DCDC BOOST EMI

WURTH ELEKTRONIK MORE THAN YOU EXPECT



* Qverview and Key Points

* Schematic in Detall

* PCB in Detalil

 (alculations

* Time Domain Measurements

» Redexpert & LT Spice Simulations

e EMC Measurements from the Lab

« EMC Measurements from the workbench
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Objective of the Good and Bad Layout
Keypoints

 Single Point PGND vs. big PGND Loop

* (orrect vs. Wrong Capacitor Position

« Same Semiconductors, different Passives
* Shielded Choke vs. Unshielded Choke

* Alu-Electrolyte vs. Polymer Caps

* Filter @ I/0s vs. No Filter at all

* Ferrite in the Power Loop of a DCDC
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PCB Overview
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Setup
Use the new FAE or Ohmic load (48ohm@12Wmax.)

jons Osulloscope
mm !l 1 Wlth FFT

pH LISN

o
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Splitter/Combiner for DM/CM

Setup: RTA4004 / 5pH LISN / CM&DM Splitter

L Power Supply

Analyzer

e
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RF Outputs
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Measure CM and DM separatly
Currents through LISN

L Vy =500, + iz)

+ Vo, =500(—igm + lem)
U1 [ l

pDUT

_ = Differential Mode
U2 [ Vg = 50Qiy, = 0,5V, — V)

&+

= Common Mode
Ve = 50Qi., =0,5V,+ Vy)
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Example BOOST DCDC

EMI Overview

Source of Differential Mode Source of Common Mode

Power ,,HOT NODE"

/ /] Choke  HighdV/dt gehottky h ‘\]
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Example Buck DCDC

EMI Overview

Source of Differential Mode Source of Common Mode

_HoTt Nope« Power
High dv/dt Choke

..}-

time

" | r---m
Source/LISN - ; c ot
- . urrent a

Cin
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L

switch ON

VI
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................ <

Cout

dl
Upm = Lparasitic ’ E
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Single Point Power GND for Buck / Boost / SEPIC etc.

Layout Key Points

Source

(Y Y Y

Filter
Choke
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-/ [cfiter Cda

v <&
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Noise Transmission Modes

Source

Differential Mode

Load

= Noise and useful signal use the same paths

= Earth is not affected

13 |
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Common Mode

Source

Load

"
............

= Noise uses both lines in same direction

= Earthis used a return path




Schematic Bad Design
19V = 24V/0,5A
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PCB Layout Bad Design
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Redexpert Alu-Elko Cap Selection for Fsw 600kHz

Orows Come s Y 1 fose  Tecrnogy Ganes Descr . B ¥ ™ W Y ¥ ToE0 WM FHR 2800 012 DO ML e, (Y Tow Yot Ulete Y Ase W Ymgnt [ L]
v | B0S0005ST008 | WCAPASLL | B | Men Osctioyfic | SMT-Lowimp . | 220 F 0% WOV <% WWAmO | 670 mA @100 K 10°C | 77.0pA S5C 109°C

220uF 2=98m & ESR=93m( (@ 600kHz
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Conducted EMI Calculation with 220puF Elko Cin

Triangular approximation(differntail mode only):

Upye = Uiy + Uy 24V =19V 40,5V

= 0,224
Uyt + Uy 24V + 0,5V
ar =i p_ v 0,224 = 0,214
~L-fi,  33uH-600kHz '~~~ 7
Al 0,214
|1.;,,[600kHZz]| = +|sin(r - D)| = - |sin(m - 0,224)| = 56mA

V2-m2-D-(1-D) V2 120,224 - (1 —0,224)
|U i, (600kHZ)| = |Z,i,(600kHZ)| - |14, (600kHZ)| = 98mQ - 56mA = 5,49mV

5,49mV
1ul

5,49mV — 20 log< ) = 74,8dBuWV — 6dBuV (LISN Voltage Divider) = 68,8dBuV

Limit CISPR32 Class B is 46dBuV = approx. 30dB Damping is necessary
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Verification of the triangular approximation BAD Design
Measure DM noise on input with DM/CM splitter

Amphtude (V)
"

/
l l
1 ! !

i N P Fof ‘““", it *ff n“"'v’ ,\J il w)‘ w =£.' i
RSN ‘*‘;” .,. & \ﬂl ' T*Jm ﬁmw'ﬁ)m/ MWMW b VAR

Fraguency 0t)

69dBpV as calculated
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LT Spice Boost BAD Simulation

Simple Model to double check the calculation

Asychronous Conducted EMC Simulation Boost Converter Bad Example

.param Vin=19V, Vout=24V, Rload=48, fsw=600k, tvr=20n, tir=0 (main input for boost)
.param D=1-(Vin/Vout) (duty cycle boost)

.param tsw=1/fsw, ton=D*tsw (period time switcher)

.tran 0 1.5ms 1ms 10ns (simulation time interval)

.ic V(vout)={Vout} (initial condition)

Jdc V(vin)={Vin} (initial condition)

.options plotwinsize=0 (no data compression)

.options numdgt=7 (double data precision) w
& SW Node Capacitance to Earth

.options abstol=0.00001 (lower toleranz, more speed)
Wire JES
U1 L4 —_—
SpH WE-PD2 20p
o [ s 1pH Power-Choke D1
L l Vin sw I _ Vout
Ly S ]
33p RB068L100
Cin, +| Cout
- M1|="BSZ065N06LS5 =
L bM 220pF — 220pF R1
/;\}_1 oF WE-ASLL R2 {Rload}
= 100mOhm 10m
{Vin} M
— 1pF = i
I b s PULSE(0 12 {tir} {tvr} {tvr} {ton-2*tvr-tir} {tsw}) el c8
N L 0 ~ T100p
CISPR_25_DM_CM 1pH i :
Wire Output Wires/Load Capacitance to Earth
o
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Simulated DM Noise with LT Spice
FFT Plot of the LISN DM Channel

11048

V(dm)

100d8~
| 90dB-
| 80dB
70dB~ - Q v O
| ; -\\ :
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|-40d8

— v v T v v v —
1MHz 10MHz
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Schematic Good Design
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Redexpert Polymer Cap Selection for Fsw 600kHz

REDEXPERT®  ALUMMUM ELECTROCTIC | ALUMNUM FOYMER CAPACITONS | APFUCATIONS | < W ae & sow

ﬂ:.” F il " |
Cover Coste Sles Y- A L C v i Y OF Spectad Mt o,

R e ) 7 B e B R K R
~

L7UF Z=14mQ & ESR=13mQ @ 600kHz
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Conducted EMI Calculation with 47pF Polymer Cin

Triangular approximation(differential mode only):

