Ordering & Technical Design & Support &
E quality documentation development E training
I3 TEXAS TCA9511A
INSTRUMENTS ZHCSKD1C - OCTOBER 2019 - REVISED JANUARY 2021
TCA9511A HIEIR 12C S £ F1 SMBus 22148
1 etk 3 i

TRF 12C SRS 5 B B AL S
TAERJEEEVEEN 2.3V £ 5.5V
-40°C % 125°C ff) T IS S

it 1
XtFrA SDA Al SCL ki) 1V Tl 78 HL AT By 1L i
B N AR R RS

AP AR AR R PRI S 12C 2
SCRP Bl 9E P S R0
i L i BELATL 12C 51

2 NH

Ik 55 4%
Al 2 e
HLAS A H B 7%
Heulh

Tl Hshfe e

TCA951MA £ — K HIEK 12C HLLZ e | #0110
RIRNF A, A2 35850 RN I B 28 2
P LR AT B LR R AR 12C RER (BN ) SRR 12C
LRk (G ) MR ( BRI B BUE L ar A e 2k
RGN ), ASTER R R4 B 25
o MEESLERENT | ZARF AT el , TS
R AR AR FRRE 2 . TEF AL FE S, &% SDA F
SCL kST A 1V, MR AT BEIR/N T #8441 25 2F
L% 78 LT 75 1R FELYAE

2 12C SRS, @K EN 5] E R TR
TCA9S1MA B T RWii= , i FEKII#E. 24 EN #
iy, TCA9S11A ¥k B IE W IZ1T . %l 4E
— I READY #iri 51, iZ 5| 7 ST E SR S5 F
MAER & R RES . 24 READY 5] E s Pa
SDAIN #1 SCLIN #%i##:5 SDAOUT #1 SCLOUT. 4
P I, READY 5] NG S .

#HER
FAFRLES ESp-) HER (A )
TCA9511A VSSOP (8) 3.00mm x 3.00mm

(1) W& TRRITA TR, S B R AR R R R T I
Ko

EMABLE

GMND

READY I8

1P i i 2

ARG AENTT I, RAH R T2 s P SURARIE S

PARA = s OB 2L . A S0 B 5 SRR I Bl (R 2, U7 )

www.ti.com , HNEIRAN . TIAGRIERIERERPENA . ESEERBit 28T, 1 551578 ol R IS SCRRAS .

English Data Sheet: SCPS272


http://www.ti.com/solution/rack-server
http://www.ti.com/solution/data-center-switches
http://www.ti.com/solution/telecom-monitor-unit
http://www.ti.com/solution/small-cell-base-station
https://www.ti.com/applications/industrial/factory-automation/overview.html
https://www.tij.com.cn/product/cn/tca9511a?qgpn=tca9511a
https://www.ti.com.cn/product/cn/TCA9511A?dcmp=dsproject&hqs=#order-quality
https://www.ti.com.cn/product/cn/TCA9511A?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com.cn/product/cn/TCA9511A?dcmp=dsproject&hqs=#design-development
https://www.ti.com.cn/product/cn/TCA9511A?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SCPS272

