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TPS92311 Off-Line Primary Side Sensing Converter with PFC

Check for Samples: TPS92311

FEATURES + Programmable Constant ON-Time (COT) and
« Integrated 600V power MOSFET Peak Current Control
« Regulates LED current without secondary side * Over-temperature protection

sensing
e Adaptive ON-time control with inherent PFC

e Critical-Conduction-Mode (CRM) with Zero-
Current Detection (ZCD) for valley switching

e Programmable switch turn ON delay

APPLICATIONS

+ LED Lamps: A19 (E26/27, E14), PAR30/38,
GU10

e Solid State Lighting

DESCRIPTION

The TPS92311 is an off-line converter specifically designed to drive high power LEDs for lighting applications.
Features include an integrated 3.75Q 600V power MOSFET, adaptive constant on-time control, quasi-resonant
switching, and capable of operating in various topologies via mode selection pins. The TPS92311 is ideally
suited for driving 8W LED loads and below. Power Factor Correction is inherent if the TPS92311 is operated in
the constant on-time mode with an adaptive algorithm. Resonant switching allows for a reduced EMI signature
and increased system efficiency. Low external parts count is realized with its simplified and high level of
integration. The control algorithm of TPS92311 adjusts the on time with reference to the primary side inductor
peak current and secondary side inductor discharge time dynamically, the response time of which is set by an
external capacitor. Other supervisory features of the TPS92311 include cycle-by-cycle primary side inductor
current limit, VCC under-voltage lockout, output over-voltage protection and thermal shutdown. The TPS92311 is
available in 16—pin narrow SOIC package.

Typical Application

’ ’ —P— LED+
D3
D,
é J_ c * T1 | 1A100v : 2
[ ]
Ry IN
0.1 pF
0 ¥ b Lp Ls 4 ¥
3 Cout F !
1
® 6-7
AC | LED
N D 201
2 Q
d
H—— W\ ¥
o-
Ro Laux ¥
T*Zl ’
Rs c:: LED-
ICZCD l Y1 l
¢
TPS92311
SW SW
*Optional Dzcp . 4 Ne b Risns
Optional —Pt ZCD ISNS
m GND GND
VIN MODEL1 =
:: Cvce —nC mopez - RoLy
i} COMP  DLY
Ccowmp
v

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Copyright © 2012, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.


http://www.ti.com/product/tps92311?qgpn=tps92311
http://www.ti.com
http://www.ti.com/product/tps92311#samples

TPS92311

SNVS811 -MAY 2012

13 TEXAS
INSTRUMENTS

www.ti.com

Connection Diagram

Pin Functions

sw[1] O
sw 2]
ne [ 3]
zco [4]
GND [5]
viN [6]
Ne [7]
comp [ 8]

[16] sw
[15] sw
[14] nC
3] 1sns
[12] enD

[11] MoDE1

[10] mMoDE2

9] oLy

Figure 1. 16-Lead Narrow SOIC package (Top View)

Pin Descriptions

Pin Name Description Application Information
1, 2,15, 16 SW Drain Internal power MOSFET drain pin
3,7,14 NC No Connection No connection pin
4 ZCD Zero crossing detection input The pin senses the voltage of the auxiliary winding for zero
current detection.
5,12 GND Ground Circuit ground.
6 VIN Power supply Input This pin provides power to the internal control
COMP Compensation network Output of the error amplifier. Connect a capacitor from this
pin to ground to set the frequency response of the LED
current regulation loop.
9 DLY Delay control input Connect a resistor from this pin to ground to set the delay
between switching ON and OFF periods.
10 MODE2 Mode selection input 2 Select operating mode for isolated or non-isolated mode.
11 MODE1 Mode selection input 1 Select operating mode for peak current mode or constant
ON time.
13 ISNS Current sense voltage feedback | Switch current sensing input.

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

SW to GND -0.3V to 600V
VCC to GND -0.3V to 40V
DLY, COMP, ZCD to GND -0.3Vto 7V
ISNS to GND -0.3Vto 7V
MODEL1 to GND -0.3Vto 7V
MODE2 to GND -0.3Vto 7V
SW FET Drain Current:

Peak 1.2A
Continuous Limited by Tj.max

Continuous Power Dissipation

Internally Limited

ESD Susceptibility:

HBM @ +2 kV
Storage Temperature Range -65°C to +150°C
Junction Temperature (Tjyax) +125°C
Maximum Lead Temperature (Solder and Reflow) 260°C

(1) Absolute maximum ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions for which the
device is intended to be functional, but device parameter specifications may not be guaranteed. For guaranteed specifications and test
conditions, see the Electrical Characteristics. All voltages are with respect to the potential at the GND pin, unless otherwise specified.

