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Pin2Pin shorting + Pin Opening + Bypass Diode Shorting
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Foreword

2

This document covers the « Safety Test »
for both NCP1602 and NCP1622.

The fact that the measurements have
been performed on the NCP1602 applies
also for the NCP1622 as the NCP1622 is
a spin-out of the NCP1602 and has the
same pin-out & layout , the difference
being in some internal system
parameters having different values.
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Pin to Pin Short Testing Conditions

 NCP1602-AEC on Standard Evaluation
Board ( Power MOSFET drain voltage used
for ZCD)

* Veeboard = 19V W/ 50mA current clamp
° Vmains =115V ? I:mains =60 HZ7 ILIM=5'5 Arms
e Vp =395V, ,=0.4A

* Application is turned-on and after steady
state is reached a pin-x to pin-y short is
applied and controller behaviour is observed
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Evaluation Board Schematic (Power)
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Evaluation Board Schematic (Control)
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Pin to Pin SHORT Tests




NCP1602 EVB Under Pin2Pin Short Test

The Evaluation Board used is the standard
one (available trough www.onsemi.com) , and
two wires are soldered to the pins to be
shorted and to a manual switch.

This switch does the pin to pin short

7/18/2019 Public Information ON Semiconductor® QN



http://www.onsemi.com/

15 Pin to Pin short tests to be done

S g
>

|
RDnDuV
5 S NESE
e oagea




Pin to Pin Short test Result

Shorting VCTRL pin to GND discharges the VCTRL pin voltage to OV. The controller being designed
GND - VCTRL such as when VCTRL voltage goes under 0.5V (Static OVP threshold) the DRV pin is disabled (no NO
switching) and controller is shut down when VCTRL reaches a few tenths of mV (VCTRL,dis) . No
more current is sent to the bulk capacitor by the boost which is discharged by the load current.
down to Vmains*sqrt(2)

When CSZCD pin is shorted to GND, the ZCD comparator can not be triggered to indicate the end

GND - CSZCD of inductor demagnetization, an internal 200-us watchdog timer initiates the next drive pulse. At
the end of this delay, the circuit senses the CS/ZCD pin impedance to detect a possible grounding NO
of this pin (which is the case) and prevent operation by stopping the switching.

When DRV pin is shorted to GND, within one switching cycle drain stops switching, Rsense current
is zero so CSZCD pin voltage becomes a constant voltage which results in ZCD not triggering .
GND - DRV An internal 200-us watchdog timer initiates the next drive pulse, which is not seen by the gate of
the power mosfet, but as the demag (ZCD) does not work, the 200-us watchdog timer continues NO
to try staring a new cycle witout success. The DRV driver does not consume significant current
from VCC because it is only a on-time each 200us.The controller constantly starts the 200-us
watchdog timer initiates the next drive pulse which is not seen at the DRV pin because the pin is
shorted to GND

UVP protection stops the controller because FB pin shorted to GND goes under the UVP threshold NO
GND - FB as a concequence the controller is shut down (no more switching)

Because of « the short » impedance, it is a constant VCTRL voltage which is forced into the CSZCD
pin. The ZCD pin not seeing a scaled down Power MOSFET drain voltage and Rsense*lind during
VCTRL - CSZCD ontime can not work normally. OVS is triggered resulting in 800us timer triggerred (no DRV during NO
800us) This results in not enough power sent to bulk capacitance which in turns increases VCTRL
voltage and OVS and/or OVP2 continue to be triggered are triggered by high CSZCD voltage which
results in DRV trying to restart every 800us.
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Pin to Pin Short test Result Cont’'d

As soon as the short is applied beween VCTRL Pin and DRV pin, the DRV driver wins over the
OTA and pulls down the VCTRL pin to zero volts which results in both disabling the switching
DRV - VCTRL because VCTRL voltage is pulled under static OVP threshold (0.5V) and disabling the controller NO
because VCTRL falls under VCTRL,dis (few tenths of mV disable threshold).The controller
beeing disabled, DRV stops switching and VCTRL voltage stays at O volts.

As soon as the short is applied beween CSZCD Pin and DRV pin, the DRV driver wins over
DRV - CSZCD the CSZCD resistor divider and pulls up the CSZCD pin above OVS threshold which disables NO
the DRV activity during 800us . When the new on-time cycle retarts , there is no ZCD posible
detection, the CS pin impedance is tested , seen as a short and DRV is disabled as a
consequence, the controller stops switching.

DRV-FB The low ouput impedance of the DRV pin pulls down the FB pin which voltage goes under the NO
UVP threshold and the controller is disabled (swicthing is stoped)

The controller does not stop switching. The OTA forces VCTRL=2.5V so there is no more Vbulk

voltage regulation. Depending on the load current, OVP2 protects the ouput volatge of the the NO
FB - VCTRL PFC controller which can not be protected by OVP as the FB voltage is no more linked to

output voltage because of the short. OVP2 protection works because overvoltage is sensed

thru the CSZCD pin which is not affected by the short.

