'E Ordering & Technical Design & E Support &
6 o quality documentation development training

I$ TEXAS TIOS102, TIOS1023, TIOS1025
INSTRUMENTS ZHCSMU4A - FEBRUARY 2022 - REVISED DECEMBER 2022
B SEBIREAF IR K /N33 TI0S102 Al TIOS102x Hr L BRA8 %) H Ix 5h 5
1 55tk 2 N H
- RHIEST omEEFX
- 4.75V % 36V HFEHE ( TIOS102. o HA AU R L R A
TIOS1023) . %ijj%%
- 7V % 36V HIEHE (TIOS1025) © BT
- PNP. NPN sl i i 84 3 B
- RS e i
BT S R SR TIOS10200 HfF ATACE M, (RMSHE A 203
+ 15 TIOS101(x) SIS , JFRTE T 1A XL BMFERERSLEL 12KV (5000) B IEC
£ 200mA A BRAIE(T . N 0.5V ( I 61000-4-5 JRif , JFERR AR T
1) HFEEE—A 5] B A g f 42 (0 a2 A B . |
- A ROKBh A IR PR T D RE 5 FH AN FE B AR IC B 0 R PR . $R AL T i 5 A0
- NGB T HERAERE WA IhRE | AT R b A #4464
- AIX 7h B8 e #9822 Ve S uR e
i{)ﬁiﬂg?ﬁzﬂ%ﬁﬁﬁi , AR (K ryryses)
AR | RS e mmjfﬂ% akaall HERT (WAl )
- AT E KA EL R A ( S0mA 2 350mA ) TI0S1023 VSON (10) 3.00mm x 3.00mm
- VCC. OUT il GND Ef&ik 65V I MERMME 4557025
PRI
- . RN UVLO HdkfEdg RAT I:g:g;l_ DSBGA (12) @ 1.7mm x 2.45mm
- i?ﬁ%@‘fﬁﬁ%ﬁﬁ@iﬁéﬁ%ﬁ?ﬁm
- LAEMEGR VG @ -40°C % 125°C (1) 07 TR T ITIGSAE | 5 2 BB A FR I AT AT 0 7= i
* VCC M1 OUT L&k EMC R4/ TR X
- +8 KV IEC 61000-4-2 ESD i ity @ AR
- +4KkV IEC 61000-4-4 H1/ sty vecou]
- +1.2kV/500Q IEC 61000-4-5 R T - REGULATOR
- ARIREN R R SR 1
o WAL 1.5mA IR ( A5 FIREIRN ) T,
o R LDO #Iin] 34 Ris 20mA ] HELE Seor EN):: L
- TI0S1023 : 3.3V LDO
- TIOS1025 : 5V LDO T E T
- TIOS1023L (DSBGA) : ik 3.3V/5V LDO #it < FEE
o WA AN Y g i T %
- 3mm x 3mm 10 3| VSON ## ( 5 TIOS101 1
SIS )
~ 1.7mm x 2.45mm DSBGA H2% SR

AR BN , SRAAH R TIPS SCRARE R, DA S EMEE . o 56E M 7 3R AR MBS B, Vi
www.ti.com , FEARIRLMR . TIACRIER BRI TEAIA k. fESCBRBETE 0 | 155506 275 OB A IR 95 SCRRUAR
English Data Sheet: SLLSFL4


https://www.ti.com/technologies/functional-safety/overview.html#commitment
https://www.ti.com.cn/product/cn/TIOS102#tech-docs
https://www.ti.com/solution/proximity-sensor
https://www.ti.com/sensors/specialty-sensors/inductive/overview.html
https://www.ti.com/solution/actuator
https://www.ti.com/solution/digital-output-module
https://www.ti.com.cn/product/cn/tios102?qgpn=tios102
https://www.ti.com.cn/product/cn/tios1023?qgpn=tios1023
https://www.ti.com.cn/product/cn/tios1025?qgpn=tios1025
https://www.ti.com.cn/cn/lit/pdf/ZHCSMU4
https://www.ti.com.cn/product/cn/TIOS102?dcmp=dsproject&hqs=#order-quality
https://www.ti.com.cn/product/cn/TIOS102?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com.cn/product/cn/TIOS102?dcmp=dsproject&hqs=#design-development
https://www.ti.com.cn/product/cn/TIOS102?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLLSFL4

