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Digital Dual Synchronous-Buck Power Driver

Check for Samples: UCD7242-EP

FEATURES

» Fully Integrated Power Switches With Drivers SUPPORTS DEFENSE, AEROSPACE,
for Dual Synchronous Buck Converters AND MEDICAL APPLICATIONS

* Full Compatibility With Tl Fusion Digital Power « Controlled Baseline
E;rr:ﬁll;/ Controllers, Such as the UCD92xx «  One Assembly and Test Site

* One Fabrication Site

e Available in Military (-55°C to 125°C)
Temperature Range

e Extended Product Life Cycle
e Extended Product-Change Notification
e Product Traceability

* Wide Input Voltage Range: 4.75V to 18 V
Operational Down to 2.2-V Input With an
External Bias Supply

* Up to 10-A Output Current per Channel
* Operational to 2-MHz Switching Frequency
* High Side Current Limit With Current Limit

Flag o ThoN v

* Onboard Regulated 6 V Driver Supply From Vg
* Thermal Protection —PWM-B  PWM-A—
—|SRE-B SRE-Al—

 Temperature Sense Output — Voltage

Proportional to Chip Temperature :C:TG-EIS FLT-A— —
* UVLO and OVLO Circuits Ensure Proper Drive B A
Voltage MON MON
* RoHS Compliant I BST-B BST-A_—L
* Accurate On-Die Current Sensing (x5%) /‘\_ _f,\
BSW-B BSW-A

APPLICATIONS

QTW—SW-B SW-A_/‘Y‘Y'Y’\- I °
e Digitally-Controlled Synchronous-Buck Power

Stages
- High Current Dual-Phase VRM/EVRD PGND  PGND

Regulators for Desktop, Server, Telecom and = J;NTP;, =

Vee
Notebook Processors

™~

Ay

DESCRIPTION

The UCD7242 is a complete power system ready to drive two independent buck power supplies (see Figure 1).
High side MOSFETSs, low side MOSFETSs, drivers, current sensing circuitry and necessary protection functions
are all integrated into one monolithic solution to facilitate minimum size and maximum efficiency. Driver circuits
provide high charge and discharge current for the high-side NMOS switch and the low-side NMOS synchronous
rectifier in a synchronous buck circuit. The MOSFET gates are driven to +6.25 V by an internally regulated Vg
supply. The internal Vgg regulator can be disabled to permit the user to supply an independent gate drive
voltage. This flexibility allows a wide power conversion input voltage range of 2.2 V to 18 V. Internal under
voltage lockout (UVLO) logic ensures Vg is good before allowing chip operation.

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. Copyright © 2013, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.
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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.

DESCRIPTION (CONTINUED)

The synchronous rectifier enable (SRE) pin controls whether or not the low-side MOSFET is turned on when the
PWM signal is low. When SRE is high the part operates in continuous conduction mode for all loads. In this
mode the drive logic block uses the PWM signal to control both the high-side and low-side gate drive signals.
Dead time is also optimized to prevent cross conduction. When SRE is low, the part operates in discontinuous
conduction mode at light loads. In this mode the low-side MOSFET is always held off.

On-board comparators monitor the current through the high side switch to safeguard the power stage from
sudden high current loads. Blanking delay is set for the high side comparator to avoid false reports coincident
with switching edge noise. In the event of an over-current fault, the high-side FET is turned off and the Fault Flag
(FLT) is asserted to alert the controller.

MOSFET current is measured and monitored by a precision integrated current sense element. This method
provides an accuracy of +5% over most of the load range. The amplified signal is available for use by the
controller on the lyon pin.

An on-chip temperature sense converts the die temperature to a voltage at the Ty,oy pin for the controller’'s use.
If the die temperature exceeds 170°C, the temperature sensor initiates a thermal shutdown that halts output
switching and sets the FLT flag. Normal operation resumes when the die temperature falls below the thermal
hysteresis band.
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Figure 1. Typical Application Circuit and Block Diagram
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ORDERING INFORMATION

ORDERABLE PART TOP SIDE
T, PIN COUNT NUMBER SUPPLY PACKAGE MARKING VID NUMBER
-55°C to 125°C 32-pin UCD7242MRSJREP Reel of 2500 QFN UCD7242EP V62/14601-01XE

ABSOLUTE MAXIMUM RATINGS®

over operating free-air temperature range (unless otherwise noted)

PARAMETER RATING VALUE

VIN Supply voltage -0.3t0 20 \%
DC -0.3toSW+7 Y,

BST Boot voltage 2
AC® 34 %
Vga: Vec_DIS Gate supply voltage 7 \%
BP3 Logic supply voltage 4 \%
. DC —2t0VIN +1 \%

SW, BSW Switch voltage 2
AC® 34 %
TMON, IMON, Testmode Analog outputs -0.3t0 3.6 \%
PWM-A, PWM-B, SRE-A, Digital 1/0’s -0.3t05.5 Y,

SRE-B, FLT-A, FLT-B

T; Junction temperature -55 to 150 °C
Tstg Storage temperature -55 to 150 °C
ESD rating HBM: Human Body model 2000 \%
CDM: Charged device model 500 \%

(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 condition beyond those indicated is not implied. Exposure to absolute-
maximum-rated conditions for extended periods may affect device reliability. All voltages are with respect to GND. Currents are positive
into, negative out of the specified terminal. Consult company packaging information for thermal limitations and considerations of
packages.

(2) AC levels are limited to within 5 ns.

THERMAL INFORMATION

UCD7242-EP
THERMAL METRIC® RSJ UNITS
32 PINS

B3 Junction-to-ambient thermal resistance ) 40.7
B3ctop Junction-to-case (top) thermal resistance ) 17.8
B8 Junction-to-board thermal resistance ® 12 oW
Wit Junction-to-top characterization parameter(s) 0.1
Wis Junction-to-board characterization parameter(s) 11.9
B3chot Junction-to-case (bottom) thermal resistance (") 0.3

(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, yg, 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.

Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 3
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RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX UNIT
VN Power input voltage (internally generated Vgg) 4.75 12 18 Y
VN Power input voltage (externally generated Vgg) 2.2 12 18 Y
Veo Externally supplied gate drive voltage 4.75 6.2 Y
T, Operating junction temperature range -55 125 °C
fs Switching frequency 300 750 2000 kHz

ELECTRICAL CHARACTERISTICS

V\y = 12V; 1uF from BP3 to GND, 0.22uF from BST to BSW, 4.7uF from Vg to PGND, T, = T; = =55°C to 125°C (unless
otherwise noted)

PARAMETER |
SUPPLY SECTION

TEST CONDITION MIN  TYP MAX| UNIT

Outputs not switching, Viy = 2.2V, 6 mA
PWM(INH) = LOW, SRE(INL) = HIGH,
Vge_DIS = HIGH, Vgg = 5V

Outputs not switching, Viy = 18 V, 6 mA
PWM(INH) = LOW, SRE(INL) = HIGH,
Ve _DIS = LOW

Supply current

GATE DRIVE UNDER VOLTAGE LOCKOUT

Vee | UVLOON BP3 Rising 4.0 v
UVLO OFF BP3 Falling 3.8 \%
UVLO hysteresis 200 mV

Vee SUPPLY GENERATOR

V7 ViN=71018V 52 625 68| V

Vgg drop out
BP3 SUPPLY VOLTAGE

ViN=4.7510 7V, lygg < 50 mA 850 mv

BP3 Ipp =0 to 10 mA 3.14 33 345 \%
INPUT SIGNAL (PWM, SRE)
Viy Positive-going input threshold voltage 21 2.3 \%
Vi Negative-going input threshold voltage 1 1.2 \%
3-state Condition 14 1.9 \%
typ r  3-state hold-off time Vpwm = 1.65V 275 ns
Vpwm = 5.0V 133
lpbwm  Input current Vpwm = 3.3V 66 HA
Vpwm =0V —66
Vsre = 5.0V
Isre Input current Vsge = 3.3V 1 HA
Vsre =0V
Ve DISABLE (Vgg_DIS)
Input resistance to AGND Vge_DIS 45 100 150| kQ
Threshold 1.35 1.6 \%
Hysteresis 550 mV
FAULT FLAG (FLT)
FLT Output High Level loy =2 MA 2.7 \%
FLT Output Low Level loL =-2 mA 0.6 \%

4 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)
V\y = 12V; 1uF from BP3 to GND, 0.22uF from BST to BSW, 4.7uF from Vg to PGND, T, = T; = =55°C to 125°C (unless

otherwise noted)

PARAMETER

| TEST CONDITION

MIN  TYP MAX| UNIT

CURRENT LIMIT

Over current threshold 12 15 185 A
Trault_ns delay until HS FET off® 80| ns
Trautt_rr delay until FLT asserted® 100| ns
Propagation delay from PWM to reset FLT® | 15t falling edge of PWM without a fault event 100| ns
High side blanking time® Over currents during this period will not be detected 60 ns
CURRENT SENSE AMPLIFIER
Gain Imon/ louT, (see Figure 14) 17 20 26| WA/A
Bandwidth® 5 kHz
THERMAL SENSE
Thermal shutdown® 170 °C
Thermal shutdown hysteresis® 20 °C
Temperature Sense T® Gain, Ty = —20°C to 125°C 10 mv/°C
Temperature Sense T Offset® T;=0°C, =100 PA < ltmon < 100 pA 470 mv
POWER MOSFETS
Propagation delay from PWM to switch node 32 ns
going high
High side MOSFET Rps(on) 15.5 mQ
Low side MOSFET Rps(on) 6.5 mQ
High side MOSFET turn on — Dead Time® 5 10| ns
Low side MOSFET turn on — Dead Time® 6 11| ns

(1) As designed and characterized. Not 100% tested in production. These specifications apply for —40°C < T; < 125°C.

Copyright © 2013, Texas Instruments Incorporated
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DEVICE INFORMATION

PINOUT
PINOUT PINOUT
(TOP VIEW) (BOTTOM VIEW)
m <
zo z =2 =2 zo z
> Z > n n > Zz > 27 28 29 30 31 32
2 31 30 29 28 27 1 [ [ ]
VINT] o 1ViN
PWM_B [|1 26[] PWM_A 26 1
SRE_B |2 25[] SRE_A 25 2
BST B3 . 24[] BST_A 24
S Special 1 5ST_ — — 3
BSW_B |4 6mm x 6mm 23 BSW_A 23 4
Vaglls QFN 22[] BP3 22 5
Vg DISI]s Pkg Code: RSJ 21AGND 21 6
IMON_B7 20] IMON_A 20 7
testmode [|8 19]] TMON 19 8
FLT_BIo 1BFLT_A 18 9
PGND || 1 PGND
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PIN FUNCTIONS
UCD7242 -BUCK POWER STAGE
QFN PIN NAME | 1/O FUNCTION
High impedance digital input capable of accepting 3.3V or 5 V logic level signals up to 2 MHz. A
Schmitt trigger input comparator desensitizes this pin from external noise. This pin controls the state of
the high side MOSFET and the low side MOSFET when SRE-B is high.
1 PWM-B I PWM = high PWM = low PWM = 1.65 V
SRE = high HS=on,LS=off | HS=off, LS=0on | HS =off, LS = off
SRE = low HS =on, LS = off | HS = off, LS = off | HS = off, LS = off
Synchronous Rectifier Enable input for the B-channel. High impedance digital input capable of
2 SRE-B | accepting 3.3V or 5V logic level signals used to control the synchronous rectifier switch. An appropriate
anti-cross-conduction delay is used during synchronous mode.
3 BST B | Connection for the B-channel charge pump capacitor that provides a floating supply for the high side
- driver. Connect a 0.22uF ceramic capacitor from this pin to BSW-B (pin 4).
4 BSW-B | Connection for B-channel charge pump capacitor. Internally connected to SW-B.
Gate drive voltage for the power MOSFETSs. For V|y 2 4.75V, the internal Vgg generator can be used.
5 vV /o For V,y < 4.75 V, this pin should be driven from an external bias supply. When externally driven,
GG Vgg_DIS must be tied to Vgg. In all cases, bypass this pin with a 4.7yF (min), 10V (min) ceramic
capacitor to PGND.
When tied to Vgg, disables the on-chip Vg generator to allow gate drive voltage to be supplied from
6 Vge_DIS | an external source. This is required when V,y is < 4.75V. To use the internal Vgg generator, tie to
GND.
MOSFET current sense monitor output. Provides a current source output that is proportional to the
7 IMON-B O | current flowing in the power MOSFETSs. The gain on this pin is equal to 20puA/A. The Iyon pin should
be connected to a resistor to GND to produce a voltage proportional to the power-stage load current.
8 testmode | Test mode only. Tie to GND.

