Transformer Application

MR16 / AR111 LED Driver Solutions
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MR16 Lighting System

* Requires a magnetic or electronic transformer to power from 110 /
220VAC
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MR16 Lighting System

4 )
ANSI designation for MR16 halogen lamps

P 20W minimum
— ESX'| 20 watt,| 10 degree beam
— BAB 35 degree beam
— EXT 50 watt, 15 degree beam
— EXZ 50 watt, 25 degree beam
— EXN 50 watt, 40 degree beam Beam Angle
— FNV 50 watt, 60 degree beam
— FPA 65 watt, 15 degree beam
— FPC 65 watt, 25 degree beam MR16
— FPB 65 watt, 40 degree beam AllHotelE
— EYF 75 watt, 15 degree beam

— EYJ 75 watt, 25 degree beam
— EYC 75 watt, 40 degree beam

Power supplies for MR16 halogen lamps are designed to deliver 20W output minimum

\ 2
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Common power sources for MR16

f
Magnetic Transformer vs Electronic Transformer
Magnetic transformer Electronic Transformer
Reliability High Relatively low
Line Harmonics Very low Relatively high
Compatl_blllty to TRIAC Good Fairly good
dimmers
Efficiency ~ 80% - 85% ~90% - 95%
: : 50/50/50 mm typ. (D/W/H) 60/30/30 mm typ. (D/W/H)
PIBIEE Slrs for 30VA output for 60VA output
Weight Heavy (Iron E-I core) Light weight
Cost Relatively high Low
.
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General Requirements of MR16 LED Lamps

B

© N O O

Customers like to have a MR16 solution fulfilled the requirements:

No visible flicker of light

Compatible with different electronic transformers as many as possible
(with average LED current regulation)

LED current never drop to zero

Compatible with magnetic transformers (with average LED current
regulation)

Compatible with DC power supply (with average LED current regulation)
Reasonably low input surge current
Passes both input line conductive and radiated EMI testes (EN55015F)

Fulfills certain efficiency requirement (thermal consideration and varies
case to case, usually 60%)
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Electronic Transformer + Halogen Lamp

(
Driving MR16 halogen lamps with an electronic transformer
P L L L
R2
1A CIA R1 S - = c2
3 T & D6 T
o M * - +
D5 T3
AC voltage L ot » » F L M
LAMP
DIAC ||§ T ®
R3
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.
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Electronic Transformer + Halogen Lamp (1)

[
Driving MR16 halogen lamps with an electronic transformer
D1 A = C2
c_ ST
T4 Ta
AC voltage
||§. @LAMP
Oy A
D2 &
= C3
.
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Electronic Transformer + Halogen Lamp (2)

(
Driving MR16 halogen lamps with an electronic transformer
P
D1 C3A R1 3
o M '
AC voltage
LAMP
Oy
D2k D4k Cl1=
&
.
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Electronic Transformer + Halogen Lamp (3)

-
Driving MR16 halogen lamps with an electronic transformer
D1 A
o Ty
AC voltage
Oy
D2 &
.
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Electronic Transformer + LED

4 )
Driving LED lamps with an electronic transformer
. . : 4 . 4
LED
Array
&
01K == 2
LEDM
o T ADs AD10 Iﬁ
T4 T5
AL voltage 5 — * Buck
LED ¥ LEDZ
— “E\ A o Driver X
D2 & 4
L 3 A Ao Y LED3
i R
&

For the same luminous output, a LED MR16 lamp takes
much lower input current / power than a halogen MR16 lamp

The lowered input current can be inadequate to maintain
contionuous operation of the electronic transformer

- u_/
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Pros and Cons of common circuit topologies

Floating Buck Boost Floating Buck-boost
ML T

]
¥

General structure

N

= \\: LED
/| T~ jLEP

VAC \\: i ——

o —t— o— \ o < =
-4 _ Y o—

- _L
T 7 e

|||—0
Al
Al

I
. Step-down Step-down SIS RUIeloin
Function (Viep < Vinmax) (Viep > Vinmax) (Vieo < Vina)
(max) (max) (Viep > Vinmax)
LED voltage 12V max. 15V min. Virtually not limited
System efficiency ~ 65% ~70% ~ 60%

