Ordering & Technical Design & Support & P SIS
E quality documentation development E training E %IF"—T}K

13 TEXAS TPS7H2140-SEP
INSTRUMENTS ZHCSSO5A - JULY 2023 - REVISED OCTOBER 2023
TPS7H2140-SEP Hi4E 5T 32V. 160mQ DUiiiE B FRKr 22
1 K5tk 3 {iHA
o RN EIHE , VID V62/23610 TPS7H2140-SEP  #% ff &2 — & &£ & M4~ 160mQ
o HLEARST AR (TID) A NMOS 1 FET H.52 2|4 77 A R4 ) VU i i 2 e e il
30krad(Si) FFo
T LTSN (RLAT) B SUR RIS 0 B DL B B RS PR IS0
20krad(Si) s 0 SR S R

© HRE T HRLT RN (SEE) o s -
- HRITHUE (SEL). MR Thes (SEB) fdpkip e (T AT AST IS L PRAE BABR R SO BRI

% (SEGR) #f T4tk feit (LET) ooy AT RANI TRk

4 43MeV-cm2/mg BEEE
- HURITBRAE (SET) ML T-IIRE 67 (SEFI) % Py 5@ Py——r
T M RE BAL 8 (LET) MFETINE N HTSSOP (28)
43MeV-cm?/mg TPS7H2140MPWPTSEP |9 A 6.4mm x 9.7mm
o BAFEE LB Thae A iR DA i ) DU 8 R = 124mg®
160m Q TR 22 TPS7H2140EVM PEAb AR PEAb AR

o TELAEHEVEME : 4.5V £ 32V

h A 1 T TRTE AT HE S | ES R EBIER R E TR
- T 500nA HIR{EEHLHE T M B "

Ko
o EREEEHAI - Y (2)  HFBUSHHMEE | HEE SLYB235.
ILOAD = 25mA E{I’ﬂ\j +15% (3)  JREIHRFRME.

T3 R (K x 85 ) SRR < .
o TSN (Roy) WA BT | HY lopp P FIESCT (R UREE ARSI

= 500mA I F5 N #15%

- BRI
- JEIE PR IR SR GND R R (A R ES 4
E‘ZB ) IN
- FA BRI TR RS Iy LUK R Y
- AR AL A B B R A A e —enpg | |

- FEHL AR A LR
. 2

- R e A

— TR A7 AR YR A

~ F T SEBLPIE AR ) 4 R AR
o 28 Hl#IEERT PWP H 2%

4 i : 1 4|°UT2 g'-» | Load #2 |

4 [ ! 1 ouT3 X'_. | Load#3 |

M iggﬁﬂﬂﬁs%%&*ﬁ’ (SEP) 4q:;—|°‘”‘ E('—b | Load #4 |
o AT ERREEH (-55°C & 125°C) o

2 };—;Z)Eﬁ oL GND

« DEHIJIRS (EPS) %

o LR R YR ERIC H b

 PUR S HLUEA R H]

o N LRI R R TG B R AL RN A R ]

o IRBhIRLRE

AR IS . TR, TR TS TR AR T R R AR A T E ML A, T IERESCRIHER . AffA
HERAPE | 55U I t.com 3 BT S SCRRAS (ISR ) .
English Data Sheet: SLVSH46


https://landandmaritimeapps.dla.mil/Downloads/MilSpec/Vid/V6223610.pdf
https://www.ti.com/solution/satellite-electrical-power-system-eps
https://www.ti.com/lit/pdf/SLYB235
https://www.ti.com.cn/product/cn/tps7h2140-sep?qgpn=tps7h2140-sep
https://www.ti.com.cn/cn/lit/pdf/ZHCSSO5
https://www.ti.com.cn/product/cn/TPS7H2140-SEP?dcmp=dsproject&hqs=#order-quality
https://www.ti.com.cn/product/cn/TPS7H2140-SEP?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com.cn/product/cn/TPS7H2140-SEP?dcmp=dsproject&hqs=#design-development
https://www.ti.com.cn/product/cn/TPS7H2140-SEP?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLVSH46

I3 TEXAS
TPS7H2140-SEP INSTRUMENTS
ZHCSSOS5A - JULY 2023 - REVISED OCTOBER 2023 www.ti.com.cn
Table of Contents
TR e 1 8.3 Feature Description............cccoeuveveueeeereeeeeeeeeeeneas 15
b2 < T 1 8.4 Device Functional Modes.............ccocvriiicciccnne, 28
BB e, 1 9 Application and Implementation.............................. 30
4 ReVISION HIStOTY...........voeoeoeeeeeeeeeeeeeee e 2 9.1 Application Information.............c..coooiiiiiiniin. 30
5 Pin Configuration and Functions...............c..cc.ccco....... 3 9.2 Typical Application.............cccccoeieiiiiniiiicieee, 30
6 SPECIfICAIONS............oveieeieeeeeeee e 4 9.3 Power Supply Recommendations..............ccc.cccceueee 32
6.1 Absolute Maximum Ratings ________________________________________ 4 94 LayOUt ....................................................................... 33
6.2 ESD RAUNGS.c...eeveeeeeeeeeeeeeeeeeeeeeseeeeeseeses e seeeeeeenen 4 10 Device and Documentation Support........................ 35
6.3 Recommended Operating ConditionS....ovvvel 5 10.1 DOCUI:nentatiO‘n Support .......................................... 35
6.4 Thermal INfOrmation..........c.cvooeeeeeeeeeeeee e 5 10.2 BB T v 35
6.5 Electrical Characteristics............cccccveeveveeeeereeeesnns 5 10.3 SR e 35
6.6 Switching CharacteristiCs...........ccccvvveveiiiiiiiieeiieene 7 10.4 Trademarks...........ccceiiieeiniiieeee e 35
6.7 Typical Characteristics..........ccoeuevevevereeererererereeeeeeenenns 9 10.5 BB EE S s 35
7 Parameter Measurement Information......................... 12 10,6 AR B Z e e 35
8 Detailed Description....................c.occooiiii 13 11 Mechanical, Packaging, and Orderable
8.1 OVEIVIEW.....uuuiiiiiiiiirieeieeee e ee e rveaeaees 13 Information................oooei s 35
8.2 Functional Block Diagram...........ccccccvveeeeeiiiieeeeennnns 14
4 Revision History
T DAHTARCAS 1) TR AT A8 5 24 RO 1) SRS AN [R]
Changes from Revision * (July 2023) to Revision A (October 2023) Page
o BSIRPIRESIN CTUEBE” TN BB e 1
2 R 15 Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS7H2140-SEP
English Data Sheet: SLVSH46


https://www.ti.com.cn/product/cn/tps7h2140-sep?qgpn=tps7h2140-sep
https://www.ti.com.cn/cn/lit/pdf/ZHCSSO5
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSSO5A&partnum=TPS7H2140-SEP
https://www.ti.com.cn/product/cn/tps7h2140-sep?qgpn=tps7h2140-sep
https://www.ti.com/lit/pdf/SLVSH46

13 TEXAS

INSTRUMENTS

www.ti.com.cn

TPS7H2140-SEP
ZHCSSO5A - JULY 2023 - REVISED OCTOBER 2023

5 Pin Configuration and Functions

GND [1]° 77T T | ouT1
NC : | ouT1
EN1 ! | ouT2
EN2 ! . ouT2
EN3 | | NC
EN4 | | IN
SEH i Thermal | IN
SEL | Pad : IN
FAULT : | IN
cs l | NC
cL l | ouT3
GND : | ouT3
THER | | OUT4
DIAG_EN L ____ ) ouT4

