'E Ordering & Technical
6 o quality documentation
i3 TExAs
INSTRUMENTS

Design &
development

TIOS101, TIOS1013, TIOS1015
JAJSDGOC — JULY 2017 — REVISED FEBRUARY 2021

TIOS101, TIOS101x T %I - A RS A /N, AEY —FRER

18R

BERE 2 A0

- BERER BT AT AOBREHIBSL OB B EHIAL A]

fE TIOS101, TIOS1013, TIOS1015
HEIREE: 7V~36V

PNP. NPN. $7713 7 v a7 /LU THERR AT BEZ e HY

Va;

1R BE B E : 250mA T 1.75V

B HIfEZ 50mA~350mA (Z5% € 7l RE
+65V OB, 100us At

VCC, OUT, GND T#g K 60V D ififiit: {ri#
VCC BXO'OUT ® EMC 1N &

— +16kV IEC 61000-4-2 ESD #&fili i &

— #4kV IEC 61000-4-4 FEX M5 E e

— +1.2kV/500Q IEC 61000-4-5 H—
FAENE A AT O T A Bk 1.5H
KEWEEMARBRENEE

BT 2.2mA A

B KFEEDE 20mA O LDO A7 > av

— TIOS101:LDO 7L

— TIOS1013:3.3V LDO

— TIOS1015:5V LDO

BB L — < LA

THID ATl —H

YEAR R IR . -40°C~125°C

2.5mm x 3mm @ 10 ' VSON /o /r—

27V —=3>

o TEEAAYT

o AEMBIOFHEME Y
o TNV

3=

TIOS101(X) 7 A AT NAY AR, m—HP AR, =i
T a TV RTANRELUTHERRARETT, 2NnHDT
A A%, 1.2kV (500Q) @ IEC 61000-4-5 H-— it 2.5
o, WRRPEAR SN S L TUOVET,

AL T ST AR RERY T NI A A —T = A AT
0, arte—J0REEEEICE CEET, HIERR
HIRRI, AMT T OBTAE L TR CEET,

BIEARR . BROBER . WER ISR LT, 74/ A
B LW R EERE S CNET,

EmiEH

% 7yl =) BRGAZ (AFF)
TIOS101
TIOS1013 VSON (10) 2.50mm x 3.00mm
TIOS1015

FIRAEZR T R TOF AL AIZONTUL, ZOF —Z L —hDR
RBAZHHEE RESRLTIES,

(1)

VCC_OouT

I P
1pF

10V

- 10kQ

IN

al

Sensor
Front-End

CONTROL
LOGIC

NFAULT

L CUR_OK
TMP_OK
PWR_OK

TIOS101(x)
VOLTAGE L VcC
REGULATOR ED
:L 0.1 uF
100 V
'y =
-
‘)k
out
=1 DIAGNOSTICS
and h 4
CONTROL
5 x
[ GND
ILIM_ADJ T

%HSET

REWET TV —a>0OR

FEREIRO TIREIZ OV CORHRAFIR L 722 O BEHT, B OMEZHER T2 B A CTHARNICRIEL CODb 0T, 324 32 B/ SRR O RO i #u .
www.ti.com THITETE ZONANFICEESNET, TI CIRFHROEMRMERS IO AP OSEL U —ERIEV L E Ay BERORGZ2E ORI, 47

TR ORI A Z S <IESWET IO BV ZLET,

English Data Sheet: SLLSEV6

Support & o
E training ég%gﬂ'


