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TPS61195 WLED Driver for LCD Backlighting With PWM and SMBus Control Interface

Check for Samples: TPS61195

FEATURES « PWM and SMBus Brightness Interface

e 4.5V to 21V Input Voltage e 8-bits (256 steps) Brightness Level

e Integrated 2.5A 50V MOSFET e Programmable Over Voltage Threshold

e 600kHz to 1IMHz Programmable Switching e Built-in WLED Open/Short Protection
Frequency « Over Thermal Protection

+ Adaptive Boost Output for Best Efficiency « 28L 4x4 WQFN

e Designed to Use Small L-C Components

e Internal Loop Compensation APPLICATIONS

« Eight Current Sinks of 30mA » Notebook/Netbook LCD Display Backlighting

e Support up to Total 96 LEDs
e 1% Current Matching

DESCRIPTION

The TPS61195 IC provides highly integrated solutions for large-size LCD backlighting. This device has a built-in
high efficiency boost regulator with integrated 2.5A/50V power MOSFET. The eight current sink regulators
provide high precision current regulation and matching. In total, the device can support up to 96 LEDs. Unused
sinks are disabled by tying them to ground. The boost output automatically adjusts its voltage to the WLED
forward voltage to improve efficiency.

The TPS61195 supports multiple brightness dimming methods. During PWM dimming, each IFB pin’s current is
turned on/off at the duty cycle and frequency determined by an integrated pulse width modulation (PWM). The
frequency of this signal is resistor programmable, while the duty cycle is controlled directly either from an
external PWM signal input to the DPWM pin or through the SMBUS interface. Additionally, the SMBUS interface
provides some operational reporting data such as if one or more strings have failed or if the IC is over-heating. In
direct PWM dimming mode, each IFB current is turned on/off at same duty cycle and frequency as the PWM
signal input on the DPWM pin. In analog dimming mode, the input PWM duty cycle information is translated to
analog signal to control the WLED current signal linearly over 1% to 100% brightness area.

The TPS61195 integrates over-current and short-circuit protection, soft start and over temperature protection
circuit. The device also provides programmable output over-voltage protection, and the threshold is adjusted by
external resistor divider combination.

The TPS61195 IC has built-in linear regulator for the IC supply. The device is in a 4x4 mm QFN package.

Q 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.

PRODUCTION DATA information is current as of publication date. righ 2010, Texas Instruments Incorpor:
Products conform to specifications per the terms of the Texas Copyright © 2010, Texas Instruments Incorporated
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PIN FUNCTIONS

PIN
DESCRIPTION
NO. NAME
1 DPWM PWAM signal input pin. The frequency of PWM signal must be in the range of 200Hz to 20kHz
2 SEL1 Dimming mode selection pin. See Table 1 for a detailed explanation.
3 SEL2 Dimming mode selection pin. See Table 1 for a detailed explanation.
4 VDDIO Serial bus voltage level pin. This pin should only have the recommended capacitive load.
5 SDA SMBus data input/output pin
6 SCL SMBus clock input pin
7-10, 12-15 |IFB1to IFB4 Regulated 30mA typical current sink input pins. Connect the cathode of the last LED in each of the
IFB5 to IFB8 eight strings to one of these pins.
11 AGND Analog ground
16 N.C AGND internal. External to AGND is recommended.
17 ISET Full-scale LED current set pin. Connecting a resistor from this pin to AGND programs the
maximum current level.
18 FDIM Dimming frequency program pin with an external resistor. Connecting a resistor from this pin to
AGND programs the internal PWM dimming frequency.
19 N.C AGND internal. External track tie to AGND is recommended.
20, 21 PGND2, PGND1 Power ground
22 OVP Over-voltage program pin. A resistor divider between the boost converter output to AGND, with
mid point tied to this pin sets the over-voltage protection threshold.
23,24 SW2, SwW1 Drain connection of the internal power FET
25 EN SDAble and Disable Pin. EN high = SDAble, EN low = Disable and de-actives SMBus interface.
26 VIN Supply input pin
27 FSW Switching frequency select pin. Use a resistor to set the frequency between 600kHz to 1.0MHz
28 FDPWM Place a 43.2kQ resistor from this pin to AGND programming the internal clock for counting PWM
input duty cycle.

Copyright © 2010, Texas Instruments Incorporated
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FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION
PACKAGE PACKAGE MARKING
TPS61195RUY TPS61195
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ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

VALUE UNIT

Voltages on pin V;y @ —-0.3t0 24 v
Voltages on pin EN, DPWM, SDA and SCL @ -0.3t07 v
Voltage on pin SW1 and Sw2® —0.3t0 50 v
Voltage on pin IFB1 to IFB8® -0.310 20 v
Voltage on all other pins©@ -0.3103.6 v

HBM 2 kv
ESD rating MM 200 Y

CDM 700 \%
Continuous power dissipation See Dissipation Rating Table
Operating junction temperature range —40 to 150 °C
Storage temperature range —65 to 150 °C
Lead temperature (soldering, 10 sec) 260 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to network ground terminal.

