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Dual Output or Two-Phase Synchronous Buck Controller

FEATURES

e Dual-Output or Two-Phase Synchronous Buck
Controller

e 180° Out-of-Phase Reduces Input Ripple

* Input Voltage Range from 3V to 20 V

e Output Voltage Range: 0.6 Vto 5.6 V

» Adjustable Frequency 100 kHz to 1 MHz

e Bidirectional SYNC Pin with 0°/180° or 90°/270°
Phase Shift

» Voltage Mode Control With Input Feed-Forward

e Accurate Current Sharing for Two-Phase
Operation

* Individual PowerGood Outputs

* Individual Enable and Programmable Soft
Start, With Pre-Bias Start-up

» +0.5%, 600-mV Reference

e Output UV/OV Protection and Input
Undervoltage Lockout

» Individual Overcurrent Limit Setting
e Hiccup Overcurrent Protection

e Accurate Inductor DCR or Resistive Current
Sensing

 Remote Sense for Two-Phase Applications

* Internal N-Channel FET Drivers

» Integrated Bootstrap Switches

e Available in 5 mm x 5 mm 32-Pin QFN Package

APPLICATIONS

* Multiple Rail Systems

* Telecom Base Station

» Switcher/Router Networking
+ xDSL Broadband Access

» Server and Storage System

DESCRIPTION

The TPS40322 is a dual-output, synchronous buck
controller. It can also be configured as a single-
output, two-phase controller. The 180° out-of-phase
operation reduces the input current ripple and
extends the input capacitor lifetime. Bi-directional
master/slave synchronization function provides evenly
distributed phase shift for a four-output system that
reduces input ripple further and attenuates the
system noise.

The wide input range can support 3.3-V, 5-V, and 12-
V buses. The accurate reference voltage satisfies the
precision voltage needed by ASICs and potentially
reduces the output capacitance requirement.
Separate  PGOOD signals provide flexibility for
system monitoring and sequencing. The two channels
are independently controlled and each soft-start time
is programmable. Voltage mode control is
implemented to reduce noise sensitivity and also
ensures low duty ratio conversion.

SIMPLIFIED APPLICATION CIRCUIT
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3Vto20V
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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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‘ 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.

ORDERING INFORMATION®

TEMPERATURE PINS PACKAGE ORDERING NUMBER
RANGE
—40°C to 125°C 32 QFN TPS40322RHB

(1) For the most current package and ordering information, see the Package Option Addendum at the end
of this document, or see the Tl website at www.ti.com.

ABSOLUTE MAXIMUM RATINGS @
Over operating free-air temperature range, all voltages are with respect to GND (unless otherwise noted)

VALUE
UNIT
MIN MAX
VDD -0.3 22
SW1, SW2 -3 27
SW1, SW2 (< 100 ns pulse width) -5
SW1, SW2 (< 10 ns pulse width) -7.5 30
BOOT1, BOOT2 -0.3 30
Voltage Range BOOT1, BOOT2 (< 10 ns pulse width) -05 33| V
BP6 -0.3 7
HDRV1, HDRV2 -2 30
BOOT1-SW1, BOOT2-SW2, HDRV1-SW1, HDRV2-SW2 03 7
(differential from BOOT or HDRV to SW) '
All other pins -0.3 7
T, Operating temperature —40 145| °C
Temperature
Tstg Storage temperature —55 150| °C
L Human Body Model (HBM) 2000 \%
Electrostatic disharge -
Charged Device Model (CDM) 1500 \%

(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.

RECOMMENDED OPERATING CONDITIONS

MIN  MAX| UNIT
Vvbbp Input operating voltage 3 20 \%

T; Operating junction temperature -40 125 °C
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THERMAL INFORMATION

TPS40322
THERMAL METRIC® QFN UNITS
32 PINS

TN Junction-to-ambient thermal resistance ? 37.3

B3ctop Junction-to-case (top) thermal resistance ) 28.6

B8 Junction-to-board thermal resistance ® 10.0 oW

Wit Junction-to-top characterization parameter(s) 0.4

Wis Junction-to-board characterization parameter(s) 9.9

83Chot Junction-to-case (bottom) thermal resistance ”) 27

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

(2) The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K board, as
specified in JESD51-7, in an environment described in JESD51-2a.

(3) The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific JEDEC-
standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

(4) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.

(5) The junction-to-top characterization parameter, 7, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 634, using a procedure described in JESD51-2a (sections 6 and 7).

(6) The junction-to-board characterization parameter, y;g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 6,4 , using a procedure described in JESD51-2a (sections 6 and 7).

(7) The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific

JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.
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ELECTRICAL CHARACTERISTICS
T; =-40°C to 125°C, Vypp = 12 V, Ryt = 40 kQ, fs = 500 kHz (unless otherwise noted),

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS

INPUT SUPPLY
VDD Input voltage range 3 20 \%
IDDgpy Shutdown Venyssx = 0 V 200 250 | pA
IDDq Quiescent, non-switching Veg = 0.65 V, ENX/SSx float 6 8 mA
UvLO
UVvLO Minimum turn-on voltage 1.21 1.24 1.27 \%
UVLOnys Hysteresis current 13 15 17 HA
BP REGULATOR
BP Regulator voltage 7V<Vypps20V 6.2 6.5 6.8 \
Vpo Regulator dropout voltage Igp = 25 MA, Vypp =3V 50 100 mV
Igp Regulator continuous current limit® 100 mA
VepuvLo Regulator output UVLO 2.40 2.70 2.95 \
VBPUVLO-HYS Regulator output UVLO hysteresis 180 210 250 mV
OSCILLATOR/ RAMP GENERATOR
fsw Oscillator frequency 100 1000| kHz

Rt =40 kQ 450 500 550 | kHz
Vramp Ramp amplitude (peak-to-peak) 3V <Vypp<20V VDD/8.5 \%
VyaL Valley voltage 0.85 \
fsyne SYNC frequency range 200 2000 | kHz
tw(sync) SYNC input minimum pulse width 100 ns
Vhsyne) Rising edge threshold to set sync pulse 2 \
Visyne) Falling edge threshold to reset sync pulse 0.8 \
fuASTER Master clock frequency 200 2000 | kHz
Meyne sP;r:gﬁ?; r?|fz ;Tiz:\;ter frequency for -20% 20%

Master 0°/180° phase shift 0.5 \%
VpHsET Slave 0°/180° phase shift 0.6 2.0 \
Slave 90°/270° phase shift 2.1 \Y

PWM
PWM(off) Minimum PWM off-time 90 130 ns
ton(min) Minimum controllable pulse width See @ 90 ns
tbEAD Output driver dead time HDRYV off to LDRV on 20 35 40 ns
tbEAD Output driver dead time LDRYV off to HDRV on 20 35 40 ns
ERROR AMPLIFIER AND VOLTAGE REFERENCE

0°C<T;<70°C 597 600 603 mvV
Vg FB input voltage

—40°C < T;<125°C 594 600 606
leg FB input bias current 20 75 nA
GBWP Unity gain bandwidth See @ 24 MHz
AVOL Open loop gain See W 80 dB
lon High-level output current mA
loL Low-level output current mA

(1) Specified by design. Not production tested.
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ELECTRICAL CHARACTERISTICS (continued)
T; =-40°C to 125°C, Vypp = 12 V, Ryt = 40 kQ, fs = 500 kHz (unless otherwise noted),

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX | UNITS

ENABLE/SOFT START
Viy High-level input voltage 0.55 0.70 1.00 \%
Vi Low-level input voltage 0.23 0.26 0.30 \
Iss Soft-start source current 8 10 12 A
Vss Soft-start voltage level 0.8 \%
Ibische Soft-start discharge current 130 A
OVERCURRENT PROTECTION
liLm ILIM program current T;=25°C 9.5 10.0 10.5 A
thiccup Hiccup cycles to recover 6 Cycles
CURRENT SENSE AMPLIFIER
Voire Differential input voltage range -60 60| mVv
Vewm Input common mode range 0 5.6 \
Acs Current sensing gain 15 VIV
Vesout Current sense amplifier output Vesin =20 mV, Ty = 25°C 270 300 330 mV
foo Closed loop bandwidth® 3 MHz

