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SINGLE SYNCHRONOUS STEP-DOWN CONTROLLER FOR LOW VOLTAGE POWER

RAILS

FEATURES

A

High Efficiency, Low-Power Consumption

D-CAP2™ Mode Enables Fast Transient
Response

No external parts required for loop
compensation

Allows Ceramic Output Capacitor

Integrated Enable Pin to Select POSCAP or
Ceramic Capacitor (MLCC) Use

High Initial Reference Accuracy

Low Output Ripple

Wide Input Voltage Range: 4.5V to 24V
Output Voltage Range: 0.76V to 5.5V
Low-Side Rpg(on) Loss-less Current Sensing

Adaptive Gate Drivers with Integrated Boost
Diode

Adjustable Soft Start
Pre-Biased Soft Start

Selectable Switching frequency
350kHz/700kHz

Built-In 5V Linear Regulator

D-CAP2 is a trademark of Texas Instruments.

APPLICATIONS

* Point-of-load regulation in low power systems
for wide range of applications

— Digital TV Power Supply

— Networking Home Terminal
— Digital Set Top Box (STB)
— DVD player / recorder

— Gaming consoles and other

DESCRIPTION

The TPS53114 is a single, adaptive on-time
D-CAP2™ mode synchronous buck controller. The
part enables system designers to cost effectively
complete the suite of various end equipment's power
bus regulators with a low external component count
and low standby consumption. The main control loop
for the TPS53114 uses the D-CAP2™ mode topology
which provides a very fast transient response with no
external components. The TPS53114 also has a
PROPRIETARY circuit that enables the device to
adapt to not only low equivalent series resistance
(ESR) output capacitors such as POSCAP/SP-CAP,
but also ceramic using the CER pin. The part
provides convenient and efficient operation with
conversion voltages from 4.5V to 24V and output
voltage from 0.76V to 5.5V.

The TPS53114 is available in the 16 pin TSSOP
package, and is specified from —-40°C to 85°C
temperature range.

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.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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A

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

TYPICAL APPLICATION CIRCUIT
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SGND
ORDERING INFORMATION
Ta PACKAGE ORDERING PART NUMBER PINS OUTPUT SUPPLY ECO PLAN
. . HTSSOP (Thermal TPS53114PWPR Tape-and-Reel Green
—40°C 10 85°C Pad) TPS53114PWP 10 Tube (ROHS & no SbiBr)

ABSOLUTE MAXIMUM RATINGS
Operating under free-air temperature range (unless otherwise noted)

VALUE UNIT
Input voltage range | VIN, EN -0.3to 26
VBST -0.3to0 32
VBST(wrt SW) -0.3t06 Y
V5FILT, VFB, TRIP, VO, FSEL, CER -0.3t06
SW -210 26
Output voltage DRVH -1to 32
range DRVH (wrt SW) 03106
DRVL, VREGS5, SS -0.3t06 v
PGND -0.3t00.3
Ta Operating ambient temperature range —40 to 85
Tste Storage temperature range -55to 150 °C
T; Junction temperature range —40 to 150

(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.
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DISSIPATION RATING TABLE (2 oz. trace and copper pad with solder)

