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TCA9548A Low-Voltage 8-Channel I°C Switch with Reset
1 Features 3 Description

» 1-to-8 Bidirectional Translating Switches
« 12C Bus and SMBus Compatible
» Active-Low Reset Input

e Three Address Pins, Allowing up to Eight
TCA9548A Devices on the I°C Bus

« Channel Selection Through an I1>C Bus, In Any
Combination

» Power Up With All Switch Channels Deselected
* Low Rgy Switches

» Allows Voltage-Level Translation Between 1.8-V,
2.5-V, 3.3-V, and 5-V Buses

* No Glitch on Power Up
e Supports Hot Insertion
* Low Standby Current

» Operating Power-Supply Voltage Range of
1.65Vto55V

» 5-V Tolerant Inputs
» 0-to 400-kHz Clock Frequency

e Latch-Up Performance Exceeds 100 mA Per
JESD 78, Class Il

» ESD Protection Exceeds JESD 22
— 2000-V Human-Body Model (A114-A)
— 200-V Machine Model (A115-A)
— +1000-V Charged-Device Model (C101)

2 Applications

» Servers
* Routers (Telecom Switching Equipment)
» Factory Automation

« Products With I1°C Slave Address Conflicts (Such
as Multiple, Identical Temperature Sensors)

The TCA9548A device has eight bidirectional
translating switches that can be controlled through
the I1°C bus. The SCL/SDA upstream pair fans out to
eight downstream pairs, or channels. Any individual
SCn/SDn channel or combination of channels can be
selected, determined by the contents of the
programmable control register. These downstream
channels can be used to resolve I°C slave address
conflicts. For example, if eight identical digital
temperature sensors are needed in the application,
one sensor can be connected at each channel: 0-7.

The system master can reset the TCA9548A in the
event of a time-out or other improper operation by
asserting a low in the RESET input. Similarly, the
power-on reset deselects all channels and initializes
the I°C/SMBus state machine. Asserting RESET
causes the same reset and initialization to occur
without powering down the part. This allows recovery
should one of the downstream I°C buses get stuck in
a low state.

The pass gates of the switches are constructed so
that the VCC pin can be used to limit the maximum
high voltage, which is passed by the TCA9548A.
Limiting the maximum high voltage allows the use of
different bus voltages on each pair, so that 1.8-V, 2.5-
V or 3.3-V parts can communicate with 5-V parts,
without any additional protection. External pullup
resistors pull the bus up to the desired voltage level
for each channel. All I/O pins are 5-V tolerant.

Device Information®
PART NUMBER | PACKAGE BODY SIZE (NOM)
TSSOP (24) 7.80 mm x 4.40 mm
VQFN (24) 4.00 mm x 4.00 mm

TCA9548A

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

Simplified Application Diagram

12C or SMBus
Master

(processor)
RESET

TCA9548A

Channel 0
Slaves Ao, A1...An

Slaves Bo, B1...Bn

Slaves Co, C1...Cn

Channel 7

Slaves Ho, H1...Hn

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.


http://www.ti.com/product/tca9548a?qgpn=tca9548a
http://www.ti.com/product/TCA9548A?dcmp=dsproject&hqs=pf
http://www.ti.com/product/TCA9548A?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/TCA9548A?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/TCA9548A?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/TCA9548A?dcmp=dsproject&hqs=support&#community