Upye = Upn + Ug 24V — 19V + 0,5V

D= = 0,224
Uyt + Ug 24V + 0,5V
ar=Yin_ 1oV 0224 = 0214
"~ L-fa  33uH-600kHz 77 7
Al 0,214
|I.;,[600kHZz]| = - |sin(m - D)| = - |sin(m - 0,224)| = 56mA

V2-m2-D-(1-D) V2 -1m2-0224- (1 —0,224)
|U i, (600kHZ)| = |Z1,(600kHZ)| - |11, (600kHZ)| = 14mQ) - 56mA = 784uV

784uV
1uVv

784uV - 20 log< > = 57,9dBuWV — 6dBuV (LISN Voltage Divider) = 51,9dBuV

Limit CISPR32 Class B is 46dBuV = approx. 15dB Damping is necessary
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Verification of the triangular approximation GOOD Design

DM noise on input

Amplitude (dBuV) < click 10 enter title > ®
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Frequency (Hz)

52dBpV as calculated
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LT Spice Boost GOOD Simulation

Simple Model to double check the calculation

Asynchronous Boost Converter Conducted EMC Simulation Good Example no Filter

.param Vin=19V, Vout=24V, Rload=48, fsw=600k, tvr=20n, tir=0(main input for boost)
.param D=1-(Vin/Vout) (duty cycle boost)

.param tsw=1/fsw, ton=D*tsw (period time switcher)

tran 0 1.5ms 1ms 10ns (simulation time interval)

.ic V(vout)={Vout} (nitial condition)

.ic V(vin)={Vin} (nitial condition)

.options plotwinsize=0 (no data compression)

.options numdgt=7 (double data precision) SW Node Capacitance to Earth
.options abstol=0.00001 (absolut tolerance, more speed)
Cc8
S5pH WE-LHMI
- /W = o 10p
- Power-Choke D1
L vin AR N Vout
" S J 1y RBO68L100
3
n 4/ cin Mi ?, Coutl Cout2 R1
-+ j— 0] T j—
VD °E 47uF R2 | 47)F 220pF i
= PE WE-PSLP a7 |8 WEPSLP WE-PSLC
{Vin} 13mOhm .
— 1pF
N SuH ~ “[100p
(:[SPR_25_DM_CM 1|.IH pULSE(“ 12 {til’} {tVI'} {tVI'} {ton—2*tvr—tir} {tSW}) Output Wires/Load Capacitance to Harth
iy
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Simulated DM Noise with LT Spice
FFT Plot of the LISN DM Channel
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Redexpert Power Inductor Selection
Fully shielded high performance inductor WE-LHMI

REDEXPERT" i moocs o | ®n & anon
< Boost Non- Sync Converter ‘O; e o]
Resarply Seer Y K [ e .Y b TV Lurdd?iimA W T e Y Par P P Al ¥ L w L
PARAMETENS m TAAITI43330 WELSI | 7088 |B . single 130A| IS0A| TIEMMx u.smw uumu[ 501K | 730mm | estmm| 500 anfl
e ey 423738233 WE LHAR FER 0”0 I 2E0A 5C0A  S00MH:  SEImW TIAMW  JE3mW 23K  emm WOmm 420w
195V 240¥  SOWG 0N MOmV
prOs 44372953330 WELHME 1365 w Eogw 330uH 335 4 427 m0 PIN 4TOA 1014 240MHz  1RTMW 190mW  31emw 217K
BETALE
A Leg
2639 mA 2735 mA 60N
e = T
02 209 mA 74 mA 363 ns >
< >
78437343330 X
WE LM T
T 1T el ‘ = "
[Lmin § e |
P i e 1 OC e (hmtber oot =ON e e/ OO b opennes = [}
) S . - =0
: I [———— — 1 —1
AL N - E wdl W a7, I
o] o =) v
195mW  T0EmW  05mW 502K z
2 v

28 | 2/21/2024

AUTHOR / DATE




Filter Simulation Redexpert

Designing an DCDC input filter

EXPERT"

PARAMETERS SELECTION AND SIMULATION SUMMARY

EMI Filter Designer for differential mode:
Use this application to design a discrete electronic EMI filter for conducted differential noise, for example from your DC-DC converter, and evaluate the realistic response based on real components.

Project's Title: Topology: Advanced
Tile SMD components only
My EMI Filter project L1 L1 L1

Shielded inductors

Input parameters:

Operating voliage

Operating current

TI c1

@ cL

High temperature (125)

[] Shared input capacitor DC/DC converter

19V 0.5A

Load / LISN impedance Noise source impedance

100 Q 0.1 Q L1 L2 L1 12 i (2

C1I C1I C2I C1I C2I

Cut-off frequency T —l— —|— —‘— —l—
D o e) o o) o ‘o)
Attenuation e — (O TFitter (O 4th-OrderLc-LC (O 4th-ordercL-CL
40 dB 600 kHz ' :

2 9 2/21/2024
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Filter Simulation Redexpert Summary
Good choice to filter the range from 150kHz to 30MHz

EXPERT Filter Designer

PARAMETERS SELECTION AND SIMULATION

Circuit Schematic Specifications Edit Simulation Responses

My EMI Filter project

_ TYPE: CL 208
I [ Veo: 19.0V 5.00 g
kep: 500 mA . ’
LOAD / LISN IMPEDANCE: 100 0) o el
NOISE SOURCE IMPEDANCE: 100 mQ
ILOSS 625 dB@E600 kHz

Bill Of Materials & ADD Ok -

Na Orde je Value Propertic ty

Insertion Loss Input Impedance

B ESaBEBE
& E

Output Impedance

-+ 1 30 af

| C1 875105645005 470pF  Assembling Technology = SM
Capacitance = 47 0 pF
Rated Voltage =350V

Height = 7.70 mm

L1 74404042068 6.80 pH Inductance = 6 80 pH 1
Rated Cusrent = 1 45 A

Type = Single

30 | 2/21/2024
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Filter Simulation Differential Mode in LT Spice
LC Filter with/without damping Cap + GND Vias

31|

2/21/2024
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LC Input Filter

R4 6,8uH LISN
YT TN L \'finz
0.1 4018_74404042068_6.8u i R3
47uF u3 100
Polymer | 875105645005 47uF
L2
0.5n
LC Input Filter+Cdamp
R2 6,8uH LISN
=\ 018_74404042068_6.8 L
0.1 i — -0 R1
Cin U5 —— 220pF 47pF - U4 100
C-Damp Polymer
Vi
- L3 L4
. 0.5n 0.5n
AC1 865080553014 _0.22mF 875105645005 _47uF

NS
.ac dec 100 10000 500000000



Filter Simulation Differential Mode in LT Spice
LC Filter with/without damping Cap + GND Vias

Viviad)

