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DUAL-SLOT PCI HOT-PLUG
POWER CONTROLLER WITH I2C INTERFACE
FEATURES FETs, allowing egch FET to ramp the load voltage
® 12-V, ~12-V, 3.3V, 5-V Main Power Switching linearly. Each main supply can be programmed for

and Auxiliary 3.3-V Power Switching

® 12-V,-12-V And Auxiliary 3.3-V Power FETs

® Hot-Swap Protection and Control of All
Supplies

® Overcurrent Protection for All Supplies

® |solation of Any Load Fault in One Slot from
Any Other Slot

® Undervoltage Monitoring for the Main 12-V,
3.3-V, 5-V and Auxiliary 3.3-V Supplies

® Power Fault Latching

® Overtemperature Shutdown

® |2C Interface for Power Control, Power
Status, Slot Control And Slot Status

® Compliant To PCI And PCI-X Hot Plug
Specifications

® One TPS2341 Supports Two Slots

DESCRIPTION

The TPS2341 contains main supply power
control, auxiliary supply power control, power
FETs for 12-V, —12-V and auxiliary 3.3-V supplies,
and a serial interface for communications with and
control of slots. Each TPS2341 contains supply
control and switching for two slots.

The main power control circuits start with all
supplies off and hold all supplies off until power to
the TPS2341 is valid on all positive supplies.
When power is requested, the control circuit
applies constant current to the gates of the power

a desired ramp rate by selecting a gate capacitor
for the power FET for that supply. The power
control circuits also monitor load current and latch
off that slot if the load current exceeds a
programmed maximum value. In addition, once
the 12-V, the 5-V, and the 3.3-V FET are fully
enhanced, the load voltage is monitored. If the
load voltage drops out of specification limit after
these FETs are fully enhanced, the slot latches off.
This feature provides another level of protection
from load fault.

The auxiliary power control circuit provides power
to the 3VAUXX pins through the 3.3-V main supply
when it is above 3.0 V, and through the 3.3-V
standby input supply when the 3.3-V main supply
drops below 3.0 V.

The TPS2341 contains power FETs for 12 V at
500 mA, -12 V at 100 mA, and auxiliary 3.3 V at
375 mA for each slot. These power FETs are
short-circuit protected, slew rate controlled, and
over-temperature protected.

The serial interface communicates with a slot
controller using the 12C serial protocol. The
interface  communicates with the slot, and
mechanical switches with individual, dedicated
lines. The interface operates from the 3.3-V
auxiliary power, but inputs are 5-V tolerant.
Mechanical switch inputs have internal pull-up
and hysteresis. The serial interface controls slot
power, and monitors board, power fault, and
switch input status.
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)

Input voltage range:
M12VIN
All others

Output voltage range:

M12VO, M12VG
P12VO (DC internally limited)
M2V O . e
Operating virtual temperature range, T

Output current pulse:

Storage temperature range, Tgtg

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

P12VO, 5V3VG

PL2VIN .

T

-0.5Vto 15V
-15.0Vto 0.5V
-05Vto6V

-0.5Vto VP12V|N +0.5V
P2V G e

-05Vto28V
VMm12viN—0.5V 10 0.5V
4 A
0.8A
-40°C to 125°C
-55°C to 150°C
260°C

T 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.

NOTE: All voltages are respect to DGND.

electrical characteristics over recommended operating temperature range, P12VINA = P12VINB =
12V, V5IN =5V, V3IN =3.3V, DIGVCC = 3.3V, M12VINA = M12VINB = =12 V, 3VSTBYIN = 3.3 V, all
outputs unloaded, —40 °C to 85°C, Tp = T3 (unless otherwise noted)

5-V/3.3-V Supply

5V3VG falling from 90% to 10%

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
5V input threshold voltage ROCSET = 6.04 kQ, Tao=Tjy=25°C 35 42 49 mvV
5Voc Input threshold voltage ROCSET = 6.04 kQ 34 42 49 mvV
3Voc Input threshold voltage ROCSET = 6.04 kQ, Ta=Tg=25°C 41 52 60 mv
3V input threshold voltage RoCSET = 6.04 kQ 37 52 62 mVv
5VISA, 5VISB voltage fault threshold After P12VG and 5V3VG good 43 465 486 \%
5VISA, 5VISB voltage fault minimum captured pulse 75 100 ns
5VSA, 5VSB input bias current PWRENX = high -100 100
5VISA, 5VISB input bias current PWRENX = high 250 WA
5VISA, 5VISB bleed current PWRENX = low, 5VISx =5V 5 10 20 mA
3VISA, 3VISB voltage fault threshold After P12VG and 5V3VG good 2.70 286  3.05 \%
3¥|§A, 3VISB voltage fault minimum captured pulse 75 100 ns
3VSA, 3VSB input bias current PWRENX = high -100 100
3VISA, 3VISB input bias current PWRENX = high 250 wA
3VISA, 3VISB bleed current PWRENX = low, 3VISx =33V 5 10 20 mA
5V3VGA, 5V3VGB charge current 14 20 25 UA
5V3VGA, 5V3VGB discharge current 200 mA
5V3VGA, 5V3VGB good threshold P12VIN = 12V 9.5 11 115 \Y
5V3VGA, 5V3VGB turn-off time C5v3vG = 0.022 uF, 1 us
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electrical characteristics over recommended operating temperature range, P12VINA = P12VINB =
12V, V5IN =5V, V3IN = 3.3V, DIGVCC = 3.3V, M12VINA = M12VINB = -12 V, 3VSTBYIN = 3.3 V, all
outputs unloaded, -40 °C to 85°C, T = Tj (unless otherwise noted) (continued)

+12-V Supply / =12-V Supply

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
- PW_REN_: HIOGH, ID=05A 018 03 o
+12-V Internal N-channel MOSFET on-resistance TA=T3=25°C
PWREN = HIGH, ID=05A 0.4 Q
PWREN = HIGH, ID=0.1A
. —T.=950 05 0.75
-12-V Internal N-channel MOSFET on-resistance TaA=Tg=25°C Q
PWREN = HIGH, IDp=0.1A 0.9
ROCSET = 6.04 kQ, Tao=Tj3=25°C 0.79 094 1.09 A
+12-V overcurrent threshold
ROCSET = 6.04 kQ 0.73 094 112 A
ROCSET = 6.04 kQ, Tao=T3=25°C 0.20 0.24 0.28 A
-12-V overcurrent threshold
ROCSET = 6.04 kQ 0.18 0.24 0.30 A
P12VOA, P12VOB fault threshold voltage After P12VG and 5V3VG good 9.50 10.30 11.15 \Y
P12VQA, P12VOB voltage fault minimum captured 75 100 ns
pulse time
M12VGA, M12VGB gate charge current -23 -20 -13 UHA
M12VGA, M12VGB gate discharge current 200 mA
P12VGA, P12VGB, charge current Derived from charge pump 2 9 14 UA
P12VGA, P12VGB, discharge current 100 mA
P12VGA, P12VGB good threshold 175 190 205 \Y
PWREN = HIGH to M12VO = -10.4 V,
CMm12vG = 0.022 uF, R =120 Q 15 20
i CM12vo = S0 uF
Turn-on time ms
PWREN = HIGH to P12VO = 11.4 V,
C12pvG = 0.022 pF, RL=24Q 30 75
Cp12vo = 200 uF
PWREN = LOW to P12VO = 0.6 V, 15 35
CP12VG =0.022 uF ' ’ Hs
Turn-off time
PWREN = LOW to M12VO =-0.6 V, 15 35
CM12VG = 0.022 uF ' ’ Hs
M12VOA, M12VOB bleed current -20
mA
P12VOA, P12VOB bleed current 10
noise filter
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Ignored spike from overcurrent 250 ns
Latched spike from overcurrent 500 ns
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electrical characteristics over recommended operating temperature range, P12VINA = P12VINB =
12V, V5IN =5V, V3IN = 3.3V, DIGVCC = 3.3V, M12VINA = M12VINB = -12 V, 3VSTBYIN = 3.3 V, all
outputs unloaded, -40 °C to 85°C, Tp = T (unless otherwise noted) (continued)

