UCC28513 questions, Alex W., 11/17/2022

The boost stage design is based on UCC28513. The PFC stage works well up to 200-
220Vac input. Above this voltage range there are significant distortions at the
points where sinusoidal input voltage reaches to its positive and negative peaks
Output voltage is 385Vac

Input voltage range is 85-264Vac; 50/60Hz

The load on DC link output is 120W max

Boost stage switching frequency is 277kHz

Verified that the Vcc aux supply and Vref are stable

Observed that the AC ripple on DC link goes up at around 200Vac but not sure it
this is the reason or the result

Observed that the duty cycle is about 70% at the peak sine wave at 85Vac but
drops down to ~15% at the peaks of 220Vac at which point | start get distortions on
the input current.

The provided test results are at ~30W output power. It was observed that changing
the load did not affect the behavior at around 220Vac.

Questions:

1.

Based on the design values, what could potentially cause the distortions at the
peak of sine waves at and above ~ 200Vac?

Fig. 36 on data sheet talks about max capacitance vs min duty cycle. What
capacitor is referred in Fig 367
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RefDes on data RefDes values
sheet in design
R1 R47+R50 766K
R2 R43 0.22
R8/R12 R4/R9 3.16K
R3 R44+R49 1124K
R4 R60 22.1k
Cl C32 150uF
L1 L2 660uH
R13 R10 15.8K
Cé C6 680pF
c7 C8 150pF
R15 R11 30.1K
C8 C9 4.7uF
C10 C1 1.5uF
C11 C2 150nF
R21 R1 48.7K
R14 R13 10K
R7 R5 1.18K
C9 C4 1uF
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RefDes on data

sheet in design
R8/R12 R4/R9 3.16K
R13 R10 15.8K
C6 o) 680pF
R15 R11 30.1K
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Horizantal Mo distortions at 85Vac
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Chl: input cumrent, 0.54/div
Ch3: input volage, 100V/div
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Horzontal Mo distortions at 120Vac

" Couplhng
i
BW Limit
0
Pribe
4 100X
Irreert
I-::'.l
~ VoltsDiv

Chl: input cument, 0.5A div
Ch3: input voltage, 100V div




No distortions at 200Vac input, displacement between current and voltage is probably caused by the
input capacitors on EMI filter
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Chl: input cumrent, 0,24 diw
Ch3: input voltage, 100/ div
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Chl: input cumrent, 0,28 dw
Ch3: input voltage, 200V div




RIGOL H 500ms {[Efr;; e | | D 2. M000000me
Horizontal Connecting diff probe to COUT tplnl,ﬁ]'res.ul‘ted in more distortions around " Coupling
ﬂ,” 7ero crossing even at 85Vac Ch2: COUT [pinlS), 1V/diw i

Ly DC
“BWLimit
20M

Probee

Irreent

OFF

Volts/Div
Chl: input cumrent, 0,54 div
Ch3: input volage, 100/ div




RIGOL H 500ms 3nomms o sy D 0000000DOps
Horzontal. 215Vac input, measurlngtherlpme on DC [rnkw}[tage

Chl: input cumrent, 0.28/dw
Ch3: input voltage, 2000/ div
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Horzontal 200VAC input, measu rlng the rlpm{e on DC link voltage
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Chl: input cumrent, 0,58 div
Ch3: input voltage, 2000/ div
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Chl: input cumrent, 0.5A div
Ch3: input voltage, 2000/ div
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220Vac input, Vif=4.73V
Distortion starts Ch2: Vif voltage, pin13, 2V/div

Chil: input cumrent, 0.28/div
Ch3: input voltage, 2000/ dw




UCC28513 questions to Tl, Alex W., 11/17/2022
At the peak of sinewaves when distortion starts, the duty cycle of boost MOSFET is about 15%
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When the curent starts to get distorted at around 220Vac, at peak voltage, the duty Couphing
JL” cycle is at its min value for that ACvoltage; duty-opcle=15% -
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Ch2: PFC MOSFET gate volt. S/ div




UCC28513 questions to Tl, Alex W., 11/17/2022
At the peak of sinewaves at 120Vac, the duty cycle of boost MOSFET is about 54%
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UCC28513 questions to Tl, Alex W., 11/17/2022

At 220Vac when distortions starts, the rectified input voltage (used for Vff) is shown below
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Referring to Fig 36 in the data sheet of UCC28513DW, what specific capacitor controls the min duty cycle?
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Boost inductor is changed from 660uH to 2x660uH=1.32mH
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With 1.3mH boost inductor and no external load, the excessive current spikes starts to
occur at around 220Vac. They are random but when they occur they are at the peaks

of voltage sinewave _
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Boost inductor is changed from 660uH to 2x660uH=1.32mH
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With 1.3mH boost inductor and with“ZSW external load across the DC-link, the input
ﬂ_ﬂ current waveform at 85Vac looks fine.
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Boost inductor is changed from 660uH to 2x660uH=1.32mH
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With 1.3mH boost inductor and with“ZSW external load across the DC-link, the input
current waveform at 200Vac looks fine.
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Ch1: input current, 0.2A/div
Ch3: input voltage, 100V/div
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Boost inductor is changed from 660uH to 2x660uH=1.32mH

RIGOL H 500ms 3 60m e D 450000000ms

Harizontal ¥

With 1.3mH boost inductor and with“ZSW external load across the DC-link, the input
current waveform is distorted above ~205Vac.
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Ch1: input current, 0.2A/div
Ch3: input voltage, 100V/div
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Boost inductor is changed from 660uH to 2x660uH=1.32mH
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with 25W external load across the sinewave above ~220Vac
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Changes made
on 12/11 are
highlighted

-—— Also tried 15.8k

RefDes on data RefDes values Values on 12/11/2022

sheet in design
R1 R47+R50 766K
R2 R43 0.22 0.44

R8/R12 R4/R9 3.16K 2.74K
R3 R44+R49 1124K
R4 R60 22.1k
C1 C32 150uF
L1 L2 660uH
R13 R10 15.8K 55K (56K//3.3Meg)
6 C6 680pF 233pF (200p//33p)
c7 cs 150pF 33pF
R15 R11 30.1K
C8 C9 4.7uF
C10 C1 1.5uF
Cl11 C2 150nF
R21 R1 48.7K
R14 R13 10K
R7 R5 1.18K 1.50K (3.3K//2.74K)
Cc9 C4 1uF

25
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Yerical
With no external load, input current at 270Vac input,

JL no major discontinuity at the peak of sine wave
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Vertical . T] .. . . Coupling
With 25W external load and at 85Vac, the current waveform is sinusoidal with
significant high frequency content
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Yertical hd
With 25W ex?ernal load and at 120Vac, the current waveform is sinusoidal with

significant high frequency content
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Measuring inductor current vs gate voltages, 12/18

There are only two current probes at the moment:

Ch1: Fluke 80i-110S has limited bandwidth and is used to measure 60Hz input
current only.

Ch4: Rogowski probe, CWTUM-015-B, is used to measure the high frequency
switching ripple only.

In addition, a 100mQ and 20mQ sense resistor was connected in series with
inductor and the voltage across the resistor was measured with a differential

probe. However, doing so resulted in further instability and distortion and
therefore abandoned.