Current sense amplifier output difference Vegin = 20 mV to both CS1 and CS2 -15 15 mV

between CH1 and CH2
OVERVOLTAGE/UNDERVOLTAGE PROTECTION

Vove Feedback voltage limit for OVP 679 700 735 mV
Vuve Feedback voltage limit for UVP 475 500 525| mV
GATE DRIVERS

RHpHi High-side driver pull-up resistance Vgoot — Vsw = 6.5V, lypry = —40 mA 0.8 15 25 Q
RupLo High-side driver pull-down resistance Vgoot — Vsw = 6.5V, lypry = 40 mA 0.5 1.0 1.6 Q
R pHI Low-side driver pull-up resistance ILpry = =40 MA 0.8 15 25 Q
Riplo Low-side driver pull-down resistance ILprv = 40 MA 0.35 0.60 1.30 Q
turise High-side driver rise time CiLoap = 5 nF, See @ 15 ns
turALL High-side driver fall time CiLoap = 5 nF, See @ 12 ns
tLRisE Low-side driver rise time CLoap = 5 nF, See @ 15 ns
tieaLL Low-side driver fall time CiLonp = 5 nF, See® 10 ns
BOOT SWITCH

VpeEwb Bootstrap switch voltage drop lsoor =5 MA 0.1 \
REMOTE SENSE

VioFseT Input offset voltage Vpirro = 0.9 V -2 2 mV
Gain Differential gain 0.995 1.005| VIV
BW Close loop bandwidth® 2.00 MHz
Vpiero Output voltage at DIFFO pin Vppe — 0.2 \
Iskre Output source current 1| mA
Isnk Output sink current 1| mA
POWERGOOD

Vov Feedback voltage limit for PGOOD 650 675 697 mV
Vyv Feedback voltage limit for PGOOD 510 525 545 mV
Veep(hyst) PGOOD hysteresis voltage at FB 25 40 mV
Rrep PGOOD pull down resistance 50 70 Q
IpGD(leak) PGOOD leakage current 20 HA
THERMAL SHUTDOWN

Tsp Junction shutdown temperature See @ 150 °C
Tsoihyst) Hysteresis See @ 20 °C

(2) Specified by design. Not production tested.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS (continued)

300 780
S 290 < 760 N~
o 280 S 740 ‘\
[ g \
= 5 720
> 270 >
El 5 700 RN
Q. o
£ 260 £ \\
3 T 680 N
8 250 ] 660 N
N .y
z =) ™~
3240 T 640
230 620
-40 -25 -10 5 20 35 50 65 80 95 110 125 -40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) G001 Junction Temperature (°C) G001
Figure 7. ENx Low-Level Inout Voltage vs. Junction Figure 8. ENx High-Level Inout Voltage vs. Junction
Temperature Temperature
10.5 . 14
s 1.2
10.4 o 1
— j=2]
£ L~ | £ 10 N
~ 10.3 /‘ g ' \
2 102 g o8 \\
3 P S o N
£ 101 7 5 \
g v 2 o4
(=2 A -
S 10.0 ] \
& / 2 02 \
— / [)
S 99 - 3 0o N
= > O ~
= / g ™~
9.8 -
/ g 0.2 Iy
9.7 . -0.4
"-40 -25 -10 5 20 35 50 65 80 95 110 125 "-40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) @001 Junction Temperature (°C) Go00L
Figure 9. Current Limit vs. Junction Temperature Figure 10. Remote Sense Input Offset Voltage vs. Junction
Temperature
1.0002 106.0
1.0001 105.8 N
N'105.6 N
< 1.0000 z N
T — <105.4 N
3 — > \
o 0.9999 $ 105.2 N
2 N > \
& 0.9998 ~ g105.0 N
2 N — '$104.8 N
© 0.9997 o104 ~
5 51046 ~_
24 2] . ——
0.9996 g ~
3 104.4 ~
0.9995 104.2 Rgr = 200 kQ
“| Vwop=12V
0.9994 104.0
-40 -25 -10 5 20 35 50 65 80 95 110 125 -40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) 0oL Junction Temperature (°C) G001
Figure 11. Remote Sense Gain vs. Junction Temperature Figure 12. Frequency vs. Junction Temperature

Copyright © 2011-2014, Texas Instruments Incorporated Submit Documentation Feedback 7


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAF8D&partnum=TPS40322

13 Ti
TPS40322 INSTRUMENTS

SLUSAF8D —JUNE 2011—-REVISED JANUARY 2014 www.ti.com
TYPICAL CHARACTERISTICS (continued)
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DEVICE INFORMATION
FUNCTIONAL BLOCK DIAGRAM

Linear
vbD Regulator —»> BP6 —>
BG | VREF
AGND n
CS1+ Logic
Cs1- RAMP1 " c
A 28
PWM1 i O 3
— = C
FB1 =® <3
EN1/SS1 v
ISHARE
-
COMP1 | 6 | <
VREF _
+ -
FB2[ 8 | - » S
EN2/SS2/GSNS |10
RAMP2
10 pA A
25
comp2 [ 7] 83
PWM2[p{ G 3
= C
Ccs2- - FB1—» oc |UV N
FB2—p{ UV g
ILIM1 |30 ov &Y >
Detect
ILIM2/VSNS |11
UVLO |31
DIFFO | 9
RAMP1 R R
SYNC . VSNS
RT Ramp
Generator | RAMP2 s
PHSET >
R R
1 GSNS —AM——AM,
VDD
UDG-10216
NOTE

* In two-phase mode, the EN2/SS2/GSNS pin becomes the GSNS pin and the
ILIM2/VSNS pin becomes the VSNS pin.

» The two channels are identical unless specified otherwise.

» The following naming conventions are used to better describe the functions. For
example, COMPXx refers to COMP1 and COMP2, FBx refers to FB1 and FB2.
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Table 1. PIN FUNCTIONS
NAME PIN /O | DESCRIPTION
AGND 6 — | Low noise ground connection to the controller.
BOOTI 25 | BOOT1 provides a bootstrapped supply for the high-side FET driver for channel 1 (CH1). Connect a
capacitor (0.1 yF typical) from BOOTL1 to SW1 pin.
BOOT?2 15 | BOOT?2 provides a bootstrapped supply for the high-side FET driver for channel 2 (CH2). Connect a
capacitor (0.1 pF typical) from BOOT2 to SW2 pin.
Output bypass for the internal regulator. Connect a low ESR bypass ceramic capacitor with a value of 3.3
BP6 20 (0] C
WF or greater from this pin to the power ground plane.
COMP1 O | Output of the error amplifier 1 and connection node for loop feedback components.
COMP2 O | Output of the error amplifier 2 and connection node for loop feedback components.
CS1- 29 | Negative terminal of current sense amplifier for CH1
CS1+ 28 | Positive terminal of current sense amplifier for CH1
CS2- 12 | Negative terminal of current sense amplifier for CH2
CS2+ 13 | Positive terminal of current sense amplifier for CH2
DIEEO 9 o Output of the differential amplifier. When the device is configured for dual channel mode, the DIFFO pin
must be either floating or tied to BP6
Logic level input which starts or stops CH1. Letting this pin float turns CH1 on. Pulling this pin low disables
CHL1. This is also the soft-start programming pin. A capacitor connected from this pin to AGND programs
EN1/SS1 3 | the soft-start time. The capacitor is charged with an internal current source of 10 pA. The resulting voltage
ramp of this pin is also used as a second non-inverting input to the error amplifier 1 after a 0.8 V (typical)
level shift downwards.
Logic level input which starts or stops CH2. Letting this pin float turns CH2 on. Pulling this pin low disables
CH2. This is also the soft-start programming pin. A capacitor connected from this pin to AGND programs
the soft-start time. The capacitor is charged with an internal current source of 10 yA. The resulting voltage
EN2/SS2/GSNS 10 | SR ) L o .
ramp of this pin is also used as a second non-inverting input to the error amplifier 2 after a 0.8 V (typical)
level shift downwards. In two-phase mode, this pin becomes GSNS as the negative terminal of a remote
sense amplifier.
EB1 4 | Inverting input to the error amplifier. During normal operation, the voltage on this pin is equal to the internal
reference voltage.
Inverting input to the error amplifier. During normal operation, the voltage on this pin is equal to the internal
FB2 8 | reference voltage. Connecting the FB2 pin to the BP6 pin enables two-phase mode and disables the error
amplifier 2.
Bootstrapped gate drive output for the high-side N-channel MOSFET for CH1. A 2-Q resistor is
HDRV1 24 (0] ) .
recommended for a noisy environment.
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Table 1. PIN FUNCTIONS (continued)

