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AND9240/D

Upgrading NCP1236-Based
Converters with NCP1239

The NCP1239 is a fixed-frequency current-mode controller . -
featuring a high-voltage start-up current source to provide a quick and ON Semiconductor
lossless power-on sequence. This controller is pin-to-pin compatible
with the former NCP1236. Only few components need to be changed
in order to plug this new controller generation in an existing board.
This application note will compare the performance of atypical 65-W
application evaluation board originally equipped with the NCP1236
controller and upgraded with a NCP1239.

A NCP1236 demonstration board has been selected for this test.
The specifications of thisboard are listed in Table 1.
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APPLICATION NOTE

Table 1. EVALUATION BOARD SPECIFICATION

Parameter Value
Minimum Input Voltage 85V rms
Maximum Input Voltage 265V rms
Output Voltage 19V
Nominal Output Power 65 W
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Figure 1. Evaluation Board Picture
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Table 2. MAIN PARAMETERS COMPARISON BETWEEN NCP1236 AND NCP1239

Functions NCP1236 NCP1239

Fault Pin Upper Level: 2.5V Upper Level: 3.0 V
(Usually used for OVP Detection) (Usually used for OVP Detection)
Lower Level: 0.8 V with Iytc = 95 nA Lower level: 0.4 V with InTc = 45 uA
(Usually used for OTP Detection) (Usually used for OTP Detection)
The needed NTC Resistor Value for OTP The needed NTC Resistor Value for Similar
Detection => Rytc = 8.4 kQ2 OTP Level Trip Point => Ry7c = 8.9 kQ

Ve OVP OVP Threshold on V¢ Pin =>26.5V OVP Threshold on Ve pin => 255V

Option Available upon Request
Frequency Jittering 125 Hz — 6% of Fgy 240 Hz — 5% of Fgy

Frequency Foldback Mode (FF)

Start of FF Mode when Vg <2V
End of FF Mode when Vgg < 1.35V

Start of FF Mode when Vgg < 1.9V
End of FF Mode when Vg < 1.5V

Skip Mode Enter in Skip Mode when Vgg < 0.7 V with Enter in Skip Mode when Vgg < 0.8 V with
100-mV Hysteresis 30-mV Hysteresis
FB Pull Up Resistor Ryp = 20 kQ Ryp = 30 kQ
Vg to CS Pin Ratio 5 4

CS Limitation

0.7-V Maximum Current Setpoint

0.8-V Maximum Current Setpoint

If Vs > 1.05 V (50% Higher), Controller
Immediately Stops

If Vcs > 1.20 V (50% Higher), Controller Stops
after 4 Consecutive Pulses

Over Power Protection (OPP)

Vypy =125V =>lgpp =0

Vyy =162V => lopp = 20 uA
Vhpy =325V => lgpp = 110 uA
Vhy =365V => lgpp = 130 uA

Vypy =125V =>lgpp =0

Vhy =162V => lgpp = 20 uA
Vyy =325V => lgpp = 110 uA
Vhy =365V => lgpp = 130 uA

Over Current Protection (OCP)

128-ms OCP Timer
1-s Auto-Recovery Timer

64-ms OCP Timer
1-s Auto-Recovery Timer

Option with 32-ms OCP Timer and
1.5-s Auto-Recovery Timer

Timer Options Available upon Request

Soft Start Duration

4-ms Duration

8-ms Duration
Timer Option Available upon Request

DRV Capability

500-mA Source Current
500-mA Sink Current
13.5-V Clamp Voltage

500-mA Source Current
500-mA Sink Current
13.5-V Clamp Voltage

IC Consumption in Skip Mode

lcc(sto) = 0.9 mA

lcc(sto) = 0.5 MA

UVLO Levels

Vecn =12V

Vec(off) =88V
Vee(miny =10V

High Voltage Current Source

IstarT1 = 0.5 MA

IsTaART2 = 6 MA
HV Leakage Current, | gak = 25 uA Typ.

IstarT1 = 0.5 MA

IsTART2 = 3 MA
HV Leakage Current, | gak = 8 uA Typ.