Measuring inductor current vs gate voltages, 12/18

Ch1: Current probe is Fluke 80i-110S, which has limited bandwidth and is used to

measure 60Hz input current
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At 85Vac input voltage and ~25W external load, the peak input voltage is 125V,
peak input current is 660mA and duty cycle is ~“65%

Ch3: input voltage, 50V/div

Ch1: input current, 0.5A/div
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Measuring inductor current vs gate voltages, 12/18

Ch1: Current probe is Fluke 80i-110S, which has limited bandwidth and is used to
measure 60Hz input current
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Measuring inductor current vs gate voltages, 12/18

Ch1: Current probe is Fluke 80i-110S, which has limited bandwidth and is used to
measure 60Hz input current
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Measuring inductor current vs gate voltages, 12/18

Ch1: Current probe is Fluke 80i-110S, which has limited bandwidth and is used to
measure 60Hz input current
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Measuring inductor current vs gate voltages, 12/18

Ch1: Current probe is Fluke 80i-110S, which has limited bandwidth and is used to
measure 60Hz input current
Ch4: Current probe is Rogowski CWTUM-015-B, which can measure high frequency only.

At the peak of 85Vac input voltage and ~25W external load, the instantaneous value of input voltage
is 132V, peak input current is 660mA, duty cycle = 64.28%
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Measuring inductor current vs gate voltages, 12/18

Ch1: Current probe is Fluke 80i-110S, which has limited bandwidth and is used to

measure 60Hz input current

Ch4: Current probe is Rogowski CWTUM-015-B, which can measure high frequency only.

At the peak of 220Vac input voltage and ~25W external load, the instantaneous value of input
voltage is 312V, peak input current is ~300mA (location B), duty cycle is about 14.2%
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe

At 85Vac input voltage and ~25W external load, no major distortions observed
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe

At 85Vac input voltage and ~25W external load, no major distortions observed
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Measuring inductor current vs gate voltages, 12/25
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe

At ~230Vac input voltage and ~25W external load, distortions observed. See next slides for location A, B details
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe

At ~230Vac input voltage and ~25W external load, distortions observed.
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth

Ch4: Tek TCPA300 w/ TCP312 Current probe

At ~230Vac input voltage and ~25W external load, distortions observed.

Location B details:

At the positive peaks of input voltage, the switching frequency is reduced to about % and this results in “flat top”
on the current waveform. After that the switching frequency is raised and around that time the current surge is
observed
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe

At ~230Vac input voltage and ~25W external load, distortions observed.

Location B details:

At the positive peaks of input voltage, the switching frequency is reduced to about % and this results in “flat top”
on the current waveform. After that the switching frequency is raised and around that time the current surge is

observed
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
At ~230Vac input voltage and ~25W external load, distortions observed.

At 230Vac input, 25W external load, the view of locations A (negative peak) and location B (positive peak)

RIGOL 70 H sooms 34
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
At ~230Vac input voltage and ~25W external load, distortions observed.

Location A: Current probe on Chl has low BW and is used to measure input current only.
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
At ~230Vac input voltage and ~25W external load, distortions observed.

There is a 68nF cap after the rectifier. It is increased to 2x68=136nF, did not observe any improvements
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
At ~230Vac input voltage and ~25W external load, distortions observed.

There is a 68nF cap after the rectifier. It is increased to 2x68=136nF, did not observe any improvements

R IG’O L H 200ms

Werical

AN

WAy

Ch3:.input voltage, 500V/div Coupling

EWY Limit
L Ch1:input current,  Ch4:Inductor current, OFF
; s 0.2A/div 2A/div (1A/V )

YWrmin
NN
Vpp —

- Imvert

FProbe

OFF
Yolts/Div

i
Ch2: Gate voltage @ TP5, 10V/div \

WA
+0uty< 50.00 % Max=744mA

1 W 2 ~io0v @




Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
At ~230Vac input voltage and ~25W external load, distortions observed.

Added 100pF across the R5 (R7 on data sheet), did not observe any improvements
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
At ~230Vac input voltage and ~25W external load, distortions observed.

Added 100pF across the R5 (R7 on data sheet), did not observe any improvements
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
At ~230Vac input voltage and ~25W external load, distortions observed.

Added 100pF across the R5 (R7 on data sheet), did not observe any improvements
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
At ~230Vac input voltage and ~25W external load, distortions observed.

Added 100pF across the R5 (R7 on data sheet), did not observe any improvements
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
At ~230Vac input voltage and ~25W external load, distortions observed.

Added 100pF across the R5 (R7 on data sheet), did not observe any improvements

RIGOL H 200us 5 oomee D -400880000ms T
Wertical [TY Coupling

It seems like the switching frequency is Ch3: input voltage, 200V/div % « DC
reduced while supply voltage ramps up

toward the negative peak even though the TEBW Limit
inductor current seems to be relatively small

20M
~ Probe
4100 |0
Inwert

OFF
Ch4: Inductor current,

2A/div (1A/V) VoltsiDiv

Zoarse
I_Init
[]

Ch2: Gate voltage @ TP5, 10V/div \

+Duty=09.58 % Man=srees
2 ~100v @ v i




Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
At ~230Vac input voltage and ~25W external load, distortions observed.

Added 100pF across the R5 (R7 on data sheet), did not observe any improvements
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
At ~230Vac input voltage and ~25W external load, distortions observed.

Observations:

1)

2)

3)
4)

Location A: While the supply voltage ramps up toward the negative peak, the
switching frequency is reduced significantly and then MOSFET shuts down for a
while at the negative peak. It seems like the inductor current is relatively small and
this may not be current limit initiated turn off.

Location B: While the supply voltage ramps up toward the positive peak, the
switching frequency is reduced by about 50%. It is observed this corresponds to “flat
top” on supply current. At around the peak of supply voltage, the switching
frequency suddenly snaps back to normal frequency and this corresponds to surge
in peak of the supply voltage. It is not clear if this phenomenon is caused by
activation of current limit.

Adding an other 68nF cap after rectifier did not improve the issue

Adding 100nF cap across R5 (R7 on data sheet) did not improve the issue



Measuring inductor current vs gate voltages, 12/25

RefDes on RefDes in 12/11/2022 12/25/2022
datasheet design Fci=44kHz, Gci=5.6 Fci=11kHz, Gci=1.6
R1 R47, R50 383K 383K
PSB- R2 R43 0.44 0.44
04 L1 L2 660uH 660uH
RS, R12 R4, R9 2.74K 2.74K
R13 R10 15.8K 4.7K
Cé6 Cé6 233pF (200p//33p) 3.3n
c7 C8 33pF 150pF
R15 R11 30.1K 30.1K
PFC-
03 C8 C9 4.7uF 4.7uF
C10 C1 1.5uF 1.5uF
C11 C2 150nF 150nF
R21 R1 48.7K 48.7K
R14 R13 10K 10K
R7 R5 1.50K (3.3K//2.74K) +100pF 1.50K (3.3K//2.74K) + 100pF
C9 Cca 1uF 1uF
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe

Per changes listed on page 55
At ~85Vac input voltage and ~25W external load, no major distortions observed
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Measuring inductor current vs gate voltages, 12/25

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe

Per changes listed on page 55
At ~230Vac input voltage and ~25W external load, major distortions observed
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Measuring inductor current vs gate voltages, 12/28

Ch1: Fluke 80i-110S, which has limited bandwidth

Ch4: Tek TCPA300 w/ TCP312 Current probe

Per changes listed on page 55

At ~230Vac input voltage and ~25W external load, major distortions observed
Investigating the effect of C46 on input current distortions
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Measuring inductor current vs gate voltages, 12/28
Ch1: Fluke 80i-110S, which has limited bandwidth

Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55
At 90Vac input voltage, no C46, no major distortions observed
Ch4: Tek TCPA300, Chl: Fluke 80i-110S
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Measuring inductor current vs gate voltages, 12/28
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55
At ~100Vac input voltage, no C46, distortions started, notice the current surge from location A to B
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Measuring inductor current vs gate voltages, 12/28
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55
At ~100Vac input voltage, no C46, distortions started
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Measuring inductor current vs gate voltages, 12/28
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55
At ~85Vac input voltage, C46=100nF, no major distortions

Ch4: Tek TCPA300, Ch1: Fluke 80i-110S
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Measuring inductor current vs gate voltages, 12/28
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55
At ~140Vac input voltage, C46=100nF, no major distortions