Submit Documentation Feedback
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PIN FUNCTIONS (continued)

UCD7242 -BUCK POWER STAGE

QFN

PIN NAME

110

FUNCTION

FLT-B

Fault flag for the B-channel. This signal is a 3.3V digital output which is latched high when the current
in the B-channel high-side FET exceeds the current limit trip point. When tripped, high-side FET drive
pulses are truncated to limit output current. FLT is cleared after one complete switching cycle without a
fault. Additionally, if the die temperature exceeds 170°C, the temperature sensor will initiate a thermal
shutdown that halts output switching and sets the FLT flag. Normal operation resumes when the die
temperature falls below the thermal hysteresis band.

10, 12, 15, 17

PGND

Shared power ground return for the buck power stage

11, 16

NC

No internal connection. It is recommended that these pins be tied to PGND.

13

SW-B

Switching node of the B-channel buck power stage and square wave input to the buck inductor.
Electrically this is the connection of the high side MOSFET source to the low side MOSFET drain.

14

Switching node of the A-channel buck power stage and square wave input to the buck inductor.
Electrically this is the connection of the high side MOSFET source to the low side MOSFET drain.

18

FLT-A

Fault flag for the A-channel. This signal is a 3.3V digital output which is latched high when the current
in the A-channel high-side FET exceeds the current limit trip point. When tripped, high-side FET drive
pulses are truncated to limit output current. FLT is cleared after one complete switching cycle without a
fault. Additionally, if the die temperature exceeds 170°C, the temperature sensor initiates a thermal
shutdown that halts output switching and sets the FLT flag. Normal operation resumes when the die
temperature falls below the thermal hysteresis band.

19

TMON

Temperature sense pin. The voltage on this pin is proportional to the die temperature. The gain is
10mV/°C. At T; = 0°C, the output voltage has an offset of 0.47V. When the die temperature reaches
the thermal shutdown threshold, this pin is pulled to BP3 and the power FETs are switched off. When
the die temperature falls below the thermal hysteresis band, the FLT flag clears and normal operation
resumes.

20

IMON -A

MOSFET current sense monitor output. Provides a current source output that is proportional to the
current flowing in the power MOSFETSs. The gain on this pin is equal to 20pA/A. The IMON pin should
be connected to a resistor to GND to produce a voltage proportional to the power-stage load current.

21

GND

Analog ground return.

22

BP3

Output of internal 3.3V LDO regulator for powering internal logic circuits. Bypass this pin with 1uF
(min) to GND. This LDO is supplied by the Vgg pin.

23

BSW-A

Connection for A-channel charge pump capacitor. Internally connected to SW-A.

24

BST-A

Connection for the A-channel charge pump capacitor that provides a floating supply for the high side
driver. Connect a 0.22uF ceramic cap from this pin to BSW-A (pin 23).

25

SRE-A

Synchronous Rectifier Enable input for the A-channel. High impedance digital input capable of
accepting 3.3V or 5V logic level signals used to control the synchronous rectifier switch. An appropriate
anti-cross-conduction delay is used during synchronous mode.

26

PWM -A

High impedance digital input capable of accepting 3.3V or 5 V logic level signals up to 2 MHz. A
Schmitt trigger input comparator desensitizes this pin from external noise. This pin controls the state of
the high side MOSFET and the low side MOSFET when SRE-A is high.

PWM = high

PWM = low

PWM =1.65V

SRE = high

HS =on, LS = off

HS = off, LS = on

HS = off, LS = off

SRE = low

HS =on, LS = off

HS = off, LS = off

HS = off, LS = off

27, 29, 30, 32

VIN

Input Voltage to the buck power stage and driver circuit

28,31

NC

No internal connection. It is recommended that these pins be tied to VIN.

Copyright © 2013, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS
Inductor used in the following plots is a 0.47uH Bl Technologies inductor (HM72A). All data taken at room ambient.
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TYPICAL CHARACTERISTICS (continued)
Inductor used in the following plots is a 0.47uH Bl Technologies inductor (HM72A). All data taken at room ambient.
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TYPICAL CHARACTERISTICS (continued)

Inductor used in the following plots is a 0.47uH Bl Technologies inductor (HM72A). All data taken at room ambient.
UCD7242
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TYPICAL CHARACTERISTICS (continued)
Inductor used in the following plots is a 0.47uH Bl Technologies inductor (HM72A). All data taken at room ambient.
UCD7242
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TYPICAL CHARACTERISTICS (continued)
Inductor used in the following plots is a 0.47uH Bl Technologies inductor (HM72A). All data taken at room ambient.
UCD7242 1 Rail Operating

50 T
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< ——— fs‘ 1000 kHz
o
° |
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Figure 10. Vgg Supply Current with 1 Rail Operating and 1 Rail Off
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Figure 11. Vgg Supply Current with 2 Rails Operating
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TYPICAL CHARACTERISTICS (continued)
Inductor used in the following plots is a 0.47uH Bl Technologies inductor (HM72A). All data taken at room ambient.
Continuous Operation at I, = 10A
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Figure 12.

