Product  ~\ww Order Technical 2 Tools & Support &
Folder e o Now Documents #'\ Software Community

. TCA9517-Q1

13 TEXAS

INSTRUMENTS
ZHCSIF1 -JUNE 2018
TCA9517-Q1 H PHHt 12C B+ 4k a
1 Rtk 3 #iM

FFATH RV R ) AEC-Q100 A

— MRV —40°C & 125°C Ty

— #F HBM 4338554 +5500V

- &k CDM 7328452%: +1000V

P TE L[] 5 i 2

5 1°C BEMAGE LA L (SMBus) Hf#&E
£ AN E, TAEHREBEEED 0.9V &
5.25V

£ B £, TAEBMERISEEDA 2.7V &2
5.25V

ALK HL R LT 0.9V - 5.25V HE#eF] 2.7V - 5.25V
i HLSTA R 4k A s RN

I 12C 110

5.25V fit JE 1°C I RE N L RFR AR S S 1k
3 T AR A AR 12C B R AN £ B B
P WL 12C 5 R S A

BT MEREEIT 100mA, £746 JESD 78 I KHE N
BR

A

Ik 55 4%

Heay (SRS
Tk

BAHZA 1PC AR SR B B (PCB) &4k
BRI

TCA9517-Q1 & —#K A B P4 Dhfg 0 A g2 v

%%, WM 12C Al SMBus £%t. Ml fER AR
MR R (IR 0.9V) FE s E (2.7V &
5.25V) [H IR HE T HE PR ( RAT B T AT#E
B . ZBFRERS Y E 12C Ml SMBus R%6, HETEH
PRI A 2 PR R G PERE

TCA9517-Q1 w42 12C £k Ei# AT %0d (SDA) 1
AT Bl (SCL) 155, R ACVRAE 12C N P&
AL HL R =14 400pF 2R

TCA9517-Q1 HAMKIKBN#: A MIIKZ)2EF B {I]5K
Fak. FrAEMAM IO #igeiE K% 5.25V it ., HP
ﬁ%%ﬁiﬂiﬁ%ﬁ&%ﬁﬂﬁt (VCCB *H/BZ VCCA =0V) .

BHEEY
AR5 EE HEERT GrfrfED
TCA9517-Q1 VSSOP (8) 3.00mm x 3.00mm

@ %U@*’fﬁ@ﬁﬁﬁﬁﬁﬁiﬂ‘%y THZ B b U R R AT T I i

[lEB3

i A S 2 I

18]

VCCB

SDAB 6]<—>
2
I“C or SMBus Master TCA9517 I2C Slave Devices

(e.g. Processor)
SCLB 7 %—b
GND

||}—[4>j

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.

English Data Sheet: SCPS237


http://www-s.ti.com/sc/techlit/SCPS237.pdf
http://www.ti.com.cn/product/cn/tca9517-q1?qgpn=tca9517-q1
http://www.ti.com.cn/product/cn/TCA9517-Q1?dcmp=dsproject&hqs=pf
http://www.ti.com.cn/product/cn/TCA9517-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com.cn/product/cn/TCA9517-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com.cn/product/cn/TCA9517-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com.cn/product/cn/TCA9517-Q1?dcmp=dsproject&hqs=support&#community

