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5 Pin Configuration and Functions

10-Pin

HVSSOP Package
Top View

Exposed Pad on Bottom
Connect to Ground
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Pin Functions
PIN 1/0 DESCRIPTION APPLICATION INFORMATION
NUMBER NAME

1 VIN | Input supply voltage Operating input range is 6 V to 42 V. Transient capability is 45 V.
A low ESR capacitor must be placed as close as possible to the
VIN and SGND pins.

2 RT | On-time Control An external resistor from VIN to this pin sets the buck switch on-
time and the switching frequency.

3 PGD - Power Good Logic output indicates when the voltage at the FB pin has
increased to above 95% of the internal reference voltage.
Hysteresis is provided. An external pull-up resistor to a voltage
less than 7 V is required.

4 SS | Soft-Start An internal current source charges an external capacitor to
provide the soft-start function.

5 SGND Signal Ground Ground for all internal circuitry other than the current limit sense
circuit.

6 FB | Feedback Internally connected to the regulation comparator. The regulation
level is 2.51 V.

7 CSG - Current Sense Ground Ground connection for the current limit sensing circuit. Connect to
ground and to the current sense resistor.

8 Cs | Current sense Connect to the current sense resistor and the anode of the free-
wheeling diode.

9 SW (0] Switching Node Internally connected to the buck switch source. Connect to the
external inductor, cathode of the free-wheeling diode, and
bootstrap capacitor.

10 BST | Bootstrap capacitor connection of | Connect a 0.1-uF capacitor from SW to this pin. The capacitor is

the buck switch gate driver. charged during the buck switch off-time via an internal diode.

- EP - Exposed Pad Exposed pad on the underside of the package. This pad should

be soldered to the PC board ground plane to aid in heat
dissipation.

Copyright © 2009-2014, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings®

MIN MAX UNIT

VIN to SGND (T; = 25°C) 45 \Y;
BST to SGND 52 \Y
SW to SGND (Steady State) -1.5 45 \%
BST to SW -0.3 7 \Y
CSto CSG -0.3 0.3 \Y
CSG to SGND -0.3 0.3 \Y
PGD to SGND -0.3 7 \Y
SS to SGND -0.3 3 \Y
RT to SGND -0.3 1 \Y
FB to SGND -0.3 7 \Y
For soldering specs, see www.ti.com/packaging.

Junction Temperature 150 °C

(1) Absolute Maximum Ratings® are limits beyond which damage to the device may occur. Recommended Operating Conditions are
conditions under which operation of the device is intended to be functional. For specifications and test conditions, see the Electrical

Characteristics .

6.2 Handling Ratings: LM25011

MIN MAX UNIT
Tstg Storage temperature range —65 150 °C
Human(i))ody model (HBM), per ANSI/ESDA/JEDEC JS-001, 2000
all pins
V(Esb) Electrostatic discharge P - — \%
Charged device model gCDM), per JEDEC specification 750
JESD22-C101, all pins®

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Handling Ratings: LM25011-Q1

MIN MAX UNIT
Tstg Storage temperature range —65 150 °C
Human body model (HBM), per AEC Q100-002M 2000
— Corner pins (1, 5, 6, 750
V(EsD) Electrostatic discharge | charged device model (CDM), per | and 10)p ( \
AEC Q100-011 -
Other pins 750
(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.4 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
VIN Voltage 42 \%
Junction Temperature -40 125 °C

(1) Absolute Maximum Ratings‘? are limits beyond which damage to the device may occur. Recommended Operating Conditions are
conditions under which operation of the device is intended to be functional. For specifications and test conditions, see the Electrical

Characteristics .
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6.5 Thermal Information

1 HVSSOP (DGQ)
THERMAL METRIC® UNIT
10 PINS
Rgia Junction-to-ambient thermal resistance 48
Rojctop) Junction-to-case (top) thermal resistance 54.3
Rgis Junction-to-board thermal resistance 34.2
°C/IW
WIT Junction-to-top characterization parameter 4.0
viB Junction-to-board characterization parameter 33.9
Rosc(bot) Junction-to-case (bottom) thermal resistance 10

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

Copyright © 2009-2014, Texas Instruments Incorporated
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6.6 Electrical Characteristics

