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Negative Voltage System Power Management and

Protection IC with PMBus
General Description

The LM5064 combines a high performance hot swap con-
troller with a PMBus™ compliant SMBus/I2C interface to ac-
curately measure, protect and control the electrical operating
conditions of systems connected to a backplane power bus.
The LM5064 continuously supplies real-time power, voltage,
current, temperature and fault data to the system manage-
ment host via the SMBus interface.

The LM5064 control block includes a unique hot swap archi-
tecture that provides current and power limiting to protect
sensitive circuitry during insertion of boards into a live system
backplane, or any other "hot" power source. A fast acting cir-
cuit breaker prevents damage in the event of a short circuit
on the output. The input under-voltage and over-voltage lev-
els and hysteresis are configurable, as well as the insertion
delay time and fault detection time. A temperature monitoring
block on the LM5064 interfaces with a low-cost external diode
for monitoring the temperature of the external MOSFET or
other thermally sensitive components. The PGD output pro-
vides a fast indicator when the input and/or output voltages
are outside their programmed ranges.

The LM5064 monitoring circuit computes both the real-time
and average values of subsystem operating parameters
(Vino s Pine VouT) as well as the peak power. Accurate power
averaging is accomplished by averaging the product of the
input voltage and current. A black box (Telemetry/Fault Snap-
shot) function captures and stores telemetry data and device
status in the event of a warning or a fault.
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Features

= Input voltage range: -10V to -80V

m Programmable 26 mV or 50 mV current limit threshold with
power limiting (MOSFET power dissipation limiting)

m  Real time monitoring of V\, Vour, Iins Pine Vaux With 12-bit
resolution and 1 kHz sampling rate

m  Configurable circuit breaker protection for hard shorts

Configurable under-voltage and over-voltage protection

Remote temperature sensing with programmable warning

and shutdown thresholds

Detection and notification of damaged MOSFET condition

Power measurement accuracy: +4.5% over temperature

True input power averages dynamic power readings

Averaging of V|, Iy, Pin» @nd Vgt over programmable

interval ranging from 0.001 to 4 seconds

Programmable WARN and FAULT thresholds with
SMBA notification

m Black box capture of telemetry measurements and device
status triggered by WARN or FAULT condition

m |2C/SMBus interface and PMBus compliant command
structure

m Full featured application development software
m eTSSOP-28 package

Applications

m Base Station Power Distribution Systems
m Intelligent Solid State Circuit Breaker

m -24V/-48V Industrial Systems

Typical Application Circuit
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LM5064

Connection Diagram

\VCC L E PGD
VAUXH —2 27 \c
NG — 25 oot
GATE -4 25 pywWR
UVLO/EN — 24 1ivER
6 23 —
ovLO — -— RETRY
SENSE e Exposed E cL
8 Pad 21
SENSE_K — -— VDD
VEE_K - 120 ADRO
vee 19 119 ADR1
spAl 4} |18 ADR2
SDAO 12, 7 vaux
scL 23 16 hiopE
sviBA 4] 15 VREF
301584002
Top View
28-Lead eTSSOP
9.7 mm x 4.4 mm x 0.9 mm
NS Package Number MXA28A
Ordering Information
Order Number Package Type NSC Package Drawing Supplied As
LM5064PMH NOPB eTSSOP-28 MXA28A 48 units in anti-static rail

LM5064PMHE NOPB 250 units in tape and reel

LM5064PMHX NOPB 2,500 units in tape and reel
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Pin Descriptions

Pin# Name Description

1 VvCC Positive supply input. Connect the VCC pin to the positive voltage rail.

2 VAUXH High voltage auxiliary input. VCC with respect to VEE is measured by connecting the VAUXH pin to the VCC
rail.

3 NC No connect. This pin is not internally connected and should not be connected to any signal or power rail.

4 GATE MOSFET gate control signal for fault control of the output. The GATE pin is clamped to VEE through a 12.6V
internal zener diode.

5 UVLO/EN  [Under-voltage lockout threshold input. Connecting the UVLO pin to a resistor divider from VCC to VEE will set
the under-voltage lockout threshold. After the UVLO pin voltage falls below 2.48V, an internal 20 pA current
source is switched to provide a user settable hysteresis. The UVLO pin can be toggled directly to act as a
precision enable. After the UVLO threshold voltage is exceeded, the output voltage will begin to transition to
Vyee as the GATE pin supplies 52 pA to turn on the MOSFET.

6 OVLO Over-voltage lockout threshold input. Connecting the OVLO pin to a resistor divider from VCC to VEE will set
the over-voltage lockout threshold. After the OVLO pin voltage exceeds 2.47V, an internal 21 pA current source
is switched to provide a user settable hysteresis. If the OVLO threshold is exceeded, the MOSFET will be
immediately disabled to protect the output.

7 SENSE Current limit and power limit sense input. SENSE provides a direct connection to the MOSFET source and
current sense resistor voltage to detect current limit and power limit events. This unfiltered signal will allow the
LM5064 to quickly respond during over-current or over-power events.

8 SENSE_K |Current telemetry Kelvin sense positive input. SENSE_K is the positive input to a precision differential current
sense amplifier. Connecting SENSE_K to the positive terminal of the current sense resistor will provide an
accurate current telemetry signal.

9 VEE_K Current telemetry Kelvin sense negative input. The VEE_K pin is the negative input to a precision differential
current sense amplifier. Connecting VEE_K to the negative terminal of the current sense resistor will provide
an accurate current signal.