(2) Human Body Model, applicable std. JESD22-A114-C.

Operating Conditions

Supply Voltage range VCC 13V to 36V
Junction Temperature (T;) -40°C to +125°C
Thermal Resistance (6;4) Y 95°C/W

(1) This Rgja typical value determined using JEDEC specifications JESD51-1 to JESD51-11. However junction-to-ambient thermal
resistance is highly boardlayout dependent. In applications where high maximum power dissipation exists, special care must be paid to
thermal dissipation issues during board design. In high-power dissipation applications, 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.vax), and the junction-to ambient thermal resistance of the
part/package in the application (Rgja), as given by the following equation: Ta max = Ty max-op — (Resa X Pp.max)-
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Electrical Characteristics

Ve = 18V unless otherwise indicated. Typicals and limits appearing in plain type apply for T, = T; = +25°C. Limits appearing
in boldface type apply over the full Operating Temperature Range. Data sheet minimum and maximum specification limits
are guaranteed by design, test or statistical analysis.

Symbol Parameter ‘ Conditions Min Typ @ Max Units

SUPPLY VOLTAGE INPUT (VCC)

Vee-uvio VCC Turn on 23.4/23 25.6 278129 \Y
threshold
VCCTurn off 11.1/10.4 13 14.7/15.7 Y,
threshold
Hysteresis 12.6

ISTARTUP Startup Current Vcc = VCC-UVLO_3-0V 10 12.5 14.75 I.IA

lvee Operating supply Not switching 0.9 1.2 15 mA
current 65kHz switching 2 mA

ZERO CROSS DETECT (ZCD)

Izco ZCD bais current | Vzcp= 5V 0.1 1 UA

Vzcp-ovp ZCD over-voltage 4.1 4.3 4.5 \%
threshold

Tovp Over voltage de- 3 cycle
bounce time

VzcD-ARM ZCD Arming Vzcp = Increasing 1.16 1.24 1.3 Vv
threshold

VzcpTRIG ZCD Trigger Vzcp = Decreasing 0.48 0.6 0.77 \%
threshold

Vzep-Hys ZCD Hysteresis Vzep-ARM-VzeD-TRIG 0.64 \%

COMPENSATION (COMP)

lcomp- Internal reference | Vcomp = 2.0V, Vigns = 0V, Measure at 27 HA

SOURCE current for primary | COMP pin
side current
regulation

gmisns ISNS error amp A VISNS to A ICOMP @ VCOMP = 2.0V 100 lehO
trans-conductance

Vcomp COMP operating 2.0 3.5 Vv
range

DELAY CONTROL (DLY)

VpLy DLY pin internal 1.21 1.23 1.26 \%
reference voltage

IDLY-MAX DLY source current | Vp y = OV 250 HA

CURRENT SENSE (ISNS)

V\sns-ocp Over Current Non isolation mode 0.56 0.61 0.68 \Y
Detection
Threshold

V\sns-ocp Over Current Isolation mode 3.2 34 3.6 \Y
Detection
Threshold

lisns Current Sense Visns = 5V -1 1 HA
Bias Current

Tocp Over current Rsns = 1K, Measure ISNS pin pulse width 210 ns
Detection with Vg = 6V
Propagation Delay

OUTPUT MOSFET (SW FET)

VgvDs SW to ISNS 600 660 Y,
breakdown voltage

(1) Typical numbers are at 25°C and represent the most likely norm.
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Electrical Characteristics (continued)

Ve = 18V unless otherwise indicated. Typicals and limits appearing in plain type apply for T, = T; = +25°C. Limits appearing
in boldface type apply over the full Operating Temperature Range. Data sheet minimum and maximum specification limits
are guaranteed by design, test or statistical analysis.