PACKAGE Ta < 25°C DERATING FACTOR Ta =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING
16 pin HTSSOP(PWP) 2.73W 16.4mW/°C 1.09W
RECOMMENDED OPERATING CONDITIONS
MIN MAX | UNIT
5 Vi t Vol VIN 4.5 24 v
u input voltage range
PPy Inp g 9 V5SFILT 4.5 55
VBST -0.1 30
VBST (wrt SW) -0.1 55
VFB, VO, FSEL, CER -0.1 55
Input voltage range \%
TRIP -0.1 0.3
EN -0.1 24
SW -1.8 24
DRVH -0.1 30
VBST (wrt SW) -0.1 55
Output Voltage range \%
DRVL, VREGS5, SS -0.1 55
PGND -0.1 0.1
Ta Operating free-air temperature —40 85 oc
T, Operating junction temperature —40 125
ELECTRICAL CHARACTERISTICS
over recommended free-air temperature range, VIN = 12 V (unless otherwise noted)
PARAMETER ‘ CONDITIONS ‘ MIN TYP MAX UNIT
SUPPLY CURRENT
VIN current, Tp = 25°C, VREGS tied to V5FLT, EN = 350 600
Iin VIN supply current 5V, VFB = 0.8V, SW = 0.5V HA
l\/iINSDN VIN shutdown current VIN current, Ty = 25°C, No Load , EN = 0V, VREG5 28 60 HA
=ON
VFB VOLTAGE and DISCHARGE RESISTANCE
Veg Bandgap Initial regulation accuracy | Tp = 25°C -1.0 1.0 %
Ta=25°C,FSEL=0V, CER = V5FILT 755 765 775
VVEBTHL VFB threshold voltage mV
Ta =-40°C to 85°C, FSEL = 0V, CER = V5FILT 752 778
Ta =25°C, FSEL = CER = V5FILT 748 758 768
VVEBTHH VFB threshold voltage mV
Ta =-40°C to 85°C, FSEL = CER = V5FILT 745 771
lve VFB Input Current VFB = 0.8V, Tp =25°C -0.01 +0.1 HA
Rpischg Vo Discharge Resistance EN =0V, VO = 0.5V, Tp = 25°C 40 80 Q
VREGS5 OUTPUT
VVREGS VREGS5 Output Voltage Ta=25°C, 5.5V < VIN < 24V, 0 < lyrecs < 10mA 4.8 5.0 5.2 \%
Vins Line regulation 5.5V < VIN < 24V, lygegs = 10mA 20 mV
Vips Load regulation 1mA < lyregs < 10mA 40 mV
lVREGS Output current VIN = 5.5V, Vyregs = 4.0V, Tp = 25°C 170 mA
OUTPUT: N-CHANNEL MOSFET GATE DRIVERS
. Source, Ipryn = —100mA 55 11
RpRVH DRVH resistance - Q
Sink, IprvH = 100mMA 2.5
. Source, Ipry. = —100mA 4 8
RpRrvL DRVL resistance - Q
Sink, IprvL = 100mA 2 4
Copyright © 2009, Texas Instruments Incorporated Bubmit Documentation FeedbacK 3
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ELECTRICAL CHARACTERISTICS (continued)

over recommended free-air temperature range, VIN = 12 V (unless otherwise noted)

PARAMETER

CONDITIONS

MIN TYP  MAX| UNIT

Tb Dead time

DRVH-low to DRVL-on

20 50 80

DRVL-low to DRVH-on

ns
20 40 80

INTERNAL BST DIODE

VegsT Forward Voltage

Vvrecs-vesTs IF = 10mA, Tp = 25°C

0.7 0.8 0.9 \

range

lvBSTLK VBST Leakage Current VBST =29V, SW =24V, T, = 25°C 0.1 1 HA
ON-TIME TIMER CONTROL
TonL On Time SW =12V, VO = 1.8V, FSEL = 0V 390 ns
TonH On Time SW =12V, VO = 1.8V, FSEL = V5FILT 139 ns
TorrL Min off time SW = 0.7V, T4 = 25°C, VFB = 0.7V, FSEL = 0V 285 ns
TorrH Min off time SW = 0.7V, T4 = 25°C, VFB = 0.7V, FSEL = V5FILT 216 ns
SOFT START
Issc SS charge current VSS =0V, SOURCE CURRENT 1.4 2.0 2.6 HA
Issd SS discharge current VSS = 0.5V, SINK CURRRENT 0.1 0.15 mA
UvLO
Wake up 3.7 4.0 4.3 Y
Vuvsvent  V5FILT UVLO threshold ,
Hysteresis 0.2 0.3 0.4
LOGIC THRESHOLD
VENH EN H-level input voltage EN 2.0 \%
VENL EN L-level input voltage EN 0.3 \%
CURRENT SENSE
ITrRIP TRIP source current VTRIP = 0.1V, Tp = 25°C 8.5 10 115 HA
TCitriP Itrip temperature coefficient on the basis of 25°C 4000 ppm/°C
(V1riP-GND-VPGND-sw) VOltage, -10 0 10 mv
. V1rip-GND = 60MV, Tp = 25°C
VocLoff OCP compensation offset
(VtriP-GND-VPGND-sw) Voltage, -15 15 mv
VTRIP-GND = 60mV
VRirip Current limit threshold setting VTrip-aND VOltage 30 200 mV

