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36-V Hotswap Controller with Precision °C Power Monitoring

Check for Samples: TPS2482, TPS2483

FEATURES

9-V to 36-V Input Range, 40 V Abs. Max
Current, Voltage and Power Monitor
+0.5% Accurate Current Monitoring
(-25°C < T;<85°C)

16 Programmable I°C™ Addresses
Configurable Averaging Options
Programmable MOSFET SOA protection
High Side Gate Drive for External N-FET
Programmable Fault Timer

Open-Drain Power-Good Output

20-Pin TSSOP Package

APPLICATIONS

INPUT

RRH (Remote Radio Heads)
Storage Networks

Plug-In Modules

Base Station 24 V Antenna Power
Industrial 24 V - 28 V Power

Simplified Application Diagram
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DESCRIPTION

The TPS2482 and TPS2483 provide hotswap control
and precision monitoring for 9-V to 36-V applications.
Accurate voltage, current, and power monitoring is
provided by a 16-bit A/D converter with a serial
interface that is compatible with I°C and SMBus.
Voltage and current measurements are interleaved
and multiplied internally to provide concurrent power
calculations. These devices have high current
monitoring accuracy over temperature and a broad
load range. This makes them well suited for
applications where load identity and health is
determined by current profile, such as remote radio
heads or cellular antennae.

The hotswap section drives N-channel MOSFETS,
with timed inrush and fault-current limiting. Advanced
MOSFET safe operating area (SOA) protection is
achieved by programmable constant-power foldback
and a fixed current limit. This results in an
exponential inrush current profile as shown in the
start-up figure below. As Vgt ramps up and the Vpg
of the MOSFET is reduced the current increases
keeping MOSFET power dissipation within its SOA at
all times. The TPS2482 latches off after a hard fault,
while the TPS2483 automatically attempts to restart
after a cool-off delay.

The TPS2482 and TPS2483 can be dropped into
existing TPS2480 and TPS2481 sockets to provide
improved accuracy and operating voltage range. This
can be accomplished with no PCB changes and
minor software modifications.

Example Start-Up Waveforms
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Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
I°C is a trademark of NXP B.V Corporation.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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‘ 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.

DESCRIPTION (CONTINUED)

While the standard monitoring function is limited to 36 V, with a few external components it is possible to monitor
buses as high as 80 V. See special application description in High Voltage Application Example.

DEVICE INFORMATION @

AMBIENT
DEVICE TEMPERATURE PACKAGE FUNCTION MARKING
TPS2482 -40°C to 85°C PW20 Latch Off on Fault TPS2482
TPS2483 -40°C to 85°C PW20 Auto Retry on Fault TPS2483

(1) For the most current package and ordering information see the Package Option Addendum at the end of this document, or visit the Tl
web-site at www.ti.com.

ABSOLUTE MAXIMUM RATINGS® @

over recommended operating temperature range (unless otherwise noted)

VALUES

MIN MAX UNIT
Input voltage range, VCC, SENSE, EN, OUT -0.3 100
Supply voltage, Vs -0.3 6
Input voltage, common mode, VINP, VINM -0.3 40
Input voltage, differential, VINP, VINM -40 40 \%
Input voltage range, PROG -0.3 6
Output voltage range, GATE, PG -0.3 100
Output voltage range, TIMER®), VREF®) -0.3 6
Sink current, PG 10
Source current, VREF 2 mA
Sink current, PROG 2
SDA, ALERT -0.3 6
SCL -0.3 (Vs +0.3) v
Current into SENSE -1 1
Current into SDA, SCL, Vg, VINP, VINM, AO, A1, ALERT 5 mA
Open-drain digital output current into SDA, ALERT 10
ESD rating, HBM 2000
ESD rating, CDM 500 v
Maximum operating junction temperature, T, 150 .
Storage temperature range, Tgg -40 150 ¢

(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 other 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) All voltage values are with respect to GND unless otherwise noted.

(3) Do not apply external voltage to these pins.
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RECOMMENDED OPERATING CONDITIONS
over recommended junction temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VCC Hotswap section bias-supply voltage range 80
Vs Monitor section bias-supply voltage range 2.7 5.5
VINP, Moni . N \%
VINM onitor section sensing input voltage range 0 36
PROG Power-limit programming voltage range 0.4W 4
VREF Reference source current 0 1 mA
Ty Operating junction temperature -40 125 °C
(1) Vprog May be set below this minimum with reduced power-limit accuracy.
THERMAL INFORMATION
TPS2482 and
TPS2483
THERMAL METRIC® UNITS
PW
20 PINS
03a Junction-to-ambient thermal resistance 99.1
83ctop Junction-to-case (top) thermal resistance 33.6
038 Junction-to-board thermal resistance 50.4 W
Wit Junction-to-top characterization parameter 2.2
Wi Junction-to-board characterization parameter 49.8
03chot Junction-to-case (bottom) thermal resistance n/a

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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ELECTRICAL CHARACTERISTICS (Hotswap Section)
Unless otherwise noted, minimum and maximum limits apply across the recommended operating junction temperature and

voltage ranges, typical specifications are at T; = 25°C, Vycc =48V, Vpros =2 V, Vrimer = 0 V, all outputs unloaded. Voltages

are with respect to GND and positive currents are into pins.

PARAMETER | TEST CONDITIONS MIN TYP | MAX | uNIT
Hotswap Supply (VCC)
| Hotswap section enabled Ven = Hi, Vsense = Vvees Vout = Vvee 450 1000 A
vee Hotswap section disabled Ven = Lo, Vsense = Vvees Vour =0V 90 250 H
UVLO turn-on threshold VCC rising 8.4 8.8 v
UVLO turn-off threshold VCC falling 7.2 8.3
UVLO threshold hysteresis 75 mV
Current Sense Input (SENSE)
IsensE ‘ Input bias current | Vsense = Vvee: Vout = Vvee ‘ 7.5 ’ 20 ‘ A
Reference Voltage Output (VREF)
Vyrer | Reference voltage |0 MA < Iyrer <1 MA 3.9 4] a1] v
Power Limiting Input (PROG)
Input bias current; device _
lproc enabled; sourcing or sinking 0V <Vprog <4V, Ven =48V 5 WA
Pulldown resistance; device
RPROG disabled lPROG =200 UA, VEN =0V 375 600 Q
Power Limiting and Current Limiting (SENSE)
Current-sense threshold
5 limi [VPROG =2.4V and VOUT =0 V] or
VCL_PL Zé\{i?,Ce'SENSE)' with power-limit [Vprog = 0.9 V and Vour = 30 V] 17 25 33
mvV
Current-sense threshold
VCL V(VCC-SENSE)! with power—limit VPROG =4V, VOUT = VSENSE 45 50 55
inactive
t Response time, from Iarge Vprog =4V, Vout = VsensE: C(GATE-OUT) =2nF, 1.2 s
F_TRIP overload to GATE low V(VCC—SENSE) =0V — 200 mV, V(GATE-OUT) =1V ’ H
Timer Operation (TIMER)
) VTIMER =0V 15 25 34
Isource Charge current (sourcing)
VTIMER =0 V, TJ =25°C 20 25 30 A
. L. VTIMER =5V 1.5 2.5 3.7 H
Isink Discharge current (sinking)
VTIMER =5 V, TJ =25°C 2.1 2.5 3.1
TIMER upper threshold
VTMRHI VOItage 3.9 4.0 4.1 v
TIMER lower threshold
VIMRLO voltage TPS2483 only 0.96 1.0 1.04
DreTrY Fault retry duty-cycle TPS2483 only 0.5% 0.75% 1%
Gate Drive Output (GATE)
IGATE GATE sourcing current VEN = HI, VSENSE = chc, V(GATE-OUT) =7V 15 22 35 HA
Ven = Lo, V =V 1.8 2.4 2.8
GATE sinking current EN - GATE vee mA
VEN = Hi, VGATE = chc, V(VCC-SENSE) =200 mV 75 125 250
Vgate-out | GATE output voltage VgaTte With respect to Vour 12 16 \%
t Propagation delay: EN going |Veny =0V — 2.5V (tg;se < 0.1 ps), 50% of Vgy to 25 40
D_ON true to GATE output high 50% of Vgate, VouT = Vvees R(GATE-OUT) =1MQ
t Propagation delay: EN going |Vey=2.5V — 0V (traL < 0.1 ps), 50% of Vgy to 0.5 1
D_OFF false to GATE OUtpUt low 50% of VGATEI VOUT = chc, R(GATE-OUT) =1 MQ ’ us
= 0,
Propagation delay: TIMER | \/TIMER %c\)’of >0 (IR'SV 01 ’\‘,S)’ 0% of 08 1
expires to GATE output low :TJI-MISIIBtO 0 OT VGATE, VouT = Vvces R(GATE-0ouT) :
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ELECTRICAL CHARACTERISTICS (Hotswap Section) (continued)

Unless otherwise noted, minimum and maximum limits apply across the recommended operating junction temperature and
voltage ranges, typical specifications are at T; = 25°C, Vycc =48V, Vpros =2 V, Vrimer = 0 V, all outputs unloaded. Voltages
are with respect to GND and positive currents are into pins.

PARAMETER | TEST CONDITIONS | MIN TYP | MAX | uNIT
Power-Good Output (PG)
Vi Output voltage (sinking), PG | Vour =0V, lpg =2 mA 0.1 0.25
PEOL | =false Vour =0V, Ipg = 4 mA 0.25 0.5
VpaTL PG = true threshold voltage XSENSE = Vvee: Vour rising, V(sense-oun 0.8 1.25 1.7
ecreasing \%
VpgTH PG = false threshold voltage i\éi%glggi:gvvccv Vour falling, V(sense-out) 2.2 2.7 3.2
VHYST_PG PG threshold hysteresis VSENSE = VVCC 1.4
PG deglitch delay, detection
tope to output, rising and falling Vsense = Vvee 5 9 15 ms
edges
Output leakage current, PG =
truep g Vee = Vvee 10 HA
Output Voltage Feedback Input (OUT)
i VOUT = chc, VEN = HI, (Slnklng) 8 20
lout Input bias current - MA
Vout = 0V, Vg = Lo; (sourcing) 18 40
Enable Input (EN)
VEN_H Threshold Vgy rising 1.32 1.35 1.38 v
VEN L Threshold Vgy falling 1.20 1.25 1.30
EN threshold hysteresis 100 mV
lEN Input bias current Ven =30V 1 MA

ELECTRICAL CHARACTERISTICS (Monitor Section)

Boldface limits apply over the recommended junction temperature range, otherwise limits apply at T4 = 25°C. Unless
otherwise noted, Vg = 3.3V, VINP = 12 V, Vguunt = (VINP — VINM) = 0 mV, default power-on mode. Voltages are with

respect to GND and positive currents are into pins.

PARAMETER CONDITIONS MIN TYP MAX UNIT
Monitor Supply (Vs)
Operating supply range 2.7 55 \%
Quiescent current, default operating mode No SCL clock 330 420 HA
Quiescent current, power-down mode No SCL clock 0.5 2 uA
Monitor Sense Inputs (VINP, VINM)
Shunt voltage input range -81.9175 81.9175 mV
Bus voltage input range® 0 36 \%
Common-mode rejection CMRR Vyne =0V to 36V 126 140 dB
Shunt offset voltage, RTI? Vos 25 +10 uv
vs Temperature 0.1 0.4 pVI°C
vs Power supply PSRR Vg=27Vto55V 2.5 uvIv
Bus offset voltage, RTI® Vos +1.25 +7.5 mv
vs Temperature 10 40 pv/I°C
vs Power supply PSRR Vg=27Vto55V 0.5 A%
Input bias current lvine 10 uA
Input bias current, plus parallel lvinm + 10pA ||
resistance Rvinm 830kQ

(1) While the input range is limited to 36 V, the full-scale range of the ADC scaling is 40.96 V. See the Basic ADC Functions section. Do not
apply more than 36 V.
(2) RTI = Referred-to-input.
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ELECTRICAL CHARACTERISTICS (Monitor Section) (continued)

Boldface limits apply over the recommended junction temperature range, otherwise limits apply at T, = 25°C. Unless
otherwise noted, Vg = 3.3V, VINP = 12 V, Vguunt = (VINP — VINM) = 0 mV, default power-on mode. Voltages are with
respect to GND and positive currents are into pins.