Symbol Parameter Conditions Min Typ @ Max Units

IDS SW to ISNS VSW'VISNS = 600V 1.35 I.IA
leakage current @

Rps SW to ISNS switch 3.75 Q
on resistance

ToN-MIN Minimum ON time 330 540 900 ns

ToN-MAX Maximum ON time 28 44 58 us

TOFF»MlN Minimum OFF time 1.04 1.5 1.93 us

TOFF-MAX Maximum OFF Rsns = 1K, Measure ISNS pull-down 50 70 94 us
time period with Vgy = 6V and Vzcp = OV

THERMAL SHUTDOWN

TSD Thermal shutdown | ® 165 °C
temperature
Thermal Shutdown 20 °C
hysteresis

(2) High voltage devices such as the TPS92311 are susceptible to increased leakage currents when exposed to high humidity and high
pressure operating environments. Users of this device are cautioned to satisfy themselves as to the suitability of this product in the
intended end application and take any necessary precautions (e.g. system level HAST/HALT testing, conformal coating, potting, etc.) to
ensure proper device operation.

(3) Internal thermal shutdown circuitry protects the device from permanent damage. Thermal shutdown engages at T; = 165°C (typ.) and
disengages at T; = 145°C (typ).
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Typical Performance Characteristics

All curves taken at V=18V with configuration in typical application for driving seven power LEDs with I g5=350mA shown in
this datasheet. T,=25°C, unless otherwise specified.
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Typical Performance Characteristics (continued)

All curves taken at Vc=18V with configuration in typical application for driving seven power LEDs with I, ip=350mA shown in
this datasheet. T,=25°C, unless otherwise specified.
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Simplified Internal Block Diagram
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Figure 2. Simplified Block Diagram

Application Information

The TPS92311 is an off-line convertor specifically designed to drive LEDs. This device operates in Critical
Conduction Mode (CRM) with adaptive Constant ON-Time control, so that high power factor can be achieved
naturally. The TPS92311can be configured as an isolated or non-isolated off-line converter. Please refer to
TPS92311 typical schematic Figure 1, on the front page, in the following discussion. The TPS9231 flyback
converter consists of a transformer which includes three windings Lp, Lg and Layy, an internal MOSFET Q, and
inductor current sensing resistor Rigys. Secondary side components are secondary side transformer winding Lg,
output diode D3, and output capacitor Co7. An auxiliary winding is required, and serves two functions. Auxiliary
power is developed from the winding to power the TPS92311 after start-up, and detect the zero crossing point
due to the end of a complete switching cycle. During the on-period, Q1 is turned on, and current flows through Lp,
Q; and Rigns to ground, input energy is stored in the primary inductor Lp. Simultaneously, the Igyg pin of the
device monitors the voltage of the current sensing resistor R;gys to perform the cycle-by-cycle inductor current
limit function. During the time MOSFET Q; is off, current flow in Lp ceases and the energy stored during the on
cycle is released to output and auxiliary circuits. During Q, off-time current in the secondary winding Lscharges
the output capacitor Coyr through Ds and supplies the LED load. During Q; on-time, Cgyt is responsible to
supply load current to LED load during subsequent on-period. Also during Q; off-time current is delivered to the
auxiliary winding through D, and powers the TPS92311. The voltage across Layx, Viaux is fed back to the ZCD
pin through a resistor divider network formed by R, and R; to perform zero crossing detection of V| ayx, which
determines the end of the off-period of a switching cycle. The next on period of a new cycle will be initiated after
an inserted delay of 2 x tp,y. The tp vy is programmable by a single resistor connecting the DLY pin and ground.
The setting of the delay time, tp, y will be described in a separate paragraph. During steady state operation, the
duration of the on-period toy can be determined with two different modes: the Constant On-Time (COT) mode
and the Peak Current Mode (PCM), which are configured by setting the MODE1 and MODE2 pins. For the COT
mode, toy IS generated by comparing an internal generated saw-tooth waveform with the voltage on the COMP
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pin (Vcowmp)- Since Vcowp IS slow varying, toy is nearly constant within an AC line cycle. For the PCM, the on-
period is terminated when the voltage of the ISNS pin (V|gns) reaches a threshold determined by Veoup. Since
the instantaneous input voltage (AC voltage) varies, toy varies accordingly within an AC line cycle. The duration
of the off-period (toee) is determined by the rate of discharging of the secondary current through the transformer.
Also,