TCA9517-Q1 13 TEXAS
INSTRUMENTS
ZHCSIF1 —JUNE 2018 www.ti.com.cn
1 9.2 Functional Block Diagram ..........cccccoeeeienieeeiiineenenen. 9
2 9.3 Feature Description..............
3 9.4 Device Functional Modes
4 10 Application and Implementation
5 10.1 Application Information.............ccceeveiieniieeniiiennnns
6 Pin Configuration and Functions ...........cccceeeens 4 1 ’130'2 Tg"cal 'lb‘pﬂ'cat'on """" d e
7 SPEeCIficatioNS.....cccvvviiiii e 4 ower Supply Recommendations
7.1 Absolute Maximum RAtNGS —...........eeererrrrrerrrereeee 4 12 Layout............. s s e
7.2 ESD RAUNGS.......eeeeoeeeeeeoeoeeoeoeeoeoeeeeeeeeeeeeeeeeeesseeeeennes 5 12.1 Layout GUIdElINES .........ceevieeeriiieeiee e
7.3 Recommended Operating Conditions...................... 5 13'2 Layo\L,lt EXAMPIE ......ooooovnnnnnnns
7.4 Thermal INfOMMAtION oo 5 13 %ﬁﬁfruﬂé}zﬁ ..................................................... 16
7.5 Electrical CharacteristiCs..........cccovvirveenienieniieenieen 6 131 %f#ih ''''''''''''''''''''''''''''''''''''''''''' 16
7.6 Timing ReqUIrEMENtS........cccoeeiiiieenieee e 6 13.2 BT EHUIA oo 16
7.7 I2C Interface Switching Characteristics..................... 7 13.3 AEXBER oo - 16
7.8 Typical CharacteristiCS .........ccvvvvuveerieeeiiieeesieee s 7 134 - 16
8 Parameter Measurement Information .................. 8 122 12
9 Detailed DeSCHPLION .....ccoceveiiiieiiee e 9 :
2k 3 2
01 Overview ... . oo 9 14 HLBR HBERATIE R s 17
4 Birpisidsx
T AT TS W] BE 5 24 B0 AR BT AN A o
EEY EAT IR A B
2018 £ 6 H * WA RATHR -

JiRF © 2018, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tca9517-q1?qgpn=tca9517-q1
http://www.ti.com.cn

13 TEXAS TCA9517-Q1
INSTRUMENTS

www.ti.com.cn ZHCSIF1 —JUNE 2018

5 W (22)

B [ 22w 8 B e HL T 5 e P A L RS P 28 R A FE o BRI K 25 2 R A 5 W A A 28U
HOF, IF R F SR NG R BT AT A2 3%

B MIBKZH 3L (KE4T HUE AT 2.7V % 5.25V Z ). LA LS i B R 200 0.5V, 244 HL7E I bt IR 3 Ay
AR HLSFERE, 2 b R 620 EL i G SIS 70mV B 2. B I U AR A B R 2 B R HE S . 24 B I 1/O
W IR AR R, S EAR G B G F S . A AR PR AS RO, 3 — e B 11 T B
IR

A IR EZE AT REAT 0.9V & 5.25V 2 il 3 FLASHSIRE Tk . SIS B L R F P (B s
RATHEE) o B UG HCSEAS S7E A NS EEE OV RS o T LAIE SIS R S8 4 3 /N Hh R R . A I
TR T . BN PR BN 0.3 X Veea LA AR HLUE M BLJER & 0.9V ) R 55 b5 B B P I 53K

PINEZ A TCA9517-Q1 Z31F /T A AT LOERAE —i. H5 A M N AILEL AT CLSEIl 2 MR ait GBS K 8
A9 o AR A M EHER BAE R RAA S SE AR S AR Z R &5 7T LLK 2> TCA9517-Q1 HiHkAE
i CRARESFEEE A AT B MIARIED , KRIABREASIEKR, HERESE UTHREEER. T B MK
JEHIJEE, TCA9517-Q1 Afgidid B MIAHE. B MIABEEERLECA LI [a] s & 125 1F .

VCCA HEeH TR A Ml NI 0.3 X Veca SH L, B0 T B IEFIRSE I f g . TCA9517-Q1 #
AP 110 ¥Jh VCCB 5t

M 5hRME 1°C RG—F LAERT, FHEA LRSS AR LR LR R S . TCA9517-Q1 B 1°C B4k
PRUETTIRBCE . X4t BB RO th R G E, SR, akas iR — AR 20 — A Ed i PHAs . Bhasfh Ly
SRR R 12C 84 (AN S SMBuUs #34F) —2 TAETI Bt 767 AR SZARMEBU AT AN 2 AN 4%
FIGEF 1°C ARG, AR 1PC BAFIAUE [ AN 3mA. FESLEEIER R, AT AR I e 4 R R