Ch4: Tek TCPA300, Ch1: Fluke 80i-110S
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Measuring inductor current vs gate voltages, 12/28
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55
At ~230Vac input voltage, C46=100nF, symmetric distortions show up on peaks of voltage waveform
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Measuring inductor current vs gate voltages, 12/28
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55
At ~230Vac input voltage, C46=100nF, location A; ON times gets very small & pulses start to drop

Ch4: Tek TCPA300, Ch1: Fluke 80i-110S
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Measuring inductor current vs gate voltages, 12/28
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55
At ~230Vac input voltage, C46=100nF, location A; ON times gets very small & pulses start to drop

Ch4: Tek TCPA300, Ch1: Fluke 80i-110S
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1)

2)

3)

4)

Measuring inductor current vs gate voltages, 12/28
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55

Conclusions on 12/28:
Removing the 47nF cap across the sense resistor made the issue worse that the current became more
unstable and distortions started even at low voltages of ~100Vac

Replacing the capacitor across the sense resistor (C46) with 100nF, did not improve the problem that
the current waveform was stable up to ~ 230Vac and distortions started above this voltage, as it was

the case with C46=47nF

Referring to location A; it appears that the duty cycle gets very small and even some pulses were
dropped even though the current through the inductor does not appear to be the max. This suggests
that the event is not initiated by peak current limit

Referring to location B; at this point no pulse dropping is observed. On the contrary, the duty-cycle
increases which results in surge in inductor current.



Measuring inductor current vs gate voltages, 1/8/2023
Ch1: Fluke 80i-110S, which has limited bandwidth

Ch4: Tek TCPA300 w/ TCP312 Current probe

Per changes listed on page 55, 100pF cap removed from R5

100pF leaded ceramic capacitor was connected from pin14 (PKLMT) to pin11 (PWRGND). No improve observed
After that, a 1nF capacitor was added from pin14 to pin11, and again no improvements were observed
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Measuring inductor current vs gate voltages, 1/8/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5

Start-up timing of PFC stage
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Measuring inductor current vs gate voltages, 1/8/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5

At the time when PFC stage starts operating, it seems like the ON time pulse-width starts from zero and
increases slowly
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Measuring inductor current vs gate voltages, 1/8/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5

With 1nF from PKLMT (pin14) to GND (pin11), no major distortions at 85Vac
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Measuring inductor current vs gate voltages, 1/8/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5

With 1nF from PKLMT (pin14) to GND (pinl11), distortions start at around 220Vac
(also tried 100pF from pin14 to pinll, no improvements were observed)
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Measuring inductor current vs gate voltages, 1/8/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5
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and reconnected, the unit worked as usual.
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Measuring inductor current vs gate voltages, 1/8/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5
Conclusions on 1/8:

1) Connecting 100pF and then 1nF capacitor from pin14 (PKLMT) and pin11 (GND), right on the control
chip, did not result in any improvements and that input current started to get distorted at around
230Vac

2) When PFC chip starts to operate, after AUX power supply is established, it seems like the ON time of
the MOSFET starts from zero and is increased slowly. This makes sense, as doing so would reduce the
chance of triggering PKLMT while DC-link cap is charged.

3) When pinl4 is lifted up and shorted to pinl1, at the time when it normally starts, the PFC chip
generated a wider single pulse followed by a narrower one. The PFC chip did not go through the
normal ramp up sequence. It is not clear why shorting the PKLMT to GND disables the ramp up
function. And, since PKLMT is shorted to GND, it is presumed that the interruption of PFC function is
not due to activation of PKLMT function.

§$52 (pin 13): A capacitor between S52 and GND programs the softstart duration of the PWM stage gate drive.
When the UVLOZ2 comparator enables the PWM stage, an internal 10.5-uA current source charges the external

capacitor at S52 to 3 V to ramp the voltage at VERR during startup. This allows the GT2 duty cycle to increase
from 0% to the maximum clamped by the duty cycle comparator over a controlled time delay tgg given by:

. tgg * 10.5 x 108 x Amp
552 3N

Cggo is in Farads

In the event of a disable command or a UVLOZ2 dropout, SS2 quickly discharges to ground to disable the PWM
stage gate drive.

CAOUT (Pin 15): This is the output of a wide-bandwidth operational amplifier that senses line current and

commands the PFC stage PWM comparator to force the correct duty cycle. This output can swing close to GND

to command maximum duty cycle, and above the PFC ramp peak voltage to force zero duty cycle when 24
necessary. Connect current loop compensation components between CAOUT and MOUT.



Measuring inductor current vs gate voltages, 1/15/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

Original PFC inductor has overlapping layers of winding
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Measuring inductor current vs gate voltages, 1/15/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

E N

L, 4
F

Inductor #1: Bourns PN: 2300LL-681-H-RC, 680uH Inductor #2: Homemade by using toroid core

Built by using toroid core, single layer winding. Wurth PN: 7427015 and 43 turns of single layer
However, some amount of winding overlapping is visible. winding.
Tin lead to coil Inductance measured at 1.39mH @ 300kHz.

—

0.65 C 1.28
Max. | Max.
B

asol-
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Measuring inductor current vs gate voltages, 1/15/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

RIGOL H 5.00ms E',

Harizantal Inductor #1; @ 85Vac, no major
' ' distortions in current waveform
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Measuring inductor current vs gate voltages, 1/15/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

Harizantal Inductor #1; @ 226Vac, current Ch3:input voltage, " Coupling
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Measuring inductor current vs gate voltages, 1/15/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

Harizantal Inductor #2; @ 85Vac, no major Ch3:input voltage, " Coupling

' rl_lrL distortions in current waveform 50V/div
J

—U_I_ Chl: input cur.

200
/ 0.5A/div
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Ch4: Inductor current,
2A/div (1A/V))

TP5, 10V/div
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Measuring inductor current vs gate voltages, 1/15/2023

Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

RIGOL H 5.00ms E',

Harizantal Inductor #2; @ 240Vac, current

' ' distortions observed
UL
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Measuring inductor current vs gate voltages, 1/15/2023
Ch1: Fluke 80i-110S, which has limited bandwidth

Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

1)

2)

3)
4)

Conclusions on 1/15:
Two different inductors with no or minimal winding overlapping are tried out. Current distortions at
high voltages were observe in both case.
Original inductor has overlapping windings and new ones do not. Even though the winding to winding
capacitance is not measured, it is assumed that a single layer toroid inductor would result in lowest
inter-winding capacitance.
Is there any practical way to measure the inter-winding capacitance?
Is there any rule of thumb as to how much inter-winding capacitance would be too much?