K 5-1. PWP Package

28-Pin HTSSOP With Exposed Thermal Pad

(Top View)
% 5-1. Pin Functions
PIN
1o DESCRIPTION
NAME NO.
CL 11 (0] Adjustable current limit. Connect to device GND if external current limit is not used.
CS 10 (0] Current-sense output.
DIAG_EN 14 | Enable-disable pin for diagnostics; internal pulldown.
FAULT 9 (0] Global fault report with open-drain structure, ORed logic for quad-channel fault conditions.
GND 1,12 — Ground pin.
EN1 3 | Input control for channel 1 activation; internal pulldown.
EN2 4 | Input control for channel 2 activation; internal pulldown.
EN3 5 | Input control for channel 3 activation; internal pulldown.
EN4 6 | Input control for channel 4 activation; internal pulldown.
No connect. This pin is not internally connected. It is recommended to connect this pin to
NC 2,19, 24 — GND to prevent charge buildup; however, this pin can also be left open or tied to any
voltage between GND and IN.
SEH 7 | CS channel-selection high bit; internal pulldown.
SEL 8 | CS channel-selection low bit; internal pulldown.
THER 13 | Thermal shutdown behavior control, latch off or auto-retry; internal pulldown.
OuUT1 27,28 (0] Output of the channel 1 high side-switch, connected to the load.
ouT2 25, 26 (6] Output of the channel 2 high side-switch, connected to the load.
OouT3 17,18 (0] Output of the channel 3 high side-switch, connected to the load.
ouT4 15, 16 (0] Output of the channel 4 high side-switch, connected to the load.
IN 20, 21, 22, 23 | Power supply.
Thermal pad — — Connect to device GND or leave floating.
(1) 1= Input, O = Other, — = Other
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) (1) (2)

MIN MAX UNIT
IN (t < 400 ms) 48
IN 35
Reverse polarity voltage ) -36
Input voltage ENx, DIAG_EN, SEL, SEH, and THER -03 7 v
FAULT -03 7
Cs -27 7
CL -0.3 7
ENx, DIAG_EN, SEL, SEH, and THER pins -10
GND (t<120s) -100 250
Input and output current FAULT -30 10 mA
Cs 30
CL 6
Input energy Inductive load switch-off energy dissipation, single pulse, single channel®) 40 mJ
Junction temperature Ty -55 150 .
Storage temperature Tstg -65 150 ¢

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) All voltage values are with respect to GND.

(3) Reverse polarity condition:time t < 60 s, reverse current < gy, Venx = 0V, GND pin 1-k Q resistor in parallel with diode.

(4) Test condition: Viy =13.5V,L=8mH,R=0 Q, T;= 150°C. FR4 2s2p board, 2 x 70- u m Cu, 2 x 35- u m Cu. 600 mm? thermal pad
copper area.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per IN and VOUTXx with respect to +4000
ANSI/ESDA/JEDEC JS-001(" GND -
Electrostatic Human body model (HBM), per .
VEsD) | gischarge ANSI/ESDA/JEDEC JS-001() All pins except IN and VOUTx | +2000 v
Charged device model (CDM), per ANSI/ESDA/ .
JEDEC JS-002, all pins (@) All pins 750

(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.
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6.3 Recommended Operating Conditions

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

MIN MAX| UNIT
IN (1) 45 32
Input voltage ENx, DIAG_EN, SEL, SEH, and THER 0 5 \Y
FAULT 0 5
Output current OouTx ©® 0 1.35 A
Ambient temperature | Ta -55 125 °C
(1)  All voltage values are with respect to GND.
(2) Transients up to the absolute maximum is allowed.
(3) Allchannel on.
6.4 Thermal Information
TPS7H2140-SEP
THERMAL METRIC(") HTSSOP (PWP) UNIT
28 PINS
Roya Junction-to-ambient thermal resistance 27
R0 yc(top) Junction-to-case (top) thermal resistance 20.3
Roys Junction-to-board thermal resistance 8 3
T Junction-to-top characterization parameter 0.2 cw
LT Junction-to-board characterization parameter 8
R0 Jc(bot) Junction-to-case (bottom) thermal resistance 1.1

(1)  For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

6.5 Electrical Characteristics

over 4.5V < Vy < 32V, temperature range (-55°C < T4 < 125°C), unless otherwise specified ()

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
OPERATING VOLTAGE
INyvLOR Internal V| UVLO rising 3.5 3.7 4
INyvLOF Internal V| UVLO falling 3 3.2 3.4 v
HYSTix. Internal V;y UVLO hysteresis 0.5
uvLo
OPERATING CURRENT
I Quiescent current with diagnostics ENx =5V, DIAG_EN =0V, loytx = 0 A, current limit =2 A, all 70
Q disabled channels on . A
m
Quiescent current with diagnostics ENx = DIAG_EN =5V, loytx = 0 A, current limit = 2 A, all
la_piac 6.2
enabled channels on
| Shutdown current with diagnostics ENx = DIAG_EN = OUTx=THER=0V Ta=25°C 0.5 uA
SD :
disabled Ta=125°C
Shutdown current with diagnostic ENx =0V, DIAG_EN =5V, V|y - Voutx< VoL ofF, hotin
lsp_piac enabled open-load mode N 5| mA
. . . . ENx from high to low, if elapsed time >t ow _orr, the device
tLow oFfF ENx signal low time during cycling enters into standby mode 10 125 15 ms
ENx = DIAG_EN = OUTx = 0 Ta=25°C 0.5
I IN to OUTx forward leakage current A
ENx = DIAG_EN = OUTx = 0 Ta=125°C
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6.5 Electrical Characteristics ( 4t )

over 4.5V < Vy < 32V, temperature range (-55°C < T4 < 125°C), unless otherwise specified ()

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
POWER STAGE
Ta=25°C 165
Ron On-state resistance mQ
Ta= 125°C 280
Percentage Difference in On-state
ARoN resistance between channels (Ron_crx Ta=25°C 6%
- Ron_cHy)
lcL_INTERNAL | Internal current limit Internal current limit value, CL pin connected to GND 11
A
IcLINTERNAL | Crrent limit during thermal shutdown | Internal current limit value under thermal shutdown 6.5
_TSD
L . External current limit value under thermal shutdown. o
loL_rsp Current limit during thermal shutdown | percentage of the external current limit setting value 70%
Vps_cLamp | Source-to-drain body diode voltage 50 70 \
OUTPUT DIODE CHARACTERISTICS
VE Drain-source diode voltage ENx =0, loytx = -0.15 A. 0.3 0.7 0.9 \%
Continuous reverse current from t<60s,ViN=24V,ENx=0V. —hpo
Ir1 - . Ta=25°C 25
source to drain Single channel reversed current to supply
Continuous reverse current from t<60s, Viy =24V, ENx=0V. A
Ir2 - GND pin 1-k Q resistor in parallel with diode. Ta=25°C 2.0
source to drain o
Reverse-current condition, All channels reversed
LOGIC INPUT (ENx, DIAG_EN, SEL, SEH, THER)
Viy Logic high-level voltage 2 v
Vi Logic low-level voltage 0.8
. . VN = Vpiag_en=5V 200 275 350
RpuLL_pown |Logic-pin pulldown resistor kQ
VIN = VENX = VSEL = VSEH = VTHER =5V 100 175 250
DIAGNOSTICS
Output leakage current under GND
lenp_L0ss  ||oss condition 100 KA
Venx =0V, when Viy - Vourx> VoL oFr.
VoL_oFrF Open load detection threshold Duration longer than to,_ofr, then open load is detected, off 1.6 2.6 \
state.
. : woh | VENx =0V, when Viy - Voure VoL oFr.
toL_oFF fi)rggn load detection threshold deglitch Duration longer than to_ofr, then open load is detected, off 300 550 800 us
state
- . Venx =0V, Vpiag en=5V, ViN = Vourx=24V, ~ 1080
loL_oFF Off-state output sink current open load Ta=125°C 100 A
VoL _raurT Fault low-output voltage IFauLT =2 MA 0.2 \%
ENx = DIAG_EN =5 V.
tcL_pecLiTcH | Deglitch time when current limit occurs | The deglitch time from current limit event to FAULT = Low and 220 us
Ves_FauLT
Tsp Thermal shutdown threshold 160 175
Thermal shutdown status reset
Tso_rsT threshold 155 o
Tew Thermal swing shutdown threshold 60
T Hysteresis for resetting the thermal 10
HYS shutdown or thermal swing
CURRENT SENSE AND CURRENT LIMIT
Kcs Current sense ratio 300
KeL Current limit ratio 2500
Current limit internal threshold
VoL tH voltage®) 0.8 v
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6.5 Electrical Characteristics ( 4t )