NAME PIN | 1/O |DESCRIPTION
HDRV2 16 o Bootstrapped gate drive output for the high-side N-channel MOSFET for CH2. A 2-Q resistor is
recommended for a noisy environment.
Used to set the overcurrent limit for CH1 with 10 pA of current flowing through a resistor from this pin to
ILIM1 30 |
AGND.
ILIM2/VSNS 11 | Used to set the overcurrent limit for CH2 with 10 pA of current flowing through a resistor from this pin to
AGND. In two-phase mode, this pin becomes VSNS as the positive terminal of a remote sense amplifier.
LDRV1 22 O | Gate drive output for the low-side synchronous rectifier (SR) N-channel MOSFET for CH1.
LDRV2 18 O | Gate drive output for the low-side synchronous rectifier (SR) N-channel MOSFET for CH2.
PG1 27 O | Open drain power good indicator for CH1 output voltage.
PG2 14 O | Open drain power good indicator for CH2 output voltage.
Power ground 1. Separate power ground for CH1 and CH2 in the PCB layout could potentially reduce
PGND1 21 - !
channel to channel interference.
PGND2 19 ) Power ground 2. Separate power ground for CH1 and CH2 in the PCB layout could potentially reduce
channel to channel interference.
Used to set master or slave mode and phase angles. The master emits a 50% duty clock to the slave. The
PHSET 32 | ; .
slave synchronizes to the external clock and select the phase shift angle.
RT 2 | Connect a resistor from this pin to AGND to set the oscillator frequency.
SW1 23 | Connect to the switched node on converter CH1. It is the return for the CH 1 high-side gate driver.
SW2 17 | Connect to the switched node on converter CH2. It is the return for the CH 2 high-side gate driver.
In master mode, a 2x free running frequency clock is sent out on SYNC pin. In slave mode, sync to an
SYNC 1 /o external clock which is £20% of the free running MASTER_CLOCK frequency. The MASTER_CLOCK
frequency is 2x of the free running frequency (set by RT) and operates at 50% duty cycle. When not being
used, SYNC should be left floating.
UVLO 31 | A resistor divider from VIN determines the input voltage that the controller starts.
Power input to the controller. A low ESR bypass ceramic capacitor of 0.1 yF or greater should be
VDD 26 | S
connected closely from this pin to AGND.
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FUNCTIONAL DESCRIPTION

General Description/Control Architecture

The TPS40322 is a flexible synchronous buck controller. It can be used as a dual-output controller, or as a two-
phase, single-output controller. It operates with a wide input range from 3 V to 20 V and can generate an
accurate regulated output as low as 600 mV.

In dual output mode, voltage mode control with input feed-forward architecture is implemented. With this
architecture, the benefits are less noise sensitivity, no control instability issues for small DCR applications, and a
smaller minimum controllable on-time, often desired for high conversion ratio applications.

In two-phase, single-output mode, a current-sharing loop is implemented to ensure a balance of current between
phases. Because the induced error current signal to the loop is much smaller when compared to the PWM ramp
amplitude, the control loop is modeled as voltage mode with input feed-forward.

DESIGN NOTE

* When the device is operating in dual output mode, DIFFO must be floating or tied to
BP6.

Voltage Reference

The 600-mV bandgap cell is internally connected to the non-inverting input of the error amplifier. The reference
voltage is trimmed with the error amplifier in a unity gain configuration to remove amplifier offset from the final
regulation voltage. The 0.5-% tolerance on the reference voltage allows the user to design a very accurate power

supply.

Output Voltage Setting

The output voltages of the TPS40322 are set by using external feedback resistor dividers as shown in Figure 15.
The regulated output voltage (Voyr) is determined by Equation 1.

| COMPx
=]
Ra FBx
VouTx % :
RBias AGND VREF
AV

UDG-11111

Figure 15. Setting the Output Voltage

VOUT=O.6Vx(1+ Ra J

Raias 1

12 Submit Documentation Feedback Copyright © 2011-2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAF8D&partnum=TPS40322

. F{II\EJ)S(”?fS{UMENTS TPS40322

www.ti.com SLUSAF8D —JUNE 2011-REVISED JANUARY 2014

Input Voltage Feed-Forward

The TPS40322 uses input voltage feed-forward to maintain a constant power stage gain as the input voltage
varies and provides very good response to input voltage transient disturbances. The simple constant power
stage gain of the controller greatly simplifies feedback loop design because the loop characteristics remain
constant as the input voltage changes, unlike a typical buck converter without voltage feed-forward. For modeling
purposes, the gain from the COMP pin to the average voltage at the input of the L-C filter is typically 8.5 V/V.

Current Sensing

The TPS40322 uses a differential current sense design to sense the output current. The sense element can be
either the series resistance of the power stage filter inductor or a separate current sense resistor. When using
the inductor series resistance as shown in Figure 16, an R-C filter must be used to remove the large AC
component voltage across the inductor so that only the component of the voltage that remains is across the
resistance of the inductor. (See Figure 16)

The values of R1 and C1 for an ideal design can be calculated using Equation 2. The time constant of the R-C
filter should equal the time constant of the inductor itself. If the time constants are equal, the voltage across C1
equals the current in the inductor multiplied by the inductor resistance. The inductor ripple current is reflected in
the voltage across C1. Typically a capacitor with a value of 0.1-uF is recommended for C1.

Please refer to the LAYOUT CONSIDERATIONS section for proper placement of the sensing elements.

L1

]
3~ M Vour
1

R1 —
Ay
R1xC1= %
e 2
| CS1+ )
— C1
CS1-

UDG-11112

Figure 16. Inductor DCR Current Sensing
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Overcurrent Protection

The TPS40322 has dedicated ILIM pins for each channel for use when operating in dual-output mode. When
operating in two-phase mode, both channels share the same overcurrent level set by ILIM1. The overcurrent
level is set with a resistor connected from the ILIMx pin to analog ground. The sensed current signal is amplified
by the CS amplifier with a gain of 15, and then compared with the established overcurrent level to determine if
there is an OC fault. This design is shown in Figure 17.

lout

|
L1 L DCR
VouT1
SWi1 ~
R1 C1 L
— 1
CS1+ CS1-
[
L |
10 pA
ILIM1
14
L
RiLiv

UDG-11114

Figure 17. Overcurrent Protection

Equation 3 shows the current limit resistance (R ) calculation for desired overcurrent limit.
I
[loc + (Rlpzpl'Ejj x DCR x ACS

hLim

Rum =

e lgc is the desired DC over current limit level

* IrippLe IS the inductor peak-peak ripple current

¢ DCRis the inductor DC resistance

* Acs is the current sensing amplifier gain (typically 15)

* ljuwm is the internal source current out of ILIMx pin (typically 10 pA) 3)

The TPS40322 implements cycle-by-cycle current limit when the inductor peak current has exceeded the set
limit. When the controller counts three consecutive clock cycles of an overcurrent condition, the high-side and
low-side MOSFETSs are turned off and the controller enters a hiccup mode. After six soft-start cycles, normal
switching is attempted. If the overcurrent has cleared, normal operation resumes, otherwise the sequence
repeats.
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Two-Phase Mode, Remote Sense Amplifier, and Current Sharing Loop

The TPS40322 can be configured to operate in single-output, two-phase mode for high-current applications. With
proper selection of the external MOSFETS, this device can support up to 50-A of load current in a two-phase
configuration. As shown in Figure 18, to configure the TPS40322 for two-phase mode, FB2 is tied to BP6. In this
mode, COMP1 must be connected to COMP2 to ensure current sharing between the two phases. For high-
current applications, the remote sense amplifier is used to compensate for the parasitic offset to provide an
accurate output voltage. The EN2/SS2 and ILIM2 pins are designed for multiple functions. They are used as
VSNS and GSNS for remote sensing in two-phase mode. DIFFO, which is the output of the remote sensing
amplifier, is connected to the resistor divider of the feedback network.

