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LM3445 TRIAC Dimmable Offline LED Driver
1 Features 3 Description

TRIAC Dim Decoder Circuit for LED Dimming
Application Voltage Range 80 V¢ to 277 Ve

Capable of Controlling LED Currents Greater
Than 1 A

Adjustable Switching Frequency
Low Quiescent Current

Adaptive Programmable Off-Time Allows for
Constant Ripple Current

Thermal Shutdown
No 120-Hz Flicker

Low Profile 10-Pin VSSOP Package or 14-Pin
SOIC

Patented Drive Architecture

Applications

Retro Fit TRIAC Dimming

Solid State Lighting

Industrial and Commercial Lighting
Residential Lighting

Typical LM3445 LED Driver Application Circuit
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The LM3445 is an adaptive constant off-time AC/DC
buck (step-down) constant current controller designed
to be compatible with TRIAC dimmers. The LM3445
provides a constant current for illuminating high
power LEDs and includes a TRIAC dim decoder. The
dim decoder allows wide range LED dimming using
standard TRIAC dimmers. The high frequency
capable architecture allows the use of small external
passive components. The LM3445 includes a bleeder
circuit to ensure proper TRIAC operation by allowing
current flow while the line voltage is low to enable
proper firing of the TRIAC. A passive PFC circuit
ensures good power factor by drawing current directly
from the line for most of the cycle, and provides a
constant positive voltage to the buck regulator.
Additional features include thermal shutdown, current
limit and V¢ under-voltage lockout.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
VSSOP (10) 3.00 mm x 3.00 mm

LM3445
SOIC (14) 3.91 mm x 8.65 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions

DGS Package

10-Pin VSSOP D Package
TOp View 14-Pin SOIC
Top View
ASNS [1 10] BLDR
[ m corr [1] o [14] DiM
FLTRL [ 2 9
H 9] vec nic [ 2] [13] FLTR1
DM [3 8| GATE
E 2] FLTR2 3] 12] Asns
COFF [ 4 7]
[ 7] tsns oo [ e
FLTR2 [5 6 | GND
H ] Nic [5] 10] BLDR
nic [6] 0] vee
IsNs [7] 8] GaTE
Pin Functions
PIN
110 DESCRIPTION
NAME SOIC VSSOP
ASNS 12 1 o PWM output of the TRIAC dim decoder circuit. Outputs a 0 to 4-V PWM signal
with a duty cycle proportional to the TRIAC dimmer on-time.
Bleeder pin. Provides the input signal to the angle detect circuitry as well as a
BLDR 10 10 | current path through a switched 230-Q resistor to ensure proper firing of the
TRIAC dimmer.
COFF 1 4 | OFF time setting pin. A user set current and capacitor connected from the
output to this pin sets the constant OFF time of the switching controller.
Input/output dual function dim pin. This pin can be driven with an external PWM
DIM 14 3 /o signal to dim the LEDs. It may also be used as an output signal and connected
to the DIM pin of other LM3445s or other LED drivers to dim multiple LED
circuits simultaneously.
First filter input. The 120-Hz PWM signal from ASNS is filtered to a DC signal
FLTR1 13 5 | and compared to a 1 to 3 V, 5.85-kHz ramp to generate a higher frequency
PWM signal with a duty cycle proportional to the TRIAC dimmer firing angle.
Pull above 4.9-V (typical) to tri-state DIM.
Second filter input. A capacitor tied to this pin filters the PWM dimming signal
FLTR2 3 5 | to supply a DC voltage to control the LED current. Could also be used as an
analog dimming input.
GATE 8 8 o Power MOSFET driver pin. This output provides the gate drive for the power
switching MOSFET of the buck controller.
GND 4 6 — Circuit ground connection
ISNS 7 7 | LED current sense pin. Connect a resistor from main switching MOSFET
source, ISNS to GND to set the maximum LED current.
N/C 2,5,6,11 — — No Connect
VCC 9 9 o Input voltage pin. This pin provides the power for the internal control circuitry
and gate driver.
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6 Specifications

6.1 Absolute Maximum Ratings
See® @O

MIN MAX UNIT
BLDR to GND -0.3 17 \%
Vce, GATE, FLTR1 to GND -0.3 14 \%
ISNS to GND -0.3 25 \Y
ASNS, DIM, FLTR2, COFF to GND -0.3 7 \%
COFF Input Current 100 mA
Continuous Power Dissipation® Internally Limited
Junction Temperature (Tj.uax) 150 °C
Storage Temperature —-65 150 °C

)

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability

@)

®3)
4)

specifications.

disengages at +T; = 145°C (typ).

6.2 ESD Ratings

All voltages are with respect to the potential at the GND pin, unless otherwise specified.
Internal thermal shutdown circuitry protects the device from permanent damage. Thermal shutdown engages at T; = 165°C (typ.) and

If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/Distributors for availability and

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(10®@ +2000
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- \
c101® +1000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) Human Body Model, applicable std. JESD22-A114-C.
(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
MIN MAX UNIT
Vee 8 12 \Y
Junction Temperature -40 125 °C
6.4 Thermal Information
LM3445
THERMAL METRIC® DGS (VSSOP) D (SOIC) UNIT
10 PINS 14 PINS
Rgia Junction-to-ambient thermal resistance 159 82.8 °C/IW
RaJc(top) Junction-to-case (top) thermal resistance 54.5 40.2 °C/IW
Reis Junction-to-board thermal resistance 78.7 37.5 °C/IW
Wit Junction-to-top characterization parameter 5.3 6.4 °C/IW
Wis Junction-to-board characterization parameter 77.5 37.2 °C/IW
Raic(bot) Junction-to-case (bottom) thermal resistance N/A N/A °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.
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6.5 Electrical Characteristics

All Typical limits are for T; = 25°C and all Maximum and Minimum limits apply over the full Operating Temperature Range ( T,
= —-40°C to +125°C). Minimum and Maximum limits are specified through test, design, or statistical correlation. Typical values
represent the most likely parametric norm at T; = +25°C, and are provided for reference purposes only.

PARAMETER | TEST CONDITIONS | MIN  TYP MAX | UNIT
BLEEDER
RgLDRrR Bleeder resistance to GND ‘ lgLpr = 10 mA ’ 230 325 ‘ Q
Ve SUPPLY
lvee Operating supply current 2 285 mA
Rising threshold 7.4 7.7
Vec-uvio Falling threshold 6 6.4 \%
Hysterisis 1
COFF
Vcorr Time out threshold 1.225 1.276 1.327 \Y
Rcorr Off timer sinking impedance 33 60 Q
tcorr Restart timer 180 us
CURRENT LIMIT
Visns ISNS limit threshold 1.174 1.269 1.364 \Y
Leading edge blanking time 125 ns
fisns Current limit reset delay 180 us
ISNS limit to GATE delay Is?:lps =00 175V 33 ns
INTERNAL PWM RAMP
framp Frequency 5.85 kHz
Valley voltage 0.96 1 1.04
Vramp \
Peak voltage 2.85 3 3.08
Drawvp Maximum duty cycle 96.5% 98%
DIM DECODER
tANG_DET Angle detect rising threshold Observed on BLDR pin 6.79 7.21 7.81 \%
ASNS filter delay 4 us
Vasns
ASNS VMAX 3.85 4 4.15 \Y
ASNS drive capability sink Vasns =2V 7.6
ASNS drive capability source Vasns =2V -4.3
Iasns - — mA
DIM low sink current Vpom =1V 1.65 2.8
DIM High source current Vpm =4V -4 -3
Vom DIM low voltage m@sﬂhmm voltage 0.9 1.33 v
DIM high voltage 2.33 3.15
V1sTH Tri-state threshold voltage Apply to FLTR1 pin 4.87 5.25 \Y
Rpim DIM comparator tri-state impedance 10 MQ
CURRENT SENSE COMPARATOR
VELTR2 FLTR2 open circuit voltage 720 750 780 mVv
ReLTR2 FLTR2 impedance 420 kQ
Vos Current sense comparator offset voltage -4 0.1 41 mVv
GATE DRIVE OUTPUT
VpRvH GATE high saturation leaTe = 50 mA 0.24 0.5 v
VpRryL GATE low saturation lgaTe = 100 mA 0.22 0.5
lomy Peak souce current GATE = Vcc/2 -0.77 A
Peak sink current GATE = Vcc/2 0.88
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Electrical Characteristics (continued)

