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TPS2595xx 2.7 Vto 18 V, 4-A, 34-mQ eFuse With Fast Overvoltage Protection

1 Features

Power IN out
Supply Ver

Wide Input Voltage Range: 2.7 V to 18 V

— 20V Absolute Maximum

— 3V to 18V for TPS2595x5 Version

Low On-Resistance: Roy = 34 mQ (Typical)

Fast Overvoltage Protection Clamp (3.8-V, 5.7-V,
and 13.7-V options) With a Response Time of 5

us (Typical)

TPS2595x0, TPS2595x1, TPS2595x5: Active High

Enable Input With Adjustable Undervoltage
Lockout (UVLO)

TPS2595x3: Active Low Enable Input With
Adjustable Overvoltage Lockout (OVLO)

Adjustable Current Limit With Load Current
Monitor Output (ILM)

— Current Range: 0.5 Ato4 A

— Current Limit Accuracy: £7.5%
Adjustable Output Slew Rate Control (dVdt)
Over Temperature Protection (OTP)

Fault Indication Pin (FLT )

UL 2367 Recognition (Pending)

Safe During Single Point Failure Test (UL60950)
(Pending)

Applications
Hot-Swap, Hot-Plug
Adapter Powered Systems
Multi-function Printers
SSDs and HDDs

Industrial Systems

White Goods

Set-Top Box

Digital TV

Simplified Schematic

TPS2595xx
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3 Description

The TPS2595xx family of eFuses (integrated FET hot
swap devices) is a highly integrated circuit protection
and power management solution in a small package.
The devices provide multiple protection modes using
very few external components and are a robust
defense against overloads, short circuits, voltage
surges, and excessive inrush current.

Output current limit level can be set with a single
external resistor. It is also possible to get an accurate
sense of the output load current by measuring the
voltage drop across the current limit resistor.
Applications  with  particular  inrush  current
requirements can set the output slew rate with a
single external capacitor. Overvoltage events are
quickly limited by internal clamping circuits to a safe
fixed maximum, with no external components
required. The TPS259573 variant provides an option
to set a user-defined overvoltage cutoff threshold.

Quick output discharge function can be implemented
in the TPS2595x5 variants by connecting the OUT
pin to the QOD pin.

The devices are characterized for operation over the
temperature range of —40°C to +125°C.

Device Information®
PACKAGE BODY SIZE (NOM)
WSON (8) 2.00 mm x 2.00 mm

PART NUMBER
TPS2595xxDSG

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

TPS25953x Overvoltage Clamp Response Time
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Device Comparison Table
DEVICE NUMBER | OUTPUT VOLTAGE CLAMP RESSPSUNTSDEOIACI)NT(';EE;\AAL ENABLE legé&fgg
TPS259520DSG 3.8V (typ) Latch-off Active high No
TPS259521DSG 3.8V (typ) Auto-retry Active high No
TPS259530DSG 5.7V (typ) Latch-off Active high No
TPS259531DSG 5.7V (typ) Auto-retry Active high No
TPS259533DSG 5.7V (typ) Auto-retry Active low No
TPS259540DSG 13.7 V (typ) Latch-off Active high No
TPS259541DSG 13.7 V (typ) Auto-retry Active high No
TPS259570DSG No OV clamp Latch-off Active high No
TPS259571DSG No OV clamp Auto-retry Active high No
TPS259573DSG Programm&tﬂio(azlervoltage Auto-retry Active low No
TPS259525DSG 3.8V (typ) Auto-retry Active high Yes
TPS259535DSG 5.7 V (typ) Auto-retry Active high Yes
Copyright © 2017, Texas Instruments Incorporated Submit Documentation Feedback 3
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6 Pin Configuration and Functions

TPS2595x0/1 DSG Package

TPS2595x5 DSG Package

8-Pin WSON 8-Pin WSON
Top View 'T(')’; View
dvdt{ 1] |~ — —— [8|GND —
|1 L4 a —_———-— ND
| | dvdt | 1| | L8 ]C
Enuvio | 2 | I (7 ]I I |
— 5 —_—
—~ | ew I L envuvio | 2, | | L]
7 | P | {6 | FIT | (SZS) I
IN FLT — o ——
B | | : L IN _3_| : | |_6_ QoD
e | | L5 |out — [
O [ N N4, | L5 ]out
TPS2595x3 DSG Package
8-Pin WSON
Top View
7 ———-— "3g]onp
dvdt {1 | I L8
I
movio| 2] | b=
EN/OVLO | 2 | L4 ILM
| GND |
— = (PAD) — 1 __
N3, | | LS { FIT
! |
— I ——
IN 4J - | |_5 ouT
Pin Functions
PIN
TYPE DESCRIPTION
NO. NAME
1 dvdt Analog 1/0 A capacitor from this pin to GND sets the output turn on slew rate. Leave this pin
9 floating for the fastest turn on slew rate. (See Switching Characteristics).
EN/UVLO Active high enable for the TPS2595x0, TPS2595x1, TPS2595x5 variants. A resistor
5 Analoa input divider can be used to adjust the undervoltage lockout threshold. Do not leave floating.
nalog inpu
EN/OVLO g1np Active low enable for the TPS2595x3 variants. A resistor divider can be used to adjust
the overvoltage lockout threshold. Do not leave floating.
34 IN Power Power input
ouT Power Power output
BT TPS2595x0, TPS2595x1, TPS2595x3: Fault event indicator which is pulled low when a
6 Digital outout fault is detected. It is an open drain output that requires an external pull up resistance.
igital outpu
QoD 9 P TPS2595x5: Quick Output Discharge Pin, when tied to OUT directly or through external
resistor.
This is a dual function pin used to limit and monitor the output current. An external
7 ILM Analog /0 resistor from this pin to GND sets the output current limit. The pin voltage can also be
used to monitor the output load current. Do not leave floating.
8 GND Ground Ground
PAD GND Thermal/Ground | The exposed pad is used primarily for heat dissipation and must be connected to GND.
4 Submit Documentation Feedback Copyright © 2017, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings

Over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT

VN Maximum input voltage IN -0.3 20 \%

Vour Maximum output voltage ouT -0.3 VN +0.3 \Y,
VoutpLs Minimum output voltage pulse (< 1 ps) ouT -1.2 \Y,

Ven Maximum enable pin voltage EN/UVLO or -0.3 7 \%

EN/OVLO

VELTB Maximum fault pin voltage (TPS2595x0/1/3) FLT -0.3 \

Vaop Maximum QOD pin voltage (TPS2595x5) QOD -0.3 \

Vavdt Maximum dVdt pin voltage dvdt 25 \

leLTR Maximum fault pin sink current FLT 10 mA

IMAX Maximum continuous switch current IN to OUT Internally limited

T3,max Maximum junction temperature Internally limited

TLEAD Maximum lead temperature 300 °C

Tste Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2500
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- \
c101@ +500
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vin Input voltage range (TPS2595x0/1/3) IN 2.7 18 @ \Y%
Vin Input voltage range (TPS2595x5) IN 3.0 180 \Y%
Vour Output voltage ouT 0 Viy+0.3 \%
VeN Enable pin voltage %%Y/tg or 0 62 v
VeLTB Fault pin voltage (TPS2595x0/1/3) FLT 6 \%
Vaop Fault pin voltage (TPS2595x5) QOD 0 6 \Y
i Continuous output current (T; = =40 to 125°C) IN to OUT 4 A
Continuous output current (T; = —40 to 105°C) IN to OUT 5@ A

RiLm ILM pin resistance (Active Current Limiting Operation) ILM 487 5000 Q
Cqvadt dVvdt capacitor value dvdt 3300 pF
Vavdt dVdt pin capacitor voltage rating dvdt 4 \%
T, Operating junction temperature -40 125 °C

(1) The nominal input voltage should be limited to the output clamp voltage for the selected device option as listed in the Electrical

Characteristics section

(2) For supply voltages below 6V, it is okay to pull up the EN pin to IN directly. For supply voltages greater than 6V, it is recommended to

use an appropriate resistor divider between IN, EN and GND to ensure the voltage at the EN pin is within the specified limits.

(3) Guaranteed by design. Not tested at production.
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7.4 Thermal Information
TPS2595x
THERMAL METRIC @ DSG (WSON) UNIT
8 PINS
Rgia Junction-to-ambient thermal resistance 65.6 °C/W
Rojctop) Junction-to-case (top) thermal resistance 73.3 °C/W
Rgis Junction-to-board thermal resistance 28.3 °C/W
WIT Junction-to-top characterization parameter 2 °C/W
viB Junction-to-board characterization parameter 28.4 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 9.8 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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7.5 Electrical Characteristics

(Test conditions unless otherwise noted) —40°C < T, < 125°C, V|y = 12 V for TPS25954x/7x, V\y =5 V for TPS25953x, V|y =
3.3 V for TPS25952x, Vgy =5 V (= 0 V for TPS2595x3 only) , R,y = 487 Q , Cyygr = Open, OUT = Open. All voltages
referenced to GND.

PARAMETER | TEST CONDITIONS MIN TYP  MAX| UNIT
INPUT SUPPLY (IN)

TPS2595x0/1/5 VEn 2 Vyvio

lo IN quiescent current 175 250 pA
TPS2595x3 Ven < Vovio
VNS5V 0.04 HA
TPS2595x0/1/5 | Vg < 0.5V
Isp IN shutdown current 5V<VIN=18V 0.45 2| pA
TPS2595x3 Ven > 2V 45 65| pA
TPS2595x5 VN Rising 2.7 2.8 29 \%
v IN Undervoltage Protection TPS2595x5 V) Falling 258 268 278 V
uvp Threshold TPS2595x0/1/3 | Vjy Rising 244 254 264| V
TPS2595x0/1/3 V|n Falling 2.33 2.43 2.53 \%
OUTPUT VOLTAGE CLAMP (OUT)
TPS25952x 3.65 3.87 4.1 \%
Vove Overvoltage clamp threshold® | TPS25953x V\n Rising, Rout = 10 kQ 55 5.7 59| V
TPS25954x 13.3 13.7 14.3 \%
TPS25952x 34 3.6 3.8 \%
Voiawe  Output voltage while clamping® | TPS25953x Vin 2 Vove, lout = 10 mA 52 545 57| V
TPS25954x 13 1355 14.1 \%
| =4A 5 S
tove Output clamp response time® | TPS25952x/3x/dx 2" H
IOUT =100 mA 10 us
OUTPUT CURRENT LIMIT AND MONITOR (ILM)
Current monitor gain as lout=4A 254 276 299 | pA/A
Gimon measured on ILM pin
(i / lour) lour=1A 249 276  304| WA/A
Rim = 487 Q 387 417 442 A
o Rim = 1780 Q 1.09 117 1.24| A
IL|M|T IOUT Current I|m|t( ) 3
Rim = 4420 Q©) 046 049 052 A
R,.m = Open (Single Point Failure Test: UL 60950) 0 A
lout Circuit Breaker Threshold _ . . . )
Ice during Ry y Short condition RiLm = Short to GND (Single Point Failure Test: UL 60950) 3 A
tum Current limit response time® lout > lLmiT + 20% to louT < lumiT 250 us
tsc Short circuit response time lout > lsc t0 lout < lumiT 5 us
ON-RESISTANCE (IN - OUT)
T;=25°C 34 37| mQ
Vin=4V1to1l8V |T;=-40°Cto 85°C 471 mQ
. T;=-40°C to 125°C 53| mQ
Ron ON state resistance
T;=25°C 36 40| mQ
Vin=27Vto4V | T;=-40°C to 85°C 51| mQ
T3 =-40°C to 125°C 58| mQ

(1) Referto Fig 49
(2) Refer to Fig 50
(3) Guaranteed by design and characterization. Not tested at production.
(4) Refer to Fig 52
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Electrical Characteristics (continued)

(Test conditions unless otherwise noted) —40°C < T, < 125°C, V| = 12 V for TPS25954x/7x, V\y =5 V for TPS25953x, V,\ =
3.3 V for TPS25952X, Vgy =5V (= 0V for TPS2595x3 only) , R,y = 487 Q , Cyygr = Open, OUT = Open. All voltages
referenced to GND.