Note that BP6 powers the remote sense amplifier. The DIFFO voltage must be 0.2-V lower than the BP6 voltage
under all conditions. If BP6 is lower than DIFFO voltage, the converter loses regulation. To ensure no regulation
loss, use a remote sense amplifier when the application output voltage is lower than 2.2 V. For an application in
which the output voltage is higher than 2.2 V, the remote sense amplifier can be bypassed and the voltage
output can be connected to the feedback resistor divider directly.

]

e Power Stage

RparasiTic  ygNs

VOUT

o>»O0or

BP6
]_

FB2 RparasiTIC

:I YWy GSNS

»
ILIM2/VSNS =

I 1 1

-
|

R R
<!J R EN2/SS2/GSNS
_ ]
> NV |
Y —

+ VREF FB1 §

1
COMP1 T %

] [
| - I

[ ]

]
1

[
[ ]
L |

[ ]

COMP2

[lj—

[] []
UDG-11113
AGND PGNDx

Figure 18. Two-Phase Mode Voltage Loop Configuration

When the device operates in two-phase mode, a current sharing loop as shown in Figure 19 is designed to
maintain the current balance between phases. Both phases share the same comparator voltage (COMP1). The
sensed current from each phase is compared first in a current share block, then each signal is summed with
COMP. The resulted error voltage is compared with the voltage ramp to generate the PWM pulse for each
channel.
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UDG-11115

L2
Figure 19. Two-Phase Mode Current Share Loop
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Startup and Shutdown

Startup Sequence

When the ENx/SSx pin is pulled below 0.3 V, the respective channel is disabled. When ENx/SSx is released, the
controller starts automatically and an internal 40-pA current source begins to charge the external soft-start
capacitor. When the voltage across the soft-start capacitor is over 0.7 V, the internal BP regulator is enabled.
The ENx/SSx voltage is clamped to 1.3 V while waiting for signals indicating that BP6, VDD, and the oscillator
clock are good. After all the signals are confirmed, ENx/SSx is discharged to 0.4 V with a 140-pA current source,
and then charged again with the internal 10-gA current source. The operation is described by the waveform
shown in Figure 20. Vgg vt IS an internal signal level shifted from ENx/SSx and then connected to the non-
inverting terminal of the error amplifier.

The soft-start time is determined by the internal charge current and the external capacitance. The actual output
ramp-up time is the time for the internal current source to charge the capacitor through a 600 mV range. There is
some initial lag time due to the offset (800 mV typical) from the actual ENx/SSx pin voltage to Vgg nyt. The soft-
start sequence takes place in a closed loop fashion, meaning that the error amplifier controls the output voltage
constantly during the soft-start period and the feedback loop is never open (as occurs in duty cycle limit soft-start
designs). The error amplifier has two non-inverting inputs, one connected to the 600-mV reference voltage, and
the other connected to the offset Vgg 7. The error amplifier controls the FB pin to the lower of these two
voltages. As the voltage on the ENx/SSx pin ramps up past approximately 1.4 V (800 mV offset voltage plus the
600 mV reference voltage), the 600 mV reference voltage becomes the dominant input and the converter has
reached its final regulation voltage.

Equation 4 shows how to calculate the soft start capacitance.

VEN1/ss1

_tss xlss

; C
SS ~600mV

where

e Cggis the soft start capacitance
connected to ENx/SSx pin

tss is the desired soft-start time

Iss is the internal soft-start current
J (typically 10 pA) 4

Voltage (V)
P

. [\
%

0.4 /

Time

Figure 20. EN/SS Start-Up Waveform

Pre-Biased Output Start-Up

The TPS40322 contains a circuit that prevents current from being pulled from the output during the start-up
sequence in a pre-biased output condition. There are no PWM pulses until the internal soft-start voltage rises
above the error amplifier input (FBx pin), if the output is pre-biased. Once the soft-start voltage exceeds the error
amplifier input, the device slowly initiates synchronous rectification by starting the synchronous rectifier 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 approach prevents the sinking of current from a pre-
biased output, and ensures the output voltage start-up and ramp-to-regulation sequences are smooth and
controlled.

DESIGN NOTE
During the soft-start sequence, when the PWM pulse width is shorter than the minimum
controllable on-time, which is generally caused by the PWM comparator and gate driver
delays, pulse skipping may occur and the output might show larger ripple voltage.
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Shutdown

During the shutdown sequence, BP6 is controlled by ENx/SSx. If both of ENx/SSx pins are pulled low, BP6 is
turned off regardless of the input voltage remaining higher than the programmed UVLO threshold.
Switching Frequency and Master/Slave Synchronization

The switching frequency is set by the value of the resistor connected from the RT pin to AGND. The RT resistor
value is calculated in Equation 5.

20x10°
RrtT = =
SwW
where
e Rgyis the the resistor from RT pin to AGND, in Q
» fswis the desired switching frequency, in Hz (5)

The TPS40322 device can also synchronize to an external clock that is +20% of the master clock frequency
which is two times the free running frequency. Each TPS40322 can be set by the PHSET pin as either master or
slave. The master produces a 50% duty cycle clock to the slave. The slave synchronizes to the external clock
with 50% duty cycle and selects the phase shift angle as shown in Table 2.

Figure 21 shows an example on synchronizing two TPS40322 devices to generate an evenly distributed shift to
reduce input ripple.

Table 2. Phase Shift Angle Selection

PHSET MODE PHASE ANGLE (°)
CONNECTION RA(\N/)GE CH1 CH2
AGND <05 Master 0 180
Floating 0.6to2 Slave 0 180
High >21 Slave 90 270
TPS40322
Master
PWM1 PWM1 0°
J[:I PHSET  PWM2 PWM2 180°
SYNC
TPS40322
Slave
SYNC
BP6 <—|::| PHSET  PWM1 PWM1  90°
PWM2 PWM2 270°
UDG-11117

Figure 21. Synchronizing Two TPS40322 Devices
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Overvoltage and Undervoltage Fault Protection

The TPS40322 has output overvoltage protection and undervoltage protection capability. The comparators that
regulate the overvoltage and undervoltage conditions use the FBx pin as the output sensing point so the filtering
effect of the compensation network connected from COMPx to FBx has an effect on the speed of detection. As
the output voltage rises or falls below the nominal value, the error amplifier attempts to force FBx to match its
reference voltage. When the error amplifier is no longer able to do this, the FB pin begins to drift and trip the
overvoltage threshold (Voyp) oOr the undervoltage threshold (Vyyp) as described in the ELECTRICAL
CHARACTERISTICS table.

When an undervoltage fault is detected, the TPS40322 enters hiccup mode and resumes normal operation when
the fault is cleared.

When an overvoltage fault is detected, the TPS40322 turns off the high-side MOSFET and latches on the low-
side MOSFET to discharge the output current to the regulation level (within the power good window).

When operating in dual-channel mode, both channels have identical but independent protection schemes which
means one channel would not be affected when the other channel is in fault mode.

When operating in two-phase mode, only the FB1 pin is detected for overvoltage and undervoltage fault.
Therefore both channels take action together during a fault.
Input Undervoltage Lockout (UVLO)

A dedicated UVLO pin allows the user to program the desired input turn-on threshold voltage. The diagram is
shown in Figure 22. The desired input turn-on threshold can be calculated using Equation 6. The input turn off
hysteresis can be calculated using Equation 7.