OUTPUT UNDERVOLTAGE AND OVERVOLTAGE PROTECTION

Vovp Output OVP trip threshold OVP detect 110 115 120 %
TovPDEL Output OVP prop delay 15 us
Vyvp Output UVP trip threshold UVP detect 65 70 75 %

Hysteresis (recovery <20ps) 10 %
TuvPDEL Output UVP delay 17 30 40 ps

TuvPEN Output UVP enable delay

UVP enable delay / softstart time

X1.4 X1.7 X2.0

THERMAL SHUTDOWN

Tspn Thermal shutdown threshold

Shutdown temperature @

150 °C

Hysteresis®

20

(1) Ensured by design. Not production tested.
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PIN ASSIGNMENT (TOP VIEW)

vol |+ _ _ _ , 16| ] vBST
vre[ |2 | | 15]_] DRVH
ss[ s | 3 [ ] sw
oo |4 I @ I 13|_] DRVL
w
cer[[s I & | 12| ] PGND
—
FseL[ |e | = ) ] TRIP
en[ |7 | : 10| ] VREGS
vsFlT[g L ———" o[Jwn
PIN FUNCTIONS
PIN lfe} DESCRIPTION
NAME NO.
Supply input for high-side NFET driver (Boost Terminal). Connect capacitor from this pin to SW terminal. An
VBST 16 | internal PN diode is connected between VREGS5 and VBST. User can add external schottky diode if forward
drop is critical to drive the NFET.
EN 7 | High level enable pin.
SS 3 O | Connect Capacitor from SS pin to GND.
VO 1 | Connect to output of converter. This terminal is used for On-Time Adjustment and Output Discharge.
VFB 2 | Converter feedback input. Connect with feedback resistor divider.
GND 4 | Signal ground pin.
High-side NFET driver output. SW referenced floating driver. The gate drive voltage is defined by the voltage
DRVH 15 o} -
across VBST to SW node capacitor.
SW 14 1/0 | Switch node connections for high-side driver. Also serves as input to current comparator.
DRVL 13 O | Synchronous NFET driver output. PGND referenced driver. The gate drive voltage is defined by VREG5
voltage.
Ground return for DRVL. Also serves as input of current comparator. Connect PGND and GND together near
PGND 12
/0 |the IC.
Over current trip point set input. Connect resistor from this pin to GND to set threshold for synchronous FET
TRIP 11 | Rps(on) sense. Voltage across this pin and GND is compared to voltage across PGND and SW by over current
comparator.
VIN 9 | Supply Input for 5V linear regulator.
VSEILT 8 | 5V supply input for the entire control circuit except the NFET driver. Connect Capacitor (typical 1uF) from GND
to V5FILT. V5FILT is connected to VREGS via internal resistor.
VREG5 10 O | 5V power supply output. VREGS is connected to V5FILT via internal resistor.
CER 5 | Connect to GND for ceramic output capacitors. Connect to V5FILT for polymer electrolyte output capacitors
(SP-CAP, POS-CAP, PXE).
FSEL 6 | Switching frequency selection pin. Connect to GND for low switching frequency or connect to V5FILT for high
switching frequency.
Copyright © 2009, Texas Instruments Incorporated Bubmit Documentation FeedbacK 5
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FUNCTIONAL BLOCK DIAGRAM
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DETAILED DESCRIPTION

PWM OPERATION

The main control loop of the switching mode power supply (SMPS) is designed as an adaptive on-time pulse
width modulation (PWM) controller that supports a proprietary D-CAP2™ Mode. D-CAP2™ mode uses internal
compensation circuit and it is suitable for low external component count configuration with appropriate amount of
equivalent series resistance (ESR) at the output capacitor(s) and/or ceramic output capacitors. D-CAP2 mode
topology integrates a ripple injection circuit to allow use of ceramic output capacitors without external
components. It can be stable even if ripple voltage at the output, VO;pye), IS Virtually zero. The output ripple
valley voltage is monitored at a feedback point voltage.

