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6 Pin Configuration and Functions

D OR PW PACKAGE

(TOP VIEW)

A0 [] 1 U 16[] Vg
A1[] 2 15|] SDA
RESET [|3 14[] scL

sSDo [| 4 13[] A2
sco[]|5 12[] sc3
sp1[|s 11]] SD3
sc1l|7 10[] sc2
GND[]| 8 9] sp2

Pin Functions

PIN
NS NO. DESCRIPTION
D, PW
A0 1 Address input 0. Connect directly to V¢ or ground.
Al 2 Address input 1. Connect directly to V¢ or ground.

RESET 3 Active low reset input. Connect to V¢ or VDPUM(l) through a pull-up resistor, if not used.
SDO 4 Serial data 0. Connect to VDpUO(l) through a pull-up resistor.
SCO 5 Serial clock 0. Connect to VDPUO(l) through a pull-up resistor.
SD1 6 Serial data 1. Connect to VDpUl(l) through a pull-up resistor.
SC1 7 Serial clock 1. Connect to VDpUl(l) through a pull-up resistor.
GND 8 Ground
SD2 9 Serial data 2. Connect to VDpUz(l) through a pull-up resistor.
SC2 10 Serial clock 2. Connect to VDPUZ(l) through a pull-up resistor.
SD3 11 Serial data 3. Connect to VDpU3(1) through a pull-up resistor.
SC3 12 Serial clock 3. Connect to VDPU3(1) through a pull-up resistor.

A2 13 Address input 2. Connect directly to V¢ or ground.

SCL 14 Serial clock line. Connect to VDpUM(l) through a pull-up resistor.
SDA 15 Serial data line. Connect to VDPUM(l) through a pull-up resistor.
VCC 16 Supply power

(1) Vppux is the pull-up reference voltage for the associated data line. Vppyy is the master 1°C master reference voltage and Vppyo-Vopus

are the slave channel reference voltages.

Copyright © 2014-2015, Texas Instruments Incorporated
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7 Specifications

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

MIN MAX | UNIT
Vee Supply voltage range -0.5 7 \%
\V Input voltage range® -05 70 Vv
I Input current +20 mA
lo Output current +25 mA
Continuous current through Ve +100 mA
Continuous current through GND +100 mA
Piot Total power dissipation 400 mw
Ta Operating free-air temperature range -40 85 °C
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, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. 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.

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANS/ESDA/JEDEC JS-001 (D) +4000
VEesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- \
Cc101®@ +1500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions.

7.3 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 x Ve Vee + 0.5
. SCL, SDA -0.5 0.3 X Vcc

Vi Low-level input voltage p— \%
A2-A0, RESET -0.5 0.3 X Vcc

Ta Operating free-air temperature -40 85 °C

(1) All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

7.4 Thermal Information

TCA9546A
THERMAL METRIC® D PW UNIT
16 PINS 16 PINS

Rgia Junction-to-ambient thermal resistance 92.3 122.3
Ractop Junction-to-case (top) thermal resistance 52.3 56.6
Rgip Junction-to-board thermal resistance 50.1 57.4 °C/IW
Wit Junction-to-top characterization parameter 17.7 10.9
Wis Junction-to-board characterization parameter 49.8 66.8

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

4 Copyright © 2014-2015, Texas Instruments Incorporated
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7.5 Electrical Characteristics®