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over —40°C to 125°C junction temperature range
unless otherwise stated. Unless otherwise stated, the following conditions apply: V,y = 12 V, Ry = 50 kQ.® @) @)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INPUT (VIN PIN)
N Input operating current Non-switching, FB =3V 1200 1600 MA
UVLOyn V)N undervoltage lock-out threshold VN increasing 4.6 5.3 5.9 \%
V|n undervoltage lock-out threshold hysteresis 200 mV
SWITCH CHARACTERISTICS
Rpsony  Buck Switch Rpg(on) ltesT = 200 MA 0.3 0.6 Q
UVLOgp Gate Drive UVLO BST-SW 2.4 34 4.4 \%
UVLOgp Hysteresis 350 mV
Pre-charge switch voltage ltesT = 10 MA into SW pin 1.4 \%
Pre-charge switch on-time 120 ns
SOFT-START PIN
Vss Pullup voltage 2.51 \%
Iss Internal current source 10 HA
Vss.sH Shutdown threshold 70 140 mV
CURRENT LIMIT
Vium Threshold voltage at CS -146 -130 -115 mV
CS bias current FB=3V -120 MA
CSG bias current FB=3V -35 MA
ON TIMER, RT PIN
ton-1 On-time ViNn =12V, Ry =50 kQ 150 200 250 ns
ton - 2 On-time ViN =32V, Ry =50 kQ 75 ns
ton - 3 On-time (current limit) LM25011 ViN =12V, Ry =50 kQ 100 ns
ton - 3 On-time (current limit) LM25011A ViNn =12V, Ry =50 kQ 200 ns
ton - 4 On-time ViN =12V, Ry =301 kQ 1020 ns
ton-5 On-time ViNn=9V, Ry =30.9 kQ 130 171 215 ns
ton- 6 On-time ViNn=12V, Ry =30.9kQ 105 137 170 ns
ton-7 On-time ViN =16V, Ry =30.9 kQ 79 109 142 ns
OFF TIMER
torr Minimum off-time (LM25011) 90 150 208 ns
Minimum off-time (LM25011A) 52 75 93
REGULATION COMPARATOR (FB PIN)
VREE FB regulation threshold SS pin = steady state 2.46 2.51 2.56 \%
FB bias current FB=3V 100 nA
POWER GOOD (PGD PIN)
Threshold at FB, with respect to Vg | FB increasing 91% 95%
Threshold hysteresis 3.3%
PGDyo_ Low state voltage lpgp=1mA FB=0V 125 180 mvV
PGD kg Off state leakage Vegp=7V,FB=3V 0.1 MA
THERMAL SHUTDOWN
Tsp Thermal shutdown Junction temperature increasing 155 °C
Thermal shutdown hysteresis 20 °C

(1) Current flow out of a pin is indicated as a negative number.

(2) All hot and cold limits are specified by correlating the electrical characteristics to process and temperature variations and applying
statistical process control.

(3) The junction temperature (T, in °C) is calculated from the ambient temperature (T, in °C) and power dissipation (Pp in watts) as follows:
T;=Ta + (Pp x Rgja ) where Rg;a (in °C/W) is the package thermal impedance provided in the Thermal Information section.

6 Copyright © 2009-2014, Texas Instruments Incorporated
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6.7 Typical Characteristics
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The LM25011 constant on-time step-down switching regulator features all the functions needed to implement a
low-cost, efficient buck bias power converter capable of supplying up to 2.0 A to the load. This high-voltage
regulator contains an N-Channel buck switch, is easy to implement, and is available in a 10-pin VSSOP,
PowerPAD power enhanced package. The operation of the regulator is based on a constant on-time control
principle with the on-time inversely proportional to the input voltage. This feature results in the operating
frequency remaining relatively constant with load and input voltage variations. The constant on-time feedback
control principle requires no loop compensation resulting in very fast load transient response. The adjustable
valley current limit detection results in a smooth transition from constant voltage to constant current when current
limit is reached. To aid in controlling excessive switch current due to a possible saturating inductor, the on-time is
reduced by approximately 40% when the current limit is detected. The Power Good output (PGD pin) indicates
when the output voltage is within 5% of the expected regulation voltage.

The LM25011 can be implemented to efficiently step-down higher voltages in non-isolated applications.
Additional features include: low output ripple, VIN under-voltage lock-out, adjustable soft-start timing, thermal
shutdown, gate drive pre-charge, gate drive under-voltage lock-out, and maximum duty-cycle limit.

7.2 Functional Block Diagram

6V to 42V LM25011(A)

VIN

|Z * - - 5V REGULATOR 7
Input CiN CBVP_T_
uvLo
< o
T <. r

THERMAL
ON TIMER OFF TIMER SHUTDOWN
RT
FINISH START START FINISH _ BST
2.5V I
. Gate Drive| sp
10 A A VIN
HA v UvLO == Cast
Ss
Css L LOGIC
$ LEVEL
| SHIFT
CL /

»
<
«

— 1
|

DY

FCIC
CONTROL D

» 2 N
B Pre-Chg

REGULATION CURRENT

COMPARATOR LIMIT COMPARATOR CS

CURRENT LIMIT RS

RpeD
0.8V
Power ¢ PGD } 8 125 mvV
Good €® THRESHOLD
2.375V cse

SGND

i

7.3 Feature Description

aaivi%

7.3.1 Control Circuit Overview

The LM25011 buck regulator employs a control principle based on a comparator and a one-shot on-timer, with
the output voltage feedback (FB) compared to an internal reference (2.51 V). If the FB voltage is below the
reference, the internal buck switch is switched on for the one-shot timer period which is a function of the input
voltage and the programming resistor (Ry). Following the on-time, the switch remains off until the FB voltage falls
below the reference, but never less than the minimum off-time forced by the off-time one-shot timer. When the
FB pin voltage falls below the reference and the off-time one-shot period expires, the buck switch is then turned
on for another on-time one-shot period.

10 Copyright © 2009-2014, Texas Instruments Incorporated
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Feature Description (continued)

When in regulation, the LM25011 operates in continuous conduction mode at heavy load currents and
discontinuous conduction mode at light load currents. In continuous conduction mode, the inductor current is
always greater than zero and the operating frequency remains relatively constant with load and line variations.
The minimum load current for continuous conduction mode is one-half of the ripple current amplitude of the
inductor. The approximate operating frequency is calculated as follows:

Vour
Fs= 11
(4.1 x 10" x (Rt + 0.5K)) + (Vin X 15 ns) )
The buck switch duty cycle is approximately equal to:
t V
DC:¢:tONXFS = ~OuT
ton * torr ViN @

When the load current is less than one-half of the ripple current amplitude of the inductor, the circuit operates in
discontinuous conduction mode. The off-time is longer than in continuous conduction mode while the inductor
current is zero, causing the switching frequency to reduce as the load current is reduced. Conversion efficiency is
maintained at light loads because the switching losses are reduced with the reduction in load and frequency. The
approximate discontinuous operating frequency can be calculated as follows:

_ Vour” x L1 x1.19 x 10*
R. X Rt

Fs
3
where R, = the load resistance, and L1 is the inductor in the circuit.