NO
FB-CSZCD The CSZCD pin is pertubated by the short to the FB pin in such a way that OVS or OCP followed
by no ZCD detection is constantly triggering. As the two faults are associated with DRV disabled
during 800us before trying a new on-time, we doe see this on the Vdrain signal.The controller
is not indeed shut down but small energy is sent to the output. There is a risk at low or zero
load of the output voltage rising slowly because OVP2 protection is sending a small amount of
energy to the output cap, and not being limited because OVP which is based on FB .
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Pin to Pin Short test Result Cont’d
L

VCTRL internal is forced to its maximum value , breaks the regulation loop and forces

maximum on-time. lcc=17mV is consumed from the external VCC supply by the VCTRL NO
VCC-VCTRL clamping circuitry (VCTRL,clamp=12.5V)

OVS triggers and Vbulk rises to 406V. In case of low PFC load OVP protection will trigger

and avoid the output volatge to go to high and blow-up the output capacitor.

50mA are drawn from external VCC (clamp current=50mA) and VCC goes down to 5.7V
VCC-GND . Internal VCC going down to almost O Volts which is less than VCC,off and consequently NO
the controller is turned off and circuit stops switching.

Instead of varying like Vdarin volatge sacled down, the CSZCD voltage will be rised to a

VCC- CSZCD constant 12.5V which will be the clamp voltage of the pin. This high CSZCD voltage will NO
cause permanent OCP/0VS/0OVP2 condition. The controller stops because OCP causes
STOP condition.

DRV buffer works with a 12.5V internal supply.
VCC- DRV When VCC is applied to the DRV pin, the body diode of the pmos high side transistor of NO
the DRV buffer is turned on and carries a current which goes up to the clamp current
of the External VCC supply (50mA) . The external and internal VCC drop as the
consequence of the supply clamp current reached and the internal VCC falling under
VCC,on disables the controller and the switching activity stops.
With higher VCC current clamp it is very likely the DRV driver will blow-up

FB goes from 2.5 V to 12.66V this FB level is much higher and all the time greater than
fast OVP threshold and fast OVP cause a STOP condition in the controller internal logic. NO
VCC - FB So the controller stops switching .
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Protections Triggering during Pin to Pin Short

GND-VCTRL
GND-CSZCD YES YES NTR
GND-DRYV (2 YES No extra Icc
GND-FB YES YES NTR
VCTRL-CSZCD NO YES YES NTR
DRV-VCTRL YES YES YES NTR
DRV-CSZCD YES YES YES YES YES NTR
DRV-FB YES YES NTR
FB-VCTRL NO YES NTR
FB-CSZCD NO YES YES NTR
VCC-VCTRL NO YES(1) YES 15V/17TmA/12.5V
VCC-GND YES YES 5.7V/50mA/0V
VCC-CSZCD YES YES 15V/15mA/12.6V
VCC-DRV YES YES 15V/50mA/9.1V
VCC-FB YES YES 15V/16mA/12.7V
(1) In case of low PFC load (2) The circuit tries to start each 200us and the DRV signal shorted to ground stops the « external switching)
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Pin to Pin Short Results Summary:

All test passed

VCTRL GND CSZCD DRV VCC FB
pinl pin2 pin3 pin4 pinS pin6

A A A

VCTRL
pinl

GND
pin2
CSZCD
pin3
DRV
pin4
VCC
pinS
FB
pin6

. K4
i
i
i
I

VAR
oA
B
B
I

(1) Possible blow-up of the DRV driver if Icc goes above 50mA
(2) Possible output voltage to go above output capacitor destruction voltage in case of very low PFC load
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Open Pin SHORT Tests




NCP1602 EVB Under Pin Opening Test

The NCP1602 cannot be
directly soldered onto the
evaluation board and is
sodered onto this TSOP-6 to
DIL daughter board which is
connected to the Evaluation
Board by the colored wires.

A simple manual switch is used to connect the GND pin
or to disconnect the GND pin (Open or floating pin)

Black wire is
The IC GND
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Pin Opening (Floating) Test Result
T

A cycle by cycle internal circuitry senses the impedance of GND pin and disables the

DRV pin (stops the switching) in case GND pin is left open. NO
GND (2)

If the FB pin is left open, an internal 200-nA current source pulls-down the FB pin
FB (6) voltage which falls under UVP threshold and disables the controller (switching stops) NO

If VCTRL pin is left open, there is no more compensation network and only the VCTRL

VCTRL (1) to GND parasitic capacitor (approx 10pF) is left. The controller does not stop switching NO
and performs a poor Vbulk regulation with large signal VCTRL voltage oscillation ,
vesukting in bad PF.