http://www.ti.com/technologies/functional-safety/overview.html
https://www.ti.com/product/ja-jp/TIOS101#tech-docs
https://www.ti.com/product/ja-jp/TIOS1013#tech-docs
https://www.ti.com/product/ja-jp/TIOS1015#tech-docs
https://www.ti.com/sensors/magnetic-sensors/hall-effect-latches-switches/overview.html?keyMatch=PROXIMITY%20SWITCHES&tisearch=Search-EN-everything
https://www.ti.com/sensors/specialty-sensors/inductive/overview.html?keyMatch=INDUCTIVE%20SENSORS&tisearch=Search-EN-everything
https://www.ti.com/interface/io-link-digital-ios/overview.html?keyMatch=DIGITAL%20OUTPUTS&tisearch=Search-EN-everything
https://www.ti.com/product/ja-jp/tios101?qgpn=tios101
https://www.ti.com/product/ja-jp/tios1013?qgpn=tios1013
https://www.ti.com/product/ja-jp/tios1015?qgpn=tios1015
https://www.tij.co.jp/jp/lit/pdf/JAJSDG0
https://www.ti.com/product/ja-jp/TIOS101?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/ja-jp/TIOS101?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/ja-jp/TIOS101?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/ja-jp/TIOS101?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLLSEV6

i3 TEXAS
TIOS101, TIOS1013, TIOS1015 INSTRUMENTS
JAJSDGOC — JULY 2017 — REVISED FEBRUARY 2021 WWW.tij.CO.jp

Table of Contents

LI =R 1 8.2 Functional Block Diagrams............ccccceeveveeeeeeennnna. 9
2 T TV Y s 1 8.3 Feature Description............cooiiiiiiins 10
B 1 8.4 Device Functional Modes..........ccccoiiiiiiiiiiiiieeees 15
4 ReVISION HISOTY.........o.ovoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 2 9 Application Information Disclaimer............................. 17
5 Pin Configuration and Functions...............c..cc.ccco....... 3 9.1 Application Information.............cccooiiiiiiiii . 17
6 SPECIfICAIONS............oveieeieeeeeeee e 4 9.2 Typical Application...........ccoooiiiiiiiiiiee e 17
6.1 Absolute Maximum Ratings.............ocovwereeereerrerrnenn. 4 10 Power Supply Recommendations.................ccc.ccoec... 21
8.2 ESD RAUNGS......eecveeeeeeeeeeeeeeeeeeeeeeeee e 4 L LaYOUL..... ..o 22
6.3 Recommended Operating ConditionS....ovvvel 4 11.1 LayOUt GUIdElINES... ..o 22
6.4 Thermal INformMation.......om oo 5 11.2 Layout Example..........coooiiiiiiieeee e 22
6.5 Electrical CharacteriStics. ... 5 12 Device and Documentation Support.......................... 23
6.6 Switching Characteristics..............ccocooveveeeveeeeen 6 12,1 R¥ 2 A RO T HHRMZ ST IS 1 i 23
6.7 Typical Characteristics.............c.ccovevveeeeceeeeeeeeeeene 7 122 VIR =B UV =R e 23
7 Parameter Measurement Information........................... 8 12.3 Trademarks.........coooiiiiiiiieie e 23
8 Detailed Description...............cccccoeviiieeie i 9 12.4 B R E I T DR T e 23
8.1 OVEIVIBW. ....oviiiiiiii s 9 125 FHRESE oo 23

4 Revision History

Changes from Revision B (June 2019) to Revision C (February 2021) Page
o THFR DU ANTBEREZE A BN oottt ettt 1
Changes from Revision A (August 2018) to Revision B (June 2019) Page
o THAREF TIOS1013 BEUNTIOS1015 2T —F T —MTIBNM e 1
+ TIOS101-3 X T TIOS1013 IZZH, TIOS101-5 % TIOST1015 IZZE B ..ot 1
o [#£1DINVCC Tk 55V Ofifipt{ri |2 [VCC T K 60V OMRRMIRTE ITZE B e 1
* Changed the Supply voltage values From: MIN = -55 V, MAX = 50 V To: MIN = -60 V, MAX =60 V in the
ADbSOIUtE MaXimMUM RALINGS .........coioiiiiii ettt e et e e e b e e e e e s bt e e e e e e aabbe e e e e anreeas 4
» Changed the Voltage difference Max value From: 55 V To: 60 V in the Absolute Maximum Ratings ............... 4
* Changed |55 V| To: |60 V| in the Leakage current Test Conditions in the Electrical Characteristics.................. 5
+ Changed text From: "not exceed 55 V DC at any time." To: "not exceed 60 V DC at any time." in the Reverse
POlarity ProteCtion SECHON...........ciii ittt e et e e e e ab et e e e aa e e e e e e abbe e e e e ennees 13
Changes from Revision * (July 2017) to Revision A (August 2018) Page
* Changed the Thermal Information table VaIUES..............cooiiiiiiiiiiiiieee e aa e e e 5
2 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: T/IOS7101 TIOS1013 TIOS1015


