Technical
documentation

'g Ordering &

) quality

Design &

Support &
development m training

1} TEXAS TPS27SA08
INSTRUMENTS SLVSFJ6 — NOVEMBER 2020
TPS27SA08 36-V, 10-A, Single-Channel Smart High Side Switch
1 Features 3 Description

« Single-channel smart high-side switch with a
typical 9-mQ Rgy (T, = 25°C)
* Improve reliability through overcurrent protection:
— Current limit threshold nominally at 20 A
— Current limiting (clamping) on reaching the
threshold
* Robust integrated output protection:
— Integrated thermal protection
— Protection against short to ground and supply
— Automatic FET switch-on during reverse supply
— Automatic shut off if loss of supply and ground
occurs
— Integrated output clamp to demagnetize
inductive loads
— Configurable fault handling
» Analog sense output can be configured to
accurately measure:
— Load current
— Supply voltage
— Device temperature
* Provides FLT indication back to MCU
— Detection of open load in off-state and short-to-
GND

2 Applications

e Industrial Motor Drives
* Heating elements:
— Sensor element heaters
— Tank heaters
» High Current Digital Outputs
¢ Inductive Loads

The TPS27SA08 device is a single-channel smart
high-side switch intended for use with 24-V supply
systems. The device integrates robust protection and
diagnostic features to ensure output port protection
even during harmful events like short circuits. The
device protects against faults through a reliable
current limit, which, depending on device variant,
can be configured to react to an overcurrent
event by either instantly turning the switch off or
by regulating the output current at the set point
(nominally 20 A). The TPS27SA08 device also
provides a high accuracy analog current sense
that allows for improved diagnostics when driving
varied load profiles. By reporting load current, device
temperature, and supply voltage to a system MCU,
the device enables predictive maintenance and load
diagnostics that lengthen the system lifetime.

The TPS27SA08 device is available in a small 16-
pin HTSSOP package which allows for reduced PCB
footprint.

Device Information
PACKAGE("

HTSSOP (16)

PART NUMBER
TPS27SA08

BODY SIZE (NOM)
5.00 mm x 4.40 mm

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

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

DATE REVISION NOTES
November 2020 Initial release.
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5 Device Summary Table

Full Device Number

Current Limit (Ic.)

Overcurrent Behavior

Device Qualification

TPS27SA08C

20A

Clamp Current at I, until Thermal Shutdown

Industrial (—40°C to 125°C)
Temperature Range
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6 Pin Configuration and Functions
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Figure 6-1. PWP Package 16-Pin HTSSOP Top View

Table 6-1. Pin Functions

e PN e /o] DESCRIPTION
1 GND — Device ground

2 SNS O Sense output
3 LATCH | Sets fault handling behavior (latched or auto-retry)
4 EN | Switch control input, active high
5 ST O Switch diagnostic feedback, active low

6,7,8,9,10, 11 VOUT O Switch output

12 NC - No Connect

13 NC - No Connect

14 SEL1 | Diagnostics Select 1

15 SEL2 | Diagnostics Select 2

16 DIA_EN | Diagnostic enable, active high

Exposed pad VBB | Power supply input
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6.1 Recommended Connections for Unused Pins

The TPS27SA08 device is designed to provide an enhanced set of diagnostic and protection features. However,
if the system design only allows for a limited number of I/O connections, some pins may be considered as

optional.
Table 6-2. Connections for Optional Pins
PIN NAME CONNECTION IF NOT USED IMPACT IF NOT USED
SNS Ground through 1-kQ resistor | Analog sense is not available.
Float or around through R With LATCH unused, the device will auto-retry after a fault. If latched
LATCH 9 . 9N RPROT| hehavior is desired it is possible to use one microcontroller output to control
resistor . . .
the latch function of several high-side channels.
Al faults are indicated by the analog SNS pin. The ST pin provides the
additional benefits:
o *  Provide fault indication when DIA_EN =0
ST Float »  Provide fault indication regardless of SELx pin conditions
» Provide fault indication to a simple digital I/O (rather than ADC or
comparator used with the SNS signal)
SEL1 Float or ground through Rprot | SEL1 selects between the Vgg and T, sensing features. With SEL1 unused,
resistor only load diagnostics are available.
SEL2 Ground ::Sr:)sl:grh Rerot With SEL2 = 0 V, Vgg measurement diagnostics are not available.
DIA EN Float or ground through RproT | With DIA_EN unused, analog sense, open-load and short-to-supply
- resistor diagnostics are not available.

RproT is used to protect the pins from excess current flow during reverse supply conditions, for more information
please see the section on Reverse Supply protection.
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7 Specifications

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

MIN MAX| UNIT
Vgp Maximum continuous supply voltage 36 \Y
V1r1 Maxium supply voltage - long tranisent Duration < 300 ms 40 \%
Vrro iI\r/]lglzitum transient voltage at the supply VBB to IC GND 54 v
VRev Reverse supply voltage, Vrgy £ 3 minutes, with GND network. -36 \%
VEN Enable pin voltage -1 \%
VL ATCH LATCH pin voltage -1 \%
Vst Status pin voltage —1 7@ \%
Vpia_EN Diagnostic Enable pin voltage -1 7 \%
Vsns Sense pin voltage -1 7 Y
xiitl Select pin voltage -1 7 Y
lenD Reverse ground current Vgg <0V -50 mA
T, Maximum junction temperature 150 °C
Tstg 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.

(2) These pins are adjacent to pins that will handle high-voltages. In the event of a pin-to-pin short, there will not be device damage.

7.2 ESD Ratings

VALUE UNIT
All pins except exposed pad
. +2000
v Electrostatic Human-body model (HBM), per AEC Q100-002(")  |and pins 6 to 11 v
(ESD) | discharge Exposed pad and pins 6 to 11 +4000
Charged-device model (CDM), per AEC Q100-011 All pins +750
Electrostatic - VBB (exposed pad) and
-4-2 (2)
V(esb1) discharge Contact/Air discharge, per IEC 61000-4-2 VOUT pins +8/+15 kV
. Surge protection with 42 Q, per IEC 61000-4-5; VBB (exposed pad) and
V(surgey | Transient surge 1.2/50 ps @ VOUT pins +1000 \Y
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
(2) Tested with the application circuit and supply voltage of 24-V DC input.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vg Nominal supply voltage 8 36 \%
VEN Enable voltage —1 5.5 \%
VLATCH LATCH voltage -1 55 \%
Vbia_EN Diagnostic enable voltage -1 5.5 \%
VseLt, Select voltage -1 55 \Y
VsEL2
Vst Status voltage 0 5.5 \%
Vsns Sense voltage -1 VsNsclamp \%
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7.3 Recommended Operating Conditions (continued)

over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Imax ‘Continuous load current ‘TA =70°C 0 10 A
7.4 Thermal Information

TPS27SA08
THERMAL METRIC(") @) PWP (HTSSOP) UNIT

16 PINS
Resa Junction-to-ambient thermal resistance 32.8 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 30.7 °C/W
Raus Junction-to-board thermal resistance 9.3 °C/W
Wyt Junction-to-top characterization parameter 2.6 °C/W
Wis Junction-to-board characterization parameter 9.4 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 1.0 °C/W

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

report.

