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UNDESIRABLE RIPPLE

While half-wave and full-wave rectification can dellver unldl s tlon«a‘wﬂ E AT
current, neither produces aconstant voltage. b 5 1

; B
p

Producing steady DC from a rectlfled AC suppIyLrequ‘:"
circuit or filter. foiqld o -;J:,(r—-‘ [

In its simplest form this can be just a rese
capacitor, placed at the;IDCQH{pwt of th

There is still anAGﬂppte /0 e.com%pg

Lo L

frequency for a half-wave rectifier, twice

voltage s not completely smoothet i é/ e
Electrolytic capacitors can euaporate throug‘ﬁ-a toP iy :
drying-out process, which causes electrical paranfeters to. cirft

the service life time of the capacitors. =
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High- amplltude rlpple currents shorten the life of electrolytlc rf-To 3 ﬂum\‘ Qe
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COMPETITOR MARKET

At present, Asia-Pacific (APAC) dominates the LED driver IC market,
capturing 59.6% of the share in the overall market that is expected to
grow at a CAGR of 32.5% from 2010 to 2015. This can be attributed
to the factors such as low cost of IC, tax exemptions given by the
governments, and presence of Original Equipment
Manufacturers/Original Device Manufacturers (OEMs/ODMSs).

The market of LED driver IC is highly fragmented and comprises big
industry giants and small companies that are based in Asia-Pacific,
Europe, and North America. Texas Instruments (U.S.), National
Semiconductor (U.S.), ON Semiconductor (U.S.), NXP (The
Netherlands), Linear Technology (U.S.), Maxim IC (U.S.), Power
Integrators (U.S.), iwatt (U.S.), Macroblock (Taiwan), Fairchild (U.S.),
Semtech (U.S.), and others that includes Supertex (U.S.), Austria
Microsystems (Austria), Advanced Analogic Technologies (U.S.),
Infineon Technologies (Germany), Intersil Corporation (U.S.), Rohm
(Japan), Silicon Touch Technology (Taiwan), ST Microelectronics
(Switzerland) are some of the key players in the LED driver IC market.
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SMPS CAPACITOR PARTS
SUBSTITUTION

90V...275V

FIDES-P5 SOP 8
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WHAT IS PROBLEMS OF
AC-DC CONVERSION

1. When AC to DC must be

O +
N L current 1
VA, DB e
» : output "
AC /\‘: time
input o o - o
— ]
Bridge rectifier Output: full-wave varying DC

Alternate pairs of diodes conduct. changing over (using all the AC wave)

the connections so the alternating directions of
AC are converted to the one direction of DC.

The filter capacitors help
smoothe out the ripple.

The rectifier tube flips half of
the wave to create a DC ripple.

AA

AC voltage coming from the
transforimer is a sine wave.
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come to current zero point.
2. Dammed high current by
capacitor.

3. The Electrolytic capacitor




MOVE OVER TO DIGITAL
CONTROLLED SOLID CAPACITOR

Substitution > J’

FIDES-P5 SOP 8
MTBF OVER 100K hours

Ta: Operating temperature (]

| | sustainable life cycles

Elrctolytic capacitors

service life problem .
Ta+10 Foih Ben6f|t :
Brenas 1. Long life MTBF

L. Expected service |ife [ hes) 2 = GOOd PFC (Over O' 95)
0sL L 2L -

For every rise in operating temperature by 10 degrees centigrade, the 3 . Stable Operatl ng tem peratu re
service life is shortened to one half, and double for every 10 degree 4 Sma” Size

drop(10 degree 2 fold rule). The aluminum electrolytic capacitor is
commonly 10 years service life)
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AC-DC CONVERSION

PARAM ETERS DB1 bulk l}mlk -
freq = 50Hz Diode ‘
Vin = 100Vac
1/1)1(' DB4
" — AC_IN1 d - ) i d) .
in oa
@ Chulk v 1.414Adc
' e 2000uF
DB3 DB2
AC IN2

T+
50

Most electronic ballasts and switching power supplies use a bridge rectifier and
bulk storage capacitor to derive raw DC voltage from the utility AC line.
Figure above: Vin=100Vac, 60Hz and Po=200W.
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BRIDGE RECTIFYING
POWER FACTOR