Input Filter /

N\ y

Input Filter+¥ T

damping Cap \

3 2 2/21/2024
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Filter Simulation Differential Mode in LT Spice
All filter components on input & output + GND Vias

R6 5' "

Input Filter LC on nLC

WV 4018_ 74404042068 qu_ RS

A7pF U12 100
Polymer | 875105645005_47uF
L7
“\0.5n N7
—

Output Filter "—/\/\/ . AT | ] ..L Vout

0.1 2 & + e u7 R4

Cout V10— 1yF a7pF U9 | —— .}{'CFE[_ 48

MLCC B it &8 s |
°)u L2 I
0.5 ) 2x470pH '0.5n

AL e nszgsusoos_aur

889 ;mL.m
885012208093_1
5040_ 74404054100 10u
B = -
Input Filter ¢ : oy
0.1 l e L] i %us R1
Cin 47pF Y 100
Tc-namp Polymer | [ | wmwec <16
=% 5'—4 2x470pH O)D.Su
C_ ) 10,50 Josn
< 1087_744272471_470u
AC1

I 865080553014_0,22mF

4018_74404042068_6.8u
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Filter Simulation Differential Mode in LT Spice

All filter components on input & output + GND Vias

W{Vin, NOOS|

Input Filter
LC only

——

; Input Filter
Output Filter

LC + CMC +
MLCC
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Why is Inputfilter damping maybe necessary?

= The input capacitor is part of the input filter and forms
an oscillating circuit together with the filter choke
and/or the line inductance
VSup — il +—o Vi

— Cy

= Aregulated DC/DC converter behaves like a
"negative" resistor at the input:

2 VlNT - I||\|l 2 VIN l— I|N i

3 5 |2/21/2024
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V(in)

""""""""""""""""""""""""""""""""""""""""""""""""""

-------------------------------------------------------------------------------

-------------------------------------------------------------------------------

-------------------------------------------------------------------------------



Why is Inputfilter damping maybe necessary?

theoretical background

= Correction factor in the loop gain of the control loop
due to the input filter:
» Middlebrook’s Extra-Element Theorem

1+ Zour
H(s) = Hz o (s)" —ZN
Zp
142QUT
Goal — 1+Z§gT ~1=0dB

— ZOUT K ZN and ZOUT < ZD

rule of thumb: Zgoyr < 1/10th of Zy

where:
H (s):
transfer function with filter

H,our=0 (S):
transfer function without filter

Zour:
Output impedance of the LC filter

Zy:
Input impedance of the converter with constant output voltage
(static input impedance )

Zp:
Input impedance of the converter with a constant duty cycle
(open loop input impedance)

36 | 2/21/2024
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Why is Inputfilter damping maybe necessary?

Output impedance of input filter must be lower than DCDC input impedance over a certain frequency range

O — O ————- O— O
| EMI Risk DC
DC <_> Input Lout | Of_ _ L R
Filter instability DC
O —O-————- O—

O

e Lfilar
......W.......filter_aut....
. : .

. .6.8pH - -

s
-+ -=> DCDCinput
... impdance

. 4| Cfilter | Cin

STUF | ATHF S

Act0

Zo ut filter

3 7 2/21/2024
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Influence of Lf + Cin

The filter inductor forms with Cin a impedance overshoot at the corner frequency of this LC filter

= L filter & Cin (not C_filter!)form a resonance real
overshoot at fO non damped I
filter 1L
"y = Bid
= Resonance overshoots are caused by parasitic o ideal filter

component effects

= ESRand RDC of Cand L reduce these peaks ¢

U
frequency

non

/damped

= Magnitude depends on Q

Q=TT

= Filter output impedance is highest at fO ) filter il
= with
@©

= |f the output impedance of the LC filter exceeds the 2 ST

input impedance of the converter, the system
becomes unstable

ideal filter |

fo

frequency

2/21/2024
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Damping of the Impedance Peak at LC Corner frequency

Calculate the required damping capacitor and resistor (or ESR)

n = 4 (good starting point) —— Cyamp = 4+ Cin = 4+ 47uF = 188uF —— 220uF chosen

’L ; 6,8uH
filter yOU
damp Cin 47uF

3 9 2/21/2024
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Choose Cdamp with Redexpert

Choose a cap between 150mQ to 300mQ ESR @ 8,9kHz corner frequency for propper damping

7 Order Code " Seres Y 1. U Spec Technology ¢ W 6~ Y To- 7 Vw Y DOF 7 Z@'0SkHz 7 ESR@104kHz T Maximumig 7 Specified Max. kgalo

I e e N e e ey ) O N P

v
< >
865080553014 X

WCAP A8LI
WOF-Mav -
= MORE
impedance / Frequency = O ESR / Frequency 0
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Input Filter Stability Simulation
With damping cap and 6,8pH filter choke

.param VIN=19, VOUT=24, I0OUT=0.5

Open Loop Input v U1
IR V_F A V_D g VOUT
Impedance — (i %) = —o—— ) § —a—{ . .
6u8 & I ‘\-\o,- VIN 33pH vouT l
L:z? 4018 '6; = i: .§ AC1 Z &P [ C3 {m.}
20 > -
Resonance Input LC = 8,9kHz ] 2 u,ﬁ - U‘_; —onﬂ_]}hl}
ESR Elko@8,9kHz = 220mOhm : £ it ! : 4
Damping Factor with Elko = 0,71 < Cdamp Cin GNDI GNDO
.ac dec 1k 1000 100k - ZD_Boost
.param RL=VOUT/IOUT VIN={VIN} VOUT={VOUT} L=33u ESRL=100m
Static Input u2
V_N |
Impedance | Il R
( i > ZN
1 .
SiE GND
AC1 ZN_Boost

VIN={VIN} VOUT={VOUT} IOUT={IOUT} L=33u

41 |2/21/2024
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Input Filter Stability Simulation

With damping capacitor and 6,8uH filter choke

£ 20_Boost_sveler 20T Fler WEae BS ON_Boow_swaer 20UIT_Fiter WE raw
VIV_Dyiv)

_— <Zy:Staticlnput

Impedance

Zy: Open Loop
Input Impedance

i o : Input Filter
Impedance

42 2/21/2024
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Input Filter Stability Simulation