(2) The thermal parameters are based on a 4-layer PCB according to the JESD51-5 and JESD51-7 standards.

7.5 Electrical Characteristics

Vgg =8 Vto 36V, T, =—-40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
INPUT VOLTAGE AND CURRENT
Veiamp Vps clamp voltage 40 58 \%
Vg undervoltage lockout
VUvoF | falling 25 3 Vv
Vg undervoltage lockout
Vuvior rising 2.5 31 vV
VBB =24V, TJ =25°C
0.8 A
VEN=Vpia EN=0V, Vour=0V H
| Standby current (includes |Vgg =24V, T; =85°C 1 A
S8 MOSFET leakage) Ven=Vpia eNn=0V, Vour =0V M
Vgg=24V, T;=125°C, 6| uA
Ven =Vpia =0V, Vour =0V
Ves i24 Vi Ty f 25°C - 0.01 0.5 uA
VEN=Vpia EN=0V, Vour =0V
louT OFF Output leakage current
- Vgg=24V, T;=125°C 6| uA
VEN=Vpia EN= 0V, Vour =0V
| Current consumption in Vgg =24V, Igns = 0 mA 3 6l mA
DIA diagnostic mode Ven=0V, Vpia en=5V, Vour=0V
. VBB =24V
| Quiescent current 24 52| mA
a VEN=5V Vpa en=0V, lout=0A, Vgex=0V
tsteY Standby mode delay time VEN = Vpia_gn = 0V to Standby 20 ms
Ron CHARACTERISTICS
On-resistance T,=25°C,6V<Vgg<36V 9 mQ
Ron Includes MOSFET and T,=150°C,6V <Vgg<36V 20| mQ
package T,=25°C,3V <Vpg <6V 15 ma
R On-resistance during Ty=25°C,-18V<Vgg=-8V 9 mQ
ONREV) | reverse polarity T,=105°C, -18 V < Vgg < -8 V 20| mQ
CURRENT SENSE CHARACTERISTICS
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7.5 Electrical Characteristics (continued)
Vegg =8V to 36V, T;=-40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ksns Current sense ratio 4600
lout / Isns
Current sense currentand | Ven = Vpia N =5V, VggL1 = _
Iswsi current sense accuracy Vgel2=0V lour =8 A 1.74 mA
| Current sense currentand | Ven = Vpia N =5V, VggL1 = | =8A _5 5 o
SNSI current sense accuracy Vge2=0V out °
Current sense currentand | Ven = Vpia N =5V, VggL1 = _
Isnsi current sense accuracy Vsel2 =0V lour =3 A 0.65 mA
| Current sense currentand | Ven = Vpia N =5V, VggL1 = | =3A _5 5 o
SNSI current sense accuracy Vsel2 =0V out °
Current sense currentand | Ven = Vpia EN =5V, VggL1 = _
Issi current sense accuracy Vsgl2 =0V loyr =780 mA 0.217 mA
Current sense currentand | Ven = Vpia EN =5 V, VggL1 = _ _ o
Iswsi current sense accuracy Vsgl2 =0V loyr =780 mA 5 5| %
Current sense currentand | Ven = Vpia EN =5 V, VggL1 = _
Iswsi current sense accuracy Vggo =0V lour = 300 mA 0.065 mA
Current sense current and VEn = VDIA_EN =5V, Vggq = - _ o
Iswsi current sense accuracy Vsgl2=0V loyr = 300 mA 12 121 %
Current sense currentand | Ven = Vpia N =5V, VggL1 = _
Iswsi current sense accuracy Vge2=0V loyr = 100 mA 0.022 mA
Current sense currentand | Ven = Vpja en =5V, VgL = - 0
Issi current sense accuracy Vge2=0V loyr = 100 mA —42 42 %
T, SENSE CHARACTERISTICS
T,=-40°C 0.12 mA
Vo en=5V, Vg1 =5V, |Th=25°C 0.85 mA
| Temperature sense current =
SNST P Vsg2=0V T,=85C 1.52 mA
T,=150°C 2.25 mA
dlgnst/dT | Coefficient 0.0112 mA/°C
Vgg SENSE CHARACTERISTICS
VBB =3V 0.26 mA
Vgg =8V 0.69 mA
Isnsy Voltage sense current VD'A—EL“ =5V, VseL1 =5V, Vgg = 135V 1.17 mA
Vsg2=5V
Vgg =18V 1.56 mA
Vgg =28V 2.43 mA
dignsy/dV | Coefficient 0.0867 mA/N
SNS CHARACTERISTICS
ISNSFH ISNS fault hlgh level VDIA_EN =5 V, VSEL1 =0 V, VSELZ =0 6.9 7.6 mA
Isnsleak Isns leakage Vpia EN=0V HA
VsNsclamp Vsns clamp 5.9 \Y
oL Current j(hr_eshold at which T,=—40°C 17 229 278 A
current limit loop engages
oL Current jthr_eshold at which T,=25°C 15 20 25 A
current limit loop engages
lcL_ReG Current limit regulation level T,=25°C 24 A
oL Current Fhr.eshold at which T,=125°C 128 16 20 A
current limit loop engages
CURRENT LIMIT CHARACTERISTICS
FAULT CHARACTERISTICS
VoL Open-load detection voltage |Ven =0V, Vpja en=5V 2 2.5 4 \
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7.5 Electrical Characteristics (continued)
Vegg =8V to 36V, T;=-40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
toL1 f)s"wai‘t';‘:] ggggrjfa“"” time 521"2_?3"8 go\?e\/ZLEEN =5V, VgL, = 00 300 500  700| us
loutr=0mA, Voyur =4V
a | sTe ndcatontime |GV e 0 V05V Vecy =0 0 bs
loutr=0mMA, Vour =4V
toLs ?;_W?tr;?] 3;2;?:Jcation time \F/:\lmz ré)Si\r/],gVi?S_ir\? f=V5O \l/J,-(/SELx =00 50| s
lour=0mMA, Vour=0Vto 4V
TaBs Thermal shutdown 160 °C
s lhysresie 20 C
freTRY Retry time Minimum time from fault shutdo_wr_1 to switch re-e_na_ble 1 2 3 ms
(for thermal shutdown, current limit, and energy limit)
EN PIN CHARACTERISTICS(")
VL, EN Input voltage low level 0.8 \%
ViH, EN Input voltage high level No GND network Diode 2 Vv
ViHvs, EN Input voltage hysteresis No GND network Diode 250 mV
I en Input current low level Ven =0.8V 0.8 HA
liH, EN Input current high level Ven=2.0V 2 A
Ren Internal pulldown resistor 1 MQ
DIA_EN PIN CHARACTERISTICS ()
Vi, bia N |Input voltage low level No GND network Diode 0.8 \%
ViH,pia_en | Input voltage high level No GND network Diode 2 \%
Vikvs, Input voltage hysteresis 250 mvV
DIA_EN
I, DiA_EN Input current low level Vpia en=0.8V 0.8 HA
IIH, DIA_EN Input current high level Vpia EN=2.0V WA
Rpia_En Internal pulldown resistor 1 MQ
SEL1 AND SEL2 PIN CHARACTERISTICS ()
VL, sELx Input voltage low level No GND network Diode 0.8 \%
VIH, SELx Input voltage high level 2 \%
Vinvs, seLx | Input voltage hysteresis 250 mV
I, sELx Input current low level Vsgx =08V 0.8 MA
liH, sELx Input current high level Vsgix =20V 2 MA
RsELx Internal pulldown resistor 1 MQ
LATCH PIN CHARACTERISTICS ()
VL, LATCH Input voltage low level No GND network Diode 0.8 \
VIH, LATCH Input voltage high level No GND network Diode 2 \%
Vinvs, LaTcH | Input voltage hysteresis 250 mV
I, LaTcH Input current low level ViatcH =08V 0.8 MA
liH, LATCH Input current high level ViatcH =20V 2 MA
RLATCH Internal pulldown resistor 1 MQ
ST PIN CHARACTERISTICS (1)
VoL, st Output voltage low level IsT=1mA 0.4 \%
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7.5 Electrical Characteristics (continued)