Figure 12 shows the mean time to failure (MTTF) for an output load current of 10A on a single output, or an
output load current of 10A on both outputs.
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DETAILED DESCRIPTION

PWM INPUT

The PWM input pin accepts the digital signal from the controller that represents the desired high-side FET on
time. This input is designed to accept 3.3V logic levels, but is also tolerant of 5V input levels. The SRE pin sets
the behavior of the PWM pin. When the SRE pin is asserted high, the device is placed in synchronous mode. In
this mode, the timing duration of the high-side gate drive and the low-side gate drive are both controlled by the
PWM input signal. When PWM is high, the high-side MOSFET is on and the low-side MOSFET is off. When
PWM is low, the high-side MOSFET is off and the low-side MOSFET is on. An optimized anti-cross-conduction
delay is introduced to ensure the proper FET is turned off before the other FET is turned on. When the SRE pin
is asserted low, the device is placed in non-synchronous mode. In this mode the PWM input only controls the
high-side MOSFET. When PMW is high, the high-side MOSFET is on. The low side FET is always held off.

The PWM input supports a 3-state detection feature. It can detect if the PWM input signal has entered a 3-state
mode. When 3-state mode is detected, both the high-side and low-side MOSFETSs are held off. To support this
mode, the PWM input pin has an internal pull-up resistor of approximately 50kQ to 3.3V and a 50kQ pull-down
resistor to ground. During normal operation, the PWM input signal swings below 0.8V and above 2.5V. If the
source driving the PWM pin enters a 3-state or high impedance state, the internal pull-up/pull down resistors will
tend to pull the voltage on the PWM pin to 1.65V. If the voltage on the PWM pin remains within the 0.8V to 2.5V
3-state detection band for longer than t, p g, 3-State detection hold-off time, then the device enters 3-state mode
and turns both MOSFETSs off. This behavior occurs regardless of the state of the SRE pin. When exiting 3-state
mode, PWM should first be asserted low and SRE High. This ensures that the bootstrap capacitor is recharged
before attempting to turn on the high-side FET. The logic threshold of this pin typically exhibits 900mV of
hysteresis to provide noise immunity and ensure glitch-free operation.

SRE INPUT

The SRE (Synchronous Rectifier Enable) pin is a high impedance digital input. It is designed to accept 3.3V logic
levels, but is also tolerant of 5V levels. When asserted high, the operation of the low-side synchronous rectifier
FET is enabled. The state of the low-side MOSFET is governed by the PWM input. When SRE is asserted low,
the low-side FET is continuously held low, keeping the FET off. While held off, current flow in the low-side FET is
restricted to its intrinsic body diode. The logic threshold of this pin typically exhibits 900mV of hysteresis to
provide noise immunity and ensure glitch-free operation.

VIN

V| supplies power to the internal circuits of the device. The input power is conditioned by an internal linear
regulator that provides the Vg gate drive voltage. A second regulator that operates off of the Vg rail produces
an internal 3.3V supply that powers the internal analog and digital functional blocks. The Vg regulator produces
a nominal 6.2V. The output of the Vg regulator is monitored by the Under-Voltage Lock Out (UVLO) circuitry.
The device will not attempt to produce gate drive pulses until the Vg voltage is above the UVLO threshold. This
ensures that there is sufficient voltage available to drive the power FETSs into saturation when switching activity
begins. To use the internal Vg regulator, V,y should be at least 4.7V. When performing power conversion with
V|y values less than 4.7V, the gate drive voltage must be supplied externally. (See Vg and VGG DIS sections
for details.)

VGG

The Vg pin is the gate drive voltage for the high current gate driver stages. For V|y = 4.75V, the internal Vgg
generator can be used. For V|y < 4.75 V, this pin should be driven from an external bias supply. When using the
internal regulator, the VGG_DIS pin should be tied low. When using an external Vgg, VGG_DIS must be tied to
Vge. Current is drawn from the Vgg supply in fast, high-current pulses. A 4.7uF ceramic capacitor (10V
minimum) should be connected from the Vg pin to the PGND pin as close as possible to the package. Whether
internally or externally supplied, the voltage on the Vg pin is monitored by the ULVO circuitry. The voltage must
be higher than the UVLO threshold before power conversion can occur. The average current drawn from the Vg
supply is dependant on the switching frequency, the absolute value of Vg and the total gate charge of the power
FETs inside the device.
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Voo DIS

This pin, when asserted high, disables the on-chip Vgg linear regulator. When tied low, the VGG linear regulator
is used to derive Vg from V. This pin is designed to be permanently tied high or low depending on the power
architecture being implemented. It is not intended to be switched dynamically while the device is in operation.

SW

The SW pin is the switching node of the power conversion stage. When configured as a synchronous buck, the
voltage swing on SW normally traverses from slightly below ground to above V. Parasitic inductance in the
high-side FET conduction path and the output capacitance (Coss) of the low side FET form a resonant circuit
than can produce high frequency ( > 100MHz) ringing on this node. The voltage peak of this ringing will exceed
V|y- Care must be taken not to exceed the maximum voltage rating of this pin. The main areas available to
impact this amplitude are: the driver voltage magnitude (Vgg) and the parasitic source and return paths for the
MOSFET (V,y, PGND). In some cases, a series resistor and capacitor snubber network connected from this pin
to PGND can be helpful in damping the ringing and decreasing the peak amplitude. In general this should not be
necessary due to the integrated nature of this part.

