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Introduction
The LM5060 evaluation board is designed to demonstrate the
capabilities of the LM5060 high side protection controller with
low quiescent current. It is intended for evaluation of the func-
tions of the LM5060. One high side N-channel power MOS-
FET is used. The LM5060 evaluation board schematic is
shown in Figure 6. The evaluation board is designed to high-
light applications with a small solution size. For more infor-
mation about LM5060 functional and electrical characteris-
tics, refer to the LM5060 datasheet.

Operating Range
• Maximum Input Voltage, OVP: 37V

• Minimum Input Voltage, UVLO: 9V

• Output Current Range: 0A to 5.0A

• Ambient Temperature Range 0°C to 50°C

• Board Size 1.35in x 2.25in

To aid in the design and evaluation of high-side protection
controller solutions based on the LM5060, the evaluation
board can be re-configured for different input voltage ranges
by modifying the UVLO and the OVP resistive divider (R1, R2,
and R3) as well as the protection transient voltage suppressor
diode D1.

The load current capability may be increased above 5A of by
changing the value of resistor R4. The PCB layout has not
been tested for currents above 5A, so this should only be done
with some degree of caution.

Typical evaluation board performance and characteristics
curves are shown in Figure 1 through Figure 4. The PCB lay-
out is shown in Figure 8 and Figure 9. Test points are provided
to enable easy connection and monitoring of critical signals.

Evaluation Board Start-Up
Before applying power to the LM5060 evaluation board, all
external connections should be verified. The external power
supply must be turned off and connected with proper polarity
to the INPUT and GND posts. A load resistor should be con-
nected between the OUTPUT and GND posts as desired. A
resistive load will keep the current through Q1 during turn-on
relatively low. Electronic load equipment tends to be very low
impedance during voltage rise so that the transistor Q1 will
see very high currents during turn-on when using such loads.
Though resistive loads are suggested for use with the
LM5060 evaluation board, electronic loads can be used with
caution as well. The output voltage can be monitored with a
multi-meter or oscilloscope at the OUTPUT post.

Once all connections to the evaluation board have been ver-
ified, input power can be applied. A load resistor or electronic
load does not require connection during startup. If the EN test
point is pulled high (see the threshold voltage in the electrical
characteristics section of the LM5060 datasheet), the output
voltage will ramp up when an input voltage is applied.

For the evaluation board to start up, the EN pin needs to be
pulled high. A lab cable is required from the EN pin to the VIN
pin or other voltage source higher than 2.0V.

Make sure that the external power supply (input voltage pow-
er source) is capable of providing enough current to the output
load so that the output voltage can be obtained.
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FIGURE 1. Start-Up Waveforms

30104713

FIGURE 2. Start-Up Waveforms

Inductive Kick-Back Protection
Diode D1 and capacitor C4 serve as inductive kick protection
to limit voltage spikes generated when shutting down high
currents through Q1 when turning the power MOSFET off.
Capacitor C5 is useful for preventing negative voltages on the
OUTPUT trace as the MOSFET Q1 is turned off.

Enable
The EN test point provided on the LM5060 evaluation board
is used to control the LM5060 operation. To shut down the
LM5060 evaluation board apply a voltage less than 0.8V to
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the EN pin, connect to ground, or open the connection. To
start up the LM5060 evaluation board apply a voltage greater
than 2.0V to the EN connection, or connect to VIN directly. If
the EN test point is left open, the EN pin internal pull-down
will ensure that the LM5060 remains Off. See the LM5060
datasheet for more details.

Under-Voltage Lock-Out (UVLO)
Resistors R1, R2, and R3 set the Under-Voltage Lock-Out
from the scaled down value of the input voltage. The LM5060
evaluation board is set to engage UVLO at an input voltage
between typically 8.0V (low threshold) and 8.8V (high thresh-
old). UVLO is activated when the UVLO pin drops below the
high threshold. When UVLO is activated (input voltage is low),
the LM5060 turns off MOSFET Q1 but the LM5060 is not
latched off. As soon as the UVLO voltage is returned to levels
above the high threshold, regular operation will resume.