Vegg =8V to 36V, T;=-40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ISTIeak ‘ Leakage current Vsr=5V 2 MA
(1) Vee=3t028V
7.6 Switching Characteristics
Vgg =36V, T; =—-40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tbr Turn-on delay time Vegg=24V,R.=8Q 20 70 100 us
tor Turn-off delay time Vegg=24V,R.=8Q 20 50 125 us

= 0, 0,
SRg VOUT rising slew rate \éBB_ 823 V. 20% to 80% of Vour, 0.1 0.35 0.8 Vips
L=
= o, o,
SRe VOUT falling slew rate KBB_ 823 V. 80% to 20% of Vour, 0.2 0.5 09| Vips
L=
ton Turn-on time Vgg=24V,R . =8Q 39 100 180 us
torr Turn-off time Vgg=24V,R . =8Q 39 90 180 us
ton - torrF Turn-on and off matching 200-ps enable pulse -80 0 80 us
Switching energy losses during _ _
EON turn-on VBB =24V, RL =80 0.4 mJ
Switching energy losses during _ _
EOFF turn-off VBB =24 V, RL =8Q 0.4 mJ
7.7 SNS Timing Characteristics
Vg =810 36V, T; =—-40°C to 150°C (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SNS TIMING - CURRENT SENSE
tsnsioNt Settling time from rising edge of DIA_EN \FQEN =_51V|’(¥D“|§—El\‘2=g(\)/ o5V 40 us
SNS = R = 2.
tsnsION2 Settling time from rising edge of EN \R/,EN =_V1D'£‘6ENR= e\é tGOS v 180 us
SNS = R =2
tsnsions | Settling time from rising edge of EN \éEN =_01th8 5RV’_VS'g—(E)N =5V 180| us
SNs = R =2
tsnsiorr1 | Settling time from falling edge of DIA_EN \éEN =_51V|’(¥D'§‘—El“2=65(\)/ ooV 20| us
SNs = yRL=2.
. . . s VEN =5V, VDIAﬁEN =5V
tSETTLEH Settling time from rising edge of load step Rens = 1KQ, lgur =1 Ato 5 A 20 us
. . . VEN =5 V, VDlA_EN =5V
tSETTLEL Settling time from falling edge of load step Rens = 1 kO, loyr =5 A to 1 A 20 us
SNS TIMING - TEMPERATURE SENSE
tsnsTont | Settling time from rising edge of DIA_EN \éEN =_51V|’(2.)/D'A—EN =0VtosV 40| us
SNS =
tsnsTON2 Settling time from rising edge of DIA_EN \FQEN =_01V|’(¥)D'A—EN =0Vio5V 70 us
SNS =
tsnsTore | Settling time from falling edge of DIA_EN \FQEN =_X% \,i?)'A-EN =5Vio0V 20| ps
SNs =
SNS TIMING - VOLTAGE SENSE
tsnsvont | Settling time from rising edge of DIA_EN \éEN =_51V|’(¥D'A—EN =0Vio sV 40| us
SNs =
tsnsvonz | Settling time from rising edge of DIA_EN \éEN =_01V|’(¥D'A—EN =0ViosV 70| s
SNs =
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7.7 SNS Timing Characteristics (continued)
Vg =810 36V, T; =—-40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tsusvorr | Settling time from falling edge of DIA_EN | VEN =%, VDin en=5 V10 0V 20| s
Rens = 1 kQ

SNS TIMING - MULTIPLEXER

Ven= X, Vpia EN=9V
Vser1=5V1to 0V, Vgg2=0V 60| s
RSNS =1 kQ, RL =26Q

VEn =X, Vpa EN =5V

Settling time from temperature sense to
current sense

Settling time from temperature sense to

VSEL1 =5V, VSEL2 =0Vtob5V 60 VS
voltage sense Rens = 1 kQ
L VEn =X, Vpa EN =5V
Settling time from voltage sense to VeeL1 =5V, Vg2 =5 V10 0V 60 us
temperature sense _
Rsns =1 kQ
fux Ven =X, V =5V
o i EN =X, VDA EN =
Settling time from voltage sense to current VerL1 = Vsrz= 5V 100V, 60 us

sense Rens = 1KQ, R_=2.6 Q
VEn =X, Vpa EN=5V

Vse1=0V1to 5V, Vgg 2 =0V 60| s
Rens = 1kQ, R, =2.6 O
VEn =X, Vpa EN=5V

VseL1 = Vse2=0Vito 5V 60| s
Rens = 1kQ, R =2.6 Q

Settling time from current sense to
temperature sense

Settling time from current sense to voltage
sense

7.8 Typical Characteristics

27 4
Ves
35|— 8V /
2.65 123 \Y /
| 3|—
s — 24V /
o 26 25 /
£ <
£ N > 2
o R
s 255 g 15
\ 1
25 / g
0.5 y
245 0 |
-40 -10 20 50 80 110 140 -40 -20 0 20 40 60 80 100 120
Temperature (°C) Temperature (°C)
VBB =13.5Vto0V ROUT =1kQ VDlAG_EN =0V VOUT =0V VEN =0V VDIAG_EN =0V
Ven=5V Figure 7-2. Standby Current (Isg) vs Temperature
Figure 7-1. Falling Undervoltage Lockout (VyyLof) Vs
Temperature
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7.8 Typical Characteristics (continued)
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Figure 7-3. Output Leakage Current (loyr(standby)) VS Rsns = 1kQ  Vsgr1=Vsg2=0V
Temperature Figure 7-4. Quiescent Current (Ig) vs Temperature
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Figure 7-5. On Resistance (Roy) Vs Temperature Figure 7-6. On Resistance (Ron) vs Veg
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Figure 7-7. Turn-on Delay Time (tpr) vs Temperature

Figure 7-8. Turn-off Delay Time (tpg) vs Temperature
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7.8 Typical Characteristics (continued)