over 4.5V < Vy < 32V, temperature range (-55°C < T4 < 125°C), unless otherwise specified ()

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
dKcs / Kes Vin=13.5V, Iyt = 5 mMA -65% 65%
dKes /Kes | Gurrent sense accuracy, (Igs * Kos ~ | VN = 135V, lourc = 25 mA - 15% 15%
dKcs / Kgg | lour) 7 lout * 100 Vin = 13,5V, louty = 50 mA - 8% 8%
dKces / Kes Vin = 13.5V, loutx = 100 mA - 4% 4%
External current limit accuracy, (loytx | YIN = 13-5 V. lumir = 250 mA -20% 20%
= o % Ker) * 100/ (Ier % Kei) ViN=135V,2A < Iyr <4A - 15% 15%
ViN =65V 0 4
Ves LINear | Current-sense voltage linear range Ve - v
- 5V<VyN<65V 0 'N2
5
Vin = 6.5V, Ves Lnear < 4V 0 25
louTx LINEAR | Output-current linear range = A
- 5V <ViN<65V, Vs ingar < Vin - 2.5V 0 25
Vin = 7V, FAULT mode 4.5 6.5
Vs FAULT Current sense pin output voltage Min(Vin \
- 5V < V|\y <7V, FAULT mode - 2.3, 6.5
4.5)
I Current-sense pin output current Vea =45V Vi > 7V 15 mA
CS_FAULT | available in fault mode cs=®2 % UIN
Current-sense leakage current in
lcs_LEAK disabled mode 9 Vpiag EN=0V Ta=125°C 0.5 HA
(1)  All voltage values are with respect to GND.
(2)  VcL_ 7w tolerance is included in the dK¢ / K¢ tolerance.
6.6 Switching Characteristics
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
POWER STAGE
. . ViN=13.5V, Vpiag N = 5V, loutx = 500 mA,
fon Turn-on delay time from ENX rising edge to 10% of Vourx 20 50 90
y ; ViN=13.5V, Vpiag_en =5V, loutx = 500 mA,
torr Turn-off delay time from ENx falling edge to 90% of Vourx 20 50 90
on i ViN=13.5V, Vpjag_en =5V, loutx = 500 mA,
triSE Channel turn-on time from 50% of ENX 16 90% of Vours 66 88 125 us
~ . VIN =13.5YV, VDIAGiEN =5V, IOUTX =500 mA,
traLL Channel turn-off time from 50% of ENX 1o 10% of Vours 66 88 125
VIN =135V, lOUT= 500 mA.
tMATCH trise — traLL trise is the ENXx rising edge to Voyty = 90%. -50 50
teaLL is the ENx falling edge to Voyrx = 10%.
. ViN=13.5V, Vpiag_en =5V, loutx = 500 mA,
SRon Turn-on slew rate from ENXx rising edge to 10% of Vit 0.1 0.3 0.55 y
us
: ViN=13.5V, Vpiag N =5V, loutx = 500 mA,
SRorr Turn-off slew rate from ENx falling edge to 90% of Vours 0.1 0.3 0.55
CURRENT SENSE
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6.6 Switching Characteristics ( 4t )
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. . . Vin=13.5V,V, =5V, =500 mA. Current Limit = 2
tcs_oFF1 CS settling time from DIAG_EN disabled AI.NFrom Vone ih,‘\‘xfalling e?:ilégto 10% of Ves. 20
. . Vin=13.5V,V, =5V, =500 mA. Current Limit = 2
tcs_on CS settling time from DIAG_EN enabled A'_NFrom Voio ?erising egggxto 90% of Vos. 20
tcs_oFF2 CS settling time from IN falling edge ViN =13.5V, VEnx =5V, loutx = 500 mA. Current Limit = 2 30 100

A. From Vgny falling edge to 10% of V¢s.

ViN=13.5V, Venx =5V, loutx = 500 mA. Current Limit = 2
tcs on2 CS settling time from IN rising edge A. 50 150
From Vgny rising edge to 90% of Vcs.

s

Vpiag_En = 5V, current sense output delay when multi-
sense pins 50
SEL and SEH transition from channel to channel

Multi-sense transition delay from channel to

!
MUX channel
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6.7 Typical Characteristics
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16 0.75
— VijatViy=45V — OouT1
1.55 — VjgatViy= 12V \ — OUT2
1.5 — Vi at V=32V . 0.72 — OUuT3
i — Vi atViy=45V > \ —— OUT4
__ 145 — ViLatVin=12V S 0.69 \
s 4 Vi_atViN=32V £ \
Q . o
3 ) [ —— z \
s 35 — g 0.66 =
T 13 o \\
» 0.63
1.25 | 9
— 3 N
1.2 e 5 6
1.15 e ——]
1.1 — 0.57
55 35 15 5 25 45 65 85 105 125 55 35 15 5 25 45 65 85 105 125
Temperature (°C) Temperature (°C)
lrx = 150 mA
6-5. SEH Voltage Threshold vs V|y Al 6-6. Body-Diode Forward Voltage
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6.7 Typical Characteristics (continued)

Product Folder Links: TPS7H2140-SEP

63 330
— OUT1 / — V|N=45V
— OUT2 — Vn=12V
62| — ouT3 /’// 280 | — Vin=32v
— ouT4 / _
S 6t g
S g 230
2 g
S 60 £ L
g s / $ 180 —
€ 4 /
o 59 S |
%/ 130 —
" / i |
57 80
55 35 15 5 25 45 65 85 105 125 55 35 15 5 25 45 65 85 105 125
Temperature (°C) Temperature (°C)
IOUT1 =490 mA
A 6-7. Drain-to-Source Clamp Voltage & 6-8. Channel-1 FET On-Resistance
330 330
— V=45V — ViN=45V
— Vn=12V — V=12V
280 — V|N =32V 280 — V|N =32V
g )
E = A
o 230 @ 230 =
o o
s // s /
2 180 e 180 =
130 — 130 L1
/ /
80 80
55 -35 15 5 25 45 65 85 105 125 55 -3 -15 5 25 45 65 85 105 125
Temperature (°C) Temperature (°C)
IOUT2 =490 mA IOUT3 =490 mA
El 6-9. Channel-2 FET On-Resistance & 6-10. Channel-3 FET On-Resistance
330 35
— Vn=4.5V — OUT1
— V=12V 30 — OuT2
280 — Vin=32V — OUT3
_ 3 —— 0uT4
[e] 95 25
E =
' 230 - 8 N
2 L~ 20 AN
© 0
2 — 5 AN
$ 180 @ 15 N
o ] z
5 — £ 10 \
/ 8
130 -
T 5 ———
—
80 0 |
%5 85 15 5 25 45 65 85 105 125 55 35 15 5 25 45 65 8 105 125
Temperature (°C) Temperature (°C)
louts = 490 mA
& 6-11. Channel-4 FET On-Resistance 6-12. Current-Sense Ratio at 5 mA
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6.7 Typical Characteristics (continued)

