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Overview

e The PFC explained

 Whatis Critical to Quality

 Exercise step 1: determine the CtQ(=Y) values from simulation
» The influencing factors (X)

 Exercise step 2: determine the influencing factors X

» Exercise step 3: perform the DoE for the PFC

 Exercise step 4: define the transfer functions Y(X)

 Exercise step 5: optimize the component spread for the CtQs
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The PFC explained

In general, the function of a Power Factor Corrector (PFC) is to

1. provide a stable DC output bus voltage for e.g. an HF-TL or UHP
electronic lamp driver,

2. connect the load to the mains voltage in such a way that the mains

current is nearly sinusoidal (low THD) and in phase with the mains
voltage (cos ¢ ~ 1)
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The PFC explained
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What is Critical to Quality

1. The DC output voltage should be stable

2. The circuit should be able to withstand overshoots caused by changing
dynamic conditions (e.g.: turn on the mains, sudden change in load)

3. The harmonic distortion of the mains current should fulfill the regulations
specifications

Note: these requirements should be fullfilled for the allowed variation in mains
voltage and in load
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What is Critical to Quality K

Specifications

requirement symbol spec ppm-level
output voltage Vo 305V +/-5% 500
output ripple Vr <10V,, 500

harm. distortion | THDin < 25% 500
overshoot Vs <20V 100
when subjected to

input voltage Vin 170 V,, -10% ... +20%
load Rload 700 - 1600 Q
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

1.
2.
3.
4.
5.
6.
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perform a transient simulation

determine Vo and Vr by hand

automate the measurement of Vo and Vr

determine THDin

determine Vo, Vr and THDin for the specified Rload range
determine Vo, Vr and THDin for the specified Vin range



Step 1: simulate output voltage Vo, ripple Vr, and THDIn

« go to D:\PFC_example
 open dcm-boost-rectifier-closed-loop-thd.opj (double-click)

e go to the schematics page

®a C: Tmp'\DfSSPFC \ dcm-boost - O] x|

Analog or Mixed A/D

1 File |'E$_, Hierarn:hyl

El 0 Design Resources

: Elﬁ Mdcm-boost-rectifier-closed-loop-thd. dsn

' El - DCK-BOOST-RECTIFIER-CLOSED-LOCF
L e [ &=

E - Iil DESIQH Can:he

[ Library

EI O Outputs

ITM Lighting Electronics 6g, using dala fo drive decisions



Step 1: simulate output voltage Vo, ripple Vr, and THDIn

o edit the PSpice simulation profile

ki Orcad Capture

File Edit “iew Place Macro | PSpice accessories Options  Window  Help

Olz|d| & & |E||] £ MNew Simulation Profil
— | Edit Simulation Profile

IDEH—EI]I]ST—HEETIFIEFI—ELI]E - = F11
Ei CII'III Trrlljl'lll Dfssl'lll I:'FCIII'I I"-"IIEW SIFI’IL”EItIEIFI RESI_-I“:S FlE
" " . . View Output File
£ File | %8, Higach [———  Create Netlist
CLE .
El ;d Eanij[ Markers 3
El Bias Points »
| é--ﬁ P, RZ L1
: . Desig P
[ Library L0z (L
EI Ea Outputs BY D2 £
C Mdocm-bo e B
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select tab Analysis

set analysis type
‘Time Domain’

select General Settings

set ‘Run to time’ to 520m

set ‘Start saving data
after’ to Om

set ‘Maximum step size’
to 50u

go to ‘Output File
Options’

ITM Lighting Electronics

General| Analpsiz |E-:unfigurati-:un Filesl Dpti-:unsl D ata Collection I Frobe Windnwl

[

Analyzis YpE;
: : Bur botime: IEEEIm zeconds| [TSTOP)
Dptions: [ Start zaving data after: |Dm secunds]
Transient options
@aﬁimum ztep zizer |50u secnnd&]

[(JParametric Sweep
[C]Temperature [Sweep)
[15ave Bias Paint
[JLoad Bias Paint

[T Skip the initial transient bias point calculation: [SEKIPEP)

N

[ Cutput Eile Optiones. ..

Wy

DK

Cancel Ay Help
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

 set ‘Print values ...
every:’ to 50u

» check ‘Perform Fourier
Analysis’ and set

— Center Frequency: 50
— Number of Harmonics: 30
— Output Variables: i(Vin)

e ...and press OK

ITM Lighting Electronics

Transient Output File Options X|

Erir‘ut walues in the output file even:

A0

T

}ecnnds

Eenter Frequency: il

[Mumber of Harmanics: |30

Cancel

Clutput W ariables: iI[in]

™ Include detailed bias point information for nonlinear
controlled zources and semiconductors [AOP)
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

» select tab Data
Collection

» for Voltages and
Currents select
All but Internal
Subcircuits

 for Power, Digital and
Noise select None

o ...and press OK

ITM Lighting Electronics

Simulation Settings - Yout_THD x|
Generall Analysiz I Configuration Filesl Optionz | Data Collection | Probe Windnwl
— Data Collection Options
Yoltages: |4l but Internal Subcincuits -
Currentz: Al but Intermal Subcircuits ;I
— =¥
Poweer:  |Mone ;_L
Digital:  |Mone -
Noize: INDnE '-'I
[~ Save data in the CSDF format [ C50F
QF. Cancel Apply Help
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

o start the PSpice simulation by selecting Run (equivalent to pressing F11)

it Orcad Capture
File Edit WYiew Place Macro | PSpice Accessories  Options  Window  Help

|z|d| & »|E|e| o MNew Simulation Profile =]
—  Edit Simulation Profile
|DCM-BODST-RECTIFIER-CLOS ~ | [y F11) i ey e