THERMAL INFORMATION

1 TPS61195
THERMAL METRIC® UNITS
RUY (28 PINS)
03a Junction-to-ambient thermal resistance 34.3
03ctop Junction-to-case (top) thermal resistance 31.3
038 Junction-to-board thermal resistance 9.5
- — °CIW
VT Junction-to-top characterization parameter 0.2
Y Junction-to-board characterization parameter 8.6
03chot Junction-to-case (bottom) thermal resistance 2.1

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

RECOMMENDED OPERATING CONDITIONS

MIN TYP MAX | UNIT
AN Input voltage range 4.5 21 \Y
Vout Output voltage range Vin 45 \%
L Inductor 4.7 10 puH
C Input capacitor 1 uF
Co Output capacitor 2.2 10 e
Fpwm 0 IFBx PWM dimming frequency set by resistor to ANGD on FDIM 0.2 5| kHz

PWM input signal frequency (SMBus mode) 10
Fpwm | N N kHz
- PWM input signal frequency (PWM mode) 0.2 20

FgoosT Boost regulator switching frequency 600 1000 kHz
Ta Operating ambient temperature -40 85 °C
T; Operating junction temperature -40 125 °C

Copyright © 2010, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS

V\y =12V, DPWM and EN = high, IFB current = 20mA, IFB voltage = 500mV, T, = —40°C to 85°C, typical values are at T, =

25°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS | MIN TYP  MAX| UNIT
SUPPLY CURRENT
Vin Input voltage range 4.5 21 \%
lq_vin Operating quiescent current into Vi \l\/lot_szwlt{:/hmg and no load, 3 mA
. N =
VDDIO VDDIO pin output voltage VN > 5.5V, ligag =5 MA 2.7 3.15 3.6 \%
Vin = 12V, EN = low 10
lEN Shutdown current Vi = 21V, EN = low 15 pA
g V\y ramp down 3.55
ViN_uvLo V|n under-voltage lockout threshold Vi ramp up 380 \Y
VIN_Hys V|n under-voltage lockout hysterisis 250 mV
EN, SCL, SDA AND PWM
Vy EN Logic high threshold 1.2 \%
A EN Logic low threshold 0.4
Vy DPWM logic high threshold 21
A DPWM logic low threshold 0.7 \%
Vy SDA, SCL logical high threshold 2.0
A SDA, SCL logic low threshold 0.8
Vspa L SDA logic low voltage Isource = 4 MA 0.4 \%
Rpp EN Pull down resistor on EN 400 800 1600 kQ
Rpp_pwm Pull down resistor on DPWM 400 800 1600 kQ
V =5V 3.125 125 pA
lieakage Leakage current on EN and DPWM V=0V ~100 100 nA
Rpp_smBus Pull down resistor on SCL and SDA 1 2 4 MQ
CURRENT REGULATION
V|seT ISET pin voltage 1.204 1.229 1.253 \%
Kiset Current multlply IFB”SET liseT = 18.9 uA, D = 100% 1060
IISET =18.9 ]J.A, D = 100% _ o o
IrB_Ave Average current accuracy Ta= 0°C to 85°C 1.5% +1.5%
liseT = 18.9 uA, D = 12.5%, analog 0 o
Irs L Low current accuracy Ta= 0°C to 85°C 5% +5%
| =18.9 uA, D = 100%
Km (Imax—Imin)/lave -ll-iE:TOoC to 8%°C 1% 3%
. IFB voltage = 15 V on all pins 5
lieak IFB pin leakage current IFB voltage = 5 V on all pins, total 1| wA
liFB_max Current sink max output current IFB = 450 mV 30 mA
Programmable current sink regulator
liFs_range range g 0 30 mA
fdim Internal PWM dimming frequency Repiv = 953kQ 190 210 230 Hz
BOOST OUTPUT REGULATION
Vies L Output voltage dial up threshold Measured on Veg(min) 450 mV
VieB H Output voltage dial down threshold Measured on Veg(min) 750 mV
POWER SWITCH
Rpwm_sw PWM FET on-resistance Vin = 12V 0.15 0.35 Q
ILN_NFET PWM FET leakage current Vsw = 50V, Ty = 25°C 2 pA
6 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)

V\y =12V, DPWM and EN = high, IFB current = 20mA, IFB voltage = 500mV, T, = —40°C to 85°C, typical values are at T, =

25°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX | UNIT

OSCILLATOR
fs Oscillator frequency Resw = 523kQ 0.8 1.0 1.2| MHz
Dmax Maximum duty cycle IFB = OV 94%
Dmin Minimum duty cycle Resw = 523kQ 10%
OC, SC, OVP AND SS
ILm N-Channel MOSFET current limit D = Dpmax 25 4.5 A
Veramp TH Output voltage clamp program threshold 1.90 1.95 2.00
Vov TH Output over voltage program threshold 1.98 2.03 2.08 \%
Vove iFB IFB overvoltage threshold Measured on the IFBx pin, IFB on 125 14 155 \%
Vovez IFB 2" | evel IFB overvoltage threshold Measured on the IFBx pin, IFB on or off 18 \%
VIEB_nouse IFB no use detection threshold during IFB voltage rising 0.75 \%

startup
VoL OVP pin overload detection Output voltage drop 60%
THERMAL SHUTDOWN
Tshutdown Thermal shutdown threshold 150 °C

Copyright © 2010, Texas Instruments Incorporated
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TABLE OF GRAPHS