No Damping capacitor and bigger filter inductance value of 22uH

1 ON_Bocet_snster_20UT_Fer WEasc § 2N _Bocst_seuer 20UT Fller WE rew
.param VIN=19, VOUT=24, IOUT=0.5
v U1
L1 —
& 0’\6-\\ AU st <| ') v.D  — ! |‘j|. O @ { + s —
22 T e, VIN 33uH J vouT L
225mOhm a g M‘:’ . 2 i €2 |c3_R1
T‘hj i M./7= 4 {RL}
Resonance Input LC = 8,9kHz ‘ ,.E, ¥ == =3 _FZOII 147ﬂ<‘
ESR Elko@®8,9kHz = 220mOhm . >-— e -
Damping Factor with Elko = 0,71 Cin GNDI GNDO
.ac dec 1k 1000 100k ' ZD_Boost
.param RL=VOUT/IOUT VIN={VIN} VOUT={VOUT} L=33u ESRL=100m
U2
V_N =
ﬁlL V_N VIN
( - :] ZN
GND
~7AC1 ZN_Boost

VIN={VIN} VOUT={VOUT} IOUT={IOUT} L=33u
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Input Filter Stability Simulation

No damping capacitor and bigger filter inductance value of 22uH/225mQ(Rdc)

£, 20 _Bood _sede 200UT Pt WEax & IN_Beod_seule I0UT Fhe WE i
VIV_DHWV)

Static Input
Impedance

Open Loop Input
Impedance

// Input Filter
Impedance
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Input Filter Stability Simulation

No damping capacitor and bigger filter inductance value of 22uH/25mQ(Rdc)

VIV_DJ(V) Viv_miiV_n)

Static Input
——— |mpedance

Open Loop Input
Impedance

// Input Filter
T Impedance
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Input Filter Stability Simulation

No damping capacitor and bigger filter inductance value of 47uH/25mQ(Rdc)

h 0 _Boce_wealer JOUT Fw WEms 4 2N _Boow_svoler 2O0IT Fer WE anc

VIV_D)WV) Viv_apiV n)

/\ PO

...\
2 oos |\ 2
v 1 v m) VIV )

Static Input _
Impedance

Open Loop Input

Impedance

/
Input Filter

Impedance

T
b
\
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How to test DCDC Stability ?

Take a look at Vout and perform a max. load step during min. V/in

V V

Stable Vout during load step Unstable Vout during load step

47 | 2/21/2024
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Time Domain Measurements
PCB Test Points

RTA4004; 1335.7700K04; 301218 (01.600 2020-63-20) _ [ R1As004; 1335.7700K04; 105218 {01600 2020-09-20)

haY m i [ p & S Auto 20210608 “ _ﬁ . s y i 1] J Auto 20us/

0 [+]
Unte  Delete ; ) 20mV 5GSafs o Unde  Delete F1 hasctatien : 21.6mV 5 GSafs 5.6ns

Test Test
Point 12 Point 11

Vp+: 19
eanCyc: 640, x,n
MeanCyc: -101.52 mV ¥y

|

RS Cyc: 15534 mV T:24ns f: 416.9 MKz Vpp: 758 mV 20 RS Cye: 3.9415 mV 134 £:29.0291 kMz

Bad Design Vin Ripple/Noise: 758mVpp Good Design Vin Ripple/Noise: 34m\V/pp

2/21/2024
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Time Domain Measurements
PCB Test Points

RTA4004; 1335.7700K04; 101298 (01,600 2020-03-20) —

[RTA4004; 1338 T700K04; 101248 (91600 2020-03-20) _ _

N [ w & o M 1w

Unds  Delete A 3 20mV 5 GSafs

Test
Point 14

tr: 1ns *g

1:58ns £:172.48 MHz Vpp: 1374V

Bad Design Vout Ripple/Noise: 1374mVpp

49 2/21/2024
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o

MeanCye: 12.21 mV
rw'

. i s Auto 200 ns Complete
ﬂ m \ ks ? o . g / e
46 mV 5 GSa/s S.6ns Sample

Tst
Point 5

Unda Dedety Hl fanctation

Vp#: 582 mV

Vp#+:5.439 mV

WA A O 5

S 12736 ps
- Vp- -3.038 mV

v
}

Vpp: 8477 mV

Good Design Vout Ripple/Noise: 8mVpp

WE




Time Domain Measurements
Switch Node Voltage

Bad Design Good Design no Ferrite Good Design with Ferrite

ATAMAL 108 7700000 U (10002 292002-31) ATAEL 108 770000 U (1002 192002-31) RTALLEA D28 700008 12129 01 B 0G0

- m ) At , J Rute 20m/ Complete » - ' \ e, ? y W0 nef Comolete

- S 0 bt . =V 555 304 s Sarple . oV Semple
¥ -

Lo whon wi -

Test Point

§: 583236 ke

4 tf:8.2 ns {4 tf: 10.4 ns

2/21/2024
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Time Domain Measurements
FET Gate Source Voltage

RYA4004: 1335.7700K04; 101218 {01600 2020-03-20}

N 0 T 4 o B oy

Unde  Delete H Aawctatien = 4 12.8ns

fleanCyc: 1.8555V

) ‘ '
parfer ) el 4 )
Vs A bl ¢ AT AL b P W, S

- A
Nt SN A B AN A A A A N
voVou 4

Vpp: 63112V

T:82ns £ 122 MHz

Bad Design Vgs MOSFET
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RTA4004; 1338.7700K04; 101298 (01.600 202003-20) _

‘\ w \ e p : ] 7 80 ns/

Unds  Delete BT Asootation > . 1728 ns Sample
— S— ! J
T

Complete

Vpt: 45178V
w..,-.w-v»«- P g N o ot e P A Ay e Gy
‘JV
. A

tr:55.4ns "5
v

T
¥

{) feanCyc:?

| "
7 1 K4 th: 25 ns

g e i b 2 I (A AN i o A ) g oy "—"ﬁv\a-" s PP A i e N

- Vp<-1.4014V

\Vpp: 55192V

Good Design Vgs MOSFET

WE




Time Domain Measurements
Feedback PIN4 RF Voltage

RTA4004: 1335.7700K04; 101218 (01.600 2020-03-20) T RTA4004; 1335.7700K04; 101298 (01,600 2020-03-20)

4 m ' e y (1] Auto Bl Y w " e p & S 7 Auto &ns/

Unde  Delete L Ametim 7 32 mV 5 GSafs " Unds  Delete BT Asotation 7 15mV J 5 GSafs 56ns

Trigger Level; -132 mV

Vpt:628mV

Vp+:89.18 mV/

tr:7 °?

