Product Ord Technical 2 Tools & Support & 5’;{ bl
Fcr)?d:rc -!—. N:)We ' D%Ccur:f:nts s S%c;t\?vare Community Z %’QJH
i3 TEXAS
INSTRUMENTS TCA4311A
JAJSFZ3C —JANUARY 2011-REVISED AUGUST 2018
Al -~ 4 4 N
TCA4311A 7Ky PR T v FAJREL2AERNR - Ny T 7
1 "R PCARIT AR DLE, TCA431IAIZENT A2 %LOW

+ 2. 7V~55VODERETEH TEME

s PCNAREBEDOVRART—FEmEEHR— b

o SDABXUSCLSA VIINyT770EBEN, 77
Y7 NEEK

e FRTOSDABLUSCLS A Y ICIVIUF+—2
BHY., Ny o T U= DEIRD;FIFFIREFC
g &Rk

+ SDABLUSCLAATA vIIHh Lk

.« EEE-RBLUT7—R b+ E—RDPCTNA
RITHHIE

o JAXMtEDE L

o HEPOERBABLIUNRERDT U —
g T

o FyTDT 4 =T IVEDE W 1nAKE

« READYFA—T> - RLA A

« 0Oy SR, #E REZEYR— b

o BEAIEICPCEVUNEBAE—F R

« A—=TF - RLAVDIPCEY

« JESD 78, Class II##lT100mABD S v F7 v 7
TH8E

« JESD 22%i#B% HESDIR#
— 8000V, AMEAET/L(AL14-A)
— 200V, v - ETL(AL15-A)
— 1000V, fAifET /A A&7 /1(C101)

2 7TUg—3>

e P—Nn—

o =F—(FVAAL - AL YF TS
. HihF

o EERA-—FA-=-3r

3 #E
TCA4311AITARY NAT 7 A REIRIPC/ N A Ry 7 7
TER DRy 7T L — ~DIOT —FHEAZ R —FL,
T BTy 7  NADR PR AELUER A, HilERE
(&0, Ry L= TEIEa~ U RERII R AD T AR
JVINFEAETAE T, Nl L — T — RIS
T I —RIINRADOBE BB AELEE A, M Thb
L DT SARTIRITE DS T 7 ABREATUN, 7T
L— b — R DR B E MR EEL
SDA:JSCtU“SCL?%‘/ IIVIZFVF v —T &4, T 7D
ERELERBETDOICLEREE R/ NRIZIZ F
a“o

CHERFLE9 RARFIC

WCRETHIE Ty M T B —RIZBITTEET,
ENZSHIGHD & & TCA4311AIL @ H OEhEE BBl L %
I, A =7 RLAVOREADY HH DB b s T
0, N\ 7= b= RO BTt S e e %
RLET, READYZSHIGHD &% | SDAINFS L U'SCLIN
I%. SDAOUTH L ISCLOUTIZ#E S TV ET, 2
DSORINEIFrEITNDHEE READYIZLOWIZ/2D E
7

/*‘/77"1/—‘/&73 FOELLDOMAG, 2.7V~5. 5v0>%
TRE L& CEMECTE, EHLLDOEIREBILENN T
v\m)ﬁ%lJBE IIHVEE A,

TCA4311AITIFIERED A — T - KL A0 BV £,
VO~DTNT v TILO Y ARIT L AT NI B E
TN, 2O T 7O T VT v T IR LETT,
DT NARL, SMBUST NARIIHNA T, BEHEE—RE
FOT 7=k B—RDPCT A AL ELICENMET DL
RSN TOET, EHEET—RDOPCT A AL, — %)
RIPCY AT A TIMAD AN ESNTRY, T —F
T INARAEAEIL D~ AL ZAf F FTRE T, FFEDIRPLIC
BWTE, KE7emERAHEH TEET,

B RIERY
HU Nl — AR AR (AF)
SOIC (8) 4.90mmx3.91mm
TCA4311A
VSSOP (8) 3.00mmx3.00mm

(1) PR ATEER T _RTOR 7 —DIZONWTE, 20T —H L —hDEK
FBAZHHEERES LTSN,

1EERE [ 2R

vcc

SDAIN SDAOUT
SCLIN SCLOUT

Add-on card
1°C bus or SMBus

Backplane I°C
bus or SMBus TCA4311A
EN

READY

FEREROTIR DO W TORFFRATIR LU IO RN, ]G OBEEA R T2 H B TEEMICRIL TODb 0T, %4 2 ERR RGO #I L, www.ti.com THTITE, D
BRFIBESNET, TICIEROEMMERB LU Y IS OEEL UL IRFEVW L £ A, EERORGH2E ORTZIE, ST RO TGH A Z S RLIZSWET IS BV LET,

