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Isolated, TRIAC Dimmable LED Controller with Active PFC

FEATURES GENERAL DESCRIPTION

* Supports the universal AC input V0|tage The T8606 is an isolated flyback controller
« TRIAC Dimmable with power factor correction specifically
+ VIN and VOUT Limited Only by External designed for driving LEDs.#The controller

Components operates using critical conduction mode
« Active Power Factor Correction (Typical allowing the use of a s ormer. Using

PFC > 0.97) a novel current sensing e controller
* No Opto-Coupler Required i ' '@ t to the
« No Visible Flicker secondary S|de witho sing an opto-coupler
* No Audible Sound Stincluded to drive an
* Accurate Regulated LED Current (+5% ET. Utilizing an

Typical) - 8606 typically
* Open LED and Shorted LED protection actors;of 0.97. The FAULT
» SSOP-16 Lead-free Package ation of open and short

up to efficiently operate at offline input
voltages, with a third winding to provide
power to the part. An internal LDO provides a
WeII regulated supply for the part's internal
itry and gate driver.

Applications

* Dimmable LED Luminaries

* Solid State Lighting

¢ Industrial and Commerical

* Residential Lighting
PART NUMBER EXAMPLES

PART NO. PACKAGE
T8606-AE SSOP-16
TM Technology, Inc. reserves the right P.1 Publication Date: Aug. 2012
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PIN ARRANGEMENT (Top view)

CTRL1 10 116 GND
Vaer 30 114 SENSE
FAULT 400 113 GATE
(T 500 142 INTVg
COMP* 6 11 NC
COMP- 704 10 vy
FB 8 19 DOM
SSOP-16

PIN DESCRIPTION

SYMBOL | ssoP 16 DESCRIPTION
CTRL1 1 Current Output Adjustment Pins.
CTRL2 2 Current Output Adjustment Pins.

VREF 3 Voltage Reference Output Pin,
FAULT 4 Fault Pin.
CT 5 Timer Fault Pin.
COMP+ 6 Compensation Pins for Internal Error Am
COMP- 7 Compensation Pins for |
FB 8 Voltage Loop Fe
DCM 9 Discontinuous Co
VIN 10 Input Voltages,
NC 11 No Conn
INTVCC 12 Regulateo '
GATE 13 N-Channe FET Gate Driver Output. Switches betwNTVCC and GND.
SENSE 14 | T rrent Se nput for the Control Loop.
VIN SENSE| 15 M% Pin.

GND 16 Groun\x
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Block Diagram
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ABSOL IMUM RATINGS
Parameter Symbol Value Unit Conditions
VIN, Fault 24 \Y,
CTRL1~2 \Y
\IN_SENSE \Y,
COMP+/- 5 \Y
CT, FB, \REF Pin Voltage CT, FB, ¥EF 3 \%
SENSE Pin Voltage SENSE 0.4 \Y
DCM Pin Current DCM +3 mA
Max. Junction Temperature JT +125 °C
Operation Temperature Top -20 to +125 °C
Storage Temperature Tste -40 to +125 °C
TM Technology, Inc. reserves the right P.3 Publication Date: Aug. 2012
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Electrical CharacteristiCS(The specifications are at Ta =25C.VIN=18V,INTV cc=11V,unless

otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
VIN Turn-On Voltage 17 18 19 \Y
VIN Turn-Off Voltage 11 12 13 V
VIN Hysteresis VTURNON - VTURNOFF 6.2 \Y
INTVcc Quiescent Current After Turn-On mA
VIN_SENSE Threshold Turn-off mV
VIN_SENSE Linear Range \Y
OuA Load \Y
VREF Vol tage 200uA Load v
. . AVCOMP+/ AVCOMP- ,

Error Amplifier Voltage Gain CTRL1=1V.CTRL2=2V V/V
Error Amplifier AT=50A unhos

Transconductance

FB Pin Bias Current

(Note 3), FB=1V

130 600 nA

g?iLégngéirrent CTRLL/CTRL= 30 nA
SENSE Current Limit Threshold 130 mV
Current Loop Voltage Gain 1000pF Cap from 21 V/V
CT Pin Charge Current & 10 uA
CT Pin Discharge Current 200 nA