Dynamic Self Supply (DSS)

Enable by Default

Disable by Default
“Enable” Option Available upon Request

Brown-Out

Brown-In when Vyy > 107 V
Brown—-Out when Vyy <92 V
68-ms BO Timer

Brown-In when Vyy > 110 V
Brown-Out when Vy < 101 V
68-ms BO Timer

Options Available upon Request

As shown in Table 2, both controllers are very similar.
There are few differences regarding some threshol ds but the
impact in the application will be negligible. There are al'so
several improvements on the NCP1239 like alower leakage

current on the HV pin that will bring a better stand-by
performance for instance. Let's go through each section to
seethe impact in a 19-V application.
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Over Voltage Event on the Fault Pin (OVP)

Let's take the example of an OV P event on the Fault pin.
The upper leve is2.5V for the NCP1236. For atypica 19-V
output voltage in the adapter application, the transformer
specifications are:
® Primary to Secondary Turns Ratio: Nps = 1:0.188
® Primary to Auxiliary Turns Ratio: Nayx = 1:0.156

Assume we detect an OV P on the fault pin when the output
voltage reaches 21 V with the NCP1236 controller. Due to
the turns ratio between the secondary and auxiliary
windings, the auxiliary voltage will be:

Nps
AUX OVP = Vout ove = (eq. 1)
AUX

Y
_1:0.188
1:0.156

Thus, with a 15-V Zener diode connected between the
V cc pin and the Fault pin, the power supply (PSU) will latch
when the output voltage increases above 21 V.

- 21 =174V

FLYDCM (1 FLT OO FIT DEM
10.0 Vidiv 5.00 Vidiv 500 mVidiv
-30.000 50000V 150000V

250244V

Now, with the NCP1239 controller, the fault pin upper
level is3V. What will be the new output voltage to detect an
OVP event on the primary side with the same 15-V Zener
diode?

Naux
Vout ove = N (VZener + VFauIthVP) = (eq. 2)
PS
1:0.156
= (15 + 3) = 21.7V
1:0.188

So the needed output voltage to detect an OV P event with
the NCP1239 controller will be 21.7 V instead of 21.0 V for
the NCP1236. The differenceis only 3% for this application.

Figure2 and Figure3 illustrate the output voltage
deviation during an OVP event detected through the
dedicated Fault pin depending on the controller. The board
behavior in both casesisidentical.

Vout_max = 21.8 V

—————e

Figure 3. OVP Event on the Fault Pin with NCP1239
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Over Voltage Event on the V¢ Pin

In some applications, the OVP detection can be
implemented through the V¢ pin. In this case, the impact
on the output voltage will be dightly different.

With the 26.5-V V¢ OVP threshold for the NCP1236
controller, the maximum output voltage will be:

NAUX

Vour ovp = “Vec ove = (eq. 3)

NPS
_1:0.156
1:0.1188

With the 25.5-V V¢ OVP threshold for the NCP1239
controller, the maximum output voltage will be:

- 265 =319V

FLTDCM (7 FLT OCW (] LY Do
10.0 Vidiv 10.0 Vidiv 5.00 Vidiv
30000¥ | OOmVolst| 150000V

B i2EmV ¢ R3SV E 267201V

Fu oo (21 FLT OEW (@] FLIT OEM
10.0 Vidiv 10.0 Vidiv 5.00 Vidiv
-30.0000V 0.0mV ofst ~15.0000 V

B 1a6025V 4 307950V 4+ 254468V

NAUX

Vour ovp = “Vec owp = (eq. 4)

NPS
_1:0.156
1:0.1188

So, for an OVP event detected on the V¢ pin, the
difference output voltage between both controllers will be
less than 4%. Also the over voltage will be lower with the
NCP1239 that is better for the following structure connected
to the adapter.

The OVP event has been captured with the NCP1236
(Figure 4) and with the NCP1239 (Figure5) in the same
application.

- 255 =307V

Thase  50ms Déclenchct
5.00msidiv [Améter
Pos

25MS  50MSK
Xi= -444ps

Thase  50ms Déclenchcrin:

500msidiv Améter 55V
25MS 500 MS/s Positve
Xi= -997.94us

Figure 5. OVP Event on the V¢ Pin with NCP1239
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Over Temperature Event (OTP)

For safety purposes, the controller offers the possibility to
detect an over temperature event owing to the fault pin.
Instead of using the upper threshold for the OV P detection,
by connecting a NTC resistor between pin 1 and ground,
the lower level is dedicated for thistypical arrangement.