PARAMETER CONDITIONS MIN TYP MAX UNIT
Input leakage Power-dow(rYIrr':‘ng,Ir:s)xj:lfj\é:r,:‘gﬂvlljll\;]l\)/i resistance 01 05 HA
Conversion DC Accuracy
ADC native resolution 16 Bits
1 LSB step size, Shunt voltage 25 v
1 LSB step size, Bus voltage 1.25 mvV
Shunt voltage gain error 0.02 0.1 %
vs Temperature 10 50 ppm/°C
Bus voltage gain error 0.02 0.1 %
vs Temperature 10 50 ppm/°C
Differential nonlinearity +0.1 LSB
CT bits = 000 140 154
CT bits = 001 204 224
CT bits = 010 332 365 Hs
ADC conversion time, shunt or bus voltage (_:T bits = 011 >88 646
CT bits = 100 (default) 1.1 1.21
CT bits = 101 2.116 2.328
CT bits = 110 4.156 4.572 ms
CT bits = 111 8.244 9.068
Serial-Bus Characteristics (SDA, SCL, ALERT, A0, Al)
Input capacitance 3 pF
Input leakage current 0<V)y<Vg 0.1 1 uA
Input logic high level ViH 0.7(Vs) Vg \
Input logic low level Vi -0.3 0.3(Vs) \%
Input hysteresis level Hysteresis 500 mvV
gtjép;_trlogic low level SDA, VoL loL = 3 MA 0 0.4 v
Bus timeout® VoL =0V 28 35 ms

(3) Input leakage is positive (current flowing into the pin) for the conditions shown at the top of this table. Negative leakage currents can
occur under different input conditions.
(4) Serial-Bus timeout in the TPS2482 and TPS2483 reset the bus interface any time SCL is low for more than the specified limit.
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FUNCTIONAL BLOCK DIAGRAM
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Pinout Diagram
20-Pin TSSOP
PW Package
(Top View)

SDA [ 1]
scL[2]
ALERT | 3 ]

Vs

NiC [ 5 ]

EN [ 6]

TPS2482/3

VREF

PROG | 8 |
TIMER [ 9 |
GND [10]

Table 1. PIN FUNCTIONS

NAME NUMBER 110 DESCRIPTION
AQ 20 | Serial-bus address input. Connect to GND, SCL, SDA, or Vgs. Table 8 shows pin settings and
corresponding addresses.
Al 19 | Serial-bus address input. Connect to GND, SCL, SDA, or Vs. Table 8 shows pin settings and
corresponding addresses.
ALERT (@) Serial-bus multi-function alert signal, open-drain output.
EN 6 | Hotswap section enable input.
GATE 13 (@) Pass-MOSFET gate-drive output.
GND 10 - GND; common reference for all other input and output voltages.
GND 16 - GND; common reference for all other input and output voltages.
N/C 5 - No connection; tie to GND or float.
ouT 12 | Input to sense pass-MOSFET source voltage for power-limit protection and PG state determination.
PG 11 (@) Open-drain power-good output signal based on Vsense - VourT-
Pass-MOSFET power-limit programming input. Typically apply 0.4 to 4 V with a resistor divider from
PROG 8 |
VREF.
SCL | Serial-bus clock line, high impedance input.
SDA 1/0 | Serial-bus data line, open-drain input/output.
Input to sense pass-MOSFET drain voltage for power-limit protection, and for sensing current-shunt
SENSE 14 |
voltage.
TIMER 9 | Connect the fault timing capacitor from TIMER to GND.
VCC 15 | Hotswap section bias-supply input and the positive reference for sensing current-shunt voltage.
Negative differential shunt voltage input. Connect to negative side of shunt resistor. Bus voltage is also
VINM 17 | =
measured from this pin to GND.
VINP 18 | Positive differential shunt voltage input. Connect to positive side of shunt resistor.
VREF 7 O Reference voltage output, used to set power-limit threshold on PROG input.
Vs | Monitor section bias-supply input.
8 Submit Documentation Feedback Copyright © 2012-2013, Texas Instruments Incorporated
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Pin Function Detailed Descriptions

A0, Al: Address bits for setting the TPS2482 and TPS2483 serial-bus address. Each input may be tied to one of
four pins (GND, SDA, SCL, Vs) which provides a total of 16 different available addresses, as shown in Table 8.

ALERT: The ALERT pin is associated with the serial bus, similar to the SMBus Alert function. ALERT is an open-
drain multi-function logic signal that can be programmed to go low if a user-defined threshold has been
exceeded.

EN: The GATE driver is enabled when the internal POR2 and UVLO thresholds have been satisfied and the EN
upper threshold is exceeded. Hysteresis between the upper and lower thresholds of EN helps to avoid
enable/disable chatter if a slowly changing voltage is applied. EN can be used as a logic-level control input, an
analog input voltage monitor as illustrated by Rgni/Reny in the Simplified Application Diagram, or it can be tied to
VCC to always enable the TPS2482 and TPS2483. The hysteresis associated with the internal comparator
makes this a stable method of detecting a low input voltage condition and shutting off the downstream circuit(s).
A TPS2482 that has latched off can be reset by cycling EN below its lower threshold and back high.

GATE: Provides the high-side (above VCC) gate drive for the external N-channel MOSFET pass-transistor
(pass-MOSFET). It is controlled by the internal gate drive amplifier, which provides a pull-up current of 22 pA
from an internal charge pump and a strong pull-down to ground of at least 75 mA. The pull-down current is a
non-linear function of the amplifier overdrive; it provides less drive for small overloads, but higher overdrive for
fast reaction to an output short-circuit. There is a separate pull-down of about 2.4 mA to shut off the pass-
MOSFET when either EN or UVLO fall below their respective lower thresholds.

An internal clamp protects the gate of the pass-MOSFET (to OUT) and generally eliminates the need for an
external clamp in almost all cases for devices with a Vgsmay rating 2 20 V; an external Zener diode may be
required to protect the gate of high-Cgp devices with Vggmay < 16 V. A small series resistance of 10 Q should be
inserted in the gate lead if the Cg5 of the pass-MOSFET > 200 pF, otherwise use 33 Q for small MOSFETSs.

A capacitor can be connected from GATE to ground to create a slower inrush with a constant current profile
without affecting the amplifier stability. Add a series resistor of about 1 kQ to the gate capacitor to maintain the
gate clamping and current limit response time.

GND: These pins are connected to the system ground.

OUT: This pin is an input used by the constant power-limit engine and the PG comparator to measure Vpg of the
pass-MOSFET as V(sense-our). Internal protection circuits leak a small current from this pin when it is low. If the
load circuit can drive OUT below ground, connect a clamp (or freewheel) diode from OUT (cathode) to GND
(anode) to keep Vout >-0.3 V.

PG: This open-drain output is intended to interface to downstream dc/dc converters or monitoring circuits to
provide a "power-good" indication when load capacitor charge-up is essentially complete. PG goes open-drain
(high voltage with a pull-up) after Vpg of the pass-MOSFET has fallen below 1.25 V and a 9-ms deglitch time
period has elapsed. PG is false (low or low-resistance to ground) whenever Vpg of the pass-MOSFET is above
2.7 V or UVLO is active. PG can also be viewed as having an input and output voltage monitor function. The 9-
ms deglitch circuit serves to filter short events that could cause PG to go inactive (low) such as a momentary
overload or input voltage step. However, the 9-ms delay is immediately reset whenever UVLO is active. Vpg can
be greater than V¢ because its ESD protection is only with respect to ground.

PROG: The voltage applied to this pin (normally 0.4 V to 4.0 V) programs the power dissipation limit for the
pass-MOSFET by the constant power-limit engine. Applying a voltage lower than 0.4 V may result in wide
variations in power-limiting performance. Typically, a resistor divider Rprog1/Rproc2 IS connected from VREF to
PROG to set the power limit according to the following equation:

P

LIM

V. = LM
PROG (1 0 % ||_|M ) (l)

where Py is the desired power dissipation limit for the pass-MOSFET and |, is the current limit setpoint (see
SENSE). P v is determined by the allowable thermal stress on the pass-MOSFET:

TJ(max) - TS(max)
Pu<
LIM R
0JC(max)
(2
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where Tjmax is the maximum desired transient junction temperature of the pass-MOSFET and Ts(max) is its
maximum case temperature just prior to a power-limiting event (such as a start or restart). Rgjcmax IS the
transient junction-to-case thermal resistance of the pass-MOSFET corresponding to the event interval.

Vperog IS Used in conjunction with Vpg to compute the (scaled) drain current, Ip A Lowep, by the constant power-
limit engine. Iy aLLowep iS compared by the gate amplifier to the actual I, and used to generate a gate drive. If I
< Ip aLLowens the amplifier turns the gate of the pass-MOSFET full on because there is no overload condition;
otherwise GATE is regulated to maintain the Iy = Iy a owep relationship.

A capacitor may be tied from PROG to ground to alter the natural constant power inrush current shape. If
properly designed, the effect is to cause the leading step of current in Figure 30 to look like a ramp. PROG is
internally pulled to ground whenever EN, POR2, or UVLO are not satisfied, or the TPS2482 is latched off. This
feature serves to discharge any capacitance connected to the pin. Do not apply voltages greater than 4 V to
PROG. If the constant power limit is not used, PROG should be tied to VREF through a 47-kQ resistor.

SCL: This pin is the clock input for the serial-bus interface.
SDA: This pin is the data input for the serial-bus interface.

SENSE: Monitors the input voltage at the drain of the pass-MOSFET, and the downstream side of Rg providing
the constant power limit engine with feedback of both the pass-MOSFET current (Ip) and voltage (Vpg). Voltage
is determined by the difference between SENSE and OUT, while the current analog is the difference between
VCC and SENSE. The constant power engine uses Vpg to compute the allowed I and is clamped to 50 mV,
acting like a traditional current limit at low Vps. The maximum current limit is set by the following equation:

lm=50mV /R

LIM s (3)
Design the connections to SENSE to minimize Rg voltage sensing errors. Don't drive SENSE to a large voltage
difference from VCC because there is a non-linear internal impedance between them. The current limit function
can be disabled by connecting SENSE to VCC.

TIMER: An integrating capacitor, Cy, connected to the TIMER pin provides a timing function that controls the
allowable fault-time for both versions and the retry interval for the TPS2483. The timer charges at 25 pA
whenever the TPS2482 and TPS2483 are in power limit or current limit and discharges at 2.5 pA otherwise. The
charge-to-discharge current ratio is constant with temperature even though there is a positive temperature
coefficient to both. If TIMER reaches 4 V, the TPS2482 pulls GATE to ground, latches off, and discharges Cy.
The TPS2483 pulls GATE to ground and attempts a restart (re-enable GATE) after a timing sequence consisting
of discharging C; down to 1 V followed by 15 more charge and discharge cycles. The TPS2482 can be reset by
either cycling the EN pin or the UVLO (e.g. power cycling). TIMER discharges when EN is low or UVLO or the
internal POR2 (power-on reset) are active. The TIMER pin should be tied to ground if this feature is not used.
The general equation for fault retry time as a function of C; and retry-application information is found in
Applications Using the Retry Feature (TPS2483).

VCC: Power supply input for the hotswap section, which provides three functions:

1. biasing power to the integrated circuit,

2. input to the hotswap section power-on reset (POR2) and under voltage lockout (UVLO) functions, and
3. voltage sense at one terminal of Rg for the pass-MOSFET current measurement.

The voltage must exceed the POR2 threshold (about 6 V for approximately 400 pys) and the internal UVLO turn-
on threshold (about 8.4 V) before normal operation (driving the GATE output) may begin. Connections to VCC
should be designed to minimize Rg voltage sensing errors and to maximize the effect of C; and D,; place C; at
Rs rather than at the device pin to eliminate transient sensing errors. GATE, PROG, PG, and TIMER are held
low when either UVLO or POR2 are active.

VINM: This pin is Kelvin connected to the negative (load) side of the current sensing resistor.
VINP: This pin is Kelvin connected to the positive (source) side of the current sensing resistor.

Vg: Power supply input for the monitoring section power-on reset (POR1), control logic, ADC, and serial-bus
interface. Typically between 2.7 V and 5.5 V.
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VREF: Provides a 4.0-V reference voltage for use in conjunction with the resistor divider of a typical application
circuit to set the voltage on the PROG pin. The reference voltage is available once the internal POR2 and UVLO
turn-on thresholds have been met. It is not designed as a general-purpose supply voltage for other external
circuitry, therefore ensure that no more than 1 mA is drawn from this output. Although not typically required,
capacitance up to 1000 pF may be placed on this pin.

TYPICAL CHARACTERISTICS
At Tp = 25°C, Vg = 3.3V, VINP =12 V, Vgyunt = (VINP — VINM) = 0 mV, unless otherwise noted.

VCC CURRENT
VS
VCC VOLTAGE

600 ‘
550 TJ:125°C
’—_—
"1
< 500 —_
2 ( T;=25°C
L 450 —
g — |
5
O 400
>
= L
o Iy
T;=-40°C

a 350 J
8}
O
> 300

250

200

9 19 29 39 49 59 69 79
Ve - Supply V oltage - V

Figure 1.
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Figure 2. Figure 3.
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TYPICAL CHARACTERISTICS (continued)

At T, = 25°C, Vg =3.3V, VINP =12 V, Vgyunt = (VINP — VINM) = 0 mV, unless otherwise noted.
GATE PULLUP CURRENT
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Figure 4. Figure 5.
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Figure 6. Figure 7.
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TYPICAL CHARACTERISTICS (continued)
At T, = 25°C, Vg =3.3V, VINP =12 V, Vgyunt = (VINP — VINM) = 0 mV, unless otherwise noted.

TIMER PULLUP CURRENT
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VCC VOLTAGE
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VCC VOLTAGE AND TEMPERATURE
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Figure 8. Figure 9.
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Figure 10. Figure 11.
Copyright © 2012-2013, Texas Instruments Incorporated Submit Documentation Feedback 13

Product Folder Links: TPS2482 TPS2483


http://www.ti.com/product/tps2482?qgpn=tps2482
http://www.ti.com/product/tps2483?qgpn=tps2483
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAW1 A&partnum=TPS2482
http://www.ti.com/product/tps2482?qgpn=tps2482
http://www.ti.com/product/tps2483?qgpn=tps2483

TPS2482 A UMENTS
TPS2483

SLUSAW1 A -DECEMBER 2012—-REVISED MARCH 2013 www.ti.com

TYPICAL CHARACTERISTICS (continued)
At T, = 25°C, Vg =3.3V, VINP =12 V, Vgyunt = (VINP — VINM) = 0 mV, unless otherwise noted.