All Typical limits are for T; = 25°C and all Maximum and Minimum limits apply over the full Operating Temperature Range ( T,
= —40°C to +125°C). Minimum and Maximum limits are specified through test, design, or statistical correlation. Typical values
represent the most likely parametric norm at T; = +25°C, and are provided for reference purposes only.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Rise time Cioad = 1 nF 15

tov . ns
Fall time Cioad = 1 nF 15

THERMAL SHUTDOWN
Thermal shutdown temperature 1 165

Tsp - See ™M °C
Thermal shutdown hysteresis 20

(1) Junction-to-ambient thermal resistance is highly application and board-layout dependent. In applications where high maximum power
dissipation exists, special care must be paid to thermal dissipation issues in board design. In applications where high power dissipation
and/or poor package thermal resistance is present, the maximum ambient temperature may have to be derated. Maximum ambient
temperature (Ta.max) is dependent on the maximum operating junction temperature (T . yax-op = 125°C), the maximum power dissipation
of the device in the application (Pp_umax), and the junction-to ambient thermal resistance of the part/package in the application (Rgja), as
giVen by the fO”OWing equation: Tamax = Timax-op — (ReJA X PD-MAX)'

6.6 Typical Characteristics
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Typical Characteristics (continued)

Figure 7. Normalized Variation in fg,, over Vgyck Voltage
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7 Detailed Description

7.1 Overview

The LM3445 contains all the necessary circuitry to build a line-powered (mains powered) constant current LED
driver whose output current can be controlled with a conventional TRIAC dimmer.

7.2 Functional Block Diagram
|_'__|vcc
REGULATORS
BLEEDER
— -
COFF SHUTDOWN

DRIVER
COFF

0] _ [: GATE
33ﬂ 1.276V—-. START S Q I:|
ASNS s
] ovwoa A LATCH
N 750 mv

DIM DECODER 50k

ANGLE DETECT

BLDR LM3445

I—o

370k PWM

CONTROLLER

i

LIM

g

ren ® ISNS
M .
_‘l LEADING EDGE BLANKING
E @E=D <] oD
<14
7.3 Feature Description
7.3.1 Overview of Phase Control Dimming
A basic phase controlled TRIAC dimmer circuit is shown in Figure 9.
BRIGHT R1 = 250 kQ
DIM
TRIAC
(\/ MAINS AC R2 = 3.3kQ ;x
DIAC
|c1 =100 nF
L LOAD

Figure 9. Basic TRIAC Dimmer
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Feature Description (continued)

An RC network consisting of R1, R2, and C1 delay the turn on of the TRIAC until the voltage on C1 reaches the
trigger voltage of the diac. Increasing the resistance of the potentiometer (wiper moving downward) increases the
turn-on delay which decreases the on-time or conduction angle of the TRIAC (8). This reduces the average
power delivered to the load. Voltage waveforms for a simple TRIAC dimmer are shown in Figure 10. Figure 10a
shows the full sinusoid of the input voltage. Even when set to full brightness, few dimmers will provide 100% on-
time, i.e., the full sinusoid.

4

/
4 f (@
l/ \/
/
V (b)

DELAY —»a— ?

©

L
’I

? —»<— DELAY

Figure 10. Line Voltage and Dimming Waveforms

Figure 10b shows a theoretical waveform from a dimmer. The on-time is often referred to as the conduction
angle and may be stated in degrees or radians. The off-time represents the delay caused by the RC circuit
feeding the TRIAC. The off-time be referred to as the firing angle and is simply 180° - 8.

Figure 10c shows a waveform from a so-called reverse phase dimmer, sometimes referred to as an electronic
dimmer. These typically are more expensive, microcontroller based dimmers that use switching elements other
than TRIACs. Note that the conduction starts from the zero-crossing, and terminates some time later. This
method of control reduces the noise spike at the transition.

Since the LM3445 has been designed to assess the relative on-time and control the LED current accordingly,
most phase-control dimmers, both forward and reverse phase, may be used with success.
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Feature Description (continued)

7.3.2 Theory of Operation

Refer to Figure 11 which shows the LM3445 along with basic external circuitry.

V+ D3 VBuck
. I
\“ T
+
BR1 C10=¢ !E:V
LED
—C12 -
§ R4
; 3
TRIAC
DIMMER Viep-
VAC
A A D10
Y .
Q3
312
LM3445MM
1] ASNS U1 BLDR|10 e
R1 ] ICOLLl
2| FLTR1 VCC|9
. ] B
I 3| DIM GATE|8 i Q2
4| COFF ISNS |17 L
_|__H 5| FLTR2 GND| 6 R3§
C4 o B l
I v
®
Cli==
v

Figure 11. LM3445 Schematic
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Feature Description (continued)

7.3.3 Sensing the Rectified TRIAC Waveform

A bridge rectifier, BR1, converts the line (mains) voltage (Figure 12c) into a series of half-sines as shown in
Figure 12b. Figure 12a shows a typical voltage waveform after diode D3 (valley fill circuit, or Vgyck)-

VBuck

3

I NV NV N

» (2)

VBR1

» (b)

Vac

> (C)

Figure 12. Voltage Waveforms After Bridge Rectifier Without TRIAC Dimming

Figure 13c and Figure 13b show typical TRIAC dimmed voltage waveforms before and after the bridge rectifier.
Figure 13a shows a typical TRIAC dimmed voltage waveform after diode D3 (valley fill circuit, or Vgyck)-

VBUCK

A

YN

VBRr1

(@

—

Vac

-~y

(b)

-

-

delay i ?

(©

Figure 13. Voltage Waveforms After Bridge Rectifier With TRIAC Dimming
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Feature Description (continued)
7.3.4 LM3445 Line Sensing Circuitry

An external series pass regulator (R2, D1, and Q1) translates the rectified line voltage to a level where it can be
sensed by the BLDR pin on the LM3445.

