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LM50661 10 to 80 V, Hotswap Controller With I/V/P Monitoring and PMBus™ Interface

Features

10- to 80-V Operation

100-V Continuous Absolute Max

26 mV or 50 mV ILIM Threshold (£10%)
Programmable FET SOA Protection
Programable UV, OV, tgay 1 Thresholds
External FET Temperature Sensing
Failed FET Detection

I2C / SMBus Interface

PMBus™ and Node Manager 2.0 and 3.0
Compliant Command Structure

Precision V \n, Vouts e Pins Vaux Monitoring
— V (£1.25%); | (1.75%); P (£2.5%)
Supports Energy Monitoring via Read_EIN
Command

Programable I/V/P Averaging Interval

12-bit ADC with 1-kHz Sampling Rate
—40°C < T, < 125°C Operation

Applications

48-V Servers

Base Station Power Distribution
Networking Routers and Switchers
PLC Power Management

24- to 28-V Industrial Systems

Simplified Schematic
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3 Description

LM50661 provides robust protection and precision
monitoring for 10- to 80-V systems. Programmable
uv, OV, Im and fast-short circuit protection allow
for customized protection for any application.
Programmable FET SOA protection sets the
maximum power the FET is allowed to dissipate
under any condition. The programmable fault timer
(teauLT) IS set to avoid nuisance trips, ensure start-up,
and limit the duration of over load events.

In addition to circuit protection, the LM5066I supplies
real-time power, voltage, current, temperature, and
fault data to the system management host through
the 1°C / SMBus interface. PMBus compliant
command structure makes it easy to program the
device. Precision telemetry enables intelligent power
management  functions such as efficiency
optimization and early fault detection. LM5066I also
supports advanced features such as I/V/P averaging
and peak power measurment to improve system
diagnostics.

LM5066I1 is pin-to-pin compatible with the LM5066
and offers improved telemetry accuracy and supports
the Read Ein command to monitor energy. See
Table 1 for a detailed comparison.

Device Information®
PACKAGE BODY SIZE (NOM)
PWP (28) 9.70 x 4.40 mm?

PART NUMBER
LM5066I

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

LM50661 in a Plug-in Card

48-V Bus

»
»

IVIP info
via PMBus

Regulate Loads to
Optimize Efficiency

Plug-in Card

Card to Card Communication

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Device Comparison Table

Table 1 summarizes the differences between the LM5066 and the LM5066I. Note that the current monitoring
accuracy of the LM5066I is much better at the ILIM = 26 mV setting, but is comparable at the 50-mV setting. For
many applications with lower power, using the LM5066 at the 50-mV setting is a great option. However, for
higher power applications upgrading to LM5066I| and using the ILIM = 26 mV setting will lead to significant power
savings (approximately 24 mV x |l oap). In addition, the higher accuracy and energy monitoring capability can
enable further improvements in system efficiency, which is critical in high power applications.

Table 1. LM5066 vs LM5066I

KEY PARAMETERS LM5066 LM5066I
Voltage monitoring +2.7% +1.25%
Current monitoring (ILIM = 26 mV) +4.25% +1.75%
Power monitoring (ILIM = 26 mV) +4.5% +.2.5%
Current monitoring (ILIM = 50 mV) +3% +3.5%
Power monitoring (ILIM = 50 mV) +4.5% +4.5%
i

6 Pin Configuration and Functions

PWP Package

28-Pin
Top View
outr 1 o 28 /1 PGD
GATE [ 2 27— nNc
SENSE [ 3 T _I 26 1 PWR
VINK 44| | = [ ] TIMER
vin—s5 | | 24 [ RETRY
ne 6 | Y m—
UVLO/EN 7 : | 22— JcL
oo s | : 21 7 vop
AacND ]9 | | 20 =—ADRO
eND 10 | | 19— ADR1
spa ——u | | 18—/ ADR2
sbAo 12 L 17 /1 vAux
scL 113 16 ] DIODE
SMBA [ 14 15 ] VREF

Solder exposed pad to ground.

Pin Functions

PIN
NAME NO.

DESCRIPTION

Exposed pad of TSSOP package
Solder to the ground plane to reduce thermal resistance
Output feedback

ouT 1 Connect to the output rail (external MOSFET source). Internally used to determine the MOSFET Vg Vvoltage for
power limiting and to monitor the output voltage.

Exposed Pad | Pad

Gate drive output

GATE 2 Connect to the external MOSFET's gate.

Current sense input

SENSE 3 The voltage across the current sense resistor (Rgys) is measured from VIN_K to this pin. If the voltage across Rgns
reaches overcurrent threshold the load current is limited and the fault timer activates.

Copyright © 2014-2016, Texas Instruments Incorporated Submit Documentation Feedback 3
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Pin Functions (continued)
PIN
DESCRIPTION
NAME NO.
VIN K 4 Positive supply Kelvin pin
- The input voltage is measured on this pin.
VIN 5 Positive supply input
This pin is the input supply connection for the device.
N/C 6 No connection
Undervoltage lockout
UVLOJ/EN 7 An external resistor divider from the system input voltage sets the undervoltage turn-on threshold. An internal 20-pA
current source provides hysteresis. The enable threshold at the pin is nominally 2.48 V. This pin can also be used
for remote shutdown control.
Overvoltage lockout
OvVLO 8 An external resistor divider from the system input voltage sets the overvoltage turn-off threshold. An internal 21-pA
current source provides hysteresis. The disable threshold at the pin is 2.46 V.
Circuit ground
AGND 9 Analog device ground. Connect to GND at the pin.
GND 10 | Circuit ground
SDAI 1 SMBus data input pin
Data input pin for SMBus. Connect to SDAO if the application does not require unidirectional isolation devices.
SDAO 12 SMBus data output pin
Data output pin for SMBus. Connect to SDAI if the application does not require unidirectional isolation devices.
SMBus clock
SCL 13 Clock pin for SMBus
=== SMBus alert line
SMBA 14 Alert pin for SMBus, active low
Internal reference
VREF 15 |Internally generated precision reference used for analog-to-digital conversion. Connect a 1-uF capacitor on this pin
to ground for bypassing.
DIODE 16 External diode
Connect this to a diode-configured MMBT3904 NPN transistor for temperature monitoring.
VAUX 17 Auxiliary voltage input
Auxiliary pin allows voltage telemetry from an external source. Full-scale input of 2.97 V.
ADR2 18 SMBUS address line 2
Tri-state address line. Should be connected to GND, VDD, or left floating.
ADR1 19 SMBUS address line 1
Tri-state address line. Should be connected to GND, VDD, or left floating.
ADRO 20 SMBUS address line 0
Tri-state address line. Should be connected to GND, VDD, or left floating.
VDD 21 Internal sub-regulator output
Internally sub-regulated 4.85-V bias supply. Connect a 1-uF capacitor on this pin to ground for bypassing.
Current limit range
CL 22 | Connect this pin to GND or leave floating to set the nominal over-current threshold at 50 mV. Connecting CL to
VDD sets the overcurrent threshold to be 26 mV.
Power Good feedback
FB 23 | An external resistor divider from the output sets the output voltage at which the PGD pin switches. The threshold at
the pin is nominally 2.46 V. An internal 20-pA current source provides hysteresis.
Fault retry input
RETRY 24 This pin configures the power up fault retry behavior. When this pin is connected to GND or left floating, the device
will continually try to engage power during a fault. If the pin is connected to VDD, the device will latch off during a
fault.
TIMER o5 Timing capacitor
An external capacitor connected to this pin sets insertion time delay, fault timeout period, and restart timing.
Power limit set
PWR 26 | An external resistor connected to this pin, in conjunction with the current sense resistor (Rgyns), sets the maximum
power dissipation allowed in the external series pass MOSFET.
N/C 27 | No connection
4 Submit Documentation Feedback Copyright © 2014-2016, Texas Instruments Incorporated
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Pin Functions (continued)
PIN
DESCRIPTION
NAME NO.

Power Good indicator

28 An open-drain output. This output is high when the voltage at the FB pin is above Vggty (nominally 2.46 V) and the
input supply is within its undervoltage and overvoltage thresholds. Connect to the output rail (external MOSFET
source) or any other voltage to be monitored.

PGD

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature (unless otherwise noted) @

MIN MAX UNIT

VIN, VIN_K, GATE, UVLO/EN, SENSE, PGD to GND @ -0.3 100

OVLO, FB, TIMER, PWR to GND -0.3 7
Input voltage OUT to GND -0.3 100 \%

SCL, SDAI, SDAO, CL, ADRO, ADR1, ADR2, VDD, VAUX, DIODE, RETRY to GND -0.3 6

SENSE to VIN_K, VIN to VIN_K, AGND to GND -0.3 0.3
Junction temperature 150 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any conditions beyond those indicated under recommended operating conditions
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The GATE pin voltage is typically 13.6 V above VIN when the LM5066I is enabled. Therefore, the Absolute Maximum Rating for VIN
applies only when the LM5066I is disabled, or for a momentary surge to that voltage because the Absolute Maximum Rating for the
GATE pin is also 100 V.

7.2 ESD Ratings

VALUE UNIT
Veso @ Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins except GATE® + 2000 \
ESD discharge Charged device model (CDM), per JEDEC specification JESD22-C101, all pins® +500 \Y

(1) 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
which is rated for 1 kV.

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

(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN  NOM MAX UNIT

VIN, SENSE, OUT voltage 10 80 \%
Junction temperature -40 125 °C
Copyright © 2014-2016, Texas Instruments Incorporated Submit Documentation Feedback 5
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7.4 Thermal Information
LM5066I
THERMAL METRIC® PWP UNIT
28 PINS
RoJa Junction-to-ambient thermal resistance 2 35.6
Rejcopy  Junction-to-case (top) thermal resistance ) 19.9
Ross Junction-to-board thermal resistance 16.8 .
WIT Junction-to-top characterization parameter@ 0.5 cw
viB Junction-to-board characterization parameter(ﬁ) 16.7
Rejchoy  Junction-to-case (bottom) thermal resistance (") 2.9
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

@
©)
4)
®)
(6)
@)

report (SPRA953).

The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K board, as
specified in JESD51-7, in an environment described in JESD51-2a.

The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific JEDEC-
standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.

The junction-to-top characterization parameter, y;1, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining Ryja, using a procedure described in JESD51-2a (sections 6 and 7).

The junction-to-board characterization parameter, y;g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining Ryja, using a procedure described in JESD51-2a (sections 6 and 7).

The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific
JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

Submit Documentation Feedback Copyright © 2014-2016, Texas Instruments Incorporated
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7.5 Electrical Characteristics
Unless otherwise stated, the following conditions apply: Vy = 48 V, —=40°C < T; < 125°C, Vyvio =3V, Vovio = 0V, Rpyr=

20 kQ. See .
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INPUT (VIN PIN)
IiN-EN Input current, enabled Vyvio=3Vand Voy o=2V 5.6 7 mA
POR/r ggvgfr—on reset threshold at Vy,y to trigger insertion Vi increasing 78 9.0 v
PORgy z%vgﬁg}:)sn reset threshold at Vy, to enable all Vy increasing 8.6 9.9 v
PORyys PORgy hysteresis Vy\ decreasing 100 mvV
VDD REGULATOR (VDD PIN)
Vo lvpp = 0 MA 4.60 4.90 5.15 \%
lvpp = 10 mA 4.60 4.85 5.15 \%
VopiLm Vypp current limit -50 -30 -15 mA
VppPOR Vypp Voltage reset threshold Vypp rising 4.1 \Y
UVLO/EN, OVLO PINS
UVLOy UVLO threshold Vuwio falling 2.41 2.48 2.55 \%
UVLOyys UVLO hysteresis current Vyvio=1V 16 20 24 HA
UVLOg|as UVLO bias current Vuvo =3V 1 pA
OVLOqy OVLO threshold VovLo rising 2.39 2.46 2.53 \%
OVLOyys OVLO hysteresis current Vowo=1V 24 -21 -16 HA
OVLOgas OVLO bias current Vowo =1V 1 HA
POWER GOOD (PGD PIN)
PGDyoL Output low voltage Isink = 2 MA 100 400 mV
PGDjoH Off leakage current Vpep =80V 1 pA
FB PIN
FBry FB threshold Vuvio =3V and Voyo=2V 2.41 2.46 2.52 Y
FBhys FB hysteresis current -25 -20 -15 MA
FBLeAk Off leakage current Veg = 2.3V 1 pA
POWER LIMIT (PWR PIN)
Vsense — Vout = 48 V, Rpwr = 60 kQ 7.4 9.4 11.4 mv
Vsense — Vout = 48 V, Rpwr = 20 kQ 15 35 5.7 mv
Power limit sense voltage (Vyin_k — Vsense) ¥jiNSEg t\cljoggoz48 V. Rewr = 20 k. 1.85 35 5.02 mv
Vsense — Vout = 24 V, Rpwr = 60 kQ 15 18.75 225 mv
Vsense — Vout = 24 V, Rpwr = 20 kQ 5 7.23 10 mv
lpwr PWR pin current Vpwr = 2.5V -20 HA
Rsat(PwRr) PWR pin impedance when disabled Voo =2V 120 Q
GATE CONTROL (GATE PIN)
Source current Normal operation —40 -20 -7.5 HA
Fault sink current Vyvio=2V 3.4 4.2 5.3 mA
loare Vvin_k — Vsense = 60 mV or Vyy < PORyr,
POR circuit breaker sink current Veare =5V, 0UT =0V, 90 160 230 mA
CB/CL ratio bit=0,CL=1
Vearez Ee!ifgébLaAs voltage of GATE to OUT Zener diode, Veare— Vour 12 16.5 18 v
Vaatecp (P\;ealic\r;arge pump voltage in normal operation Veare— Vour 11 13 15 v
IN — OUT)
OUT PIN
louT-EN OUT bias current, enabled Vin = Vour, hormal operation 60 80 100 HA
louT-DIS OUT bias current, disabled @ Disabled, OUT =0V, Vyiy « = Vsense —65 -50 -35 HA

(1) Current

out of a pin is indicated as a negative value.

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

Unless otherwise stated, the following conditions apply: Vyn = 48 V, —40°C < T; < 125°C, V0 =3V, Vovio = 0V, Rpywr=
20 kQ. See @,

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
CURRENT LIMIT
Ve, Current limit threshold voltage CL =VvDD 23.4 26 28.6 mv
(Vvin_k — Vsense) CL =GND 45 50 55
Enabled, SENSE = OUT 20 25 35
Isense SENSE input current Disabled, OUT =0V 66 HA
Enabled, OUT =0 V 190 220 250
CIRCUIT BREAKER
CB/CL ratio bit = 0, ILIM = 50 mV 1.64 1.94 2.23
RTes Circuit breaker to current limit ratio: CB/CL rat?o bft =1, ILIM =50 mV 3.28 3.87 4.45 VIV
(Vvin_k = Vsense)es/Vel CBICL ratio bit = 0, ILIM = 26 mV 15 1.88 2.3
CBJ/CL ratio bit = 1, ILIM = 26 mV 3.1 3.75 4.45
CB/CL ratio bit = 0, ILIM = 50 mV 76 96 116
Vcs Circuit breaker threshold voltage: (Vyy k — Vsense) CBICL ratio bit = 1, ILIM = 50 mV 155 193 235 mvV
- CB/CL ratio bit = 0, ILIM = 26 mV 38 48 58
CBJ/CL ratio bit = 1, ILIM = 26 mV 76 96 116
TIMER (TIMER PIN)
VIMRH Upper threshold 3.74 3.9 4.07 \%
Vim Lower threshold Restart cycles 1 12 14 \%
End of eighth cycle re-enable threshold 0.3 \%
Insertion time current -5.9 -4.8 -3.3 HA
Sink current, end of insertion time 0.9 15 2.1 mA
trivER Fault detection current TIMER pin=2V —90 _75 —60 HA
Fault sink current 1.7 25 3.2 HA
DCrauLT Fault restart duty cycle 0.5%
INTERNAL REFERENCE
VRer Reference voltage 2.93 2,97 3.02 \%
ADC AND MUX
Resolution 12 Bits
INL Integral non-linearity ADC only +4 LSB
tacQuIrRe Acquisition + conversion time Any channel 100 us
trr Acquisition round robin time Cycle all channels 1 ms
TELEMETRY ACCURACY
CL =GND 50 54.4 58 mV
lINESR Current input full-scale range
CL =VDD 26 27.0 29 mV
. CL =GND 13.30 uv
linLsB Current input LSB
CL = VDD 6.70 Y
V AUXESR VAUX input full-scale range 2.93 2.97 3.01 \%
VauxLsB VAUX input LSB 725 uv
VINESR Input voltage full-scale range 86 88.9 91 \Y
VinLsB Input voltage LSB 217 mV
VouTesr Output voltage full-scale range 86 88.9 91 \%
VouTLss Output voltage LSB 21.7 mvV
\C/\EN:_KVI_D\I;SENSE =22 mV (80% linrsr), 175 % +1.75
Iinace Input current absolute accuracy \é‘CN:Ji/I_D\éSENSE = 5 mV (19% hesg), -6.0 % +6.0
\é\cNgKG—'\I\SSENSE =44 mV (80% linrsr), 35 % 435
8 Submit Documentation Feedback Copyright © 2014-2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Unless otherwise stated, the following conditions apply: Vyn = 48 V, —40°C < T; < 125°C, V0 =3V, Vovio = 0V, Rpywr=
20 kQ. See @,

