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APPLICATION NOTE

INTRODUCTION

This application note presents a Power Factor Correctionlow—power PFC products which can operate in both
(PFC) boost regulator example circuit using NCP1601A in DiscontinuousConduction Mode (DCM) and Critical Mode
Figure 1 with the design steps and measurement. Thq CRM). The DCM feature limits the maximum switching
measurement shows that the circuit has a greater than 0.&requency for easier front-ended EMI filter design and the
PowerFactor under the universal input (85 to 265 Vac). The CRM feature limits the current stress on inductor, MOSFET
NCP1601A is one of the latest ON Semiconductor and diode for better cost, size, and reliability.

1TmH/2A 230 uH /6 A/ 25:1 MUR460
~N ~NE g
% —,
S'g'i’/“t 5 1uF 1uF — " 1Nn4001 Output
ac -~ -~ 150 k b= — 390 V/
© |9 12WS SW 1uF 1uF Q| 100w
265 Vac -+ >¥ K u
f = | S0V S0V SPPO7N60C3
{6 s 650V,0.6Q == 100 uF
1N5406 x 4 470 uF L 450 V
25V — |
IC <
§ 1.8M Ay '
MZP4745A
¢
§ S
150 k 10
NCP1601A g
— O ]—
1k (] ]
AN o [ —
7=1000 pF 0.15uF A= = 680 pF 7= 100 pF
0.05/1W T T T T

rr

Figure 1. Application Schematic of the Example Circuit

Common low—power PFC method is usually presented in DCM for lower peak current which is important so that CRM
Critical Mode (CRM) which is with changing switching is preferable in the high current stress moment. As a result,
frequency. The CRM switching frequency can become the NCP1601 is developed to have both DCM and CRM.
dramatically very high at the zero—crossing moment of the The converter using NCP1601 is intended to operate in
sinusoidal waveform. Sometimes, the high switching CRM in the most stressful moment and in DCM in the
frequency makes CRM not desirable due to EMI problem. zero—crossingnhoment. The mode of operation of NCP1601
However, CRM has an advantage over fixed-frequencyis summarized in Figure 2.
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Figure 2. Mode of Operation of NCP1601

DESIGN STEPS

Step 1. Define the Specifications

Table 1. Specifications

Input 85 Vac to 265 Vac, 50 Hz
100 W, 390 Vdc

Around 100 kHz

Output

Switching frequency

The maximum overvoltage threshold is limited to 225
which corresponds to 226A x1.95 MQ + 5V =443.75 V
when feedback resistorRis 1.95 M2 (1.8 MQ + 150 i2)
and a 5 V maximum offset of the feedback pin of the

NCP1601. Hence, a 450 V output capacitor can be used in
the output of the circuit. Then, the nominal output voltage is

set at 390 V.
Vout = 200 u X 1.95 MQ = 390 V

Step 2. Bias Supply Design
A 1/2 W axial 150 K2 resistor isised to charge up the-¥

capacitor irstartup. The worst case power dissipation on this

resistor is 0.47 W which is smaller thg2 W.

_V2 _ 2652 _
Power = R = 150 x 103 — 0.47W
Vin .n : i Vee

PAl

Vout

I
b Tl
T ¢ T

Figure 3. Auxiliary Winding Bias Supply.

The auxiliary winding bias supply in Figure 3 is to provide
a Vcc bias voltage after startup. Theyneeds to be higher
than its minimum operating voltage-¥(of) (9 V typical).
Whenthe PFC stage MOSFET is on, the primary winding is

with a voltage ¥, and the secondary winding is with a
voltage \, / n. This voltage goes to capacitor. @/hen the
PFC stage diode is on, the primary winding is with a voltage
(Vout — Vin) and the secondary winding is with a voltage
(Vout—VMin) / n. This voltage goes to capaciter 8s a result,

the Vcc biasing voltage will be y; / n which is almost
constantind independent of the 50 Hz variation of the input
voltage.

Vin . Vout — Vi
Vee = Vo1 + Ve = it 4+ ot in
_ Vout
= %4 > veeoff

Hence, the auxiliary winding turn ratio n is selected as
25:1 so that ¥cis 15.6 V.