V+

R2

Q1
D2

g

D1 J-
R5 C5

§ R11 I

LM3445MM
U1
1]asns  BLDR |10
R1 ]
2| TR vec]o
c3 ] [
I 3| om GATE |8
4| corr 1sNs| 7
_l__ 5 |FLTR2 GND| 6
c4 |

v

Figure 14. LM3445 AC Line Sense Circuitry

D1 is typically a 15-V Zener diode which forces transistor Q1 to stand-off most of the rectified line voltage.
Having no capacitance on the source of Q1 allows the voltage on the BLDR pin to rise and fall with the rectified
line voltage as the line voltage drops below zener voltage D1 (see Angle Detect).

A diode-capacitor network (D2, C5) is used to maintain the voltage on the VCC pin while the voltage on the
BLDR pin goes low. This provides the supply voltage to operate the LM3445.

Resistor R5 is used to bleed charge out of any stray capacitance on the BLDR node and may be used to provide
the necessary holding current for the dimmer when operating at light output currents.

7.3.5 TRIAC Holding Current Resistor

In order to emulate an incandescent light bulb (essentially a resistor) with any LED driver, the existing TRIAC will
require a small amount of holding current throughout the AC line cycle. An external resistor (R5) needs to be
placed on the source of Q1 to GND to perform this function. Most existing TRIAC dimmers only require a few
milliamps of current to hold them on. A few less expensive TRIACs sold on the market will require a bit more
current. The value of resistor R5 will depend on:

e What type of TRIAC the LM3445 will be used with
e How many light fixtures are running off of the TRIAC
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Feature Description (continued)

With a single LM3445 circuit on a common TRIAC dimmer, a holding current resistor between 3 kQ and 5 kQ will
be required. As the number of LM3445 circuits is added to a single dimmer, the holding resistor R5’s resistance
can be increased. A few TRIAC dimmers will require a resistor as low as 1 kQ or lower for a single LM3445
circuit. The trade-off will be performance vs efficiency. As the holding resistor R5 is increased, the overall
efficiency per LM3445 will also increase.

7.3.6 Angle Detect

The Angle Detect circuit uses a comparator with a fixed threshold voltage of 7.21 V to monitor the BLDR pin to
determine whether the TRIAC is on or off. The output of the comparator drives the ASNS buffer and also controls
the Bleeder circuit. A 4 us delay line on the output is used to filter out noise that could be present on this signal.

The output of the Angle Detect circuit is limited to a 0 V to 4 V swing by the buffer and presented to the ASNS
pin. R1 and C3 comprise a low-pass filter with a bandwidth on the order of 1 Hz.

The Angle Detect circuit and its filter produce a DC level which corresponds to the duty cycle (relative on-time) of
the TRIAC dimmer. As a result, the LM3445 will work equally well with 50-Hz or 60-Hz line voltages.

7.3.7 Bleeder

While the BLDR pin is below the 7.21-V threshold, the bleeder MOSFET is on to place a small load (230 Q) on
the series pass regulator. This additional load is necessary to complete the circuit through the TRIAC dimmer so
that the dimmer delay circuit can operate correctly. Above 7.21 V, the bleeder resistor is removed to increase
efficiency.

7.3.8 FLTR1 Pin

The FLTR1 pin has two functions. Normally, it is fed by ASNS through filter components R1 and C3 and drives
the dim decoder. However, if the FLTR1 pin is tied above 4.9 V (typical), for example, to VCC, the Ramp
Comparator is tri-stated, disabling the dim decoder. See Master/Slave Operation

7.3.9 Dim Decoder

The ramp generator produces a 5.85-kHz saw tooth wave with a minimum of 1 V and a maximum of 3 V. The
filtered ASNS signal enters pin FLTR1 where it is compared against the output of the Ramp Generator.

The output of the ramp comparator will have an on-time which is inversely proportional to the average voltage
level at pin FLTR1. However, since the FLTR1 signal can vary between 0 V and 4 V (the limits of the ASNS pin),
and the Ramp Generator signal only varies between 1 V and 3 V, the output of the ramp comparator will be on
continuously for Vg 1r1 < 1 V and off continuously for Vg tr1 > 3 V. This allows a decoding range from 45° to
135° to provide a 0 to 100% dimming range.

The output of the ramp comparator drives both a common-source N-channel MOSFET through a Schmitt trigger
and the DIM pin (see Master/Slave Operation for further functions of the DIM pin). The MOSFET drain is pulled
up to 750 mV by a 50-kQ resistor.

Since the MOSFET inverts the output of the ramp comparator, the drain voltage of the MOSFET is proportional
to the duty cycle of the line voltage that comes through the TRIAC dimmer. The amplitude of the ramp generator
causes this proportionality to "hard limit" for duty cycles above 75% and below 25%.

The MOSFET drain signal next passes through an RC filter comprised of an internal 370-kQ resistor, and an
external capacitor on pin FLTR2. This forms a second low pass filter to further reduce the ripple in this signal,
which is used as a reference by the PWM comparator. This RC filter is generally set to 10 Hz.

The net effect is that the output of the dim decoder is a DC voltage whose amplitude varies from near 0 V to 750
mV as the duty cycle of the dimmer varies from 25% to 75%. This corresponds to conduction angles of 45° to
135°, respectively.

The output voltage of the Dim Decoder directly controls the peak current that will be delivered by Q2 during its
on-time. See Buck Converter for details.

As the TRIAC fires beyond 135°, the DIM decoder no longer controls the dimming. At this point the LEDs will dim
gradually for one of two reasons:

1. The voltage at Vgyck decreases and the buck converter runs out of headroom and causes LED current to
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Feature Description (continued)

decrease as Vgyck decreases.
2. Minimum on-time is reached which fixes the duty-cycle and therefore reduces the voltage at Vgyck-

The transition from dimming with the DIM decoder to headroom or minimum on-time dimming is seamless. LED
currents from full load to as low as 0.5 mA can be easily achieved.

7.3.10 Valley-Fill Circuit

Vguck supplies the power which drives the LED string. Diode D3 allows Vgyck to remain high while V+ cycles on
and off. Vgyck has a relatively small hold capacitor C10 which reduces the voltage ripple when the valley fill
capacitors are being charged. However, the network of diodes and capacitors shown between D3 and C10 make
up a valley-fill circuit. The valley-fill circuit can be configured with two or three stages. The most common
configuration is two stages. Figure 15 illustrates a two and three stage valley-fill circuit.

V+ D3 Veuck  V+ D3 Vauck
I—H—I v .—H—I *r—o
[+
c7 ;RG t R6
D9 S c7 D6 Do R
= C10 D8 R8
He - C10
D8 RS L I\ H IVV\I ® T
D4 + co R7 D5 C8
I D4 D7 co s R7
®
o
v

Figure 15. Two and Three Stage Valley Fill Circuit

The valley-fill circuit allows the buck regulator to draw power throughout a larger portion of the AC line. This
allows the capacitance needed at Vgyck to be lower than if there were no valley-fill circuit, and adds passive
power factor correction (PFC) to the application. Besides better power factor correction, a valley-fill circuit allows
the buck converter to operate while separate circuitry translates the dimming information. This allows for dimming
that isn’t subject to 120Hz flicker that can be perceived by the human eye.