input/output control

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
P12VINA, P12VINB supply current PWRENXx = LOW, P12VIN=12V 2
V5IN supply current V5IN =5V 1 mA
V3IN supply current V3IN =3.3V 1000
M12VINA, M12VINB supply current PWRENXx = LOW, M12VIN -12 V 250
3VSTBYIN supply current 3VSTBYIN=3.3V 200 HA
DIGVCC supply current DIGVCC =3.3V 200
Overcurrent fault response time 500 960 ns
V3IN start-up threshold voltage 2.6 28 3.05
V3IN stop threshold voltage 2.35 255 280
V5IN start-up threshold voltage 4.1 44 465
V5IN stop threshold voltage 3.75 400 435 v
P12VIN start-up threshold voltage 10.1 10.8 11.3
P12VIN stop threshold voltage 9.5 10.0 11.0
3.3 VAUX
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Load applied for > 1 ms, Tao=Tj3=25°C 0.7 1.0 1.3
V3IN slow overcurrent shutdown - A
Load applied for > 1 ms 0.6 1.0 14
V3IN slow overcurrent fault response time 0.3 1.0 2.0 ms
Load applied for <100 us, Tp =Tj=25°C 1.15 15 1.85
V3IN fast overcurrent shutdown Load applied for < 100 s 10 15 20 A
V3IN fast overcurrent fault response time 5 10 35 us
3VSTBYIN overcurrent shutdown 20 40 60 mA
3VSTBYIN overcurrent fault response time 10 25 50 us
V3IN to 3VAUXA, 3VAUXB main switch on-resistance 13yauxx = —500 mA 300 425 mQ
gxsrél'gs\‘(t!\; éc; 3VAUXA, 3VAUXB standby switch 3VAUXX = ~10 MA 10 20 Q
3VSTBYIN undervoltage lockout 2.0 2.5 2.9 \%
V3IN to 3VAUXA, 3VAUXB turn-on slew rate 5
3VSTBYIN to 3VAUXA, 3VAUXB turn-on slew rate 0.1 Vims
3VAUXA, 3VAUXB turn-on time from SWA/SWB from SWx <08 V, 3
C3vAauxx = 150 pF ms
3VAUXA, 3VAUXB turn-off time from SWA/SWB from SWx >2V 2.5
3VSTBYIN to V3IN crossover time 10
V3IN to 3VSTBYIN crossover time 100 Hs
3VSTBYIN to V3IN crossover threshold 2.8 2.9 3.0 \%
3VSTBYIN to V3IN crossover hysteresis 50 mV
3VAUXA, 3VAUXB bleed current 3VAUXx =3V 150 HA
ac switching characteristics
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fMAX operating clock frequency 0<Tp<70°C 0 100 400 | kHz
Recommended input rise and fall times 10% to 90% of DIGVCC 0.2 1 ns
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electrical characteristics over recommended operating temperature range, P12VINA = P12VINB =
12V, V5IN =5V, V3IN = 3.3V, DIGVCC = 3.3V, M12VINA = M12VINB = -12 V, 3VSTBYIN = 3.3 V, all
outputs unloaded, -40 °C to 85°C, Tp = T (unless otherwise noted) (continued)

dc electrical characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Input threshold voltage (SDA, SCL) 0.8 14 2.0
B
e S ot e 0a  on 12| v
Input hysteresis (SWA, SWB, PGOOD) 1.0 1.6 2.0
?nggas;agl(\jl:‘n;gg)threshold voltage 04 10 15
,(Apt\iglr;;:sl’aglt\lee’ngt'zllg)hysteress voltage 200 mv
Address and_ enable floating voltage when not 165 Vv
externally driven (ADDR1, ENA, ENB)

Address and enable Thevenin equivalent 50 KO
impedance (ADDR1, ENA, ENB)

Test mode threshold voltage (ADDR1) 1.75 2.50 2.80 Y,
Test mode hysteresis voltage (ADDR1) 200 mV
High-lle_vel output voltage I = -4 mA DIGVCC DIGVCC

(all digital outputs, except IRQ# and SDA) -04 -02 vV
Low-level output voltage (all digital outputs) IL=4mA 0.2 0.4

3.3 V pull-up resistance (SWA, SWB, PGOOD) 30 200 kQ
recommended operating conditions

MIN  MAX | UNIT

Input voltage, P12VINA, P12VINB 10.8 13.2

Input voltage, V5IN 475 525

Input voltage, DIGVCC 3.1 35 \Y;
Input voltage, M12VINA, M12VINB -13.2 -10.8

Input voltage, 3VSTBYIN 3.1 3.5

Load current, P12VOA, P12VOB 0 500

Load current, M12VOA, M12VOB 0 100 mA
Load current, 3VAUXA, 3VAUXB 0 375
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Terminal Functions

TERMINAL
110 DESCRIPTION

NAME NO.

3VAUXA 36 e} | | b ded
3.3Vaux voltage s outputs. A 0.01-uF ass capacitor to PWRGND?2 is recommended.

3VAUXB 35 o ux voltage supply outpu W byp paci [

3VISA 30 | Connect to the load side of the sense resistor. See definition for 3VS. This pin has a switched FET to
PWRGND to discharge any output load capacitance when the output is turned off. A 0.01-uF bypass

3VISB 7 I capacitor to AGND is recommended.

3VSA 31 | Connect to the source side of the 3.3-V FET switch. This pin in conjunction with the 3VIS pin senses
the current to the 3.3-V load by sensing the voltage drop across a sense resistor. A 0.01-uF bypass

3VSB 6 I capacitor to AGND is recommended.

3VSTBYIN 37 3.3Vaux standby voltage supply input. A 0.1-uF bypass capacitor to PWRGND?2 is recommended.