10 VEE Negative supply input. Connect the VEE pin to the negative voltage supply rail. Use a small ceramic bypass
capacitor (0.1 pF) from the VEE pin to the VCC pin to suppress transient current spikes when the load switch
is turned off. The operational voltage range for the VEE pin is -10V to -80V. The VEE pin absolute maximum
voltage is -100V.

11 SDAI SMBus data input. The SDAI pin is designed to read PMBus commands using the SMBus communication
protocol. SDAI can be connected to SDAO if desired.

12 SDAO SMBus data output. The SDAO pin is designed to transmit PMBus commands using the SMBus communication
protocol. SDAO can be connected to SDAI if desired.

13 SCL SMBus clock input.

14 SMBA SMBus alert. This pin is connected to an open drain MOSFET which pulls the pin to VEE if a fault is detected.

15 VREF Internal ADC reference output. Connect a 1 pF capacitor from the VREF pin to VEE to filter noise imposed on
the internal reference output.

16 DIODE Positive diode sense. The DIODE pin should be connected to the anode of a diode whose cathode is connected
to VEE for temperature monitoring.

17 VAUX Auxiliary pin allows voltage telemetry from an external source. Full scale input of 2.97V.

18 ADR2 Address pin 2. The address pins can be connected to VDD, VEE, or left open to set the PMBus address of the
LM5064.

19 ADR1 Address pin 1 The address pins can be connected to VDD, VEE, or left open to set the PMBus address of the
LM5064.

20 ADRO Address pin 0. The address pins can be connected to VDD, VEE, or left open to set the PMBus address of the
LM5064.

21 VDD Internal 4.9V sub-regulator output. VDD must be connected and closely coupled to VEE through a 1 pF ceramic
bypass capacitor.

22 CL Current limit threshold input. The LM5064 detects current limit events by sensing the voltage across a series
resistor. The current limit threshold is set to 26 mV by connecting CL to VDD and 50 mV when CL is connected
to VEE.

23 RETRY Retry selction pin. Connecting RETRY to VDD sets the LM5064 to lockout after a fault condition is detected.

Connecting RETRY to VEE sets the LM5064 to retry after a fault condition.
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LM5064

Pin# Name Description

24 TIMER Timing input. Set the insertion time delay and the fault timeout period by connecting a capacitor from the TIMER
pin to VEE. The restart time is also set through the TIMER pin when in restart mode.

25 PWR Power limit input. Connecting a resistor from PWR to VEE sets the maximum power dissipation allowed in the
external MOSFET switch. Power is calculated using the current information through the current sense resistor
and voltage sensed across the MOSFET.

26 ouT Output voltage sense input. The OUT pin is used to sense the output voltage and calculate the power across
the MOSFET switch.

27 NC No connect. This pin is not internally connected and should not be connected to any signal or power rail.

28 PGD Power good monitor output. Open-drain output pulls low during over-current, UVLO, and OVLO. An external
pull-up resistor to VDD or external rail is required.

EP EP Exposed pad. Connect to PCB VEE plane using multiple thermal vias.
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Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the Texas Instruments Sales Office/
Distributors for availability and specifications.

VCC, UVLO/EN, OUT, VAUXH, PGD to -0.3V to 100V
VEE

GATE to VEE -0.3V to 16V
OVLO, TIMER, PWR to VEE -0.3Vto 7V
SENSE_K, SENSE, VEE_K to VEE -0.3V to +0.3V
SCL, SDAI, SDAO, SMBA, CL, ADRO, -0.3Vto 6V

ADRT1, ADR2, VDD, VAUX, DIODE,

ESD Rating

Human Body Model(Note 2)
Storage Temperature
Junction Temperature

Operating Ratings

VCC supply voltage above VEE

OUT voltage above VEE
PGD off voltage above VEE
Junction temperature

RETRY , VREF to VEE

Electrical Characteristics Limits in standard type are for T, = 25°C only; limits in boldface type apply over the
junction temperature (T j) range of -40°C to +125°C. Minimum and Maximum limits are guaranteed 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: VCC-VEE = 48V. See (Note 1, Note 3) .