The NCP1236 and NCP1239 have similar level
detections. The NCP1236's lower threshold is 0.8V
compared to 0.4V for the NCP1239 but the bias current
(loTp) has been reduced in the case of NCP1239 for the
benefit of standby consumption. Thanks to this
arrangement, the needed pull-down resistance to cross the
Vrautorp) level is roughly equal. Equations 5 and 6
compute the value respectively for the NCP1236 and
NCP1239 controller.

o For NCP1236:

VeauloTp 0.8
RNTC - & = — = 84kQ (eq_ 5)
lotp 95u
® For NCP1239:
VFauIt(OTP) 04
Ryje = ——— = — = 8.9kQ (eq. 6)

lotp 45u

In the application board, a Vishay’s NTC has been used
(NTCLE100E3334JB0) to detect the OTP event. The entire
board has been placed in an oven. The NCP1236 controller
was latched off when the ambient temperature is around
105°C. Thetrip for the NCP1239 part was 104°C in similar
conditions. Both temperatures are very close.

Current Sense Limit
The current sense threshold on CS pin has been changed
compared to the NCP1236. The maximum current sense
voltage allowed on the CS pin in normal operationis0.7 V
for the NCP1236. Thisthreshold has been increased to 0.8 V
for the new NCP1239 controller. This difference induces
two components changes. The first one involves the current
sense resistor (Rsense) in order to ensure the same
maximum power capability at low mains. The second one
deals with the series resistor (Rcs) connected between
Rsense and the CS pin. This resistance has two functions:
1. It filtersthe signal (with the Ccs) applied on the
CSpin.
2. It adjusts the Over Current Protection (OPP) in
relationship to the input voltage.

For the NCP1236 design, the sense resistor is 300 mQ.
Considering a 0.7-V maximum threshold on the CS pin,
the maximum peak current on the primary winding is:

Ves m 7
—_a><_0;:2'33A

= (eq. 7)
Reense 300m

IP(-JakiPriiMax =
Moreover, to limit the maximum output current at high
mains, the Rcs resistor in series with the CS pin is set to
1kQ.
At high mains (i.e. 265 V rms), the internal OPP current
source generates 130 uA which flows out of the CS pin. In
this condition, the new primary peak current will be:

VCS_Max

IPeak_Pri@265V = R =
SENSE

0.7 — (1k - 130u)
300m

=19A (eq.8)

The combination of these two previous elements brings
the following Over Current Protection curve (Figure 6).

) VAR
e N\
Iy \

1] \_~

4.4
¥

4.3 T T T T T

85 100 115 130 145 160

T
175

T T T T T l
190 205 220 235 250 265

VN (V rms)

Figure 6. Over Current Protection (OCP) vs. Input Voltage - NCP1236
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For the NCP1239, the maximum current sense level has
been increased to 0.8 V. Therefore, in order to keep the same
primary peak current (i.e. 2.33 A), the senseresistor hasto
be modified as follows:

V ax
Rsense Nep123s = IC& = 20_83 =343mQ  (eq.9)
Peak_Pri '

We will use the 330-mQ normalized resistor (three
paralleled 1-Q resistors).

The next step now isto adjust the series resistance with the
NCP1239's CS pin to obtain the equivalent maximum
output current at 265 V rms. With the help of Equation 8, we
know the primary peak current with the NCP1236 controller
at high mains. Let's calculate the needed level on the
NCP1239's CS pin to reach the same peak current.

(eg. 10)

VCS_NCP1239@265V = RSENSE_NCP1239 ’ IPeakﬁPri@zBSV

=033:-19 =063V

Now, wejust have to compute the Res resistor to have this
0.63-V maximum threshold at high mains.