R +R
VIN_UVLO =1.24V x (Row +Ronz)
Rone

15 pA (6)

Vi VlN_HYS = 15}.,[AXRON1 (7)

Ron1
UVLO

t . 1
L
VIN_OK -
Ronz2
TPS40322

UDG-11118

Figure 22. Input UVLO Diagram

Power Good

The TPS40322 provides an indication that output is good for each channel. This is an open-drain signal that pulls
low when any condition exists that would indicate that the output of the supply might be out of regulation. These
conditions include:

e Feedback voltage (Vgg) is more than £12.5% from nominal
» Soft-start is active

Thermal Shutdown

If the junction temperature of the device reaches the thermal shutdown limit of 150°C, the PWMs and the
oscillators are turned off and HDRVs and LDRVs are driven low. When the junction cools to the required level
(130°C typical), the PWM initiates soft start as during a normal power-up cycle.
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LAYOUT CONSIDERATIONS

Power Stage

A synchronous BUCK power stage has two primary current loops. The input current loop carries high AC
discontinuous current while the output current loop carries high DC continuous current. The input current loop
includes the input capacitors, the main switching MOSFET, the inductor, the output capacitors and the ground
path back to the input capacitors. To maintain the loop as small as possible, it is generally good practice to place
some ceramic capacitance directly between the drain of the main switching MOSFET and the source of the
synchronous rectifier (SR) through a power ground plane directly under the MOSFETs. The output current loop
includes the SR MOSFET, the inductor, the output capacitors, and the ground return between the output
capacitors and the source of the SR MOSFET. As with the input current loop, the ground return between the
output capacitor ground and the source of the SR MOSFET should be routed under the inductor and SR
MOSFET to minimize the power loop area. The SW node area should be as small as possible to reduce the
parasitic capacitance and minimize the radiated emissions. The gate drive loop impedance (HDRV-gate-source-
SW and LDRV-gate-source- GND) should be kept to as low as possible. The HDRV and LDRV connections
should widen to 20 mils as soon as possible out from the device pin.

Device Peripheral

The TPS40322 provides separate signal ground (AGND) and power ground (PGND1 and PGND2) pins. It is
required to properly separate the circuit grounds. The return path for the pins associated with the power stage
should be through PGND. The other pins (especially for those sensitive pins such as FB1, FB2, RT, ILIM1, and
ILIM2) should be through the low noise AGND. The AGND and PGND planes are suggested to be connected at
the output capacitor with single 20-mil trace. A minimum 0.1-puF ceramic capacitor must be placed as close to the
VDD pin and AGND as possible with at least 15-mil wide trace from the bypass capacitor to the AGND. A
minimum value of 3.3-uF ceramic capacitor should be connected from BP6 to PGND, placed as close to the BP6
pin as possible. When DCR sensing method is applied, the sensing resistor should be placed close to the SW
node and connected to the inductor with a Kelvin connection. The sensing traces from the power stage to the
chip should be away from the switching components. The sensing capacitor should be placed very close to the
CS+ and CS- pins for each output. The frequency setting resistor should be placed as close to RT pin and AGND
as possible. In two-phase mode, the ILIM2/VSNS and EN2/SS2/GSNS pins should be directly connected to the
point of load where the voltage regulation is required. A parallel pair of 10-mil traces connects the regulated
voltage back to the chip. They should be away from the switching components. The PowerPAD™ should be
electrically connected to AGND.

PowerPAD™ Layout

The PowerPAD™ package provides low thermal impedance for heat removal from the device. The PowerPAD™
derives its name and low thermal impedance from the large bonding pad on the bottom of the device. The circuit
board must have an area of solder-tinned-copper underneath the package. The dimensions of this area depend
on the size of the PowerPAD™ package.

Thermal vias connect this area to internal or external copper planes and should have a drill diameter sufficiently
small so that the via hole is effectively plugged when the barrel of the via is plated with copper. This plug is
needed to prevent wicking the solder away from the interface between the package body and the solder-tinned
area under the device during solder reflow. Drill diameters of 0.33 mm (13 mils) works well when 1-0z. copper is
plated at the surface of the board while simultaneously plating the barrel of the via. If the thermal vias are not
plugged when the copper plating is performed, then a solder mask material should be used to cap the vias with a
diameter equal to the via diameter plus 0.1 mm minimum. This capping prevents the solder from being wicked
through the thermal vias and potentially creating a solder void under the package. Refer to PowerPAD™
Thermally Enhanced Package (Tl Llterature Number SLMAO002) for more information on the PowerPAD™
package.
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TPS40322 Design Example 1
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Dual-Output Configuration from 12-V Nominal to 1.2-V and 1.8-V DC-to-DC Converter Using the
TPS40322

The following example illustrates the design process and component selection for a dual output synchronous

buck converter using the TPS40322 controller. The design goal parameters are listed in Table 3.

Table 3. TPS40322 Dual Output Design Example Specification

PARAMETER | TEST CONDITION | MIN NOM  MAX| UNIT

INPUT CHARACTERSTICS
VN Input voltage 8 12 15 \Y
ViN(ripple) Input ripple louts = lout2 =10 A 0.25 \%
OUTPUT 1 CHARACTERSTICS
VouT1 Output voltage louT1(min) < louT1 < louT1(max) 1.2 Vv

Line regulation Vinmin) < VIN = Vingmax) 0.5%

Load regulation louT1(min) < louT1 < louT1(max) 0.5%
VRIPPLEL Output ripple louT1 = louTi(max) 24| mv
Vover1 Output overshoot Aloyt1 =5A 40 mV
VUNDER1 Output undershoot AloyT1 = 5A 40 mV
lout1 Output current Vinmin) < VIN = Vingmax) 0 10 A
Iscp1 Short circuit current trip point 15 A
OUTPUT 2 CHARACTERSTICS
Vout2 QOutput voltage louT2(min) < louT2 < louT2(max) 1.8 \%

Line regulation Vinmin) < VIN = Vinmax) 0.5%

Load regulation louT2(min) < louT2 < louT2(max) 0.5%
VRIPPLE2 Output ripple lout2 = louT2(max) 36| mv
Vover2 Output overshoot Aloyr2 =5 A 40 mV
VUNDER2 Output undershoot Aloyto =5 A 40 mV
lout2 Output current Vinmin) < VIN = Vingmax) 0 10 A
Iscp2 Short circuit current trip point 15 A
GENERAL CHARACTERSTICS
tss Soft-start time Vin=12V 2 ms
n Efficiency Vin=12 V, louti= lout2 =10 A 88%
fsw Switching frequency 500 kHz

Design Procedure

Equations and calculations are shown regarding Vout1- Voute Values can be calculated using similar equations.

Selecting a Switching Frequency

To maintain acceptable efficiency and meet minimum on-time requirements, a 500kHz switching frequency is

selected.

Inductor Selection (L1)

Synchronous BUCK power inductors are typically sized for approximately 20% - 40% peak-to-peak ripple current
(lzippLe)- Given a target ripple current of 30%, the required inductor size, at maximum rated output current, can

be calculated using Equation 8.
N VIN(max) _VOUT1 y VOUT1

1 15V -1.2V 1.2V 1
= X X

L1~ =0.736uH

0.3 xloyT1 ViNmax)  fsw 0.3x10A 15V 500kHz ®)
Selecting a standard, readily available inductor, with a rated inductance is 0.88 uH at 10 A, Igjppig1 = 2.5 A
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The RMS current through the inductor is approximated by the equation:
2 2 2 2
L1gms) = \/QU(avg)j + (Mo IRIPPLE1)2 = \/(IOUT1) +(M2xRippLer) = \/1 0% +(Y,x2.5) =10.026A

Output Capacitor Selection (C10 through C16)

The selection of the output capacitor is typically driven by the output transient response requirement. Equation 10
and Equation 11 over-estimate the voltage deviation to account for delays in the loop bandwidth and can be used
to determine the required output capacitance:

©

2
Al Al Al L1 (Al %L1
Voveri < COUT1 w At = 20UT1  AouT1 > =1 (AlouTt)

ouT1 Couti VouT1 Vout1*CouTi (10)
2
V, Alout1 o _ Aloutt  AlourixL1 _ (Aloyrq)” xL1
UNDER1 < x At = x -
CouT1 Coutt  VIN —VouTt (VIN —Vour1 )>< CouT1 (11)

When Viymin) > 2 X Vouri, Use the overshoot equation, Voyegrs, to calculate minimum output capacitance. When
Vinmin) < 2 X Voyr1 Use Equation 11, Vyyper1, to calculate minimum output capacitance. In this design example,
Vinminy 1S much larger than 2 x Vpoyr; SO Equation 12 is used to determine the required minimum output
capacitance.