MeanCyc: 26.76 mV

. fileanCyc: -16.56 m\V ime———

T:56ns f: 178.47 MH: Vpp: 1.078V gk, I RMSCyc: 54.064 mV £:333.2 Wk Vipp: 137.69 mV

Bad Design Feedback Noise: 1078m\V/pp Good Design Feedback Noise: 137m\Vpp

2/21/2024
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Time Domain Measurements
\/cc PINS RF Voltage

RTA4004; 1335.7700K04; 101218 (01890 2020-03-20) . [ RTA4004; 1338 T700K08; 901218 (01.600 2020-63-20) e

4 0 Q& b 2 "PENY T QA bk @ B /A s/
Delete

Unds B Ametation S B Asostation 7 3 15mV J 5 GSafs 5.6 ns

t Vp+:89.18 mV
T 7 >

|

‘ '\ MeanCyc: 26.76 mV

B N

il
11 ’fﬁi Hl-l“""‘“““‘ ifeanCyc: 53.28 mV
' i i ;"A“”,nm. D

|
("
}" th< 800 ps

RMSCye: 512,65 mV T:5.4ns f: 185.12 MHz Vpp: 1,496 V ok, [ RMSCyc: 54.064 mV £:333.2 Wk Vipp: 137.69 mV

Bad Design | Vcc Pin Noise: 1496mVpp Good Design IC Vcc Pin Noise: 138mVpp

2/21/2024
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EMC Test Lab
CISPR25 Conducted Emission

50()
Termination

2/21/2024
54 | AUTHOR / DATE wi




EMC Test Lab
CISPR25 Conducted Emission

100
dBuvV

1
f
|
! R TCESH X2 1316 Pk
(1 i
i T34
I

| |
\ t }
N\ \ 1 ‘ = -—_ (xu'u <l Ihlq
— v,
} $ ! : 3 R PRI « |
\ i /

_,._.;
 S—
DU “S—_S—
o - e
—c——

,
el st B N | N
e —
-
—F=
= 3
T g——
—_— ~—
=
—r—
=
e —
——
e ——

-10 _
150kHz 30MHz
Frequency Sub-range 1

Bad Design; CISPR25 Class 5 and CISPR32 Class B Limit Lines
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EMC Measurement

FAE Equipment Bad Design

[l < Chick 10 emtor WG > @
w S
plevay
e
Fost

W

I |
|
i

| f. | |
S = T t*

.Il _ . ;

l.‘

l

D VNN .'"i"Jr,b’ur"m'..‘ﬁfu*"*;f'u’"‘ me.w M w» d
-4 | I o (o R f,u. i u'w',li,m)‘,w,.'yrf l'm H“

Fraguency 0t)

Rohde & Schwarz EMI Debug Software + RTA4004

2/21/2024
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EMC Test Lab
CISPR25 Conducted Emission

100
dBuv

\ —

_-\_‘\—__h__&_—_ - T CE AR T A
E : . - 8

W AR T N el s

| . W JH IH m mw

| e
T ]li_' ) - ‘I l l“||l Ill |||||lll (1111 illlllll

150kH= 30MH=z
Frequency Sub-range 1

Good Design all Filter; CISPR25 Class 5 and CISPR32 Class B Limit Lines
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EMC Measurement

FAE Equipment Good Design

Amphhuse (V| < Ciiek 10 entor WG > @
) L
38103002 112939
e
Teces
Poid

| : : | ' : : ’l ! '
Y «;"(\ oV JL e l‘kmrkuh'? L g Y .n AR N lafm‘ l' Wiy v e Y g !

Fraguency 0t)

Rohde & Schwarz EMI Debug Software + RTA4004

2/21/2024
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EMC Test Lab
CISPR32 Radiated Emission

4 ' O O e

— ] Ll L)

T WY T T T T T e

M\ ) )l AunannEEs Ll

Vi E (el (08 dN R LLL

AE R EEEEEEE TR AR

R EEEEEEREERET

=== T e L
R EmEEEEEEEE

. B TR

e

T RERREES

n "

A A A4t
13;5’?} =]

i
A

a4 m -
: s ) =
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EMC Test Lab
CISPR32 Radiated Emission

CISPR 32/CISPR32 - FAR B - QPeak/3 O

70
dBuV/m A }
1‘/ Y
' §\\
VN
| iy ! | I&I‘Q ‘\,\
n vn l -1 “'_’j l \."\-..5“ ‘
.rl R Vb f'}‘/‘)“h h i1 il I TWE‘ l |"‘ u [' 1‘ :: ! | -%;‘1‘
a QAH (*il %fl\ ‘""{,\l !# ““‘ “ “" ’|'|l| ||‘. [ f f‘\"’\
[‘}(l ‘ ‘ﬂ‘ \;l { 1‘ lL J“ ' 1 q‘ i ‘ y "vs.'a’."l.(,,w‘ﬂ«"/,“‘
A | : | | ‘YL—\‘ 1.‘ "”,
l |
0
-10 _
30MHZz

Frequency

Bad Design
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EMC Measurement Conducted 1GHz
FAE Equipment Bad Design CM

2032 12:18.40

W(M < click %o enter tithe > ' :

Fruguency (Hx)

2/21/2024
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Near Field 30MHz (H-Field Probe - Small Loop — Power Inductor
Bad vs. Good

BOOST ENC DEMO BOARD

S WURTH i VWi (CA
' = MORTEAN. 3 i :
MORE TUAN Z e YOUEXPECT Wi o> §7psr b

-,}*_»
YOU EXPECT e ey’ g7 e A -
STRATION BOARD - "

WURTH

DENONSTRATION 20MR0
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Near Field 30MHz (H-Field Probe - Small Loop — Power Inductor)

Bad vs. Good

RTA4004; 1335.7700K04; 101217 (01.700 2021-11-11)
a @ Q p E B s Auto 131.1 ps/ Fertig i
Riickigangiq 1 irhen Ioom z ov 833 MSa/s Os Hohe Aull&sung 53
S+ Start: 150 kHz Stopp: 30Ml-lz Center: 15.1 MHz  Span:29.8 MHz  RBW:9.03 kHz W: 180,55 ps P:0s ?Help
s
FFT
av
I Vertikal
T i
i [ nnn
O T T O P
IR IR R 18IS = + 1L B | 1. 1A ’ ' =
{ ) " BRI Qi e Z
Ti
'r MVHWWWW«MWVJhquMMwMUMWN¢duwwJhuwwwguwuwuddhff
= s
Iarker: Spektrum, Peak o “
Refarenz: Keine Erfassung
I ndesz Frequency Magnltuds
. mm >
2 1,17938MHz 59.14316dBuV Verlauf
3 1.76938MHz §1.203164dBuV :t
Messung

Such:r?obm“r. 1-3 !f
Bl o O sow °E] BT Y S, E v omeoany
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Near Field 1GHz (H-Field Probe - Big Loop)

BOOST EMC DEMO BOARD

T
v A >0

WOC

T WURTH S ey 1!@’
s . : e ELEKTRONIK .00 -
ELEKTRONIK T : . v MORE THAN €3 Rhfii' 7 - TECHACA
Q’AOOL?E)ISE‘}D‘T" e Lot TECHNICAL - DR [
E e 3t s READE N . - |