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

PARAMETER TEST CONDITIONS Vce MIN TYP®  MAX| UNIT
Power-on reset voltage, Vcc V| =V or
VporRr rising No load, GND@S 1.2 15| V
Power-on reset voltage, V, V| = Ve or
VPORE  f4ling® ce No load, anp 0.8 1
5V 3.6
45Vto55V 2.6 4.5
33V 1.9
\Y Switch output volt \Y \Y, | 100 pA 3V 36V 16 28 \%
witch output voltage in = , =-
pass p g SWin cc SWout M 25V 14
23Vto27V 1.0 18
18V 0.8
1.65Vto 195V 0.5 1.1
Vo|_ =04V 7
loL SDA 1.65Vt055V mA
Vo|_ =06V 10
SCL, SDA +1
SC3-SC0, SD3-SD0 3 +1
I V) = Ve or GND®) 1.65V1t055V pA
A2-A0 +1
RESET +1
55V 50
V, = Ve or GND® 36V 20
fSCL =400 kHz IO =0
trmax = 300 ns 27V 11
] 1.65V 6
Operating mode
55V 35
V, = Ve or GND® 36V 14
fSCL =100 kHz IO =0
tr,max =1lps 27V 5
| 165V 2 A
«c 55V 1.6 2| *
= ®) 36V 1.0 13
Low inputs Vi - GND
lo=0 27V 0.7 11
165V 0.4 0.55
Standby mode
55V 1.6 2
L V, =V, 3.6V 1.0 13
High inputs - cc
ghinp lo=0 27V 0.7 11
165V 0.4 0.55
SCL or SDA input at 0.6 V,
Al Supply-current | ¢ gpa Other inputs at V¢ or GND®) 1.65Vito 55V 2 15 A
ce change ’ SCL or SDA input at Ve — 0.6 V, 165V 055V ) 15 H
Other inputs at Ve or GND® : :
A2-A0 3 4.5 6
o — V), = Ve or GND®) 1.65V1t055V pF
RESET 4.5 55
! SCL, SDA 15 19
%O@FF) V) = Vg or GND®  Switch OFF 1.65V1t055V pF
SC3-SC0, SD3-SD0 6 8
(1) For operation between specified voltage ranges, refer to the worst-case parameter in both applicable ranges.
(2) All typical values are at nominal supply voltage (1.8-V, 2.5-V, 3.3-V, 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 © 2014-2015, Texas Instruments Incorporated 5
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Electrical Characteristics® (continued)
over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP@ MAX| UNIT
45Vto55V 4 10 16
Vo =04V Io =15 mA
) ) 3Vt 3.6V 5 13 20
Ron Switch on-state resistance Q
Vo =04V lo = 10 mA 23Vto2.7V 7 16 45
1.65Vto 1.95V 10 25 70
7.6 I°C Interface Timing Requirements
over recommended operating free-air temperature range (unless otherwise noted) (see Figure 5)
STANDARD MODE FAST MODE
I>’C BUS I>C BUS UNIT
MIN MAX MIN MAX
fsal I2C clock frequency 0 100 0 400| kHz
tsch 12C clock high time 4 0.6 us
tscl 12C clock low time 4.7 1.3 us
tsp I°C spike time 50 50| ns
tsds I°C serial-data setup time 250 100 ns
tsdh I2C serial-data hold time oW oW us
ticr I2C input rise time 1000| 20 +0.1C, @ 300| ns
tics I2C input fall time 300| 20+0.1C, @ 300| ns
toct I2C output fall time 10-pF to 400-pF bus 300| 20+0.1C, @ 300| ns
tpur I2C bus free time between stop and start 4.7 1.3 us
tsts I°C start or repeated start condition setup 4.7 0.6 us
tsth I2C start or repeated start condition hold 4 0.6 us
tsps I°C stop condition setup 4 0.6 us
tu(patay  Valid-data time (high to low)® SCL low to SDA output low valid 1 1| us
tuaHpatay  Valid-data time (low to high)® SCL low to SDA output high valid 0.6 0.6| ups
tvd(ack) Valid-data time of ACK condition ﬁ;chigguatl ;L?E\SCL low 1 1| ps
Cp I°C bus capacitive load 400 400| pF

(1) A device internally must provide a hold time of at least 300 ns for the SDA signal (referred to the V|3 min of the SCL signal), in order to
bridge the undefined region of the falling edge of SCL.

(2) C, = total bus capacitance of one bus line in pF

(3) Data taken using a 1-kQ pullup resistor and 50-pF load (see Figure 5)

7.7 Switching Characteristics
over recommended operating free-air temperature range, C, < 100 pF (unless otherwise noted) (see Figure 5)

FROM TO
PARAMETER (INPUT) (OUTPUT) MIN MAX | UNIT
1 i i Ron = 20 Q, C =15 pF 0.3
t,a @ Propagation delay time SDA or SCL SDn or SCn ns
RON=ZOQ,CL=50pF 1

(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).

6 Copyright © 2014-2015, Texas Instruments Incorporated
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7.8 Interrupt and Reset Timing Requirements
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER MIN MAX | UNIT
twi Pulse duration, RESET low 6 ns
trst RESET time (SDA clear) 500| ns
tREC(STA) Recovery time from RESET to start 0 ns

(1) tis 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, .

7.9 Typical Characteristics

800 1.8
— VCC =5.5V
700 | = Vcc =3.3V 1.6
VCC =1.65V
600 T 14
=
500 3 12
’>“ o
=
‘E: 400 2 1 /
O =]
> 300 § 0g
/ 5
200 8 o6
| ; —— 25°C (Room Temperature)
100 0.4 —— 85°C
— -40°C
o le=—" 0.2 |
0 2 4 6 8 10 12 1.5 2 2.5 3 3.5 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° 5 \
5.4 \
20
— - N
\"';.; 5.2 g \
£ s S 15 >~
o =z \
3 4.8 T— 3 \\\~._\‘
46 D 10
. ‘\
4.4 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) Vce (V)
Figure 3. Slave channel (SCn/SDn) capacitance (Cio(oFr)) VS- Figure 4. ON-Resistance (Ron) Vs Supply Voltage (V) at
Supply Voltage (Vcc) at Three Temperature Points Three Temperatures
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8 Parameter Measurement Information