2kV
-65°C to 150°C
150°C

10V to +80V
0V to +80V
0V to +80V

—-40°C to + 125°C

Symbol | Parameter Conditions | Min | Typ | Max | Units
Input (VCC)
Iin-EN Input current, enabled VCC - VEE =48V, UVLO/EN = 5V 6 8 mA
POR; Threshold voltage to start VCC - VEE increasing 9.2 \
insertion timer
PORgy Threshold voltage to enable |VCC - VEE increasing 8.7 9.9 Vv
all functions
PORgy.hys PORgy hysteresis VCC - VEE decreasing 170 mV
Output (OUT)
louT-EN OUT bias current, enabled  [Enabled, OUT = VEE -100 nA
lout-ois OUT bias current, disabled |Disabled, OUT = VEE + 48V 135 pA
(Note 4)
OVLO/UVLO
UVLOy UVLO/EN threshold UVLO/EN Falling 241 | 248 | 255 | V
UVLOyys UVLO/EN hysteresis current |[UVLO/EN = VEE + 2V 13 20 26 pA
UVLOpg. UVLO delay Delay to GATE high 9 ps
Delay to GATE low 12 us
UVLOgag UVLO/EN bias current UVLO/EN = VEE + 5V 1 pA
OVLO.y OVLO threshold 239 | 247 | 253 \
OVLO,ys OVLO hysteresis current OVLO = VEE + 2.8V -26 -21 -13 pA
OVLOpg, OVLO delay Delay to GATE high 10 ys
Delay to GATE low 12 us
OVLOgas OVLO bias current OVLO =2.3V 1 pA
Power Limit (PWR)
PWRL .1 Power limit sense voltage  |OUT — SENSE = 48V, RPWR = 145 kQ 195 | 245 | 295 | mV
(OUT-SENSE)
PWRLm.2 OUT - SENSE = 24V, RPWR = 75 kQ 247 mV
lowr PWR pin current Vpwg =2.5V -18 pA
Rsatpwr) PWR pin impedance when |UVLO/EN = 2.0V 140 Q
disabled
Gate Control (GATE)
lgaTE Source current Normal Operation -72 -52 -32 pA
Sink current UVLO/EN < VEE+2V 3.4 4.1 53 | mA
SENSE - VEE =150 mV, Vg =VEE+5V 50 111 180 | mA
VeatE Gate output voltage in normal | GATE-VEE Voltage 12.6 \
operation
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Symbol Parameter Conditions | Min | Typ | Max | Units
Current Limit
Ve Current limit threshold CL = VDD (Note 6) 23 26 30 mV
voltage
Ve Current limit threshold CL = VEE or FLOAT (Note 6) 47 50 53 mV
voltage
toL Response time SENSE-VEE stepped from 0 mV to 80 mV 54 us
lsense SENSE input current Enabled, OUT = VEE -5 pA
Disabled, OUT = VCC -55 pA
Isense K SENSE_K input current -10 pA
lvee k VEE_K input current -10 pA
Circuit Breaker
RTqg Circuit breaker to current limit | CB/CL ratio bit = 0, ILim = 50 mV 1.45 1.9 2.22
ratio: (Vgense-Vvee) Vol CB/CL ratio bit = 1, ILim = 50 mV 28 | 37 | 49
CB/CL ratio bit = 0, ILim =26 mV 1.8
CB/CL ratio bit = 1, ILim = 26 mV 3.6
Ves Circuit breaker threshold CB/CL ratio bit = 0, ILim = 50 mV 72 93 116 | mV
voltage: (Vsense-Vvee) CB/CL ratio bit = 1, ILim = 50 mV 144 | 187 | 230 | mV
CB/CL ratio bit = 0, ILim =26 mV 37 49 59 mV
CB/CL ratio bit = 1, ILim = 26 mV 72 93 116 | mV
te Circuit breaker response time | SENSE-VEE stepped from 0 mV to 150 mV, time 800 ns
to GATE = VEE
Timer (TIMER)
ViMRH Upper threshold 3.74 3.9 4.07 \'%
VimaL Lower threshold Restart cycles 1.09 1.2 1.39 \
End of 8th cycle 0.3 \
Re-enable threshold 0.3 \
lriver Insertion time current -5.9 -4.8 -3.3 | pA
Sink current, end of insertion [ TIMER pin = VEE+2V 1 1.5 2 mA
time
Fault detection current SENSE-VEE=V, -95 -74 -50 pA
Fault sink current 1.7 2.4 3.2 HA
DCrauLT Fault restart duty cycle 0.5 %
teauLT Fault to GATE = VEE delay |TIMER pin reaches the upper threshold 15 us
Power Good (PGD)
PGDy Threshold measured at OUT | OUT — SENSE Decreasing 118 | 124 | 1.31 \
- SENSE OUT — SENSE Increasing 244 | 25 |256 | V
PGDyq, Output low voltage Ignk =2 mA 50 150 [ mV
PGD,oy Off leakage current Vpep = 80V 5 pA
ADC and MUX
Resolution 12 Bits
INL Integral non-linearity ADC only +4 LSB
tacquire Acquisition + conversion time | Any Channel 100 us
tar Acquisition round robin time [Cycle all channels 1 ms
Internal Reference
VRer | Reference voltage | 2.93 | 2.97 | 3.02 | \'%
Telemetry Accuracy (Note 8)
lINEsR Current input full scale range | CL= VEE (Note 6) 74.9 mV
CL = VDD (Note 6) 38.1 mV
IIN_ s Current input LSB CL= VEE (Note 6) 18.3 pv
CL = VDD (Note 6) 9.3 pv
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Symbol Parameter Conditions Min Typ Max | Units
VAUXegr VAUX input full scale range 2.96 \'
VAUX | g5 VAUX input LSB 724 pv
VAUXHggr VAUXH input full scale range 88.9 \
VAUXH, g5 VAUXH input LSB 21.7 mV
OUT g5 OUT pin LSB 21.7 mV
IINAcc Input current accuracy SENSE_K-VEE_K =50 mV, CL = VEE (Note 6) | -3.0 3.0 %
Vace VAUX, VAUXH, OUT VAUXH-VEE=48V,0OUT - VEE= 48V, VAUX = -2.7 2.7 %
2.8V
PINpcc Input power accuracy VCC-VEE =48V, SENSE_K-VEE_K =50mV, CL| -4.5 4.5 %
=VDD
Diode Temperature Sensor
Tacc Temperature accuracy using | T, = 25°C to 85°C 2 °C
local diode
Remote diode resolution 9 bits
Ipiobe External diode current source | High Level 250 325 | pA
Low Level 9.4 pA
Diode current ratio 25.9
VAUX
In Input current VAUX = 3V 1 pA
VDD Regulation
VDDgr VDD regulated output IDD =0 mA 4.6 4.9 5.15 \
IDD =-10 mA 4.8 \
VDD m VDD current limit VDD =0V -25 -30 -42 | mA
VDDpog VDD voltage reset threshold [VDD Rising 4.1 \
PMBus Pin Thresholds (SCL, SDAI/O, SMBA) (Note 7)
Vi Data, clock input low voltage | With respect to VEE 0.9 \
Viu Data, clock input high voltage | With respect to VEE 21 5.5 \'
Voo Data output low voltage Ignk =3 mA 0 0.4 pA
I Eak Input leakage current SDAI, SMBA, SCL = 5V above VEE 1 HA
Pin Strappable Thresholds (CL, RETRY)
Viu Input high voltage 3 \
I eak Input leakage current CL,RETRY =5V 5 HA
Thermal (Note 5)
0,4 Junction to ambient 30 °C/W
8,c Junction to case 4 °C/W