R Vs max Nep123s ~ Ves Max NCP1239@265v
CS_NCP1239 lopp @265 V rms
(eq. 12)
_ 0.8 — 0.63 - 13kO
130u

The new valueisrealy closeto that of the resistance used
for the NCP1236 (i.e. 1 k€2). We have the possibility to run
the test with the same resistance considering only a sense
resistor that has been increased from 0.30 Q to 0.33 Q. We
can seethat the OCP current, plotted in Figure 7, follows the
same evolution compared to the NCP1236 current graph
(Figure 6).
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Figure 7. Over Current Protection (OCP) vs. Input Voltage - NCP1239

Abnormal Over Current Protection

Both controllers include a function to protect the PSU
against a severe fault. For instance, if the secondary diodeis
damaged and becomes shorted, the secondary winding will
be shorted too. In this case, the primary current can increase
very rapidly during the on-time as the inductance remaining
in the mesh is the leakage term. The current sense signal
significantly exceeds the maximum current sense threshold
(0.7V for the NCP1236 and 0.8V for the NCP1239).
A second comparator, 50% higher than Vcs max With
shorter LEB is present on CS pin. So, for the NCP1236,
thelevel is 1.05V compared to 1.20 V for the NCP1239.
The difference is how the fault is internally handled.

Let'slook at at the NCP1236. Once the CS pin is higher
than the 1.05 V, the controller immediately stops switching
and enters in auto-recovery or latch mode depending of the
chosen option. This behavior is shown in Figure 8.

The NCP1239 offers an improved noise immunity
performance compared to NC1236. To validate the fault, the
controller has to detect 4 consecutive pulses with the CS pin
voltage above the 1.2-V threshold. After these four periods,
the controller stops operations like the NCP1236 does. This
implementation will avoid an unexpected detection in case
of surge tests for instance.

WWWwW.onsemi.com
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BN - 1200
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i
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500k5 ~ 25GSis Positive

Figure 9. Abnormal Over Current Protection - NCP1239

Start-Up Sequence

A high voltage (HV) current source is embedded in both
controllers to ensure a quick start-up. The current capability
of the NCP1236 is higher than the NCP1239 (6 mA versus
3mA) but it will be sufficient to wake-up the controller
rapidly. Also, thanks to this lower capability, the HV pin
leakage current is lower for the new NCP1239. This will
have a significant impact on the stand-by performance,
especialy at high mains. Equation 12 gives an estimation of
the power you can save with the NCP1239 when itsHV pin
is connected to the bulk capacitor. The standby performance
comparison is exposed later in the document.

Psaved = Vinfmax ’ (ILEAK_NCP1236 + ILEAK_NCP1239) =
(eq. 12)
= 265 -2 - (25u — 8u) = 7 mW

The NCP1236 controller starts pulsing after 403 ms
(Figure 10) while 523 ms are needed for the NCP1239
(Figure 11). We are till far away from the 3-s limit for
classical notebook adapters.

www.onsemi.com
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| VGate (t)

(E1 Frocw @ T oo FLT DCM Toase  -92ms Déclenchc2 0c
v 500 vidiv 100 Vi 5.00 Vidiv 100msia Aréter 215V
v 50000V | -400000V | -100000V 25MS  25MSks Edge Positve
myv | 3BEmMV | 30925V | 313mv. X1= -208.086ms 403247 m:
60269V |t 140350V |t 119956V X2= 195.1612ms VAX= 24T98THz

Fu7 pem
20.0 Vidiv s
60.0000V 5.0000 vV -400.000V

L issmy | 3amv ) 25V amy
1. 20575V |1 50162V |1 150575V i 118981V

Figure 11. Start-Up Sequence — NCP1239

The start-up sequence aso involves the internal soft-start. Jittering Function
During this time, the peak current setpoint is linearly The jittering function helps spreading out energy in
increased from a very low value up to the allowable conducted noise analysis and it improves the EM| signature.
maximum. To reduce the stress on the power supply, Both controllers have this function but the levels are
the NCP1239 soft-start duration has been increased from different. As shown on the Table 3, the frequency swing has
4 msto 8 ms. been doubled for the NCP1239 like the famous NCP125x

series. The frequency jittering is quite the same.

Table 3. JITTERING FUNCTION PARAMETERS

NCP1236 Controller NCP1239 Controller
Frequency Swing 125 Hz 240 Hz
Frequency Jittering 6% of Fgy 5% of Fgw

WWWwW.onsemi.com
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The EMI signature for both controllersis below the limit
regardless of the input voltage.

