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LM25061 Positive Low Voltage Power Limiting Hot Swap Controller

Check for Samples: LM25061

FEATURES

e Operating Range: +2.9V to +17V

e In-rush Current Limit for Safe Board Insertion
into Live Power Sources

e Programmable Maximum Power Dissipation in
the External Pass Device

e Adjustable Current Limit

» Circuit Breaker Function for Severe Over-
Current Events

e Internal High Side Charge Pump and Gate
Driver for External N-Channel MOSFET

e Adjustable Under-Voltage Lockout (UVLO) and
Hysteresis

e Adjustable Output Voltage Monitoring and
Hysteresis

e Initial Insertion Timer Allows Ringing and
Transients to Subside After System
Connection

e Programmable Fault Timer Avoids Nuisance
Trips
e Active High Open Drain POWER GOOD Output

* Available in Latched Fault and Automatic
Restart Versions

Typical Application

APPLICATIONS

e Server Backplane Systems
e Base Station Power Distribution Systems
» Solid State Circuit Breaker

PACKAGE
+ VSSOP-10

DESCRIPTION

The LM25061 positive hot swap controller provides
intelligent control of the power supply voltage to the
load during insertion and removal of circuit cards from
a live system backplane or other "hot" power sources.
The LM25061 provides in-rush current control to limit
system voltage droop and transients. The current limit
and power dissipation in the external series pass N-
Channel MOSFET are programmable, ensuring
operation within the Safe Operating Area (SOA). The
POWER GOOD output indicates when the output
voltage exceeds a programmable threshold. The
input under-voltage level and hysteresis are
programmable, as well as the initial insertion delay
time and fault detection time. The LM25061-1 latches
off after a fault detection, while the LM25061-2
automatically restarts at a fixed duty cycle. The
LM25061 is available in a 10 pin VSSOP package.
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Figure 1. Positive Power Supply Control
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Connection Diagram
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Figure 2. Top View
10-Lead VSSOP

PIN DESCRIPTIONS

Pin # Name Description Applications Information

1 SENSE Current sense input The voltage across the current sense resistor (Rg) is measured from VIN to this pin. If
the voltage across Rg reaches 50mV the load current is limited and the fault timer
activates.

2 VIN Positive supply input A small ceramic bypass capacitor close to this pin is recommended to suppress
transients which occur when the load current is switched off.

3 UVLO/EN Under-voltage lockout | An external resistor divider from the system input voltage sets the under-voltage turn-
on threshold. An internal 20 pA current source provides hysteresis. The enable
threshold at the pin is 1.17V. This pin can also be used for remote shutdown control.

4 FB Output feedback An external resistor divider from the output sets the output voltage at which the PGD
pin switches. The threshold at the pin is 1.17V. An internal 22 pA current source
provides hysteresis.

GND Circuit ground
TIMER Timing capacitor An external capacitor connected to this pin sets the insertion time delay and the Fault
Timeout Period. The capacitor also sets the restart timing of the LM25061-2.

7 PWR Power limit set An external resistor connected to this pin, in conjunction with the current sense resistor
(Rs), sets the maximum power dissipation allowed in the external series pass
MOSFET.

8 PGD Power Good indicator An open drain output. This output is high when the voltages at the FB pin and at the
UVLO pin are above their thresholds.

9 ouT Output feedback Connect to the output rail (external MOSFET source). Internally used to determine the
MOSFET Vpg voltage for power limiting.

10 GATE Gate drive output Connect to the external MOSFET’s gate. This pin's voltage is limited at 19.5V above
ground.

A

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

Submit Documentation Feedback

Copyright © 2011-2013, Texas Instruments Incorporated
Product Folder Links: LM25061


http://www.ti.com/product/lm25061?qgpn=lm25061
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS611E&partnum=LM25061
http://www.ti.com/product/lm25061?qgpn=lm25061

13 TEXAS
INSTRUMENTS

www.ti.com

LM25061

SNVS611E —FEBRUARY 2011-REVISED MARCH 2013

Absolute Maximum Ratings @@

VIN to GND® -0.3V to 20V
SENSE, OUT, PGD to GND -0.3V to 20V
UVLO to GND -0.3V to 20V
FB to GND -0.3V to 20V
VIN to SENSE -0.3V to +0.3V
ESD Rating® Human Body Model 2kv
Storage Temperature -65°C to +150°C
Junction Temperature +150°C
Lead Temperature (soldering 4 sec) +260°C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is intended to be functional, but do not ensure specific performance limits. For ensured specifications and conditions

see the Electrical Characteristics.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/ Distributors for availability and specifications.
(3) For detailed information on soldering plastic VSSOP packages refer to the Packaging Databook available from Texas Instruments.
(4) Current out of a pin is indicated as a negative number.

(5) The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin.

Operating Ratings

VIN Supply Voltage

+2.9V to 17V

PGD Off Voltage

0V to 17V

Junction Temp. Range

—40°C to +85°C

Electrical Characteristics

Limits in standard type are for T; = 25°C only; limits in boldface type apply over the junction temperature (T;) range of -40°C
to +85°C. Minimum and Maximum limits are ensured through test, design, or statistical correlation. Typical values represent
the most likely parametric norm at T; = 25°C, and are provided for reference purposes only. Unless otherwise stated the

following conditions apply: VIN = 12V.