I3 TEXAS
TCA9511A INSTRUMENTS
ZHCSKD1C - OCTOBER 2019 - REVISED JANUARY 2021 www.ti.com.cn
Table of Contents
TR e 1 8.4 Device Functional Modes...........c.ccoccoroinrciicnincicnn. 10
2 L oo 1 9 Application Information Disclaimer........................ 12
R < PO 1 9.1 Application Information.............cccooeiiiiiiii e 12
4 ReVISION HISOTY.........o.oveeeeeoeeeeeeeeeeeeeeeeee e 2 9.2 Typ!cal Appl!cat?on .................................................... 12
5 Pin Configuration and FUnctions.................c.coocoo....... 3 9.3 Typical Application on a Backplane...............cc......... 15
6 SPECITICAtIONS. ... 4 10 Power Supply Recommendations.................ccccceeee 17
6.1 Absolute Maximum Ratings .............oveeeereeererrerrennenn. 4 10.1 Power Supply Best Practices..........cccccevvieeeiiinenns 17
6.2 ESD RAUNGS oo seeeeeeeees s seeeeeseene 4 10.2 Power-on Reset Requirements............cccocceevineenne 17
6.3 Recommended Operating Conditions ....................... 4 1" Layout............. ..... s 18
6.4 Thermal INfOrmation ... oo 4 11.1 Layout Guidelines...........cccovieeeiiieeiniece e 18
6.5 Electrical CharacteriStics ... 5 11.2 Layout Example..........ccoooiiiiiiiiiiiiieecc e 19
6.6 Timing RequireMents ...........cccoceeveeveeeeeeeeeeeeeeeeeeeene 5 12 Device and Documentation Support.......................... 20
6.7 Switching Characteristics ..............oeeeeeeverrereereerrnenn. 6 12.1 Receiving Notification of Documentation Updates..20
6.8 Typ|Ca| CharacCteriStiCS. .ou e, 7 12.2 i#‘r(ﬁ .................................................................... 20
7 Parameter Measurement Information.............ooovvvvviiiin, 8 12.3 Trademarks........ccoooeieieeececreeee e e 20
8 Detailed Description..................cccccoceeveeeeeeeeeeen 9 124 B HIREE e 20
8.1 OVEIVIEW....coeiiiie ettt 9 125 RIEFR oo 20
8.2 Functional Block Diagram............cccccvevieeiiiiiieeeeeeens 9 13 Mechanical, Packaging, and Orderable
8.3 Feature DescCription..........cocccveviieeiiieeeeiic e 10 Information...............ccco i 20
4 Revision History
T DU RS B DR T BE -5 24 RS 1) TR AN (]
Changes from Revision B (March 2020) to Revision C (January 2021) Page
* Deleted the Device COmMPAriSION TADIE ...............cccccuuuiiieeeie e e e e e e e e e eaaaa e 3
* Changed the VCC pin recommended capacitance From: 0.01 v F To: 0.1 u F to match typical application
£ Tex (o] o PRSP 3
* Changed HBM ESD from 1500 V 10 3500 V...t e e e e e e e e et e e e e e e e e e e e e e e nnneneeeeeeeas 4
* Changed ICC values from 6 mA max to 4.5 mA, and typical improved to 2.5 mA ... 5
* Changed Vg typical from 50 MV 10 60 MV .......oiiiiiiiiiiii ettt e e e st e e e s rnbeeeeeeaaes 5
Changes from Revision A (December 2019) to Revision B (March 2020) Page
* Changed pin 7 From: SDAOUTL TO: SDAOUT ......ouiiiiiiiiiiie ettt e e e 3
* Changed text From: "pulled to roughly 160 mV." To: "pulled to roughly 150 mV" in the Bus active section..... 11
* Changed the device number of 5] 11-1 10 TCAOGSTIA . i 19
Changes from Revision * (October 2019) to Revision A (December 2019) Page
o BRI 15 TN BT oot 1

2 Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: TCA95711A


https://www.ti.com.cn/product/cn/tca9511a?qgpn=tca9511a
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSKD1C&partnum=TCA9511A
https://www.ti.com.cn/product/cn/tca9511a?qgpn=tca9511a

13 TEXAS

INSTRUMENTS

www.ti.com.cn

TCA9511A
ZHCSKD1C - OCTOBER 2019 - REVISED JANUARY 2021

5 Pin Configuration and Functions
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& 5-1. 8-Pin VSSOP, DGK Package (Top View)

% 5-1. Pin Functions

PIN
1/0 DESCRIPTION
NAME NO.
Active-high chip enable pin. If EN is low, the TCA9511A is in a low current mode. It also
EN 1 disables the rise-time accelerators, disables the bus pre-charge circuitry, drives READY low,
isolates SDAIN from SDAOUT and isolates SCLIN from SCLOUT. EN should be high (at
VCC) for normal operation. Connect EN to VCC if this feature is not being used.
SCLOUT 2 1/0 Serial clock output. Connect this pin to the SCL bus on the card.
SCLIN 1/0 Serial clock input. Connect this pin to the SCL bus on the backplane.
GND - Supply ground
Connection flag/rise-time accelerator control. Ready is low when either EN is low or the
READY 5 0 start-up sequence has not been completed. READY goes high when EN is high and start-up
is complete. Connect a 10-k Q resistor from this pin to V¢ to provide the pull-up current.
SDAIN 110 Serial data input. Connect this pin to the SDA bus on the backplane.
SDAOUT 1/0 Serial data output. Connect this pin to the SDA bus on the card.
Supply Power. Main input power supply from backplane. This is the supply voltage for the
Vole 8 devices on the backplane I12C buses. Connect pull-up resistors from SDAIN and SCLIN (and
) also from SDAOUT and SCLOUT) to this supply. It is recommended to place a bypass
capacitor of 0.1 1 F close to this pin for best results.
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6 Specifications