PARAMETER | TEST CONDITIONS MIN TYP  MAX| UNIT
ENABLE / UNDERVOLTAGE LOCKOUT (EN/UVLO) - TPS2595x0/1/5
IeN EN/UVLO pin leakage current -0.1 0.1 pA
Vviow) Undervoltage lockout threshold Ven r|5|hg 113 12 127) v
VuvLoF) Vgy falling 1.03 1.1 1.17 \%
ENABLE / OVERVOLTAGE LOCKOUT (EN/OVLO) - TPS2595x3
IeN EN/OVLO pin leakage current -0.1 0.1 pA
Voviow) Overvoltage lockout threshold Ven HSI,ng 113 12 127) v
VovLog) Vgy falling 1.03 1.1 1.17 \%
tovlo t?;(eroltage lockout response Ven > Voulo 10 FLT | 3 us
FAULT INDICATION (FLT ) - TPS2595x0/1/3
ReLTe FLT pin resistance FLT | 12 Q
lFLTB FLT pin leakage current Ven=2V, Vg g=0Vto6V -0.1 0.1| pA
QUICK OUTPUT DISCHARGE (QOD) - TPS2595x5
Roop QOD effective resistance ’ IN connected to EN, OUT connected to QOD, EN| to 1V 19 Q
OVERTEMPERATURE PROTECTION (TSD)
TSD Thermal shutdown T, Rising 157 °C
TSDhys  Thermal shutdown hysteresis T, Falling 5 °C
trspRsT ;I;]i;ngrr\r/r;?l Shutdown Auto-Retry TPS2595x1/3/5 ?g\éi:ssEnabled and T; <TSD - 93 ms
7.6 Switching Characteristics
Typical Values are taken at T; = 25°C unless specifically noted otherwise. Royr = 100 Q, Coyr =1 UF
PARAMETER ViN Cqvdt = Open Cgvat = 3300pF UNIT
33V 16.3 10.0
SRoN Output Rising slew rate 5V 21.9 11.6 V/ms
12V 38.2 12.4
33V 147 254
tp.on Turn on delay 5V 149 289 us
12V 153 335
33V 157 259
tr Rise time 5V 179 349 us
12V 248 763
33V 11.6 11.6
tp.oFF Turn off delay 5V 11.3 115 us
12V 11.0 11.4
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| |
Venuvio —] : :
EN/UVLO uvLo .“““““““““‘\.X'
—/ |
|
ouT
4’: :4* tp,on :
Time
Figure 1. TPS2595x0, TPS2595x1, TPS2595x5 Switching Times
A
| |
Venuwvio — : :
|
EN/OVLO VIO =\~~~ |
0o l l
| P
—> :47 tp,oFF
Vo | 1 SRa| A==
|
ouT :
oV — it
|
|
Time
Figure 2. TPS2595x3 Switching Times
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7.7 Typical Characteristics

60

50 //
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\
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g
z /
3 /%
30 // — 27V
= — v
— 12V
— 18V
20

-50 -25 0 25 50 75 100 125 150
Temperature (°C)

lout = 0.5A , Different Input Voltages

Figure 3. On-resistance vs Temperature

0.9
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06— 18V —
. 05
ERN —
< o3l—
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0 ﬁ?
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Temperature (°C)
TPS2595x0/1/5, EN=GND, OUT=0Open, Different Input Voltages

Figure 4. Shutdown Current vs Temperature
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Figure 5. UVP Threshold vs Temperature Figure 6. UVP Threshold vs Temperature
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Figure 7. UVLO Threshold vs Temperature

Temperature (°C)
TPS259573, Different Input Voltages

Figure 8. OVLO Threshold vs Temperature
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Typical Characteristics (continued)

-50 -25 0 25 50 75 100 125 150
Temperature (°C)

TPS25953, Different Output Load Currents

Figure 11. OVC Threshold vs Temperature
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Figure 9. Quiescent current vs Input Voltage Figure 10. OVC Threshold vs Temperature
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Figure 12. OVC Threshold vs Temperature
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Figure 13. Output Current Limit (I ) VS RiLm
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Figure 14. Output Current Limit (I ) vS Temperature
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Typical Characteristics (continued)
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Figure 15. Output Current Limit vs Vpg
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Figure 18. Output Current Limit Accuracy vs Temperature
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Figure 19. Output Current Limit Accuracy vs Temperature
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Typical Characteristics (continued)
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Figure 21. Load Current Monitor Gain Accuracy vs Load Figure 22. Turn on delay vs Input Voltage
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Figure 25. Turn OFF Delay vs Input Voltage Figure 26. Thermal Shutdown Time vs Power Dissipation
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Typical Characteristics (continued)
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Figure 27. Thermal Shutdown Auto-Retry Interval vs Temperature
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Typical Characteristics (continued)

VIN
m u
i i
vout
vour
[ ‘ ‘ ‘ ‘ ‘ [ ‘
- }
| ! i
- dMpA -
» »
| |
| ’ . - 1
‘ LN « J +
k. N
» » - - -— —
L 10.0vieiy By20.0M I‘-\"A | 100.0msidiv  2.0MSs 500.0n ) 10.0v/div By:200M A\ 204 | 100.0msidiv  1.0MSis 1008/
@ oviaw Puseg & Normat e @ woviaw 200 & n Run HiRes
@ 400omvid y20.0m Soces RL20M @@ “ooamvisy i20.0M 4acan RLAOM
& 20A0 M0 By120m | Cons. G 208w ™o By1zom Y| Cons