10 7
— OUT1 — OUT1
— OUT2 6 — OUT2
8 — OUT3 5 — OuUT3
q — OUT4 < — OUT4
2 o 4
g 6 g 3
@ [
2 \ 2 2
g 4 L s =— - = ——
I N N 5, ~——r———F |
2 e 1
" 2
0 -3
55 36 15 5 25 45 65 85 105 125 55 35 15 5 25 45 65 85 105 125
Temperature (°C) Temperature (°C)
&l 6-13. Current-Sense Ratio at 25 mA & 6-14. Current-Sense Ratio at 50 mA
7 3
— OUT1 — OUT1
6 — OUT2 — OuT2
—— 0UT3 2 — OUT3
g, — 0UT4 9 — OuUT4
il o
g, g 1
3 \ 2 —]
é 3 N (}%) //
o - 0
Ll TN L — T
3 // / 3 /
3 N—— — 3 -
1 —1
0 2
55 35 -15 5 25 45 65 85 105 125 55 -35 -15 5 25 45 65 85 105 125
Temperature (°C) Temperature (°C)
& 6-15. Current-Sense Ratio at 100 mA El 6-16. Current-Sense Ratio at 500 mA
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7 Parameter Measurement Information

o
2 3
5 8
o
xX

& 7-1. Output Delay Characteristics

i i i i i i
| | | | | I
I I I I I I
I I I I I I
Vins | | | | | |
I I I I I I
I I I I I |
I | | | | | I
I ] ] ] i i I
/o i i I I I I
lourx I | | | | I I I
| | | | I I I I
I I I I I I |
I i i i I I I I
| I | | |
[ ] | I I I
Vo | | o
I I I I I I
I | I I I I
I | i I I I
I I I |
I ] I I
I | I I
Ves | I I |
I i I I
[ I I I
Ites_onz Ites o1 'tes_ont tes_orr2
1< PN 1 &N i
K] 7-2. CS Delay Characteristics
Open Load
|
|
VENX
I
|
VCSfFAULT *7: ***** "
|
Ves : oL orr
|
t
|
g : tor_orr
|
|
|
)
I

SEH
SEL
|
OVe = = = = = = — = — — }
|
|
|
Ves I tmux
—>
0V —t - - m - - - - - - =
|
A 7-4. Multi-sense Transition Delay
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8 Detailed Description
8.1 Overview

The TPS7H2140-SEP device is a eFuse, with internal charge pump and quad-channel integrated NMOS power
FETs. Full diagnostics and high-accuracy current-sense features enable intelligent control of the load. The
adjustable current-limit function greatly improves the reliability of whole system. The device includes diagnostic
reporting, which includes an global open-drain digital output and the current-sense analog output.

High-accuracy current sense makes the diagnostics more accurate without further calibration. One integrated
current mirror can source 1 / Kgg of the load current. The mirrored current flows into the CS-pin resistor to
become a voltage signal. Kcg is a constant value (300) across temperature and supply voltage. A wide linear
region from 0 V to 4 V allows a better real-time load-current monitoring. The CS pin can also report a fault with
pullup voltage of Vcs raurT-

The external high-accuracy current limit allows setting the current-limit value by applications. When overcurrent
occurs, the device improves system reliability by clamping the inrush current effectively. The device can also
save system area by reducing the size of PCB traces and connectors, and the capacity of the preceding power
stage. Additional, the device also implements an internal current limit (Ic._nTernaL) With a fixed value, between 8
to 14 A.

For inductive loads (relays, solenoids, valves), the device implements an active clamp between drain and source
to protect itself. During the inductive switching-off cycle, both the energy of the power supply and the load are
dissipated on the high-side switch. The device also optimizes the switching-off slew rate when the clamp is
active, which helps the system design by keeping the effects of transient power and EMI to a minimum.

The TPS7H2140-SEP device is a eFuse for a wide variety of resistive, inductive, and capacitive loads, including:
relays, solenoids, heaters, and sub-modules.
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8.2 Functional Block Diagram

Internal LDO Temperature Sensor Output IN
Internal Reference —P Clamp
Auxiliary Charge Pump
Gate Driver | E
and
ENx Charge Pump
i ouT1
Oscillator Pm;izt'on
Diagnostics ouT2
THER
OuT3
CS -
¢ Current Sense |« Current-Sense ouT4
Mux
SEH
ESD
SEL Protection
Current Limit
CL
Current Limit
] Reference
FAULT T
J
DIAG_EN « 1 T 2
< GND
» Diagnosis p
b Temperature
< : < Sensor otP
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8.3 Feature Description
8.3.1 Pin Current and Voltage Conventions

For reference purposes throughout the data sheet, current directions on their respective pins are as shown by
the arrows in [¥| 8-1. All voltages are measured relative to the ground plane.

In
IN [ Je——vy
VENxﬂ»[:l ENx
VEeaur ﬂ{] FAULT
Ipiac_en
Voine - DIAG_EN !
o EN—{] e OUTx I: |—VOUTX Voutx
\ 4IC"_[:| cL
Ves <ICS—[:| Ccs |
SEL
SEL I::|<—VSEL
|
VTHer —P'THER :l THER I: Isen
SEH |<—VSEH
GND
1
TIGND
Veno

Ground Plane

T
&l 8-1. Voltage and Current Conventions

8.3.2 Accurate Current Sense

High-accuracy current sense is implemented in the TPS7H2140-SEP. It allows a better real-time monitoring
effect and more-accurate diagnostics without further calibration.

The integrated current mirror sources a ratio of the load current as: 1 / Kcgg (Where: Kgg = 300). This mirrored
current flows into the external current sense resistor to become a voltage signal. The current mirror is shared by
the four channels. Channel selection is accomplished by using the multiplexer digital inputs (SEL and SEH). I¢cs
can be calculated using 775 1.

le = Ioutx _ louTx 1)
€S~ "Kgg ~ 300

Kcs is the ratio of the output current and the sense current (CS). It is a constant value across the temperature
and supply voltage (IN). Each device is calibrated accurately during production, so post-calibration is not
required. See | 8-2 for more details.
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Vin

lout/Kcs
4{ .
Ves_fauT O/C

FAULT |—oO ax

CS
Res
G

GND

lout

OUTx

II—«/vv—l

Z|
O

& 8-2. Current-Sense Block Diagram

When a fault occurs, the CS pin also works as a fault report with a pullup voltage of Vcs ragrr. During a fault the
maximum available current in CS is Ics_raurt (15 mA). See | 8-3 for more details.

On-State: Current Limit, Thermal Fault

A
Ves Off-State: Open Load, Short to Input, Reverse Polarity
Vesair4———————————— v )
Ves UNeARS — — — — — — — — — _
Current
Monitor Fault
Report

N

Ll
IOUTx

i 8-3. Current-Sense Output-Voltage Curve

Use /723 2 to calculate Rcs.

Ves _ Ves X Kces
Reg= —= = —=2 =2 2
05~ T¢s I0UTx @)

Take the following points into consideration when calculating Res.

* Ensure Vs is within the current-sense linear region (Vs LiNnears louTx LINEAR) @cross the full range of the
load current. Check Rgg with 772 3.