Yiew Simulation Results F12

B C '\ Tmp\DISS | PRC clouy Output File

#inalog ¢
Create Netlist

Fil i
0 File | s, H'Era“:hﬁ'l Yigw Metlist
=3 Design Resources
- E-ER \dem-boostrectifier Markers g

. =B DCM-BOOST-RE!  Bias Paints g

B PazEl T ! T

... or pressing the simulation start button

wi Orcad Capture
Eile Edit Yiew FPlace Macro PSpice Accessories Options  Window  Help

olza| 8 =l 2|2 ME| [Faraw <] E
[DCM-BODST-RECTIFIER-CLOS ¥ | 15| l p 2| 2lee|2| @] vl L n]
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

 PSpice will start and the viewer will pop up, showing the progress of
the simulation

N0 2rnorE £ ﬂ
Jzient Analsis ] || 11

|[Time step = 50.00E-06 Time = 324 End= 52

. e AT b Tt Analysis £ Watch  Devices [
Time= 324 62y HEEREN e
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nEiIe Edit “iew Simulation |Trace Plot Tools Window Help g2

5

22~

[ add Trace... Insert
i I |

) E Uy | - v O | M Undelete Traces Chr[+L

Delete All Traces CirHDelets

!1-_|-,';|; Fourier
Ferformance Analysis...

CLIrsar

rAacros. ..
MMeasurements, ..
% Evaluate Measurement. ..

... or pressing the ‘Add Trace’ button

"= DCM-BOOST -RECTIFIER -CLOSED-LOOP-Yout_THD - PSpice A/D -
nEiIe Edit “iew Simulation Trace Plot Tools ‘Window Help g2

5

| S EHS H b BB J|DEM-BDDST-HEETIFIEH-E |

[ e aa s~ |mmse B (FE o | |04 # 5 4

—

&
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

» select the trace V(out) ... and press OK

Add Traces

— Simulation Output Y ariables

Ix

Wik O0245)

W[k O0265)
WINO02E7)
WINO0271)
WikO0279)

P —

WIRZ2]
WIR31]
WIR3:2
WiR4:1]
WiR4:2]
WIRE:1]
WIRD:2]
WIRE:1]
WIRE:2]
WRload: 1]
W[Rload: 2
WL 28 +)
WL 28]
WL 2A:0UT)
WL 240 +]

Fuill Ligt

244 =]

;l v Analog

I~ Digtal

v Yoltages

¥ Curents

[ Eower

[T Wojze [W/Hz
v Alias Mames

[T Subcicuit Modes

144 varablez lizted

— Functions ar Macros
Iﬁlnalng Operators and Functions ;I

o]
0

+

L1

d
(g

ABS[)

ARCTAM[ )

ATAM[ ]

LAY EI N

AnvGEl L ]

Casi ]

D[]

DBl

EMWI&T ]

EMMVIIM L ]

ExP[]

Gl ]

[MG[ ]

LOGI ]

LOGTO( ]

MI ]

M | hd

Trace Expressian: |%aut]

(1] 4 Eancell Help |
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Result:

1% DCM-BOOST -RECTIFIER -CLOSED-LOOP-Vout_THD - P

aEiIe Edit “iews Simulation Trace Flot Tools Window Help pS

o~ ztsus

[ERC=N AR

J|DEM-BDDST-HEETIFIEH-E ||

>||||

RA@WA |- - Mo | %8 o

[

=)

&E

@

&

=]

“out_ THD d.

=l Reading and checking circuit :I x| | | |
A Circuit read in and checked, no ermors A

Biaz point calculated
Transient Analyzis

Simulation cornplete

d |

Calculating biaz point far Trangient Analysis

Tranzient Analysis finished

3

Time step = 17.03E-06 Time = .52

End= .52

m Analysisﬁ Watch)\ Devices,{'

|C AT mphDfSSYPRCYI m-boost-rectifier-closed-loop-thd-PSpiceFiles\DCM-BO |Time= 52

(100% HENNRENEE R
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

To show the current through the mains (=voltage source Vin)
 add an additional plot to the window

{: DCM-BOOST RECTIFIER CLOSED-LOOP Vout_THD PSpice A/D.

ﬂEiIe Edit “iew Simulation Trace |EI|:|t Tools Window Help pS

- T : Axis Settings. .
e ssas||sar E=0

Add v Axis Cirl+y
=L h | - v [ | M Bfp $¢  Delete v axis Cirl+Shifty

(_Add Plot to \Window |
Delete Blot

Unsyrchranize i Axis T
migital Size... r

[ [ U S S S

R Lobel

1 1 1 &C
et OC
Flransient

W & E-[[

____________

 and add trace ‘i(Vin)’ as show before
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1% DCM-BOOST -RECTIFIER -CLOSED-LOOP-Vout_THD - P

Result:

aEile Edit “iew Simulation Trace Plot Took ‘Window Help g=

ERAE - N LA

J | DCM-BOOST-RECTIFIER-C ||

)||||

RR@Q |- [ 56 B | 12 75 B 5 of

)
=
o U{out)
Yaout_THD.d...

2| Reading and checking circuit d x| | | |
Al Circuit read in and checked, no ermors 2l

Calzulating bias paint far Transient Analysis

Biaz point calculated . .