English Data Sheet: SCPS226


http://www-s.ti.com/sc/techlit/SCPS226.pdf
http://www.tij.co.jp/product/jp/tca4311a?qgpn=tca4311a
http://www.tij.co.jp/product/jp/TCA4311A?dcmp=dsproject&hqs=pf
http://www.tij.co.jp/product/jp/TCA4311A?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.tij.co.jp/product/jp/TCA4311A?dcmp=dsproject&hqs=td&#doctype2
http://www.tij.co.jp/product/jp/TCA4311A?dcmp=dsproject&hqs=sw&#desKit
http://www.tij.co.jp/product/jp/TCA4311A?dcmp=dsproject&hqs=support&#community

I} TEXAS

INSTRUMENTS
TCA4311A

JAJSFZ3C —JANUARY 2011—REVISED AUGUST 2018 www.ti.com
L B s 8.3 Feature DESCHIPtON. ........cvvvvreeeeieeiriciiires e 9
2 TIUhr—Iay 8.4 Device Functional Modes............c.ccoooeiiiicniiennnnnn 9
3 ME. 9 Application and Implementation ............cccceec.. 11
4 WETER 9.1 Application Information............ccccceeviieeniiininieeennn. 11
5 Pin Configuration and FUNCtIONS .........cc.ceveeeeeen. 3 9.2 Typical ApplICALON .........cc... SRS 11
6 Specifications 4 10 Power Supply Recommendations .................... 17
6.1 Absolute Maximum RAINGS .........overveeerererrrerereeeens 4 11 LAYOUL. .ot 17
6.2 ESD Ratings 11.1 Layout GUIdeliNeS .......cccceevieriiiiieiiecieeec e 17
6.3 Recommended Operating Conditions................... 4 1.2 LayOUt BXAMPIE w.oosoivvsssvvnsssvvnes v 18
6.4 Thermal INfOrMation .............cooeveeieeeeseeseeeeseeesesnans 4 12 TARARABIORF2AVRIDTR = (e, 19
6.5 Electrical Characteristics ...........cocoevvvveesresvesrrnnnnes 5 121 FFa A bOEFEMZZAT RO I E i 19
6.6 Typical CharacteristiCs...........ccovvvevverveerrereerereereenens 6 12.2 T2 T 42UV =R i 19
7 Parameter Measurement Information .................. 6 123 AR oo s 19
8 Detailed DeSCIiPtiON .........coovveeeeeeeeeeeeeeeeeeeeen 8 124 WFBXMBICBIT DIERIE o 19
8.1 Overview 8 12.5  GIOSSAIY ...ceieiiiieiiiie ettt 19
8.2 Functional Block Diagram ...........ccocceeveerervesvnreennen. 8 13 Ah=Jv, o= BEOCEIRH e 19

4 RETRERE

Revision B (October 2014) /5 Revision C (CAHE

*  Moved Ty to the Absolute Maximum Rating table ...

« Changed the Handling Rating table To: ESD Ratings

o Added MISSING ACK EVENT SECHON ......eeiiiiieiiit ettt ettt et e e e bt e e b et e e b bt e e b et e e be e e ek bt e sb et e s beeeabneenaneeesaneeas
Revision A (July 2012) 75 Revision B IZ&® Page

o TEOIFERSIF, THEREREIH 12 o ay | T T NARADOBEBEE—R 12 ar [ 77V r—s a2 k3288 v v ar | TERIC
B4 2R EIH v ay, (LT o ervay [ FASRBL RS2 X SOV R—R e rvary [ X0=201, /Xybr—

D BEUTEIEIR I I /0 oottt ettt ettt 1
o TCAABLILIA RTAMEEE ZET oottt et e ettt ee st e st et es e st tes s s et et esenseae s s s set et esenseantesensntasassnsetetanans 1
20114E1 B BITOL OB FEH Page
¢ Updated Input-output Offset Voltage vs Pullup ReSIStOr graphiC. .........uiiiiiiiiiiii it 6

2 Copyright © 2011-2018, Texas Instruments Incorporated


http://www.ti.com/product/tca4311a?qgpn=tca4311a
http://www.ti.com

13 TEXAS
INSTRUMENTS
TCA4311A

www.ti.com JAJSFZ3C —JANUARY 2011 —-REVISED AUGUST 2018

5 Pin Configuration and Functions

D OR DGK Packages
(Top View)