V.
VCC=%Ut—2—5=l5.6V

A 470 uF Vcc capacitor is experimentally found to be
enough for the circuit startup transiefft= 893 ms in the
worst case of 85 Vac input given that it consumes typical
2.5 mA for an UVLO margin 4.75 V in NCP1601A.

tepary — CAV _ 470 x 1076 - 4.75 _
start == T T 25x 103

For protection purpose, a clamping Zener MZP4745A is
added to prevent any unwanted transient overvoltage
damage.

It is noted that the circuit needs typical 11.4 sec to let the
V cc capacitor reach the starting threshold (13.75 typical) in
the worst condition }{ = 85 Vac.

¢ _ Cdv _ 470 x 1076 - 13.75 _
start = 85/15 x 10-3

390

893 ms

114s

Step 3. Take an Assumption on Efficiency

The efficiencyn is usually assumed to be 90%. Then, the
inputpower R, is 111 W. This input power will be frequently
used in the next few design steps.

n = 90%
i _Pout_loo_
Pin = =" = 5o = 111 W

Step 4. Calculate the Current Stress
The worst case input current rating happens when input is
85 Vac. The input RMS currengdis 1.31 Aac. The suffix
ac denotes that it is RMS value. This current stress is mainly
on the front—ended rectifier.
Pin _ 111
Vac 85
The instantaneous maximum current stress in the PFC
stage will be 3.7 A in critical mode.

lpk = 2/2lac = 3.7 A

This current stress affects the component selections on the
current sense resistor, MOSFET, diode, and inductor.

|aC = = 1.31 Aac
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Step 5. Oscillator Capacitor Design

2LIchPin

The switching frequency can be set by either oscillator Vcontrol = CrampVac?

mode or synchronization mode in the NCP1601. In this
application, it is set at oscillator mode. Figure 34 in the
NCP1601 data sheet shows that a 100 pF capacitor can set
the frequency to 107 kHz. Actually, this frequency is only
valid for the DCM operation because CRM is with a lower
switching frequency. However, this frequency provides a Vcontrol =
reference on calculating the inductor for CRM in the next

design step.
f = 107 kHz

T=1_935us

f

Step 6. Inductor Design
The minimum CRM inductancetrw) at low line is

obtained as follows:

Vout = VinVin1l

L(CRM) = Vout  Ipk f

_ 390 - /285,285 1 ~ 210 pH
390 3.7 107 x 103
The maximum value of iRy is at low line. Hence, a
value greatethan Lcrm) can make the circuit to operate in
CRM. The inductor L is therefore set to be 288. The
switching frequency is 99 kHz and it is in CRM.
L = 230 uH

Vout — VinVinl
Vout IpklL

freq =

390 — /285,285 1
= 3290 37 230 x 106 — 98 kHz < 107 kHz

Step 7. Ramp Capacitor Design
Maximum power can be obtained whepoMro = 1 V.
Worst case is at low line 85 Vac.

p
Cramp > ﬁ - 2LIch

111
= L2 -6 . -6 =
852 2-230 x 10 100 x 10 706 pF

_2-230 x 1076 - 100 x 1076 - 111
B (680 + 20) x 10-12 - 852

In high line 265 Vac,
2L|ChPin
CrampVac?

=101V

_2-230 x 1076 - 100 x 106 - 111

680 + 20) x 1012 - 2652~ 01V

Step 8. Check the Switching Periods to Ensure CRM in
the Sinusoidal Peaks

In low line 85 Vac, the switching period; (+ to) and
MOSFET on time §) are as followed.

CrampVcontrol
Ich

Vout

1+t =
1+R Vout — Vin

390
390 — /285

700 x 10-12 - 1.01
100 x 106

10.22pus > T
CrampVeontrol _ 700 x 10-12 - 1.01 _ 707 us
ich 100 x 106 Sl

In high line 265 Vac, the switching period t to) and
MOSFET on time {f) are as followed.

1 =

CrampVcontrol
Ich

Vout
Vout — Vin

1+t =

B 390
390 — /2265

700 x 10-12 . 0.1
100 x 106

=1792us > T

_ CrampVcontrol _ 700 x 10712 . 0.1
B Ich 100 x 1076

As long as the switching period is larger than the DCM
switching period T, the circuit operates in CRM and the
maximum current stress is minimized.