https://www.ti.com/product/ja-jp/tios101?qgpn=tios101
https://www.ti.com/product/ja-jp/tios1013?qgpn=tios1013
https://www.ti.com/product/ja-jp/tios1015?qgpn=tios1015
https://www.tij.co.jp/jp/lit/pdf/JAJSDG0
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSDG0C&partnum=TIOS101
https://www.ti.com/product/ja-jp/tios101?qgpn=tios101
https://www.ti.com/product/ja-jp/tios1013?qgpn=tios1013
https://www.ti.com/product/ja-jp/tios1015?qgpn=tios1015

13 TEXAS

INSTRUMENTS

www.tij.co.jp

TIOS101, TIOS1013, TIOS1015
JAJSDGOC — JULY 2017 — REVISED FEBRUARY 2021

5 Pin Configuration and Functions

vec_nout |11 ————— 110 _ _| NC

I |

NFAULT | 12 | | 9, | vce

NG - =) 3 : Thermal : 8 r— ouT
— — | Pad I =

N |4 | 7. _| GND
| | | —

EN | 15 v 16 _| wm_ADy

Not to scale

Eq 5-1. DMW Package, 10-Pin (VSON), Top View

% 5-1. Pin Functions

PIN
110 DESCRIPTION
NAME NO.
ouT 8 (0] Switch output
VCC 9 POWER Supply voltage (24 V nominal)
GND 7 POWER Device ground
EN 5 | Driver enable input signal from the local controller. Logic low sets the OUT output at Hi-Z. Weak internal pull-
down.
Transmit data input from the local controller. No effect if EN is low. Logic high sets low-side switch. Logic low
IN 4 | A - . .
sets high-side switch. Weak internal pull-up.
VCC_IN/OUT 1 POWER 3.3-V or 5-V linear regulator output; external 3.3-V or 5-V logic supply input for option without LDO.
ILIM_ADJ 6 | Input for current limit adjustment. Connect resistor Rsgt between ILIM_ADJ and GND.
] Fault indicator output signal to the microcontroller. A low level indicates either an over- current, an
NFAULT 2 OPEN-DRAIN undervoltage in supply or an overtemperature condition. Connect this pin via pull-up resistor to VCC_IN/OUT.
NC 3,10 — No internal connection.
Thermal Pad — — Connect to GND plane for optimal thermal and electrical performance
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)() (2)

MIN MAX UNIT

Steady state voltage for VCC and OUT -60 60 \Y,
Supply voltage

Transient pulse width < 100 ps for VCC and OUT -65 65 \
Voltage difference [Vvee) = Viour) 60 \%
Logic supply voltage (TIOS101) VCC_IN -0.3 \
Input logic voltage IN, EN, ILIM_ADJ -0.3 \Y
Output current NFAULT -5 5 mA
Storage temperature, Tsig -55 170 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

(2) All voltages are with reference to the GND pin, unless otherwise specified.