6.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)(")

MIN MAX| UNIT

VCC -0.5 7 \
{;‘gt’gge SDAIN, SCLIN, SDAOUT, SCLOUT -05 7 v

EN, READY -0.5 7 \Y
lik Input clamp current V<0 -50 mA
lok Output clamp current Vo <0 -50 mA
lo Continuous output current ERA#NEASE?\'(AOUT SCLIN, SCLOUT, 50 mA
lec Continuous current through VCC or GND +100 mA
T, Maximum junction temperature 130 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating 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 Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

6.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/

o JEDEC JS-001, all pins(" 3500
V(Esp) Electrostatic discharge : Vv
Charged device model (CDM), per JEDEC +1000

specification JESD22-C101, all pins@

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

MIN MAX| UNIT
Vee Supply voltage 2.3 5.5
V, Input voltage range EN input 0 5.5 v
Vio Input/output voltage range SDAIN, SCLIN, SDAOUT, SCLOUT 0 5.5
Vo Output voltage range READY 0 5.5
Ta Ambient temperature -40 125 °C
6.4 Thermal Information
TCA9511
THERMAL METRIC(") DGK UNIT
8 Pin

R ya Junction-to-ambient thermal resistance 1771 °C/W
R 6 Jc(top) Junction-to-case (top) thermal resistance 64.5 °C/W
Rous Junction-to-board thermal resistance 99.6 °C/W
wr Junction-to-top characterization parameter 9.5 °C/W
W Junction-to-board characterization parameter 97.9 °C/W
R 0 ycpoty Junction-to-case (bottom) thermal resistance N/A °C/W

(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

Over operating free-air temperature range (unless otherwise noted). Typical specifications are at Ty = 25 °C, Vg = 3.3V,

unless otherwise noted.

SCL)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
POWER SUPPLY
VCC = 5.5V
lec Supply current SDAIN, SCLIN =0V 2.5 45 mA
SDAOUT, SCLOUT = 10k Rpy
EN=0V
SDAIN, SCLIN, SDAOUT, SCLOUT =0V
| Supply current in shutdown mode through |or Ve 5 30 A
sp the Vg pin(" READY pin = Hi-Z H
EN pulled low after bus connection event
(disable precharge)
UVLO Under voltage lockout (rising) EN = Ve 21 \%
Under voltage lockout (falling) READY =10 kQ to Vgc 2 \Y,
START-UP CIRCUITRY
VeRe Pre-charge voltage SDA, SCL = Hi-Z 0.8 1 1.2 \%
RISE-TIME ACCELERATORS
Position transition on SDA, SCL
Ipy RTA pull-up current(2) VspasscL = 0.6 V, Slew rate = 1.25 V/ps. 2 5 mA
VCC =33V
INPUT-OUTPUT CONNECTION
SDA/SCL pins =90% Vcc, EN = Vcc,
I Input pin leakage GND -1 1 MA
SDA/SCL pins = 10% V¢, EN = GND
Input-output offset voltage (SCLIN to
Vos SCLOUT, SCLOUT to SCLIN and SDAIN |Rpy for SDA/SCL =10k Q 60 100 mV
to SDAOUT, SDAOUT to SDAIN
. EN = VCC, READY = V¢, Bus
i RDY Ready pin leakage connected cc -1 1 pA
DIGITAL 10 THRESHOLD
. . 0.7 x
Viy High-level input voltage EN Vee
Vee
. 0.3 x
ViL Low-level input voltage EN 0
Vee
SDAIN, SCLIN, SDAOUT, SCLOUT \
loL =4 mA 0.15 0.4
VoL Low-level output voltage VinN=01V
READY
o, = 3 MA 0 0.4
DYNAMIC CHARACTERISTICS
. . Ven=0VorV
Cineny  |EN input capacitance fE\AOO Kz cc 1.6 4
Cio . Vreapy =0 VorVee
(READY) READY output capacitance f= 400 kHz 7 10 pF
Cio (sba/ ; ; Vein=0VorVee
SDA/SCL pin capacitance f= 400 kHz 5 10

(1)  In shutdown mode there will also be current flowing from V¢ through the ready pin as this pin is pulled down to indicate the bus is

disconnected.
(2) Determined by design, not tested in production.

