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°C CONTROLLED 18 CHANNEL GPIO EXPANDER

Check for Samples: TCA6418E

FEATURES APPLICATIONS

e Operating Power-Supply Voltage Range of e Smart Phones
165Vto 3.6V e PDAs

+ 18 GPIOs Configurable as Inputs or Outputs « GPS Devices

+ ESD Protection Exceeds JESD 22 on Non- « MP3 Players
GPIO Pins

e Digital Cameras
— 2000-V Human Body Model (A114-A)

— 1000-V Charged Device Model (C101)
e Low Standby (ldle) Current Consumption: 3 pA
« Supports 1-MHz Fast Mode Plus I°C Bus

e Open-Drain Active-Low Interrupt Output,
Asserted When Key is Pressed or Key is
Released

e Selectable Debounce Time of 50 ys

e Schmitt-Trigger Action Allows Slow Input
Transition and Better Switching Noise
Immunity at the SCL and SDA Inputs: Typical
Viys at 1.8 Vis 0.18 V

e Latch-Up Performance Exceeds 200 mA Per
JESD 78, Class I

e Very Small Package
— WCSP (YFP): 2 mm x 2 mm; 0.4 mm pitch

DESCRIPTION/ORDERING INFORMATION

The TCA6418E is a 18 channel GPIO expansion device with integrated ESD protection. It can operate from 1.65
V to 3.6 V and has 18 general purpose inputs/outputs (GPIO) that can be used via the I°C interface [serial clock
(SCL), serial data (SDA)].

The major benefit of this device is it frees up the processor from having to individually monitor changes in
multiple inputs and also frees up the GPIOs on the processor to drive other outputs.. This provides power and
bandwidth savings. The TCA6418E is also ideal for usage with processors that have limited GPIOs.

ORDERING INFORMATION®
Ta PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
—40°C to 85°C WCSP - YFP ’ Tape and reel TCAG6418EYFPR AZ2

(1) For the 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.

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. Copyright © 2012, 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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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with

appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
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Table 1. YFP Package Terminal Assignments

E INT GND GPIO13 GPIO8 GPIO4
D SCL GPIO17 GPIO12 GPIO7 GPIO3
C SDA GPIO16 GPIO11 GPIO6 GPIO2
B Vee GPIO15 GPIO10 GND GPIO1
A | RESET | GPIO14 GPIO9 GPIO5 GPIOO
5 4 3 2 1
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TERMINAL FUNCTIONS
TERMINAL
NO. TYPE DESCRIPTION
WCSP NAME
(YFP)
Al GPIOO0 110 GPIO port
B1 GPIO1 1/0 GPIO port
C1 GPIO2 110 GPIO port
D1 GPIO3 110 GPIO port
El GPIO4 1/0 GPIO port
A2 GPIO5 110 GPIO port
B2 GND - Ground
Cc2 GPI106 lfe} GPIO port
D2 GPIO7 1/0 GPIO port
E2 GPIO8 110 GPIO port
A3 GPI09 lfe} GPIO port
B3 GPIO10 lfe} GPIO port
C3 GPIO11 lfe} GPIO port
D3 GPIO12 110 GPIO port
E3 GPIO13 lfe} GPIO port
A4 GPIO14 1/0 GPIO port
B4 GPIO15 110 GPIO port
c4 GPI0O16 lfe} GPIO port
D4 GPIO17 1/0 GPIO port
E4 GND - Ground
A5 RESET | ﬁ\;:;i:j/fe-low reset input. Connect to V¢ through a pullup resistor, if no active connection is
B5 Ve Pwr Supply voltage of 1.65 V to 3.6 V
C5 SDA 110 Serial data bus. Connect to V¢ through a pullup resistor.
D5 SCL I Serial clock bus. Connect to V¢ through a pullup resistor.
E5 INT (0] Active-low interrupt output. Open drain structure. Connect to V¢ through a pullup resistor.
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 3
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ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

MIN MAX | UNIT
Ve Supply voltage range -0.5 4.6 Y
vV, Input voltage range @ -05 4.6 v
Vo Voltage range applied to any output in the high-impedance or power-off state ) -0.5 4.6 v
Output voltage range in the high or low state® -05 4.6
lik Input clamp current V<0 +20 mA
lok Output clamp current Vo <0 +20 mA
loL Continuous output Low current Eort, SDA Vo =010 Ve 20
INT 25 mA
loH Continuous output High current P port Vo =010 Ve 50
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.