TYPICAL CHARACTERISTICS

FIGURE
Load efficiency TPS61195 Vin = 10.8 V; Vg = 33, 37 and 41V; L = 10 pH Figure 1
Load efficiency TPS61195 Vin =7 V, 10.8 V and 21V, Vg, = 33V; L =10 uH Figure 2
PWM dimming efficiency Vin =7V, 10.8 V and 21V, Vg = 41V; L = 10 pH; Isgr = 18.9 pA Figure 3
PWM dimming efficiency Vin =7V, 10.8 V and 21V, Vg = 33V; L = 10 pH; Iggr = 18.9 pA Figure 4
Dimming linearity Vin =10.8 V; Vgoue =41 V; L = 10 pH; Iggt = 18.9 pA; Fpym = 2 kHz Figure 5
Dimming linearity Vin =10.8 V; Ve =41 V; L = 10 pH; Iggt = 18.9 pA; Fpyy = 210 Hz Figure 6
Boost switch Frequency Vin =10.8 V; Vgoue =41 V; L =10 pH; Iggt = 18.9 pA Figure 7
Dimming Frequency Vin =10.8 V; Vgoue =41 V; L =10 pH; Iggt = 18.9 pA Figure 8
Switch waveform Vin =10.8 V; Vgoue =41 V; L =10 pH; Iggt = 18.9 pA Figure 9
Switch waveform Vin =21.0 V; Vo =41 V; L =10 pH; lggt = 18.9 pA Figure 10
Analog dimming Vin = 10.8 V; Voue =41 V; L = 10 pH; Iggt = 18.9 pA; Fpym = 210 Hz; D = 45% Figure 11
Direct PWM dimming Vin = 10.8 V; Vot =41 V; L = 10 pH; Iggt = 18.9 pA; Fpym = 210 Hz; D = 50% Figure 12
Output ripple when PWM dimming Vin =10.8 V; Vo =41 V; L = 10 pH; Iggt = 18.9 pA; Fpyy = 210 Hz Figure 13
Startup waveform Vin =10.8 V; Vot =41 V; L =10 pH; Iggt = 18.9 pA Figure 14

EFFICIENCY vs LOAD

EFFICIENCY vs LOAD
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EFFICIENCY vs PWM DUTY EFFICIENCY vs PWM DUTY
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BOOST SWITCH FREQUENCY vs R_FSW
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SWITCH WAVEFORM
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DIRECT PWM DIMMING
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Figure 11. Figure 12.
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INTERNAL FREQUENCY PWM DIMMING STARTUP WAVEFORM
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Figure 13. Figure 14.

DETAILED DESCRIPTION

NORMAL OPERATION

The TPS61195 is a high efficiency, high output voltage white LED driver for notebook panel backlighting
applications. The advantages of white LEDs compared to CCFL backlights are higher power efficiency and lower
profile design. Due to the large number of white LEDs required to provide backlighting for medium to large
display panels, the LEDs must be arranged in parallel strings of several LEDs in series. Therefore, the backlight
driver for battery powered systems is almost always a boost regulator with multiple current sink regulators.
Having more white LEDs in series reduces the number of parallel strings and therefore improves overall current
matching. However, the efficiency of the boost regulator declines due to the need for high output voltage. Also,
there must be enough white LEDs in series to ensure the output voltage stays above the input voltage range.

However, the TPS61195 boost regulator operates in pules skip mode if the input voltage on the V,y pin is slightly
higher than total WLED forword voltage. In pulse skip mode, the main switch turns on/off for several cycles to
charge the inductor and output capacitor. The device continues to regulate the output voltage and current sinks
continue to regulate the IFB pin current.

The TPS61195 IC has integrated all of the key function blocks to power and control up to 96 white LEDs. The
device includes a 50V/2.5A boost regulator, eight 30mA current sink regulators and protection circuits for
over-current, over-voltage and short circuit failures. Multiple IFB pins can be connected together to accommodate
high current LEDs.

The TPS61195 integrates three dimming methods including traditional "no delay” PWM dimming and analog
dimming control as well as direct PWM dimming. In addition, the TPS61195 provides two control interface
methods. These are explained in further detail in the BRIGHTNESS DIMMING CONTROL section.

SUPPLY VOLTAGE

The TPS61195 IC has a built-in LDO linear regulator to supply the IC analog and logic circuit. The regulator
output is connected to the VDDIO pin. The regulator turns on when VIN is applied to the IC but does not reach
regulation until the EN pin is pulled high. A 1uF bypass capacitor on the VDDIO pin is required for the LDO to be
control loop stable. In addition, avoid connecting the VDDIO pin to any other circuit as this could introduce the
noise into the I1C supply voltage.

The voltage on the V| pin is the input of the internal LDO, and powers the IC. There is an under-voltage lockout
on the V|y pin which disables the IC when its voltage falls to 3.55V (Maximum). The IC restarts when the Vy pin
voltage recovers by 250mV.
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BOOST REGULATOR AND PROGRAMMABLE SWITCH FREQUENCY (FSW)

The fixed-frequency PWM boost converter uses current-mode control and has integrated loop compensation.
The internal compensation ensures stable output over the full input and output voltage range assuming the
recommended inductance and output capacitance values in the RECOMMENDED OPERATING CONDITIONS
are used. The output voltage of the boost regulator is automatically set by the IC to minimize the voltage drop
across the IFB pins. The IC regulates the lowest IFB pin to 450mV, and consistently adjusts the boost output
voltage to account for any changes in LED forward voltages. If the input voltage is higher than the sum of the
white LED forward voltage drops (e.g. at low duty cycles), the boost converter will not be able to regulate the
output due to its minimum duty cycle limitation. In this case, increase the number of WLED in series or include
series ballast resistors in order to provide enough headroom for the converter to boost the output voltage. Since
the TPS61195 integrates a 2.5A/50V power MOSFET, the boost converter can provide up to a 45V output
voltage.

The TPS61195 switch frequency is programmable between 600 KHz to 1.0 MHz by the resistor value on the
FSW pin and roughly following Equation 1:

5.23 x 10"

Fsw ~
Resw @

Where
Resw = FSW pin resistor

See Figure 7 for boost converter switching frequency adjustment resistor Rggy Selection.

The adjustable switching frequency feature provides the user with the flexibility of choosing a faster switching
frequency, and therefore, an inductor with smaller inductance and footprint or slower switching frequency, and
therefore, potentially higher efficiency due to lower switching losses.