VIN =12V, COUT =1 IJF, RILM =487 Q, ROUT varied from 12 Q to
2Qt012Q
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Figure 33. TPS2595x0 Overcurrent Response
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Figure 35. Output Hot Short to GND Response (Zoomed In)
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Figure 37. Wake Up With Output Short to GND (Zoomed In)
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Typical Characteristics (continued)
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Figure 40. TPS259573 Overvoltage Lockout Response Figure 41. TPS259573 Overvoltage Lockout FLT Response
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Figure 42. TPS25952x Overvoltage Clamp Response Figure 43. TPS25953x Overvoltage Clamp Response
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Typical Characteristics (continued)
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Figure 44. TPS25954x Overvoltage Clamp Response
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Figure 45. TPS2595x5 Quick Output Discharge, EN stepped
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Figure 46. TPS2595x5 Quick Output Discharge, EN stepped from 5V to 1V
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8 Detailed Description

8.1 Overview

The TPS2595xx devices are integrated eFuse that are used to manage load voltage and load current. The
device provides various factory programmed settings and user manageable settings, which allow device
configuration for handling different transient and steady state supply and load fault conditions, thereby protecting
the input supply and the downstream circuits connected to the device. The device also uses an in-built thermal
shutdown mechanism to protect itself during these fault events.

8.2 Functional Block Diagram

IN [3}—o—¢ 1 5] OUT

IN [4}
Charage Current
ovc® Pumg ) Limit & 7] 1Lm
UVvP P Driver Monitor

(1)
EN/UVLO Control i
Logic L] dvdt

uvLo® —
5] FLT @

Over Temp_erature 8] GND
Protection

(1) For TPS2595x3, this pin is EN/OVLO

(2) For TPS2595x5, this pin is QOD

(3) For TPS2595x3, this voltage is OVLO

(4) This block is not available in the TPS25957x

8.3 Feature Description

8.3.1 Undervoltage Protection (UVP) and Undervoltage Lockout (UVLO)

All the TPS2595xx devices constantly monitor the input supply to ensure that the load is powered up only when
the voltage is at a sufficient level. During the start-up condition, the device waits for the input supply to rise above
a fixed threshold Vp before it proceeds to turn ON the FET. Similarly, during the ON condition, if the input
supply falls below the UVP threshold, the FET is turned OFF. The UVP rising and falling thresholds are slightly
different, thereby providing some hysteresis and ensuring stable operation around the threshold voltage.

The TPS2595x0, TPS2595x1, TPS2595x5 devices provide an user programmable UVLO mechanism to ensure
that the load is powered up only when the voltage is at a sufficient level. This can be achieved by dividing the
input supply and feeding it to the EN/UVLO pin. Whenever the voltage at the EN/UVLO pin falls below a
threshold Vyy o, the device turns OFF the FET. The FET is turned ON again when the voltage rises above the
threshold. The rising and falling thresholds on this pin are slightly different, thereby providing some hysteresis
and ensuring stable operation around the threshold voltage.

The user must choose the resistor divider values appropriately to map the desired input undervoltage level to the
UVLO threshold of the part. See Figure 47.
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Feature Description (continued)
V\N
R1
EN
R2
Figure 47. Undervoltage Lockout
v Vivio X (R1+ RZ)
SUPPLY — R2 1)

8.3.2 Overvoltage Protection
The TPS2595xx devices provide 2 ways to handle an input overvoltage condition.

8.3.2.1 Overvoltage Lockout (OVLO)

The TPS259573 device provides an user programmable OVLO mechanism to ensure that the supply to the load
is cut off if the input_supply voltage exceeds a certain level. This can be achieved by dividing the input supply
and feeding it to the EN/OVLO pin. Whenever the voltage at the EN/OVLO pin rises above a threshold Vg, o, the
device turns OFF the FET. When the voltage at the EN/OVLO pin falls below the threshold, the FET is turned
ON again.

The user should choose the resistor divider values appropriately to map the desired input overvoltage level to the
OVLO threshold of the part.

V\N

R1

R2

Figure 48. Overvoltage Lockout

8.3.2.2 Overvoltage Clamp (OVC)

The TPS25952x, TPS25953x, TPS25954x devices provide a mechanism to clamp the output voltage to a
predefined level quickly if the input voltage crosses a certain threshold. This ensures the load is not exposed to
high voltages on any overvoltage at the input supply, and lowers the dependency on external protection devices
(such as TVS/Zener diodes) in this condition. Once the input supply voltage rises above the OVC threshold
voltage Vgoyc, the device responds by clamping the voltage to V¢ avpe Within a very short response time toyc. As
long as an overvoltage condition is present on the input, the output voltage will be clamped to V¢ amp. When the
input drops below the output clamp threshold Ve, the clamp releases the output voltage. See Figure 49.

During the overvoltage clamp condition, there could be significant heat dissipation in the internal FET depending
on the V\y - Vout Voltage drop and the current through the FET leading to a thermal shutdown if the condition
persists for an extended period of time. In this case, the device would either stay latched-off or start a auto retry
cycle as explained in the Overtemperature Protection (OTP) section.
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Feature Description (continued)

VUVLO ]
EN
0— Input Auto-Restart Input
Overvoltage with Input Overvoltage
Event Overvoltage Removed

N

z

<

Qo

5

I
K\

I

I

I

-

I

[4— trspRrsT

TSD —-—————— -
TSDHYS -t """ "= "——"—»>»F -

T,

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
TJ_ |
I

v

Time

Figure 49. TPS2595xx Overvoltage Clamp Response (Auto-Retry)

Multiple device options are offered with different clamping voltage thresholds. See the Device Comparison Table
for list of available voltage clamp options.

8.3.3 Inrush Current, Overcurrent and Short Circuit Protection

The TPS2595xx devices incorporates three levels of protection against overcurrent:
* Adjustable slew rate for inrush current control (dVdt).