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VIN, VOUT absolute accuracy V. Vvour = 48, 80V 125 % *1.25
Vacc Ve Vyour = 10 V -25 % +2.5
VAUX absolute accuracy Vaux = 2.8V -1.25 % +1.25
Eggg/ﬂ_hifs\;)’,VCV|I_N5KVDVDSENSE -zemy 25 % *2.5
Pinace Input power accuracy XI.VE% /(azlﬁss\;)’,\élll_NEK\;DvDSENSE =5mv -6.5 % +6.5
(0% g, L =onp ™ 45 % +45
REMOTE DIODE TEMPERATURE SENSOR
Tace Temperature accuracy using local diode Ta = 25°C to 85°C 2 10 °C
Remote diode resolution 9 bits
High level 250 325 PA
IbiobE External diode current source
Low level 9.4 HA
Diode current ratio 25.9 pA
PMBus PIN THRESHOLDS (SMBA, SDA, SCL)
Vi Data, clock input low voltage 0.9 \%
Viy Data, clock input high voltage 2.1 5.5 \%
Voo Data output low voltage Isink = 3 MA 0 0.4 \%
I Ak Input leakage current SDAI,SMBA,SCL =5V 1 PA
CONFIGURATION PIN THRESHOLDS (CL, RETRY)
Viy Threshold voltage 3 \%
I Eak Input leakage current CL, RETRY =5V 5 HA
Copyright © 2014-2016, Texas Instruments Incorporated Submit Documentation Feedback 9
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7.6 SMBus Communications Timing Requirements and Definitions
PARAMETER MIN MAX | UNIT
fsmvs SMBus operating frequency 10 400 | kHz
tBUF Bus free time between stop and start condition 1.3 ps
thp:sTA Hold time after (repeated) start condition. After this period, the first clock is generated. 0.6 ps
tsu:sTA Repeated start condition setup time 0.6 ps
tsu:sto Stop condition setup time 0.6 ps
tHD:DAT Data hold time 85 ns
tsu:DAT Data setup time 100 ns
trimEoUT Clock low time-out® 25 35| ms
tLow Clock low period 15 ps
thicH Clock high period® 0.6 ps
tLow:SEXT Cumulative clock low extend time (slave device) ®) 25 ms
tlowmext  Cumulative low extend time (master device)® 10| ms
te Clock or data fall time® 20 300 ns
tr Clock or data rise time® 20 300 ns

(1) Devices participating in a transfer will timeout when any clock low exceeds the value of trjugout min Of 25 ms. Devices that have
detected a timeout condition must reset the communication no later than tryeout max 0f 35 ms. The maximum value must be adhered
to by both a master and a slave as it incorporates the cumulative stretch limit for both a master (10 ms) and a slave (25 ms).

(2) thicH max provides a simple method for devices to detect bus idle conditions.

(3) tow:sexT is the cumulative time a slave device is allowed to extend the clock cycles in one message from the initial start to the stop. If a
slave exceeds this time, it is expected to release both its clock and data lines and reset itself.

(4) tow:mexT is the cumulative time a master device is allowed to extend its clock cycles within each byte of a message as defined from
start-to-ack, ack-to-ack, or ack-to-stop.

(5) Rise and fall time is defined as follows: tg = ( Viimax — 0.15) to (Vigmin + 0.15);  te = 0.9 VDD to (V| max — 0.15)

—p R — -t
SCL “tow
\ / \ [\
ViU —
— [—tHIGH tsu;sTA—™ | [ tsy;sTO—™ | [
- | [4—tHD:STA [*—tHD;DAT — tSu;DAT
SDA
/ / /[ X NIVl
ViL=t=f
tBUF
P S S P

Figure 1. SMBus Timing Diagram
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7.7 Switching Characteristics

Unless otherwise stated, the following conditions apply: Vy = 48 V, —=40°C < T; < 125°C, Vyvio =3V, Vovio = 0V, Rpyr=

20 kQ.
PARAMETER | CONDITIONS MIN TYP MAX UNIT
UVLO/EN, OVLO PINS
Delay to GATE high 7 9.6 12.2 ps
UVLOpg, UVLO delay
Delay to GATE low 6 8.5 11
Delay to GATE high 7 9.6 12.2 ps
OVLOpg, OVLO delay
Delay to GATE low 6 8.5 11
FB PIN
Delay to PGD high 5 7.6 10
FBpeL FB Delay ps
Delay to PGD low 9.2 12.5
CURRENT LIMIT
- Response time \éll\l]lI—DSENSE stepped from 0 to 80 mV; CL = 30 50 ps
CIRCUIT BREAKER
. VIN-SENSE stepped from 0 to 150 mV, time S
tcp Response time to GATE low. nc?lljoad 0.36 0.8 H
TIMER (TIMER PIN)
trauLt DELAY  Fault to GATE low delay TIMER pin reaches the upper threshold 12 ps
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7.8 Typical Characteristics

Unless otherwise specified, the following conditions apply: T; = 25°C, V,y = 48 V. All graphs show junction temperature.

7 300
<
E 250
kel <
2 Iy 2
6 _— £ 200
. — =
3 % O 150
3 / @ VOUT = 48V
o ~ / 3 VOUT = 0V
55 7 '’ 100
2 9
= —_ B
- VIN = 10V 50
z VIN = 48V
4 VIN = 80V 0
-50 25 0 25 50 75 100 125 150 -50 25 0 25 50 75 100 125 150
T, - Junction Temperature (°C) T, - Junction Temperature (°C)
Device Enabled
Figure 2. Input Current vs VIN and T; Figure 3. Sense Current vs VOUT and T
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Figure 4. Gate Sourcing Current vs T, Figure 5. Gate Sinking Current vs T
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Figure 6. Gate Sinking Current vs T, Figure 7. Gate Voltage vs T;
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Typical Characteristics (continued)

Unless otherwise specified, the following conditions apply: T; = 25°C, V,y = 48 V. All graphs show junction temperature.

18.0 3.0
’>‘ —
o % 2.8
g 17.5 E
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E /// IJE '
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/
g — 3 24
= — 5 2.
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16.0 2.0
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
T, - Junction Temperature (°C) T, - Junction Temperature (°C)
Inject 100 pA into gate node. Measure GATE-SOURCE
Figure 8. Gate Clamping Voltage vs T, Figure 9. UVLO/EN Threshold vs T,
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Figure 10. OVLO Threshold vs T, Figure 11. Power Good Feedback Threshold vs T;
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Figure 12. Current Limit Threshold vs T;
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8 Detailed Description

8.1 Overview

The inline protection functionality of the LM50661 is designed to control the in-rush current to the load after
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 dV/dt of the voltage applied to the load. The effects on other
circuits in the system are minimized by preventing possible unintended resets. When the circuit card is
removed, a controlled shutdown can be implemented using the LM5066I.

In addition to a programmable current limit, the LM50661 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 LM5066I can latch off or repetitively retry based on the hardware setting of the RETRY pin.
When started, the number of retries can be set to none, 1, 2, 4, 8, 16, or infinite. The circuit breaker function
quickly switches off the series-pass device upon detection of a severe overcurrent condition. Programmable
undervoltage lockout (UVLO) and overvoltage lockout (OVLO) circuits shut down the LM50661 when the
system input voltage is outside the desired operating range.

The telemetry capability of the LM5066I provides intelligent monitoring of the input voltage, output voltage,
input current, input power, temperature, and an auxiliary input. The LM50661 also provides a peak capture of
the input power and programmable 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 voltage,
current, power, and temperature through the PMBus interface. Additionally, the LM5066I is capable of
detecting damage to the external MOSFET, Q.
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8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Current Limit

The current limit threshold is reached when the voltage across the sense resistor Rgys (VIN_K to SENSE)
exceeds the ILIM threshold (26 mV if CL = VDD and 50 mV if CL = GND). In the current limiting condition, the
GATE voltage is controlled to limit the current in MOSFET Q,. While the current limit circuit is active, the fault
timer is active as described in the Fault Timer and Restart section. If the load current falls below the current limit
threshold before the end of the Fault Timeout Period, the LM50661 resumes usual operation. If the current limit
condition persists for longer than the Fault Timeout Period set by Cy, the [IN OC Fault bit in 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 is toggled high and SMBA pin is asserted. SMBA togglmg can be disabled
using the ALERT_MASK (D8h) register. For proper operation, the Rgyg resistor value should be no higher than
200 mQ. Higher values 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).
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Feature Description (continued)
8.3.2 Circuit Breaker

If the load current increases rapidly (for example, the load is short circuited), the current in the sense resistor
(Rs) may exceed the current limit threshold before the current limit control loop is able to respond. If the current
exceeds 1.94x or 3.87x (CL = GND) the current limit threshold, Qq is quickly switched off by the 160-mA
pulldown current at the GATE pin and a Fault Timeout Period begins. When the voltage across Rgyg falls below
the circuit breaker (CB) threshold, the 160-mA pulldown current at the GATE pin is switched off, and the gate
voltage of Qq is then determined by the current limit or the power limit functions. If the TIMER pin reaches 3.9 V
before the current limiting or power limiting condition ceases, Q; is switched off by the 4.2-mA pulldown current
at the GATE pin as described in the Fault Timer and Restart section. A circuit breaker event causes the CIRCUIT
BREAKER FAULT bit in the STATUS_OTHER (7Fh), STATUS_MFR_SPECIFIC (80h), and
DIAGNOSTIC_WORD (E1h) registers to be toggled high and SMBA pin are asserted 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.

8.3.3 Power Limit

An important feature of the LM5066I 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 LM5066! determines
the power dissipation in Q; by monitoring its drain-source voltage (SENSE to OUT), and the drain current
through the Rgns (VIN_K 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 Q4. While the power limiting circuit is active, the fault timer
is active as described in the Fault Timer and Restart section. If the power limit condition persists for longer than
the Fault Timeout 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 IIN_OC/PFET_OP_FAULT bit in the
DIAGNOSTIC_WORD (E1h) register is toggled high and SMBA pin is asserted unless this feature is disabled
using the ALERT_MASK (D8h) register.

8.3.4 UVLO

The series-pass MOSFET (Q,) is enabled when the input supply voltage (V)\) is within the operating range
defined by the programmable UVLO and OVLO levels. Typically the UVLO level at V|y is set with a resistor
divider. Referring to the Functional Block Diagram when V,y is below the UVLO level, the internal 20-pA current
source at UVLO is enabled, the current source at OVLO is off, and Q; is held off by the 4.2-mA pulldown current
at the GATE pin. As V) is increased, raising the voltage at UVLO above its threshold the 20 YA current source at
UVLO is switched off, increasing the voltage at UVLO, providing hysteresis for this threshold. With the UVLO/EN
pin above its threshold, Q is switched on by the 20-pA current source at the GATE pin if the insertion time delay
has expired.

See the Application and Implementation section for a procedure to calculate the values of the threshold setting
resistors. The minimum possible UVLO level at Vy can be set by connecting the UVLO/EN pin to VIN. In this
case, Q, is enabled after the insertion time when the voltage at VIN reaches the POR threshold. After power-up,
an UVLO condition causes the INPUT bit in the STATUS_WORD (79h) register, the VIN_UV_FAULT bit in the
STATUS_INPUT (7Ch) register, and the VIN_UNDERVOLTAGE_FAULT bit in the DIAGNOSTIC_WORD (E1h)
registers to be toggled high and SMBA pin is pulled low unless this feature is disabled using the ALERT _MASK
(D8h) register.

8.3.5 0OVLO

The series-pass MOSFET (Q) is enabled when the input supply voltage (V,\) is within the operating range
defined by the programmable UVLO and OVLO levels. If V| raises the OVLO pin voltage above its threshold, Q,
is switched off by the 4.2-mA pulldown 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 V) is reduced below the OVLO level Q; is re-enabled. An OVLO condition
toggles the VIN_OV_FAULT bit in the STATUS_INPUT (7Ch) register, the INPUT bit in the STATUS_WORD
(79h) register and the VIN_OVERVOLTAGE_FAULT bit in the DIAGNOSTIC_WORD (E1h) register. The SMBA
pin is pulled low unless this feature is disabled using the ALERT_MASK (D8h) register.

See the Application and Implementation section for a procedure to calculate the threshold setting resistor values.
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Feature Description (continued)
8.3.6 Power Good Pin

The Power Good indicator pin (PGD) is connected to the drain of an internal N-channel MOSFET capable of
sustaining 80 V in the off-state, and transients up to 100 V. An external pullup 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. PGD is switched high when the voltage at the FB pin exceeds
the PGD threshold voltage. Typically, the output voltage threshold is set with a resistor divider from output to
feedback, although the monitored voltage need not be the output voltage. Any other voltage can be monitored as
long as the voltage at the FB pin does not exceed its maximum rating. Referring to the Functional Block
Diagram, when the voltage at the FB pin is below its threshold, the 20-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 forced low when either the
UVLO/EN pin is below its threshold or the OVLO pin is above its threshold. The status of the PGD pin can be
read through the PMBus interface in either the STATUS_WORD (79h) or DIAGNOSTIC_WORD (E1h) registers.

8.3.7 VDD Sub-Regulator

The LM5066I contains an internal linear sub-regulator, which steps down the input voltage to generate a 4.9-V
rail used for powering low voltage circuitry. The VDD sub-regulator should be used as the pullup supply for the
CL, RETRY, ADR2, ADR1, and ADRO pins if they are to be tied high. It may also be used as the pullup supply
for the PGD and the SMBus signals (SDA, SCL, and SMBA). The VDD sub-regulator is not designed to drive
high currents and should not be loaded with other integrated circuits. The VDD pin is current limited to 30 mA in
order to protect the LM5066I in the event of a short. The sub-regulator requires a ceramic bypass capacitance
having a value of 1 yF or greater to be placed as close to the VDD pin as the PCB layout allows.

8.3.8 Remote Temperature Sensing

The LM50661 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 the LM50661 ground. Place
the MMBT3904 near the device that requires temperature sensing. If the temperature of the hot swap pass
MOSFET, Qq, 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 pA once every millisecond to measure
the diode temperature. Take care in the PCB layout to keep the parasitic resistance between the DIODE pin and
the MMBT3904 low so as not to degrade the measurement. In addition it is recommended to make a Kelvin
connection from the emitter of the MMBT3904 to the GND of the part to ensure an accurate measurement.
Additionally, a small 1000-pF bypass capacitor should be placed in parallel with the MMBT3904 to reduce the
effects of noise. The temperature can be read using the READ_TEMPERATURE_1 PMBus command (8Dh). By
default, the temperature fault and warning thresholds of the LM50661 are set to 256°C and are effectively
disabled. These thresholds can be reprogrammed through the PMBus interface using the OT_WARN_LIMIT
(51h) and OT_FAULT_LIMIT (4Fh) commands. If the temperature measurement and protection capability of the
LM5066I are not used, the DIODE pin should be grounded.

Erroneous temperature measurements may result when the device input voltage is below the minimum operating
voltage (10 V), due to VREF dropping out below the nominal voltage (2.97 V). At higher ambient temperatures,
this measurement could read a value higher than the OT_FAULT_LIMIT, and 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
(03h) register.

8.3.9 Damaged MOSFET Detection

The LM5066I 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 are toggled high and the SMBA pin is asserted unless this feature is
disabled using the ALERT_MASK register (D8h). This method effectively determines whether Q. is shorted
because of damage present between the drain and gate and/or drain and source.
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8.4 Device Functional Modes

8.4.1 Power-Up Sequence

The VIN operating range of the LM50661 is 10 to 80 V, with a transient capability to 100 V. Referring to the and
Figure 13, as the voltage at VIN initially increases, the external N-channel MOSFET (Q;) is held off by an internal
160-mA pulldown current at the GATE pin. The strong pulldown current at the GATE pin prevents an inadvertent
turn-on as the gate-to-drain (Miller) capacitance of the MOSFET is charged. Additionally, the TIMER pin is
initially held at ground. When the V| voltage reaches the POR threshold the insertion time begins. During the
insertion time, the capacitor at the TIMER pin (Cy) is charged by a 4.8-pA current source, and Q; is held off by a
4.2-mA pulldown current at the GATE pin regardless of the input voltage. The insertion time delay allows ringing
and transients at V) to settle before Q, is enabled. The insertion time ends when the TIMER pin voltage reaches
3.9 V. C; is then quickly discharged by an internal 1.5-mA pulldown current. The GATE pin then switches on Q4
when V| exceeds the UVLO threshold. If V |y is above the UVLO threshold at the end of the insertion time, Q;
the GATE pin charge pump sources 20 pA to charge the gate capacitance of Q;. The maximum voltage from the
gate to source of the Q, is limited by an internal 16.5-V Zener diode.

As the voltage at the OUT pin increases, the LM50661 monitors the drain current and power dissipation of
MOSFET Q1. In-rush current limiting or power limiting circuits, or both, actively control the current delivered to the
load. During the in-rush limiting interval (t, in Figure 13), an internal 75-pA fault timer current source charges Cy.
If Q4's power dissipation and the input current reduce below their respective limiting thresholds before the TIMER
pin reaches 3.9 V, the 75-UA current source is switched off, and Cy is discharged by the internal 2.5-pA current
sink (t3 in Figure 13). The in-rush limiting no longer engages unless a current-limit condition occurs.