= 0.7 us

There is a typical 20 pF background capacitance on theStep 9. Current Sense Resistors Design

ramp pin in the NCP1601. Thedmpis selected to be as

The settings of current sense resisteftsRind sense

small as possible to limit the maximum power transfer. resistor R defines the zero current thresholg-tpy and
Marginally, an extern@880 pF capacitor is good enough for overcurrent protection thresholgdcp) by the following

this application.
Cramp = 680 pF
With this value of Gamp the control voltage ¥ntrol in

high line and low line condition are obtained.
In low line 85 Vac,

two design equations.
Rs - 200 uA — 3.2 mV
Rcs

IL(OCP) =
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3

Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

AND8182/D

Rs - 14 yA — 7.5mV
Rcs

Becausehe | zcp) has to be greater than zerg; tias to
be greater than 535¢ which gives | zcp) > 0. When R
is very close to 535.2 (say Ry = 536Q), I (ocp)/ IL(zcp)
= 26000 andikzcp) can be very small with a finitgbcpy
For example, if the maximum stress is 3.7 A, theg R
28 mQ and L(ZCD) is 143MA.

Rs - 200 pA — 3.2 mV

lL(zcD) =

R =
€S IL(OCP)
536 - (200 x 10—6) — 0.0032
- = 0.028 Q
3.7
Rg - 14 uA — 7.5 mV
IL(zCcD) = Rcs
536 - (14 x 10~6) — 0.0075
= = 143 uA

0.028

However, tolerance exists in real world and the actual

design can only be closed to this one.
Whenthe value of Rgis 0.05¢2, its power dissipationd?
is 129 mW.

Rcs = 0.05Q
Pd = 125¢ - Rcs 1.5 = 1.312 - 0.05 - 1.5 = 129 mW
In order to haveilocp)= 3.7 A, the R will be 941€.

B Rcs - IL(ocp) + 3.2mV

Rs 200 uA

_0.05 - 3.7 + 0.0032
~ (200 x 1076)

941Q is not a standard size of a resistor. If thgsRL K2
then Locp)and L zcp) are also obtained.

=941 Q

Rg = 1kQ
Rsg - 200 uA — 3.2 mV
IL(OCP) = Rcs
1000 - (200 x 10-6) — 0.0032 3,936 A
- 0.05 e
Rg - 14 uA — 7.5 mV
IL(zcD) = Rcs
1000 - (14 x 10-6) — 0.0075
= = 130 mA

0.05

Step 10. Output Capacitor Design

The choice of output capacitance is usually dictated by the
required hold-up time or the acceptable output ripple
voltage for a given application. As a rule of thumb, output
capacitance is generally set aul/W. Hence, a 100 W

application needs 10{F output capacitance.

C = 100 pF
The hold—up timedo p which is the time a power supply
needs to maintain its voltage with the specified range after

a dropout of the line voltage.

_ 2Pout - tHOLD
Vout_min? — VOP_min?

where \ut minis the minimum value of the regulated output
voltage at full load and d%_min is the minimum input
voltage of the driven load of the PFC. Because there is no
particularspecification on the hold—-up time, this term is not
further studied here.

The major output ripple component in a PFC circuit is
usually its rectified line frequency because it cannot be
easily filtered out by inductors and capacitors. The CCM or
DCM operations mainly affect the switching frequency
ripple which is always much smaller than the rectified line
frequency ripple and hence generally neglected.

c -|— Rout

Figure 4. Low-Frequency Equivalent Circuit
of the Output Stage

The low frequency output stage of a PFC stage can be
simplified into Figure 4. The line frequency current source
is a rectified sinusoidal (if only low frequency is considered)
and its rms valueolims) is simply RufVout Hence,
peak—to—peak valug(pk-pk)is as follow:

lout(pk — pk) = /E|out(rms)