6.6 Timing Requirements

MIN NOM

MAX

UNIT

fscL_max ‘Maximum SCL clock frequency

400

kHz
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6.6 Timing Requirements (continued)

MIN NOM MAX| UNIT
tgur () |Bus free time between a STOP and START condition 1.3 us
thp:sta () |Hold time for a repeated START condition 0.6 us
tsu;sta (V) | Set-up time for a repeated START condition 0.6 us
tsu;sto ()| Set-up time for a STOP condition 0.6 us
thp.par (V)| Data hold time 0 ns
tsu.par (") | Data set-up time 100 ns
tlow (" |LOW period of the SCL clock 1.3 us
trign (" |HIGH period of the SCL clock 0.6 us

20 x
t (M Fall time of both SDA and SCL signals (Vec/5.5 300 ns

V)

20 x

t (M Rise time of both SDA and SCL signals (Vec/5.5 300 ns
V)

(1) These are system-level timing specs and are dependent upon bus capacitance and pull up resistor value. It is up to the system

designer to ensure they are met

6.7 Switching Characteristics

Over operating free-air temperature range (unless otherwise noted). Typical specifications are at Ty = 25 °C, Vg = 3.3V,

unless otherwise noted.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT

START-UP CIRCUITRY

tPRECHAR |+ SDA,SCL = Hi-Z

oE Time from V¢ to precharge enabled EN = Voo, GND 15 60 us
VCC transition from 0V to V¢

ten Time from Vpor to digital being ready Time from VpoRn to earliest stop bit 35 95 us
recongized
SDA,SCL=10kQ to Ve

tioLE Bus idle time to READY active EN = Ve 95 150 us
Measured at 0.5 x V¢
SDA,SCL=10kQ to Ve

toisasLe | Time from EN high to low to READY low |READY =10k Q to Vce 30 200 ns
Measured at 0.5 x V¢
SDA,SCL=10kQ to Ve

tsop <f»cla]Adlii\ilotrc: READY delay after stop READY = 10 k© to Veg 12 9 us
Measured at 0.5 x V¢
SDA,SCL=10kQ to Ve

tREADY SCLOUT/SDAOUT to READY READY =10kQ to VCC 0.8 1.5 us
Measured at 0.5 x V¢

INPUT-OUTPUT CONNECTION
Rpy for SDA/SCL = 10 kQ

tpLz Low to high propagation delay C, =100 pF per pin 0 10 ns
Measured at 0.5 x VCC
Rpy for SDA/SCL = 10 kQ

tpzL High to low propagation delay CL = 100 pF per pin 70 150 ns
Measured at 0.5 x VCC
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6.8 Typical Characteristics

loL (MA)

E 6-3. Vos VA |o|_ (Vcc =23V, V| =0 V)

4 4
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— 25V — 25°C
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35 — 5V 35| — 125°C
— 55V
3 3
L [T < /
E 25 E 25 /
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Q Q
e kel /
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1 1
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K 6-4. Vos VA |o|_ (VCC =33V, V,=0 V)
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£
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& 6-5. Vos Vs loL (Vec = 5.5V, V; =0 V)
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7 Parameter Measurement Information

SDAN/SCLn FF \

|
ﬂ_tIDLE(READY)_’: I‘_tDIS_’:

READY 7|£ Sk

& 7-1. Timing for ten, tipLe(ReaDy), and tpis

SDAIN 7|‘
I

SCLIN
SCLOUT /
SDAOUT

(—tstor—>l

I
READY 7|£

Al 7-2. Timing for tgtop
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8 Detailed Description
8.1 Overview

The TCA9511A is a hot-swappable 12C bus buffer that supports 1/0O card insertion into a live backplane without
corruption of the data and clock buses. Control circuitry prevents the backplane from being connected to the
card until a stop command or bus idle condition occurs on the backplane without bus contention on the card.
When the connection is made, this device provides bidirectional buffering, keeping the backplane and card
capacitances isolated. During insertion, the SDA and SCL lines are pre-charged to 1 V to minimize the current
required to charge the parasitic capacitance of the device.

When the 12C bus is idle, the TCA9511A is put into shutdown mode by setting the EN pin low. When EN is high,
the TCA9511A resumes normal operation. It also includes an open drain READY output pin, which indicates that
the backplane and card sides are connected together. When READY is high, the SDAIN and SCLIN are
connected to SDAOUT and SCLOUT. When the two sides are disconnected, READY is low.