Transient Analysis Time step = 17.03E-06 Time= 52 End= &2

Tranzient Analyziz finished

Simulation complete -

1 I I 4 EIE\ .l'-‘n.nalysis,& Watch)\ Devices[‘

[Time= .52

(100% NNNNNNEEE 28
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

Determine Vo and Vr by hand by

1. zoom in (Zoom Area button)
2. select about the last 2
periods of V(out)

3. active the cursor (Toggle
cursor button)

4. search for the min and max
by using the Cursor Peak
and Trough buttons

5. read the min and max value
and determine Vo and Vr

ITM Lighting Electronics

B DCM-BOOST-RECTIFIER -CLOSEDR -1 O0OP-Vout  THD
nEiIe Edit Wiew Simulation Trace Plot Tools Window Help g5

ERAI-3~-A == JJ% B @ | D J|DCM-BDEIST-HEI:TIFIEH
Q- M B | 2% B o ||k

12 DCM-BOOST-RECTIFIER -CLOSED-LOOP-Vout_THD - PS5y
JJ. File Edit “iew Simulation Trace Plot Tools ‘Window Help g8

l“@ FEEEHS ” yRR| D Jj|DEM-BDDST-HEETIFIEH-E r
[eaaals b mExs|rz e (&) |+

Togqgle cursor

[ —
—_—

________________________________

”. File Edit Wiew Simulation Trace Plot Tools ‘Window Help 8

JJ*"E‘I =3 A=p= ”éé B o e JjIDEM-BDDST-HECTIFIEH-E||
|laaaa |+ | mEkses | =% e s-[o | [A]u)F

miU{out

S

A1 = 482 _.62¥m, 361.243
A2 = 478.596m, i .

gut_THD_d___I dif= &4._8311m, -6.1882
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Automate measuring Vo and Vr

1. choose Trace > Evaluate

Measurement

Evaluate Measurement

— Simulation Output Y ariables

Ix

WINOOZ33)
VINOO245)
WVINOO2E5)
VINOO2E7)
WINOO271]
WINOO279)

T —

WRZ2)
WIR31)
WIR32)
W[R4:1)
W[Rd:2)
W[RE1)
W[RE:2)
W[RE:1)
W[RE:2)
Y[Rload:1]
YI[Rload: 2]
WIL24: +]
WL 24:-]
WL24:0UT)
WL 240 +)

Full List

~|

;l v Analog

I~ Digital

v “oltages

v Cuments

[T Eower

[T Hajze [WEHz

_I v Aliaz Mames

[T Subcircuit Hodes

144 vanables lizted

— Functions or Macros

JJB File Edit “iew Simulation |Trace Plot Took Window Help B®

IERA2-2=E

I

JJ% 2 Q | = v ‘ M Undelete Traces

: B add Trace. .. Insert “—
Delete All Traces CtrHDelete
Cirl+LU

—]
—

=

I Meazurements

Rizetime_Molwershoot[1]
Rizetime_StepResponze(1]
Rizetime_StepRezponze_xFRange(1.be
SettingTime[1,5BAND_PERCENT)
SettingTime_*Range(1.5BAND_PERL
SlewRate_Fall1]
SlewRate_Fall_=Fange(1.begin_s.end
SlewR ate_Rize(1]
SlewRate_Rize_*Range(1.begin_=.en
Swing_+<Fange(1.begin_x.end_=]

FatM b1 Y _walue.n_ocour)
Faththy_MegativeSlope(1.%_valuzn_s
Haththy'_PercentyRange(1.7_pctn_o
aththy'_PositiveSlope(1.v_value. n_oo
Y atFirst<[1]
“atLazt=[1]
Yat<[1 #_walug)

wend x]

K

ZerolCozs_#FRange1 begin_x.end_x] -

o
-

[1_Bandpazz _#Fange(1.db_level begir ;l

Trace E:-:pressiun“Ymean{‘v’[nut],EDDm,EEDn'ﬂ ]

ok I Eancell Help |

ﬂ']; Fouriar
Berfor mance Analysis.,..

Cursor

Macros...
MMeasurements., ..

Evaluate Measurement. ..

——————————————————————————————————

—————————————————————————

2. select Ymean of V(out)
from 500m to 520m
seconds

3. ... and press OK

4. in the same way add

measurement

Swing_XRange(V(out),500m,520m)

ITM Lighting Electronics
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

"= DCM-BOOST -RECTIFIER -CLOSED-LOOP-Vout_THD =[0f x|
EEiIe Edit “iew Simulation Trace Plot Tools Window Help g2 - | = ﬂ
Result: :

ERA-- A== | DCM-BODST-RECTIFIER-C || 3

e 8y M fer ¢ B | 2 7% B e o

i

&

=

LB 0ms
O U{out)

Measurement Results

LEualuate | ___Measurement Malue
rd Ymean o], S00m 520m) 304 97336 VO
[ Swwing_XRange(out) S00m 520m) 632773 Vr
CICK NEre 10 evallate o nevw measuremert ...
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

Determine THDin from the output file 2. search (using e.g. Ctrl-F) for
‘fourier components’