7.3.11 Valley-Fill Operation

When the input line is high, power is derived directly through D3. The term input line is high can be explained
as follows. The valley-fill circuit charges capacitors C7 and C9 in series (see Figure 16) when the input line is
high.
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Feature Description (continued)

Vsuck
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O—@ ‘
+
+
C7 ——  Vsuck
-~
2
(o]
o—o0 ¢ — Cu
l D8 *
D4 VBuck s
T S T~ Co
@ L J

The peak voltage of a two stage valley-fill capacitor is:

Vve-cap =

Vac.rus V2
2

v

Figure 16. Two Stage Valley-Fill Circuit When AC Line is High

@

As the AC line decreases from its peak value every cycle, there will be a point where the voltage magnitude of
the AC line is equal to the voltage that each capacitor is charged. At this point diode D3 becomes reversed
biased, and the capacitors are placed in parallel to each other (Figure 17), and Vgyck equals the capacitor

voltage.

Veuck
T
o—@ L ‘
R +
C7 == Q
T  Veuck D9
Q
- Ci10
I—o o—¢ —_
D8 +
D4 Veuck =
(o] T C9
@ L J

v

Figure 17. Two Stage Valley-Fill Circuit When AC Line is Low
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Feature Description (continued)

A three stage valley-fill circuit performs exactly the same as two-stage valley-fill circuit except now three
capacitors are now charged in series, and when the line voltage decreases to:

Vv _ Vacrus V2
VF-CAP = 3 @)

Diode D3 is reversed biased and three capacitors are in parallel to each other.

The valley-fill circuit can be optimized for power factor, voltage hold up and overall application size and cost. The
LM3445 will operate with a single stage or a three stage valley-fill circuit as well. Resistor R8 functions as a
current limiting resistor during start-up, and during the transition from series to parallel connection. Resistors R6
and R7 are 1-MQ bleeder resistors, and may or may not be necessary for each application.

7.3.12 Buck Converter

The LM3445 is a buck controller that uses a proprietary constant off-time method to maintain constant current
through a string of LEDs. While transistor Q2 is on, current ramps up through the inductor and LED string. A
resistor R3 senses this current and this voltage is compared to the reference voltage at FLTR2. When this
sensed voltage is equal to the reference voltage, transistor Q2 is turned off and diode D10 conducts the current
through the inductor and LEDs. Capacitor C12 eliminates most of the ripple current seen in the inductor. Resistor
R4, capacitor C11, and transistor Q3 provide a linear current ramp that sets the constant off-time for a given
output voltage.

VBuUCK

R4

M\

DI0AR

Q3

L2

LM3445MM lcowt ¢
—||;J
GATE Q2
—| 4 COFF ISNS

GND T

L]

R3

o | [

Cl1 I

v
Figure 18. LM3445 Buck Regulation Circuit
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Feature Description (continued)
7.3.13 Overview of Constant Off-Time Control
A buck converter’s conversion ratio is defined using Equation 3.
Vo ton
=D= =ton X f
Vin ton+ topp ~ ON T SW )

Constant off-time control architecture operates by simply defining the off-time and allowing the on-time, and
therefore the switching frequency, to vary as either V,y or Vo changes. The output voltage is equal to the LED
string voltage (V_gp), and should not change significantly for a given application. The input voltage or Vgyck in
this analysis will vary as the input line varies. The length of the on-time is determined by the sensed inductor
current through a resistor to a voltage reference at a comparator. During the on-time, denoted by toy, MOSFET
switch Q2 is on causing the inductor current to increase. During the on-time, current flows from Vg ck, through
the LEDs, through L2, Q2, and finally through R3 to ground. At some point in time, the inductor current reaches a
maximum (I ,.pk) determined by the voltage sensed at R3 and the ISNS pin. This sensed voltage across R3 is
compared against the voltage of dim decoder output, FLTR2, at which point Q2 is turned off by the controller.

A & IL2-pk
/ \ N
lave N

Iz (1)

IL2»MIN

A
A
A
/

ton torr

Figure 19. Inductor Current Waveform in CCM

During the off-period denoted by togr, the current through L2 continues to flow through the LEDs via D10.

7.3.14 Master/Slave Operation

Multiple LM3445s can be configured so that large strings of LEDs can be controlled by a single TRIAC dimmer.
By doing so, smooth consistent dimming for multiple LED circuits is achieved.

When the FLTR1 pin is tied above 4.9 V (typical), preferably to VCC, the ramp comparator is tri-stated, disabling
the dim decoder. This allows one or more LM3445 devices or PWM LED driver devices (slaves) to be controlled
by a single LM3445 (master) by connecting their DIM pins together.

7.3.15 Master/Slave Configuration

Tl offers an LM3445 demonstration PCB for customer evaluation through our website. The following description
and theory uses reference designators that follow our evaluation PCB. The LM3445 Master/Slave schematics are
illustrated below (Figure 20 through Figure 22) for clarity. Each board contains a separate circuit for the Master
and Slave function. Both the Master and Slave boards will need to be modified from their original stand alone
function so that they can be coupled together. Only the Master LM3445 requires use of the Master/Slave circuit
for any number of slaves.

7.3.16 Master Board Modifications

* Remove R10 and replace with a BAS40 diode
* Connect TP18 to TP14 (V)
» Connect TP17 (gate of Q5) to TP15 (gate of Q2)

7.3.17 Slave Board Modifications
* Remove R11 (disconnects BLDR)
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Feature Description (continued)
« Tie TP14 (FLTR1) to Vcc

7.3.18 Master/Slave Interconnection
* Connect TP19 of Master to TP10 of Slave (Master VCC Control)

» Connect TP6 (DIM pin) of Master to TP6 (DIM pin) of Slave (Master DIM Control)
7.3.19 Master/Slave Theory of Operation

By placing two series diodes on the Master VCC circuit one forces the master VCC UVLO to become the
dominant threshold. When Master VCC drops below UVLO, GATE stops switching and the RC timer (>200 ps)
rises above the TL431 threshold (2.5 V) which in turn pulls down on the gate of the Slave pass device (Q1).

The valley-fill circuit could consist of one large circuit to power all LM3445 series connected, or each LM3445
circuit could have a separate valley-fill circuit located near the buck converter.

7.3.20 Master/Slave Connection Diagram

____________________________ g o o e e e e e e e e e e e e
| | r |
I V+ I I
| = L |
| X MASTER LM3445 | I SLAVE Lm3445 |
I 3” | | TP0 h I
| i o MASTER | D2 R10 |
| D2 BAS40 VCC CTRL I | |
| |l 7 |
I AD1 L | |
I R5< cs I cs i
I [ SR I
| R11 (1 i
| L |
| P! |
| LM3445MM I | LM3445MM |
| R1 UL MASTER-VBUCK | | U I
I T|AsNs BLDR[ig T I I T|ASNS BLDR]I0 |
I 2|FLTRL  vecl9 I | 2| FLTR1 vece|o I

c3 E: |
I I —[3|lom  caTE[S ¢ MgﬁTC'IE(R' I I 3|om  GaTE(S I
I 2| corF  I1sns|[7 | I Z|corr 1sns|7 AR I
| BUCK
I 5| FLTR2 GND|6 TP18 TP19 I I -[’ 5|FLTR2 GND |6 I
I ca | Jc4 * I
' |
I I R13 ; | SLAVE-Veuck |
I < I I I
I c13y T R12 Iy I
! v | | |
| L |
| D11 I I |
| P17 I I |
| o I | '
| C14 | I |
| MASTER/ | |
|
I MASTER SLAVE v | I I
I DIM CTRL CIRCUIT I | I
e e e e e e e e e e e e e e e e e e e e e e e e e ]| e s e e e e e e e e e e e e e e e o
Figure 20. Master Slave Configuration
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Feature Description (continued)
7.3.21 Master/Slave Block Diagrams
V+
(
¢ ¢ 1) ¢
N
BR1 Valley-Fill Valley-Fill Valley-Fill
CKT CKT CKT
L MASTER
B BUCK 3 3 3
3 SLAVE 3 SLAVE 3
- 1 BUCK __J] BUCK
MASTER
> > >
CTRL > > >
MASTER MASTER
VCC N | DIM
((
1 ))
((
))
Figure 21. Master/Slave Configuration With Separate Valley-Fill Circuits
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Feature Description (continued)
V+
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Figure 22. Master/Slave Configuration With One Valley-Fill Circuit

