100Hz 1kHz 10kHz 100kHz
= blue = simulated — solid = gain (dB) GOL (S)
— gray = measured «++« dotted = phase (°)
== blue = simulated
T gray = measured
Load step response: /. 1A 2 2A /{,=19V Bode plot - Open loop: /,=2A /U,,=19V
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