» Active current limiting (I ;1) for overcurrent protection.

» A fast short circuit limit (Isc) to protect against hard short circuits.

8.3.3.1 Slew Rate and Inrush Current Control (dVvdt)

The inrush current during turn on is directly proportional to the load capacitance and rising slew rate. Equation 2
can be used to find the slew rate SRy required to limit the inrush current Ijygysn for a given load capacitance

COUT-

s ( v j IinrusH (MA)
Ron | —Z|=—(~—7T

ms Cour (1F) @)
For loads requiring a slower rising slew rate, a capacitance can be added to the dVdt pin to adjust the rising slew

rate and lower the inrush current during turn on. The required Cgyq: Capacitance to produce a given slew rate can
be calculated using Equation 3.
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Feature Description (continued)
42000
Cavar (PF) = v
SRon (]
ms 3)

8.3.3.2 Active Current Limiting

The load current is monitored during start-up and normal operation. When the load current exceeds the current
limit trip point I, wT programmed by R\ resistor, the device regulates the current to the set limit I 7 within t; ;.
The device exits current limiting when the load current falls below limit. Equation 4 can be used to find the R v
value for a desired current limit.
2000
Rm=r—"H
(1 umir —0.04) @

In the current limiting state, the output voltage drops resulting in increased power dissipation in the internal FET
leading to a thermal shutdown if the condition persists for an extended period of time. In this case, the device
either stays latched-off or starts an auto retry cycle as explained in the Overtemperature Protection (OTP)
section.

Auto Retry
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Auto Retry
(Short Removed)
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b I
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Figure 50. TPS2595x1, TPS2595x3, TPS2595x5 Overcurrent Response (Auto-Retry)
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Feature Description (continued)
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Figure 51. TPS2595x0 Overcurrent Response (Latch-Off)

8.3.3.3 Short Circuit Protection

The current through the device increases very rapidly during a transient short circuit event. The short circuit
threshold |5 is adjusted based on the selected current limit. When a short circuit is detected, the device quickly
limits the current to I ,yr. The device stops limiting the current once the load current falls below the programmed
ILmiT threshold. See Figure 52.

The output voltage drops in the current limiting state, resulting in increased power dissipation in the internal FET
and leads to a thermal shutdown if the condition persists for an extended period of time. In this case, the device
either stays latched-off or starts an auto retry cycle as explained in the Overtemperature Protection (OTP)
section.
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Feature Description (continued)
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8.3.4 Overtemperature Protection (OTP)

Figure 52. TPS2595xx Short Circuit Response

Thermal shutdown occurs when the junction temperature T; exceeds TSD. When the TPS2595x0 detects a
thermal overload, it shuts down and remains latched off until the device is re-enabled or power cycled. When the
TPS2595x1, TPS2595x3, TPS2595x5 devices detects a thermal overload, it remains off until the T; decreases by
TSDyys and then waits for an additional delay of trsp rst after which it automatically retries to turn on if it is still

enabled. See Table 1.

Table 1. TPS2595xx Thermal Shutdown

Device Enter TSD Exit TSD
) T; < TSD and Device Power Cycled or re-
TPS2595x0 (Latch-off) T;2TSD enabled using EN/UVLO pin
TPS2595x1, TPS2595x3, TPS2595x5 (Auto- T3 <TSD — TSDyys and tysp rst Timer
T;2TSD . :
retry) Expired
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8.3.5 Fault Indication (FLT)
Table 2 summarizes the protection response to various fault conditions.
Table 2. TPS2595x0, TPS2595x1, TPS2595x3 Fault Summary
EVENT / FAULT PROTECTION RESPONSE FLT INDICATION
Overtemperature Shutdown Yes
Output Voltage Clamp (OVC)
Overvoltage (TPS25952x, TPS25953x, TPS25954x only) No
Shutdown (OVLO)
Overvoltage (TPS259573 only) Yes
Undervoltage Shutdown (UVP or UVLO) No
Overcurrent Current Limiting No
Short circuit Current Limiting No
ILM pin open Shutdown No
ILM pin short Shutdown If oyt > Icp Yes If loyt > Icg

When the TPS2595x0, TPS2595x1, TPS2595x3 devices are turned off as a result of a fault as described in the
table above, the FLT pin is pulled low.

All faults will be cleared if the device loses power or if it is re-enabled using the EN/UVLO (or EN/OVLO) pin.

8.3.6 Quick Output Discharge (QOD)

Some applications require the output capacitor to be discharged quickly when the eFuse is turned off. This
prevents any unpredictable behavior from the downstream devices as the capacitor discharges slowly. The
TPS2595x5 device provides a Quick Output Discharge feature that can be enabled by connecting OUT pin to
QOD pin. An internal FET provides a fast discharge path for the output capacitor resulting in the OUT voltage
falling to O V in a short time. The FET initially operates in saturation region and provides a constant current
discharge. After the FET enters linear region, it offers a discharge path similar to a resistor.

It is possible to model this as a simple equivalent resistance, which would discharge a given capacitor charged to
a given voltage in the same time as the overall discharge circuit. This parameter is specified as the effective
QOD resistance Rggp for the device. It takes a time equivalent to 5 time constants (t = R x C) to discharge a
capacitor by 99.3%. For example, with an effective QOD resistance of 19 Q, the time taken to discharge a 100-
UF capacitor from 5V to 35 mV can be calculated as in Equation 5.

tpischarge = 9 X 19 Q x 100 pF = 9.5 ms )
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8.4 Device Functional Modes
The features of the device depend on the operating mode.

8.4.1 Enable and Fault Pin Functional Mode 1: Single Device, Self-Controlled

In this mode of operation, the device is enabled by the V| voltage without the need of an external processor to
drive the ENABLE pin. The FLT pin is optionally monitored by an external host. See Figure 53.