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

VALUE UNIT

Ba Package thermal impedance ® YFP package 98.8 °CIW
(1) The package thermal impedance is calculated in accordance with JESD 51-7.
RECOMMENDED OPERATING CONDITIONS

MIN MAX UNIT
Ve Supply voltage 1.65 3.6 \%
Vi High-level input voltage SCL, SDA, GPIO0-17, RESET 0.7 x Ve 3.6 \%
Vi Low-level input voltage SCL, SDA, GPIO0-17, RESET -0.5 0.3 x Ve \%
lon High-level output current GPI0O0-17 10 mA
loL Low-level output current GPI0O0-17 25 mA
Ta Operating free-air temperature -40 85 °C
4 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS
over recommended operating free-air temperature range, V- = 1.65 V to 3.6 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Veer MIN  TYP MAX| UNIT
Vi Input diode clamp voltage | =-18 mA 165Vto3.6V | -1.2 \%
Vpor Power-on reset voltage V| =Vccp Oor GND, Io =0 165Vto3.6V 1 14 \%
lon =—1 mA 1.65V 1.25
1.65V 1.2
_ lon =—-8 mA 23V 1.8
Vo \C/BOFI)tIe%Oe_N high-level output 3V 26 v
1.65V 1.1
lon =—10 mA 23V 1.7
3V 25
lo. =1mA 1.65V 0.4
1.65V 0.45
lo. =8 mA 23V 0.25
VoL \C/BOFI)tIe%Oe_N low-level output 3V 0.25 v
1.65V 0.6
loL = 10 mA 23V 0.3
3V 0.25
SDA VoL =04V 1.65Vt03.6V
loL p— mA
INT VoL =04V 1.65Vt03.6V 3
I SCL, SDA, GPIO0-17, RESET \1/|7= V) or GND; Pull-downs disabled for GPIO0- 165V 103.6V 1] uA
nnt | GPIO0-17 55 kQ
v DA fscL = 0 kHz 13
1on ) _
lec ff’/go;lé’m LSI-?E 400 1.65V1t03.6V 25 pA
lo =0, I/O = inputs, fscL =1 35
MHz
C SCL V| = V¢ or GND 1.65Vt03.6V 6 8| pF
SDA 10 125
Cio GPI00-17 V|0 = V¢ or GND 1.65Vt03.6V 5 5 pF
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 5
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I2C INTERFACE TIMING REQUIREMENTS
over recommended operating free-air temperature range (unless otherwise noted) (see Figure 12)

STANDARD MODE FAST MODE FAST MODE PLUS (FM+)
I>’C BUS I>’C BUS 1>’C BUS UNIT
MIN MAX MIN MAX MIN MAX
fsel I2C clock frequency 0 100 0 400 0 1000| kHz
tsch 12C clock high time 4 0.6 0.26 us
tsel 12C clock low time 4.7 1.3 0.5 us
tsp I2C spike time 50 50 50| ns
tsds I2C serial data setup time 250 100 50 ns
tsah I2C serial data hold time 0 0 0 ns
ticr 12C input rise time 1000 | 20 + 0.1C, W 300 120| ns
tics 12C input fall time 30020 +0.1C, @ 300 120| ns
toct 12C output fall time; 10 pF to 400 pF bus 300 |20 + 0.1C,, D 300 120| us
touf Stcar?us free time between Stop and 4.7 13 05 us
tye I:éiuit?g gr repeater Start condition 47 0.6 0.26 us
tun :izrgeStart or repeater Start condition hold 4 0.6 0.6 us
tsps I2C Stop condition setup time 4 0.6 0.26 us
tcata) y;llg data time; SCL low to SDA output 1 0.9 0.45| s
sy Vb e of ACK oo : 045 us
(1) C, = total capacitance of one bus line in pF
RESET TIMING REQUIREMENTS
over recommended operating free-air temperature range (unless otherwise noted) (see Figure 15)
STANDARD MODE, FAST
MODE, FAST MODE PLUS
(FM+) UNIT
I>’C BUS
MIN MAX

ty Reset pulse duration 120 us
trec Reset recovery time 120W us
treser  Time to reset 120W us

(1) The GPIO debounce circuit uses each GPIO input which passes through a two-stage register circuit. Both registers are clocked by the
same clock signal, presumably free-running, with a nominal period of 50uS. When an input changes state, the new state is clocked into
the first stage on one clock transition. On the next same-direction transition, if the input state is still the same as the previously clocked
state, the signal is clocked into the second stage, and then on to the remaining circuits. Since the inputs are asynchronous to the clock,
it will take anywhere from zero to 50 psec after the input transition to clock the signal into the first stage. Therefore, the total debounce
time may be as long as 100 psec. Finally, to account for a slow clock, the spec further guard-banded at 120 psec.
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SWITCHING CHARACTERISTICS

