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DUAL-SUPPLY 2:1 SIM CARD MULTIPLEXER/TRANSLATOR
WITH AUTOMATIC DETECTION AND SLOT DEDICATED DUAL LDO

Check for Samples: TXS02326

FEATURES RGE PACKAGE

* Level Translator (TOP VIEW)
— V_I/ORangeof 1.7Vto 3.3V o

« Low-Dropout (LDO) Regulator ééég%g
— 50-mA LDO Regulator With Enable SEBEBEVABEN
— 1.8-V or 2.95-V Selectable Output Voltage IRQ 01" 22222 e simio
— 2.3-Vto 5.5-V Input Voltage Range RSSIE)rl)\l( 22 o :1;{5 g:m%’fr
— Very Low Dropout: 100 mV (Max) at 50 mA BSI [4 : Thermal Pad :15(5 NC

» Control anq Communication Through I°C Slshf'ﬁgllyé :jz Lo |1;E g’:m%K
Interface With Baseband Processor IZI Iil |3| f? H ILI

» ESD Protection Exceeds JESD 22 hSzozh
— 2000-V Human-Body Model (A114-B) é % £G % g
— 1000-V Charged-Device Model (C101) ) %)

» Package Note: The Exposed Thermal Pad must be
— 24-Pin QFN (4 mm x 4 mm) connect to Ground.

DESCRIPTION/ORDERING INFORMATION

The TXS02326 is a complete dual-supply standby Smart Identity Module (SIM) card solution for interfacing
wireless baseband processors with two individual SIM subscriber cards to store data for mobile handset
applications. It is a custom device which is used to extend a single SIM/UICC interface to be able to support two
SIMs/UICCs.

The device complies with ISO/IEC Smart-Card Interface requirements as well as GSM and 3G mobile standards.
It includes a high-speed level translator capable of supporting Class-B (2.95 V) and Class-C (1.8 V) interfaces,
two low-dropout (LDO) voltage regulators that have output voltages that are selectable between 2.95-V Class-B
and 1.8-V Class-C interfaces, an integrated "fast-mode" 400 kb/s "slave" [2C control register interface for
configuration purposes, a 32-kHz clock input for internal timing generation, a shutdown input and a comparator
input detecting battery pack removal to safely power-down the two SIM cards, each equipped with two
programmable debounce counter (i.e. BSI input and SDN input) circuit realized by an 8 bit counter.

The voltage-level translator has two supply voltage pins. V_I/O sets the reference for the baseband interface and
can be operated from 1.7 V to 3.3 V. VSIM1 and VSIM2 are programmed to either 1.8 V or 2.95 V, each supplied
by an independent internal LDO regulator. The integrated LDO accepts input battery voltages from 2.3 Vto 5.5 V
and outputs up to 50 mA to the B-side circuitry and external Class-B or Class-C SIM card.

ORDERING INFORMATION®

Ta PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
QFN - RGE (Pin 1, Quadrant 2) TXS02326RGER YJ326
-40°C to 85°C - Tape and reel
QFN - RGE (Pin 1, Quadrant 1) TXS02326MRGER YJ326

(1) Forthe most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
web site at www.ti.com.
(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

Q Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. © 2010-2011, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.
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Figure 1. Interfacing With SIM Card
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TERMINAL FUNCTIONS

NO. NAME | TYPE® ngml/'fm DESCRIPTION
1 IRQ 1/0 VDDIO Interrupt to baseband. This signal is used to set the I2C address.
2 RSTX | VDDIO Active-low reset input from baseband
3 SDN | VDDIO Power down SIM2; for example, from switch
4 BSI | VDDIO Analog signal from battery. This input accepts input voltages up to 3 V.
5 SIM2CLK (0] VSIM2 SIM2 clock
6 SIM21/0 1/0 VSIM2 SIM2 data
7 SIM2RST (0] VSIM2 SIM2 reset
8 VSIM2 (0] VSIM2 1.8 V/2.95 V supply voltage to SIM2
9 VBAT P VBAT Battery power supply
10 GND G Ground
11 VSIM1 (0] VSIM1 1.8 V/2.95 V supply voltage to SIM1
12 SIM1RST (0] VSIM1 SIM1 reset
13 SIM11/0 1/0 VSIM1 SIM1 data
14 SIM1CLK (0] VSIM1 SIM1 clock
15 NC No connect
16 SIMRST | VDDIO UICC/SIM reset from baseband
17 SIMCLK | VDDIO UICC/SIM clock
18 SIMI/O 110 VDDIO UICC/SIM data
19 OE | VDDIO UICC/SIM data direction from baseband
20 GND G
21 VDDI/O P VDDIO 1.8-V power supply for device operation and 1/O buffers toward baseband
22 CLK | VDDIO 32-kHz clock
23 SCK | VDDIO 12C clock
24 SDA e} VDDIO 1°C data