7.3.22 Thermal Shutdown

Thermal shutdown limits total power dissipation by turning off the output switch when the IC junction temperature
exceeds 165°C. After thermal shutdown occurs, the output switch doesn’t turn on until the junction temperature
drops to approximately 145°C.

7.4 Device Functional Modes

This device does not have any additional functional modes.
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8 Application and Implementation
NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.
8.1 Application Information
8.1.1 Determining Duty-Cycle (D)
As shown in Equation 4, duty cycle (D) approximately equals:
Vieo ton —tooxt
Veuek ~ © ton+ torr ON A IswW )
With efficiency considered:
1 y Viep _
N " Veuck ~ (5)

For simplicity, choose efficiency between 75% and 85%.

8.1.2 Calculating Off-Time

The Off-Time of the LM3445 is set by the user and remains fairly constant as long as the voltage of the LED
stack remains constant. Calculating the off-time is the first step in determining the switching frequency of the
converter, which is integral in determining some external component values.

PNP transistor Q3, resistor R4, and the LED string voltage define a charging current into capacitor C11. A
constant current into a capacitor creates a linear charging characteristic, as shown in Equation 6.

L _ ~ dv

1=C gt ®)
Resistor R4, capacitor C11 and the current through resistor R4 (ico 1), Which is approximately equal to V gp/R4,
are all fixed. Therefore, dv is fixed and linear, and dt (toer) can now be calculated.

torr = C11 X 1.276V X (%)

)
Equation 8 shows common equations for determining duty cycle and switching frequency in any buck converter.
fow= 2t
SWT tore + ton
- ton.  _ Vieo
ton+ torr ~ VBuck
»— __ torr
ton t+ torr @)
Therefore:
D -
few= 7—, and fey= =—=
W7 ton W7 torr ©)]
With efficiency of the buck converter in mind, as shown in Equation 10.
V
.- LED _ nxD
BUCK (10)
Substitute equations and rearrange:
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Application Information (continued)
1 Vieo
- = X
n VBuck
fsw = t
OFF (11)

Off-time, and switching frequency can now be calculated using the equations above.

8.1.3 Setting the Switching Frequency

Selecting the switching frequency for nominal operating conditions is based on tradeoffs between efficiency
(better at low frequency) and solution size and cost (smaller at high frequency).

The input voltage to the buck converter (Vgyck) changes with both line variations and over the course of each
half-cycle of the input line voltage. The voltage across the LED string will, however, remain constant, and
therefore the off-time remains constant.

The on-time, and therefore the switching frequency, will vary as the Vgyck voltage changes with line voltage. A
good design practice is to choose a desired nominal switching frequency knowing that the switching frequency
will decrease as the line voltage drops and increase as the line voltage increases (see Figure 23).

1.50 I
Series
connected LEDs
o 1.25
L -
g —
> ool 3LEDS é:
7 .
[a)] \
N 5 LEDs %
g‘ 0.75 ) 7
@ el
© 050 L7 LEDS
9 LEDs
0.25
0 50 100 150 200

VBeuck (V)

Figure 23. Graphical Illustration of Switching Frequency vs Vgyck

The off-time of the LM3445 can be programmed for switching frequencies ranging from 30 kHz to over 1 MHz. A
trade-off between efficiency and solution size must be considered when designing the LM3445 application.

The maximum switching frequency attainable is limited only by the minimum on-time requirement (200 ns).

Worst case scenario for minimum on time is when Vg ck is at its maximum voltage (AC high line) and the LED
string voltage (V| gp) is at its minimum value.

¢ _ (1 9 ViEbMiN) 1

ONMIN) = \M ™ Vyckmax) | fsw (12)
The maximum voltage seen by the Buck Converter is:

VBuckMax) = Vac-rRmsMmax) X+/2 (13)
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Application Information (continued)
8.1.4 Inductor Selection

The controlled off-time architecture of the LM3445 regulates the average current through the inductor (L2), and
therefore the LED string current. The input voltage to the buck converter (Vgyck) changes with line variations and
over the course of each half-cycle of the input line voltage. The voltage across the LED string is relatively
constant, and therefore the current through R4 is constant. This current sets the off-time of the converter and
therefore the output volt-second product (V gp X off-time) remains constant. A constant volt-second product
makes it possible to keep the ripple through the inductor constant as the voltage at Vgyck varies.

VBuck

Figure 24. LM3445 External Components of the Buck Converter

The equation for an ideal inductor is shown in Equation 14.
- di

V=L (14)
Given a fixed inductor value, L, this equation states that the change in the inductor current over time is
proportional to the voltage applied across the inductor.
During the on-time, the voltage applied across the inductor is,

Vion-tive) = Veuck — (Viep + Vbs(gz) + Iz X R3) (15)
Since the voltage across the MOSFET switch (Q2) is relatively small, as is the voltage across sense resistor R3,
we can simplify this to approximately,

Vion-mive) = Veuck — Vieo (16)
During the off-time, the voltage seen by the inductor is approximately:
VL(OFF-TIME) =Vieo 17

The value of V| oremivg) Will be relatively constant, because the LED stack voltage will remain constant. If we
rewrite the equation for an inductor inserting what we know about the circuit during the off-time, we get
Equation 18.

Viorr-Tive) = Viep = L X %

I MAX) ~ I MIN)
Vi = e = Ly wax) - Toang)
L(OFF-TIME) LED At (18)
Re-arranging this gives us Equation 19.
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Application Information (continued)
P~ Vieo
Al = torr X 5 (19)

From this we can see that the ripple current (Ai) is proportional to off-time (togr) multiplied by a voltage which is
dominated by V gp divided by a constant (L2).

These equations can be rearranged to calculate the desired value for inductor L2.

~ Viep
L2 = torr X Al (20)
Where:
_ 1 Viep
torr = (1_ n* Vauck )
fsw (21)
Finally:
_1 Viep
o= Vieo (1 N~ Veuck )
- fSW X Al (22)

See Typical Application to better understand the design process.