STANDARD MODE,
FAST MODE, FAST
PARAMETER FROM TO MODE PLUS (FM+) | yNIT
I’C BUS
MIN MAX
GPI_INT with
o Debounce Enabled J— 40 120
tiv Interrupt valid time - GPIOO0-17 INT us
GPI_INT with 0 1
Debounce Disabled
tr Interrupt reset delay time SCL INT 1| ps
tpv Output data valid SCL GPIO0-17 400 ns
tps Input data setup time . GPIO SCL 0 ns
- Debounce Disabled
tpH Input data hold time GPIO SCL 300 ns
LOGIC DIAGRAM (POSITIVE LOGIC)
INT < Interrupt |
- Control
SCL 2 Control
ICC Btusl Registers >
SDA <« ontro and FIFO
ﬁ r
Keypad 7:>
Power-On ROWO0-COL9
\" —
cc Reset Control
Oscillator
(32 kHz)
A
RESET

At power on, the GPIOs are configured as inputs with internal 50-kQ pulldown resistors enabled; however, the
system master can enable the GPIOs to function as inputs or outputs.

The system master can reset the TCA6418E in the event of a timeout or other improper operation by asserting a
low in the RESET input, while keeping the V¢ at its operating level.

A reset can be accomplished by holding the RESET pin low for a minimum of t,,. The TCA6418E registers and
I>C/SMBus state machine are changed to their default state once RESET is low (0). When RESET is high (1),
the I/O levels at the P port can be changed externally or through the master. This input requires a pullup resistor
to VCC, if no active connection is used.

The power-on reset puts the registers in their default state and initializes the 1°C/SMBus state machine. The
RESET pin causes the same reset/initialization to occur without de-powering the part.

The open-drain interrupt (INT) output is used to indicate to the system master that an input state has changed.
INT can be connected to the interrupt input of a microcontroller. By sending an interrupt signal on this line, the
remote input can inform the microcontroller if there is incoming data on its ports without having to communicate
via the I2C bus. Thus, the TCA6418E can remain a simple slave device.

Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 7
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Power-On Reset

When power (from 0 V) is applied to V¢, an internal power-on reset holds the TCA6418E in a reset condition
until Ve reaches Vpog. At that time, the reset condition is released, and the TCA6418E registers and [2°C/SMBus
state machine initialize to their default states. After that, Voc must be lowered below 0.2 V and back up to the
operating voltage for a power-reset cycle.

Power-On Reset Requirements

In the event of a glitch or data corruption, TCA6418E can be reset to its default conditions by using the power-on
reset feature. Power-on reset requires that the device go through a power cycle to be completely reset. This
reset also happens when the device is powered on for the first time in an application.

The two types of power-on reset are shown in Figure 1 and Figure 2.

| |

| |

| |
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| | | |

| | | |
‘ P Time
|
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Figure 1. V¢ is Lowered Below 0.2 V or 0 V and Then Ramped Up to Vcc
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Figure 2. V¢ is Lowered Below the POR Threshold, Then Ramped Back Up to V¢

Table 2 specifies the performance of the power-on reset feature for TCA6418E for both types of power-on reset.

Table 2. RECOMMENDED SUPPLY SEQUENCING AND RAMP RATES®

PARAMETER MIN  TYP  MAX| UNIT
Ve Fr Fall rate See Figure 1 1 100 ms
Vee Rt Rise rate See Figure 1 0.01 100 ms
Vce TRR_GND Time to re-ramp (when V¢ drops to GND) See Figure 1 0.001 ms
Vce TrRR porso  Time to re-ramp (when Ve drops to Veor min — 50 mV) See Figure 2 0.001 ms

Level that Vccp can glitch down to, but not cause a functional

Vee_eH disruption when Veex gw = 1 us See Figure 3 1.2 v
Vee ow Glitch Wld_th that will not cause a functional disruption when See Figure 3 us

- Veex_eH = 0.5 % Veex
VpoRF Voltage trip point of POR on falling V¢ 0.767 1.144 Y
VpoRR Voltage trip point of POR on rising V¢ 1.033 1.428 Y
(1) T =-40°C to 85°C (unless otherwise noted)
8 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated
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Glitches in the power supply can also affect the power-on reset performance of this device. The glitch width
(Vce ow) and height (Ve gn) are dependent on each other. The bypass capacitance, source impedance, and
device impedance are factors that affect power-on reset performance. Figure 3 and Table 2 provide more
information on how to measure these specifications.

