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Abstract

This Application note describes how to properly and
efficiently drive light emitting diodes (LEDs) using a
Constant Current Regulator (CCR) in a capacitive drop
topology, as shown below in Figure 1. The Capacitive drop
topology allows for a wide range of end applications while
the CCR will drive the LEDs at their optimal current to
improve longevity and reliability. The LEDs themselves and
the LED market is explored as a lead into the justification for
this type of solution, the mathematical derivation of the
various components is reviewed, concluding with four
examples, 230 Vrys 6% 50 Hz, (100 to 127 V) 113.5V
RrRMS 112% 60 Hz, 120 Vrms £5% 60 Hz and 240 Vyus *
10% 50 Hz application. This application note will use the *
and ~ superscripts to describe the maximum and minimum
values of the respective variable.
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Figure 1. Capacitive Drop Topology with a CCR to
Bias LEDs

Introduction

As light emitting diodes (LEDs) become more common
place it is imperative to safely and effectively drive these
LEDs. LEDs are diodes, the diode current has an
exponential dependence on voltage. ON Semiconductor has
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released a line of Constant Current Regulators (CCRs) that
improve efficiency and gain longevity of any end product
needing a constant current.

LEDs use a combination of radiative recombination and
localized well modification for recombination of electrons
in the conduction band and holes in the valence band that
dissipate this energy in the form of photons of a specific
wavelength of light in direct band gap (i.e. HII-IV
compounds). As the recombination well gets thinner the
energy state of the electron in the conduction band gets
higher since electrons cannot be at the bottom of a well due
to quantum mechanics. This is shown in Figure 2 below.
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Figure 2. Two recombination zones for two different
wavelengths of light

In the past lighting was achieved from using lamp
filaments that give off up to 80% of their energy in the form
of heat. Florescent tubes were introduced to the 1939
World’s Fair in New York City and since then have been the
standard for high efficiency lighting. However florescent
tubes need inefficient ballasts to ignite the gas inside the
tube. These ballasts dissipate a lot energy in the form of heat.
Florescent tubes contain deadly mercury which pollutes the
earth, if not disposed of properly.

Everyday LEDs are improving the amount of light
(lumens [Im]) they output per watt (W) of power. The US
Department of Energy (February 2010 R + D Workshop)
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predicts that a growth from 25 to 75 Im/W in 2005 will grow
to 250 Im/W by 2015, as shown in Figure 3 below.
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Figure 3. Warm and Cool LED Efficacy Forecast

This means that a 1 W LED in 2005 (350 mA @ 3.4 V)
could put out as much light as a 0.1 W LED (35 mA @ 3.4 V)
in 2015.

ON Semiconductor’s Constant Current Regulator
(CCR)

The CCR product portfolio ranges from 10 mA to
350 mA.

These CCRs simply limit the current of any device they
are in series with. The CCR acts like a linear regulator and
it absorbs fluctuations in supply voltage (up to 120 V) or
change in LED forward voltage due to production or binning
variations. The CCR can be used with the Capacitive Drop
topology for a cost effective offline LED lighting solution.
This circuit is shown in Figure 1.

To better understand how the circuit operates and how to
properly size the various components, everything from the
supply to the thermal and power components will be
discussed.

The Supply Voltage
In many different countries not only is the “average”

voltage known as the Root—-Mean—Squared (RMS) voltage
(Vrms) supply change, but so does the tolerance (+ & % =
+ % /100). For example, in the United States of America the

line is usually regulated to 120 Vrpms £ 5% 60 Hz but can
range anywhere from 100 Vyys to 127 Vrms (Note 1). If
you put the 100 to 127 V range into the Vrys = & % format
it comes out to be 113.5 Vrums = 12%. This means that & =
12 for this market. Recently, the European Union, and the
UK, have agreed to transition from an asymmetric tolerance
range (230 V +6% -10%) to 230 Vrms * 6%, 50 Hz
(Note 2). To cover the worst case scenarios it is a good idea
to design to the widest tolerance range, for example many
people in China design to 240 Vrys £10%.

This change in RMS voltage will change the peak voltage
(Vp). The supply voltage is a Sine wave signal with peaks V2
higher than the RMS voltages with a frequency (#) as shown
in Equations 1 and 2. These peak voltages change with the
tolerance as shown below in Equations 3 and 4.