At the beginning of each cycle, the synchronous high-side MOSFET is turned on. This MOSFET is turned off
after internal one shot timer expires. The one shot timer is determined by the converter’s input voltage, VIN, and
the output voltage, VO, to keep frequency fairly constant over the input voltage range, hence it is called adaptive
on-time control. The high-side MOSFET is turned on again when the feedback information indicates insufficient
output voltage. Repeating the MOSFET operation in this manner, the controller regulates the output voltage.

LOW-SIDE DRIVER

The low-side driver is designed to drive high current, low Rpgon N-channel MOSFET(s). The drive capability is
represented by its internal resistance. To prevent shoot through, a dead time is internally generated between
high-side MOSFET off to low-side MOSFET on, and low-side MOSFET off to high-side MOSFET on. 5V bias
voltage is delivered from the internal regulator VREG5 output. The instantaneous drive current is supplied by a
capacitor connected between VREG5 and GND. The average drive current is equal to the gate charge at
Vgs=5V times switching frequency. This gate drive current as well as the high-side gate drive current times 5V
approximates the driving power which is dissipated in the TPS53114 package.
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HIGH-SIDE DRIVER

The high-side driver is designed to drive high current, low Rpgn N-channel MOSFET(s). When configured as a
floating driver, a 5V bias voltage is delivered from VREG5 supply. The average drive current is also calculated by
the gate charge at Vgs=5V times switching frequency. The instantaneous drive current is supplied by the
capacitor between VBST and SW pins. The drive capability is represented by its internal resistance.

PWM FREQUENCY AND ADAPTIVE ON-TIME CONTROL

The TPS53114 uses an adaptive on-time control scheme and does not have a dedicated on board oscillator;
however, the device runs with pseudo-constant frequency by feed-forwarding the input and output voltage into
the on-time one-shot timer. The on-time control is inversely proportional to the input voltage and proportional to
the output voltage; therefore, the duty ratio is VO/VIN and has the same cycle time.

SOFT START AND PRE-BIASED SOFTSTART

The TPS53114 has an adjustable soft-start. When the EN pin becomes high, 2.0pA current begins charging the
capacitor which is connected from SS pin to GND. Smooth control of the output voltage is maintained during start

up.

The TPS53114 contains a unique circuit to prevent current from being pulled from the output during startup in the
condition the output is pre-biased. When the soft-start commands a voltage higher than the pre-bias level
(internal soft-start becomes greater than feedback voltage [VFB]), the controller slowly activates synchronous
rectification by starting the first DRVL pulses with a narrow on-time. It then increments that on-time on a
cycle-by-cycle basis until it coincides with the time dictated by (1-D), where D is the duty cycle of the converter.
This scheme prevents the initial sinking of the pre-bias output, and ensures that the out voltage (VO) starts and
ramps up smoothly into regulation and the control loop is given time to transition from pre-biased start-up to
normal mode operation.

SWITCHING FREQUENCY SELECTION

Connect FSEL pin to GND for a switching frequency (fsw) is 350kHz. Connect FSEL pin to V5FILT for a
switching frequency (fsy) is 700kHz.

OUTPUT DISCHARGE CONTROL

The TPS53114 discharges the outputs when EN is low, or the controller is turned off by the protection functions
(OVP, UVP, UVLO, and thermal shutdown). The device discharges output using an internal 40-Q MOSFET which
is connected to VO and PGND. The external low-side MOSFET is not turned on during the output discharge
operation to avoid the possibility of causing negative voltage at the output. This discharge ensures that, on start,
the regulated voltage always initializes from zero volts.