Note 1: Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which operation of the
device is intended to be functional. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Note 2: The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin. 2 kV rating for all pins except GATE and PGD which
are rated at 1.5 kV and 1 kV respectively.

Note 3: Current out of a pin is indicated as a negative value.
Note 4: OUT bias current (disabled) due to leakage current through an internal 1 MQ resistance from SENSE to OUT.

Note 5: Junction to ambient thermal resistance is highly application and board layout dependent. Specified thermal resistance values for the package specified
is based on a 4-layer, 4"x3", 2/1/1/2 oz. Cu board as per JEDEC standards is used. For detailed information on soldering plastic eTSSOP packages refer to the
Packaging Data Book available from National Semiconductor Corporation.

Note 6: CL bit High or Low is set by either the CL pin on startup (if CL = VDD, then High, if CL = VEE or FLOAT, then Low) or by the current limit setting bit in
the device setup register.

Note 7: PMBus communication clock rate at final test is 400 kHz.
Note 8: Full scale range depends on both the VREF value and the gain/attenuation of the current/voltage channel.
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VCC Pin Current
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GATE Pin Source Current
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Current Limit Threshold IIN Measurement Accuracy (SENSE_K-VEE_K = 50 mV)
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Short Circuit Vg1
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Retry Event (RETRY = VEE)
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Block Diagram
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FIGURE 1. Block Diagram

301584003

www.ti.com



LM5064
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FIGURE 2. Typical Application Circuit

Functional Description

The LM5064 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 and the dv/dt of the voltage applied to
the load. The effect from the insertion event on other circuits
in the system is minimized, preventing possible unintended
resets. A controlled shutdown when the circuit card is re-
moved can also be implemented using the LM5064.

In addition to a programmable current limit, the LM5064 mon-
itors and limits the maximum power dissipation in the series
pass device (Q,) to maintain operation within the device’s
Safe Operating Area (SOA). Either current limiting or power
limiting for an extended period of time (user defined) results
in the shutdown of the series pass device. In this event, the
LM5064 can latch off or repetitively retry based on the hard-
ware setting of the RETRY pin. Once started, the number of
retries can be set to 0, 1, 2, 4, 8, 16, or infinite. The circuit
breaker function quickly switches off the series pass device
upon detection of a severe over-current condition. Pro-
grammable under-voltage lockout (UVLO) and over-voltage
lockout (OVLO) circuits shut down the LM5064 when the sys-
tem input voltage (Vgyg) is outside the desired operating
range.

The telemetry capability of the LM5064 provides intelligent
monitoring of the input voltage, output voltage, input current,
input power, temperature, and an auxiliary input. The LM5064
also provides a peak capture of the input power and pro-
grammable hardware averaging of the input voltage, current,
power, and output voltage. Warning thresholds which trigger
the SMBA pin may be programmed for input and output volt-
age, current, power and temperature via the PMBus interface.
Additionally, the LM5064 is capable of detecting damage to
the external MOSFET, Q.

Operating Voltage

The LM5064 operating voltage is the voltage supplied be-
tween VCC and VEE (VCC-VEE) which has an operating
range of 10V to 80V with a 100V transient capability. All sig-

nals to the IC are referenced to the VEE voltage which acts
as the effective return path for the IC.

Power Up Sequence

Referring to Figure 2 and Figure 3, as the system voltage
(Vgyg) initially increases, the external N-channel MOSFET
(Qy) is held off by an internal 111 mA pull-down current at the
GATE pin. The strong pull-down current at the GATE pin pre-
vents an inadvertent turn on as the MOSFET’s gate-to-drain
(Miller) capacitance is charged. Additionally, the TIMER pin
is initially held at VEE. When the operating voltage of the
LM5064 (VCC - VEE) reaches the POR; threshold, the in-
sertion time begins. During the insertion time, the capacitor at
the TIMER pin (Cy) is charged by a 4.8 pA current source,
and Qq is held off by a 4.1 mA pull-down current at the GATE
pin regardless of the input voltage. The insertion time delay
allows ringing and transients on Vgyg to settle before Q, is
enabled. The insertion time ends when the TIMER pin voltage
reaches 3.9V. C; is then quickly discharged by aninternal 1.5
mA pull-down current. The GATE pin then switches on Q,
when the operating voltage exceeds the UVLO threshold. If
the operating voltage is above the UVLO threshold at the end
of the insertion time,(t, in Figure 3) the GATE pin sources 52
PA to charge the gate capacitance of Q,. The maximum volt-
age on GATE is limited by an internal 12.6V zener diode to
VEE.