DEMONSTRATION BOARD

DEMONSTRATION ROARD

Output

2/21/2024
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Near Field 1GHz (H-Field Probe - Big Loop)

Bad vs. Good

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

S 0 Q / E B s Auto 4.369 ps/ Fettig. | 0%
Ricgongiy  lékhen  Zoom 2 oV 2.5GSa/s Os Einzelwert Py
< Start: 30 MHz Stopp: 1 GHz Center: 515 MHz  Span: 970 MHz RBW: 120 kHz W:31.96 ps P:0s -

o 1 E B TodstV7 =l 10 depv/
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Near Field 1GHz (H-Field Probe - Small Loop - Schottky Diode
Bad vs. Good

-

T AN
_ B00ST EMC DEMO BOARD

- o3
v

IO u .l
P

WURTH v 17 ;é_- s
e ‘LE"E%N :')» cef
WURTH v ol e 1 3 = MOR © BN i
ELEKTRONIK Dos§ g T e YOU EXPECT 8000 00 ST
MORE THAN @ %" . = o OEHONSTRATION BORRD
YOUEXPECT  wce wac gras i

TECHNICAL

. DENONSTRATION BONR0
= %‘i
=% a

e
e

: @
5 Cm ™ L
21 soou '
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Near Field 1GHz (H-Field Probe - Small Loop - Schottky Diode)

Bad vs. Good
RTA4004; 1335.7700K04: 101217 (01.700 2021-11-11)
S 0 Q y E B s Auto 4.369 ps/ Fertig it
Ricgongiy  lékhen  Zoom 2 oV 2.5GSa/s Os Einzelwert P
& Start:30 MHz Stopp: | GHz Center:515 MHz  Span: 870 MHz RBW: 120 kHz W:31.96 ps P:0s -

e N""“**WWWWMMMMWN” v

S o B c I D - A Y
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EMC Test Lab
CISPR32 Radiated Emission

70 |

aByvAm ' | T ~ Schottky Reverse Recovery ca.
250MHz = 3-5ns

CISPR 32/CISPR32 - FAR B - QPeak/3 Om/
-~

TR ﬁ WIF 41%'
TN |,nMWF‘ il [m Wu'uif "J ‘lfql iy
*’ULML hudﬁ%]ﬂ An “!] “wdwlml? Nﬁiﬁ & ‘?ﬂ‘wg“#“l“ “” 'w“‘ |

\ b
\.‘ / \ N i rd
I Ty v A h y,
Wi My W
v | .

-10 _
30MHZz

Frequency

Good Design: No Filters and no Chip Bead Ferrite after Schottky Diode
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Schottky Diode Reverse Recovery Current ﬁ ESR

Recovery time ,tb" is critical due to possible oscillations

DA =C

If A trr ¢« If A= trr (& g -

&«
ta
t
Irr Irr
- tb &« ! e

tb

The softer the recovery, the lower the RF EMI noise but the higher the losses ,Qrr” in the diode
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Redexpert
Chip Bead Selection @ 0,5A lout and 250MHz = Reactance XL under 10MHz as low as possible!

REDEXPERT" FERRITES FOR PCB ASSEMBLY APPLICATIONS HOWTO | «§ SHARE o AITEMS -  ANDREAE
YO pivars: | dite = 06 T
b i Order Code | Berles 5 L. 5 Bpec Type i Z@I100MHz \ Zoso A0250 MHZ | Rpsga@250 MHz ¢ Pink. % | Lines ¢ | CAgSembll: S OCOWNLOAD MODULES
-—-um-m-mmmmmm--——m
.F-L 742792000 WE-CRF 0805 tay  Wide Band 240 0 280 0 @250 Mz 400 mn | 40 A 2.00 mm 125 mm 0.900 mm 1 SMT
Fulse 742792040 WE-CBF 0gos gy HiGh Current 60002 700 0 @150 MH2 2400 130 O 150 mQ2 200A 2.00 mm 1.25 mm 0.900 mm | SMT 1
1 74279205 WE-CBF 0805 (nay Wide Band 1.00 kQ2 1.06 kQ @120 MHz 450 mQ 200 mA 2.00 mm 25 mm 0.900 mm 1 BMT 1 .
G 74279206 WE-Car 0805 taly  MIgh Currem 2000 85,0 O @1.00 GMz 050 2020 260 maQ J00A 2.00 mm 125mm  0.900 mm 1 SMT 1
W 742792063 WE-CBF 0805 tnay High Current &000 90.0 O @500 MHz2 4340 3480 250 mn 300A 200 mm | 25 mm 0.900 mnmy 1 EMT |
2742792004 WE.CBF ososn twy  High Speed 7500 300 0 (800 MH2 200 ma2 170 A 2,00 mm 1.25 mm 0.900 mm 1 EMT 1 I
14279207 WE-CHF 0804 High Current 100 14¢( @300 M 150 m 1.00 A 2 00 mm 125 mm 0900 mm 1 8BM1 1

= MORE

EsziidRsscn S S ns
“2.n-f 2mlOMHz "

Impedance

' MH. 10 Mz 100 M2 14, 10 G ' MMz 10 M3 100 M4 | GH 10 OH 1 MH 10 Mi< 100 MH | G 10 G4

Fraquency Fraquancy Fraquancy
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EMC Test Lab
CISPR32 Radiated Emission

70
dByVAm Alternative: Schottky with less Reverse Recovery and/or RC Snubber!
CISPR 32/CISPR32 - FAR B - QPeak/3 Om/
TP3 Ferrite Bead
My M ‘|‘ | X (
IH l !
T ih (T | Wft um‘ ANt
A, ) ‘ ”' |l I!I |]l”h l';m i ;‘”} i ‘q' | i \, ﬁ“;’hll‘ﬂwt'll\‘%&! ll‘!ll ’W’)}‘I‘ ﬁ?g{w' \%H wﬁ.tl,/\\ ol , ﬂi‘.,;
‘ | e kil |tsp1ss32a5BT
—_—
0 : :
= - Critical
ol | | | V | ‘ ' | ' ) * £ 1 oop
30MHzZ fal S z
Frequency 3 | _Ei

Good Design: No Filters but with Chip Bead Ferrite after Schottky Diode
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Redexpert
SL5 CMC Selection