I3 TEXAS
TIOS102, TIOS1023, TIOS1025 INSTRUMENTS
ZHCSMU4A - FEBRUARY 2022 - REVISED DECEMBER 2022 www.ti.com.cn
Table of Contents
TR e 1 8.3 Feature Description............cccoeuveveueeeereeeeeeeeeeeneas 12
2 B oo 1 8.4 Device Functional Modes..............cccocoiiiininns 17
L1 = PO 1 9 Application Information Disclaimer............................. 19
4 ReVISION HIStOTY ..o 2 9.1 Application Information.............occooiiiiiiiii . 19
5 Pin Configuration and Functions...............c..cc.ccco....... 3 9.2 Typical Application...........cccooiiiiiiiiiiee e 19
6 SPECIfICAtIONS...........eeeeeeeeeeeeeeeeee e 5 10 Power Supply Recommendations.............................. 23
6.1 Absolute Maximum Ratings.............o.oevereerrrreeen. 5 T LAYOUL.....cooiiii e 24
8.2 ESD RAUNGS......eecveeeeeeeeeeeeeeeeeeeeeeeee e 5 11.1 Layout Guidelines..........cccueeiiiiiiiiiiiieiiieeee e 24
6.3 ESD Ratings - IEC Specifications..............cccocvveue.... 5 11.2 Layout Example..........oooiiiiiiiee e 24
6.4 Recommended Operating Conditions......................... 5 12 Device and Documentation Support.......................... 25
6.5 Thermal Information.......oo e 6 121 BEOCRE T IR e 25
6.6 Electrical Characteristics............c.cccoeeeeeeeereeeernns 6 12.2 Y oo 25
6.7 Switching Characteristics...........c.cceevvevveeeeceeieecnenen. 8 12.3 Trademarks..........cccovevieeeiniiee e 25
6.8 Typical Characteristics............ccccccevviiiiiieeiiiee e, 9 12.4 Electrostatic Discharge Caution...............cccceeinenne 25
7 Parameter Measurement Information.......................... 10 125 RIEZR oo 25
8 Detailed Description................cccccooiiiiiiieiie e, 11 13 Mechanical, Packaging, and Orderable
8.1 OVEIVIEW.....eiiieee ettt 11 Information................ooooii i 25
8.2 Functional Block Diagrams...........ccoocevevieeeenieennnnen. 11

4 Revision History

Changes from Revision * (February 2022) to Revision A (December 2022) Page
o BRI VSON B85 N 7 156 TN 2877 BB e 1

2 Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: T/IOS7102 TIOS1023 TIOS1025


https://www.ti.com.cn/product/cn/tios102?qgpn=tios102
https://www.ti.com.cn/product/cn/tios1023?qgpn=tios1023
https://www.ti.com.cn/product/cn/tios1025?qgpn=tios1025
https://www.ti.com.cn/cn/lit/pdf/ZHCSMU4
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSMU4A&partnum=TIOS102
https://www.ti.com.cn/product/cn/tios102?qgpn=tios102
https://www.ti.com.cn/product/cn/tios1023?qgpn=tios1023
https://www.ti.com.cn/product/cn/tios1025?qgpn=tios1025

13 TEXAS
INSTRUMENTS TIOS102, TIOS1023, TIOS1025
www.ti.com.cn ZHCSMU4A - FEBRUARY 2022 - REVISED DECEMBER 2022

5 Pin Configuration and Functions

vee_out| 7107} ne veen [T T i fI0) e
NFAULT [ 797} vee NFAULT[ 27} f P97 vee
NC 787 our nc[37} | ThermalPad § {8 Jout
IN A L) N W A K<
EN 767} um_AD) EN[ 5 i i 6T um_an
& 5-1. TI0OS1023, TIOS1025 & 5-2. TI0OS102
DRC, 10-Pin VSON DRC, 10-Pin VSON
(Top View) (Top View)
% 5-1. Pin Functions (VSON Package)
PIN
NAME
PIN NO Type DESCRIPTION
TI0S1023,
Tl0s102 TI0S1025
1 VCC_IN VCC_OUT P 3.3-V or 5-V linear regulator output; external 3.3-V or 5-V logic supply input for option without
LDO.
2 NFAULT NFAULT (0] Fault indicator output signal to the microcontroller. Connect this pin via pull-up resistor to
VCC_IN (TIO0S102) or VCC_OUT (TIOS1023, TIOS1025)
3 NC NC - Do not connect to GND. Leave floating
4 IN IN | Transmit data input from the local controller. No effect if EN is low. Logic high sets low-side
switch. Logic low sets high-side switch. Weak internal pull-up.
5 EN EN | Driver enable input signal from the local controller. Logic low sets the OUT output at Hi-Z.
Weak internal pull-down.
6 ILIM_ADJ ILIM_ADJ | Input for current limit adjustment. Connect resistor Rggt between ILIM_ADJ and GND.
7 GND GND GND Device ground connection
8 ouT ouT (0] Driver output
9 vCC VCC P Supply voltage (24 V nominal)
10 NC NC - Do not connect to GND. Leave floating
Thermal Pad |Thermal Pad |— Connect to GND plane for optimal thermal and electrical performance
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1 2 3 1 2 3
A | fono}  fouri  fvech A | fowoy  fours  {vec
AUV, NiCe™, ATV Nice™,
B \ADJ ; f_N_[_),:' .OUT. B B “ADJ 7 f_N_[_),:' . N__,:'

TR, D,
C NC AT C NC : ! i AT
D NC IN '} EN } D NC § IN '} EN }
A 5-3. TIOS1023L K 5-4. TI0OS102
YAH, 12-Pin DSBGA YAH, 12-Pin DSBGA
(Top View) (Top View)
3 5-2. Pin Functions (DSBGA)
PIN NAME
PIN NO Type DESCRIPTION
TIOS102 TIOS1023L
B3 VCC_IN VCC_OUT P 3.3-V or 5-V linear regulator output; external 3.3-V or 5-V logic supply input for option
without LDO.
C3 NFAULT NFAULT O Fault indicator output signal to the microcontroller. Connect this pin via pull-up resistor
to VCC_IN (TIOS102) or VCC_OUT
(TIOS1023, TIOS1025)
D2 X X | Transmit data input from the local controller. No effect if EN is low. Logic high sets low-
side switch. Logic low sets high-side switch. Weak internal pull-up.
D3 EN EN | Driver enable input signal from the local controller. Logic low sets the OUT output at Hi-
Z. Weak internal pull-down.
B1 ILIM_ADJ ILIM_ADJ | Input for current limit adjustment. Connect resistor Rggt between ILIM_ADJ and GND.
A1, GND GND GND Device ground connection
B2
A2 ouT ouT O Switch output
A3 VCC VCC P Supply voltage (24 V nominal)
D1,
c2 NC NC - Leave floating. Do not connect.
TIOS102: Leave floating. Do not connect
C1 NC VSEL | TIOS1023L: VSEL: Connect to GND for 5V LDO output. Please leave this pin floating
for 3.3V LDO output
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT

Steady state voltage for VCC and OUT - 65 65 \%
Supply voltage

Transient pulse width < 100 ps for VCC and OUT -70 70 \Y
Voltage difference [Vveey = Viour) 65 \
Logic supply voltage (TIOS102) VCC_IN -0.3 6 \Y
Input logic voltage IN, EN, VSEL, ILIM_ADJ -03 m'”(\i%%—'s"; v
Output current NFAULT -5 5 mA
Storage temperature, Ty -55 170 °C

(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
briefly operating outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not
sustain damage, but it may not be fully functional. Operating the device in this manner may affect device reliability, functionality,
performance, and shorten the device lifetime. All voltages are with reference to the GND pin, unless otherwise specified.

6.2 ESD Ratings

VALUE UNIT
Viesp) Electrostatic discharge JHS“_’SS?(ﬁOdV model (HBM), per ANS/ESDA/JEDEC All pins +4000 v
V(esD) Electrostatic discharge JCg_a(;'gg?zPevice Model (CDM), per ANSVESDA/JEDEC 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
6.3 ESD Ratings - IEC Specifications

VALUE UNIT

Electrostatic discharge IEC 61000-4-2 ESD (Contact Discharge), VCC, OUT and GND (1) +8,000
IEC 61000-4-5, 1.2 us/50 us Surge with 500 Q in series, VCC, OUT and GND (") +1,200 \%

V(esD) Electrostatic discharge

Electrostatic discharge

IEC 61000-4-4 EFT (Fast transient or burst), VCC, OUT and GND M

+4,000

(1) Minimum 100-nF capacitor is required between VCC and GND. Minimum 1-uF capacitor is required between VCC_IN/VCC_OUT and

GND.

6.4 Recommended Operating Conditions

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

MIN NOM MAX UNIT
TIOS102,TI0S1023,
v SUbDlY volt TIO1023L (3.3V output) 475 24 36 v
upply voltage
vee) TIOS1025, TIOS1023L (5V 7 04 % v
output)
v L vl it (TI0S102 only) 3.3 V configuration 3 3.3 3.6 \%
ogic level input voltage on
veen 9 9 y 5V configuration 4.5 5 55 \Y
RseT External resistor for CQ current limit 0 110 kQ
1gir Data rate (Communication mode) 250 kbps
livee_ou) LDO output current (TIOS1023,TIOS1023L, TIOS1025 only) 20 mA
Ta Operating ambient temperature -40 125 °C
T, Junction temperature 150 °C
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6.5 Thermal Information

TIOS102,
TIOS1023, TIOS102, TIOS1023L
THERMAL METRIC (") TI0S1025 UNIT
DRC (10 Pins) YAH (12 Pins)
RoJa Junction-to-ambient thermal resistance 45.9 79.3 °C/IW
R yc(top) Junction-to-case (top) thermal resistance 459 0.3 °C/W
Rous Junction-to-board thermal resistance 17.9 19.5 °C/IW
VT Junction-to-top characterization parameter 0.7 0.1 °C/IW
Y s Junction-to-board characterization parameter 17.8 19.4 °C/IW
R0 yc(oot) Junction-to-case (bottom) thermal resistance 4.7 N/A °C/IW

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

report.

6.6 Electrical Characteristics

over operating free-air temperature range (unless otherwise noted). Typical values are at Vycc = 24 V, Vycc v = 3.3V,