1 view the Output file \EQIUEIEE COMPONFNTY OF TRANSIENT RESPONSE I(V_Vin)
pEE] A- 5 i - i
DC CONFONENT - 3. 436758E-05
nE”E Edit | Wiew Simulation Trace Plot Tools Window Help BS HARMONIC ~ FREQUENCY  FOURIER — NORMALIZED  PHASE NORMALIZED
< uo {HE) COMPONENT ~ COMPONENT  (DEG) PHASE (DEG)
s - 2oarm r
ERA- M-BODST-RECTIFIEF
1] 1 5.000E+01  1.23SE+00  1.000E+00 0.000E+00
@ Measurement Results . 2 1.000E+02 6.510E-06 5. -7.891E+01 Z.78ZE+02
G = 'tﬂ 1.+-|§. JJ',' 3 1.500E+02  2.002E-01 1. 1.150E401  5.473E+02
i o 4 2.000E+0Z  9.325E-07 7 -1.566E402  5.577E+02
5 2.500E402  1.182E-02 3. -1.221E402  7.707E+02
— outnut 5 3.000E+02 1. 1.329E-06  -1.123E402  9.591E+02
[ 7 3.500E+02 4. 3.788E-03  1.469E+01  1.265E+03
o8l Simulation Results 8 4. 000E+02 ? 1.265E-06  -1.189E+02  1.310E+03
&= i 9 a. 1.923E-03  1.557E-03  -6.276E+00  1.60LE+03
=EEEl 10 5. 1.678E-06  1.359E-06 -1.293E+0Z  1.6S6E+03
Z] 11 1.276E-03  1.033E-03  -3.263E-01  1.964E+03
= Simulation Quele 8.000E+0Z  1.901E-06  1.539E-06  -1.389E+02  Z.004E403
] 6.500E+0z  9.220E-04  7.467E-04  -7.389E-01  2.321E+03
e 7.000E+02  1.800E-06  1.458E-06 -1.38lE+02  2.362E+03
7.500E402  7.093E-04  5.745E-04  -3.621E-01  2.678E+03
16 B.000E+02  1.915E-06  1.551E-06  -1.435E+02  2.713E+03
17 B.S00E+02  5.732E-04  4.642E-04  -1.251E-01  3.035E+03
18 9.000E+02  2.207E-06  1.788E-06 -1.507E+0Z  3.063E+03
19 9.500E+02  4.791E-04  3.86lE-04  7.106E-0Z  3.393E+03
20 1.000E+03  2.226E-06  1.803E-06 -1.491E+0Z  3.422E+03
. . 21 1.050E403  4.108E-04  3.327E-04  2.553E-01  3.7S0E+03
3. determine the phase shift of 22 1.100E+03  2.377E-D6  1.925E-06 -1.484E+0Z  3.780E+03
. . 23 1.150E403  3.587E-04  2.905E-04  4.392E-01  4.107E+03
the first harmonic za 1.200E+03  2.848E-06  2.307E-06  -1.555E+0Z 4. L30E+03
25 1.250E403  3.187E-04  2.58lE-04  5.304E-01  4.465E+03
26 1.300E+03  2.972E-06  2.407E-06 -1.565E+02  4.486E+03
27 1.350E+03  2.863E-04  2.319E-04  7.176E-01  4.8622E+03
4 determine the total 28 1.400E+03  2.910E-06  2.357E-06  -1.563E+02  4.843E+03
. 29 1.450E+03  2.598E-04  2.104E-04  8.252E-01  5.179E+03
harmonic distortion 30 1.S00E+03  3.222E-06  2.609E-06  -1.596E+02  5.197E+03
> (TOTAL HARMONIC DISTORTION =  1.624535E+01 PERCENT)
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

Determine Vo, Vr and THDin for the specified Rload range

 go to the simulation profile (in Orcad Capture: PSpice > Edit Simulation
Profile)
» select tab Analysis

e check Parametric Sweep

Simulation Settings - Vout_THD x|

. select Global parameter
Gereral Analpsiz |Eu:unfiguratiu:un Filesl Dptinnsl Drata Collection I Frobe Windnwl

«  Parameter name: Rload S b [ Swesp variable
ITime D arnair [Transient]LI " Yaltage source Marme: IHIDau:I

™ Cument source
- -

: [F Global parameter ]
[ General 5ettings " Model parameter fmdel mame;
L M opte O

] Y o B
‘;:.aran."ﬁml__ CEep " Temperature IEarameter name: | I

Options: fodel pe:

. Value list:
700,800,900,1200,1400,1600

I

|| Temperature |aweep

15 ave Bias Point ~ Sweep type
[]Load Biaz Paint " Lirear Start walue; I—
- Emdlwalue; I
i~ Logarithmic m .
° ... and press OK Inerement: |

&+ Yalue list I '

perform a simulation (F11)
... and accept all sections ok ]|

Cancel | Apply | Help |
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

THDin results for Rload range

Rload | THDin (%) Conclusions

700 16.39249
1. maximum Vr and THDin are

800 16.31313 reached for lowest Rload
(meaning maximum load
900 16.24482 power)

1200 16.09614

2. Within simulation accuracy

1400 | 16.02859 Vo does not depend on Rload

1600 15.97218
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

Determine Vo, Vr and THDin for the specified Vin range (Rload=700)

e in Orcad Capture: double click

on ‘Rload = 900’ - a ’Display J oL {Ralgaacﬂ
. . . k. -
Properties’ window will pop up T 200uF PARAMETERS:
Display Properties x|
= Mame: Rload jront
. change the value of Rload to 700 ' Aiicl 6
_ | Ve I?DD Change... | Ilze Defaultl
™~ Dizplay Format
e " Do Mot Display
= Walue Only
o ... and press OK ) & MName and Value  Rotation
= Mame Only oo o qan
- " Bath if Wale Exists g o7
k. I Cancel | Help |
,ﬂ!_ 1 1
- ] ]
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

Determine Vo, Vr and THDin for the specified Vin range (Rload=700)
 go to the simulation profile (in Orcad Capture: PSpice > Edit Simulation

Profile)
» select tab Analysis
» select Parametric Sweep

. Parameter name: \Vin

. Sweep type: linear

. Start value: 153
End value: 204
Increment: 17

... and press OK

 perform a simulation (F11)

ITM Lighting Electronics

Simulation Settings - Vout_THD x|

Gereral Analpsiz |Eu:unfiguratiu:un Filesl Dptinnsl Drata Collection I Frobe Windnwl

Analysiz type:
ITime Domain [Transient]LI

Optiore:

[ General 5ettings
[IMonte Carlo M orst Caze
Parametric Sweep
(1T emperature [Sweep]
[15ave Biaz Point
[]Load Biaz Paoint

— Sweep variable
™ Yoltage zounce dame: I\-fref
{~ Cument source Made tupe AP -
% Global parameter
" Model parameter Hodel narme: II:1
i~ Temperature Earameter narme: |R-’in ]
— Sweep type
kart walue: I'I a3
End walue: 204
i~ Logarithmic IDecade TI -
|nicrement; I'I 7
£ Walue list I

o |

Cancel | Apply | Help |
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

Vo and Vr results for Vin range (Rload=700)