Copyright © 2018, Texas Instruments Incorporated 3


http://www.ti.com.cn/product/cn/tca9517-q1?qgpn=tca9517-q1
http://www.ti.com.cn

TCA9517-Q1 13 TEXAS
INSTRUMENTS

ZHCSIF1 —JUNE 2018 www.ti.com.cn

6 Pin Configuration and Functions

DGK Package

8-Pin VSSOP
Top View
( )
O
VCCA 1 8 VCCB
SCLA 2 7 SCLB
SDAA 3 6 SDAB
GND 4 5 EN
. J
Not to scale
Pin Functions
PIN
TYPE DESCRIPTION
NO. NAME
1 VCCA Supply A-side supply voltage (0.9 V to 5.25 V)
2 SCLA Input/Output gre(;ﬁlddmk bus, A-side. Connect to Vcca through a pull-up resistor. If unused, connect directly to
3 SDAA Input/Output S;eorllje::ddata bus, A-side. Connect to Vcca through a pull-up resistor. If unused, connect directly to
GND Ground Ground
5 EN Input Active-high repeater enable input
6 SDAB Input/Output gr%rllﬂddata bus, B-side. Connect to Vg through a pull-up resistor. If unused, connect directly to
7 SCLB Input/Output Sgll.lanlddOCk bus, B-side. Connect to Vccg through a pull-up resistor. If unused, connect directly to
8 VCCB Supply B-side and device supply voltage (2.7 V to 5.25 V)

7 Specifications

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

MIN MAX UNIT

Vees Supply voltage range -0.5 7 \%
Veea Supply voltage range -0.5 \%
\V/ Enable input voltage range ® -0.5 v
Vio I2C bus voltage range® -0.5 v
Ik Input clamp current Vi <0 -50 A

m
lok Output clamp current Vo <0 -50
| Continuous output current +50 mA
° Continuous current through Ve or GND +100 mA
Tstg Storage temperature range -65 150 °C

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

(2) The input negative-voltage and output voltage ratings may be exceeded if the input and output current ratings are observed.

4 Copyright © 2018, Texas Instruments Incorporated
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7.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001® +5500
Vieso) Electrostatic discharge g?grlg(ze)d—dewce model (CDM), per JEDEC specification JESD22- +1000 v
Machine model (A115-A) +200

(1) JEDEC document JEP155 states that 500 V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250 V CDM allows safe manufacturing with a standard ESD control process.

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

MIN MAX UNIT
Veea Supply voltage, A-side bus 0.90 5.25 Y
V <V, 2.7 5.25
Vees Supply voltage, B-side bus ceA = TceB \%
VCCA > VCCB 2.9 5.25
SDAA, SCLA 0.7 x Veea 5.25
Viy High-level input voltage SDAB, SCLB 0.7 X Veep 5.25 \%
EN 0.7 x VCCB 5.25
SDAA, SCLA 0.3 x Veea
Vi Low-level input voltage SDAB, SCLB®@ 0.3 x Vees \Y
EN 0.3 X Veep
loL Low-level output current 6 mA
Ta Operating free-air temperature -40 125 °C

(1) Low-level supply voltage
(2) V,_specification is for the first low level seen by the SDAB and SCLB lines. V, . is for the second and subsequent low levels seen by the
SDAB and SCLB lines. See V| ¢ and Pullup Resistor Sizing for V, ¢ application information

7.4 Thermal Information

TCA9517-Q1
THERMAL METRIC® DGK (VSSOP) UNIT
8 PINS
Rgia Junction-to-ambient thermal resistance 187.6 °C/W
Rojctop) Junction-to-case (top) thermal resistance 59.3 °C/W
Rgis Junction-to-board thermal resistance 108.6 °C/W
WIT Junction-to-top characterization parameter 3.4 °C/W
viB Junction-to-board characterization parameter 106.9 °C/W

