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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 -0.3to SW+7 \%

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 I/O’s -0.3t05.5 \%

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) BXESGNLHAERNESEL , HSH IC HEALE NARE (XA : ZHCAS3 ) .

(2) £ JESDS51-2a #RKIREH |, &R JESD51-7 WME , #£— JEDEC #iAEE K BEIR EHTHE , AMREBEANREZGETHLEER
BERPEH

(3) BEEHEMEEN—MNSIRNIRARRBLEE ST (TNEF ) HHRME. FFEREN JEDEC FrHENIE |, 877 ANSI SEMI 7 G30-
88 MR BIA BT A

(4) ¥ZER JESD51-8 FHYHE , BEEERA A TS PCB RENRKRE AMRENNEPHITHE , LREBLEEBEIRWAM,

(5) g;’élﬂﬁﬂﬁ’ﬂﬁ?ﬁi}%& ,(wyy) , HEESREHSEMFNLEE , HEMA JESDS1-2a (58 6 EEME 7 E ) dERNEFMNEERE PRI Z
SHEAEIRS 000
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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 \%

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 5
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DEVICE INFORMATION

PINOUT
PINOUT PINOUT
(TOP VIEW) (BOTTOM VIEW)
m <
zo z = = zo z
> Z > @) @) > Z > 27 28 29 30 31 32
2 31 30 29 28 27 1 1 ]
Ving] o 1 Vin
PWM_B [|1 26[] PWM_A 26 1
SRE_B |2 25[] SRE_A 25 2
BST_B[s . 24[] BST_A 24
B Special 1BST_ — — 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_BI]7 20[] IMON_A 20 .
testmode [|8 19]] TMON 19 8
FLT_BIo 1BFLT_A 18 9
PGND ] 1 PGND
10 11 12 13 14 15 16 17 L
oo o [aa] < o O Qo 17 16 15 14 13 12 11 10
zZz z 2 = zZ Zzz
[©) O @) () O] O]
o o o o
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.
6 Copyright © 2013, Texas Instruments Incorporated
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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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Efficiency - %

Power Loss - W

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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Figure 2.
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Figure 3.
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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.

Efficiency - %

Power Loss - W
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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

90
85
X
e 80 s
> ¥
8 d —— V=33V, f=500kHz, V=12V
9o 7 —— V=33V, f,=750kHz, V=12V
275 K —— Vp=33V, L= 1MHz V,=12V ]
i " = = Vg=2V,fy=500kHz, V=12V
7 - = Vg=2V,fy=750kHz, V=12V
70 : - = Vg=2V,fi=1MHz, V=12V —
/-J N [ — Vo =12V, fg =500 kHz, V, = 12V
.l ....... Vo =12V, f =750 kHz, V=12V
65 / SR R S Vo =1.2V,f=1MHz V=12V
]
0 2 4 6 8 10
Load -A
Figure 6.
UCD7242
3| = V5=33V,f =500kHz, V=12V
—— V=33V, f, =750 kHz, V,= 12V
—— V=33V, f,=1MHz,V,= 12V
25| = = Vo=2V.f=500kHz V=12V
. - = Vg=2V,fy=750kHz,V,= 12V
— = Vp=2V,f;=1MHz V,=12V
T Vo =12V, fg =500 kHz, V, = 12V
A R Vg =12V, fy=750kHz, V=12V
/I VO=1.2V,fs=1MHz,V|=12V/
o
215
S
o
3
o 1
0.5
--II-I-‘I
0
0 2 4 6 8 10
Load -A

Figure 7.

10 Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ucd7242-ep?qgpn=ucd7242-ep
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS

www.ti.com.cn

UCD7242-EP

ZHCSBS3 -OCTOBER 2013

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 1 Rail Operating

50 T
fs = 2000 kHz ‘
|
40 fs = 1500 kHz
< 30 ] =
< ——— fs‘ 1000 kHz
o
° |
20 fg = 500 kHz
10 fs = 0 kHz
0
4 4.5 5 5.5 6 6.5
VGG - V
Figure 10. Vgg Supply Current with 1 Rail Operating and 1 Rail Off
UCD7242 2 Rail Operating
80 fs =2000 kHz____
|
f, = 1500 kHz ]
S
60 | —
5
: — ] f, = 1000 kHz
V]
o \
40
fs = 500 kHz
20
fs =0 kHz
0
4 4.5 5 5.5 6 6.5
Vg -V

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

10 < < <
N\ N\ N\
, AN SN
N\, N 9
5 N e N /
T, =150°C NN N/
N
g \ K
(1] —_ o
K 3 T, =140°C \)& ‘ﬂ
E 2 N \\/ \\
s TJ=130°C )\\ 7
| \\ // \\
' N/ AN
T, =120°C — AL N

20 30 50 70 100
Duty Cycle - %
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.

96\

94
2
;§. 92 \\
o
>
Z AN
£ % N
=]
E
5 88
=
86 \\
0.6 0.8 1 1.2 1.4 1.6 1.8 2
fs - Switching Frequency - MHz

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

50

254‘— Al=4A

0

0 1 2 3 4 5 6 7 8 9 10
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):

TMON(TI) = 0.47 V + 1(12\/ (Ty)

)
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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 {19] 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:
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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:
A—l X fs X t — AI t<£
D 2 fs
lc(t) =
Al x fg [ Dj Al .
—— x |t - — | + — otherwise
1-D fs 2 (15)
After substitution and simplification yields
oare[ 222 t_A'}ix[t “Ax (X 1D) M2 D)J <2
D 2 C 2xD 12 x f, fs
Your )= Al x f D), A, 1 (Alx (fg xt-1) x (D-f, xt) Alx (1-2 x D)
esrx S ot — |+2 |+ —=x s s - otherwise
( - ( fsJ 2] C ( 2 x (1_D)xfs 12 x fq ] (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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cs1 20]IMON-A SW-A[14] Mﬁ‘ Vout1
1]Pwm-B BST-A[24] +
SN74LVC1G32 TISRE-B BSW-AR3 470F Fomﬁ
FF1H<L [o]FLTB

PGND[15 +- . -0 GND
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UCD7242

22uF 25V

800nH

0.22uF

<
8
o
(7]
4
o
=
o
|||—

4.7uF

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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PGND

VIN

Input
caps

C28

PGND ——»

Figure 20. Top Layer

Output
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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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
UCD7242MRSJREP Active Production ~ VQFN-HR (RSJ) |32 2500 | LARGE T&R ROHS Exempt NIPDAU Level-1-260C-UNLIM -55to 125 UCD7242
EP
V62/14601-01XE Active Production ~ VQFN-HR (RSJ) |32 2500 | LARGE T&R ROHS Exempt NIPDAU Level-1-260C-UNLIM -55t0 125 UCD7242
EP

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, ROHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF UCD7242-EP :
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NOTE: Qualified Version Definitions:
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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
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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
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{ N\
/.'/ \\\ (66% Printed Solder Coverage by Area)
/ \ .
/" Non Solder Mask Defined Pad AN ‘Example Via Layout Design
i AN Via layout may vary depending
l" 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
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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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