Measurement Results
Evaluate Measurement 1 2 3 4
~ meani v out), S00m,520m) 304 96163 304 25606 304 94975 304 94344
~ Swving _#Range(Vout),S00m 520m) 795592 813860 8.33914 8.577E1
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Step 1: simulate output voltage Vo, ripple Vr, and THDIn

THDin results for Vin range (Rload=700)

Vin| THDin (%) Conclusions

153 | 13.99117 1. maximum Vr and THDin are

170 16.39433 reached for highest input
voltage Vin (not expected)

187 19.16852

204 22 44269 2. Within simulation accuracy
Vo does not depend on Vin
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the influencing factors (X)

R2 L1 t
£’V\/\/ Y Y Y\, > = ou
D1 2& D2 0.2 {L} U3 _J
L1 1 4
PARAMETERS: ccm-demi
vin fs = 100kHz — {Fé'lgg%
Vv L = 200uH — 2 . 3k Cl=
VAMPL = {Vin} 200uF PARAMETERS:
FREQ =50 ® §~ Rload =900
PARAMETERS: 3

Vin =170 D3 D4 ?
@ ®

d ............................. R3 §
0.9 600K
' Voffset
[iipe
/
. ~ 0.5 2V
Detc_ermme tl_1e parameters CET R4
influencing 10K
- Vo =
e THDin
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Step 2: the influencing factors (X)

Exercise: determine the important component values X
For determining the influence of a component value via PSpice
» define a parameter block with parameter ‘val’

 use ‘val’ as the value for a component to be varied

Hint: set Vin to 204
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Step 2: the influencing factors (X)

: &¥ Orcad Capture
Examp Ie for Vary lng C1 File Edit “iew | Place Macro PSpice Accessories Options  Window Help

Dleld @l Shift+P [4 -
Pararmeterized Part.,. —

[DCM-BOOST-REC e ShiftHA I‘?ﬁ’|ﬁ|ﬁ®| Lo fcd e
o e —————————————

1. place a part

Place Part x|
o
IPﬂHﬁM
Cancel |
Fart Lizt:
LAsMALDG - Add Library. .. |
LIE/SPECIAL _I
Li324/Deszign Cache Bemove Libram
2. select part PARAM/SPECIAL MMBTA42/PLP/PHIL_BJT [
d press OK e [
--. aNa press NODESET2/SPECIAL — Filter |
OPaMPAANALDG =
FaRAM D esign Cache
Clal ;I Help |

— Graphic

& Momal
, ) Earyert
SPECIAL ~Packagng | | PARAMETERS:
Partz per Pka: 1

art: I - I

Type: Homogeneous E
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Step 2: the influencing factors (X)

3. place the

PARAM block on
th.e d98’g{1 % / - (DCM-BOOST-RECTIFIER-CLOSED-LOOP : PAGE1)
(single click) 2
... and press L
<Esc> to quit — L J o
placing parts ol :
FARAMETERS: com-dem
Win W M C1 = § ﬁ?llco)i?}
VAMPL = {Vin} R e SRR R T PARAMETERS:
FREGQ =50 et
: E Rload = 700
. Si,:ST;\SETERS. - 21& D42E {
4. double-click on f |
the new PARAM | ' vec @ v
block to add new T Tost m )
parameters and £ THEE S S :<LM32; | =
values: the || —— 1< P A LTS e S PR
. PARAMETERS! 0% o

Property Editor [ T ] B | =

1l pop up a PWML Y 0 S
wi R —— ]

33k Tu J__
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Step 2: the influencing factors (X)

5. add a New Row

6. enter ‘val’ as name and ‘200u’
as value and press OK

Add New Row x|

I amne:

wal

Walue:

|znnq
Enter a name and click Apply or OF. to add a columndrow to the
property editor and optionally the current filker [but ot the < Curent
propertiess filker).

Ma properties will be added to selected abjects until pau enter a value
here or in the newly created cellz in the property editor zpreadzhest,

v Always show thiz columndraw in this filter

Apply I [k Cancel Help

ITM Lighting Electronics

B Property Editor
l e Row... l Apply | Displa_l,l...l DeleteF’rnpert_l,ll Filter b

ol x|

A
DCM-BOOST-RECTIFIE
Value PARAM
PSpicelnly TRUE
Reference 5
Vin
L
fs
Rload
Location X-Coordinate a5
Location ¥-Coordinate 275
Source Part PARAM Mormal

I ]\Parts { Schematic 1 «|

S
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Step 2: the influencing factors (X)
o [=F1

‘ ] M H...Iﬁl |D'I...I“DItF' ty | Filter by
7. select the ‘val’ row and — ool | (Display clete Propery | Fier by
- ‘ - ’ n :
CIICk on Dlsplay"' DCM-BOOST-RECTIFIE
Value PR A
£ J
8. select ‘Name and Value’ and PSpiceonly TRLE
Reference 5
press OK
Vin
Display Properties X| L
— Font fs
Mame: wal Arial 5 Rload
Location X-Coordinate a5
Walue: |2EIEIu Charge... | Use Defaultl Location ¥-Coordinate 278
Source Part PARAM Maormal
— Dizplay Format
. — Color
" Do Mot Display
" Walue Only Ij
: j — Rotation
r ﬂal‘l‘lE |:|r'||_|,| r;" ga- r"' lED@-
" Both if Walue Exists A 27
0K | Cancel Hel : I—‘v
ance | == | 1 I k I\Parts,{ Schematic Na| 4| | H

9. close the Property Editor
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Step 2: the influencing factors (X)