Advantages

Continuous output
current

Continuous input current
(good compatibility to
elec. Transformer.)
Good power factor

Adaptive to different
configuration of LED
string

Disadvantages

=

Pulsating input current
Requires high input
capacitor (difficult to
MR16 applications)

Requires electrolytic
output capacitor to
provide continuous LED
current

Only suitable for long
LED string

Pulsating input and
output currents
Relatively high peak
switch current

Requires electrolytic
output capacitor to
provide continuous LED
current
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Getting Electronic Transformers Work

4 )
The best MR16 LED lamp should behave like halogen
lamps which has high luminous efficiency and
resistive input characteristic. Capacitive load can
cause unstable operation of electronic transformers.

Resistive characteristics:
* Input voltage and current are always in-phase
* Non-pulsating input current
 Low THD (Total Harmonic Distortion)
* Very low input capacitance
\ w,
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Getting Electronic Transformers Work

Large capacitor at input of the LED driver introduces high spike current to the
bridge rectifier and electronic transformer, which can eventually damage the
driver circuit and electronic transformer

Buck LED driver + 100uF input E.cap A
File Edit W¥ertical HorizfAcg Trig  Display Cursors  Measure  Masks  Math MyScope  Utiities  Help
7 09 Mar 11 15:43:49 @
: : Ext Atten
10.0
Ext Att{dB)
0 Top Trace: lout (200mA/DIV)
Second Trace: Vg, (20V/DIV)
Third Trace: V| ine(200V/DIV)
Bottom Trace: |, (10A/DIV)
Up to 18A peak to peak
surge input current
1 )
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Getting Electronic Transformers Work

Because electronic transformers cannot accept
capacitive load, the input capacitance of a LED driver
for MR16 must be very low. (e.g. <1uF)

With low input capacitance, the input current (CCM) of LED
driver circuits are:

Buck Boost Buck-boost
] tom | e || ° ltml tore I ——||° o | torr | TIVE
In =1L ,
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Getting Electronic Transformers Work

Because electronic transformers cannot accept
capacitive load, the input capacitance of a LED driver
for MR16 must be very low. (e.g. <1uF)

With low input capacitance, the input current (CCM) of LED

driver circuits are:

Buck

I Lﬂ,

Tm tDFFE

1

TIME

y

N

Buck-boost

i 5

tm t:'_‘IFFE

-
TIME

v

Electronic transformer may Continuous input current

stop working

IIN

I

Electronic transformer may

stop working
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MR16/ AR111 LED Driver Solutions

4 N
’ e | M3401 - Hysteretic PFET Controller for High Power LED Drive

».: LM3409 - PFET Buck Controller for High Power LED Driver

Q e | M3414 - 1A 60W Constant Current Buck LED Driver

e LM3492 - Two-Channel LED Driver with Boost Converter and
Fast Current Regulator
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Product Selection Chart

4 ) V| gp <= 15V
TRIAC
DIMMABLE
\ ) Vieo > 15V
V| gp <= 15V
(
NON-
DIMMABLE
\.
V| gp > 15V

(' LM3409 ) Multiple MR16

(' LM3444 ) simple circuit

Compatible to
( LM3492 ) different power

sources

( LM3401 ) Low cost / compact

C LM3414 ) High output accuracy

(' LM3409 ) Multiple MR16

( LM3444 ) Simple circuit

Compatible to
( L M3492 ) different power

sources 18
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Triac Dimmable vs Non-dimmable

{ \
- (' TRIACDIMMABLE )

AC Line
Input

Electronic
Transformer

LED

\_
'd \
- ( NON-DIMMABLE )
AC Line Electronic LED
|n p Ut Transformer
\_

19
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Triac Dimmable MR16 solution

{

\
- (  TRIACDIMMABLE )