The output voltage is set by the two feedback resistors (Rgg1, Rrg» in the Functional Block Diagram ). The
regulated output voltage is calculated as follows:

Vour = 2.51 V X (Rea1 *+ Res2) / Rea (4)
Ripple voltage, which is required at the input of the regulation comparator for proper output regulation, is
generated internally in the LM25011, and externally when the LM25011A is used. In the LM25011 the ERM
(emulated ripple mode) control circuit generates the required internal ripple voltage from the ripple waveform at
the CS pin. The LM25011A, which is designed for higher frequency operation, requires additional ripple voltage
which must be generated externally and provided to the FB pin. This is described in the Application and
Implementation section.

7.3.2 On-Time Timer

The on-time for the LM25011/LM25011A is determined by the Ry resistor and the input voltage (V\), calculated
from:

t 4.1 x 10 x (Rt + 500Q)
ON =
(ViN)

+ 15 ns
(5)

The inverse relationship with V|y results in a nearly constant frequency as V| is varied. To set a specific
continuous conduction mode switching frequency (Fs), the Ry resistor is determined from the following:

VOUT - (V|N X Fs x 15 ns)

Rr= 11 - 500Q
Fsx4.1x10

6

The on-time must be chosen greater than 90 ns for proper operation. Equation 1, Equation 5, and Equation 6 are
valid only during normal operation; that is, the circuit is not in current limit. When the LM25011 operates in
current limit, the on-time is reduced by approximately 40% (this feature is not present in LM25011A). This feature
reduces the peak inductor current which may be excessively high if the load current and the input voltage are
simultaneously high. This feature operates on a cycle-by-cycle basis until the load current is reduced and the

Copyright © 2009-2014, Texas Instruments Incorporated 11
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Feature Description (continued)

output voltage resumes its normal regulated value. The maximum continuous current into the RT pin must be
less than 2 mA. For high-frequency applications, the maximum switching frequency is limited at the maximum
input voltage by the minimum on-time one-shot period (90 ns). At minimum input voltage the maximum switching
frequency is limited by the minimum off-time one-shot period which, if reached, prevents achievement of the
proper duty cycle.

7.3.3 Current Limit

Current limit detection occurs during the off-time by monitoring the voltage across the external current sense
resistor Rg. Referring to the Functional Block Diagram , during the off-time the recirculating current flows through
the inductor, through the load, through the sense resistor, and through D1 to the inductor. If the voltage across
the sense resistor exceeds the threshold (V| w), the current limit comparator output switches to delay the start of
the next on-time period. The next on-time starts when the recirculating current decreases such that the voltage
across Rg reduces to the threshold and the voltage at FB is below 2.51 V. The operating frequency is typically
lower due to longer-than-normal off-times. When current limit is detected, the on-time is reduced by
approximately 40% (only in LM25011) if the voltage at the FB pin is below its threshold when the voltage across
Rs reduces to its threshold (Vo is low due to current limiting).

Figure 15 illustrates the inductor current waveform during normal operation and in current limit. During the first
normal operation, the load current is ly;, the average of the inductor current waveform. As the load resistance is
reduced, the inductor current increases until the lower peak of the inductor ripple current exceeds the threshold.
During the current limited portion of Figure 15, each on-time is reduced by approximately 40%, resulting in lower
ripple amplitude for the inductor current. During this time the LM25011 is in a constant-current mode with an
average load current equal to the current limit threshold plus half the ripple amplitude (loc ), and the output
voltage is below the normal regulated value. Normal operation resumes when the load current is reduced (to lg5),
allowing Vgyr and the on-time to return to their normal values. Note that in the second period of normal
operation, even though the peak current of the inductor exceeds the current limit threshold during part of each
cycle, the circuit is not in current limit because the inductor current falls below the current limit threshold during
each off-time. The peak current allowed through the buck switch is 3.5 A and the maximum allowed average
current is 2.0 A.

ke — — — — —

looc{—————————"—"—"—"—"—"—"—"——-—

S _

Inductor
Current

Current
Limit Threshold

v+ —

Voltage at the CS Pin

Voltage at the FB Pin

e —
Normal Load 1o
Operation Current _urrerlit Normal ___,.
P Increases Limite Load Current Operation

Decreases

Figure 15. Normal and Current Limit Operation
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Feature Description (continued)
7.3.4 Ripple Requirements

The LM25011 requires about 25 mVp_p of ripple voltage at the CS pin. Higher switching frequencies may require
more ripple. That ripple voltage is generated by the decreasing recirculating current (the inductor ripple current)

through Rg during the off-time. See Figure 16.
V\/
LAI

Inductor
Current

(

ov
Voltage
at CS
VRiPpLE
tore ton

Figure 16. CS Pin Waveform

The ripple voltage is equal to:
VrippLe = Al X Rg ()

where Al is the inductor current ripple amplitude, and Rg is the current-sense resistor at the CS pin.
More ripple can be achieved by decreasing the inductor value.

The LM25011A, with its shorter minimum off-time, typically will require more ripple than the LM25011. An
external circuit to increase the effective ripple voltage may be needed. Different methods of generating this ripple
are explained in the External Components section.