If VCC pin is left open, it is immediately dischaged under the V. 4, level and the
VCC (5) controller is turned off (switching stops) NO

If DRV pin is left open, the power MOSFET gate is no more connected to the controller

and the external gate to source resistor forces Vgs=0V ( MOSFET is off) . As a NO
DRV (4) consequence of the MOSFET beeing off, the swiching is stoped (not the switching of

DRV pin) and Vbulk is discharged by the load current.

If CSZCD pin is left open, an internal circuitry senses this condition and disables the
CSzZCD (3) DRV pin (switching stops) NO
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Protections Triggering during Pin
Opening (floating) Test

YES YES

GND (2) YES

FB (6) YES YES YES

VCTRL (1) NO

VCC (5) YES YES  YES
DRV (4) YES
CSZCD (3)  YES YES
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Open Pin Test Results Summary:
All tests passed

Pin forced/left Result
Open

GND (2)

FB (6)

VCTRL (1)

VCC (5)

DRV (4)

NENENENENEN

CSZCD (3)
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Bypass Diode
SHORT Test




Bypass Diode Short Test

A simple manual switch like the one used to do the pin to pin shorting and pin
opening is used to short (and un-short) the bypass diode D2 (see slide#3).
The short is either applied before starting the PFC application or from steady state.
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Measure
vallle
status
C10 @B C3| @EEED|C4 i) 1358 Declench s
100 1.00% 200 mb 200 . . 20.0 rmsidiy | Arréter 1.00%
-100% -1.87 W -GBOE MY -749.2 : o - _ 10.0MS &0 MSis |Edge Positive
STTEY |—-—=TH0 MY |--—- 84 my |--—- 240 : — o . 1= 14858746 ms M= -856.86 ps
148 245 TO2 b gaa . 2= 13.70060ms 1/&x= -1.16705 kHz

21 7/18/2019 Pubtic rformatiion &n Semiconductor® ﬁ

-

P2:duty(C1)
56.325 %




vallue
status i

[  FLT[DCR [SE FLTICCS0 FLT[DC 1k Thase -60.4 mgfiDeclench{EEHR
100 Yrdiv 1.00 Widiv 200 rmvrdiy 20.0vrdi 20.0msidiy | Arreter 566 my
-100.00% -1.9700Y -606.0 mb -78.200 10.0MS 50 MSis/|Edge  Positive

Measure P2:duty(C1

104 W) |---- 201 W |=-—- 14 myll--—-  80.0
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Bypass Diode Short Test Result

When bypass diode is shorted, the inductor current does not discharge during off-time,

resulting in CCM conduction and rapid increase of the inductor current. An internal NO
D2 (seeslide #3) protection system, internal to the controller, disables the DRV signal during 800us

when OCP is triggered and no demagnetization has been detected during the previous

cycle or if OVS signal is triggered (50% higher threshold than OCP)
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Protections Triggering

pass NO YES

By

Diode




Bypass Diode Short Test Result Summary:
Test passed

Bypass Diode /
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CONCLUSION & DISCLAIMER

 All pin to pin possible short test , Open pin tests and
Bypass Diode test passed OK and for each test and the
controller was able to re-start and regulate Vbulk when
the short was removed.

 The short and open tests have been done from a steady
state starting point, for a given Vmains and load current
and with an external Vcc supply voltage set to 15V (20V
for Open tests) with a 50mA clamp current

 These test conditions do not guaranty that other way of
performing the test on another application board does
not lead to short-test failure. It is the responsability of
the customer to perform these short-test tests on his

application board to guaranty that there will be no safety
problems.
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ANNEX

SCOPE SCREEN SHOTS FOR EACH PERFORMED TEST
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VCTRL-GND Short (1-2)




Vdrain

e —

"

F e

=
/ /I \E\

Imaing (100mV/div < 1A/div)

/
/

=

\ VCTRL-GND Short (1-2) Applied here

100 Yrdiv 1.00 Wi 100 rmvrdiy 100 i 5.00msrdiy | Arreter 500 mW
-101.00% -3.9500 % -4.00 i -283.00 12.5M5 250 MSIs||[Edge  Megative
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GND-CSZCD Short (2-3)




Vdrain

p—

Imaing (100mV/div < 1A/div)

Ly
f
/ I DRE (Iboost)

GND-CSZCD Short (2-3) Applied here

&
C1] FIB[D1 C3 FIE[D1 FLT[DC 1k 1358 DeclenchiEH
100 Yrdiv 1.00 Wi 100 rmvrdiy 100 "-.-".l'dd 5.00 msidiv |Arreter JB5
-101.00% -3.9500 % -4.00 i -283.00 12.5M5 250 MSIs||[Edge  Megative
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TY !

after Short is applied GND-CSZCD Short (2-3)