Vvee out = 3.3V and Ta =25 C unless otherwise specified.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
POWER SUPPLIES (VCC)
livee) Quiescent supply current EN = LOW, no load ! 15 mA
EN = HIGH, no load 2.1 2.95 mA
LOGIC-LEVEL INPUTS (EN, IN, VSEL)
Vi Input logic low voltage 0.8 \%
Vin Input logic high voltage 2 \%
Rpp Pull-down (EN) resistance 100 kQ
Rpy Pull-up (IN) resistance 200 kQ
Rpy Pull-up (VSEL) resistance 1000 kQ
CONTROL OUTPUTS (NFAULT)
VoL Output logic low voltage lo=4 mA 0.5 \%
loz Output high impedance leakage | Output in Hi-Z, Vo =0V or VCC_IN/OUT -1 1 uA
DRIVER OUTPUT (OUT)
Rps(on) High-side driver on-resistance 2.5 4.5 Q
1=200 mA 0.5 0.9 \Y
Vps(on) High-side driver residual voltage =100 mA 025 05 v
Rps(on) Low-side driver on-resistance 2.5 4.5 Q
Vps(on) Low-side driver residual voltage =200 mA 05 09 v
1=100 mA 0.25 0.5 \
lpp OUT pull-down current |1E(l)\lk=QLOW, IN=LOW, Rser. >= 0<Voun < 40 50 80 MA
Iy OUT pull-up current EN = LOW, IN = HIGH Vivee) -0V 40 50 80| A
\'j(SSTUT;B K/TJCC)—B) Voray 300 350 400, mA
\F;(SSLT)!(E\Z\(,)(;C)-B) Vor3v 35 50 701 mA
lo(Limy Driver output current limit Reer=0to 5kQ; @
V(OUT) = (V(vcey3) Vor3V 500 mA
Ty < T(spnyort <200 ps
~ = M
ﬁ,':(%sﬁ;’ff‘(:\t/:gg)eg)'?\fgr v 260 330 40| mA
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6.6 Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted). Typical values are at Vycc = 24 V, Vycc v = 3.3V,
Vvee out = 3.3 Vand Ta =25 C unless otherwise specified.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
PROTECTION CIRCUITS
VuvLo) VCC under voltage lockout VCC falling; NFAULT = Hi-Z TI0S102 and 3.3V 4.2 4.4 \
VuvLo) VCC under voltage lockout VCC rising; NFAULT = Hi-Z LDO version 46 475 v
VCC falling; NFAULT = Hi-Z 6 6.3 \Y
VuvLo) VCC under voltage lockout TIOS1025
VCC rising; NFAULT = Hi-Z 6.5 6.8 \%
VCC under voltage lockout - . Rising to falling
V(uvLo,Hys) hysteresis Rising to falling threshold threshold 200 mV
v VCC_IN under voltage lockout VCC_IN falling; NFAULT = Hi-Z 23 \%
(LGN | (No LDO option) VCC_IN rising; NFAULT = LOW 25 v
\Y VCC_IN under voltage hysteresis | . . ]
(UVLO_IN,HY _ ge hy
. (No LDO option) Rising to falling threshold 190 mV
TWRN) Thermal warning 125 °C
T(spN) Thermal shutdown Die temperature T, 150 160 C
T Hysteresis for thermal shutdown 14 c
(HYS) and warning thresholds
EN=LOW, IN=x; V(ouT) < V(GND) O V(0ouT) > V(vCC), UP 60 A
to |36 V|
| Leakage current in reverse EN=LOW, IN=x; V(our) < V(enD) Or V(ouT) > V(vce), up 110 UA
REV polarity to |55 V]
EN = HIGH, IN = LOW; V(OUT‘[O vce) = 3V 640 |JA
EN = HIGH, IN = HIGH; V(OUTtO GND) = -3V 10 |JA
LINEAR REGULATOR (LDO)
v Volt ot tout 5V LDO version 4.75 5 5.25 \%
oltage regulator outpu
(vee-oun 3.3V LDO version 313 33 346 Vv
Voltage regulator drop-out voltage 5VLDO 1.9 \
V lcc =20 mA load current
(DROP) (Vvee) ~ Vvec_out) ce 3.3V LDO 1.4 \%
Line regulation (dVcc outy _
REG AV(VCC)) (vee_oum lvee_out) = 1 mA 1.7] mvv
Load regulation (dV, /
Lres v 9 ) (dVivee_ouy Vivee) = 24V, lyec_outy = 100 pA to 20 mA 1%
(vcc_ouT)
PSSR Power Supply Rejection Ratio 100 kHz, liycc_out) =20 mA 40 dB

(1)  Current fault indication will be active. Current fault auto recovery will be de-activated.

(2) If operating continuously with this current limit, ensure that the current through the device does not cause the T to be greater than
T(spn for a given ambient temperature and thermal property of the system. For pulse durations t < 200 ps, the device can source or
sink current of at least 500 mA across the recommended operating conditions.
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6.7 Switching Characteristics

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

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
DRIVER
teLH, tPHL Driver propagation delay 600 1200 ns
Driver propagation delay skew. |
t 75 ns
Piskew) tpLH - trHL | See & 7-3
tpz, tozL Driver enable delay R =2kQ 4 us
. . C|_ =5nF
tpHz, tPLz Driver disable delay Reser) = 10k 4 us
tr, t Driver output rise, fall time 200 700 ns
It -t Difference in rise and fall time 50 ns
tsc Current fault blanking time 175 200 us
tosc Current fault indication delay 280 us
¢ Current fault driver re-enable 15 ms
SCEN wait time
OUT re-enable delay after V(uvLo) rising threshold crossing time to
kuvio) uvLo (M CQ enable time 10 30 50| ms
(1)  CQ output remains Hi-Z for this time
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6.8 Typical Characteristics

3 0.9
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© E 600
8 06 £ \
S E 500
> 05 E \
2 o4 T £ 400
N N =
& L a \
T 03 O 300
2 // g
g 02 £ 200
0.1 ] ° ~—
' = 100 —
0 / —
0 25 50 75 100 125 150 175 200 225 250 0
Load Current (mA) 0O 10 20 30 40 50 60 70 80 90 100 110
& 6-3. Residual Voltage vs Load Current: Low Side Rser (kQ2)
&l 6-4. Current Limit vs Rggt
800
— TIOS101
700 — TIOS102
<
E 600 \
E 500
E
§ 400
3 300 ANEN
5 N
2
£ 200
100 ~
0
0 10 20 30 40 50 60 70 80 90 100 110
RseT (k)
Ta=25°C
FE 6-5. Current Limit vs Rgey : TIOS102(x) vs TIOS101(x)
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7 Parameter Measurement Information
VCC