5V3VGA 33 o) Gate drive for the 5-V and 3.3-V FET switches. Ramp rate is programmed by external capacitance
connected to this pin. The capacitor is charged with a 20-uA current source and discharged with a

V3VGB switch to PWRGND. The output UV circuitry is disabled until the voltage on this pin is greater than

SV3VG > o 11 V and the voltage on P12VGx is greater than 20 V.

5VISA 29 I Connect to the load side of the sense resistor. See definition for 5VS. 5VIS is also used to sense the
output voltage for the 5-V UV circuit. This pin has a switched FET to PWRGND to discharge any out-
put load capacitance when the output is turned off. A 0.01-uF bypass capacitor to AGND is recom-

5VISB 8 |
mended.

5VSA 28 | Connect to the source of the 5-V FET switch. This pin in conjunction with the 5VIS pin senses the
current to the 5-V load by sensing the voltage drop across the sense resistor. A 0.01-uF bypass ca-

5VSB 9 I pacitor to AGND is recommended.

Hard-wired 12C address pin. This pin represents the least significant bit (LSB) of a device’s 12C ad-

ADDR1 17 | dress. Tie to DGND for a logic 0 or allow to float for a logic 1. Tie ADDR1 to DIGVCC for test mode
fault mask.

AGND 11 G Ground pin for the internal analog section.

AUX_GOODA 27 o Output power good indicator for the 3.3-VAUXx ouptut. This pin is driven to DIGVCC when the internal

AUX_GOODB 19 0 N-channel MOSFET connected between V3IN and 3VAUXA (or 3VAUXB for slot B) is fully enhanced.

DIGVCC 24 p Power pin for the digital section, connect to 3VSTBYIN. A 0.1-uF bypass capacitor from DIGVCC to
DIGGND is recommended.

DGND 23 G Ground pin for the internal digital section.

ENA 15 | Hardware enable pins. Use these pins to enable the device without 12C communication. Pull ENA high
to enable slot A. Pull ENB high to enable slot B. Pull ENA low to disable slot A hardware control and
revert to 12C control. Transitioning ENA from high to low also clears the slot A main fault latch. Pull

ENB 16 | ENB low to disable slot B hardware control and revert to 12C control. Transitioning ENB from high to
low also clears the slot B main fault latch.

IRQ# 18 O Interrupt output. Open drain pulls low upon any fault detection or if SWA or SWB changes state.

M12VGA M o A capacitor connected from this pin to M12VOA programs the ramp rate of the —12-V switched output.
The capacitor is charged with a 20-pA current source and discharged with a switch to PWRGND.

M12VGB 48 o A capacitor connected from this pin to M12VOB programs the ramp rate of the —12-V switched output.
The capacitor is charged with a 20-pA current source and discharged with a switch to PWRGND.

M12VIN 2 P -12-V input voltage to the device. M12VIN, M12VINA and M12VINB must be tied together and are
internally connected by a high-resistance path. The heat conduction pad on the back of the package is

M12VIN 39 P also connected to M12VIN. A 0.1-uF bypass capacitor from M12VIN to PWRGND is recommended.

M12VINA 40 p —-12-V input voltage to the device and the —12-V power FET. M12VINA, and M12VINB and M12VIN
must be tied together and are internally connected by a high-resistance path. The heat conducting pad

M12VINB 1 on the back of the package is also connected to M12VIN. A 0.1-uF bypass capacitor from M12VIN to
PWRGND is recommended.

M12VOA 38 o —-12-V Switched output. This pin has a switched FET to PWRGND to discharge any output load capac-

M12VOB 3 0 itance when the output is turned off. A 0.01-uF bypass capacitor to PWRGND is recommended.

A resistor connected between this pin and AGND sets the overcurrent threshold of the internal

OCSET 10 | switches. The +12-V and -12-V switches are set for the maximum permissible currents per the PCI
specification when a 1%, 6.04-kQ resistor is used. A 0.1-uF bypass capacitor from OCSET to
ANAGND is recommended.
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Terminal Functions

TERMINAL
110 DESCRIPTION
NAME NO.
Gate drive for the 12-V internal N-channel MOSFET for slot A. Connect a capacitor from this pin
P12VGA 42 o to PWRGNDL to program the ramp rate. The capacitor is charged with a 5-pA current source
and discharged with a switch. The output undervoltage circuitry is disabled until the voltage on
this pin is greater than 20 V and the voltage on 5V3VGA is greater than 11 V.
Gate drive for the 12-V internal N-channel MOSFET for slot B. Connect a capacitor from this pin
P12VGB a7 o to PWRGND2 to program the ramp rate. The capacitor is charged with a 5-uA current source
and discharged with a switch. The output undervoltage circuitry is disabled until the voltage on
this pin is greater than 20 V and the voltage on 5V3VGB is greater than 11 V.
P12VINA 24 p 12-V input to the device and the 12-V power FET for slot A. A 0.1-uF bypass capacitor from
P12VINA to PWRGND1 is recommended.
P12VINB 45 p 12-V input to the device and the 12-V power FET for slot B. A 0.1-uF bypass capacitor from
P12VINB to PWRGND?2 is recommended.
12-V switched output for slot A. This pin has a switched FET to ground to discharge any output
P12VOA 43 (0] load capacitance when the output is turned off. A 0.01-uF bypass capacitor to PWRGNDL is
recommended.
12-V switched output for slot B. This pin has a switched FET to ground to discharge any output
P12vOB 46 (@) load capacitance when the output is turned off. A 0.01-uF bypass capacitor to PWRGND?2 is
recommended.
PGOOD 20 | Power good input. PGOOD has hysteresis so that it can be used as a power-on reset, driven
from a slow-rising RC. PGOOD also has a 100-kQ pull-up to DIGVCC.
PGOOD_OUTA 22 (@] Output power good indicator for the main slot outputs. This pin is driven to DIGVCC when the
voltage on P12VGA (or P12VGB for slot B) is greater than 20 V and the voltage on 5V3VGA (or
PGOOD_OUTB 21 @) 5V3VGB for slot B) is greater than 11 V.
PWRGND1 4 G
in for th | ion.
PWRGND2Z 21 G Ground pin for the power analog section
SCL 13 | Serial clock line for the 12C bus.
SDA 14 110 Serial data line for the 12C bus.
SWA 25 | Slot A switch input. Low indicates the slot is populated. This input has hysteresis and a 100-kQ
pull-up to DIGVCC, requiring only a capacitor to ground for debouncing mechanical noise.
SWB 12 | Slot B switch input. Low indicates the slot is populated. This input has hysteresis and a 100-kQ
pull-up to DIGVCC, requiring only a capacitor to ground for debouncing mechanical noise.
V3IN 32 P 3.3-V input to the device. A 0.1-uF bypass capacitor from V3IN to PWRGND is recommended.
V5IN 26 P 5-V input to the device. A 0.1-uF bypass capacitor from V5IN to PWRGND is recommended.