Vdrain

&

5.00 msidiv | Arréter IEE W
128 M5 250 MSrs| Edge  Megative

FIB[D1 C3 FIE[D1 FLT DE1M\j‘ 1358 Declench YR

100 Yrdiv 1.00 Wi 100 rmvrdiy 100 Wrdi
-101.00% -3.9500 % -4.00 i -288.00
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GND-DRV Short (2-4)




Vcc does not consume extra current

Imains  (100mV/div < 1A/div)

DRE (Iboost)

GND-DRV Short (2-4) applied here

Fy
FIE[C1 C3 FIE[C1 FLT[DC 1k Thase -2 7 mefDeaclenchipEHES
100 diy 1.00 Wiy 100 mdise 100 "-.-".l'dd 5.00 msidiv | Arréter IR
-101.00% -3.9500% -4 .00 -283.00 128 M5 250 MSrs| Edge  Megative
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VCTRL-CSZCD Short (1-3)




36

Vdrain

FIB[D1
100 Yrdiv
-101.00%

TITA3W L
81.65Y 1

7/18/2019

Imains (1 mV/div & 1A/div)
o

VCTRLré\:SZCD Short (1-3) applied here

C3 FIE[D1) (B

FLT Dk
1.00 Widiv 100 rvrdiy

1358 TS| DeclenchipEHEE
100 %idi
-3.89500 -4.00 mt

5.00 msidiv Arréter 3EG Y
-2588.00 128 M5 250 MSrs | Edge Megative
368 62 Hi= -1.649128ms A= B44.524 ps
1.25mv |1 365.63 Hi=  -B04.604ps 1AK= 1.184099 kHz

J.0B6S W ] A6 M| |
3.0534 W1
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VCTRL-DRV Short (1-4)




Vdrain

Imains (1Q00mV/div & 1A/div)

J

i

\ VCTRL-DRYV Short (1-4) applied here

Fy
FIE[C1 C3 FIE[C1 FLT[DC 1k 1358 Declench M
100 diy 1.00 Wiy 100 mdise 100 "-.-".l'dd 5.00 msidiv | Arréter IR
-101.00% -3.9500% -4 .00 =2498.00 128 M5 250 MSrs| Edge  Megative
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CSZCD-DRYV Short (3-4)




CSZCD-DRYV Short (3-4) applied here

A
FIETDC FIETC1 FLT[DC 1k 1358 DéaclenchiEyEm
100 Widiv 1.00 vidiv 100 rovdiv 100 Widi 500msidiv Arréter 368 Y
-101.00Y -3.9500 Y -4.00 my -298.00 126MS 250 MS/s Edge  Meégative
3164V || 24952V | 11,45 my | | 396.11 Al= -11.028204ms  Ax= 844516 ps
80,43 1 25188v 1 12.32 mY |1 36400 ¥2= -10.183688ms 1A= 1.184110 kHz
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VCTRL-FB Short (1-6)




S VU ITINL UlUSOI = . V

Vdrain

./ \ /J \ - ‘ ,J

o \ Imains _(100mV/div <> 1A/div)

=] FIE[D1 C3 FIE[C1
100 rdiv 1.00 Widiv 100 midise 100 %Widisg 5.00 msidw Arréter 228
-101.00% -3.89500% -4.00 mY -298.00% 128 M5 250 MSis |Edge Positive
- -49 0| - 245 |- -146 mY| | --—- 1485
------ =112 e 1.82 % |- =209 | -- - 85
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v, O J . \

Vdrain

\/ \_/ \__/ “
\—/Imains (100mV/div A/div)

VCTRL-FB Short (1-6)
FIE[ D1 3 FIE[ D1
100 Widiy 1.00 vidiv 100 rrvdiv 100 Widi 500 msidiv Arréter 225V
-101.00 ¥ -3.9500 -4.00 Y -298.00 ¥ 12.5MS 250 MSfs Edge  Positive
202V |- 4O6Y —— 105 MY | —— 399 Y
245 Y| |veees 539 feeres 148 rriv | oo 443
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=V 9, =4 . V
" | -
Vdiain | I OVPR2 protection
i
O : | ] a &
i '-." . ,.': ; ! 5
’( lIIlII | | I'IIJ llll'- J;r ll'\-
l—. —° + _ = » 1 @ _1 — o e c_ 7 202w 1 N . 1__ '
I _.r —I_ ll, ! )
T S — =TT . - - Ny
|
= /_J - II"—"\. l"l f_‘j - L= e i ! - e 4 d
! | | :I L "‘LI
I:.i [ _—! |—.|_.,'\I:_— - I..' —.u_L'I:_H— —_.Illr,_l—
‘ Vo / \ '