Ves _ VeS_LINEAR(MAX) * Kcs
Ics = louTx(MAX)

Rcs = (3)

* Infault mode, ensure Icg is within the source capacity of the CS pin (Ics_raurt)- Check Reg with 7785 4 .

Ves _ Ves_FAULT(MAX)

Reg=+—= 2= 4
G5~ Tcs = TIcs_FAULT(MIN) ()
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8.3.3 Adjustable Current Limit

A high-accuracy current limit allows high reliability of the design. It protects the load and the power supply from
overstressing during short-circuit-to-GND or power-up conditions. The current limit can also save system cost by
reducing the size of PCB traces and connectors, and the capacity of the preceding power stage.

When a current-limit threshold is hit, a closed loop activates immediately. The output current is clamped at the
set value, and a fault is reported out. The device heats up due to the high power dissipation on the power FET. If
thermal shutdown occurs, the current limit is set to Ic_ tsp (if set externally) or Ic. nTERNAL TSD (When using
internal) to reduce the power dissipation on the power FET. See 4| 8-4 for more details.

The device has two current-limit thresholds.

* Internal current limit - The internal current limit is fixed at I \nTERNAL, typically 11 A. Tie the CL pin
directly to the device GND for large-transient-current applications.

» External adjustable current limit - An external resistor is used to set the current-limit threshold. Use the 77
30 5 and J7#£3\ 6 to calculate the R¢. VoL 1H (0.8 V) is the internal band-gap voltage. K¢ (2500) is the
ratio of the output current and the current-limit set value. It is constant across the temperature and supply
voltage. The external adjustable current limit allows the flexibility to set the current limit value by applications.

VeL TH _ lour
leL = = = 5
CL ReL KoL (5)
VeL_tH X KL
Rep = ————7-—"— 6
CL TouT 6)
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Vin
IN 1
L
lout/Ker

Internal Current Limit § B
+

: > | "
lout
Vet 4 >
X

ouT

[ 1
L

Rioapx

Q@
z
lw]

External Current Limit

e

Lt

Reu

GND

K 8-4. Current-Limit Block Diagram

Note that if using a GND network which causes a level shift between the device GND and board GND, the CL
pin must be connected with device GND.

For better protection from a hard short-to-GND condition (when the ENx pins are enabled, a short to GND occurs
suddenly), the device implements a fast-trip protection to turn off the related channel before the current-limit
closed loop is set up. The fast-trip response time is less than 1 u s, typically. With this fast response, the device
can achieve better inrush current-suppression performance.

8.3.4 Inductive-Load Switching-Off Clamp

When switching an inductive load off, the inductive reactance tends to pull the output voltage negative.
Excessive negative voltage could cause the power FET to break down. To protect the power FET, an internal
clamp between drain and source is internally implemented, namely Vps ciawvp-

Vps_cramp = ViN — VouTx (7)

During the period of demagnetization (tgecay), the power FET is turned on for inductance-energy dissipation. The
total energy is dissipated in the high-side switch (Engs). Total energy includes the energy of the power supply
(Ein) and the energy of the load (E pap)- If resistance is in series with inductance, some of the load energy is
dissipated on the resistance (ER) and the inductor itself (E|).

Eyss = EIN + ELoap = Ein + EL, + ER (8)
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When an inductive load switches off, Esg causes high thermal stressing on the device. The upper limit of the
power dissipation depends on the device intrinsic capacity, ambient temperature, and board dissipation
condition.

Vin
o
|
|
|
|
|
|
: Vbs_cLavp
|
ENXx :| |
_| |
|
|
| L
OUTx
R

I_—|,_|—_,
— +
GND

K] 8-5. Drain-to-Source Clamping Structure

|
| |
|
|
ENx :
|
! »
' ' time
V|N_ I _—— i_ ________
l
|
Vourx : VDS_CLAMP
A .
»
v time
; : EHSS
loutx : :
| |
] ! »
! ! time

& 8-6. Inductive Load Switching-Off Diagram

From the perspective of the high-side switch, Eysg equals the integration value during the demagnetization
period.

tDECAY:
Enssx = Jo *Vps_cLamp X loutx(t) dt (9)

R x IoyT(MAX) * [VourTl > (10)

L
tDECAYx = | X 1n<

Vourl
ViN + [Vourl R x IoyT(MAX) * [Vourl
E =LX ——— X {(R x I 1\ X In 11
HSSx 2 ( outMax) ) — |IVourl Vour] (11)
When R approximately equals 0, Eyss) can be given simply as:
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1 2 (Vin + [Voutl)
Epgsy = > XL x I x [N OUTL 12
HSSx = 2 OUT(MAX) [ Nout] (12)

8-7 is a waveform of the device driving an inductive load and dissipating 40 mJ of energy across the NMOS
pass-element (across IN and OUT1) during the inductive kick-back. The energy was controlled by turning off the
channel # 1 at 2.8 (at loyT1).

The displayed signal definitions are shown in Scope Signals Description
% 8-1. Scope Signals Description

Channel # Name of the Signal Signal Color
1 VEN1 Blue
2 Vin Red
3 VouT1 Green
4 louT1 Magenta
Math Enssi Cyan

The device also optimizes the switching-off slew rate when the clamp is active. This optimization can help the
system design by keeping the effects of transient power and EMI to a minimum.

stop_ [ |
u 1 Vertical
€)0.00 div
(320.0mws
+
D EN S
[2vIN
vouT

\

(@ 5.00V @ 100V @ 1.004A

[2)
value Mean Min Max Std Dev
@) High 14.0V 15:3 14.0 15.6 641m

2.42 1.00ms 10.0MS/s & - 250V
8 5.000% 100K points

A 8-7. Inductive Load Switching-Off Waveform of 40mJ

CE | U

A. The nominal inductor value use for this waveform is 8mH.

Note that for PWM-controlled inductive loads, it is recommended to add the external freewheeling circuitry
shown in 4| 8-8 to protect the device from repetitive power stressing. TVS is used to achieve the fast decay. See
8-8 for more details.
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VIN

Output
Clamp

i

LOUTXp — — —

!

! ! } )
[ TVS I

!

|

=

| S—

@
Z |
W]

& 8-8. Protection With External Circuitry

8.3.5 Fault Detection and Reporting
8.3.5.1 Diagnostic Enable Function
The DIAG_EN pin enables or disables the diagnostic functions. If multiple devices are used, but the ADC
resource is limited in the house-keeping microcontroller, the MCU can use GPIOs to set DIAG_EN high to

enable the diagnostics of one device while disabling the diagnostics of the other devices by setting DIAG_EN
low. In addition, the device can keep the power consumption to a minimum by setting DIAG_EN and ENXx low.

8.3.5.2 Multiplexing of Current Sense

SEL and SEH are the multiplexer selector high and low digital inputs. The multiplexer controls the channel
selection for the current-sense function. As this function is shared among all four channels, only one at a time
can be observed. See % 8-2 for more details.