Ve = Vays 12 (eq. 1)

Vi = VpSIN(@ft (eq. 2)

VE = Vaus*(1+ ) 2 eq. 3

P RMS 100 (eq.3)
X

Vs =V *(1——)/5 eq. 4

P = VRMms 100 (eq. 4)

The LEDs

LEDs need to be kept biased for current under the
maximum operational current (I gp4). LEDs have an
exponential dependence on voltage (V) so it is clear that
small changes in voltage create large changes in current. As
seen below in Equation 5, the exponential function of the
current is related to the material property (i.e. diffusion
length [Ly, L], intrinsic carrier concentration [n;], doping
concentration [Na, Np]) and the physical parameters of the
junction (Temperature [T] and Area[A]).

D, Dp Vg
lLep(Ve) = gAnf | —— + —— ) e7q - 1
LenlVe) = @ I(LI"INA LPND)( KT

(eq. 5)

+
avp

I'ep = ILED(V;) =lol et — 1 (eq. 6)

1. ANSI C84.1-2006 American National Standard for Electrical Power Systems and Equipment.

2. CENELEC Harmonization Document HD 472 S1:1988.
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For a string of ”’n* LEDs in series the sum of the forward
voltage drops at a LED current.
n

VETota) = xg ] VedlLep) (eq. 7)

LEDs may have variation in voltage due to binning and
production (xAV). Each one of these sets in series can be
replaced by ”m‘“ LEDs in parallel. This will increase the
current to I Ep(Total) @8 sShown below.

m

| ep(Tota)y = x§1 lLepx(VE + AV)

(eq. 8)

If the LEDs are driven too hard by too much forward
current, the LED will breakdown and permanent damage
can occur, reducing lifetime and reliability. The LEDs must
remain biased correctly with a constant current to ensure the
LEDs remain in operation.

The CCR

As the current tries to exceed the Regulation current (Ireg)
of the CCR then the voltage over the CCR (Vak) will
increase to keep the LEDs or other devices in series with the
CCR at the regulation current. Depending on the CCR the
overhead voltage (Vak) is near 1.8 V. To remain in very deep
saturation it is recommended to bias the CCR with Vpi >
3 V. The general Current Voltage characteristic of the CCR
is shown below in Figure 4.

General CCR Curve @ 25°C
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Figure 4. General CCR Current-Voltage Relationship

To best match the CCR to the LEDs it is important that the
IReg is about equal to the Iy gp rating on the LEDs in use as
shown in Equation 9.

= |*

lReg = IleD = 'LED(VEr ) (eq.9)

Pccr = regVak = lReg(ss) *<Vz - VF(TotaI)) (eq. 10)

V7 is the Zener voltage rating, discussed in “The Zeners”
section later in this application note.

Traditionally the Vak over the CCR is fed by the supply
voltage and subtracted by forward voltage of the LEDs. In
the Capacitive drop topology the user can define the Vag
since the coupling capacitor drops the majority of the
voltage. For our examples we will set Vaox =4 V.

The Coupling Capacitor

The coupling capacitor will charge both plates of the
capacitor then release the charge as current phase shifted to
the voltage. Equivalent AC impedance can be deduced in
Equations 11 to 16.

1
Ve = EJ |dt (eq. 11)
. dv(t)
is(t) = C ;t (eq. 12)
Ve(t) = Vpsin(2nrft) (eq. 13)
dve(t it
‘:t() _ Vyenfcos(enf) = S0 (eq. 14)
V,, sin(2nft

% — Yc(t) _ p Sin(27ft) eq. 15)

ie)  Vp2nfCsin(2nft + )

1 sin(2xft)

c * (eq. 16)

" 2nfC  sin(2aft + )

Equation 16 shows that not only will the current be scaled
by the voltage but also shifted by 90° (/2).

The Phasor section of Equation 16 only relates the time
offset between the current and the voltage. Since the
maximum current and voltage over each individual device
is inspected the relative phase to the input voltage is
irrelevant and the impedance is simplified.

To ensure there is enough charge on the capacitor to let
current flow to the LEDs the capacitor should be sized so
that the peak current matches the LED/CCR current at Vp™.
The Xc calculation in Equation 16 can be used to calculate
the capacitor size.