\ /
! Imains-(1LOOmMV/div-=11A/div)
I
| VCTRL-FB Short (1-6)
1) FIE[DT c3 FIE[DT
100 vidiv 1.00%idiv 100 iy 100 Wrdiv 5.00msidi Arreter 2325
-107.00°% -3.9500Y -4.00 my -298.00 % 126 M5 250 MSSs||[Edge  Positive
- 02| == 4 9F | |=-—- 105 rvd | —-—- 0G4 = -T2TBSEOmMSs A= 973812 ps
...... 345 4 |-emeee c 1 R 148 i | eeen 4434 H2= -6.302748ms 1/Ax= 1.026892 kHr

4
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GND-FB Short (2-6)




Vdrain

) [

/ \ 4mmmm GND-FB Short (2-6) applied here
/ \

&
C1] FIB[D1 C3 FIE[D1 FLT[DC 1k 1358 DeclenchiEH
100 Yrdiv 1.00 Wi 100 rmvrdiy 100 "-.-".l'dd 5.00 msidiv |Arreter JB5
-101.00% -3.9500 % -4.00 i -283.00 12.5M5 250 MSIs||[Edge  Megative
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CSZCD-FB Short (3-6)




Vdrain

/ a
/Imains (1(]|)(1|)mV/div & 1A/div)

3
1CSZCD-FB Short (3-6) applied here

FIE[C1 3] FIE[C1 FLT[DC 1k EE DeclenchEHES
100 %idiv 1.00 Yrdiv 100 midise 100 %idi 5.00 msidiv | Arréter J6R5Y
-101.00% -3.9500% -4 .00 m -2588.00 128 M5 250 MSrs | Edge Megative
17685V | 35835V | AF5mv ||

390.66 Hl= -T.2TESE0mMs  Aw= G44.444 ps
176301 4205211 -3.08 vl 1 3BRTA W= -B432116ms 1AK= 1184211 kHz
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DRV-FB Short (4-6)




inains  (100mV/div & 1A/div)

DRV-FB Short (4-6) applied here

Fy
FIE[C1 3] FIE[C1 FLT[DC 1k EE DeclenchEHES
100 diy 1.00 Yrdiv 100 ridis 100 "-.-".l'dd 5.00 msidiv | Arréter J6R5Y
-101.00% -3.9500% -4 .00 =283.00 128 M5 250 MSrs | Edge Megative
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VCTRL-VCC Short (1-5)




17mA drown from Vcc=15V
Vdrain

Imains (100mV/div <+ 1A/div)

|
VCTRL-VCC Short (1-5) applied here
|

FIB|D1 3 FIB|D1

100 Yrdiv 1.00 Widiv 100 rvrdiy 100 Wrdi 5.00msidi Arreter  4.05Y
-101.00% -3.9500% -4.00 -298.00 12.5 M5 250 MSrs||Edge  Positive

199y |=-—- 4 935 —-—- 102 rv | —-—. 20R A= 14.521680ms  Ax= -1.548864 ms
W2= 12972316ms Thx=  -645634 HzZ

S/
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17mA drown from Vcc=15V

VCTRL-VCC Short (1-5) applied here

1) FIE[D1 3 FIE[D1
100 Widiv

101.00Y
B8 Y| |——

Déclen:{EHEED

2.00 vrdiw 100 mtidiv 100 W div 5.00 rnsidiy | Arréter 406 %
-7.9000 % -4.00 m -298.00% 1248 M5 250 MS/s Edge  Positive
2 EDN e “2R5 ] [=-=- 20 Hi= 11.222824ms  A¥= -1 B13564 ms
¥2=  9ARD92E0ms /A= -B19.746 Hz
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GND-VCC Short (2-5)




50mA drawn from VCC supply (I;,,,,=50mA)

Vdrain
I IEl ISEERO0 MV /div & 1TA/diV)

\. Fi . GND-VCC Short (2-5) applied here

FIBID1 C3 FIBID1 FLT[DC1hd 1258 Declen: EHEREE
100 rdiv 1.00 Wrdi 100 rmdiv 100 rdiv 5.00 rnsidiy | Arréter 15811
-101.00 % -3.9500M -4.00 mt -295.00% 12.5 M5 250 MSrs| | Edge  Mégative

b

\\w
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Vdrain

FIE[D1 F[E[C1 FLT[DC 1k
100 Wiy 2.00 Widiy 100 rrividiv 100 Widiy &.00msidiv Arréter 1138
-101.00Y -7.9000 Y -4.00 rriy -298.00Y 125 M5 250 MSfs Edge  Négative
-261 M [---- BO Y --—-  -388 my —--- BTV
12744

Y ™

\\w
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CSZCD-VCC Short (3-5)




15mA drawn from VCC

Vdrain

ans (100mv/div < 1A/div)