(1) G =Ground, | = Input, O = Output, P = Power
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Table 1. Register Overview
REGISTER BITS COMMAND READ POWER-UP
BYTE REGISTER OR
B7 B6 B5 B4 B3 B2 B1 BO (HEX) WRITE | DEFAULT
Device
0 0 0 1 0 0 0 1 00h hardware R | 00010001
revision
information
Software
0 0 0 0 0 0 0 0 01h revision R 0000 0000
information
Battery SDN
SIM2 Interface SIM1 Interface Removal | Battery SDN Status
Status Status Interrupt Status InStSrrupt Status 04h Register R 0000 0000
atus
Status
SIM2 SIM1 SIM
SIM2 SIM1
SIMZSInterface Voltage LDO SIM1 Interface Voltage LDO 08h Interface RIW 0000 0000
tatus Select Enable/ Status Select Enable/ Control
Disable Disable Register
BSI Input
BSI Debounce Counter Value 0Ah Debounce R/W 0000 0100
Counter
SDN Input
SDN Debounce Counter Value 0Bh Debounce R/W 0000 0100
Counter
Reserved / Not Supported 0Ch Reserved R/W 0000 0000
Clock External
Source Clock Control (Reserved) 0Dh Clock R/W 0000 0000
Select Control
Battery
SDN SDN SDN BSI BSI .
) . Removal OE OE Device
Detection Level Interrupt | Detection Level L
Behavior | Detection | Enable/ | Behavior | Detection IELear{)Tg Dclfr?ttrlgln CSOET(;::OtI OEh é:gr;tsrtzlr RIW 0000 0000
control Select Disable | Control Select ) 9
Disable
Device-
10h-14h specific R/W XXXX XXXX
testing
o | son
Pull-up General
Reserved Edrl(;\ll;l{(; ’ Enable/ 15h purpose R/W 0000 0000
Disable Disable
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Table 2. Device Hardware Revision Register (00h)

Device HW Driver Register Bits(s) Type (R/W) Description
This register contains the manufacturer and
HW identification 7:0 R device ID® (value to be specified by the
manufacturer)

(1) The manufacturer ID part of this data shall remain unchanged when the HW revision ID is updated. The manufacturer ID shall uniquely
identify the manufacturer. The manufacturer ID is encoded on the MSB nibble.

Table 3. Device Software Revision Register (01h)

Device SW Driver Register

Bits(s)

Type (R/W)

Description

SW Driver Version

7:0

This register contains information about the
SW driver required for this device. This
information shall only be updated when
changes to the device requires SW
modifications. Initial register value is 00h

Table 4. Status

Register (04h)

Status Register

Bits(s)

Type (R/W)

Description

SDN Status®

0

R

SDN signal state captured after debounce
counter has expired '0' SDN signal at GND
'1' SDN signal at V_I/O level

SDN Interrupt®

SDN interrupt status

'0' No interrupt

'1" Interrupt occurred, (the read operation will
automatically clear this bit)

Battery Status

'0' Battery present
'1' Battery not present, i.e. debounce counter
expired

Battery Removal Interrupt

Battery removal interrupt status

'0' No interrupt

'1" Interrupt occurred, (the read operation will
automatically clear this bit)

SIM1 Interface Status [1:0]

5:4@

Status of SIM1 interface

'00' Powered down with pull-downs activated
'01' Isolated with pull-downs deactivated

'10' Powered with pull downs activated

'11' Active with pull downs deactivated

SIM2 Interface Status [1:0]

7:6@

Status of SIM2 interface

'00' Powered down with pull-downs activated
'01' Isolated with pull-downs deactivated

'10' Powered with pull downs activated

'11' Active with pull downs deactivated

(1) The SDN status bit indicates the state of the SDN signal at the input when the debounce counter expired, i.e. when the SDN interrupt bit

is set.

(2) The content of bits 5:4 and 7:6 reflects the value written to the state bits in the SIM Interface control register 3:2 and 7:6 respectively
and the setting of the regulator bits in the SIM interface control register 0 and 4 respectively.

Table 5. State and Status Bit Mapping

SIM interface control register
state bits 3:2 and 7:6

SIM interface control register
regulator control bits 0 and 4

SIM status register bits 5:4 and

7:6

Comment

'00" Powered down state with
pull-downs activated

'0"' Regulator is off, regulator
output is pulled down

'00' Powered down with
pulldowns activated

'00' Powered down state with
pull-downs activated

'1' Regulator is powered on,
regulator output pull-down is
released

'10' Powered with pull-downs

activated

01' Isolated state with pulldowns
deactivated

'0" Regulator is off, regulator
output is pulled down

'00" Powered down with
pulldowns activated

The interface can only be in
isolated state when the interface
is powered

© 2010-2011, Texas Instruments Incorporated
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Table 5. State and Status Bit Mapping (continued)

SIM interface control register
state bits 3:2 and 7:6

SIM interface control register
regulator control bits 0 and 4

SIM status register bits 5:4 and

7:6

Comment

'01' Isolated state with pulldowns
deactivated

'1' Regulator is powered on,
regulator output pull-down is
released

'01' Isolated with pull-downs

deactivated

10" Not allowed

'0" Regulator is off, regulator
output is pulled down

'00' Powered down with

pulldowns activated

This combination shall not be
used. If used the status bit
coding is as specified

10" Not allowed

'1' Regulator is powered on,
regulator output pull-down is
released

'10' Powered with pull downs

activated

This combination shall not be
used. If used the status bit
coding is as specified

'11' Active state with pull-downs
deactivated

'0" Regulator is off, regulator
output is pulled down

'00' Powered down with

pulldowns activated

The interface can only be active
if it is powered

11' Active state with pull-downs
deactivated

'1' Regulator is powered on,
regulator output pull-down is
released

'11' Active with pull-downs

deactivated

Table 6. SIM Interface Control Register (08h)Y®

Status Register

Bit(s)

Type (R/W)