Vee

R =1kQ

SDn, SCn
DUT

CL =50 pF

; (See Note A)

12C PORT LOAD CONFIGURATION

|l Two Bytes for Complete N
i‘ Device Programming '|
Stop Start Address R/W Data Data Stop
Condition |Condition | Bit 7 AdBditr%SS coe AdBd_trelss Bit 0 AEK Bit7 | eee | Bit0 A(fi;( Condition
) ©S) (MSB) ' wsey| ® (MSB) (LSB) P)
BYTE DESCRIPTION
1 12C address + RIW
2 Control register data
tscl _:‘_’I I‘_‘l’_ tsch
I I
scL I [ : : |
I
: ticr —» € | | | | | I‘—OI, tea | |
——»! t
thuf I | icf ¥ 4= l | tsp —» e | tvar P I‘_ :
L
Vs T | £ — 0.7%xVcc
SDA N jf >§ | | ! | /)
lh_': | 1 N / ||—03xvCC
t; t ||
icf —™ | |_’| & tigr | | —»l [ tsgn tsps —»l s
tsth —1€P togs—P Repeat
Start Stop
Start or Repeat " o
Start Condition Condition Condition
VOLTAGE WAVEFORMS

A. C_includes probe and jig capacitance.

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q,

t/ty <30 ns.

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

Figure 5. 1°C Interface Load Circuit, Byte Descriptions, and Voltage Waveforms

Copyright © 2014-2015, Texas Instruments Incorporated
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Parameter Measurement Information (continued)
Start ACK or Read Cycle
<C
)
(<
)
SDA /
e e e e e e e e — 30%
i D) |
| r—"* trst
! (C ‘
I )
RESET 74 — —:— ———————————————————— A‘\j ———————— 50%
trec \ I
}‘—4“ tWL

Figure 6. Reset Timing

Copyright © 2014-2015, Texas Instruments Incorporated 9
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9 Detailed Description

9.1 Overview

The TCA9546A is a 4-channel, bidirectional translating 1°C switch. The master SCL/SDA signal pair is directed to
four channels of slave devices, SC0/SD0-SC3/SD3. Any individual downstream channel can be selected as well
as any combination of the four channels.

The device offers an active-low RESET input which resets the state machine and allows the TCA9546A to
recover should one of the downstream I1°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 will 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 A0 and Al pins), a single 8-bit control register is written to or read from to determine the selected
channels.

The TCA9546A 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.

9.2 Functional Block Diagram

TCA9546A
5
SCo
11
sc1 |2
I
10
SC2
11
sc3 |12
spo |4 JTL
11
6
SD1
11
-
sp2 _|9
1L
sp3 _|M ||
Switch Control Logic
GND B[]
vce _|16
RESET 3 Power-On Reset
scLe¢}4 U ao
. 2
15 Input Filter 12C Bus Control A1
SDA ¢ 13
A2
j

10 Copyright © 2014-2015, Texas Instruments Incorporated
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9.3 Feature Description

The TCA9546A is a 4-channel, bidirectional translating switch for I°C buses that supports Standard-Mode (100
kHz) and Fast-Mode (400 kHz) operation. The TCA9546A features I2C control using a single 8-bit control register
in which the four least significant bits control the enabling and disabling of the 4 switch channels of 1°C data flow.
Depending on the application, voltage translation of the I°C bus can also be achieved using the TCA9546A 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 TCA9546A 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.

9.4 Device Functional Modes

9.4.1 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 TCA9546A 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.

9.4.2 Power-On Reset

When power is applied to V¢, an internal power-on reset holds the TCA9546A in a reset condition until V¢ has
reached Vpog. At this point, the reset condition is released, and the TCA9546A registers and I1°C state machine
are initialized to their default states, all zeroes, causing all the channels to be deselected. Thereafter, Vcc must
be lowered below V poRg to reset the device.

9.5 Programming

9.5.1 I°C Interface

The I2C bus is for two-way two-line communication between different ICs or modules. The two lines are a serial
data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pullup
resistor when connected to the output stages of a device. Data transfer can be initiated only when the bus is not
busy.

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the high
period of the clock pulse, as changes in the data line at this time are interpreted as control signals (see Figure 7).

o/ X \

[
|
|
|

\ \
\ \
\ \
[ [ oo
| |
| |
| |
\ \

\ Data Line \ Change \
\ Stable; | of Data |
\ Data Valid | Allowed |

Figure 7. Bit Transfer

Both data and clock lines remain high when the bus is not busy. A high-to-low transition of the data line while the
clock is high is defined as the start condition (S). A low-to-high transition of the data line while the clock is high is
defined as the stop condition (P) (see Figure 8).