8.2 Functional Block Diagram

TCAI511A
l 5mA 15 mA
SLEW RATE SLEW RATE
DETECTOR [ * *—| DETECTOR Ve
‘ ‘ BACKPLANE-TO-CARD ‘ |
SDAIN oT\ CONNECTION o“r SDACUT
CONNECT CONNECT CONNEGT
ENABLE :@7
100 KO * L 100 kO
W o— 1 VOLT —— AN
AAA ~a PRECHARGE o AN
100 kD 100 kQ
l 5 mA ls mA
SLEWRATE | SLEW RATI
DETECTOR *—| DETECTOR
SCLIN o ‘ ‘ BACEELNA&EJF%EARD ‘ | o ’ SCLOUT
CONNECT CONNEGT
+
| I
_ 0.55"Vee!
0.45 e
0.55% e/ * g
ba ] ool —
0.45*Ve - CONNET
STOP BIT AND L READY
UVLO;@ BUS IDLE ‘ ‘
ENABLE 100 ps t— DETECTION .
! y L GND
Delay
CONNECT
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8.3 Feature Description
8.3.1 Hot bus insertion

During a hot bus insertion event, the TCA9511A keeps the buses disconnected to ensure that no data corruption
occurs on either bus. Once the buses are idle or a stop bit on the IN side is detected, the TCA9511A connects
the buses and READY goes high.

8.3.2 Pre-charge voltage

Both the SDA and SCL pins feature a 1-V pre-charge circuit through an internal 100 kQ resistor prior to the pins
being connected to an 12C bus. This feature helps minimize disruptions as a result of a hot bus insertion event.

8.3.3 Rise time accelerators

The TCA9511A features a rise time accelerator (RTA) on all 12C pins that during a positive bus transition,
switches on a current source to quickly slew the bus pins high. This allows the use of weaker pull-up resistors,
which can lower Vg s and lower power system level power consumption.

8.3.4 Bus ready output indicator

The READY pin is an open drain output that provides an indicator to whether the buses are connected and
ready for traffic. This pin is pulled low when the connection between IN/OUT is high impedance. Once the bus is
idle or a stop condition on the IN side is detected, and the connection between IN/OUT is made, the READY pin
is released and pulled high by an external pull-up resistor, signaling that it is ready for traffic.

8.3.5 Powered-off high impedance for 12C and 1/O pins

When the supply voltage is below the UVLO threshold, the 12C and digital 1/0 pins are a high impedance state to
prevent leakage currents from flowing through the device. When the EN pin is taken low, the device enters an
isolation state, presenting a high impedance on all bus pins and pulling the READY pin low.

8.3.6 Supports clock stretching and arbitration
The TCA9511A supports full clock stretching, and arbitration without lock up.

8.4 Device Functional Modes
8.4.1 Start-up and precharge

When the TCA9511A first receives power on the VCC pin, either during power-up or during live insertion, it starts
in an under voltage lockout (UVLO) state, ignoring any activity on the SDA and SCL pins until V¢ rises above
UVLO.

Once the ENABLE pin goes high, the ‘Stop Bit and Bus Idle’ detect circuit is enabled and the device enters
the bus idle state.

When V¢ rises above UVLO, the precharge circuitry will activate, which biases the bus pins on both sides to
about 1V through an internal 100 k Q resistor.

8.4.2 Bus idle

After the Stop Bit and Bus Idle detect circuits are enabled the device enters the bus idle state. The pre-charge
circuitry becomes active and forces 1 V through 100 k Q nominal resistors to the SCL and SDA pins. The pre-
charge circuitry minimizes the voltage differential seen by the SCL/SDA pins during a hot insertion event. This
minimizes the amount of disturbance seen by the 1/O card.

The device waits for the SDAIN and SCLIN pins to be high for the bus idle time or a STOP condition to be
observed on the IN pins. The SDAOUT and SCLOUT pins must be high and the SDAIN and SCLIN pins must
meet 1 of the 2 qualifiers (idle timer or a STOP condition) before connecting SDAIN to SDAOUT and SCLIN to
SCLOUT. Once the bus connections have been made, the pre-charge circuitry is disabled and the device enters
the bus active state.
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8.4.3 Bus active

In the bus active mode, the I12C IN and OUT pins are connected, and the input is passed bi-directionally from
IN/OUT side of the bus to the OUT/IN side respectively. The buses remain connected until the EN pin is taken
low.