I3 TEXAS
INSTRUMENTS
TCA9548A
SCPS207F —MAY 2012—REVISED NOVEMBER 2016 www.ti.com
Table of Contents
1 FRAUIMES oo a e 1 8.3 Feature DesCription..........c.ccovviiiiiniiiiniciccie 13
2 APPlICALIONS .o 1 8.4 Device Functional Modes............c..cooonriinininniins 13
3 DESCHPLION oo 1 8.5 Programming.......cccccccevvrieieniininii e 13
4 ReViSiON HiStOMY....oocveiieieee e 2 9 Application and Implementation ........................ 19
5 Pin Configuration and FUNCLIONS ..........cocoevevnn.n.. 3 9.1 Application INfOrMALION. ...oceerssssssvvvvrresssss 19
6 SPECITICALIONS .vvrveeeeeeeeeeeeeeeereseeseseeeeeeeseeeeees 9.2 Typical AppliCation ........c....... e 19
6.1 Absolute Maximum Ratings .. 10 Power Supply Recommendations ..................... 23
8.2 ESD RAUNGS «eereeeeeeveveeeerresessseeesesseeessessesesesssseeens 10.1 Power-On Reset Requirements ..
6.3 Recommended Operating ConditionS....vveeeeeei, 4 11 Layout ...................................................................
6.4 Thermal INfOrmation ..........cccceeveeeereeereeeeereereren e 4 111 Layout GUIdENINeS .......cvvvvriiniriseiia
6.5 Electrical CharacteriStics. ... 5 11.2  Layout EXample ......ccccooieiieniiiiienicciceeeseen
6.6 1°C Interface Timing Requirements..........c..cc.co..o..... 6 12 Device and Documentation Support................. 26
6.7 Reset Timing ReqUIEMENS ...........ccocvvevevrerrieriinens 7 12.1  Documentation SUPPOIt ...........ccvvvvmiinercminnns 26
6.8  Switching Characteristics ............cocoevevveververeerneenen. 7 12.2 Receiving Natification of Documentation Updates 26
6.9 Typical CharaCteristiCs.........ccceevrvrveereerererensinens 8 12.3  Community RESOUICES........cooriiiiiiiiis 26
7 Parameter Measurement Information .................. 9 124 Trademarks s 26
8 Detailed DESCHIPLION coveeveeeeeeeeeeeeeeeeeseeeeerenees 11 12.5 Electrostatic Discharge Caution...............cccceeune. 26
81 OVENIOW oo 11 12.6  GIOSSArY ...oooiiiiiiiiieiie e 26
8.2 Functional Block Diagram ............cccceeeevevreeerennenen. 12 13 Mechanical, Packaging, and Orderable
INFOrMation ......oocvvevieiii 26

4 Revision History

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

Changes from Revision E (October 2015) to Revision F Page
e Updated the DESCIIPLION SECHON.......cciiiiiiiee e iititee e e ettt e e e e et e e e e e st e e e e e s teeeeeesatseeeeasaaseeeeessbaeeeesaasbaseeesantbaseesaantaneeessassraeaasan 1
¢ Added new orderable part number, TCA9S48AMRGER ..........uuiiiiiiiiiii ettt e e e ab e e e e e abne e e e e e nnees 1
Changes from Revision D (January 2015) to Revision E Page
e Updated Pin FUNCHONS TADIE. .......ooiiiiiiiiii et e sttt e e e st e e e e s s tb e e e e e s eatb e e e e e saatbeeeessantaeeeeesnsbreeaeean 3
«  Added new I?C Sections and read/Write GESCIHIPLON .........c.c.ceveeieereeetetceee et e e tee et e et esee ettt ees et et e et ee e s et eteteress et eeeeeseeneas 15
Changes from Revision C (November 2013) to Revision D Page
« Added Pin Configuration and Functions section, ESD Ratings table, Feature Description section, Device Functional

Modes, Application and Implementation section, Power Supply Recommendations section, Layout section, Device

and Documentation Support section, and Mechanical, Packaging, and Orderable Information section ...........c.ccccceevvirene 1
LI W10l F-1 (To I Y o1 (or= T aY o) o] o= Vio ] BETod s T=T0 T L1 o PP PP P 20
Changes from Revision B (November 2013) to Revision C Page
e Updated Vpor and Icc Standby SPECITICALION. ........ueiiiiiiiiiiii ittt et sb e st e st e e nneeenaree s 5
Changes from Revision A (July 2012) to Revision B Page
LI U1 ol Fo1 (Yo o (ool W o LT oL {o]1 4 g F= 11 4] o o TR TR UPT PRI 1
e Removed Ordering iNFOMMATION. .......coiiiiiiee ettt ekt e e bt e e b e e ek bt e e b et e e b e e e ek bt e ek et e e b e e e e b b e e e bne e e nnneeensnee s 1

2 Submit Documentation Feedback

Copyright © 2012-2016, Texas Instruments Incorporated

Product Folder Links: TCA9548A


http://www.ti.com/product/tca9548a?qgpn=tca9548a
http://www.ti.com
http://www.ti.com/product/tca9548a?qgpn=tca9548a
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SCPS207F&partnum=TCA9548A