SHUNT MEASUREMENT INPUT OFFSET VOLTAGE SHUNT MEASUREMENT INPUT OFFSET VOLTAGE
PRODUCTION DISTRIBUTION vs TEMPERATURE
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Figure 12. Figure 13.
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Figure 14. Figure 15.
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Figure 16. Figure 17.
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TYPICAL CHARACTERISTICS (continued)
At T, = 25°C, Vg =3.3V, VINP =12 V, Vgyunt = (VINP — VINM) = 0 mV, unless otherwise noted.
BUS MEASUREMENT INPUT OFFSET VOLTAGE BUS MEASUREMENT INPUT OFFSET VOLTAGE vs
PRODUCTION DISTRIBUTION TEMPERATURE
-0.6
-0.8
S S
2 € — |
3 = -10
g g
o o
-1.2
T T T f T T T -1.4
m © 1w © 1w ©o W ® B © -50 -25 0 25 50 75 100 125
N 5 T - N ~ Temperature (°C) o0
Input Offset Voltage (mV)
Figure 18. Figure 19.
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Figure 20. Figure 21.
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Figure 22. Figure 23.
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TYPICAL CHARACTERISTICS (continued)
At T, = 25°C, Vg =3.3V, VINP =12 V, Vgyunt = (VINP — VINM) = 0 mV, unless otherwise noted.

VINP+VINM INPUT BIAS CURRENT vs TEMPERATURE, SAMPLING FREQUENCY RESPONSE
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Figure 24. Figure 25.
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Figure 26. Figure 27.
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Figure 28. Figure 29.
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HOTSWAP APPLICATION INFORMATION

Upgrading TPS2480 with TPS2482 and TPS2481 with TPS2483

The TPS2482 and TPS2483 are pin-compatible with the TPS2480 and TPS2481 with the exception that the
VINP and VINM inputs are reversed in position. The TPS2482 and TPS2483 may be installed on a circuit board
designed for the TPS2480/1 and operated successfully. The effect of the pin reversal will be to make the input
current appear negative. This can be corrected in the interface software per the procedure discussed in Shunt
Voltage Register 01h (Read-Only). This is not the only change required in the interface software as the data
acquisition engine is different, requiring different configuration and calibration values.

Basic TPS2482 and TPS2483 Operation

The TPS2482 and TPS2483 provide all the features needed for a positive-voltage hotswap controller and
monitor.

These features include:

Under-voltage lockout;

Adjustable (system-level) enable;

Turn-on inrush limit;

High-side gate drive for an external N-channel MOSFET;

MOSFET over-current and power dissipation protection;

Adjustable overload timeout;

Charge-complete indicator for downstream converter sequencing;
Optional automatic restart mode; and

Serial-bus interface to monitor voltage, current, and power to the load.

© N O ODE

The TPS2482 and TPS2483 feature superior pass-MOSFET power-limiting protection that allows independent
control of the current limit (to set maximum full-load current), power-limit and overload time (to keep the MOSFET
within its SOA), and overload recovery time (to control case temperature rise). Oscilloscope waveforms from a
typical 24-V application circuit, seen in Figure 30 through Figure 35, demonstrate many of the functions
described above.

EN can be used as a logic-level control input or as an analog input voltage monitor as illustrated by Rgn1/Renz in
the Simplified Application Diagram. The hysteresis associated with the internal comparator makes this a stable
method of detecting a low input voltage condition and shutting off the pass-MOSFET. EN may also be tied
directly to VCC to always enable the TPS2482 and TPS2483.

Board Plug-In (Figure 30)

Only the bypass capacitor charge current and small bias currents are evident when a board is first plugged in. A
startup cycle is ready to take place after POR2 stabilization. The TPS2482 and TPS2483 are held inactive and
GATE, PROG, TIMER, and PG are held low for less than 1 ms while internal voltages stabilize.

GATE, PROG, TIMER, and PG are released after stabilization if both the internal UVLO threshold and the
external EN (enable) thresholds have been exceeded. After an RC-filter delay on EN passes, the device begins
sourcing current from the GATE pin and M; begins to turn on while the voltage across it, measured as
V(sense-out): and current through it, measured as V(ycc_sense), are monitored and controlled. Once Vgs has
charged to the pass-MOSFET threshold voltage, current initially rises to the value which satisfies the power-limit
engine, that is. (P m / Vyvce), as seen on the trace labeled I-IN. The entire input voltage VCC is impressed across
M, since the output load capacitor, Cg, was initially discharged.
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Figure 30. Basic Board Insertion
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TIMER and PG Operation (Figure 30)

The TIMER pin charges Cy as long as limiting action continues, and discharges at 1/10 of the charge rate when
all limiting stops (see trace labeled TMR). If the voltage on C; reaches 4 V while limiting is still active, the pass-
MOSFET is turned off and either a latch-off or restart cycle commences, depending on the controller type. The
open-drain PG output provides a deglitched end-of-charge indication which is based on the voltage across the
pass-MOSFET. PG is useful to prevent a downstream DC-to-DC converter from starting while Cgq is still charging.
PG goes active (open-drain) about 9 ms after Cq is charged. This delay allows the pass-MOSFET to fully turn on
and any transient disturbances in the power circuits to settle before the converter is allowed to start up. The
resistor pull-up shown on pin PG in the typical application diagram illustrates an example operation only; the
actual interface network to a converter depends on the specific application.

C; charge can appear to terminate early in some designs (usually with high-Crss MOSFETS) if operation
transitions out of the power-limit mode into a gate-charge-limited mode at mid to low Vpg values. This can occur
when Iga7e is insufficient to drive C,sg of the MOSFET at a rate that would sustain operation in either Py or I jy.
In this situation, dVpg/dt is limited by Igate/Crss-
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Action of the Constant Power-Limit Engine (Figure 31)

The calculated power dissipated in the pass-MOSFET, Vps X Ip, is computed under the startup conditions
previously seen in Figure 30. The current of the pass-MOSFET, labeled I-IN, initially rises to the value that
satisfies the constant power-limit engine; in this case it is 90 W / 24 V = 3.75A. The 90-W value is programmed
into the engine by setting the PROG voltage using Equation 1. Vpg of the pass-MOSFET, which is measured as
V(sense-our) » decreases as Cq charges, thus allowing the pass-MOSFET drain current to increase. This is the
result of the internal constant-power engine adjusting the current-limit reference to the GATE amplifier as Cg
charges and Vg falls. The calculated device power dissipation shown in Figure 31 is flat-topped and constant
within the limitations of circuit tolerance and acquisition noise. A fixed current limit is implemented by clamping
the constant power-limit engine output to 50 mV when Vpg is low. This protection technique can be viewed as a
specialized form of foldback limiting; the benefit over a linear foldback technique is that it yields the maximum
output current from a device over the full range of Vg and still protects the device.

File  Vertical Timehas Curso Math z Utilities  Help
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Waiting for Trigger

Figure 31. Computation of the Pass-MOSFET Stress During Startup
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Response to a Hard Output Short (Figure 32 and Figure 33)

Figure 32 shows the short-circuit response over the full time-out interval. This interval begins when an output
short-circuit is applied and ends when the pass-MOSFET is turned off. The pass-MOSFET current is actively
controlled by the power-limit engine and gate amplifier circuit while the TIMER pin charges C; to the 4-V
threshold. Once this threshold is reached, the TPS2482 and TPS2483 disable and shut off the pass-MOSFET.
The TPS2482 remains latched off until either the VCC voltage drops below the UVLO threshold or EN is cycled
through the false (low) state. The TPS2483 will automatically retry Cy charging (attempt a restart) after going
through a 16-count time-out cycle.

File Vertical Timebase Trigger Display Cursors Measure Math Iysis  Utilitles  Help

GATE
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v v i v
L
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Figure 32. Current Limit Overview
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The TPS2482 and TPS2483 respond rapidly to the short-circuit as seen in Figure 33 (horizontal time base is 1
us/div). The falling OUT voltage is the result of the pass-MOSFET and Cg currents through the short-circuit
impedance. The internal GATE diode clamp causes the GATE voltage to follow the output limits the negative Vgg
to 1~2 V. The rapidly rising fault current (not shown) overdrives the GATE amplifier causing it to overshoot and
rapidly turn the pass-MOSFET off by sinking current to ground. The pass-MOSFET eventually turns back on as
the GATE amplifier recovers and settles to an equilibrium operating point determined by the power-limit engine.

File  Vertical Timehas Trigger Display Cursore Wath z Lilities  Help

GATE
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Figure 33. Current Limit Onset

Minimal input voltage overshoot appears in Figure 33 because a local 100-yF input bypass capacitor and very
short input leads were used. In a typical application, as the input current abruptly drops, the input voltage may
overshoot significantly due to stored energy in the input distribution inductance. The exact waveforms seen in an
application depend upon many factors including parasitics of the voltage distribution, circuit layout, and the
nature of the overload or short-circuit itself.
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Automatic Retry on Fault (Figure 34 and Figure 35)

The TPS2483 automatically initiates a delayed restart attempt after a fault has caused it to turn off the pass-
MOSFET. Internal control circuits use C; to count 16 charge/discharge cycles before re-enabling the pass-
MOSFET. This sequence repeats if the fault persists. The TIMER has a 10:1 charge-to-discharge current ratio,
and uses a 1-V lower threshold. TPS2483 will attempt to restart indefinitely, until a restart is successful or input
power is removed. The fault-retry duty-cycle specification, Dgrerry, quantifies this behavior. This small duty cycle
often reduces the average short-circuit power dissipation in the MOSFET to levels associated with normal
operation and reduces the need for additional thermal measures or derating.
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Figure 34. TPS2483 Retry-Cycle Timing Detail
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Figure 35. TPS2483 Full Retry-Cycle Timing
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24-V, 10-A Application Design Example

The following example illustrates the design and component selection process for a 24-V, 10-A hotswap
application. Figure 36 shows an example schematic for the TPS2482 and TPS2483 application.

' AN
Address [A0 >—+— | | | T | | T "1 "1 "~
RH2HeHEHe He H2| <] Rer | Rer&Cor
© =« o4 5 O 0O W w = o 1kQ Optional:
< < 0 = 2 .
£ 2 5 8 2 50 a Use With
U1 7 dV/dt Control
— TPS2482/3
[0} 14
< 4 & o o Y o
g 0 24 o« £ =z g g = =z
7] (7] < > -4 w > o = (O]
=
HeHoHrHeHeH~rHeHoH2] &
’c - —4 o
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Bus ALERT * 8 Cen o
5 0.1 uF
e} g g © #
4 4 4
= 2 e o4
< - - 1 8 —_—
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Figure 36. TPS2482 and TPS2483 Example Schematic

1. Choose Shunt Resistor Rg

The following equation includes a margin factor of 1.2 (20%) to account for current limit threshold (V) and Rg
tolerances along with some additional margin. Iyax is the maximum continuous load current.

Ry=—vsmse _ S0mV__ 45,00
12 x I, 12x10A

* Where practical, select a standard value; choose Rg = 4 mQ.
Py iy = Luax X Rg = (104)* x3mQ = 0.3

“

(5)
Pick a sense resistor with a power rating of 0.5 W or 1 W to allow some margin. Ensure sufficient heatsinking.

2. Choose Pass-MOSFET, M,

Select the Vps-rating of M; allowing for peak input voltage, including transients and ringing. Then select an
operating-Rps(on), device package, and cooling method to control the steady-state operating temperature. Most
manufacturers list Rpsonymax) at 25°C and provide an adjustment curve from which on-resistance at other
temperatures can be derived. The next equation can be used to estimate desired Rpsn)max) at the maximum
operating junction temperature of Tjuaxy) (usually 50°C below absolute maximum). Tamax) iS the maximum
expected ambient temperature.
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=100C, T =60C,R9JA=31£,I = 10A
AMAX) W o MAX)

JI(MAX)

T -T -
Ripsony < neD A = 100€-60¢ =129 mQ

RGJAXIIZ\/IAX 31£><(10A)2
W

6

The junction-to-ambient thermal resistance, Rgjs, depends upon the package style chosen and the details of
heat-sinking and cooling including the PCB. Actual “in-system” temperature measurements will be required to
validate heat-sinking and cooling performance. Based on the above requirements CSD18503Q5A was chosen
for M;. It has a Vpg rating of 40 V and Rpgonymax) Of 6.5 mQ at 100°C meeting both the voltage and Rpg(on)
requirements.

3. Choose the Power Limit, P, ,,, and the PROG Resistors, Rprogi and Rprog:

M; dissipates large amounts of power during the brief power-up or output short-circuit events. Power limit, Py
should be set to prevent M, junction temperature from exceeding a short-term maximum temperature, T jmax)- It
is recommended to set Tjyuax) 25°C below the maximum junction temperature specified by the manufacturer to
allow some margin.