When the bus is connected, the driven-low side of the device is reflected on the opposite side, but with a small
offset voltage. For example, if the input is pulled low to 100 mV, the output side will be pulled to roughly 150 mV.
This offset allows the device to determine which side is currently being driven and avoid getting stuck low.
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9 Application Information Disclaimer

Note

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The typical application is to place the TCA9511A on the card that is being inserted or connected to a live bus,
rather than being placed on the live bus. The reason for this is to provide maximum benefit by ensuring that the
bus stays disconnected until an idle condition or stop condition is seen.

9.2 Typical Application

Vee 3.3V
L 4 l L 4
Ct
Io.1 uF
R1 R2 R3 g = R4 R5 R6
10k 10k 10k 10k
SCLIN SCLOUT
SDAIN SDAOUT
® >

._loz
10.1 uF |4

9-1. General Application Schematic

9.2.1 Design Requirements
9.2.1.1 Series connections

It is possible to have multiple buffers in series, but care must be taken when designing a system.

. SDAOUT -

. SCLOUT SDA1 —
READY &— SCL1 —

To other

system 2 devices

<«— SDA1

<«— SCL1 —»
To other
system 1 devices

K] 9-2. Series Buffer Connections
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Each buffer adds approximately 60 mV of offset. Maximum offset (Vorrset) should be considered. The low level
at the signal origination end is dependent upon bus load. The 12C-bus specification requires that a 3 mA current
produces no larger than a 0.4 V V.. As an example, if the Vg at the master is 0.1 V, and there are 4 buffers in
series (each adding about 60 mV), then the V, at the farthest buffer is approximately 0.34 V. This device has a
rise time accelerator (RTA) that activates at 0.6 V. With great care, a system with 4 buffers may work, but as the
VoL moves up, it may be possible to trigger the RTA, creating a false edge on the clock.

It is recommended to limit the number of buffers in series to two, and to keep the load light to minimize the offset.

Another special consideration of series connections is the effect on round-trip-delay. This is the sum of
propagation delays through the buffers and any effects on rise time. It is possible that fast mode speeds (400
kHz) are not possible due to delays and bus loading.

9.2.1.2 Multiple connections to a common node

It is possible to have multiple buffers in connect to a common node, but care must be taken when designing a
system.

Buffer A Buffer B
Slave B
Common
node
Buffer C

—p—

K] 9-3. Connections to Common Node

It is important to try and avoid common node architectures. The multiple nodes sharing a common node can
create glitches if the output voltage from a master slave device plus the offset voltage of the buffer are high
enough to trip the RTA. Also keep in mind that the Vog must be crossed in order for a device to begin to regulate
the other side.

Consider a system with three buffers connected to a common node and communication between the Master and
Slave B that are connected at either end of buffer A and buffer B in series as shown in [¥ 9-3. Consider if the
VoL at the input of buffer A is 0.3 V and the Vg of Slave B (when acknowledging) is 0.36 V with the direction
changing from Master to Slave B and then from Slave B to Master. Before the direction change the user should
observe V| _at the input of buffer A of 0.3 V and its output, the common node, is ~0.36 V. The output of buffer B
and buffer C would be ~0.42 V, but Slave B is driving 0.4 V, so the voltage at Slave B is 0.4 V. The output of
buffer C is ~0.52 V. When the Master pull-down turns off, the input of buffer A rises and so does its output, the
common node, because it is the only part driving the node. The common node rises to ~0.5 V before the buffer B
output turns on, if the pull-up is strong the node may bounce. If the bounce goes above the threshold for the
rising edge accelerator ~0.6 V, the accelerators on both buffer A and buffer C will fire, contending with the output
of buffer B. The node on the input of buffer A goes high as will the input node of buffer C. After the common
node voltage is stable for a while, the rising edge accelerators turn off, and the common node returns to ~0.5 V
because the buffer B is still on. The voltage at both the Master and Slave C nodes then fall to ~0.6 V until Slave
B turned off. This does not cause a failure on the data line as long as the return to 0.5 V on the common node
(~0.56 V at the Master and Slave C) occurred before the data setup time. If this were the SCL line, the parts on
buffer A and buffer C would see a false clock rather than a stretched clock, which causes a system error.