. CSZCD-VCC Short (3-5) applied here

i
FIE[D1 c3 FIE[D1 FLT]DC 1M

100 Widiv 1.00 Widiy 100 rmvidiv 100 Widiv 5 00msidiv Arrdter 377 Y

-101.00 ¥ -3.8500 v -4.00 my -298.00 ¥ 125 M5 250 MSis| [Edge  Négative
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15mA drawn from VCC

IIVd rain

CSZCD-VCC Short (3-5) Steady State w/ short applied

) Fy
FIE[D C3 FIE[D FLT]DC1h 135E DeclenchEXEY
100 Yrdiy 1.00 rdiy 100 rtrdiy 100 Wi 5.00 meldiv | Arréter arry
-107.00Y -3.9500 -4.00 my -295.00Y 12.8M8 250 MSis| Edge  Megative
ST 258 ) e RSA (IR 160
1584y
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DRV-VCC Short (4-5)




Vdrain

Imains (100mV/div < 1A/div)

REICE C3 BECE

100 %rdiv 1.00 Yidiv 100 rmyrdiy 100 4rdi 5.00 msidiv | Arréter rTY
-101.00% -3.9500Y -4.00 i -298.00 % 12.5MS 250 MSSs||Edge  Megative

514 = 243V —— 148 mv - 146/
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49mA drawn from Vcc external supply which drops from 15V to 9.13V

Vdrain

FIB[D1 FLTIDC 1M Thase -2. 7 meiDeclenchiEHg
100 div 1.00 vrdiv 100 rmvdiv 100 %idi 5.00 rnsidiy | Arréter AT
-101.00 -3.8500% -4.00 m -288.00 12.5 M5 250 MSrs| | Edge  Mégative

Y — 243V —— 148 MY - 146
-10 -392 rri’
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49mA drawn from Vcc external supply which drops from 15V to 9.13V

Vdrain

gam— NGNS (100mV/div & 1A/div)

7

i
FIE[DT C3] FIE[D1 FLTIDC 1t

100 vidiv 1.00 vidiv 100 miidiv 100 vidi 5.00msidiv Arréter 37TV

-101.00% -3.9500 ¥ -4.00 my -298.00 12.5M5 250 MS/s| Edge  MNégative

43— 281 W) |——- -140 ) | --—- 144
105
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49mA drawn from Vcc external supply which drops from 15V to 9.13V

Vdrain

Imains (100mV/div <& 1A/div)
’ DRV-VCC Short (4-5) is applied here

C3 FIE[C1 FLT[DMC 1k Thase -2 7 mefDeaclenchipEHES
100%idiv 2.00 Wrdin 100 rmvdiv 100 Widiv 5.00 msidiv | Arréter Iy
-101.00% -7.9000 M -4.00 m =298 000 128 M5 250 MSrs| Edge  Megative
14TV |- 204N om0 244 MY oo 50
13.820
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VCC-FB Short (5-6)




Vdrain

REICK c3 FIE[D1

100 Yrdiv 2.00 i 100 rmvrdiy 100 Wrdiv 5.00 msidiv |Arreter AT
-107.00% -7.89000 W -4.00 i -283.00Y 12.5M5 250 MSIs||[Edge  Megative

-TE2 W) - 252 == -265 mb) |—--- 28
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16mA drawn from Vcc=15V

Vdrain Imains (100mVY/div <> 1A/div)

’ VCC-FB Short (5-6) is applied here

c3 FIE[D1 FLT]DC 1M
100 Widiv 2.00 Vidiy 100 rmvidiv 100 Widiv 5 00msidiv Arrdter 377 Y
-101.00 ¥ -7.3000 ¥ -4.00 my -298.00 Y 125 M5 250 MSis| [Edge  Négative

-TE2 W) - 252 == -265 mb) |—--- 28
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eroreX-ATrer Tne snor
Vdrain

.

Imains | (100mV/div < 1A/div)

-
\/

REICK c3 FIE[D1 FLT]DC 1M
100 Widiv 2.00 Vidiy 100 rmvidiv 100 Widiv 5 00msidiv Arrdter 377 Y
-101.00 ¥ -7.3000 ¥ -4.00 my -298.00 Y 125 M5 250 MSis| [Edge  Négative

244 mif |—--- 538 Y
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16mA drawn from Vcc=15V

Vdrain

REICK FIE[D1 FLT]DC 1M
100 Widiv 2.00 Vidiy 100 rmvidiv 100 Widiv 5 00msidiv Arrdter 377 Y
-101.00 ¥ -7.3000 ¥ -4.00 my -298.00 Y 125 M5 250 MSis| [Edge  Négative

560 m |---- -363 mb) |—--- -9
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GND (2) Open
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Measure F1anidn(iC1) P 2anidthi(ic1)

vallue A.3325 ps 4 2480 ps
status

C1] BEGE C3) BRI e 149 mgliCeclenc HEEA
100 Widiy 1.00 Widiv 100 rrwrdiv

500 rriding 5.00 msidiy | Arréter 500 Y
-194.00 % -2.9800% 3.00 v ofst -1.89750% 5.00 M5 100 MSis | Edoe Faositive
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72