EN vce

SCLOUT SDAOUT
SCLIN SDAIN

GND READY

Not to scale

Pin Functions

PIN
DESCRIPTION
NAME NUMBER
Active-high chip enable pin. If EN is low, the TCA4311A is in a low current (<1 pA) 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 V¢c) for normal
operation. Connect EN to V. if this feature is not being used.
SCLOUT 2 Serial clock output. Connect this pin to the SCL bus on the card.
SCLIN 3 Serial clock input. Connect this pin to the SCL bus on the backplane.
GND 4 Supply ground
Connection flag/rise-time accelerator control. READY is low when either EN is low or the start-up
READY 5 sequence described in the operation section has not been completed. READY goes high when EN is
high and start-up is complete. Connect a 10-kQ resistor from this pin to V¢ to provide the pull up.
SDAIN 6 Serial data input. Connect this pin to the SDA bus on the backplane.
SDAOUT 7 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 devices on
VCC 8 the backplane I2C busses. Connect pull-up resistors from SDAIN and SCLIN (and also from SDAOUT
and SCLOUT) to this pin. Place a bypass capacitor of at least 0.01 pF close to this pin for best results.

Copyright © 2011-2018, Texas Instruments Incorporated 3
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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 range -0.5 \%
Vio I2C bus voltage range® SDAIN, SCLIN, SDAOUT, SCLOUT -0.5 v
\Z Input voltage range® EN -0.5 \Y
Ik Input clamp current V<0 -50 mA
lok Output clamp current Vo <0 -50 mA
lo Continuous output current +50 mA
lcc Continuous current through Ve or GND +100| mA
Tstg Storage temperature range -65 150 °C

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, 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.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® +8000
Vesp) |Electrostatic discharge Charged device model (CDM), per JEDEC specification JESD22-C101, +1000 \
all pins® £l
(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
Ve Supply voltage 2.7 5.5 \%
Vi High-level input voltage EN input 2 55 \%
) SDA and SCL inputs® -0.5 0.4
Vi Low-level input voltage - \%
EN input -0.5 0.8
Vcc =3V 3
loL Low-level output current mA
Vcc =45V 3
Ta Operating free-air temperature -40 85 °C

(1) In certain circumstances, devices must be able to drive the input voltage low while sinking current from the rise time accelerators of the
TCA4311A (see lpy Lupac in Electrical Characteristics).

6.4 Thermal Information

TCA4311A
THERMAL METRIC® D DGK UNIT
8 PINS
Rosa Junction-to-ambient thermal resistance 109.2 158.6 °C/IW
RoJc(top) Junction-to-case (top) thermal resistance 53.5 52.8 °C/IW
Ross Junction-to-board thermal resistance 49.7 78.2 °C/IW
LAL Junction-to-top characterization parameter 8.8 5.1 °C/IW
LAL:! Junction-to-board characterization parameter 49.2 76.9 °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
over operating free-air temperature range (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
Power Supply
Ve Positive supply voltage 2.7 5.5 Y,
lcc Supply current Vee =5.5V, Vgpain = Vscun = ov 51 7 mA
Supply current in shutdown _
ISD mOde VEN = 0 \Y 01 [J.A
Start-Up Circuitry
VpRre Pre-charge voltage SDA, SCL floating 0.8 1 1.2 \%
tioLe Bus idle time 50 95 150 us
Ven EN threshold voltage 0.5%xVee 0.9 x Ve \%
Vpis Disable threshold voltage EN Pin 0.1 xVee 0.5 x Ve \%
lEn EN input current EN from O V to Ve +0.1 +1 pA
ten Enable time 95 us
Disable time (EN to
tDIS READY) 30 ns
SDAIN to READY delay
tstop after STOP 12 us
t SCLOUT/SDAOUT to 08 s
READY READY . 3
READY OFF state leakage
lorr current 0.1 MA
VoL READY output low voltage | Ipy yp =3 MA 0.4 \%
Rise-Time Accelerators
lpuLLUPAC Ilrj?rnesr:fm boosted pull-up | 5 qjtive transition on SDA, SCL, Vec =27V, 1 8 mA
Input-Output Connection
Vos Input-output offset voltage | 10 kQ to Ve on SDA, SCL, Ve = 3.3 Vv, 0 100 175| mv
Cin Digital input capacitance 10 pF
VoL Sl\’}p“t low voltage, input = | g SCL pins, Igpy = 3 MA, 0 04| Vv
I Input leakage current SDA, SCL pins =V¢ec =55V 5 pA

(1) The connection circuitry always regulates its output to a higher voltage than its input. The magnitude of this offset voltage as a function
of the pull-up resistor and V¢ voltage is shown in the Typical Characteristics section.