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

The LM50661 asserts the SMBA pin after the input voltage has exceeded its POR threshold to indicate that the
volatile memory and device settings are in their default state. The CONFIG_PRESET bit within the
STATUS_MFR_SPECIFIC register (80h) indicates default configuration of warning thresholds and device
operation and remains high until a CLEAR_FAULTS command is received.

VIN —,

uvLoO

VIN POR7
4.8 pA 39V—rp) 75 pA 2.5pA
160 mA
GATE  pull-down 4.2 mA pull-down 1 20 uA source
Load ILmir
Current
246V
FB /
N
PGD
——— t7—————»| Ltz—»d— R e —
Insertion Time In rush Normal Operation
Limiting
Figure 13. Power-Up Sequence (Current Limit Only)
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Device Functional Modes (continued)
8.4.2 Gate Control

A charge pump provides the voltage at the GATE pin to enhance the N-channel MOSFET'’s gate (Q,). During
normal operating conditions (t; in Figure 13), the gate of Q, is held charged by an internal 20-pA current source.
The charge pump peak voltage is roughly 13.5 V, which forces a Vgg across Q1 of 13.5 V under normal
operation. When the system voltage is initially applied, the GATE pin is held low by a 160-mA pulldown current.
This helps prevent an inadvertent turn-on of Q, through its drain-gate capacitance as the applied system voltage
increases.

During the insertion time (t; in Figure 13) the GATE pin is held low by a 4.2-mA pulldown current. This maintains
Q, in the off-state until the end of t;, regardless of the voltage at VIN or UVLO. Following the insertion time,
during t, in Figure 13 the gate voltage of Q, 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 3.9 V, 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 3.9 V during t,, the GATE pin is then pulled low by the 4.2-mA pulldown current. The GATE
pin is then held low until either a power-up sequence is initiated (RETRY pin to VDD), or an automatic retry is
attempted (RETRY pin to GROUND or floating). See the Fault Timer and Restart section. If the system input
voltage falls below the UVLO threshold, or rises above the OVLO threshold, the GATE pin is pulled low by the
4.2-mA pulldown current to switch off Q;.

8.4.3 Fault Timer and 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 75-yA fault timer current source charges the external capacitor (Cy) at the TIMER pin
as shown in Figure 13 (fault timeout period). If the fault condition subsides during the fault timeout period before
the TIMER pin reaches 3.9 V, the LM5066I returns to the normal operating mode and Cy is discharged by the
1.5-mA current sink. If the TIMER pin reaches 3.9 V during the fault timeout period, Q is switched off by a 4.2-
mA pulldown current at the GATE pin. The subsequent restart procedure then depends on the selected retry
configuration.

If the RETRY pin is high, the LM5066I 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 4.2-mA pulldown current
until a power-up sequence is externally initiated by cycling the input voltage (V,\), or momentarily pulling the
UVLO/EN pin below its threshold with an open-collector or open-drain device as shown in Figure 14. The voltage
at the TIMER pin must be <0.3 V for the restart procedure to be effective. The TIMER_LATCHED_OFF bit in the
DIAGNOSTIC_WORD (E1h) register remains high while the latched off condition persists.

VIN

VIN

UVLO/EN
Restart
Control

OovLO

GND

v

Figure 14. Latched Fault Restart Control

The LM5066I provides an automatic restart sequence which consists of the TIMER pin cycling between 3.9 and
1.2 V seven times after the fault timeout period, as shown in Figure 15. The period of each cycle is determined
by the 75-pA charging current, the 2.5-pA discharge current, and the value of the capacitor, C;. When the TIMER
pin reaches 0.3 V during the eighth high-to-low ramp, the 20-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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Device Functional Modes (continued)

Fault

=
Detection lomir
Load
Current /
20 pA
Gate Charge
GATE «— 2 MA pulldown 9 /
Pin
39V 2.5pA
75 pA —
TIMER
Pin 12Vv—H+— N N Naaaoa
/ 1 2 3 7 8 03V
Fault Timeout —#»} it tRESTART >

Period

Figure 15. Restart Sequence

8.4.4 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 16. When UVLO/EN pin is released, the LM50661 switches on
the FET with in-rush current and power limiting.

VIN

VIN

UVLO/EN
GND

Shutdown
Control R2
OVLO

Figure 16. Shutdown Control

8.4.5 Enabling/Disabling and Resetting

The output can be disabled at during normal operation by either pulling the UVLO/EN pin to below its threshold
or the OVLO pin above its threshold. This will cause the GATE voltage to be forced low with a pulldown strength
of 4.2 mA. Toggling the UVLO/EN pin also resets the LM50661 from a latched-off state due to an overcurrent or
over-power limit condition that 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 LM5066I. User-stored values for address, device operation, and warning and fault levels
programmed through the SMBus are preserved while the LM5066I is powered regardless of the state of the
UVLO/EN and OVLO pins. The output may also be enabled or disabled by writing 80h or Oh to the OPERATION
(03h) register. To re-enable after a fault, the fault condition should be cleared by programing the OPERATION
(03h) register with Oh and then 80h.

The SMBus address of the LM5066I is captured based-on the states of the ADRO, ADR1, and ADR2 pins (GND,
NC, and VDD) during turn on and is latched into a volatile register after VDD has exceeded its POR threshold of
4.1 V. Reassigning or postponing the address capture is accomplished by holding the VREF pin to ground.
Pulling the VREF pin low also resets the logic and erases the volatile memory of the LM50661. When released,
the VREF pin charges up to its final value and the address is latched into a volatile register when the voltage at
the VREF exceeds 2.55 V.
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8.5 Programming

8.5.1 PMBus Command Support

The device features an SMBus interface that allows the use of PMBus commands to set warn levels, error
masks, and get telemetry on V|, Vout: line Vaux, and Py. The supported PMBus commands are shown in

Table 2.
Table 2. Supported PMBus Commands
NUMBER
CODE NAME FUNCTION RIW OF DATA | PERALLT
BYTES
01h OPERATION Retrieves or stores the operation status R/W 1 80h
03h CLEAR_FAULTS CIear_s the status registers and re-arms the black box registers for Send byte 0
updating
19h CAPABILITY Retrieves the device capability R 1 BOh
43h VOUT_UV_WARN_LIMIT Retrieves or stores output undervoltage warn limit threshold R/W 2 0000h
4Fh OT_FAULT_LIMIT Retrieves or stores over temperature fault limit threshold R/W 2 (g';gfg)
i imi OFFFh
51h OT_WARN_LIMIT Retrieves or stores over temperature warn limit threshold R/W 2 (256°C)
57h VIN_OV_WARN_LIMIT Retrieves or stores input overvoltage warn limit threshold R/W 2 OFFFh
58h VIN_UV_WARN_LIMIT Retrieves or stores input undervoltage warn limit threshold R/W 2 0000h
5Dh IIN_OC_WARN_LIMIT Retrieves or stores input current warn limit threshold (mirror at D3h) RIW 2 OFFFh
78h STATUS_BYTE Retrieves information about the parts operating status R 1 01h
79h STATUS_WORD Retrieves information about the parts operating status R 2 0801h
7Ah STATUS_VOUT Retrieves information about output voltage status R 1 00h
7Ch STATUS_INPUT Retrieves information about input status R 1 10h
7Dh STATUS_TEMPERATURE Retrieves information about temperature status R 1 00h
7Eh STATUS_CML Retrieves information about communications status R 1 00h
7Fh STATUS_OTHER Retrieves other status information R 1 00h
80h STATUS_MFR_SPECIFIC tht;:ives information about circuit breaker and MOSFET shorted R 1 10h
00h 00h
86h READ_EIN Retrieves energy meter measurement R 6 00h 00h
00h 00h
88h READ_VIN Retrieves input voltage measurement R 2 0000h
89%h READ_IIN Retrieves input current measurement (Mirrors at D1h) R 2 0000h
8Bh READ_VOUT Retrieves output voltage measurement R 2 0000h
8Dh READ_TEMPERATURE_1 Retrieves temperature measurement R 2 0190h
97h READ_PIN Retrieves averaged input power measurement (mirror at DFh). R 2 0000h
54h
9%h MFR_ID Retrieves manufacturer ID in ASCII characters (TI) R 3 49h
Oh
4Ch
4Dh
35h
9Ah MFR_MODEL Retrieves part number in ASCII characters. (LM50661) R 8 ggﬂ
36h
49h
Oh
9Bh MFR_REVISION Retrieves part revision letter or number in ASCII (for example, AA) R 2 ﬁﬂ
MFR_SPECIFIC_00 ) o
DOh READ_VAUX Retrieves auxiliary voltage measurement R 2 0000h
MFR_SPECIFIC_01 ) ) .
D1h MER_READ_IIN Retrieves input current measurement (Mirror at 89h) R 2 0000h
MFR_SPECIFIC_02 . .
D2h MFR_READ_PIN Retrieves input power measurement R 2 0000h
MFR_SPECIFIC_03 ) ) _ .
D3h MFR_IIN_OC_WARN_LIMIT Retrieves or stores input current limit warn threshold (Mirror at 5Dh) R/W 2 OFFFh
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Programming (continued)

Table 2. Supported PMBus Commands (continued)

NUMBER
CODE NAME FUNCTION R/W OF DATA D\EEﬁLLJ”éT
BYTES

MFR_SPECIFIC_04 . . L

D4h MFR_PIN_OP_WARN_LIMIT Retrieves or stores input power limit warn threshold R/W 2 OFFFh
MFR_SPECIFIC_05 ’ .

D5h READ_PIN_PEAK Retrieves measured peak input power measurement R 2 0000h
MFR_SPECIFIC_06 ) )

D6h CLEAR_PIN_PEAK Resets the contents of the peak input power register to 0 Send byte 0
MFR_SPECIFIC_07 Allows the user to disable MOSFET gate shutdown for various fault

D7h GATE_MASK conditions RIW 1 0000h
MFR_SPECIFIC_08 . =

D8h ALERT_MASK Retrieves or stores user SMBA fault mask RIW 2 FDO4h
MFR_SPECIFIC_09 ) ) )

D9h DEVICE_SETUP Retrieves or stores information about number of retry attempts R/W 1 0000h
0880h
0000h

DAh MFR_SPECIFIC_10 Retrieves most recent diagnostic and telemetry information in a R 12 0000h

BLOCK_READ single transaction 0000h
0000h
0000h

DBh MFR_SPECIFIC_11 Exponent value AVGN for number of samples to be averaged (N = RIW 1 0sh

SAMPLES_FOR_AVG 2AVEN) ‘range = 00h to OCh

MFR_SPECIFIC_12 . .

DCh READ_AVG_VIN Retrieves averaged input voltage measurement R 2 0000h
MFR_SPECIFIC_13 )

DDh READ_AVG_VOUT Retrieves averaged output voltage measurement R 2 0000h
MFR_SPECIFIC_14 ’ .

DEh READ_AVG_IIN Retrieves averaged input current measurement R 2 0000h
MFR_SPECIFIC_15 ) )

DFh READ_AVG_PIN Retrieves averaged input power measurement R 2 0000h
0880h
0000h

EOh MFR_SPECIFIC_16 Captures diagnostic and telemetry information, which are latched R 12 0000h

BLACK_BOX_READ when the first SMBA event occurs after faults are cleared 0000h
0000h
0000h

Elh MFR_SPECIFIC_17 Manufacturer-specific parallel of the STATUS_WORD to convey all R 2 0880h

DIAGNOSTIC_WORD_READ FAULT/WARN data in a single transaction
0880h
0000h

E2h MFR_SPECIFIC_18 Retrieves most recent average telemetry and diagnostic information R 12 0000h

AVG_BLOCK_READ in a single transaction 0000h
0000h
0000h

8.5.2 Standard PMBus Commands

8.5.2.1 OPERATION (01h)

The OPERATION command is a standard PMBus command that controls the MOSFET switch. This command
can be used to switch the MOSFET on and off under host control. It is also used to re-enable the MOSFET after
a fault triggered shutdown. Writing an OFF command, followed by an ON command, clears all faults and re-
enables the device. Writing only an ON after a fault-triggered shutdown does not clear the fault registers or re-

enable the device. The OPERATION command is issued with the write byte protocol.

Table 3. Recognized OPERATION Command Values

VALUE MEANING DEFAULT

80h Switch ON 80h

00h Switch OFF N/A
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8.5.2.2 CLEAR_FAULTS (03h)

The CLEAR_FAULTS command is a standard PMBus command that resets all stored warning and fault flags
and the SMBA signal. If a fault or warning condition still exists when the CLEAR_FAULTS command is issued,
the SMBA signal may not clear or re-asserts almost immediately. Issuing a CLEAR_FAULTS command does not
cause the MOSFET to switch back on in the event of a fault turnoff, that must be done by issuing an
OPERATION command after the fault condition is cleared. This command uses the PMBus send byte protocol.

8.5.2.3 CAPABILITY (19h)

The CAPABILITY command is a standard PMBus command that returns information about the PMBus functions
supported by the LM5066I. This command is read with the PMBus read byte protocol.

Table 4. CAPABILITY Register

VALUE MEANING DEFAULT
BOh Supports packet error check, 400 Kb/s, supports SMBus | BOh
alert

8.5.2.4 VOUT_UV_WARN_LIMIT (43h)

The VOUT_UV_WARN_LIMIT command is a standard PMBus command that allows configuring or reading the
threshold for the VOUT undervoltage warning detection. Reading and writing to this register should use the
coefficients shown in Table 47. Accesses to this command should use the PMBus read or write word protocol. If
the measured value of VOUT falls below the value in this register, VOUT UV warn flags are set and the SMBA
signal is asserted.

Table 5. VOUT_UV_WARN_LIMIT Register

VALUE MEANING DEFAULT
0001h to OFFFh VOUT undervoltage warning detection threshold 0000h (disabled)
0000h VOUT undervoltage warning disabled N/A

8.5.25 OT_FAULT_LIMIT (4Fh)

The OT_FAULT_LIMIT command is a standard PMBus command that allows configuring or reading the threshold
for the overtemperature fault detection. Reading and writing to this register should use the coefficients shown in
Table 47. Accesses to this command should use the PMBus read or write word protocol. If the measured
temperature exceeds this value, an overtemperature fault is triggered and the MOSFET is switched off, OT
FAULT flags set, and the SMBA signal asserted. After the measured temperature falls below the value in this
register, the MOSFET may be switched back on with the OPERATION command. A single temperature
measurement is an average of 16 round-robin cycles; therefore, the minimum temperature fault detection time is
16 ms.

Table 6. OT_FAULT_LIMIT Register

VALUE MEANING DEFAULT
0000h to OFFEh Over-temperature fault threshold value OFFFh (256°C)
OFFFh Over-temperature fault detection disabled N/A

8.5.2.6 OT_WARN_LIMIT (51h)

The OT_WARN_LIMIT command is a standard PMBus command that allows configuring or reading the threshold
for the over-temperature warning detection. Reading and writing to this register should use the coefficients
shown in Table 47. Accesses to this command should use the PMBus read or write word protocol. If the
measured temperature exceeds this value, an over-temperature warning is triggered and the OT WARN flags set
in the respective registers and the SMBA signal asserted. A single temperature measurement is an average of
16 round-robin cycles; therefore, the minimum temperature warn detection time is 16 ms.
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Table 7. OT_WARN_LIMIT Register
VALUE MEANING DEFAULT
0000h to OFFEh Over-temperature warn threshold value OFFFh (256°C)
OFFFh Over-temperature warn detection disabled N/A

8.5.2.7 VIN_OV_WARN_LIMIT (57h)

The VIN_OV_WARN_LIMIT command is a standard PMBus command that allows configuring or reading the
threshold for the VIN overvoltage warning detection. Reading and writing to this register should use the
coefficients shown in Table 47. Accesses to this command should use the PMBus read or write word protocol. If
the measured value of VIN rises above the value in this register, VIN OV warn flags are set in the respective
registers and the SMBA signal is asserted.

Table 8. VIN_OV_WARN_LIMIT Register

VALUE MEANING DEFAULT
Oh to OFFEh VIN overvoltage warning detection threshold OFFFh (disabled)
OFFFh VIN overvoltage warning disabled N/A

8.5.2.8 VIN_UV_WARN_LIMIT (58h)

The VIN_UV_WARN_LIMIT command is a standard PMBus command that allows configuring or reading the
threshold for the VIN undervoltage warning detection. Reading and writing to this register should use the
coefficients shown in Table 47. Accesses to this command should use the PMBus read or write word protocol. If
the measured value of VIN falls below the value in this register, VIN UV warn flags are set in the respective
register, and the SMBA signal is asserted.

Table 9. VIN_UV_WARN_LIMIT Register

VALUE MEANING DEFAULT
1h to OFFFh VIN undervoltage warning detection threshold 0000h (disabled)
0000h VIN undervoltage warning disabled N/A

8.5.2.9 STATUS_BYTE (78h)

The STATUS BYTE is a standard PMBus command that returns the value of a number of flags indicating the
state of the LM5066I. Accesses to this command should use the PMBus read byte protocol. To clear bits in this
register, the underlying fault should be removed on the system and a CLEAR_FAULTS command issued.