Copyright © 2014-2015, Texas Instruments Incorporated 11
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Programming (continued)

cee— ] -- ..
o TN |/ N | /T
| ! T | |
| | | |
SCL ‘ S ‘ o T ‘ P ‘ T
L _—_ | L _ |

Start Condition Stop Condition

Figure 8. Definition of Start and Stop Conditions

A device generating a message is a transmitter; a device receiving is the receiver. The device that controls the
message is the master, and the devices that are controlled by the master are the slaves (see Figure 9).

SDA
SCL
2
Master Slave Master 1<C
Transmitter/ Slave Transmitter/ Master Transmitter/ Multiplexer
Receiver Receiver Receiver Transmitter Receiver
Slave (YY)

Figure 9. System Configuration

The number of data bytes transferred between the start and the stop conditions from transmitter to receiver is not
limited. Each byte of eight bits is followed by one acknowledge (ACK) bit. The transmitter must release the SDA

line before the receiver can send an ACK bit.

When a slave receiver is addressed, it must generate an ACK after the reception of each byte. Also, a master
must generate an ACK after the reception of each byte that has been clocked out of the slave transmitter. The
device that acknowledges must pull down the SDA line during the ACK clock pulse so that the SDA line is stable
low during the high pulse of the ACK-related clock period (see Figure 10). Setup and hold times must be taken

into account.

12 Copyright © 2014-2015, Texas Instruments Incorporated
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Programming (continued)
"
Data Output | : -
by Transmitter | |
I | 0T
(.
NACK
| "
Data Output 1 I °T
by Receiver : |
I
(.
(.
(.
L
SCL From
Master : | 1 2 8 9
| - -
[ s |
| "
Start Clock Pulse for ACK
Condition
Figure 10. Acknowledgment on the I°C Bus
Data is transmitted to the TCA9546A control register using the write mode shown in Figure 11.
Slave Address Control Register
/ \ / \
soa | S|t r]o]AzjaLjacjo|AlXx]| X]| X| x|B3|B2|BL|BO| A| P
! bt bt
Start Condition R/W ACK From Slave ACK From Slave  Stop Condition
Figure 11. Write Control Register
Data is read from the TCA9546A control register using the read mode shown in Figure 12.
Slave Address Control Register
/ \ / \
SDA | s|1|1])1])o]|Aa2jarjao|l 1|]AJoJoOo|o] 0o|B3|B2|B1|BO|NA| P
! bt bt
Start Condition R/W ACK From Slave NACK From Master Stop Condition

Figure 12. Read Control Register
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9.6 Control Register

9.6.1 Device Address

Following a start condition, the bus master must output the address of the slave it is accessing. The address of
the TCA9546A is shown in Figure 13. To conserve power, no internal pullup resistors are incorporated on the
hardware-selectable address pins, and they must be pulled high or low.

Slave Address

1 111 0 |A2 |AL | A0 [RW
\ /

Fixed Hardware
Selectable

Figure 13. TCA9546A Address

The last bit of the slave address defines the operation to be performed. When set to a logic 1, a read is selected,
while a logic 0 selects a write operation.

9.6.2 Control Register Description

Following the successful acknowledgment of the slave address, the bus master sends a byte to the TCA9546A,
which is stored in the control register (see Figure 14). If multiple bytes are received by the TCA9546A, it will save
the last byte received. This register can be written and read via the 1°C bus.

Channel Selection Bits
(Read/Write)

7 6 5 4 3 2 1 0

X X X X B3 B2 | B1 | BO

; Channel 0
Channel 1

Channel 2
Channel 3

Figure 14. Control Register

9.6.3 Control Register Definition

One or several SCn/SDn downstream pairs, or channels, are selected by the contents of the control register (see
Table 1). This register is written after the TCA9546A has been addressed. The four LSBs of the control byte are
used to determine which channel or channels are to be selected. When a channel is selected, the channel
becomes active after a stop condition has been placed on the I12C 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 right after the acknowledge cycle.
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Control Register (continued)

Table 1. Control Register Write (Channel Selection), Control Register Read (Channel Status)®

B7 B6 B5 B4 B3 B2 Bl BO COMMAND
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
0 Channel 2 disabled
X X X X X X X
Channel 2 enabled
0 Channel 3 disabled
X X X X X X X
1 Channel 3 enabled
No channel selected,
0 0 0 0 0 0 0 0 power-up/reset default state

(1) Several channels can be enabled at the same time. For example, B3 =0, B2 = 1, B1 = 1, BO = 0 means that channels 0 and 3 are
disabled, and channels 1 and 2 are enabled. Care should be taken not to exceed the maximum bus capacity.
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10 Application and Implementation

10.1 Application Information

Applications of the TCA9546A will contain an 1°C (or SMBus) master device and up to four 1°C slave devices.
The downstream channels are ideally used to resolve I1°C slave address conflicts. For example, if four identical
digital temperature sensors are needed in the application, one sensor can be connected at each channel: 0, 1, 2,
and 3. 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 I°C master can move on and read the next
channel.