C C
Tiaxay =125C, Ty pax) = 60C, Ry, = 30W7Re.1c = IW,ZOJC = 0.3, R g onax) = 6-45m€Q

_ 0.7x (TJ(MAXZ) - RGCA . Ii/IAX xR

a xZ

-T )
. S DSONMAX) — TAMAX)) _ 1 ¢ 5737

6JC 8JC @)

where, Rgca is M; junction-to-case thermal resistance (computed by subtracting Rg;c from Rgja), Zgic is the
normalized thermal impedance, Rpsonymax) IS the channel resistance at the maximum operating temperature,
and the factor of 0.7 accounts for the tolerance of the constant power engine. For CSD18503Q5A, Zg;c of 0.3
can be used for fault times below 10 ms. This assumption will be verified once the timer capacitor is chosen.

The maximum power limit obtainable from the constant power-limit engine, P mmax), and nominal output power
Poutnowm for this example system are calculated with the following equations:

VREF =4V, Rs = 4mQ’VOUT(NOM) = 24V’ILIMIT(NOM) =12.5A

1V xV,
PI_IM{MAX) = Z—REF =500W

*Rg
POUT(NOM) = OUT(NOM) X ILIMIT(NOM) = 24V x 1 25A = 300W (8)
The PROG resistors should be chosen using the smallest of Py, Piimmax) » OF Poutinowmy Values.

Choose Rprog2 = 20kQ. Choose Rprogi as shown in Equation 9.
P.vacr =106.5W,Rs =4mQ, Rppos, = 20kQ

2x P yacr *Rs  2x106.5W x4mQ

Veros = =0.852V
PROG 1V v
V,
Rerosr = Rerogz % ( REE —1)=73.9kQ
PROG ©

* Choose Rprog1 = 73.2 kQ, for a standard value.

The current and power limit curve for this configuration is shown in Figure 37.
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Figure 37. Design Example Current and Power Limit Curve

4. Choose the Timer Capacitor, C;

The turn on time tgy, represents the time it takes the circuit to charge up the output capacitance Cq. C; programs
the fault time and should be chosen so that the fault timer does not terminate prior to completion of start up.
Assuming that all of the current is going towards charging Cq, toy can be computed as follows:

2
Co xP, LIM(ACT) Co x VVCC(MAX)

For P ucn < Vucemax) * lummvomy ton = 2 /2 2% P
X1 immivomy X FLmact

C,xV
4 Yo *Vveemax
For R, LIM(ACT) 2 VVCC(MAX) X ILIMIT(NOM)' oN T

LIMIT(NOM) (10)

C+ should be set to accommodate the worst case on time tongwax), Which can be computed as follows:

IDLIM(MIN) =0.7x PLIM(ACT) =75.1W, ILIMIT(MIN) =0.9x ILIMIT(ACT) =11.25A,
VVCC(MAX) =26V, C, =330uF

f _ CO,MAX xF LIM(MIN) CO,MAX . VVQCC(MAX)
N 2x] L2IMIT(MIN) 2xP, LIM(MIN)
2
_ 330uF x 75.1|2/V N C330uF x(26V) _158ms
2x(11.25A) 2x75.1W

(11)
The next equation allows C to be selected assuming that only Cy draws current during startup. Account for the
TPS2482 and TPS2483 timer current source and capacitor tolerances.

ISOURCE(MAX) = 34HA’VTMR—TH(MIN) =39V, Coror = 20%,Crpop = 10%

I

_ 1SOURCEMAX)
Cr=o— Xtonemax) X+ Copor + Crpor)

VTMR-TH(MIN)
34uA
C, =12 % 1.58ms x (1+0.2+0.1) = 17.9nF
\Y (12)
* Choose Cq = 0.022 pF standard value.
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Once C; is selected, it is prudent to back-calculate the longest fault-time which M; must endure to validate that it
remains properly within its SOA during a limiting event. If not, some previously-chosen system parameter(s) must
be adjusted until M, operates safely for both tonmax) @and teauirmax), Which can be computed as follows.

ISOURCE(MIN) = ISnM’VTMR—TH(MAX) = 4. IV’CT—TOL = 10%

Vivrotn xC
— -THMAX) T _
CrauLToMAX) = X(1+Cy 1o ) =6.6ms

I

SOURCE(MIN) (13)

Note that teay Tuax) iS under 10 ms, supporting the use of Zg;c = 0.3.

5. Choose the Turn-On Voltage, Vgy, and the EN Resistors, Rgy; and Regy,

When the EN pin is used as an analog control, the desired input turn-on voltage, Vgy, can be used to select the
EN resistors. The size of Rgy; and Rey, need to be reasonable to avoid inaccuracy due to leakage current. First
choose Rgpn, = 10 kQ, and compute Rgy, as follows:

Von =18V, Vi = 1350,V | =1.25V, R, = 10kQ

V
Ry = Rpyy X ( OV —1)=123.33kQ
VENJ—I (14)
e Choose Rgyn; = 124 kQ standard value.

The actual turn-on and turn-off voltages, Von and Vogg, can be calculated as follows:
R, +R

VON(MAX) = VEN_H x —EN1L__ EN2 — 18 09V
EN2
R, +R
VOFF(MIN) = VEN_L x —EN—_—ENZ — 16,75V
EN2 (15)

Miscellaneous Design Considerations

The serial bus will require pullup resistors (Rsci, Rspa, Rait)- These are placed at the end of the bus. Typical
values are 10 kQ to a 3.3-V supply.

Cys must be placed adjacent to the TPS2482 and TPS2483 to bypass noise at the Vg input. 0.1 pF is a good
choice.

C; provides a local source of bias currents and aids in controlling the dV/dt and overshoot on VCC. The size of
C; might be controlled by inrush energy considerations during board plug-in.

PG and Rpg are not necessary for TPS2482 and TPS2483 operation. However, the PG output can be used to
minimize loading from downstream DC/DC circuits during inrush. Rpg serves as a placeholder for some type of
interface to those downstream circuits.

D, may be required for some systems. See Input and Output Transient Protection below.

Note: In some cases, start-up may transition out of power-limited and current-limited operating modes before Cqo
is fully charged, and C; begins to discharge as depicted in Figure 30. In such situations, Vgg of the pass-
MOSFET is held nearly constant by the output dV/dt and Cg charging continues due to the high
transconductance of the MOSFET. The circuit behaves like a source-follower, but the remaining time to fully
charge Cg, is dependent on variable MOSFET parameters. The actual turn-on time used to determine Cy (in
Equation 12 ) may be longer than the time calculated by Equation 10. Prototype testing is necessary to identify
this situation and validate the proper choice for Cy.
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Alternative Inrush Designs

Gate Capacitor (dV/dt) Control

The TPS2482 and TPS2483 can be configured to provide a controlled linear dVo1/dt turn-on characteristic. The
load-capacitor charging current, Icyarce, IS controlled by an R-C network (Rg; - Cg1) from the GATE terminal to
ground. M, operates as a source follower (which follows the gate voltage) in this implementation. Choose a
dVv/dt-controlled charge time, toy g1, based on the load capacitor, Co, input voltage VCC, and desired charge
current. When power-limiting is used (Vprog < Vyrer), €hoose lcpyarce t0 be less than Py /Vycc to prevent the
fault timer from starting. The fault timer starts only if power limit or current limit is invoked. It is assumed there is

no downstream load current during this charge-up time.
Co xViee

tON_G1 = |
CHARGE (16)

Use the following equation to select the external gate capacitance, Cg. As shown in Figure 36, an Rg; of about 1
kQ should be used in series with Cg.

At
Cg = (IGATE X v } - Cgrs
vce

a7

IzaTe IS the nominal gate charge current. This equation assumes that the MOSFET Cgp is the controlling element
as the gate and output voltage rise. Since, Cgp is non-linear with applied Vgp an averaged estimate (Cgs) should
be used when computing using Cg. Divide the MOSFET Qgp by V)y to obtain Cgs. Since neither power nor
current-limit faults are invoked during turn on, C; can be chosen for fast transient turn off response using the M1
SOA curve. Choose the single pulse time conservatively from the M1 SOA curve using maximum operating
voltage and maximum trip current.
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High Voltage Application Example

The TPS2482 and TPS2483 can be used to monitor current from a voltage source greater than 36 V by using a
"high-side" Op-Amp circuit, as shown in Figure 38. This circuit translates the high-side current shunt voltage to a
ground-referenced signal within the monitor section's operational rating. Voltage and power monitoring are lost in
this configuration. Except for the high-side translation circuit, the system design and component selection
process is the same as for the 24-V, 10-A Application Design Example.

VCC
RMAé RVINM
D,
51V U2 — M,
OPA333 C.
Jt 0.1 uF
Rs Rws
[ vcc . AN \— VOUT |
+9V
to
+80V D, l : :Co
I’c
Address (a0 >——— | | | 0 T 1T
~ ©0
RH2HeHEHeHe HEHe HeH=] Ret | Rer8Cer
© = o 5 O 0O W w = o 1kQ Optional:
<<z z 3¢ ¢ 5 3¢ UgeWith
> w o dV/dt Control
u1 Coa1
— TPS2482/3
[0} 14
< L B, w8 E o
o 0 4 » 2 =z g g =2 =Z
o ® < > Z W > a F O
= HeHeH~ [e H~HeHeH¢2| &
2c [SDA >——1 _
Serial  [SCL o
Bus ALERT . g Cen o
o o o £ 0.1 uF
4 4 4
o o e
- - 3
3 3 5 — 4 p—
4 < o ocj"sF o Cr
[ +33V * * . e

Figure 38. TPS2482 and TPS2483 High Voltage Application Diagram

The basic operating principle of U,, M,, Rya, and Ryg is to mirror the voltage seen across Rg from a VCC-
referenced voltage to a GND-referenced voltage. As load current flows through Rg, the voltage at the (+) input of
U, decreases and U, drives M, to cause its source voltage at the (-) input to follow the (+) input. Ideally then, the
voltage across Rya mirrors the voltage drop of Rg. Current flow though Ryg will mirror current through Ry, and if
Rue = Rua, then the shunt voltage across Rg is mirrored at VINP.

Since only small voltages will be across Ry, and Ryg, their nominal values should be fairly low to avoid input
bias-current effects (ly,np). While discrete resistors may provide acceptable performance, well-matched network-
type resistors with temperature coefficient tracking for Ryya and Ryg will provide the most accurate solution.
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U, should be a high-quality, low-drift operational amplifier, such as the OPA333, which provides low input voltage
offset and very low drift over time and temperature. U, is referenced to VCC through D, and Rg and its output
can operate from rail to rail. P-channel MOSFET M, can be a small-signal device rated for the maximum input
voltage, such as Si2325DS or similar.

Additional Design Considerations

Use of PG Output

Use the PG pin to control and sequence a downstream DC/DC converter. If this is not done, a long time delay
may be needed on the converter to allow Cg to fully charge before the converter starts.

Output Clamp Diode

Inductive loads on the output may drive the OUT pin below GND when the circuit is unplugged or during sudden
current limit. Protect the OUT pin from excessive negative voltage excursions with a clamp diode from OUT to
GND. The diode must be sized to carry the peak fault current .

Gate Clamp Diode

The TPS2482 and TPS2483 have a relatively well-regulated gate voltage of 12 V to 16 V, even at low supply
voltages. If Vgg of the pass-MOSFET is rated below 20 V, an external Zener clamp-diode, such as a
BZX84C7V5, is recommended from gate to source.

High Gate Capacitance Applications

An external gate clamp Zener diode is recommended if the total gate capacitance of M; exceeds 4000 pF, to aid
in controlling the MOSFET peak Vs if the source is abruptly pulled to ground. without the external clamp, excess
Vs voltage may occur as a result of the Cpg/Cgg divider in M;. When gate-capacitor dV/dt control is used, a 1-
kQ resistor in series with Cg; is recommended, as shown in Figure 36. If the series R-C combination is used for
MOSFETSs with C,gg less than 3000 pF, then an external Zener diode is usually not required.

Input and Output Transient Protection

Hotswap systems experience positive-going transients on their input during hotswap or rapid turn-off events due
to inductance in the input circuit. These same systems experience negative-going transients on the output during
rapid turn-off due to inductance in the output circuit. The location of transients experienced by the TPS2482 and
TPS2483 will depend on the application; one example is a hotswap input protector, and a second example is
short circuit protection for an output cable.

When used as an input hotswap protector, input voltage overshoots are a primary concern. Absolute Maximum
Voltage (Vags) ratings of the VINM and VINP pins will control the maximum operating voltage and the choice of
transient protection. The use of a transient voltage suppressor (TVS) across the input power line is
recommended to sink the over-current. Consider the SMCJ28A TVS as an example. The breakdown voltage is
31.1Vto34.4V atlmA, and its clamp voltage is 45 V at 33.1 A. Considering the worst case, the TVS can be
modeled as an ideal 34.4 V diode in series with a 0.32 Q resistor. The model indicates the SMCJ28A will conduct
at least 17.5 A of current at 40 V. This device can provide sufficient protection from an inductive current spike
that is less than 17.5 A. Overall, the magnitude of these spikes is very system dependent and should be
evaluated in a real system. As a rule of thumb, pick a TVS to support a current spike twice the operating current.
Then test the circuit in a fully loaded system, observe the maximum transient voltage (Vyax), and ensure that the
difference between Vyax and Vags is at least 3 volts to account for variation in the break down voltage of the
TVS. If this difference is too small, pick a TVS with a larger die area or use two in parallel.