Description

SIM1 Regulator Control

R/W

'0" Regulator is off, regulator output is pulled
down

'1' Regulator is powered on, regulator output
pull-down is released

SIM1 Regulator Voltage Selection

R/W

'0'1.8V
'1'2.95V

SIM1 Interface State [1:0]

3:2

R/W

Status of SIM1 interface

'00" Powered down state with pull-downs
activated

'01' Isolated state with pull-downs
deactivated

'10" Not allowed

'11' Active state with pull downs deactivated

SIM2 Regulator Control

R/W

'0" Regulator is off, regulator output is pulled
down

'1' Regulator is powered on, regulator output
pull-down is released

SIM2 Regulator Voltage Selection

R/W

'0'1.8V
'1'2.95V

SIM2 Interface State [1:0]

7:6

R/W

Status of SIM2 interface

'00" Powered down state with pull-downs
activated

'01' Isolated state with pull-downs
deactivated

'10" Not allowed

'11' Active state with pull downs deactivated

(1) Reset value: 00h

(2) The state '10', on bits 3:2 and 7:6, is not prevented by HW but shall never be set by SW. State '10' means that the interface is powered
with the pull-downs active, this state correspond to state '00' with the regulator being switched on. Setting the state to '10' does not have
any impact on the corresponding regulator bit setting. The regulator control bits do not impact the state bits in this register. The regulator
control bits however do impact the status bits in the status register.

Table 7. Battery Presence Detection Debounce Counter (0Ah)(D @)

BSI Debounce Counter Bits(s) Type (R/W) Description
This register contains the BSI input
. . debounce counter value. The value 00h
Debounce Counter Value [7:0] 0 RIW means that the counter is not used, i.e. no
debounce.

(1) Reset value: 04h

(2) Updating the register causes the counter to restart with the new value if the counter is counting when the register is updated. The new
value shall take affect no later than one clock cycle (32 KHz) after the register has been updated.
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Table 8. SDN Input Debounce Counter (0Bh)Y®)

SDN Debounce Counter Bits(s) Type (R/W) Description

This register contains the SDN input
debounce counter value. The value 00h
means that the counter is not used, i.e. no
debounce.

Debounce Counter Value [7:0] 7:0 R/W

(1) Reset value: 04h
(2) Updating the register causes the counter to restart with the new value if the counter is counting when the register is updated. The new
value shall take affect no later than one clock cycle (32 KHz) after the register has been updated.

Table 9. External Clock Control (0Dh)®

Clock Control Register Bits(s) Type (R/W) Description
Clock Control 6:0 R/W Reserved
'0" Internal clock source used
Clock Source Select 7 R/W '1' External clock source CLK (supplied on
pin 22 used)

(1) Reset value: 00h

© 2010-2011, Texas Instruments Incorporated Submit Documentation Feedback 7
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Table 10. Device Control Register (OEh)®

Clock Control Register

Bits(s)

Type (R/W)

Description

OE Control

R/W

‘0’ OE is not used to control the data
direction on the selected SIM 1/O and the
base band I/0

‘1’ OE controls the data direction, see below

OE Direction Control

R/W

‘0’ OE input = ‘0’ data direction Base band
-> SIM

OE input = ‘1’ data direction SIM -> base
band

‘1’ OE input = ‘0’ data direction SIM -> base
band

OE input = ‘1’ data direction Base band ->
SIM

Battery Removal Interrupt

R/W

‘0’ Battery removal interrupt disabled

‘1’ Battery removal detected causes interrupt
on IRQ (interrupt sets b3 in the status
register)

BSI Level Detection

R/IW

BSI detection level
‘0" 1.2V
‘1’ 1.65V

BSI Detection Control

R/W

BSI detection behavior

‘0’ Battery not present causes automatic
power down of both SIM interfaces

‘1’ Battery not present doesn’t cause
automatic power down

SDN Detection Interrupt

R/IW

‘0’ SDN detection interrupt disabled
‘1’ SDN detected causes interrupt on IRQ
(interrupt sets bl in the status register)

SDN Detection Level

R/IW

SDN input active level

‘0’ SDN is active low

i.e. automatic shutdown occurs when
debounced SDN is low.

‘1’ SDN is active high

i.e. automatic shutdown occurs when
debounced SDN is high

SDN Detection Control

R/W

Disable automatic power down upon SDN
detection

‘0’ SDN detection causes automatic power
down of SIM2 interface

‘1’ SDN detection doesn’t cause automatic
power down of SIM2 interface

(1) Reset value: 00h

Table 11. General Purpose Register (15h)®

Function Bit(s) Type (R/W) Description

i '0' SDN input pull-up enabled

SDN pull-up control 0 RIW '1' SDN input pull-up disabled
'0" SDN pull-down disabled
SDN pull-down control 1 R/W 1" SDN pull-down enabled
RFU 7:2 R/W
(1) The RFU bits shall allow for the write operation to complete but shall read as '0'. The SW should write '0" into these locations, reset
value.
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BASIC DEVICE OPERATION

The TXS02326 is controlled through a standard I1°C interface reference to VDDIO. It is connected between the
two SIM card slots and the SIM/UICC interface of the baseband. The device uses VBAT and VDDI/O as supply
voltages. The supply voltage for each SIM card is generated by an on-chip low drop out regulator. The interface
between the baseband and the TXS02326 is reference to VDDIO while the interface between the TXS02326 and
the SIM card is referenced to the LDO output of either VSIM1 or VSIM2 depending on which slot is being
selected. The VDDIO on the baseband side normally does not exceed 1.8V, thus voltage level shifting is needed
to support a 3V SIM/UICC interface (Class B).