RL
IN ouT
RL CL
EN

K 7-1. Test Circuit for Driver Switching

VOH VOH

VoL VoL

& 7-2. Waveforms for Driver Output Switching Measurements

IN = High IN = Low

50%
ouT 20%

VoL Vyeo/2

& 7-3. Waveforms for Driver Enable or Disable Time Measurements
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8 Detailed Description
8.1 Overview

8-1 shows that the device driver output (OUT) can be used in a push-pull, high-side, or low-side configuration

using the enable (EN) and transmit data (IN) input pins. OUT can drive resistive, large capacitive or large
inductive loads.

TIOS102 and TIOS102x devices have integrated IEC 61000-4-4/5 EFT and surge protection. In addition,
tolerance to +65-V transients enables flexibility to choose from a wider range of TVS diodes if an application

requires higher levels of protection. These integrated robustness features will simplify the system-level design by
reducing the external protection circuitry.

These devices implement protection features for over-current, over-voltage and over-temperature conditions.
The devices also provide a current-limit setting of the driver output current using an external resistor.

The TIOS102x devices derive the low voltage supply from the typical 24 V industrial supply via an internal linear
regulator to provide power to the local controller and sensor circuitry.

8.2 Functional Block Diagrams

Rev. l
VCC_IN O— Polarity VCC
Protection
ESD and
Surge
IN i:: 50 _, Protection
EN € 8 lep ouTt
S Diagnostics Rev. Polarity
& Control Protection
NFAULT ) _l ESD and
TT1 Surge
CUR OK Protection
i ok J
% GND
ILIM_ADJ
& 8-1. Block Diagram, TIOS102
VEEL (YAH package only)
VOLTAGE Rev
VCC_OUT » Polarity VCC
REGULATOR Protection
ESD and
Surge
IN i:: 30 Protection
EN € 2 lep out
& Diagnostics Rev. Polarity
& Control Protection
NFAULT . _, ESD and
T 1 Surge
CUR OK Protection
P ok L}
. GND
ILIM_ADJ
& 8-2. Block Diagram, TIOS102x
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8.3 Feature Description
8.3.1 Current Limit Configuration

The output current can be configured with an external resistor on ILIM_ADJ pin. The highest current limit setting

with an external resistor of 10 kQ specifies a minimum of 300 mA over the operating temperature and voltage
range.

Output disable due to current fault and current fault auto recovery features can be disabled by floating ILIM_ADJ
pin. However, the current fault indication is still active in this configuration. This feature is useful when driving
large capacitance.

When the ILIM_ADJ pin is shorted to ground, the TIOS102(x) is configured to source or sink a minimum of 500
mA. In this mode, current fault indication is disabled. Output Disable and Auto Recovery feature is also disabled
in this mode. The driver is disabled if the power dissipation in the device causes the junction temperature to
reach T(spn-

% 8-1. Current Limitation

OUT Current Limit icati i
ILIM_ADJ Pin Condition r NFAULT Indication Due to Output Disable and Auto
(Min.) Current Fault Recovery
Rsgt resistor to GND Variable Y Y
(Rser: 10k Q to 110k Q) (35 mA to 300 mA) es es
Connected to GND (Rger 0to 5 500 mA No No
kQ)
OPEN 260 mA Yes No

8.3.2 Current Fault Detection, Indication and Auto Recovery

If the output current at OUT exceeds the internally set current limit o for a duration longer than tsc, the
NFAULT pin is driven logic low to indicate a fault condition. The output is turned off, but the LDO continues to
function. The output periodically retries to check if the output is still in the over current condition. In this mode,
the output is switched on for tgc in tgcen intervals. Current fault auto recovery mode can be disabled by setting
ILIM_ADJ = OPEN or GND. See % 8-3. Toggling EN will clear NFAULT.

8.3.3 Thermal Warning, Thermal Shutdown

If the die temperature exceeds Twrn), the NFAULT flag is held low indicating a potential over temperature
problem. When the T, exceeds T(spn), The output is disabled but the LDO remains operational. As soon as the
temperature drops below the temperature threshold (and after Tinys)), the internal circuit re-enables the driver,
subject to the state of the EN and IN pins.
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8.3.4 Fault Reporting (NFAULT)
NFAULT is driven low if either a current fault condition is detected, die temperature has exceeded Tyrn) OF
supply has dropped below the UVLO threshold. NFAULT returns to high-impedance as soon as all three fault

conditions clear.