3 8-2. Diagnosis Configuration Table

DIAG_EN(™ | ENx(® SEH(") SEL(") cscﬁin\’@[ED CS, FAULT PROTECTIONS AND DIAGNOSTICS
H Diagnostics disabled, full protection
L — — — High impedance
L Diagnostics disabled, no protection
0 0 Channel # 1
0 1 Channel # 2 ) )
H — See % 8-3 See % 8-3
1 0 Channel # 3
1 1 Channel # 4
(1) L =0 =logical zero (false), H = 1 = logical one (true), — = don't care
8.3.5.3 Fault Table

7 8-3 applies when the DIAG_EN pin is enabled.
% 8-3. Fault Table

CONDITIONS ENx? | oUTx® | THER® | CRITERION® Cs FAULT FAULT RECOVERY

L L — — 0 H —

Normal i
H H . . In Ilqear H .

region
Overlaod, short to ground H L — Current limit \% L Auto
, g triggered CS_FAULT
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# 8-3. Fault Table ( £:)

CONDITIONS ENx® | OUTx@ | THER®@ | CRITERION() Cs FAULT FAULT RECOVERY
Open load™), short to power, Vin - Vourx <
reverse polarity L H - VoL_oFF Ves_FauLt L Auto
Output auto-retry. Fault recovers
L when TJ < T(SD,rst) or when INx
Thermal shutdown H — Tep triggered | Ves pault L toggles.

Output latch off. Fault recovers

H when INx toggles.

Thermal swing H — — Tsw triggered | Vcs FauLt L Auto

(1)  An external pullup is required for open-load detection.
(2) L =logical zero (false), H = logical one (true), — = don't care

8.3.5.4 FAULT Reporting

A global FAULT pin is used to monitor the global fault condition among all the channels. When a fault condition
occurs on any channel, the FAULT pin is pulled down to GND. A 3.3-V or 5-V external pullup is required to match
the supply level of the house-keeping processor.

After the FAULT report, the processor can check and identify the channel in fault status by using the multiplexed
current sensing pin. The CS pin also works as a fault report with an internal pullup voltage, Vcs FauLT-

8.3.6 Full Diagnostics
8.3.6.1 Short-to-GND and Overload Detection

When a channel is on, a short to GND or overload condition causes overcurrent. If the overcurrent triggers either
the internal or external current-limit threshold, the fault condition is reported out. The microcontroller can handle
the overcurrent by turning off the switch. The device heats up if no actions are taken. If a thermal shutdown
occurs, the current limit is Ic. tsp (70% of the externally set current limit) or lc NTERNAL TsD (6-5 A when using
the internal current limit) to keep the power stressing on the power FET to a minimum. The device automatically
recovers when the fault condition is removed.

8.3.6.2 Open-Load Detection
8.3.6.2.1 Channel On

When a channel is on (ENx = High), benefiting from the high-accuracy current sense in a small current range, if
an open-load event occurs, it can be detected as an ultra-low Vg and handled by the microcontroller. Note that
the detection is not reported on the FAULT pin. The microcontroller must multiplex the SEL and SEH pins to
detect the channel-on open-load fault proactively.

8.3.6.2.2 Channel Off

When a channel is off, if a load is connected, the output is pulled down to GND. But if an open load occurs, the

output voltage is close to the supply voltage (ViN - Voutx < VoL_orr), and the fault is reported out. Vo oFF is
between 1.6 and 2.6 V.

There is always a leakage current I (maximum of 0.5 n A at 25°C or 8 1 A at 125°C), present on the output due
to internal logic control path or external humidity, corrosion, and so forth. Thus, Tl recommends an external
pullup resistor to offset the leakage current when an open load is detected. The recommended pullup resistance
is20 kQ.
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|N,—INH
&

Open-Load Detection in Off State

|

Vor_orr

ReuLL_up

OUTx

AN——0 0

Rioap

K 8-9. Open-Load Detection in Off-State

8.3.6.3 Short-to-Input Detection

Short-to-Input has the same detection mechanism and behavior as open-load detection, in both the on-state and
off-state. See 3£ 8-3 for more details.

In the on-state, reverse current flows through the FET instead of the body diode, leading to less power
dissipation. Thus, the worst case occurs in the off-state.

* IfVourx - Vin < VE (body diode forward voltage), no reverse current occurs.

* IfVoutrx - ViN > VE, reverse current occurs. The current must be limited to less than Ir4. Setting an ENXx pin
high can minimize the power stress on its channel. Also, for external reverse protection, see Reverse-Current
Protection for more details.

8.3.6.4 Reverse Polarity Detection

Reverse polarity detection has the same detection mechanism and behavior as open-load detection both in the
on-state and off-state. See # 8-3 for more details.

In the on-state, the reverse current flows through the FET instead of the body diode, leading to less power
dissipation. Thus, the worst case occurs in the off-state. The reverse current must be limited to less than Ig,. Set
the related ENx pin high to keep the power dissipation to a minimum. For external reverse-blocking circuitry, see
Reverse-Current Protection for more details.

8.3.6.5 Thermal Fault Detection

To protect the device in severe power stressing cases, the device implements two types of thermal fault
detection, absolute temperature protection (thermal shutdown) and dynamic temperature protection (thermal
swing). Respective temperature sensors are integrated close to each power FET, so the thermal fault is reported
by each channel. This arrangement can help the device keep the cross-channel effect to a minimum when some
channels are in a thermal fault condition.

8.3.6.5.1 Thermal Shutdown

Thermal shutdown is active when the absolute temperature T; > Tgp. When thermal shutdown occurs, the
respective output turns off. The THER pin is used to configure the behavior after the thermal shutdown occurs.

* When the THER pin is low, thermal shutdown operates in the auto-retry mode. The output automatically
recovers when T; < Tgp - Tnys, but the current is limited to Ic_tsp or lcL iNTERNAL_TsD (depending if the
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internal or external current limit is used) to avoid repetitive thermal shutdown. The thermal shutdown fault
signal is cleared when T, < Tgp rst Or after toggling the related ENx pin.

*  When the THER pin is high, thermal shutdown operates in the latch mode. The output latches off when
thermal shutdown occurs. When the THER pin goes from high to low, thermal shutdown changes to auto-
retry mode. The thermal shutdown fault signal is cleared after toggling the related ENXx pin.

Thermal swing activates when the power FET temperature is increasing sharply, that is, when AT = Tggr -
TLocic > Tsw, then the output turns off. The output automatically recovers and the fault signal clears when AT =
Teer - Tiocic < Tsw - Tuhys. Thermal swing function improves the device reliability when subjected to
repetitive fast thermal variation. As shown in 8-10, multiple thermal swings are triggered before thermal
shutdown occurs.

Thermal Behavior After Short to GND

V1Her : : |
— ! ! | »
| | |
VENx [ | [
| | | -
] I i I »
| | |
_______ Y IP Y I,
IS NA L NN TN P
[ | |
| - ——— F—s————- Tsp_gst
| | |
| | |
| | |
| | |
- | | |
| l | |
T T - __ | |
INL_ d___ | |
| | |
[ | i | |
| RO :
o | sw | |
Ll | | |
Ll | | |
Ll | | | R
7 = T T T >
——| | |
cL | |
lourx : =——lc_tsp
N [N N I I e B [ I IS N S N S N SN . — >
[ | | |
L Vemr | : |
L | i i
Ves [ | \ |
| L ! | I >
1 | | |
Ll | | |
Ll | | |
e [ 11 : i :
[ | | |
1 | L ' | ' >

Kl 8-10. Thermal Behavior Diagram
8.3.7 Full Protections
8.3.7.1 UVLO Protection

The device monitors the supply voltage V), to prevent unpredicted behaviors when V) is too low. When V| falls
down to INyyoF, the device shuts down. When V| rises up to INyy or, the device turns on.

8.3.7.2 Loss-of-GND Protection

When loss of GND occurs, output is shut down regardless of whether the ENx pin is high or low. The device can
protect against two ground-loss conditions, loss of device GND and loss of module GND.
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8.3.7.3 Protection for Loss of Power Supply

When loss of supply occurs, the output is shut down regardless of whether the ENx pin is high or low. For a
resistive or a capacitive load, loss of supply has no risk. But for a charged inductive load, the current is driven
from all the 1/O pins to maintain the inductance current. To protect the system in this condition, TI recommends
two types of external protections: the GND network or the external free-wheeling diode.