Figure 7-13. Turn-on and Turn-off Matching (ton - togr) vs
Temperature
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Figure 7-9. Vgut Slew Rate Rising (SRR) vs Temperature Figure 7-10. Voyt Slew Rate Falling (SRg) vs Temperature
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Figure 7-11. Turn-on Time (toy) vs Temperature Figure 7-12. Turn-off Time (torg) vs Temperature
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Rsns = 1kQ Ves = 13.5V Figure 7-14. Current Sense Output Current (Igys; ) vs Load

Current (loyt) across Temperature
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7.8 Typical Characteristics (continued)
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Figure 7-15. Current Sense Output Current (Isys)) vs Load
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Figure 7-16. Temperature Sense Output Current (Isyst) Vs

Current (loyt) across Vgg Temperature
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Figure 7-17. Voltage Sense Output Current (Isysy) Vs Vg Figure 7-18. Fault High Output Current (Isyspn) Vs Temperature
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Figure 7-19. Sense Pin Clamp Voltage (VsnscLamp) VS Figure 7-20. Current Limit (Ig.) vs Temperature
Temperature
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7.8 Typical Characteristics (continued)
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Figure 7-21. Open Load Detection Voltage (Vo) vs Temperature Figure 7-22. V|, vs Temperature
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7.8 Typical Characteristics (continued)
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Figure 7-28. Turn-off Time (torg) and Sense Settle Time
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7.8 Typical Characteristics (continued)
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Figure 7-33. Inductive Load Demagnetization
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8 Parameter Measurement Information
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Figure 8-1. Parameter Definitions
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9 Detailed Description
9.1 Overview

The TPS27SA08 device is a single-channel smart high-side power switch intended for use with 24-V supply
industrial systems. Many protection and diagnostic features are integrated in the device. Diagnostics features
include the analog SNS output and the open-drain fault indication ( ST). The analog SNS output is capable of
providing a signal that is proportional to device temperature, supply voltage, or load current. The high-accuracy
load current sense allows for diagnostics of complex loads.

This device includes protection through thermal shutdown, current limit, transient withstand, and reverse
supply operation. For more details on the protection features, refer to the Feature Description and Application
Information sections of the document.

9.2 Functional Block Diagram

VBB AH] T ? ?

VBB to GND Internal Power VBB to VOUT
Clamp Supply Clamp
GND—[
——P»| Gate Driver l:]_ vout
L.
Power FET
L ¢
EN Current Limit
LATCH P Energy Limit I
DIA_EN Thermal
Shutdown
SEL1
Open-load /
SEL2 VBB Short-to-Bat

l——————
; Detection

l«— Voltage Sense

|-f——| Fault Indication
———

SNS— | SNS Mux

|— ST
l«@}— Current Sense |[@¢—
¢ Temperature
Sense -
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9.3 Feature Description
9.3.1 Protection Mechanisms

The TPS27SA08 device is designed to operate in a rugged industrial environment. The protection mechanisms
allow the device to be robust against many system-level events such as reverse supply, short-to-ground and
more.

There are additional protection features which, if triggered, will cause the switch to automatically disable:

¢ Thermal Shutdown
* Energy Limit

When any of these protections are triggered, the device will enter the FAULT state. In the FAULT state, the fault
indication will be available on both the SNS pin and the ST pin (see the diagnostic section of the data sheet for
more details).

The switch is no longer held off and the fault indication is reset when all of the below conditions are met:

e LATCH pinis low
* treTrY has expired
« All faults are cleared (thermal shutdown, current limit, energy limit)

9.3.1.1 Thermal Shutdown

The TPS27SA08 device includes temperature sensors on the FET and inside of the device controller. When
T, reT > Tags, the device will see a thermal shutdown fault. After the fault is detected, the switch will turn off. The
fault is cleared when the switch temperature decreases by the hysteresis value, Tyys.

9.3.1.2 Current Limit

When Igyt reaches the current limit threshold, I, the device remains enabled and limits the current Iyt to
close to the threshold, Ic. . In the case that the device remains enabled and limits loyT, the thermal shutdown
and/or energy limit protection feature may be triggered due to the high amount of power dissipation in the device.

During a short circuit event, the device will hit the Ig threshold that is listed in the Specifications and then
regulate the output current close to the threshold value to protect the device. The device will detect a short
circuit event when the output current exceeds I, however the measured maximum current may exceed the I,
threshold due to the finite response time of the TPS27SA08 device current limit regulation loop. The device is
guaranteed to protect itself during a short circuit event over the nominal supply voltage range (as defined in the
Specifications section) at 125°C.

9.3.1.2.1 Current Limit Foldback

The TPS27SA08 device implements a current limit foldback feature that is designed to protect the device in the
case of a long-term fault condition. If the device undergoes three consecutive fault shutdown events (any of
thermal shutdown, current limit, or energy limit), the current limit will be reduced to half of the original value. The
device will revert back to the original current limit threshold if either of the following occurs:

* The device goes to Standby Delay.
* The switch turns-on and turns-off without any fault occurring.

9.3.1.2.2 Undervoltage Lockout (UVLO)

The device monitors the supply voltage Vgg to prevent unpredicted behaviors in the event that the supply voltage
is too low. When the supply voltage falls down to Vy of, the output stage is shut down automatically. When the
supply rises up to Vyyor, the device turns back on.

During an initial ramp of Vgg from 0 V at a ramp rate slower than 1 V/ms, Vgy pin will have to be held low until
Vpgg is above UVLO threshold (with respect to board ground) and the supply voltage to the device has reliably
reached above the UVLO condition. For best operation, ensure that Vgg has risen above UVLO before setting
the Vgy pin to high.
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9.3.1.2.3 Vgg during Short-to-Ground

When Vgyr is shorted to ground, the module power supply (Vgg) can have a transient decrease. This is caused
by the sudden increase in current flowing through the wiring harness cables. To achieve ideal system behavior, it
is recommended that the module maintain Vgg > 3 V during Voyt short-to-ground. This is typically accomplished
by placing bulk capacitance on the power supply node.

9.3.1.3 Energy Limit

The energy limiting feature is implemented to protect the switch from excessive stress. The device will
continuously monitor the amount of energy dissipated in the FET. If the energy limit threshold is reached, the
switch will automatically disable. In practice, the energy limit will only be reached during a fault event such as
short-to-ground.

Energy limit events have the same system-level behavior as thermal shutdown events.
9.3.1.4 Voltage Transients

The TPS27SA08 device contains two voltage clamps which protect the device against system-level voltage
transients.