_ ‘/EPOUI _ \/5100
" Vout 390
Now that the capacitor is the only energy storage media in
the circuit inFigure 4 and the discharging time is one—fourth
of the line frequency as shown in Figure 5.
. N 1
discharging time =———

f
l ripple  je——s| -
S —c— Vou
Vin

YA

T

2f,

= 0.363 A

Figure 5. Output Voltage Ripple
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Hence the low frequency output ripple can be obtained as and the percentage of the high frequency currghgétting

following: into the input side ) is as follows.
dy = ldt _ 0354 - ;g 177V lin _ 1/(2nfCE) ~ 1
-~ C 100 x 106 ~ ~" IL ~ 2afLp — 1/(2nfCE) = 4n2f2LECE — 1
For the sake of safety, 450 V rating output capacitor is
always recommended if the nominal output voltage of the  _ 1
circuit is 400 V. 42 - (m)Z . 1000 X 106 - 1 x 106 — 1

On the other hand, in a NCP1601 PFC circuit the
instantaneous output voltage affects the instantaneous
control voltage ¥ontror If the output voltage ripple is too
high, it will make a large ripple on control voltage and the \;en lr=1mHand €= 1uF.
power factor can be dramatically reduced for highly
dynamic control voltage.

= 0.31%

On the other hand, the addition of the filtering capacitor
Cr also draws a low frequency (i.e., line frequency f
Step 11. Input Filter Design current E in Figure 8. It increases the overall magnitude of

CRM and/or DCM PFC circuit needs an input filtering the input currentf for the same power | The low

circuit tobypass the high frequency current so that the input TedUeNcy equivalent circuit of Figure 6 is shown in

currentconsists of the low frequency part only. The simplest Figure 8. The equivalent resistancg, i the PFC circuit
filtering circuit is a capacitor €£across the input lines in

equivalent resistance which can be modeled to be purely
Figure 6. An input impedanceds assumed to be with the ~ '€Sistive for its PFC property andeRis expressed as

input AC source but the value of the input impedance is follows.
usually unavailable and negligible in most of the _Vin2 _ Vin2
application Hence, a differential mode filtering inductog L €4~ Pin Pout

is added in the calculation of the currents in Figure 6. This
differential mode inductor usually exists in the form of

lin

common mode inductors. _—
|in - IL _ LF
VE Y
~N > +
Le \_/ Vin (_) Ckr | I Req§ I
Zin
Ce | e
Vin
I N

Figure 6. Filtering Capacitor Circuit | "
F I

\

I

Q Figure 8. Low—Frequency I_Equwalent Circuit and
_/ Phasor Diagram
. g 1 | I Therefore, the percentage of the increase of the input
F lin Cr | IF F current due to the addition of the filtering capacitor is
) obtained.
n

in_ [y, Req Y2_ /,. Vin2n27fLCF ),
IL 1/(2nf CF) Pout

\/ 265209 -2 x50 - 1x 10762
- Jr+( )

Figure 7. High—-Frequency Equivalent Circuit and
Phasor Diagram

The high frequency source in Figure 6 is the inductor
current |. A high frequency equivalent circuit of Figure 6
is shown in Figure 7. Therefore, the phasor diagram is drawn

100

= 101.95%
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Step 12. Layout Design The PCB trace connected to the low impedance current
Figures @and 10llustrate the layout of the 100 W circuit.  sense resistor is a major source of noise or error. It is
As one of the layout rules, the control circuit is located at a recommended to minimize this PCB trace distance. Finally,
corner of the PCB to prevent any unwanted high frequencythe circuit is layout in a single PCB layer board. As a result,
noise from the main power switching circuit. The a 10Q resistor is added between the MOSFET gate and the
NCP1601A isassociated with a bunch of pF order capacitors NCP1601A output. This circuit path provides a large
which are very sensitive. The best way to handle them is toamount of high current ac noise so that the nearby trace on
minimize the PCB trace distance. Hence, this bunch of pFthe output feedback is easily polluted. Hence, some surface

capacitors are ideally located at the bottom layer of the mounted decoupling capacitors are located there for the
NCP1601A. noise.
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Step 13. Fine Tuning Capacitor on V  ¢ontrol Pin alsoshown in Figures 11 to 14. In Figures 11 to 14, the upper
The unity power factor in the NCP1601 PFC circuit trace ighe input current with 1 A/div. The center trace is the
greatly relies on how steady the control voltage in the output voltage with 100 V/div. And the lower trace is the
V control PIN (pin 2). A large external capacitor on this pin can boostinput voltage with 100V/div. The output voltage of the
help to reduce the noise and dynamics of this voltage anctircuit is set by a (1.8 K& + 150 K2) x 200uA = 390 V.
give a decent power factor. However, if the capacitor is too There is roughly 374 V (96% 390) to 390 V (100%)
large, it will reduce the dynamic response or startup transientregulationwindow in the NCP1601. It explains the variation
of the circuit. of the output voltage over the wide input range in Table 2.
The THD can be improved by 2 or 3% if the front-ended