I
\ \ } Time
I

Figure 3. Glitch Width and Glitch Height

Vpor IS critical to the power-on reset. Vpog is the voltage level at which the reset condition is released and all the
registers and the 1°C/SMBus state machine are initialized to their default states. The value of Vpog differs based
on the V¢ being lowered to or from 0. Figure 4 and Table 2 provide more details on this specification.

P- Time

> Time

Figure 4. Vpor

For proper operation of the power-on reset feature, use as directed in the figures and table above.

Interrupt Output

An interrupt is generated by any rising or falling edge of the port inputs in the input mode. After time t,, the signal
INT is valid. Resetting the interrupt circuit is achieved when data on the port is changed to the original setting or
data is read from the port that generated the interrupt. Resetting occurs in the read mode at the acknowledge
(ACK) or not acknowledge (NACK) bit after the rising edge of the SCL signal. Interrupts that occur during the
ACK or NACK clock pulse can be lost (or be very short) due to the resetting of the interrupt during this pulse.
Each change of the I/Os after resetting is detected and is transmitted as INT.

Reading from or writing to another device does not affect the interrupt circuit, and a pin configured as an output
cannot cause an interrupt. Changing an I/O from an output to an input may cause a false interrupt to occur, if the
state of the pin does not match the contents of the input port register.

The INT output has an open-drain structure and requires a pullup resistor to V¢ depending on the application.
For more information on the interrupt output feature, see Control Register and Command Byte and Typical
Applications.
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I°C Interface

The bidirectional 1°C bus consists of the serial clock (SCL) and serial data (SDA) lines. Both lines must be
connected to a positive supply through a pullup resistor when connected to the output stages of a device. Data
transfer may be initiated only when the bus is not busy.

I2C communication with this device is initiated by a master sending a Start condition, a high-to-low transition on
the SDA input/output, while the SCL input is high (see Figure 5). After the Start condition, the device address
byte is sent, most significant bit (MSB) first, including the data direction bit (R/W).

After receiving the valid address byte, this device responds with an acknowledge (ACK), a low on the SDA
input/output during the high of the ACK-related clock pulse. The address (ADDR) input of the slave device must
not be changed between the Start and the Stop conditions.

On the I°C bus, only one data bit is transferred during each clock pulse. The data on the SDA line must remain
stable during the high pulse of the clock period, as changes in the data line at this time are interpreted as control
commands (Start or Stop) (see Figure 6).

A Stop condition, a low-to-high transition on the SDA input/output while the SCL input is high, is sent by the
master (see Figure 5).

Any number of data bytes can be transferred from the transmitter to receiver between the Start and the Stop
conditions. Each byte of eight bits is followed by one ACK bit. The transmitter must release the SDA line before
the receiver can send an ACK bit. The device that acknowledges must pull down the SDA line during the ACK
clock pulse, so that the SDA line is stable low during the high pulse of the ACK-related clock period (see
Figure 7). When a slave receiver is addressed, it must generate an ACK after each byte is received. Similarly,
the master must generate an ACK after each byte that it receives from the slave transmitter. Setup and hold
times must be met to ensure proper operation.

A master receiver signals an end of data to the slave transmitter by not generating an acknowledge (NACK) after
the last byte has been clocked out of the slave. This is done by the master receiver by holding the SDA line high.
In this event, the transmitter must release the data line to enable the master to generate a Stop condition.

Start Condition Stop Condition

Figure 5. Definition of Start and Stop Conditions

SDA / X \

SCL

Data Line |Change

Figure 6. Bit Transfer
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by Transmitter \ / X
NACK
Data Output ~Sa
by Receiver ° -

ACK

SCL From I
Master : 1 2 8 9
: - -
LS 1

Start Clock Pulse for
Condition Acknowledgment

Figure 7. Acknowledgment on the I°C Bus

Device Address
The address of the TCA6418E is shown in Table 3.

Table 3.

BIT
7 (MSB) 6 5 4 3 2 1 0 (LSB)
I°C slave address 0 1 1 0 1 0 0 RIW

BYTE

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

Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 11
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Control Register and Command Byte

Following the successful acknowledgment of the address byte, the bus master sends a command byte, which is
stored in the control register in the TCA6418E. The command byte indicates the register that will be updated with

information. All registers can be read and written to by the system master.

Table 4 shows all the registers within this device and their descriptions. The default value in all registers is 0.