Symbol Parameter Conditions ‘ Min. | Typ. | Max. ‘ Units
Input (VIN pin)
IIN-EN Input Current, enabled UVLO = 2V, V|y = 14V 1.6 2.4 mA
liNn-DIS Input Current, disabled UVLO = 0.7V 1.0 1.6 mA
POR Power On Reset threshold at VIN VIN Increasing 2.6 2.8 \%
PORuyvs POR hysteresis VIN decreasing 150 mV
OUT pin
louT-EN OUT bias current, enabled OUT = VIN, Normal operation 0.30 A
louT-DIS OUT bias current, disabled® Disabled, OUT = 0V, SENSE = VIN -12
UVLO pin
UVLOry UVLO threshold 1.154 | 1.17 | 1.183 \
UVLOnys UVLO hysteresis current UVLO = 1V 15 20 26 A
UVLOpg. UVLO delay Delay to GATE high 15 us
Delay to GATE low 8.3
UVLOgas UVLO bias current UVLO = 3V 1 A
Power Limit (PWR pin)
PWR|m-1 Power limit sense voltage (VIN-SENSE) SENSE-OUT = 12V, Rpyr = 69.8 kQ 19 25 31 mV
PWR| m-2 SENSE-OUT = 6V, Rpywr = 34.8 kQ 19 25 31 mV
lpwr PWR pin current Vpwr = 2.5V -15 A
RsaT(PWR) PWR pin impedance when disabled UVLO = 0.7V 140 Q

(1) OUT bias current (disabled) due to leakage current through an internal 1.0 MQ resistance from SENSE to VOUT.
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Electrical Characteristics (continued)

Limits in standard type are for T; = 25°C only; limits in boldface type apply over the junction temperature (T;) range of -40°C
to +85°C. Minimum and Maximum limits are ensured through test, design, or statistical correlation. Typical values represent
the most likely parametric norm at T; = 25°C, and are provided for reference purposes only. Unless otherwise stated the
following conditions apply: VIN = 12V.

Symbol Parameter Conditions ‘ Min. | Typ. | Max. ‘ Units
Gate Control (GATE pin)
leaTE Source current Normal Operation -27 -20 -13 HA
Sink current UVLO =1V 15 2 2.7 mA
VIN - SENSE = 150 mV or VIN < 160 260 375 mA
POR, Vgate = 5V
VGaATE Gate output voltage in normal operation GATE voltage with respect to ground 18 19.5 21 Y,
Current Limit
Ve Threshold voltage VIN-SENSE voltage 45 50 55 mV
toL Response time VIN-SENSE stepped from 0 mV to 15 us
80 mV
Isense SENSE input current Enabled, SENSE = OUT 23 HA
Disabled, OUT = 0V 12
Enabled, OUT = 0V 62
Circuit Breaker
Ve Threshold voltage VIN - SENSE 75 95 110 mV
tce Response time VIN - SENSE stepped from 0 mV to 0.19 0.36 ps
150 mV, time to GATE low, no load
Timer (TIMER pin)
VIMRH Upper threshold 1.60 1.72 1.85 \%
VIMRL Lower threshold Restart cycles (LM25061-2) 0.9 1.0 1.1 \%
End of 8th cycle (LM25061-2) 0.3 Y,
Re-enable Threshold (LM25061-1) 0.3 Y,
ITIMER Insertion time current -7.5 -5.5 -3.5 pA
Sink current, end of insertion time TIMER pin = 2V 15 2 25 mA
Fault detection current -110 -80 -50 pA
Fault sink current 1.6 25 3.4 pA
DCrauLT Fault Restart Duty Cycle LM25061-2 only 0.67 %
tFAULT Fault to GATE low delay TIMER pin reaches the upper 20 us
threshold
FB Pin
FBth FB threshold UVLO = 2V 1.145 1.17 1.195 \%
FBhys FB hysteresis current FB =2V -28 -22 -17 HA
FBpeL FB delay Delay to PGD high 100 ns
Delay to PGD low 110
FBgias FB bias current FB =1V 1 A
Power Good (PGD pin)
PGDyoL Output low voltage Isink = 2 MA 15 30 mV
PGD\oy Off leakage current Vpgp = 17V 1 A
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Typical Performance Characteristics
Unless otherwise specified the following conditions apply: T; = 25°C, V\y = 12V
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Typical Performance Characteristics (continued)
Unless otherwise specified the following conditions apply: T; = 25°C, Vy = 12V
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Typical Performance Characteristics (continued)
Unless otherwise specified the following conditions apply: T; = 25°C, Vy = 12V
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Block Diagram
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Functional Description

The LM25061 is designed to control the in-rush current to the load upon insertion of a circuit card into a live
backplane or other "hot" power source, thereby limiting the voltage sag on the backplane’s supply voltage, and
the dVv/dt of the voltage applied to the load. Effects on other circuits in the system are minimized, preventing
possible unintended resets. A controlled shutdown when the circuit card is removed can also be implemented
using the LM25061. In addition to a programmable current limit, the LM25061 monitors and limits the maximum
power dissipation in the series pass device to maintain operation within the device Safe Operating Area (SOA).
Either current limiting or power limiting for an extended period of time results in the shutdown of the series pass
device. In this event, the LM25061-1 latches off until the circuit is re-enabled by external control, while the
LM25061-2 automatically restarts with defined timing. The circuit breaker function quickly switches off the series
pass device upon detection of a severe over-current condition. The Power Good (PGD) output pin indicates
when the output voltage is above the programmed threshold. A programmable under-voltage lock-out (UVLO)
circuit enables the LM25061 when the system input voltage is above the desired threshold. The typical
configuration of a circuit card with LM25061 hot swap protection is shown in Figure 22.

Vsvs Rs Q1 Vout
+12V—eo—] | «— 1
LIVE POWER
SOURCE _| N oy cL
—— | LoAD
T LM25061 oo f—» AT~
GND

GND < .