As the voltage at the OUT pin transitions to Vgyg, the LM5064
monitors the drain current and power dissipation of MOSFET
Q. In-rush current limiting and/or power limiting circuits ac-
tively control the current delivered to the load. During the in-
rush limiting interval (t, in Figure 3), an internal 74 pA fault
timer current source charges Cy. If Q;’s power dissipation and
the input current reduce below their respective limiting thresh-
olds before the TIMER pin reaches 3.9V, the 74 pA current
source is switched off, and C; is discharged by the internal
2.4 pA current sink (t5 in Figure 3). The in-rush limiting will no
longer engage unless a current-limit condition occurs.

If the TIMER pin voltage reaches 3.9V before in-rush current
limiting or power limiting ceases during t,, a fault is declared
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and Q, is turned off. See the Fault Timer & Restart section for
a complete description of the fault mode.

The LM5064 will assert the SMBA pin after the operating volt-
age has exceeded the POR threshold to indicate that the
volatile memory and device settings are in their default state.

The CONFIG_PRESET bit within the MFR_SPECIFIC_17
register (E1h) indicates default configuration of warning
thresholds and device operation and will remain high until a
CLEAR_FAULTS command is received.

- OV
System UVLO
Input
Voltage
Vsys —
LM5064 |Vsys|/
Operating
Voltage FORI
(VCC-VEE)
48ua 39V 74pA 24 pA
TIMER Pin
GATEPin 1,y ___/
pull-down 4.1 mA pulkdown T
52 pA source
Load w1 _\
Current
N ov
Output 1.24V
. Y
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(OUT Pin) *
PGD
VEE
et —— |ty ts >
Insertion Time In-rush Normal Operaton ——
Limiting
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FIGURE 3. Power Up Sequence

Gate Control

A current source provides the charge at the GATE pin to en-
hance the N-Channel MOSFET’s gate (Q,). During normal
operating conditions (t; in Figure 3) the gate of Q, is held
charged by an internal 52 pA current source. The GATE pin
peak voltage is roughly 12.6V, which will force a Vg across
Q, of 12.6V under normal operation. When the system volt-
age is initially applied, the GATE pin is held low by a 111 mA
pull-down current. This helps prevent an inadvertent turn on
of Q, through its drain-gate capacitance as the applied sys-
tem voltage increases.

During the insertion time (1 in Figure 3), the GATE pin is held
low by a 4.1 mA pull-down current. This maintains Q, in the
off-state until the end of t;, regardless of the voltage on
Vgyg or UVLO/EN. Following the insertion time, during t, in
Figure 3, the gate voltage of Q, is modulated to keep the cur-

rent or power dissipation level from exceeding the pro-
grammed 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 3.9V, the TIMER
pin capacitor then discharges, and the circuit begins normal
operation. If the in-rush limiting condition persists such that
the TIMER pin reached 3.9V during t,, the GATE pin is then
pulled low by the 4.1 mA pull-down current. The GATE pin is
then held low until either a power up sequence is initiated
(RETRY pin to VDD), an automatic retry is attempted
(RETRY pin to VEE or floating), or a PMBus ON/OFF com-
mand is intiated. See the Fault Timer & Restart section. If the
operating voltage falls below the UVLO threshold, or rises
above the OVLO threshold, the GATE pin is pulled low by the
4.1 mA pull-down current to switch off Q,.

15
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Current Limit

The current limit threshold is reached when the voltage across
the sense resistor Rg (SENSE to VEE) exceeds the internal
voltage limit of 26 mV or 50 mV depending on whether the CL
pin is connected to VDD or VEE, respectively. In the current
limiting condition, the GATE voltage is controlled to limit the
currentin MOSFET Q,. 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
LM5064 resumes normal operation. If the current limit condi-
tion persists for longer than the Fault Timeout Period set by
C, the IIN OC Fault bitin the STATUS_INPUT (7Ch) register,
the INPUT bit in the STATUS_WORD (79h) register, and
IIN_OC/PFET_OP_FAULT bit in the DIAGNOSTIC_WORD
(E1h) register will be toggled high and SMBA pin will be as-
serted. SMBA toggling can be disabled using the
ALERT_MASK (D8h) register. For proper operation, the Rg
resistor value should be no higher than 200 mQ. Higher val-
ues may create instability in the current limit control loop. The
current limit threshold pin value may be overridden by setting
appropriate bits in the DEVICE_SETUP register (D9h).

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 1.9x or 3.7x (CL =
VEE) the current limit threshold, Q, is quickly switched off by
the 111 mA pull-down current at the GATE pin, and a Fault
Timeout Period begins. When the voltage across Rg falls be-
low the circuit breaker (CB) threshold, the 111 mA pull-down
current at the GATE pin is switched off, and the gate voltage
of Q, is then determined by the current limit or the power limit
functions. If the TIMER pin reaches 3.9V before the current
limiting or power limiting condition ceases, Q is switched off
by the 4.1 mA pull-down current at the GATE pin as described
in the Fault Timer & Restart section. A circuit breaker event
will cause the CIRCUIT_BREAKER_FAULT bit in the
STATUS_MFR_SPECIFIC (80h) and DIAGNOSTIC_WORD
(E1h) registers to be toggled high, and SMBA pin will be as-
serted unless this feature is disabled using the ALERT_MASK
(D8h) register. The circuit breaker pin configuration may be
overridden by setting appropriate bits in the DEVICE_SETUP
(D9h) register.