LED CURRENT SINKS

The eight current sink regulators embedded in TPS61195 can be collectively configured to provide up to a
maximum of 30mA. These eight specialized current sinks are accurate to within -3% minimum and +2%
maximum for currents above 10 mA, with a string-to-string difference of +1% . The IFB current must be
programmed to the highest WLED current expected using the ISET pin resistor and the following Equation 2.

ViseT <Kiser
ISET (2

kg =

Where
KiseT = Current multiple (1060 typical)
Viset = ISET pin voltage (1.229V typical)
Riset = ISET pin resistor

ENABLE AND SOFT STARTUP

The TPS61195 integrats power up sequency control circuit which provides free power up sequency to system. A
logic high signal on the EN pin turns on the internal LDO linear regulator which provides VDDIO to activate the
IC. After the device is disabled, the TPS61195 checks the status of all current feedback channels and shuts
down any unused feedback channels.

After the device is enabled, if the PWM pin is left floating, the output voltage of TPS61195 regulates to the
minimum output voltage. Once the IC detects a voltage on the PWM pin, the TPS61195 begins to regulate the
IFB pin current, as pre-set per the ISET pin resistor, times the duty cycle of the signal on the PWM pin. The
boost converter's output voltage rises to the appropriate level to accommodate the sum of the white LED string
with the highest forward voltage drops plus 450mV typical at that current.

The TPS61195 has an integrated soft-start circuit to avoid any inrush current during the startup. During the
startup period, the output voltage rises from minimum output voltage in approximately 100mV increments. The
output voltage will not stop rising until all IFB pin voltages are above 450mV and all IFB pin currents are sinking
the pre-set value. The startup period depends on the expected output voltage and can be predicted
byEquation 3.
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t= K X VOUT X R6 _0.72 V
R5+R6
©)]
Where
K= 26ms/V

Pulling the EN pin low immediately shuts down the IC, resulting in the IC consuming less than 50pA in the
shutdown mode.

UNUSED IFB PIN

If the application requires less than 8 WLED strings, one can easily disable unused IFB pins. The TPS61195
simply requires leaving the unused IFB pin open or shorting it to ground. If the IFB pin is open, the boost output
voltage ramps up to the preset over-voltage threshold set per the Vqyp pin during start up. The IC then detects
the zero current string, and removes it from the feedback loop. If the IFB pin is shorted to ground, the IC detects
the voltage less than Vg nouse threshold typically 0.75V and immediately disables the string after the IC is
enabled. Thus, the boost output voltage ramps to the regulation voltage immediately following soft start and does
not go up to the over-voltage threshold.

BRIGHTNESS DIMMING CONTROL

The TPS61195 integrates several methods of dimming control and two user control interfaces as summarized in
the TYPICAL APPLICATION CIRCUIT and Table 1. If the PWM interface is selected then all of the methods are
a function of the input PWM signal duty cycle. If the SMBus interface is selected, then the white LED brightness
is adjustable through a standard SMBus 2.0 instruction set which is fully compatible with the DELL white LED
backlighting SMBus protocol. An added benefit of using the SMBus interface is digital reporting of operation
conditions.

The no-delay PWM dimming method uses the internal PWM dimming frequency, set by the resistor on the FDIM
pin, while direct PWM dimming uses the frequency supplied by the input signal on the DPWM pin. Compared to
analog dimming, PWM dimming provides better brightness linearity and less color shift over the entire PWM
dimming range. With direct and no-delay PWM dimming implemented, the IC turns on and off all eight current
sink regulators at the same duty cycle as the input PWM signal. See section NO DELAY PWM DIMMING.

The IC also can also be configured for analog dimming. In this mode, the IC modulates all eight current sink
regulators as a function of the input PWM signal duty cycle. Compared to PWM dimming, analog dimming
provides higher power and electrical to optical efficiency as well as eliminates output ripple that can cause some
ceramic output capacitors to generate audible noise.

Table 1. Brightness Control and Dimming Method List

SEL1 SEL2 MODE INTERFACE
VDDIO GND No delay PWM SMBus
OPEN GND No delay PWM PWM
GND VDDIO Analog SMBus
GND OPEN Analog PWM
GND GND Direct PWM PWM

ADJUSTABLE PWM DIMMING FREQUENCY (FDIM)

The TPS61195 has a built-in oscillator to generate the internal PWM dimming signal. Each IFB current regulator
sink is turned on/ off at this oscillator's frequency. The built-in oscillator's frequency is adjustable with an external

resistor Repyv on the FDIM pin in the range of 100Hz to 5KHz roughly following Equation 4:
2 x 108
Fom = R

FDIM @

Where
Repiv = FDIM pin resistor
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The adjustable range of the Rgpy resistor is from 40kQ to 1MQ, corresponding to the dimming frequency, Fpu,
of 200Hz to 5kHz. See Figure 8 for PWM dimming frequency adjustment resistor Rgpy Selection and Table 2 for
the resistor value recommendation list.

Table 2. Rppiy Recommendations

RFDIM FDIM
953 kQ 210 Hz
200 kQ 1 kHz
100 kQ 2 kHz

PWM AND SMBUS INPUT BRIGHTNESS CONTROL INTERFACE

The TPS61195 controls the white LED brightness by the PWM signal on the PWM pin or SMBus instruction input
on the SCL and SDA pins. Using the PWM control interface, the TPS61195 integrates a high-speed,
high-precision digital counter to calculate the PWM duty cycle on the PWM pin. The PWM duty cycle digital
counter auto-adjusts the sample rate for a 200Hz to 20 kHz PWM input signal. The key benefit of the digital
counter is cycle-by-cycle high-speed sampling and computing which allows the current sinks to easily respond to
the input PWM duty cycle within one cycle. After counting, the input PWM duty cycle information is saved as in
an eight-bit internal register. Alternatively, under SMBus control, the user sends the eight-bit brightness
information to the TPS61195 for direct storage in the internal register. The TPS61195 turns on and off each IFB
current channel using the duty cycle information that is stored in this internal register.