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

Copyright © 2018, Texas Instruments Incorporated 5
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7.5 Electrical Characteristics
Veeg =2.7V105.25V,GND =0V, T, = -40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Vces MIN TYP MAX | UNIT
Vik Input clamp voltage | =-18 mA 27Vt05.25V -1.2 Y
loL = 100 pA or 6 mA
. SDAB, SCLB |- ' 0.45 0.52 0.6
Vou bg,‘;vageg el output Via=Vig =0V 27V1t05.25V v
SDAA, SCLA |lg. =6 mA 0.1 0.2
Low-level input voltage
VoL — V) below low-level output | SDAB, SCLB | ensured by design 27Vt05.25V 70 mV
voltage
Vile SDA and SCL low-level | g \p 0| 2.7V105.25V 0.4 v
input voltage contention
Both channels low,
SDAA = SCLA = GND and
Icc Quiescent supply current for Vcca SDAB = SCLB = open, or 1 mA
SDAA = SCLA = open and
SDAB = SCLB = GND
Both channels high,
SDAA = SCLA = V¢ca and 15 5
SDAB = SCLB = Vces and :
EN = VCCB
. Both channels low,
lcc Quiescent supply current SDAA = SCLA = GND and 525V 15 5 mA
SDAB = SCLB = open
In contention,
SDAA = SCLA = GND and 3 5
SDAB = SCLB = GND
V=V +1
SDAB, SCLB —— =2
V=02V 10
V| = VCCB +1
I Input leakage current SDAA, SCLA 27Vt05.25V pA
V, =02V 10
V=V +1
EN I = Vces
V=02V -10 -30
High-level output SDAB, SCLB _ 10
loH leakage current SDAA. SCLA Vo=36V 27Vto525V 10 A
EN Vi=3Vor0oV 33V 6 10
C Input capacitance 33V 8 13 pF
SCLA, SCLB |V,=3Vor0V
ov 7 11
Input/output _ 33V 8 13
Cio capacitance SDAA, SDAB |V,=3Vor0oV oV . " pF
7.6 Timing Requirements
over recommended operating free-air temperature range (unless otherwise noted)
MIN MAX | UNIT
tey Setup time, EN high before Start condition® 100 ns
th Hold time, EN high after Stop condition® 100 ns

(1) EN should change state only when the global bus and the repeater port are in an idle state.

Copyright © 2018, Texas Instruments Incorporated
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7.7 IC Interface Switching Characteristics

Vees = 2.7 V10 5.25V, GND = 0V, T, = —40°C to 125°C (unless otherwise noted)® @

FROM TO @3)
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN  TYP MAX | UNIT
SDAB, SCLB® | SDAA, SCLA®W
) (see @ 6) (see A 6) 141 250
tpLz Propagation delay 5 5 ns
SDAA, SCLA® | SDAB, scLB®) 24 110
(see B 5) (see B 5)
Veea £2.7V (see B 4) 76® 110
. SDAB, SCLB SDAA, SCLA Veea 23V 95 290
tpzL Propagation delay (see B 4) ns
SDAA, SCLA® | SDAB, scLB®)
(see B 5) (see B 5) 107 230
Veea 2.7V 12
i i (see A 5)
B-side to A side v >3V
e cca 2
trip Transition time 80% 20% (see B 5) 42 ns
A side to B-side
(see B 4) 125
Veea 2.7V ()
. . (see B 5) 67 200
B-side to A side v YV
L o o ccaZ
trHL Transition time 80% 20% (see @ 5) 86 240| ns
A side to B-side
(see B 4) 48 120
(1) Times are specified with loads of 1.35-kQ pull-up resistance and 50-pF load capacitance on the B-side. On the A side, for 0.9-V < Vcca

()
®3)
(4)

(%)
(6)

<£2.7-V, a 167-Q pull-up and 57-pF load capacitance. For Vcca 2 3.0-V, a 450-Q pull-up and 57-pF load capacitance. Different load
resistance and capacitance alter the RC time constant, thereby changing the propagation delay and transition times.
pull-up voltages are Vcca On the A side and Vg on the B-side.
Typical values were measured with Veca = Veeg = 3.3 V at T = 25°C, unless otherwise noted.
The tp 4 delay data from B to A side is measured at 0.4 V on the B-side to 0.5 Vca 0N the A side when Vca is less than 2 V, and
1.5 V on the A side if Vcca is greater than 2 V.
The proportional delay data from A to B-side is measured at 0.3 Vcca 0On the A side to 1.5 V on the B-side.
Typical value measured with Veca = 2.7 V at Ty = 25°C

7.8 Typical Characteristics
VCCA = 09 V, VCCB = 27 V

0.15 0.545
— -40C — -40C
— 25C — 25C
125C 125C
0.125 0.535
0.1
S / S 0525
— -
O O
> 0.075 > / /
< @
8 / & 0515
0.05 ?/
/ 0.505
0.025
0 % 0.495
0 1 2 3 4 6 1 2 3 4 6
Port A lo. (MmA) Port B loL (MA)
1. Port A VOL VS |o|_ 2. Port B VOL VS |o|_