REDEXPERT" OM CHOKES FOR LOW VOLTAGE AND DATA LINES APPLICATIONS HOWTO [ < SHARE

e TEMS - ANDREAS
Y2 Filters eries = WE-SLS 9nems
: [ Orer Coda Serles Y S "l ™ Spee Vg Vil N ¥ VvV [ Winging Style Length , Width ,  Height " Lines ( Twm v Assemb.
S ) KR e \ar . Sve.as Vot o | i | A e TR wirw b Vow - Y
744272221 WE-GLS 1087 0y Boov 780 Q 220 uH 220 A sectional 10.0 mm 8,70 mm 6.30 mm 2 125°C SMT A
744272222 WE-SLY 087 tusy BOOV 750Kk 220 mH 750 mA  biflar 10.0 mm 8.70 mm 6.30 mm 2 125°C SMT
744272251 WESLYS 1087 (uy soov 970 02 250 uH 200 A sectional 10.0 mm 870 mm 6.30 mm 2 125°C SMT
744272332 WE-SLS 1087 (A 800V 8.90KkO 330 mH 050 mA  biflar 10.0 mm 870 mm 630 mm 2 125°C SMT
744272302 L5 1087 800V  9.60 kD 390 mH 520 mA  biflar 10.0 mm 8.70 mm 6.30 mm 125°C
-m—-mmmmmm:-mmm-mm_
744272472 WE-SLS 1087 oy BODOV  1530Kk0 470 mH 350 mA  binlar 10.0 mm 70 mm 6,30 mm SMT b
< >

744272471 X

WE-RLS 1007
17550 - 1,00 A - noctionsl

Z = Over 1kQ from 1MHz to 150MHz

ar
1000
8
o
. 1|
.
1

Fraguancy Fragueancy




EMC Test Lab
CISPR32 Radiated Emission

70
dBupVv/m

CISPR 32/CISPR32 - FAR B - QPeak/3 . Om

N R

v '.Hl‘"»x.’,‘. - s A

T * ity L ’
Lo Apsle ™ il
Y P R A A PR A Y RN AN
‘ r’J .c.'.:m"l‘-:‘wl‘\' AN T w Ay b ﬂ%‘&{a?‘?“q’{tﬁ"' B T A S A YRR
) |l e ' ik
p o
‘\,I,‘.N “"F.“,' N A e
0
-10 ! L]
30MHz 1GHz

Frequency

Good Design: With all Filters and Chip Bead Ferrite after Schottky Diode
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EMC Measurement 1GHz
FAE Equipment Good Design CM

W(M —— 2530202122030 |
. |
\l “ I ———_ | !
M L e y , ,
10 1.. \IIJH\ WN“ u ] ”' |m&| g”l”l lf]"llhl I‘l ':“I.;/"'.} 'i‘e,.”yf.; -‘t.\".\#,u *’ Y

Fruguency (Hx)
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Regulation Loop RTA4004 Measurement

Measurement Setup

Oscilloscope

R

rgection
ln;echon . |

V n
— Output M_IAT'_" Vout
Itanslmmef

Feedback ‘ S
Gen

Ch2
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Regulation Loop Bode Plot Simulation
0dB crossing at around 6kHz(Simulation TI Webbench)

100 s

Gain (dB)
Phase + 180 (degree)

-100 -200

Frequency (Hz)

. Gain i Phase + 180
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Regulation Loop - RTA4004 Measurement

Measurement Setup
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Loop Bad Design - RTA4004 Measurement

Measurement Setup

WURTH 3
ELENTRONIK ' 5
MOGE ThHaN ‘o A7

DU By
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Loop Bad Design - LTSpice - Average model

.ac dec 100 100 100k
: Plant CMPWM_CCM
i CM CCM boost average model L=33u,Fsw=600k,Sa={Sa},Rs=-100m
| RO P L7 {Ha o 226.77892mV
19V C Duty Cycle

P Ve —*98.106638mV

24.424923V out

c21 v2 i
Rload: from IC-datasheet LM3481.:
220p AC 1m 48 Slope Compensation:
; Rser=107m 0 ! Sa=(VSL + dVSL) x Fsw
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" : = (VSL + k x RSL) x Fsw
....................................................................................................................................................... : = (gomv + pr X 1000hm) b'e GookHz =56.4kVIs
Compensator : )
: - : .param Sa=56.4k
. 5 ; T =450
98.106638mV  comp 196.21328mV R19 ; ity
c18 18l2k :
Cc19 {-Transc}
i P T220p |1 >gour C :
=V(comp)/ o R20 152k Gl Vref R18
249k
1.275

AUTHOR / DATE
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Loop Bad Design - RTA4004 Measurement vs. LTSpice Simulation

» higher phase margin

o0 T in the measurement T %
5 | » measurement may be 1 150
inaccurate due to the
40 % high ripple T '
N/
20 + T 60
H ~ (o] —_—
?_-g Phase margin = 89,8 < Loop Gain RTA4004 (dB)
< 10 ¢ + 30 @
< B Loop Gain LTSpice (dB)
] o
0 0 Loop Phase RTA4004 (°)
Loop Phase LTSpice (°)
-10 + - 30
20 4+ \\:— -60
30 4+ —+ -90
40 L 1 120
100 Hz 1 kHz 10 kHz 100 kHz

Frequency
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Plant Bad Design - RTA4004 Measurement

Measurement Setup
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Plant Bad Design - RTA4004 Measurement vs. LTSpice Simulation

60 - - 180
50 + —+ 150
L0 + + 120
1 1 1
30 fesrR = = ~ 6,8kHz .
2m-ESREx Cout 21-106mMmQ-220uF
20 + » ESR Zero increases T 0
5 " the phase and leads . 3; Plant Gain RTA%4004 (dB)
7 to a higher cross over g Plant Gain LTSpice (dB)
(&) o
0 N\, : frequenc\/ ——— 0 Plant Phase RTA4004 (°)
M Plant Phase LTSpice (°)
-10 + — 30
- = » Added phase loss in 0
the real plant
-40 4L - -120
100 Hz 1 kHz 10 kHz 100 kHz

Frequency
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Compensator Bad Design - RTA4004 Measurement

Measurement Setup
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Compensator Bad Design - RTA4004 Measurement vs. LTSpice Simulation

60 =

50 +

40 +

30 +

20 +

Gain (dB)

—

10 4 amplifier affected by the
noise of the bad design

20 4

% 1 P> toolittle compensator
gain in the lower

40 - frequency range

91 higher control

deviation in reality

1 kHz
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Frequency

10 kHz

- 180

+ 150

-+ 120

*ﬁ_go

+ 60

-+ 30

- -30

- -60

- -90

- -120
100 kHz

Phase (°)

Comp Gain RTA4004 (dB)

Comp Gain LTSpice (dB)

Comp Phase RTA4004 (°)

Comp Phase LTSpice (°)
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Load Step Bad Design - LTSpice - Average model