When the TPS2482 and TPS2483 are used as an output protector with sufficient input capacitance these
transient spikes are not as big of a concern. In this case, a 4 V margin between the VINP and VINM operating
voltage and absolute max should be sufficient.

An output voltage clamp to GND may be required to limit negative transients if the local output capacitance does
not provide adequate control. An example of this is a system with significant output bus inductance and little local
capacitance. In this case, select a schottky diode with low forward voltage drop at the anticipated current during
an output short-circuit shut-down event.
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Output Short-Circuit Measurements

Repeatable short-circuit testing results are difficult to obtain. The many details of source bypassing, input leads,
circuit layout and component selection, output shorting method, relative location of the short-circuit, and
instrumentation all contribute to varying results. The actual short-circuit itself exhibits a certain degree of
randomness as it microscopically bounces and arcs. Care in test configuration and methods must be used to
obtain realistic results. Do not expect to see waveforms exactly like those in the data sheet since every setup
differs.

Applications Using the Retry Feature (TPS2483)

Applications using the retry feature may want to estimate fault retry time. The TPS2483 will retry (enable M; to
attempt turn-on to restart the load) once for every 16 TIMER charge/discharge cycles (1 segment between 0 V
and 1V, and 16 cycles from 1 V to 4 V back to 1V). However, in the case of an immediate fault upon each retry
attempt, the minimum retry interval is found by Equation 18, when the voltage on C; does not fall appreciably
below 1V at the end of each retry interval. Although most retry intervals are likely to be slightly longer, using this
retry equation in thermal analysis will help achieve conservative results.

1 1
trerry = Cr x| 16 % (VTMRHI —Vivrio )X (7 + _H

I I
SOURCE  ISINK (18)

teerey = Cy x21.12MQ )

NOTE
Equation 19 is simplified - assumes no error, nominal conditions, and immediate fault on
retry. Resistance shown is an effective mathematical value, not a true resistance.

PCB Layout Considerations

Good layout practice arranges the power devices D;, Rg, M4, and Cg so that power flows in a sequential, linear
fashion. A ground plane under the positive current path and the TPS2482 and TPS2483 are desirable. The
TPS2482 and TPS2483 should be placed close to the sense resistor and MOSFET, using Kelvin-type
connections to achieve accurate voltage sensing across Rs. A low-impedance GND connection is required
because the TPS2482 and TPS2483 can momentarily sink current greater than 100 mA from the gate of M;. The
GATE amplifier has high bandwidth while active, so keep the GATE trace-length short. The PROG, TIMER, and
EN pins have high input impedances, therefore keep their input leads short. Oversize power traces and power-
device connections to assure low voltage drop and good thermal performance.
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MONITORING APPLICATION INFORMATION

The TPS2482 and TPS2483 incorporate a digital monitor with a serial-bus interface compatible with 1°C and
SMBus. It provides digital current, voltage, and power readings necessary for accurate decision-making in
precisely-controlled systems. Programmable registers allow flexible configuration for measurement resolution as
well as continuous-versus-triggered operation. Detailed register information appears at the end of this data sheet,
beginning with Table 3. See the Register Block Diagram for a high-level overview of the TPS2482 and TPS2483
monitoring section.

Each data register contains a value stored as a binary number (often abbreviated in the hexadecimal format in
the text) which represents the magnitude of the respective register measurement or calculation. Each of these
registers also has a corresponding unit weighting for the least significant bit (LSB) of the respective register,
which is used to scale that register's decimal equivalent value to the actual real-world magnitude in the units for
that parameter. The Shunt Voltage Register and the Bus Voltage Register have fixed internal LSB-weights of 2.5
pVibit and 1.25 mV/bit, respectively. The Current Register's LSB-weight is determined using the process
discussed in PROGRAMMING THE TPS2482 and TPS2483 MONITOR SECTION. The Power Register's LSB-
weight is internally determined based on the Current Register's LSB-weight.

Reading a register via the serial-bus for a particular parameter of interest returns the value stored in that register.
Multiplying the register's decimal value by its corresponding LSB-weight yields the actual magnitude of that
register's measured or calculated parameter.

BASIC ADC FUNCTIONS

The TPS2482 and TPS2483 monitoring section performs two measurements on the input power-supply bus of
interest. The load current that flows through a shunt resistor develops a shunt voltage that is measured at the
VINP and VINM pins. The shunt resistor is used by both the hotswap and monitoring sections. The device also
measures the input bus voltage at the VINM input with respect to ground.

The monitoring section is typically powered by a separate power supply that can range from 2.7 V to 5.5 V. The
input bus can be monitored over a range of 0 V to 36 V. It is important to note here that based on the fixed 1.25-
mV LSB for the Bus Voltage Register, a full-scale register would result in a value of 40.96 V. The actual voltage
that is applied to the VINP and VINM pins of the TPS2482 and TPS2483 should not exceed 36 V. There are
no special considerations for power-supply sequencing because the common-mode input range and power-
supply voltage are independent of each other; therefore, the bus voltage can be present with the supply voltage
off, and vice-versa.

As noted, the TPS2482 and TPS2483 take two measurements, shunt voltage and bus voltage. It then converts
the shunt measurement to current based on the Calibration Register value, and thereafter calculates power.
Refer to the Configure/Measure/Calculate Example section for additional information on programming the
Calibration Register.

Monitoring can operate in one of two conversion modes, continuous or triggered, which determine how the ADC
proceeds following a measurement conversion. When the TPS2482 and TPS2483 are in the normal continuous
operating mode (that is, MODE bits of the Configuration Register are set to '111"), it continuously converts a
shunt voltage reading followed by a bus voltage reading. After each shunt voltage reading, the current value is
calculated (based on Equation 22). This current value is then used to calculate the power result (using
Equation 23). These values are subsequently stored in an accumulator, and the measurement/calculation
sequence repeats until the number of averaging samples set in the Configuration Register is reached. Following
every sequence, the present set of values measured and calculated are appended to previously collected values.
Once all of the averaging has been completed, the final values for shunt voltage, bus voltage, current, and power
are updated in the corresponding registers that can then be read. These values remain in the data output
registers until they are replaced by the next fully-averaged conversion results. Reading the data output registers
does not affect a conversion in progress.

The Mode control in the Configuration Register also permits selecting modes to convert only the shunt voltage or
only the bus voltage in order to allow the user to configure the monitoring function to fit the specific application
requirements.

All current and power calculations are performed in the background and do not contribute to conversion time.
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To operate in triggered mode, writing any of the triggered-convert modes into the Configuration Register (that is,
MODE bits of the Configuration Register are set to ‘001", ‘010’, or ‘011’) triggers a single-shot conversion. This
action produces a single set of measurements; thus, to trigger another single-shot conversion, the Configuration
Register must be written to a subsequent time, even if the mode does not change.

In addition to the two operating modes (continuous and triggered), the TPS2482 and TPS2483 also have a
power-down mode that reduces the section quiescent current and turns off the bias currents into VINP and VINM
(except for the 830 kQ on VINM), reducing the impact of supply drain when the monitoring section is not being
used. The registers of the TPS2482 and TPS2483 can be written to and read from while the device is in power-
down mode. The device remains in power-down mode until one of the active modes settings are written into the
Configuration Register. Power-on reset for the monitoring section (POR1) configures continuous shunt and bus
monitoring as default. Full recovery from POR1 or power-down mode requires about 40 ps.

Although the TPS2482 and TPS2483 can be read at any time, and the data from the last conversion remain
available, the Conversion Ready Flag bit (Mask/Enable Register, CVRF bit) is provided to help coordinate one-
shot or triggered conversions. The Conversion Ready Flag bit is set after all conversions, averaging, and
multiplication operations are complete.

The Conversion Ready Flag bit clears under these conditions:
1. Writing to the Configuration Register, except when configuring the MODE bits for power-down mode; or
2. Reading the Status Register.

Power Calculation

The Current and Power values are calculated following shunt voltage and bus voltage measurements as shown
in Figure 39. Current is calculated following each shunt voltage measurement based on the value set in the
Calibration Register. If there is no value loaded into the Calibration Register, the current value stored is zero.
Power is calculated following each bus voltage measurement based on the previous current calculation and that
bus voltage measurement. If there is no value loaded in the Calibration Register, the power value stored is also
zero. Again, these calculations are performed in the background and do not add to the overall conversion time.
These current and power values are considered intermediate results (unless the averaging is set to '1') and are
stored in an internal accumulation register set, not the corresponding output registers. Following every measured
sample, the newly-calculated values for current and power are appended to this accumulation register set until all
of the samples have been measured and averaged based on the number of samples set in the Configuration
Register.

Current Limit Detect Following Bus and Power Limit Detect
Every Shunt Voltage Conversion Following Every Bus Voltage Conversion

SR S SRR
umumuﬁumumumumumumumumumumumumum
L T 3 4 4y X R Y R TS

| Power Average |

| Bus Voltage Average |

| Shunt Voltage Average |

Figure 39. Power Calculation Scheme

In addition to the current and power values accumulating after every sample, the shunt and bus voltage
measurements are also collected. Once all of the samples have been measured and the corresponding current
and power calculations have been made, the accumulated average for each of these parameters is then loaded
to their corresponding output registers, where they can then be read. Figure 39 illustrates an averaging of 16
samples. Also indicated in Figure 39 is the relative timing of the various current, voltage, and power limit
detection functions associated with the ALERT pin. Details of the Alert functions can be found in the ALERT PIN
section.
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Averaging and Conversion Time Considerations

The TPS2482 and TPS2483 have programmable conversion times for both the shunt voltage and bus voltage
measurements. The conversion times for these measurements can be selected from as fast as 140 s to as long
as 8.244 ms. The conversion time settings, along with the programmable averaging mode, allow the TPS2482
and TPS2483 to be configured to optimize the available timing requirements in a given application. For example,
if a system requires that data be read every 5 ms, the TPS2482 and TPS2483 could be configured with the
conversion times set to 588 us and the averaging mode set to '4'. This configuration results in the data updating
approximately every 4.7 ms. The TPS2482 and TPS2483 could also be configured with a different conversion
time setting for the shunt and bus voltage measurements. This type of approach is common in applications
where the bus voltage tends to be relatively stable. This situation can allow for the time focused on the bus
voltage measurement to be reduced relative to the shunt voltage measurement. The shunt voltage conversion
time could be set to 4.156 ms with the bus voltage conversion time set to 588 ps, with the averaging mode set to
'1". This configuration also results in data updating approximately every 4.7 ms.

There are trade-offs associated with the settings for conversion time and the averaging mode used. The
averaging feature can significantly improve the measurement accuracy by effectively filtering the signal. This
approach allows the TPS2482 and TPS2483 to reduce any noise in the measurement that may be caused by
noise coupling into the signal. A greater number of averages enables the TPS2482 and TPS2483 to be more
effective in reducing the noise component of the measurement.

The conversion times selected can also have an impact on the measurement accuracy. This effect can seen in
Figure 40. Multiple conversion times are shown here to illustrate the impact of noise on the measurement. In
order to achieve the highest accuracy measurement possible, a combination of the longest allowable conversion
times and highest number of averages should be used, based on the timing requirements of the system.

| | Conversion Time: 140us 1

Conversion Time: 1.1ms

10uV/div

Conversion Time: 8.244ms

0 200 400 600 800 1000
Number of Conversions

Figure 40. Noise vs Conversion Time

Copyright © 2012-2013, Texas Instruments Incorporated Submit Documentation Feedback 33
Product Folder Links: TPS2482 TPS2483


http://www.ti.com/product/tps2482?qgpn=tps2482
http://www.ti.com/product/tps2483?qgpn=tps2483
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAW1 A&partnum=TPS2482
http://www.ti.com/product/tps2482?qgpn=tps2482
http://www.ti.com/product/tps2483?qgpn=tps2483

TPS2482 A UMENTS
TPS2483

SLUSAW1 A -DECEMBER 2012—-REVISED MARCH 2013 www.ti.com

Filtering and Input Considerations

Measuring current is often noisy, and such noise can be difficult to define. The TPS2482 and TPS2483 offer
several options for filtering by allowing the conversion times and number of averages to be selected
independently in the Configuration Register. The conversion times can be set independently for the shunt voltage
and bus voltage measurements to allow added flexibility in configuring the monitoring of the power-supply bus.

The internal ADC is based on a delta-sigma (A%) front-end with a 500 kHz (£30%) typical sampling rate. This
architecture has good inherent noise rejection; however, transients that occur at or very close to the sample-rate
harmonics can cause problems. Because these signals are at 1 MHz and higher, they can be managed by
incorporating simple R-C filtering at VINP and VINM. The high frequency enables the use of low-value series
resistors on the filter with negligible effects on measurement accuracy. In general, filtering the TPS2482 and
TPS2483 monitoring input is only necessary if there are transients at exact harmonics of the 500 kHz (£30%)
sampling rate (greater than 1 MHz). Filter using the lowest possible series resistance (typically 10 Q for Rg 1Rr)
and a ceramic capacitor, Cg tgr. Recommended values for Cg g are 0.1 pF to 1.0 pF. Figure 41 shows the
TPS2482 and TPS2483 with an additional filter added at the input.

A short circuit on the hotswap output can create an input voltage overshoot. This occurs as the input circuit
inductance discharges when the MOSFET, My, turns off. These transients could exceed the 40-V common-mode
rating of VINP and VINM if not controlled. See Input and Output Transient Protection for guidance.