| s-pEAk = N X1 p_pEAK

(1)
where n is the turn ratio of Lp and Lg. Figure 3 shows the typical waveforms in normal operation.
Vsw
A
2xtpLy |<— tV
ILp
A
Vcomp
- > tV

ton

ILs

ILED \

toFF

\

Vzep
A
Vzep-ovp

Vzcp-PEAK

Vzcp-ARM
Vzcp-TRIG

oy —»  fe— t

Figure 3. Primary and Secondary Side Current Waveforms

Startup Bias and UVLO

During startup, the TPS92311 is powered from the AC line through R; and D, (Figure 1). In the startup state,
most of the internal circuits of the TPS92311 are shut down in order to minimize internal quiescent current. When
Ve reaches the rising threshold of the Vcc.yvio (typically 25.6V), the TPS92311 is operating in a low switching
frequency mode, where toy and toer are fixed to 1.5us and 72us. When Vycp_peak iS higher than Vzcparm, the
TPS92311 enters normal operation.
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Figure 4. Start up Bias Waveforms

Mode Decoder

The TPS92311 is capable of operating in two control modes as an isolated topology, Peak Current Mode (PCM)
or Constant On-Time (COT). The TPS92311 can also be configured in a non-isolated topology using COT
operation. Depending on system requirements, the designer will chose between the two modes of operation.
COT mode gives a high power factor, PCM can achieve a lower output current ripple. COT mode using a non-
isolated topology can achieve a higher efficiency and good load regulation. The above modes can be selected by
setting the MODE1 and MODE?2 pins according to Table 1.

Table 1. MODE Configuration

MODE1 MODE2 Mode of operation

OPEN OPEN COT mode using isolated topology
GND OPEN PCM using isolated topology
OPEN GND COT mode using non-isolated topology
GND GND Reserved

Zero Crossing Detection

To minimized the switching loss of the internal power MOSFET, a zero crossing detection circuit is embedded in
the TPS92311. V aux is AC voltage coupled from Vg, by means of the transformer, with the lower part of the
waveform clipped by D,cp. Viaux is fed back to the ZCD pin to detect a zero crossing point through a resistor
divider network which consists of R, and R;. The next turn on time of Q is selected Vg is the minimum, an
instant corresponding to a small delay after the zero crossing occurs. (Figure 5) The actual delay time depends
on the drain capacitance of the Q; and the primary inductance of the transformer (Lp). Such delay time is set by
a single external resistor as described in Delay Setting section.

During the off-period at steady state, V,cp reaches its maximum Vycp.peak (Figure 3, which is scalable by the
turn ratio of the transformer and the resistor divider network R, and Rj. It is recommended that V,cp.peak IS Set to
3V during normal operation.
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Figure 5. Switching Node Waveforms

Delay Time Setting

In order to reduce EMI and switching loss, the TPS92311 inserts a delay between the off-period and the on-
period. The delay time is set by a single resistor which connects across the DLY pin and ground, and their
relationship is shown in Figure 6. The optimal delay time depends on the resonance frequency between Ly and

the drain to source capacitance of Q; (Cpg). Circuit designers should optimize the delay time according to the
following equation.

‘CS‘*f‘*":zw\/chDS

(2
(3)
After determining the delay time, tp,y can be implemented by setting Rp, y according to the following equation:
(4)
where Kp vy = 32MQ/ns is a constant.
60 /
50 //
'9‘ 40 /
> 30 //
[a)
i 20 /'
10 7
/
0
0 400 800 1200 1600 2000
DELAY TIME (ns)
Figure 6. Delay Time Setting
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Protection Features

OUTPUT OPEN CIRCUIT PROTECTION

If the LED string is disconnected from the output of the TPS92311, The output voltage (V| gp) increases and thus
Vzcp-peak iNncreases. When Vzcp.peak IS greater than Vycp_oyp for 3 continues switching cycles, the Over Voltage
Protection (OVP) feature is triggered. Switching of Qq is stopped, and V. decreases until it drops below the
falling threshold of Vec_yvi o, the TPS92311 restarts, and re-enter into startup state (Figure 8).

OUTPUT SHORT CIRCUIT PROTECTION

If the LED string is shorted, Vzcp.peak drops, and as Vycp.peak drops below Vzcp.trie, the TPS92311 will enter
low switching frequency operation. During low switching frequency operation, power supplied from Layx to Ve is
not enough to maintain V. If the short remains V¢ will drop below the falling threshold of Vec.yvio, the
TPS92311 will attempt to restart at this time (Figure 7). When the short is removed the TPS92311 will restore to
steady state operation.