AVAILABLE OPTIONS

PACKAGE
A HTQFP (PHP)

~40°C to 85°C TPS2341PHP
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M12VINB [
M12VIN []
M12vOB [
PWRGND1 [
5V3VGB [
3vsB []
3vIsB [
5VISB [
5vSB [
OCSET [
AGND []
swB []

M12VGB
P12vVGB
P12vOB

]
H|
]

PHP PACKAGE
(TOP VIEW)

m
<
>
N
-
o
[1

© 0 N o g b~ WN PP

/O 48 47 46 45

2[] P12VINA
5[] P12voA
5[] P12vGA
&[] M12vGA
5[] M12VINA
«[] M12VIN

«[] M12vOA

=
©
N
[y
N
N

«[7] 3VSTBYIN

36
35
34
33
32
31
30
29
28
27
26
25

] 3VAUXA
] 3vAUXB
] PWRGND2
] 5v3VGA
] V3IN

] 3VsSA

] 3VISA

] 5VISA

] 5vsSA

] AUX_GOODA
] V5IN

] swA

N\

scL [|&
SDA [|&

ENA [|&
ENB [|5

ADDR1 [|%

C

PGOOD [N

PGOOD_OUTB

L
L
DGND [|®

IRQ# [|5
DIGVCC [|R

AUX_GOODB
PGOOD_OUTA

The heat-conduction pad on the underside of the package is electrically connected to M12VINA. Either connect
the heat-conducting pad to —12 VIN or leave unconnected. Do not connect the heat-conducting pad to any other

power plane or to a ground.
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FUNCTIONAL BLOCK DIAGRAM

V3IN
=1
132 ’J]
3VSTBYI!\137 9 : 36| 3VAUXA
- TOVERCURRENT SENSE 121 A 5
Fal
TO FROM 1
SECOND AUX FAULT Goop” I
SLOT LATCH INPUTS
S Q
R (_g 5pA
SR ||
29V py— CONTROL 27] AUX_GoODA
swa [25] {>o— TURN-OF
DELAY | ! :1-:
@ =m
P12VGA
L THERMAL P12VINA
oy SHU"I"DOWN J
20 pA P12VOA
5V3VGA[ 33
JE M12VOA
3vsA|[31] ~ 3 | SENSE
- > =
3VISA| 30 ﬂ—‘mll_ MAIN |
FAULT 20 uA
H LATCH L
= s Q ]
svsa| 28] 3 4£| M12VGA
i 9 ;
5vISA| 29 4
P12VO_ y7pyTs
svisH “Coop |
= 3V il [40] M12VINA
P12VINA_| ﬂD
V5IN— INPUTSH: 22| PGOOD_OUTA
3VIN—| GOOD :D
ENA[15] I: TWO ITERATIONS
T T T T Ty T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ONEITERATION

PGOODI:ZI(E'—I

100 uA
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SDA

SCL
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CURRENT LIMIT
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Y
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1

I_Ll
IEI

AGND

(i

PWRGND1

i
Eal

PWRGND2

(29

V5IN
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Refer to the typical application diagram (Figure 13) for circuit component values for Figures 1 through 9.

TYPICAL CHARACTERISTICS

MAIN SWITCH RAMPUP VOLTAGE

3.3-V MAIN SWITCH UNDERVOLTAGE
FAULT RESPONSE

VS VS
TIME TIME
15 ‘ 35
12v oy e
Vs + 3.0 | - 3VIN _|
10 /
/ > 25
> 1
I 5 / 5V ©
g /’ 133y & 20
S — s
= 5
< 0 g~ g2 15
=2 N 3
3 , 3vouT
| |5 1.0
a -5
g AN Q PGOOD_OUTA ——9> \(
e \ L 05
> \
-10
\ 0 e,
-12V
-15 -0.5
T - Time — 10 ms / div T - Time — 1 ms/ div
Figure 1. Figure 2.
12-V OUTPUT AND INRUSH CURRENT 5-V OUTPUT OVERLOAD RESPONSE
VS VS
TIME TIME
25 — ‘ - 0.25 6 — 12
CLoAD =300pF +12V Gate +5 V Output
- 5 — 10
20 ff 0.20 < >
| 4 8 <
? +12 V Inrush Current = Y \ |
8 15 - / 015 & £ 3 6 E
s { y X +12 V Output 3 > PGOOD_OUTA ,J/ \ 2
z s 322 4 O
= n 9 "
2 10 / ,A 010 2 3 ',/ \\ 3
8 / \ T | 1 ﬂ’w".‘ \ 2 3
| — |
= / a 5 ™ =
i < O Mi o)
35 PGOOD_oUTA | 005 G 5 O [ 5V Load 0 o
5 N > Current %)
— M —_ -1 -2
>
0 0 /
_2 _4
+5 V Output —T
" 005 -3 1L "
T - Time — 10 ms / div T - Time - 10 ps/div
Figure 3. Figure 4.
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TYPICAL CHARACTERISTICS

Refer to the typical application diagram (Figure 13) for circuit component values for Figures 1 through 9.
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TYPICAL CHARACTERISTICS
Refer to the typical application diagram (Figure 13) for circuit component values for Figures 1 through 9.
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APPLICATION INFORMATION

The functional block diagram shows the TPS2341 with detailed information on the analog functions. For clarity,
the analog circuits for only one slot are shown in detail.

+12-V Supply Control

The TPS2341 integrates an N-channel power MOSFET for the +12-V supply between pins P12VINA and
P12VOA. The switch has a nominal on resistance of 180 mQ and shuts down the slot upon detecting an
overcurrent condition. The in-rush current of the supply is controlled in an open-loop fashion by charging an
external capacitor tied directly to the internal N-channel MOSFET gate with a constant current source. This
results in a linear voltage ramp on the gate and also on the P12VOA output due to the source follower connection
of the switch.

The switch turns on when the logic declares the input supplies are valid, slot is healthy and the enable from the
I2C serial interface is active. The P12VOA output voltage is monitored for an undervoltage fault once the +12-V,
+5-V and +3.3-V switches are fully enhanced. The switch shuts off upon a disable command from the 12C serial
interface or a fault on the slot. An internal resistor connects between the P12VOA and PWRGND1 upon disable
and bleeds off any residual charge on the output.

Slot B functions independently and in the same manner as slot A with the input supply connected to P12VINB
and the load connected to P12VOB.

—12-V Supply Control

The TPS2341 integrates an N-channel power MOSFET for the —12-V supply between pins M12VINA and
M12VOA. The switch has a nominal on resistance of 500 mQ and shuts down the slot upon detecting an
overcurrent condition. The in-rush current of the supply is controlled in a closed-loop fashion by charging an
external Miller capacitor tied between the N-channel MOSFET gate and drain with a constant current source.
This results in a linear voltage ramp on the drain (M12VOA) pin.

The switch turns on when the logic declares the input supplies are valid, slot is healthy and the enable from the
12C serial interface is active. The M12VOA output voltage is not monitored for an undervoltage fault. The switch
shuts off upon a disable command from the 12C serial interface or a fault on the slot. An internal resistor connects
between the M12VOA and PWRGND1 upon disable and bleeds off any residual charge on the output.