PLUG - IN BOARD

Figure 22. LM25061 Application

Power Up Sequence

The VIN operating range of the LM25061 is +2.9V to +17V, with a transient capability to 20V. Referring to the
Block Diagram and Figure 21 and Figure 23, as the voltage at VIN initially increases, the external N-channel
MOSFET (Q1) is held off by an internal 260 mA pull-down current at the GATE pin. The strong pull-down current
at the GATE pin prevents an inadvertent turn-on as the MOSFET’s gate-to-drain (Miller) capacitance is charged.
Additionally, the TIMER pin is initially held at ground. When the VIN voltage reaches the POR threshold the
insertion time begins. During the insertion time, the capacitor at the TIMER pin (Cy) is charged by a 5.5 pA
current source, and Q1 is held off by a 2 mA pull-down current at the GATE pin regardless of the VIN voltage.
The insertion time delay allows ringing and transients at VIN to settle before Q1 is enabled. The insertion time
ends when the TIMER pin voltage reaches 1.72V. Cy is then quickly discharged by an internal 2 mA pull-down
current. The GATE pin then switches on Q1 when Vgyg exceeds the UVLO threshold. If Vgys is above the UVLO
threshold at the end of the insertion time, Q1 switches on at that time. The GATE pin charge pump sources 20
HA to charge Q1’s gate capacitance. The maximum voltage at the GATE pin is limited by an internal 19.5V zener
diode.

As the voltage at the OUT pin increases, the LM25061 monitors the drain current and power dissipation of
MOSFET Q1. In-rush current limiting and/or power limiting circuits actively control the current delivered to the
load. During the in-rush limiting interval (t2 in Figure 23) an internal 80 pA fault timer current source charges C.
If Ql's power dissipation and the input current reduce below their respective limiting thresholds before the
TIMER pin reaches 1.72V the 80 pA current source is switched off, and Cy is discharged by the internal 2.5 pA
current sink (t3 in Figure 23). The in-rush limiting interval is complete when the load current reduces to the
normal operating level. The PGD pin switches high when the output voltage exceeds the threshold programmed
at the FB pin.

If the TIMER pin voltage reaches 1.72V before in-rush current limiting or power limiting ceases (during t2), a fault
is declared and Q1 is turned off. See the Fault Timer & Restart section for a complete description of the fault
mode.
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Figure 23. Power Up Sequence (Current Limit only)

Gate Control

A charge pump provides the voltage at the GATE pin to enhance the N-Channel MOSFET’s gate. During normal
operating conditions (t3 in Figure 23) the gate of Q1 is held charged by an internal 20 pA current source. The
voltage at the GATE pin (with respect to ground) is limited by an internal 19.5V zener diode. See the graph *
GATE Pin Voltage”. Since the gate-to-source voltage applied to Q1 could be as high as 19.5V during various
conditions, a zener diode with the appropriate voltage rating must be added between the GATE and OUT pins if
the maximum Vgg rating of the selected MOSFET is less than 19.5V. The external zener diode must have a
forward current rating of at least 260 mA.

When the system voltage is initially applied, the GATE pin is held low by a 260 mA pull-down current. This helps
prevent an inadvertent turn-on of the MOSFET through its drain-gate capacitance as the applied system voltage
increases.

During the insertion time (t1 in Figure 23) the GATE pin is held low by a 2 mA pull-down current. This maintains
Q1 in the off-state until the end of t1, regardless of the voltage at VIN or UVLO.

Following the insertion time, during t2 in Figure 23, the gate voltage of Q1 is modulated to keep the current or
power dissipation level from exceeding the programmed levels. While in the current or power limiting mode the
TIMER pin capacitor is charging. If the current and power limiting cease before the TIMER pin reaches 1.72V the
TIMER pin capacitor then discharges, and the circuit enters normal operation.

If the in-rush limiting condition persists such that the TIMER pin reached 1.72V during t2, the GATE pin is then
pulled low by the 2 mA pull-down current. The GATE pin is then held low until either a power up sequence is
initiated (LM25061-1), or until the end of the restart sequence (LM25061-2). See the Fault Timer & Restart
section.

If the system input voltage falls below the UVLO threshold, the GATE pin is pulled low by the 2 mA pull-down
current to switch off Q1.
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Current Limit

The current limit threshold is reached when the voltage across the sense resistor Rg (VIN to SENSE) reaches 50
mV. In the current limiting condition, the GATE voltage is controlled to limit the current in MOSFET Q1. While the
current limit circuit is active, the fault timer is active as described in the Fault Timer & Restart section. If the load
current falls below the current limit threshold before the end of the Fault Timeout Period, the LM25061 resumes
normal operation. For proper operation, the Rg resistor value should be no larger than 200 mQ. Higher values
may result in instability in the current limit control loop.

Circuit Breaker

If the load current increases rapidly (e.g., the load is short-circuited) the current in the sense resistor (Rg) may
exceed the current limit threshold before the current limit control loop is able to respond. If the current exceeds
approximately twice the current limit threshold (95 mV/Rs), Q1 is quickly switched off by the 260 mA pull-down
current at the GATE pin, and a Fault Timeout Period begins. When the voltage across Rg falls below 95 mV the
260 mA pull-down current at the GATE pin is switched off, and the gate voltage of Q1 is then determined by the
current limit or the power limit functions. If the TIMER pin reaches 1.72V before the current limiting or power
limiting condition ceases, Q1 is switched off by the 2 mA pull-down current at the GATE pin as described in the
Fault Timer & Restart section.

Power Limit

An important feature of the LM25061 is the MOSFET power limiting. The Power Limit function can be used to
maintain the maximum power dissipation of MOSFET Q1 within the device SOA rating. The LM25061 determines
the power dissipation in Q1 by monitoring its drain-source voltage (SENSE to OUT), and the drain current
through the sense resistor (VIN to SENSE). The product of the current and voltage is compared to the power
limit threshold programmed by the resistor at the PWR pin. If the power dissipation reaches the limiting threshold,
the GATE voltage is modulated to regulate the current in Q1. While the power limiting circuit is active, the fault
timer is active as described in the Fault Timer & Restart section.