Measuring inductor current vs gate voltages, 1/22/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5, 10nF from UCC28513 pin14-pinll

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

Inductor #2: Homemade inductor by using toroid core Wurth PN: 7427015 and 43 turns
of single layer winding.
Inductance measured at 1.39mH @ 300kHz.
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Measuring inductor current vs gate voltages, 1/22/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5, 10nF from UCC28513 pin14-pinll

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

RIGOL H 500ms 3 60m e v 87.2000000us T

Homemade toroid inductor; @ 85Vac, no maﬁ)
distortions in current waveform
Jr|_| Notice the HF spikes in inductor current are minimal
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Measuring inductor current vs gate voltages, 1/22/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5, 10nF from UCC28513 pin14-pinll

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

RIGOL H 500ms 3 60m e ] D 87.2000000us T
Homemade toroid inductor; @ 235Vac, majo& distortions

in current waveform
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Measuring inductor current vs gate voltages, 1/22/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5, 10nF from UCC28513 pin14-pinll

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

RIGOL H 1.00ms 3 6om e 5 40467000 T £ @ 156ma

Harizantal

Foom:aii.ons

Ch3: input voltage, 0.2A/div
200V/div

Wolts/Diyw

Ch2: Inductor current,

0.2A/div (1A/V)
At the peak of distorted input Lnit

current, duty cycle = ~15%

Zoarse

Ch4: Gatevoltage @ 4 [V]

-idth TP5, 10V/div
Max=3TEmsa

v
Homemade toroid inductor; @ 235Vac, major distortions in current waveform. Notice that there are
no turn-on spikes in inductor current waveform




Measuring inductor current vs gate voltages, 1/22/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5, 10nF from UCC28513 pin14-pinll

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

RIGOL H 500ms 3 60m e -6.23266000ms
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Homemade toroid inductor; @ 235Vac, major distortions in current waveform. Notice that there are
no turn-on spikes in inductor current waveform




Measuring inductor current vs gate voltages, 1/22/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5, 10nF from UCC28513 pin14-pinll

Trying out with PFC boost inductors that are built by using toroid cores with no overlapping windings

RIGOL H 1.00ms 3 6om e D 1.44726000ms T £ @ 156ma
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Homemade toroid inductor; @ 235Vac, major distortions in current waveform. Notice that there are
no turn-on spikes in inductor current waveform




Measuring inductor current vs gate voltages, 1/22/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5, 10nF from UCC28513 pin14-pinll

Original PFC inductor (680uH) has overlapping layers of winding
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Measuring inductor current vs gate voltages, 1/22/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5, 10nF from UCC28513 pin14-pinll

Original inductor @ 235Vac, major distortions in current waveform. Notice that there are significant
current spikes at the time when MOSFET turns on.
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Measuring inductor current vs gate voltages, 1/22/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5, 10nF from UCC28513 pin14-pinll

Original inductor @ 235Vac, major distortions in current waveform. Notice that there are significant
current spikes at the time when MOSFET turns on.

RIGOL H 200ms 5 oomee D 12.3600000us T £ 8 344mA
Haorizantal Tplmg
oy
EMY Limit
200

Foom:1.0000s Probe

ch3: input-voltage, Chl:rinput-cur:
200V/div 0.2A/div

Ll
Al
—"Z: At the flat section of input
rise Time  current, duty cycle = ~10%

e e A W el ™
Y ON

Ch2: Inductor current,
1A/div (1A/V) Yolts/Div

Fall Time

Zoarse
I_Init

Ch4:Gatevoltage @ [*]
TP5, 10V/div

v




Measuring inductor current vs gate voltages, 1/22/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5, 10nF from UCC28513 pin14-pinll

Original inductor @ 235Vac, major distortions in current waveform. Notice that there are significant
current spikes at the time when MOSFET turns on.

RIGOL H 200ms 5 oomee D 2.17630000ms T &0 432mA

Harizantal Tplmg

Foom:aii.ons

Ch3: input voltage, Ch1: input cur.

L] j
Al
At the peak of distorted input 200V/div 0.2A/div

riseTime  current waveform, the duty
cycle is about 41%

W | et

Fall Time | EW .

Wolts/Diyw

TL e i e e Ch2: InducH
| 1A/div (1A/V)

Zoarse
+idth :
I_Init

Ch4:Gatevoltage @ [A]

-Wifidth TP5, 10V/div
Max=128ma

Wi/ 2 <1ov < 9




Measuring inductor current vs gate voltages, 1/22/2023
Ch1: Fluke 80i-110S, which has limited bandwidth
Ch4: Tek TCPA300 w/ TCP312 Current probe
Per changes listed on page 55, 100pF cap removed from R5, 10nF from UCC28513 pin14-pinll

Conclusions on 1/22:

1.

It seems like there is significant inter-winding capacitance in original inductor (TSD-3222, 680uH)
which creates significant current spikes at the time when MOSFET turns on. Additional
measurements conducted with 10nF cap on PKLMT pin14 to GND do not show any pulse
droppings. However, the low frequency distortions in input current waveform are still visible.

The home-made toroid inductor (1.39mH @ 300kHz) was also tried out with 10nF on PKLMT pin.
No pulse droppings observed. However, the low frequency distortions in input current waveforms
were still visible. There was some unexpected results at the zero crossing of the voltage. This may
be due to inductance being larger than the expected value. Repeat the same test with smaller
toroid inductor with 680uH inductance.

Even though the original inductor has some inter-winding capacitance and even though it should be
addressed, it seems that the current distortion may not be caused by the inter-winding capacitance
since:

The current distortions are visible even when a toroid inductor with minimum inter-winding
capacitance is used. There were no turn-on spikes and no pulse dropping observed with 10nF
capacitance on PKLMT.

When the original inductor was used, there were significant current spikes at the turn on. Even
though no pulse droppings observed with 10nF on PKLMT pin, the input current waveform was still
distorted.



Measuring inductor current vs gate voltages, 2/5/2023

UCC3817 based design values
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Measuring inductor current vs gate voltages, 2/5/2023

UCC3817 based design values

RefDes on UCC3817 RefDes on UCC28513 RefDes in Listen Existing values New values
R14=0.2 R2 R43 0.44 0.22
R3=20K - R60 PSB-04 22.1K 20K

R2/R19=499K - R44/R49 562K 499K
R21/R13 - R47/R50 383K No change
R11=10K R14 R13 10K No change

R12=1.65k R7 R5 1.5K 1.62K
R9=2.94K R12 R4 2.74K 2.94K (3.16k//39k)
C8=330p c7 C8 150pF 330p
C9=1.8nF C6 C6 3.3n 1.6nF
R8=9.53K R13 R10 4.7K 9.53K (20k//18.2k)
R10=2.94K R8 R9 PFC-03 2.74K 2.94K (3.16k//39k)
R6=28K R15 R11 30.1K 28K (56k//56k)
C6=2.2uF C8 Cc9 4.7uF 2uF (1uF//1uF)
C7=150n Cl1 Cc2 150n No change
C15=1.5uF C10 C1 1.5uF No change
R7=100k R21 R1 48.7k 100k
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Measuring inductor current vs gate voltages, 2/5/2023

UCC3817 based design values

UCC3817 voltage error amp.

SR = | H S WYY
[and—— T
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! C5 w 12K
VAE H—; 1€
I r
-------------- ‘Rer 4 UDG-08183

As part of this exercise, voltage error amp components are

UCC28513 voltage error amp.

UCC2851X J
PWRGND GaT2 (10
| I
GT1 VCC | 9 |—¢
- —Lc4 I
S52 ISENSE2 | 8
— I
PKLMT VERR | 7
CAOUT ano 6 FHE!?
1 — J_—
ISENSE1 CT BUFF |5 ——
- — AGND PGND
MOUT D _MAX | 4 -
| |
IAC VSENSE | 3
L
VFF RT| 2
~
VREF \UADUT

disconnected from GND and connected to pin3 (Vsense)
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Measuring inductor current vs gate voltages, 2/5/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 25W external load across the DC-link, no capacitor across R5
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 94 for modifications

No major distortions at 85Vac input voltage
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Measuring inductor current vs gate voltages, 2/5/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 25W external load across the DC-link, no capacitor across R5
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 94 for modifications

No major distortions at 120Vac input voltage

RIGOL TD H sooms E', T f 430mé,

e — Ch2: Inductor current,
Horizonta| 2A/div (1A/V ) Coupling

il

EWW Limnit

U_ll- , 20M

\VAVAVHLVE

Ch3: input voltage; Ch1: input cur.
100V/div 0.5A/div

Ch4: Gate voltage @
TP5, 10V/div
Max=520m#A

=a00ma B 2 T200v




Measuring inductor current vs gate voltages, 2/5/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 25W external load across the DC-link, no capacitor across R5
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 94 for modifications