Vin

!

1/0s
MCU —\\N\N— High-Side Switch ouT

¥

& 8-11. Protection for Loss of Power Supply, Method 1

\ln

I/Os
MCU —\A\\N— High-Side Switch ouT

1

L

& 8-12. Protection for Loss of Power Supply, Method 2

8.3.7.4 Reverse-Current Protection
Reverse current occurs in two conditions: short to power and reverse polarity.

* When a short to the input occurs, there is only reverse current through the body diode. g4 specifies the limit
of the reverse current.

* In a reverse-polarity condition, there are reverse currents through the body diode and the device GND pin. Irs
specifies the limit of the reverse current. The GND pin maximum current is specified in the Absolute
Maximum Ratings.

To protect the device, Tl recommends two types of external circuitry.

* Adding a blocking diode. Both the IC and load are protected when in reverse polarity.

Copyright © 2023 Texas Instruments Incorporated TR 15 25

Product Folder Links: TPS7H2140-SEP
English Data Sheet: SLVSH46


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tps7h2140-sep?qgpn=tps7h2140-sep
https://www.ti.com.cn/cn/lit/pdf/ZHCSSO5
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSSO5A&partnum=TPS7H2140-SEP
https://www.ti.com.cn/product/cn/tps7h2140-sep?qgpn=tps7h2140-sep
https://www.ti.com/lit/pdf/SLVSH46

TPS7H2140-SEP
ZHCSSO5A - JULY 2023 - REVISED OCTOBER 2023

13 TEXAS
INSTRUMENTS
www.ti.com.cn

I

Load

&| 8-13. Reverse-Current External Protection, Method 1

Adding a GND network. The reverse current through the device GND is blocked. The reverse current through

the FET is limited by the load itself. TI recommends a resistor in parallel with the diode as a GND network.
The recommended selection are 1-k @ resistor in parallel with a >100-mA diode. If multiple high-side switches
are used, the resistor and diode can be shared among devices. The reverse current protection diode in the
GND network forward voltage should be less than 0.6 V in any circumstances. In addition a minimum

resistance of 4.7 kQ is recommended on the |/O pins.

Vin

Load

& 8-14. Reverse-Current External Protection, Method 2

8.3.7.5 MCU 1/0 Protection

In some severe systems conditions the loss of power with inductive loads, results on a negative pulse on the
GND pin This pulse can cause damage on the connected microcontroller. TI recommends serial resistors to
protect the microcontroller, for example, 4.7 kQ when using a 3.3-V microcontroller and 10 kQ for a 5-V

microcontroller.
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1/0s IN
r——
MCU —l—'\/V\,—JI— High-Side Switch ouT

Load

|——]

%] 8-15. MCU 1/O External Protection

8.3.8 Parallel Operation

The TPS7H2140-SEP can be configured in parallel operation either to increase the current capability, up to 5.4
A, or to reduce the Ry (on-state resistance). Any channels combination can be parallel by connecting the
desired channels outputs (OUTx) and enable (ENx) signals together. ¥ 8-16 shows the input/output connections
when paralleling all 4 channels of the TPS7H2140-SEP

Vin

}

L
IN

EN1

EN2

py)
)

ILOAD

From Controller

EN3
Rioap

EN4

K] 8-16. Input and Output Connections when paralleling all channels in the TPS7H2140-SEP

For proper device operation follow the following recommendations:
1. Connect the ENx inputs signals of the channels to be parallel together and as close to the device (I.C.) as

possible.

2. Connect the OUTx output signals of the channels to be parallel together and as close to the device (I.C.) as
possible.

3. Take in consideration the deviations (or errors) in the Rgy, current limit and voltage clamp for the system
design.

Due to imbalance of currents in each channel (due to A Rpy) the total load current is not equally distributed. The
channel current bounds are:

ILoAD 1+ ARpN
. In<max) =—=x X (1_ ARON) (13)
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. ILoAD 1- AR
: In(“““) = 0N x <1 ¥ ARSE) (14)

where N is equal to the # of parallel channels and A Rgy is the difference between the on-state resistance for
any given channel.

At 25 °C the A Rpy maximum value is specified at 6 % (or 0.06), using this value and assuming the I pap is 5 A
the current by each channel can be calculated (using 723 13and 5723 14) as:

111 <1, < 141 (15)

When paralleling channels is important to known that the current limit is programmed per channel based (or the
same for all channels). The sensed current ratio on the current limit circuit have variations (as specified by
dKcL/Key). To deliver the expected load before reaching the current limit the designer most account for variation
on the sensed current gain and variations on the channels currents due to on-resistance mismatch as described
before. To select the current limit resistor when accounting for all system errors ( A Rgy and dK¢ /K¢ ) use:

dKcy, )

14 xKep (1 - |2
CL_TH CL( |KCL

I, (max)

Rcp| max | = (16)

As the sensed current is measured in a per channel based and reported on the CS pin. To measured the total
load current of parallel channels, the individual current most be measured and added together. The individual
currents are measured by using the SEH and SEL (mux inputs) in conjunction with the CS voltage.

The diagnostics as specified by Fault Table are globally reported, as the fault conditions affects all channels
simultaneously. When using the internal clamp (Vps cLamp) to dissipate the inductive kick-back energy the
energy most be limited to the maximum of a single channel.

#iE
The energy does not scale with the number of parallel channels and most be limited to the absolute
maximum value of 40mJ.

8.4 Device Functional Modes
8.4.1 Working Modes

The device has three working modes: normal mode, standby mode, and standby mode with diagnostics.

Note that ENx must be low for t > t ow oFF to enter the standby mode, where t ow ofr is the standby mode
deglitch time used to avoid false triggering. %] 8-17 shows a working-mode diagram.
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Standby Mode
(ENx=Low,DIAG_EN=Low)

Standby Mode
with Diagnostics
(ENx=Low,DIAG_EN=High)

ENx= Low to High

Normal Mode
ENx= High to Low for t>t,ow orr and (ENx=High)

DIAG_EN=LOW

& 8-17. Working Modes
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9 Application and Implementation

#1E

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ 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.

9.1 Application Information

The TPS7H2140-SEP device is capable of driving a wide variety of resistive, inductive, and capacitive loads,
including: relays, solenoids, heaters, and sub-modules. Full diagnostics and high-accuracy current-sense
features enable intelligent control of the load. An external adjustable current limit improves the reliability of the
whole system by clamping the inrush or overload current.

9.2 Typical Application

MCU

Rs

2

|-
IN
EN1,2, 3,4 outt [ J—»
DIAG_EN
out2 [ ¥
SEH
SEL outs [
out4 [ ¥
FAULT
cs
cL
GND THER
1 1

Load # 1

Load # 2

Load # 3

Load # 4

K 9-1. Typical Application Diagram

9.2.1 Design Requirements

° V|N=12V

*  Maximum load current up to 1 A (nominal) and for each channel

* Upto 1.1 A during transients before the current is limited.

* Current sense for fault monitoring
* Expected current-limit value of 1.1 A

* Automatic recovery mode when thermal shutdown occurs

* Full diagnostics with 5-V MCU/FPGA
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* Reverse-voltage protection with a blocking diode in the power-supply line

9.2.2 Detailed Design Procedure

When selecting the current limit resistor we most account for the accuracy of the limit. The accuracy on the

range of the desired current limit is + 20 %.