In applications that do not have large energy storage electrolytics on one or both sides of the shunt, an input
overstress condition may result from an excessive dV/dt of the voltage applied to VINP and VINM. A hard
physical short is the most likely cause of this event. This problem occurs because an excessive dV/dt can
activate the ESD protection. The addition of 10-Q resistors in series with VINP and VINM will protect the monitor
inputs against this dV/dt failure up to their maximum 40-V ratings.

INPUT /\/\/\/ OUTPUT
o 1y,
C
Rerr FLTR ReL1r R JE—
G

15— 18}—17}—f1e}—{13}—F2
VvCC VINP VINM SENSE GATE ouT

Part of TPS2482/3

Figure 41. TPS2482 and TPS2483 with Input Filtering
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ALERT PIN

The TPS2482 and TPS2483 have a single Alert Limit Register, 07h, that allows the ALERT pin to be
programmed to respond to a single user-defined event or to a conversion ready notification if desired. The
Mask/Enable Register allows the user to select from one of the five available functions to monitor and/or set the
conversion ready bit to control the response of the ALERT pin. Based on the function being monitored, the user
would then enter a value into the Alert Limit Register to set the corresponding threshold value that asserts the
ALERT pin.

The ALERT pin allows for one of several available Alert functions to be monitored to determine if a user-defined
threshold has been exceeded. The five Alert functions that can be monitored are:

» Shunt Voltage Over Limit (SOL)
» Shunt Voltage Under Limit (SUL)
* Bus Voltage Over Limit (BOL)

e Bus Voltage Under Limit (BUL)

» Power Over Limit (POL)

The ALERT pin is an open-drain output. This pin is asserted when the value of the Alert function selected in the
Mask/Enable Register exceeds the value programmed into the Alert Limit Register. Only one of these Alert
functions can be enabled and monitored at a time. If multiple Alert functions are enabled, the selected function in
the highest significant bit position takes priority and exclusively responds to the Alert Limit Register value. For
example, if the Shunt Voltage Over Limit and the Shunt Voltage Under Limit are both selected, the ALERT pin
asserts only when the Shunt Voltage Over Limit Register exceeds the value in the Alert Limit Register.

The Conversion Ready state of the device can also be monitored at the ALERT pin to inform the user when the
device has completed the previous conversion and is ready to begin a new conversion. Conversion Ready can
be monitored at the ALERT pin simultaneously with one of the Alert functions. If an Alert function and the
Conversion Ready are both enabled to be monitored at the ALERT pin, after the ALERT pin is asserted, the
Mask/Enable Register must be read following the Alert to determine the source of the Alert. By reading the
Conversion Ready Flag (CVRF), bit D3, and the Alert Function Flag (AFF), bit D4 in the Mask/Enable Register,
the source of the Alert can be determined. If the Conversion Ready feature is not desired and the CNVR bit is
not set, the ALERT pin only responds to an exceeded Alert limit based on the Alert function enabled.

If the Alert function is not used, the ALERT pin can be left floating without affecting the operation of the device.

Refer to Figure 39 to see the relative timing of when the value in the Alert Limit Register is compared to the
corresponding Alert function value. For example, if the Alert function that is enabled is Shunt Voltage Over Limit
(SOL), following every shunt voltage conversion the value in the Alert Limit Register is compared to the
measured shunt voltage to determine if the measurement has exceeded the programmed limit. The AFF, bit 4 of
the Mask/Enable Register, asserts high any time the measured voltage exceeds the value programmed into the
Alert Limit Register. In addition to the AFF being asserted, the ALERT pin logic polarity is asserted based on the
Alert Polarity Bit (APOL, bit 1 of the Mask/Enable Register). If the Alert Latch is enabled, the AFF and ALERT pin
remain asserted until either the Configuration Register is written to or the Mask/Enable Register is read.

The Shunt Voltage Alert functions compare the measured Shunt Voltage Register value to the Alert Limit
Register value following every shunt voltage conversion and assert the AFF bit and ALERT pin if the
programmed limit threshold is exceeded.

The Bus Voltage Alert functions compare the measured Bus Voltage Register value to the Alert Limit Register
value following every bus voltage conversion and assert the AFF bit and ALERT pin if the programmed limit
threshold is exceeded.

The Power Over Limit Alert function compares the calculated Power Register value to the Alert Limit Register
value following every bus voltage conversions and asserts the AFF bit and ALERT pin if the programmed limit
threshold is exceeded.
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PROGRAMMING THE TPS2482 and TPS2483 MONITOR SECTION

An important aspect of the TPS2482 and TPS2483 is that they do not measure current or power directly. The
TPS2482 and TPS2483 measure both the differential shunt voltage applied between the VINP and VINM input
pins and the bus voltage applied from the VINM pin to GND. In order for the TPS2482 and TPS2483 to report
both current and power values, the user must program the resolution of the Current Register and the value of the
shunt resistor used in the application. The Power_LSB, corresponding to the Power Register, is internally set to
be 25 times the programmed Current_LSB. Both the Current_LSB and shunt-resistor value are used in the
calculation of the Calibration Register value which the TPS2482 and TPS2483 use to calculate the
corresponding current and power values based on the shunt and bus voltage measurements.

The Calibration Register value is calculated using Equation 21. CAL(ibration) is the factor used to convert the
value in the Shunt Voltage Register to the value representing current in the Current Register. This equation
includes the Current_LSB term, which is a rounded value for the LSB-weight of the Current Register. The highest
resolution for the Current Register can be obtained by using the exact Current LSB value, based on the
maximum expected current, as determined by Equation 20. While this value will yield the highest resolution, it is
common practice to select a value for the Current_LSB to the nearest round number above this value to simplify
the conversion of the Current Register and Power Register values to amperes and watts, respectively. The
Rsqunt term is the value of the external shunt resistor used to generate the differential voltage across the input
pins. The 0.00512 term in Equation 21 is a constant factor used to scale the external values to the proper
internal levels.

Current LSB = |1"2AX - yax
B 2" -1 32767 o0

0.00512
Current _LSBxRgynr

CalibrationRegValue = CAL =
(21)

Once the Calibration Register has been programmed, the Current Register and Power Register will be updated
accordingly based on the corresponding shunt voltage and bus voltage averaged measurements. Until the
Calibration Register is programmed, the Current and Power Registers remain at zero.
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CONFIGURE/MEASURE/CALCULATE EXAMPLE

In this example, shown in Figure 42, a nominal 40-A load current creates a differential voltage of 40 mV across a
1-mQ shunt resistor. The bus voltage for the TPS2482 and TPS2483 is measured from VINM to GND. In this
case, the VINM pin measures 11.96 V as a consequence of the voltage drop across the shunt resistor.

40 A

12V — > 11.96 V OUTPUT
1m0 Lyl y,
Rs
R J—
10 Co
q b
[1g] [1al
fisp—{1o}—{17}—{1a]—{13]—{r2
P VINM SENSE GATE ouT

Part of TPS2482/3

Full Load =40 A
Minimum ILIM =45A

Typical Iy =50 A
Maximum I,y =55 A

Figure 42. Example Circuit Configuration

For this example, assuming a maximum expected current of 55 A (based on the I, tolerance), the exact
Current_LSB is calculated to be 1.679 mA/bit using Equation 20. Choosing a rounded-up Current_LSB value of 2
mA/bit would significantly simplify the mental conversion of the Current Register and Power Register values to
amperes and watts. Using a rounded value for the Current_LSB does trade off a small amount of resolution for
having a simpler calculation process on the part of the user. With a Current LSB of 2 mA/bit and a shunt
resistance of 1-mQ in this example, using Equation 21 results in a Calibration Register value of 2560, or AOOh.

The Current Register value is then calculated by multiplying the decimal value of the Shunt Voltage Register
contents by the decimal value of the Calibration Register and dividing by 2048 (another internal scaling factor),
as shown in Equation 22. For this example, the Shunt Voltage Register contains a value of 16000, which is
multiplied by the Calibration Register value of 2560 and then divided by 2048 to yield a decimal value for the
Current Register of 20000, or 4E20h. Multiplying this value by 2 mA/bit results in the original 40-A current level
stated at the beginning of this example.

ShuntVoltageRegValue x CAL
2048 22)

CurrentRegValue =

The LSB for the Bus Voltage Register is internally fixed at 1.25 mV/bit, which means that the 11.96 V present at
the Vyym PIN results in a register representation value of 2560h, or a decimal equivalent of 9568. Note that the
MSB of the Bus Voltage Register is always zero because the Vy,ym pin is only able to measure positive voltages.

The Power_LSB has a fixed ratio to the Current_LSB of 25 W/bit to 1 A/bit. For this example, a programmed
Current_LSB of 2 mA/bit automatically results in a Power_LSB of 50 mW/bit ( ((25 W/bit) / (1 A/bit)) * 2 mA/bit ).
The 25-W/A ratio is internally programmed to ensure that the results of the power calculation falls within an
acceptable representation range for the Power Register.

The Power Register value is calculated by multiplying the decimal value of the Current Register, 20000, by the
decimal value of the Bus Voltage Register, 9568, and then dividing by 20000, as defined in Equation 23. For this
example, the result for the Power Register is 2560h, or a decimal equivalent of 9568. Multiplying this value by the
Power_LSB results in a calculation of (9568 x 50 mW/bit), or 478.4 W of actual power. To verify the example, a
manual calculation for the power being delivered to the load uses the bus voltage of 11.96 V (12 V source — 40
mV shunt drop) multiplied by the load current of 40 A to give a result of 478.4 W.
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CurrentRe gValue x BusVoltageRe gValue
20000 23)

Power RegValue =

Table 2 shows the steps for configuring, measuring, and calculating the values for current and power for this
device.

Table 2. Configure/Measure/Calculate Example®

CONTENT REPRESENTATION
STEP # REGISTER NAME ADDRESS HEXADECIMAL DECIMAL LSB-WEIGHT ACTUAL VALUE
Step 1 Configuration 00h 4127h — — —
Step 2 Shunt Voltage 01h 3E80h 16000 2.5 pVvibit 40 mV
Step 3 Bus Voltage 02h 2560h 9568 1.25 mV/bit 11.96 V
Step 4 Calibration 05h AOOh 2560 — —
Step 5 Current 04h 4E20h 20000 2 mA/bit 40 A
Step 6 Power 03h 2560h 9568 50 mW/bit 478.4W

(1) Conditions: Rsyynt = 1 mQ, load current =40 A, Vg = 12 V, and Vyjyy = 12 V.

PROGRAMMING THE TPS2482 and TPS2483 POWER MEASUREMENT ENGINE

Calibration Register and Scaling

The Calibration Register makes it possible to set the scaling of the Current and Power Registers to whatever
values are most useful for a given application. One strategy may be to set the Calibration Register such that the
largest possible number is generated in the Current Register or Power Register at the expected full-scale point.
This approach would yield the highest resolution based on using the previously-calculated exact Current LSB in
the equation for the Calibration Register. The Calibration Register value can also be selected to produce values
in the Current and Power Registers that either provide direct decimal equivalents of the values being measured,
or yield a rounded LSB-value for each respective register.

After these choices have been made, the programmable Calibration Register also offers possibilities for end-user
system-level calibration. By physically measuring the current with an accurate external ammeter, the exact
current is known. The calculated value for the Calibration Register can then be adjusted, based on the
measured-current result of the TPS2482 and TPS2483, to cancel the total system error as shown in Equation 24.
Store the Corrected_CAL value (rounded to the nearest whole number) in place of the previously-stored (exact or
rounded) CAL value. If necessary, iterate this process until the current reported by the TPS2482 and TPS2483 is
equal to the ammeter measurement.

Corrected _CAL = round(CAL . _Ammeter _Measured _ Current ]

TPS2482/3 Reported Current (24)
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Simple Current Shunt Monitor Usage
(No Programming Necessary)

The TPS2482 and TPS2483 can be used without any programming if it is only necessary to read a shunt voltage
drop and bus voltage with the default power-on reset configuration and continuous conversion of shunt and bus
voltage.

Without programming the TPS2482 and TPS2483 Calibration Register, the device is unable to provide either a
valid current or power value, because these outputs are both derived using the values loaded into the Calibration
Register.

Default TPS2482 and TPS2483 Settings

The default power-up states of the registers are shown in the REGISTER DETAILS section of this data sheet.
These registers are volatile, and if programmed to a value other than the default values shown in Table 3, they
must be re-programmed at every device power-up. Detailed information on programming the Calibration Register
specifically is given in the Configure/Measure/Calculate Example section and calculated based on Equation 21.

REGISTER INFORMATION

The TPS2482 and TPS2483 monitoring section uses a bank of registers for programming and holding
configuration settings, measurement results, minimum/maximum limits, and status information. Table 3
summarizes all of the TPS2482 and TPS2483 registers. Refer to the Register Block Diagram for a simplified
illustration of the measurement data registers.