Distortions start at around 220Vac
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Measuring inductor current vs gate voltages, 2/5/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 25W external load across the DC-link, no capacitor across R5
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 94 for modifications

Distortions start at around 220Vac; zooming into time just before input voltage reaches its peak region
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Measuring inductor current vs gate voltages, 2/5/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 25W external load across the DC-link, no capacitor across R5
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 94 for modifications

Distortions start at around 220Vac; zooming into the region where input voltage is at its peak
Notice that the switching frequency is reduced to 1/3rd
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Measuring inductor current vs gate voltages, 2/5/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 25W external load across the DC-link, no capacitor across R5

Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 94 for modifications
Distortions start at around 220Vac; zooming into the region where input voltage is at its peak

Notice that the switching frequency is reduced to 1/3™ at the peak of input voltage and then changes back to Fsw and
current distortions are observed during the transitioning times
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Measuring inductor current vs gate voltages, 2/5/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 25W external load across the DC-link, no capacitor across R5
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 94 for modifications

Distortions start at around 220Vac; notice less HF cur. through inductor probably due to less inter-winding capacitance
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Measuring inductor current vs gate voltages, 2/5/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 25W external load across the DC-link, no capacitor across R5
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 94 for modifications

Distortions start at around 220Vac; as input voltage reaches its peak, switching frequency is reduced by half
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Measuring inductor current vs gate voltages, 2/5/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 25W external load across the DC-link, no capacitor across R5
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 94 for modifications

Distortions start at around 220Vac; at the peak of input voltage , switching frequency is reduced to 1/3 rd
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Measuring inductor current vs gate voltages, 2/5/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 25W external load across the DC-link, no capacitor across R5
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 94 for modifications

Distortions start at around 220Vac; current distortions observed as the switching frequency changes back to 277kHz
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Measuring inductor current vs gate voltages, 2/5/2023

Conclusions:

* Referencing UCC3817 design, component values are updated

* Voltage feedback circuit is disconnected from GND and connected to pin3

* Two inductors were tried: original boost inductor (probably with some inter-winding capacitance) and an
other toroid inductor, presumably with less inter-winding inductance. Both resulted in similar current
distortions at high supply voltages.

* In both cases, the switching frequency was reduced at the time when supply voltage approached to its peak
and switching frequency increased back as supply voltage starts to decrease. Current distortions were

observed during the times when switching frequency changes were observed.

* Thereis no specific indication that PKLMT was initiated. All tests were conducted with 10nF cap from pin14
(PKLMT) to pin11 (GND) on UCC28513



Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

25W external load across the DC-link

560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND

RefDes on RefDes in Listen PCB Existing values New values New values
ucc28513 2/5/23 2/12/23
R2 R43 0.44 0.22 0.44
R60 PSB-04 22.1K 20K No change
R44/R49 562K 499K No change
R47/R50 383K No change No change
R14 R13 10K No change No change
R7 R5 1.5K 1.62K No change
R12 R4 2.74K 2.94K (3.16k//39k) 3k (3.16k//56k)
c7 c8 150pF 330p No change
cé6 Ccé6 3.3n 1.6nF 4.9nF (1.6n+3.3n)
R13 R10 4.7K 9.53K (20k//18.2k) 3.23k (3.3k//150k)
R8 R9 PFC-03 2.74K 2.94K (3.16k//39Kk) 3k (3.16k//56k)
R15 R11 30.1K 28K (56k//56k) No change
Cc8 Cc9 4.7uF 2uF (1uF//1uF) No change
C11 C2 150n No change No change
C10 C1 1.5uF No change No change
R21 R1 48.7k 100k No change
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

25W external load across the DC-link
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

No major distortions at 85Vac

RIGOL H 500ms 3 60m e D 0.00000000ps TS0 290m

Harizantal COUDHHQ

il

Ch3: input voltage,
100V/div

bl

0.5A/div

Ch2: Inductor current,
1A/div1A/V)

~ VoltsDiv
Coarse
—r—
Ch4: Gate voltage @ 4« V]
TP5, 20V/div

Max=620mA
1 ~sooma B 2 Fio0v B vz




Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

25W external load across the DC-link
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

No major distortions at 120Vac
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

25W external load across the DC-link
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

At around 230Vac, current distortions appear
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437
25W external load across the DC-link
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

At around 230Vac, current distortions appear
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

25W external load across the DC-link
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

At around 230Vac, current distortions appear
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Switching frequency was reduced to 1/3™ and then increased back; at which point current spike was
observed




Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 60W output power, no major distortions at 85Vac input
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 60W output power, no major distortions at 120Vac input
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 60W output power, major distortions at around 200Vac input (got worse)
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
560uH toroid (2300LL-561-H-RC), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 60W output power, major distortions at around 200Vac input (got worse)
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor and 60W output power, no major distortions at 85Vac
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor and 60W output power, distortions at slightly different locations started at even lower voltage,
180Vac
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor and 60W output power, distortions at slightly different locations started at even lower voltage,
180Vac
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Switching frequency was reduced to fsw/s, duty cycle was ~50% prior to current spike




Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor and 60W output power, distortions at slightly different locations started at even lower voltage,
180Vac
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Switching frequency was increased back to fsw; at which point current spike was observed, duty cycle was
about 70%




Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

30W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

30W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor, 30W output power and lac connection moved to input of rectifier, no major distortions at 85Vac
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437
30W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor, 30W output power and lac connection moved to input of rectifier, no major distortions at
120Vac
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PEC-03, CONT A w/ PFC board ,SN: AG155544221261437

30W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor, 30W output power and lac connection moved to input of rectifier, major distortions at 180Vac
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

30W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor, 30W output power and lac connection moved to input of rectifier, major distortions at 180Vac
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Switching frequency was normal and duty cycle was about 32%
(notice that the on-time was constant)




Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

30W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor, 30W output power and lac connection moved to input of rectifier, major distortions at 180Vac
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Switching frequency was reduced to fsw/2 and duty cycle was about 16%
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

30W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor, 30W output power and lac connection moved to input of rectifier, major distortions at 180Vac
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About 3.3kHz current oscillations




Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor, 60W output power and lac connection moved to input of rectifier, no major distortions at 85Vac
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor, 60W output power and lac connection moved to input of rectifier, major distortions at ~180Vac
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Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor, 60W output power and lac connection moved to input of rectifier, major distortions at ~180Vac
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Same phenomenon observed; switching frequency was reduced and then increased, at which time current
spike was observed




Measuring inductor current vs gate voltages, 2/12/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

60W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

Conclusions as of 2/12:

1) Changes on slide 107 were implemented; load was changed from 25W to 60W and inductance with lower inter-
winding capacitance was tried out. No change

2) lacsense point was moved to input of rectifier. Tried with different loads and inductors; the nature of distortion
appears to change and the voltage at which distortions begins was lowered; so it got worse.