6.2 ESD Ratings

VALUE UNIT

Human-body model (HBM), per ANSI/ESDA/JEDEC .
1S-001(M All pins +4000

o Contact discharge, per IEC 61000-4-22) @) +16000

V(Esp) Electrostatic discharge - - . \%

Electrical fast transient, per IEC 61000-4-4(2) Pins VCC, OUT +4000
Surge protection with 500 Q, per IEC 61000-4-5; and GND +1200
1.2/50 ps @ -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2)  Minimum 100-nF capacitor is required between VCC and GND. Minimum 1-uyF capacitor is required between VCC_IN/OUT and GND.
(3) Passing level is #4500 V if the device is powered and EN=IN=HIGH.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
V(vce) Supply voltage 7 24 36 \%
Vvee Ny Logic level input voltage (TIOS101 only) 33V configuration 3 33 36 v
- 5V configuration 4.5 5 5.5 \%
Rset External resistor for OUT current limit 0 100 kQ
gt Signaling rate (push-pull mode) 250 kbps
livec_out) LDO output current (TIOS1013 and TIOS1015 only) 20 mA
Ta Operating ambient temperature -40 125 °C
T, Junction temperature 150 °C
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6.4 Thermal Information

TIOS101(x)
THERMAL METRIC(") UNIT
DMW (10 Pins)
Rgua Junction-to-ambient thermal resistance 68.1 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 60.1 °C/W
Rgys Junction-to-board thermal resistance 40.6 °C/W
Wyt Junction-to-top characterization parameter 13.4 °C/W
Wi Junction-to-board characterization parameter 40.7 °C/W
ReJyc(pot) Junction-to-case (bottom) thermal resistance 25.2 °C/W

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

6.5 Electrical Characteristics

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

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
POWER SUPPLIES (VCC)
) EN = LOW, no load 1.5 22 mA
livee) Quiescent supply current EN = HIGH. no load 2 27 A
LOGIC-LEVEL INPUTS (EN, IN)
Vi Input logic low voltage 0.8 \
Vi Input logic high voltage 2 \
Rpp Pull-down (EN) resistance 100 kQ
Rpy Pull-up (IN) resistance 200 kQ
CONTROL OUTPUT (NFAULT)
VoL Output logic low voltage lo=4 mA 0.5 \%
loz Output high impedance leakage Output in Hi-Z, Vo = 0 V or VCC_IN/OUT -1 1 A
DRIVER OUTPUT (OUT)
1 =250 mA 1.75 \Y
High-side driver residual voltage 1 =200 mA 1.5 \
=100 mA 1.1 \Y
Vosion I = 250 mA 175 v
Low-side driver residual voltage 1 =200 mA 1.5 \%
1=100 mA 1.1 \
EN = LOW, IN = LOW, pull-down current 40 50 80 A
Ip OUT pull-up/down current
EN = LOW, IN = HIGH, pull-up current 40 50 80 HA
Rser = 100 kQ 35 50 70 mA
loLimy Driver output current limit Rser = 0 kQ 300 350 400 mA
RseT = OPEN(") 300 350 400 mA
PROTECTION CIRCUITS
V(uvLo) VCC under voltage lockout VCC falling; NFAULT = Hi-2 6 v
VCC rising; NFAULT = LOW 6.5 \
:/(UV'-O'HVS VCC under voltage hysteresis Rising to falling threshold 100 mv
Vo \ngg_;;ig:?er voltage lockout (No VCC_IN fjalfing; NFAULT = Hi-Z 24 \Y
VCC_IN rising; NFAULT = LOW 25 \Y
;/(UVLOYHYS zll\ijcl__lljl\lotjc)n;gn\;oltage hysteresis Rising to falling threshold 100 mv
TWRN) Thermal warning 125 °C
T(spN) Thermal shutdown Die temperature T, 150 160 °C
T(Hys) Thermal hysteresis for shutdown 10 °C
Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback
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6.5 Electrical Characteristics

(continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(ouT) < V(vce) or
Viout) > Vvee) 50 pA
up to |36 V|
| Leak ) lart Viour) < VY(our) or
REV eakage current in reverse polarity Viou) > Vivee) 80 pA
up to |60 V|
EN = HIGH, IN = LOW; V(OUT to VCC) = 3V 550 LIA
EN =HIGH, IN = HlGH;V(OUTtOGND)='3V 10 LIA
LINEAR REGULATOR (LDO)
v Vol | TIOS1015 4.75 5 5.25 \%
oltage regulator output
tvee_ouny TeTEgE 20 P TI0S1013 3.13 33 346 v
Voltage regulator drop-out voltage _ TIOS1015 1.9 \
V lcc =20 mA load current
OROP - (Vivee) — Vivee_our) ce TIOS1013 23| v
REG Line regulation (dV(vcc_outy lvoc_oum = 1 mA 170 munv
dV(vce) -
Lres Load regulation (dV(vcc_outy Vivee) = 24V, lyee_our = 100 pA to 20 mA 1%
V(vee_ouT)) -
PSSR Power Supply Rejection Ratio 100 kHz, lyvcc_out) =20 mA 40 dB
(1)  Current fault indication will be active. Current fault auto recovery will be de-activated.
6.6 Switching Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpLH, tPHL Driver propagation delay 600 800 ns
Driver propagation delay skew. |tp 4 - 9 7-
tp(skew) tonL| propag Y lteLm See [4 7-1 100 ns
PHL See [4 7-2
tpzH, trzL Driver enable delay See [¥] 7-3 4 us
— R.=2kQ
tpHz, tPLz Driver disable delay CL=5nF 4 us
tr, t; Driver output rise, fall time Risen) =0Q 150 ns
|ty — ¢l Difference in rise and fall time 50 ns
tsc Current fault blanking time 175 200 us
tosc Current fault indication delay 260 us
tscen Current fault driver re-enable wait time 15 ms
V rising threshold crossing
" 1) (LVLO)
tuvLo) OUT re-enable delay after UVLO time to OUT enable time 10 30 50 ms

(1)  OUT output remains Hi-Z for this time
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6.7 Typical Characteristics
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6-1. Supply Current vs Supply Voltage

25°C

Residual Voltage (V)

1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0

e
— -40°C
— 25°C
— 125°C
0 50 100 150 200 250

Load Current (mA)

6-2. Residual Voltage vs Load Current: High Side
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6-3. Residual Voltage vs Load Current: Low Side
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7 Parameter Measurement Information
VCC

RL
IN ouT
RL CL
EN

7-1. Test Circuit for Driver Switching

VOH VOH

VoL

B4 7-2. Waveforms for Driver Output Switching Measurements

IN = High IN = Low

ouT 20%

Vou Vvce/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.

TIOS101 and TIOS101x 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 TIOS101x 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

VCC_IN (l\—

JQ—(lwcc

A
—
|Ng:: 5 o =4
EN == ouT
8- > Diagnostics A
& Control -
=t
NFAULT
vy
CUR OK
TMP_OK
PWR OK f GND
ILIM_ADJ
] 8-1. Block Diagram, TIOS101
P Voltage
VCC_OUTQ+ Regulator ¢—vce
A
v -
INi:: 5o |’—_*
EN € 8 le» out
o Diagnostics A
& Control ]
=,
NFAULT ‘ ‘ ¢
CUR_OK
TMP_OK
PWR_OK fGND

ILIM_ADJ

8-2. Block Diagram, TIOS101x
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8.3 Feature Description
8.3.1 Current Limit Configuration

The output current can be configured with an internal resistor on ILIM_ADJ pin. The maximum settable current
limit is 300 mA. This maximum setting specifies a minimum of 300 mA over temperature and voltage.

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 capacitances.