In an application where the 1°C bus will contain 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 will be enabled simultaneously, additional design
requirements must be considered (See Design Requirements and Detailed Design Procedure).

10.2 Typical Application

A typical application of the TCA9546A will contain anywhere from 1 to 5 separate data pull-up voltages, Vppux ,
one for the master device (Vppyym) and one for each of the selectable slave channels (Vppyg — Vppeus)- In the
event where the master device and all slave devices operate at the same voltage, then the pass voltage, Vpass =
Vppux. Once the maximum V¢ is known, V.. can be selected easily using Figure 16. In an application where
voltage translation is necessary, additional design requirements must be considered (See Design Requirements).

Figure 15 shows an application in which the TCA9546A can be used.
Vppum =1.65Vto 5.5V

VCC =33V
T 1 Vppuo =1.65Vto 5.5V
vce
15 4
2 o SPA SDo > } Channel 0
I#C/SMBus scL 14 SscL sco 5 -
Master
3,] RESET %—g Vppys =1.65V1t0 5.5V
sp1f6 s
sc1 7 = } Channel 1
Vv =1.65Vto55V
TCA9546A %—; DPU2
9
D2 .
§C2 10 R } Channel 2
13 Vppy; =1.65Vto 5.5V
A2
2
1 . sp3p 1 >
8 AD 12 - } Channel 3
GND SC3 >

Figure 15. TCA9546A Typical Application Schematic

16 Copyright © 2014-2015, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tca9546a?qgpn=tca9546a
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TCA9546A

www.ti.com.cn ZHCSDC5A —APRIL 2014—REVISED FEBRUARY 2015

Typical Application (continued)

10.2.1 Design Requirements

The AQ, A1, and A2 pins are hardware selectable to control the slave address of the TCA9546A. These pins may
be tied directly to GND or V¢ in the application.

If multiple slave channels will be activated simultaneously in the application, then the total 15, from SCL/SDA to
GND on the master side will be the sum of the currents through all pull-up resistors, R,,.

The pass-gate transistors of the TCA9546A are constructed such that the V¢ voltage can be used to limit the
maximum voltage that is passed from one I°C bus to another.

Figure 16 shows the voltage characteristics of the pass-gate transistors (note that the graph was generated using
data specified in the Electrical Characteristics section of this data sheet). In order for the TCA9546A to act as a
voltage translator, the V,s voltage must be equal to or lower than the lowest bus voltage. For example, if the
main bus is running at 5 V and the downstream buses are 3.3 V and 2.7 V, V55 must be equal to or below 2.7 V
to effectively clamp the downstream bus voltages. As shown in Figure 16, Vpassmax) iS 2.7 V when the TCA9546A
supply voltage is 4 V or lower, so the TCA9546A supply voltage could be set to 3.3 V. Pull-up resistors then can
be used to bring the bus voltages to their appropriate levels (see Figure 15).

10.2.2 Detailed Design Procedure

Once all the slaves are assigned to the appropriate slave channels and bus voltages are identified, the pull-up
resistors, R, for each of the buses need to be selected appropriately. The minimum pull-up resistance is a
function of Vppyx, Vo (max): @and lo.:

V V,

_ VYppPux — VoL(max)
Rp(min) = |—
oL (1)

The maximum pull-up resistance is a function of the maximum rise time, t, (300 ns for fast-mode operation, fgc, =
400 kHz) and bus capacitance, Cy;:

t

r

Rp(maX) TN ea72o
08473 X Cb (2)

The maximum bus capacitance for an 1°C bus must not exceed 400 pF for fast-mode operation. The bus
capacitance can be approximated by adding the capacitance of the TCA9546A, Ci,orr), the capacitance of
wires/connections/traces, and the capacitance of each individual slave on a given channel. If multiple channels
will be activated simultaneously, each of the slaves on all channels will contribute to total bus capacitance.
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Typical Application (continued)
10.2.3 TCA9546A Application Curves

5 25
—— 25°C (Room Temperature) —— Standard-mode
— 85°C \ —— Fast-mode
4 ~40°C 20 \
\
v = \
E \
< 3 / £ 15
< // g \
>c. 2 P g 10 AN
// o \\
1 5
0 0
0 05 1 15 2 25 3 35 4 45 5 55 0 50 100 150 200 250 300 350 400 450
Vee (V) Co (pF)
Standard-mode Fast-mode
(fsc =100 kHz, t, = 1 ps) (fscL= 400 kHz, t,= 300 ns)
Figure 16. Pass-Gate Voltage (Vpass) Vs Supply Voltage Figure 17. Maximum Pull-Up resistance (Rpmax)) VS Bus
(Vcc) at Three Temperature Points Capacitance (Cp)