2
(Aloyr1)” xL1 _ 52x0.88puH _ 458,1F

CouT1(min) =

With a minimum capacitance, the maximum allowable ESR is determined by the maximum ripple voltage and is
approximated by Equation 13.

| 2.5A
VRIPPLE1 —(R'PPLB ] 24mV —( j
ESRyax = VRiPPLET ~ VRIPPLE(cap) _ 8xCourt*fsw ) _ 8x458uFx500kHz ) o
IRiPPLEA IRIPPLEA 2.5A

(13)

Two 220-pF, 4-V, aluminum electrolytic capacitors were chosen for load response requirements. Additionally two
0805 10-pF, X7R, along with two 0603, 3.3-uF X5R, and one 1-pF, X5R ceramic capacitors are selected for low
ESR and high frequency decoupling.

Peak Current Rating of Inductor

With the output capacitance known, it is possible to calculate the charge current during start-up and determine
the minimum saturation current rating for the inductor. The start-up charging current is approximated using
Equation 14.

Vout1 *CouTt _ 1.2V><(2><220uF+2><10uF+2><3.3pF+1uF) _0.281A
tss 2ms (14)
Lipeak) = louTimax) + (%> IRippLEr )+ IcharcE = 10A+ (15 2.5A )+0.281A =11.53A

IcHARGE =

(15)
Table 4. Inductor Requirements Summary
PARAMETER VALUE UNITS
L1 Inductance 0.88 uH
IL1_RMS RMS current (thermal rating) 10.026 A
IL1_PEAK Peak current (saturation rating) 11.53 A
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A 744314110 from Wurth-Midcom with 1.1-uH zero current inductance is selected. Inductance for this part is
0.88-yH at 10 A bias. This 15-A, 3.15 mQ inductor exceeds the minimum inductor ratings in a 7 mm x 7 mm
package.

Input Capacitor Selection (C3 through C6)

The input voltage ripple is divided between the capacitance and ESR of the input capacitor. For this design
VRrippLE(cap) = 200 mV and Vgppigesy = 50 mV. The minimum capacitance and maximum ESR are estimated
using Equation 16.

IOUT1 XVOUT'] 10Ax1.2V

CiN1(min) = = =15uF

™) VrippLE(cap) * ViNmin X fsw  200mV x 8V x 500kHz 16

V
ESRyax = RIPPLE(esr) _ 50mV _4.44mO
loutt + (% xlkippLer)  11:25A a7
The RMS current in the input capacitors is estimated using Equation 18.

'RMS(cim) =loyt1 x[Dx(1-D) =10A x,/0.15x(1-0.15) =3.57 A 18)
D - _Youri

ViN(min) (19)

To achieve these goals, two 0805, 10-uF capacitors, one 0605, 1.0-uF capacitor and one 0402, 0.1-uF X5R
ceramic capacitor are combined at the input.

MOSFET Selection (Q1)

Texas Instruments CSD86330, 20-A power block device was chosen. This device incorporates the high-side and
low-side MOSFETSs in a single 3 mm x 3 mm package. The high-side MOSFET has an on-resistance (Rpsn)) of
8.8 mQ, while the low-side on-resistance (Rps(n)) is 4.6 mQ, both at 4.5 V gate voltage. A 5.11-Q gate resistor is
used on the HDRYV pin on each device for added noise immunity.

ILIM Resistor (R2)

The output current is sensed across the DCR of the L1 output inductor. An RC combination having a time
constant equal to that of the L1 inductance and the DCR is used to extract the current information as a voltage. A
standard capacitor value of 0.1-uyF is used. The resistor, R13, can be calculated using Equation 20.

L1 __ 088uH g0
CxVpcr 0.1uF x3.15mQ (20)

R13 =

A standard 3.09-kQ) resistor was selected.

This design limits the maximum voltage drop across the current sense inputs, Vcgmax, 10 50 mV. If the voltage
drop across the DCR of the inductor is greater than Vcgmay), after allowing for 30% overshoot spikes and a 20%
variation in the DCR value, then a resistor is added to divide the voltage down to 50 mV. The divider resistor,
R15, is calculated by Equation 21.

R1 3 X Vcs(max)

R15 =
(VDCR - VCS(max))

where
Voo = (OCRx1.2)x (Lpeak) *1:3)

The maximum DCR voltage drop is given by Equation 23.

Voc = Kbuﬂ + 'R'P;LH Jx 1 .2} x(DCRx1.2)= KmA -

(22) (22)

25A

Jx1.2}x(3.15m£2x1.2): 51.05mV
(23)
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The current limit resistor is calculated using the minimum ILIM programming current, | ymin), the maximum
current sense amplifier gain, Acs, and assuming a current sense amplifier minimum input offset voltage, Vogsmin
equal to -3 mV.

(Voc _VOS(min))XACS (61.05mV —(-3mV)) x15V/V
Rum = = =85.3kQ = 86.6kQ

hLim(min) 9.5pA (24)

Feedback Divider (R10, R14)

The TPS40322 controller uses a full operational amplifier with an internally fixed 0.600-V reference. Tha value for
R10 is selected between 10-kQ and 50-kQ for a balance of feedback current and noise immunity. With the R10
resistor set to 20-kQ), the output voltage is programmed with a resistor divider given by Equation 25.

Veg xR10 0.600V x20.0kQ2 20kO

Vouri-Veg  1.2V-0.600V (25)

R14 =

Compensation: (R11, R12, C17, C19, C21)

Using the TPS40k Loop Stability Tool for an 85-kHz bandwidth and 50° of phase margin with an R10 value of
20.0 kQ, and measuring the theoretical results in the laboratory and modifying accordingly for system
optimization yields the following values.

« C21=10pF
« C17 =220 pF
. C19 =470 pF
« R12=4.42kQ
. R11=825kQ

Boot-Strap Capacitor (C7)
To ensure proper charging of the high-side FET gate, limit the ripple voltage on the boost capacitor to < 100 mV.

Q1 _ _7nC 6. F ~100nF
VBOOT(rippIe) 100mV (26)

CgoosT =

General Device Components

Synchronization (SYNC Pin)
The SYNC pin should be left open for independent dual outputs.

RT Resistor (R6)
The desired switching frequency is programmed by the current through Rgr to GND. the value of Rgr is
calculated using Equation 27.

9 9
20 20 =40kQ ~ 40.2kQ

RRT = T EhrLL-

Differential Amplifier Out (DIFFO Pin)
In dual output configuration the DIFFO pin is not used and must remain open (unconnected).

EN/SS Timing Capacitors (C8)

The soft-start capacitor provides smooth ramp of the error amplifier reference voltage for controlled start-up. The
soft-start capacitor is selected using Equation 28.
t I
CSS _ SS X SS _ 2mS><10]J,A ~33nF
Veg 0.6V (28)
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Power Good (PG1, PG2 Pins)

PG1 and PG2 can each be pulled up to BP6 through a 100-kQ resistor, or remain not-connected. For sequencing
the start-up of output 1 before output 2, connect PG1 to EN2/SS2; for sequencing the startup of output 2 before
output 1, connect PG2 to EN1/SS1.

Phase Set (PHSET Pin)
The PHSET pin can be connected to ground or connected to the BP6 pin.

UVLO Programming Resistors (R1 and R3)
The UVLO hysteresis level is programmed by R1 with Equation 29 and Equation 30.
VUVLo(on) - VUVLo(off) _8V-7V

RuvLofhve) = — 66.7kQ ~ 68.1kQ
UVLO(hys) luvLo 150A (29)
VuvLO(max) 1.25V
R >R X =68.1kQ——————=12.6kQ = 12.7kQ
UVLO(set UVLO(hys
(5t) () (VUVLO(on_min) - VUVLO(max)) (8.0V-1.25V) (30)

VDD Bypass Capacitor (C2)

As shown in the ELECTRICAL CHARACTERISTICS table, a 0.1-pF, 50-V, X7R capacitor has been selected for
VDD bhypass.