R 8-1. Current Limitation

ILIM_ADJ Pin Condition OUT Current Limit NFAULT Indication During Fault| ~ CUtPUt g:::\i: r‘;“d U
RgsgT resistor to GND Variable Yes Yes
Connected to GND 300 mA Yes Yes
OPEN 300 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 oy 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 tgcey intervals. Current fault auto recovery mode can be disabled by setting
ILIM_ADJ = OPEN. See 7 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 Tspn), 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.

i Normal
Output at Hi-Z ;
CSR OK=Z EN* Operation
iver CUR_OK=7 |€— -
Driver = OFF R O |
LoO=ON LDO = ON |
M
P4 8 |
] SE |
- é v s._l
" = 7|9 |
= ~ o=
= 4
Y 2 ~ - = s
- [ < N ~ =]
v PO\ ~ v 5
Thermal 1 i =~ ~ Current sl
Warning T>TWRN N Fault —
SN CUR_OK =L ol
= AN OutatloLiM) and T < TWRN Driver = OFF | ¢ |
Driver= EN/EN* > fiver = OF =
LDO= ON 3]
A A~
B = |
o I I T -} I
An al |2
. 2 m © |
-1 el I
\% 8 I
| i I
Y I 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]
B 8-3. Device State Diagram
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8.3.5 Device Function Tables

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

8.3.6 The Integrated Voltage Regulator (LDO)

The TIOS1013 and TIOS1015 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 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.

The LDO is designed to be stable with standard ceramic capacitors with values of 1 pyF 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 uF.
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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 60 V DC at any time.

8-4 and [X] 8-5 shows all the possible connection combinations.

VCC VCC

L~
T DC ouT DC
TIOS101(x) AL TIOS101(x) =T
GND GND
C > o—L >—
|
Correct

Reverse Polarity Protected

Configuration Fault Conditions

VCC
| R
TIOS101(x) TIOS101(x)
. Reverse Polarity Protected
Reverse Polarity Protected
. Fault Conditions
Fault Conditions
VCC
TIOS101(x) TIOS101(x)

Reverse Polarity Protected

Reverse Polarity Protected

Fault Conditions Fault Conditions

8-4. High-Side Driver Configuration
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K 8-5. Low-Side Driver Configuration

VCC VCC
I
L~
ouT bC ouT e
TIOS101(x) TIOS101(x)
RL RL
GND GND
| N
| I
Correct Reverse Polarity Protected
Configuration Fault Conditions
VCC VCC
|
|
ouT e ouT Dbc
TIOS101(x) TIOS101(x)
RL RL
ND GND
Reverse Polarity Protected Reverse Polarity Protected
Fault Conditions Fault Conditions
C VCC
1 =E ouT Qoc
TIOS101(x) TIOS101(x)
RL RL
i GND ND
| I
Reverse Polarity Protected Reverse Polarity Protected
Fault Conditions Fault Conditions
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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

Decoupling >100nF ——
Network
O

X 8-6. Surge Test Setup

1.2/50 - 80/20 us CWG
R=500Q

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 Vyy, 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 V(yy o), 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. % 8-4, & 8-5,
and # 8-6 summarize the pin configurations to accomplish the functional modes.
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£ 8-4. NPN Mode
EN IN ouT
L / Open H / Open Hi-Z
H H / Open N-Switch
£ 8-5. PNP Mode
EN IN ouT
L / Open L Hi-Z
H L P-Switch
£ 8-6. 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
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9.1 Application Information

TIOS101 and TIOS101x are robust 24-V digital drivers for industrial sensors.

9.2 Typical Application

TIOS101(x)
o vec_ouTt VOLTAGE T« vce
N REGULATOR I
1HF 0.1 pF
10V 100 V
10 kQ % 1
IN 5 |:
o
Sensor Es K— ouT
Front-End EN z3 DIAGNOSTICS
(] and
CONTROL
|r— 'y
NEAULT
JT_ CUR_OK
TMP_OK GND
PWR_OK
ILM _ADJ

%RSET

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 VALUE
Input voltage range (VCC) 24V, 30 V (max)
Output current (OUT) 200 mA
Output voltage (VCC_OUT), Pick TIOS1015 5V
Maximum LDO output current (lycc(ouT)) 5 mA
Pull-up resistors for NFAULT 10 kQ
VCC decoupling capacitor 0.1 yF /100 V
LDO output capacitor 1uF/10V
ILIM_ADJ resistor (RseT) 10 kQ
Maximum Ambient Temperature, T 105°C
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9.2.2 Detailed Design Procedure
9.2.2.1 Maximum Junction Temperature Check

For a 200 mA current limit:

+ The maximum driver output current limit, Io( ) = 250 mA (allowed for current limit tolerance).
+ The maximum voltage drop across the high-side switch is given with Vpgon) = 1.75 V.