Table 3. Summary of Register Set

POINTER POWER-ON RESET DEFAULT
ADDRESS SETTINGS
HEX REGISTER NAME FUNCTION BINARY HEX TYPEW
Configures all-register reset, shunt
) . . voltage and bus voltage ADC Y
0 Configuration Register conversion times and averaging, 01000001 00100111 4127 R/W
operating mode.
1 Shunt Voltage Snunt voltage averaged measurement 00000000 00000000 0000 R
2 Bus Voltage g;’; voltage averaged measurement 00000000 00000000 0000 R
@ Contains the value of the calculated
3 Power power being delivered to the load. 00000000 00000000 0000 R
Contains the value of the calculated
4 Current® current flowing through the shunt 00000000 00000000 0000 R
resistor.
Sets full-scale range and LSB value of _
5 Calibration current and power measurements. 00000000 00000000 0000 R/W
Overall system calibration.
6 Mask/Enable Alert configuration and Conversion 00000000 00000000 0000 RIW
Ready flag.
o Contains the limit value to compare to Y
7 Alert Limit the selected Alert function. 00000000 00000000 0000 R/W
EF Die ID Contains unique die identification ASCII ASCII R
number.

(1) Type: R = Read-Only, R/W = Read/Write.
(2) The Current Register defaults to '0' because the Calibration Register defaults to '0', yielding zero current and power values until the

Calibration Register is programmed.

Copyright © 2012-2013, Texas Instruments Incorporated

Submit Documentation Feedback 39

Product Folder Links: TPS2482 TPS2483


http://www.ti.com/product/tps2482?qgpn=tps2482
http://www.ti.com/product/tps2483?qgpn=tps2483
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAW1 A&partnum=TPS2482
http://www.ti.com/product/tps2482?qgpn=tps2482
http://www.ti.com/product/tps2483?qgpn=tps2483

TPS2482 A UMENTS
TPS2483

SLUSAW1 A -DECEMBER 2012—-REVISED MARCH 2013 www.ti.com

REGISTER DETAILS
All 16-bit registers in the TPS2482 and TPS2483 comprise two 8-bit bytes via the serial-bus interface.

Configuration Register 00h (Read/Write)

BIT # D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
E'ATME RST — — — AVG2 | AVGL1 | AVGO | VgusCT2 | VgusCT1 | VgusCTO | VeuCT2 | Vi CT1 | VgiCTO | MODE3 | MODE2 | MODEL
POR1

VALUE 0 1 0 0 0 0 0 1 0 0 1 0 0 1 1 1

The Configuration Register bit settings control the operating modes for the TPS2482 and TPS2483. This register
controls the conversion time settings for both the shunt and bus voltage measurements as well as the averaging
mode used. The operating mode that controls which signals are selected to be measured is also programmed in
the Configuration Register.

The Configuration Register can be read from at any time without impacting or affecting the device settings or a
conversion in progress. However, writing to the Configuration Register will halt any conversion in progress until
the write sequence is completed, resulting in a new conversion starting based on the new contents of the
Configuration Register. This prevents any uncertainty in the conditions used for the next completed conversion.

Configuration Register Bit Descriptions

RST: Reset Bit
Bit 15 Setting this bit to '1' generates a system reset that is the same as power-on reset (POR1). Resets all registers to
default values; this bit self-clears.
(RESERVED): Undefined and Reserved
Bits 12-14 These bits are preset to '100', perform no defined function, and are not programmable by the user. Reserved for
future use.
AVG: Averaging Mode
Bits 9-11 Sets the number of samples that will be collected and averaged together. Table 4 summarizes the AVG bit options
and related number of samples averaged for each bit combination. Applies to both shunt and bus voltage
measurements.
Table 4. AVG Bit Settings [11:9]®
AVG2 AVG1 AVGO NUMBER OF
D11 D10 D9 SAMPLES AVERAGED
0 0 0 1
0 0 1 4
0 1 0 16
0 1 1 64
1 0 0 128
1 0 1 256
1 1 0 512
1 1 1 1024
(1) Shaded values are POR1 default.
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Vpys CT: Bus Voltage Conversion Time
Bits 6-8 Sets the conversion time for each bus voltage measurement. Table 5 shows the Vgys CT bit options and related
conversion times for each bit combination. Applies to Vgys measurement only.
Table 5. Bus Voltage CT Bit Settings [8:6]
Vgys CT2 Vgus CT1 Vgus CTO
D8 D7 D6 CONVERSION TIME
0 0 0 140us
0 0 1 204ps
0 1 0 332us
0 1 1 588us
1 0 0 1.1ms
1 0 1 2.116ms
1 1 0 4.156ms
1 1 1 8.244ms
(1) Shaded values are POR1 default.
Vspunt CT: Shunt Voltage Conversion Time
Bits 3-5 Sets the conversion time for each shunt voltage measurement. Table 6 shows the Vsyynt CT bit options and
related conversion times for each bit combination. Applies to Vsyynt measurement only.
Table 6. Shunt Voltage CT Bit Settings [5:3]®
Vsnunt CT2 Vshunt CT1 Vsnunt CTO
D5 D4 D3 CONVERSION TIME
0 0 0 140us
0 0 1 204ps
0 1 0 332us
0 1 1 588us
1 0 0 1.1ms
1 0 1 2.116ms
1 1 0 4.156ms
1 1 1 8.244ms
(1) Shaded values are POR1 default.
MODE: Operating Mode
Bits 0-2 Selects continuous, triggered, or power-down mode of operation. These bits default to continuous shunt and bus
measurement mode. The mode-setting options are shown in Table 7.
Table 7. Operating Mode Settings [2:0]Y
MODE3 MODE2 MODE1
D2 b1 Do OPERATING MODE
0 0 0 Power-Down
0 0 1 Shunt Voltage, Triggered
0 1 0 Bus Voltage, Triggered
0 1 1 Shunt and Bus, Triggered
1 0 0 Power-Down
1 0 1 Shunt Voltage, Continuous
1 1 0 Bus Voltage, Continuous
1 1 1 Shunt and Bus, Continuous
(1) Shaded values are POR1 default.
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DATA OUTPUT REGISTERS

Shunt Voltage Register 01h (Read-Only)

The Shunt Voltage Register stores the most recent, fully-averaged shunt voltage measurement, Vsyunt
represented by the LSB-weighted magnitude of that value.

Negative numbers are represented in twos complement format. Generate the twos complement of a negative
number by complementing the absolute value binary number and adding '1'. Extend the sign, denoting a negative
number by setting the MSB ="'1".

Example: For a value of Vgyynt = —80 mV:

Take the absolute value: 80 mV

Translate this number to a whole decimal number (80 mV + 2.5 puV) = 32000

Convert this number to binary = 111 1101 0000 0000

Complement the binary result = 000 0010 1111 1111

Add '1' to the complement to create the twos complement result = 000 0011 0000 0000

Extend the sign and create the 16-bit word: 1000 0011 0000 0000 = 8300h

Full-scale range = 81.9175 mV (hexadecimal = 7FFF); LSB-weight = 2.5 pV/bit.

o0k whPE

BIT # D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
EIQME SIGN SD14 SD13 SD12 SD11 SD10 SD9 SD8 SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDOo
POR1

VALUE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bus Voltage Register 02h (Read-Only)®

The Bus Voltage Register stores the most recent, fully-averaged input bus voltage measurement, Vpys,
represented by the LSB-weighted magnitude of that value.

Full-scale range = 40.96 V (hexadecimal = 7FFF); LSB-weight = 1.25 mV/bit. However, do not apply more than
36 V to the input.

BIT # D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Ell’-\rME — BD14 BD13 BD12 BD11 BD10 BD9 BD8 BD7 BD6 BDS BD4 BD3 BD2 BD1 BDO
POR1

VALUE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(1) D15 is always zero because bus voltage can only be positive.

Power Register 03h (Read-Only)

The Power Register stores the product of the most recent current and bus voltage values, represented by the
LSB-weighted magnitude of that calculation. The Power LSB is internally programmed to equal 25 times the
programmed value of the Current_LSB. The Power Register records power by multiplying the decimal values of
the Current Register and the Bus Voltage Register and dividing by a scale-factor, according to Equation 23.

LSB-weight = Power_LSB. If measurement averaging is enabled, this register displays the final averaged value.

BIT # D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
EIEME PD15 PD14 PD13 PD12 PD11 PD10 PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
POR1
VALUE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Current Register 04h (Read-Only)

The Current Register stores the most recent input current calculation, represented by the LSB-weighted
magnitude of that calculation. The Current Register records current by multiplying the decimal values of the
Shunt Voltage Register and the Calibration Register and dividing by a scale-factor, according to Equation 22.

LSB-weight = Current_LSB. If measurement averaging is enabled, this register displays the final averaged value.

BIT # D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
EIEME CSIGN CD14 CD13 CD12 CD11 CD10 CD9 CD8 CD7 CD6 CD5 CD4 CD3 CD2 CD1 CDO
POR1

VALUE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Calibration Register 05h (Read/Write)

This register provides the TPS2482 and TPS2483 with the value of the shunt resistor which generates the
measured differential voltage combined with the resolution of the Current Register and internal scaling. The
Current_LSB and Power_LSB are set by the programming of this register. This register is also suitable for use in
overall system calibration. See the Configure/Measure/Calculate Example for additional information on
programming the Calibration Register.

BIT # D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
EIHME — FS14 FS13 FS12 FS11 FS10 FS9 FS8 FS7 FS6 FS5 FS4 FS3 FS2 FS1 FSO
POR1

VALUE 0 0 0 0 0 0 0 0 0 o] 0 0 0 0 0 0

Mask/Enable Register 06h (Read/Write)

The Mask/Enable Register selects the function that is enabled to control the ALERT pin, as well as how that pin
functions. If multiple functions are enabled, the highest significant bit position Alert Function (D15-D11) takes
priority and responds to the Alert Limit Register.

BIT # D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
BIT

NAME SoL SuL BOL BUL POL | CNVR — — — — — AFF CVRF OVF APOL LEN
PORL

VALUE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SOL: Shunt Voltage Over-Voltage

Bit 15 Setting this bit high configures the ALERT pin to be asserted when the Shunt Voltage Register exceeds the value in

the Alert Limit Register.

SUL: Shunt Voltage Under-Voltage

Bit 14 Setting this bit high configures the ALERT pin to be asserted when the Shunt Voltage Register drops below the
value in the Alert Limit Register.

BOL: Bus Voltage Over-Voltage

Bit 13 Setting this bit high configures the ALERT pin to be asserted when the Bus Voltage Register exceeds the value in
the Alert Limit Register.

BUL: Bus Voltage Under-Voltage

Bit 12 Setting this bit high configures the ALERT pin to be asserted when the Bus Voltage Register drops below the value
in the Alert Limit Register.

POL: Power Over-Limit

Bit 11 Setting this bit high configures the ALERT pin to be asserted when the Power Register exceeds the value in the
Alert Limit Register.
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CNVR: Conversion Ready

Bit 10 Setting this bit high configures the ALERT pin to be asserted (independently of any Alert Function) when the
Conversion Ready Flag, Bit 3, is asserted indicating that the device is ready for the next conversion.

AFF: Alert Function Flag

Bit 4 While only one Alert Function can be monitored at the ALERT pin at a time, the Conversion Ready can also be
simultaneously enabled to assert the ALERT pin. Reading the Alert Function Flag following an Alert allows the user
to determine if the Alert Function was the source of the Alert.
When the Alert Latch Enable bit is set to Latch mode, the Alert Function Flag clears only when the Mask/Enable
Register is read. When the Alert Latch Enable bit is set to Transparent mode, the Alert Function Flag is cleared
following the next conversion that does not result in an Alert condition.

CVRF: Conversion Ready Flag

Bit 3 Although the TPS2482 and TPS2483 can be read at any time, and the data from the last conversion is available,
the Conversion Ready bit is provided to help coordinate one-shot or triggered conversions. The Conversion bit is
set after all conversions, averaging, and multiplications are complete. Conversion Ready clears under the following
conditions:
1.) Writing to the Configuration Register (except for Power-Down or Disable selections)
2.) Reading the Mask/Enable Register

OVF: Math Overflow Flag

Bit 2 This bit is set to '1' if an arithmetic operation resulted in an overflow error. It indicates that current and power data
may be invalid. This bit is cleared by the next operation which does not result in an overflow error.

APOL: Alert Polarity bit; sets the ALERT pin logic polarity.

Bit 1 1 = Inverted (active-high open-drain)
0 = Normal (active-low open-drain) (POR1 default)

LEN: Alert Latch Enable bit; configures the latching feature of the ALERT pin and Alert Function Flag bit.

Bit 0 1 = Latch enabled

0 = Transparent (POR1 default)

When the Alert Latch Enable bit is cleared to Transparent mode, the ALERT pin and Alert Function Flag bit will
automatically reset to their idle states when the fault has been cleared. When the Alert Latch Enable bit is set to
Latch mode, the ALERT pin and Alert Function Flag bit will remain active following a fault until the Mask/Enable
Register has been read.

Alert Limit Register 07h (Read/Write)

The Alert Limit Register contains the value used to compare to the register selected in the Mask/Enable Register
to determine if a limit has been exceeded.

BIT # D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
IE\SIZ—ME AUL15 | AUL14 | AUL13 | AUL12 | AUL11 | AULl0 AUL9 AUL8 AUL7 AUL6 AULS AUL4 AUL3 AUL2 AUL1 AULO
POR1

VALUE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SERIAL-BUS OVERVIEW

The TPS2482 and TPS2483 serial-bus offers compatibility with both I2C and SMBus interfaces. The I°C and
SMBus protocols are essentially compatible with one another.

The I?C interface is used throughout this data sheet as the primary example, with SMBus protocol specified only
when a difference between the two systems is discussed. Two bidirectional lines, SCL and SDA, connect the
TPS2482 and TPS2483 to the bus. Both SCL and SDA are open-drain connections.