8.1.5 Setting the LED Current

The LM3445 constant off-time control loop regulates the peak inductor current (I, ,). The average inductor current
equals the average LED current (layg). Therefore the average LED current is regulated by regulating the peak

inductor current.
N IL2-pk
/ \ AiL
IAVE N

I (1)

A

IL2»MIN

- .
- -

ton torF

3
Y

Figure 25. Inductor Current Waveform in CCM

Knowing the desired average LED current, I,ye and the nominal inductor current ripple, Ai,, the peak current for
an application running in continuous conduction mode (CCM) is defined in Equation 23.

Ik = lave + A
L2-PK AVE 2 (23)
Or, the maximum, or undimmed, LED current would then be,
_ Ai
IAVE(UNDIM) = |L2-PK(UNDIM) - i‘ (24)

This is important to calculate because this peak current multiplied by the sense resistor R3 will determine when
the internal comparator is tripped. The internal comparator turns the control MOSFET off once the peak sensed
voltage reaches 750 mV, as shown in Equation 25.

| _ 750 mV
L-PK(UNDIM) —

(UNDIM) R3 (25)
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Application Information (continued)

Current Limit: Under normal circumstances, the trip voltage on the PWM comparator would be less than or
equal to 750 mV, depending on the amount of dimming. However, if there is a short circuit or an excessive load
on the output, higher than normal switch currents will cause a voltage above 1.27 V on the ISNS pin which will
trip the I-LIM comparator. The I-LIM comparator will reset the RS latch, turning off Q2. It will also inhibit the Start
Pulse Generator and the COFF comparator by holding the COFF pin low. A delay circuit will prevent the start of
another cycle for 180 ps.

8.1.6 Valley Fill Capacitors

Determining voltage rating and capacitance value of the valley-fill capacitors:

Equation 26 shows the maximum voltage seen by the valley-fill capacitors is:

VVEcap = VAC(MAX)\/E
#stages (26)

This is, of course, if the capacitors chosen have identical capacitance values and split the line voltage equally.
Often a 20% difference in capacitance could be observed between like capacitors. Therefore a voltage rating
margin of 25% to 50% should be considered.

8.1.6.1 Determining the Capacitance Value of the Valley-Fill Capacitors

The valley fill capacitors should be sized to supply energy to the buck converter (Vgyck) when the input line is
less than its peak divided by the number of stages used in the valley fill (tx). The capacitance value should be
calculated when the TRIAC is not firing, that is, when full LED current is being drawn by the LED string. The
maximum power is delivered to the LED string at this time, and therefore the most capacitance is required.

A
30° 150°
Voo
t
VBuck <>

-
DR | i
8.33 ms 0° 180°

Figure 26. Two Stage Valley-Fill Vgyck Voltage With No TRIAC Dimming

From the above illustration and the equation for current in a capacitor, i = C x dV/dt, the amount of capacitance
needed at Vgyck is calculated as follows:

At 60Hz, and a valley-fill circuit of two stages, the hold up time (tx) required at Vgyck is calculated as follows. The
total angle of an AC half cycle is 180° and the total time of a half AC line cycle is 8.33 ms. When the angle of the
AC waveform is at 30° and 150°, the voltage of the AC line is exactly ¥ of its peak. With a two stage valley-fill
circuit, this is the point where the LED string switches from power being derived from AC line to power being
derived from the hold up capacitors (C7 and C9). 60° out of 180° of the cycle or 1/3 of the cycle the power is
derived from the hold up capacitors (1/3 x 8.33 ms = 2.78 ms). This is equal to the hold up time (dt) from the
above equation, and dv is the amount of voltage the circuit is allowed to droop. From the next section
(“Determining Maximum Number of Series Connected LEDs Allowed”) we know the minimum Vgyck voltage will
be about 45 V for a 90 V¢ to 135 V¢ line. At 90 V¢ low line operating condition input, ¥z of the peak voltage is
64 V. Therefore, with some margin the voltage at Vgyck can not droop more than about 15 V (dv). (i) is equal to
(Pout/Veuck), Where Poyt is equal to (Vi gp X I gp). Total capacitance (C7 in parallel with C9) can now be
calculated. See Typical Application for further calculations of the valley-fill capacitors.
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Application Information (continued)
8.1.6.2 Determining Maximum Number of Series Connected LEDs Allowed

The LM3445 is an off-line buck topology LED driver. A buck converter topology requires that the input voltage
(Vsuck) of the output circuit must be greater than the voltage of the LED stack (V gp) for proper regulation. One
must determine what the minimum voltage observed by the buck converter will be before the maximum number
of LEDs allowed can be determined. Two variables will have to be determined in order to accomplish this.

1. AC line operating voltage. This is usually 90 V¢ to 135 V¢ for North America. Although the LM3445 can
operate at much lower and higher input voltages a range is needed to illustrate the design process.

2. How many stages are implemented in the valley-fill circuit (1, 2 or 3).
In this example the most common valley-fill circuit will be used (two stages).

45° 90° 135°
Vpeak—» /'\
Vac

[\

\J

t

Figure 27. AC Line with Firing Angles

Figure 28 shows three TRIAC dimmed waveforms. One can easily see that the peak voltage (Vpgak) from 0° to
90° will always be:

Vac-rus-pry 2 (27)
Once the TRIAC is firing at an angle greater than 90° the peak voltage will lower and equal to Equation 28.
Vacrus-pkvZ x SIN() (28)

The voltage at Vgyck With a valley fill stage of two will look similar to the waveforms of Figure 29.

The purpose of the valley fill circuit is to allow the buck converter to pull power directly off of the AC line when
the line voltage is greater than its peak voltage divided by two (two stage valley fill circuit). During this time, the
capacitors within the valley fill circuit (C7 and C8) are charged up to the peak of the AC line voltage. Once the
line drops below its peak divided by two, the two capacitors are placed in parallel and deliver power to the buck
converter. One can now see that if the peak of the AC line voltage is lowered due to variations in the line voltage,
or if the TRIAC is firing at an angle above 90°, the DC offset (Vpc) will lower. V¢ is the lowest value that voltage
Vguck Will encounter.

Vac-RMS(MIN) \/2x SIN(0)

VBUCK(MIN) =

#stages (29)
Example:
Line voltage = 90 V¢ to 135 Ve
Valley-Fill = two stage
v _ 90+/2 x SIN(135°) _ 45y
BUCK(MIN) = 2 = (30)
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Application Information (continued)

Depending on what type and value of capacitors are used, some derating should be used for voltage droop when
the capacitors are delivering power to the buck converter. When the TRIAC is firing at 135° the current through
the LED string will be small. Therefore the droop should be small at this point and a 5% voltage droop should be
a sufficient derating. With this derating, the lowest voltage the buck converter will see is about 42.5 V in this
example.

A
+—Vpeak I Veeax <4 \/peak

Vs
' \'A

tV t

'—0-"

-+

0 =45° 0 =90° 0 =135°
Figure 28. AC Line With Various Firing Angles

—Vpeak
m “—Vpeak
V.
Ve I '
bC
Y -

Figure 29. Vgyck Waveforms With Various Firing Angles

B /

To determine how many LEDs can be driven, take the minimum voltage the buck converter will see (42.5 V) and
divide it by the worst case forward voltage drop of a single LED.