The clamp from Vgg to GND is primarily used to protect the controller from positive transients on the supply line.
The clamp from Vgg to Voyt is primarily used to limit the voltage across the FET when switching off an inductive
load. Both clamp levels are set to protect the device during these fault conditions. If the voltage potential from
Vgg to GND exceeds the Vgg clamp level, the clamp will allow current to flow through the device from Vgg to
GND (Path 2). If the voltage potential from Vgg to Vout exceeds V¢ amp, the power FET will allow current to flow
from Vgg to Vour (Path 3)

’\/T/i\/ Positive Supply Transient

(e.g. ISO7637 pulse 2a/3b)

O

VBB,
Vbs
Clamp 3)
2) ‘—{I
Controller ‘
F i _I VBB VOUT :l
I_Z;_! Clamp
Load
v ,J-‘GND

S

Figure 9-1. Current Path During Supply Voltage Transient

9.3.1.4.1 Driving Inductive and Capacitive Loads

When switching off an inductive load, the inductor may impose a negative voltage on the output of the switch.
The TPS27SA08 device includes a voltage clamp to limit voltage across the FET. The maximum acceptable load
inductance is a function of the device robustness. With a 5-mH load, the TPS27SA08 device can withstand a
single pulse of 95 mJ inductive dissipation at 125°C and can withstand 56 mJ of inductive dissipation with a
10-Hz repetitive pulse. If the application parameters exceed this device limit, it is necessary to use a protection
device like a freewheeling diode to dissipate the energy stored in the inductor. Figure 9-2 shows the TPS27SA08
device discharging a 5-mH load that is driven at 5 A.
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Figure 9-2. Inductive Discharge (5 mH, 5 A)

In addition, the TPS27SA08 device current limit provides an ideal way to charge a capacitive load safely with
limited inrush current. With no protection, charging a large capacitive load can lead to high inrush currents that
pull a supply down, however by using a relatively low current limit value (regulation around 24 A), the capacitive
load can be charged without impact to the power supply.

For more information on driving inductive or capacitive loads, reference Tl's "How To Drive Inductive, Capacitive,
and Lighting Loads with Smart High Side Switch application report.

9.3.1.5 Reverse supply

In the reverse supply condition, the switch will automatically be enabled (regardless of EN status) to prevent
power dissipation inside the MOSFET body diode. In many applications (for example, resistive load), the full load
current may be present during reverse supply. In order to activate the automatic switch on feature, the SEL2 pin
must have a path to module ground. This may be path 1 as shown below, or, if the SEL2 pin is unused, the path
may be through RproT to module ground.

Protection features (for example, thermal shutdown) are not available during reverse supply. Care must be taken
to ensure that excessive power is not dissipated in the switch during the reverse supply condition.

There are two options for blocking reverse current in the system. Option 1 is to place a blocking device (FET or
diode) in series with the supply. This will block all current paths. Option 2 is to place a blocking diode in series
with the GND node of the high-side switch. This method will protect the controller portion of the switch (path 2),
but it will not prevent current from flowing through the load (path 3). The diode used for Option 2 may be shared
amongst multiple high-side switches.

Path 1 shown in Figure 9-3 is blocked inside of the device.
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Figure 9-3. Current Path During Reverse supply
9.3.1.6 Fault Event — Timing Diagrams

Note
All timing diagrams assume that the SELx pins are set to 00.

The LATCH, DIA_EN, and EN pins are controlled by the user. The timing diagrams represent a
possible use-case.

Figure 9-4 shows the active current limiting behavior of TPS27SA08 device and the LATCH pin functionality. The
switch will not shutdown until either the energy limit or the thermal shutdown is reached.
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Figure 9-4. Current Limit - Latched Behavior

Figure 9-5 shows the active current limiting behavior of TPS27SA08 device. The switch will not shutdown until
either thermal shutdown or energy limit is tripped. In this example, LATCH is tied to GND and the switch is
turned ON when the FET temperature is low enough.
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Figure 9-5. Current Limit - LATCH Pin Permanently Low

deWhen the switch retries after a shutdown event, the SNS fault indication will remain until Voyt has risen
to Vgg — 1.8 V. Once Vgout has risen, the SNS fault indication is reset and current sensing is available. ST
fault indication is reset as soon as the switch is re-enabled (does not wait for Voyt to rise). If there is a
short-to-ground and Vgt is not able to rise, the SNS fault indication will remain indefinitely. The following
diagram illustrates auto-retry behavior and provides a zoomed-in view of the fault indication during retry.

Note
Figure 9-6 assumes that treTry has expired by the time that T, reaches the hysteresis threshold.
LATCH=0V and DIA_ EN=5V
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Figure 9-6. Fault Indication During Retry

9.3.2 Diagnostic Mechanisms

9.3.2.1 Voyr Short-to-supply and Open-Load

9.3.2.1.1 Detection With Switch Enabled

When the switch is enabled, the Vot short-to-supply and open-load conditions can be detected with the current

sense feature. In both cases, the load current will be measured through the SNS pin and will be below the
expected value.
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9.3.2.1.2 Detection With Switch Disabled

While the switch is disabled, if DIA_EN is high, an internal comparator will detect the condition of Vgyr. If the
load is disconnected (open load condition) or there is a short to supply thegyt voltage will be higher than the
open load threshold (Vg of) and a fault is indicated on the SNS pin. An internal pull-up of 1 MQ is in series with
an internal MOSFET switch, so no external component is required if only a completely open load needs to be
detected. However, if there is significant leakage or other current draw even when the load is disconnected, a
lower value pull-up resistor and switch can be added externally to set the Vgyt voltage above the Vg o during
open load conditions.

ik

ADC SNS ]_@9_ Fault
Indication

MCU

Rruww,

i

A. This figure assumes that the device ground and the load ground are at the same potential. In application, there may be a ground shift
voltage of 1 Vto 2 V.

= HSD

Figure 9-7. Short to supply and Open Load Detection

The detection circuitry is only enabled when DIA_EN = HIGH and EN = LOW.

If VouT > VoL, the SNS pin will go to the fault level.

If VouT < VoL, then there is no fault indication.

The fault indication will only occur if the SEL1 pin is set to diagnose the channel.

While the switch is disabled and DIA_EN is high, the fault indication mechanisms will continuously represent the
present status. For example, if Voyt decreases from >V, to <V, the fault indication is reset. Additionally, the
fault indication is reset upon the falling edge of DIA_EN or the rising edge of EN.
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Figure 9-8. Open Load
9.3.2.2 SNS Output

The SNS output may be used to sense the load current, supply voltage, or device temperature. The SELx pins
will select the desired sense signal. The sense circuit will provide a current that is proportional to the selected
parameter. This current will be sourced into an external resistor to create a voltage that is proportional to the
selected parameter. This voltage may be measured by an ADC or comparator.

To ensure accurate sensing measurement, the sensing resistor should be connected to the same ground
potential as the uC ADC.

The SNS Output includes an internal clamp, Vgnsciamp- This clamp is designed to prevent a high voltage at the
SNS output and the ADC input.

Table 9-1. Analog Sense Transfer Function

PARAMETER TRANSFER FUNCTION
Load current Isnsi = loyTt / 4600
Supply voltage(") Isnsv = (Veg) * dlsnsy / dV
Device temperature IsnsT = (Ty—25°C) x dignst / AT + 0.85

(1) Voltage potential between the Vgg pin and the GND pin.
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The SNS output will also be used to indicate system faults. Igng will go to the predefined level, Isyspr, When
there is a fault. This level is defined in the electrical specifications.