; Normal
Output at Hi-Z ;
CUR OK=Z EN* Operation
= CUR OK=Z |€— =
Driver = OFF Driver = ON |
LDO = ON LDO = ON |

*

L o |
] 23 |
= z v e
~OE g(e |
= ~ [ ,1

Y & ~ - = s

ol " ~ 2

v PO\ ~ v 5
Thermal [ < <* S Current =1
Warning T>TWRN N Fault =
CUR_OK=Z |« CUR_OK =L 2 I
- IR = z
TMP_OK =L Outatlo(LIM) and T < TWRN | Driver=0FF |
Driver= EN/EN* v LDO=ON 2
LDO= ON o
A [

% = |
ol 2l 7 =
n| %) @] [
o 3 =
A ® m © |
=oEl z =

v 8 |

| v I

v | Current

Thermal Fault Recovery |
Shutdown J
CUR_OK=2Z CUR_ OK=L [
TMP_OK =L o
Driver = OFF Driver = ON for tg¢

LDO = ON LDO= ON

NFAULT = [CUR_OK && PWR_OK && TMP_OK]
& 8-3. Device State Diagram
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8.3.5 Device Function Tables

% 8-2. Driver Function

EN IN ouT COMMENT
L / Open X Hi-Z Device is in ready-to-receive state

H L H OUT is sourcing current (high-side drive)

H H / Open L OUT is sinking current (low-side drive)

% 8-3. Current Limit Indicator Function (t > tgc)

EN IN OUT CURRENT NFAULT COMMENT
H H / Open [ loum) | > lowimy L OUT current exceeds the set limit for over tsc
[ ouT) | < lowimy z Normal operation
H L [ loury | > lowimy L OUT current exceeds the set limit for over tsc
[ out) | < lowimy z Normal operation
L/ Open X X 4 Driver is disabled, current limit indicator is inactive

8.3.6 The Integrated Voltage Regulator (LDO)

The TIOS1023 and TIOS1025 each have an integrated linear voltage regulator (LDO) which can supply power to
external components. The voltage regulator is specified for VCC voltages in the range of 7 V to 36 V (TI0S1025)
or in the range of 5V to 36 V (TI0S102, TIOS1023) with respect to GND. The LDO is capable of delivering up to
20 mA. The LDO output is current limited to 35-mA to limit the inrush current onto VCC_OUT decoupling
capacitors during initial power up.

In the DSBGA (YAH) package, TIOS1023L offers pin-configurable LDO output via VSEL pin. When VSEL is
connected to GND, VCC_OUT is configured to provide a 5-V output. When VSEL is left floating, VCC_OUT
provides a 3.3-V output.

%% 8-4. LDO Output Configuration via VSEL pin (YAH Package)

VSEL pin connection VCC_OouT
GND 5V
Floating 3.3V

The LDO is designed to be stable with standard ceramic capacitors with values of 1 uF or larger at the output.
X5R- and X7R-type capacitors are best because they have minimal variation in value and ESR over
temperature. Maximum ESR should be less than 1 Q. With tolerance and dc bias effects, the minimum
capacitance to ensure stability is 1 1 F.
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8.3.7 Reverse Polarity Protection

Reverse polarity protection circuitry protects the devices against accidental reverse polarity connections to the
VCC, OUT and GND pins. The maximum voltage between any of the pins may not exceed 65 V DC at any time.

8-4 and ¥ 8-5 shows all the possible connection combinations.

VCC vce
L~
ouT DC out bC
TIOS102(x) TIOS102(x) RD
RL
GND GND
C > —L >—
| I
Correct Reverse Polarity Protected
Configuration Fault Conditions

TIOS102(x) TIOS102(x)
. Reverse Polarity Protected
Reverse Polarity Protected
- Fault Conditions
Fault Conditions
VCC
TIOS102(x) TI08102(x)

Reverse Polarity Protected

Reverse Polarity Protected

Fault Conditions

Fault Conditions

Kl 8-4. High-Side Driver Configuration
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VCC VCC
S
|
ouT DC ouT DC
TIOS102(x) TIOS102(x)
R R
GND - GND .
| I
Reverse Polarity
Correct Protected
Configuration Fault Conditions
VCC VCC
|
|
ouT 2P ouT 2 bC
TIOS102(x) TI0S102(x)
RL RL
GND GND
Reverse Polarity Protected Reverse Polarity Protected
Fault Conditions Fault Conditions
VCC VCC
oyt JbC out Qb
TIOS102(x) TIOS102(x)
R Re
,iMD GND
| I
Overcurrent Fault Reverse Polarity Protected
Protected Conditions

Fault Conditions

| 8-5. Low-Side Driver Configuration
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8.3.8 Integrated Surge Protection and Transient Waveform Tolerance

The VCC and OUT pins of the device are capable of withstanding up to 1.2 kV of 1.2/50 - 8/20 us IEC
61000-4-5 surge with a source impedance of 500 Q. The surge testing should be performed with a minimum 100
nF supply decoupling capacitor between VCC and GND, and 1 pF between VCC_IN/OUT and GND.

External TVS diodes may be required for higher transient protection levels. The system designer should ensure
that the maximum clamping voltage of the external diodes should be < 65 V at the desired current level. The
device is capable of withstanding up to £65-V transient pulses < 100 ps.

Combination
Wave
Generator

Auxiliary
Equipment
Protection
Equipment

1.2/50 - 80/20 uys CWG
R =500 @

Kl 8-6. Surge Test Setup

8.3.9 Power Up Sequence

VCC_IN and VCC domains can be powered up in any sequence. In the event of VCC is powered and VCC_IN is
not, the OUT pin remains in high impedance.

8.3.10 Undervoltage Lock-Out (UVLO)

The device enters UVLO if the VCC voltage falls below V yy o). (For the device without the integrated LDO, the
device monitors VCC_IN in addition to VCC. UVLO happens if either supply falls below the threshold.)