As the current limit can be shifted up to -20%, is desired to boost the load current by this factor. In which case

the load current for the calculation of the current limit is: 1.375 A.

To keep the 1.1 A nominal current in the 0 to 4 V current-sense range, calculate the Rgg resistor using 77 F2£ 4,
17. To achieve better current-sense accuracy, a 1% tolerance or better resistor is preferred.

\ Ves X K
Reg = CS _ YCS CS _ 4 X.fOO = 1.09 kQ

Tcs — Toutx 1
To set the adjustable current limit value at 2.5 A, calculate R using /723 18.

_ Veu_tH XKcL

_ 0.8 x2500 _
Rcl = ToUTx = = 1.45kQ

1.375

Tl recommends Rg = 10 kQ for 5-V MCU, and Rpy = 10 kQ as the pullup resistor.
9.2.3 Application Curves

Kl 9-2 shows a test example of soft-start when driving a big capacitive load.
waveform of the output current.

(17)

(18)

il 9-3 shows an expanded

Tek Prevu [ I Tek Prevu [ —
5 .
D mm—. '““.l_r )
2 [FauLTb I‘i :‘*.\
anuﬂu : : :
I LOUT LR - <= <= - e e S L LR L L S LS L L L L Ll B TOUT 1 mmremipmrmie rmmerrmiveerind
@ i S o o o Topams oyt o © o o Jul npoms Doy tera )
Vin=12V ENx = 1 loL=1.35A Vin=12V ENx = 1 loL=1.35A
Rout1 =20 Q Cout1 =2.201 mF CH1 = Vgyq = Blue RouTi= 20 Q Coutt = 2.201
CH2 = Vgagr= Cyan CH3 =Vgyr1 = CH4 = lgyt1 = mF
Magenta Green CH1 = Vgyq = Blue CH4 = loyt1 =
- cps . . Green
& 9-2. Driving a Capacitive Load With Adjustable
Current Limit B 9-3. Driving a Capacitive Load, Expanded
Waveform
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¥l 9-4 shows a test example of PWM-mode driving. & 9-5 shows the expanded waveform of the rising edge. K&
9-6 shows the expanded waveform of the falling edge.

Tek Prevu I 1 Tek Prevu I

j )
Dt

2){CS pummmus S L I = 2){Cs

— el U e
e

B

EB|vouTl

I l | | l f
B mml::l [P \ \ | 4 D T0UT L eoverammamimisprane ™
@ S0V 2.00ms SO0MS/s 7
10.0V @ somk @ J[ 10M points 2,90V ]
o Cj ?oggX @ soms o }{20'0”5 iOSN?E:)So/\:ls ofv ]ﬁoza
g?;gguen:y é“[;‘[;’.wlwlAHz 1213187'?35023 E ‘ - — - ] 16:2955)58
@ +Duty 49.99 % € High 580mé
Vin=12V  EN1=200-Hz PWM Routi=20 Q Vin=12V  EN1=200-Hz PWM Rout1 =20 Q
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& 9-6. Expanded Waveform of Falling Edge

9.3 Power Supply Recommendations

The TPS7H2140-SEP is designed to operate from an input range between 4.5 V to 32 V. This supply voltage
must be well regulated and proper local bypass capacitors should be used for proper electrical performance from
V|n to GND. Due to stringent requirements for space applications, typically numerous input bypass capacitors
are used and the total capacitance is much larger than for commercial applications. The TPS7H2140-SEP

evaluation module uses one 33-uF tantalum capacitor in parallel with one 10-uF, one 1-yF, and one 0.1-uyF
ceramic capacitor.
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9.4 Layout
9.4.1 Layout Guidelines

To prevent thermal shutdown, T; must be less than 150°C. The HTSSOP package has good thermal impedance.
However, the PCB layout is very important. Good PCB design can optimize heat transfer, which is absolutely
essential for the long-term reliability of the device.

* Maximize the copper coverage on the PCB to increase the thermal conductivity of the board. Maximum
copper is extremely important when there are not any heat sinks attached to the PCB on the other side of the

package.

* Add as many thermal vias as possible directly under the package ground pad to optimize the thermal

conductivity of the board.

* All thermal vias should either be plated shut or plugged and capped on both sides of the board to prevent
solder voids. To ensure reliability and performance, is recommended a solder coverage greater than 85%.

9.4.2 Layout Examples
9.4.2.1 Without a GND Network

Without a GND network, tie the thermal pad directly to the board GND copper for better thermal performance.
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& 9-7. Layout Example Without a GND Network
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9.4.2.2 With a GND Network
With a GND network, tie the thermal pad as one trace to the board GND copper.
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GND Network
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& 9-8. Layout Example With a GND Network
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10 Device and Documentation Support
10.1 Documentation Support
10.1.1 Related Documentation

For related documentation see the following:

* Texas Instruments, TPS7H2140-SEP Total lonizing Dose (TID)

* Texas Instruments, Single-Event-Effects Test Report of the TPS7H2140-SEP Quad-channel eFuse
* Texas Instruments, TPS7H2140-SEP NDD Report

* Texas Instruments, TPS7H2140EVM Evaluation Module (EVM)

* Texas Instruments, Unencrypted PSpice Transient Model

* Texas Instruments, Load Switch Thermal Considerations

* Texas Instruments, Basics of eFuses

* Texas Instruments, Basics of Load Switches

* Vendor Item Drawing, V6223610
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11 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 device. This data is subject to change without notice and without
revision of this document. For browser-based versions of this data sheet, see the left-hand navigation pane.
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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 ©)
@ ©)
TPS7H2140MPWPTSEP Active Production HTSSOP (PWP) | 28 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -55to 125 7H2140PWP
TPS7H2140MPWPTSEP.A Active Production HTSSOP (PWP) | 28 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -55t0 125 7H2140PWP
V62/23610-01XE Active Production HTSSOP (PWP) | 28 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -55t0 125 7H2140PWP

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

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

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

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

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

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

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

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

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

Addendum-Page 1
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GENERIC PACKAGE VIEW
PWP 28 PowerPAD" TSSOP - 1.2 mm max height

4.4 x9.7,0.65 mm pitch SMALL OUTLINE PACKAGE

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE

™ .
PWP0028M PowerPAD™ TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
e 22 Typ
[A] 6.2
PIN 1 INDEX
AREA , r 26X
) — 4Z£
— — j
—] —1
—] —1
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—] — 0-8 0.50 0.05
— — DETAIL A
—] — TYPICAL
) — —128
. 310 |

2.58

4224480/A 08/2018

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

INSTRUMENTS
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PWP0028M

EXAMPLE BOARD LAYOUT

PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(3.4)
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(3.1)
METAL COVERED
28X (1.5) S%MM /" BY SOLDER MASK
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SOLDER MASK DETAILS

4224480/A 08/2018

NOTES: (continued)

. Publication IPC-7351 may have alternate designs.
. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
. Size of metal pad may vary due to creepage requirement.

or tented.

. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

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

Ny
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EXAMPLE STENCIL DESIGN
PWP0028M PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(3.1
BASED ON
28X (1.5) 0.125 THICK METAL COVERED
STE'FClL BY SOLDER MASK
I /
28x(045 [ 1 ) | & ol [ o8
==} NN ==
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sw | 0 L) e
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=al NN ==
o A N S
SeIER ==
W] = ¢ o 15

SEE TABLE FOR
! ‘ DIFFERENT OPENINGS

FOR OTHER STENCIL
(5.8) THICKNESSES

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 8X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.47 X 4.53
0.125 3.10 X 4.05 (SHOWN)
0.15 2.83 X 3.70
0.175 2.62 X 3.42

4224480/A 08/2018

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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