AC Line
Input

Electronic
Transformer

LED

The LED driver circuit must be able to make both the triac
dimmer and electronic transformer to conduct
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LM3401 (non-dimmable)

o

u1 84.0k [
VIN LM o

D1
(VAE T} ”.
—2{ oM HG : "_}
2 < §
12VAC Input o g —_Tar L1
H Z HYS CS L
= | ] LED+
& & GND SNS |=& MS57241-223MLB
CVAC 3] 22uH
vAS 2 LM3401MM #
e 7
D5 il
D3 10uF —
2.2uF
D4 GND  GND ND G GND
= LED-
GND
la
/p Vs v+ > /IN LED: — LED
Transformer Board
) . £
{Electronic) Diode Bridge Vs Eval Board Va 3
Vp Vs AC W GND LED-
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LM3401 (non-dimmable)

Specs LM3401 STD CKT 3 LEDs @ 0.7A Units
Vi 12.05 VAC
Ine 0.659 A
Performance P 733 W
. Vour 7 8.43 VDC
without transformer — 5700 A
Pour 2 6.47 w
Efficiency 88.3%
Power Factor 0.924
Specs LM3401 STD CKT 3 LEDs @ 0.7A Units
Vi 119.94 VAC
I 0.069 A . .
P 603 w | Performance with electronic
Vour 7 819 VDC (1) _
= — aq | transformer (LET-60)
Pour @ 566 W (2)
Efficiency 81.7% -
Power Factor 0.849
Specs LM3401 STD CKT 3 LEDs @ 0.7A Units
Vi 119.44 VAC
I 0.072 A
: - P 724 w
Performance with electronic o s e
transformer (HATCH) e ™ 0651 A1)
Pour © 6.02 W (2)
Efficiency 83.1% -
Power Factor 0.853
: — - 22
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LM3401 (non-dimmable)

Input voltage, LED current Input voltage, Input current
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LM3444 (dimmable)

a D1 L D5
(VAC 1L DA LED+ ]
0.05 4 MSS1278T-563MLB L
R13 R2 ! DY S6uH
D2 1RO $5.49k
12VAC | D6
nput R12 ==c5 _|+cs
B340A-13-F 8.45k - N 4.TUF  T~330uF
1
D3 R11 1= QS'_K: Q1
At 549K =%, o -
o . 5
~ cw| Q2
B340A-13-F 1 6~
Q3 U1 4 I'—} L i
Y 1 0 R10 —_— —_
_ D13 ~ . —Li AsNs  BLDR K- 26.1k = GND GND
D12 D14 p7 _L o
x ca x X" —c —2 ftR vee P2 :
B340A-13-F ~ 1nF N ~ 22yF]
2.7V 2.7 11V 8 D8
Ri5 x —% biM  GATE a3y
R4
15k D10 —S FLTR2 IsNs K
GND GND GND  GND GND GND GND  GND > EeF
o LM3444MM
. 1|2 14 =
1= GND
D11 o R3 R5 IR6 (R8 JR9
24.9k J_ 1.00 Sopen $0.50 $0.50
—=C9 C10 Cc4
0.1uF 1uF 330p
GND GND GND GND GND
R14
80.6k
Bench Circuit
I I, I3 Iy
LINE ) Vp Vs > VIN LED LED
120Vac ) Board
Power v Triac v Transformer V. LM3444 MR16 v, ~
1 i 2 ( Electronic) 3 o 4 Y
Supply Dimmer LED Driver
NEUTRAL Vp Vs VIN LED-|
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Measurement Results

Input LED -
thp;te Current Current Eff|z:ol/e)ncy
J (MA) (MA) .

12V DC 1095 12 282 38.0 81.6

12V AC 12.1 247 37.6 76.7
Osram ET-A60

(220V AC) 15.5 293 38.2 12.2
Remarks:

1.
2.
3.

12V DC Power is supplied by Agilent E3634A

50Hz AC Power is supplied by Kikusui PCR 500LA

Efficiency is measured by Agilent 34401A

(Measured Power Supply as input, LEDs as output. All system included
bridge & LM3492)

25
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Compatibility Score Card

AR-111 LED Lamp score card, on 220VAC
LM3444AR111 (BOM120208)

LAMP UNDER TEST:

Measured full input power:

15w

Performance on conduction duty cycle

Dimmer

E-Transformer

JUNON BTB04-600SL

Philips ETK50, 50W

Philips ET-E60, 20~60W

Rio RT50M, 20~50W

Kengo DET-60T, 10~60W

NVC ET60E, 60W

OSRAM ET-PARROT 105, 35~105W

OSRAM ET-P60

OSRAM HTM 105, 35~105W

Tridonic VIPER, 60W

Wipo ET 105, 35~105W

CLIPSAL KB31RD400

Philips ETK50, 50W

Philips ET-E60, 20~60W

Rio RT50M, 20~50W

Kengo DET-60T, 10~60W

NVC ET60E, 60W

OSRAM ET-PARROT 105, 35~105W

OSRAM ET-P60

OSRAM HTM 105, 35~105W

Tridonic VIPER, 60W

Wipo ET 105, 35~105W

Hager XP515 P60 series

Philips ETK50, 50W

Philips ET-E60, 20~60W

Rio RT50M, 20~50W

Kengo DET-60T, 10~60W

NVC ET60E, 60W

OSRAM ET-PARROT 105, 35~105W

OSRAM ET-P60

OSRAM HTM 105, 35~105W

Tridonic VIPER, 60W

Wipo ET 105, 35~105W

SCORE

11/30

MEANS "NOT LIGHT UP"

MEANS "LIGHT UP WITHOUT FLICKER"

MEANS "FLICKERING"

26
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Output Current Linearity

350

300

250

/

200

g

150

y

Output LED Current (mA)

100

e

e

50

~

10%

20%

30%

40% 50% 60%
Conduction Duty Cycle (ms)

70%

80% 90%
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LM3409

(dimmable, designed for multiple MR16 systems)

Vil+

L2
P
Shaort circuit
ER1
CERHDEH1-40L
40V
14
. R1
2
- AC in1
[ )} =
Do v 22 _]_
3 oy Fﬁf AC in2
TC1 7~ = s - 1uF
' Ts R5 cgp B GBS |
SOV —
NC | a7 GHIVLED+ —aa—a—— =L COFF I
N - W *| sorms
HY ner poate <& RG‘ 2 ‘!: SI3455A0Y
[MSIRHVATY lz.l‘,:; <
. e~ L1 GNDAFD |
1 1 = : )
TS 11 l MESTIe-1E3MLH
w 0
S b 4
- 5 PLEDIIE
0205 ,
R7 3w
) LED-
10°N3y 192 338
)
@
..,(__-9',
N°3 NI 30uHd
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LM3409
(dimmable, designed for multiple MR16 systems)

Specifications

Specification Model REF 261
Max input power (W) 4.87TW
DC Output current 350mA
#of LEDs 3
LEDs Osram
Input Voltage (AC) OVac eenn14 Ve
PF 0.94
Efficiency (%) 67%
Qutput \Voltage (depending on LED Vg ) | 8.8V +/-20%
Current (A) 0.350A
Ripple (mAgp) 500mA with 350mA
LED current
Frequency ripple 100hz
Start up time (ms)
Hold up time (input failure)
Remote sensing
Remote on/off Yes, ON/OFF switch
Isolation Input/output No
Dimming With TRIAC Dimmer” Yes*
Standards Safety Agency approvals No
IEC 61000-3-2 CLASS C No
EN55015 conduction No
EN55015 radiation No
Other Cooling method passive
Life time (NO ELCO)
Temperature range -20°Cto +.....°C

29
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LM3409
(dimmable, designed for multiple MR16 systems)

CH2: AC input
(12Vrms)
CH3: Inductor
current
CH4:LED
current 0.38A

Condition:

Vin Main:
230VAC

Vin : 11.37Vrms
Full dimming

CH2: AC input
(8Vrms)

CH3: Inductor
current
CH4:LED
current 0.19A

Condition:
Vin Main:
230VAC

Vin : 8Vrms
50% dimming

Fle  Edi

Vettical Honzficg Trg  Dicplay

Cursors  Mezsure  Masks Math MyScope Utilbes Help

.