7.3.5 N-Channel Buck Switch and Driver

The LM25011 integrates an N-Channel buck switch and associated floating high-voltage gate driver. The gate
driver circuit works in conjunction with an external bootstrap capacitor (Cgst) and an internal high-voltage diode.
A 0.1-pF capacitor connected between BST and SW provides the supply voltage for the driver during the on-
time. During each off-time, the SW pin is at approximately —1 V, and Cggt is recharged from the internal 5-V
regulator for the next on-time. The minimum off-time ensures a sufficient time each cycle to recharge the
bootstrap capacitor.

In applications with relatively high output voltage and low minimum load current, the internal pre-charge device of
the LM25011 may not pull the SW pin sufficiently low during the off-time to maintain the voltage on the bootstrap
capacitor. If the bootstrap capacitor (Cgst) discharges during the long off-times, and the regulator will cycle on
and off at a low frequency. Decreasing the values of the feedback resistors Rgg; and Rgg, to provide a minimum
load of typically ImA at nominal Vgt will increase the minimum switching frequency and maintain sufficient
bootstrap capacitor voltage.

7.3.6 Soft-Start

The soft-start feature allows the converter to gradually reach a steady-state operating point, thereby reducing
startup stresses and current surges. Upon turn-on, when V,y reaches its undervoltage lock-out threshold an
internal 10-pA current source charges the external capacitor at the SS pin to 2.51 V (t1 in Figure 17). The
ramping voltage at SS ramps the non-inverting input of the regulation comparator and the output voltage, in a
controlled manner. For proper operation, the soft-start capacitor should be no smaller than 1000 pF.

Copyright © 2009-2014, Texas Instruments Incorporated 13
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Feature Description (continued)

The LM25011 can be employed as a tracking regulator by applying the controlling voltage to the SS pin. The
output voltage of the regulator tracks the applied voltage, gained up by the ratio of the feedback resistors. The
applied voltage at the SS pin must be within the range of 0.5 V to 2.6 V. The absolute maximum rating for the SS
pin is 3.0 V. If the tracking function causes the voltage at the FB pin to go below the thresholds for the PGD pin,
the PGD pin will switch low (see the Power Good Output (PGD) section). An internal switch grounds the SS pin if
the input voltage at VIN is below its undervoltage lock-out threshold or if the thermal shutdown activates. If the
tracking function (described above) is used, the tracking voltage applied to the SS pin must be current limited to
a maximum of 1 mA.
UvLO Z

VIN

Inductor
Current

SS Pin

Vout

PGD

t1

A
\

Figure 17. Startup Sequence

7.3.7 Power Good Output (PGD)

The Power Good output (PGD) indicates when the voltage at the FB pin is close to the internal 2.51-V reference
voltage. The rising threshold at the FB pin for the PGD output to switch high is 95% of the internal reference. The
falling threshold for the PGD output to switch low is approximately 3.3% below the rising threshold.

The PGD pin is internally connected to the drain of an N-channel MOSFET switch. An external pull-up resistor
(Rpgp), connected to an appropriate voltage not exceeding 7 V, is required at PGD to indicate the LM25011
status to other circuitry. When PGD is low, the pin voltage is determined by the current into the pin. See Figure 7,
PGD Low Voltage vs Sink Current.

14 Copyright © 2009-2014, Texas Instruments Incorporated
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Feature Description (continued)

Upon powering up the LM25011, the PGD pin is high until the voltage at V|y reaches 2 V, at which time PGD
switches low. As V| is increased, PGD stays low until the output voltage takes the voltage at the FB pin above
95% of the internal reference voltage, at which time PGD switches high. As V|y is decreased (during shutdown),
PGD remains high until either the voltage at the FB pin falls below approximately 92% of the internal reference or
when Vy falls below its lower UVLO threshold, whichever occurs first. PGD then switches low, and remains low
until V,y falls below 2 V, at which time PGD switches high. If the LM25011 is used as a tracking regulator (see
the Soft-Start section), the PGD output is high as long as the voltage at the FB pin is above the thresholds
mentioned above.

7.3.8 Thermal Shutdown

The LM25011 should be operated so the junction temperature does not exceed 125°C. If the junction
temperature increases above that, an internal thermal shutdown circuit activates (typically) at 155°C, taking the
controller to a low-power reset state by disabling the buck switch and taking the SS pin to ground. This feature
helps prevent catastrophic failures from accidental device overheating. When the junction temperature decreases
below 135°C (typical hysteresis = 20°C), normal operation resumes.

7.4 Device Functional Modes

7.4.1 Shutdown Function

The SS pin can be used to shutdown the LM25011 by grounding the SS pin as shown in Figure 18. Releasing
the pin allows normal operation to resume.

SS

LM25011
STOP

Css
O RUN ;

Figure 18. Shutdown Implementation
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The LM25011/LM25011-Q1 is a non-synchronous buck regulator designed to operate over a wide input voltage
range and output current. Spreadsheet-based quick-start calculation tools and the on-line WEBENCH® software
can be used to create a buck design with the bill of materials, estimated efficiency, and the complete solution
cost.

8.2 Typical Application

8.2.1 LM25011 Example Circuit

The final circuit is shown in Figure 19, and its performance is shown in Figure 20 and Figure 21. The current limit
measures approximately 1.62 A atV,y =8V, and 1.69 A at V=36 V.