Over-Voltage Protection (OVP)
Resistors R1, R2, and R3 also set the Over-Voltage Protec-
tion level from the scaled value of the input voltage. The
resistors on the LM5060 evaluation board are selected to en-
gage OVP when the input voltage rises above 37.1V (typical).
When OVP is engaged, the LM5060 turns off MOSFET Q1
but the LM5060 is not latched off. As the input voltage reduces
below 32.8V (typical), the MOSFET Q1 will turn back on and
the output voltage will go up.
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FIGURE 3. OVP Behavior

Over-Current Protection
The 9.09 kΩ resistor on the SENSE pin (RS), along with the
0.025Ω of the MOSFET RDS(ON) sets the typical Over-Current
threshold (IDSTH) to approximately 5.8A. This may vary from
a low of 4.94A to a high of 6.55A depending on variations in
the sense current and the VDS comparator offset voltage.

The 0.10 µF timer capacitor will provide a typical Over-Current
fault detection delay time of 18.2 ms. This may vary from a
low of 15.4 ms to a high of 23.5 ms depending on variations
in the timer charge current and the timer threshold voltage.

Output Status (nPGD)
The output status can be measured at the STATUS connec-
tion on the LM5060 evaluation board. The signal will be high
when the LM5060 is in a fault condition (SENSE > OUT).
STATUS will be low when the LM5060 is activated and not in
a fault state (SENSE < OUT). When the LM5060 is shut down
by pulling the EN pin low, the nPGD comparator is shut down
and the STATUS signal goes high.

30104715

FIGURE 4. Fault Behavior

Gate Circuitry
C3 is optional and can be used to slow down gate transitions
for evaluation.

Timer Setting
The capacitor C1 sets the start-up time delay, transition time
delay, and the Over-Current fault detection delay time. If the
voltage on the TIMER cap exceeds the 2.0V threshold con-
dition, the LM5060 will latch off the MOSFET Q1 and remain
off until either the EN, UVLO or VIN (POR) input is switched
low and then high.

The 0.10 µF(100 nF) timer capacitor will provide a typical
start-up delay time of 33.3 ms, a typical transition delay time
of 15.5 ms, and a typical Over-Current fault detection delay
time of 18.2 ms.

Component Selection
Before changing the default components refer to the LM5060
datasheet for information regarding component selection.
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FIGURE 5. Connection Diagram
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FIGURE 6. Schematic Diagram
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FIGURE 7. Component Placement
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FIGURE 8. Evaluation Board, Top Side (Component)

30104706

FIGURE 9. Evaluation Board, Bottom Side
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Bill of Materials

ID Description Manufacturer Part Number

U1 LM5060Q1MM
National Semiconductor

Corporation
LM5060Q1MM

C1
Capacitor: 0.1 µF; 50V; ±10%; X7R; MLCC;

0603
TDK Corporation C1608X7R1H104K

C2
Capacitor: 0.1 µF; 100V; ±10%; X7R; MLCC;

0805
TDK Corporation C2012X7R2A104K

C3 (Not Installed) n/a n/a

C4 Capacitor: 22 µF; 100V; Aluminum

Electrolytic; SMT
Panasonic - ECG EEE-HA2A220P

C5

D1 Diode: TVS; 600W; 51V; SMB Diodes Inc SMBJ51A-13-F

Q1
MOSFET: N-Channel; 100V; 40A; 0.025Ω;

D2PAK
Vishay/Siliconix SUM40N10-30-E3

R1
Resistor: 200kΩ; 0.10W; ±5%; Thick Film;

0603
Vishay/Dale CRCW0603200KJNEA

R2
Resistor: 38.3kΩ; 0.10W; ±1%; Thick Film;

0603
Vishay/Dale CRCW060338K3FKEA

R3
Resistor: 14.0kΩ; 0.10W; ±1%; Thick Film;

0603
Vishay/Dale CRCW060314K0FKEA

R4
Resistor: 9.09kΩ; 0.10W; ±1%; Thick Film;

0603
Vishay/Dale CRCW06039K09FKEA

R5 Resistor: 0.00Ω; 0603 Vishay/Dale CRCW06030000Z0EA

R6
Resistor: 100kΩ; 0.10W; ±1%; Thick Film;

0603
Vishay/Dale CRCW0603100KFKEA

INPUT

Terminal: 6-32 Screw; Vertical; Snap-In PCB

Mount; 15A
Keystone Electronics 7693

OUTPUT

GND

GND.

EN Test Point Terminal: PCB Miniature; 0.040in

Dia Mtg Hole; White
Keystone Electronics 5002

STATUS
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