1.8
A

1.6 L

1.4 pd

1.2

1

0.8 A
0.6 pd

0.4

Rp(min) (kOhm)

0.2

Vppux > 2V
— Vppux <=2

0

0 05 1 1.5 2 2.5 3 3.5 4 45 5 5.5
Vppux (V)

VOL = O'Z*VDPUX1 IOL =2 mA when VDPUX <2V
VOL =04V, IOL =3 mA when VDPUX >2V

Figure 18. Minimum Pull-Up Resistance (Rymin)) Vs Pull-Up Reference Voltage (Vppyx)

18
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11 Power Supply Recommendations

The operating power-supply voltage range of the TCA9546A is 1.65 V to 5.5 V applied at the VCC pin. When the
TCA9546A is powered on for the first time or anytime the device needs to be reset by cycling the power supply,

the power-on reset requirements must be followed to ensure the 1°C bus logic is initialized properly.

11.1 Power-On Reset Requirements

In the event of a glitch or data corruption, TCA9546A can be reset to its default conditions by using the power-on
reset feature. Power-on reset requires that the device go through a power cycle to be completely reset. This
reset also happens when the device is powered on for the first time in an application.

A power-on reset is shown in Figure 19.

Vee

A

: Ramp-Down

| | |

| | |

| | | |

| \‘ VCC_TRR " |

Vi drops below Vpoge — 50 H‘wv ! ] :
|
|

| | Time to Re-Ramp
w— Vec FT—

«—— Vec RT—M

Figure 19. V¢ is Lowered Below the POR Threshold, Then Ramped Back Up to V¢

P> Time

Table 2 specifies the performance of the power-on reset feature for TCA9546A for both types of power-on reset.

Table 2. Recommended Supply Sequencing And Ramp Rates®

PARAMETER MIN TYP MAX| UNIT
Vee Fr Fall time See Figure 19 1 100 ms
Vee RT Rise time See Figure 19 0.1 100 ms
Time to re-ramp (when V¢ drops below Vporr(min) — 50 mV or .
Vee TRR when Ve drops to GND) See Figure 19 40 us
Level that V¢ can glitch down to, but not cause a functional .
Vee_eH disruption when Vcc gw = 1 ps See Figure 20 12 v
Vee ow Glitch wEith that will not cause a functional disruption when See Figure 20 10 us
- Vee g = 0.5 % Ve
VpoRE Voltage trip point of POR on falling V¢ See Figure 21 0.8 1.25 \%
VpoRR Voltage trip point of POR on rising Ve See Figure 21 1.05 15 \%
(1) All supply sequencing and ramp rate values are measured at Ty = 25°C
Copyright © 2014-2015, Texas Instruments Incorporated 19


http://www.ti.com.cn/product/cn/tca9546a?qgpn=tca9546a
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TCA9546A

ZHCSDCS5A —APRIL 2014—REVISED FEBRUARY 2015 www.ti.com.cn

Glitches in the power supply can also affect the power-on reset performance of this device. The glitch width
(Vce ow) and height (Ve o) are dependent on each other. The bypass capacitance, source impedance, and
device impedance are factors that affect power-on reset performance. Figure 20 and Table 2 provide more
information on how to measure these specifications.

Vee

A

|

|
VecgH |- — — — — — — [

|

1

1
A
j P Time
1‘47 VCC_GW—N‘
Figure 20. Glitch Width and Glitch Height
Vpor is critical to the power-on reset. Vpog is the voltage level at which the reset condition is released and all the

registers and the 1°C/SMBus state machine are initialized to their default states. The value of Vpog differs based
on the V¢ being lowered to or from 0. Figure 21 and Table 2 provide more details on this specification.

Vee
A
VPORR |~ — — — — >
Veorr |~ — =
P Time
POR
A
P Time

Figure 21. Vpog
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12 Layout

12.1 Layout Guidelines

For PCB layout of the TCA9546A, common PCB layout practices should be followed but additional concerns
related to high-speed data transfer such as matched impedances and differential pairs are not a concern for 1°C
signal speeds. It is common to have a dedicated ground plane on an inner layer of the board and pins that are
connected to ground should have a low-impedance path to the ground plane in the form of wide polygon pours
and multiple vias. By-pass and de-coupling capacitors are commonly used to control the voltage on the VCC pin,
using a larger capacitor to provide additional power in the event of a short power supply glitch and a smaller
capacitor to filter out high-frequency ripple.

In an application where voltage translation is not required, all Vppyx Vvoltages and V¢ could be at the same
potential and a single copper plane could connect all of pull-up resistors to the appropriate reference voltage. In
an application where voltage translation is required, Vppum: Voruo: Voprui: Vopuz, and Vppysz may all be on the
same layer of the board with split planes to isolate different voltage potentials.