9.3.2.2.1 Rgys Value
The following factors should be considered when selecting the Rgyg value:

* Current sense ratio

» Largest and smallest diagnosable load current
« Full-scale voltage of the ADC

* Resolution of the ADC

For an example of selecting Risns value, reference in the applications section of this data sheet.
9.3.2.2.1.1 High Accuracy Load Current Sense

In many systems, it is required that the high-side switch provide diagnostic information about the downstream
load. With more complex loads, high accuracy sensing is required. A few examples follow:

» Solenoid Protection: Often solenoids are precisely controlled by low-side switches. However, in a fault
event, the low-side switch cannot disconnect the solenoid from the power supply. A high-side switch can be
used to continuously monitor several solenoids. If the system current becomes higher than expected, the
high-side switch can disable the module.

9.3.2.2.1.2 SNS Output Filter

To achieve the most accurate current sense value, it is recommended to apply filtering to the SNS output. There
are two methods of filtering:

* Low-Pass RC filter between the SNS pin and the ADC input. This filter is illustrated in Figure 10-1 and typical
values for the resistor and capacitor are given. The designer should select a Cgng capacitor value based
on system requirements. A larger value will provide improved filtering. A smaller value will allow for faster
transient response.

» The ADC and microcontroller can also be used for filtering. It is recommended that the ADC collects several
measurements of the SNS output. The median value of this data set should be considered as the most
accurate result. By performing this median calculation, the microcontroller is able to filter out any noise or
outlier data.

9.3.2.3 ST Pin

The ST pin is an open-drain output. The pin indicates the status of the switch channel. The output is high-z when
there is no fault condition. The output is pulled low when there is a fault condition.

9.3.2.4 Fault Indication and SNS Mux
The following faults will be communicated via the SNS and ST outputs:

» Switch shutdown, due to:
— Thermal Shutdown
— Current limit
— Energy limit
* Active current limiting
* Open-Load / Vgoyt shorted-to-supply

Open-load / Short-to-supply are not indicated while the switch is enabled (though these conditions can be
detected via the sense current). Hence, if there is a fault indication corresponding to an enabled channel, then it
must be either switch shutdown or active current limiting.

The SNS pin will only indicate the fault if the SELx = 00. Switch shutdown fault indication will occur on the ST pin
regardless of the SELx pins; however, OL/STB fault indication is only available when the SELx = 00.
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Table 9-2. SNS Mux

INPUTS OUTPUTS

DIA_EN SEL1 SEL2 FAULT DETECT(") |SNS ST
0 X X 0 High-z High-z
0 X X 1 High-z Pull low
1 0 0 0 Load current High-z
1 0 1 0 Not Used Not Used
1 1 0 0 Device temperature High-z
1 1 1 0 Supply voltage High-z
1 0 0 1 IsNsFH Pull low
1 0 1 1 Not Used Not Used
1 1 0 1 Device temperature Pull low
1 1 1 1 Supply voltage Pull low

(1) Fault Detect encompasses the below conditions:
»  Switch shutdown and waiting for retry

» Active current limiting
+ OL/STB

9.3.2.5 Resistor Sharing

Multiple high-side switch channels may use the same SNS resistor as shown in Figure 9-9 below. This reduces
the total number of passive components in the system and the number of ADC terminals that are required of the

microcontroller.

Microcontroller

9.3.2.6 High-Frequency, Low Duty-Cycle Current Sensing

Figure 9-9. Sharing Rsys Among Multiple Devices

GPIO E] I ¢ DIA EN  Switch 1 SNS '#7
GPIO [] [ ] ¢ DIA EN  Switch2 SNS '#7
GPIO [] [ ] ¢ DIA EN  Switch3 SNS '#7
GPIO [] I I ¢ DIA EN  Switch 4 SNS '#7
ADC [] * A\

— RPROT

CSNS RSNS
N

Some applications will operate with a high-frequency, low duty-cycle PWM. Such applications require fast
settling of the SNS output. For example, a 250-Hz, 5% duty cycle PWM will have an on-time of only 200 ps. The
microcontroller ADC may sample the SNS signal after the defined settling time, tsnsions-
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Figure 9-10. Current Sensing in Low-Duty Cycle Applications

9.4 Device Functional Modes
9.4.1 Off

Off state occurs when the device is not powered.
9.4.2 Standby

Standby state is a low-power mode used to reduce power consumption to the lowest level. Diagnostic
capabilities are not available in Standby mode.

9.4.3 Diagnostic
Diagnostic state may be used to perform diagnostics while the switch is disabled.
9.4.4 Standby Delay

The Standby Delay state is entered when EN and DIA_EN are low. After tstgy, if the EN and DIA_EN pins are
still low, the device will go to Standby State.

9.4.5 Active
In Active state, the switch is enabled. The diagnostic functions may be turned on or off during Active state.
9.4.6 Fault

The Fault state is entered if a fault shutdown occurs (thermal shutdown, current limit, energy limit). After all faults
are cleared, the LATCH pin is low, and the retry timer has expired, the device will transition out of Fault state. If
the Enable pin is high, the switch will re-enable. If the Enable pin is low, the switch will remain off.
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Figure 9-11. State Diagram

EN = High
DIA_EN = X
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10 Application and Implementation

Note

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

10.1 Application Information

’J] VBB DIA_EN H]q AN ’J]
L — L
+ —I— RPROT
_l_ BAT CVvBB g
! SEL1 [ =& AN {]
RPROT
r r
[] aND seL2 [ |- RmT (]
RGND DGND *1)
H
EN [ e AN L]
) RPROT Microcontroller
-
LATCH [ |- R’}D/F\QT (]
Load T[] vouT
CouT RPU
S 5 sT [
RPROT
Legend L
SNS [IJ AN | >[|] ADG
/%7 Chassis GND RPROT
RSNS CSNS
Module GND
i% odule G (1) With the ground protection network, the
device ground will be offset relative to the
+ Device GND microcontroller ground.

With the ground protection network, the device ground will be offset relative to the microcontroller ground.

Figure 10-1. System Diagram

Table 10-1. Recommended External Components

COMPONENT TYPICAL VALUE PURPOSE
RproT 15 kQ Protect microcontroller and device /O pins
Rsns 1kQ Translate the sense current into sense voltage
Rpuy 10 kQ Provide pull-up source for open-drain output
Csns 100 pF - 10 nF Low-pass filter for the ADC input
Renp 4.7 kQ Stabilize GND potential during turn-off of inductive load
Danp BAS21 Diode Protects device during reverse supply
. 220 nF to Device GND Z:Ir:(iesr;?gnzf voltage transients (for example, ESD, ISO7637-2) and improved
100 nF to Module GND | Stabilize the input supply and filter out low frequency noise.
Cout 22 nF Filtering of voltage transients (for example, ESD, 1ISO7637-2)
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10.1.1 Ground Protection Network

As discussed in the section regarding Reverse supply, Dgnp Mmay be used to prevent excessive reverse current
from flowing into the device during a reverse supply event. Additionally, Rgnp is placed in parallel with Dgnp if
the switch is used to drive an inductive load. The ground protection network (Dgnp @and Rgnp) may be shared
amongst multiple high-side switches.