A 43.2kQ resistor is required on the FDPWM pin to set the bias current for the internal digital counter.

NO DELAY PWM DIMMING

In this mode, all used IFB channels are turn on and off together at the Fp,y frequency which is set by Rgp; 0n
the FDIM pin. Figure 15 gives the timing diagram for each channel in No Delay PWM dimming mode.

T D =35%
ON —P
PWM ﬂ_
< Tpwm H
l¢—— Tom —p
ILED - - T = - T = - 0 = - 0 = - - =
D =35%
IFB1
|
IFB2
IFB3
i |
IFB8
Figure 15. No Delay PWM Dimming Timing Diagram
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Table 3 gives the recommended dimming duty cycle range for various input PWM signal frequencies when using
No Delay PWM Dimming mode.

Table 3. Recommended Dimming Duty Cycle Range
per PWM Frequency when using No Delay PWM

Dimming
P\,iYquLnfnuéyS('ﬂgfl Dmin(%) Dmax(%)
100< f < 200 1 100
200< f < 500 1 100
500< f < k 1 100
1k< f < 2K 1 100
2k< f < 5k 1 100
5k< f < 10k 4 100

DIRECT PWM DIMMING

In direct PWM dimming mode, all used IFB channels turn on and off together at the same frequency and duty
cycle as the input PWM on the PWM pin. Figure 16 is the timing diagram for direct PWM dimming.

D =50% D =35% D =10%

PWM
ld— Ton —P]

:47 Tewm 4" i

Wep - 4oom
IFB1

IFB2

Figure 16. Direct PWM Dimming Timing Diagram

Table 4 gives the recommended input dimming duty cycle range for various input PWM signal frequencies when
using Direct PWM Dimming mode.

Table 4. Recommended Dimming Duty Cycle Range
per PWM Frequency when using Direct PWM Dimming

PWM Input Signal

Frequency (Hz) Dmin(%) Dmax (%)
100< f <200 0.5 100
200< f £ 500 1 100
500< f < 1k 1 100
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Table 4. Recommended Dimming Duty Cycle Range
per PWM Frequency when using Direct PWM
Dimming (continued)

PWM Input Signal o o
Frequency (H2) Dmin(%) Dmax (%)
1k< f <2k 2 100
2k< f < 5k 5 100
5k< f < 10k 10 100
10k< f < 20k 20 100

ANALOG DIMMING

In analog dimming mode, all used current sinks are always on, with each current sink being linearly controlled
from 0% to 100% of the maximum IFB current by the duty cycle brightness information stored in the brightness
register. Figure 17 shows a simple current diagram of analog dimming mode with PWM brightness control.

D =50% D =35% D =12.5% D =6.25%

PWM ¢ Ton —» H H

LED - Bheeiiiiiiiiiiee L e

IFB1

IFB2

.
W
@

Figure 17. Analog Dimming Timing Diagram

OUTPUT VOLTAGE CLAMP AND OVER VOLTAGE PROTECTION

The TPS61195 has two levels of protection against the output, and therefore the SW pins, exceeding a certain
voltage. The output voltage clamp circuit limits the output voltage to the user selected value by limiting the
internal feedback loop reference level. The clamp circuit's response time is not fast enough to protect against
output voltage transients or high-voltage noise spikes that couple from external circuits. So, if the over-voltage
(OV) circuit detects the output going 80mV higher than the clamp voltage, it turns off the boost switch until the
output voltage drops below the clamp voltage. Resistors R5 and R6 in the TYPICAL APPLICATION set the
output voltage clamp threshold and OV threshold as computed by Equation 5 and Equation 6.

R5
Vout cLamp = Veravp TH X (‘I+—j

R5
Vout ov = Vov TH X (1 +ﬁj
(6)
In the TYPICAL APPLICATION, the output OVP voltage is set to:
- 45.3K
(7)
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™

j =46.8V
®)

CURRENT SINK OPEN PROTECTION

For the TPS61195, if one of the WLED strings is open, the boost output rises to over-voltage threshold. The IC
detects the open WLED string by sensing no current in the corresponding IFB pin. As a result, the IC deactivates
the open IFB pin and removes it from the voltage feedback loop. Subsequently, the output voltage drops and is
regulated to the minimum voltage required for the connected WLED strings. The IFB current of the connected
WLED string remains in regulation during this process.

If any IFB pin voltage exceeds the IFB over-voltage threshold (14V typical), the IC turns off the corresponding
current sink and removes this IFB pin from output voltage regulation loop. The remaining IFB pins’ current
regulation is not affected. This condition often occurs when there are several shorted WLEDs in one string.
WLED mismatch typically does not create such large voltage difference among WLED strings.

If the open string is reconnected again, Power-on reset (POR), EN pin toggling or SMBus instruction is required
to reactivate a previously deactivated string. The IC will continuously auto-restart if it detects that all of the WLED
strings are open until at least one string closes the loop between the boost converter output and one IFB pin.

OVER CURRENT AND SHORT CIRCUIT PROTECTION

The TPS61195 has pulse-by-pulse over-current limit of 2.5A (min). The PWM switch turns off when the inductor
current reaches this current threshold. The PWM switch remains off until the beginning of the next switching
cycle. This protects the IC and external components under over-load conditions. When there is a sustained
over-current condition, the IC turns off and requires POR or the EN pin toggling to restart.