The TXS02326 has two basic states, the reset and operation state. The baseband utilizes information in the
status registers to determine how to manipulate the control registers to properly switch between two SIM cards.
These fundamental sequences are outlined below and are to help the user to successfully incorporate this device
into the system.

DEVICE ADDRESS
The address of the device is shown below:

v

< Slave Address

0 1 1 1 1 0 IRQ R/W

Address Reference

IRQ@ Reset R/W Slave Address
0 0 (W) 120 (decimal), 78(h)
0 1(R) 121 (decimal), 79(h)
1 0 (W) 122 (decimal), 7A(h)
1 1(R) 123 (decimal), 7B(h)

RESET STATE

In the reset state the device settings are brought back to their default values and any SIM card that has been
active is deactivated. After reset, neither of the UICC/SIM interfaces is selected. The active pull-downs at the
UICC/SIM interface are automatically activated. To ensure the system powers up in an operational state, device
uses an internal 32 KHz clock for internal timing generation. After power up, the system has the option to
continue to utilize the internal clock or select an external clock source. This clock source is selectable by the
Clock Source Select I°C register bit.

» Power up the TXS02326 by asserting VBAT to enter the operation state
+ I°C Interface becomes active with the VDD_1/O supply

RESET summary:

* Any pending interrupts are cleared

+ I2C registers are in the default state

» BSI and SDN counter value in the registers are set to four clock cycles or “0000 0100”
» Both on chip regulators are set to 1.8V and disabled

+ All SIM1 and SIM2 signals are pulled to GND
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SETTING UP THE SIM INTERFACE

The TXS02326 supports both Class C (1.8V) or Class B (2.95V) SIM cards. In order to support these cards

types, the interface on the SIM side needs to be properly setup. After power up, the system should default to

SIM1 card. The following sequence outlines a rudimentary sequence of preparing the SIM1 card interface:

+ Configure the SIM1 regulator to 1.8V by asserting B1 = 0 in the SIM Interface Control Register (08h). The
system by default should start in 1.8V mode.

» Configure the OE signal by asserting BO = 0 in the Device Control Register (OEh). The default value
essentially disables the OE pin and the device is configured as an auto direction translator.

* The baseband SIM interface is set to a LOW state.

+ Disable the SIM1 interface by asserting B2 = 0 and B3 = 0 in the SIM Interface Control Register.

+ Disable the SIM2 interface by asserting B6 = 0 and B7 = 0 in the SIM Interface Control Register.

+ VSIM1 voltage regulator should now be activated by asserting BO = 1 in the SIM Interface Control Register.

+ Enable the SIM1 interface by asserting B2 = 1 and B3 = 1 in the SIM Interface Control Register.

* The SIM1 interface (VSIM1, SIM1CLK, SIM1I/O) is now active. The TXS02326 relies on the baseband to
perform the power up sequencing of the SIM card. If there is lack of communication between the baseband

and the SIM card, the SIM1 interface must be powered-down and then powered up again through the
regulator by configuring it to 2.95V by asserting B1 = 1 in the SIM Interface Control Register.

SWITCHING BETWEEN SIM CARDS

The following sequence outlines a rudimentary sequence of switching between the SIM1 card and SIM2 card:

« Put the SIM1 card interface into “clock stop” mode then assert B2 = 1 and B3 = 0 in the SIM Interface Control
Register (08h). This will latch the state of the SIM1 interface (SIM1CLK, SIM11/O, SIM1RST).

* There can be two scenarios when switching to SIM2 card:

— SIM2 may be in the power off mode, B6 = 0 and B7 = 0 in the Status Register (04h). If SIM2 is in power
off mode, the SIM/UICC interface will need to be set to the power off state. In this case the baseband will
most likely need to go through a power up sequence iteration

— SIM2 may already be in the “clock stop” mode, B6 = 1 and B7 = 0 in the Status Register (04h). If SIM2 is
in “clock stop” mode, the interface between the baseband and the device is set to the clock stop mode
levels that correspond to the SIM2 card interface.

« After determining whether the SIM2 card is either in power off mode or clock stop mode, the SIM2 card
interface is then activated by asserting B6 = 1 and B7 = 1 in the SIM Interface Control Register (08h) and the
negotiation between the baseband and card can continue.

» Switching from SIM2 to SIM1 done in the same manner.

AUTOMATIC SHUTDOWN

Both SIM card interfaces can be configured to automatically shut down upon disconnecting the battery. The
shutdown threshold BSlyheshoig 1S cOnfigured in B3 of the Device Control Register (OEh). Two threshold levels are
available for this configuration. When the BSI input level exceeds the BSlyeshoq l€VEl that caused this
power-down, both SIM card interfaces will automatically be shut down. If the battery removal interrupt is enabled
through B2 of the Device Control Register, then an interrupt will be issued to the baseband on IRQ. This case
may happen if the user decides to remove the battery.

There are two scenarios for shutting down each SIM: SIMx is “active”, or in “clock stop” mode. In clock stop
mode, when the debounce timer expires, the SIMx signals all go low immediately, then the regulator is disabled
one 32KHz cycle later. If SIMx is active, the signals go low and the regulator is disabled in a particular sequence
to be described in the next section.