7 Rser=107m

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

tran 1m

: Plant CMPWM_CCM :

i CM CCM boost average model L=33u,Fsw=600k,Sa={Sa},Rs=-100m

b L7 Ha o 225.00405mV

: 19V AR C Duty Cycle g

: Vi 33p P Vcl—Y-64.336665mV §

: F PULSE(0.25 0.5 0.5m 10u01) |

: ), 24.443881V _ out :

: 19 lcn n

; :  from IC-datasheet LM3481:
: < 220p Slope Compensation:

Sa = (VSL + dVSL) x Fsw
= (VSL + k x RSL) x Fsw

CO BN . T3iot s S shates Rl Sl ST SAc BAST ¢ oy [ SRSl ThRd scivls| ; = (90mV + 40pA x 1000hm) x 600kHz =56.4kV/s
: e .param Sa=56.4k
: ; T =450
: 64.336665mV  comp 128.67333mV R19 . -param Transc=450u
T C18 18.2k :
c19 {-Transc}
vay G 220p |100P ROUT ( ;
il sisssac i V60 R20 152k Vref R18
249k 1k
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Load step Bad Design - RTA4004 Measurement vs. LTSpice Simulation

24,46 1,8

24,44 1,6

2 > Perfect stable (real and in "

simulation)

26,40 > The first voltage dip is not visible in 1.2
S 38 the measurement due to the higher 10
a . . =
& control deviation g Uout RTA00%
£ 2436 08 & _
> O Uout LTSpice

24,34 0.6 lout LTSpice

24,32 / A

24,30 0,2

24,28 0,0

-500 -400 -300 -200 -100 0 100 200 300 400 500

time [ps]
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Loop Good Design RTA4004 Measurement

Measurement Setup

A - -
4 r et i
STkl :
- A oy £
EXTH v
£ — A ¢ w Miar '} 2
—~ r
\

ng SoAR0
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Loop Good Design - LTSpice - Average model

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

. Plant CMPWM_CCM
: CM CCM boost average model L=33u,Fsw=600k,Sa={Sa},Rs=-100m

i by Christophe Ba
y Christophe Basso =3 L1 <}—A D

ST C Duty Cycle

Vi 33p P Vcl—Y97.968519mV

<_> 24.424999V oyt £
19 c2 ~[._c1 CZ)‘” iop |C11 Rload |

a8 |

< gﬂu ;[;22011 - 0Au\c im 1;179

Rser=163m Rser=22m

226.77165mV

e R R e s, e o B 0 . from IC-datasheet LM3481:
Compensator inj i Slope Compensation:
97.968519mV  comp 195.93704mV R8 | Sa=(VSL + dVSL) x Fsw
o 18.2k | = (VSL + k x RSL) x Fsw
{-Transc} _ { = (90mV + 40pA x 1000hm) x 600kHz =56.4kV/s
- 100p ( i .param Sa=56.4k
V=V(comp)/2 ) 00 Rent G1 : Vref {  .param Transc=450u
- R9 152k R7 5
249k 1k
1.275
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Loop Good Design - RTA4004 Measurement vs. LTSpice Simulation

60 - -— 180
50 + + 150
40 + - S + 120
Phase margin = 51
30 4 T + 90
2 < Loop Gain RTA4004 (dB)
= 10 + ~ + 30 ﬁ
‘© Loop Gain LTSpice (dB)
0 } } } } —t—t—+— } } EN —t—t—— 0 Loop Phase RTA4004 (°)
Loop Phase LTSpice (°)
-10 4+ -30
F, = 4kHz ,
-20 + -60
-30 + + -90
4o L 1 -120
100 Hz 1 kHz 10 kHz 100 kHz

Frequency
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Plant Good Design - RTA4004 Measurement

Measurement Setup
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Plant Good Design - RTA4004 Measurement vs. LTSpice Simulation

60 — - 180
o 1 » The output filter 1 150
affects the plant
L0 T in measurement T 120
and simulation
30 + T 0
1 1
| : = = ~ 7,3kHz 1
_ 20 fr,Out,fllter 27La-Cee 217/ 10H 47 UF ’ 60 _
I 1 1 < Plant Gain RTA4004 (dB)
10 + — = ~ T 30
-,E fESR — 2m-ESRpx-Cout - 2m-22mQ-220uF T 32;9kHZ g Plant Gain LTSpice (dB)
0 } } — : : : — 0 Plant Phase RTA4004 (°)
» ESR Zero not visible .
) Plant Phase LTSpice (°)
10 4 in the real plant L 30
20 \ F %0
_30 --\ i _90
4o L - 1 120
100 Hz 1 kHz 10 kHz > Added phase |OSS |n 100 kHz

Frequency the real plant
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Compensator Good Design - RTA4004 Measurement

Measurement Setup
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Compensator Good Design - RTA4004 Measurement vs. LTSpice Simulation

60 - - 180
50 + <+ 150
L0 + + 120
30 + - 90
20 + + 60
E — < Comp Gain RTA4004 (dB)
—Z~0 £ 08
. B Comp Gain LTSpice (dB)
(&) [- %
R e ' 0 Comp Phase RTA4004 (°)
Comp Phase LTSpice (°)
-10 4 -30
transconductance amplifier
-20 + less affected than in the -60
» bad design .
> smaller control
40 1 deviation 1 120
100 Hz 1 kHz 10 kHz 100 kHz

Frequency
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Load step Good Design - RTA4004 Measurement vs. LTSpice Simulation

tran im
: Plant CMPWM_CCM
! CM CCM boost average model L=33u,Fsw=600k,Sa={Sa},Rs=-100m
L R LeRe L1 {Ha o 225.00405mV
; 19v C Duty Cycle '
P Ve ——64.336665mPULSE(0.25 0.50.5m 10u01) |

24.443881V out Le
Cc2 IFI 10p Ci1 I1

b I I

Rser=163m Rser=22m

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

R 2 from IC-datasheet LM3481:
Slope Compensation:
(c """"""""" t """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . Sa = (VSL + dVSL) x Fsw
| SRRSOy, i = (VSL + k x RSL) x Fsw
p 18.2k ' .param Sa=56.4k
(o} {-Transc} ' .param Transc=450u
S e 2200 %% _>Rrour
=V(comp)/2{ _ RO 157k 61 Vref R7
b e
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Load step Bad Design - RTA4004 Measurement vs. LTSpice Simulation

24,46 1,8
ZLl,Ll—Ll— = oA o - A A - A~ . 1,6
24,42 1,4
24,40 > alittle bump due to the 12
S Luss lower phasg margin than in 10 %
o the bad design £ Uout RTA40O4
5 2430 > smaller control deviation 08 5 Uout LTSpice
24,34 than in the bad design 06 lout LTSpice
24,32 / 0,4
24,30 0,2
24,28 0,0
-500 -400 -300 -200 -100 0 100 200 300 400 500

time [ps]
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