BST

The BST pin provides the drive voltage for the high-side FET. A bootstrap capacitor is connected from this pin to
the BST-SW node. Internally, a diode connects the BST pin to the Vgg supply. In normal operation, when the
high side FET is off and the low-side FET is on, the SW node is pulled to ground and, thus, holds one side of the
bootstrap capacitor at ground potential. The other side of the bootstrap capacitor is clamped by the internal diode
to Vgg. The voltage across the bootstrap capacitor at this point is the magnitude of the gate drive voltage
available to switch-on the high-side FET. The bootstrap capacitor should be a low ESR ceramic type, a minimum
value of 0.22uF is recommended.

In order to ensure that the bootstrap capacitor has sufficient time to recharge, the steady-state duty cycle must
not exceed what is shown in Figure 13. The curve in Figure 13 is for Cggr= 0.22uF. Different values of Cggt Will
have different DMAX limitations.
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Figure 13.

BST-SW

Electrically this node is the same as the SW pin. However, it is physically closer to the BST pin so as to minimize
parasitic inductance effects of trace routing to the BST capacitor. Keeping the external traces short should
minimize turn on and off times.

This pin is not sized for conducting inductor current and should not be tied to the SW pin. It is only for the BST
pin capacitor connection.
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IMON

MOSFET current sense monitor output. This pin provides a current source output that is proportional to the
current flowing in the power MOSFETs. The gain on this pin is equal to 20uA/A. The lyon pin should be
connected to a resistor to GND to produce a voltage proportional to the power-stage load current. For example, a
value of 10kQ to ground produces a voltage of 2.0V when the power stage current is 10A.The accuracy of the
reported current is a function of the peak to peak ripple current in the inductor (Al). The nominal behavior is
described by Equation 1. The plot illustrates the possible variability in the sensed current as a function of load for
a Al=4A. If no PWM is detected for 8us IMON will report OV.

202 1o If lour> AL
Imon(lout,Al) = 2
10MA o +5MA AL i lour <AL
A A 2 "
200
175 4‘»
150

125 ji
100 4’,
s y
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lout (A)

Figure 14. Sensed Current Variability

TMON

The voltage on this pin is proportional to the die temperature with a gain of 10 mV/°C and an offset voltage of
0.47 V at T; = 0°C (Equation 2):

10mV
TMON(T1) = 0.47 V + ——(T1)
C (2
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Figure 15. Typical Characteristics

If the junction temperature exceeds approximately 170°C, the device will enter thermal shutdown. This will assert
the FLT pin, both MOSFETs will be turned off and the switch node will go high impedance. When the junction
temperature cools by approximately 20°C, the device will exit thermal shutdown and resume switching as
directed by the PWM and SRE pins. During a thermal shutdown event, the voltage on the Temp pin is driven to
3.3V.

FLT

This signal is a 3.3V digital output which is latched high when the current in the high-side FET exceeds the
current limit trip point. When tripped, high-side FET drive pulses are truncated to limit output current. FLT is
cleared on the falling edge of the first PWM pulse without a fault. Additionally, if the die temperature exceeds
170°C, the temperature sensor will initiate a thermal shutdown that halts output switching and sets the FLT flag.
Normal operation resumes when the die temperature falls below the thermal hysteresis band. The FLT flag will
clear after a PWM pulse occurs without a fault. Current limit is ignored during the high side blanking time. If an
over current event occurs during the blanking time the part will not initiate current limit for ~50ns.

PWM

ILIMIT

I

ul |

FLT

Figure 16. FLT Signal
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APPLICATION INFORMATION

A partial schematic of a power supply application using the UCD7242 power stage is provided below. Although
not shown the IC controlling the output is from the UCD92XX family of digital controllers.

Vin '
R
PWM1 PWM-A Vin 3
SRE-A NC —
SRE1 22uF 25V
FF1 FLT-A Vin
cs1 IMON-A SW-A[14
PWM2 PWM-B BST-A[24] .
47 uF <; TBias
SRE2 SRE-B BSW-A[23] HE3R0E
FF2 FLT-B PGND *+ ® -0 GND
cs2 IMON-B NC - %10 o
Temp TMON PGND EAN1&———
Vin
EApZﬁ
§1o kQ § 10 kQ UCD7242 NC
Vin
22| BP3 Sw-B[13
1pF.
21| AGND BST-B[ 3 | Sh
47 uF <> Reias
BSW-B n 0 330 uF <:
5| Vae PGND[10 * ® -0 GND
47F .ﬂ Ves DIS NC - % 100
[ 8 Test PGND EAn2&——

PRE-BIAS OPERATION

The UCD7242 has no problem starting up into pre-biased output voltages. However, when one channel is held in
tri-state and the second channel is actively switching, the tri-stated channel may generate a DC voltage through
weak capacitive coupling between SW-A and SW-B. This coupling comes principally from the close proximity of
the switch nodes on the silicon and the PWB layout.

There are several options to address this concern.

1. The device(s) that the UCD7242 is powering on a 3-stated channel has a known current draw at sub-
regulation voltage levels. This current draw may be sufficient to hold the voltage down.

2. Instead of holding the off channel in a 3-state condition, drive PWM actively low. This forces the synchronous
rectifier to turn on and prevent the pre-bias voltage from rising. If this option is elected, it is important to verify
that there are no other sources of leakage in the system.

3. Add a small load resistor, Rgas. In most cases a value of 1kQ should keep the output voltage below 200mV.
Some experimentation may be needed to determine the appropriate value. In many cases, the feedback
divider may provide a sufficient load.

It is important that Vgas be less than or equal to the steady state output voltage during regulation. If this
condition is not enforced the controller in charge of regulating this rail will be unable to start up. If start up is
forced, damage may result.
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OPERATING FREQUENCY

Switching frequency is a key place to start the design of any DC/DC converter. This will set performance limits on
things such as: maximum efficiency, minimum size, and achievable closed loop bandwidth. A higher switching
frequency is, generally, going to yield a smaller design at the expense of a lower efficiency. The size benefit is
principally a result of the smaller inductor and capacitor energy storage elements needed to maintain ripple and
transient response requirements. The additional losses result from a variety of factors, however, one of the
largest contributors is the loss incurred by switching the MOSFETs on and off. The integrated nature of the
UCD7242 makes these losses drastically smaller and subsequently enables excellent efficiency from a few
hundred kHz up to the low MHz. For a reasonable trade off of size versus efficiency, 750kHz is a good place to
start.