Table 4. Register Descriptions

REGISTER
ADDRESS | REGISTER NAME DESCRIPTION 7 6 5 4 3 2 1 0
0x00 Reserved Reserved
0x01 Reserved Reserved
. N/A N/A N/A N/A N/A N/A | GPLIN N/A
0x02 INT_STAT Interrupt status register 0 0 0 0 0 0 T 0
0x03 Reserved Reserved
0x04 Reserved Reserved
0x05 Reserved Reserved
0x06 Reserved Reserved
0x07 Reserved Reserved
0x08 Reserved Reserved
0x09 Reserved Reserved
0x0A Reserved Reserved
0x0B Reserved Reserved
0x0C Reserved Reserved
0x0D Reserved Reserved
0x0E Reserved Reserved
Ox0F Reserved Reserved
0x10 Reserved Reserved
GPIOO | GPIO1 | GPIO2 | GPI03 | GPio4 | BP0 | Gpios | GPiO?
0x11 GPIO_INT_STAT1 GPIO interrupt status 5
- = 0 0 0 0 0 0 0 0
GPIO15 | GPIO14 | GPI013 |GPIo12 | GPio11 | CP1O | Gpiog | GPios
0x12 GPIO_INT_STAT2 GPIO interrupt status 10
- = 0 0 0 0 0 0 0 0
) N/A N/A N/A N/A N/A N/A | GPIO17 | GPIO16
0x13 GPIO_INT_STAT3 GPIO interrupt status 0 0 0 0 0 0 0 0
GPIO_DAT_STAT1 GPIOO | GPIO1 | GPIO2 | GPIO3 | GPIO4 GPIO GPIO6 | GPIO7
0x14 — - GPIO data status 5
(read twice to clear) 0 0 0 0 0 0 0 0
GPIO_DAT_STAT2 GPIO15 | GPIO14 | GPIO13 | GPIO12 | GPIO11 GPIO GPIO9 | GPIO8
0x15 — - GPIO data status 10
(read twice to clear) 0 0 0 0 0 0 0 0
GPIO_DAT_STAT3 N/A N/A N/A N/A N/A N/A | GPIO17 | GPIO16
0x16 (read twice to clear) GPIO data status 0 0 0 0 0 0 0 0
GPIO
0x17 GPIO_DAT OUT1 GPIO data out GPIOO | GPIO1 | GPIO2 | GPIO3 | GPIO4 5 GPIO6 | GPIO7
0 0 0 0 0 0 0 0
GPIO15 | GPIO14 | GPI013 |GPIo12 | GPio11 | CP1O | Gpiog | GPios
0x18 GPIO_DAT_OUT2 GPIO data out 10
0 0 0 0 0 0 0 0
N/A N/A N/A N/A N/A N/A | GPIO17 | GPIO16
0x19 GPIO_DAT_OUT3 GPIO data out 0 0 0 0 0 0 0 0
GPIOO | GPIO1 | GPIO2 | GPIO3 | GPIO4 GPIO GPIO6 | GPIO7
0x1A GPIO_INT_EN1 GPIO interrupt enable 5
0 0 0 0 0 0 0 0
12 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated
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Table 4. Register Descriptions (continued)