CURRENT PROTECTION

The TPS53114 has cycle-by-cycle over current limiting control. The inductor current is monitored during the OFF
state and the controller retains the OFF state when the inductor current is larger than the over current trip level.
In order to provide both accuracy and cost effective solution, the device supports temperature compensated
MOSFET Rpg(ony sensing. The TRIP pin should be connected to GND through the trip voltage setting resistor,
Ryip- The TRIP terminal provides 10pA (lyp) of current at the ambient temperature and the trip level is set to the
OCL trip voltage (Vy;p) as follows.
Virip(MV) = Rypip (k) x 10(uA) @
The trip level is in the range of 30mV to 200mV over all operational temperatures. The inductor current is
monitored by the voltage between PGND pin and SW pin. I, has 4000ppm/°C temperature slope to compensate
the temperature dependency of Rpgn. PGND is used as the positive current sensing node so that PGND is
connected to the source terminal of the bottom MOSFET. As the comparison is done during the OFF state, Vy,
sets the valley level of the inductor current; therefore, the load current at over current threshold, loc,, can be
calculated as follows:

Copyright © 2009, Texas Instruments Incorporated Bubmit Documentation FeedbacK 7
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+
RDS(on) 2 x L1 xfgy ViN

Iocp = Vtrip /RDS(on) + IL1(ripple)/2 = x

(2
In an over current condition, the current to the load exceeds the current to the output capacitor; thus, the output
voltage tends to fall off. Eventually, it will cross the under voltage protection threshold and shutdown.

OVER/UNDER VOLTAGE PROTECTION

The TPS53114 monitors a resistor divided feedback voltage to detect over and under voltages. When the
feedback voltage becomes higher than 115% of the target voltage, the OVP comparator output goes high and
the circuit latches the high-side MOSFET driver turns off and the low-side MOSFET driver turns on.

When the feedback voltage becomes lower than 70% of the target voltage, the UVP comparator output goes
high and an internal UVP delay counter begins. After 30us, the TPS53114 latches off both top and bottom
MOSFET drivers. This function is enabled approximately 2.0ms after power-on. The latch off is reset when EN
pin goes low.

UVLO PROTECTION

The TPS53114 has under voltage lock out protection (UVLO) that monitors the voltage of V5FILT pin. When the
V5FILT voltage is lower than UVLO threshold voltage, the device is shut off. The UVLO protection is a non-latch
protection.

THERMAL SHUTDOWN

If the temperature exceeds the threshold value (typically 150°C), the drivers will be shut off both DRVH and
DRVL are set low, the output discharge function is enabled and the device is shut off. Thermal shutdown is a
non-latch protection.

TYPICAL CHARACTERISTICS

600 ‘ 45 ‘
f =350 kHz 40 VREG5 = ON
= B ~ FSEL = V5FILT ~
500 |- VO 1.05V //
< 35 —
3 |
= _— _ ]
Lo T FSEL = GND
o 5
© 300 s
?: 3 20
' 200 T o1
Q P
< g
S 10
100
5
0 0
-50 0 50 100 150 -50 0 50 100 150
T; — Junction Temperature — °C T; — Junction Temperature — °C
G001 G002
Figure 1. VIN SUPPLY CURRENT vs. JUNCTION Figure 2. VIN SHUTDOWN CURRENT vs. JUNCTION
TEMPERATURE TEMPERATURE
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TYPICAL CHARACTERISTICS (continued)

16 ‘ ‘ ‘ 500 ‘
14 4200ppmFC for Rps(ony Compensation FSEL = GND
f=350 kHz
450 |-
// T
< 12 ~
3
|
L / & 400 Vo=5V —]
5 ~ 2 Vo=33V ©
c 10 o Vo=18V YO=%
g 8 7 L 350
5 / g ——— —
=
= & 300 ~~
T |
E Vo =105V
= 4 : ° Vo=12V
250
2
0 200
=50 0 50 100 150 0 5 10 15 20 25
T3 — Junction Temperature - °C V| = Input Voltage - V
G003 G004
Figure 3. TRIP SOURCE CURRENT vs. JUNCTION Figure 4. SWITCHING FREQUENCY (Io =1 A) vs. INPUT
TEMPERATURE VOLTAGE
800 ‘ ‘ | 600 | |
Vo=sV Vo=33V FSEL = GND
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: \\ \ :
> N\ \ >
(8] (8]
& \ & Vo=33V
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i L 400
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% 400 Vo=18V % 500
= o=+ | = Vo =105V
FSEL = V5FILT Vo=12V
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V| = Input Voltage - V s lo — Output Current — A co0s
Figure 5. SWITCHING FREQUENCY vs. INPUT VOLTAGE Figure 6. SWITCHING FREQUENCY vs. OUTPUT
CURRENT
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TYPICAL CHARACTERISTICS (continued)
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700
N 1.08
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Figure 7. SWITCHING FREQUENCY vs. OUTPUT Figure 8. 1.05-V OUTPUT VOLTAGE vs. OUTPUT
CURRENT CURRENT
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Ei
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G010
Figure 9. 1.05-V OUTPUT VOLTAGE vs. INPUT VOLTAGE Figure 10. 1.05-V LOAD TRANSIENT RESPONSE
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n — Efficiency — %