RN © 2018, Texas Instruments Incorporated
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8 Parameter Measurement Information
VCC
R, O Ve
Vi Vour (see Note A) 81/‘
PULSE 2\ DUT (o

GENERATOR l GND
Rt CL =57 pF
(see Note B) l I (see Note C)

TEST S1
tPLZ/ toa VCC

TEST CIRCUIT FOR OPEN-DRAIN OUTPUT
Copyright © 2017, Texas Instruments Incorporated

A. R =167Q(0.9V1to2.7V)and R . =450 Q (3.0 V to 5.25 V) on the A side and 1.35 kQ on the B-side

B. Ry termination resistance should be equal to Zgyt of pulse generators.

C. C_includes probe and jig capacitance. C, = 50 pF when on the B-side.

D. All input pulses are supplied by generators having the following characteristics: PRR £ 10 MHz, Zo5 = 50 Q,
slew rate 2 1 V/ns.

E. The outputs are measured one at a time, with one transition per measurement.

F.  tpiy and tpy are the same as tpg.

G. tp 7z and tpyz are the same as tgjs.

H. tpz and tpzy are the same as tgp.

3. Test Circuit

VCCA
INPUT

80%Y

OUTPUT I OUTPUT
—|—— " Va
traL —>| le —»l oty
4. Waveform 1 — Propagation Delay and 5. Waveform 2 — Propagation Delay and
Transition Times for B-side to A-side Transition Times for A-side to B-side
INPUT
SDAB, SCLB
0.4V
OUTPUT 50% is V., is less than 2V

SCLA, SDAA 1.5V if V., is greater than 2 V

6. Waveform 3 — Propagation Delay for B-side to A-side

8 MY © 2018, Texas Instruments Incorporated
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9 Detailed Description

9.1 Overview

The TCA9517-Q1 is a bidirectional buffer with level shifting capabilities for I°C and SMBus systems. It provides
bidirectional voltage-level translation (up-translation/down-translation) between low voltages (down to 0.9 V) and
higher voltages (2.7 V to 5.25 V) in mixed-mode applications. This device enables I°C and SMBus systems to be
extended without degradation of performance, even during level shifting.

The TCA9517-Q1 buffers both the serial data (SDA) and the serial clock (SCL) signals on the 1°C bus, thus
allowing two buses of up to 400-pF bus capacitance to be connected in an 1°C application.

The TCA9517-Q1 has two types of drivers: A-side drivers and B-side drivers. All inputs and I/Os are over-voltage
tolerant to 5.25 V, even when the device is unpowered (Vccg and/or Veea = 0 V).

9.2 Functional Block Diagram

6
SDAA < > < > SDAB
%
[
<]
) 7
SCLA < > [ < > SCLB
%
Vees )
Pullup
Resistor
5
EN ®

RN © 2018, Texas Instruments Incorporated 9
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9.3 Feature Description

9.3.1 Two-Channel Bidirectional Buffer

The TCA9517-Q1 is a two-channel bidirectional buffer with level-shifting capabilities

9.3.2 Active-High Repeater-Enable Input

The TCA9517-Q1 has an active-high enable (EN) input with an internal pull-up to Vccg, Which allows the user to
select when the repeater is active. This can be used to isolate a badly behaved slave on power-up reset. The EN
input should change state only when the global bus and repeater port are in an idle state, to prevent system
failures.

9.3.3 V(, B-Side Offset Voltage

The B-side drivers operate from 2.7 V to 5.25 V. The output low level for this internal buffer is approximately
0.5 V, but the input voltage must be 70 mV or more below the output low level when the output internally is
driven low. The higher-voltage low signal is called a buffered low. When the B-side 1/O is driven low internally,
the low is not recognized as a low by the input. This feature prevents a lockup condition from occurring when the
input low condition is released. This type of design prevents 2 B-side ports from being connected to each other.

9.3.4 Standard Mode and Fast Mode Support

The TCA9517-Q1 supports standard mode as well as fast mode 1°C. The maximum system operating frequency
will depend on system design and the delays added by the repeater.