A minimum value for Rgnp may be calculated by using the absolute maximum rating for Igyp. During the reverse
supply condition, Ignp = Ves / Renp:

Renp 2 Ves / lonb (1)
* Set VBB =-135V
*  Setlgnp = —50 mA (absolute maximum rating)

Renp 2-13.5V/-50 mA =270 Q

In this example, it is found that Rgnp must be at least 270 Q. It is also necessary to consider the power
dissipation in Rgnp during the reverse supply event:

Pronp = Ves 2/ Ranp (2)

Prenp = (13.5V)2/270 Q = 0.675 W
In practice, Rgnp may not be rated for such a high power. In this case, a larger resistor value should be selected.
10.1.2 Interface With Microcontroller

The ground protection network will cause the device ground to be at a higher potential than the module ground
(and microcontroller ground). This offset will impact the interface between the device and the microcontroller.

Logic pin voltage will be offset by the forward voltage of the diode. For input pins (for example, EN), the designer
must consider the V|4 specification of the switch and the Vou specification of the microcontroller. For a system
that does not include Dgnp, it is required that Vou > V. For a system that does include Dgpnp, it is required that
Von > (Viy + VE). VE is the forward voltage of Dgpp.

For use of the status pin, ST, a similar consideration is necessary. The designer must consider the Vg g7
specification and the V) specification of the microcontroller. For a system that includes DGND, it is required that

VoL, sT* VFE <V uc
The sense resistor, Rgng, should be terminated to the microcontroller ground. In this case, the ADC can

accurately measure the SNS signal even if there is an offset between the microcontroller ground and the device
ground.

10.1.3 I/O Protection

RproT is used to protect the microcontroller 1/0O pins during system-level voltage transients such as ISO pulses
or reverse supply. A large resistance value ensures that current through the pin is limited to a safe level.

10.1.4 Inverse Current

Inverse current occurs when 0 V < Vgg < Vgur. In this case, current may flow from Vgt to Vgg. Inverse current
cannot be caused by a purely resistive load. However, a capacitive or inductive load can cause inverse current.
For example, if there is a significant amount of load capacitance and the Vgg node has a transient droop, Vout
may be greater than Vpgp.

TPS27SA08 device will not detect inverse current. When the switch is enabled, inverse current will pass through
the switch. When the switch is disabled, inverse current may pass through the MOSFET body diode. The device
will continue operating in the normal manner during an inverse current event.
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10.1.5 Loss of GND

The ground connection may be lost either on the device level or on the module level. If the ground connection is
lost, both switches will be disabled. If the switch was already disabled when the ground connection was lost, the
switch will remain disabled. When the ground is reconnected, normal operation will resume.

10.1.6 Thermal Information

When outputting current, the TPS27SA08 device will heat up due to the power dissipation. Figure 10-2 shows
the transient thermal impedance curve that can be used to determine the device temperature during 1-W pulse
of a given length.
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Figure 10-2. Transient Thermal Impedance

10.2 Typical Application

This application example demonstrates how the TPS27SA08 device can be used to power resistive heater
loads as in seat heaters. Figure 10-3 shows a typical application where the load is a resistive seat heater. This
document highlights the basics of this type of application, however for a more detailed discussion reference Tl's
Smart Power Switch Seat Heater Reference Design.
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ST
LATCH  TPS27SA08 VOUT []—\
EN
Heater
Load
GND
I

Figure 10-3. Block Diagram for Powering Heater Loads

10.2.1 Design Requirements
For this design example, use the input parameters shown in Table 10-2.

Table 10-2. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Vis 128V
Heater Load 90-W max
Load Current Sense 100 mAto 20 A
Ambient temperature 85°C
Rgya 32.8°C/W (depending on PCB)

10.2.2 Detailed Design Procedure
10.2.2.1 Thermal Considerations

The DC current under maximum load power condition will be around 7.03 A. Power dissipation in the switch is
calculated in Equation 3. Ry is assumed to be 20 mQ because this is the maximum specification. In practice,
Ron will be lower.

Prer = 12 x Ron ©)
Prer = (7.03 A)2 x 20 mQ = 0.988 W (4)

The junction temperature of the device can be calculated using Equation 5 and the Rgja value from the
Specifications section.

Ty=Ta+ Rgya % Pret (5)

36 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS27SA08


https://www.ti.com/product/TPS27SA08
https://www.ti.com/lit/pdf/SLVSFJ6
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFJ6&partnum=TPS27SA08
https://www.ti.com/product/tps27sa08?qgpn=tps27sa08

13 TEXAS
INSTRUMENTS

www.ti.com

TPS27SA08
SLVSFJ6 — NOVEMBER 2020

T,=85°C + 32.8°C/W x 0.988 W = 117.4°C
The maximum junction temperature rating for TPS27SA08 device is T; = 150°C. Based on the above example
calculation, the device temperature will stay below the maximum rating.
10.2.2.2 Diagnostics

If the resistive heating load is disconnected (heater malfunction), an alert is desired. Open-load detection can
be performed in the switch-enabled state via the current sense feature of the TPS27SA08 device. Alternatively,
under open load condition in off-state with diagnostics enabled, the current in the SNS pin will be the fault
current and the can be detected from the sense voltage measurement.

10.2.2.2.1 Selecting the Rigys Value

Table 10-3 shows the requirements for the load current sense in this application. The Kgng value is specified for
the device and can be found in the Specifications section.

Table 10-3. Rgys Calculation Parameters

PARAMETER EXAMPLE VALUE
Current Sense Ratio (Kgns) 4600
Largest diagnosable load current 20A
Smallest diagnosable load current 50 mA
Full-scale ADC voltage 5V
ADC resolution 10 bit

The load current measurement requirements of 20 A ensures that current can be sensed up to the 20-A current
limit, while the low level of 100 mA allows for accurate measurement of low load currents.

The Rgns resistor value should be selected such that the largest diagnosable load current puts Vgng at about
90% of the ADC full-scale. With this design, any ADC value above 90% can be considered a fault. Additionally,
the Rgns resistor value should ensure that the smallest diagnosable load current does not cause Vgys to fall
below 1 LSB of the ADC. With the given example values, a 1-kQ sense resistor satisfies both requirements
shown in Table 10-4.