Table 10. STATUS_BYTE Definitions

BIT NAME MEANING DEFAULT
7 BUSY Not supported, always O 0
6 OFF This bit is asserted if the MOSFET is not switched on for any reason. 0
5 VOUT OV Not supported, always O 0
4 IOUT OC Not supported, always O 0
3 VIN UV fault A VIN undervoltage fault has occurred 0
2 TEMPERATURE A temperature fault or warning has occurred 0
1 CML A communication fault has occurred 0
0 None of the above A fault or warning not listed in bits [7:1] has occurred 1

8.5.2.10 STATUS_WORD (79h)

The STATUS_WORD command is a standard PMBus command that returns the value of a number of flags
indicating the state of the LM5066I. Accesses to this command should use the PMBus read word protocol. To
clear bits in this register, the underlying fault should be removed and a CLEAR _FAULTS command issued. The
INPUT and VIN UV flags default to 1 on startup; however, they are cleared to 0 after the first time the input
voltage exceeds the resistor-programmed UVLO threshold.
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Table 11. STATUS_WORD Definitions

BIT NAME MEANING DEFAULT
15 VOUT An output voltage fault or warning has occurred 0
14 IOUT/POUT Not supported, always 0 0
13 INPUT An input voltage or current fault has occurred 0
12 FET FAIL FET is shorted 0
11 POWER GOOD The Power Good signal has been negated 1
10 FANS Not supported, always 0 0
9 CB_Fault Circuit breaker fault triggered 0
8 UNKNOWN Not supported, always 0 0
7 BUSY Not supported, always 0 0
6 OFF This bit is asserted if the MOSFET is not switched on for any reason. 0
5 VOUT oV Not supported, always 0 0
4 IOUT OC Not supported, always 0 0
3 VIN UV A VIN undervoltage fault has occurred 0
2 TEMPERATURE A temperature fault or warning has occurred 0
1 CML A communication fault has occurred 0
0 None of the above A fault or warning not listed in bits [7:1] has occurred 1

8.5.2.11 STATUS_VOUT (7Ah)

The STATUS_VOUT command is a standard PMBus command that returns the value of the VOUT UV warn flag.
Accesses to this command should use the PMBus read byte protocol. To clear bits in this register, the underlying
fault should be cleared and a CLEAR_FAULTS command issued.

Table 12. STATUS_VOUT Definitions

BIT NAME MEANING DEFAULT
7 VOUT OV fault Not supported, always 0 0
6 VOUT OV warn Not supported, always 0 0
5 VOUT UV warn A VOUT undervoltage warning has occurred 0
4 VOUT UV fault Not supported, always 0 0
3 VOUT max Not supported, always 0 0
2 TON max fault Not supported, always 0 0
1 TOFF max fault Not supported, always 0 0
0 VOUT tracking error Not supported, always 0 0

8.5.2.12 STATUS_INPUT (7Ch)

The STATUS_INPUT command is a standard PMBus command that returns the value of a number of flags
related to input voltage, current, and power. Accesses to this command should use the PMBus read byte
protocol. To clear bits in this register, the underlying fault should be cleared and a CLEAR_FAULTS command
issued. The VIN UV warn flag defaults to 1 on startup; however, it is cleared to O after the first time the input
voltage increases above the resistor-programmed UVLO threshold.
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Table 13. STATUS_INPUT Definitions

BIT NAME MEANING DEFAULT
7 VIN OV fault A VIN overvoltage fault has occurred 0
6 VIN OV warn A VIN overvoltage warning has occurred 0
5 VIN UV warn A VIN undervoltage warning has occurred 1
4 VIN UV fault A VIN undervoltage fault has occurred 0
3 Insufficient voltage Not supported, always 0 0
2 IIN OC fault An 1IN overcurrent fault has occurred 0
1 IIN OC warn An IIN overcurrent warning has occurred 0
0 PIN OP warn A PIN overpower warning has occurred 0

8.5.2.13 STATUS_TEMPERATURE (7dh)

The STATUS_TEMPERATURE is a standard PMBus command that returns the value of the of a number of flags
related to the temperature telemetry value. Accesses to this command should use the PMBus read byte protocol.
To clear bits in this register, the underlying fault should be cleared and a CLEAR_FAULTS command issued.

Table 14. STATUS_TEMPERATURE Definitions

BIT NAME MEANING DEFAULT
7 Overtemp fault An overtemperature fault has occurred 0
6 Overtemp warn An overtemperature warning has occurred 0
5 Undertemp warn Not supported, always 0 0
4 Undertemp fault Not supported, always 0 0
3 Reserved Not supported, always 0 0
2 Reserved Not supported, always 0 0
1 Reserved Not supported, always 0 0
0 Reserved Not supported, always 0 0

8.5.2.14 STATUS_CML (7Eh)

The STATUS_CML is a standard PMBus command that returns the value of a number of flags related to
communication faults. Accesses to this command should use the PMBus read byte protocol. To clear bits in this
register, a CLEAR_FAULTS command should be issued.

Table 15. STATUS_CML Definitions

BIT NAME DEFAULT
7 Invalid or unsupported command received 0
6 Invalid or unsupported data received 0
5 Packet error check failed 0
4 Not supported, always 0 0
3 Not supported, always 0 0
2 Reserved, always 0 0
1 Miscellaneous communications fault has occurred 0
0 Not supported, always 0 0
8.5.2.15 STATUS_OTHER (7Fh)
Table 16. STATUS_OTHER Definitions
BIT NAME DEFAULT
Reserved: Always 0 0
Reserved: Always 0 0
CB Fault 0
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Table 16. STATUS_OTHER Definitions (continued)
BIT NAME DEFAULT

4 Not supported, always 0 0

3 Not supported, always 0 0

2 Not supported, always 0 0

1 Not supported, always 0 0

0 Not supported, always 0 0

8.5.2.16 STATUS_MFR_SPECIFIC (80h)

The STATUS_MFR_SPECIFIC command is a standard PMBus command that contains manufacturer specific
status information. Accesses to this command should use the PMBus read byte protocol. To clear bits in this
register, the underlying fault should be removed and a CLEAR_FAULTS command should be issued.

Table 17. STATUS_MFR_SPECIFIC Definitions
MEANING DEFAULT
Circuit breaker fault 0
External MOSFET shorted fault
Not supported, always 0

=
3

Defaults loaded

Not supported, always 0

Not supported, always 0

Not supported, always 0

ORrINW|IdMO| O |N
oO|lo|o|O|r,r|O|O

Not supported, always 0

8.5.2.17 READ_EIN (86h)

The READ_EIN command is a standard PMBus command that returns information the host can use to calculate
average input power consumption. Accesses to this command should use the PMBus block read protocol. The
information provided by this command is independent of any device-specific averaging period. Six data bytes are
returned by this command. The first two bytes are the two's complement signed output of an accumulator that
continuously sums samples of the instantaneous input power. The accumulator value is the summation of the
instantaneous power measurement. These two data bytes are formatted in the DIRECT format. The next data
byte is a rollover count for the accumulator. This byte is an unsigned integer that indicates the number of times
the accumulator has rolled over from its maximum positive unsigned integer (7FFFh) to 0. The last three data
bytes are a 24-bit unsigned integer that counts the number of samples of the instantaneous input power. This
value also rolls over periodically from its maximum positive value to 0. It is up to the host to keep track of the
sample count and account for the rollovers.

The combination of the accumulator and the roller count may overflow after a period of several seconds.
Similarly, the sample count value overflows, but this event only occurs once every few hours.

To convert the data obtained from two separate READ_EIN commands into average power, first convert the
accumulator and rollover count to an unsigned integer (see Equation 1).

Accumulator_23 = (rollover_count << 15) + accumulator 1)
Note that the overflow of this variable needs to be monitored and properly accounted for. Data from the previous

calculation, along with the sample count values from the corresponding register access, can be used to get the
unscaled average power:

Accumulator 23 [n]— Accumulator 23 [n—1]
Sample_count [n] —Sample_count [n—1]

where
e Accumulator_23 [n] = Overflow corrected, 23-bit accumulator data from this read
e Sample_count [n] = Sample count data from this read
e Accumulator_23 [n — 1] = Overflow corrected, 23-bit accumulator data from previous read
e Sample_count [n — 1] = Sample count data from previous read
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* Unscaled average power is now in the same units as the data from the READ_PIN command. Coefficients
from Table 47 are used to convert the unscaled average power to Watts. 2

Table 18. READ_EIN Definition

BYTE MEANING DEFAULT
0 Number of bytes 6
1 Power accumulator low byte 0
2 Power accumulator high byte 0
3 Power accumulator rollover count 0
4 Sample count low byte 0
5 Sample count mid byte 0
6 Sample count high byte 0

8.5.2.18 READ_VIN (88h)

The READ_VIN command is a0 standard PMBus command that returns the 12-bit measured value of the input
voltage. Reading this register should use the coefficients shown in Table 47. Accesses to this command should
use the POMBus read word protocol. This value is also used internally for the VIN overvoltage and undervoltage
warning detection.

Table 19. OREAD_VIN Register

MEANING
Measured vaOlue for VIN

VALUE
0000h to OFFFh

DEFAULT
0000h

8.5.2.19 READ_IIN (89h)

The READ_IIN command is a standard PMBus command that returns the 12-bit measured value of the input
current. Reading this register should use the coefficients shown in Table 47. Accesses to this command should
use the PMBus read word protocol. This value is also mirrored at (D1h).

Table 20. READ_IIN Register

MEANING
Measured value for IIN

VALUE
0000h to OFFFh

DEFAULT
0000h

8.5.2.20 READ_VOUT (8Bh)

The READ_VOUT command is a standard PMBus command that returns the 12-bit measured value of the output
voltage. Reading this register should use the coefficients shown in Table 47. Accesses to this command should
use the PMBus read word protocol. This value is also used internally for the VOUT undervoltage warning
detection.

Table 21. READ_VOUT Register

MEANING
Measured value for VOUT

VALUE
0000h to OFFFh

DEFAULT
0000h

8.5.2.21 READ_TEMPERATURE_1 (8Dh)

The READ_TEMPERATURE_1 command is a standard PMBus command that returns the signed value of the
temperature measured by the external temperature sense diode. Reading this register should use the coefficients
shown in Table 47. Accesses to this command should use the PMBus read word protocol. This value is also
used internally for the overtemperature fault and warning detection. This data has a range of —256°C to 255°C
after the coefficients are applied.

Table 22. READ_TEMPERATURE_1 Register

VALUE

MEANING

DEFAULT

0000h to OFFFh

Measured value for TEMPERATURE

0000h
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8.5.2.22 READ_PIN (97h)

The READ_PIN command is a standard PMBus command that returns the 12-bit measured value of the input
power. Reading this register should use the coefficients shown in Table 47. Accesses to this command should
use the PMBus read word protocol. This value is also mirrored at (D5h).

Table 23. READ_PIN Register

VALUE

MEANING

DEFAULT

0000h to OFFFh

Measured value for PIN

0000h

8.5.2.23 MFR_ID (99h)

The MFR_ID command is a standard PMBus command that returns the identification

read the MFR_ID, use the PMBus block read protocol.

Table 24. MFR_ID Register

of the manufacturer. To

BYTE NAME VALUE
0 Number of bytes 03h
1 MFR ID-1 54h ‘T’
2 MFR ID-2 29h
3 MFR ID-3 00h

8.5.2.24 MFR_MODEL (9Ah)

The MFR_MODEL command is a standard PMBus command that returns the part number of the chip. To read
the MFR_MODEL, use the PMBus block read protocol.

Table 25. MFR_MODEL Register

BYTE NAME VALUE
0 Number of bytes 08h
1 MFR ID-1 4Ch ‘L’
2 MFR ID-2 4Dh ‘M’
3 MFR ID-3 35h ‘5’
4 MFR ID-4 30h ‘0’
5 MFR ID-5 36h ‘6’
6 MFR ID-6 36h ‘6’
7 MFR ID-7 49h '’
8 MFR ID-8 00h

8.5.2.25 MFR_REVISION (9Bh)

The MFR_REVISION command is a standard PMBus command that returns the revision level of the part. To
read the MFR_REVISION, use the PMBus block read protocol.

Table 26. MFR_REVISION Register

BYTE NAME VALUE
0 Number of bytes 02h
1 MFR ID-1 41h ‘A’
2 MFR ID-2 41h ‘A’
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8.5.3 Manufacturer Specific PMBus Commands

8.5.3.1 MFR_SPECIFIC_00: READ_VAUX (DO0Oh)

The READ_VAUX command reports the 12-bit ADC measured auxiliary voltage. Voltages greater than or equal
to 2.97 V to ground are reported at plus full scale (OFFFh). Voltages less than or equal to 0 V referenced to
ground are reported as 0 (0000h). To read data from the READ_VAUX command, use the PMBus read word
protocol.

Table 27. READ_VAUX Register

VALUE MEANING DEFAULT
0000h to OFFFh Measured value for VAUX input 0000h

8.5.3.2 MFR_SPECIFIC_01: MFR_READ_IIN (D1h)

The MFR_READ _IIN command reports the 12-bit ADC measured current sense voltage. To read data from the
MFR_READ_IIN command, use the PMBus read word protocol. Reading this register should use the coefficients
shown in Table 47. See the section Reading and Writing Telemetry Data and Warning Thresholds to calculate
the values to use.

Table 28. MFR_READ _IIN Register

VALUE MEANING DEFAULT
0000h to OFFFh Measured value for input current sense voltage 0000h

8.5.3.3 MFR_SPECIFIC_02: MFR_READ_PIN (D2h)

The MFR_READ_PIN command reports the upper 12 bits of the VIN x IIN product as measured by the 12-bit
ADC. To read data from the MFR_READ_PIN command, use the PMBus read word protocol. Reading this
register should use the coefficients shown in Table 47. See the section Reading and Writing Telemetry Data and
Warning Thresholds to calculate the values to use.

Table 29. MFR_READ_PIN Register

VALUE MEANING DEFAULT
0000h to OFFFh VALUE for input current x input voltage 0000h

8.5.3.4 MFR_SPECIFIC_03: MFR_IN_OC_WARN_LIMIT (D3h)

The MFR_IIN_OC_WARN_LIMIT PMBus command sets the input overcurrent warning threshold. In the event
that the input current rises above the value set in this register, the 1IN overcurrent flags are set in the respective
registers and the SMBA is asserted. To access the MFR_IIN_OC_WARN_LIMIT register, use the PMBus
read/write word protocol. Reading and writing to this register should use the coefficients shown in Table 47.

Table 30. MFR_IIN_OC_WARN_LIMIT Register

VALUE MEANING DEFAULT
0000h to OFFEh Value for input overcurrent warn limit OFFFh
OFFFh Input overcurrent warning disabled N/A

8.5.3.5 MFR_SPECIFIC_04: MFR_PIN_OP_WARN_LIMIT (D4h)

The MFR_PIN_OP_WARN_LIMIT PMBus command sets the input over-power warning threshold. In the event
that the input power rises above the value set in this register, the PIN over-power flags are set in the respective
registers and the SMBA is asserted. To access the MFR_PIN_OP_WARN_LIMIT register, use the PMBus
read/write word protocol. Reading and writing to this register should use the coefficients shown in Table 47.

Table 31. MFR_PIN_OPWARN_LIMIT Register

VALUE MEANING DEFAULT
0000h to OFFEh Value for input over power warn limit OFFFh
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Table 31. MFR_PIN_OPWARN_LIMIT Register (continued)
VALUE MEANING DEFAULT
OFFFh Input over power warning disabled N/A

8.5.3.6 MFR_SPECIFIC_05: READ_PIN_PEAK (D5h)

The READ_PIN_PEAK command reports the maximum input power measured since a power-on reset or the last
CLEAR_PIN_PEAK command. To access the READ_PIN_PEAK command, use the PMBus read word protocol.
Use the coefficients shown in Table 47.

Table 32. READ_PIN_PEAK Register

VALUE MEANING DEFAULT
0000h to OFFFh Maximum value for input current x input voltage since reset or last clear | 0000h

8.5.3.7 MFR_SPECIFIC_06: CLEAR_PIN_PEAK (D6h)

The CLEAR_PIN_PEAK command clears the PIN PEAK register. This command uses the PMBus send byte
protocol.

8.5.3.8 MFR_SPECIFIC_07: GATE_MASK (D7h)

The GATE_MASK register allows the hardware to prevent fault conditions from switching off the MOSFET. When
the bit is high, the corresponding FAULT has no control over the MOSFET gate. All status registers are still
updated (STATUS, DIAGNOSTIC) and SMBA is still asserted. This register is accessed with the PMBus
read/write byte protocol.

CAUTION

Inhibiting the MOSFET switch off in response to overcurrent or circuit breaker fault
conditions will likely result in the destruction of the MOSFET. This functionality must be
used with great care and supervision.

Table 33. MFR_SPECIFIC_07 Gate Mask Definitions

BIT NAME DEFAULT
Not used, always 0 0

Not used, always 0

VIN UV FAULT

VIN OV FAULT

IIN/PFET FAULT
OVERTEMP FAULT

Not used, always 0
CIRCUIT BREAKER FAULT

ORrINW|I~MOGO|O|N
oO/0oolo|lo|o|oO
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The IIN/PFET fault refers to the input current fault and the MOSFET power dissipation fault. There is no input
power fault detection, only input power warning detection.