VBP6 Bypass Capacitor (C18)

Per the TPS40322 datasheet, select a 3.3-uF (or greater) low ESR capacitor for BP6. For this design a 3.3-puF,
X5R ceramic capacitor was chosen

Schematic

Figure 23 shows the dual output converter schematic for this design example
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Figure 23. Design Example 1, Dual Output Converter Schematic
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Typical Performance Characteristics
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Figure 24. Efficiency vs Load Current (8 Vto 15V
to 1.2 V at 10 A, Design Example 1)
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Figure 26. Design Example 1 Loop Response

VlN =12 V, VOUTl =1.2 V, lOUTl =10 A, 80-kHz
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Figure 25. Efficiency vs Load Current (8 Vto 15V

to 1.8 V at 10 A, Design Example 1)
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Figure 27. Designh Example 1 Loop Response
VlN =12 V, VOUT2 =1.8 V, IOUT2 =10 A, 80-kHz
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Figure 28 shows the switching waveform, V\y = 12 V, loyt1 = loute = 10 A, Ch.1 = HDRV1, Ch.2 = LDRV1, Ch.3
= VOUTL1 ripple. The high-frequency noise is caused by parasitic inductive and capacitive elements interacting
with the high energy, rapidly switching power elements resulting in ringing at the transition points. Capacitive
filtering at the load input will successfully attenuate these noise spikes.

THT 500 v & WG 20.0mvik WM 500ns Chi1 # 1.7V
10,0V &

Figure 28. Design Example 1 Switching Waveform
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Table 5. Design Example 1, Dual-Output List of Materials

REFERENCE QTY DESCRIPTION PART NUMBER MFR
DESIGNATOR

c1 1 Capacitor, Aluminum, 100 pF, 35V, £20%, 0.328 x EEV-EK1V101GP panasonic - ECG
0.328 inch

825”’ €20, C26, 5 | Capacitor, Ceramic, 0.1 uF, 50 V, X7R, +10%, 0603 std std

C3, C35 2 Capacitor, Ceramic, 0.1 pF, 25 V, X5R, +10%, 0402 Std Std

C4, C36 2 Capacitor, Ceramic, 1.0 pF, 25 V, X7R, +10%, 0603 Std Std

C5, C6, C37, C38 4 Capacitor, Ceramic, 10 pF, 25 V, X5R, +10%, 0805 Std Std

C8, C25 2 Capacitor, Ceramic, 33 nF, 16 V, X7R, +10%, 0603 Std Std

€9, C19, C22, C34 4 ggggcitor, Ceramic, 470 pF, 25V, COG, NPO, +5%, Std Std

C10, C27 2 Capacitor, Ceramic, 1.0 pF, 6.3 V, X5R, +10%, 0402 Std Std

oy C12C18 28, 5 | Capacitor, Ceramic, 3.3 iF, 10 V, X5R, £10%, 0603 C1608X5R1A335K | TDK Corporation

C13, C14, C30, C31 4 Capacitor, Ceramic, 10 pF, 6.3 V, X7R, +10%, 0805 Std Std

C15, C16, C32, C33 4 Eg%acnor, Polymer Aluminum, 220 UF, 4 V, £20%, 5mM | e se0G201ER Panasonic - ECG

C17, C23 5 Capacitor, Ceramic, 220 pF, 50 V, COG, NPO, £5%, Std Std
0603

C21, C24 Capacitor, Ceramic, 10 pF, 50 V, C0G, NP0, +5%, 0603 | Std Std

C40 Capacitor, Ceramic, 1.0 nF, 25 V, C0G, NP0, +5%, 0603 | Std Std

L1, L2 > I(Sngu;tr?]r, Power Choke, 1.1 pH, £20%, 3.15mQ, 7.0 x 744314110 Wurth Elektronik
MOSFET, Synchronous Buck NexFET Power Block,

Q1, Q2 2 QFN-8 POWER CSD86330Q3D Texas Instruments

R1 1 Resistor, Chip, 68.1 kQ, 1/10W, £1%, 0603 Std Std

R2, R21 2 Resistor, Chip, 86.6 kQ, 1/10W, +1%, 0603 Std Std

R3 1 Resistor, Chip, 12.7 kQ, 1/10W, +1%, 0603 Std Std

R4, R5, R22 3 Resistor, Chip, 1.00 Q, 1/10W, +1%, 0603 Std Std

R6 1 Resistor, Chip, 40.2 kQ, 1/10W, *1%, 0603 Std Std

R7, R24 2 Resistor, Chip, 49.9 Q, 1/10W, +1%, 0603 Std Std

R8, R17 2 Resistor, Chip, 5.11 Q, 1/8W, +1%, 0805 Std Std

R9, R16 2 Resistor, Chip, 0 Q, 1/10W, +1%, 0603 Std Std

R10, R14, R19, R27 4 Resistor, Chip, 20.0 kQ, 1/10W, +1%, 0603 Std Std

R11, R18 2 Resistor, Chip, 82.5 kQ, 1/10W, +1%, 0603 Std Std

R12, R23 2 Resistor, Chip, 1.62 kQ, 1/10W, +1%, 0603 Std Std

R13 1 Resistor, Chip, 3.09 kQ, 1/10W, +1%, 0603 Std Std

R15 1 Resistor, Chip, 29.4 kQ, 1/10W, *1%, 0603 Std Std

R20, R30 2 Resistor, Chip, 5.11 Q, 1/10W, +1%, 0603 Std Std

R25 1 Resistor, Chip, 10.0 kQ, 1/10W, *1%, 0603 Std Std

R26 1 Resistor, Chip, 3.24 kQ, 1/10W, +1%, 0603 Std Std

R28, R29 2 Resistor, Chip, 100 kQ, 1/10W, +1%, 0603 Std Std

Ul 1 TPS40322 Dual Synchronous Buck Controller, QFN-32 TPS40322RHB Texas Instruments
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TPS40322 Designh Example 2

Two-Phase, Single Output Configuration from 12-V nominal to 1.2-V DC-to-DC Converter Using
the TPS40322

The following example shows the schematic, waveforms, and components for a two-phase, single output
synchronous buck converter using the TPS40322 controller. The design goal parameters are given in Table 6.

Table 6. TPS40322 Design Example Specification

PARAMETER TEST CONDITION MIN  NOM  MAX| UNIT

VN Input voltage 4.5 15 \Y
Vour Output voltage louT(min) < louT < louT(max) 1.2 Vv

Line regulation Vinmin) < VIN = Vingmax) 0.5%

Load regulation louT(min) < louT < louT(max) 0.5%
VRiPPLE Output ripple louT1 = louTi(max) 12 mv
VovER QOutput overshoot Aloyt1 =5A 40 mV
VUNDER Output undershoot AloyT1 = 5A 40 mV
lout Output current Vinmin) < VIN = Vingmax) 0 30 A
tss Soft-start time Vin=12V 2 ms
n Efficiency Vin=12 V, louti= lout2 =10 A 88%
fsw Switching frequency 500 kHz
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Figure 29 shows the two-phase converter schematic described in design example 2.
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Figure 29. Design Example 2, Two-Phase Converter Schematic

31

Submit Documentation Feedback

Copyright © 2011-2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAF8D&partnum=TPS40322

TPS40322

SLUSAF8D —JUNE 2011 —-REVISED JANUARY 2014

13 TEXAS
INSTRUMENTS

www.ti.com

Design Example 2 Characterization
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Table 7. TPS40322 Design Example 2, Two-Phase, Single Output Bill of Materials