Copyright © 2011-2018, Texas Instruments Incorporated 5
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6.6 Typical Characteristics
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Figure 3. Input-output Offset Voltage vs Pull-Up Resistor

7 Parameter Measurement Information

Vee
R_
10 kQ
Pulse
Generator

I

Rt = Termination resistance should be equal to the output impedance Z; of the pulse generators.

R, = Load resistor
C. = Load capacitance includes jig and probe capacitance

Figure 4. Test Circuitry for Switching Times
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Parameter Measurement Information (continued)
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8 Detailed Description

8.1 Overview

The TCA4311A is a bidirectional 1°C buffer optimized for hot-swap applications. The device supports 1/O card
insertion into a live backplane operating in Standard-Mode (100 kHz) or Fast-Mode (400 kHz). Initially, there is
no connection between SCLIN and SCLOUT or between SDAIN and SDAOUT. Upon connection, the TCA4311A
provides bidirectional buffering, keeping the card and backplane capacitances isolated from each other.

A pre-charge voltage on all SCL and SDA pins prevents the TCA4311A from disrupting 1°C bus communication
during insertion. Bus idle detection determines that there is no communication on the I°C line when the
connection from —IN to —OUT is made. Once the connection is made, the READY pin will output a logic high
signal. If the I2C bus will be inactive for extended periods of time, the TCA4311A can be put in shutdown mode
by setting the EN pin to a logic low state. The TCA4311A resumes normal operation when EN is in a logic high
state.

As with all I2C buffers, the TCA4311A requires pull-up resistors on all SCL and SDA pins due to the open-drain
output circuitry. However, the integration of rise time accelerators allowed the use of weaker pull-up resistors
than would normally be required.

8.2 Functional Block Diagram

2-Wire Bus Buffer and Hot Swap Controller

lz mA i 2mA
Slew Rate| Slew Rate
Dectector Dectector
! T Backpl -To-Card T } VCC
! | | Backplane-To-Card| ! !
SDAIN @}—”—OT\C’%L Connection OT\O {7]spAouT
CONNECT CONNECT CONNECT
ENABLE j:)q
100 k 100 k
RCH1 | + RCH3
————— woo—T v oo
o>~o—| Precharge| o>~
100 k 100 k
RCH2 RCH4
iz mA i 2mA
Slew Rate Slew Rate
Dectector —’o QF Detector
T ; X T
; i Backplane-To-Card i ;
SCLIN [3} oL O Connection o o {2] scLouT
CONNECT CONNECT -
Ve -1V
+
T
P Stop Bit and Bus Idle
+
0.55 V¢ ¢/ o
0.45 Ve READY
95 pis CONNECT
ENABLE Rising QB . Ji GND
Only D ) ’1
I 0.5 pF CONNECT
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8.3 Feature Description

8.3.1 Rise-Time Accelerators

Once connection has been established, rise-time accelerator circuits on all four SDA and SCL pins are activated.
These allow the user to choose weaker DC pull-up currents on the bus, reducing power consumption while still
meeting system rise-time requirements. During positive bus transitions, the TCA4311A switches in 2 mA (typical)
of current to quickly slew the SDA and SCL lines once their DC voltages exceed 0.6 V. Using a general rule of
20 pF of capacitance for every device on the bus (10 pF for the device and 10 pF for interconnect), choose a
pull-up current so that the bus will rise on its own at a rate of at least 1.25 V/us to specify activation of the
accelerators.

For example, assume an SMBus system with V¢ = 3 V, a 10-kQ pull-up resistor and equivalent bus capacitance
of 200 pF. The rise-time of an SMBus system is calculated from (V wax) — 0.15 V) to (Viymiyy + 0.15 V), or 0.65
V to 2.25 V. It takes an RC circuit 0.92 time constants to traverse this voltage for a 3 V supply; in this case, 0.92
x (10 kQ x 200 pF) = 1.84 ps. Thus, the system exceeds the maximum allowed rise-time of 1 us by 84%.
However, using the rise-time accelerators, which are activated at a DC threshold of below 0.65 V, the worst-case
rise-time is: (2.25 V — 0.65 V) x 200 pF/1 mA = 320 ns, which meets the 1 us rise-time requirement.