To reduce the total I°C bus capacitance added by PCB parasitics, data lines (SCn and SDn) should be a short as
possible and the widths of the traces should also be minimized (e.g. 5-10 mils depending on copper weight).

12.2 Layout Example

LEGEND
:_'_': Partial Power Plane Polygonal To 12C Master
O VIAto Power Plane CopperPour | A AL ,
%) VIAto GND Plane (Inner Layer) i
e DPUM

By-pass/De-coupling
capacitors + 0/\/\/\’_C)
o («'_/_ll_& _____________ 1 ;
0L

[ I I

To Slave Channel 0

€ [ouuBY) 9AR|S O]

TCA9546A

To Slave Channel 1

Z [auuey) aAe|S o1

JiRA © 2014-2015, Texas Instruments Incorporated 21


http://www.ti.com.cn/product/cn/tca9546a?qgpn=tca9546a
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TCA9546A

ZHCSDCS5A —APRIL 2014—REVISED FEBRUARY 2015 www.ti.com.cn

13 SISO SR

13.1 FEkx
All trademarks are the property of their respective owners.

13.2  FfE i s

A e Ea S EIRMAE ESD Y. (EMEESEIN, R SRR s B T S it WE MOS IR R
hial i

13.3 RigF

SLYZ022 — Tl RiEH,
X ARIER I NI REARTE . H - REEIE R X,

14 HUBREERA AT (E B
PAN SO A AU R AT AT (5 B e X5 RO BT xR e S PR SR ol didl . IR St 2 7 0 id A AN
ASCEHATIEAT G DU T R AEBAE . n AS K 3 O WA A, 37 22 D) 0 ) 3 A

22 AL © 2014-2015, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tca9546a?qgpn=tca9546a
http://www.ti.com.cn
http://www.ti.com/cn/lit/pdf/SLYZ022

HEF

TENAX (TN ST 87 Rl A BURYE JESDAG foirdnie, X Pri ™ AT oS AT BEIE . 180k, Mo, ousesle ek, IFaBURE
JESDA8 s AR LSRR AT SRR S5 o P 42 T AT AT MR BUR BT AR 35 2, FRIIEIR (5 B 5 5 B HA RN TA ™ i 5
HBARAEIT SR A B L (AT B8 5 26 5 2 A1

T ARIEIL IR B A AR VERE AT & i A B I T - S™ B 65 2R 5 SR IKIE IS . U T1 ARIERISE I A, B T A B2 A2 i
PR e e PR H R . BRAREER G TREVERE, 15 B 4 2O S M AL BT A S 80T IR

Tk S35 B sl 7 7 i BT AN AR AT 5% . % R HAE AT T1 A0 07 s RS T EAT 5058 RN S 20 7 7 i RSE A 9% XU S
7 N BEIE S BT SR e A .

TIAKAER TULFIR AL FRl s s e 5 7 T A S 55 A & e HLES sl 510 T AR AP T (MBS
FRAT AL T CRAIE SRR o TI ITRAT 558 =07 7 MBI S A SR 5 2, ASRERI UM TI BRI e 7™ G el S5 ROVFT . 24, A ], A
PEZAE BT e 5 AT 28 =07 M LRI B AR BT R VT, BUR TI MR FIBEIL e il 7 T K VFT .

XTI b TR EAE R TS B EEEE Sy, RS0 N AEAT AR A LS ELRT AT A ORI 26, IRBIAT A BRSO A et AT
Hiflo TSR SO B SCEA KA AT ST S5 . RIEE = J7 (945 S5 AT e o ZR B I BR A 2% 1«

FERER TI ARSI, AR Z AL IR 5 S B IR 5 T b B S B0 BUAF AL 22 s (B ), ISR 25456 T 44 s o5 i & B
ABEARTRAL, HXRAELM . BAEERAAT . T XSRS B AR IR 2 A RSB SRR LS5

FPRNF IR, AR A SAE BB AT R B T1 3243, (EARATRE A /) 0 Sl A2 55 L7 i S AEFL N HR (T T 7 ey A SG (K AT ik
B BRI AR ESR . B FEIIORE R, A TR AR 5 St 2 A BT AR R iR BRI, AU AR fa R e A MR
RALJE R BARA R REIR N B 0 3 (R (1 A AR LR I RIUE iR it 25 7 A U A2 D 8 2K 2 4 SRR B ) o AT T A1
xb T R HACHRIE AT K

R AR, AT e SRS A AT REXT T AT R IR AS . T B E bR RS 35 Bh 2 P W R ) S s A AT AL iE
I Th g % A T bR B SR IR 0 7= Al 7 26 RS Tk, ESRZ SR IR N IX 6 2 3K