V =1R = IXg (eg.17)
lrms 'Rlvls/E
Vaws = _2mgC;VR|v|s/E = oniC (eq. 18)
X

Ve = Vaus* (1 - E)@ (eq. 19)
IFieg

= eq. 20

P~ Snic (eq. 20)
IReg

C= (eg. 21)
Zm‘VP

Generally, when using the coupling capacitor for this type
of application it is recommended that a high voltage,
metal—film type capacitor is used because the high voltage
the coupling capacitor could breakdown if a high voltage
capacitor is not used.

http://onsemi.com
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Note that as the voltage rises from Vrpms™ to Vrmst that
the capacitor will gather extra charge on it and cause an extra
supply current (Al). This extra current can be calculated as
shown below.

Ip = IReg = 2nV;C (eq. 22)
g = lpeg + Al = 27V C (eq. 23)
Al = 2nfC*(VE - V;) (eq. 24)
Al = 20fCV e V2% (1 + + 2= — (1 = X)) (eq. 25)
AMS 100 100/} %
2X
Al = 27fCV gy e V2 eq. 26
Avs 270 (eq. 26)
Al 2rfCV s V2155
I_ = - (eq. 27)
Reg ZTCfCVRMS\/E(1 - %)
Al &
lreg 100 — X (q-28)

This extra current will be discussed later in the zener
section.

The Resistors

The R2 resistor acts like an inrush current control for the
coupling capacitor. The Ry is generally set to around 120
just to take the edge off of the inrush current. Double check
that the power through this inrush controller. By choosing
the correct resistor type then this inrush controller will not
be stressed.

2
Pro = (Ipeg + Al) *120Q (eq. 29)

The Ry Resistor provides a slight power factor correction
and acts as safety protection feature. If the power is turned
off and the capacitor is not fully discharged the PFC Resistor
(R across the Capacitor as shown in Figure 1) provides a
discharge path. A resistor between 470 k€2 and 100 k<2
should be used as resistor Ry. As the impedance of Ry goes
to zero the effect of the coupling capacitor is lowered.
Without R it is equivalent to an Ry of infinite impedance.
To take into consideration the effect of Ry the capacitor
equations can be changed as follows.

Vg =12 (eq. 30)
XcR R
Z=XcllRy =5 ° 1R = L (ea3n)
cthy oic T R,
R‘]
zZ=-——— (eq. 32)
2nfCR, + 1
lreqR1
VI_D = et (eq. 33)
2nfCF, + 1

lreaRy — Va2

A (eq. 34)
2nfR, V5,
laeaR1 = Vaus 2 (1 — 15
R 1 RMS
C = °9 ( 100) (eq. 35)
2R Veys V2(1 — %)

As the power factor is improved by reducing Ry the effect
of the coupling capacitor will be reduced and extra leakage
to the CCR+LED and Zeners will be introduced.

Note the impedance factor of the capacitor (2nfC) in
Equation 28 has dropped out. This means that the changed
impedance due to R will also drop out as shown below in
Equations 36 through 38. 2nfC turns into equivalent
impedance of both the capacitor and the resistor that shows
up in both the numerator and the denominator.

Vo(2nfCRy + 1)

Ig =1 = (eq. 36)
P Re
g R1
VZ (2nfCRy + 1)
+ _ —
g = IReg + Al = R—1 (eq. 37)
VRMSVf§(2nfCR1+1) ”
Al Ry (m)
= = (eq. 38)
lReg VRMS«E(znfCR1 +1)( ~ L)
R 100

]
Equation 38 will reduce down to Equation 28.

The Zeners (a zener diode is not necessary, but
recommended)

As the voltage swings from Vp~to Vp* the capacitor will
gather extra charge on its plates (Al as shown in
Equation 28). This charge cannot be dissipated through the
CCR string and will gather at the Anode of the top and
cathode of the bottom device of the CCR and LED string and
will appear as a voltage. To make sure to not stress the
devices a Zener diode is placed in parallel with the CCR and
LED String. Once the CCR is in saturation (Vag >3 V) then
the LEDs are not stressed and the zeners should turn on to
dissipate the excess charge. This means that the zener
voltage should be more than the LED total voltage drop and
the 4 V over the CCR as shown below in Equation 39.

Vz 2 Verotay + 4V (9. 39)

It is very important to build a robust design. To ensure
proper operation make sure that the zener in the correct
package is selected since the power through the zener can
become high.