8.5.3.9 MFR_SPECIFIC_08: ALERT_MASK (D8h)

The ALERT_MASK command is used to mask the SMBA when a specific fault or warning has occurred. Each bit
corresponds to one of the 14 different analog and digital faults or warnings that would normally result in an
SMBA being asserted. When the corresponding bit is high, that condition does not cause the SMBA to be
asserted. If that condition occurs, the registers where that condition is captured is still updated (STATUS
registers, DIAGNOSTIC_WORD) and the external MOSFET gate control is still active (VIN_OV_FAULT,
VIN_UV_FAULT, IIN/PFET_FAULT, CB_FAULT, OT_FAULT). This register is accessed with the PMBus
read/write word protocol. The VIN UNDERVOLTAGE FAULT flag defaults to 1 on startup; however, it clears to 0
after the first time the input voltage increases above the resistor-programmed UVLO threshold.

Table 34. ALERT_MASK Definitions

BIT NAME DEFAULT
15 VOUT UNDERVOLTAGE WARN 1
14 1IN LIMIT warn 1
13 VIN UNDERVOLTAGE WARN 1
12 VIN OVERVOLTAGE WARN 1
11 POWER GOOD 1
10 OVERTEMP WARN 1
9 Not used 0
8 OVERPOWER LIMIT WARN 1
7 Not used 0
6 EXT_MOSFET_SHORTED 0
5 VIN UNDERVOLTAGE FAULT 1
4 VIN OVERVOLTAGE FAULT 0
3 IIN/PFET FAULT 0
2 OVERTEMPERATURE FAULT 0
1 CML FAULT (communications fault) 0
0 CIRCUIT BREAKER FAULT 0

8.5.3.10 MFR_SPECIFIC_09: DEVICE_SETUP (D%h)

The DEVICE_SETUP command can be used to override pin settings to define operation of the LM5066! under
host control. This command is accessed with the PMBus read/write byte protocol.

Table 35. DEVICE_SETUP Byte Format

BIT NAME MEANING
111 = Unlimited retries
110 = Retry 16 times
101 = Retry 8 times
. : 100 = Retry 4 times
75 Retry setting 011 = Retry 2 times
010 = Retry 1 time
001 = No retries
000 = Pin configured retries
o . 0 = High setting (50 mV)
4 Current limit setting 1 = Low setting (26 mV)
. 0 = Low setting (1.9x)
3 CB/CL ratio 1 = High setting (3.9x)
- ) . 0 = Use pin settings
2 Current limit configuration 1 = Use SMBUS settings
Unused
0 Unused
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To configure the current limit setting with this register, it is necessary to set the current limit configuration bit (2)
to 1 to enable the register to control the current limit function and the current limit setting bit (4) to select the
desired setting. If the current limit configuration bit is not set, the pin setting is used. The circuit breaker to current
limit ratio value is set by the CB / CL ratio bit (3). Note that if the current limit configuration is changed, the
samples for the telemetry averaging function are not reset. TI recommends to allow a full averaging update
period with the new current limit configuration before processing the averaged data.

Note that the current limit configuration affects the coefficients used for the current and power measurements
and warning registers.

8.5.3.11 MFR_SPECIFIC_10: BLOCK_READ (DAh)

The BLOCK_READ command concatenates the DIAGNOSTIC_WORD with input and output telemetry
information (IIN, VOUT, VIN, PIN) as well as TEMPERATURE to capture all of the operating information of the
LM5066I in a single SMBus transaction. The block is 12-bytes long with telemetry information being sent out in
the same manner as if an individual READ_XXX command had been issued (shown in Table 36). The contents
of the block read register are updated every clock cycle (85 ns) as long as the SMBus interface is idle.
BLOCK_READ also specifies that the VIN, VOUT, IIN and PIN measurements are all time-aligned. If separate
commands are used, individual samples may not be time-aligned because of the delay necessary for the
communication protocol.

The block read command is read through the PMBus block read protocol.
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Table 36. BLOCK_READ Register Format

Byte Count (Always 12) (1 Byte)
DIAGNOSTIC_WORD (1 word)
IIN_BLOCK (1 word)
VOUT_BLOCK (1 word)
VIN_BLOCK (1 word)
PIN_BLOCK (1 word)
TEMP_BLOCK (1 word)

8.5.3.12 MFR_SPECIFIC_11: SAMPLES_FOR_AVG (DBh)

The SAMPLES_FOR_AVG command is a manufacturer-specific command for setting the number of samples
used in computing the average values for 1IN, VIN, VOUT, and PIN. The decimal equivalent of the AVGN nibble
is the power of 2 samples, (for example, AVGN = 12 equates to N = 4096 samples used in computing the
average). The LM50661 supports average numbers of 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, and
4096. The SAMPLES FOR_AVG number applies to average values of IIN, VIN, VOUT, and PIN simultaneously.
The LM5066I uses simple averaging. This is accomplished by summing consecutive results up to the number
programmed, then dividing by the number of samples. Averaging is calculated according to the following
sequence:

Y = (X(N) + X(N-l) + ...+ X(O)) / N (3)
When the averaging has reached the end of a sequence (for example, 4096 samples are averaged), then a

whole new sequence begins that requires the same number of samples (in this example, 4096) to be taken
before the new average is ready.
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Table 37. SAMPLES_FOR_AVG Register
AVGN (b) N = 2AVEN Averaging / Register Update Period (ms)
0000b 1 1
0001b 2 2
0010b 4 4
0011b 8 8
0100b 16 16
0101b 32 32
0110b 64 64
0111b 128 128
1000b 256 256
1001b 512 512
1010b 1024 1024
1011b 2048 2048
1100b 4096 4096

Note that a change in the SAMPLES_FOR_AVG register is not reflected in the average telemetry measurements
until the present averaging interval has completed. The default setting for AVGN is 1000b, or 08h.

The SAMPLES_FOR_AVG register is accessed with the PMBus read/write byte protocol.

Table 38. SAMPLES _FOR_AVG Register

VALUE MEANING DEFAULT
00h to OCh Exponent (AVGN) for number of samples to average over 00h

8.5.3.13 MFR_SPECIFIC_12: READ_AVG_VIN (DCh)

The READ_AVG_VIN command reports the 12-bit ADC measured input average voltage. If the data is not ready,
the returned value is the previous averaged data. However, if there is no previously averaged data, the default
value (0000h) is returned. This data is read with the PMBus read word protocol. This register should use the
coefficients shown in Table 47.

Table 39. READ_AVG_VIN Register

VALUE MEANING DEFAULT
0000h to OFFFh Average of measured values for input voltage 0000h

8.5.3.14 MFR_SPECIFIC_13: READ_AVG_VOUT (DDh)

The READ_AVG_VOUT command reports the 12-bit ADC measured current sense average voltage. The
returned value is the default value (0000h) or previous data when the average data is not ready. This data is
read with the PMBus read word protocol. This register should use the coefficients shown in Table 47.

Table 40. READ_AVG_VOUT Register

VALUE MEANING DEFAULT
0000h to OFFFh Average of measured values for output voltage 0000h

8.5.3.15 MFR_SPECIFIC_14: READ_AVG_IIN (DEh)

The READ_AVG_IIN command reports the 12-bit ADC measured current sense average voltage. The returned
value is the default value (0000h) or previous data when the average data is not ready. This data is read with the
PMBus read word protocol. This register should use the coefficients shown in Table 47.

Table 41. READ_AVG_IIN Register

VALUE MEANING DEFAULT
0000h to OFFFh Average of measured values for current sense voltage 0000h
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8.5.3.16 MFR_SPECIFIC_14: READ_AVG_PIN (DFh)

The READ_AVG_PIN command reports the 12-bit ADC measured VIN x IIN product. The returned value is the
default value (0000h) or previous data when the average data is not ready. This data is read with the PMBus
read word protocol. This register should use the coefficients shown in Table 47.

Table 42. READ_AVG_IIN Register

VALUE MEANING DEFAULT
0000h to OFFFh Average of measured values for current sense voltage 0000h

8.5.3.17 MFR_SPECIFIC_15: READ_AVG_PIN

The READ_AVG_PIN command reports the upper 12-bits of the average VIN x IIN product as measured by the
12-bit ADC. The user can read the default value (0000h) or previous data when the average data is not ready.
This data is read with the PMBus read word protocol. This register should use the coefficients shown in Table 47.

Table 43. READ_AVG_PIN Register

VALUE MEANING DEFAULT
0000h to OFFFh Average of measured value for input voltage x input current sense voltage 0000h

8.5.3.18 MFR_SPECIFIC_16: BLACK_BOX_READ (EOh)

The BLACK BOX READ command retrieves the BLOCK READ data which was latched in at the first assertion of
SMBA by the LM5066I. It is re-armed with the CLEAR_FAULTS command. It is the same format as the
BLOCK_READ registers, the only difference is that its contents are updated with the SMBA edge rather than the
internal clock edge. This command is read with the PMBus block read protocol.

8.5.3.19 MFR_SPECIFIC_17: READ_DIAGNOSTIC_WORD (E1h)

The READ_DIAGNOSTIC_WORD PMBus command reports all of the LM5066! faults and warnings in a single
read operation. The standard response to the assertion of the SMBA signal of issuing multiple read requests to
various status registers can be replaced by a single word read to the DIAGNOSTIC_WORD register. The
READ_DIAGNOSTIC_WORD command should be read with the PMBus read word protocol. The
READ_DIAGNOSTIC_WORD is also returned in the BLOCK_READ, BLACK_BOX_READ, and
AVG_BLOCK_READ operations. Note that if UVLO is pulled low to shutt OFF the FET, the diagnostic word will
return O8EOh.

Table 44. DIAGNOSTIC_WORD Format

BIT MEANING DEFAULT
15 VOUT_UNDERVOLTAGE_WARN 0
14 IIN_OP_WARN 0
13 VIN_UNDERVOLTAGE_WARN 0
12 VIN_OVERVOLTAGE_WARN 0
11 POWER GOOD 1
10 OVER_TEMPERATURE_WARN 0
9 TIMER_LATCHED_OFF 0
8 EXT_MOSFET_SHORTED 0
7 CONFIG_PRESET 1
6 DEVICE_OFF 0
5 VIN_UNDERVOLTAGE_FAULT 0
4 VIN_OVERVOLTAGE_FAULT 0
3 IIN_OC/PFET_OP_FAULT 0
2 OVER_TEMPERATURE_FAULT 0
1 CML_FAULT 0
0 CIRCUIT_BREAKER_FAULT 0
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8.5.3.20 MFR_SPECIFIC_18: AVG_BLOCK_READ (E2h)

The AVG_BLOCK_ READ command concatenates the DIAGNOSTIC_WORD with input and output average
telemetry information (IIN, VOUT, VIN, and PIN) and temperature to capture all of the operating information of
the part in a single PMBus transaction. The block is 12-bytes long with telemetry information sent out in the same
manner as if an individual READ_AVG_XXX command had been issued (shown in Table 45).
AVG_BLOCK_READ also specifies that the VIN, VOUT, and IIN measurements are all time-aligned whereas
there is a chance they may not be if read with individual PMBus commands. To read data from the
AVG_BLOCK_READ command, use the SMBus block read protocol.

Table 45. AVG_BLOCK_READ Register Format

Byte Count (Always 12) (1 Byte)
DIAGNOSTIC_WORD (1 word)
AVG_IIN (1 word)
AVG_VOUT (1 word)
AVG_VIN (1 word)
AVG_PIN (1 word)
TEMPERATURE (1 word)
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VOUT_UV_WARN_LIMIT 43h___H VOUT_UV WARNING OT FAULT LIMIT
)z B 75105 vout 7an " s7h
HH TEMPERATURE 8Dh |
L VAU Do | AVERAGED OT_FAULT_LIMIT
DATA OT_WARNING LIMT 510 H OT_WARNING._LIMIT STATUS—TEMPER’T‘TURE el
B 777Us_ TEMPERATURE 7Dh SWAINLE WEID i
STATUS_BYTE 78h
] READ_PIN_PEAK D5h |
7
[ CLEAR_PIN_PEAK D6h | WARNING WARNING
LIMITS
PEAK-HOLD SYSTEM
PMBus Interface
Figure 17. Command / Register and Alert Flow Diagram
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8.5.4 Reading and Writing Telemetry Data and Warning Thresholds

All measured telemetry data and user-programmed warning thresholds are communicated in 12-bit two’s
complement binary numbers read or written in 2-byte increments conforming to the direct format as described in
section 8.3.3 of the PMBus Power System Management Protocol Specification 1.1 (Part IlI). The organization of
the bits in the telemetry or warning word is shown in Table 46, where Bit_11 is the most significant bit (MSB) and
Bit_0 is the least significant bit (LSB). The decimal equivalent of all warning and telemetry words are constrained
to be within the range of 0 to 4095, with the exception of temperature. The decimal equivalent value of the
temperature word ranges from 0 to 65535.

Table 46. Telemetry and Warning Word Format

Byte B7 B6 B5 B4 B3 B2 B1 BO
1 Bit_7 Bit_6 Bit 5 Bit_4 Bit_3 Bit_2 Bit 1 Bit 0
2 0 0 0 0 Bit_11 Bit_10 Bit 9 Bit_8

Conversion from direct format to real-world dimensions of current, voltage, power, and temperature is
accomplished by determining appropriate coefficients as described in section 7.2.1 of the PMBus Power System
Management Protocol Specification 1.1 (Part Il). According to this specification, the host system converts the
values received into a reading of volts, amperes, watts, or other units using the following relationship:

x=%(Y><10_R—b)

where
e X =The calculated real-world value (volts, amps, watt, and so forth)
* m = The slope coefficient
e Y = A 2-byte two's complement integer received from device
* b =The offset, a 2-byte two's complement integer
* R =The exponent, a 1-byte two's complement integer 4

R is only necessary in systems where m is required to be an integer (for example, where m may be stored in a
register in an integrated circuit). In those cases, R only needs to be large enough to yield the desired accuracy.

Table 47. Telemetry and Warning Conversion Coefficients

Commands Condition Format Number of Data Bytes m b R Unit
READ_VIN, READ_AVG_VIN
VIN_OV_WARN_LIMIT DIRECT 2 4617 -140.0 -2 \%

VIN_UV_WARN_LIMIT

READ_VOUT, READ_AVG_VOUT
VOUT_UV_WARN_LIMIT

READ_VAUX DIRECT 2 13774 73.0 -1 \

READ_IIN, READ_AVG_IIN®
MFR_IIN_OC_WARN_LIMIT

READ_IN, READ_AVG_IN®
MFR_IIN_OC_WARN_LIMIT

READ_PIN, READ_AVG_PIN®),
READ_PIN_PEAK CL = VDD DIRECT 2 1701 -4000 | -3 w
MFR_PIN_OP_WARN_LIMIT

READ_PIN, READ_AVG_PIN®),
READ_PIN_PEAK CL = GND DIRECT 2 860.6 -965 -3 w
MFR_PIN_OP_WARN_LIMIT

READ_TEMPERATURE_1
OT_WARN_LIMIT DIRECT 2 16000 0 -3 °C
OT_FAULT_LIMIT

DIRECT 2 4602 500.0 -2 \Y

CL =VvDD DIRECT 2 15076 -503.9 -2 A

CL =GND DIRECT 2 7645 100 -2 A

(1) The coefficients relating to current/power measurements and warning thresholds shown are normalized to a sense resistor (Rg) value of
1 mQ. In general, the current or power coefficients can be calculated using the relationships shown in Table 48.
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Table 48. Current and Power Telemetry and Warning Conversion Coefficients (Rgin mQ)

Commands Condition Format Number of Data Bytes m b R Unit

READ_IIN, READ_AVG_IIN®
MFR_IIN_OC_WARN_LIMIT

READ_IIN, READ_AVG_IIN®
MFR_IIN_OC_WARN_LIMIT

READ_PIN, READ_AVG_PIN®,
READ_PIN_PEAK CL = VDD DIRECT 2 1701 x Rg | —4000 | -3 w
MFR_PIN_OP_WARN_LIMIT

READ_PIN, READ_AVG_PIN®,
READ_PIN_PEAK CL = GND DIRECT 2 860.6 x Rg | —965.0 | -3 w
MFR_PIN_OP_WARN_LIMIT

CL =VvDD DIRECT 2 15076 x Rg | —503.9 -2 A

CL =GND DIRECT 2 7645 x Rg 100.0 -2 A

(1) The coefficients relating to current/power measurements and warning thresholds shown are normalized to a sense resistor (Rg) value of
1 mQ. In general, the current or power coefficients can be calculated using the relationships shown in Table 48.

Take care to adjust the exponent coefficient, R, such that the value of m remains within the range of —32768 to
32767. For example, if a 5-mQ sense resistor is used, the correct coefficients for the READ_IIN command with
CL = vDD would be m = 7553, b = -65, R = —1.