TI 414Kk 3545H T FDA Class Il (BRI A BOCERIT &4 MIRBFT], BRIESHHRAE R CA&IER T &1 TSR R il
AR T R34 S s sm B BRI T A R s T TH T E SIS MBI N . WLF AT A &, Ftdedeem
@i?ﬁéﬁﬁ%ﬁ%ﬂ%i&ﬂ@ TI AT E R ST ORI IR A, FER 2 P SR dE, I H R P 7650 L 5 8 A R T E
VR RIE B R

TI TR E A ISOITS16949 ZESKIF= M, XE/F= i FEATIRE . AT, B AR @ ™= M i ek 2] 1ISOITS16949

R, TIAKIBAEA 54T

7 8L
S www.ti.com.cn/audio WBEHRE www.ti.com.cn/telecom
TR # AN 28 1 www.ti.com.cn/amplifiers TR L www.ti.com.cn/computer
HR i s www.ti.com.cn/dataconverters VT www.ti.com/consumer-apps
DLP® 7= www.dlp.com AEE www.ti.com/energy
DSP - #5548 www.ti.com.cn/dsp Tk A www.ti.com.cn/industrial
A B R ) 2 www.ti.com.cn/clockandtimers BRIT T www.ti.com.cn/medical
B www.ti.com.cn/interface 2285 . FH www.ti.com.cn/security
B www.ti.com.cn/logic RERT www.ti.com.cn/automotive
R YR www.ti.com.cn/power AT A% www.ti.com.cn/video
MEEHEE (MCU) www.ti.com.cn/microcontrollers
RFID &4t www.ti.com.cn/rfidsys
OMAP I i b PR 25 www.ti.com/omap
ToLR @ www.ti.com.cn/wirelessconnectivity N X 3 7E LA S LI www.deyisupport.com

MRZyHiht:  _EHETT R ET XD KiE1568 5, i KJE32 #RIRE 4D 200122
Copyright © 2015, M8 FARA (L) HRAR


http://www.ti.com.cn/audio
http://www.ti.com.cn/telecom
http://www.ti.com.cn/amplifiers
http://www.ti.com.cn/computer
http://www.ti.com.cn/dataconverters
http://www.ti.com.cn/home_a_consumer_electronics
http://www.dlp.com
http://www.ti.com.cn/hdr_a_energy
http://www.ti.com.cn/dsp
http://www.ti.com.cn/industrial
http://www.ti.com.cn/clockandtimers
http://www.ti.com.cn/home_a_medical
http://www.ti.com.cn/interface
http://www.ti.com.cn/home_a_security
http://www.ti.com.cn/logic
http://www.ti.com.cn/automotive
http://www.ti.com.cn/power
http://www.ti.com.cn/home_a_vi
http://www.ti.com.cn/microcontrollers
http://www.ti.com.cn/rfidsys
http://www.ti.com/omap
http://www.ti.com.cn/home_p_wirelessconnectivity

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 23-Apr-2015
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® 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

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

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

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

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

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TCA9546ADR ACTIVE solC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TCA9546A
& no Sh/Br)
TCA9546APWR ACTIVE TSSOP PW 16 2000 Gg[een s(l;/%H)s CU NIPDAU Level-1-260C-UNLIM -40 to 85 PW546A
no r



http://www.ti.com/product/TCA9546A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TCA9546A?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TCA9546ADR SoIC D 16 2500 330.0 16.4 6.5 103 | 21 8.0 16.0 Q1
TCA9546APWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TCA9546ADR SoIC D 16 2500 367.0 367.0 38.0
TCA9546APWR TSSOP PW 16 2000 367.0 367.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

D (R—PDSO—-G16) PLASTIC SMALL QUTLINE

0.394 (10,00)

0.386 (9,80)
PN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) AN

L LR ,

Pin 1

Index Area 0.050 (1,27) OOZO (©, 51;
\@\o.o (0,25 @]
/ \
[ \ \
\
v 0 % J\ /k
— 0.069 (1,75) Max 0. 004
0.010 (0,25) // .
0.005 (0,15)1 , \
A
\ t \ //\ | []0.004 (0,10)
Gauge Plane - == !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-6/M 06 /11
NOTES:  A. Al linear dimensions are in inches (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 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS—012 variation AC.
w3 TExas
INSTRUMENTS

www.ti.com



MECHANICAL DATA

PW (R-PDS0O—-G16) PLASTIC SMALL OUTLINE

N
16 9

LT —
|

4,50 6,60
4,50 6,20

[ \ [\
i Seating P\Gne¢ g_\\)

[~ ]o,10

5

L 1,20 MAX

=]
|l

<o
O

40400644 /G 02/1

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.

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 each side.
Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.

E. Falls within JEDEC MO-153
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