The SIM2 interface can also be configured to automatically shut down via the SDN pin.
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BSI/ SDN DEBOUNCE AND AUTOMATIC SHUTDOWN SEQUENCE TIMING

There are two debounce counters: one each for the BSI and SDN inputs. For each counter, when the device is
reset or the related input is “false”, the counter is loaded with the value in the associated Debounce Counter
register and the debounced signal (i.e. BSI_DEB or SDN_DEB) is subsequently set to a “false” state. When the
related input becomes “true”, the counter begins counting down on subsequent CLK rising-edges. (CLK is either
the internal or external 32 kHz clock as selected by Clock Source Select)

If the input changes state during the count, the counter is again loaded with the register value. The debounce
counter propagates the input signal to the output when the counter expires.

For BSI and BSI_DEB, the “true” state is high. For SDN and SDN_DEB, the “true” state is the state stored in the
SDN Detection Level register. Once either count reaches zero, the debounced signal switches to the “true” state
on the next CLK rising edge.

If BSI_DEB goes high and Battery Removal Interrupt (bit 2 of the Device Control Register) is 1, an interrupt is
generated and appears on IRQ. Also, if BSI_DEB goes high and BSI Detection Control (bit 4 of the Device
Control Register) is 0, the Automatic Shutdown sequence begins for both SIM’s.

If SDN_DEB goes “true” and SDN Detection Interrupt (bit 5 of the Device Control Register) is 1, an interrupt is
generated and appears on IRQ. Also, if SDN_DEB goes “true” and SDN Detection Control (bit 7 of the Device
Control Register) is 0, the Automatic Shutdown sequence begins for SIM2 only, leaving SIM1 unaffected.

CLK 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17
DEB CNT 4 [ 3 2] 4 [ s ]21 ] ! Lo | b 4
BSI | | | | | : b
! : ' L
BSI_DEB | 1
IRQ | | | :
I I I
SIMCLK |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
{ [ | |
SIM1 RST I L ! !
SIM1 /0 Active Data | | | |
SIM1 VCC |
SIM2 RST Latched RST | |
SIM2 CLK Latched Clock | |
SIM2 1/0 Latched Data | |
simM2 vce |

Figure 2. BSI Debounce Timing — SIM1 Active and SIM2 Isolated

Notes:
BSI debounce count value set to 4
SIM1 Active, SIM2 powered but Isolated
BSI Detection Control set to O
Battery Removal Interrupt set to 1
Once BSI is high for four cycles, BSI_DEB goes high causing automatic shutdown sequence on both SIMs.

Since SIM1 is active with SIMCLK running, it follows the staged shutdown sequence. Since SIM2 is powered up
but inactive, it follows the instant shutdown sequence.
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CLK
DEB CNT
BSI
BSI_DEB
IRQ
SIMCLK
SIM1 RST
SIM1 CLK
SIM1 /0
SIM1 Vce
SIM2 RST
SIM2 CLK
SIM2 /0

SiM2 vCC

Notes:

1 2 3 4 5 6 7 8 9 10

4 [ 3 [2] 4 [ 31 2] 4

N D S

Clock stopped

Active Data

Latched RST

Latched Clock

Latched Data

Figure 3. BSI Debounce Timing — SIM1 Clock Stop and SIM2 Isolated

BSI debounce counter set to 4
SIM1 Active in Clock Stop Mode
SIM2 powered but Isolated

BSI Detection Control set to 0
Battery Removal Interrupt set to 1

Once BSI is high for four cycles, BSI_DEB goes high causing automatic shutdown sequence on both SIMs.
Since SIM1 is active with SIMCLK stopped, it follows the instant shutdown sequence. Since SIM2 is powered up
but inactive, it follows the instant shutdown sequence.
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CLK
DEB CNT

BSI
BSI_DEB

IRQ

1 2 3 4 5 6 7 8 9 10

[ 31 2] 4

4 | 3 2] 4

N D S

SIM1 RST

SIM1 CLK

SIM11/0

SIiM1VCC

SIM2 RST

SIM2 1/0

SiM2 vCC

Notes:

Latched RST

Latched Clock

Latched Data

Active Data

Figure 4. BSI Debounce Timing — SIM1 Isolated, SIM2 Active

BSI debounce counter set to 4
SIM2 Active

SIM1 powered but Isolated

BSI Detection Control set to 0
Battery Removal Interrupt set to 1

Once BSI is high for four cycles, BSI_DEB goes high causing automatic shutdown sequence on both SIMs.
Since SIM2 is active with SIMCLK running, it follows the staged shutdown sequence. Since SIM1 is powered up
but inactive, it follows the instant shutdown sequence.
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CLK 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17

DEB CNT 4|3|2|1|7|6|5|4|3t | 1]
Wt. 0Ah N

Bsl | i
BSI_DEB |

IRQ |

SIM1 RST | b

SIM11/0 Active Data

SIiM1 VCC

SIM2 RST Latched RST

SIM2 CLK Latched Clock

SIM2 I/0 Latched Data

SiM2 vCC

Figure 5. BSI Debounce Timing — Debounce Count Value Write During Debounce

Notes:
BSI debounce count value set to 4, but written to 7 during debounce
SIM1 Active
SIM2 powered but Isolated
BSI Detection Control set to 0
Battery Removal Interrupt set to
BSI_DEB goes high causing automatic shutdown sequence on both SIM’s. Since SIM1 follows the staged

shutdown sequence. SIM2 follows the instant shutdown sequence. BSI returning low does not interrupt shutdown
sequence.
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SDN_DEB