Fault Timer & Restart

When the current limit or power limit threshold is reached during turn-on or as a result of a fault condition, the
gate-to-source voltage of Q1 is modulated to regulate the load current and power dissipation in Q1. When either
limiting function is activated, an 80 PA fault timer current source charges the external capacitor (Cy) at the
TIMER pin as shown in Figure 25 (Fault Timeout Period). If the fault condition subsides during the Fault Timeout
Period before the TIMER pin reaches 1.72V, the LM25061 returns to the normal operating mode and Cs is
discharged by the 2.5 pA current sink. If the TIMER pin reaches 1.72V during the Fault Timeout Period, Q1 is
switched off by a 2 mA pull-down current at the GATE pin. The subsequent restart procedure then depends on
which version of the LM25061 is in use.

The LM25061-1 latches the GATE pin low at the end of the Fault Timeout Period. C; is then discharged to
ground by the 2.5 pA fault current sink. The GATE pin is held low by the 2 mA pull-down current until a power up
sequence is externally initiated by cycling the input voltage (Vsys), or momentarily pulling the UVLO pin below its
threshold with an open-collector or open-drain device as shown in Figure 24. The voltage at the TIMER pin must
be less than 0.3V for the restart procedure to be effective.

VSYS
RIZ VN | M25061-1
UVLO/EN
Eg,s,%?gm R2 GND
v

Figure 24. Latched Fault Restart Control
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The LM25061-2 provides an automatic restart sequence which consists of the TIMER pin cycling between 1.72V
and 1V seven times after the Fault Timeout Period, as shown in Figure 25. The period of each cycle is
determined by the 80 PA charging current, and the 2.5 pA discharge current, and the value of the capacitor Cy.
When the TIMER pin reaches 0.3V during the eighth high-to-low ramp, the 20 pA current source at the GATE pin
turns on Q1. If the fault condition is still present, the Fault Timeout Period and the restart cycle repeat.

The Fault Timeout Period during restart cycles is approximately 18% shorter than the initial fault timeout period
which initiated the restart cycle. This is due to the fact that the TIMER pin transitions from 0.3V to 1.72V after
each restart time, rather than from ground.

Fault
Detection / lumim
Load
Current
20 pA
2mA
GAT-E pulldown Gate Charge —»-
Pn e __ —)
1.72v 2; HA
80 pA
TIMER B
Pin Wwv—f+—N N No______2
, 1 2 3 7 8 0.3V
Fault Timeout —9 - IRESTART »

Period

Figure 25. Restart Sequence (LM25061-2)

Under-Voltage Lock-Out (UVLO)

The series pass MOSFET (Q1) is enabled when the input supply voltage (Vsys) is greater than the
programmable under-voltage lockout (UVLO) level. Typically the UVLO level at Vgyg is set with a resistor divider
(R1-R2) as shown in Figure 21. Refering to the Block Diagram when Vgyg is below the UVLO level, the internal
20 pA current source at UVLO is enabled, and Q1 is held off by the 2 mA pull-down current at the GATE pin. As
Vsys is increased, raising the voltage at UVLO above its threshold the 20 pA current source at UVLO is switched
off, increasing the voltage at UVLO, providing hysteresis for this threshold. With the UVLO pin above its
threshold, Q1 is switched on by the 20 YA current source at the GATE pin if the insertion time delay has expired.
See the Applications Section for a procedure to calculate the values of the threshold setting resistors (R1-R2).
The minimum possible UVLO level at Vgyg can be set by connecting the UVLO pin to VIN. In this case Q1 is
enabled after the insertion time.

Shutdown Control

The load current can be remotely switched off by taking the UVLO pin below its threshold with an open collector
or open drain device, as shown in Figure 26. Upon releasing the UVLO pin the LM25061 switches on the load
current with in-rush current and power limiting.

\/SYS
VIN
R1 LM25061
UVLO/EN
Shutdown
Control R2 GND
<

Figure 26. Shutdown Control
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Power Good Pin

The Power Good indicator pin (PGD) is connected to the drain of an internal N-channel MOSFET capable of
sustaining 17V in the off-state, and transients up to 20V. An external pull-up resistor is required at PGD to an
appropriate voltage to indicate the status to downstream circuitry. The off-state voltage at the PGD pin can be
higher or lower than the voltages at VIN and OUT. The PGD pin switches high when the voltage at the FB pin
exceeds its threshold. Typically the output voltage threshold is set with a resistor divider (R3-R4) as shown in
Figure 21, although the monitored voltage need not be the output voltage. Any other voltage can be monitored by
connecting R3 to that voltage as long as the voltage at the FB pin does not exceed its maximum rating. Referring
to the Block Diagram, when the voltage at the FB pin is below its threshold, the internal 22 pA current source at
FB is disabled. As the output voltage increases, taking FB above its threshold, the current source is enabled,
sourcing current out of the pin, raising the voltage at FB to provide threshold hysteresis.

The PGD output is low when the UVLO pin is below its threshold. The PGD output is high when the voltage at
VIN is less than 1.6V.

APPLICATION INFORMATION
(Refer to Figure 21)

CURRENT LIMIT, Rg

The LM25061 monitors the current in the external MOSFET (Q1) by measuring the voltage across the sense
resistor (Rg), connected from VIN to SENSE. The required resistor value is calculated from:

_50mv
ST
LIM

where
e |l uis the desired current limit threshold (1)

If the voltage across Rg reaches 50 mV, the current limit circuit modulates the gate of Q1 to regulate the current
at I ;- While the current limiting circuit is active, the fault timer is active as described in the Fault Timer & Restart
section. For proper operation, Rg must be no larger than 200 mQ.