Low freq
«— Steady_p Li\?af[;eq state
vew St g -— - !

—“v

Vee
25.6V

13v

—

Vzcp

Vzcp-ovp

VZzCD-ARM
L NN
TTTTTTTT TTTTTT

I 4

t

Figure 7. Output Short Circuit waveforms

OVER CURRENT PROTECTION

Over Current Protection (OCP) limits the drain current of internal MOSFET and prevents inductor / transformer
saturation. When V,gyg reaches a threshold, the OCP is triggered and the internal MOSFET will turn off
immediately. The threshold is typically 3.4V and 0.64V when the TPS92311 is using an isolated topology and a
non-isolated topology respectively.
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THERMAL PROTECTION

Thermal protection is implemented by an internal thermal shutdown circuit, which activates at 160°C (typically).
In this case, the internal switching power MOSFET will turn off. Capacitor Cyc¢ will discharge until UVLO. When
the junction temperature of the TPS92311 falls back below 130°C, the TPS92311 resumes normal operation.
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Figure 8. Auto Restart Operation

Design Example

The following design example illustrates the procedures to calculate the external component values for the
TPS92311 isolated single stage fly-back LED driver with PFC.

Design Specifications:

Input voltage range, Vac rus = 85VAC — 132VAC
Nominal input voltage, Vac rusom = 110VAC
Number of LED in serial =7

LED current, I gp = 350mA
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Forward voltage drop of single LED = 3.0V
Forward voltage of LED stack, V| gp = 21V

Key operating Parameters:

Converter minimum switching frequency, fgy = 75kHz

Output rectifier maximum reverse voltage, Vpzmax) = 100V
Power MOSFET rating, Vqimax) = 600V (3.75Q)

Power MOSFET Output Capacitance, Cpg = 37pF (estimated)
Nominal output power, Poyt = 8W

START UP BIAS RESISTOR

During start up, the V¢ will be powered by the rectified line voltage through external resistor, R;. The V¢ start
up current, lycesyy must set in the range lyceming™lvecsuy™lstarTupuax) to ensure proper restart operation during
OVP fault. In this example a value of 0.55mA is suggested. The resistance of R; can be calculated by dividing
the nominal input voltage in RMS by the start up current suggested.

So, R; = 110V/0.55mA = 200KQ is recommended.

TRANSFORMER TURN RATIO

The transformer winding turn ratio, n is governed by the internal MOSFET Q1 maximum rated voltage, (Vgzmax))
highest line input peak voltage (Vacpeak) and output diode maximum reverse voltage rating (Vpgmax)). The
output diode rating limits the lower bound of the turn ratio and the internal power MOSFET rating provide the
upper bound of the turn ratio. The transformer turn ratio must be selected in between the bounds. If the
maximum reverse voltage of D3 (Vpgmax)) is 100V. the minimum transformer turn ratio can be calculated with the
equation in below.

V ac_PEAK 1 32)(\/_
n> =
(VDB(MAX)‘VLED) 100-30 =2.33 .

In operation, the voltage at the switching node, Vgy must be small than the internal MOSFET maximum rated
voltage Vqgi(max) » For reason of safety, 10% safety margin is recommended. Hence, 90% of Vg;guax) is used in
the following equation.

Va1max)X0.9-Vac peak—Vos

n<
VLED(MAX)

_600x0.9-132/2-50
30 =12.1

where Vg is the maximum switching node overshoot voltage allowed, in this example, 50V is assumed. As a
rule of thumb, lower turn ratio of transformer can provide a better line regulation and lower secondly side peak
current. In here, turn ratio n = 3.8 is recommended.

©)
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SWITCHING FREQUENCY SELECTION

TPS92311 can operate at high switching frequency in the range of 60kHz to 150kHz. In most off-line
applications, with considering of efficiency degradation and EMC requirements, the recommended switching
frequency range will be 60kHz to 80kHz. In this design example, switching frequency at 75kHz is selected.

SWITCHING ON TIME

The maximum power switch on-time, toy depends on the low line condition of 85V,c. At 85V, the switching
frequency was chosen at 75kHz. This transformer design will follow the formulae as shown below.