9.3.5 Clock Stretching Support

The TCA9517-Q1 can support clock stretching, but care needs to be taken to minimize the overshoot voltage
presented during the hand-off between the slave and master. This is best done by increasing the pull-up resistor
value.

9.4 Device Functional Modes

% 1. Function Table

INPUT
EN FUNCTION
L Outputs disabled
H SDAA = SDAB
SCLA = SCLB

10 MY © 2018, Texas Instruments Incorporated
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10 Application and Implementation

x

/:

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

10.1 Application Information

A typical application is shown in B 7. In this example, the system master is running on a 3.3 V I°C bus, and the
slave is connected to a 1.2 V I2C bus. Both buses run at 400 kHz. Master devices can be placed on either bus.

The TCA9517-Q1 is 5-V tolerant, so it does not require any additional circuitry to translate between 0.9 V to 5.25
V bus voltages and 2.7 V to 5.25 V bus voltages.

When the A side of the TCA9517-Q1 is pulled low by a driver on the 1°C bus, a comparator detects the falling
edge when it goes below 0.3 x Vca and causes the internal driver on the B-side to turn on, causing the B-side
to pull down to about 0.5 V. When the B-side of the TCA9517-Q1 falls, first a CMOS hysteresis-type input
detects the falling edge and causes the internal driver on the A side to turn on and pull the A-side pin down to
ground. In order to illustrate what would be seen in a typical application, refer to [ 9 and [ 10. If the bus master
in B 7 were to write to the slave through the TCA9517-Q1, waveforms shown in B 9 would be observed on the
A bus. This looks like a normal I°C transmission, except that the high level may be as low as 0.9 V, and the turn
on and turn off of the acknowledge signals are slightly delayed.

On the B-side bus of the TCA9517-Q1, the clock and data lines would have a positive offset from ground equal
to the Vg, of the TCA9517-Q1. After the eighth clock pulse, the data line is pulled to the Vg, of the slave device,
which is very close to ground in this example. At the end of the acknowledge, the level rises only to the low level
set by the driver in the TCA9517-Q1 for a short delay, while the A-bus side rises above 0.3 x Vcca and then
continues high.

10.2 Typical Application
3.3V 12V

%10 kQ 10 kO %10 kG

10 kQ
VCCB VCCA

SDA |¢-e SDAB SDAA|¢e SDA
BUS SCL SCLB SCLA SCL
MASTER SLAVE
400 kHz EN 400 kHz

"~ TCA9SI7-Q1
BUS B BUS A

7. Typical Application Schematic

10.2.1 Design Requirements

For the level translating application, the following should be true:
e Veca=09Vio525V

e Veeg=271t05.25V

e B-side ports must not be connected together

MR © 2018, Texas Instruments Incorporated 11


http://www.ti.com.cn/product/cn/tca9517-q1?qgpn=tca9517-q1
http://www.ti.com.cn

TCA9517-Q1 13 TEXAS
INSTRUMENTS

ZHCSIF1 —JUNE 2018 www.ti.com.cn

Typical Application (3ETR)
10.2.2 Detailed Design Procedure

10.2.2.1 Clock Stretching Support

The TCA9517-Q1 can support clock stretching, but care needs to be taken to minimize the overshoot voltage
presented during the hand-off between the slave and master. This is best done by increasing the pull-up resistor
value.

10.2.2.2 V, ¢ and Pullup Resistor Sizing

For the TCA9517-Q1 to function correctly, all devices on the B-side must be able to pull the B-side below the
voltage input low contention level (V| c). This means that the Vo of any device on the B-side must be below
0.4V.

VoL of a device can be adjusted by changing the g, through the device which is set by the pull-up resistance
value. The pull-up resistance on the B-side must be carefully selected to ensure that logic levels will be
transferred correctly to the A-side.