gg;g’iﬂ\%i QTY DESCRIPTION PART NUMBER MFR
%2%33?3 3L, 6 Capacitor, Ceramic, 22 pF, 25V, X5R, +20%, 1210 Std Std
C4, C18, C28, C30 4 Capacitor, Ceramic, 1 pF, 50V, X7R, +10%, 0603 Std Std
C5, C6, C7, C22, C29 5 Capacitor, Ceramic, 0.1 uF, 50V, X7R, +10%, 0603 Std Std
C8, C21 2 Capacitor, Ceramic, 6.8 nF, 50V, X7R, +10%, 0805 Std Std
Cc9 1 Capacitor, Ceramic, 2.2 nF, 16V, X7R, +10%, 0603 Std Std
g%g g%}l g%g g%g 8 griglawacliztg% Polymer Aluminum, 220 pF, 4V, +20%, EEFSE0G221R Panasonic - ECG
C14, C27 2 Capacitor, Ceramic, 22 uF, 6.3 V, X5R, +10%, 0805 Std Std
C15 1 Capacitor, Ceramic, 8.2 nF, 16 V, X7R, +10%, 0603 Std Std
Cl6 1 Capacitor, Ceramic, 330 pF, 16 V, X7R, +10%, 0603 | Std Std
C17 1 Capacitor, Ceramic, 22 nF, 50 V, X7R, +10%, 0603 Std Std
C19, C20 2 Capacitor, Ceramic, 4.7 pF, 16 V, X7R, +10%, 0805 Std Std
C38, C39 2 Capacitor, Aluminum, 100 pF, 25 V, +20%, F8 ECE-V1EA101XP Panasonic - ECG
L1, L2 2 'Orfg;’if.or’ SMT, 0.47 kH, £20%, 1.2 mQ, 0.512 IHLP5050FDERR47MO1 | Vishay/Dale
Q1, Q4 2 MOSFET, N-channel, 30 V, 30 A, 8mQ, 5-LFPAK RJK0305 Renesas Electronics
Q2, Q3 2 MOSFET, N-channel, 30 V, 60 A, 2.1 mQ, 5-LFPAK RJK0328 Renesas Electronics
R1 1 Resistor, Chip, 42 kQ, 1/10W, +1%, 0603 Std Std
R2 1 Resistor, Chip, 100 kQ, 1/10W, +1%, 0603 Std Std
R3, R19 2 Resistor, Chip, 4.7 kQ, 1/10W, +1%, 0603 Std Std
R4 1 Resistor, Chip, 38.5 kQ, 1/10W, +1%, 0603 Std Std
R5 1 Resistor, Chip, 49.9 Q, 1/10W, +1%, 0603 Std Std
R6, R8, R16 3 Resistor, Chip, 10 kQ, 1/10W, +1%, 0603 Std Std
S;bR”’ R28, R29, 5  |Resistor, Chip, 0 Q, 1/10W, +1%, 0603 Std std
R9 1 Resistor, Chip, 511 Q, 1/10W, *1% Std Std
R10, R17 1 Resistor, Chip, 1.00 Q, 1/8W, +1%, 0805 Std Std
R11, R18 2 Resistor, Chip, 5.11 Q, 1/10W, +1% 0603 603 Std
R12, R13 2 Resistor, Chip, 51 Q, 1/10W, +1%, 0603 Std Std
R14 1 Resistor, Chip, 3.32 kQ, 1/10W, *1%, 0603 Std Std
R15 1 Resistor, Chip, 40 kQ, 1/10W, +1%, 0603 Std Std
R26, R31 2 Resistor, Chip, 2 Q, 1/10W, +1%, 0603 Std Std
222 Sgé R22, R23, 0 not used Std Std
Ul 1 Dual synchronous buck controller, QFN-32 TPS40322RHB Texas Instruments
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REVISION HISTORY

Changes from Revision C (JANUARY 2013) to Revision D Page
« Added information regarding the appropriate output voltage range when using the remote sense amplifier in the
Two-Phase Mode, Remote Sense Amplifier, and Current Sharing LOOP SECHON .......cccuiiiiaiiiiiiiiaiiiiie e 15
Changes from Revision B (JUNE 2012) to Revision C Page
* Added clarity to ABSOLUTE MAXIMUM RATINGS tabI@ .......ciiiiiiiiiiiieiieiit ettt 2
Changes from Revision A (JANUARY 2012) to Revision B Page
¢ Changed all references of "multi-phase” to "two-phase" throughout dOCUMENT ..........cceeiiiiiiiiiiiiiie e 1
* Added clarity to SIMPLIFIED APPLICATION CIRCUIT. ...oiiiiiieiiiiiieitiesiee sttt sttt sre et esne e 1
e Added clarity to Functional Block Diagram 9
¢ Added "When not being used, SYNC should be left floating" to SYNC description in PIN FUNCTIONS table. ................ 11
LI Yo [o [=To I ol = T VAR (o B o U= 0 SRS P PRSP 12
LI Yo (o [=To B ol - T 1Y (o B o 0T = 00 G SRR 13
L A Vo [0 [=To I ol =T 414V (o B T U £ PP PPRTOPPPPP 14
LI Yo [o [=To I ol = T o YA (o B o U= SRS 15
LI Yo (o [=To B ol - T 1A YA (o B o 0T = 00 K ST 16

» Changed "This design limits the maximum voltage drop across the current sense inputs, Veggmay), to 60 mV." to "This
design limits the maximum voltage drop across the current sense inputs, Vcsgmay, t0 50 mV." in ILIM Resistor (R2)
£S7=Tox 1T o AP URRR 23

e Changed Equation 24

¢ Changed Output current = 10 (max) to Output current = 30 (Max) iN Table 6 .........ccoiiiiiiiiiiiiee e 30
Changes from Original (JUNE 2011) to Revision A Page
e Added clarity to FUNCEIONAI BIOCK DIBGIAM ......eeiitiiiiiiieiiiie ettt ettt et e bt et bt e e bb e e e ne e e e abb e e ebb e e nneeesnnneas 9
LI Yo [o [=To I ol = T VA (o B o U= 0 OO PTTP 15
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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): 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.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

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

Important Information and Disclaimer:The information provided on this page represents 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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS40322RHBR ACTIVE VQFN RHB 32 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 125 TPS
& no Sh/Br) 40322
TPS40322RHBT ACTIVE VQFN RHB 32 250  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 125 TPS
& no Sh/Br) 40322



http://www.ti.com/product/TPS40322?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS40322?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS40322RHBR VQFN RHB 32 3000 330.0 12.4 5.3 5.3 1.1 8.0 12.0 Q2
TPS40322RHBT VQFN RHB 32 250 180.0 12.4 5.3 5.3 11 8.0 12.0 Q2

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS40322RHBR VQFN RHB 32 3000 367.0 367.0 35.0
TPS40322RHBT VQFN RHB 32 250 210.0 185.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

RHB (S*PVQFN*NBZ) PLASTIC QUAD FLATPACK NO—LEAD
5,15 )
4,85
[B]
5,15
4,85
52
/o
PIN 1
INDEX AREA
1,00 0,20 REF
0,80
A
(=] 0,08[C]
0,05 MAX
0,50
1 § o
Jguuujuuuu_]
2 D =2 y
) THERMAL PAD -
D) dd
> SIZE AND SHAPE d L
:) SHOWN ON SHPARATE SHEET C 4>< ’i@
D) dd
) E—i
D) N
ANARANAANANANA 0,50
0,30
32X 38 (& ]o,10@[c]A[B]
Bottom View
4204326 /D 06,/11

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
This drawing is subject to change without notice.

A

B.

C. QFN (Quad Flatpack No-Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.
E
F

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RHB (S—PVQFN—N32) 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.

PIN 1 INDICATOR
C 0,3

1 8
vuuujyuuu
) | }/— Exposed Thermal Pad
D) &
3,15£0,10 12| — Y
> d
> d
> | d
o5 cJ16
ANNANANNA
24 17
¢— 3,15+0,10 —»

Bottom View

Exposed Thermal Pad Dimensions

4206356-3/AB  07/14

NOTE: A. All linear dimensions are in millimeters

i3 TEXAS
INSTRUMENTS

www.ti.com


http://www.ti.com/lit/SLUA271

LAND PATTERN DATA

RHB (S—PVQFN—N32) PLASTIC QUAD FLATPACK NO-LEAD

!/
|

\

Example Stencil Design

Example Board Layout 0.125 (Lhi;:k g;cencil
! — =05 | —{=023| — =05
JUULUUUL o& _JOU0ID0UI
— | — > “Rro,15 f—
E\ 315 —=| = 0.3—||[— —
=305 !'_'_g_“ 2.8 ——%——-4—!-—_%—%—4,15 5,75
= | — = |13 [0 | =
i — ) ! —
— 1,3 —
00nopoNt 1000000

All A’round / o} 4'> o
|

0,25—=] |—
I R S 415 ——

5,75 ———

(68% Printed Solder Coverage by Area)

\

———

!Non Solder Mask Defined Pad
_— "\\

I —’_ Example Via Layout Design
Example Solder Mask Opening may vary depending on constraints
(Note E) (Note C, E)
0,08 1,0
RO,14 — 0,85

a \ oe0,2 °© 7 °
l \,\ —1,0
— , Pad Geometry e ©
0,28 |
0,07 j /

~——

4207808-3/U 07/14

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

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>.

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

TI 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.

TI 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 TI 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 TI 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, TI 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 Tl components are authorized for use in FDA Class Ill (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.

TI 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
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2014, Texas Instruments Incorporated
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