8.5.5 Determining Telemetry Coefficients Empirically With Linear Fit

The coefficients for telemetry measurements and warning thresholds presented in Table 47 are adequate for the
majority of applications. Current and power coefficients are dependent on Rgys and must be calculated per
application. Table 48 provides the equations necessary for calculating the current and power coefficients for the
general case. These were obtained by characterizing multiple units over temperature and are considered optimal.
The small signal nature of the current and power measurement makes it more susceptible to PCB parasitics than
other telemetry channels. In addition there is some variation in Rgys and the LM5066I itself. This may cause
slight variations in the optimum coefficients (m, b, and R) for converting from digital values to real world values
(for example, amps and watts). To maximize telemetry accuracy, the coefficients can be calibrated for a given
board using empirical methods. This would determine optimum coefficients to cancel out the error from PCB
parasitics, Rgyg Variation, and the variation of LM5066I. It is not considered good practice to take measurements
on one board and use the computed coefficients for all units in production, because the Rgyg and the LM5066I
on a given board are randomly chosen and do not represent a statistical mean. It is recommended to either
calibrate all boards individually or to use the recommended coefficients from Table 48.

The optimal current coefficients for a specific board can be determined using the following method:

1. While the LM5066I is in normal operation, measure the voltage across the sense resistor using Kelvin test
points and a high accuracy DVM while controlling the load current. Record the integer value returned by the
READ_AVG_IIN command (with the SAMPLES FOR_AVG set to a value greater than 0) for two or more
voltages across the sense resistor. For best results, the individual READ_AVG_IIN measurements should
span nearly the full-scale range of the current (for example, voltage across Rgyg 0f 5 and 20 mV).

2. Convert the measured voltages to currents by dividing them by the value of Rgys. For best accuracy, the
value of Rgys should be measured. Table 49 assumes a sense resistor value of 5 mQ.

Table 49. Measurements for Linear Fit Determination of Current Coefficients

Measured Voltage Across Measured Current READ_AVG_IIN
Rs (V) (A) (Integer Value)

0.005 1 568

0.01 2 1108

0.02 4 2185

3. Using the spreadsheet (or a math program) determine the slope and the y-intercept of the data returned by
the READ_AVG_IIN command versus the measured current. For the data shown in Table 47:

— READ_AVG_IN value = slope x (Measured Current) + (y-intercept)
— Slope =538.9
— Y-intercept = 29.5
4. To determine the m coefficient, simply shift the decimal point of the calculated slope to arrive at integer with

a suitable number of significant digits for accuracy (typically 4) while staying with the range of —32768 to
32767. This shift in the decimal point equates to the R coefficient. For the slope value shown in the previous
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step, the decimal point would be shifted to the right once hence R = -1.

5. After the R coefficient has been determined, the b coefficient is found by multiplying the y-intercept by 10 R.
In this case the value of b = 295.

— Calculated current coefficients:
— m =5389

— b=295

- R=-1

x:%(YMO_R—b)

where
e X =The calculated real-world value (volts, amps, watts, temperature)
« m = The slope coefficient, is the 2-byte, two's complement integer
* Y = A 2-byte two's complement integer received from device
« b =The offset, a 2-byte two's complement integer
* R =The exponent, a 1-byte two's complement integer (5)

This procedure can be repeated to determine the coefficients of any telemetry channel simply by substituting
measured current for some other parameter (for example, power or voltage).

8.5.6 Writing Telemetry Data

There are several locations that require writing data if their optional usage is desired. Use the same coefficients
previously calculated for your application, and apply them using this method as prescribed by the PMBus revision
section 7.2.2 Sending a Value

Y = (mX+b)x 108

where
e X =The calculated real-world value (volts, amps, watts, temperature)
« m = The slope coefficient is the 2-byte, two's complement integer
* Y = A 2-byte two's complement integer received from device
* b = The offset, a 2-byte two's complement integer
R =The exponent, a 1-byte two's complement integer (6)

8.5.7 PMBus Address Lines (ADRO, ADR1, ADR2)

The three address lines are to be set high (connect to VDD), low (connect to GND), or open to select one of 27
addresses for communicating with the LM5066I. Table 50 depicts 7-bit addresses (eighth bit is read/write bit).

Table 50. Device Addressing

ADR2 ADR1 ADRO DECODED ADDRESS
z z z 40h
z z 0 41h
z z 1 42h
z 0 z 43h
z 0 0 44h
z 0 1 45h
z 1 z 46h
z 1 0 47h
z 1 1 10h
0 z z 11h
0 z 0 12h
0 z 1 13h
0 0 z 14h
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Table 50. Device Addressing (continued)

ADR2 ADR1 ADRO DECODED ADDRESS
0 0 15h
16h
17h
50h
51h
52h
53h
54h
55h
56h
57h
58h
59h
5Ah

RrlRr|lPR|P|IP|IP|P|PR|IPR|lO|lO|lO|O|O
PP IP|IOOION|ININ|FP|FR|F|O
R|OIN|lR|OIN|R|OIN|FR|O|IN|F

8.5.8 SMBA Response

The SMBA effectively has two masks:
e The alert mask register at D8h
* The ARA automatic mask.

The ARA automatic mask is a mask that is set in response to a successful ARA read. An ARA read operation
returns the PMBus address of the lowest addressed part on the bus that has its SMBA asserted. A successful
ARA read means that this part was the one that returned its address. When a part responds to the ARA read, it
releases the SMBA signal. When the last part on the bus that has an SMBA set has successfully reported its
address, the SMBA signal de-asserts.

The way that the LM5066I releases the SMBA signal is by setting the ARA automatic mask bit for all fault
conditions present at the time of the ARA read. All status registers will still the fault condition, but it does not
generate a SMBA on that fault again until the ARA automatic mask is cleared by the host issuing a
CLEAR_FAULTS command to this part. This should be done as a routine part of servicing an SMBA condition on
a part, even if the ARA read is not done. Figure 18 depicts a schematic version of this flow.

From other

fault inputs SMBA

Fault Condition >4

A

| Alert Mask D8h |

From PMBus

Set
ARA Operation Flag Succeeded ARA Auto Mask |

Clear_Fault Command Received I Clear

Figure 18. Typical Flow Schematic for SMBA Fault
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9 Application and Implementation

9.1 Application Information

The LM5066I is a hotswap with a PMBus interface that provides current, voltage, power, and status information
to the host. As a hotswap, it is used to manage inrush current and protect in case of faults.

When designing a hotswap, three key scenarios should be considered:

» Start-up

» Output of a hotswap is shorted to ground when the hotswap is on. This is often referred to as a hot-short.

» Powering-up a board when the output and ground are shorted. This is usually called a start-into-short.

All of these scenarios place a lot of stress on the hotswap MOSFET and take special care when designing the
hotswap circuit to keep the MOSFET within its SOA. Detailed design examples are provided in the following

sections. Solving all of the equations by hand is cumbersome and can result in errors. Instead, Tl recommends
to use the LM50661 Design Calculator provided on the product page.

9.2 Typical Application

This section shows two application examples. The requirements are the same, except the second design
requires twice the current and twice the output capacitance. In the 20A design example, a regular design is
attempted using a power limiting based start-up. Unfortunately this results in insufficient margin and the final
design relies on a dv/dt based start-up.

9.2.1 48-V, 10-A PMBus Hotswap Design
This section describes the design procedure for a 48-V, 10-A PMBUS hotswap design.

Q2 !

V|N Rsns ,"_7]ﬂ VOUT

o—s AN > +—1 0

l Q1 JH % l
D
o I 7 1 T 1: Cout
[ Only required when [
SENSE GATE  OUT DIODE Rs using dv/dt start-up
VIN_K FB
R1 § R3§ VIN VDD D2

= Cawvdt

|

|

Re |

M UVLO/EN %100 kQ |
OVLO PGD = |

|

|

|

% % AGND LM5066I ADR? — 3 veb

GND ADRO [—N/C
CL
~ SMBA RETRY]| | ________ Jd
SMBus 4— SDAO - -
Interface — »|SDAI VAUX —0 Auxiliary ADC Input
—— > scL (0t02.97V)

VDD  VRE PWR  TIMER
%‘: %‘: %RPWR CTiMER

Figure 19. Typical Application Circuit

Copyright © 2016, Texas Instruments Incorporated

9.2.1.1 Design Requirements

Table 51 summarizes the design parameters that must be known before designing a hotswap circuit. When
charging the output capacitor through the hotswap MOSFET, the FET's total energy dissipation equals the total
energy stored in the output capacitor (1 / 2CV?). Thus, both the input voltage and output capacitance determine
the stress experienced by the MOSFET. The maximum load current drives the current limit and sense resistor
selection. In addition, the maximum load current, maximum ambient temperature, and thermal properties of the
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Typical Application (continued)

PCB (Rgcp) drive the selection of the MOSFET Rpgony and the number of MOSFETS used. Rycp iS @ strong
function of the layout and the amount of copper that is connected to the drain of the MOSFET. Note that the
drain is not electrically connected to the ground plane, and thus the ground plane cannot be used to help with
heat dissipation. This design example uses Ryca = 30°C/W, which is similar to the LM50661 EVM. It is a good
practice to measure the Ryc Of a given design after the physical PCBs are available.

Finally, it is important to understand what test conditions the hotswap needs to pass. In general, a hotswap is
designed to pass both a hot-short and a start into a short, which are described in the previous section. Also, Tl
recommends to keep the load OFF until the hotswap is fully powered-up. Starting the load early causes
unnecessary stress on the MOSFET and could lead to MOSFET failures or a failure to start-up.

Table 51. Design Parameters

PARAMETER EXAMPLE VALUE

Input voltage range 40to 60 V
Maximum load current 10A
Maximum output capacitance of the hotswap 220 uF
Maximum ambient temperature 85°C
MOSFET Rgyca (function of layout) 30°C/W
Pass hot-short on output? Yes

Pass a start into short? Yes

Is the load off until PG asserted? Yes

Can a hot board be plugged back in? Yes

9.2.1.2 Detailed Design-In Procedure

9.2.1.2.1 Select Rgys and CL Setting

LM5066I can be used with a VCL of 26 or 50 mV. Using the 26-mV threshold results in a lower Rgyg and lower
I’R losses. The 26-mV option is selected for this design by connecting the CL pin directly to Vpp. Tl recommends
to target a current limit that is at least 10% above the maximum load current to account for the tolerance of the
LM5066I current limit. Targeting a current limit of 11 A, the sense resistor can be computed as follows:

Lm  26mV

RSNS,CLC = = = 236mQ

Typically, sense resistors are only available in discrete values. If a precise current limit is desired, a sense
resistor along with a resistor divider can be used as shown in Figure 20.

RSNS

°d

VIN_K SENSE

Figure 20. SENSE Resistor Divider

The next larger available sense resistor should be chosen (3 mQ in this case). The ratio of R; and R, can be
computed as follows:
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Ry Renscic . 236mQ 360
R2  Rsns ~Rsnscic  3mQ-2.36mQ ©

Note that the SENSE pin pulls 25 pA of current, which creates an offset across R,. TlI recommends to keep R,
below 10 Q to reduce the offset that this introduces. In addition, the 1% resistors add to the current monitoring
error. Finally, if the resistor divider approach is used, the user should compute the effective sense resistance
(Rsns,err) Using Equation 9 and use that in all equations instead of Rgys.
RsnsEerF = Rsns xRy

’ Ri+R; 9)
Note that for many applications, a precise current limit may not be required. In that case, it is simpler to pick the
next smaller available sense resistor. For this application, a 2-mQ resistor can be used for a 13-A current limit.

9.2.1.2.2 Selecting the Hotswap FETs

It is critical to select the correct MOSFET for a hotswap design. The device must meet the following

requirements:

e The Vpg rating should be sufficient to handle the maximum system voltage along with any ringing caused by
transients. For most 48-V systems, a 100-V FET is a good choice.

» The SOA of the FET should be sufficient to handle all usage cases: start-up, hot-short, and start into short.

*  Rpson should be sufficiently low to maintain the junction and case temperature below the maximum rating of
the FET. In fact, TI recommends to keep the steady-state FET temperature below 125°C to allow margin to
handle transients.

* Maximum continuous current rating should be above the maximum load current and the pulsed-drain current
must be greater than the current threshold of the circuit breaker. Most MOSFETSs that pass the first three
requirements also pass these two.

* A Vg rating of £20 V is required because the LM50661 can pull up the gate as high as 16 V above source.

For this design, the PSMN4R8-100BSE was selected for its low Rpson and superior SOA. After selecting the
MOSFET, the maximum steady-state case temperature can be computed as follows:

2
Temax = Tamax +Reca *ILoapmax ¥ Rpson(Ty) (10)

Note that the Rpgpy is @ strong function of junction temperature, which for most D2PACK MOSFETSs is very close
to the case temperature. A few iterations of the previous equations may be necessary to converge on the final
Rpson and Tguax Vvalue. According to the PSMN4R8-100BSE data sheet, it's Rpgoy doubles at 110°C.
Equation 11 uses this Rpson Value to compute the Tc yax. Note that the computed T¢ yax iS close to the junction
temperature assumed for Rpgon. Thus, no further iterations are necessary.

Tcmax =85°C+ 30°% x (1 OA)2 x(2x4.8mQ)=114°C -

9.2.1.2.3 Select Power Limit

In general, a lower power limit setting is preferred to reduce the stress on the MOSFET. However, when the
LM5066I is set to a very-low power limit setting, it has to regulate the FET current and hence the voltage across
the sense resistor (Vgys) to a very-low value. Vgys can be computed as shown in Equation 12.
PLim ¥ Rsns
Vsns =——
Vbs (12)

To avoid significant degradation of the power limiting, Tl does not recommend a Vgyg Of less than 4 mV. Based
on this requirement, the minimum allowed power limit can be computed as follows:

Vsnsmin X Vinvax — 4mV x 60V
PLIM,MIN = = =120W

Rsns 2mQ (13)

In most applications, the power limit can be set to P,y wn USing Equation 14. Here Rsys and Rpyr are in ohms
and P is in watts.
Rewg = P.im xRsns ;0.043 _ 120><O.002—60.O43 _ 281430
7x10™ 7x10" (14)
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The closest available resistor should be selected. In this case, a 28.2-kQ resistor was chosen.

9.2.1.2.4 Set Fault Timer

The fault timer runs when the hotswap is in power limit or current limit, which is the case during start-up. Thus,
the timer has to be sized large enough to prevent a time-out during start-up. If the part starts directly into current
limit (I ;v * Vps < Py jm), the maximum start time can be computed with Equation 15.
t _ Cout * Vinmax
startmax =

LIM (15)

For most designs (including this example), I, ,u X Vps > P v, SO the hotswap starts in power limit and transitions
into current limit. In that case, the maximum start time can be computed as in Equation 16.

t _Cour , Viimax L Plm | _ 220uF (60V)? L 120W 1 5 38ms
start,max 2 P IEIM 2 120W  (13A)?

(16)

Note that the above start-time is based on typical current limit and power limit values. To ensure that the timer
never times out during start-up, Tl recommends to set the fault time (t) to be 1.5 X tggrmax OF 5.1 ms. This
accounts for the variation in power limit, timer current, and timer capacitance. Thus, Ctegr can be computed as
follows:

te <y
fit < timer _ 5.1ms x 75uA _98.07nF
Viimer 3.9V a7

The next largest standards capacitor value for Cyyer IS chosen as 100 nF. After Cyyer IS chosen, the actual
programmed fault time can be computed as follows:
tflt _ CTIMIT:R X Vtimer _ 100nF x 3.9V _ 52mS
ltimer 75uA (18)

CTIMER =

9.2.1.2.5 Check MOSFET SOA

When the power limit and fault timer are chosen, it is critical to check that the FET stays within its SOA during all
test conditions. During a hot-short the circuit breaker trips and the LM50661 restarts into power limit until the timer
runs out. In the worst case, the MOSFET's Vpg equals Viyuax: Ibs equals Py / Viyuwax @and the stress event
lasts for tg. For this design example, the MOSFET has 60 V, 2 A across it for 5.2 ms.

Based on the SOA of the PSMN4R8-100BSE, it can handle 60 V, 30 A for 1 ms and it can handle 60 V, 6 A for
10 ms. For 5.2 ms, the SOA can be extrapolated by approximating SOA versus time as a power function as
shown below:

m= In(lson (t1)/Isoa (t2 ))= In(?g):j

=-0.7
In(t;/ty) In( ims j
10ms
a-= ISOAm(t1) _ 0 _30Ax(ms)
t1 (1ms) '
lsoa (5.2ms) = 30A x (ms)*’ x (5.2ms)*" = 9.46A (19)

Note that the SOA of a MOSFET is specified at a case temperature of 25°C, while the case temperature can be
much hotter during a hot-short. The SOA should be de-rated based on T yax using Equation 20:

T,.ABsmAx ~ Tcmax — 9.46A x M =3.85A

I 5.2ms, T, =1 5.2ms,25°C
soa ( onx )= lson ( > T, ABsmax —25°C 175°C -25°C (20)
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Based on this calculation, the MOSFET can handle 3.85 A, 60 V for 5.2 ms at elevated case temperature, but is
only required to handle 2 A during a hot-short. Thus, there is good margin and the design is robust. In general, Tl
recommends that the MOSFET can handle 1.3x more than what is required during a hot-short. This provides
margin to account for the variance of the power limit and fault time.

9.2.1.2.6 Set UVLO and OVLO Thresholds

By programming the UVLO and OVLO thresholds, the LM50661 enables the series-pass device (Q;) when the
input supply voltage (V,y) is within the desired operational range. If V| is below the UVLO threshold or above the
OVLO threshold, Q; is switched off, denying power to the load. Hysteresis is provided for each threshold.