P, = V,*Al (eg. 40)
2% Igeg
100 — x

P, = (VF(TotaI) +4 v)* (eq. 41)

http://onsemi.com
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The Bridge
A single bridge package can be used as long as it meet the

power specifications required at the total Ireg + Al and it has
an appropriate reverse blocking voltage to operate
functionally for the application.

Examples
As stated previously, first an example of a 230 Vryms

+6%, 50 Hz will be discussed then it will be followed by a
113.5 Vrms £12% solution. The same set of LEDs will be
used to show a side by side comparison of each of the
calculations and the values of the devices.

The most important equations for this circuit are the
following:

Peak Voltage Equation:
Ve = VRMS*(1

Capacitor Value Equation:

X)\/E

100
~ IRegF%1 - Vlg
2m‘F{1V"3

Peak to Regulation Current Ratio:
AL 2

lneg 100 — X

Power Through R2 Equation:
2
Pro = (lpeg + Al) *120Q
CCR Power:

Pecr = lregVak = lReg*(VZ - VF(TotaI))

Zener Voltage Equation:
Vz = Ve(otay T4V

Zener Power:
P, = V,*Al

Example #1, 230 Vgyg +6%, 50 Hz

At 230 VrMms 6% it is necessary to remain LED
conductivity at 230 Vrys — 6%. At this sag in voltage a
305.75 V = Vp~ is reached by using Equation 4.

00

X
Ve = Vaus* (1 —%)/5 = 230 Vg1 -

oI

V5 = 305.75V

A 470 kQ Resistor will be used as R, a safety feature to
discharge the capacitor in the off state.

For these applications 20 sets of 5, 20 mA, LEDs in
parallel will be used. Each set of five LEDs in parallel LEDs
consume a total of 100 mA and each set also has a Vg of
3.4 V. This gives a VE(rotal) = 68 V. The 20 mA specification
was given in the data sheet of the LEDs and the total current
and voltage characteristics were calculated using Equations
7 and 8, where m = 5, n = 20.

n 20
VEota)y = Z VF,X(ILED) = 2 3.4 Ve
X =1 X =1
VF(Total) =34Vg*20 =68V
o 5
ILED(TotaI) = Z ILED,X(VF + AV) = z 20 mA
X =1 X =1
ILED(TotaI) =20mA*5 =0.1A = |Reg
To successfully get an Ireg of 100 mA  the

NSI45090JDT4G (90 to 160 mA, DPAK) or the
NSI45060JDT4G (60 to 100 mA, DPAK) can be used. This
flexibility allows the customer to reduce inventory cost
since they can use one product for this application in a higher
or lower current application.

Ireg has been chosen, it is now time to choose an
appropriate coupling capacitor. By using Equation 34 and
setting Ry = 470 kQ a 1.034 uF Capacitor is calculated.

2nfR\V;  2m{50 HzJ470 kQ *305.75 V
C = 1.034 uF

Because of the £6% variation of voltage, & = 6, this gives
a variation in current of Al = 0.013 A = 13 mA as calculated
using Equation 28.

A2

_TregR1 = Ve 0.1A*470kQ - 305.75V

2%6 12

= = = — = 0.1276
IReg 100—x 100-6 94
Al = O.1276*IReg = 0.1276*0.1 A = 0.013 A
=13 mA

This means that anytime there is a 6% change in voltage
there will be an additional 13% more current available at the
voltage peaks. This extra current is important when finding
the power for the Zeners and the inrush current suppressor
(R2). Ry can be a 2 W, 120 Q Resistor as calculated by
Equation 29.

2
Pro = (Ipeg + Al) *120Q

I

=(01A+ 0.013A)2*1209

\

Pro = 1526 W = 2W

This extra current is important when selecting a zener.
When the voltage dips to 230 V ris —6% the current through
the zener should be negligible but when the voltage rises to
230 V rMs +6% then the current through the zener should
reach Al for a short bit of the cycle. The zener selected for
this solution could either be two 36 V zeners (total 72 V) at
0.5 W or a single 75 V zener above 0.96 W. This being said
there are two choices for zeners, either 2 of the MMSZ36
(36 V zener) or one 1ISMB5946BT3G (75 V zener). Either
of these zeners can be chosen so money can be saved
depending on which has a lower quote rate. The 75 V zener
allows for 7 V over the CCR for strong regulation current
and it meets the power needs for the zener to dissipate the

http://onsemi.com
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extra current seen because of the £6% voltage variation. By
using Equation 39 and 40 the minimum zener voltage can be
found and the recommended power approximation is given.