TYPICAL CHARACTERISTICS (continued)
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Figure 11. 1.05-V LOAD TRANSIENT RESPONSE

100

90
80 Ve

70 /
60

o Il
40 I
30
20
FSEL = GND
10 350 kHz Selection
V=12V
0 | | |
00 05 10 15 20 25 30 35 40
lo — Output Current — A
G013

Figure 13. 1.05-V EFFICIENCY vs. OUTPUT CURRENT
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Figure 14. 1.05-V EFFICIENCY vs. OUTPUT CURRENT
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APPLICATION INFORMATION

CHOOSE INDUCTOR

The inductance value should be determined, using Equation 3, to give the ripple current a value of approximately
1/4 to of the maximum output current. Large ripple current increases output ripple voltage, improves S/N ratio,
and contributes to a stable operation.

1= 1 y (Vinmax) ~ VO )x VO 3 . (Vinmax) ~ VO )x VO
IL1(ripp|e) X fsw VIN(max) Io(max) X fsw VIN(max) 3)

The inductor must have low DCR to achieve ideal efficiency, as well as enough room above peak inductor
current before saturation. The peak inductor current can be estimated using the following (Equafion 4).

Vtrip + 1 X (VIN(max) - VO) x VO

IL1 k
(peald RDS(on) L1 x fsw VIN(max) (@)

CHOOSE OUTPUT CAPACITOR

The capacitor value and ESR determines the amount of output voltage ripple. A ceramic output capacitor is
recommended.

1 o (VIN(max) - VO) x VO

Cl=)
8 x fsw Vo(fipp|e) ~ Rgsr
IL1(ripple) (5)
VO,
(ripple)
RESR<|—
L1(ripple) (6)
| VO x (Vy - VO)
C1(rms) =
rms 12 x Vin x L1 x fow @

CHOOSE INPUT CAPACITOR

The TPS53114 requires an input decoupling capacitor and may require a bulk capacitor depending on the
application. A ceramic capacitor over 10pF is recommended for the decoupling capacitor. The capacitor voltage
rating must be greater than the maximum input voltage.

CHOOSE BOOTSTRAP CAPACITOR
0.1pF ceramic capacitor must be connected between the VBST and SW pins for proper operation.

CHOOSE VREG5 AND V5FILT CAPACITOR

A 4.7puF ceramic capacitor must be connected between the VREG5 and GND for proper operation. A 1pF
ceramic capacitor must be connected between the V5FILT and GND for proper operation.

CHOOSE OUTPUT VOLTAGE RESISTOR
The output voltage is set with a resistor divider from output node to the VFB pin. The use of 1% tolerance or

better divider resistors are recommended. Start with a 10kQ for the RI resistor and use the and
to calculate output voltage.

V,, =0.765 x (1+%) (FSEL=GND)

®

V 1 = 0.758 x [1+Ej (FSEL=V5FILT)
R2 9)

12 Bubmif Documentafion FeedbacK Copyright © 2009, Texas Instruments Incorporated
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CHOOSE SOFTSTART CAPACITOR
Softstart timing equations are as follows:

Tss= CS8*0765 o (ESEL=GND)
2e — 6 (10)
Tss= S8 X 0798 () (EsE| ~vsFILT)
2 -6 (11)
Bubmit Documentation FeedbacH 13
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
TPS53114PWP ACTIVE HTSSOP PWP 16 90 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
TPS53114PWPR ACTIVE HTSSOP PWP 16 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
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): TI'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 Tl's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and 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 TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS
s |+ KO [4—P1—b|
OO0 006 0O T
ol o ’H Bo W
Reel X | — l
Diameter
Cavity +I A0 |<—
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