Measuring inductor current vs gate voltages, 2/19/2023
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 30W external load across the DC-link
Original boost inductor (680uH), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With original inductor, 30W output power major distortions start above 200Vac
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 30W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 30W output power, no distortions at 85Vac
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437
L1, Q5, Q6 on PSB removed, 30W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 30W output power, non-periodic distortions start to appear at 200Vac
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 30W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 30W output power, periodic distortions start to appear at 210Vac, note: Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 30W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 30W output power, no distortions at 85Vac, Vff=1.78V w/ differential probe
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 30W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 30W output power, distortions at 200Vac, Vff=4.19V w/ differential probe
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 30W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 30W output power, distortions at 200Vac, Vff=4.19V w/ differential probe
It looks like differential probe has some DC offset at low voltages. Vff is also measured with a DVM, Fluke 179, by
removing differential probe

Input voltage (Vrms) Vff @ pin19 (Vdc) Vff @ pin19 (Vdc)
w/ differential probe w/ DVM

85 1.78 1.46
120 2.11
200 4.19 3.50
220 3.85
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 30W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 30W output power, distortions at 220Vac, Vff=3.85V w/ DVM
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 60W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 60W output power, distortions at 200Vac, Vff=3.45V w/ DVM
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 60W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 60W output power, distortions at 200Vac, Vff=3.45V w/ DVM
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 60W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 60W output power, distortions at 220Vac, Vff=3.79V w/ DVM
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no distortions at 85Vac; (Vdc_out=355V maybe due to 2x input inductor
and low input voltage)
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no distortions at 120Vac, Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no distortions at 120Vac, Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no distortions at 200Vac, Vdc_out=380V
Pin=0.69Arms*200Vrms=138W
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no distortions at 200Vac, no pulse dropping, Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no distortions at 220Vac, no pulse dropping, Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no distortions at 220Vac, no pulse dropping, Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no major distortions at 240Vac, however it appears like the distortions
begin to start, Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no major distortions at 250Vac, however it appears like the distortions
are a bit more than 240V case, Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no major distortions at 265Vac, however it appears like the distortions
are a bit more than 250V case, Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no major distortions at 265Vac, pulse dropping observed,
Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, when DMM is connected to pin 19 for Vff, more distortions observed at
265Vac, Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

Input voltage (Vrms) Vff @ pin19 (Vdc)
w/ DVM

120 2.08
200 3.50
220 3.90
264 4.51

156



Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no DMM on pin 19 for Vff, minor distortions observed at 265Vac,
Vdc_out=380V
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Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no DMM on pin 19 for Vff, minor distortions observed at 265Vac,
Vdc_out=380V
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Frms=718m#A Rrmg=++++*

1 A ~&

Very small duty cycle however no pulse dropping at the peak of sine wave




Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no DMM on pin 19 for Vff, minor distortions observed at 265Vac,
Vdc_out=380V

RIGOL H 200ms 5 oomee D -2.81242000ms

Wertical TD“HQ

Zoom:20.00us
Ch3: input voltage,
100V/div

Ch1:input cur.

WWWWWW%WM%W

(13 & WoltsiDiy

Zoarse

Ch4: Gate voltage @ Linit

[A]

] TP5, 20V/div
Cvershoot

Frms=412mA Rrmg=++++*

1 A ~&

Pulse dropping observed




Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 120W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

With 2x original inductor, 120W output power, no DMM on pin 19 for Vff, minor distortions observed at 265Vac,
Vdc_out=380V

H 200ms ;T

Yupper

At o BV Limit
f{. : " 20

Wrmid
Foom:10.000s
w

Ch3: input voltage, T3

100V/div Ch2: Inductor current,

0.5A/div (1A/V) Ch1: input cur. Invert
0.5A/div

N R

Ch4: Gate voltage @

Cvershoot

Frms=442mA Frms=536mY

=a00ma B 2 Taiomy B

Pulse dropping observed



Measuring inductor current vs gate voltages, 2/19/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB removed, 30W external load across the DC-link
2pc of original boost inductors in series (1.36mH total), 10nF cap on PKLMT pin14 to GND, see slide 107 for modifications

Conclusions:

1) With 2x original inductors, current distortions were not observed up to 200Vac with
30W load on 380Vdc output. Periodic distortions started above ~210Vac

2) With 2x original inductors, current distortions were not observed up to 200Vac with
60W load on 380Vdc output. Periodic distortions started above ~220Vac

3) With 2x original inductors, current distortions were not observed up to 250Vac with
120W load on 380Vdc output. Periodic but a lot smaller distortions started above ~
250Vac. Similar small distortions observed at 265Vac

4) Connecting DMM on pin19 resulted in a bit more distortions at high voltages in
general. No DMM was connected to pin19 unless needed.

5) With 2x original inductors and 85Vac, output voltage was at 355V (instead of 380).
Output was constant at 380V above ~100Vrms input.

6) It appears like the current distortions at high voltages are related with the
performance of current regulator as unit transitions between DCM and CCM modes



Unstable DC-link voltage investigation, 8/6/2023

Following pages describe the changes made to PFC stage in order to mitigate current

distortions:
UCC3817 voltage error amp. UCC28513 voltage error amp.
ucc2as1x J
PWRGND GT2 |10
-
GT1 VCC | 9 .
- —Lc4 I
S52 ISENSEZ | 8
I
PKLMT VERR | 7
CAOUT GND E::' R1B§
1 pp— J_—
ISENSE1 CT _BUFF | 5 — —

AGND PGND
MOUT D_MAX | 4 -
I
IAC VSENSE | 3
I R20
VFF RT | 2 —\A\——
~
VREF k\.’ADUT [l S
c10
e
R21 T
PFC board circuit diagram changes:

1)
2)

3)

UCC28513 is used in PFC design
Voltage error amp components are disconnected from GND and connected to pin3
(Vsense), similar to UCC3817 data sheet

Added 10nF cap on PKLMT pin14 to GND 162



Measuring inductor current vs gate voltages, 8/6/2023

RefDes on RefDes in PCB Values on
UCC28513 Listen 6/25/2023
R2 R43 0.47
R60 PSB-04 22.1K
R44/R49 562K
R47/R50 383K
R14 R13 10K
R7 R5 1.62K
R12 R4 3k (3.16k//56k)
c7 C8 330p
Cc6 C6 4.9nF (1.6n+3.3n)
R13 R10 3.23k (3.3k//150k)
R8 R9 PFC-03 3k (3.16k//56k)
R15 R11 28K (56k//56k)
Cc8 c9 2uF (1uF//1uF)
C11 C2 150n
C10 C1 1.5uF
R21 R1 100K

In addition:

* 10nF cap added from PKLMT pin14 to GND on PFC card.
* PFCinductor (L2) is replaced with TSD-5033 (w/o base)
* Sense resistor on PSB (R43) part number: MOSX5CR47)

-
-
e,
>
%
"
f._‘
T

Old PFC inductor (L2) w/
overlapping windings
625uH @ 4.8A

New toroidal PFC inductor
(L2) w/o overlapping
windings

750uH @ 8A

163



Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB are removed, R43 is 0.47Q (PN: MOSX5CR47J), boost inductor is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration
At 85Vac, 12.5K across DC-link:
output=387Vdc, input cur. = 0.215Arms, inductor cur. = 0.282Arms, Sin=18.27VA (good PF)

RIGOL H 500ms 3 ton s D -1.60000000ms T 4 @ 100mA

Horizontal Ch1: input cur. Coupling

ﬂﬂ 0.5A/div

Ch3: input voltage,
100V/div

bl

v N N N

Ch2: Inductor cur.
0.5A/div (1A/V)

Zoarse

Ch4: Gate voltage @

TP5, 20V/div Unit

[V]

|Rms=270my]
1 =sooma B 2 Faoomv B vz




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB are removed, R43 is 0.47Q (PN: MOSX5CR47J), boost inductor is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration
At 120Vac, 12.5K across DC-link:
output=389Vdc, input cur. = 0.162Arms, inductor cur. = 0.323Arms, Sin=19.4VA (OK PF)

RIGOL H 500ms 3 ton s D -1.60000000ms T 4 @ 100mA

Horizontal Ch1: input cur. Coupling
0.5A/div Ch3: input voltage, o
100V/div o DC

20M

NN N Ny

L

Hise Time Ch2: Inductor cur.
1\L 1A/div (1A/V)

+H

aTIne | R T A e - A A o

Zoarse

Ch4: Gate voltage @

TP5, 20V/div Unit

[V]

[Rms=323mv]

v




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB are removed, R43 is 0.47Q (PN: MOSX5CR47J), boost inductor is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration
At 200Vac, 12.5K across DC-link:
output=388Vdc, input cur. = 0.113Arms, inductor cur. = 0.200Arms, Sin=22.6VA (poor PF)