TM Technology, Inc. reserves the right
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PARAMETER CONDITIONS MIN TYP MAX | UNITS
CT Pin Low Threshold Falling Threshold 240 mV
CT Pin High Threshold Rising Threshold 1.25 \Y
CT Pin Low Hysteresis 100 mV
FB Pin High Threshold 1.02 1.1 1.18 V
DCM Current Turn-On Threshold Current Out of Pin 4 uA
Maximum Oscillator Frequency COMP+=1.2V,VIN_SENSE=1V kHz
Minimum Oscillator Frequency COMP+=0V, VIN_SENSE kHz
Back-Up Oscillator Frequency kHz

Linear Regulator

INTVCC Regulation Voltage 9. 10 10.4 \Y
i

Dropout (VIN- INTVCC) INTVCC=-10mA 500 900 mV
Current Limit 17 25 mA
Current Limit 80 120 mA
Gate Driver
tr GATE Driver Output Rise Time 20 ns
tr GATE Driver Output Fall 20 ns
GATE Output Low(VOL) 0.05 V
GATE Output High(VOH) INTVCC-0.05 \Y

Notel

Stresses be ed under Absolute MaxiRatings may cause permanent damage to the d&xpesure to

any Absolute'Maximum Rating condition for extengextiods may affect device reliability and lifetime.

Note

The teed to meet performance spatifns from 0°C to 125°C junction temperature. cHfjpations

over operating junction temperatrange are assured by design, Characterizatiorcarrelation

operating
Note3:
Current flows
Note4:

Error Amplifier Voltage Gain and Error Amplifier &nsconductance and Current Loop Voltage Gain arek-Bp
Oscillator Frequency are from design guarantee.

unction temperature.

out of the FB pin.

TM Technology, Inc. reserves the right P.5 Publication Date: Aug. 2012
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Functional Description
The T8606 is a current mode switching controlleld&3igned specifically for generating an averageeot
output in an isolated flyback topology. The spegiedblem normally encountered in such circuitshiatt
information relating to the output voltage and eutron the isolated secondary side of the trangformmust
be communicated to the primary side in order tontadén regulation. Historically, this has been darith an
opto-isolator. The T8606 uses a novel method ofigushe external MOSFETs peak current information
from the sense resistor to calculate the outputeatirof a flyback converter without the need ofagto-
coupler. In addition, it also detects open LED dtiads by examining the third winding voltage whire
main power switch is off.

is achievedtlife
ren it witcaled

Power factor has become an important specificdtiorlighting. A power factor o
current drawn is proportional to the input voltaglee T8606 modulates the peak
version of the input voltage. This technique pregighower factors of 0.97 or gre

The Block Diagram shows an overall view of the sgstThe external compone e in a flyback tapolo

0 the part indstassate

operation. The VIN pin supplies power to an intéb@O that generates 10V TVCC pin. The
novel control circuitry consists of an error amiglif a multiplier, ission gate,a currarnhparator,

a low output current oscillator and a master latdhich will beexplainediin the following sectiorihe part
also features a sample-and-hold to detect open tdiidition JLT pin. A comparator is
used to detect discontinuous conduction

mode (DCM) with a cap connected to the third wigdifhe part .9A gate driver.

re to allow the part to work at any combinatid
,iRAsed to stand off the high voltage supply \g#tal he

internal LDO starts to supply current t V@den VIN is above 23V. The VIN and INTVCC

capacitors are charged by the curren n.R3. xceeds 23V and INTVCC is in regulation at 10V
the part will began to charge the CT pin withi2 CT pin reaches 340mV, switching bediine
VIN pin has 10.7V of hysteresi iy flexibility with the input and output capacitealues.