IRQ

SIM1 RST

SiM1 1/0
SiM1 vCC
SIM2 RST
SIM2 CLK

SIM2 1/0

SimM2 vCC

Notes:

Active Data

Latched RST

Latched Clock

Latched Data

Figure 6. SDN Debounce Timing — SDN Detection Level High

SDN debounce count value set to 4
SIM1 Active

SIM2 powered but Isolated

SDN Detection Control set to 0
SDN Detection level setto 1

SDN Detection Interrupt set to 1

Once SDN is high for four cycles, SDN_DEB goes high causing automatic shutdown sequence on SIM2. SIM1 is
unaffected. Since SIM2 is powered up but inactive, it follows the instant shutdown sequence.
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CLK 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17
DEB CNT 4 | 3 ]2] 4 | 3] 2| 1] : | 0 | 4
son LI 1 . |
SDN_DEB | i |
Ra —
SIM1 RST ' '
rerannnnnhpnnnnnnhphnnniinnnnnnns
SIM1 1/0 Active Data i i
SIM1 vCcCe i
SIM2 RST Latched RST | !
SIM2 CLK Latched Clock i i
SIM2 1/0 Latched Data i
SIM2 vcC |

Figure 7. SDN Debounce Timing — SDN Detection Level Low

Notes:
SDN debounce count value set to 4
SIM1 Active
SIM2 powered but Isolated
SDN Detection Control set to 0
SDN Detection level set to 0
SDN Detection Interrupt set to 1

Once SDN is low for four cycles, SDN_DEB goes low causing automatic shutdown sequence on SIM2. SIM1 is
unaffected. Since SIM2 is powered up but inactive, it follows the instant shutdown sequence.
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DEB CNT 4 | 3 2] 4 | 3] 2] 1] : ;0| : | 4
sov | I ]
SDN_DEB | i i i |
T
SIM1 RST Latched RST : : i : :
SIM1 CLK Latched Clock : : : : :
SIM1 I/0 Latched Data i i : i i
SIM1vceC i
SIM2 RST | !
SIM2 1/0 Active Data |
sIM2 vce |

Figure 8. SDN Debounce Timing — SIM1 Isolated and SIM 2 Active

Notes:
SDN debounce count value set to 4
SIM1 powered but Isolated
SIM2 Active
SDN Detection Control set to 0
SDN Detection level set to 1
SDN Detection Interrupt set to 1

SDN_DEB goes high causing automatic shutdown sequence on SIM2. Since SIM2 is active with SIMCLK
running, it follows the staged shutdown sequence, SIM1 is unaffected.
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ABSOLUTE MAXIMUM RATINGS

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

Level Translator®

MIN MAX UNIT
V_1/0 Supply voltage range -0.3 4.0 \
V_1/O-port -0.5 4.6
V| Input voltage range VSIMx-port -0.5 4.6 \%
Control inputs -0.5 4.6
Vo Voltage range applied to any output in the high-impedance or | V_l/O-port -0.5 4.6 v
power-off state VSIMx-port -05 4.6
. . ) V_1/O-port -0.5 4.6
Vo Voltage range applied to any output in the high or low state \%
VSIMx-port -0.5 4.6
lik Input clamp current V<0 -50 mA
lok Output clamp current Vo <0 -50 mA
lo Continuous output current +50 mA
Continuous current through Vcca 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.

LDO®
MIN MAX UNIT
Vin Input voltage range -0.3 6 \%
Vout Qutput voltage range -0.3 6 \%
T; Junction temperature range -55 150 °C
Tsg Storage temperature range -55 150 °C
. Human-Body Model (HBM) 2 kv
ESD rating -

Charged-Device Model (CDM) 1000 \%

(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.
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THERMAL IMPEDANCE RATINGS

UNIT
B3 Package thermal impedance® RGE package 45 °CIW
(1) The package thermal impedance is calculated in accordance with JESD 51-7.
RECOMMENDED OPERATING CONDITIONS®
Level Translator

Description MIN MAX UNIT
V_1/0 Supply voltage 17 3.3 Y
\im High-level input voltage Applies to pins: RESET, SDN, V_1/0O x0.7 19 Y
. SCL, SDA, IRQ, OE, 32kHz,

ViL Low-level input voltage SIM_RST, SIM_CLK, SIM_1/O 0 V_1/O x0.3 \
At/Av Input transition rise or fall rate 5 ns/\V
Ta Operating free-air temperature -40 85 °C

(1) Allunused data inputs of the device must be held at V¢, or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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ELECTRICAL CHARACTERISTICS

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

TYpP!