Under severe over-load and/or short circuit conditions, the boost output voltage can be pulled below the required
regulated voltage to keep all of the white LEDs operating. Under this condition, the current flows directly from
input to output through the inductor and schottky diode. To protect the TPS61195, the device shuts down
immediately. The IC restarts after input POR or EN pin logic toggling or SMBus instruction.

THERMAL PROTECTION

When the junction temperature of the TPS61195 is over 150°C (typ), the thermal protection circuit is triggered
and shuts down the device immediately. The device automatically restarts when the junction temperature is back
to less than 150°C with about 15°C hysteresis.

SMBUS INTERFACE CONTROL

TPS61195 can be controlled by the SMBus if selected by the mode pin SEL1. The TPS61195 includes four
registers to control and monitor the brightness, fault status, operating mode and identification. The slave address
of the device has 7 fixed bits and 1 read or write bit as Figure 18 shows. If the device is requested to read, the
R/W bit is set tol, otherwise the R/W bit is set to 0.

MSB LSB
[ o [ 1+ ] o | 1+ ] 1] o] o |rw]
Device Identifier Device Address {'\@

N
&

Figure 18. TPS61195 Slave Address

READ BYTE

As shown in Figure 19, the four byte long Read Byte protocol starts with the slave address followed by the
"command code" which translates to the "register index". Then the bus direction turns around with the
re-broadcast of the slave address with bit O indicating a read cycle. The fourth byte contains the data being
returned by the backlight controller. That byte value in the data byte should reflect the value of the register being
queried at the "command code" index. A dark grey outline is used on cycles during which the backlight controller
"owns" or "drives” the Data line. All other cycles are driven by the "host".
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AN J AN J AN J AN J
TPSG119§ Address Regist:a(r Index TPS611 Qg Address Regist\ér Data

D Slave to Master
D Master to Slave

Figure 19. TPS61195 SMBus Read Byte Protocol

WRITE BYTE

The Write Byte protocol is only three bytes long. The first byte starts with the slave address again followed by the
"command code" which translates to the "register index" being written. The third byte contains the data byte that
must be written into the register selected by the "command code". Again note the bus directions as highlighted
by the dark grey outline.

|—Start Condition |— Write
| S | 0 | 1 | 0 | 1 | 1 | 0 | 0 | 0 |A IBit7|BitelBit5|Bit4|Bit3|Bit2|Bit1|BitO| A IBit7|Bit6|Bit5|Bit4|Bit3|Bi12|Bit1|BitO| Al P |
I\ g J N -« P N P >
TPS61195 Address Register Index Register Data

D Slave to Master
D Master to Slave

Figure 20. TPS61195 SMBus Write Byte Protocol

SMBUS REGISTER DESCRIPTION

All backlight controller registers are one byte wide and accessible via the Read/Write Byte protocols. Their bit
assignments are provided in the following sections with reserved bits containing a default value of "0".

Brightness Control Register (0x00)

This register is both readable and writable with one byte length, BRTO~BRT7 which could be used to control the
white LED brightness level in 255 steps. In SMBus control mode, a SMBus write cycle to register 0x00 sets the
brightness level. Setting this register to OxFF implements the maximum brightness output, while setting the value
to 0x00 sets the brightness output to 0% of maximum brightness. The default value of this register is OXxFF. The
register returns the current brightness level in the register read cycle.

REGISTER 0x00 | BRIGHTNESS CONTROL REGISTER | DEFAULT OXFF
BRT7 BRT6 BRT5 BRT4 BRT3 BRT2 BRT1 BRTO
Bit 7 (R/W) Bit 6 (R/W) Bit 5 (R/W) Bit 4 (R/W) Bit 3 (R/W) Bit 2 (R/W) Bit 1 (R/W) Bit 0 (R/W)

Bit field definitions:
‘ BRT[7..0] | 256 steps of brightness level ‘

Backlighting Control Register (0x01)

This register has two bits, PWM_MD and PWM_SEL that control the operating mode of the backlight controller,
and a single bit that controls the BL ON/OFF state. The remaining bits are reserved for future use. The register is
both readable and writable. In a read cycle, Bit 0, 1 and 2 return the operating mode code and Bit 3 to 7 return
zero. Writing a value to Bit 1 and 2 sets the operating mode while a write value 1 or 0 to Bit O will turn ON and
OFF the current sinks respectively.
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REGISTER 0x01 BACKLIGHTING CONTROL REGISTER ‘ DEFAULT VALUE 0x00
Reserved Reserved Reserved Reserved Reserved PWM_MD PWM_SEL BL_CTL
Bit 7 Bit Bit 5 Bit 4 Bit 3 Bit 2 (R/W) Bit 1 (R/W) Bit 0 (R/W)

Bit field definitions:

PWM_MD PWM mode select (1 = absolute brightness, 0 = % change) default = 0
PWM_SEL Brightness MUX select (1 = PWM pin, 0 = SMBus value) default = 0
BL_CTL BL On/Off (1 = On, 0 = Off) default = 0

Operating mode selected by backlighting control register bit 1 and bit 2:

PWM_MD PWM_SEL MODE DESCRIPTION

X 1 PWM mode The brightness is determined by PWM input duty cycle only

1 0 SMBus mode The brightness is set by SMBus command only

b 0 DPST mode The brightness is the product of SMBus command and PWM input duty cycle

Fault/status Register (0x02)

This register has six status bits that allow monitoring of the backlight controller’'s operating state. Bit O is a logical
"OR" of all fault codes to simplify error detection. Bit 3 is a simple BL status indicator. Bit 6 and bit 7 are reserved

for future use. All reserved bits return zero when read and ignore the bit value when written. All of the bits in this
register are read-only.