9.2.1.3 Propagation delays

The delay for a rising edge is determined by the combined pull-up current from the bus resistors and the rise
time accelerator current source and the effective capacitance on the lines. If the pull-up currents are the same,
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any difference in rise time is directly proportional to the difference in capacitance between the two sides. The
tpLy Mmay be negative if the output capacitance is less than the input capacitance and would be positive if the
output capacitance is larger than the input capacitance, when the currents are the same.

The tpyL can never be negative because the output does not start to fall until the input is below 0.7 x V¢, the
output turn on has a non-zero delay, and the output has a limited maximum slew rate. Even if the input slew rate
is slow enough that the output catches up, it would still lag the falling voltage of the input by the offset voltage.

The maximum tpy_ occurs when the input is driven low with a very fast slew rate and the output is still limited by
its turn-on delay and the falling edge slew rate.

9.2.2 Detailed Design Procedure

The system pull-up resistors must be strong enough to provide a positive slew rate of 1.25 V/us on the SDA and

SCL pins, in order to activate the boost pull-up currents during rising edges. Choose maximum resistor value
using the formula given in 5 f2{ 1.

Vi — 0.6

R <800 x 103 (%)

C (1

where R is the pull-up resistor value in Q, Veeuiny is the minimum Ve voltage in volts, and C is the equivalent
bus capacitance in picofarads (pF).

In addition, regardless of the bus capacitance, always choose Rpy < 65.7 kQ for Ve = 5.5V, Rpy < 45 kQ for

Vee = 3.3V, and Rpy =< 33 kQ for Ve = 2.5 V. The start-up circuitry requires logic HIGH voltages on SDAOUT
and SCLOUT to connect the backplane to the card, and these pull-up values are needed to overcome the pre-
charge voltage.

9.2.3 Application Curves

50
Rpu |

(kQ) Ruax = 45 kQ (kQ)
40

| 70 | |

Ruax = 65.7 kQ

60

30

50

|— Rise time = 300 ns®

20 T ! | 40
\Rise time = 20 ns

|— Rise time = 300 ns®
\ |

30 H—
\ N /RM,N:1KQ I
-<L [
T S R S !
1T

0 — 20 H—+
0 100 200 300 400 \
Co (pF) /Rise time = 20 ns
10 2
\ o Ruin = 1.7 kQ
R
o 1
0 100 200 300
& 9-4. Example Bus Requirements for 3.3 V Co (pF)
Systems &l 9-5. Example Bus Requirements for 5 V Systems
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9.3 Typical Application on a Backplane

As shown in 9-6, the TCA9511A is used in a backplane connection. The TCA9511A is placed on the 1/0
peripheral card and connects the 12C devices on the card to the backplane safely upon a hot insertion event.
Note that if the I/O cards were plugged directly into the backplane, all of the backplane and card capacitances
would add directly together, making rise time and fall time requirements difficult to meet. Placing a bus buffer on
the edge of each card; however, isolates the card capacitance from the backplane. For a given I/O card, the
TCA9511A drives the capacitance of everything on the card and the backplane must drive only the capacitance

of the bus buffer, which is less than 10 pF, the connector, trace, and all additional cards on the backplane.

CARD1_SDA

CARD1_SCL

CARD2_SDA

CARD2_SCL

CARDN_SDA

CARDN_SCL

Backplane
connector -
VCC —o Backpl.ame _ Power Supply
~ Hot Swap
R1 R2 5
10 k 10 k 3
Q
c
c
BD_SEL 7/ SR § vee SDAOUT
(9]
SDA HN——e——o E‘/’a SDAIN TCA9511 SCLOUT
Qo
SCL S — ) ] SCLIN GND READY
I NP NP N N Power Supply
S
©
Q
c
c
Rk — e
nel
(9]
I N N g TCA9511  SCLOUT —
Qo
"o P READY
.
= e e -
LA NN o -— | Power Supply
Hot Swap
S ‘ R14
g ‘ 10k
2 I
|
Lo <
S ‘ vee SDAOUT
3 |
Qo
L T—oe = ° ; SCLIN READY
L—e ° ;
I
& 9-6. Backplane Application Schematic

9.3.1 Design Requirements

There are a few considerations when using these hot swap buffers. It is NOT recommended to place the
TCA9511A on the backplane connector as it cannot isolate the cards from one another which will possibly result
in disturbing on-going I12C transactions. Instead, place the TCA9511A on the I/O peripheral card to maximize

benefit.
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9.3.2 Detailed Design Procedure