TPS2595
Vin

IN VFLT

R1 Rer

EN FLT o <«— GPIO

R2

Copyright © 2017, Texas Instruments Incorporated

Figure 53. Single Device, Self-Controlled

8.4.2 Enable and Fault Pin Functional Mode 2: Single Device, Host-Controlled

In this mode of operation, the device enable pin is driven by an external host. The pin can be driven directly from
a GPIO without the need for any glue logic. The FLT pin is optionally monitored by the host. See Figure 54.

TPS2595
Vin
Vet
IN
Reir

GPIO —m—»—— EN FLT GPIO

Copyright © 2017, Texas Instruments Incorporated

Figure 54. Single Device, Host-Controlled

8.4.3 Enable and Fault Pin Functional Mode 2: Multiple Devices, Self-Controlled

In this mode of operation, the devices are self-controlled (no host present). The EN and FLT pins are shorted
together, and connected with up to three total devices as shown in Figure 55. In this configuration, when any one
of the TPS2595xx devices detects a fault, it automatically disables the other TPS2595xx devices in the system.

NOTE
This configuration is only applicable to the Active High Enable variants TPS2595x0,
TPS2595x1, TPS2595x%5.
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Device Functional Modes (continued)

TPS2595
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Figure 55. Multiple Devices, Self-Controlled

VOouT1
T
VOoUT1
i s - i 0 VOouT2
VouT2
s o T e
3 i ; i TS, S S PR | ; = - e SE— e S
EN
_——ﬁ _‘ b T ’___._-:I'__‘
' &
1IN
S LY - /..——I__
!’T /

’—] 1IN
® / | n

e 7.0vidiv 8,:1.06

Aqap\ 25 20.0msidiv100MS/s  10.0nsipt
@ 7oV 86106 Mone Normal | sioppea  Single Seq 1
@ 5V 8106 tacas RLZ0.0M
@ o MQ Gy:120M Cons

Figure 56. TPS259541 Self-controlled mode response with
overload fault on OUT1 followed by Auto-retry with
persistent fault

£L) 7.0Vidiv 2:1.06

A Qew / 106V 1 200msidiv100MS/s  10.0nsipt
@ v 8106 None Normal | ioppea  Singie Seq
@@ s %106 taces RLZ0.0M
@ 4o MQ Bye120M cons

Figure 57. TPS259541 Self-controlled mode response with
overload on OUT1 followed by recovery with fault
removed
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The TPS2595xx device is an integrated eFuse that is typically used for hot-swap and power rail protection
applications. The device operates from 2.7 V to 18 V with programmable current limit and undervoltage
protection. The device aids in controlling the in-rush current and provides precise current limiting during overload
conditions for systems such as set-top box, DTVs, gaming consoles, SSDs, HDDs, and smart meters. The
device also provides robust protection for multiple faults on the sub-system rail.

The following design procedure can be used to select the supporting component values based on the application
requirement. Additionally, a spreadsheet design tool TPS2595xx Design Calculation Tool is available.

9.2 Typical Application

3.3V

Vin=27t018V IN ouT Vour

“lel -
34mal Cour

R1
1 MQ

EN/UVLO
TPS259541 ILM ADC
R2
387kQ dvdt GND R
LM
546 Q

Copyright © 2017, Texas Instruments Incorporated

(1) C,yis optional and 0.1 pF is recommended to suppress transients due to the inductance of PCB routing or from input
wiring.

Figure 58. Typical Application Schematic: Simple e-Fuse for Set-Top Boxes

9.2.1 Design Requirements
Table 3 lists the TPS25954x design requirements.

Table 3. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage , Vi 12V
Undervoltage lockout set point, Vyy 43V

Overvoltage protection set point , Voy Default: Voyc = 13.7 V
Load at start-up, R (sy) 4Q
Current limit, Iyt 3.7A
Load capacitance, Coyt 1pF
Maximum ambient temperatures, T 85°C
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9.2.2 Detailed Design Procedure

The designer must know the following:

* Normal input operation voltage

* Maximum output capacitance

* Maximum current Limit

* Load during start-up

* Maximum ambient temperature of operation

This design procedure seeks to control the junction temperature of device under both static and transient
conditions by proper selection of output ramp-up time and associated support components. The designer can
adjust this procedure to fit the application and design criteria.

9.2.2.1 Programming the Current-Limit Threshold: R, Selection

The R, resistor at the ILM pin sets the over load current limit, this can be set using Equation 6.
2000

Rim=r—""—"-~
| mir —0.04 6

For It = 3.7 A, from Equation 6, R, is 546 Q, choose closest standard value resistor with 1% tolerance.

9.2.2.2 Undervoltage Lockout Set Point

The undervoltage lockout (UVLO) trip point is adjusted using the external voltage divider network of R; and R, as
connected between IN, EN/JUVLO and GND pins of the device. The values required for setting the undervoltage
are calculated solving Equation 7.

V,, - R1+R2 <\

R2 UVLO(R)

™

Where Vyyor) is UVLO rising threshold (1.2 V). Because R1 and R2 leak the current from input supply Vi,
these resistors must be selected based on the acceptable leakage current from input power supply V.

The current drawn by R1 and R2 from the power supply is Iz1> = Viy / (R1 + R2).

However, leakage currents due to external active components connected to the resistor string can add error to
these calculations. So, the resistor string current, Iz;, must be chosen to be 20 times greater than the leakage
current expected.

To set the UVLO at Vg = 4.3V, select R2 = 387 kQ, and R1 = 1 MQ.

9.2.2.3 Setting Output Voltage Ramp Time (T gyq7)

For a successful design, the junction temperature of device must be kept below the absolute maximum rating
during both dynamic (start-up) and steady state conditions. Dynamic power stresses often are an order of
magnitude greater than the static stresses, so it is important to determine the right start-up time and in-rush
current limit required with system capacitance to avoid thermal shutdown during start-up with and without load.