BST
VIN Cgst| 0.1 pF
L1 10 uH

LM25011

8V to 36V
Input

SW
RT
5v
Cs
T o
PGD
CSG
SS

FB

SGND

~

Figure 19. Example Circuit

8.2.1.1 Design Requirements
Table 1 shows the design parameters.

Table 1. Design Parameters

DESIGN PARAMETER VALUE
Input voltage range 8Vto36V
Output voltage 5V
Maximum load current (lout(max)) 15A
Minimum load current (Iout(min)) 300 mA
Switching frequency (Fsy) 1 MHz
Soft-start time 5ms

16 Copyright © 2009-2014, Texas Instruments Incorporated
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8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Custom Design with WEBENCH Tools

Click here to create a custom design using the LM25011 device with the WEBENCH® Power Designer.
1. Start by entering your V|, Vour and loyt requirements.

2. Optimize your design for key parameters like efficiency, footprint and cost using the optimizer dial and
compare this design with other possible solutions from Texas Instruments.

3. WEBENCH Power Designer provides you with a customized schematic along with a list of materials with real
time pricing and component availability.

4. In most cases, you will also be able to:

— Run electrical simulations to see important waveforms and circuit performance,
Run thermal simulations to understand the thermal performance of your board,
Export your customized schematic and layout into popular CAD formats,

Print PDF reports for the design, and share your design with colleagues.
5. Get more information about WEBENCH tools at www.ti.com/webench.

8.2.1.2.2 External Components

The procedure for calculating the external components is illustrated with a design example using the LM25011.
Referring to the Functional Block Diagram , the circuit is to be configured for the following specifications:

* Vour=5V

e Vy=8Vto36V

+ Minimum load current for continuous conduction mode loyr(min) = 300 MA
+ Maximum load current loytmaxy = 1.5 A

e Switching frequency (Fgy) = 1.0 MHz

» Soft-start time = 5 ms

Rrg2 and Regq: These resistors set the output voltage, and their ratio is calculated from:
Res2/Ree1 = (Vour /251 V) -1 (8)

For this example, Rggo/Regr = 0.992. Reg; and Reg, should be chosen from standard value resistors in the range
of 1.0 kQ to 10 kQ which satisfy the above ratio. For this example, 4.99 kQ is chosen for both resistors, providing
a 5.02-V output.

Rt: This resistor sets the on-time and (by default) the switching frequency. First check that the desired frequency
does not require an on-time or off-time shorter than the minimum allowed values (90 ns and 150, respectively).
The minimum on-time occurs at the maximum input voltage. For this example:

Vour 5V 139
iny = = = n
fon(min) = /¢ a0 X Fs 36V x 1 MHz S o
The minimum off-time occurs at the minimum input voltage. For this example:
Vinmin) - Vour 8V -5V
iy = = =37
toFF(min) Vingminy X Fe 8V x 1 MHz 375 ns .

Both the on-time and off-time are acceptable because they are significantly greater than the minimum value for
each. The Ry resistor is calculated from Equation 6 using the minimum input voltage:
= S-@VXIMHZX1509) 5000 = 1185 ko

IMHz x 4.1 x 10 (11)

T

A standard value 118-kQ resistor is selected. The minimum on-time calculates to 152 ns at V,y = 36 V, and the
maximum on-time calculates to 672 ns at V,y =8 V.

Copyright © 2009-2014, Texas Instruments Incorporated 17
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L1: The parameters controlled by the inductor are the inductor current ripple amplitude (log), and the ripple
voltage amplitude across the current sense resistor Rg. The minimum load current is used to determine the
maximum allowable ripple to maintain continuous conduction mode (the lower peak does not reach 0 mA). This
is not a requirement of the LM25011, but serves as a guideline for selecting L1. For this example, the maximum
ripple current should be less than:

lormax) = 2 % lout(min) = 600 MApp (12)
For applications where the minimum load current is zero, a good starting point for allowable ripple is 20% of the

maximum load current. In this case substitute 20% of loyrmax) for lout(min) in Equation 12. The ripple amplitude
calculated in Equation 12 is then used in Equation 13:

tonminy X (Vinmax) - VouT)
L1 min) =

=7.85 uH
IOR(max)

(13)
A standard value 10-pH inductor is chosen. Using this inductor value, the maximum ripple current amplitude,
which occurs at maximum V, calculates to 472 mAp_p, and the peak current is 1736 mA at maximum load
current. Ensure the selected inductor is rated for this peak current. The minimum ripple current, which occurs at
minimum V, calculates to 200 mAp.p.

Rs: The minimum current limit threshold is calculated at maximum load current using the minimum ripple current
calculated above. The current limit threshold is the lower peak of the inductor current waveform when in current
limit (see Figure 15).

Im=15A—-(02A/2)=14A (14)

Current limit detection occurs when the voltage across the sense resistor (Rg) reaches the current limit threshold.
To allow for tolerances, the sense resistor value is calculated using the minimum threshold specification:

Rs=115mV /1.4 A=82mQ (15)

The next smaller standard value, 80 mQ, is selected. The next step is to ensure that sufficient ripple voltage
occurs across Rg with this value sense resistor. As mentioned in the Ripple Requirements section, a minimum of
15-mVp_p voltage ripple is required across the Rg sense resistor during the off-time to ensure the regulation
circuit operates properly. The ripple voltage is the product of the inductor ripple current amplitude and the sense
resistor value. In this case, the minimum ripple voltage calculates to:

VrippLe = Al X Rg = 200 mA x 0.080 Q = 16 mV (26)

If the ripple voltage had calculated to less than 15 mVpp, the inductor value would have to be reduced to
increase the ripple current amplitude. This would have required a recalculation of I, and Rg in the above
equations. Because the minimum requirement is satisfied in this case, no change is necessary.