PARAMETER TEST CONDITIONS V_1/0 VSIM1 VSIM2 MIN 1) MAX UNIT
SIM1_RST ||, =-100 pA VSIM1 x 0.8
SIM1_CLK | Push-Pull VSIM1 % 0.8
IOH =-10 HA
Open-Drain
SIM1_1/0 VSIM1 x 0.8
loy = =100 pA
Push-Pull
SIM2_RST ||, =-100 pA 1.8V /295| 1.8V/295 VSIM2 x 0.8
Vv SIM2_CLK Push-Pull 1.7V to \Y _ V VSIM2 x 0.8 v
OH 3.3V | (Supplied | (Supplied by
low =10 pA by LDO) LDO)
Open-Drain
SIM2_1/0 VSIM2 x 0.8
lon = =100 pA
Push-Pull
IOH =-10 HA
Open-Drain
SIM_I/O V_I/0x 0.8
loy = =100 pA
Push-Pull
IOL =1mA
SIM1_RST Push-Pull VSIM1 x 0.2
loo =1 mA
SIM1_CLK Push-Pull VSIM1 x 0.2
IOL =1mA
Open-Drain
SIM1_1/0 0.3
loo =1 mA
Push-Pull
SIM2 RST |loL=1mA 1.8V /295| 1.8V /295 VSIM2 x 0.2
— Push-Pull 1.7Vto Vv Vv '
Vou = 1mA 33V | (Supplied | (Supplied by v
=1m .
SIM2_CLK g&sh_Pu” by LDO) LDO) VSIM2 x 0.2
IOL =1mA
Open-Drain
SIM2_1/0 0.3
loo =1 mA
Push-Pull
IOL =1mA
Open-Drain
SIM_I/O 0.3
|o|_ =1mA
Push-Pull
1.8V /295 | 1.8V /295
Control _ 1.7V to Y \%
h inputs Vi=0E 3.3V | (Supplied | (Supplied by 1 WA
by LDO) LDO)
18V/295| 1.8V /295
V| = Vcc| 1.7V to \Y \Y
lec o Ilo=0 3.3V | (Supplied | (Supplied by 5 KA
by LDO) LDO)
SIM_I/O 7
Cio port pF
SIMx port 4
Control
Ci inputs V) = V_I/O or GND 3 pF
Clock input

(1) All typical values are at Tp = 25°C.
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ELECTRICAL CHARACTERISTICS
LDO (Control Input Logic = High)

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

PARAMETER TEST CONDITIONS MIN TYPW MAX UNIT
VBAT Input voltage 2.3 5.5 \%
Class-B Mode 2.85 2.95 3.05
Vout Output voltage \%
Class-C Mode 17 1.8 1.9
Vpo Dropout voltage lout = 50 mA 100 mV
| =0mA 35
IeND Ground-pin current out MA
lout = 50 mMA 150
Veny € 0.4V, (VSIMX + Vpg) < VBAT £5.5
IsHDN Shutdown current (Ignp) V, 3 MA
TJ =85°C
louT(sc) Short-circuit current R, =0Q 400 mA
Cout Output Capacitor 1 uF
VBAT =3.25V, f=1kHz 50
PSRR Power-supply rejection ratio VSIMx =18V or3V, 40 dB
Cout =1 pF, lour =50 mA f=10 kHz
Terr Start-up time VSIMx_= 1.8Vor3V,lgyr =10 mA, 50 us
Cout =1 WF
Operating junction -40 85 o
T, C
temperature
(1) All typical values are at Tp = 25°C.
GENERAL ELECTRICAL CHARACTERISTICS
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
BS| c tor Threshold BSI detection level “1” 1.6 1.7 v
omparator Thresho
Threshold P BSI detection level “0” 1.1 1.3
Hyst Internal hysteresis of comparator +50 mV
CLK Internal System Clock —-20% 32 +20% KHz
Rsimpu SIM I/O pull-up 18 20 22.6 kQ
R SIMx 1/0 pull Class B 6 5 o kQ
X ull-u
SIMHPU pUi-up Class C 38 45 5.2
Rsimep Active pull-downs are connected to
the VSIM1/2 regulator output to the
SIMx I/O pull-down SIM1/2 CLK, SIM1/2 RST, SIM1/2 2 kQ
1/0 when the respective regulator is
disabled
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SWITCHING CHARACTERISTICS
VSIMx = 1.8 V or 2.95 V Supplied by Internal LDO, VBAT = 2.3V to 5.5V

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

TEST V_I/0=17Vto 33V

PARAMETER CONDITIONS N MAX UNIT
SIM_I/O Open Drain 210 ns
ta SIM_I/O Push Pull 8.6 ns
Baseband side to SIM side SIM_RST Push Pull 4.3 ns
SIM_CLK Push Pull 4 ns
SIMx_I/O Open Drain 16 ns
ta SIMx_I/O Push Pull 6.5 ns
Baseband side to SIM side SIM_RST Push Pull 4 ns
SIMx_CLK Push Pull 5 ns
e SIMx_I/O Open Drain 210 ns
SIM side to Baseband side SIMx_1/O Push Pull 10 ns
e SIMx_I/O Open Drain 6 ns
SIM side to Baseband side SIMx_1/O Push Pull 8 ns

frnax SIMx_CLK Push Pull 5 MHz
SIMCLK to SIMx_CLK Push Pull 8 ns
SIMRST to SIMx_RST Push Pull 8 ns
o SIMIO to SIMx_IO Open Drain 260 ns
SIMIO to SIMx_IO Push Pull 10 ns
SIMx_IO to SIMIO Open Drain 260 ns
SIMx_IO to SIMIO Push Pull 10.5 ns
SIMCLK to SIMx_CLK Push Pull 7 ns
SIMRST to SIMx_RST Push Pull 7 ns
o SIMIO to SIMx_IO Open Drain 23 ns
SIMIO to SIMx_IO Push Pull 8 ns
SIMx_IO to SIMIO Open Drain 23 ns
SIMx_IO to SIMIO Push Pull 10 ns
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OPERATING CHARACTERISTICS
Ta =25°C, Vgux = 1.8 V for Class C, Vg, = 2.95 V for Class B

TEST
PARAMETER CONDITIONS TYP UNIT
o Class B C.=0, 11
c f =5 MHz, F
pd Class C tt=t=1ns 95 "

(1) Power dissipation capacitance per transceiver
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APPLICATION INFORMATION

The LDO’s included on the TXS02326 achieve ultra-wide bandwidth and high loop gain, resulting in extremely
high PSRR at very low headroom (Vgat — Vgimie). The TXS02326 provides fixed regulation at 1.8V or 2.95V.
Low noise, enable (through I2C control), low ground pin current make it ideal for portable applications. The device
offers sub-bandgap output voltages, current limit and thermal protection, and is fully specified from —40°C to
+85°C.