Veotay + 4V = 68V + 4V =72V
=75V
= V,*Al = 75V*0.013A = 0.957 W

Since the Pz calculation is a DC power value a 0.957 W
zener is appropriate since the total on time is a function of
Vin and Vz. With a slight algebraic manipulation of
Equation 2 it can be stated that the total conduction time of
the Zener is shown below.

VN = Vpsin(2xft)

< <
N N
| I\

<
N
v

V, = Vgsin(2nf*t,)

\Y
sin-1( %
P

2nf
;
t ——1t
2= 5 h
_ 1
Ton = 2t — ty) T 4ty
T T
%ON = ~ON _ Ton _ “To
T 1/f
- VZ
2sin ‘(W
%ON = 1 — ———— " — 84.2%

As seen in the above calculation the zeners only conduct
for 84.2% of the time so the average power is 84.2% of the
DC power. And 84.2% of 0.957 W is approximately
0.806 W.

Now that the zener has been selected the power over the
CCR can be calculated using Equation 10.

IDCCF( = IF(egVAK = IReg* (VZ - VF(TotaI))

Peog = 0.1A(75V - 68V) = 0.7 W

Since the DPAK is the package for both the
NSI45060JDT4G and the NSI45090JDT4G it makes no
thermal difference to differentiate between these two
devices. Since the NSI45090JDT4G device has a lower
slope in the Ireg(ss) versus Rygj a small change in Rygj due
to accuracy will have a smaller effect on the Ireg(ss) current.

Also since the CCR is pulsed on and off and the whole
objective of this design is to not stress the CCR with even a
tiny pulse current over 100 mA we can look at the Ireg(ss)
versus lregp) graph (Figure 4 in the data sheet, shown
below).

=
=
n

=
=
(=1

|
Vak @ 7.5V /
|| Tg, = 25°C

N

pd

=

£m
(%]

pd

80 =11 100
Iregipy. PULSE CURRENT (ma)

o
[

kegss, STEADY STATE CURRENT (mA)
o
[

-
t

1058 110 115 120

Figure 5. Igeg(ss) VS- IReg(P)

Set the LED current to the I;eg(p) pulse current and find the
corresponding steady state value. For the 100 mA LED it has
a corresponding Ireg(ss) value of approximately 87 mA.
Since the device will heat up and these sharp peak currents
will not be seen an approximation of 90 mA Steady state
current is acceptable. Next the Rygj value needs to be found.
To find the R,qj value that corresponds to the 90 mA steady
state current use Figure 6: Lieg(ss) versus Rugj in the
datasheet shown below.

[
[}

£
[

o=
[
=

L~

o
7

[
(=
I

(=

lregiss). S TEADY STATE CURRENT (ma)
(] (4]
o
7

|
[}

1000
I}-na:. (€3
Figure 6. lreq(ss) VS- Ragj

Notice how flat the Rygj value is as it gets to 90mA. This
means that initially the Rpgj pin can be left open. If the
overall solution gets too hot and the CCR reduced the current
through the LEDs to the point where they are not being
driven near 100 mA then a resistor can be added to boost the
current. Since no real test can duplicate the effects of every
LED tube or LED bulb it is recommended to first build a
prototype then modify the R,gj value. The R,gj can be

http://onsemi.com
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thought of as a fine tune lumen adjuster. Once the circuit is
built up the Ryg; can be adjusted to compensate for the
parasitic elements in the circuit effecting lumen output.

Example #2, 113.5 Vpyg +12%, 60 Hz

At 113.5 V pps £12% it is necessary to remain LED
conductivity at 113.5 Vrms —12%. At this sag in voltage a
141.252 V = Vp~ is reached by using Equation 4.

X 12
Vs =V *(1——)/5=113.5v(1——)/§
P~ "RMS 100 100

Vi = 141252V

A 470 kQ Resistor will be used as Rj, a safety feature to
discharge the capacitor in the off state.