Level in dBpY
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Figure 12. Average EMI Signature @115 V rms/Full Load - NCP1236
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Figure 13. Average EMI Signature @230 V rms/Full Load - NCP1236
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Figure 14. Average EMI Signature @115 V rms/Full Load - NCP1239
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Figure 15. Average EMI Signature @230 V rms/Full Load - NCP1239
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Transient Load

Figure 16 and Figure 17 show an output transient load
step from 10% to 100% of the maximum output power at low
lineand high line. The dew rateis 1 A/us and the frequency
isSHz.

PpkPK(C3) P2:pkpk(M3)
26590mV 31.004mV
v

PIieq@iv(FT

ik
5.00mV/div

5.00mVidiv
0.0 UV ofst 100 msfdiv

® For the NCP1236 controller, the step load responseis
+16 mV or £0.9% of the output voltage

® For the NCP1239 controller, the step load responseis
+29 mV or +1.8% of the output voltage

oms

100 me/di
50MS  50MSk

Figure 16. Step Load Response between 10% to 100% — NCP1236

PIPKDK(C3)
4A773mV.

P2pkpk(M3)
52.826mV

v

Figure 17. Step Load Response between 10% to 100% — NCP1239

Both responses are good. The NCP1236 offers a better
response and it can be explained by the NCP1239 higher
internal FB pull-up resistance. Indeed, the internal resistor
connected to the FB pin has been increased from 20 kQ2 to
30k in the NCP1239 controller in order to reduce the

circuit consumption and improve the standby performance.
This resistor has an impact on the compensation. Please refer
the AND8334 application note to have more information
about the compensation with the TL431.

WWWwW.onsemi.com
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To confirm thisanalysis, several open-loop measurements
have been performed. One typica result a 162V dc
(115V rms) is given in Figure 18 for the NCP1236 and in
Figure 19 for the NCP1239. A crossover frequency of
624 Hz is observed, together with a comfortable phase

D REEEE

margin (89°) for the NCP1236. With the NCP1239, the
converter is also well compensated. The crossover
frequency is412 Hz with a=100° phase margin. Both values
explain the slow response during the transient test.

Figure 19. Open-Loop AC Sweep at 162 V dc Input Voltage — NCP1239

Efficiency and Average Efficiency

Thanks to a different Frequency Foldback (FF)
implementation, efficiency in middle and light load
operation is better with the new NCP1239. NCP1236
features alarger FF window and does not freeze the primary

peak current. On the contrary, the NCP1239 controller
freezes the current in light load condition to limit the pulse
number in a switching period and accordingly reduces
switching losses.

www.onsemi.com
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Frequency

Peak current setpoint

FB

26 kHz

0.7V

=~0.40 V

=0.14V

Figure 20. Frequency Foldback Mode - NCP1236

Frequency

Peak current setpoint

F B Vfoldl(end) max

26 kHz

VCS

A
0.8V

=0.47V

=0.25V

max

0.8V

V.

1
10V

skip Vfreeze

19V 3.
VfOId

A

Figure 21. Frequency Foldback Mode — NCP1239

Efficiency measurementsin Figure 22 and Figure 23 have
been conducted on the same evaluation board, with the same
equipment and at room temperature. All measurements have
been done following the Code of Conduct specification
(CoC). So fallowing a 30 min warm-up phase at full load, all
measurements have been performed further to a 5-min
loading consideration.

The input power was measured with the 66202 power
meter (Chroma) and the output voltage and output current
were measured using digital multimeter embedded in thedc

electronic load 66103, also from Chroma.

WWWwW.onsemi.com
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Figure 22. Efficiency (%) vs. Output Power (% of Max) @115 V rms
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Figure 23. Efficiency (%) vs. Output Power (% of Max) @230 V rms

From the previous curves, we can extract the average
efficiency for both controllers. This parameter is calculated
from the efficiency measurements at 25%, 50%, 75% and
100% of the full rated output power.