Slot B functions independently and in the same manner as slot A with the input supply connected to M12VINB
and the load connected to M12VOB.
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APPLICATION INFORMATION

+5-V and +3.3-V Supply Controls

The TPS2341 provides the control circuitry for external N-channel power MOSFETs on the +5-V and +3.3-V
supplies. The switches share a common gate capacitor for slew rate control and have independent overcurrent
detection circuitry. A source side sense resistor provides a differential sense voltage to pins 5VSA and 5VISA
that is compared to a threshold voltage for the +5-V supply overcurrent fault. The +3.3-V supply operates
similarly and a fault on either supply shuts down the slot. The in-rush current of the supply is controlled in a
open-loop fashion by charging an external capacitor tied directly to the N-channel MOSFET gate with a constant
current source. This results in a linear voltage ramp on the gate and also on the load due to the source follower
connection of the switch.

The switch turns on when the logic declares the input supplies are valid, slot is healthy and the enable from the
I2C serial interface is active. The 3VISA and 5VISA pins are monitored for an undervoltage fault once the +12-V,
+5-V and +3.3-V switches are fully enhanced. The switch shuts off upon a disable command from the 12C serial
interface or a fault on the slot. An internal resistor connects between 3VISA and PWRGNDL1 and also between
5VISA and PWRGNDZ1 upon disable and bleeds off any residual charge on the output.

Slot B functions independently and in the same manner as slot A.

3VAUX Supply Control

The TPS2341 integrates the power FETs for the 3.3 V auxiliary outputs providing power from V3IN when the
main supply is above 3 V and from the 3VSTBYIN supply when V3IN is below 3 V.

The 3VAUX circuit differs from the main circuits in regard to slew rate control. The main circuits slew rate is
programmable by an external capacitor while the 3VAUX slew rate is fixed. The 3VAUX outputs turn on and slew
up upon the application of 3VSTBYIN and SW. The slew rate is slow enough to allow charging a large bulk
capacitor (up to 150 uF) without tripping the overload comparator. After the main supply inputs are active, the
3VAUX switch connected to 3VSTBYIN shuts off and the switch connected to V3IN turns on in a rapid
break-before-make fashion.

Upon the undervoltage failure of the V3IN or one of the positive main supplies, the V3IN switch shuts off and
the 3VSTBYIN switch turns on in a rapid break-before-make fashion. A high on the SW input shuts off the active
switch.

The V3IN switch has slew rate control slow enough to allow charging the bulk capacitance in the event that
3VSTBYIN and the main supplies become active together.

The V3IN switches have two overcurrent thresholds. The slow overcurrent threshold trips when the load current
exceeds 1 A for longer than 1 ms. The 3VAUX outputs can accomodate a transient current due to a load device
enable or charge up to 150 uF of bulk capacitance without tripping a nuisance fault. The fast overcurrent
threshold trips when the load current exceeds 1.5 A for longer than 10 us. This threshold captures a direct short
on the 3VAUX output.

The 3VSTBYIN switches detect an overcurrent condition when the load current exceeds 40 mA for 25 us.

The main and standby faults are cleared by disabling the 3VAUX slot with the SW input or by removing the input
supply voltage.
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APPLICATION INFORMATION

Fault Logic

The main supply switches require the inputs to be healthy before turning on. The slot is shut down upon an
overload condition or output undervoltage condition and all switches shut off upon a device overtemperature
condition. The switch starts to turn on when the P12VINA, V5IN and V3IN supply inputs are above the
undervoltage thresholds, the PGOOD input is active and the PWRENA (or PWRENB for slot B) control output
from the 12C serial interface is active.

The P12VOA, P5VISA and P3VISA pins monitor the load for an undervoltage fault once the +12-V, +5-V and
+3.3-V switches are fully enhanced. The +12-V, +5-V, +3.3-V and —12-V load currents are monitored for an
overload condition continuously upon slot enable. The device overtemperature sensor is always active, cannot
be masked with the test mode fault mask, and shuts down all switches upon sensing excessive internal die
temperature.

The main load faults are latched and can be cleared by cycling the slot enable with the 12C serial interface (if
operating in serial mode), by transitioning slot enable from high to low (if operating in hardware enable mode),
or by dropping and then raising power to the TPS2341.

The 3.3VAux standby switch requires only the 3VSTBYIN supply to be healthy before turning on. An overload
condition shuts down the slot standby switch. The latched fault can be cleared by toggling the SWA (or SWB
for slot B) input or by cycling the standby supply voltage.

The 3.3VAux main switch requires the main supply voltages to be within specifications before turning on. The
slot 3.3VAux main switch shuts off upon an overload condition and all switches shut off upon the device over
temperature condition. The latched fault can be cleared by cycling the SWA (or SWB for slot B) 3.3VAux disable
pin or removal and assertion of input supply voltage.

The I12C serial interface can be used to determine the offending fault. Polling the STATUS READ register
determines which slot caused the fault and differentiates between the main supply switches or the 3.3VAux
switches. The slot STATUS register indicates an undervoltage fault, thermal shutdown, overload fault or
commanded disable occurred. The OVERLOAD register isolates an overload condition to the individual supply
switch.

Operation Without | 2C

The TPS2341 can be used in a system without I2C, although some of the diagnostic capabilities of the TPS2341
are lost. Slot main power is applied by applying a rising edge to the PGOOD input and then applying a rising
edge to the appropriate slot enable input ENx. Slot main power status is observed at the PGOOD_OUTx output.

In the event of a loss of power on any main input, the TPS2341 resets to all slots off. Main slot power restarts
on the next rising edge of ENx after power is recovered.

In a system without 12C, the interrupt output IRQ# is not meaningful and should not be connected. SDA should
be pulled up to 3.3 V. SCL and ADDR1 should be grounded.
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APPLICATION INFORMATION

Interrupt Service Request

The TPS2341 generates an interrupt by asserting the IRQ# output. Any of the following conditions causes an
interrupt:

® The SWx input changes state.

® An auxiliary or main output over-current fault occurs.
® A main input/output under-voltage condition occurs.
® Thermal shutdown of the TPS2341 occurs.

The status registers (see Table 1) can be read to determine the cause of the interrupt and to identify the slot
causing the interrupt.

Slot level control of an interrupt is possible through the interrupt mask in register 00h. For example, setting mask
bits zero and two to logic 1 and logic 0, respectively, enables a slot A interrupt but disables a slot B interrupt.
These mask bits only affect the IRQ# output pin, the internal IRQ bits in register 10h still acknowledge the fault.

Resetting the Interrupt

A SWx input state change causes an interrupt that is cleared by setting bit 4 (SW interrupt reset) of register 00h
to logic 1. This bit must then be set to logic 0 to rearm the interrupt.

An interrupt that is caused by an overload on the auxiliary channel will be cleared along with the fault when the
SWx input pin is brought high (disable) or the PGOOD input pin is brought low.