As soon as the supply falls below Vyyio0), NFAULT is pulled low, the LDO is turned off and the OUT output is
disabled (Hi-Z). Receiver performance is not specified in this mode.

When the supply rises above V(yyLo), NFAULT returns to Hi-Z (given no other fault conditions present) and the
LDO will be enabled immediately. The OUT output will be turned on after T(yy_o) delay.

8.4 Device Functional Modes
These devices can operate in three different modes.
8.4.1 NPN Configuration (N-Switch Mode)

Set IN pin high (or open) and use EN pin as control for realizing the function of an N-switch (low-side
configuration) on OUT.

8.4.2 PNP Configuration (P-Switch Mode)
Set IN pin low and use EN pin as control for realizing the function of a P-switch (high-side configuration) on OUT.
8.4.3 Push-Pull Mode

Set EN pin high and toggle IN as control for realizing the function of a push-pull output on OUT. ¥ 8-5, & 8-6,
and 3 8-7 summarize the pin configurations to accomplish the functional modes.
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% 8-5. NPN Mode

EN IN ouT
L / Open H / Open Hi-Z
H H / Open N-Switch
% 8-6. PNP Mode
EN IN ouT
L / Open Hi-Z
H P-Switch
% 8-7. Push-Pull Mode
EN IN ouT
L / Open X Hi-Z
H H / Open N-Switch
H L P-Switch
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9 Application Information Disclaimer

&1

PAR RLFR 4 145 B R T T1 38R YE FE , TI A GRILAERR A e . TI % N5 S
ARG THMH . & I, DU R RS DRE .

9.1 Application Information

TIOS102 and TIOS102x are robust 24-V digital drivers for industrial sensors.

9.2 Typical Application
_ VCC_OuUT VOLTAGE . Rev. Polarity vec
e REGULATOR Protection 04 uF
u .
10V 100 V
N 10 kQ % ESD and Surge
IN Protection
se
Sensor Ji:: £ |ep] t OUT
Front-End EN o Diagnostics Rev. Polarity
& Control Protection
_, ESD and Surge
J_ NFAULT [T Protection
CUR_ OK
= TMP _ OK l GND
PWR_ OK

ILM_ADJ =
Rset

B 9-1. Typical Application Schematic

9.2.1 Design Requirements
% 9-1 shows recommended components for a typical system design.

# 9-1. Design Parameters

PARAMETERS Design Requirement TIOS102(x) Specification

Input voltage range (VCC) 24V, 30 V (max) 7V to 36V (TIOS1025)

Output current (OUT) 200 mA Choose 250 mA limit with Rggt =27 kQ
Output voltage (VCC_OUT), Pick TIOS1025 5V Choose TIOS1025; VCC_OUT =5V
Maximum LDO output current (lyccou)) 5 mA lvee_out: Up to 20 mA
Pull-up resistors for NFAULT 10kQ 10kQ

VCC decoupling capacitor 0.1 yF /100 V 0.1 yF /100 V

LDO output capacitor 1uF/10V 1uF/10V
Maximum Ambient Temperature, Tp 105°C TIOS102(x) can Supp?r:tsl;z)to Ta0f125°Cif T, <
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9.2.2 Detailed Design Procedure
9.2.2.1 Maximum Junction Temperature Check

For a 200 mA current limit:

* Choose driver output current limit, lomy = 250 mA (allowing for current limit tolerance); Rggr = 27 kQ
* The maximum voltage drop across the high-side switch at 250 mA current is Vpgion) = 1.1 V.

This causes a power consumption of:
PDOP = VDS(ON) X IO(LIM) =11V x250mA =275mW (1)
For a 5 mA LDO current output,

PD;po = (VL + — VVCCOUT) X lycc_our = (30 —5)V x5mA = 125mW (2)

Total power dissipation,

PD = PDypg + PDgop = 275 mW + 125 mW = 400 mW 3)

Multiply this value with the Junction-to-ambient thermal resistance of 0 jp = 45.9 °C/W (taken from the Thermal
Information table) to receive the difference between junction temperature, T, and ambient temperature, Ta:

AT=T;—Ty=PD x84 =400mW x45.9 ¢y = 18.36 °C (4)
Add this value to the maximum ambient temperature of Tp = 105°C to receive the final junction temperature:
T;j=Tp+ AT =Ty+ PD x6;4 =105°C + 400 mW x45.9 *Clw = 105°C + 1836 °C = 123.36 °C (5)

As long as T, is below the recommended maximum value of 150°C, no thermal shutdown will occur. However,
the junction temperature is closer to Tyyrn and thermal warning may be generated if the junction temperature
rises above Tyygrn.

Note that the modeling of the complete system may be necessary to predict junction temperature in smaller
PCBs and/or enclosures without air flow.

9.2.2.2 Driving Capacitive Loads

These devices are capable of driving capacitive loads on the OUT output. Assuming a pure capacitive load
without series/parallel resistance, the maximum capacitance that can be charged without triggering current fault
can be calculated as:

c ~ Ho(rm) x tscl
LOAD = Voo
(6)

To drive higher capacitive loads and avoid overcurrent condition disabling the driver, it is recommended to leave
ILIM_ADJ pin floating. With ILIM_ADJ floating, TIOS102(x) indicates overcurrent fault without blanking time
delay (tsc) but does not disable the driver. Another approach is to drive high capacitive loads with a series
resistor between the output and the load to avoid overcurrent condition. Capacitive loads can be connected to
GND or VCC
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9.2.2.3 Driving Inductive Loads

The TIOS102(x) family is capable of magnetizing and demagnetizing large inductive loads. These devices
contain internal circuitry that enables fast demagnetization when configured as either P-switch or N-switch mode.