While the maximum load current in normal operation can be used to determine the required power rating for
resistor Rg, basing it on the current limit value provides a more reliable design since the circuit can operate near
the current limit threshold continuously. The resistor's surge capability must also be considered since the circuit
breaker threshold is approximately twice the current limit threshold. Connections from Rg to the LM25061 should
be made using Kelvin techniques. In the suggested layout of Figure 27 the small pads at the lower corners of the
sense resistor connect only to the sense resistor terminals, and not to the traces carrying the high current. With
this technique, only the voltage across the sense resistor is applied to VIN and SENSE, eliminating the voltage
drop across the high current solder connections.

HIGH CURRENT PATH
R

H
|

ROM SENSE

RESISTOR
S

TO MOSFETS
DRAIN

VOLTAGE

z
o
c
3
Y p——

SENSE 10
VIN
3

LM25061

001
I

5
—

Figure 27. Sense Resistor Connections
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POWER LIMIT THRESHOLD

The LM25061 determines the power dissipation in the external MOSFET (Q1) by monitoring the drain current
(the current in Rg), and the Vpg of Q1 (SENSE to OUT pins). The resistor at the PWR pin (Rpwgr) Sets the
maximum power dissipation for Q1, and is calculated from the following equation:

Rpwr = 2.32 X 10° X Rg X Peerum

where
*  Prerwm is the desired power limit threshold for Q1
* Rgis the current sense resistor described in the Current Limit section 2)

For example, if Rg is 10 mQ , and the desired power limit threshold is 20W, Rpyg calculates to 46.4 kQ. If Q1's
power dissipation reaches the threshold Q1's gate is modulated to regulate the load current, keeping Q1's power
from exceeding the threshold. For proper operation of the power limiting feature, Rpyr must be <150 kQ. While
the power limiting circuit is active, the fault timer is active as described in the Fault Timer & Restart section.
Typically, power limit is reached during startup, or if the output voltage falls due to a severe overload or short
circuit.

The programmed maximum power dissipation should have a reasonable margin from the maximum power
defined by the FET's SOA chart if the LM25061-2 is used since the FET will be repeatedly stressed during fault
restart cycles. The FET manufacturer should be consulted for guidelines.

If the application does not require use of the power limit function the PWR pin can be left open.

The accuracy of the power limit function at turn-on may degrade if a very low value power dissipation limit is set.
The reason for this caution is that the voltage across the sense resistor, which is monitored and regulated by the
power limit circuit, is lowest at turn-on when the regulated current is at minimum. The voltage across the sense
resistor during power limit can be expressed as follows:

Rpwr Rs X Prerum)
V =ILxRs= =
SENSE T LTS T 232X 10° X Vs Vps
where
e ILis the currentin Rg
«  Vpg is the voltage across Q1 (3)

For example, if the power limit is set at 20W with Rg = 10 mohms, and Vpg = 15V the sense resistor voltage
calculates to 13.3 mV, which is comfortably regulated by the LM25061. However, if a lower power limit is set
lower (e.g., 2W), the sense resistor voltage calculates to 1.33 mV. At this low level noise and offsets within the
LM25061 may degrade the power limit accuracy. To maintain accuracy, the sense resistor voltage should not be
less than 5 mV.

TURN-ON TIME

The output turn-on time depends on whether the LM25061 operates in current limit, or in both power limit and
current limit, during turn-on.

A) Turn-on with current limit only: The current limit threshold (I ) is determined by the current sense resistor
(Rg). If the current limit threshold is less than the current defined by the power limit threshold at maximum Vpg
the circuit operates at the current limit threshold only during turn-on. Referring to Figure 30a, as the load current
reaches Iy, the gate-to-source voltage is controlled at Vg, to maintain the current at I, y. As the output voltage
reaches its final value, (Vps = 0V) the drain current reduces to its normal operating value. The time for the OUT
pin voltage to transition from zero volts to Vgys is equal to:

_VsysxCp
ON —
ILim
where
e C_is the load capacitance (4)
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For example, if Vgys = 12V, C; = 1000 pF, and I,y = 1A, toy calculates to 12 ms. The maximum instantaneous
power dissipated in the MOSFET is 12W. This calculation assumes the time from t1 to t2 in Figure 30a is small
compared to toy, and the load does not draw any current until after the output voltage has reached its final value,
(Figure 28). If the load draws current during the turn-on sequence (Figure 29), the turn-on time is longer than the
above calculation, and is approximately equal to:

lm X R -V
ton =-(RLXCp) x In —( LV U - Vsvs
(lum X RY)

where
¢ R, is the load resistance (5)

The Fault Timeout Period must be set longer than tyy to prevent a fault shutdown before the turn-on sequence is
complete.