The nominal current limit threshold calculates to 1.63 A. The minimum and maximum thresholds calculate to 1.44
A and 1.83 A, respectively, using the minimum and maximum limits for the current limit threshold specification.
The load current is equal to the threshold current plus one-half of the ripple current. Under normal load
conditions, the maximum power dissipation in Rg occurs at maximum load current, and at maximum input voltage
where the on-time duty cycle is minimum. In this design example, the minimum on-time duty cycle is:

V 5V
Duty Cycle =D = —2 = 2 = 13.9%
VIN 36V (17)
At maximum load current, the power dissipation in Rg is equal to:
Prs) = (1.5 A)? x 0.080 Q x (1 —0.139) = 155 mW (18)

When in current limit the maximum power dissipation in Rg calculates to
Prs) = (1.83 A +0.472 A/ 4)*> x 0.080 Q = 304 mW (19)

Duty cycle is not included in this power calculation because the on-time duty cycle is typically <5% when in
current limit.

Cout: The output capacitor should typically be no smaller than 3.3 pF, although that is dependent on the
frequency and the desired output characteristics. Cqyt should be a low ESR good-quality ceramic capacitor.
Experimentation is usually necessary to determine the minimum value for Cqyr, as the nature of the load may
require a larger value. A load which creates significant transients requires a larger value for Cgy7 than a non-
varying load.
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Cinv and Cgyp: The purpose of Cyy is to supply most of the switch current during the on-time, and limit the voltage
ripple at V,y, because it is assumed the voltage source feeding V,y has some amount of source impedance.
When the buck switch turns on, the current into V,y suddenly increases to the lower peak of the inductor ripple
current, then ramps up to the upper peak, and finally drops to zero at turn-off. The average current during the on-
time is the average load current. For a worst case calculation, C,y must supply this average load current during
the maximum on-time, without letting the voltage at the VIN pin drop below a minimum operating level of 5.5 V.
For this exercise 0.5 V is chosen as the maximum allowed input ripple voltage. Using the maximum load current,
the minimum value for C,y is calculated from:

louT(max) X ton(max) - 1.5Ax 672 ns =2.02 uF
AV 0.5V 29

Cin=

where tgy is the maximum on-time, and AV is the allowable ripple voltage at V,y. The purpose of Cgyp is to
minimize transients and ringing due to long lead inductance leading to the VIN pin. A low ESR 0.1-uF ceramic
chip capacitor is recommended, and Cgyp must be located close to the VIN and SGND pins.

Cgst: The recommended value for Cgst is 0.1 pF. A high-quality ceramic capacitor with low ESR is
recommended as Cggt supplies a surge current to charge the buck switch gate at each turn-on. A low ESR also
helps ensure a complete recharge during each off-time.

Css: The capacitor at the SS pin determines the soft-start time, that is, the time for the output voltage to reach its
final value (t1 in Figure 17). For a soft-start time of 5 ms, the capacitor value is determined from the following:

~5msx 10 pA

Css = =0.02 }.LF

2.51V 1)

D1: A Schottky diode is recommended. Ultra-fast recovery diodes are not recommended as the high-speed
transitions at the SW pin may affect the regulator operation due to the reverse recovery transients of the diode.
The diode must be rated for the maximum input voltage, the maximum load current, and the peak current which
occurs when the current limit and maximum ripple current are reached simultaneously. The average power
dissipation of the diode is calculated from:

Pp1 = Vg X lgyr X (1 = D) (22)
where V¢ is the forward voltage drop of the diode, and D is the on-time duty cycle.

8.2.1.3 Application Curves

100
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Figure 20. Efficiency (Circuit of Figure 19) Figure 21. Frequency vs Vy (Circuit of Figure 19)

Copyright © 2009-2014, Texas Instruments Incorporated 19



13 TEXAS
INSTRUMENTS
LM25011, LM25011-Q1, LM25011A, LM25011A-Q1

ZHCSIM4H —APRIL 2009—REVISED NOVEMBER 2014 www.ti.com.cn

8.2.2 Output Ripple Control

High frequency applications of the LM25011 or LM25011A are likely to require more ripple voltage than is
internally generated across the Rg resistor. Additional ripple can be supplied to the FB pin, in phase with the
switching waveform at the SW pin, for proper operation. The required ripple can be supplied from ripple
generated at Vgour, through the feedback resistors, as described in Option A: Lowest Cost Configuration . Option
B: Intermediate Voyr Ripple Configuration and Option C: Minimum Vgyt Ripple Configuration use one or two
additional components to provide ripple at the FB pin with lower output ripple at Voyr.

The amount of additional ripple voltage needed at the FB pin is typically in the range of 30 mV to 150 mV. Higher
switching frequencies or higher inductor values (less ripple current) require more external ripple voltage injected
at the FB pin. Insufficient ripple voltage will result in frequency jitter. For a particular application, add only as
much ripple as needed to stabilize the switching frequency over the required input voltage.

8.2.2.1 Option A: Lowest Cost Configuration

In this configuration R1 is installed in series with the output capacitor (Coyt) as shown in Figure 22. The ripple
current of the inductor passes through R1, generating a ripple voltage at Vgyr. The minimum value for R1 is:

_ VrippLe X (Res2 + Res1)
- Al X Reg1

(23)

where Al is the minimum ripple current amplitude, which occurs at minimum V, and Vgpp g IS the peak to peak
ripple voltage injected at the FB pin.