VGG

If 4.75V < V|y < 6V a simple efficiency enhancement can be achieved by connecting Vgg_DIS and Vgg directly to
V|n- This allows the solution to bypass the drop out voltage of the internal Vg linear regulator, subsequently
improving the enhancement of the MOSFETs. When doing this it is critical to make sure that Vg never exceeds
the absolute maximum rating of 7V.

INDUCTOR SELECTION

There are three main considerations in the selection of an inductor once the switching frequency has been
determined. Any real world design is an iterative trade off of each of these factors.

1. The electrical value which in turn is driven by:

(&) RMS current
(b) The maximum desired output ripple voltage
(c) The desired transient response of the converter

2. Losses

(a) Copper (Pcy)
(b) Core (Pse)

3. Saturation characteristics of the core

INDUCTANCE VALUE
The principle equation used to determine the inductance is:
vi(t=L G
dt 3)
During the on time of the converter the inductance can be solved to be:
L= Vin = Vour D
Al fs 4)
Where:
Vin Input Voltage
Vour Output voltage
fs Switching frequency
D Duty cycle (Vout/V) for a buck converter)
Al The target peak to peak inductor current.

In general, it is desirable to make Al large to improve transient response and small to reduce output ripple
voltage and RMS current. A number of considerations go into this however, Al = 0.4 lgyt results in a small | gus
without an unnecessary penalty on transient response. It also creates a reasonable ripple current that most
practical capacitor banks can handle. Here |yt is defined as the maximum expected steady state current.

Plugging these assumptions into the above inductance equation results in:
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Viy =V,
L =5 YN our D
2 x loyr fs (5)

For example, plotting this result as a function of Vg and Vg7 results in:

Al
Tour = 10.0A, f, = 750.0kHz, Negr = 5.00, — =40.0%, Al = 4.0A
ouT

. (nH)

iy (V)

Figure 17. Inductance vs. Vy and Vgyr

In this graph loyt is 10A, the switching frequency is 750kHz and the inductor Al is 4A. If the switching frequency
is cut in half then the resulting inductance would be twice the value shown. Notice that the maximum inductance
occurs at the maximum V,y and Vgyt shown on the plot. In general, this inductance value should be used in
order to keep the inductor ripple current from becoming too large over the range of supported V,y and Vgyr.

INDUCTOR LOSSES AND SATURATION

The current rating of an inductor is based on two things: the current necessary to raise the component
temperature by 40°C and the current level necessary to reduce the inductance to 80% of its initial value
(saturation current @ ). The current rating is the lower of these two numbers. Both of these factors are influenced
by the choice of core material. Popular materials currently in use are: ferrite, powdered alloy and powdered iron.

Ferrite is regarded as the highest performance material and as such is the lowest loss and the highest cost. Solid
ferrite all by itself will saturate with a relatively small amount of current. This can be addressed by inserting a gap
into the core. This, in effect, makes the inductor behave in a linear manner over a wide DC current range.
However, once the inductance begins to roll off, these gapped materials exhibit a “sharp” saturation
characteristic. In other words, the inductance value reduces rapidly with increases in current above the saturation
level. This small inductance that results, can produce dangerously high current levels.

(1) Although “saturation current” is standard terminology among many inductor vendors, technically saturation does not occur until the
relative permeability of the core is reduced to approximately 1. This is a value much larger than what is typically seen on data sheets.
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Powdered iron has the advantage of lower cost and a soft saturation characteristic; however, its losses can be
very large as switching frequencies increase. This can make it undesirable for a UCD7242 based application
where higher switching frequency may be desired. It's also worth noting that many powdered iron cores exhibit
an aging characteristic where the core losses increase over time. This is a wear-out mechanism that needs to be
considered when using these materials.

The powdered alloy cores bring the soft saturation characteristics of powdered iron with considerable
improvements in loss without the wear-out mechanism observed in powdered iron. These benefits come at a cost
premium.

In general the following relative figure of merits can be made:

Ferrite Powdered Alloy Powdered Iron
Cost High Medium Low
Loss Low Medium High
Saturation Rapid Soft Soft

When selecting an inductor with an appropriate core it's important to have in mind the following:
1. I grms, maximum RMS current

2. Al, maximum peak to peak current

3. lyax, maximum peak current

The RMS current can be determined by Equation 6:

s AP

lrvs = 4llout” + —
12 (6)

When the 40% ripple constraint is used at maximum load current, this equation simplifies to: I, rus=louT-

It is widely recognized that the Steinmetz equation (P;.) is a good representation of core losses for sinusoidal
stimulation. It is important to recognize that this approximation applies to sinusoidal excitation only. This is a
reasonable assumption when working with converters whose duty cycles are near 50%, however, when the duty
cycle becomes narrow this estimate may no longer be valid and considerably more loss may result.

Pfe:kfoxBACB (7N (7)

The principle drivers in this equation are the material and its respective geometry (k, a, B), the peak AC flux
density (Bac) and the excitation frequency (f). The frequency is simply the switching frequency of the converter
while the constant k, can be computed based on the effective core volume (V) and a specific material constant

(kre)-

k =K X Ve (8) (8)
The AC flux density (Bac) is related to the conventional inductance specifications by the following relationship:
L Al
Pt A N2
e XN 2 %)

Where L is the inductance, A, is the effective cross sectional area that the flux takes through the core and N is
the number of turns.

Some inductor manufactures use the inductor Al as a figure of merit for this loss, since all of the other terms are
a constant for a given component. They may provide a plot of core loss versus Al for various frequencies where
Al can be calculated as:

Vin. — Vour D
L fs (10)

Iuax has a direct impact on the saturation level. A good rule of thumb is to add 15% of head room to the
maximum steady state peak value to provide some room for transients.