For these applications 20 sets of 5, 20 mA, LEDs in
parallel will be used. Each set of 5 LEDs in parallel LEDs
consume a total of 100 mA and each set also has a VF of
3.4 V. This gives a VE(rotal) = 68 V. The 20 mA specification
was given in the data sheet of the LEDs and the total current
and voltage characteristics were calculated using
Equations 7 and 8, where m = 5, n = 20.

n 20

2 Vexllien) = x§1 3.4 Ve

X =1
VF(Total) =3.4V*20 =68V

VF(Total) =

m

5
|LED(Tota) = X§1 lepx(VE + AV) = X§1 20 mA

ILED(TotaI) =20mA*5 =0.1A = IReg

To successfully get an Igeg of 100 mA the
NSI45090JDT4G or the NSI45060JDT4G can be used. This
flexibility allows the customer to reduce inventory cost
since they can use one product for this application in a higher
or lower current application.

Ireg has been chosen, it is now time to choose an
appropriate coupling capacitor. By using Equation 34 and
setting Ry = 470 k€2 a 1.87 uF Capacitor is calculated.

lregR1 = V5 0.1 A — 470 kQ — 141.252V
2nfR,V, 271(60 Hz)470 kQ * 141.252 V

C =1.87uF

Because of the £12% variation of voltage, & = 12, this
gives a variation in current of Al = 0.0273 A =27.3 mA as
calculated using Equation 28.

*
A2 2*12 24,0,
| 100 —x 100 - 12 88

Reg

Al = 0.273* IReg = 0.273*0.1 A = 0.0273 A
27.3 mA

This means that anytime there is a +12% change in voltage
there will be an additional 27% more current available at the

voltage peaks. This extra current is important when finding
the power for the Zeners and the inrush current suppresser

(R2). Ry can be a 2 W, 120 Q Resistor as calculated by
Equation 29.

2
Pro = (lpeg + Al) *120Q
2
= (0.1 A+ 0.0273 A) *120 Q
Ppo = 1.94W =2W

This extra current is important when selecting a zener.
When the voltage dips to 113 Vrys — 12% the current
through the zener should be negligible but when the voltage
rises to 113 Vrms + 12% then the current through the zener
should reach AI for a short bit of the cycle. The zener
selected for this solution is a single 75 V, 3 W zener. A
1SMB5946BT3G is more than sufficient. The 75 V zener
allows for 7 V over the CCR for strong regulation current
and it meets the power needs for the zener to dissipate the
extra current seen because of the +12% voltage variation. By
using Equation 39 and 40 the minimum zener voltage can be
found and the recommended power approximation is given.

Vg = Ve + 4V = 68V +4V =72V

V, =75V

-
N
\Y

= V,*Al = 75V*0.0273 A = 2.045W

Since the Pz calculation is a DC power value a 2.045 W
zener is appropriate since the total on time is a function of
Vin and Vz. With a slight algebraic manipulation of
Equation 2 it can be stated that the total conduction time of
the Zener is shown below.

VN = Vpsin(2xft)

V, = Vgsin(2nf*t,)

\Y
sin-1( %
P

2nf
;
t,=——1
2= 5 h
’
Ton =2t~ t) = Il 4t
T
%ON :ﬂ:ﬂ:f*TON
T 1/f
\%
Zsin—‘(%)
%ON = 1 — ———— " — 84.2%

As seen in the above calculation the zeners only conduct
for 80% of the time so the average power is 64.4% of the DC
power. And 64.4% of 2.045 W is approximately 1.316 W.

Now that the Zener has been selected the power over the
CCR can be calculated using Equation 10.

Pocr = lregVak = IReg*<VZ - VF(TotaI))
0.1A(75V - 68V) = 0.7W

PCCR
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Since the DPAK is the package for both the
NSI45060JDT4G and the NSI45090JDT4G it makes no
thermal difference to differentiate between these two
devices. Since the NSI45090JDT4G device has a lower
slope in the Ireg(ss) versus Rygj a small change in Rqygj due
to accuracy will have a smaller effect on the Ireg(ss) current.