An interrupt that is caused by an overload on the main channel or a main input/output undervoltage condition
will be cleared along with the fault when the ENx input pin is brought low and the ENX bit in register 00h is brought
low. This interrupt is also cleared when the PGOOD input is brought low.

|2C Operation

The TPS2341 communicates with the master controller using the 12C serial protocol. The SCL pin, which is the
clock, and the SDA pin, which is the bi-directional data, are used for transferring data to and from the device.
The TPS2341 implements a 7-bit addressing scheme with the upper six bits internally defined 010000 and the
least significant bit user programmable with the ADDR1 pin.

The data protocol recognizes a START pulse as a high-to-low transition on the SDA pin when the SCL pin is
high. The rising edge of the SCL pin clocks a logic-high into (or out of) the device when SDA is high and a
logic-low when the SDA pin is low. An ACKNOWLEDGE handshake occurs as the device receiving the 8-bit
word pulls the SDA pin low when the SCL pin is clocked the ninth time. Another 8-bit word followed by an
ACKNOWLEDGE bit can immediately begin depending upon the read or write cycle protocol.

The write cycle protocol begins with a START bit, contains three 8-bit words, each followed by an
ACKNOWLEDGE bit and ends with a STOP bit. The first 8-bit word is the device address which must match
the internally defined upper 6 bits and externally defined least significant bit with a low LSB (A0) to indicate a
write cycle. Following a good device address word, the second 8-bit word selects the internal register that the
control device would like to place data into. The third 8-bit word is the actual data to be placed into the selected
registers.
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APPLICATION INFORMATION

I2C Operation (continued)

The read cycle protocol begins with a START bit, followed by two 8-bit words, another START bit, another two
8-bit words and ends with a STOP bit. The first two 8-bit words are similar to the write cycle, with a low LSB for
the device address, and instruct the device which internal register will be polled. A START bit after the second
word interrupts the write cycle after the internal register is defined. The next 8-bit word following the second
START bit is once again the device address, however, the LSB (A0) is now high indicating the device is expected
to return the data from the selected internal register. After the ACKNOWLEDGE bit, the TPS2341 drives the
SDA line and return the 8-bits of data from the internal register.

Table 1. Register DefinitionS

READ/

REGISTER ASSIGNMENT BIT WRITE DEFINITION
00h Control Write wW Slot A Int_Mask
0 1: Allow Slot A interrupts to set IRQ# active
0: Mask Slot A interrupts on IRQ#
Slot A Enable
1 1: Enable Slot A main switches

0: Disable Slot A main switches
Slot B Int_Mask

2 1: Allow Slot B interrupts to set IRQ# active
0: Mask Slot B interrupts on IRQ#
Slot B Enable
3 1: Enable Slot B main switches

0: Disable Slot B main switches

SW Interrupt Reset
4 1: Reset interrupt request from SWA or SWB edge transition
0: Clear reset

Spare a; data stored here is visible on read 11h, bit 5

Spare b; data stored here is visible on read 11h, bit 6

Spare c; data stored here is visible on read 11h, bit 7

10h Status Read R Slot A PGood
0 1: Slot A main switches active and healthy
0: Slot A main switches not healthy

Slot A Aux_Good
1 1: Slot A 3.3-V Aux main active and healthy
0: Slot A 3.3-V Aux not healthy

Slot A IRQ
2 1: Slot A interrupt request active
0: Slot A interrupt request inactive

Slot B PGood
3 1: Slot B main switches active and healthy
0: Slot B main switches not healthy

Slot B Aux_Good
4 1: Slot B 3.3-V Aux main active and healthy
0: Slot B 3.3-V Aux not healthy

Slot B IRQ
5 1: Slot B interrupt request active
0: Slot B interrupt request inactive

PGOOD_INPUT

6 1: PGOOD input pin is high
0: PGOOD input pin is low
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APPLICATION INFORMATION

Table 1. Register Definitions (continued)

11h

Control Read

R Slot A Int_Mask
0 1: Slot A allows interrupts to set IRQ# active
0: Slot A masks interrupts on IRQ#

Slot A Enable
1 1: Slot A main switches enable active
0: Slot A main switches enable inactive

Slot B Int_Mask
2 1: Slot B allows interrupts to set IRQ# active
0: Slot B masks interrupts on IRQ#

Slot B Enable
3 1: Slot B main switches enable active
0: Slot B main switches enable inactive

SW Interrupt Reset

0: Clear reset

4 1: Reset Interrupt request from SWA or SWB edge transition

Spare a; Data stored from write 00h, bit 5

Spare b; Data stored from write 00h, bit 6

Spare c; Data stored from write 00h, bit 7

12h

Slot A Status

R Slot A enable
0 1: Slot A main switches enable active
0: Slot A main switches enable inactive

Input undervoltage fault
1 1: Input undervoltage fault active
0: Input undervoltage fault inactive

Slot A output undervoltage fault
2 1: Slot A output undervoltage fault active
0: Slot A output undervoltage fault inactive

Slot A overload fault
3 1: Slot A overload fault active
0: Slot A overload fault inactive

Thermal shutdown fault
4 1: Thermal shutdown fault active
0: Thermal shutdown fault inactive

SWA input
5 1: SWA input active; after rising edge delay
0: SWA input inactive; no falling edge delay

Slot A PGOOD
6 1: Slot A main switches active and healthy
0: Slot A main switches not healthy

Slot A Main Fault
7 1: Slot A main fault active
0: Slot A main fault inactive
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APPLICATION INFORMATION

Table 1. Register Definitions (continued)

REGISTER

ASSIGNMENT

BIT

READ/
WRITE

DEFINITION

13h

Slot A Overload

R

Slot A +3V Overload
1: Slot A +3.3-V overload active
0: Slot A +3.3-V overload inactive

Slot A +5V Overload
1: Slot A +5-V overload active
0: Slot A +5-V overload inactive

Slot A +12-V Overload
1: Slot A +12-V overload active
0: Slot A +12-V overload inactive

Slot A =12-V Overload
1: Slot A —12-V overload active
0: Slot A —=12-V overload inactive

Slot A 3VSTBYIN Overload
1: Slot A 3.3-VAux standby overload active
0: Slot A 3.3-VAux standby overload inactive

Slot A 3VMAIN overload
1: Slot A 3.3-VAux main overload active
0: Slot A 3.3-VAux main overload inactive

Slot A 3VAUX standby switch on
1: Slot A 3.3-VAux standby switch active
0: Slot A 3.3-Vaux standby switch inactive

Slot A 3VAUX main switch on
1: Slot A 3.3VAux main switch active
0: Slot A 3.3VAux main switch inactive

14h

Slot B Status

Slot B enable
1: Slot B main switches enable active
0: Slot B main switches enable inactive

Input undervoltage fault
1: Input undervoltage fault active
0: Input undervoltage fault inactive

Slot B output undervoltage fault
1: Slot B output undervoltage fault active
0: Slot B output undervoltage fault inactive

Slot B overload fault
1: Slot B overload fault active
0: Slot B overload fault inactive

Thermal shutdown fault
1: Thermal shutdown fault active
0: Thermal shutdown fault inactive

SWA input
1: SWA input active; after rising edge delay
0: SWA input inactive; no falling edge delay