RIGOL H 500ms 3 ton s D -1.60000000ms T & @ -8.00mA

Horizontal Ch1: input cur. Coupling
0.2A/div Ch3: input voltage, ae,
it 200V/div o be

NN ﬁ\f —

Ch2: Inductor cur. © Irvert

0.5A/div (1A/V)

ol Mg Wiy Ayl Ay g Ayl My sy

Zoarse

Ch4: Gate voltage @

TP5, 20V/div Unit

[V]

|Rms=200m]
1 ~200ma B 2 “soomv B vz




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB are removed, R43 is 0.47Q (PN: MOSX5CR47J), boost inductor is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration
At 230Vac, 12.5K across DC-link:
output=388Vdc, input cur. = 0.114Arms, inductor cur. = 0.221Arms, Sin=26.2VA (poor PF)

RIGOL H 500ms 3 ton s D -1.60000000ms T & @ -8.00mA

Horizontal Ch1: input cur. Coupling
0.2A/div Ch3: input voltage,
it 200V/div <« bC

ol N NN

Ch2: Inductor cur: Irrvert
0.5A/div (1A/V) on

Wolts/Diyw

Zoarse
Ch4: Gate voltage @ — O
TP5, 20V/div nit

[V]

|Rms=221mv]
1 ~200ma B 2 “soomv B vz




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB are removed, R43 is 0.47Q (PN: MOSX5CR47J), boost inductor is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

At 265Vac, 12.5K across DC-link:
output=388Vdc, input cur. = 0.118Arms, inductor cur. = 0.193Arms, Sin=31.2VA (poor PF)

RIGOL H 100ms 3 ionae D -1.60000000ms | T 4 @ 0004

Harizantal . = — —
Ch1: input cur. Ch3: input voltage, Coupling

i 0.2A/div 200V/div

\./ W \/ V V “\/ \/ M‘\ .

Ch2: Inductor cur, © Irvert

0.5A/div (1A/V)

SIS SR IR SR 2R 2SS 2 My

Zoarse

Ch4: Gate voltage @

TP5, 20V/div Unit

[V]

|Rms=183m]
1 ~200ma B 2 “soomv B vz




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB are removed, R43 is 0.47Q (PN: MOSX5CR47J), boost inductor is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration
At 85Vac, 1.149K across DC-link:
output=360Vdc, input cur. = 1.46Arms, inductor cur. = 1.55Arms, Sin=124VA (good PF)

RIGOL H 100ms 3 ionae D -1.60000000ms | T 4 @ 0004

Harizantal Vs = — —
Ch1: input cur. Ch3: input voltage, Coupling

H

Hise Tirme ' ’
B

Ch2: Inductor cur. YaltsiDiv

1A/div (1A/V) Coarse

Ch4: Gate voltage @

TP5, 20V/div Unit

[V]

E=]

v




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB are removed, R43 is 0.47Q (PN: MOSX5CR47J), boost inductor is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

At 120Vac, 1.149K across DC-link:
output=373Vdc, input cur. = 1.20Arms, inductor cur. = 1.35Arms, Sin=144VA (good PF)

RIGOL H 5.00ms 5t pie v 1.60000000ms | T £ @ 0.004

Horizonta| Ch1: input cur. % Ch3: input voltage, - SN
11t 1A/div / / 00V/div 3 « DC
UL

20M
Frobe

:'IChZ: Inductor cur. : 00K e
1A/div (1A/V)

Ivert
I
Wolts/Diyw

Zoarse

Ch4: Gate voltage @

TP5, 20V/div Unit

[V]

E=]

v




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB are removed, R43 is 0.47Q (PN: MOSX5CR47J), boost inductor is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration
At 200Vac, 1.149K across DC-link:
output=381Vdc, input cur. =0.712Arms, inductor cur. = 0.818Arms, Sin=142.4VA (good PF)

RIGOL H 500ms 3 ton s D -1.60000000ms | T 4 @ 0004

Coupling

Harizantal A
Chi: !nput cur. Ch3: input voltage,
1A/div 200V/div

Ch2: Inductor cur.
1A/div (1A/V)

Wolts/Diyw

Zoarse

Ch4: Gate voltage @

TP5, 20V/div Unit

[A]

[Rms=5818my]

v




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB are removed, R43 is 0.47Q (PN: MOSX5CR47J), boost inductor is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

At 230Vac, 1.149K across DC-link:
output=382Vdc, input cur. = 0.631Arms, inductor cur. = 0.73Arms, Sin=145.1VA (good PF)

RIGOL H 500ms 3 ton s D -1.60000000ms | T 4 @ 0004

Coupling

Haorizantal A
izla!npu'f cur. Ch3: input voltage,
1 /div 200V/div 2 DC

i / /\\//\\//-\\/

T BW Limit

Ch2: Inductor cur.
1A/div (1A/V)

ON
WW Volts/Div
B

Zoarse

Ch4: Gate voltage @

TP5, 20V/div Unit

[V]

[Rms=730my]

v




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB are removed, R43 is 0.47Q (PN: MOSX5CR47J), boost inductor is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

At 265Vac, 1.149K across DC-link:
output=380Vdc, input cur. = 0.547Arms, inductor cur. = 0.633Arms, Sin=144.9VA (good PF)

RIGOL H 500ms 3 ton s D -1.60000000ms | T 4 @ 0004

Coupling

Harizantal A
Chi: !nput cur. Ch3: input voltage,
J|-|_||-L 1A/div 200V/div

i ._//’-\\_//‘\\..//\\_/

Ch2: Inductor cur.
1A/div (1A/V)

B

Zoarse

Ch4: Gate voltage @

TP5, 20V/div Unit

[V]

[Rms=E33my]

v




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 on PSB are removed, R43 is 0.47Q (PN: MOSX5CR47J), boost inductor is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

Summary of testing PFC stage input current distortions with min/max resistive loads across the DC-link
* Byremoving L1, Q5, Q6 on PSB, only the PFC stage was tested w/o secondary stage power supply board
* By using larger toroidal inductor, the current distortions observed earlier were mostly eliminated
* Turn-on current spikes were reduced, this is visible in inductor current measurements
* At min load from 85Vac-265Vac, good DC-link regulation was achieved
°/A max output load and low AC voltage, the DC-link voltage was less than the set point of 390V

120

12.5 200
Min load

230

265

85

1.149 —

Max load 200

230

265

389
388
388
388
371

382
382
388
389

0.215
0.162
0.113
0.114
0.118
1.57

1.12
0.677
0.599
0.525

0.282
0.323
0.200
0.221
0.193
1.65

1.25
0.769
0.679
0.600

18.27
19.40
22.60
26.20
31.20
124.0

144.0
142.2
145.1
144.9

Dc-Link Input voltage (Vrms) DC-link w/ Input current Inductor Input power Comments
load (kQ) By using Diff Probe DVM (Vdc) (Arms) current (Arms) (VA)

OK PF, no major distortions

OK PF, minor distortions

Poor PF, no major distortions

Good PF, no distortions, lower DC-
link

Good PF, no distortions

174



Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 (PN: IRFPC50A) on PSB are installed, R43=0.47Q (PN:MOSX5CR47J), boost ind. is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

Following slides show the test results by enabling the
secondary stage DC/DC converter (L1, Q5, Q6 (PN: IRFPC50A)
on PSB are installed)



Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 (PN: IRFPC50A) on PSB are installed, R43=0.47Q (PN:MOSX5CR47J), boost ind. is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

At 85Vac, min loads on outputs at J1 and J2 connectors
output=388Vdc, input cur. = 0.222Arms, inductor cur. = 0.274Arms, Sin=18.8VA (good PF)