Also since the CCR is pulsed on and off and the whole
objective of this design is to not stress the CCR with even a
tiny pulse current over 100 mA we can look at the Ireg(ss)
versus liegp) graph (Figure 4 in the data sheet, shown
below).
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Figure 7. lReg(SS) VS. lReg(P)

Set the LED current to the I;eg(p) pulse current and find the
corresponding steady state value. For the 100 mA LED it has
a corresponding Lieg(ss) value of approximately 87 mA.
Since the device will heat up and these sharp peak currents
will not be seen an approximation of 90 mA Steady state
current is acceptable. Next the Rygj value needs to be found.
To find the Ryq;j value that corresponds to the 90 mA steady
state current use Figure 6: Ireg(ss) versus Ryg; in the datasheet
shown below.
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Figure 8.

Notice how flat the Ryq;j value is as it gets to 90 mA. This
means that initially the Rpgj pin can be left open. If the

overall solution gets too hot and the CCR reduced the current
through the LEDs to the point where they are not being
driven near 100mA then a resistor can be added to boost the
current. Since no real test can duplicate the effects of every
LED tube or LED bulb it is recommended to first build a
prototype then modify the R,gj value. The R,gj can be
thought of as a fine tune lumen adjuster. Once the circuit is
built up the Ryg; can be adjusted to compensate for the
parasitic elements in the circuit effecting lumen output.

Since a complete walk—through has been done for two
situations a fast calibration of the Capacitor, Pry, and Pz will
be discussed for the other two examples (120 Vrys * 5%,
and 240 Vrvs £ 10%).

Example #3, 120 Vgyg +5%, 60 Hz

If the same LEDs are used the VE(total)s ILED(Total) CCR
selection, Pccr, R1 and R, remain the same as in the
previous examples.

VETotay = 68V

ILED(TotaI) =01A

CCR = NSI45090JDT4G
Pccg = 0.7W

Ry = 470 kQ

R, = 120Q

Pccg = 0.7W

At 120 V rums 5% it is necessary to remain LED
conductivity at 120 V rums —5%. At this sag in voltage a
161.22 V = Vp~ is reached by using Eq 4.

X 5
Vo =V *(1 ——)\/2 = 120v(1 ——)\/2
P~ "RMS 100 100

V; = 161.22V

By using equation 34 and setting R; = 470 kQ a 1.64 uF
Capacitor is calculated.

lregR1 = V5 0.1 A*470kQ — 161.22V

2nfR\V;  2m(60 HzJ470 kQ *161.22V

C =1.64 uF

Because of the +5% variation of voltage, & = 5, this gives
a variation in current of Al = 0.0105 A = 10.5 mA as
calculated using Equation 28.

Al 2x _ 2%5 10 _
100 -x 100-5 95

0.105

| Reg

Al = 0'105*|Reg = 0.105*0.1 A = 0.0105 A

10.5 mA

This means that anytime there is a =5% change in voltage
there will be an additional 10.5 % more current available at
the voltage peaks. This extra current is important when
finding the power for the Zeners and the inrush current

http://onsemi.com
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suppresser (Rp). Ry can be a 1.5 W to 2 W, 120 Q Resistor
as calculated by Equation 29.

=

(Ipeg + Al)*120 @

2
(0.1 A+ 0.0105 A) *120 Q
Prp = 1.46W = 1.5W

This extra current is important when selecting a zener.
When the voltage dips to 120 Vrys —5% the current through
the zener should be negligible but when the voltage rises to
120 VRMs +5% then the current through the zener should
reach Al for a short bit of the cycle. The zener selected for
this solution is a single 75 V, 3 W zener. A 1SMB5946BT3G
is more than sufficient. The 75 V zener allows for 7 V over
the CCR for strong regulation current and it meets the power
needs for the zener to dissipate the extra current seen
because of the +5% voltage variation. By using equation 39
and 40 the minimum zener voltage can be found and the
recommended power approximation is given.

Vg = Ve + 4V = 68V +4V =72V
Vy, =75V

PR2

n

T
N
\

= V,*Al = 75V*0.0105 A = 0.789 W

Since the Pz calculation is a DC power value a 0.789 W
zener is appropriate since the total on time is a function of
Vin and Vz. With a slight algebraic manipulation of
Equation 2 it can be stated that the total conduction time of

the Zener
v
2sin-1 (—Z)
Vp
7

As seen in the above calculation the zeners only conduct
for 69.2% of the time so the average power is 69.2% of the
DC power. And 69.2% of 0.789 W is approximately
0.546 W.

%ON = 1 — = 69.2%

Example #4, 240 Vgyg +10%, 50 Hz

If the same LEDs are used the VE(total)s ILED(Total) CCR
selection, Pccr, Ry and R, remain the same as in the
previous examples.