Example: 425V /3.7 V = 11.5 LEDs (11 LEDs with margin)

8.1.7 Output Capacitor

A capacitor placed in parallel with the LED or array of LEDs can be used to reduce the LED current ripple while
keeping the same average current through both the inductor and the LED array. With a buck topology the output
inductance (L2) can now be lowered, making the magnetics smaller and less expensive. With a well designed
converter, you can assume that all of the ripple will be seen by the capacitor, and not the LEDs. One must
ensure that the capacitor you choose can handle the RMS current of the inductor. See manufacture’s data
sheets to ensure compliance. Usually an X5R or X7R capacitor between 1 pF and 10 pF of the proper voltage
rating will be sufficient.

8.1.8 Switching MOSFET

The main switching MOSFET should be chosen with efficiency and robustness in mind. The maximum voltage
across the switching MOSFET will equal:

Vbsmaxy = Vac-rRusmax)+/ 2 (31)
The average current rating should be greater than:

Ips-max = ILED(-AVE)(DMAX) (32)
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Application Information (continued)
8.1.9 Re-Circulating Diode

The LM3445 Buck converter requires a re-circulating diode D10 (see the Typical Application circuit to carry the
inductor current during the MOSFET Q2 off-time. The most efficient choice for D10 is a diode with a low forward
drop and near-zero reverse recovery time that can withstand a reverse voltage of the maximum voltage seen at
Vguck. For a common 110 V¢ £ 20% line, the reverse voltage could be as high as 190 V.

Vb 2 Vac.rusmaxv'2 (33)
The current rating must be at least:

Ip = (1 -DMIN) x lledave (34)
Or:

ViEDMIN)
lp=14- EVA X ILED(AVE)
BUCK(MAX) (35)
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8.2 Typical Application
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Figure 30. LM3445 Design Example 1 Input = 90 V¢ to 135 Ve, Vigp = 7 X HB LED String Application at
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Typical Application (continued)

8.2.1 Design Requirements

Known:

1.
2.
3.
4,

Input voltage range (90 Vac — 135 Vue)
Number of LEDs in series =7

Forward voltage drop of a single LED = 3.6 V
LED stack voltage = (7 x 3.6V) =25.2V

Choose:

1.

o~ v

Nominal switching frequency, fsw.tarcer = 350 kHz

ILepave) = 400 mMA

Ai (usually 15% - 30% of  gpave)) = (0.30 x 400 mA) = 120 mA
Valley fill stages (1, 2, or 3) = 2

Assumed minimum efficiency = 80%

8.2.2 Detailed Design Procedure

The following design example illustrates the process of calculating external component values.

Calculate:
1. Calculate minimum voltage Vgyck equals:
90+/2 X SIN(135°
Veuckminy = 2 ( ) - 45V (36)
2. Calculate maximum voltage Vgyck equals:
Veuckmax) = 1354/2 = 190V 37)
3. Calculate toer at Vgyck hominal line voltage:
1.1, 252V
_ 0.8 11542) )
lorF = 50 kHz) 2SS (39)
4. Calculate tonwiny at high line to ensure that toygminy > 200 ns:
1, 252V
0.8 13542
ton miny = x 3.23 us =638 ns
11 252V
0.8 135./2 (39)
5. Calculate C11 and R4:
6. Choose current through R4: (between 50 pA and 100 pA) 70 pA
VLED
R4 = =360 kQ
lcoLL (40)
7. Use a standard value of 365 kQ
8. Calculate C11:
c11= (e[ ) 75 oF
"\ R4 J\1.276) P (41)
9. Use standard value of 120 pF
10. Calculate ripple current: 400 mA x 0.30 = 120 mA
11. Calculate inductor value at torr = 3 ps:
1 25.2V
1-——
) 25'2\’( 08~ 115&) R
2= T @0 kHzx0.1A) 00K 42)
12. Choose C10: 1 pF 200 V
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Typical Application (continued)

13. Calculate valley-fill capacitor values: Vac low line = 90 Ve, Veuck minimum equals 60 V (no TRIAC
dimming at maximum LED current). Set droop for 20 V maximum at full load and low line.

i=c 9v

where

e iequals Poyr / Veyck (270 mA).

e dVequals 20 V.

e dtequals 2.77 ms.
e CqioraL €quals 37 pF.

Therefore C7 = C9 = 22 pF.

Table 1. Bill of Materials

(43)

QTY REF DES DESCRIPTION MANUFACTURER MANUFACTURER PN
1 Ul IC, CTRLR, DRVR-LED, VSSOP10 TI LM3445MM
1 BR1 Bridge Rectifiier, SMT, 400 V, 800 mA DiodesInc HDO04-T
1 L1 Common mode filter DIP4NS, 900 mA, 700 pH Panasonic ELF-11090E
1 L2 Inductor, SHLD, SMT, 1 A, 470 pH Coilcraft MSS1260-474-KLB
2 L3, L4 Diff mode inductor, 500 mA 1 mH Coilcraft MSS1260-105KL-KLB
1 L5 Bead Inductor, 160 Q, 6A Steward HI1206T161R-10
3 C1, C2,C15 Cap, Film, X2Y2, 12.5 MM, 250 V¢, 20%, 10 Panasonic ECQ-U2A103ML
nF
1 C3 Cap, X7R, 0603, 16 V, 10%, 470 nF MuRata GRM188R71C474KA88D
1 C4 Cap, X7R, 0603, 16 V, 10%, 100 nF MuRata GRM188R71C104KA01D
2 C5, C6 Cap, X5R, 1210, 25V, 10%, 22 pF MuRata GRM32ER61E226KE15L
2 C7,C9 Cap, AL, 200 V, 105C, 20%, 33 pF ucc EKXG201ELL330MK20S
1 C10 Cap, Film, 250 V, 5%, 10 nF Epcos B32521C3103J
1 C12 Cap, X7R, 1206, 50 V, 10%, 1.0 uF Kemet C1206F105K5RACTU
1 C11 Cap, COG, 0603, 100 V, 5%, 120 pF MuRata GRM1885C2A121JA01D
1 C13 Cap, X7R, 0603, 50 V, 10%, 1.0 nF Kemet C0603C102K5RACTU
1 Ci14 Cap, X7R, 0603, 50 V, 10%, 22 nF Kemet C0603C223K5RACTU
1 D1 Diode, ZNR, SOT23, 15V, 5% OnSemi BZX84C15LT1G
2 D2, D13 Diode, SCH, SOD123, 40 V, 120 mA NXP BAS40H
4 D3, D4, D8, D9 Diode, FR, SOD123, 200 V, 1A Rohm RFO71M2S
1 D10 Diode, FR, SMB, 400 V, 1A OnSemi MURS140T3G
1 D11 IC, SHNT, ADJ, SOT23, 2.5V, 0.5% TI TL431BIDBZR
1 D12 TVS, VBR =209 V LittleFuse P6SMB220CA
1 R1 Resistor, 0603, 1%, 280 kQ Panasonic ERJ-3EKF2803V
1 R2 Resistor, 1206, 1%, 100 kQ Panasonic ERJ-8ENF1003V
1 R3 Resistor, 1210, 5%, 1.8 Q Panasonic ERJ-14RQJ1R8U
1 R4 Resistor, 0603, 1%, 576 kQ Panasonic ERJ-3EKF5763V
1 R5 Resistor, 1206, 1%, 1.00 kQ Panasonic ERJ-8ENF1001V
2 R6, R7 Resistor, 0805, 1%, 1.00 MQ Rohm MCR10EZHF1004
2 R8, R10 Resistor, 1206, 0.0 Q Yageo RC1206JR-070RL
1 R9 Resistor, 1812, 0.0 Q
1 R11 Resistor, 0603, 0.0 Q Yageo RC0603JR-070RL
1 R12 Resistor, 0603, 1%, 33.2 kQ Panasonic ERJ-3EKF3322V
1 R13 Resistor, 0603, 1%, 2.0 kQ Panasonic ERJ-3EKF2001V
1 R14 Resistor, 0805, 1%, 3.3 MQ Rohm MCR10EZHF3304
1 RT1 Thermistor, 120 V, 1.1A, 50 Q at 25°C Thermometrics CL-140
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Typical Application (continued)