13 TEXAS

INSTRUMENTS

www.ti.com

TCA9548A
SCPS207F —MAY 2012—REVISED NOVEMBER 2016

5 Pin Configuration and Functions

PW Package
24-Pin TSSOP RGE Package
Top View 24-Pin VQFN
Top View
A0 [] 1 Yo ] veC i
A1[l2 23] SDA 2883
RESET [|3 22|] scL X<I<> 00
SDo [] 4 21|] A2 24 23 22 21 20 19
SCo [} 5 20[] sc7 SDO | 1 . 18]A2
spi1lls 19 sD7 scofz | ]I 17| sc7
sc1 ()7 18]] SC6 SD1|3 | | 16| sD7
sSD2 [|8 17|] SD6 sc1|4 | | 15]sce
sc2[lo 18]l scs sp2|s | | 14| spe
spD3 [J10  15]] SD5 Sc2 |6 13| SC5
sca |11 1a]] sca 7 8 9101112
GND [|12  13[] spb4 2028338
DHOHHH DO
Pin Functions
PIN
NS T(spsvvo)p (Sg[;) TYPE DESCRIPTION
A0 1 22 | Address input 0. Connect directly to V¢ or ground
Al 2 23 | Address input 1. Connect directly to V¢ or ground
A2 21 18 | Address input 2. Connect directly to V¢ or ground
GND 12 9 — Ground
RESET 3 24 | Active-low reset input. Connect to V¢ or VDPUM(l) through a pull-up resistor, if
not used
SDO 4 1 110 Serial data 0. Connect to Vppyo™® through a pull-up resistor
SCO 5 2 1/0 Serial clock 0. Connect to Vppyo through a pull-up resistor
SD1 6 3 110 Serial data 1. Connect to Vppy;  through a pull-up resistor
SC1 7 4 110 Serial clock 1. Connect to Vppy; (! through a pull-up resistor
SD2 8 5 1/0 Serial data 2. Connect to Vppy,™® through a pull-up resistor
SC2 9 6 110 Serial clock 2. Connect to Vppy, ! through a pull-up resistor
SD3 10 7 1/0 Serial data 3. Connect to Vppys™® through a pull-up resistor
SC3 11 8 110 Serial clock 3. Connect to VppysY through a pull-up resistor
SD4 13 10 110 Serial data 4. Connect to Vppys™® through a pull-up resistor
SC4 14 11 110 Serial clock 4. Connect to Vppys Y through a pull-up resistor
SD5 15 12 110 Serial data 5. Connect to Vppys™® through a pull-up resistor
SC5 16 13 1/0 Serial clock 5. Connect to Vppys? through a pull-up resistor
SD6 17 14 110 Serial data 6. Connect to Vppygs™® through a pull-up resistor
SC6 18 15 110 Serial clock 6. Connect to VppysY through a pull-up resistor
SD7 19 16 110 Serial data 7. Connect to Vppy;™® through a pull-up resistor
SC7 20 17 110 Serial clock 7. Connect to Vppy7 Y through a pull-up resistor
SCL 22 19 110 Serial clock bus. Connect to Vppym®? through a pull-up resistor
SDA 23 20 110 Serial data bus. Connect to Vppyy™® through a pull-up resistor
VCC 24 21 Power Supply voltage

(1) Vppux is the pull-up reference voltage for the associated data line. Vppyy is the master 1°C reference voltage and Vppyg-Vppu7 are the
slave channel reference voltages.
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6 Specifications

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

MIN MAX UNIT
Vee Supply voltage -0.5 7 \%
\ Input voltage® -0.5 7 Y
I Input current -20 20 mA
lo Output current -25 mA
Icc Supply current -100 100 mA
Tstg Storage temperature —65 150 °C

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

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

6.2 ESD Ratings

Product Folder Links: TCA9548A

VALUE UNIT
o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001® +2000
V(esp) Electrostatic discharge - — \Y
Charged-device model (CDM), per JEDEC specification JESD22-C101? +1000
(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 Recommended Operating Conditions
MIN MAX | UNIT
Vee Supply voltage 1.65 5.5 \%
) ) SCL, SDA 0.7 x Ve 6
Viy High-level input voltage p— \%
A2-A0, RESET 0.7%xVee Ve +05
) SCL, SDA -05  0.3xVcc
Vi Low-level input voltage p— \%
A2-A0, RESET -0.5 0.3 x Ve
Ta Operating free-air temperature -40 85 °C
6.4 Thermal Information
TCA9548A
THERMAL METRIC® PW (TSSOP) RGE (VQFN) UNIT
24 PINS 24 PINS
Roia Junction-to-ambient thermal resistance 108.8 57.2 °CIW
Roactop) Junction-to-case (top) thermal resistance 54.1 62.5 °C/IW
RgiB Junction-to-board thermal resistance 62.7 34.4 °C/IW
YT Junction-to-top characterization parameter 10.9 3.8 °C/W
Vi Junction-to-board characterization parameter 62.3 34.4 °C/W
Roacbot) Junction-to-case (bottom) thermal resistance N/A 155 °C/IW
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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6.5 Electrical Characteristics®