The third winding provides powe itslteme is higher than the VIN voltage. A voltage rsthis
%of current when VIN is over 25V.

rns theéeenal MOSFET on and a current flows through the
primary winding. This current inCreases at a ratgprtional to the input voltage and inversely mdipnal

, D1. This current decreaden rate proportional to the output voltage. lvtie
0, the output diode tufihanal voltage across the secondary winding stiarts
asitic capacitance and thegnmaazing inductance of the transformer. Since all

the ringing waveform to reach its minimum value émeh the switch turns back on. This switching vidra

is similar to zero volt switching and minimizes w@ount of energy lost when the switch is turnecklan,
improving efficiency as much as 5%. Since this mgrrates on the edge of continuous conduction mode
and discontinuous conduction mode, this operatinglenis called critical conduction mode (or boundary
conduction mode).

TM Technology, Inc. reserves the right P.6 Publication Date: Aug. 2012
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Primary-Side Current Control L oop
The CTRL1/CTRLZ2 pins control the output currentttoé flyback controller. To simplify the loop,
assume the M_SENSEpIn is held at a constant voltage above 1V, elitmggathe multiplier from the
control loop. The error amplifier, A5, is configdras an integrator with the external capacitor, C6.
The COMR node voltage is converted to a current into thetiglidr with the V/I converter, A6.
Since A7’s output is constant, the output of thdtiplier is proportional to A6 and can be ignored.
The output of the multiplier controls the peak eutrwith its connection to the current comparator,
Al. The output of the multiplier is also connectedhe transmission gate, SW1.4The transmission
gate, SW1, turns on when the secondary currentsflmvthe output capacitor. This is called the
flyback period (when the output diode D1 is on)eTurrent through the 1M resistor ‘gets integrated
by A5. The lowest CTRL input is equal to the negainput of A5 in stea

IpK(sec)
SECONDARY
DIODE CURRENT

SWITCH
WAVEFORM

A

feedback loop to control
current information is not
available on the primary side

, SO instea@ {8606 calculates it using the information
he transformdre Butput current may be calculated by taking the
t. As shown gufe 1, the diode current is a triangle waveform
with a base of the'flyback time and a height of peak secondary winding current. In a flyback
topology, the secondary winding current is N tintles primary winding current, where N is the
primary S inding ratio. Instead of t@akthe area of the triangle, think of it as a pulse
widtl ation ) waveform. During the flybatikne, the average current is half the peak

IOUT—OS'IPK.N D’

where D’ is’equal to the percentage of the cycteasented by the flyback time. The T8606 has
access to both the primary winding current, theuinjp the current comparator, and when the
flypack time starts and ends. Now the output curean be calculated by averaging a PWM
waveform with the height of the current limit ariee tduty cycle of the flyback time over the entire
cycle. In the feedback loop previously describid,ihput to the integrator is such a waveform. The
integrator adjusts the peak current until the dated output current equals the control voltage. If
the calculated output current is low compared ® ¢bntrol pin, the error amplifier increases the

TM Technology, Inc. reserves the right pP.7 Publication Date: Aug. 2012
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voltage on the COMPNode, thus increasing the current comparator inften the W_SENSE
voltage is connected to a resistor divider of thppdy voltage, the current limit is proportional to
the supply voltage if COM#Pis held constant. The output of the error amplifiemultiplied with
the VIN_SENSEpIn voltage. If the T8606 is configured with a fasntrol loop, slower changes from
the VIN_SENSEpIn will not interfere with the current limit or ¢houtput current. The COMBPIn

will adjust to the changes of thaNVsSeNSe The only way for the multiplier to function prapeis

to set the control loop to be an order of magnitskdever than the fundamental frequency of the
VIN_SENSEsignal. In the offline case, the fundamental fremyeof the supply voltage is 120Hz, so
the control loop unity gain frequency needs todddess than approximately 120Hz."Without a large
amount of energy storage on the secondary sideutpait current is affecte upply voltage
changes, but the DC component of the output cursesntcurate.

TRIAC Dimming Features
The T8606 incorporates some special features itha she desi of 8
when used with a TRIAC dimmer. TRIAC dimmers aré i | switc

e LED current source
turned off and

allow milliamps of current to flow through them. i$hs an ow quiescent part
such as the T8606. Instead of turning the main p when the TRIAC is off, this
power device is kept on and sinks the current ap@ny load the TR hen the TRIAC turns

on, the UN_SENSEpin detects this and enables the p, but theentircomparator is always
enabled and turns the switch off if it is tripped.