The required ramp-up capacitor Cyygt IS calculated considering the two possible cases (see Case 1: Start-Up
Without Load. Only Output Capacitance Cgoyr Draws Current and Case 2: Start-Up With Load. Output
Capacitance Cqyt and Load Draw Current ).

9.2.2.3.1 Case 1: Start-Up Without Load. Only Output Capacitance Cqyr Draws Current

During start-up, as the output capacitor charges, the voltage drop as well as the power dissipated across the
internal FET decreases. The average power dissipated in the device during start-up is calculated using
Equation 9.

For TPS2592xx device, the inrush current is determined as shown in Equation 8.
\Y

IN
wrusH = Cour X
dvdT 8)

Power dissipation during start-up is shown in Equation 9.
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PD(INRUSH) =0.5x VlN X IINRUSH 9)

Equation 9 assumes that load does not draw any current until the output voltage has reached its final value.

9.2.2.3.2 Case 2: Start-Up With Load. Output Capacitance Cqyr and Load Draw Current

When the load draws current during the turnon sequence, there is additional power dissipated. Considering a
resistive load during start-up Ry sy), load current ramps up proportionally with increase in output voltage during
Tqvat time. Equation 10 to Equation 13 show the average power dissipation in the internal FET during charging
time due to resistive load.

1 VZE
Poonny = (_j x ——h—

6 R L(SU) (10)
Total power dissipated in the device during start-up is Equation 11.
PD(STARTUP) = PD(INRUSH) + PD(LOAD) (11)

Total current during start-up is given by Equation 12.
lstartup = linrusn + 10 (1) (12)

If IstarTUP > lLmiT, the device limits the current to It and the current-limited charging time is determined by
Equation 13.

I |
LIMIT INRUSH
TdvdT(Current—Limited) = C ouT X R L(SU) X - 1+ I—N —V
INRUSH ILIMIT _ "IN
R L(SU) (13)

The power dissipation, with and without load, for selected start-up time must not exceed the shutdown limits as
shown in Figure 59.

Thermal Shutdown Time (ms)

Power Dissipation (W)

Figure 59. Thermal Shutdown Limit Plot

For the design example under discussion, select ramp-up capacitor Cy,q = OPEN. The default slew rate for Cyyqt
= OPEN is 38.2 mV/us. With slew rate of 38.2 mV/us, the ramp-up time Tgyq for 12 V input is 248 ps.

The inrush current drawn by the load capacitance Cq during ramp-up using Equation 14.

I \NRUSH = w = 38.2mA
" (14)
The inrush power dissipation is calculated using Equation 15.
Pounrushy = 0-9 %12 x 38.2 m x 229.2 mW )

For 229.2 mW of power loss, the thermal shutdown time of the device must not be less than the ramp-up time
Tqvat t0 avoid the false trip at the maximum operating temperature. Figure 59 shows the thermal shutdown limit at
T = 85°C, for 229.2 mW of power, the shutdown time is infinite. Therefore, it is safe to use 248 us as the start-
up time without any load on the output.
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The additional power dissipation when a 4 Q load is present during start-up is calculated using Equation 10.

12x12
Poonp) = 54 =6 W (16)

The total device power dissipation during start-up is given in Equation 17.
P =6+229.2m=6.229 W

D(STARTUP) a7

The Figure 59 shows T, = 85°C and the thermal shutdown time for 6.229 W is more than 10 ms, which is well
within the acceptable limits to not use an external capacitor Cyyq; With a start-up load of 4 Q.

When Cgyy is large, there is a need to decrease the power dissipation during start-up. This can be done by
increasing the value of the Cg,4: Capacitor.

9.2.3 Support Component Selection: C)y

Ciy is a bypass capacitor to help control transient voltages, unit emissions, and local supply noise. Where
acceptable, a value in the range from 0.001 uF to 0.1 pF is recommended for Cy.

9.2.4 Application Curves

L L
VIN VIN
VOouT VOouT
T T
: :
EN EN
< o 1IN
A—— 1IN
> SR 3 < e @
— o (s ey
@ 5oV By:20.01 ione Norm: 820,01
o By Py
@ 100.0mA MO By:20.00 wto Nos : M2 820,01 Asto November 13,
Figure 60. Output ramp without any load Figure 61. Output ramp with 4 Q load at start-up

9.2.5 Controlled Power Down (Quick Output Discharge) Using TPS2595x5

When the TPS2595x5 device is disabled, the output voltage is left floating and the power-down profile is entirely
dictated by the load. In some applications, this can lead to undesired activity because the load is not powered
down to a defined state. Controlled output discharge can ensure the load is completely turned off and is not in an
undefined operational state. The QOD pin in the TPS2595x5 device can be connected to the OUT pin to facilitate
the Quick Output Discharge function, as shown in Figure 62. When the TPS2595x5 device is disabled, the QOD
pin is pulled low and provides a quick discharge path for the output capacitor. The output voltage discharge rate
is dictated by the output capacitor Cqyt, the total discharge path resistance (internal plus external), and the load.
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Figure 62. Circuit Implementation With Quick Output Discharge Function using TPS2595x5

AL L
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VOUT ouT
e T : T
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'S - L 'S 1
= = o= i e R i e P
@ 5 Vi He20.0M @ 348.5ms Dacqs RL:100.0k @ 5 Vi :20.0M @ w0.0ms 1acqs RLA0.0K
Figure 63. Output Voltage Discharge Using TPS259535 Figure 64. Output Voltage Discharge Using TPS259535
Without QOD [VIN =5V,EN=H —> L, COUT =100 HF| RLOAD With QOD [VIN =5V,EN=H —> L, COUT =100 HF, RLOAD =
=1000 Q, RQODEXT = OPEN] 1000 Q, RQODEXT = Short]

9.2.6 Overvoltage Lockout Using TPS259573

The TPS259573 device incorporates a circuit to protect the system during overvoltage conditions. A resistor
divider connected from the supply to the EN/OVLO pin to GND (as shown in Figure 65) programs the
overvoltage threshold. A voltage more than Vg, o on the EN/OVLO pin turns off the internal FET and protects
the downstream load. Figure 66 shows overvoltage cut-off at the input voltage of 15 V.
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Figure 65. Circuit Implementation for Overvoltage Lockout using TPS259573
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Figure 66. Overvoltage Lockout Response Using TPS259573
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10 Power Supply Recommendations

The TPS2595xx devices are designed for a supply voltage range of 2.7 V < VIN < 18 V. An input ceramic bypass
capacitor higher than 0.1 uF is recommended if the input supply is located more than a few inches from the
device. The power supply must be rated higher than the set current limit to avoid voltage droops during
overcurrent and short-circuit conditions.