9.2.1.2.6.1 Option A
The configuration shown in Figure 21 requires three resistors (R1 to R3) to set the thresholds.

VIN

VIN 20 A

R1

2.48 TIMER AND

GATE

.45 V LOGIC CONTROL
R3
21
GND wA

Figure 21. UVLO And OVLO Thresholds Set By R1-R3

The procedure to calculate the resistor values is as follows:
» Choose the upper UVLO threshold (Vyyy) and the lower UVLO threshold (V).
» Choose the upper OVLO threshold (Vo).

* The lower OVLO threshold (Voy.) cannot be chosen in advance in this case, but is determined after the
values for R1 to R3 are determined. If Vo, must be accurately defined in addition to the other three
thresholds, see Option B. The resistors are calculated as follows:

R1= Vovn = Vv _ Vuvervs)

20pA 20pA (21)
R3 =
Vovn x (VuyL —2.48V) (22)
R2 — 2.48V xR1 “R3

The lower OVLO threshold is calculated from:
VowL = {(R1 + R2)>< [(%j -21 HAH +2.46V

When the R1 to R3 resistor values are known, the threshold voltages and hysteresis are calculated from the
following:

(24)

Vuvn =2.48V +R1x (ﬂ +20 uAj
R2+R3 (25)
2.48V x (R1+R2+R3)
v = R2+R3 (26)
Vuv(Hys) = R1x20 pA @)
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2.46V x (R1+R2+R3)
OVH = R3

Vou = (%_21 ijx(R1+R2)+ 2.46V
VOV(HYS) :(R1 + R2)X 21 H,A

9.2.1.2.6.2 Option B

If all four thresholds must be accurately defined, the configuration in Figure 22 can be used.

IN

VIN 20 pA
248V [: TIMER AND
R3 GATE
2.46 V. LOGIC CONTROL

R4

GND 21 pA

Figure 22. Programming the Four Thresholds

The four resistor values are calculated as follows:
* Choose the upper and lower UVLO thresholds (Vyyy) and (Vyw)-

R1= Vovn —Vuu _ Vuvervs)
20 pA 20 pA
R — 2.48V xR1
VyyL —2.48V
e Choose the upper and lower OVLO threshold (Voyy) and (Voyy).
R3 = VOVH B VOVL
21 pA
2.46V xR3

R (Vown - 2.46V)

(28)

(29)
(30)

(1)

(32)

(33)

(34)

* When the R1 to R4 resistor values are known, the threshold voltages and hysteresis are calculated from the

following:
Vyyy = 2.48V + {R1 {248\/ +20 HAH
R (35)
248V x (R1+R2)
uvL = R2 (36)
Vuv(rys) = R1x20 pA 37)
| 246V x(R3+R4)
OVH — R4 (38)
VouL = 2.46V + {RS x [ﬂ ~21 uAﬂ
R4 (39)
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9.2.1.2.6.3 Option C

The minimum UVLO level is obtained by connecting the UVLO/EN pin to VIN as shown in Figure 23. Q1 is
switched on when the VIN voltage reaches the PORgy threshold (8.6 V). The OVLO thresholds are set using
R3, R4. Their values are calculated using the procedure in Option B.

N >——9 |

VIN 20 pA

10kQ

UVLO/EN| 2.48V
TIMER AND

GATE
LOGIC CONTROL

21 pA

Figure 23. UVLO = PORgy

9.2.1.2.6.4 Option D

The OVLO function can be disabled by grounding the OVLO pin. The UVLO thresholds are set as described in
Option B or Option C.

For this design example, option B was used and the following options were targeted: Vyyy =38 V, Vyy =35V,
Vovn =65V, and Vo = 63 V. The Vyyy and Vg Were chosen to be 5% below or above the input voltage range
of 40 to 60 V to allow for some tolerance in the thresholds of the part. R1, R2, R3, and R4 are computed using
the following equations:
R = Vove —Vuwe 38V -35V
20uA 20pA
2.48V xR1 2.48V x150kQ

=150kQ

R2 = = =11.44kQ
(Vuy —2.48V)  (35V -2.48V)
R3 = Yovi ~Vow. _ 8OV =63V o5 p 0
210A 21uA
R4__2A4BVxR3  246Vx95.24kQ ...
(Vovn —2.46V)  (65V -2.46V) (40)

Nearest available 1% resistors should be chosen. Set R1 = 150 kQ, R2 = 11.5 kQ, R3 = 95.3 kQ, and R4 = 3.74
kQ.

9.2.1.2.7 Power Good Pin

The Power Good indicator pin (PGD) is connected to the drain of an internal N-channel MOSFET capable of
sustaining 80 V in the off-state and transients up to 100 V. An external pullup 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. PGD is switched high when the voltage at the FB pin exceeds
the PGD threshold voltage. Typically, the output voltage threshold is set with a resistor divider from output to
feedback, although the monitored voltage need not be the output voltage. Any other voltage can be monitored as
long as the voltage at the FB pin does not exceed its maximum rating. Referring to the Functional Block
Diagram, when the voltage at the FB pin is below its threshold, the 20-yA 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 forced low when either the
UVLO/EN pin is below its threshold or the OVLO pin is above its threshold. The status of the PGD pin can be
read through the PMBus interface in either the STATUS_WORD (79h) or DIAGNOSTIC_WORD (E1h) registers.
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When the voltage at the FB pin increases above its threshold, the internal pulldown acting on the PGD pin is
disabled allowing PGD to rise to Vpgp through the pullup resistor, Rpg, as shown in Figure 25. The pullup voltage
(Vpgp) can be as high as 80 V, and can be higher or lower than the voltages at VIN and OUT. VDD is a
convenient choice for Vpgp as it allows interface to low voltage logic and avoids glitching on PGD during power-
up. If a delay is required at PGD, suggested circuits are shown in Figure 26. In Figure 26(A), capacitor Cpg adds
delay to the rising edge, but not to the falling edge. In Figure 26(B), the rising edge is delayed by Rpg1 + Rpg>
and Cpg, while the falling edge is delayed a lesser amount by Rpg, and Cps. Adding a diode across Rpg»
(Figure 26(C)) allows for equal delays at the two edges, or a short delay at the rising edge and a long delay at
the falling edge.

Q1 VpGD

—1

Power Good

T : V/_ R6
L e
N4

o

Figure 24. Programming the PGD Threshold Figure 25. Power Good Output

GND

VPGD VpPGD VPGD

Rpg1

Power Power Power

Good Good Good
I Rpg2 Rpg2
lCPG Cpc Cpg
GND l l
A) Delay at Rising Edge Only B) Long Delay at Rising Edge, C) Short Delay at Rising Edge and
Short Delay at Falling Edge Long Delay at Falling Edge or
Equal Delays

Figure 26. Adding Delay to the Power Good Output Pin

Tl recommends to set the PG threshold 5% below the minimum input voltage to ensure that the PG is asserted
under all input voltage conditions. For this example, PGDH of 38 V and PGDL of 35 V is targeted. R5 and R6 are
computed using the following equations:

R5  YpeoH — VeepL _ 38V -35V

= 150kQ2
20pA 20pA (a1)

RG__ 246VxR5 _ 246Vx150kQ _ 0 0 o
(VpopH —246V)  (38V —2.46V) 42)

Nearest available 1% resistors should be chosen. Set R5 = 150 kQ and R6 = 10.5 kQ.

9.2.1.2.8 Input and Output Protection

Proper operation of the LM50661 hot swap circuit requires a voltage clamping element present on the supply side
of the connector into which the hot swap circuit is plugged in. A TVS is ideal, as depicted in Figure 27. The TVS
is necessary to absorb the voltage transient generated whenever the hot swap circuit shuts off the load current.
This effect is the most severe during a hot-short when a large current is suddenly interrupted when the FET
shutts off. The TVS should be chosen to have minimal leakage current at V|yuax and to clamp the voltage to
under 100V during hot-short events. For many high power applications 5.0SMDJ60A is a good choice.
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If the load powered by the LM50661 hot swap circuit has inductive characteristics, a Schottky diode is required
across the LM5066I’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.

ViN Rsns Q1 Vout
+48 V < _-| Y
LIVE
POWER
SOURCE _ | VIN VIN_K SENSE ouTt Dy CL )
— Inductive
yans \x\ T Load
LM50661
Z1
AGND GND
GND <
PLUG-IN BOARD

Copyright © 2016, Texas Instruments Incorporated

Figure 27. Output Diode Required for Inductive Loads

9.2.1.2.9 Final Schematic and Component Values

Figure 19 shows the schematic used to implement the requirements described in the previous section. In
addition, Table 52 provides the final component values that were used to meet the design requirements for a 48-
V, 10-A hotswap design. The application curves in the next section are based on these component values.

Table 52. Final Component Values (48-V, 10-A Design)

COMPONENT VALUE
Rsns 2 mQ
R1 150 kQ
R2 11.5kQ
R3 95.3 kQ
R4 3.74 kQ
R5 150 kQ
R6 10.5 kQ
Rpwr 28.2 kQ
Q1 PSMN4R8-100BSEJ
Q2 MMBT3904
D1 B380-13-F
Z1 5.0SMDJ60A
CTiMeER 100 nF
Optional dv/dt circuit DNP
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9.2.1.3 Application Curves

BATE GATE
vIN e wout i
cal, J cal
2 i# —— ; .
PGD GD
TIVEF TMER
=
R
st
el il ™ wel, )
r
L
ke «
o) -
&
W= -136.0000ms A= D.0ps X1= -20.1000ms 0.0us
K= 130.0000ms 1K= - 2= -201000ms 18%=
41162014 BDB:01 PM 41612014 6:11:47 PM
V|N =48V

Waiting for Trigger

-201000ms &%= 0.0ps
X2= -201000ms 1K= -

Waiting for Trigger

V|N =60V

Figure 31. Start-Up

GATE

20,0 Vidiv
200 mV ofst

2.00 Afdiv|
~7.980 A ofst|

Figure 32. Start-Up into Short Circuit

-20

411612014 6:19:54 PM

20.0 Vidiv|
.20V ofst]

5.00 Aldiy
-18.450 A

5.00 Vidiy
5.00 ms/di
X1= -202000ms &%=

P
0.0us
X2= -202000ms 1iX= -

411712014 10:58:36 AM

Figure 33. Under-Voltage
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—

PGD

20.1000ms 1i8%=

411712014 10:53:52 AM

TMER

10.0 Aldiv|
-20.000 A

-208000ms &%= 0.0ps

X
X2= -208000ms 1= -

41712014 110219 AM

Figure 35. Gradual Over-Current

GATE

10.0 Aldiv|
-20.000 A

5.00 Vidiv|

20.8000ms 1/8X=

41712014 11:07:11 AM

GATE

vour v -

-208000ms &%= 0.0ps

X
X2= -208000ms 1= -

41712014 11:10:24 AM

Figure 37. Hotshort on Output (Zoomed Out)

GATE

20.0 Vidiv
-19.80V ofst
7.83V|

83200ps 1U8¢=

4712014111216 AM

Figure 38. Hotshort on Output (Zoomed In)

GATE

Frif——— ==
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/
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I

i
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. T
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Figure 39. Auto-retry
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9.2.2 48-V, 20-A PMBus Hotswap Design
This section describes the design procedure for a 48-V, 20-A PMBUS hotswap design.

Q2 !
Vin Rsns ,||_M Vour
9 $ 7 . g 4 o
Q1 JH l
D1 I Cout

[ Only required when [

o
¥
S

SENSE GATE OUT DIODE Rs | using dv/dt start-up |
VIN_K FB | |
Ry Rs uIN VDD D,

Re l |
M UVLO/EN 100 kQ | |
ovLO PGD = | 1. |
LM5066I ADR2 3 Voo I |
AGND ADRI —nie | |

GND ADRO [—N/C
= = cL | |
«—— |5 RERRY 1. = == = e ——————— <

SMBus J €———————— SDAO = Auxiliary ADC Input
Interface {—> SOAl VAUX 0 (510297 V)
I VDD VREF PWR  TIMER

J‘l uF J‘ 1pF RpwRr J‘ CTIMER
I I 1

Copyright © 2016, Texas Instruments Incorporated

Figure 40. Typical Application Schematic, LM5066I
9.2.2.1 Design Requirements

Table 53. Design Parameters

PARAMETER EXAMPLE VALUE

Input voltage range 40 to 60 V
Maximum load current 20 A
Maximum output capacitance of the hotswap 440 pF
Maximum ambient temperature 85°C
MOSFET Rgyca (function of layout) 30°C/W
Pass hot-short on output? Yes

Pass a start into short? Yes

Is the load off until PG asserted? Yes

Can a hot board be plugged back in? Yes

9.2.2.2 Detailed Design Procedure

9.2.2.2.1 Selecting the Sense Resistor and CL Setting

LM5066I can be used with a V¢ of 26 or 50 mV. In general using the 26-mV threshold results in a lower Rgys
and lower I°R losses. This option is selected for this design by connecting the CL pin directly to Vpp. TI
recommends to target a current limit that is at least 10% above the maximum load current to account for the
tolerance of the LM5066I current limit. Targeting a current limit of 22 A, the sense resistor can be computed as
follows:

lom
Voo 22A 43)

For this application, a 1-mQ resistor can be used for a 26-A current limit.
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9.2.2.2.2 Selecting the Hotswap FETs

For this design, the PSMN4R8-100BSE was selected for its low Rpgon and superior SOA. After selecting the
MOSFET, the maximum steady-state case temperature can be computed as follows:

2
Temax = Tamax +Roca xICoapmax *Rpson(Ty) (44)

Note that the Rpgoy is a strong function of junction temperature, which for most D2PACK MOSFETs are very
close to the case temperature. A few iterations of the previous equations may be necessary to converge on the
final Rpson and Tcuax value. According to the PSMN4R8-100BSE data sheet, its Rpsoy doubles at 110°C.
Equation 45 uses this Rpsoy Value to compute the T yax. Note that the computed Tc yax iS already above the
absolute maximum of the FET.

C 2
T =85°C +30°— x (20A) x(2x4.8mQ)=200°C
v < (@0A) < ) .
This suggests that two FETs should be used for the design. During steady-state operation, the MOSFETs are
fully enhanced and share current evenly. Thus, assuming that each FET carries half of the current, the T¢ yax
can be computed with Equation 46. Now T¢ yax is 114°C, which is reasonable.

2
Tomax =85°C+30° 2 x[ 2221 (2.4 8ma) = 114°C
: w2 (46)

9.2.2.2.3 Select Power Limit

In general, a lower power limit setting is preferred to reduce the stress on the MOSFET. However, when the
LM5066I is set to a very-low power limit setting, it has to regulate the FET current and hence the voltage across

the sense resistor (Vgyns) to a very-low value. Vgyg can be computed as shown in Equation 47.
PLim XRsns
Vsns = —vo

DS 47

To avoid significant degradation of the power limiting, Tl does not recommend a Vgys below 4 mV. Based on this
requirement, the minimum allowed power limit can be computed as follows:
Vsnsmin X Vinmax _ 4mV x 60V
PLimmin = ’ R ' = =240W
SNS mQ (48)

In most applications, the power limit can be set to P wn as shown. Here Rgys and Rpyr are in ohms and Py
is in watts.

7x107° 7x107° (49)
The closest available resistor should be selected. In this case a 28.2-kQ resistor was chosen.

9.2.2.2.4 Set Fault Timer
The maximum start time can be computed to 3.37 ms as shown in Equation 50.

_ Cour o VIIZ\I,MAX N Pum | _ 440uF (60V)? . 240W
start,max 2 2 240W (26A)2

t } =3.37ms

2
Plim IZim (50)
Note this start-time is based on typical current limit and power limit values. To ensure that the timer never times
out during start-up, Tl recommends to set the fault time (Tg 1) to be 1.5% tga1t max OF 5.1 ms. This accounts for the
variation in power limit, timer current, and timer capacitance. Thus, Cyer Can be computed as follows:
tae xig 5.1ms x 75pA
Criver = fi— tmer _ X [OWA _ 98.07nF
Viimer 3.9V (51)

The next largest available Ctyeg is chosen as 100 nF. After Cryer is chosen, the actual programmed fault time
can be computed as follows:

C X Vi 100nF x 3.9V
_ “YTIMER timer _ . _
toy = : = T5A =5.2ms
ltimer [ (52)
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9.2.2.25 Check MOSFET SOA

After the power limit and fault timer are chosen, it is critical to check that the FET stays within its SOA during all
test conditions. During a hot-short, the circuit breaker trips and the LM5066I restarts into power limit until the
timer runs out. In the worst case, the MOSFET's Vpg equals Viymax: Ips equals Py / Viymax, and the stress
event lasts for ty,. For this design example, the MOSFET has 60 V, 4 A across it for 5.2 ms.

When the hotswap is in power limit and the FETs are operating in saturation region (Vgs close to threshold
voltage), the designer cannot assume that the FETs will share. Even a small V; mismatch causes a large
difference in the current carried by the two MOSFETSs. Thus, the SOA checking should be done assuming that all
of the current is flowing through a single FET.