MEASUREMENT 1 uF capacitor is reduced.

The performance of the example PFC circuit is listed in
Table 2. The waveforms with different input voltages are

Table 2. Experimental Measurement of the Circuit.

Input Output Efficiency PF/ THD
85Vac 108.2W 370.5V 100.8 W 93.17% 0.995/ 8.3%
110 Vac 107.9 W 384.8V 101.2W 93.83% 0.991/12.8%
120 Vac 105.8 W 385.2V 99.8W 94.33% 0.990/11.3%
180 Vac 104.6 W 391.2V 99.8W 95.41% 0.975/11.9%
220 Vac 104.7 W 394.2V 100.1 W 95.63% 0.952/16.7%
230 Vac 104.4 W 394.8V 100.3W 96.05% 0.945/21.1%
265 Vac 104.6 W 400.9V 100.5W 96.08% 0.901/ 38.9%
Tik Fare |F I'|I‘i.-'li I'.:lrr..:l! | i TEk Fun: 1d r--:'..--ul .'f-|1|||:|-' ‘
BCEEN ot vn] o, v s I TEPT
B I3 s | | 32 H2
i = N,
-u - s =E —8 -— e - |
¥ 1 | i 1 L 1]
-m T Che Ty WEASRE Che A0V 13 mow 2904 -:m' TOEV TRl Ty WLAe TR BV 15 sov 304
hd D st i e 10; 15:45
Figure 11. 85 Vac Input Voltage Figure 12. 115 Vac Input Voltage
R = = e e (N S = i &
S & He JiaD &4 HE
& 12 Wi 1 . 12 H
- ¥
— | e ST s pae N — — ¥ —
] |
-m T BT Ty MR CRT T TRY s zaod -:IJ:I]' TOET TR TOFT  WL.Bims CREF TROW 15 Mow 2904
4 1. D el i ch 102018
Figure 13. 230 Vac Input Voltage Figure 14. 265 Vac Input Voltage
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In order to illustrate the capability of both DCM and CRM observed in this time base but the voltage across the current
operation of the NCP1601, Figures 15 to 17 are taken. Thesense resistor is too noisy to study. Figure 16 shows the
uppertrace of the figures is the boost input voltage with 100 moment when the boost input voltage is the maximum. It
V/div. The lower trace is the voltage across the @05 illustrates that the circuit is in CRM operation in this
current sense resistor with 50 mV/div so that the inductor momentFigure 17 shows the moment when the boost input
current and the mode of operation are indirectly shown. voltage is the minimum. It illustrates that the circuit is in
Figure 15 shows the traces with 2 ms time base so that th&CM operation.
maximum and minimum value of the boost input voltage is

Tek (IERY 150k i Ao Tek QIERE 75 9850 i ADaE

T s & E !
Al @FHR Al 10 aNHE
;i Hp i B E-lkidr

—

A
K‘\.

W ehT B R TEr T R ST 7 VNV 13 nou 200
NL:0D:EE B0z nT
Figure 15. Current Sense Resistor Voltage Figure 16. CRM Operation in Near the Peak
T I 5 76 Ao i
; AL 11T AKHZ

¥ 761 T4z

T ST S i T T WO~ TRT T AEW 18 sou 26ad

N:01:51

Figure 17. DCM Operation in the Zero Crossing
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CONCLUSION correction and efficiency in CRM and DCM so that it is
A 100 W example circuit using NCP1601A is presented. suitable for low power PFC applications. Major equations
The design steps and measurement are covered. It is notefdr the NCP1601 design are listed in appendix for reference.