Power Limit

An important feature of the LM5064 is the MOSFET power
limiting. The power limit function can be used to maintain the
maximum power dissipation of MOSFET Q, within the device
SOA rating. The LM5064 determines the power dissipation in
Q, by monitoring its drain-source voltage (OUT to SENSE),
and the drain current through the Rg (SENSE to VEE). 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 Q.
While the power limiting circuit is active, the fault timer is ac-
tive as described in the Fault Timer & Restart section. If the
power limit condition persists for longer than the Fault Time-
out Period set by the timer capacitor, Cy, the IIN OC Fault bit
in the STATUS_INPUT (7Ch) register, the INPUT bit in the
STATUS_WORD (79h) register, and the [IN_OC/

PFET_OP_FAULT bit in the DIAGNOSTIC_WORD (E1h)
register will be toggled high and SMBA pin will be asserted
unless this feature is disabled using the ALERT_MASK (D8h)
register.

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 Q, is modulated to regulate the load current
and power dissipation in Q,. When either limiting function is
active, a 74 pA fault timer current source charges the external
capacitor (C;) at the TIMER pin as shown in Figure 3(Fault
Timeout Period). If the fault condition subsides during the
Fault Timeout Period before the TIMER pin reaches 3.9V, the
LM5064 returns to the normal operating mode and Cy is dis-
charged by the 1.5 mA current sink. If the TIMER pin reaches
3.9V during the Fault Timeout Period, Q, is switched off by a
4.1 mA pull-down current at the GATE pin. The subsequent
restart procedure then depends on the selected retry config-
uration.

Ifthe RETRY pinis high (VDD), the LM5064 latches the GATE
pin low at the end of the Fault Timeout Period. Cy is then dis-
charged to VEE by the 2.4 pA fault current sink. The GATE
pin is held low by the 4.1 mA pull-down current until a power
up sequence is externally initiated by cycling the operating
voltage (VCC-VEE), or momentarily pulling the UVLO/EN pin
below its threshold with an open-collector or open-drain de-
vice as shown in Figure 4. The voltage at the TIMER pin must
be <0.3V for the restart procedure to be effective. The
TIMER_LATCHED_OFF bit in the DIAGNOSTIC_WORD
(E1h) register will remain high while the latched off condition
persists.

VCC
Latch R1
atci
Control UVLO/EN
| | - R2 LM5064
OVLO
R3
VEE
Vsys

301584032

FIGURE 4. Latched Fault Restart Control

The LM5064 provides an automatic restart sequence which
consists of the TIMER pin cycling between 3.9V and 1.2V
eight times after the Fault Timeout Period, as shown in Figure
5. The period of each cycle is determined by the 74 pA charg-
ing current, and the 2.4 pA discharge current, and the value
of the capacitor C;. When the TIMER pin reaches 0.3V during
the eighth high-to-low ramp, the 52 pA current source at the
GATE pin turns on Q. If the fault condition is still present, the
Fault Timeout Period and the restart sequence repeat. The
RETRY pin allows selecting no retries or infinite retries. Finer
control of the retry behavior can be achieved through the
DEVICE_SETUP (D9h) register. Retry counts of 0, 1, 2, 4, 8,
16 or infinite may be selected by setting the appropriate bits
in the DEVICE_SETUP (D9h) register.
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FIGURE 5. Restart Sequence
VIN_OVERVOLTAGE_FAULT bit in the

Under-Voltage Lockout (UVLO)

The series pass MOSFET (Q,) is enabled when the input
supply voltage (Vgyg) is within the operating range defined by
the programmable under-voltage lockout (UVLO) and over-
voltage lockout (OVLO) levels. Typically, the UVLO level at
Vgys is set with a resistor divider (R1-R3) as shown in Figure
6. Referring to the Block Diagram when Vgyg is below the
UVLO level, the internal 20 pA current source at UVLO/EN is
enabled, the current source at OVLO is off, and Q, is held off
by the 4.1 mA pull-down current at the GATE pin. As Vgyg is
increased, raising the voltage at UVLO/EN above its thresh-
old with respect to VEE, the 20 pA current source at UVLO/
EN is switched off, increasing the voltage at UVLO/EN, pro-
viding hysteresis for this threshold. With the UVLO/EN pin
above its threshold, Q, is switched on by the 52 pA 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-R3). The mini-
mum possible UVLO level at Vgyg can be set by connecting
the UVLO/EN pin to VCC. In this case Q, is enabled after the
insertion time when the operating voltage (VCC-VEE) reach-
es the POR threshold. After power up an UVLO condition will
cause the INPUT bit in the STATUS_WORD (79h) register,
the VIN_UV_FAULT bit in the STATUS_INPUT (7Ch) regis-
ter, and the VIN_UNDERVOLTAGE_FAULT bit in the
DIAGNOSTIC_WORD (E1h) registers to be toggled high and
SMBA pin will be pulled low unless this feature is disabled
using the ALERT_MASK (D8h) register.