This causes a power consumption of:

PDOP = VDS(ON) X IO(LIM) = 1.75V x 250 mA = 437.5 mW (1)
For a 5 mA LDO current output,
PDLDO = (VL+ - VVCC_OUT) X IVCC_OUT = (30 — S)VX 5mA = 125mW ()

Total power dissipation,

PD = PDyp + PDypy = 437.5mW + 125 mW = 562.5 mW 3)

Multiply this value with the Junction-to-ambient thermal resistance of 8,5 = 68.1°C/W (taken from the =227~
6.4 table) to receive the difference between junction temperature, T, and ambient temperature, Ta:

AT =T — Ty =PDx 64 =562.5mW x 68.1°C/W = 38.3°C )
Add this value to the maximum ambient temperature of Tp = 105°C to receive the final junction temperature:

T —max = Taomax + AT =105°C + 38.3°C = 143.3°C )

As long as Tjmax is below the recommended maximum value of 150°C, no thermal shutdown will occur.
However, thermal warning may occur as the junction temperature is greater than Tygrn.

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 ~ Uo(rim) x tscl
Lo = T
(6)

Higher capacitive loads can be driven if a series resistor is connected between the OUT and the load. Capacitive
loads can be connected to VCC and GND.
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9.2.2.3 Driving Inductive Loads

The TIOS101(x) family is capable of magnetizing and demagnetizing inductive loads up to 1.5 H. 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 -75 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 75 V.

The equivalent protection circuits are shown in [¥| 9-2 and [%| 9-3. The minimum value of the resistive load R can
be calculated as:

V,
vce
R = Mveo)
Iowm (7)
v .V
=" e
J: A R
—
ouT
ouT
L
L A
! “ il
TIOS101(x) — —
TI0S101(x) = = K 9-3. NPN Mode
9-2. PNP Mode
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9.2.3 Application Curves
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10 Power Supply Recommendations

The TIOS101 and TIOS101x are designed to operate from a 24-V nominal supply at VCC, which can vary by
+12 V and -17 V from the nominal value to remain within the device's recommended supply voltage range of 7 V

to 36 V. 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 RgeT resistor between ILIM_ADJ and GND.

Decouple the regulated output voltage at VCC_IN/OUT to ground with a low-ESR, 1 yF, 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)

e o
1uF/10V
o I o 1 [100nF/
[ I o<, T 50V
2
Ol ] I {NC| ® @ : :vcc
NFAULT i 1@
Yo . ‘ . : vcd @ e
O| WM A .
=== I I -
e 0@ @ O out
| | &) ee
IN /‘ | | A
- o e @ 2N
EN o Il 10| @ @ o0
e e - -<E_
/‘ <! ® OGND
= (N
*l- __| Use Multiple Vias for
Exposed Thermal RseT VCC and GND
Pad Area
B4 11-1. Layout Example
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12 Device and Documentation Support
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Mechanical, Packaging, and Orderable Information

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

TIOS1013DMWR Active Production VSON (DMW) | 10 1500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS1013
TIOS1013DMWR.A Active Production VSON (DMW) | 10 1500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS1013
TIOS1013DMWR.B Active Production VSON (DMW) | 10 1500 | LARGE T&R = Call Tl Call Tl -40 to 125

TIOS1013DMWT Active Production VSON (DMW) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS1013
TIOS1013DMWT.A Active Production VSON (DMW) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS1013
TIOS1013DMWT.B Active Production VSON (DMW) | 10 250 | SMALL T&R - Call Tl Call Tl -40 to 125