REGISTER 0x02 | FAULT STATUS REGISTER | DEFAULT VALUE 0x00
RESERVED | RESERVED 2 CH_EN 1 CH_EN BL_STAT OV_CURR | THRM_SHDN FAULT
Bit 7 Bit 6 Bit5 (R) Bit 4 (R) Bit 3 (R) Bit 2 (R) Bit 1 (R) Bit 0 (R)

Bit field definitions:

2 _CH_EN The number of faulted strings is reported in bits 5 and 4.
1 CH_EN (00 = No faults, 01 = One string fault, 11 = Two or more strings faulted)
BL_STAT BL status (1 = BL On, 0 = BL Off)
OV_CURR Input over-current (1 = Over-current condition, 0 = Current OK)
THRM_SHDN | Thermal Shutdown (1 = Thermal fault, 0 = Thermal OK)
FAULT Any fault except LED open and short occurs (Logic “OR” of all the fault conditions)
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Identification Register (0x03)

The ID register contains two bit fields to denote the manufacturer and the silicon revision of the device. The bit
field widths were chosen to allow up to 32 vendors with up to eight silicon revisions each. This register is
read-only.

REGISTER 0x03 | IDENTIFICATION REGISTER | DEFAULT VALUE 0xA0Q
LED PANEL MFG3 MFG2 MFG1 MFGO REV2 REV1 REVO
Bit 7=1 Bit 6 (R) Bit 5 (R) Bit 4 (R) Bit 3 (R) Bit 2 (R) Bit 1 (R) Bit 0 (R)

Bit field definitions:
LED PANEL | Display panel use white LED backlighting = 1
MFGJ3..0] Manufacturer ID (16 Vendor IDs to be specified by Dell) See Table 5
REV[2..0] Silicon rev (Revs 0-7 allowed for silicon spins)

Table 5. Vendor IDs List

ID Vendor

0 Maxim

1 Micro Semi

2 MPS

3 02 Micro

4 TI

5 ST

6 Analog Devices

7 Taos

8 Toko

9 Rohm

10 Oki

11 Allegro

12 Semtech

13 Intersil

14 Reserved

15 Vendor ID register not implemented
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APPLICATION INFORMATION

INDUCTOR SELECTION

Because the selection of the inductor affects power supply’s steady state operation, transient behavior and loop
stability, the inductor is the most important component in switching power regulator design. There are three
specifications most important to the performance of the inductor, inductor value, DC resistance and saturation
current. The TPS61195 is designed to work with inductor values between 4.7uH and 10uH. A 4.7pH inductor are
typically available in a smaller or lower profile package, while a 10pH inductor may produce higher efficiency due
to slower switching frequency and/or lower inductor ripple. If the boost output current is limited by the
over-current protection of the IC, using a 10uH inductor and highest switching frequency maximizes the
controller’'s output current capability.

The internal loop compensation for the PWM control is optimized for the external component values including
typical tolerances (refer to RECOMMENDED OPERATING CONDITIONS). RECOMMENDED OPERATING
CONDITIONSInductor values can have *20% tolerance with no current bias. When the inductor current
approaches saturation level, its inductance can decrease 20% to 35% from the OA value depending on how the
inductor vendor defines saturation.

In a boost regulator, the inductor DC current can be calculated as:
I = Vout X lout
dc V| x M 9
9)
Where
V,ut = boost output voltage
lout = boost output current
Vi, = boost input voltage
n = power conversion efficiency, use 90% for TPS61195 applications

The inductor current peak to peak ripple can be calculated as:

IPD

in in (10)
Where
lpp = inductor peak to peak ripple
L = inductor value
Fs = switching frequency
Vout = boost output voltage voltage
Vi, = boost input
Therefore, the peak current seen by the inductor is:
I
Lo=ly, + 2
P2 11)

Select the inductor with saturation current at least 30% higher than the calculated peak current to account for the
load transient steps that occur during startup and dimming. To calculate the worse case inductor peak current,
use minimum input voltage, maximum output voltage and maximum load current.

Regulator efficiency is dependent on the resistance of its high current path and switching losses associated with
the PWM switch and power diode. Although the TPS61195 IC has optimized the internal switch resistance, the
overall efficiency is affected by the inductor's DC resistance (DCR); Lower DCR improves efficiency. However,
there is a trade off between DCR and inductor footprint, furthermore, shielded inductors typically have higher
DCR than unshielded ones. Table 6 lists recommended inductor models.
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Table 6. Recommended Inductor for TPS61195

L (uH) DCR (mQ) Isat (A) Size (LxWxH mm)
TOKO
A915AY-4R7M 4.7 38 1.87 52x52x3.0
A915AY-100M 10 75 1.24 52x52x3.0
TDK
SLF6028T-4R7N1R6 4.7 28.4 1.6 6.0 x 6.0 x 2.8
SLF6028T-100M1R3 10 53.2 1.3 6.0 x 6.0 x 2.8

OUTPUT CAPACITOR SELECTION

The output capacitor is mainly selected to meet the requirement for the output ripple and loop stability. This ripple
voltage is related to the capacitor’'s capacitance and its equivalent series resistance (ESR). Assuming a capacitor
with zero ESR, the minimum capacitance needed for a given ripple can be calculated by:

(Vout - Vln) % oyt

Vout % Fooost X Vripple (12)

Cout -

Where,
Viipple = P€ak to peak output ripple. The additional part of ripple caused by the ESR is calculated using:
Viipple_ESR = lout X Resr

Due to its low ESR, Vijppe esr May be neglected for ceramic capacitor, but must be considered if tantalum or
electrolytic capacitors are used.