Vee = 2.3V to 3.6 V, over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP®  MAX| UNIT
VpORR Power-on reset voltage, Vcc rising | No load, V; = Ve or GND® 1.2 15| V
Vpore fzm‘;r@?” reset voltage, Vec No load, V, = Ve or GND® 0.8 1 v
5V 3.6
45Vto55V 2.6 45
3.3V 19
\Y Switch output volt \Y Vee, | 100 pA 3Vi036V 16 28 \Y
witch output voltage isw) = , =-
o(sw) p g i(sw) ccs Iswout 25V 15
23Vto27V 1.1 2
1.8V 1.1
1.65Vto 1.95V 0.9 1.25
VoL =04V
loL SDA 165Vto55V mA
VoL =06V 6
SCL, SDA -1 1
SC7-SC0, SD7-SD0 3 -1 1
I V, = Ve or GND® 1.65Vt055V pA
A2-A0 -1 1
RESET -1 1
55V 50 80
fscL =400 kHz |V = Vg or GND®), 15=0 30V 20 *
st - ree ' 27V 11 20
, 1.65V 6 10
Operating mode
55V 9 30
fscL = 100 kHz |V = Vg or GND®), 15=0 30V ° 1
SscL 1= Vee »lo 27V 2 8
| 1.65V 2 4 A
ce 55V 0.2 2|
) 3.6V 0.1 2
Low inputs V,=GND®, 15=0
27V 0.1 1
1.65V 0.1 1
Standby mode
55V 0.2 2
High inbut Vo= Ve 1= 0 3.6V 0.1 2
igh inputs = o=
gninp T reeo 27V 0.1 1
1.65V 0.1 1
SCL or SDA input at 0.6 V, @ 3 20
. Other inputs at Vcc or GND
Alee S#pp'y current | 5ci SpA puts & Yee 1.65V 1055V WA
change SCL or SDA input at Vcc — 0.6 V, 3 20
Other inputs at Ve or GND®)
A2-A0 4
——— V, = Ve or GND®
Ci RESET 1.65Vto 55V 4 5 pF
SCL V, = Ve or GND®), Switch OFF 20 28
5 |SDA 5 , 20 28
Cio(ot) ® V, = Ve or GND®), Switch OFF 1.65V1t055V pF
SC7-SC0, SD7-SD0 5.5 7.5
(1) For operation between specified voltage ranges, refer to the worst-case parameter in both applicable ranges.
(2) Alltypical values are at nominal supply voltage (1.8-, 2.5-, 3.3-, or 5-V Vc), Ta = 25°C.
(3) RESET = V¢ (held high) when all other input voltages, V, = GND.
(4) The power-on reset circuit resets the I°C bus logic with Ve < Vpore.
(5) Cio(on) depends on internal capacitance and external capacitance added to the SCn lines when channels(s) are ON.
Copyright © 2012-2016, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics® (continued)
Vee = 2.3V to 3.6 V, over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP@  MAX| UNIT
Vo =04V, Ig = 15 mA 45Vto55V 4 10 20
Ron Switch-on resistance 3Vi036V > 12 30 0
23Vto27V 7 15 45
Vo=0.4V,lg=10 mA
1.65Vto 195V 10 25 70
6.6 I°C Interface Timing Requirements
over recommended operating free-air temperature range (unless otherwise noted) (see Figure 5)
MN | MAX UNIT
STANDARD MODE
foql I2C clock frequency 0 100| kHz
tsch 12C clock high time 4 us
teel 12C clock low time 4.7 us
tsp 12C spike time 50 ns
tsds I2C serial-data setup time 250 ns
tsdh I2C serial-data hold time oW s
tier 12C input rise time 1000 ns
tict 12C input fall time 300 ns
tocf 12C output (SDn) fall time (10-pF to 400-pF bus) 300 ns
touf I2C bus free time between stop and start 4.7 us
tsts I2C start or repeated start condition setup 4.7 us
tsth I2C start or repeated start condition hold 4 us
tsps I2C stop condition setup 4 s
tydL(Data) Valid-data time (high to low)® SCL low to SDA output low valid 1 s
tydH(Data) Valid-data time (low to high)® SCL low to SDA output high valid 0.6 s
tvd(ack) Valid-data time of ACK condition gchigglﬂJL?TgﬁCL low 1 us
Cp I2C bus capacitive load 400 pF
FAST MODE
fsal I2C clock frequency 0 400 kHz
tsch I2C clock high time 0.6 s
tscl I2C clock low time 1.3 s
tsp 12C spike time 50 ns
tsds I2C serial-data setup time 100 ns
tsdh I2C serial-data hold time ow ps
tier 12C input rise time 20+ O'lc(:g'} 300 ns
tics 12C input fall time 20+ 0'1((:3*} 300 ns
toct 12C output (SDn) fall time (10-pF to 400-pF bus) 20+ O'lc(:g'} 300 ns
touf I2C bus free time between stop and start 1.3 us
tsts I2C start or repeated start condition setup 0.6 us
tsth I2C start or repeated start condition hold 0.6 us
tsps I2C stop condition setup 0.6 s

(1) A device internally must provide a hold time of at least 300 ns for the SDA signal (referred to the V|4 min of the SCL signal), to bridge
the undefined region of the falling edge of SCL.