REGISTER
ADDRESS | REGISTER NAME DESCRIPTION 7 6 5 4 3 2 1 0
GPIO
0x1B GPIO INT EN2 GPIO interrupt enable GPIO15 | GPIO14 | GPIO13 | GPIO12 | GPIO11 10 GPIO9 | GPIO8
- = 0 0 0 0 0 0 0 0
. N/A N/A N/A N/A N/A N/A | GPIO17 | GPIO16
0x1C GPIO_INT_EN3 GPIO interrupt enable 0 0 0 0 0 0 0 0
0x1D Reserved Reserved
Ox1E Reserved Reserved
Ox1F Reserved Reserved
0x20 Reserved Reserved
0x21 Reserved Reserved
0x22 Reserved Reserved
GPIO data direction GPIO
0x23 GPIO DIR1 0: input GPIOO | GPIO1 | GPIO2 | GPIO3 | GPIO4 5 GPIO6 | GPIO7
= 0 0 0 0 0 0 0 0
1: output
GPIO data direction GPIO
0x24 GPIO DIR2 0: input GPIO15 | GPIO14 | GPIO13 | GPIO12 | GPIO11 10 GPIO9 | GPIO8
= 0 0 0 0 0 0 0 0
1: output
GPIO data direction p ; . ; ; p
. N/A N/A N/A N/A N/A N/A | GPIO17 | GPIO16
0x25 GPIO_DIR3 0: input 0 0 0 0 0 0 0 0
1: output
GPIO edge/level detect GPIO
0%26 GPIO INT LVL 1 0: low GPIOO | GPIO1 | GPIO2 | GPIO3 | GPIO4 5 GPIO6 | GPIO7
- = 0 0 0 0 0 0 0 0
1: high
GPIO edge/level detect GPIO
0x27 GPIO INT LVL 2 0 low GPIO15 | GPIO14 | GPIO13 | GPIO12 | GPIO11 10 GPIO9 | GPIO8
- = 0 0 0 0 0 0 0 0
1: high
GPIO edge/level detect p ; . ; ; p
. N/A N/A N/A N/A N/A N/A | GPIO17 | GPIO16
0x28 GPIO_INT_LVL 3 0: low 0 0 0 0 0 0 0 0
1: high
Debounce disable GPIO
0x29 DEBOUNCE DIS 1 | 0: enabled GPIOO | GPIO1 | GPIO2 | GPIO3 | GPIO4 5 GPIO6 | GPIO7
- 0 0 0 0 0 0 0 0
1: disabled
Debounce disable GPIO
0x2A DEBOUNCE_DIS 2 | 0: enabled GPIO15 | GPIO14 | GPIO13 | GPIO12 | GPIO11 10 GPIO9 | GPIO8
0 0 0 0 0 0 0 0
1: disabled
Debounce disable p ; . ; ; p
. N/A N/A N/A N/A N/A N/A | GPIO17 | GPIO16
0x2B DEBOUNCE_DIS 3 | 0: enabled 0 0 0 0 0 0 0 0
1: disabled
GP1O pulldown GPIOO | GPIO1 | GPIO2 | GPIO3 | GPIO4 GPIO GPIO6 | GPIO7
0x2C GPIO_PULL1 0: pulldown enabled 5
- 0 0 0 0 0 0 0 0
1: pulldown disabled
GP1O pulldown GPIO15 | GPIO14 | GPIO13 | GPIO12 | GPIO11 GPIO GPIO9 | GPIO8
0x2D GPIO_PULL2 0: pulldown enabled 0 0 0 0 0 10 0 0
1: pulldown disabled 0
GPIO pulldown
. N/A N/A N/A N/A N/A N/A | GPIO17 | GPIO16
0x2E GPIO_PULL3 0: pulldown enabled 0 0 0 0 0 0 0 0
1: pulldown disabled
Ox2F Reserved
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Interrupt Status Register, INT_STAT (Address 0x02)

GPI_INT (BIT1) reflects the status of the INT pin. If GPI_INT is 1, INT is asserted. Write 0x02 to INT_STAT
register to clear interrupt.

GPIO Interrupt Status Registers, GPIO_INT_STAT1-3 (Address 0x11-0x13)
These registers are used to check GPIO interrupt status and are cleared on read.

GPIO Data Status Registers, GPIO_DAT_STAT1-3 (Address 0x14-0x16)
These registers show GPIO state when read for inputs and outputs.

GPIO Data Out Registers, GPIO_DAT_OUT1-3 (Address 0x17-0x19)

These registers contain GPIO data to be written to GPIO out driver; inputs are not affected. This is needed so
that the value can be written prior to being set as an output.

GPIO Interrupt Enable Registers, GPIO_INT_EN1-3 (Address 0x1A-0x1C)
These registers enable interrupts for GP inputs only.

GPIO Data Direction Registers, GPIO_DIR1-3 (Address 0x23—0x25)

A bit value of '0' in any of the unreserved bits sets the corresponding pin as an input. A '1' in any of these bits
sets the pin as an output.

GPIO Edge/Level Detect Registers, GPIO_INT_LVL1-3 (Address 0x26—0x28)

A bit value of '0" indicates that interrupt will be triggered on a high-to-low transition for the inputs in GPIO mode.
A bit value of '1" indicates that interrupt will be triggered on a low-to-high value for the inputs in GPIO mode.

Debounce Disable Registers, DEBOUNCE_DIS1-3 (Address 0x29-0x2B)

This is for pins configured as inputs. A bit value of ‘0’ in any of the unreserved bits enables the debounce while a
bit value of ‘1’ disables the debounce.

DEBOUNCE ENABLED

GPI with INTE /\/\Nm VAVAVANR L is

INT |_ I

VALID HIGH TRIGGER INTERRUPT VALID LOW TRIGGER INTERRUPT

DEBOUNCE ENABLED

GPI with INTE /W\/_ /\/\/\_

A L
VALID HIGH TRIGGER INTERRUPT VALID LOW TRIGGER INTERRUPT

The reset line always has a 50-us debounce time.
The 50 ps debounce time for inputs is the time required for the input to be stable to be noticed.

GPIO Pull Disable Register, GPIO_PULL1-3 (Address 0x2C-0x2E)
This register enables or disables pulldown registers from inputs.
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Bus Transactions
Data is exchanged between the master and TCA6418E through write and read commands.