Al
max = 1.15 % (IOUT + 3)

Al =

(11)

For example for a 10A design has the following:

Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 21

Product Folder Links: UCD7242-EP



UCD7242-EP A UMENTS

SLVSBY2 -OCTOBER 2013 www.ti.com
lout 10A
ILRMS 10A
Al aA
Imax 13.8A

Armed with this data one can now approach the inductor data sheet to select a part with a “saturation” limit
above 13.8A and current “heating” limit above 10A. Furthermore, total losses can be estimated based on the
datasheet DCR value (I rus °DCR) and the core loss curves for a given frequency and Al.

INPUT CAPACITANCE

Due to the non-zero impedance of the power planes of the input voltage rail, it is necessary to add some local
capacitance near the UCD7242 to ensure that the voltage at this node is quiet and stable. The primary things to
consider are:

1. The radiated fields generated by the di/dt and dv/dt from this node
2. RMS currents capability needed in the capacitors
3. The AC voltage present and respective susceptibility of any device connected to this node

lenrms = \/IOUTZ x D x (1 -D)+ 77 D w2

As a point of reference if Al=0.4 Iyt this places the worst case Icnrms @t approximately 5A. This corresponds to
a duty cycle of approximately 50%. Other duty cycles can result in a significantly lower RMS current.

A good input capacitor would be a 22uF X5R ceramic capacitor. Equally important as selecting the proper
capacitor is placing and routing that capacitor. It is crucial that the decoupling be placed as close as possible to
both the power pin (V|y) and ground (PGND). It is important to recognize that each power stage should have its
own local decoupling. One 22uF capacitor should be placed across each V,y and PGND pair. The proximity of
the capacitance to these pins will reduce the radiated fields mentioned above.

OUTPUT CAPACITANCE

The goal of the output capacitor bank is to keep the output voltage within regulation limits during steady state
and transient conditions.

The total AC RMS current flowing through the capacitor bank can be calculated as:
Al

lcoutTRMS = —
V12 (13)

For a single type of output capacitor the output ripple voltage wave form can be approximated by the following
equation:

t
VOUT(t) = Ic(t) X esr + %J‘ Ic(T) x dt
0

(14)
Where:
Al
X—fs x t — AI t<£
D 2 fs
Ic(t) =
Al x f D Al .
—— x |t — — | + — otherwise
1-D fs
(15)
After substitution and simplification yields
Al t x Al x x t-D) Al x(1-2 x D
esrx| 2 Ss AL (s )— ( ) <2
D 2) ¢ 2xD 12 x f, f.
Your )= Al x f D) A} 1 (Alx (f, xt=1) x (D-f, xt) Alx (1-2 x D)
X X X — X — X X — X
esrx[ s x(t——j+—]+—>{ S s - ] otherwise
1-D fs) 2) ¢ 2x (1-D) x f, 12 x f, (16)
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The term in this equation multiplied by the esr gives the ripple voltage component due to esr and the term
multiplied by 1/C gives the ripple voltage component due to the change in charge on the capacitor plates. In the
case were the esr component dominates the peak to peak output voltage can be approximated as:

Vppesr # Al X esr a7 a7)
When the charge term dominates the peak to peak voltage ripple becomes:
Al
VPP * o
8 x C x fq (18)

It is tempting to simply add these two results together for the case where the voltage ripple is significantly
influenced by both the capacitance and the esr. However, this will yield an overly pessimistic result, in that it
does not account for the phase difference between these terms.

Using the ripple voltage equations and the RMS current equation should give a design that safely meets the
steady state output requirements. However, additional capacitance is often needed to meet transient
requirements and the specific local decoupling requirements of any IC that is being powered off of this voltage.
This is not just a function of the capacitor bank but also the dynamics of the control loop. See the UCD9240
Compensation Cookbook for additional details.

DECOUPLING

It is necessary that Vgg and BP3 have their own local capacitance as physically close as possible to these pins.
The V¢ capacitor should be connected as close as possible to pin 5 and PGND with a 4.7uF ceramic capacitor.
The BP3 capacitor should be connected as close as possible to pin 22 and AGND with a 1uF ceramic capacitor.

The UCD7242 also supports the ability to operate from input voltages down to 2.2V. In these cases an additional
supply rail must be connected to Vgg and VGG_DIS must be shorted to Vgg. Potential external bias supply
generators for low V,y operation: TPS63000, TPS61220. The amount of current required for this supply is
dependant on the Vg voltage, the switching frequency and the number of active channels used in the UCD7242.
When both sides are active, use Figure 11: Vgg Supply Current with 2 Rails Operating for current draw
estimates. If only one side is active, use Figure 10: Vgg Supply Current with 1 Rail Operating and 1 Rail Off.

CURRENT SENSE

An appropriate resistor must be connected to the current sense output pins to convert the lyoy current to a
voltage. In the case of the UCD9XXX digital controllers, these parts have a full scale current monitor range of 0OV
to 2V. It is desirable to maximize this range to make full use of the current monitoring resolution inside the
controller. In order to ensure that current sensing will occur all the way to lyax=10A a 1.8V target is chosen. In
this case a resistor 9.09kQ would work.

— VMON

RMON -
hoax x 20 42
A (19)

In some applications it may be necessary to filter the Iyon Signal. The UCD7242 Iyon Pin is a current source
output, so a capacitor to ground in parallel with the current-to-voltage conversion resistor is all that is required.
As a rule of thumb, placing the corner frequency of the filter at 20% of the switching frequency should be
sufficient.

For example, if the switching frequency is 500kHz or higher the ripple frequency will be easily rejected with a
corner frequency of approximately 100kHz. With a 100kHz pole point, the filter time constant is 1.6us. A fast
current transient should be detected within 4.8ps.