200V

5 * 4/ - o
|Vac, in, 1dov| (Veeax, 15=100 V2 141.42V) and-Vp, :
P — = S — . D =
100V . . .
SEL>>
ov
o ABS( V(AC IN1,AC IN2) ) ¢ V{(bulk)
20A
IIlimel
10A- - - - - -
OA
o ABS({ I(Vin) )
1.0
0.8 o= P. : * )
0.2+ Power Factor Ratio = P;, avg_/(v,,,' s N emal . . . _
O.(.J- - - - - - - - . - - - - - - - - - - - - -
& = 5 > = = -5 = 5= - e
0.24 o &Y @ VW & el e el e e B e & e B e w ek m er @ et @ tel m Nei M el M & & W A 0w YRL & e w e e e e il '«
0 T T T T T T T T T
160ms 164ms 168ms 172ms 176ms 180ms 184ms 188ms 192ms 196ms 200ms

o AVG(ABS(W(Vin))) /(RMS(ABS(V(AC IN1,AC IN2)))*RMS(ABS(I(Vin))))

Time

The uncorrected power factor rectifying circuit draws current from the AC lin when the AC voltage exceeds the
capacitor voltage(Vbulk). The current(lline) is non-sinusoidal. This results in a poor power factor condition where the
apparent input power is much higher then real power, figure above, power factor ratios of 0.5 to 0.7 are common.
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AC-DC RECTIFIER

Vs, (1) AC Voltage form on the transformer secondary output
| | |

Vmax +—— s :—— c—t————— S ——+——Vmax = 1.414 x Veff = 12.73 Volt
e FA—— Nt ——=—=1F£===X1-—Veff=9 Voit
| | | | -
| | | | |
V. N | W—— Tl__ —— NG | N

- e i T T T
L] 0.01 'VS | | i I
I : : :
Vout (2) Rectified Voltage form withgut the Capacitor
s | : ,f 4, ? p,# Vmax = 1.414 x Veff — 1.4 Volt =
| I | | 11.33 Volt

|

L i o e P T i B e e o i B
|
|
| | l |

D2,D4 Forward | D2,04 Reverse : D2,04 Forward | 02,04 Reverse : D2,04 Reverse | D2,04 Reverse

D3.D1 Reverse '03.01 Forwan'!I D3,01 Reverse | D3,D1 Forwatdl D3,D1 Forwam| D3.D1 Forward

| |
: (3) Recﬂified Voltagie form witl1 the Capacftor
—_— - = e - —_— e — T e

Capacitor Capacitor
Charge Discharge

The AC to DC full wave rectifier Voltage time diagram
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AC DIRECT LED DRIVER
PROBLEM DEMYSTIFIED

Vin_peak ---eeeeeaaaa-.
e N
o BT WA AL %
/ Y rPsgi~ 11 VF_Grl 7 | Wi '
o2, ] é B 5
VAc éh ] Lg*";, g RSO i == = =5 = W
T ILED_rms —>
o [ %‘ )
v Tturn-on
TPS92411 Switched Line Tulndof ¥ YF_Group |
group H —“:l ¥ YF_Group 2
roup |
Group 1 el VF_Group 3
Demerit Magic91 =
1. Need LED Vf must be input voltage.
2. LED on time are only 67%. S

3. LED string illumination are not same.
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VIVIPAROUS RIPPLE

PROBLEMS

Gy

AR

LED Current [SOmA / div ]
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Figure 1. Typical Application Circuit

LED Stage #4 VF
Current Limit
LED Stage #3 VF

LED Stage #2 VF--

LED Stage #1 VF

JLED : 66V
3LED : 66V

4LED . 66V

4LED : 66V

Figure 2. Basic Operation
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NON ISOLATION BUCK
LED DRIVER

Most of LED driver are employed.
Poor PFC and ripple.

/\/ /\/\ Electolytic ca
Vsup ~”‘ "\
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s & . 2 ]
Device
DS DSG: Digital Sine-Wave Genorator

HV Device : High-Volitage Device
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Reference >
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RIPPLE AND PFC
PROBLEM

Figure. A Figure. B
BR3 | n _’V°U>T
P2 ’\J + : 2 = +VOUT BR3 ‘L
B izaow«c LS P2 Y o 2l S D6
’\} —= : 230 VAC R
Ay —
l I La -I-C6
Figure. C Figure. D
' BR4 . o +VOUT . ' BR3 | +VOUT
o N+ - J Y W = j:L,—'b + ren J B L. D
= T b - TST:H
PWM ;’WM DIS-CHARGE
CONTROLLER CONTROLLER CONTROLLER
l | | I I

Most electronic ballasts and switching power supplies use a bridge rectifier and a bulk storage capacitor to

derive raw dc voltage from the utility a line, figure above : valley fill with passive PFC circuits B and active

PFC shown C. The figure D are this novel PFC and regulation methodology. IS O
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ADVANTAGES - DISADVANTAGES
OF VALLEY FILL PASSIVE PFC

Passive power factor correctors have certain advantages, such as

- Simplelicity

- Reliability N e
- Ruggedness BR3 L ZIS

- Insensitive to noise and surges 72 W & .