C1) FIB|D1
100 Widiv

-194.00%

168694
135591

7/18/2019

Vbulk has drop under:Vin
and bypas s + boost diodes

are carrying current

CEI 51050 [ FIE|D1
1.00 Vidiv 100 mvdiv 500 miidi
-2.9800V 3.00 my ofst -1.9740
14114y | 536 mY | | 21130
816.8 mvi |1 -6.42 my | 1 8524 m

Public Information

20.0rmsidiy |Arrgter 152

5.00M5 25 MSris  Edge Megative
Wi= 1341982 ms A= 9961444 ms
Wa= 113.03396ms 1/ax= 10.0387045 He

ON Semiconductor® ﬂ\

-

r



4

[

Measure F1anidn(iC1) P 2anidthi(ic1)
walue

status i 8 A

1) FIEI DT FEAED] BEGE
100 %idiv 1.00 Yrdiv 100 midise a00 i 5.00msidiv | Arréter 500 Y
=194 .00 -2.9800 3.00 m ofst -1.9740 5.00 M5 100 MSis | Edoge Fositive
182144 | F45.3 my || -203.43 mv | | 329 5 m W= 118671 Tms M= 7.24T12ms
133.74Y|1 B358.2 my T 38.86 | 1 B23.4m 2= 1911429ms 1iMe= 137.9858 He
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FB (6) Open
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C1 SEGE C3 BN L 138 mefiDeclenc EHEEE
100 rdiy 1.00 rdiv 100 iy SO0 rmtAiding 5.00 msidiv | Arréter 1.52%
-194.00 % -2 89800 3.00 m ofst -1.89750 % 5.00MS 100 MSrs  Edge Megative

4
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Vbulk has draop under Vin
and bypas s + boost diodes
are carrying gurrent

ot — ot ]

———___ NN _ N - _

e

B SR RS

W u

FB pin is left OPEN here
And.the.200:0A.internal
Pull-down makes FB voltage
To drop to GND level under
c¥he UVP level; which makes
Ythe controller to stop switchif

FB[DT REEED] C4) FBDH

20.0msidiy | Arrdter 152V

100 diy 1.00 rdiv 100 rmdiv A00 rmidi
500MS 25 MSris Edge  Megative

-194.00% -2.9300% 3.00 mY ofst -1.9750
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Veg

FIE[DT EEN T E 050 (B FBDH

5.00msidiy | Arrdter 152V
5.00MS 100 MSrs  Edge Megative

100 Yrdiv 1.00 Wi 100 rmvrdiy 500 rmirdi
-194.00% -2.9300% 3.00 mY ofst -1.9750
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VCTRL (1) Open




FIB[D1 ==
100 Yrdiv 1.00 Widiv 100 rvrdiy 500 rrding 5.00msidi Arreter 152
-194.00% -2.9300% 3.00 ' ofst -1.9750 5.00MS 100 MSIs||Edge  Megative

399.03 W || 2TAB3 W] 22048 m\ | | 2 AB3E W= -1.84524ms  Ax= 4.27028ms
1.02 |1 267101 -A.00 mY | 1 24924 Wil= 242504 ms 1ife= 2341767 He
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C1] BEGE C3) BRI e Déclenc {=HEERA
100 Widiy 1.00 Widiv 100 mrAidiy 500 rrding 5.00msidiy | Arrdter 152V
-194.00 % -2.9800% 3.00 mY ofst -1.9750 5.00MS 100 MSrs  Edge Megative

i0]0
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BEGE C3) BRI e Déclenc {=HEERA
100 Widiy 1.00 Widiv 100 mrAidiy 500 rrding 5.00msidiy | Arrdter 152V
-194.00 % -2.9800% 3.00 mY ofst -1.9750 5.00MS 100 MSrs  Edge Megative
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VCC (5) Open
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|
|
|
|
A
|
|
T
|
|
T
|
|
|
T
|
|
|
|

FIB|D1 3 FEEE
100 Widiv 1.00 Widiy 100 mvidiv 00 miidiv 800 msidiv Arrdter  1.62%
-194 .00 -2.9800 Y 3.00 m afst -1.9750 500MS 100 MSis Edge  Mégative

290 my | 26709V | 4.24my || 24905 Al= 1B.07183ms  &x= -4.33721ms
454 |1 27395Y 1 23047 mv g 26141 4 ®2= 1167472ms 1&E -227 4168 Hz
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C1) FIB|D1