What does the CoC say about efficiency? For a typical
19-V adapter, 65-W output power, the average efficiency

has to be higher than 89% and the minimum efficiency
@10% of the maximum load higher than 79%. As described
in Table 4, in this application, the NCP1236 is not able to
comply with the CoC requirements. On the contrary, thanks
to abetter efficiency at middle load, the NCP1239 can pass
the standard requirements.

www.onsemi.com
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Table 4. EFFICIENCY @115 V RMS AND 230 V RMS

Input Voltage Pout (%) NCP1236 Efficiency (%) NCP1239 Efficiency (%)

115V rms 100 88.75 88.75
75 89.17 89.18

50 89.61 89.44

25 89.20 89.30

Average 89.18 89.17

10 87.51 87.45

230V rms 100 90.48 90.44
75 90.38 90.44

50 89.84 90.04

25 88.91 89.09

Average 89.90 90.00

10 85.46 85.71

If we expand our view on the light-load power
consumption, in the range of 1-W output power, we can see
the benefit of the NCP1239 compared to the NCP1236 in
Figure 24. Again, dl measurements have been performed on
the same evaluation board, only the controller was changed
together with the sense resistor as previously explained.

We can see that we can deliver 0.73 W and keeps the input
power below 1 W @115 V rmsfor the NCP1236 compared
t0 0.77 W for the NCP1239.
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Figure 24. Low Power Consumption

Stand-By Performance

The last point of comparison between both controllersis
regarding the stand-by consumption. We aready tackled
this subject in the start-up section. The NCP1239's HV pin
features alower leakage current that will help saving afew
mW. Also, the IC consumption has been optimized in this

new controller to reduce the overall consumption.
The NCP1239 consumption in skip mode is only 500 nA
while 900 uA is absorbed by the NCP1236 in similar
operating conditions. If we consider aV cc voltage around
12V, the saved power will be:

www.onsemi.com
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P = Ve (ICC(Stb)NCPlZSG - ICC(Stb)NCP1239) =

Thanks to these two points, the standby consumption has
been improved with the NCP1239 like shown in the Table 5.

(eq. 13)
= 12 - (900u — 500u) = 5 mwW
Table 5. STAND-BY CONSUMPTION
Input Voltage Input Power (mW) Burst Period (ms) Pulse Number during each Burst
(V rms) NCP1236 NCP1239 NCP1236 NCP1239 NCP1236 NCP1239
85 68 54 12 10.9 6 3
115 74 58 13.3 11.3 6 3
230 105 79 14.6 8.8 5 2
265 121 88 13 9.2 5 2

Also in this table, we can see that there are some
differences regarding the controller operations. Thereisno
impact on the output voltage but it can lead to some
improvements regarding the V¢ capacitor for instance.
Indeed, the NCP1236 controller has 100-mV hysteresis to
leave from the skip mode (nho pulse) and enters in the
frequency foldback mode (clamped 26 kHz). Please refer to
the Figure 20. The skip hysteresislevel isonly 30 mV for the
NCP1239. So there are less cycles during each burst
sequence and so the time between each burst is shorter.
Thanks to that and to the lower IC consumption, the Ve

capacitor can be reduced. Some space will be saved and the
start-up duration will be even shorter.

Summary

Considering asingle element changed (sense resistor), we
were able to replace the NCP1236 controller by the new
NCP1239 part and significantly improve the overall
performance. Efficiency and the standby consumption have
clearly benefited from these improvements. The
performance summary for both controllers in a typical
19-V/65-W adaptersislisted in Table 6.

Table 6. PERFORMANCE COMPARISON BETWEEN NCP1236 AND NCP1239 CONTROLLER

NCP1236 NCP1239 NCP1239 Improvement

OVP Event on Fault Pin 211V 218V +3.3%
OVP Event on V¢ Pin 323V 308V -6%
OTP Event on Fault Pin 105°C 104°C -1%
OCP Threshold 4.36 A < louT Max < 4.96 A 4.34 A<loyT Max < 4.93A ~
Start-Up Duration 403 ms 523 ms +30%
Average Efficiency

115V rms 89.18% 89.17% -0.01%

230V rms 89.90% 90.00% +0.10%
Efficiency @ 10% of Full Load

115V rms 87.51% 87.45% -0.06%

230V rms 85.46% 85.71% +0.25%
Stand-By Power Consumption

115V rms 74 mW 58 mwW -28%

230 V rms 105 mw 79 mW -25%

Conclusion the NCP1236 and the NCP1239 controller that are pinto pin

This application note has described and compared the
performance obtained for 19-VV/65-W application between

compatible. The new NCP1239 |IC shows severd
improvements and so better performance.
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BOARD SCHEMATIC — CHANGED COMPONENTS CIRCLE IN RED
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Figure 25. Evaluation Board Schematic
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Table 7. BILL OF MATERIALS