1

f VAC_MIN_F’EAK
SW
nNXV, ep

tOI\I= =5.3|.|S
75000832

ton=

+1

®

TRANSFORMER PRIMARY INDUCTANCE

The primary inductance, Lp of the transformer is related to the minimum operating switching frequency fsy,
converter output power Poyr, system efficiency n and minimum input line voltage Vac rusguiny: FOr CRM
operation, the output power, Pyt can be described by the equation in below.

— iy 2
Pour=n X5 Lo X p-peak X Tsw
9)

By re-arranging terms, the transformer primary inductance required in this design example can be calculated with
the equation follows:

1 _nXVAC_RMS(MIN)2t0N2
=
2 )(POUTXi
fSW

The converter minimum switching frequency is 75kHz, toy is 5.3Us, Vac rusminy = 85V and Poyr = 8W, assume
the system efficiency, n = 85%. Then,

(10)
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0.85x(85)?

(5.3 )

o= oex13.3y 00 1mA

From the calculation in above, the inductance of the primary winding required is 0.81mH.

(11)

Calculate The Current Sensing Resistor

After the primary inductance and transformer turn ratio is determined, the current sensing resistor, Rigys can be
calculated.

The resistance for R,sns is governed by the output current and transformer turn ratio, the equation in below can
be used.

VREF

Risns= N X |
LED

(12)
where Vier is fixed to 0.14V internally.
Transformer turn ratio, Np : Ngis 3.8 : 1 and |, gp = 0.35A

13)

|
E TPS92311 J
SwW sSw
sSw Sw
—INC NC j— Risns
—4 GND GND
— VIN MODE1 —
—1 NC MODE2 p—
—{ COMP DLY jp—

Figure 9. Rigns Resistor Interface

D2

vCC

¢

L.
!

PGND

R3 Dzcp

PGND

PGND

Figure 10. Auxiliary Winding Interface to ZCD
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Auxiliary Winding Interface To ZCD

In Figure 10, R2 and R3 forms a resistor divider which sets the thresholds for over voltage protection of V gp
Vzep-ove, and Vzeppeak. Before the calculation, we need to set the voltage of the auxiliary winding, V| aux at open
circuit.

For example :
Assume the nominal forward voltage of LED stack (V| gp) is 21V.

To avoid false triggering ZCDgyp Voltage threshold at normal operation, select ZCDgyp voltage at 1.3 times of the
V| ep is typical in most applications. In case the transformer leakage is higher, the ZCDgyp threshold can be set
to 1.5 times of the V gp.

In this design example, open circuit AUX winding OVP voltage threshold is set to 30V. Assume the current
through the AUX winding is 0.4mA typical.

As a result, R2 is 66kQ and R3 is 11kQ. Also, for suppressing high frequency noise at the ZCD pin, a 15pF
capacitor connects the ZCD pin to ground is recommended.

Auxiliary Winding V.. Diode Selection

The VCC diode D2 provides the supply current to the converter, low temperature coefficient , low reverse
leakage and ultra fast diode is recommended.

Compensation Capacitor And Delay Timer Resistor Selection

To achieve PFC function with a constant on time flyback converter, a low frequency response loop is required. In
most applications, a 3.3uF Ccoup Capacitor is suitable for compensation.

TPS92311

SW SwW
SW SW

Dzeco —InNC NC - Risns
—p—] zcD ISNS
GND GND
Cvee i} VIN  MODEL |~

. N¢  mopEz |~
Ceomr COMP__ DLY W
R
v DLY

Figure 11. Compensation and DLY Timer connection

The resistor Rp,y connecting the DLY pin to ground is used to set the delay time between the ZCD trigger to
power MOSFET turn on. The delay time required can be calculated with the parasitic capacitance at the drain of
MOSFET to ground and primary inductance of the transformer. Equation in below can be used to find the delay
time and Figure 6 in previous page can help to find the resistance once the delay time is calculated

(14)

For example, using a transformer with primary inductance Lp = 1mH, and power MOSFET drain to ground
capacitor Cps=37pF, the tp y can be calculated by the upper equation. As a result, tp v=302ns and Rp.y is
6.31kQ. The delay time may need to change according to the primary inductance of the transformer. The typical
level of output current will shift if inappropriate delay time is chosen.
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Output Flywheel Diode Selection

To increase the overall efficiency of the system, a low forward voltage schottky diode with appropriate rating
should be used.