In P-switch configuration, the load inductor L is magnetized when the OUT pin is driven high. When the PNP is
turned off, there is a significant amount of negative inductive kick back at the OUT pin. This voltage is clamped

internally at about -15 V.

Similarly, in N-switch configuration, the load inductor L is magnetized when the OUT pin is driven low. When the
NPN is turned off, there is a significant amount of positive inductive kick back at the OUT pin. This voltage is
clamped internally at about 15 V.

The equivalent protection circuits are shown in ¥ 9-2 and 4| 9-3. The minimum value of the resistive load R can

be calculated as:

R - Vivee)

Iowm

Rev.

; VCC
—+{ Polarity —
Protection
ESD and
Surge
Protection ouT
Rev. Polarity
Protection ESD and
Surge
J.._ Protection
B |

[GND

&l 9-2. PNP Mode

()

Rev. VCC
—+{ Polarity —
Protection
J % ESD and R
Surge
Protection ouT
L Rev. Polarity L
Protection ESD and

Protection

R ’J} Surge
=

A

[GND

& 9-3. NPN Mode
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9.2.3 Application Curves
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& 9-4. OUT In Current Fault Auto Recovery, Low | [ 9-5. OUT In Current Fault Auto Recovery, High

Side Mode Side Mode
VCC=36V L=15HR =360 Q VCC =36V L=15HR, =360 O
Rser =10k Q Ta=25°C Rser=10kQ TA=25°C
& 9-6. OUT Driving Inductive Load, High Side & 9-7. OUT Driving Inductive Load, Low Side Mode
Mode (PNP) (NPN)

NFAULT indicated for the duration of charging and discharging of the capacitor but driver is not disabled when ILIM_ADJ is floating.
VCC =24V CL=20uF R_ =100 @ Rser=1MQ (ILIM_ADJ Ta=25°C
Floating)

K 9-8. OUT Driving Capacitive Load, Push-Pull Mode
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10 Power Supply Recommendations

The TIOS102 and TIOS102x are designed to operate from a 24-V nominal supply at VCC, but can operate from
supply voltage range of 7 V to 36 V (TIOS1025) or 4.75 V to 36 V (TI0S102, TIOS1023). This supply should be
buffered with at least a 100-nF/100-V capacitor.
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11 Layout

11.1 Layout Guidelines

Use of a 4-layer board is recommended for good heat conduction. Use layer 1 (top layer) for control signals,
layer 2 as GND, layer 3 for the 24-V supply plane (VCC), and layer 4 for the regulated output supply
(VCC_IN/OUT).

Connect the thermal pad to GND with maximum amount of thermal vias for best thermal performance.

Use entire planes for VCC, VCC_IN/OUT and GND to assure minimum inductance.

The VCC terminal must be decoupled to ground with a low-ESR ceramic decoupling capacitor with a
minimum value of 100 nF. The capacitor must have a voltage rating of 50 V minimum (100 V depending on
max sensor supply fault rating) and an X5R or X7R dielectric.

* The optimum placement of the capacitor is closest to the VCC and GND terminals to reduce supply drops
during large supply current loads. See ¥ 11-1 for a PCB layout example.

Connect all open-drain control outputs via 10 kQ pull-up resistors to the VCC_IN/OUT plane to provide a
defined voltage potential to the system controller inputs when the outputs are high-impedance.

Connect the Rggr resistor between ILIM_ADJ and GND.

Decouple the regulated output voltage at VCC_IN/OUT to ground with a low-ESR, 1 1 F, ceramic decoupling
capacitor. The capacitor should have a voltage rating of 10 V minimum and an X5R or X7R dielectric.

11.2 Layout Example

@ VIA to Layer 2: Power Ground Plane (VCC)
@ VIA to Layer 3: 24V Supply Plane (GND)
O VIA to Layer 4: Regulated Supply Plane (VCC_IN/OUT)

o O
1uF/10V
g I T L |100nF/
® 1 o) O/ T 50V
N
O H : ‘INC| @ @ : :VCC
NFAULT T 10 @e
\; | . . . : vcd @ X )
O| WM+ | i
F-my | -
e @ @ @ o Ut
Ty | SN} @@
IN ) | 1
IR N
- @ @ @ lee
EN Yo lo|ee [ X )
Y e - 56_
/‘ <! ® OGND
= oo
® | YW
—| Use Multiple Vias for
Exposed Thermal RseT VCC and GND
Pad Area
& 11-1. Layout Example
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12 Device and Documentation Support
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12.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

A s & B A & =

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

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘S \ 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.
12.5 NiER
TI Rif& AARERII IR TARE . BT B4R F5E o

13 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

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

® Lead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents TlI'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.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
TIOS1023DRCR ACTIVE VSON DRC 10 5000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 1023
TIOS1025DRCR ACTIVE VSON DRC 10 5000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 1025
TIOS102DRCR ACTIVE VSON DRC 10 5000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 102
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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