AND9240/D

BILL OF MATERIALS

Designator Qty. Description Value Manufacturer Part Number
C1 1 Electrolytic Capacitor 47 uF/50 V KLH-050V470ME110
C100, C103 2 Ceramic Capacitor 100 nF C1206C104K5RAC
C102, C106 2 Ceramic Capacitor 1nF C1206C102K5RAC
C105, C107 2 Ceramic Capacitor 33nF C1206C333K5RAC
Cc2 1 Ceramic Capacitor 5.6 nF/630 V FK20C0G2J562J
C3 1 Ceramic Capacitor 1.2 nF/630 V FK26C0G2J122J
CB1 1 Bulk Capacitor 100 uF/400 V EKXG401ELL101MMN3S
COUT1, COUT2, COUT3 3 Electrolytic Capacitor 470 uF/25 vV ECA-1EHG471
CX1, CX2 2 Suppression Film Capacitors 100 nF B32922C3104K
CY1,CY2,CY3 3 Ceramic Capacitor 2.2 nF/X1/Y1 DE1E3KX222MA5B
D1 1 Standard Recovery Rectifier 1N4007 1N4007G
D100, D102, D103, D104, 5 Standard Recovery Rectifier MRA4007T3G MRA4007T3G
D105
D101, D107 2 Diode MMSD4148 MMSD4148T3G
D106 1 Zener Diode MMSZ15 MMSZ15T3G
D2 1 Diode Schottky 150 V 15 A NTST30100SG NTST30100SG
F1 1 Fuse (MST ser.) 16A 0034.6617
IC1 1 Programmable Precision Reference TL431 TL431BCLPG
IC100 1 SMPS Controller NCP1236B65 NCP1236BD65R2G
L1 1 Inductor 744 841 414 744 841 414
L2 1 Inductor 2x20mH/2 A B82734W2202B030
L3 1 Inductor 10 uH DR0810-103L
L4 1 Inductor 744 841 330 744 841 330
NTC 1 Sensing NTC Thermistor 330 kQ NTCLE100E3334JB0
OK1 1 Optocoupler PC817 PC817X2J000F
Q1 1 N MOSFET Transistor SPP11N60C3 SPP11N60C3
R1 1 Resistor Through Hole, High Voltage 4.7 MQ VRW37-4M7JI
R100, R101 2 Resistor SMD 2.7kQ MCR18EZHF2701
R102 1 Resistor SMD 33kQ MCR18EZHF3302
R103, R117 2 Resistor SMD 22Q MCR18EZHFL2R20
R104 1 Resistor SMD 2.2kQ MCR18EZHF2201
R105 1 Resistor SMD 8.2kQ MCR18EZHF8201
R106 1 Resistor SMD 6.2 kQ MCR18EZHF6201
R107, R108, R111, R113 4 Resistor SMD 1.2Q MCR18EZHFL1R20
(for NCP1236)
R107, R108, R111 3 Resistor SMD 1Q MCR18EZHFL1R00
(for NCP1239)
R109 1 Resistor SMD 3.9kQ MCR18EZHF3901
R110 2 Resistor SMD 5.6 kQ MCR18EZHF1001
R112 2 Resistor SMD 1.0kQ MCR18EZHF1001
R114 1 Resistor SMD 22 Q MCR18EZHF22R0
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Table 7. BILL OF MATERIALS (continued)

AND9240/D

Designator Qty. Description Value Manufacturer Part Number
R115 1 Resistor SMD 1kQ MCR18EZPF1001
R116 1 Resistor SMD 10 kQ MCR18EZHF1002

R2 1 Resistor 22Q MBB02070C2208FRP00
R3, R4 2 Resistor 330 kQ HVR2500003303FR500
R5 1 Surge Protecting Varistor B72210P2301K101 B72210P2301K101
R6 1 Resistor 15Q MRS25000C1509FRP00
RD100, RD101, RD102 3 Resistor SMD 820 kQ MCR18EZHF8203
TR1 1 Transformer KA5038-BL KA5037-BL
X1 1 Terminal Block, 2 Way CTB5000/2 CTB5000/2
X2 1 Terminal Block, 3 Way CTB5000/3 CTB5000/3
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