Buttons

Guis1 Pos
2.257ms

Curs2 Pos

| 12.067ms

Buttons

Curs1 Pos
124, 1248

Curs2 Pos
17.475ms

jl CH3: Inductor

CH2: AC input
(2.47Vrms) '

Fun Samp e

current
CH4:LED
current 0.032A

Condition:

Vin Main:
230VAC

Vin : 2.47Vrms

| Low dimming

Edi  uerncal Honzfecy InQ  Disply  Crsors  Measile  Masks

149¢

Math

Likies  Help

Curs1 Pos
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LM3492 (Boost + 2 ch. linear LED driver)

VIN

Integrated boost power switch

Boost converter

Integrated 2 ch. linear current regulator

. ] iy
« Automatic voltage headroom control N *
Boost converter provide the ocutput
. . voltage to er LED strings
« Wide input voltage range 4.5V-6V ae e R ? 3 3
~ | e |
m £ £
L 3 W
Dy Vout =] | B I
VIN SW Pl * * * o | =N
RRT I 3 ¥
CDHC RT ——\W\N—¢ i
Cre = RrB1 3 ~3
Cin c 'S vce VOUT T 3 3 *
T ™ Jovee EN FB - ::COUT |
l PGND LM3492 |REF e RFR2 l I DIMT —» 2 Chanmel Linear
= = = | | DinZ —]  Current Regulator
GND ILIM "
— - _._ ke A
—] comm LGND Individual dimmable current regulator
- control LED current and brightness
DIM1/CLK IOUT1
DiM2 IouUT2

31
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LM3492 (dimmable)

3 R Cvce r
Cy Ry
! RL13
— | R
RL1 N— > R

< <
> >
R23 >Ri3 =
>

TS

‘)

PGND LM3492 |REF

LGND COMM

LM GND

Vour
L Rsn  Csn
M M 111}
U
Ds . FB Du
=11. M M Vin VIN sw =_‘L I
ke ’1\ Dws]i > RRT
v b b vee RT ——AA——¢
220\/(-5 Electronic _L-J o, 1_‘ ’[‘ 0, = Rk LRFE“
Transformer Y Cio y e
R —
L[] i} D 1 D | Ceui W ot 3 Re EN Dy vour
L, L >
¥ Y CDHC FB 1 E

Qs Hy 1= Qua
' ! N oy oo fOUT
Qe
Riz Rig Rig] J_

Green color route (quiet ground “GND” related) should be kept short.
“FB” net needs to be quiet, keep it away from the “SW” net.
Mind the kelvin sense connection of “RL1”.

DIM1/CLK 10UT1

J DIiM2 1ouUT2

— )}
% Riume Rs Rupnt COMM
N AAA \
Vv
™ T Dis Ruenz
Ny u,
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LM3492 (dimmable)

Performance
with12VAC

Specs LM3492 BOOST 6 LEDs Units
Vin 12 VAC
P 6.9 W

Vour 18.54 VDC

| ep 0.295 A

Pour 5.47 w
Efficiency 79.2 %

Specs LM3492 BOOST 6 LEDs Units
Vin 220 VAC
VP'N 178-2482 VVDVC Performance with electronic
hep 0278 A transformer (Philips ETK50)
Pout 5.12 W
Efficiency 70.3 %
Specs LM3492 BOOST 6 LEDs Units
_ _ Vin 220 VAC
Performance with electronic vp'” 178-2475 VYDVC
transformer (RIO RT50M) - 0.287 A
Pout 5.3 W
Efficiency 72.8 %
33
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LM3492 (dimmable)

Electronic Transformer Waveform (RIO RT50M)  Electronic Transformer Waveform (Philips ETK50)

Tek :gtqpped S!nglg Seq 1 Acis ) ) 11 Moy 17 15:26:10 Tek  Stopped AR hogs

chl 1000Y Ch2z  200rmd Q M 40ms S00kSE  20psht chi  100v chz  200ma Q M4 0z SO0KSS  Z0psit
ohi 204 © chd 2oV b Line - ch3  Z0A  Q che  ZOv 4 Line -

1. 220V 50Hz AC Power is supplied by Kikusui PCR 500LA
2. Rio RT50M E-Transformer

CHL1: LED Voltage

CH2: LED Current

CH3: Output Current from Transformer

CH4: Output Voltage from Transformer
(100mV * 200 = 20V/div)
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Operation principles of the LM3492 MR16
solution