Over-Voltage Lockout (OVLO)

The series pass MOSFET (Q,) is enabled when the input
supply voltage (Vgyg) is within the operating range defined by
the programmable under-voltage lockout (UVLO) and over-
voltage lockout (OVLO) levels. If Vgyg raises the OVLO pin
voltage above its threshold (2.47V above VEE), Q, is
switched off by the 4.1 mA pull-down current at the GATE pin,
denying power to the load. When the OVLO pin is above its
threshold, the internal 21 pA current source at OVLO is
switched on, raising the voltage at OVLO to provide threshold
hysteresis. When Vgyg is reduced below the OVLO level Q,
is re-enabled. An OVLO condition will toggle the
VIN_OV_FAULT bit in the STATUS_INPUT (7Ch) register,
the INPUT bit in the STATUS_WORD (79h) register and the

DIAGNOSTIC_WORD (E1h) register. The SMBA pin will be
pulled low unless this feature is disabled using the
ALERT_MASK (D8h) register.

Shutdown Control

The load current can be remotely switched off by taking the
UVLO/EN pin below its threshold with an open collector or
open drain device, as shown in Figure 6. Upon releasing the
UVLO/EN pin the LM5064 switches on the load current with
in-rush current and power limiting.

VCC
R1
UVLO
Shutdown,_, R2 LM5064
Control
OoVLO
R3
VEE
Vsys >

301584034

FIGURE 6. Shutdown Control

Power Good Pin

The Power Good output indicator pin (PGD) is connected to
the drain of an internal N-channel MOSFET. An external pull-
up resistor is required at PGD to an appropriate voltage to
indicate the status to downstream circuitry. The off-state volt-
age at the PGD pin must be more positive than VEE, and can
be up to 80V above VEE with transient capability to 100V.
PGD is switched high at the end of the turn-on sequence when
the voltage from OUT to SENSE (the external MOSFET’s
Vpg) decreases below 1.24V. PGD switches low if the
MOSFET’s Vg increases passed 2.5V, if the system input
voltage goes below the UVLO threshold or above the OVLO
threshold, or if a fault is detected. However, the PGD output
cannot stay low when the operating voltage (VCC-VEE) is
less than 2V.
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VDD Sub-Regulator

The LM5064 contains an internal linear sub-regulator which
steps down the VCC voltage to generate a 4.9V rail (above
VEE) used for powering low voltage circuitry. The VDD sub-
regulator should be used as the pull-up supply for the CL,
RETRY, ADR2, ADR1, ADRO pins if they are to be tied high.
It may also be used as the pull-up supply for the PGD and the
SMBus signals (SDA, SCL, SMBA). The VDD sub-regulator
is not designed to drive high currents. Careful consideration
of internal power dissipation should be practiced when VDD
is loaded with other integrated circuits. The VDD pin is current
limited to 30 mA in order to protect the LM5064 in the event
of a short. The sub-regulator requires a ceramic bypass ca-
pacitance (terminated to VEE) having a value of 1 pF or
greater to be placed as close to the VDD pin as the PCB layout
allows.

Remote Temperature Sensing

The LM5064 is designed to measure temperature remotely
using an MMBT3904 NPN transistor. The base and collector
of the MMBT3904 should be connected to the DIODE pin and
the emitter to VEE. Place the MMBT3904 near the device that
requires temperature sensing. If the temperature of the hot
swap pass MOSFET, Q,, is to be measured, the MMBT3904
should be placed as close to Q; as the layout allows. The
temperature is measured by means of a change in the diode
voltage in response to a step in current supplied by the DIODE
pin. The DIODE pin sources a constant 9.4 pA but pulses 250
WA once every millisecond in order to measure the diode tem-
perature. Care must be taken in the PCB layout to keep the
parasitic resistance between the DIODE pin and the
MMBT3904 low so as not to degrade the measurement. Ad-
ditionally, a small 1000 pF bypass capacitor should be placed
in parallel with the MMBT3904 (collector to emitter) to reduce
the effects of noise. The temperature can be read using the
READ_TEMPERATURE_1 PMBus command (8Dh). The de-
fault limits of the LM5064 will cause SMBA pin to be pulled
low if the measured temperature exceeds 125°C and will dis-
able Q, if the temperature exceeds 150°C. These thresholds
can be reprogrammed via the PMBus interface using the
OT_WARN_LIMIT (51h) and OT_FAULT_LIMIT (4Fh) com-
mands. If the temperature measurement and protection ca-
pability of the LM5064 are not used, the DIODE pin should be
connected to VEE.

Erroneous temperature measurements may result when the
device input voltage is below the minimum operating voltage
(10V) due to VREF dropping out below the nominal voltage
(2.97V). At higher ambient temperatures, this measurement

could read a value higher than the OT_FAULT_LIMIT, and
will trigger a fault, disabling Q. In this case, the faults should
be removed and the device reset by writing a Oh, followed by
an 80h to the OPERATION (01h) register.

Damaged MOSFET Detection

The LM5064 is able to detect whether the external MOSFET,
Q,, is damaged under certain conditions. If the voltage across
the sense resistor exceeds 4 mV while the GATE voltage is
low or the internal logic indicates that the GATE should be
low, the EXT_MOSFET_SHORTED bit in the
STATUS_MFR_SPECIFIC (80h) and DIAGNOSTIC_WORD
(E1h) registers will be toggled high and the SMBA pin will be
asserted unless this feature is disabled using the
ALERT_MASK register (D8h). This method effectively deter-
mines whether Q, is shorted because of damage present
between the drain and gate and/or drain and source.