TIOS1015DMWR Active Production VSON (DMW) | 10 1500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS1015
TIOS1015DMWR.A Active Production VSON (DMW) | 10 1500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS1015
TIOS1015DMWR.B Active Production VSON (DMW) | 10 1500 | LARGE T&R - Call Tl Call Tl -40 to 125

TIOS1015DMWT Active Production VSON (DMW) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS1015
TIOS1015DMWT.A Active Production VSON (DMW) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS1015
TIOS1015DMWT.B Active Production VSON (DMW) | 10 250 | SMALL T&R = Call Tl Call Tl -40 to 125

TIOS101DMWR Active Production VSON (DMW) | 10 1500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS101
TIOS101DMWR.A Active Production VSON (DMW) | 10 1500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS101
TIOS101DMWR.B Active Production VSON (DMW) | 10 1500 | LARGE T&R = Call Tl Call Tl -40 to 125

TIOS101DMWT Active Production VSON (DMW) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS101

TIOS101DMWT.A Active Production VSON (DMW) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TS101

TIOS101DMWT.B Active Production VSON (DMW) | 10 250 | SMALL T&R - Call Tl Call Tl -40 to 125

@ 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.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.
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® 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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TIOS1013DMWR VSON DMW 10 1500 178.0 135 275 | 3.35 | 1.05 8.0 12.0 Q2
TIOS1013DMWT VSON DMW 10 250 178.0 135 275 | 335 | 1.05 8.0 12.0 Q2
TIOS1015DMWR VSON DMW 10 1500 178.0 13.5 275 | 3.35 | 1.05 8.0 12.0 Q2
TIOS1015DMWT VSON DMW 10 250 178.0 13.5 275 | 335 | 1.05 8.0 12.0 Q2
TIOS101DMWR VSON DMW 10 1500 178.0 135 275 | 3.35 | 1.05 8.0 12.0 Q2
TIOS101DMWT VSON DMW 10 250 178.0 135 275 | 335 | 1.05 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TIOS1013DMWR VSON DMW 10 1500 189.0 185.0 36.0
TIOS1013DMWT VSON DMW 10 250 189.0 185.0 36.0
TIOS1015DMWR VSON DMW 10 1500 189.0 185.0 36.0
TIOS1015DMWT VSON DMW 10 250 189.0 185.0 36.0
TIOS101DMWR VSON DMW 10 1500 189.0 185.0 36.0
TIOS101DMWT VSON DMW 10 250 189.0 185.0 36.0
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DMWOO010A

PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—|

1 MAX

}D

EXPOSED
THERMAL PAD

SYMM

f=— 1.65+0.1 —=

%)
m
>
d
b4
®
o
-
>
z
m

0.00

5

SYMM
1.954+0.1

1

ﬁﬂhﬂﬂ

PIN 1 ID
(OPTIONAL)

10 1
10x 9-29

0.19

0.1® |C|A|B
& 0.05 |C

0.05

(0.2) TYP

4223225/A 08/2016

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

VSON - 1 mm max height
PLASTIC SMALL OUTLINE - NO LEAD

DMWOO010A

e (1.65) ——=

10X (0.575) ﬁ
.

10X (0.24) r [::j Q- J‘f
— O

8X (0.5) |

ﬁE}
(RO.05) TYP i | /d>

(0.575) ———A‘
|

~

6
\ @0.2) VIA SYMM ‘
I TYP (L I
Li (2.825) 4—1‘
LAND PATTERN EXAMPLE
SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
— — \\\
| | 1 |
\ J \ A\ J/
SOLDER MASK METAL METAL UNDERg/7 —SOLDER MASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED) DEFINED

SOLDER MASK DETAILS

4223225/A 08/2016

NOTES: (continued)

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

number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DMWOO10A VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

10X (0.575) METAL

I g

T

T E) o —or
8X (0.5)

L/z} l
(R0.05) TYP (:‘ )

| e 2X (1.5) ——=|

e (2.825)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 11
81% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:25X

4223225/A 08/2016

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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