The design procedure is the same as outlined in 5 9.2.2.
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10 Power Supply Recommendations
10.1 Power Supply Best Practices

In order for the pre-charge circuitry to dampen the effect of hot-swap insertion of the TCA9511A into an active
I2C bus, Ve must be applied before the SCL and SDA pins make contact to the main 12C bus. This is essential
when the TCA9511A is placed on the add-on card circuit board, as in 5 9.3. Although the pre-charge circuitry
exists on both the -IN and -OUT side, the example in 5 9.3 shows SCLIN and SDAIN connecting to the main
bus. The supply voltage to VCC can be applied early by ensuring that the VCC and GND pin contacts are
physically longer than the contacts for the SCLIN and SDAIN pins. If a voltage supervisor will also be used to
control the voltage supply on the add-on card, additional delay will exist before the 1 V pre-charge voltage is
present on the SCL and SDA pins.

10.2 Power-on Reset Requirements

In order to ensure that the part starts up in the correct state, it is recommended that the power supply ramp rates
meet the below requirements.

% 10-1. Recommended supply ramp rates

Parameter MIN MAX UNIT
trT Rise rate 0.1 1000 ms
ter Fall rate 0.1 1000 ms
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11 Layout

11.1 Layout Guidelines

For printed circuit board (PCB) layout of the TCA9511A, 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 12C signal speeds. In all PCB layouts, it is a best practice to avoid right angles in signal traces,
to fan out signal traces away from each other upon leaving the vicinity of an integrated circuit (IC), and to use
thicker trace widths to carry higher amounts of current that commonly pass through power and ground traces.
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. These capacitors should be placed as close to the TCA9511A as possible. These best
practices are shown in 5 11.2.

The layout example provided in 5 11.2 shows a 4 layer board, which is preferable for boards with higher density
signal routing. On a 4 layer PCB, it is common to route signals on the top and bottom layer, dedicate one internal
layer to a ground plane, and dedicate the other internal layer to a power plane. In a board layout using planes or
split planes for power and ground, vias are placed directly next to the surface mount component pad which
needs to attach to V¢ or GND and the via is connected electrically to the internal layer or the other side of the
board. Vias are also used when a signal trace needs to be routed to the opposite side of the board, shown in the
#i 11.2 for the VCC side of the resistor connected to the EN pin; however, this routing and via is not necessary if
Ve and GND are both full planes as opposed to the partial planes depicted.
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11.2 Layout Example

A A

To add-on card

— W

MMV
LEGEND O

Power or GND Plane 0
O VIA to Power Plane 0% AR
.::_‘, VIA to GND Plane m ®
@ VIA to opposite layer TS

o v
[2] _ |sctour é SDAOUT
3 SCLN &  SDAN
3 | S 6 |
[4] _|ovo F Reaoy
\ y
ol
@)
F 4

’

--/\/\"\,—-(';-------, l\/\/\/__‘

To backpl
_'_ \ "4 (main 126 bus) v \ 4

& 11-1. Layout example for TCA9511A
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12 Device and Documentation Support
12.1 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper

right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.
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13 Mechanical, Packaging, and Orderable Information

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TCA9511ADGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 9511A
| NIPDAUAG
TCA9511ADGKR.A Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 9511A

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer:The information provided on this page represents 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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TCA9511ADGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TCA9511ADGKR VSSOP DGK 8 2500 353.0 353.0 32.0
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PACKAGE OUTLINE
DGKOOO8A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE
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‘ PLANE
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NOTE 4
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- <¥SEE DETAIL A o
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L 0.15

0.05

DETAIL A
TYPICAL

4214862/A 04/2023

NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

5. Reference JEDEC registration MO-187.
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EXAMPLE BOARD LAYOUT
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

Tsx (1.4) j
1

8X (0.45) 1 [ Y J

SEE DETAILS
‘ (4.4)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING  \ SOLDER MASK‘\ /  OPENING
O |
|
EXPOSED METAL \ * T T——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED) SOLDER MASK DETAILS

4214862/A 04/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(R0.05) TYP

+ r 8X (;.4) j

8X (0.45) 1 [ ]

SOLDER PASTE EXAMPLE
SCALE: 15X

4214862/A 04/2023

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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