Rs

1

VSYS>——\/\/\/‘—'—1§
ouT
VIN PGD 4

LM25061

c'—;< R

GND
GND 1

Figure 28. No Load Current During Turn-On

Rs

1
VSYS)__N\/\__.I.QIJ.
VIN ouT] C_ <
PGD é R
LM25061 T s
GND
GND l

Figure 29. Load Draws Current During Turn-On

B) Turn-on with power limit and current limit: The maximum allowed power dissipation in Q1 (Peerqm)) is
defined by the resistor at the PWR pin, and the current sense resistor Rs. See the Power Limit Threshold
section. If the current limit threshold (I ) is higher than the current defined by the power limit threshold at
maximum Vps (PrermyVsys) the circuit operates initially in the power limit mode when the Vpg of Q1 is high,
and then transitions to current limit mode as the current increases to Iy and Vpg decreases. See Figure 30b.
Assuming the load (R,) is not connected during turn-on, the time for the output voltage to reach its final value is
approximately equal to:

CL X Vsys® . CL X Pretivy
2 X Pretum) 2 X ||_|M2

ON —

6)

For example, if Vgys = 12V, C_ = 1000 pF, Im = 1A, and Pegrmy = 10W, toy calculates to =12.2 ms, and the
initial current level (Ip) is approximately 0.83A. The Fault Timeout Period must be set longer than toy.
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Vsys | Vsys

Vbs
Vbs

Drain Current ILim Drain Current

VGATE VGATE

Gate-to-Source Voltage

VesL VesL
V //
TH Vinlot
'« tON ———— <+« toN————p
0 0
0 tit2 3 0
a) Current Limit Only b) Power Limit and Current Limit

Figure 30. MOSFET Power Up Waveforms

MOSFET SELECTION

It is recommended that the external MOSFET (Q1) selection be based on the following criteria:

e The BVpgs rating should be greater than the maximum system voltage (Vsys), plus ringing and transients
which can occur at Vgys when the circuit card, or adjacent cards, are inserted or removed.

» The maximum continuous current rating should be based on the current limit threshold (50 mV/Rg), not the
maximum load current, since the circuit can operate near the current limit threshold continuously.

» The Pulsed Drain Current spec (Ipy) must be greater than the current threshold for the circuit breaker function
(95 mV/Rg).

» The SOA (Safe Operating Area) chart of the device, and the thermal properties, should be used to determine
the maximum power dissipation threshold set by the Rpyr resistor. The programmed maximum power
dissipation should have a reasonable margin from the maximum power defined by the FET's SOA chatrt if the
LM25061-2 is used since the FET will be repeatedly stressed during fault restart cycles. The FET
manufacturer should be consulted for guidelines.

*  Rpsn) should be sufficiently low that the power dissipation at maximum load current (IL(max)2 X Rpg(on)) does
not raise its junction temperature above the manufacturer’'s recommendation.

If the circuit’s input voltage is at the low end of the LM25061’s operating range (<3.5V), or at the high end of the
operating range (>14V), the gate-to-source voltage applied to the MOSFET by the LM25061 is less than 5V, and
can approach 1V in a worst case situation. See the graph “ GATE Pin Voltage”. The selected device must have a
suitable Gate-to-Source Threshold Voltage.

The gate-to-source voltage provided by the LM25061 can be as high as 19.5V at turn-on when the output voltage
is zero. At turn-off the reverse gate-to-source voltage will be equal to the output voltage at the instant the GATE
pin is pulled low. If the device chosen for Q1 is not rated for these voltages, an external zener diode must be
added from its gate to source, with the zener voltage less than the device maximum Vgg rating. The zener
diode’s working voltage protects the MOSFET during turn-on, and its forward voltage protects the MOSFET
during shutoff. The zener diode’s forward current rating must be at least 260 mA to conduct the GATE pull-down
current when a circuit breaker condition is detected.

TIMER CAPACITOR, C;

The TIMER pin capacitor (Cy) sets the timing for the insertion time delay, fault timeout period, and restart timing
of the LM25061-2.

A) Insertion Delay - Upon applying the system voltage (Vsys) to the circuit, the external MOSFET (Q1) is held
off during the insertion time (t1 in Figure 23) to allow ringing and transients at Vsys to settle. Since each
backplane’s response to a circuit card plug-in is unique, the worst case settling time must be determined for each
application. The insertion time starts when VIN reaches the POR threshold, at which time the internal 5.5 pA
current source charges Ct from 0V to 1.72V. The required capacitor value is calculated from:
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SUXSSBA_ 4 30x10°

.
1.72v R

For example, if the desired insertion delay is 250 ms, Cy calculates to 0.8 pF. At the end of the insertion delay,
C+ is quickly discharged by a 2 mA current sink.

B) Fault Timeout Period - During in-rush current limiting or upon detection of a fault condition where the current
limit and/or power limit circuits regulate the current through Q1, the fault timer current source (80 HA) switches on
to charge C;. The Fault Timeout Period is the time required for the voltage at the TIMER pin to transition from
ground to 1.72V, at which time Q1 is switched off. If the LM25061-1 is in use, the required capacitor value is
calculated from:

t x 80 pA
CT = M = trauLT X 4.65 x 105
1.72v ®

For example, if the desired Fault Timeout Period is 17 ms, C; calculates to 0.8 pF. When the Fault Timeout
Period expires, the LM25061-1 latches the GATE pin low until a power-up sequence is initiated by external
circuitry. If the LM25061-2 is in use, the Fault Timeout Period during restart cycles is approximately 18% shorter
than the initial fault timeout period which initiated the restart cycles since the voltage at the TIMER pin transitions
from 0.3V to 1.72V. Since the Fault Timeout Period must always be longer than the turn-on-time, the required
capacitor value for the LM25061-2 is calculated using this shorter time period:

_ teauLT X 80 pA

Cr= =t X 5.63 x 10
T 1.42V FAULT

9)
For example, if the desired Fault Timeout Period is 17 ms, C; calculates to 0.96 pF. When the Fault Timeout
Period of the LM25061-2 expires, a restart sequence starts as described below (Restart Timiing). Since the
LM25061 normally operates in power limit and/or current limit during a power-up sequence, the Fault Timeout
Period MUST be longer than the time required for the output voltage to reach its final value. See the Turn-on
Time section

C) Restart Timing For the LM25061-2, after the Fault Timeout Period described above, C; is discharged by the
2.5 YA current sink to 1.0V. The TIMER pin then cycles through seven additional charge/discharge cycles
between 1V and 1.72V as shown in Figure 25. The restart time ends when the TIMER pin voltage reaches 0.3V
during the final high-to-low ramp. The restart time, after the Fault Timeout Period, is equal to:
7 x0.72V + 7x0.72V . 1.42Vv

25 pA 80 pA 2.5 pA

= Cy x 2.65 x 10° (10)

tresTART = C1 X {

For example, if C; = 0.8 UF, trestart = 2.12 seconds. At the end of the restart time, Q1 is switched on. If the fault
is still present, the fault timeout and restart sequence repeats. The on-time duty cycle of Q1 is approximately
0.67% in this mode.