Table 10-4. Vgns Calculation

LOAD (A) SENSE RATIO Isns (MA) Rsns (Q) Vsns (V) % OF 5-V ADC
0.050 4600 0.011 1000 0.011 0.22%
20.000 4600 4.348 1000 4.348 87%

10.2.3 Application Curves

Figure 10-4 shows the behavior of the TPS27SA08 device in this application when the MCU provides an enable
pulse to beginning heating the resistive element. Shortly after the EN pin goes high, the load current begins to
flow and the SNS pin measures the output current.
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Figure 10-4. Heater Turn-on Time

By measuring the voltage on the SNS pin, the TPS27SA08 device can communicate back to the system MCU
what the load current is. Figure 10-5 shows that when the seat heater approaches full load and Igyt jumps from
a low load current of 1 A up to a 5-A load current, the load step is mirrored on the SNS pin.

stop

lout
SNS

)

(@ 200mv @ 1004 J[40.0us 25.0MS/s ® -
10K points 3.00A

Figure 10-5. SNS Response During Heater Load Step

One common concern in these type of applications is that the heating element can accidentally lose connection,
creating an open load situation. In this case, it is ideal for the TPS27SA08 device to recognize that the load
has been removed and report a FLT to the MCU. Figure 10-6 shows the behavior of the TPS27SA08 device
when there is no load attached. As soon as the DIAG_EN pin is engaged, the SNS output goes high and the ST
output engages low. By monitoring these pins, the MCU can recognize there is a fault and notify the user that
maintenance is required.
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Figure 10-6. Open Load Detection If Heating Element is Missing

Importantly, the TPS27SA08 device will also protect the system in the event of a short-circuit. Figure 10-7 shows
the behavior of the device if it is enabled into a short circuit condition. The current will be clamped to near the
current limit threshold (I ) until it hits an over temperature event, at which point the FET will be turned off. In this
way, the system is protected from unchecked overcurrent in the event of a short circuit.

30 24
—
25 aNs (v) | 2°
— EN (V)
20 16
< 15 12 2
g o
= 1 =
3 ' ° 2
5 4
0 . 0
-5 -4
0 0.00015  0.0003  0.00045  0.0006  0.00075
Time (s)

Figure 10-7. Overcurrent Behavior During Short Circuit Event

11 Power Supply Recommendations

The TPS27SA08 device is designed to operate in a 24-V system. The nominal supply voltage range is 8 V to
36 V. The device is also designed to withstand voltage transients beyond this range. When operating outside of
the nominal voltage range, the device will exhibit normal functional behavior. However, parametric specifications
may not be guaranteed.
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12 Layout

12.1 Layout Guidelines

To achieve optimal thermal performance, connect the exposed pad to a large copper pour. On the top PCB
layer, the pour may extend beyond the pad dimensions as shown in the example below. In addition to this, it is
recommended to also have a Vgg plane either on one of the internal PCB layers or on the bottom layer. Vias
should connect this plane to the top Vgg pour.

TPS27SA08 device has 6 Vot pins. All VouT pins must be shorted together on the PCB. Additionally, the layout
should ensure that the current path is symmetrical for both sides of the device. If the path is not symmetrical,
there will be some imbalance in current spreading across the power FET. This can impact accuracy of the
current sense measurement.

12.2 Layout Example

oo | DA EN |
SNS | SEL2 | TouC
[LATGH | © 0 O S
. e o O O ]
VBB
[sT | O O O [ NC ]
[ vouT | [ vouT ]
[vour | C O © vouT |
[vour | [vouT |
Figure 12-1. PWP Layout Example
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13 Device and Documentation Support

13.1 Device Support

13.1.1 Related Documentation

For related documentation see the following:

* TI's "How To Drive Inductive, Capacitive, and Lighting Loads with Smart High Side Switch
» Short Circuit Reliability Test for Smart Power Switches

* TI's Smart Power Switch Seat Heater Reference Design
* Reverse Battery Protection for High Side Switches

13.2 Trademarks
All trademarks are the property of their respective owners.

13.3 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘Si. \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
13.4 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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14 Mechanical, Packaging, and Orderable Information

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS27SA08CPWPR Active Production HTSSOP (PWP) | 16 3000 | LARGE T&R ROHS Exempt NIPDAU Level-3-260C-168HRS -40 to 125 27SA08C
TPS27SA08CPWPR.A Active Production HTSSOP (PWP) | 16 3000 | LARGE T&R ROHS Exempt NIPDAU Level-3-260C-168HRS -40 to 125 27SA08C

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

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

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

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

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

OTHER QUALIFIED VERSIONS OF TPS27SA08 :
o Automotive : TPS27SA08-Q1
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NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS27SA08CPWPR [HTSSOP| PWP 16 3000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS27SA08CPWPR HTSSOP PWP 16 3000 350.0 350.0 43.0
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GENERIC PACKAGE VIEW
PWP 16 PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4073225-3/J
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PACKAGE OUTLINE

™ .
PWPO0016M PowerPAD™ TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
e0tve
.
PIN 1 INDEX
0.1|C
/AREA 14x SEATING
2 16 — : PLANE
i I - | ]
1 ===-
¢ 1
2o | E |
’ 4.55
4.9
NOTE3 L —
—1 1
] 1
s | —m ==
9
B J 45 L 16x 390
4.3 -
[ |o.1@[c]a[8]
SEE DETAIL A
F (
/ "
: ! (0.15) TYP
\ J
N 7
THERMAL 2X 0.6 MAX
PAD NOTE 5
) N 2X 0.31 MAX
Y — e | NoTES
I AL I
1 \ — T E—
— 1
GAGE PLANE 1.2 MAX
337 [ | . —
2.48 : J
] 1 {
—] — ‘S* P ots
0°-8° .
— 1 008
L DETAIL A
o — ‘ ‘ ‘ — R PO TYPICAL
»j L 2 0.32 NOTE 5
0.16
2X (0.13) 2.78 NOTE 5
2.20 4223886/B 09/2019
NOTES: PowerPAD is a trademark of Texas Instruments.
1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
. This drawing is subject to change without notice.

exceed 0.15 mm per side.
. Reference JEDEC registration MO-153.
. Features may differ or may not be present.

(G20 w N

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
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EXAMPLE BOARD LAYOUT

PWPO0016M PowerPAD™ TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
SOLDER MASK
DEFINED PAD
16X (1.5) ﬁ METAL COVERED
BY SOLDER MASK
i |
16X (o 45) 1 ]
(R0.05) TYP —~
SYMM
R 5
[ NOTE 9
14X (0.65)
—
(@0.2) TYP
VIA

\

(1.2) TYP ‘ \
‘ SEE DETAILS
1

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

\ (5.8)

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING\ SOLDER MASK‘\ OPENING
|

EXPOSED METAL \ .\'¥EXPOSED METAL

JL0.0? MAX 4L007 MIN

ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS
4223886/B 09/2019

NOTES: (continued)

. Publication IPC-7351 may have alternate designs.

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

. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).

. Size of metal pad may vary due to creepage requirement.

. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged

or tented.
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EXAMPLE STENCIL DESIGN
PWPO0016M PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(2.78)
16X (1.5) OE_ifZSSETDHloCNK METAL COVERED
STENCIL BY SOLDER MASK
+ A R
16x(045 1 | | T 16

! /:I:I i 9 )
(R0.05) TYP LT ) !

o O | a)
sii ) . __ 17 BASED ON
; _ E;E]L 0.125 THICK
14X (0.65) O P STENCIL

SEE TABLE FOR
! ¢ ! DIFFERENT OPENINGS

FOR OTHER STENCIL
L— (5.8) —J THICKNESSES
SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 10X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.11X3.77
0.125 2.78 X 3.37 (SHOWN)
0.15 2.54 X 3.08
0.175 2.35 X 2.85

4223886/B 09/2019

NOTES: (continued)

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

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

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

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

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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

Copyright © 2026, Texas Instruments Incorporated
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