Primary Side Snubber Design

The leakage inductance can induce a high voltage spike when power MOSFET is turned off. Figure 12 illustrate
the operation waveform. A voltage clamp circuit is required to protect the power MOSFET. The voltage of
snubber clamp (Vgy) must be higher than the sum of over shoot voltage (Vos), LED open load voltage multiplied
by the transformer turn ratio (n). In this examples, the Vg is 50V and LED maximum voltage, Vi gpmax) is 30V,
transformer turn ratio is 3.8. The snubber voltage required can be calculated with following equations.

n x VLED

VAC_PEAK

Figure 12. Snubber Waveform

Ven>VostViepmax) X N
where n is the turn ratio of the transformer.

Vg >o0V+30V x3.8=164V .

At the same time, sum of the snubber clamp voltage and Vac peak voltage (Vac peaxk) must be smaller than the
MOSFET breakdown voltage (Vyos_gv)- By re-arranging terms, equation in below can be used.

Ven <VMOS_BV'VAC\/§
Vg <600-132 x4/2 =414V

In here, snubber clamp voltage, Vgy = 250V is recommended.

(15)

7

Output Capacitor

The capacitance of the output capacitor is determined by the equivalent series resistance (ESR) of the LED,
R gep and the ripple current allowed for the application. The equation in below can be used to calculate the
required capacitance.

18 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated
Product Folder Links: TPS92311


http://www.ti.com/product/tps92311?qgpn=tps92311
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS811&partnum=TPS92311
http://www.ti.com/product/tps92311?qgpn=tps92311

13 TEXAS
INSTRUMENTS

www.ti.com

TPS92311

SNVS811 —MAY 2012

lep \°
2 -1

Al ep
MXfacRiep

Cour= 4 x

Assume the ESR of the LED stack contains 7 LEDs and is 2.6Q, AC line frequency fac is 60Hz.

In this example, LED current I gp is 350mA and output ripple current is 30% of | gp:

2x0.35 \2_
o - Y103x0.35
OUT Ax1rx60x7Xx2.6

Then, COUT = 480|JF
In here, a 470uF output capacitor with 10uF ceramic capacitor in parallel is suggested.

PCB Layout Considerations

(18)

(19)

The performance of any switching power supplies depend as much upon the layout of the PCB as the
component selection. Good layout practices are important when constructing the PCB. The layout must be as
neat and compact as possible, and all external components must be as close as possible to their associated
pins. High current return paths and signal return paths must be separated and connect together at single ground
point. All high current connections must be as short and direct as possible with thick traces. The SW pin of the
internal MOSFET should be connected close to the transformer pin with short and thick trace to reduce potential
electro-magnetic interference. For off-line applications, one more consideration is the safety requirements. The
clearance and creepage to high voltage traces must be complied to all applicable safety regulations.
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Figure 13. Isolated topology schematic
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Figure 14. Non-isolated topology schematic
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Samples
o)) Drawing %) (3) (Requires Login)
TPS92311D/NOPB ACTIVE SOIC D 16 48 Green (RoHS CU SN Level-3-260C-168 HR
& no Sh/Br)
TPS92311DR/NOPB ACTIVE SoIC D 16 2500 Green (RoHS CU SN Level-3-260C-168 HR
& 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI 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
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
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | 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 Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
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)
TPS92311DR/NOPB SoIC D 16 2500 330.0 16.4 65 | 103 | 23 8.0 | 16.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS92311DR/NOPB SoIC D 16 2500 358.0 343.0 63.0
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MECHANICAL DATA

D (R—PDSO—-G16) PLASTIC SMALL QUTLINE

0.394 (10,00)

0.386 (9,80)
PN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) AN

L LR ,

Pin 1

Index Area 0.050 (1,27) OOZO (©, 51;
\@\o.o (0,25 @]
/ \
[ \ \
\
v 0 % J\ /k
— 0.069 (1,75) Max 0. 004
0.010 (0,25) // .
0.005 (0,15)1 , \
A
\ t \ //\ | []0.004 (0,10)
Gauge Plane - == !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-6/M 06 /11
NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS—012 variation AC.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
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