Writes

Data is transmitted to the TCA6418E by sending the device address and setting the least significant bit (LSB) to
a logic 0. The command byte is sent after the address and determines which register receives the data that
follows the command byte. There is no limitation on the number of data bytes sent in one write transmission.

SCL 12 3s\J4Js\Je\J7J8\ J9

Slave Address | Command Byte | Data to Port |
| |, |
SDA| |o|1|o|o|o|o| |o|IA|o 0000 o1 ofla] = patat,  oollafp]
1 |+ 1 1 1 1 1 1 1
Start Condition R/wlAcknowIedge |Acknowledge |Acknowledge
From Slave From Slave From Slave

Write to Port

i i |
Data Out | | |
from Port | | | *| Data Valid
| | v
| | ool
Figure 8. Write to Output Port Register
SCL 123\ /4 56\ 7\ J8\ |9
Slave Address | Command Byte | Data to Register |
/ \ / T T T T T T T \l / T T T T T T T
AD
soafsof1]ofofofosRfofa[o 0,0 0,0, 0,1 1]A] , , pala, , , [P
Start Condition R/W |Acknowledge |Acknowledge |Acknowledge
From Slave From Slave From Slave

Figure 9. Write to Configuration or Polarity Inversion Register

Reads

The bus master first must send the TCA6418E address with the LSB set to a logic 0. The command byte is sent
after the address and determines which register is accessed. After a restart, the device address is sent again
but, this time, the LSB is set to a logic 1. Data from the register defined by the command byte then is sent by the
TCA6418E (see Figure 10 and Figure 11). Data is clocked into the register on the rising edge of the ACK clock
pulse.

Data From Lower

Acknowledge Acknowledge Acknowledge or Upper Byte  pcknowledge
Slave Address From Slave From Slave Slave Address From Slave of Register  From Master
y
AD T T T ) T ) T T T T T T T
[sfof1fofofofofBRlofa] , | commandeyie |A|S|°|1|°|°|°|°| HE IA_ N D
A
| ¢—— First Byte ———p,

RIW At this moment, master transmitter RIW
becomes master receiver, and

slave receiver becomes slave transmitter.

Data From Upper
or Lowel: Byte No Acknowledge
of Register From Master

/ 1 T T 1 1 1 1
e NB 1 1 L IDatIa 1 IIS NAI_Pl
A A

44— Last Byte —— P

Figure 10. Read From Register
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SCL AVEWAVANS Avg
Data from Port | Data from Port |
SDA |s]of1]ofoJoJofoRf1]A] patat,_, | |Al [Alr]
RIW Ac‘(nowledge mcknowledge mcknowledge
Frdm Slave From Master From Master
Read From n |
Port r T 'ﬂ_
Data Into ! : :
Port | [ [

IN 1 J
tiv >‘ < I ‘ tlr

—T

Figure 11. Read From Input Port Register
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TYPICAL CHARACTERISTICS

SUPPLY CURRENT
VS

A = 25°C (unless otherwise noted)

STANDBY SUPPLY CURRENT
VS

TEMPERATURE TEMPERATURE
12 1600
11
1400
10 'y ..=36V
9 — } 1200
< Vec=3.3V <
= 8¢ £ V=36V 7
3 3 1000 ‘ —
e = | L —
c -~ T
® 6| g | Vee=3.3V |
5 Vec =25V £ 800 - Yec =
O 5 1 o Vee=25V
> >
: . Foaw ——
[ [«
a Vcc=1.8Y a Vee=18V __—-//
3 | 400 !
2 | Vec=1.65V Ve =165V
1 200
0 0
-40 -15 10 35 60 85 .40 15 10 35 60 85
Temperature, T, (°C) Temperature, T, (°C)
SUPPLY CURRENT I/0 SINK CURRENT
VS VS
SUPPLY VOLTAGE OUTPUT LOW VOLTAGE
1 60 ‘
10 Ve =165V /
9 50 /
8 // _ TA=-4o°c\/4
<
=] = o,
37 // £ Tam2ee o
b4
= =z — aro
< 6 L o TA=85°C /
g 5 / 30
o L~ £
2 4 ] © /
o L~ €20 g
n 3 e n
—
2 10
1
0 0
1.6 2.0 24 2.8 3.2 3.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Supply Voltage, V¢c (V) Output Low Voltage, Vo, (V)
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TYPICAL CHARACTERISTICS (continued)
Ta = 25°C (unless otherwise noted)