10.1 Transient Protection

In the case of a short circuit and overload current limit when the device interrupts current flow, the input
inductance generates a positive voltage spike on the input, and the output inductance generates a negative
voltage spike on the output. The peak amplitude of voltage spikes (transients) is dependent on the value of
inductance in series to the input or output of the device. Such transients can exceed the absolute maximum
ratings of the device if steps are not taken to address the issue. Typical methods for addressing transients
include:

* Minimize lead length and inductance into and out of the device.

* Use a large PCB GND plane.

» Use a Schottky diode across the output to absorb negative spikes.

» Use a low-value ceramic capacitor Cy = 0.001 pF to 0.1 pF to absorb the energy and dampen the transients.

The approximate value of input capacitance can be estimated with Equation 18:

V. =V T+ X L(IN)
SPIKE (Absolute) = V(IN) ™ Y(LOAD) Cin)

where
* Vg is the nominal supply voltage
* lgoap is the load current
* Ly equals the effective inductance seen looking into the source
» Cyn) is the capacitance present at the input (18)

Some applications may require the addition of a Transient Voltage Suppressor (TVS) to prevent transients from
exceeding the absolute maximum ratings of the device.

The circuit implementation with optional protection components (a ceramic capacitor, TVS and Schottky diode) is
shown in Figure 67.

33V
Vin=2.7t018V IN l_"_l ouT Vour
! Lyl i
CIN -L-
0.1 uF ’T\ 34 mQ R3 Cour Rioap
10 kQ 1pF 100 Q
Mo 3 AV
1MQ T
EN/UVLO
TPS2595xx ILM x
L
R oA
86.9 kQ g Cavot dvdt GND Ruu
33 ”FT 487 Q
Copyright © 2017, Texas Instruments Incorporated
Figure 67. Circuit Implementation With Optional Protection Components
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10.2 Output Short-Circuit Measurements

It is difficult to obtain repeatable and similar short-circuit testing results. The following contribute to variation in
results:

Source bypassing

Input leads

Circuit layout

Component selection

Output shorting method
Relative location of the short
Instrumentation

The actual short exhibits a certain degree of randomness because it microscopically bounces and arcs. Ensure
that configuration and methods are used to obtain realistic results. Do not expect to see waveforms exactly like
those in this data sheet because every setup is different.

11 Layout

11.1 Layout Guidelines

For all applications, a ceramic decoupling capacitor of 0.01 pF or greater is recommended between the IN
terminal and GND terminal. For hot-plug applications, where input power-path inductance is negligible, this
capacitor can be eliminated or minimized.

The optimal placement of the decoupling capacitor is closest to the IN and GND terminals of the device. Care
must be taken to minimize the loop area formed by the bypass-capacitor connection, the IN terminal, and the
GND terminal of the IC. See Figure 68 for a PCB layout example.

High current-carrying power-path connections must be as short as possible and must be sized to carry at
least twice the full-load current.

The GND terminal must be tied to the PCB ground plane at the terminal of the IC. The PCB ground must be a
copper plane or island on the board.

Locate the following support components close to their connection pins:

RILM

- Cavar L

— Resistors for the EN/UVLO (or EN/OVLO) pin

Connect the other end of the component to the GND pin of the device with shortest trace length. The trace
routing for the R, and Cyqr components to the device must be as short as possible to reduce parasitic
effects on the current limit and soft start timing. These traces must not have any coupling to switching signals
on the board.

Protection devices such as TVS, snubbers, capacitors, or diodes must be placed physically close to the
device they are intended to protect. These protection devices must be routed with short traces to reduce
inductance. For example, a protection Schottky diode is recommended to address negative transients due to
switching of inductive loads, and it must be physically close to the OUT pins.

Obtaining acceptable performance with alternate layout schemes is possible; Layout Example has been
shown to produce good results and is intended as a guideline.
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11.2 Layout Example
[ TopLayer
"~ "1 Bottom Layer Ground Plane
(O Viato Bottom Ground Plane
Bottom
Ground
Layer
(1) Optional: Needed only to suppress the transients caused by inductive load switching
Figure 68. TPS2595xx Layout
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12 Device and Documentation Support

12.1 Documentation Support

12.1.1 Related Documentation

For related documentation see the following:
TPS2595EVM eFuse Evaluation Board
TPS2595xx Design Calculation Tool

12.1.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to order now.

Table 4. Related Links

PARTS PRODUCT FOLDER ORDER NOW D-I-(I)E(C::SI\N/IE:I\?TLS S-(I-)(ID:('I?\II_VSAgE gg;':ﬂ%%}%
TPS259520 Click here Click here Click here Click here Click here
TPS259521 Click here Click here Click here Click here Click here
TPS259530 Click here Click here Click here Click here Click here
TPS259531 Click here Click here Click here Click here Click here
TPS259533 Click here Click here Click here Click here Click here
TPS259540 Click here Click here Click here Click here Click here
TPS259541 Click here Click here Click here Click here Click here
TPS259570 Click here Click here Click here Click here Click here
TPS259571 Click here Click here Click here Click here Click here
TPS259573 Click here Click here Click here Click here Click here
TPS259525 Click here Click here Click here Click here Click here
TPS259535 Click here Click here Click here Click here Click here

12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

12.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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