1

2 %X T % RMON x 20°A)xfs (20)

Cmon =

20A Power Stage

It is possible to configure the UCD7242 to supply 20A by tying the outputs of two power stages together. When
doing this it is required that the PWM pulse widths of the two PWM input signals be identical. The best way to do
this is to drive PWM-A and PWM-B from the same signal. This ensures that balanced volt seconds will be
applied to the external SW pins.
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Figure 18. 20A Design

Layout Recommendations

The primary thermal cooling path is from the V,y, GND, and the SW “stripes” on the bottom of the package. Wide
copper traces should connect to these nodes. 1-ounce copper should be the minimum thickness of the top layer;
however, 2-ounce copper is better. Multiple thermal vias should be placed near the GND stripes that connect to a
PCB ground plane. There is room to place multiple 10-mil (0.25mm) diameter vias next to the V,y and GND
stripes under the package.

For input bypassing, the 22uF input ceramic capacitors should be connected as close as possible to the V,y and
GND stripes. If possible, the input caps should be placed directly under the UCD7242 using multiple 10-mil vias
to bring the V,y and GND connections to the back side of the board. Minimizing trace inductance in the bypass
path is extremely important to reduce the amplitude of ringing on the switching node.
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Figure 19. Schematic Fragment from 4-Output EVM
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Note how the ground
end of the V|y and
Vour caps and the
PGND stripes of the
UCD7242 are all tied
together with multiple
vias.

Note: This is the primary heat dispersal layer as well as the major return-current path.

Figure 21. Layer 2 - Power GND Plane

Figure 22. Layer 3
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C32 is another V|
bypass cap
placed directly
under the part.
Note use of
multiple vias to tie
directly to the V|y
and PGND
stripes.

Figure 23. Bottom Layer (X-ray View)
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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.
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rderanle bevice tatus ackage e ackage Ins ackage (of0] an eal al Inis eal em em evice MVarkin amples
Orderable Devi S Package Type Package Pins Packag Eco Pl Lead/Ball Finish MSL Peak Temp ~ Op Temp (°C) Device Marking Sampl
) Drawing Qty @ ®) @) (@45)
UCD7242MRSJREP ACTIVE  VQFN-HR RSJ 32 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -55 to 125 UCD7242
& no Sh/Br) EP
V62/14601-01XE ACTIVE  VQFN-HR RSJ 32 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -55 to 125 UCD7242
& no Sh/Br) EP
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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.

OTHER QUALIFIED VERSIONS OF UCD7242-EP :
o Catalog: UCD7242

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

UCD7242MRSJREP VQFN- RSJ
HR

32

2500 330.0 16.4 6.3 6.3 11 12.0 | 16.0

Q2
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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)
UCD7242MRSJREP VQFN-HR RSJ 32 2500 367.0 367.0 38.0
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MECHANICAL DATA

RSJ (S—PVQFN—N32)

PLASTIC QUAD FLATPACK NO—-LEAD

6,15
—] — 5,85
\
PIN 1 INDEX AREA
100 TOP AND BOTTOM
0,80 |
0,20 REF.
Y - 4 SEATING PLANE
[]0,08 k) 0,05 ﬂk;‘
5,00
> 0,50 4% 0,35
27 %30
030 § 1 L9 "ﬁﬂ‘J
2UUUIUPUUoU!
! ) \ -
; 1
4X Anchor Pads 8X 0,25
(To be soldered) 30 ‘ ’ 12
- 13
— T — THERMAL PAD SIZE AND SHAPE
14 SHOWN ON SEPARATE SHEET
29 | 15
— 4X 0,50
i o3 28D | 6
%zﬂmﬂﬂﬂwmﬂﬂ'wa
26 4
|
1L 0,35 0,10 @[c[A]B]
4,00 a‘ 22X 555 MITTOIR

4207546 /E 09/11

NOTES:

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

Quad Flatpack, No—leads (QFN) package configuration.
The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
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THERMAL PAD MECHANICAL DATA

RSJ (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 vigs, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be

attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

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

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

1 9
2000000 UUrgo
47
31 0,33 | L 3,77 G
0,80 s 013 2K 35T M I GX%% 00 ®
v 30[ H ‘ 12
A
Aﬁ — » 13
AN
0,40 Exposed Thermal Pad
29 | 15
280 116
»olononnonnnlc,
26 18

Bottom View

Exposed Thermal Pad Dimensions

4208082/F 09/11

NOTE: All linear dimensions are in millimeters

i3 TExAs
INSTRUMENTS

www.ti.com



LAND PATTERN DATA

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

Example Stencil Design
0.125 Thick Stencil

Example Board Layout (Note )
3,4
Note D — | ~—8x1,04 — —20x0,5 30x0,23 .

4x0’5‘jguuuumuung—' sz 00PN
y// J_|_! 8x0,9 6.75 C:I

_|

4x2,0

= = —|5,1 6,8

| 1 - — —

|
| =0 a = == 7539

\\ﬂ&\‘ DN 8><o,4—f "

o
.
o
el

75

R

1 , - RO.115 —— 3375
8xO,28—r /D@DUBBDDJ S 0.8 D]DDDBB ]
! pin1 \ Pin 1 24x0,5
i Pin"1 236 \ -2 5_1_
V 6,8 \
{ N\
/.'/ \\\ (66% Printed Solder Coverage by Area)
/ \ .
/" Non Solder Mask Defined Pad AN ‘Example Via Layout Design
i AN Via layout may vary depending
/' e T T ~ "\ on layout or current constraints
[ ™ g (Note D, F)
yd .. Example Solder Mask Opening ™\ 1060 ,
}/ (Note F) NN ’
2,5 4,07 —| —4x1,3
]
1,3 1,85
|_—t
|
Pad Geometry
(Note C)
|—2x0,23
Solder Mask Solder Mask
Over Copper Defined Pad
4 Places 4 Places

4208083-2/1 10/15

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

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

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SCBAO17, SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

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

Texas Instruments Incorporated (TI) reserves 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.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
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.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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