8.3.2 READY Digital Output

This pin provides a digital flag which is low when either EN is low or the start-up sequence described earlier in
this section has not been completed. READY goes high when EN is high and start-up is complete. The pin is
driven by an open drain pull-down capable of sinking 3 mA while holding 0.4 V on the pin. Connect a resistor of
10 kQ to V¢ to provide the pull-up.

8.3.3 EN Low Current Disable

Grounding the EN pin disconnects the backplane side from the card side, disables the rise-time accelerators,
drives READY low, disables the bus pre-charge circuitry and puts the part in a near-zero current state. When the
pin voltage is driven all the way to V¢, the part waits for data transactions on both the backplane and card sides
to be complete (as described in the Start-Up section) before reconnecting the two sides.

8.4 Device Functional Modes

8.4.1 Start-Up

When the TCA4311A first receives power on its V¢ pin, either during power-up or during live insertion, it starts
in an undervoltage lockout (UVLO) state, ignoring any activity on the SDA and SCL pins until V¢ rises above
25V.

During this time, the 1 V pre-charge circuitry is also active and forces 1 V through 100-kQ nominal resistors to
the SDA and SCL pins. Because the I/O card is being plugged into a live backplane, the voltage on the
backplane SDA and SCL busses may be anywhere between 0 V and V¢. Pre-charging the SCL and SDA pins
to 1 V minimizes the worst-case voltage differential these pins will see at the moment of connection, therefore
minimizing the amount of disturbance caused by the 1/O card.

Once the TCA4311A comes out of UVLO, it assumes that SDAIN and SCLIN have been inserted into a live
system and that SDAOUT and SCLOUT are being powered up at the same time as itself. Therefore, it looks for
either a stop bit or bus idle condition on the backplane side to indicate the completion of a data transaction.
When either one occurs, the part also verifies that both the SDAOUT and SCLOUT voltages are high. When all
of these conditions are met, the input-to-output connection circuitry is activated, joining the SDA and SCL busses
on the 1/O card with those on the backplane, and the rise time accelerators are enabled.

Copyright © 2011-2018, Texas Instruments Incorporated 9
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Device Functional Modes (continued)
8.4.2 Connection Circuitry

Once the connection circuitry is activated, the functionality of the SDAIN and SDAOUT pins is identical. A low
forced on either pin at any time results in both pin voltages being low. For proper operation, logic low input
voltages should be no higher than 0.4 V with respect to the ground pin voltage of the TCA4311A. SDAIN and
SDAOUT enter a logic high state only when all devices on both SDAIN and SDAOUT release high. The same is
true for SCLIN and SCLOUT. This important feature ensures that clock stretching, clock synchronization,
arbitration and the acknowledge protocol always work, regardless of how the devices in the system are tied to
the TCA4311A.

Another key feature of the connection circuitry is that it provides bidirectional buffering, keeping the backplane
and card capacitances isolated. Because of this isolation, the waveforms on the backplane busses look slightly
different than the corresponding card bus waveforms, as described here.

8.4.3 Missing ACK Event
Description

When the slave (or master) device sends an ACK bit, a logic low on SDA during the 9" clock cycle, the slave (or
master) may pull the SDA line low while the rise time accelerators are engaged and the master (or slave) side
stays high. The rise time accelerators are engaged when the voltage is above 0.6 V (typical) and the slew rate is
above 1.25 V/us. In Figure 8, SDAOUT is a slave attempting to send an ACK bit. SDAOUT pulls to a logic low,
but the ACK is not transferred to the other side and SDAIN remains high unexpectedly. The timing window in
which this occurs has been approximated to 1 nanosecond and can vary with the loading on the bus.

Rise time accelerators

are triggered unexpected
expected
SDAIN
I 0 7*VCC
SDAOUT | I\ 06V
O Master releases the bus

(12 ® Slave sends ACK
Figure 8. Missing ACK

8.4.3.1 System Impact

The ACK bit is not transferred through the TCA4311A, and the slave or master device interprets the result as a
NACK.

8.4.3.2 System Workaround

Changing the bus load on the master or slave side to either a larger value pull up resistor or adding bus
capacitance can help to slow down the rise time accelerators from engaging. If adding capacitance, care should
be taken to not overload the capacitance above the allowed limit specified by 12C standard.