10. double-click on the C1
value field

11.enter ‘{val}’ in the Display
Properties Value field
... and press OK

Simulation Settings - Yout_THD

General Analysis |D:|nfigurati0n Filesl Dptiansl Data Collection I Frobe 'w'inl:lawl

Analpgiz ype: — Sweep variable
ITime D amain [Transient];l " Yaltage source [ IVref
" Cument source
Options: ~ I odel type: CaP e
LA : + Global parameter
[ General Settings 0 |1 e Modgl HEme; |C1
[Ikaonte Carlofwforst Caze ~ [ P t i ||—]
[ — Temperature arameter name: |va
[1Temperature [Sweep)
[]5 ave Bias Paint - Sweep bpe
[1Load Bias Paint = Linear Start value: 160y

End walue:

|24I:Iu

200

" Logarthmic |Decade -
Increment;

£ Walue list I

(] I Cancel Apply Help

ITM Lighting Electronics

4 4
P.'E".R.'&.METERS coem-demd
fz = 100kHz A1
L= 150uH iz R Y
P )
Bl Display Properties x|
Mame: “alue _.E.:;:Itﬁ

] I alle: i{VEI'H '

Change... | Use Defaultl

-~

— Digplay Format
" Do Mot Display
W alue Only -
rl
Mame and alue Fatation e
" Mame Only o 1800 %
" Both if Yalue Exists 50 270
= = Cr L3224
| ] 4 I Cancel Help | k
[ ERN - ' I i

12. determine the influence of C1

by varying {val} between 160u
and 240u and performing a

simulation
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the influencing factors (X)

R2 L1
4 . 4
L
D1 D2 0.2 {L} U3 _J
D 1 4
PARAMETERS: ccm-deml

, fs = 100kHz § Rload

VAMPL {\\5'"; L= 150uH T2 0 3 15 {C 1|}:: oed
={Vin va
- PARAMETERS:
FREQ =50 Py 2] Rload = 700
PARAMETERS: °
- -

PARAMETERS:
val = 200u o P PR
0.9
Voffset
]+
) : \_/
Determine the parameters 05 2V
influencing % pwm
- Vo e
s THDin
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Step 2: the influencing factors (X)

The parameters influencing

e Vo: Vref, R3, R4
relation via formula: Vo = Vref * (R3+R4) / R4

e Vr: C1, Vref, R3, R4
relation to be determined through simulations

« THDin: Vref, R3, R4, L, fs, C1, C2
relation to be determined through simulations

ITM Lighting Electronics

6g, using dala fo drive decisions



Step 3: setting up the DoE for the PFC (Minitab)

 start Minitab with a new worksheet

» set up DoE with max. expected uniform spread of components
(L: 10%, fs: 25%, C1: 20%, R3,4: 2%, Vref: 2%, C2: 10%)

 add columns Vo, Vr and THDin

 perform the PSpice simulations and transfer the results to Minitab
(Hint: define C1, R3, R4, Vref, C2 as parameters in PSpice)

 evaluate the influences of the Xs on the Ys
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Step 3: setting up the DoE for the PFC (Minitab)

R2 L1
. T i W out
Wy +
L
D1 ZE D2 gg 0.2 L} LLIS J
_________________________ 1 4
PARAMETERS: | comedom
: s = 100Kz § Rload
Vin L 150uH IS_ , S LK — {Rlnad}
WARPL = {Vin} o {1 )
EREQ < 50 PARAMETERS:
= Fload = 700
PARAMETERS: =
Win = 204 D3 D4 ZE
B Property Editor - O] x|
—- Mew Bow... I Apply | Displa_l,l...l Delete Property I Filter b IDn:ad RG 10K
A B [=]
DCM-BOOST-RECTIFIE DCM-BOOST-RECTIFIE
Value PARAM PARAM
PSpiceOnly TRLUE TRUE
Reference PR 3 -, §
wl {R3
__________________________ 1 200u
PARAMETERS: R1 10k
'C1 = 200U : Vref 50
: ' Vin
ERS = GO0k . L TS0
R o= 10k f= 100kHzZ
et = 5.0 Flon — R
iC2 =1 !
e = 1 | | =3 §
1 I * I\Parts,{ Schematic Nets| 1| | >| L 3.3K
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Step 3: performing the DoE for the PFC

Results of the simulations

ITM Lighting Electronics

Run

© 0N Ok wWDdDRE

N e e L o
N o bk wbdBEO

Vo(V)

298.792
287.272
299.007
311.013
299.054
311.058
298.868
287.365
323.476
310.996
298.814
310.820
298.859
310.864
323.553
311.067
304.943

Vr(V)
10.6799
10.3648
10.6327
10.8547
7.0555
7.2495
7.0332
7.1695
11.1981
10.9280
10.5841
10.8778
7.0700
7.2229
7.4285
7.2092
8.5782

THDIn (%)
24.6405
25.6819
23.8611
21.6481
23.1825
21.7167
22.8081
29.6567
20.9451
225548
23.3799
21.9397
23.4817
21.3691
19.9526
21.0040
22.4400
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Step 4: defining the transfer functions Y (X)

Factorial, linear, for Vo

Obs StdOrder

1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17

ITM Lighting Electronics

Vo(V)
298.792
287.272
299.007
311.013
299.054
311.058
298.868
287 .365
323.476
310.996
298.814
310.820
298.859
310.864
323.553
311.067
304.943

Fit
298.916
286.916
299.128
311.130
299.170
311.179
298.992
286.998
323.112
311.117
298.931
310.939
298.980
310.982
323.194
311.194
304.943

SE

O O OO O 0O O 0O O o o o o o o o o

Fit

.209
.209
.209
.209
.209
.209
.209
.209
.209
.209
.209
.209
.209
.209
.209
.209
.295

Residual
-0.124
0.356
-0.121
-0.117
-0.116
-0.121
-0.124
0.367
0.364
-0.121
-0.118
-0.120
-0.120
-0.118
0.359
-0.127
0.000