(2) Data taken using a 1-kQ pull-up resistor and 50-pF load (see Figure 6)

(3) C, = total bus capacitance of one bus line in pF
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I2C Interface Timing Requirements (continued)

over recommended operating free-air temperature range (unless otherwise noted) (see Figure 5)

MIN MAX UNIT
tydlL (Data) Valid-data time (high to low)® SCL low to SDA output low valid us
tydH(Data) Valid-data time (low to high)® SCL low to SDA output high valid 0.6 us
tvd(ack) Valid-data time of ACK condition gchigg&IJL?rlgVECL low 1 us
Cp I°C bus capacitive load 400 pF

6.7 Reset Timing Requirements
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER MIN MAX | UNIT
tw() Pulse duration, RESET low 6 ns
tREC(STA) Recovery time from RESET to start 0 ns

6.8 Switching Characteristics
over recommended operating free-air temperature range, C, < 100 pF (unless otherwise noted) (see Figure 5)
PARAMETER (II?\IRP%'\'?') (OU-'II'(;UT) MIN MAX | UNIT
@ i i Ron =20 Q, C_=15pF 0.3
tpd Propagation delay time SDA or SCL SDn or SCn ns
RON=ZOQ, C_ =50 pF 1
te @ RESET time (SDA clear) RESET SDA 500| ns

(1) The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load
capacitance, when driven by an ideal voltage source (zero output impedance).

(2) tstis the propagation delay measured from the time the RESET pin is first asserted low to the time the SDA pin is asserted high,

signaling a stop condition. It must be a minimum of ty, .
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6.9 Typical Characteristics

800 1.8
— VCC =5.5V
700 | — VCC =3.3V 1.6
VCC =1.65V
600 T 14
2
500 3 12
’>" o
=
‘E: 400 2 1 /
(€] °
> 300 § 08
/ 5)
200 8 o6
| ; —— 25°C (Room Temperature)
100 0.4 —— 85°C
— -40°C
o b= 0.2 |
0 2 4 6 8 10 12 1.5 2 2.5 3 35 4 4.5 5 5.5
loL (MA) Vee (V)
Figure 1. SDA Output Low Voltage (Vo) vs Load Current Figure 2. Standby Current (Icc) vs Supply Voltage (Vcc) at
(loL) at Three V¢ Levels Three Temperature Points
6 30
—— 25°C (Room Temperature)
5.8 —— 85°C \
5.6 -40° 25 \
5.4
20
— \
L 52 \
f s 2 15 >
o =z
o —~—
S 48 ~— 3 e —~— ]
46 . 10
. ‘\
44 5 —— 25°C (Room Temperature)
4.2 — 85°C
-40°C
4 0
0 05 1 15 2 25 3 35 4 45 5 55 0 05 1 15 2 25 3 35 4 45 5 55
Vee (V) Vee (V)
Figure 3. Slave Channel (SCn/SDn) Capacitance (Cio(orr)) VS Figure 4. On-Resistance (Roy) Vs Supply Voltage (Vcc) at
Supply Voltage (Vcc) at Three Temperature Points Three Temperatures
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7 Parameter Measurement Information

DUT

(see Note A)

VCC
R, =1kQ
SDA
C_=50pF

SDA LOAD CONFIGURATION

Three Bytes for Complete

el »
i‘ Device Programming 'i
|
Stop Start |Address R/W Data Data Stop
Condition | Condition | Bit7 [Address| ¢ g4 | Address| girg Azg;‘ Bit7 | eee | Bit0 | Condition
(P) (S) (vsB) | *' : (LSB) (MSB) (LSB) (P)
tscl Ih_ﬁl— tsch
/_\ -V ————— 0.7xV,
scL | ﬂ
I I g I / 0.3 x V.
te b M| e e
t 4 b | |
[t e ¥ e tnows B = | |
\ I - — 0.7 xV,
SDA | / >< | | e
I : N | | | \ 0.3 x V¢
oL pata
_N <+ _’I N ticr _” !‘_ ts‘"‘ e tSPs _H I‘_
L te, D Repeat Start st
> o
Start or Condition Condition
Repeat Start
Condition
VOLTAGE WAVEFORMS
BYTE DESCRIPTION
1 I’C address
2,3 P-port data

A. C_ includes probe and jig capacitance.

B.
C.

Not all parameters and waveforms are applicable to all devices.