VCCA Vcca
1om% éwkg 10 kQ %wm
SDA ® SDAA spAB o SDA
SCL P|SCLA scLB SCL
SLAVE
BUS 400 kHz
MASTER EN
TCA9517-Q1 .
10 kQ % 10 kQ
SDAA spaB SDA
SCLA scLBf«¢ SCL
SLAVE
EN 400 kHz
TCA9517-Q1 .
10 kQ % 10 kQ
SDAA spAB ® SDA
—P|SCLA SCLBl«¢ » scL
SLAVE
EN 400 kHz
TCA9517-Q1

8. Typical Star Application

Multiple A sides of TCA9517-Q1s can be connected in a star configuration, allowing all nodes to communicate
with each other.
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Typical Application (#ETR)

VCCE
10k9% émkﬂ 10k9% éka 1OKQ% émkﬂ 10k9% éka
SDA|l¢—e »| SDAA SDAB & »| SDAA SDABj¢+—¢ ® SDA
SCL« P| SCLA SCLBJ¢ SCLA SCLB|«¢ » scL
BUS SLAVE
MASTER 400 kHz
| TCA9517-Q1 I_’ TCA9517-Q1 r TCA9517-Q1

9. Typical Series Application

To further extend the I2C bus for long traces/cables, multiple TCA9517-Q1s can be connected in series as long
as the A-side is connected to the B-side. 1°C bus slave devices can be connected to any of the bus segments.
The number of devices that can be connected in series is limited by repeater delay/time-of-flight considerations
on the maximum bus speed requirements.

9th CLOCK PULSE — ACKNOWLEDGE
“— >

sCL : :

SDA

1N 1 LT

10. Bus A (0.9 V to 5.25 V Bus) Waveform

9th CLOCK PULSE — ACKNOWLEDGE

> -
scL Do
I
Lo
SDA [
_| _ o |_
|
- Vo, OF TCA9517
| | / oL
e R S e ——— —
Vo, OF SLAVE

11. Bus B (2.7 Vto 5.25 V Bus) Waveform
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Typical Application (3ETR)
10.2.3 Application Curve

3

sl TN Jaln

— Port A

yd \ — PortB

N
|t

"]
L —

Magnitude (V)
-

[l ]
I
—
—~—

.
\
| \\
| ) ) -
/ v/ L

12. Voltage Translation at 400 kHz, Vcca = 0.9V, Vg = 2.7V

/

o

11 Power Supply Recommendations

Vceg and Veea €can be applied in any sequence at power up. The TCA9517-Q1 includes a power-up circuit that
keeps the output drivers turned off until Vqcg is above 2.5 V and the V¢, is above 0.8 V. After power up and
with the EN high, a low level on the A-side (below 0.3 x V¢a) turns the corresponding B-side driver (either SDA
or SCL) on and drives the B-side down to approximately 0.5 V. When the A-side rises above 0.3 x Vcca, the B-
side pull-down driver is turned off and the external pull-up resistor pulls the pin high. When the B-side falls first
and goes below 0.3 x Vcg, the A-side driver is turned on and the A-side pulls down to 0 V. The B-side pull-down
is not enabled unless the B-side voltage goes below 0.4 V. If the B-side low voltage does not go below 0.5 V, the
A-side driver turns off when the B-side voltage is above 0.7 x Vcg. If the B-side low voltage goes below 0.4 V,
the B-side pull-down driver is enabled, and the B-side is able to rise to only 0.5 V until the A-side rises above 0.3

X Veea-

Tl recommends using a decoupling capacitor and placing it close to the VCCA and VCCB pins of a value of
about 100 nF.
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12 Layout

12.1 Layout Guidelines
There are no special layout procedures required for the TCA9517-Q1.
It is recommended that the decoupling capacitors be placed as close to the VCC pins as possible.

12.2 Layout Example
13 shows an example layout of the DGK package.

) (") = Via to GND Plane )
Q Qo
@© ©
o S
N N
o o
< <
o o

To Vcea Plane VCCA : VCCB To V¢ Plane
SCLA SCLB
SDAA SDAB
GND ‘) EN

13. TCA9517-Q1A Layout Example
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PACKAGING INFORMATION

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)
TCA9517DGKRQ1 ACTIVE VSSOP DGK 8 2500 RoHS & Green NIPDAUAG Level-1-260C-UNLIM -40to 125 1IN2

@ 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. TI 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.

® | ead 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 TI 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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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o,10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—187 variation AA, except interlead flash.
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LAND PATTERN DATA

DGK (S—PDSO—-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I T PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
e ER
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:
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