Start-Up
The T8606 uses a hysteretic start-up rata frigh offline voltages. A resistor connected to
the supply voltage protects the par i . This resistor is connected to the pin on
itor! ges the part up to 23V and INd¥is in
irto 340mV and then starts to switch. The

hielin to prevent the resistor current from allowing Yo
e of the plim ihternal clamp is set at 25V and is capable

meant to be used with a large pull-up resistorhi® INTVccC pin or another supply. The CT pin
begins to sink 200nA of current. When the CT piegbelow 240mV, the part will re-enable itself,
begin to switch, and start to sourceuAf current to the CT pin but not remove the fadhdition.
When the CT pin reaches 1.25V and FB is below 1,2B% FAULT pin will no longer pull low and
switching will continue. If not below 1.25V, thequess repeats itself.

TM Technology, Inc. reserves the right P.8 Publication Date: Aug. 2012
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Programming Output Current

The maximum output current depends on the supplag® and the output voltage in a flyback
topology. With the W_SENSEpin connected to 1V and a DC supply voltage, th&mam output
current is determined at the minimum supply volteged the maximum output voltage using the
following equation:

N

loutmax) =2<(1—-D) * 42+Rsener

Where
D__ VYour =N
Vout *N+ Vin

The maximum control voltage to achieve this maxinmautput current is 2
It is suggested to operate at 95% of these vatugsé margin for the pa
When designing for power factor correction, thepotitcurrent wave
sine wave squared shape and will no longer be tabjgovide the"above edrrents. By taking the
integral of a sine wave squared over half a cytle,average o found to be half the
value of the peak output current. In this caserétemmen average output current is
as follows:

N
| —2e(1-D)s———*47.5%
OUT(MAX) 42.RSENSE
Where
V 2\
D= ouT

Vout *N+ Vi
The maximum control voltage to achie is maximaurtput current is (1-D) « 47.5%.
For control voltages below the maxim utpurtent is equal to the following equation:
N
42 *RsensE
The VREFpin supplies a 2V
current, a resistor divider is use
equation sets the outp ent
2N
42+ 1oyt * Rsense
where R1 is the resistor con d to theedpin and the CTRL pin and R2 is the resistor
connected te TRL pin and ground.

IOUT =CTRL =

be used wighcontrol pins. To set an output
2\erefice to one of the control pins. The following
staiddr:

R1_R2[

When used with an*AC input voltage, the T8606 semdeen the \W_SENSEgoes below 65mV and
above 65 ing when the TRIAC is off. Dgrthis low input voltage time, the output
curre on loop is off but the part stWitches. This helps with output current regulation
Wi introduces a line regulation errd?hen MN_SENSEIs low, very little power is
being to the output and since the outpumitent regulation loop is off, this time period

needs totbe agccounted for in setting the outputentr This time period slightly varies with line
voltage. Figure 2 shows the correction factor iledeng the resistor divider resistors. When used
with AC, the following equation should be used viltle correction factor:

IOUT =CTRL - N
42 .RSENSE CF

R1R2( 2N 1}
42 lgyT * Rsense *CF

where CF is the output current correction factothanY-axis in Figure 2.

TM Technology, Inc. reserves the right P.9 Publication Date: Aug. 2012
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Figure 2. Output Current Correction Factor

Setting Control Voltagesfor LED Over Temperature and,Brownout Conditions
Critical Conduction Mode Operation
Critical conduction mode is a variable frequencyitcn me that always returns the
secondary current to zero with every cycle. TheOB3felies on boundary mode and discontinuous
mode to calculate the critical current usesttesing scheme assumes the secondary current
returns to zero with every cycle. The DCM uadast current input comparator in combination

' ing. To eliminate false tripping due to leakag

The detector looks for 4@\ of c
winding when the sec '
calculated using this com
the switch voltage is still clo
parasitic capacitance on the s

. Thiedigon is important since the output current is
ut. Thisasthe optimal time to turn the switch on because
tov+ VouTt ¢ N and would waste all the energy stored in the
node. Discantis ringing begins when the secondary current

TM Technology, Inc. reserves the right P. 10 Publication Date: Aug. 2012
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Sense Resistor Selection

The resistor, BENSE between the source of the external N-channel MEJS&nd GND should be
selected to provide an adequate switch currentive the application without exceeding the current
limit threshold .