Figure 5. 1°C Load Circuit and Voltage Waveforms

All inputs are supplied by generators having the following characteristics: PRR < 10 MHz, Z5 = 50 Q, t/ty <30 ns.
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Parameter Measurement Information (continued)

Vee
RL=1kW
DA
DUT S

C|_ =50 pF
(see Note A)

SDA LOAD CONFIGURATION

Start
ScL \ /_\ /_\ / ACK or Read Cycle
(¢

—\ >
SDA
——7/ ——————————— e —————— — «/——-0.3 Vee

|
| &P treser

2)
RESET f———r —————————————————————— N/ Vo
—p trec

>ty
(e |
> [
SDn, SCn |
(C | | —— 03 Vcc
) i
l¢——>— treseT
A. C_includes probe and jig capacitance.
B. Allinputs are supplied by generators having the following characteristics: PRR < 10 MHz, Z5 = 50 Q, t/ty <30 ns.
C. |/Os are configured as inputs.
D. Not all parameters and waveforms are applicable to all devices.
Figure 6. Reset Load Circuit and Voltage Waveforms
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8 Detailed Description

8.1 Overview

The TCA9548A is an 8-channel, bidirectional translating 1°C switch. The master SCL/SDA signal pair is directed
to eight channels of slave devices, SC0/SDO0-SC7/SD7. Any individual downstream channel can be selected as
well as any combination of the eight channels.

The device offers an active-low RESET input which resets the state machine and allows the TCA9548A to
recover must one of the downstream 1°C buses get stuck in a low state. The state machine of the device can
also be reset by cycling the power supply, V¢, also known as a power-on reset (POR). Both the RESET function
and a POR cause all channels to be deselected.

The connections of the 1°C data path are controlled by the same I1°C master device that is switched to
communicate with multiple 1°C slaves. After the successful acknowledgment of the slave address (hardware
selectable by AO, Al, and A2 pins), a single 8-bit control register is written to or read from to determine the
selected channels.

The TCA9548A may also be used for voltage translation, allowing the use of different bus voltages on each
SCn/SDn pair such that 1.8-V, 2.5-V, or 3.3-V parts can communicate with 5-V parts. This is achieved by using
external pull-up resistors to pull the bus up to the desired voltage for the master and each slave channel.
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8.2 Functional Block Diagram

SCo
SC1
SC2
SC3
SC4
SC5
SC6
SC7
SDo
SD1
SD2
SD3
SD4
SD5
SD6

SD7

GND

vcc
RESET

SCL
SDA

TCA9548A

5

7

1l

9

17

11

14

16

18

20

10

13

15

17

19

24

Switch Control Logic

Reset Circuit

22

A

23

Input Filter

I’C Bus Control

) ' l

A1

21

A2

12

Submit Documentation Feedback

Product Folder Links: TCA9548A

Copyright © 2012-2016, Texas Instruments Incorporated


http://www.ti.com/product/tca9548a?qgpn=tca9548a
http://www.ti.com
http://www.ti.com/product/tca9548a?qgpn=tca9548a
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SCPS207F&partnum=TCA9548A

13 TEXAS
INSTRUMENTS
TCA9548A

www.ti.com SCPS207F —MAY 2012—REVISED NOVEMBER 2016

8.3 Feature Description

The TCA9548A is an 8-channel, bidirectional translating switch for 12C buses that supports Standard-Mode (100
kHz) and Fast-Mode (400 kHz) operation. The TCA9548A features I2C control using a single 8-bit control register
in which each bit controls the enabling and disabling of one of the corresponding 8 switch channels for I1°C data
flow. Depending on the application, voltage translation of the 1°C bus can also be achieved using the TCA9548A
to allow 1.8-V, 2.5-V, or 3.3-V parts to communicate with 5-V parts. Additionally, in the event that communication
on the 1°C bus enters a fault state, the TCA9548A can be reset to resume normal operation using the RESET pin
feature or by a power-on reset which results from cycling power to the device.

8.4 Device Functional Modes

8.4.1 RESET Input

The RESET input is an active-low signal that may be used to recover from a bus-fault condition. When this signal
is asserted low for a minimum of ty, , the TCA9548A resets its registers and I1°C state machine and deselects all
channels. The RESET input must be connected to V¢ through a pull-up resistor.