The device that initiates a data transfer is called a master, and the devices controlled by the master are slaves.
The bus must be controlled by a master device that generates the serial clock (SCL), controls the bus access,
and generates START and STOP conditions.
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To address a specific device, the master initiates a start condition by pulling the data signal line (SDA) from a
high to a low logic level while SCL is high. All slaves on the bus shift in the slave address byte on the rising edge
of SCL, with the last bit indicating whether a read or write operation is intended. During the ninth clock pulse, the
slave being addressed responds to the master by generating an Acknowledge and pulling SDA low.

Data transfer is then initiated and eight bits of data are sent, followed by an Acknowledge bit (slave generated).
During data transfer, SDA must remain stable while SCL is high. Any change in SDA while SCL is high is
interpreted as a start or stop condition.

Once all data have been transferred, the master generates a stop condition, indicated by pulling SDA from low to
high while SCL is high. The TPS2482 and TPS2483 includes a 28-ms timeout on its interface to prevent locking
up the bus.

Serial-Bus Address

To communicate with the TPS2482 and TPS2483, the master must first address slave devices via a slave
address byte. The slave address byte consists of seven address bits and a direction bit that indicates whether
the action is to be a read or write operation.

The TPS2482 and TPS2483 has two address pins, A0 and Al. Table 8 describes the pin logic levels for each of
the 16 possible addresses. The state of pins AO and Al is sampled on every bus communication and should be
set before any activity on the interface occurs.

Table 8. TPS2482 and TPS2483 Address Pin Connections and Corresponding
Slave Addresses

Al AO SLAVE ADDRESS
GND GND 1000000
GND Vs 1000001
GND SDA 1000010
GND scL 1000011
Vs GND 1000100
Vs Vs 1000101
Vs SDA 1000110
Vs scL 1000111
SDA GND 1001000
SDA Vs 1001001
SDA SDA 1001010
SDA scL 1001011
scL GND 1001100
scL Vs 1001101
scL SDA 1001110
scL scL 1001111

Serial-Bus Interface

The TPS2482 and TPS2483 operates only as a slave device on both the 12C bus and the SMBus. Connections to
the bus are made via the open-drain I/O lines SDA and SCL. The SDA and SCL pins feature integrated spike
suppression filters and Schmitt triggers to minimize the effects of input spikes and bus noise. While there is spike
suppression integrated into the digital 1/O lines, proper layout should be used to minimize the amount of coupling
into the communication lines. This noise introduction could occur from capacitively coupling signal edges
between the two communication lines themselves or from other switching noise sources present in the system.
Routing traces in parallel with ground in between layers on a printed circuit board (PCB) typically reduces the
effects of coupling between the communication lines. Shielding communication lines in general is recommended
to reduce to possibility of unintended noise coupling into the digital 1/O lines that could be incorrectly interpreted
as start or stop commands.

The TPS2482 and TPS2483 supports the transmission protocol for Fast (1 kHz to 400 kHz) and High-speed (1
kHz to 3.4 MHz) modes. All data bytes are transmitted most significant byte first.
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WRITING TO/READING FROM THE TPS2482 and TPS2483

Accessing a specific register on the TPS2482 and TPS2483 is accomplished by writing the appropriate value to
the register pointer. Refer to Table 3 for a complete list of registers and corresponding addresses. The value for
the register pointer (as shown in Figure 46) is the first byte transferred after the slave address byte with the R/W
bit low. Every write operation to the TPS2482 and TPS2483 requires a value for the register pointer.

Writing to a register begins with the first byte transmitted by the master. This byte is the slave address, with the
R/W bit low. The TPS2482 and TPS2483 then acknowledges receipt of a valid address. The next byte
transmitted by the master is the address of the register which data will be written to. This register address value
updates the register pointer to the desired register. The next two bytes are written to the register addressed by
the register pointer. The TPS2482 and TPS2483 acknowledges receipt of each data byte. The master may
terminate data transfer by generating a start or stop condition.

When reading from the TPS2482 and TPS2483, the last value stored in the register pointer by a write operation
determines which register is read during a read operation. To change the register pointer for a read operation, a
new value must be written to the register pointer. This write is accomplished by issuing a slave address byte with
the R/W bit low, followed by the register pointer byte. No additional data are required. The master then generates
a start condition and sends the slave address byte with the R/W bit high to initiate the read command. The next
byte is transmitted by the slave and is the most significant byte of the register indicated by the register pointer.
This byte is followed by an Acknowledge from the master; then the slave transmits the least significant byte. The
master acknowledges receipt of the data byte. The master may terminate data transfer by generating a Not-
Acknowledge after receiving any data byte, or generating a start or stop condition. If repeated reads from the
same register are desired, it is not necessary to continually send the register pointer bytes; the TPS2482 and
TPS2483 retain the register pointer value until it is changed by the next write operation.

Figure 43 and Figure 44 show the write and read operation timing diagrams, respectively. Note that register
bytes are sent most-significant byte first, followed by the least significant byte.

AVATD 00N @@@@@@@a CXEEXIEECN_ XXX NN

Start By ACK By AGK By Stop By
Master TPS24§X TPSZ48X TPS248x TPS248x  Master

Fi Frame 1 TwoWire Slave Address Byrs'” 4+7 Frame 2 Renister Pointer Byte 4+7 Frame 3 Data MSByte ——I—i Frame 4 Data LSByte

(1) The value of the Slave Address byte is determined by the settings of the A0 and Al pins. Refer to Table 8.

Figure 43. Timing Diagram for Write Word Format

son \_ b@@@ @@@@@@@ @@@@@@@@

Start By ACK By Fram ACK By Fram No ACK By(a) Stop
Master TPS248x TPS248x Master TPS248x

|—7 Frame 1 Two-Wire Slave Address Byte(1)4+7 Frame 2 Data MSByte<2)4+7 Frame 3 Data LSByte@ 4%

(1) The value of the Slave Address byte is determined by the settings of the A0 and Al pins. Refer to Table 8.

(2) Read data is from the last register pointer location. If a new register is desired, the register pointer must be updated.
See Figure 23.

(3) ACK by Master can also be sent.
Figure 44. Timing Diagram for Read Word Format
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Figure 45 shows the timing diagram for the SMBus Alert Response operation. Figure 46 illustrates a typical
register pointer configuration.

ALERT /

SDA

Start By ACK By From NACK By Stop By
Master TPS248x TPS248x Master Master

FFrame 1 SMBus ALERT Response Address Bﬁ84+7 Frame 2 Slave Address Bytem4—{
(1) The value of the Slave Address Byte is determined by the settings of the A0 and A1 pins. Refer to Table 8.
Figure 45. Timing Diagram for SMBus ALERT

AAS00RE OOOOOEOR. /-

Start By ACK By ACK By
Master TPS248x TPS248x

Fi Frame 1 Two-Wire Slave Address Bytem 4+7 Frame 2 Register Pointer Byte 4—{

(1) The value of the Slave Address Byte is determined by the settings of the A0 and A1 pins. Refer to Table 8.

Figure 46. Typical Register Pointer Set
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High-Speed 1°C Mode

When the bus is idle, both the SDA and SCL lines are pulled high by the pull-up devices. The master generates
a start condition followed by a valid serial byte containing High-Speed (HS) master code 00001XXX. This
transmission is made in fast (400 kHz) or standard (100 kHz) (F/S) mode at no more than 400 kHz. The
TPS2482 and TPS2483 do not acknowledge the HS master code, but does recognize it and switches its internal
filters to support 3.4 MHz operation.

The master then generates a repeated start condition (a repeated start condition has the same timing as the start
condition). After this repeated start condition, the protocol is the same as F/S mode, except that transmission
speeds up to 3.4 MHz are allowed. Instead of using a stop condition, repeated start conditions should be used to
secure the bus in HS-mode. A stop condition ends the HS-mode and switches all the internal filters of the
TPS2482 and TPS2483 to support the F/S mode.

[ [ t(LOW) f==== === =a
A e | 1] teosTa b
1 1 | 1 — ! ! : !
scL 111 Bk /1
I 1 I I l ! ! !
| 1 | 1 —— 1 : - : 1
: : : : t(HIGH) t(SUSTA) : [ : ' t(SUSTO)
1
i | | E — |+ tHoDAT) +| t(_SUDAT) E i . i !
1
SDA | N\ | ANE :
| I ! ! i l i
1 : 1 - : : - : 1
! ! ! 1 1 !
1 1 1 1 1 H I p :
LP LS L2 L___
Figure 47. Bus Timing Diagram
Bus Timing Diagram Definitions
FAST MODE HIGH-SPEED MODE
PARAMETER MIN MAX MIN MAX UNITS
SCL operating frequency fscu 0.001 0.4 0.001 3.4 MHz
Bus f_rge time between STOP and START teum 600 160 ns
conditions
Hold time after repeated START condition.
After this period, the first clock is generated. YrpsTA) 100 100 ns
Repeated start condition setup time tsusTa) 100 100 ns
STOP condition setup time t(susTo) 100 100 ns
Data hold time t(HDDAT) 0 0 ns
Data setup time t(subaT) 100 10 ns
SCL clock low period tow) 1300 160 ns
SCL clock high period tHIGH) 600 60 ns
Clock/data fall time te 300 160 ns
Clock/data rise time tr 300 160 ns
Clock/data rise time for SCLK < 100 kHz tr 1000 ns

SMBus Alert Response

The TPS2482 and TPS2483 are designed to respond to the SMBus Alert Response address. The SMBus Alert
Response provides a quick fault identification for simple slave devices. When an Alert occurs, the master can
broadcast the Alert Response slave address (0001 100) with the Read/Write bit set high, as seen in Figure 45.
Following this Alert Response, any slave devices that generated an Alert will identify themselves by
acknowledging the Alert Response and sending their respective address on the bus.

The Alert Response can activate several different slave devices simultaneously, similar to the I°C General Call. If
more than one slave attempts to respond, bus arbitration rules apply. The losing device does not generate an
Acknowledge and continues to hold the ALERT line low until the interrupt is cleared.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

TPS2482PW Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS2482
TPS2482PW.A Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS2482
TPS2482PW.B Active Production TSSOP (PW) | 20 70 | TUBE = Call Tl Call Tl -40 to 125
TPS2482PWR Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS2482

TPS2482PWR.A Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS2482
TPS2482PWR.B Active Production TSSOP (PW) | 20 2000 | LARGE T&R - Call Tl Call Tl -40 to 125

TPS2483PW Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS2483
TPS2483PW.A Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS2483
TPS2483PW.B Active Production TSSOP (PW) | 20 70 | TUBE - Call Tl Call Tl -40 to 125
TPS2483PWR Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS2483

TPS2483PWR.A Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS2483
TPS2483PWR.B Active Production TSSOP (PW) | 20 2000 | LARGE T&R - Call Tl Call Tl -40 to 125

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.
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Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers

and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

L |+ KO |4 P1—»]
DO OO0 OO T
o| |e &|( o W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A
W

Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE

O O O O OO0 OO0

| |
I I
| R N R —

Sprocket Holes

| |
Q3 1 Q4 Q3 | User Direction of Feed

[ & |

T T

AN

Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)

TPS2482PWR TSSOP PW 20 2000 330.0 16.4 6.95 7.0 14 8.0 16.0 Q1
TPS2483PWR TSSOP PW 20 2000 330.0 16.4 6.95 7.0 14 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS2482PWR TSSOP PW 20 2000 353.0 353.0 32.0
TPS2483PWR TSSOP PW 20 2000 353.0 353.0 32.0
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

*
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TPS2482PW PW TSSOP 20 70 530 10.2 3600 35
TPS2482PW.A PW TSSOP 20 70 530 10.2 3600 3.5
TPS2483PW PW TSSOP 20 70 530 10.2 3600 35
TPS2483PW.A PW TSSOP 20 70 530 10.2 3600 35
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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWO0O020A

SMALL OUTLINE PACKAGE

PIN 1 INDEX AREA
18X -0.65
R 20
1 == )
== -
—
—
2X
6.6 5.85
64 —
NOTE 3
—
—
o
10 g e et
- J 11
20X 0.30
E 45 0.19
4.3

./'

&-«/\ (0.15)TYPjr
SEE DETAIL A

GAGE PLANE

DETAIL A
TYPICAL

4220206/A 02/2017

NOTES:

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.

(G20 w N
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EXAMPLE BOARD LAYOUT
PWO0O020A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

20X(1.5) SYMM
|1 ‘ r ¢ (R0.05) TYP
oo [ | e
b |

|
) |

|
e |

L

18X (0.65) — -

-

)
1]
1)

o | ]

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK METAL UNDER SOLDER MASK
oPEN|NG\ METAL SOLDER MASK OPENING
777777777777 .
|
|

T EXPOSED METAL

*H‘* 0.05 MAX *j 0.05 MIN

EXPOSED METAL

ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED) SOLDER MASK DETAILS
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NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWO0O020A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

20X (0.45)

f

e
-

aai

SYMM

=
[N

20X (1.5) SYMM
i j | r ¢ (R0.05) TYP
| |
|
|
|
|
|
4
|
|
|
|
|
|
|

[ ]
1]
]
o

R

L— (5.8) —J

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

4220206/A 02/2017

NOTES: (continued)

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

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

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

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

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

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