VSIM1
VDDIO
TXS02326 VBAT
F
GND VSIM2 j
0.1uF T~ i :|: ~1uF

Figure 9. Typical Application circuit for TXS02326

Input and Output Capacitor Requirements

It is good analog design practice to connect a 1.0 yF low equivalent series resistance (ESR) capacitor across the
input supply (VBAT) near the regulator. Also, a 0.1uF is required for the logic core supply (VDDIO).

This capacitor will counteract reactive input sources and improve transient response, noise rejection, and ripple
rejection. A higher-value capacitor may be necessary if large, fast rise-time load transients are anticipated or if
the device is located several inches from the power source. The LDO’s are designed to be stable with standard
ceramic capacitors of values 1.0 pyF or larger. X5R- and X7R-type capacitors are best because they have
minimal variation in value and ESR over temperature. Maximum ESR should be < 1.0 Q.

Output Noise

In most LDO’s, the bandgap is the dominant noise source. To improve ac performance such as PSRR, output
noise, and transient response, it is recommended that the board be designed with separate ground planes for Vg
and Vg7, with each ground plane connected only at the GND pin of the device. In addition, the ground
connection for the bypass capacitor should connect directly to the GND pin of the device.

Internal Current Limit

The TXS02326 internal current limit helps protect the regulator during fault conditions. During current limit, the
output sources a fixed amount of current that is largely independent of output voltage. For reliable operation, the
device should not be operated in a current limit state for extended periods of time.

The PMOS pass element in the TXS02326 has a built-in body diode that conducts current when the voltage at
Vsmie €xceeds the voltage at Vgar. This current is not limited, so if extended reverse voltage operation is
anticipated, external limiting may be appropriate.

Dropout Voltage

The TXS02326 uses a PMOS pass transistor to achieve low dropout. When (Vgat — Vsivi2) is less than the
dropout voltage (Vpo), the PMOS pass device is in its linear region of operation and the input-to-output
resistance is the Rpgony Of the PMOS pass element. Vpo will approximately scale with output current because
the PMOS device behaves like a resistor in dropout.

Startup

The TXS02326 uses a quick-start circuit which allows the combination of very low output noise and fast start-up
times. Note that for fastest startup, Vgarr Should be applied first, and then enabled by asserting the 1°C register.
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Transient Response

As with any regulator, increasing the size of the output capacitor reduces over/undershoot magnitude but
increases duration of the transient response.

Minimum Load

The TXS02326 is stable and well-behaved with no output load. Traditional PMOS LDO regulators suffer from
lower loop gain at very light output loads. The TXS02326 employs an innovative low-current mode circuit to
increase loop gain under very light or no-load conditions, resulting in improved output voltage regulation
performance down to zero output current.

THERMAL INFORMATION

Thermal Protection

Thermal protection disables the output when the junction temperature rises to approximately +160°C, allowing
the device to cool. When the junction temperature cools to approximately +140°C the output circuitry is again
enabled. Depending on power dissipation, thermal resistance, and ambient temperature, the thermal protection
circuit may cycle on and off. This cycling limits the dissipation of the regulator, protecting it from damage
because of overheating.

Any tendency to activate the thermal protection circuit indicates excessive power dissipation or an inadequate
heat sink. For reliable operation, junction temperature should be limited to +85°C maximum. To estimate the
margin of safety in a complete design (including heat sink), increase the ambient temperature until the thermal
protection is triggered; use worst-case loads and signal conditions. For good reliability, thermal protection should
trigger at least +35°C above the maximum expected ambient condition of your particular application. This
configuration produces a worst-case junction temperature of +85°C at the highest expected ambient temperature
and worst-case load.

The internal protection circuitry of the TXS02326 has been designed to protect against overload conditions. It
was not intended to replace proper heat sinking. Continuously running the TXS02326 into thermal shutdown will
degrade device reliability.

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS (continued)
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TYPICAL CHARACTERISTICS (continued)
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Tem Op Temp (°C Device Markin Samples
ge Typ g g p p p g p
I Drawing Qty 0) ®3) (4/5)
TXS02326MRGER ACTIVE VQFN RGE 24 3000 Green(RoHS CUNIPDAU Level-2-260C-1 YEAR YJ326
& no Sh/Br)
TXS02326RGER ACTIVE VQFN RGE 24 3000 Green(RoHS CUNIPDAU Level-2-260C-1 YEAR YJ326
& no Sh/Br)

® 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.

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.

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
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | 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 I Q4 User Direction of Feed
[ 8
T
A
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)
TXS02326MRGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 115 | 80 | 120 Q1
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TAPE AND REEL BOX DIMENSIONS
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TXS02326MRGER VQFN RGE 24 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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RGEO0024B

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

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. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. 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.
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EXAMPLE STENCIL DESIGN
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 25
78% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X
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NOTES: (continued)

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

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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