Vour
L Rsn  Csn
M g\ fi)))"
Ds v = F8 D v
»l N wl ouT
—1 d ks VIN sw >
L Dis > RRT
220% Electronic u X Rouk vee RT f—--\WV\—+¢ ‘E
Transformer _rrv\r] Ly Ve 1 a ® é . o o <RrB1
MCOMM 1 —
Dao Dig Cauik c i < 2 h';r VouT
. - vee 14"
Y Y Y CDHC FB \
& Cs R R
L13 IREF S
<
A >
oy Y 1 > Ruwn PGND LM3492 |REF ZRrez
= - Cs
l B ]:c“ LGND COMM |
. = = %= = T
L = = s 0
L2 2 = U A ILIM GND
DIM1/CLK 10UT1 _1 =
DIM2 1ouT2
> M
= Rume Rs Rupnt COMM
N AAA
Vv
M | Dis Rupnz
U,
Qs Ay
F IN 5 LDO ouT
Ri7 J_
N
m
vv\ﬁ__" Qus
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Operation principles of the LM3492 MR16
SO l Utl on Boost LED driver stage

Vour
L Rsn  Csn
M g\ fi)))"
Ds v Uy B Du y
> I » ouT
»—" dk VIN sw >t :
b 4\ Dws]i > RRT
v =R vee RT f——AM———¢
220\@ Electronic u D, 1_‘ ’[‘ D, BuLK :ERFBI ﬁﬁ 4
Transformer Y Cio y ! !
R @22 - den e vt b s e b e
L[] il Dig Dia | Coun . & ot Re —=  Pr vour
R Y Y Y T e oo FB l 1 3 yi 3
Cs Ry T Cout 1 1 1
Ri13 RIREF & ! ! !
—_— A >
R 1 Rumn PGND LM3492 |REF ZRre2 i i i
) - = I Cs 1 1 1
D. C, 1 ] ]
l b ]-. * LGND COMM f—— L *\‘ *\‘ *\‘
< = - = 1 = 3
Rz 3 = - = T 7
v - P— LM GND ! .
DIM1/CLK 10UT1 _1 =
DIM2 1ouT2
> R .
2 Riume s Rupnt COMM
dh MW
T \ | IDws Rupnz
U,
Qs Ay
F IN 5 LDO ouT
Ri7 J_

n A
W Qs
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Operation principles of the LM3492 MR16

solution

220V, :

m
2
3o
5}
l}E‘g

-
>
RS
<

Qs

SR

Qe

PGND LM3492 |REF

LGND COMM

LM GND

DIM1/CLK 10UT1

DiM2 IouT2

Vour
Rsn Csn
U
Ds . FB Du v
»l ouT
g VIN sSw  2n ‘
X RRT
Reut ik vee RT f——-\——s L 3
,l ; 3 ’
>FB1
R 1 acecass
Gaue Q oMM b3 EN 3';7 vouT
L Cvce ]
CDHC FB
Ry Courtz

COMM

IN ouT

n A
VWV Qs

Current sensor for constant input current
regulation and AC dummy load circuit

37

13 TEXAS
INSTRUMENTS




Operation principles of the LM3492 MR16

solution

Vour
. Rsn  Csn
M g\ fi)))"
Ds = FB Du }—‘
p— A Vin VIN sw >l . Vout
L 4\ Dws]i = RR1 L
. - SR vee RT f——"\W\——¢ i;
220\@ Tii;':r:;r u o 1i‘ N “1 o BULK 1 ; E:RFBI I“ ______ T I\.
JYW] 1t Dao Dis Cauk & Reons < Re — & Dir - VOUT
[ N A = Cvee »t *: ¥ #
Y y Y CDHC FB 4
. Ri13 G R RIREF > Courz E E
RL1 e — L i > R . PGND LM3492 |REF A ZRre2 E E
i ’ l ' B ]:c“ F LGND COMM |——] 1 i i
! f g blob bk
Ruz - P —— Jum oND R :
DIM1/CLK IouT1 —] = *\.‘ A & 3
DIM2 IouT2
{; RILIMZ R
ST\
/r U
Qs N oy oo LUt
Riz J_
L
Rii2
vAvn\ﬁ__" Qs
Electronic transformer detection and IOUT
reference adjustment circuit 38
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