8.4.2 Power-On Reset

When power is applied to the VCC pin, an internal power-on reset holds the TCA9548A in a reset condition until
Vcc has reached Vpogg. At this point, the reset condition is released, and the TCA9548A registers and I°C state
machine are initialized to their default states, all zeroes, causing all the channels to be deselected. Thereafter,
Ve must be lowered below Vpgogrr to reset the device.

8.5 Programming

8.5.1 I°C Interface

The TCA9548A has a standard bidirectional 1°C interface that is controlled by a master device in order to be
configured or read the status of this device. Each slave on the I°C bus has a specific device address to
differentiate between other slave devices that are on the same I°C bus. Many slave devices require configuration
upon startup to set the behavior of the device. This is typically done when the master accesses internal register
maps of the slave, which have unique register addresses. A device can have one or multiple registers where
data is stored, written, or read.

The physical I°C interface consists of the serial clock (SCL) and serial data (SDA) lines. Both SDA and SCL lines
must be connected to V¢ through a pull-up resistor. The size of the pull-up resistor is determined by the amount
of capacitance on the I°C lines. (For further details, see the I°C Pull-up Resistor Calculation application report.
Data transfer may be initiated only when the bus is idle. A bus is considered idle if both SDA and SCL lines are
high after a STOP condition (See Figure 7 and Figure 8).
The following is the general procedure for a master to access a slave device:
1. If a master wants to send data to a slave:

— Master-transmitter sends a START condition and addresses the slave-receiver.

— Master-transmitter sends data to slave-receiver.

— Master-transmitter terminates the transfer with a STOP condition.
2. If a master wants to receive or read data from a slave:

— Master-receiver sends a START condition and addresses the slave-transmitter.

— Master-receiver sends the requested register to read to slave-transmitter.

— Master-receiver receives data from the slave-transmitter.
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Programming (continued)

— Master-receiver terminates the transfer with a STOP condition.

START Data Transfer

Condition

Figure 7. Definition of Start and Stop Conditions

SDA line stable while SCL line is high

SDA

Byte: 1010 1010 ( OxAAh )

Figure 8. Bit Transfer

8.5.2 Device Address
Figure 9 shows the address byte of the TCA9548A.
Slave Address

1 1 1 0 |A2 | A1 ] A0 |[RW
/\
Fixed Hardware
Selectable

Figure 9. TCA9548A Address
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Programming (continued)

The last bit of the slave address defines the operation (read or write) to be performed. When it is high (1), a read
is selected, while a low (0) selects a write operation.

Table 1 shows the TCA9548A address reference.

Table 1. Address Reference

INPUTS 2

0 Al 0 1“C BUS SLAVE ADDRESS

L L L 112 (decimal), 70 (hexadecimal)
L L H 113 (decimal), 71 (hexadecimal)
L H L 114 (decimal), 72 (hexadecimal)
L H H 115 (decimal), 73 (hexadecimal)
H L L 116 (decimal), 74 (hexadecimal)
H L H 117 (decimal), 75 (hexadecimal)
H H L 118 (decimal), 76 (hexadecimal)
H H H 119 (decimal), 77 (hexadecimal)

8.5.3 Bus Transactions

Data must be sent to and received from the slave devices, and this is accomplished by reading from or writing to
registers in the slave device.

Registers are locations in the memory of the slave which contain information, whether it be the configuration
information or some sampled data to send back to the master. The master must write information to these
registers in order to instruct the slave device to perform a task.

While it is common to have registers in 1°C slaves, note that not all slave devices have registers. Some devices
are simple and contain only 1 register, which may be written to directly by sending the register data immediately
after the slave address, instead of addressing a register. The TCA9548A is example of a single-register device,
which is controlled via I°C commands. Since it has 1 bit to enable or disable a channel, there is only 1 register
needed, and the master merely writes the register data after the slave address, skipping the register number.

8.5.3.1 Writes

To write on the I°C bus, the master sends a START condition on the bus with the address of the slave, as well
as the last bit (the R/W bit) set to 0, which signifies a write. The slave acknowledges, letting the master know it is
ready. After this, the master starts sending the control register data to the slave until the master has sent all the
data necessary (which is sometimes only a single byte), and the master terminates the transmission with a STOP
condition.

There is no limit to the number of bytes sent, but the last byte sent is what is in the register.
Figure 10 shows an example of writing a single byte to a slave register.
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Master controls SDA line

Slave controls SDA line

Write to one registerin a device

Device (Slave) Address (7 bits) Control Register (8 bits)

A
( A ( A

S|1]1|1]0]|A2(A1l|AO| O | A |B7|B6(B5|B4|B3|B2(B1(BO| A | P

START R/W=0 ACK ACK STOP
Figure 10. Write to Register

8.5.3.2 Reads

Reading from a slave is very similar to writing, but the master sends a START condition, followed by the slave
address with the R/W bit set to 1 (signifying a read). The slave acknowledges the read request, and the master
releases the SDA bus but continues supplying the clock to the slave. During this part of the transaction, the
master becomes the master-receiver, and the slave becomes the slave-transmitter.