The controller’'s output voltage also ripples due to the load transient that occurs during PWM dimming. The
TPS61195 adopts a patented technology to limit this type of output ripple even with the minimum recommended
output capacitance. In a typical application, the output ripple is less than 250mV during PWM dimming with 4.7uF
output capacitor. However, the output ripple decreases with higher output capacitances. An output capacitance
value in the range of 4.7uF to 10uF is required for loop stability.

LAYOUT CONSIDERATION

As for all switching power supplies, especially those providing high current and using high switching frequencies,
layout is an important design step. If layout is not carefully done, the regulator could show instability as well as
EMI problems. Therefore, use wide and short traces for high current paths. The input capacitor, C4 in the
TYPICAL APPLICATION, needs not only to be close to the V| pin, but also to the GND pin in order to reduce
the input ripple seen by the IC. The input capacitor, C1 in the typical application circuit, should also be placed
close to the inductor. C2 is the filter and noise decoupling capacitor for internal linear regulator powering the
internal digital circuits. It should be placed as close as possible between the VDDIO and AGND pins to prevent
any noise insert to digital circuits. The SW pin carries high current with fast rising and falling edges. Therefore,
the connection between the pin to the inductor and Schottky should be kept as short and wide as possible. It is
also beneficial to have the ground of the output capacitor C3 close to the PGND pin since there is large ground
return current flowing through it. When laying out signal ground, it is recommended to use short traces separated
from power ground traces, and connect them together at a single point, for example on the thermal pad.

R1 in the Typical Application Circuit is current setting resistor connect to the ISET pin. To avoid unexpected
noise coupling into the ISET pin and affecting the IFB current stability, R1 needs to be close to the ISET pin and
AGND pins with short and wide trace.

Thermal pad needs to be soldered on to the PCB and connected to the GND pins of the IC. Additional thermal
vias can significantly improve power dissipation of the IC. Specially, at low input voltage and high power output
conditions, the large PCB area and more layers PCB design for thermal dissipation must be considered.
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TYPICAL APPLICATION CIRCUITS
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Figure 21. Typical Application Circuit With PWM Control Direct PWM Dimming Configuration
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Figure 22. Typical Application Circuit for SMBus Control interface with Internal Frequency PWM
Dimming Setting
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Figure 23. Typical Application Circuit for SMBus Control interface and 6 Strings LED
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Figure 24. Typical Application Circuit for 4 Strings 40mA LED
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PACKAGING INFORMATION

® 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.

@ Only one of markings shown within the brackets will appear on the physical device.

Important Information and Disclaimer:The information provided on this page represents TlI'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
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 TI 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.

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing @ @) @
TPS61195RUYR ACTIVE WQFN RUY 28 3000 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40t0 85 TPS m
& no Sh/Br) 61195
TPS61195RUYT ACTIVE WQFN RUY 28 250 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40t0 85 TPS m
& no Sh/Br) 61195
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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
[ 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)
TPS61195RUYR WQFN RUY 28 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
TPS61195RUYT WQFN RUY 28 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS61195RUYR WQFN RUY 28 3000 367.0 367.0 35.0
TPS61195RUYT WQFN RUY 28 250 210.0 185.0 35.0
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MECHANICAL DATA

RUY (S—PWQFN—N28)

PLASTIC QUAD FLATPACK NO—LEAD

4,15
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3,85 A
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\\zizg 3,85
28
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Pin 1 Index Areq 44//////'
Top and Bottom 1 .
v 0,20 Nomindl
0,80 f Lead Frame
0,70
L L L] Lﬁ:i Seating Plane
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21 J Lﬁm
Exposed Thermal Pad 28X 81125?
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Bottom View 0,05®|C

4209428/B 06,08

NOTES:

B. This drawing is subject to change without notice.
C. QFN (Quad Flatpack No-Lead) package configuration.

A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

@ The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
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THERMAL PAD MECHANICAL DATA

RUY (S—PWQFN—-N28) PLASTIC QUAD FLATPACK NO—LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the

integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

1 7/
JUUyguuu
28
A — 38 Exposed Thermal Pad
™ Pz
D A
2,60%£0,10 + —
D) ]
D ]
v ) 114
22
ANRNAN(INANDER
21 5
<4 2,60+0,10-P

Bottom View

Exposed Thermal Pad Dimensions

4209490/C 11/10

NOTE: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RUY (S—PWQFN—N28) PLASTIC QUAD FLATPACK NO—-LEAD

Example Stencil Design

Example Board Layout 0.1 Thick Stencil
(Note E)
04— |= 0,20 = [=— =—0,4
o 000001 * UUUUUU
] —) kg D — !
Lo ‘ 0,5—=| |=—
— |© O O] = — 03| 3
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// N (59% Printed Solder Coverage by Area)
/ ™
/’ \\ . .
Non Solder Mask Defined Pad . Exomple Vio Layout Design
! B N Via layout may vary depending
/ T T N on layout constraints
Ad o - (Note D, F)
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ya | | () ] AN Solder Mask Opening
7 ’ \
/ RO,1 (Note F) O {)
/ : 90,3

Example Q O

| —»‘ ‘47 0,2 Pad Geometry

\ / (Note C) 6x1,0
s 0,05 . ® ® O
\\ All Around ///
- /// 6x1,0

4209822/B 11/10

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. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

E. 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 stencil design considerations.

F. Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.

wi3 TExas
INSTRUMENTS
www.ti.com



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.
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