- No generation of high frequency EMI _| jzs0vac .

- No high frequency switching losses ) = o
Disadvantages of passive PFC Cockcroft-Walton PFC

On the other hand, they also several drawbacks

- Solutions based on filters are heavy and bulky, because line frequency reactive
components are used

- They have poor dynamic response

- Lack voltage regulation and the shape of their input current depend on the load

Even though line current harmonics are reduced, the fundamental component may

show an excessive phase shift that reduces the power factor

- Parallel resonance at different frequencies occurs too, which can amplify other
harmonic

- Big size and expensive

- PSS
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TRADITIONAL
RECTIFIER RIPPLES
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REGULATION RIPPLE
COMPARED

ilm =k | N il i The all circuits are AC 167V /60Hz
g JE R e wr| [ | 83 | P <m gt 2K |oad.

—) ! H-:“"?_i it 1

L5 = e

model INACCT D(19590p Re=40m

o g | i { Reliability and size with costs

(. Gempwates w9 Lw L incurring tremendously good.
o i s i w = u 6 TRk A B G
im'«:w m'w}oﬂ W ; "'u"u ':: ‘tran 20m =4 I =,

v - l Fa ]

) 20 e ™ PULSE(G 100 10n 10m 10n 0.16m 0.3m)
| ~ A PULSE(D 100 6.6m 10n 100 1o 8.331m)
'"::" mo.‘:’ Lu e s PULSE(0 100 7.6m 0 0 1m 8.33m)

3 ~ | 28 == PULSE(0 100 8.85m 0 0 1m 2.33m)
Lm«};rT 1WW+ W

- #Ne NN

VAC VAC

a) b)

3 harmonic: 24%
PF =088

37 harmonic: 82%
PF = 0,68
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NOVEL TOPOLOGY OF SOLID
STATE CAP FUNCTION BLOCK

AC
INPUT

Rectifier

Zero Current
Detector
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PFC/Charge Dis-charge — +VvOUT
N N
,| Charge and Dis-charge
PF controller controller
N
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DIGITAL CAPACITOR
BLOCK DIAGRAM

[ AC-DC DIGITAL CAPACITOR ]
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DRIVE WAVE FORMS
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OLID STATE VALLEY
FILL WITH PF
ORRECTION TOPOLOGY
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DIGITAL CAPACITOR
WAVE FORM

220V/60Hz uF

Satia] '__:,‘—“. -.—/’ . \
Q i, £ g Boost V setting are
B Bl , depending on charge cap

& ! T - | T\’ =
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SINGLE PHASE BOOST PFC CONVERTER

USING HYSTERESIS CURRENT MODE
CONTROL TECHNIQUE

i |
Vat) in ]|'

k) -
* ®
2 -
1|8 -
K E_ 7
1] % c2 r
I Current error AMP Fa @ _“_ ey
Ipm S oPy _~ R4
s O Vref ]1 _
N RE
Voltage error AMP l
oy ol ‘
I
' " Z=XY X
= ' Y —

Hysteresis comparators are used to impose hysteresis band around the reference current. The hysteresis
control scheme provides excellent dynamic performance because it acts quickly.

Also, an inherent peak current limiting capability is provided. This type of control in which two sinusoidal
current references ipm, ipL is generated corresponding to maximum and minimum boundary limits.

: S )
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ADVANCED SOFT SWITCHING
PFC EXAMPLES
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The soft-switching PFC technique combines the advantages of PWM mode and resonant mode techniques with an
additional resonant network consisting of a resonant inductor, a resonant capacitor and an auxiliary switch. The AC/DC
converter operates in PWM mode during most portion of a switching cycle but operates in resonant mode during the
switch turn-on and turn-off intervals. As a result, the PFC circuit works at constant switching frequency and the power
switch turns on and off at zero current or zero voltage conditions. Thus efficiency and power factor both improved by this
technique. This figure shows boost PFC circuit with a soft switching network
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EMI COMPARE
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ONSEMI NXP101X
WITH DIGICAP

‘2232v9%3927%22§3%3%
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OVERLOAD RIPPLE
COMPARE
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Without

————

digital cap

With
digital cap
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ORDINARY SMPS
OVERLOAD CONDITION

{ s 4 885 3 6 & 3353 BB:::.aNG:ouccoift
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HV9910B

113.2mm

-DIGICAP DEMO

FIDES



HV9910B + SILICON CAP
DEMO (LOAD LED16W)

e
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ANY QUESTIONS?
FOR MORE INFORMATION
HERE!

https://independent.academia.edu/YeonmoonJeong
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