BST
__I_C BST |

LM25011A
SwW

CS |

CSG|

SGND
<

Figure 22. Option A — Lowest Cost Ripple Configuration

8.2.2.2 Option B: Intermediate Vot Ripple Configuration

This configuration generates less ripple at Vg7 than Option A by the addition of capacitor (Cff) as shown in
Figure 23.

Because the output ripple is passed by Cff to the FB pin with little or no attenuation, the R1 value and Vgt ripple
can be smaller than in Option A. The minimum value for R1 is calculated from:

R1 = VRIPPLE
where Al is the minimum ripple current amplitude, which occurs at minimum V, and Vgpp g IS the peak-to-peak
ripple voltage injected at the FB pin. The minimum value for Cff is calculated from:
3 X l:ON(max)

Cff >
Ree1//Reg2 (25)

where tonmax) IS the maximum on-time (at minimum V), and Reg1//Reg; is the parallel equivalent of the feedback
resistors.
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Figure 23. Option B — Intermediate Ripple Configuration
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8.2.2.3 Option C: Minimum Vgt Ripple Configuration

In some applications, the Vgt ripple induced by series resistor R1 may not be acceptable. When low Vgt ripple
is required, an external ripple circuit, as shown in Figure 24, can be used to provide the required ripple at the FB

pin.

1. The time constant Rr x Cr should be more than 8 to 10 times the switching period to generate a triangular
waveform at the junction of Rr, Cr and Cac.

2. The minimum ripple at FB (at minimum V) is equal to: VgppLe = (Vinmin) = Vout) X Tonmax) / (Rr X Cr).

3. The ripple capacitor Cr should much smaller than the ac coupling capacitor Cac. Typically Cac = 100 nF, Cr
=1 nF, and Rr is chosen to satisfy conditions 1 and 2 above.

BST

LM25011A
SW

Cs

CSG

D1

Rs

SGND

<

__LCBST L1

RFB1

VOUT

Figure 24. Option C: Minimum Output Ripple Configuration
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9 Power Supply Recommendations

The LM25011 is designed to operate with an input power supply capable of supplying a voltage range between 6
V and 42 V. The power supply should be well regulated and capable of supplying sufficient current to the
regulator during peak load operation. Also, like in all applications, the power supply source impedance must be
small compared to the module input impedance to maintain the stability of the converter.

10 Layout

10.1 Layout Guidelines

The LM25011 regulation and current limit comparators are very fast, and respond to short-duration noise pulses.
Layout considerations are therefore critical for optimum performance. The layout must be as neat and compact
as possible, and all of the components must be as close as possible to their associated pins. The two major
current loops conduct currents which switch very fast, and therefore those loops must be as small as possible to
minimize conducted and radiated EMI. The first loop is formed by C,y, through the VIN to SW pins, Lixp, Couts
and back to Cy. The second current loop is formed by Rg, D1, Linp, Cout, @nd back to Rg. The ground
connection from CSG to the ground end of C,y should be as short and direct as possible.

10.2 Layout Example

9

Power Trace
/e Signal Trace
— GND

ouT

Figure 25. Typical Layout

10.3 Power Dissipation

The power dissipation within the LM25011 can be approximated by determining the total conversion loss (Py —
Pout) of the circuit, and then subtracting the power losses in the free-wheeling diode, the sense resistor, and the
inductor. The power loss in the diode is approximately:

Pp1 = lour X VE X (1L = D) (26)

where Igyt is the load current, Vg is the forward voltage drop of the diode, and D is the on-time duty cycle. The
power loss in the sense resistor is:

Prs = (lour)* X Rs x (1 — D) (27)
The power loss in the inductor is approximately:
Pii=lour2x R x 1.1 (28)

where R, is the dc resistance of the inductor, and the 1.1 factor is an approximation for the ac losses. If it is
expected that the internal dissipation of the LM25011 will produce excessive junction temperatures during normal
operation, good use of the ground plane of the PC board can help to dissipate heat. Additionally the use of wide
PC board traces, where possible, can help conduct heat away from the IC pins. Judicious positioning of the PC
board within the end product, along with the use of any available air flow (forced or natural convection) can help
reduce the junction temperature.
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PACKAGE OPTION ADDENDUM

10-Dec-2020

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)

LM25011AMY ACTIVE HVSSOP DGQ 10 1000 ROHS & Green SN Level-3-260C-168 HR ~ -40 to 125 SN9B Samples
LM25011AMYE ACTIVE HVSSOP DGQ 10 250 RoHS & Green SN Level-3-260C-168 HR ~ -40 to 125 SN9B Samples
LM25011AMYX ACTIVE HVSSOP DGQ 10 3500 RoHS & Green SN Level-3-260C-168 HR ~ -40 to 125 SN9B

LM25011AQ1MY/NOPB ACTIVE HVSSOP DGQ 10 1000 RoOHS & Green SN Level-3-260C-168 HR ~ -40 to 125 SZZA Samples
LM25011AQ1IMYX/NOPB ACTIVE HVSSOP DGQ 10 3500 RoHS & Green SN Level-3-260C-168 HR ~ -40 to 125 SZZA Samples
LM25011MY/NOPB ACTIVE HVSSOP DGQ 10 1000 ROHS & Green SN Level-3-260C-168 HR ~ -40 to 125 SVUB
LM25011MYX/NOPB ACTIVE HVSSOP DGQ 10 3500 RoHS & Green SN Level-3-260C-168 HR ~ -40 to 125 SVUB Samples
LM25011Q1MY/NOPB ACTIVE HVSSOP DGQ 10 1000 ROHS & Green SN Level-3-260C-168 HR ~ -40 to 125 SZFB Samples
LM25011Q1MYX/NOPB ACTIVE HVSSOP DGQ 10 3500 RoOHS & Green SN Level-3-260C-168 HR ~ -40 to 125 SZFB Samples

® 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based

flame retardants must also meet the <=1000ppm threshold requirement.