For applications without power factor correctioalest a resistor according to:

2(1—D)N
Rsense :Ic)(u‘ri.‘f)lz = 95%
where
D—_ Your*N

Vout * N+ Vin

For applications with power factor correction, seke resistor according to:

2(1—D)N s
RSENSE:| .42'47.5 Yo
ouT
where
Vout *N

D—__vYour ~'%
Vout N+ Vin

Minimum Current Limit
The T8606 features a minimum current limit of ap y ak current limit. This is

necessary when operating in critical conduction ensiice low current limits would increase the
operating frequency to a very high frequency. Thgpot valtage sensing circuitry needs a minimum
amount of flyback waveform time to sense the outjmitag d winding. The time needed
is 350ns. The minimum current limit allows,the wdesmalle ormers since the magnetizing
primary inductance does not need to be.as highlda groper time to sample the output voltage
information.

T8606 control loop accuracy.
manufacturers winding most transkens do not require a tight tolerance on the

ansformer mi@cturers to specify +1% error for the turns

loop and an error of £3% is spetified at 80% ofrtteximum output current. The error grows larger

as the LED Nt is decreased from the maximutpudcurrent. At half the maximum output
current, the error doubles to +6%
There are ¢ systematic offsets that neagliminated by adjusting the control voltage

is difficult to measuhe flyback time with complete accuracy. If thimé
ontrol voltage needs to hestatl from the ideal value to eliminate the offset
but t |II causes line regulatlon errdfsthe supply voltage is lowered, the time error

versa. Thi or may be compensated for at thagoyi supply voltage, but this does not solve the
problem completely for other supply voltages. Amwthsystematic error is that the current

comparator cannot instantaneously turn off the maimner device.

This delay time leads to primary current overshdsiis overshoot is less of a problem when the
output current is close to its maximum, since thershoot is only related to the slope of the primar

current and not the current level. The overshograportional to the supply voltage, so again this
affects the line regulation.

TM Technology, Inc. reserves the right P.11 Publication Date: Aug. 2012
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Universal I nput

The T8606 operates over the universal input rafi@dWAc to 265VAc. Output current regulation
error may be minimized by using two applicatiorceits for the wide input range: one optimized
for 120Vac and another optimized for 22@%. The first application pictured in the Typical
Applications section shows three options: univenspiit, 120\Ac, and 220\c. The circuit varies
by three resistors. In the Typical Performance &ttaristics section, the LED Current vsNV
graphs show the output current line regulatiorefbthree circuits.

Selecting Winding Turns Ratio
Boundary mode operation gives a lot of freedomeileding the turns ratio sformer. We
suggest to keep the duty cycle low, lowarsNat the maximum input 2 [ e duty cycle
will increase when the AC waveform is decreasezeto volts. A hig

does reduce the voltage stress on the secondwy}mde
primaryside MOSFET. If switching frequency at follit
energy delivered per cycle by the transformer atsgys
the size of the transformer remains the same atipah

Switch Voltage Clamp Requirement
Leakage inductance of an offline tr
leakage inductance energy is not

output voltage of the fIy a
turns ratio.

VsuppLy

Figure 3. Cla

TM Technology, Inc. reserves the right P.12 Publication Date: Aug. 2012
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Transformer Design Considerations
Transformer specification and design is a critipalt of successfully applying the T8606. In
addition to the usual list of caveats dealing witbh frequency isolated power supply transformer
design, the following information should be carBfalonsidered. Since the current on the secondary
side of the transformer is inferred by the curarhpled on the primary, the transformer turns ratio
must be tightly controlled to ensure a consistempat current.