Based on the SOA of the PSMN4R8-100BSE, it can handle 60 V, 30 A for 1 ms and it can handle 60 V, 6 A for
10 ms. The SOA for 5.2 ms can be extrapolated by approximating SOA versus time as a power function as
shown in the following equations:

ISOA (t) =ax tm

m = In(ison (t1)/1s0a (t2)) _ In(?’g:‘]

=-07
In(t;/ty) [ 1ms
10ms
Isoa (t1) 30A 0.7
LT —5= = 30Ax(ms)
1 (1ms)
lsoa (5.2ms, 25°C)=30A x(ms)®’ x (5.2ms)™" = 9.46A (53)

Note that the SOA of a MOSFET is specified at a case temperature of 25°C, while the case temperature can be
much hotter during a hot-short. The SOA should be de-rated based on T¢ uax Using Equation 54.
T -T °C -114°
lsoa (5:2M8, Tomax )=lsoa (5.2ms,25°C)x ABSMAX__CUAX _ g 46 « 175°C - T14°C _ 5 gsa

Based on this calculation, the MOSFET can handle 3.85 A, 60 V for 5.2 ms at elevated case temperature, but it
is required to handle 4 A during a hot-short. In addition, there is tolerance on the power limit and timer, so using
these settings would not produce a robust hotswap design.

9.2.2.2.6 Switching to dv/dt-Based Start-Up

For designs with large load currents and output capacitances, using a power-limit-based start-up can be
impractical. Fundamentally, increasing load currents reduces the sense resistor, which increases the minimum
power limit. Using a larger output capacitor results in a longer start-up time and requires a longer timer. Thus, a
longer timer and a larger power limit setting is required, which places more stress on the MOSFET during a hot-
short or a start into short. Eventually, there will be no FETSs that can support such a requirement.

To avoid this problem, a dv/dt limiting capacitor (Cg,q) Can be used to limit the slew rate of the gate and the
output voltage. The inrush current can be set arbitrarily small by reducing the slew rate of Vgyr. In addition, the
power limit is set to satisfy the minimum power limit requirement and to keep the timer from running during start-
up (make Py m / Vinmax > Iinr)- Because the timer does not run during start-up, it can be made arbitrarily small to
reduce the stress that the MOSFET experiences during a start into short or a hot-short.

The D2 prevents the charge of Cg,q: from interfering with the power limit loop during a hot-short event and Q3
discharges Cg,qt When the hotswap gate comes down.
9.2.2.2.7 Choosing the Vgt Slew Rate

The inrush current should be kept low enough to keep the MOSFET within its SOA during start-up. Note that the
total energy dissipated in the MOSFET during start-up is constant regardless of the inrush time. Thus, stretching
it out over a longer time always reduces the stress on the MOSFET as long as the load is off during start-up.

When choosing a target slew rate, one should pick a reasonable number, check the SOA, and reduce the slew
rate if necessary. Using 4 V/ms as a starting point, the inrush current can be computed as follows:
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dV, 4V
ng = Cour x —29T = 440uF x — =1.76A
INR = Cout dt M s (55)

Assuming a maximum input voltage of 60 V, it takes 15 ms to start-up. Note that the power dissipation of the
FET starts at V\ymax % ling @nd reduce to 0 as the Vpg of the MOSFET is reduced. Note that the SOA curves
assume the same power dissipation for a given time. A conservative approach is to assume an equivalent power
profile where Peer = Viymax X Iing fOr t = tgap / 2. In this instance, the SOA can be checked by looking at a 60-
V, 1.76-A, 7.5-ms pulse. Using the same technique as section Check MOSFET SOA, the MOSFET SOA can be
estimated as follows:

lsoa (7.5ms)=30A x (ms)*” x(7.5ms) *7 =7.32A (56)

This value has to also be derated for temperature. For this calculation, it is assumed that T can equal T¢ yax
when the board is plugged in. This would only occur if a hot board is unplugged, then plugged back in before it
cools off. This is worst case and for many applications, the T uax can be used for this derating.
T - T °C -114°
lson (7-5MS, Topax )= lson (7.5ms, 25°C )x —2ABSVAX — CMAX. _ 7 395 175°C-114°C _ , gan
‘ Ty agsmax —25°C 175°C - 25°C (57)

This calculation shows that the MOSFET stays well-within its SOA during a start-up if the slew rate is 4 V/ms.
Note that if the load is off during start-up, the total energy dissipated in the FET is constant regardless of the
slew rate. Thus, a lower slew rate always places less stress on the FET. To ensure that the slew rate is at most
4 V/ms, the Cg,q: Should be chosen as follows:

c _ lsourRcEMAX __40pA —10nF
dv/dt 4V /ms 4V /ms (58)

Next, the typical slew rate and start time can be computed to be 2 V/ms as shown in Equation 59, making the
typical start time 30 ms.

lsource _ 20MA _ 5\, /s

VOUT,dV/dt = -
Cqv/dt 10nF (59)

9.2.2.2.8 Select Power Limit and Fault Timer

When picking the power limit it needs to meet two requirements:

« Power limit is large enough to avoid operating with Vgyg < 4 mV

e Power limit is large enough to ensure that the timer does not run during start up. Picking a power limit such
that it is 2x of liyr max X Vinmax IS good practice.

Thus, the minimum allowed power limit can be computed as follows:

V. V,
PLvmin = max( SNSMIN * VINMAX o Vinmax X ||NR,MAXJ = max (240W,211.2W ) = 240W

Rsns (60)

Next, the power limit is set to Py vy USing Equation 61. Here Rgys and Rpywr are in ohms and Py, is in watts.
PLim xRgns —0.043  240x0.001-0.043 281430

7x1078 7x1078 (61)

The closest available resistor should be selected. In this case, a 28.2-kQ resistor was chosen.

RPWR -

Next, a fault timer value should be selected. In general, the timer value should be decreased until there is
enough margin between available SOA and the power pulse the FET experiences during a hot-short. For this
design, a 10-nF Cyer Was chosen corresponding to a 520 ps. The available SOA is extrapolated using the
method described earlier.
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ISOA (t): ax tm
n 100A
In(ison (t1)/1s0a (t2)) 30A
In(ty/ty) In[O.']ms]
ms
[ t
a= SOAm( 2) = 30'_6‘0 =5 = 30Ax (ms)o'52
ta (tms) ™
oC) 0.52 -0.52 _
Isoa (0.52ms, 25°C)=30A x(ms)"“ x (0.52ms) =423A (62)
Next, the available SOA is derated for temperature:
175°C -114°C
I 0.52ms, T, =423Ax————=17.17A
son ( omax) *175°C_ 25°C 63)

Note that only 4 A was required, while the FET can support 17.17 A. This confirms that the design is robust and
has plenty of margin.

9.2.2.2.9 Chose Input and Output Protection and Set Undervoltage, Overvoltage, and Power Good Thresholds

This is identical to the previous design. Refer to Set UVLO and OVLO Thresholds, Power Good Pin, and Input
and Output Protection for these settings.

9.2.2.2.10 Final Schematic and Component Values

Figure 40 shows the schematic used to implement the requirements described in the 48-V, 20-A PMBus
Hotswap Design section. In addition, Table 54 provides the final component values used to meet the design
requirements for a 48-V, 20-A hotswap design. The application curves in the next section are based on these
components.

Table 54. Final Component Values (48-V, 20-A Design)

Component Value
Rsns 1mQ
R1 150 kQ
R2 11.5kQ
R3 95.3 kQ
R4 3.74 kQ
R5 150 kQ
R6 10.5 kQ
Rewr 28.2 kQ
Q1 2x (PSMN4R8-100BSEJ)
Q2 MMBT3904
D1 B380-13-F
Z1 5.0SMDJ60A
CrimMer 10 nF
Optional dv/dt circuit Yes
D2 1N4148W-7-F
Q3 MMBT5401LT1G
Cavat 10 nF
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9.2.2.3 Application Curves

Math

ertical  Timel

2,00 Vidi 5.00 Vidiv|
10.0 ms/div 10.0 ms/div

VIN =48V

Figure 41. Start-Up

TMER

PGD

2,00 Vidi 5.00 Vidiv|
10.0 ms/div 10.0 ms/div

VIN =40V

Figure 42. Start-Up

Math

iliti Help

10
500 kS

VIN =60V

Figure 43. Start-Up

20.0 Vidiv|
19.800Y 30

- Xi= 41.1999ms  AX= -50.000ms
X2= -8.8000ms 1/AX= -20.0000 Hz

311712014 3:37:03 PM

Math

File Vertical Til

GATE

5.00 Vidiy
10.0 ms/div
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Figure 45. Under-Voltage
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5.00 Vidiy
10.0 ms/div

411612014 5:27:12PM

Figure 46. Over-Voltage
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e Vertical Timebase Trigger Display Cursors
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X1= 304389ms &%= -5.0000ms
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Figure 47. Gradual Overcurrent
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Figure 48. Loadstep
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X2= -352000ms 1/8%= -50.000 Hz
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Figure 49. Hot Short on Vout (Zoomed Out)

rical Timebase

re Math Analysis Utilties Help

X2= -2.2000ps 1/8%= -100.004 kHz

311742014 3:42:17 PM

Figure 50. Hot Short on Vout (Zoomed In)

10 Power Supply Recommendations

In general, the LM50661 behavior is more reliable if it is supplied from a very regulated power supply. However,
high-frequency transients on a backplane are not uncommon due to adjacent card insertions or faults. If this is
expected in the end system, Tl recommends to place a 1-uF ceramic capacitor to ground close to the source of
the hotswap MOSFET. This reduces the common mode seen by VIN_K and SENSE. Additional filtering may be

necessary to avoid nuisance trips.
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11 Layout

11.1 Layout Guidelines

The following guidelines should be followed when designing the PC board for the LM5066:

1. Place the LM5066I close to the board’s input connector to minimize trace inductance from the connector to
the MOSFET.

2. Place a TVS, Z,, directly adjacent to the VIN and GND pins of the LM5066] to help minimize voltage
transients which may occur on the input supply line. The TVS should be chosen such that the peak Vy is just
lower the TVS reverse-bias voltage. Transients of 20 V or greater over the nominal input voltage can easily
occur when the load current is shut off. A small capacitor may be sufficient for low current sense applications
(I <2 A). Tl recommends to test the VIN input voltage transient performance of the circuit by current limiting
or shorting the load and measuring the peak input voltage transient.

3. Place a 1-yF ceramic capacitor as close as possible to VREF pin.
Place a 1-uF ceramic capacitor as close as possible to VDD pin.

5. The sense resistor (Rgys) should be placed close to the LM5066I1. A trace should connect the VIN pad and
Q. pad of the sense resistor to VIN_K and SENSE pins, respectively. Connect Rgyg using the Kelvin
techniques as shown in Figure 52.

6. The high current path from the board’s input to the load (through Q;), and the return path, should be parallel
and close to each other to minimize loop inductance.

7. The AGND and GND connections should be connected at the pins of the device. The ground connections for
the various components around the LM50661 should be connected directly to each other, and to the
LM50661's GND and AGND pin connection, 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.

8. Provide adequate thermal sinking for the series pass device (Q,) to help reduce stresses during turn-on and
turn-off.

9. The board’s edge connector can be designed such that the LM5066I detects through the UVLO/EN pin that
the board is being removed, and responds by turning off the load before the supply voltage is disconnected.
For example, in Figure 51, the voltage at the UVLO/EN pin goes to ground before Vy is removed from the
LM5066I1 as a result of the shorter edge connector pin. When the board is inserted into the edge connector,
the system voltage is applied to the LM50661's VIN pin before the UVLO voltage is taken high, thereby
allowing the LM5066I to turn on the output in a controlled fashion.

>

11.2 Layout Example

N

GND —»
VIN —P,

ouT PGD
GATE PWR
SENSE TIMER|
R1 VIN_K RETRY
VIN FB
R2 UVLO/EN cL
ovLO VDD
R3 AGND ADRO @
5 - GND ADR1}—.
—{spAl AR | oo 1
—SDAO VAUX | |
—]ScL DIODE i '
—|SMBA VREF ! |
|
1
\ LM5066I @ | MMBT3904 1 p
)
CARD EDGE PLUG-IN CARD

CONNECTOR

Figure 51. Recommended Board Connector Design
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Layout Example (continued)

HIGH CURRENT PATH

-

/ C— \
FROM SYSTEM e TO DRAIN OF
INPUT VOLTAGE
RESISTOR MOSFET Q1
Rs N
' H
| L
VIN N AN / /

s
. . B B

VIN_K SENSE

Figure 52. Sense Resistor Connections
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12 Device and Documentation Support
12.1 Trademarks

PMBus is a trademark of SMIF, Inc.

12.2 Electrostatic Discharge Caution

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

12.3 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI'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.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
LM5066IPMHE/NOPB ACTIVE HTSSOP PWP 28 250 Green (RoHS CU SN Level-3-260C-168 HR ~ -40 to 125 LM5066I
& no Sh/Br)
LM5066IPMHX/NOPB ACTIVE HTSSOP PWP 28 2500 Gg[eens('s/([)aH)S CU SN Level-3-260C-168 HR ~ -40 to 125 LM5066I
no r
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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
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM5066IPMHE/NOPB |HTSSOP| PWP 28 250 178.0 16.4 6.8 10.2 1.6 8.0 16.0 Q1
LM5066IPMHX/NOPB |HTSSOP| PWP 28 2500 330.0 16.4 6.8 10.2 1.6 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM5066|PMHE/NOPB HTSSOP PWP 28 250 210.0 185.0 35.0
LM5066|PMHX/NOPB HTSSOP PWP 28 2500 367.0 367.0 38.0
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PACKAGE OUTLINE
PWPO0O028A | PowerPAD™ - 1.1 mm max height

PLASTIC SMALL OUTLINE

6.6
6.2 TYP
PIN1ID
| AREA 26X
2 ¥ 28
11— I —
— =-
— —
—. —
— —
— —
gg — — 2X
NOTE3 — 8.45
— —
— —
— —
— —
— —
14 —] = —i— —L
15
: L aagss
45 -
8] 43— [$]010[c[AB B |
NOTE 4
T 0.20
= ) J 0.09 TYP
\\_—J/ \ J E \f
SEE DETAIL A 315
2.75
— —
— —
— —
—] — -
— — GAGE PLANE Cf
— — e 7 _
565 C— ~ 1 B/ { % 4{
525 T 0.10
— {:THERMAL 0°-8 0.02
— — PAD 0.7
] — 05 DETAIL A
— — (1) — TYPICAL
— —
— —
4214870/A 10/2014
NOTES: PowerPAD is a trademark of Texas Instruments.

1. 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-153, variation AET.
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EXAMPLE BOARD LAYOUT
PWPO0O028A PowerPAD™ - 1.1 mm max height

PLASTIC SMALL OUTLINE

. VIA
SYMM

(6.1)
METAL COVERED

-— ! BY SOLDER MASK HV / ISOLATION OPTION
0.9 CLEARANCE CREEPAGE
(5.8) OTHER DIMENSIONS IDENTICAL TO IPC-7351

IPC-7351 NOMINAL
0.65 CLEARANCE CREEPAGE

(3.4)
NOTE 9
(3)
SOLDER
MASK SOLDER MASK
28X (1.5) OPENING DEFINEDPAD gy (045 28X (1.3)
28X (0.45) ‘ (0. )L |
l 1 rp====g-=--- S : [ Bl ‘
e 1 O O 7w P L
26X :O Y Iy : T :\ N N :
085 {o— =5 o P RN i
1[0 O|T T 1[0 (o]
- - : CJ -
=2 | B i ] A O s
o | T % % i T ° 3
i ! 5.5 9.7 I i
t— ==1ile— o —of- == Sitr & ***%efefeﬁlj;l*
! | : MASK % : | [
o o o OPENING o o o -
==t | =l ==
***** SR — — o oi =
= == S =
,,,,, = NN b R o b O
T s 1K | , ?15 EF : \ : EF
i w ‘l“ \ ‘ N e e e S
SEE DETAILS ! P—-ﬁ (1.3) | — @02 TYP } — (0.9) TYP }
‘ \ \
|

LAND PATTERN EXAMPLE
SCALE:6X

SOLDER MASK: METAL METAL UNDER SOLDER MASK
OPENING \\ / SOLDER MASK\S fOPENING

-
1
1
1

*l 0.05 MAX *H‘* 0.05 MIN

ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
SOLDER MASK DETAILS

4214870/A 10/2014

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

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

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAQ002 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
PWPO0O028A PowerPAD™ - 1.1 mm max height

PLASTIC SMALL OUTLINE

©)
BASED ON

0.127 THICK METAL COVERED
28X (1.5) STENCIL / Y SOLDER MASK 28X (1. 3)
28X (0. 45)
r

1
28X (0.45) f

26X (0.65)

ﬂﬁ
ni

=

BASED ON —Le — P — o|— = -
0.127 THICK

STENCIL

SEE TABLE FOR
DIFFERENT OPENINGS \
! ¢ ! FOR OTHER STENCIL ‘ 6.1)

HV / ISOLATION OPTION

THICKNESSES
(5.8) —4
0.9 CLEARANCE CREEPAGE

IPC-7351 NOMINAL OTHER DIMENSIONS IDENTICAL TO IPC-7351
0.65 CLEARANCE CREEPAGE

- f0He

SOLDER PASTE EXAMPLE
EXPOSED PAD
100% PRINTED SOLDER COVERAGE AREA

SCALE:6X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.55 X 6.37
0.127 3.0 X 5.5 (SHOWN)
0.152 2.88 X5.16
0.178 2.66 X 4.77

4214870/A 10/2014

NOTES: (continued)

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

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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