10 Copyright © 2011-2018, Texas Instruments Incorporated
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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

The TCA4311A was designed for applications in which a portion of a communication bus contained on an 1/O
card or add-on card, is inserted into a live backplane where the main communication bus is already active, which
is known as hot-swapping. The two types of communication buses supported by the TCA4311A are I°C and
SMBus. System management for PCI cards is an application of the SMBus protocol, which adds on to the
electrical specifications and hardware addressing protocol of I2C with second-level software for building special
systems that may include dynamic addressing. The following application schematics and descriptions give
examples of a typical application of the TCA4311A (Figure 9), a CompactPCI™ system configuration (Figure 12),
a PCI system configuration (Figure 13), repeater or bus-extender application (Figure 14), and a system with
disparate voltage supplies (Figure 15).

9.2 Typical Application

Vee ®

3.3V I c1
R1 < R2 T 0.01pF R3 < R4
10kS 10k 8 = 10kS 10k

3
SCLIN 4—[>o/ scLouT

SDAOUT

SDAIN

TCA4311A 5
—p EN GND READY[—p

1

Figure 9. Application Schematic

9.2.1 Design Requirements

9.2.1.1 Input to Output Offset Voltage

When a logic low voltage, V,owi, is driven on any of the TCA4311A's data or clock pins, the TCA4311A
regulates the voltage on the other side of the chip (call it V| ow») to a slightly higher voltage, as directed by the
following equation:

Viowz = Viows + 75 mV + (Vc/R) x 100 (1)

where R is the bus pull-up resistance in ohms (Q). For example, if a device is forcing SDAOUT to 10 mV where
Vce = 3.3V and the pull-up resistor R on SDAIN is 10 kQ, then the voltage on SDAIN = 10 + 75 + (3.3/10000) x
100 = 118 mV. See the Typical Characteristics section for curves showing the offset voltage as a function of V¢
and R.
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Typical Application (continued)
9.2.1.2 Propagation Delays

During a rising edge, the rise-time on each side is determined by the combined pull-up current of the TCA4311A
boost current and the bus resistor and the equivalent capacitance on the line. If the pull-up currents are the
same, a difference in rise-time occurs which is directly proportional to the difference in capacitance between the
two sides. This effect is displayed in Figure 10 for V¢ = 3.3 V and a 10-kQ pull-up resistor on each side (50 pF
on one side and 150 pF on the other). Since the output side has less capacitance than the input, it rises faster
and the effective tp  is negative.

There is a finite propagation delay, tpy, through the connection circuitry for falling waveforms. Figure 11 shows
the falling edge waveforms for the same V¢, pull-up resistors and equivalent capacitance conditions as used in
Figure 10. An external NMOS device pulls down the voltage on the side with 150 pF capacitance; the TCA4311A
pulls down the voltage on the opposite side, with a delay of 55 ns. This delay is always positive and is a function
of supply voltage, temperature and the pull-up resistors and equivalent bus capacitances on both sides of the
bus. The Typical Characteristics section shows tpy as a function of temperature and voltage for 10-kQ pull-up
resistors and 100 pF equivalent capacitance on both sides of the part. By comparison with Figure 11, the V¢ =
3.3 V curve shows that increasing the capacitance from 50 pF to 100 pF results in a tpy,_ increase from 55 ns to
75 ns. Larger output capacitances translate to longer delays (up to 150 ns). Users must quantify the difference in
propagation times for a rising edge versus a falling edge in their systems and adjust setup and hold times
accordingly.

9.2.2 Detailed Design Procedure

9.2.2.1 Resistor Pull-Up Value Selection

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 R
using the formula:

R < (Vecguny — 0-6) (800,000) / C @)

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

In addition, regardless of the bus capacitance, always choose R < 16 kQ for Voc = 5.5 V maximum, R < 24 kQ
for Vec = 3.6 V maximum. 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

35 35

30 \ 30 —
/’/’/
VXSDAOUT /

3 7

2.0 2.0

&7 Delay: 72.258 —
15 15

)

[\

VXSDAIN

0.5 0.5
VXSDAIN

]
K " / VXSDAOUT

0.0 0.0

-0.5 —05
52.0 52.025 52.075 521 52.125 52.15 52175 540 542 544 546 548 550 552 554 556 558 56.0

t(s) t(s)

Figure 10. Input-Output Connection tp Figure 11. Input-Output Connection tpy,
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Typical Application (continued)
9.2.4 Live Insertion and Capacitance Buffering CompactPCI™ Application

Figure 12 through Figure 13 illustrate the usage of the TCA4311A in applications that take advantage of both its
hot swap controlling and capacitance buffering features. In all of these applications, note that if the 1/0O cards
were plugged directly into the backplane, all of the backplane and card capacitances would add directly together,
making rise- and fall-time requirements difficult to meet. Placing a TCA4311A on the edge of each card,
however, isolates the card capacitance from the backplane. For a given I/O card, the TCA4311A drives the
capacitance of everything on the card and the backplane must drive only the capacitance of the TCA4311A,
which is less than 10 pF.