Veotay = 68V

lLED(TotaI) =01A

CCR = NSI45090JDT4G

Pccr = 0.7 W

R, = 470 kQ

R, = 120 Q

At 240 V rms 1£10% it is necessary to remain LED

conductivity at 240 Vrms —10%. At this sag in voltage a
305.47 V = Vp~is reached by using Eq 4.

X 10
S =V *(1——)\/2=24ov(1——)\/2
P~ "RMS 100 100

= 305.47 V

By using equation 34 and setting Ry = 470 kQ a 1.035 uF
Capacitor is calculated.

lregR1 = V5 0.1 A*470kQ — 305.47 V

2nfR\V;  2m(50 HzJ470 kQ *305.47 V

C = 1.035 uF
Because of the £10% variation of voltage, & = 10, this
gives a variation in current of Al = 0.022 A = 22 mA as
calculated using Equation 28.
*
. S Y
100 - x 100 -10 90

| Reg

Al = O.22*|Reg =0.22*0.1 A = 0.022 A = 22 mA

This means that anytime there is a +10% change in voltage
there will be an additional 22% more current available at the
voltage peaks. This extra current is important when finding
the power for the Zeners and the inrush current suppresser
(R2). Ry can be a 2 W, 120 Q Resistor as calculated by
Equation 29.

\

(Ipeg + Al)*120 @

2
(0.1 A+ 0.022A) *120 Q
Pro = 1.786 W = 2W

This extra current is important when selecting a zener.
When the voltage dips to 240 V rms —10% the current
through the zener should be negligible but when the voltage
rises to 240 Vrms + 10% then the current through the zener
should reach Al for a short bit of the cycle. The zener
selected for this solution is a single 75 V, 3 W zener. A
1SMB5946BT3G is more than sufficient. The 75 V zener
allows for 7 V over the CCR for strong regulation current
and it meets the power needs for the zener to dissipate the
extra current seen because of the £10% voltage variation. By
using equation 39 and 40 the minimum zener voltage can be
found and the recommended power approximation is given.

V= Veqom + 4V = 68V + 4V = 72V
V, =75V
P, = V,*Al = 75V*0.22A = 1.65 W

Since the Py calculation is a DC power value a 1.65 W
zener is appropriate since the total on time is a function of
Vin and Vz. With a slight algebraic manipulation of
Equation 2 it can be stated that the total conduction time of

the Zener is;
\Y
2sin-1 (_z)
Vp
7

As seen in the above calculation the zeners only conduct
for 84.2% of the time so the average power is 84.2% of the
DC power. And 84.2% of 1.65 W is approximately 1.39 W.

Pgo =

n

vV

%0ON = 1 — = 84.2%
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Conclusion

The Capacitive drop topology changes swings in voltage
to swings in current. Using a constant current regulator to

ANDB8492/D

voltage LEDs to be driven at higher voltages with large

regulate the LED string current allows smaller forward

swings. For voltages swings less than 45 V the application
note AND8433/D should be considered.

LIST OF CCRs
Product VI Max (V) 10 Max (mA) Package Type
NSIC2020B 120 20 SMB-2
NSIC2030B 120 30 SMB-2
NSIC2050B 120 50 SMB-2
NSI45015W 45 15 SOD-123
NSI145020 45 20 SOD-123
NSI45020A 45 20 SOD-123
NSI45025 45 25 SOD-123
NSI45025A 45 25 SOD-123
NSI45025AZ 45 25 SOT-223-4/ TO-261-4
NSI45025Z2 45 25 SOT-223-4/ TO-261-4
NSI45030 45 30 SOD-123
NSI45030A 45 30 SOD-123
NSI45030AZ 45 30 SOT-223-4/TO-261-4
NSI45030Z 45 30 SOT-223-4/TO-261-4
NSI145020J 45 20to 40 SOT-223-4/TO-261-4
NSI45035J 45 3510 70 SOT-223-4/TO-261-4
NSI45060JD 45 60 to 100 DPAK-3
NSI45090JD 45 90 to 160 DPAK-3
NSI50150AD 50 150 to 350 DPAK-3
NSI50010YT1G 50 10 SOD-123
NSI50350AD 50 350 DPAK-3
NSI50350AS 50 350 SMC-2
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