Slot B PGOOD
1: Slot B main switches active and healthy
0: Slot B main switches not healthy

Slot B Main Fault
1: Slot B main fault active
0: Slot B main fault inactive
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APPLICATION INFORMATION

Table 1. Register Definitions (continued)

15h

Slot B Overload

R

Slot B +3V Overload
1: Slot B +3.3-V overload active
0: Slot B +3.3-V overload inactive

Slot B +5V Overload
1: Slot B +5-V overload active
0: Slot B +5-V overload inactive

Slot B +12-V Overload
1: Slot B +12-V overload active
0: Slot B +12-V overload inactive

Slot B —12-V Overload
1: Slot B —12-V overload active
0: Slot B —12-V overload inactive

Slot B 3VSTBYIN Overload
1: Slot B 3.3-VAux standby overload active
0: Slot B 3.3-VAux standby overload inactive

Slot B 3VMAIN overload
1: Slot B 3.3-VAux main overload active
0: Slot B 3.3-VAux main overload inactive

Slot B 3VAUX standby switch on
1: Slot B 3.3-VAux standby switch active
0: Slot B 3.3-Vaux standby switch inactive

Slot B 3VAUX main switch on
1: Slot B 3.3VAux main switch active
0: Slot B 3.3VAux main switch inactive
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APPLICATION INFORMATION

Test Mode Functions for Address Bit

The TPS2341 address pin (ADDR1) provides two functions. The input provides the I2C serial interface with a
unigue address when two TPS2341 devices share the same address bank and also provides a means of
disabling faults. Three different voltage levels are used to define the status of the input signal. Upon pulling the
address pin low, the serial interface address bit is set low. The serial interface address bit is set high if the
address pin is allowed to float or is driven to one-half the voltage at DIGVCC. Upon pulling ADDR1 to DIGVCC
the internal test mode is invoked which masks the overload and undervoltage faults and does not shut down
the slots when the thresholds are exceeded. This is intended to be used for board development only to avoid
nuisance faults from improperly sized bulk capacitance or excessive switching loads. Caution must be taken
to never exceed the maximum dissipation or absolute maximum conditions of the device while the device

self-protection is disabled.

Table 2. 12C Device Address Decode

BIT

DEFINITION

A0

R/W bit

0: Write data from master to TPS2341
1: Read data from TPS2341 to master

Al

Device address bit 1 (LSB) compared with pin ADDR1

A2

0 internally defined

A3

0 internally defined

A4

0 internally defined

A5

0 internally defined

A6

1 internally defined

A7

0 internally defined

Table 3. Test Mode Functions for Adddress Bits
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APPLICATION INFORMATION

Layout Considerations

It is important to use good layout practices regarding device placement and etch routing of the
backplane/system board to optimize the performance of the hot plug circuit. Some of the key considerations
are listed here:

Decoupling capacitors should be located close to the device.
Any protection devices (e.g. zener clamps) should be located close to the device.

To reduce insertion loss across the hot plug interface, use wide traces for the supply and return current
paths. A power plane can be used for the supply return or PWRGND nodes.

Additional copper placed at the land patterns of the sense resistors and pass FETs can significantly reduce
the thermal impedance of these devices, reducing temperature rise in the module and improving overall
reliability.

Because typical values for current sense resistors can be very low (6 mQ typical), board trace resistance
between elements in the supply current paths becomes significant. To achieve maximum accuracy of the
overload thresholds, good Kelvin connections to the resistors should be used for the current sense inputs
to the device. The current sense traces should connect symmetrically to the sense resistor land pattern,
in close proximity to the element leads, not upstream or downstream from the device.

For best noise immunity, provide separate ground planes for the analog, digital, and power circuitry. These
ground planes should tie together at a single point in the system.

LOAD CURRENT PATH LOAD CURRENT PATH
s s

‘\ |
N

RESISTOR
30 30
® ® &
TPS2341 TPS2341 UDG-02154

Figure 11. Connecting the Sense Resistors

These recommended layouts provide force-and-sense (Kelvin) connection to the current sense resistor to
minimize circuit board trace resistance.
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Thermal Model

The TPS2341 is packaged in the HTQFP-48 PowerPad ™ quad flat-pack package. The PowerPad package is
a thermally enhanced standard size device package designed to eliminate the use of bulky heatsinks and slugs
traditionally used in thermal packages. This package can be easily mounted using standard printed circuit board
(PCB) assembly techniques, and can be removed and replaced using standard repair procedures.

The PowerPad package is designed so that the leadframe die pad is exposed on the bottom of the device. This
provides an extremely low thermal resistance between the die and the thermal pad. The thermal pad can be
soldered directly to the PCB for heatsinking. In addition, through the use of thermal vias, the thermal pad can
be directly connected to a power/ground plane or special heat sink structure designed into the PCB. On the
TPS2341, the die substrate is internally connected to the —12 V input supply. and therefore the power plane or
heatsink connected to the thermal pad on the bottom of the device must also connect to the —12 V input supply
(recommended) or float independent of any supply (acceptable).

The thermal performance can be modeled by determining the thermal resistance between the die and the
ambient environment. Thermal resistances are measures of how effectively an object dissipates heat. Typically,
the larger the device, the more surface area available for power dissipation and the lower the object’s thermal
resistance. Figure 12 illustrates the thermal path and resistances from the die, T3 through the printed circuit
board to the ambient air.

Die
PD
(Watts)
Die Junction Temperature T3
81C
Copper Die Case Temperature Tc
Trace , ‘
TPS2341 48HTQFP PowerPAD ™ Solder ocp
4 IIIIIIIIIIII%
i FLSTT B PCB Pad Temperature Tp

» f PCB Heatsink Temperature TH

ANANNANNIN IS INIANIN AN ANAANNANNNANNNANNN

\ X ™

Via Thermal Via Heatsink/Copper Plane

Ambient Air Temperature TA
—-12 V)N or Floating

UDG-02156

Figure 12. PowerPAD ™ Thermal Model

Technical Brief PowerPAD ™ Thermally Enhanced Package (SLMAO002) can be used as a guide to model the
TPS2341 thermal resistance. The following example assumes the conditions as described in the technical brief.
The TPS2341, mounted to a copper pad with solder on a PCB and two ounce traces, should exhibit a thermal
resistance from junction temperature to ambient temperature of 29°C/W.
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Table 4. TPS2341 Continuous Maximum Load Power Consumption (All Drivers On)

RDS(on) POWER PER SLOT TOTAL POWER
SUPPLY DRIVER
Q w) W)
+12V@05A 0.5 0.1 0.2
-12V @ 100 mA 0.9 0.01 0.02
+3VAux @ 375 mA 0.425 0.06 0.12
+12V @ 3 mA 0.04 0.08
+5V @1 mA 0.005
+3V @ 0.5mA 0.002
-12V @ 0.25 mA 0.003 0.006
3VSTBY @ 0.2 mA 0.001
DIGVCC @ 0.2 mA 0.001
Total Power Consumption 0.435
Trise = ProtaL X 054 = (0.435W) x (29 degC/W) @
=12.7 °C
p— p— 0,
T, =Tp+ Trse = 50°C + 12.7 @
=62.7°C

This example indicates that with the ambient air at 50°C the TPS2341 junction temperature rises to 63°C which
is below the absolute maximum junction temperature of 85°C and ensures the device operates properly and
within design specifications. The transient power consumption must also be considered for the conditions during
initial ramp-up of the output supplies, however, this varies significantly depending upon output load impedance
for each application and each supply.