T%wmmwn
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

1
I
v ® e
4--9--A
Q3 1 Q4 User Direction of Feed
%
T
N
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 (mm) BO (mm) KO (mm) P1 w Pin1
Type |Drawing Diameter| Width (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS53114PWPR HTSSOP| PWP 16 2000 330.0 12.4 7.0 5.6 16 8.0 12.0 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)
TPS53114PWPR HTSSOP PWP 16 2000 346.0 346.0 29.0
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MECHANICAL DATA

PWP (R—PDSO—G**) PowerPAD ™

20 PIN SHOWN

PLASTIC

SMALL—OUTLINE PACKAGE

| —— Thermal Pad

0,15 NOM

4 (See Note D)
450 6,60
4,50 6,20

“« A

RN FR—

l

Gage Plane

5 \ ﬁ
e
L 1,20 MAX 0,15
008 [~]o,10
PINS **
.- 14 16 20 24 28
A MAX 510 5,10 6,60 7.90 9,80
A MIN 4,90 490 6,40 7.70 9,60

4073225/H 12,/05

All linear dimensions are in millimeters.

Body dimensions do not include mold flash or protrusions.

A
B. This drawing is subject to change without notice.
C
D

This package is designed to be soldered to a thermal pad on the board.
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQOZ2 for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.

E. Falls within JEDEC MO-153

PowerPAD is a trademark of Texas Instruments.

Mold flash and protrusion shall not exceed 0.15 per side.

Refer to Technical Brief, PowerPad

% TEXAS

INSTRUMENTS

www.ti.com



X Texas THERMAL PAD MECHANICAL DATA
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THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to ¢ printed
circuit board (PCB). The thermal pad must be soldered directly to the 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 additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAOO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAOOA4.
Both documents are available at www.ti.com.

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

AARARARAS
T R

2,46 \ \
1,75 \ \

NI

000 0Do

1 8

Exposed Thermal Pad

Top View

NOTE:  All linear dimensions are in millimeters

Exposed Thermal Pad Dimensions

4206332-3/K 07/09




LAND PATTERN

PWP (R—PDSO—G16)  PowerPAD ™

Example Board Layout Stencil Openings
Via pattern and copper pad size Based on a stencil thickness
may vary depending on layout constraints of .127mm (.005inch).

Reference table below for other

Increasing copper area wil solder stencil thicknesses

enhance thermal performance
See Note D)

(
—{ |=—14x0,65 16X0,25 ——{ {=—

J1IUL

O
/ 2,46 3,4 5,6 5,6 2’16 Y

(See Note E)

L I H 0l

4x7,

5
solder mask |:| |:
over copper\

16x1,55-

L|—|
rl:l

/ T Example Solder Mask
/ —— 2,31 - Defined Pad 14)(0,6
/ - 50 —= (See Note C, D)
’,/ Example
/Non Soldermask Defined Pad
J///—_/ \\\\\ Example
ya N Sol%g;eMﬁzlieogfniﬂg Center Power Pad Solder Stencil Opening
S e (3 Stencil Thickness X Y
/ 0.1mm 2.5 2.65
I" 0.127mm 2.51 2.46
l\ L] 0.152mm 2.15 2.5
L 1,6 Hig. 7 Pod Geamety 0.178mm 2.05 2.15

“\\ 0,07 I/'l
.. All Arou ng/

.
T~ —

______

4207609-3/G 12/08

NOTES: Al linear dimensions are in millimeters.

This drawing is subject to change without notice.

Customers should place a note on the circuit board fabrication drawing not to dlter the center solder mask defined pad.
This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMA0O2, SLMAOO4, 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>. Publication IPC—7351 is recommended for dlternate designs.

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. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC—7525 for other stencil recommendations.

F. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

PowerPAD is a trademark of Texas Instruments.

cowp
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2009, Texas Instruments Incorporated
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