The master continues to send out the clock pulses, but releases the SDA line so that the slave can transmit data.
At the end of every byte of data, the master sends an ACK to the slave, letting the slave know that it is ready for
more data. Once the master has received the number of bytes it is expecting, it sends a NACK, signaling to the
slave to halt communications and release the bus. The master follows this up with a STOP condition.

Figure 11 shows an example of reading a single byte from a slave register.

Master controls SDA line

Slave controls SDA line

Device (Slave) Address (7 bits) Control Register (8 bits)

A
( ) ([ N

S|1|1|1|]0]|A2(A1(A0| 1| A |B7|B6|B5|B4|B3|(B2(B1|BO|NA| P
START R/W=1 ACK NACK STOP
Figure 11. Read from Control Register
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8.5.4 Control Register

Following the successful acknowledgment of the address byte, the bus master sends a command byte that is
stored in the control register in the TCA9548A (see Figure 12). This register can be written and read via the 1°C
bus. Each bit in the command byte corresponds to a SCn/SDn channel and a high (or 1) selects this channel.
Multiple SCn/SDn channels may be selected at the same time. When a channel is selected, the channel
becomes active after a stop condition has been placed on the I1°C bus. This ensures that all SCn/SDn lines are in
a high state when the channel is made active, so that no false conditions are generated at the time of
connection. A stop condition always must occur immediately after the acknowledge cycle. If multiple bytes are
received by the TCA9548A, it saves the last byte received.

Channel Selection Bits (Read/Write)

I B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO I

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

Channel 6

Channel 7

Figure 12. Control Register

Table 2 shows the TCA9548A Command Byte Definition.

Table 2. Command Byte Definition

CONTROL REGISTER BITS
COMMAND
B7 B6 B5 B4 B3 B2 B1 BO
0 Channel 0 disabled
X X X X X X X
Channel 0 enabled
Channel 1 disabled
X X X X X X X
Channel 1 enabled
Channel 2 disabled
X X X X X X X
Channel 2 enabled
0 Channel 3 disabled
X X X X X X X
Channel 3 enabled
Channel 4 disabled
X X X X X X X
Channel 4 enabled
0 Channel 5 disabled
X X X X X X X
Channel 5 enabled
0 Channel 6 disabled
X X X X X X X
Channel 6 enabled
Channel 7 disabled
X X X X X X X
Channel 7 enabled
No channel selected, power-up/reset
0 0 0 0 0 0 0 0 default state
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8.5.5 RESET Input

The RESET input is an active-low signal that may be used to recover from a bus-fault condition. When this signal
is asserted low for a minimum of t, , the TCA9548A resets its registers and 1°C state machine and deselects all
channels. The RESET input must be connected to V¢ through a pull-up resistor.

8.5.6 Power-On Reset

When power (from 0 V) is applied to V¢, an internal power-on reset holds the TCA9548A in a reset condition
until Ve has reached Vpog. At that point, the reset condition is released and the TCA9548A registers and 1°C
state machine initialize to their default states. After that, Vcc must be lowered to below Vpor and then back up to
the operating voltage for a power-reset cycle.
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9 Application and Implementation

NOTE
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.

9.1 Application Information

Applications of the TCA9548A contain an 1°C (or SMBus) master device and up to eight 1°C slave devices. The
downstream channels are ideally used to resolve I1°C slave address conflicts. For example, if eight identical
digital temperature sensors are needed in the application, one sensor can be connected at each channel: 0-7.
When the temperature at a specific location needs to be read, the appropriate channel can be enabled and all
other channels switched off, the data can be retrieved, and the 1°C master can move on and read the next
channel.

In an application where the 1°C bus contains many additional slave devices that do not result in I°C slave address
conflicts, these slave devices can be connected to any desired channel to distribute the total bus capacitance
across multiple channels. If multiple switches are enabled simultaneously, additional design requirements must
be considered (see the Design Requirements section and Detailed Design Procedure section).

9.2 Typical Application
Figure 13 shows an application in which the TCA9548A can be used.
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Typical Application (continued)

Pin numbers shown are for the PW package.

Vppum=1.65Vto 55V

1

SDA

23

Vee

T24

2
12C/SMBus scL

22

Master

RESET

VCC
SDA S