Refer to Technical Briefs PowerPAD ™Thermally Enhanced Package (Tl Literature No. SLMAQ003) and
PowerPAD ™ Made Easy (Tl Literature No. SLMAOQO4) for more information.
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Load Conditions

Table 5. Load Conditions for Determining Component Values

SUPPLY DRIVER "-(OA/;D 'T(F}@P CI(SIZA)D (\S/E)
+12V 05 0.94 300 250

+5V 5 7.0 3000 200
+3.3V 7.6 10.0 3000 200
-12V 0.1 0.19 150 200

+3.3 Vaux 0.375 1.0 150 5000
+3.3 Vaux(1) 0.02 0.04 150 100

(1) +3.3vaux turn-on from stand-by power.
+3.3-V Supply
Overload Trip Point
Desired ITrip (nom) =10 A

\%
SENSE ~ |

RTRIP (nom) _ 52 mV _ 4 9052 O

R = =
TRIP (nom)

. o) 1
10 A ..Choose 5 mQ2, 2% sense resistor

VTRIP(min) _ 44 mV — 863A

ITRIP(min) = RSENSE (max) T 51mQ

~ ViRPmax) _ 60 mV
TRIP(max) ~ R T 49mQ

I =122A

SENSE (min)
Gate Capacitance

lINRUSH <8.6 A

lcLoAD = iINRUSH ~ lLoAD=8.6 A-7.6 A=1A

from i = C dV/dt for the load capacitance and charge current: AT = AV (C/i)

3000 uF

) =99 ms

from i = C dV/dt for the gate capacitance and charge current: C =i x ( AT/AV)

= 25 uA (%) using the maximum gate capacitance and charge current
=0.075 uF .. choose 0.1 uF, 10% capacitor.

The nominal load turn-on time is calculated in equation (8).

0.1 uF
20 uA

AT = AV (C/i) = 3.3V X ( ) = 16.5ms

_ 33V _
SR = oz = 200 V/s

©)

(4)

®)

(6)

@)

®)

9)
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+5-V Supply
Overload Trip Point
Desired Itrip (nom) =7 A

VRTRIP (nom) 42 mV _

Rsense = I = = 0.006 Q ..Choose 6 mQ, 2% sense resistor.

TRIP (nom) 7TA

\Y

. TRIP (min) 35 mV
TRIP(min) — R

| =
SENSE (max) ~ 0-12mQ

=572A

\Y

_ TRIP (max) 48 mV
TRIP(max) =~ R

SENSE (min) ~ 5.88mQ

| = 8.16 A

Gate Capacitance
INRUSH <5.72 A
lcLoAD = INRUSH ~ lLoAD = 5.72 A =5 A =720 mA
from the chosen gate capacitance (shared with the 3.3-V MOSFET).

lcLoap = C X (AV/AT) = 3000 uF x (200V/s) = 600 mA (max)

lINRUSH = IcLOAD * lLoAD =600 MA+5 A =5.6 A
The nominal load turn on time is calculated in equation (14).

AT=AV(C/i)=5V><<

(10)

(11)

(12)

(13)

(14)
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+12-V Supply

Gate Capacitance
INRUSH < 0.79 A from a minimum +12-V overcurrent threshold voltage.

lCLOAD = IINRUSH - lLOAD =0.79A-05A =290 mA
from i = C dV/dt for the load capacitance and charge current: AT = AV (C/i)

300 uF
290 mA

=12V><< )=12.4ms

from i = C dV/dt for the gate capacitance and charge current: C =i x (AT/AV)

= 14 uA (%) using the maximum gate capacitance and charge current

=0.014 pF .. choose 0.02 uF, 10% capacitor.

The nominal load turn-on time is calculated in equation (17).

0.02 uF
5uA

AT=AV(C/i)=12V><( )=48ms

_ 12V _
SR = 22 = 250 v/s

—-12-V Supply

Gate Capacitance
INRUSH < 150 mA from minimum -12-V overcurrent threshold voltage.

lCLOAD = I|NRUSH - ILOAD =150 mA - 100 mA =50 mA
from i = C dV/dt for the load capacitance and charge current: AT = AV (C/i)

150 uF
50 mA

=12V><( )=36ms

from i = C dV/dt for the gate capacitance and charge current: C =i x ( AT/AV)

36 ms
12V

= 25 puA < ) using the maximum gate capacitance and charge current

=0.075 pF .. choose 0.1 puF, 10% capacitor.

The nominal load turn-on time is calculated in equation (21).

0.1 uF
20 uA

AT=AV(C/i)=12V><( )=60ms

_ 12V _
SR = g = 200V/s

(15)

(16)

17)

(18)

(19)

(20)

(21)

(22)
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+3.3-V Auxiliary Supply

Inrush Current

INRUsH = C dV/dt + I opap for the load capacitance

= 150 uF (ﬂ) + 375 mA = 1125 mA
1ms

(23)
The nominal load turn-on time is calculated in equation (24).

To AV _ 33V _ g0

(&) () @0

Standby Inrush Current

lINRusH = C dV/dt + I pap for the load capacitance

= 150 uF (Ol—V) +20mA = 35 mA
1ms

(25)
The nominal load turn-on time is calculated in equation (26).

T _ AV _ 33V _ g5

(%I_\t/) (cﬁn\s{) (26)

Thermal Shutdown

Under normal operating consitions, the power dissipation in the TS2341 is low enough that the junction
temperature (T3) is not more than 15°C above air temperature (Tp). However, in the case of a load that exceeds
PCI specifications (but remains under the TPS2341 overcurrent threshold) power dissipation can be higher. To
prevent any damage from an out-of-specification load or severe rise in ambient temperature, the TPS2341
contains two independent thermal shutdown circuits, one for each main supply slot.

The highest power dissipation in the TPS2341 is from the 12-V power FET so that TPS2341 temperature sense
elements are integrated closely with these FETs. These sensors indicate when the temperature at these
transistors exceeds approximately 150°C, due either to average device power dissipation, 12-V power FET
power dissipation, or a combination of both.

When excessive junction temperature is detected in one slot, that slot’s fault latch is set and remains set until
the junction temperature drops by approximately 10°C and the slot is then restarted through the serial interface
or supply dropping. The other slot is not affected by this event.

Digital Circuits

The I12C serial interface is available once DIGVCC is stable. However, data in the main power registers is
accurate only if the main supply voltages are within specification. Data in the AUXFAULTX register is accurate
only if the 3VSTBYIN supply voltage is within specifications.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
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Wireless www.ti.com/wireless
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