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

® Lead finish/Ball material - Orderable Devices 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.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 [ KO [+—P1—»
Y R P T
go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O orSprocketHoles
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM25011AMY HVSSOP| DGQ 10 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM25011AMYE HVSSOP| DGQ 10 250 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM25011AMYX HVSSOP| DGQ 10 3500 330.0 12.4 5.3 34 1.4 8.0 12.0 Q1
LM25011AQ1MY/NOPB |HVSSOP| DGQ 10 1000 178.0 12.4 53 34 1.4 8.0 12.0 Q1
LM25011AQ1IMYX/NOPB |HVSSOP| DGQ 10 3500 330.0 12.4 53 34 1.4 8.0 12.0 Q1
LM25011MY/NOPB HVSSOP| DGQ 10 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM25011MYX/NOPB |HVSSOP| DGQ 10 3500 330.0 12.4 53 3.4 1.4 8.0 12.0 Q1
LM25011Q1MY/NOPB |HVSSOP| DGQ 10 1000 178.0 12.4 53 34 1.4 8.0 12.0 Q1
LM25011Q1MYX/NOPB |HVSSOP| DGQ 10 3500 330.0 12.4 5.3 34 1.4 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
T d
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM25011AMY HVSSOP DGQ 10 1000 208.0 191.0 35.0
LM25011AMYE HVSSOP DGQ 10 250 208.0 191.0 35.0
LM25011AMYX HVSSOP DGQ 10 3500 853.0 449.0 35.0
LM25011AQ1IMY/NOPB HVSSOP DGQ 10 1000 208.0 191.0 35.0
LM25011AQ1MYX/NOPB HVSSOP DGQ 10 3500 853.0 449.0 35.0
LM25011MY/NOPB HVSSOP DGQ 10 1000 208.0 191.0 35.0
LM25011MYX/NOPB HVSSOP DGQ 10 3500 853.0 449.0 35.0
LM25011Q1MY/NOPB HVSSOP DGQ 10 1000 208.0 191.0 35.0
LM25011Q1MYX/NOPB HVSSOP DGQ 10 3500 853.0 449.0 35.0
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PACKAGE OUTLINE
DGQOO010A PowerPAD™ - 1.1 mm max height

PLASTIC SMALL OUTLINE

5.05
72 TYP
PIN 11D
AREA
S —8x[05]
=1
[ | I — % — 1
2X
' 2]
|
[
) 6 b oo
- 10x 947 i
8] 291,4— [ Jo.080 [c[A[B] 1.1 MAX
NOTE 4

0.23

| )

[ | ! 013 'P
. ; jp\a—
e /\ SEE DETAIL A

EXPOSED
THERMAL PAD
)
i — / —
— / 1
- — 1
] ]
Y — T
DETAIL A
1.88 TYPICAL
1.58

4214864/A 05/2020

PowerPAD is a trademark of Texas Instruments.
NOTES:

[N

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-187, variation BA-T.

g~ w N
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EXAMPLE BOARD LAYOUT
DGQOO010A PowerPAD™ - 1.1 mm max height

PLASTIC SMALL OUTLINE

(2.2)

NOTE 9
(1.88) SOLDER MASK

SOLDER MASK DEFINED PAD
OPENING S s
EE DETAIL
10X (0.3) r10X(1.45)~—‘ _ ,,\,,,,,k,,,,:, !
W 1 O + -—— - -—7
| - T 10
; . ] | 1 | J ?
(1.3)
1 T ) e oy
|

| | !

| |

3 | |

1 ‘ 1 SOLDER MASK
Lo T Ho ol - e

: 1 (3.1)

NOTE 9
|
e
(R0.05) TYP i 7+ B i 77777 *k—\\ |
(©0.2) TYP / ‘ SEMM w \LMETAL COVERED

VIA BY SOLDER MASK

|
\ |
! (4.4) J

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \ / SOLDER MASK‘\ fopEN|NG

|
EXPOSED |
METAL # 4# \EXPOSED
0.05 MAX 0.05 MIN METAL
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214864/A 05/2020

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAOO02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGQOO010A PowerPAD™ - 1.1 mm max height

PLASTIC SMALL OUTLINE

(1.88)
BASED ON
0.125 THICK
STENCIL

rlox (1.45)T
10X (0.3)
o

L ) IJT

! |

! I

‘ |

|
! I
T ! |
* 1T B

SYMM ! i | (2.05)
v S R ~ | BASED ON
e e T L e i
! I
! |
J— I |
! I
! |
! I
! |
! T
! |
! T
|

8X (0.5) w STENCIL

— — - .

| m—
(R0.05) TYP

METAL COVERED
BY SOLDER MASK ‘

SEE TABLE FOR

DIFFERENT OPENINGS
FOR OTHER STENCIL

‘ THICKNESSES

SOLDER PASTE EXAMPLE
EXPOSED PAD
100% PRINTED SOLDER COVERAGE BY AREA

SCALE:15X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 2.10 X 2.29
0.125 1.88 X 2.05 (SHOWN)
0.150 1.72 X 1.87
0.175 1.59 X1.73

4214864/A 05/2020

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
11. Board assembly site may have different recommendations for stencil design.
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