that the NCP1601 can perform a decent power factor

Appendix | — Bill of Material of the NCP1601 100 W / 390 V Example Circuit
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Qty Part No. Description Manufacturer
1 NCP1601A PFC Controller ON Semiconductor
4 1N5406 Standard Diode, 4 A 600 V ON Semiconductor
2 1N4001 Standard Diode,1 A 50 V ON Semiconductor
1 MUR460 Fast Recovery Diode, 4 A 600 V ON Semiconductor
1 MZPA4745A Zener Diode, 16 V 5% ON Semiconductor
1 PCV-2-105-02 Inductor, 1000 uH /2 A Coilcraft
1 CTX22-16885 Custom Transformer, Lp =230 uH /6 A, 25:1:1 Cooper Coiltronics
1 SPPO7N60C3 650V, 0.6 Q TO-220AB N-Channel MOSFET Infineon
2 RE105 Noise Suppression Capacitor Okaya
2 50MH71M4X7 Aluminum Electrolytic Capacitor, 1 uF 50 V Rubycon
1 UHD1E471MPD Aluminum Electrolytic Capacitor, 470 uF 25 V Nichicon
1 450AXW100M18X40 Aluminum Electrolytic Capacitor, 100 uF 450 V Rubycon
1 VJ1206A101KXAA 1206 SMD Capacitor, 100 pF Vishay
1 VJ1206Y154KXXA 1206 SMD Capacitor, 0.15 uF Vishay
1 VJ1206A681KXAA 1206 SMD Capacitor, 680 pF Vishay
1 VJ1206A102KXAA 1206 SMD Capacitor, 1000 pF Vishay
1 WSL2010-R0500-F SMD Resistor, 0.05 Q 1 W 1% Vishay Dale
1 Axial Resistor, 150 kQ2 1/2 W
1 Axial Resistor, 1.8 MQ 1/4 W
1 Axial Resistor, 150 kQ2 1/4 W
1 Axial Resistor, 1 kQ2 1/4 W
1 Axial Resistor, 10 Q 1/4 W
2 26-60-4030 or 009652038 Male Header Molex
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Appendix Il — Summary of Equations in NCP1601 Boost PFC

— t, is constant for unity PFC
™ Veontrol i constant for unity PFC

— t; (t; + 1) is constant for unity PFC
™ Veontrol i constant for unity PFC

Description Critical Mode (CRM) Discontinuous Mode (DCM)
Boost converter Vout _t1+12 Vout _ 1 +12
Vin 2 Vin to
— Vout = Vin _ _ 11 — Vout—Vin _ _ 11
Vout 1 +12 Vout t1 +12
Input current averaged by
filter capacitor i = 'p_k I = t1 $ tzlgk
2
Voltage for on time Vigp T
Vion = Vcontrol Vion = mvcontrol
MOSFET on—time t, 4 - Lipk or _ CrampVcontrol _ Llpk or th = \/Vout — VinTCramchontroI
Vin '’ Ich Vin '’ 1 Vout Ich

Switching period o+t = Vout CrampVcontrol "ot = T CrampVcontrol
1772 = Vout - Vin Ich ’ 1727y Ich ’
\Y Llpk V, CrampVcontrol
t1+t2=—OUt_—P t1+t2=\/ OUt_T P
Vout = Vin Vin Vout — Vin Ich
l(\:/llF?’lvlmum Inductor for Lol  Vout - Vinml Same as CRM
(CRM) = Vout  Ipk f
Input impedance 2LIch Same as CRM
Zin R ——
CrampVcontrol
Input power 2 Same as CRM
. _ Vac“CrampVcontrol
in 2LIch
Output power NVar2C v Same as CRM
. ac“~“rampVcontrol
Pout = MPin = 2LICT1
Maximum input power 2 Same as CRM
when Veontrol = 1 V _ Vac4Cramp
Pin_max = ~olieh
Minimum ramp capacitor P Same as CRM
when Vcomro| =1V C > n . oLl
ramp W ch
Control voltage Vcontrol 2LIchPin Same as CRM
Vel = =—~- 7
ct CrampVac
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ON Semiconductor and .J are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
“Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All
operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights
nor the rights of others. SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees, subsidiaries, affiliates,
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