St

Resid
-0.59
1.71
-0.58
-0.56
-0.56
-0.58
-0.59
1.76
1.74
-0.58
-0.56
-0.57
-0.57
-0.57
1.72
-0.61
* X
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Step 4: defining the transfer functions Y (X)

Factorial, linear, for Vr

Obs StdOrder Vr(V) Fit SE Fit Residual St Resid
1 1 10.6799 10.6898 0.0859 -0.0099 -0.11
2 2 10.3648 10.4585 0.0859 -0.0938 -1.09
3 3 10.6327 10.6953 0.0859 -0.0626 -0.73
4 4 10.8547 10.8468 0.0859 0.0080 0.09
5 5 7.0555 7.0432 0.0859 0.0122 0.14
6 6 7.2495 7.3230 0.0859 -0.0736 -0.86
7 7 7.0332 7.0430 0.0859 -0.0098 -0.11
8 8 7.1695 6.9401 0.0859 0.2294 2.67R
9 9 11.1981 11.0047 0.0859 0.1934 2.25R

10 10 10.9280 10.9018 0.0859 0.0262 0.31
11 11 10.5841 10.6217 0.0859 -0.0376 -0.44
12 12 10.8778 10.9015 0.0859 -0.0238 -0.28
13 13 7.0700 7.0980 0.0859 -0.0280 -0.33
14 14  7.2229 7.2495 0.0859 -0.0266 -0.31
15 15 7.4285 7.4862 0.0859 -0.0578 -0.67
16 16 7.2092 7.2550 0.0859 -0.0459 -0.53
17 17 8.5782 8.5782 0.1215 -0.0000 * X
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Step 4: defining the transfer functions Y (X)

Factorial, linear, for THDin

Obs StdOrder THDIN(%) Fit SE Fit Residual St Resid
1 1 24.6405 24.4980 0.9326 0.1424 0.15
2 2 25.6819 26.1627 0.9326 -0.4807 -0.52
3 3 23.8611 24.5440 0.9326 -0.6829 -0.73
4 4 21.6481 21.7630 0.9326 -0.1149 -0.12
5 5 23.1825 23.3012 0.9326 -0.1187 -0.13
6 6 21.7167 22.4664 0.9326 -0.7497 -0.80
7 7 22.8081 23.4247 0.9326 -0.6166 -0.66
8 8 29.6567 27.0356 0.9326 2.6211 2.81R
9 9 20.9451 18.9422 0.9326 2.0029 2.15R

10 10 22.5548 22.5531 0.9326 0.0016 0.00
11 11 23.3799 23.5114 0.9326 -0.1315 -0.14
12 12 21.9397 22.6766 0.9326 -0.7369 -0.79
13 13 23.4817 24.2148 0.9326 -0.7331 -0.79
14 14 21.3691 21.4338 0.9326 -0.0647 -0.07
15 15 19.9526 19.8151 0.9326 0.1375 0.15
16 16 21.0040 21.4798 0.9326 -0.4758 -0.51
17 17 22.4400 22.4400 1.3189 -0.0000 * X

ITM Lighting Electronics
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Step 4: defining the transfer functions Y (X)

nominal: run 8 (exceptional):
THDIn = 22.4% THDin = 29.7% !!

48 0ms 49 Bms L O8Bms C18ms S520ms
o U{out)

Time
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Step 4: defining the transfer functions Y (X)

Analyze Factorial Design X|

c13 Volv)
Cl14 Vr(vVi
C15 THDin{%)
Cl6 W

Select |
Help |

Responses:

Terms... Covariates... | Prediction... |
Graphs... Results... | Storage... |
Weights...

Analyze Factorial Design - Weights x|

C13 Taiv)
C14 Triy

Select |
[y

Help

Do a weighted fit. using weights in:

l]w

0OK I Cancel

ITM Lighting Electronics

use weight 0.0001 for run 8 and 9:
run 8 is the exception

Residual

Residual

Residuals vs Order for Vr(yY) Ol x|
Residuals Versus the Order of the Data
(response is W)
0.4
0,34 /\
0.2+
014
0.0 /h_*'\ —
~ ~ s
T T T T T
fi ] 10 12 14 16
ObSer¥ation Order
Residuals vs Order for THRIN(%0) (=
Residuals Versus the Order of the Data
(response is THDIN(%))
g
54
4
34
24
14
0 —— — e
T T T T T
g 10 12 14 16
e
Observation Order
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Step 4: defining the transfer functions Y (X)

Factorial effects linear analysis

Estimated Effects and Coefficients for Vo(V) (coded units)

Term Effect Coef SE Coef T P
Constant 305.009 0.06138 4969.30 0.000
L(mH) (-0.088) -0.044 0.06138 ~0.71 0.495
fs(kHz) -0.075| -0.037 0.06138 -0.61 0.559
CL1(uF) -0.029) -0.015 0.06138 ~0.24 0.817
R3(kohm) (12.094) 6.047 0.06138  98.52 0.000
R4(kOhm) |}12.093| -6.047 0.06138 -98.51 0.000
Vref(V) 12.288 6.144 0.06138 100.10 0.000
C2(uF) 0.089 0.044 0.06138 0.72 0.490
Ct Pt ~0.065 0.23948 ~0.27 0.791
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Step 4: defining the transfer functions Y (X)
=10l x|

Pareto Chart of the Standardized Effects
(responsze is Vo), Alpha = .05)
2.3
|
Wrefiy' 4
R3kOhm)
R4 kOhm)
E coum-
= |
L{rmH} -
fe(kHz)
C1{LF)
] | ] ] ]
O 20 40 (w]ll bl 100
Standardized Effect
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Step 4: defining the transfer functions Y (X)