FEEE FIE[D1 1558 54.0 msfiDeclenc (FEHEER
100 div 1.00 *rdiv 100 rmhidiv a00 mvidi 20.0 rsidiv | Arréter 152
-194 00 -2 8800 3.00 mv ofst -1.8750 5.00MS 25 MSis| |Edoge  Meoative
1A9.03 || 11703 [ 220mv || 12008 1= T328196ms M= -62.T71644 ms
1595101 2832 m T 271 myllg 21270 2= T7.83512ms 1A¥= -15.216892 Hz
84 7/18/2019
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c3
— — ———— —— — ..—.| e — = — = = —

e e HH’H’“‘-J Bt A e e e U e

|
I
i |

T; R

C4 |

[

1) FIE[ D X REREED] C4 FIE|D1
100 vidiv 1.00 Widiy 100 rovdiv 500 rrvidi 200msidiv Arrdter 182
-194.00Y -2.9800 Y 3.00 mi ofst -1.9750 500MS 25 MSis Edge  MNeégative
135.50Y | BO.7 v | 47 my || 840.3 Al= 4711976ms  &x= -B.20832ms
153,85 1 B1.9 mv 1 7T05mv T 848.0 m X2= 40.91144ms 1= -161.074 Hz
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DRV (4) Open
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FIB|D1 3 FEEE
100 Widiv 1.00 Widiy 100 mvidiv 00 miidiv 800 msidiv Arrdter  1.62%
-194 .00 -2.9800 Y 3.00 m afst -1.9750 500MS 100 MSis Edge  Mégative

343V | 27298Y | 233.38mM || 25197 #1= 15.88048ms  Ax= 4.33371ms
840 v |1 2RAZEY T -T36 My | g 3 4651 ¥2= 2019469 ms 1/A¥= 2307492 Hz
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Fy

C1) FIB|D1 3 REEED] C4 BEGE
100 Widiv 1.00 Widiy 100 mvidiv 500 rrividi 20.0msidiv Arréter  308Y
-194 .00 -2.9800 Y 3.00 m afst -1.9750 S00MS  25MSis Dropo  Positive

13524 ¥ || 45032 | 522 mY | | 839.5 m 1= 111.53184ms  Ax= -6.01348ms
153.83 V|1 4.4861 W 1 7621 mv | g §51.1 m ¥2= 10557636 ms 1iA¥= -166.238 Hz

BDIa\V V7=
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i
|
|
|
|
|
T
- Imains +

e e i e N e e e N e [ ™ HH”“*J“"-J o T o f
Vdrain |
s Vig |

C4

Pt i .

1] FIE[C1 3] FEEED] G4 FIE[D1 1358 54.0 msfDéaclench iR
100 Widiyv 1.00 Widiy 100 mividiy 500 rrividi 20.0ms/div Arrdter  308Y
-194.00Y -2.9800Y 3.00 m ofst -1.9750 500MS  25M3fs Dropo  Positive
133.43|[| 4.4764Y | 344 my || 831.9 m Al= 79.25040ms  Ax= -B.A3288ms

153.80 %1 450241 B8.20 | 1 953.8m Wi= T2T1752ms 1id= -153.0718 Hz
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CSZCD (3) Open




. %ﬁ

A
SEGE C3 BRI EL] 13.8 m=flDeclench il
100 Widiv 1.00 vidiv 100 rovdiv 500 rvidiv 500msidiv Arréter 308
-194.00Y -2.9800Y 3.00 m ofst -1.9750 500MS 100 MSis Dropo  Positive
AN0ATY | 2T485Y | 22350mM || 247004 Al= 1611368 ms  &x= 4.20441ms
F0my 26724V 1 TABMY T 34603 ¥2= 2032409ms 1/A¥= 2378455 Hz
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o M __ N ____ N S—____ i

B o e L e N W

Iy
FIE[C1 C3 FEEE]] FIE[D 1358 4.0 msfDéaclenchiHEE
100 diy 1.00 Wiy 100 mdise 500 dei\j‘ 20.0 msidiv | Arréter 208y
=194 .00 -2 9800 3.00 mY ofst =1.8740 .00 M5 26 MSrs | Dropo  Positive
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c3
—_—r— —— —— —— —— —— e — —

%’%fwfwf‘wﬁmr%r it e o e T
Vd rain | T
|

A
1] FIE[D 3] BEEED] C4 FIE[D1 1358 54.0 meffDeclench {EEHEE
100 Widiv 1.00 vidiv 100 rovdiv 500 rrvidi 20.0msidiv Arréter 308 Y
-194.00Y -2.9800Y 3.00 m ofst -1.9750 500MS 25 MS/s Dropo  Positive
152.88Y | 45122V L 19387 mv || §34.2 Al= 4276832ms  Ae= B.EDI9ImS
183.79Y 1 45113V 1 -12645mvilp 8485 m ¥2= 6137184ms 1/A¥= 116.2396 Hz
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END OF THE
ANNEX
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