Figure 12 shows the TCA4311A in a CompactPCI™ configuration. Connect V¢ and EN to the output of one of
the CompactPCI™ power supply Hot Swap circuits. Use a pull-up resistor to EN for a card side enable/disable.

Vcc is monitored by a filtered UVLO circuit. With the V. voltage powering up after all other pins have
established connection, the UVLO circuit ensures that the backplane and card data and clock busses are not
connected until the transients associated with live insertion have settled. Owing to their small capacitance, the
SDAIN and SCLIN pins cause minimal disturbance on the backplane busses when they make contact with the
connector.

Backplane
Connector r

Power Supply
Hot Swap

Vec—® * *—
%M %RZ
10k

10k Card =0 10k S10k S 10k

Enable/Disable

Staggered Connector

I
I
BD_SEL o i EN Vee SDAOUT CARD_SDA
SDA L f SDAIN TCA4311A  SCLOUT CARD_SCL
SCL ° I SCLIN GND READY
° . °
L ! =
- |l - - - - - - -
P — — — — — - - - -
1/0 Peripheral Card 2
° Power Supply
Hot Swap R7 c3 Ro R10
5 ‘ = 001yF 10k S10k > 10k
8 ard
g | Enable/Disable
5
-0 S . ‘ EN Vee SDAOUT CARD2_SDA
8
& 1 SDAIN TCA43MA  SCLOUT CARD2_SCL
g
@ L I SCLIN GND READY
. °
o o f o
|l - - - - - - -
o — — — = — - = - - - - - -
b Suoph 1/0 Peripheral Card N
° ower Supply
Hot Swap RN c5
| —_ R12 SRI3 S R14
5 Card — 001pF 10k S10k 10k
g | Enable/Disable
£
Lo 3 ° i EN Vee SDAOUT CARDN_SDA
=1
3
g o 1 SDAIN TCA4311A  SCLOUT CARDN_SCL
3
S
@ L I SCLIN GND READY
. Py
— ht \ hd

Figure 12.

9.2.4.1 Design Requirements

Refer to Design Requirements.

9.2.4.2 Detailed Design Procedure
Refer to Detailed Design Procedure.

9.2.4.3 Application Curves
Refer to Application Curves.

System

Inserting Multiple I/O Cards into a Live Backplane Using the TCA4311A in a CompactPCI
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Typical Application (continued)

9.2.5 Live Insertion and Capacitance Buffering PCl Application

Figure 13 shows the TCA4311A in a PCI application, where all of the pins have the same length. In this case,
connect an RC series circuit on the 1/0 card between V¢ and EN. An RC product of 10 ms provides a filter to
prevent the TCA4311A from becoming activated until the transients associated with live insertion have settled.

Backplane
Connector

Vee %

R2
10k

SDA

SCL

\w—

I e o
\
(
j

9.2.5.1 Design Requirements

Refer to Design Requirements.

1/0 Periperal Card 1

C1

R3 -
% 100k £ 0.01pF

EN Vee

R4 R5 R6
10k 10k > 10k

*—\\\—@

SDAOUT

CARD_SDA

SscLout CARD_SCL

SDAIN TCA4311A
SCLIN READY

I )
\
[
j

EN Vee SDAOUT CARD2_SDA

scLout CARD2_SCL

SDAIN TCA4311A

SCLIN READY

Figure 13. Inserting Multiple I/O Cards into a Live Backplane Using the TCA4311A in a PCI System

Schematic

9.2.5.2 Detailed Design Procedure

Refer to Detailed Design Procedure.

9.2.5.3 Application Curves

Refer to Application Curves.

14
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Typical Application (continued)
9.2.6 Repeater/Bus Extender Application

Users who wish to connect two 2-wire systems separated by a distance can do so by connecting two TCA4311A
back-to-back, as shown in Figure 14. The I°C specification allows for 400 pF maximum bus capacitance,
severely limiting the length of the bus. The SMBus specification places no restriction on bus capacitance, but the
limited impedances of devices connected to the bus require systems to remain small if rise- and fall-time
specifications are to be met. The strong pull-up and pull-down impedances of the TCA4311A are capable of
meeting rise- and fall-time specifications for one nano-Farad of capacitance, thus allowing much more
interconnect distance. In this situation, the differential ground voltage between the two systems may limit the
allowed distance, because a valid logic low voltage with respect to the ground at one end of the system may
violate the allowed Vq, specification with respect to the ground at the other end. In addition, the connection
circuitry offset voltages of the back-to-back TCA4311A add together, directly contributing to the same problem.