RIGOL H 100ms 3 %0m e v D -20.0000000ms

Vertical By using DVM: U Coupling
J2.4t0J)2.2 =»57.2V
J1.5t0J1.6 =>» 28.4V
Ch4: DC-link voltage, J1.2toJ1.1 =>» 12.08V
100V/div J1.4t0J1.1 => -12.04V

Ch3: AC voltage,
100V/div

Ch1: input cur.
0.5A/div Ch2: Inductor cur.
0.5A/div (1A/V

€ Volts/Div
Coarse
© Unit
[A]

Overshoof
[ ] [Fmz=222m#] [Rrms=274my] JEns=g6av]

=&00ma B/ 2 Ts00myv & vz fix




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 (PN: IRFPC50A) on PSB are installed, R43=0.47Q (PN:MOSX5CR47J), boost ind. is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

At 120Vac, min loads on outputs at J1 and J2 connectors
output=389Vdc, input cur. = 0.168Arms, inductor cur. = 0.331Arms, Sin=20.1VA (OK PF)

RIGOL H 500ms 3 hom e v D -20.0000000ms

vertical By using DVM: v Coupling
J24t0J2.2 =»57.3V

Ch4: DC-link voltage,
100V/div

Ch3: AC voltage,
100V/div

Ch1: input cur:

0.5A/div

Yolts/Div
Ch2: Inductor cur.
1A/div (1A/V) Coarse

[V]

[Rms=168ma] [Rrms=231m4] JEns=121v]

v




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 (PN: IRFPC50A) on PSB are installed, R43=0.47Q (PN:MOSX5CR47J), boost ind. is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

At 200Vac, min loads on outputs at J1 and J2 connectors
output=389Vdc, input cur. = 0.124Arms, inductor cur. = 0.233Arms, Sin=24.8VA (poor PF)

RIGOL H 100ms 3 %0m e v D -20.0000000ms

vertical By using DVM: Coupling
JML J2.4 t0 J2.2 = 57.22V

Ch4: DC-link voltage,
100V/div
Ch3: AC voltage,
200V/div
Frobe

NN N NN NN

Ch1l: input cur. OM

0.5A/div Yolts/Div

Ch2: Inductor cur.
1A/div (1A/V) Coarse

LInit
[V]

[Rms=124ma] [Rrms=233m4] JEns=1a7v]

1 ~sooma B 2 Fio00v B vz fix




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 (PN: IRFPC50A) on PSB are installed, R43=0.47Q (PN:MOSX5CR47J), boost ind. is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

At 230Vac, min loads on outputs at J1 and J2 connectors
output=390Vdc, input cur. = 0.121Arms, inductor cur. = 0.255Arms, Sin=27.8VA (poor PF)

RIGOL H 500ms 3 ton s v D -200000000ms T £ @ 84.0mA

Wertical By using DVM: v Type

J2.4t0J2.2 =»57.23V
4 Edge

Ch4: DC-link voltage,

100V/div Ch3: AC voltage,
200V/div 4 CH1

Source

Slope

ad 4+
o Sweep
4 Auto

Ch1l:input cur.
0.2A/div

Ch2: Inductor cur. Setting
0.5A/div (1A/V) -

[Fms=121ma] [Rrms=255m4] JEns=228v]




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 (PN: IRFPC50A) on PSB are installed, R43=0.47Q (PN:MOSX5CR47J), boost ind. is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

At 265Vac, min loads on outputs at J1 and J2 connectors
output=390Vdc, input cur. = 0.128Arms, inductor cur. = 0.238Arms, Sin=33.9VA (poor PF)

RIGOL H 500ms 3 ton s v D -200000000ms T £ @ 84.0mA

Yertical Byrlsing DVM: (1} Type
J24t0J2.2 =»57.24V
4 Edge
Ch4: DC-link voltage,
100V/div Ch3: AC voltage,
200V/div 4 CH1

Source

Slope
ald 4
Sweep

Ch1:input cur. 4 Auto
0.2A/div

Ch2: Inductor cur. Setting
0.5A/div (1A/V) -

[Rms=128ma] [Rrms=238m4] JEms=265v]




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 (PN: IRFPC50A) on PSB are installed, R43=0.47Q (PN:MOSX5CR47]J), boost ind. is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

With minimum resistive load on secondary stage DC/DC converter, from 85Vac to 265Vac input
voltage, stable DC-link voltage regulation and distortion free PFC stage input currents are obtained

Dc-Link Input voltage (Vrms) DC-link w/ Input current Inductor Input power Comments
load (kQ) By using Diff Probe DVM (Vdc) (Arms) current (Arms) (VA)

0.220 0.274 18.70 OK PF, no major distortions
120 389 0.171 0.316 20.52 OK PF, minor distortions
12.5 200 389 0.124 0.233 24.80
530 390 0.121 0.255 27 83 Poor PF, no major distortions

265 390 0.128 0.238 33.92
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Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 (PN: IRFPC50A) on PSB are installed, R43=0.47Q (PN:MOSX5CR47J), boost ind. is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

At ~120Vac, max loads on outputs at J1 and J2 connectors

RIGOL H 500ms 3o v D -16.0000000ms T 4 @ 80.0mA

Haorizontal Ch4: DC-link voltage, Coupling
100V/div
n /

Ch1l: input cur.
-
IJL 1A/div Ch3: AC voltage,
200V/div

Ll Badd gk o e
AR i r'm'lI,mﬁ)IMIII|I'L"&I=,l|rmlI Mﬁ'wﬁ rIrLMIi"MHHM; J|M||'M 'iIMLI"H_ﬁ

Wolts/Diyw
Ch2: Inductor cur. Zoarse
1A/div (1A/V)

~ Unit

Rims=414ma Rims=624m
1 =1o0a B 2 =1o00v [

DC-link voltage regulation does not work with max output power




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 (PN: IRFPC50A) on PSB are installed, R43=0.47Q (PN:MOSX5CR47J), boost ind. is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

At ~140Vac, max loads on outputs at J1 and J2 connectors

RIGOL H 500ms 3pomas D -16.0000000ms T 4 @ 80.0mA

Harizontal Cha4: DC-link voltage, Coupling
100V/div
m !

bl

Ch1l: input cur. Ch3: AC voltage,
1A/div 200V/div

=

Wolts/Diyw

Ch2: Inductor cur. Coarse
1A/div (1A/V)
—— - : — m Unit

[V]

Rrms=230mA Frms=412mY
1 =1o0a B 2 =100V B vz

With output dc/dc converter and max load is connected on J1/J2 connectors, the DC-link
voltage regulation is not stable.




Measuring inductor current vs gate voltages, 8/6/2023
PSB-04, PFC-03, CONT A w/ PFC board ,SN: AG155544221261437

L1, Q5, Q6 (PN: IRFPC50A) on PSB are installed, R43=0.47Q (PN:MOSX5CR47J), boost ind. is TSD-5033 and 6” away from PSB
See slides 162 and 163 for circuit configuration

Conclusions:

* With PFC stage only, without secondary stage DC/DC converter, at min AC voltage and max load on DC-
link, the DC-link voltage was lower than the set point (360V vs 390V)

* With PFC stage followed by secondary stage DC/DC converter, at low AC voltages and max load on dc/dc
converter, the DC-link voltage was not stable and had oscillations.

* Below are the voltage feedback circuit used in the design:

Voltage feedback compensator from Voltage feedback compensator used in PFC

UCC28513 data sheet R — s board (prior to modifications shown on slides
v} 133K 162/163)
- B
3K R28Z 48.7K s
FTWF peg L 158nF
C23 1.5uF
T - i _ |
o L% | 2%
UCC3817 voltage feedback circuit shown for reference A\ -
" 7 150mF A s b
€
R7 100k C15 2.2pF WESEMSE R2 R19 Vg \
A A }'_ VAQUT 499k 459k
T [ o 2 Changed to 100K per slides 162/163
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