Factorial effects linear analysis

Estimated Effects and Coefficients for Vo(V) (coded units)

Term
Constant
R3(kOhm)
R4 (kOhm)
Vref (V)
Ct Pt

Effect

12.071
-12.070
12.265

ITM Lighting Electronics

Coef
305.021
6.035
-6.035
6.132
-0.077

SE Coef
0.05261
0.05261
0.05261
0.05261
0.20893

T
5797 .56
114.72
-114.70
116 .56
-0.37

P
0.000
0.000
0.000
0.000
0.718
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Step 4: defining the transfer functions Y (X)

Residuals vs Order for Vo(\)

Residual

Residuals Yersus the Order of the Data
{response is YoV

0.64

0.5

0.4

0.3

0.2

0.1

0.0

0.1+

0.2+

RN \/\/\/\/

2 4 &
Observation Order

ITM Lighting Electronics

relative residual: 0.6/30 = 2%
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Step 4: defining the transfer functions Y (X)

Factorial effects linear analysis

Estimated Effects and Coefficients for Vr(V) (coded units)

Term Effect Coef SE Coef T P
Constant 8.944 0.01066 838.91 0.000
L(mH) ~0.033 |-0.017 0.01066 -1.55 0.160
fs(kHz) -0.055 -0.027 0.01066 -2.57 0.033
C1l(uF) -3.643 |-1.821 0.01066 -170.84 0.000
R3(kOhm) 0.242 0.121 0.01066 11.36 0.000
R4(kOhm) -0.249 -0.124 0.01066 -11.66 0.000
Vref (V) 0.252 0.126 0.01066 11.80 0.000
C2(uF) -0.007 |-0.003 0.01066 -0.32 0.757
Ct Pt -0.366 0.04160 -8.79 0.000
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Step 4: defining the transfer functions Y (X)

2.3

Pareto Chart of the Standardized Effects

{response is Wriv), Alpha = .05

C1{UF) -

IR

R4kOhM) -

R3kOHM) -

Term

faikHz) -
L{mH} -

C2(UF) - |

| | | | | I
40 G0 20 100 120 140 160 150

Standardized Effect

ITM Lighting Electronics
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Step 4: defining the transfer functions Y (X)

Factorial effects linear analysis

Estimated Effects and Coefficients for Vr(V) (coded units)

Term Effect Coef SE Coef T P
Constant 8.945 0.01088 822.32 0.000
fs(kHz) -0.052 -0.026 0.01088 -2.39 0.038
C1l(uF) -3.640 -1.820 0.01088 -167.31 0.000
R3(kOhm) 0.240 0.120 0.01088 11.01 0.000
R4(kOhm) -0.246 -0.123 0.01088 -11.31 0.000
Vref (V) 0.249 0.124 0.01088 11.44 0.000
Ct Pt -0.367 0.04289 -8.55 0.000
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defining the transfer functions Y (X)

Residuals vs Order for V()

Residuals Yersus the Order of the Data
{response is YWriv))
0.5 4
0.4
0.3 S
L)
<
w 0.2
i
o
0.1+
0.0 4% st “““-"A /‘\ -
I I I I I I I I
2 4 ] g 10 1= 14 16
Observation Order

relative residual: 0.1/10 = 1%
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Step 4: defining the transfer functions Y (X)

Factorial effects linear analysis

Estimated

Term
Constant
L(mH)
Ts(kHz)
C1(uF)
R3(kOhm)
R4 (kOhm)
Vref (V)
C2(uF)
Ct Pt

Effects and Coefficients for THDiIn(%) (coded units)

Effect
)
-0.2402
-0.5704
-0.8401
-1.6660

1.5677
-1.6064

-0.3180

| —

ITM Lighting Electronics

Coef

.6613
-1201
.2852
-4200
.8330
. 7838
.8032
-1590
.2213

SE Coef
.03963
-03963
-03963
-03963
-03963
.03963
.03963
-03963
.15461

O O O O 0O 0o o o o

T
571.87
-3.03
-7.20
-10.60
-21.02
19.78
-20.27
-4._01
-1.43

O O O O O 0O o o o

-000
-016
-000
-000
-000
-000
-000
-004
-190
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defining the transfer functions Y (X)

Effects Pareto for THDIn(%ao)

Pareto Chart of the Standardized Effects
(response is THDIN(%), Alpha = .05)
231
|
R3(kOhm) -
Yrefiy') 4
Raikohm} 4
E iR
o
faikHz" 4
C2{UF) -
L{mH} -
I I I I I
Q 3 10 15 20
Standardized Effect
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defining the transfer functions Y (X)

Residuals vs Order for THDIN(%0)

Residuals VYersus the Order of the Data
{response is THDIN(% )
E. _
5 -
4 -
E
= 2
wn
il
o
2 -
1 -
0 —__ _ dd__F-F—P'l'ﬂ-q_h_:
———————w
I I I I I I I I
2 4 ) 2 10 1z 14 16
Observation Order

relative residual: 0.3/25 = 1.2%
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ir Histogram of C1 ~ Ol x|
Histogram of C1
Marmal
a0 _ Mean  200.0
StDew 22,53
| | _ M 1000
40+ / \
g 30- T L[] L TH H
g 1 H iy
g |
=2 —
QL |
L 204
10 P
/ \ <i* Histogram of ¥r(n.5) ~10f x|
D T T T T T T T
150 165 120 195 210 225 240 Histogram of Vr(n.S)
C1 Marmal
_ Maan  5.946
40+ StDwey 1,026
H 1000
30 He T | [
. L L
2 _ | |
: i - I
(=l - 1|
3 20 A | | | |
£ | | u
104
D 4 T T T T T ﬁh
7o 7T 2.4 9.1 Q.5 0.3 11.2

¥r(n.5)
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