Devices

2-Wire System 1 | | 2-Wire System 2
Vee=5V—0—0—@ ° I ® ® *9o—0 V.
I
Cc1 | [ C2
I 0.01pF I 0.01uF
= | | =
R1 R4 R5 R2 R3 R6 § R7 R8
10k S 10k TCA4311A 10k | S51k 51kS | 10k TCA4311A 10k S 10k
Vee [ | Vee
—EN SDAOUT SDAOUT EN —
I
-<<— SDA1 @ SDAIN SCLouT L 4 I SCLouT SDAIN @ SDA1 —>
I
<— SCL1 —@—— SCLIN READY I READY SCLIN |———@— SCL1 —>
To Other | | To Other
GND GND
System 1 Long System 2
| Distance |

Devices
Bus

Figure 14. Repeater/Bus Extender Schematic

9.2.6.1 Design Requirements
Refer to Design Requirements.

9.2.6.2 Detailed Design Procedure
Refer to Detailed Design Procedure.

9.2.6.3 Application Curves
Refer to Application Curves.
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Typical Application (continued)
9.2.7 Systems With Disparate Supply Voltages

In large 2-wire systems, the V¢ voltages seen by devices at various points in the system can differ by a few
hundred millivolts or more. This situation is well modeled by a series resistor in the V¢ line, as shown in
Figure 15. For proper operation of the TCA4311A, make sure that Vccgus) 2 Veereasziza) — 0.5 V.

Rorop Vg (TCAA311A)
Ve (BUS) -
932 | e 5, S8 T
EN Vee SDAOUT - SDA2
SDA SDAIN TcA43MA  SCLOUT SCL2
SCLAl— SCLIN oND READY

|||—

Figure 15. System With Disparate V¢ Voltages Schematic

9.2.7.1 Design Requirements
Refer to Design Requirements.

9.2.7.2 Detailed Design Procedure
Refer to Detailed Design Procedure.

9.2.7.3 Application Curves
Refer to Application Curves.
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10 Power Supply Recommendations

In order for the pre-charge circuitry to dampen the effect of hot-swap insertion of the TCA4311A into an active
I2C bus, Vcc must be applied before the SCL and SDA pins make contact to the main I°C bus. This is essential
when the TCA4311A is placed on the add-on card circuit board, as in Figure 12. Although the pre-charge
circuitry exists on both the -IN and -OUT side, the example in Figure 12 shows SCLIN and SDAIN connecting to
the main bus. The supply voltage to V¢ 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.

11 Layout

11.1 Layout Guidelines

For printed circuit board (PCB) layout of the TCA4311A, 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 I°C 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 TCA4311A as possible. These best
practices are shown in Figure 16.

The layout example provided in Figure 16 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 Vcc 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 Figure 16 for the V¢ side of the resistor connected to the EN pin;
however, this routing and via is not necessary if Voc and GND are both full planes as opposed to the partial
planes depicted.
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11.2 Layout Example
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Figure 16. Package Layout
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12.5 Glossary

SLYZ022 — TI Glossary.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
TCA4311ADGKR ACTIVE VSSOP DGK 8 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 (6KS), 6KF, 6KS, 6K
(6K6, 6KE)
TCA4311ADR ACTIVE SOIC D 8 2500 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 PR311A

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

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

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

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

Important Information and Disclaimer:The information provided on this page represents Tl'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.
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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 [¢—P1—
LR ey R g T
o| |e e 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 0O O 0O 0O 0O 0O Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TCA4311ADGKR VSSOP | DGK 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
TCA4311ADR SOIC D 2500 330.0 12.4 6.4 5.2 2.1 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)
TCA4311ADGKR VSSOP DGK 8 2500 358.0 335.0 35.0
TCA4311ADR SoIC D 8 2500 356.0 356.0 35.0
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT
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NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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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.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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8X (.061 )
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¥ 1
8X (.024) T

[0.6]
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—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

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

9. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
DGKOOO8A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE
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|
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— == |
L ) 5 L 5 0.38 \J/
I N S %0130 [c[ale]
NOTE 4
\f{ ‘\ 0.23
/
- <¥SEE DETAIL A o
1.1 MAX

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
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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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