Enabling/Disabling and Resetting

The output can be disabled at any time during normal opera-
tion by either pulling the UVLO/EN pin to below its threshold
or the OVLO pin above its threshold, causing the GATE volt-
age to be forced low with a pull-down strength of 4.1 mA.
Toggling the UVLO/EN pin will also reset the LM5064 from a
latched-off state due to an over-current or over-power limit
condition which has caused the maximum allowed number of
retries to be exceeded. While the UVLO/EN or OVLO pins can
be used to disable the output they have no effect on the
volatile memory or address location of the LM5064. User
stored values for address, device operation, and warning and
fault levels programmed via the SMBus are preserved while
the LM5064 is powered regardless of the state of the UVLO/
EN and OVLO pins.The output may also be enabled or dis-
abled by writing 80h or Oh to the OPERATION (01h) register.
To re-enable after a fault, the fault condition should be cleared
and the OPERATION (01h) register should be written with a
Oh and then 80h.

The SMBus address of the LM5064 is captured based on the
states (VEE, NC, VDD) of the ADRO, ADR1, and ADR2 pins
during turn-on and is latched into a volatile register once VDD
has exceeded its POR threshold of 4.1V. Reassigning or
postponing the address capture is accomplished by holding
the VREF pin to VEE. Pulling the VREF pin low will also reset
the logic and erase the volatile memory of the LM5064. Once
released, the VREF pin will charge up to its final value and
the address will be latched into a volatile register once the
voltage at the VREF exceeds 2.55V.
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Application Section
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FIGURE 7. Typical Application Circuit

DESIGN-IN PROCEDURE

Refer to Figure 7 for Typical Application Circuit. The following
is a step-by-step procedure for hardware design of the
LM5064. This procedure refers to section numbers that pro-
vide detailed information on the following design steps. The
recommended design-in procedure is as follows:

MOSFET Selection: Determine the MOSFET based on
breakdown voltage, current and power ratings.

Current Limit, Rg: Determine the current limit threshold
(In)- This threshold must be higher than the normal maxi-
mum load current, allowing for tolerances in the current sense
resistor value and the LM5064 Current Limit threshold volt-
age. Use (1) to determine the value for Rg.

Power Limit Threshold: Determine the maximum allowable
power dissipation for the series pass MOSFET (Q,), using the
device’s SOA information. Use (2) to determine the value for
Rpwr- Note that many MOSFET manufacturers do not accu-
rately specify the device SOA so it is usually beneficial to
choose a conservative value when selecting Rpyg.

Turn-on Time and TIMER Capacitor, C;: Determine the val-
ue for the timing capacitor at the TIMER pin (Cy) using equa-
tion 7 and 8. The fault timeout period (tg5, 1) MUST be longer
than the circuit’s turn-on time. The turn-on time can be esti-
mated using the equations in the TURN-ON TIME section of
this data sheet, but should be verified experimentally. Review
the resulting insertion time and the restart timing if retry is
enabled.

UVLO, OVLO: Choose option A, B, C, or D from the UVLO,
OVLO section of the Application Information to set the UVLO
and OVLO thresholds and hysteresis. Use the procedure for
the appropriate option to determine the resistor values at the
UVLO/EN and OVLO pins.

MOSFET SELECTION

It is recommended that the external MOSFET (Q,) selection
is based on the following criteria:

- The BVpgg rating should be greater than the maximum sys-
tem voltage (Vgyg), plus ringing and transients which can

301584030

occur when the circuit card, or adjacent cards, are inserted or
removed.

- The maximum continuous current rating should be based on
the current limit threshold (e.g., 26 mV/Rg for CL = VDD), not
the maximum load current, since the circuit can operate near
the current limit threshold continuously.

- The Pulsed Drain Current spec (Ip),) must be greater than
the current threshold for the circuit breaker function
(49/93/187 mV/Rg, depending on CL and CB configuration).
- The SOA (Safe Operating Area) chart of the device, and the
thermal properties, should be used to determine the maxi-
mum power dissipation threshold set by the Ry resistor.
The programmed maximum power dissipation should have a
reasonable margin from the maximum power defined by the
MOSFET’s SOA curve. If the device is set to infinitely retry,
the MOSFET will be repeatedly stressed during fault restart
cycles. The MOSFET manufacturer should be consulted for
guidelines.

- Rps(on) Should be sufficiently low such that the power dissi-
pation at maximum load current (I ;y2 X Rpg(on)) does not raise
its junction temperature above the manufacturer's recom-
mendation.

- The gate-to-source voltage provided by the LM5064 can be
as high as 12.6V. Q, must be able to tolerate this voltage for
its Vsg rating. An additional zener diode can be added from
GATE to VEE to lower this voltage and limit the peak Vg.

CURRENT LIMIT (Rg)
The LM5064 monitors the current in the external MOSFET
Q, by measuring the voltage across the sense resistor (Rg),
connected from SENSE to VEE. The required resistor value
is calculated from:
V
R.=—Ct

S Iy (1)
where |, is the desired current limit threshold. If the voltage
across Rg reaches Vg, the current limit circuit modulates the
gate of Q, to regulate the current at I, ;. While the current
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limiting circuit is active, the fault timer is active as described
in the Fault Timer & Restart section. For proper operation,
Rg must be less than 200 mQ.

V¢, can be set to either 26 mV or 50 mV via hardware and/or
software. This setting defaults to use of CL pin which, when
connected to VDD is 26 mV, 