Table 1. Bill of Materials (continued)

QTY REF DES DESCRIPTION MANUFACTURER MANUFACTURER PN
2 Q1, Q2 XSTR, NFET, DPAK, 300V, 4 A Fairchild FQD7N30TF
1 Q3 XSTR, PNP, SOT23, 300 V, 500 mA Fairchild MMBTA92
1 Q5 XSTR, NFET, SOT23, 100 V, 170 mA Fairchild BSS123
1 J1 Terminal Block 2 pos Phoenix Contact 1715721
1 F1 Fuse, 125V, 1,25 A bel SSQ 1.25

8.2.3 Application Curve
95.0
14 Series connected LEDs
90.0 ——
-k\\
g
5 85.0 e
z f—
u
: \
it 10 Series connected LEDs
W 80.0
75.0

80 90 100 110

120 130 140

LINE VOLTAGE (Vac)

Figure 31. Efficiency versus Input Voltage
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9 Power Supply Recommendations

Use any AC power supply capable of the maximum application requirements for voltage and total power.

10 Layout

10.1 Layout Guidelines

Keep the low power components for ASNS, FLTR1, FLTR2, and COFF close to the LM3445 with short traces.
The ISNS trace should also be as short and direct as possible. Keep the high current switching paths generated
by R3, Q2, L2, and D10 as short as possible to minimize generated switching noise and improve EMI.

10.2 Layout Example

RECTIFIED AC INPUT

@)
o =i > Im? 1“ L %
I :| b — J—
o _l p—
T Jasns BLOR[ T 7]
T JrTRe vee T ] L] J O
LED-
T T —]om oaTe [T —J0-—|-——————————- o 9
T O [T __|corF SN T o —|———————————— -0 :
|
‘ |
| I I I FLTR2 GND[_ T 1 |
T |
|
| GND |
L o ____________ !
Figure 32. Layout Recommendation
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11 Device and Documentation Support

11.1 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.2 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.3 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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6-Feb-2020

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
LM3445M/NOPB ACTIVE SoIC D 14 55 Green (RoHS SN Level-1-260C-UNLIM LM3445M
& no Sh/Br)
LM3445MM/NOPB ACTIVE VSSOP DGS 10 1000 Green (RoHS NIPDAUAG | SN Level-1-260C-UNLIM -40to 125 SULB Samples
& no Sh/Br)
LM3445MMX/NOPB ACTIVE VSSOP DGS 10 3500 Green (RoHS NIPDAUAG | SN Level-1-260C-UNLIM -40to 125 SULB
& no Sh/Br)
LM3445MX/NOPB ACTIVE SOIC D 14 2500 Green (RoHS SN Level-1-260C-UNLIM LM3445M Samples
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may

reference these types of products as "Pb-Free".
RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based

flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a

of the previous line and the two combined represent the entire Device Marking for that device.

will appear on a device. If a line is indented then it is a continuation

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish

value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM3445MM/NOPB VSSOP DGS 10 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM3445MMX/NOPB VSSOP | DGS 10 3500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM3445MX/NOPB SOIC D 14 2500 330.0 16.4 6.5 9.35 2.3 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM3445MM/NOPB VSSOP DGS 10 1000 210.0 185.0 35.0
LM3445MMX/NOPB VSSOP DGS 10 3500 367.0 367.0 35.0
LM3445MX/NOPB SOIC D 14 2500 367.0 367.0 35.0

Pack Materials-Page 2




DGS0010A I

PACKAGE OUTLINE
VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

AT SEATING PLANE—— "
PIN 1 1D .
) — 8X|0.5 — :
10 [05] 1)
= T ]
— 2X
[
1 | m
===
T il
29 T T (4 [0.1® [c]A® [BO | 41.1 MAX
NOTE 4
T
v/ \
\ J ‘ E 1
h ,l 0.23
e TYP
&SEE DETAIL A 0.13

)

0.4 0.05

DETAIL A
TYPICAL

4221984/A 05/2015

NOTES:

-

s W N

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-187, variation BA.
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EXAMPLE BOARD LAYOUT

DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

10X (1.45)
10X (0.3) j r SYMM (R0.05)
TYP
| ::/
= i

-—— = ——

|

|

|

i 1O SYMM
T == %
8X (0.5) 5 :; :i:]

Li (4.4) !

6

LAND PATTERN EXAMPLE
SCALE:10X

SOLDER MASK METAL UNDER SOLDER MASK
OPENING \ ) METAL SOLDER MASK\x i OPENING

4 r=— 0.05 MAX

ALL AROUND

NON SOLDER MASK
DEFINED

{ }
=
J 0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4221984/A 05/2015

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

Texas
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EXAMPLE STENCIL DESIGN
DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

YMM (R0.05) TYP

T1OX(1.45)T S

10x<0.3)L ¢

1 ‘ |
== | v
b | ——]

|
)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:10X

4221984/A 05/2015

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE

0.344 (8,75)
‘ 0.337 (8,55)
@
14 W 8
0.244 (6,20)
0.228 (5,80)
i < - - T 0157 (4,00)
\ 0.150 (3,80) A
| |
sl R s R
1 7
Pin 1 0.020 (0,51)
Index Area 0.050 (1,27) m
[-6-]0.010 (0,25) @]
/ \ A\ \
v R v \ J \ ; / k
0.010 ( \ e
— 0.069 (1,75) Max 0.004 (0.10) 004
0010 (0.25) / ﬁ
0.005 (0,15)1 )/
/ | \
. 1 ‘ //\ | []0.004 (0,10)
Gauge Plane - !
%D — x Seating Plane
0.010 (0,25) 0-8" N L7
~_| . __—
0.050 (1,27)
0.016 (0,40)
4040047-5/M  06/11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

.

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO—G14)

PLASTIC SMALL OUTLINE

Sten(cil Openings

ExampItENIz(tJ;Jrg)Layout Note D
——  ~—12x1,27 —= =—14x0,55
‘ ‘ ‘ — 12427
AN NEEN 14%1 50 AN
uuguuy * oottt r
5,40 5,40
TN,
monnnon \ NAn A AAn \
\uauudn U0ttt otd
\“//
Example

Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

.'/ \ Example
.‘ * / Solder Mask Opening
' ' (See Note E)
\ =007 /
\ All Around /

\. /

\\ /,
. -
N~ - —
4211283-3/E 08/12
NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should

contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated


http://www.ti.com/legal/termsofsale.html
http://www.ti.com
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