UVLO

Programming the UVLO thresholds sets the minimum system voltage to enable the series pass device (Q1). If
Vsys is below the UVLO thresholds, Q1 is switched off, denying power to the load. Programmable hysteresis is
provided.

Option A: The UVLO thresholds are set with two resistors (R1, R2) as shown in Figure 31.
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20 pA LM25061

TIMER AND GATE
LOGIC CONTROL

Figure 31. Programming the UVLO Thresholds

The two resistor values are calculated as follows:
e Choose the upper and lower UVLO thresholds (Vyyu) and (V).

_ Vuvu - Vuwe _ Vuvys)

1.17V xR1
R2=—""7-23
VUVL -1.17V (12)

As an example, assume the application requires the following thresholds: Vyyy = 8V, Vyy = 7V.Therefore
Vuynys) = 1V. The resistor values are:

R1 =50 kQ, R2 = 10 kQ (13)
Where the resistor values are known, the threshold voltages and hysteresis are calculated from the following:

Vows = 117V + [R1 x(%/ +20 pA)l

(14)
1.17V x (R1 + R2)
Vuw =
Vivnys) = R1 X 20 pA (16)

Option B: The minimum UVLO level is obtained by connecting the UVLO pin to VIN as shown in Figure 32. Q1
is switched on when the VIN voltage reaches the POR threshold (22.6V).

VPWR>——|
VIN 20 uA LM25061

UVLO/
EN H

S
L TIMER AND GATE

LOGIC CONTROL

GND

v
Figure 32. UVLO = POR
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POWER GOOD and FB PINS

During turn-on, the Power Good pin (PGD) is high until the voltage at VIN increases above =1.6V. PGD then
switches low, remaining low as the VIN voltage increases. When the voltage at the FB pin increases above its
threshold PGD switches high. PGD switches low when the voltage at the FB pin is below the programmed
threshold, or if the UVLO pin is taken below its threshold. Setting the output threshold for the PGD pin requires
two resistors (R3, R4) as shown in Figure 33. While monitoring the output voltage is shown in Figure 33 , R3 can
be connected to any other voltage which requires monitoring.

o1
T T 1 > vour
[ 2 1
SENSE ouT
R3
LM25061 j:nw FB
: L
R4
22 1A
from UVLO
GND

v
Figure 33. Programming the PGD Threshold

The resistor values are calculated as follows:
» Choose the upper and lower threshold (Vpgpy) and (Vpegpl) at Vour-

- VpcoH - VeepL - VPGD(HYS)
22 pA 22 uA (17)

R3

R4~ _LITVXR3

"~ (VpgpH- 1.17V) (18)

As an example, assume the application requires the following thresholds: Vpgpy = 11V, and Vpgp. = 10.5V.
Therefore Vpgpnysy = 0.5V. The resistor values are:

R3=22.7kQ, R4 = 2.68 kQ (19)
Where the R3 and R4 resistor values are known, the threshold voltages and hysteresis are calculated from the
following:

1.17V x (R3 + R4)

PGDH =
R4 N
VoL = 1.17V + [R3 X (1-éZV - 22 uA)]
(21)
Veepys) = R3 X 22 pA (22)

A pull-up resistor is required at PGD as shown in Figure 34. The pull-up voltage (Vpgp) can be as high as 17V,
and can be higher or lower than the voltages at VIN and OUT.

VeeD

LM25061 Rea

Power
Good
J PGD

GND

Figure 34. Power Good Output
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If a delay is required at PGD, suggested circuits are shown in Figure 35. In Figure 35a, capacitor Cpg adds delay
to the rising edge, but not to the falling edge. In Figure 35b, the rising edge is delayed by Rpg; + Rpgy and Cpg,
while the falling edge is delayed a lesser amount by Rpgy, and Cpg. Adding a diode across Rpg, (Figure 35c)
allows for equal delays at the two edges, or a short delay at the rising edge and a long delay at the falling edge.

Design-in Procedure

The recommended design-in procedure is as follows:

» Determine the current limit threshold (I ). This threshold must be higher than the normal maximum load
current, allowing for tolerances in the current sense resistor value and the LM25061 Current Limit threshold
voltage. Use Equation 1 to determine the value for Rg.

» Determine the maximum allowable power dissipation for the series pass FET (Q1), using the device's SOA
information. Use Equation 2 to determine the value for Rpyg.

» Determine the value for the timing capacitor at the TIMER pin (Cy) using Equation 8 or Equation 9. The fault
timeout period (tray 1) Must be longer than the circuit’s turn-on-time. The turn-on time can be estimated using
the equations in the TURN-ON TIME section of this data sheet, but should be verified experimentally. Review
the resulting insertion time, and restart timing if the LM25061-2 is used.

» Choose option A or B from the UVLO section of the Application Information for setting the UVLO threshold
and hysteresis. Use the procedure for the appropriate option to determine the resistor values at the UVLO
pin.

» Choose the appropriate voltage, and pull-up resistor, for the Power Good output.

e Determine the resistor values for the FB pin.