A tolerance of £5% in turns ratio from transformeitransformer could result in a variation of more
than £5% in output regulation. Fortunately, mosgmetic component manufacturers are capable of
guaranteeing a turns ratio tolerance of 1% or hett@ear Technology has worked with several
leading magnetic component manufacturers to proguedesigned flybac mers for use
with the T8606. Table 1 shows the details of sdwarthese transformers

L oop Compensation
The current output feedback loop is an integratorfiguration wwi
between the negative input and output of the ojmeraltamplifier
This is a one-pole system therefore a zero is resd [

performance. The desired crossover frequency neede
switching frequency for optimal performanc

MOSFET and Diode Selection
With a strong 1.9A gate driver, the T givety drive most high voltage MOSFETS. A low
Qg MOSFET is recommended to gl iency. Instmapplications, the B&(ON)should be

pltagenplaAlways check the switch waveform with an
inductanttageospike is below the breakdown voltage of

* VIN/NPsdue to the anode of the diode ringing with the sdeoy leakage
inductance ubber in parallel with the diadiminates this ringing, so that the reverse
todwT + VIN/NPS With a high Nesand output current greater than 3A, the

ode Detection

us mode detector uses AC-couplindetect the ringing on the third winding. A
10pF capacitor with a 5@Dresistor in series is recommended in most desigapending on the
amount of leakage inductance ringing, an additicoatent may be needed to prevent false tripping
from the leakage inductance ringing. A resistonfriNTVccto the DCM pin adds this current. Up
to an additional 1Q0A of current may be needed in some cases. The D@Msproughly 0.7V,

therefore the resistor value is selected usindath@ving equation:
10V —0.7V

R=""7

where | is equal to the additional current into El@éM pin.

TM Technology, Inc. reserves the right P. 13 Publication Date: Aug. 2012
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Power Factor Correction/Har monic Content

The T8606 attains high power factor and low harmmaintent by making the peak current of the
main power switch proportional to the line voltdmeusing an internal multiplier. A power factor of
>0.97 is easily attainable for most applicationsfddjowing the design equations in this datasheet.
With proper design, T8606 applications meet IECEB3RE Class C harmonic standards.

Protection from Open LED and Shorted LED Faults
The T8606 detects output overvoltage conditionkbiting at the voltage on the t

the secondary diode is conducting current. Sensiagoutput voltage requir ivering power to

the output. Using the CT pin, the part turns offtsling when a overvoltage occurs and
rechecks to see if the overvoltage condition haared, as described | P ”in the
Operation section. This greatly reduces the outputent delivered to the a Zener is

ondition. The Zener diode’s

FB pin. Multiple Zener diodes in series may be meeefdr h pplications to keep
the Zener's temperature within the specification.
During a shorted LED condition, the T8606 operatethe mini ing frequency. In normal

operation, the third winding provides power to iGe but
shorted LED condition. This causes the partis UWVLO t
switching again when M has reached its turp=on voltage.

third winding voltage is zero during a
utdown switching. The part starts

TM Technology, Inc. reserves the right P.14 Publication Date: Aug. 2012
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TYPICAL APPLICATION CIRCUITS

t zzz PN6348 E27 Demo board

TN technology,Inc
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PACKAGE DIMENSIONS
SSOP-16

D
HHMEH P g <<
(& ]0.004max] <
b
PLA%\TIE b
BASE [ Jrole
METAL "~/
DETAIL B
SYMBOLS MIN. NMAX. -
A 0.053 0.069
Al .004 0.010”
A2 0.059
b §| 0.008, 0.012
0.008 0.011
C .007 0.010
TNl .0.007 0.009
189 0.197
E1 150 0.157
E 0.228 0.244
L 0.016 0.050
e 0.025 BASIC
5 0 | 8
UNIT : INCH

SEATING PLANE

TRAARARA— T & 2
© i WA
L AN

‘ - _ £-GAUGE PLANE

| SEATING PLANE

Q.010

DETAIL A

NOTES:
1.JEDEC OUTLINE : MO—137 AB

2.0IMENSIONS “D® DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS.MOLD FLASH, PROTRUSIONS
AND GATE BURRS SHALL NOT EXCEED .15mm {.006in)
PER SIDE.

3.DIMENSIONS "E" DOES NOT INCLUDE INTER—-LEAD FLASH,
OR PROTRUSIONS. INTER—-LEAD FLASH AND PROTRUSICNS
SHALL NOT EXCEED .25mm (.010in) PER SIDE.
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