PC Board Guidelines

The following guidelines should be followed when designing the PC board for the LM25061.:

» Place the LM25061 close to the board’s input connector to minimize trace inductance from the connector to
the FET.

» Place a small capacitor (1000 pF) directly adjacent to the VIN and GND pins of the LM25061 to help minimize
transients which may occur on the input supply line. Transients of several volts can easily occur when the
load current is shut off.

* The sense resistor (Rg) should be close to the LM25061, and connected to it using the Kelvin techniques
shown in Figure 27.

» The high current path from the board’s input to the load (via Q1), and the return path, should be parallel and
close to each other to minimize loop inductance.

e The ground connection for the various components around the LM25061 should be connected directly to
each other, and to the LM25061's GND pin, and then connected to the system ground at one point. Do not
connect the various component grounds to each other through the high current ground line.

» Provide adequate heat sinking for the series pass device (Q1) to help reduce stresses during turn-on and
turn-off.

» The board’s edge connector can be designed to shut off the LM25061 as the board is removed, before the
supply voltage is disconnected from the LM25061. In Figure 36 the voltage at the UVLO pin goes to ground
before Vgyg is removed from the LM25061 due to the shorter edge connector pin. When the board is inserted
into the edge connector, the system voltage is applied to the LM25061's VIN pin before the UVLO voltage is
taken high.
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Figure 36. Recommended Board Connector Design

System Considerations

1. Continued proper operation of the LM25061 hot swap circuit requires capacitance be present on the supply
side of the connector into which the hot swap circuit is plugged in, as depicted in Figure 22. The capacitor in
the “Live Power Source” section is necessary to absorb the transient generated whenever the hot swap
circuit shuts off the load current. If the capacitance is not present, inductance in the supply lines will generate
a voltage transient at shut-off which can exceed the absolute maximum rating of the LM25061, resulting in its

destruction.

2. If the load powered by the LM25061 hot swap circuit has inductive characteristics, a Schottky diode is
required across the LM25061’s output, along with some load capacitance. The capacitance and the diode
are necessary to limit the negative excursion at the OUT pin when the load current is shut off. If the OUT pin

transitions more than 0.3V negative the LM25061 will internally reset, interfering with the latch-off feature of
the LM25061-1, or the restart cycle of the LM25061-2. See Figure 37.
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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 ©)
@ )
LM25061PMM-1/NOPB Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXSB
LM25061PMM-1/NOPB.A Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXSB
LM25061PMM-2/NOPB Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXRB
LM25061PMM-2/NOPB.A Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXRB
LM25061PMME-1/NOPB Active Production VSSOP (DGS) | 10 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXSB
LM25061PMME-1/NOPB.A Active Production VSSOP (DGS) | 10 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXSB
LM25061PMME-2/NOPB Active Production VSSOP (DGS) | 10 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXRB
LM25061PMME-2/NOPB.A Active Production VSSOP (DGS) | 10 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXRB
LM25061PMMX-1/NOPB Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXSB
LM25061PMMX-1/NOPB.A Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXSB
LM25061PMMX-2/NOPB Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXRB
LM25061PMMX-2/NOPB.A Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 85 SXRB

@ 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.
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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 Tl 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
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LM25061PMM-1/NOPB | VSSOP DGS 10 1000 177.8 12.4 53 34 1.4 8.0 12.0 Q1
LM25061PMM-2/NOPB | VSSOP DGS 10 1000 177.8 12.4 53 3.4 1.4 8.0 12.0 Q1
LM25061PMME-1/NOPB | VSSOP DGS 10 250 177.8 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM25061PMME-2/NOPB | VSSOP DGS 10 250 177.8 12.4 53 34 1.4 8.0 12.0 Q1
LM25061PMMX-1/NOPB | VSSOP DGS 10 3500 330.0 12.4 53 34 1.4 8.0 12.0 Q1
LM25061PMMX-2/NOPB | VSSOP | DGS 10 3500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM25061PMM-1/NOPB VSSOP DGS 10 1000 210.0 185.0 35.0
LM25061PMM-2/NOPB VSSOP DGS 10 1000 210.0 185.0 35.0
LM25061PMME-1/NOPB VSSOP DGS 10 250 210.0 185.0 35.0
LM25061PMME-2/NOPB VSSOP DGS 10 250 210.0 185.0 35.0
LM25061PMMX-1/NOPB VSSOP DGS 10 3500 367.0 367.0 35.0
LM25061PMMX-2/NOPB VSSOP DGS 10 3500 367.0 367.0 35.0
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DGS0010A I

PACKAGE OUTLINE
VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

AT SEATING PLANE—— "
PIN 1 1D .
) — 8X|0.5 — :
10 [05] 1)
= T ]
— 2X
[
1 | m
===
T il
29 T T (4 [0.1® [c]A® [BO | 41.1 MAX
NOTE 4
T
v/ \
\ J ‘ E 1
h ,l 0.23
e TYP
&SEE DETAIL A 0.13

)

0.4 0.05

DETAIL A
TYPICAL

4221984/A 05/2015

NOTES:

-

s W 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.
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EXAMPLE BOARD LAYOUT

DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE
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LAND PATTERN EXAMPLE
SCALE:10X

SOLDER MASK METAL UNDER SOLDER MASK
OPENING \ ) METAL SOLDER MASK\x i OPENING

4 r=— 0.05 MAX

ALL AROUND

NON SOLDER MASK
DEFINED

{ }
=
J 0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4221984/A 05/2015

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.
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EXAMPLE STENCIL DESIGN
DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

YMM (R0.05) TYP

T1OX(1.45)T S

10x<0.3)L ¢

1 ‘ |
== | v
b | ——]

|
)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:10X

4221984/A 05/2015

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI’'s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated
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