1/0 SINK CURRENT 1/0 SINK CURRENT
Vs Vs
OUTPUT LOW VOLTAGE OUTPUT LOW VOLTAGE
70 ‘ 100
Vec =18V
c« P Ve =25V
60 Ta =-40°C
N - 80 Th=-40°C ) A4
Ta=25°C ) o] /
g % ) 2 — z Ty=25°C
E To=85°C E T asC
X b4 A =
5 40 / : 60
H £
£ 39 £
3 7 3 40
n 20 // [7)
20 /
10 /
0 0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Output Low Voltage, Vg (V) Output Low Voltage, Vg (V)
1/0 SINK CURRENT 1/0 SINK CURRENT
Vs Vs
OUTPUT LOW VOLTAGE OUTPUT LOW VOLTAGE
120 ‘ 140 ‘
Vec=3.3V / Vec=3.6V
120
100 - o
T‘A =-40°C e Ta = -40°C /
\ /1
— Ta=25°C - 100
< Ta=25°C
T 80 /| £ A /
< To=85°C < Ta=85°C N
@ o 80
< 60 €
c
g g
= / 2 5 60
o o
K4 K4
c 40 c
& / @ 40
20 20
0 0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Output Low Voltage, Vg (V) Output Low Voltage, Vg (V)
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TYPICAL CHARACTERISTICS (continued)

Ta = 25°C (unless otherwise noted)
I/O LOW VOLTAGE

I/0 SOURCE CURRENT

Vs Vs
TEMPERATURE OUTPUT HIGH VOLTAGE
120 20 ‘
Ve =165V /
T, =-40°C / /
= 90 [y = - — I 15 -
E Vee=1.8V,lo. =10 mA//, : T =25 7
% — % T,=85°C
o ] ‘
© -
§ 60 —Vcc=3-3V,I0L=10L — <10
]
o =]
- o
% 8
g 5
5 o
o 30 o 5 7
Vcc=1.8V, |o|_=1 m\ Vcc=3.3v, |°|_=1 mA
| N/ |
0 | | | | 0
-40 -15 10 35 60 85 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Temperature, T, (°C) Veep - Vo (V)
I/0 SOURCE CURRENT I/0 SOURCE CURRENT
Vs Vs
OUTPUT HIGH VOLTAGE OUTPUT HIGH VOLTAGE
24 ‘ 36 ‘
Ve =18V Vec=25V
T =-40°C
~ e / ) A /
< 18 i / / E 27 | . | Y. /
£ Ta=25°C )/ ~ £ Ta=25°C /
g \ g = 85°
2 To=85°C / 3 Ta=85°C
(2] (2]
= 12 < 18
8 5
5 5
(8] O
5 3 /
3 6 / A3 9 //
0 0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Veer - Vou (V) Veer = Vou (V)
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TYPICAL CHARACTERISTICS (continued)
Ta = 25°C (unless otherwise noted)
1/0 SOURCE CURRENT 1/0 SOURCE CURRENT
VS VS
OUTPUT HIGH VOLTAGE OUTPUT HIGH VOLTAGE
44 ‘ 44 ‘
Vec =33V Vec =36V
T, =-40°C Tp=-40°C P ///
< 33 A1 I 33 ! v
£ Th = 25°C / £ Th = 25°C /
x TA=85°C [ T, =85C
2 2 /
= 22 / 22
g g
5 5
E g %(
[+ [
£ o
=] / =]
'/
amn / an /
0 0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Veep = Von (V) Veep = Von (V)
I/0 HIGH VOLTAGE
VS
TEMPERATURE
350
300 e
Vee=1.8V, lgy=-10 mA L —
//
250 ———
s
E 200
Ve =33V, lgy=-1 A
' //
9 150
>
100
50
0
-40 -15 10 35 60 85
Temperature, T, (°C)
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PARAMETER MEASUREMENT INFORMATION

Veel

R, =1kQ

SDA LOAD CONFIGURATION

A

»!

Two Bytes for READ Input Port Register
(see Figure 9)

Ll
\
\

° — °
Stop Start Address RIW Data Data Stop
Condition | Condition Bit 7 A‘l’a‘i't“:ss Bit 0 ?g;‘ Bit 7 Bit 0 Condition
(P) (S) (MSB) ! (LSB) (MSB) (LSB) (P)
[ ] [ ]
tsel H tsch
| |
0.7 x V,
set N/ /M /NSNS \ .S\
[ o — ‘ e A 0.3 x Ve
tior b M | g > ety !
N t ovd | ety
-ty o ¥ 4 P | tad e |
‘ ‘ Dt | Lo 1 | tspsJ <«
b \, ‘ | @ L/~ 0.7x V¢
SDA \ / >( | \L pal \ /_
| : o A > . 0.3 x Vg
tior ¥ | P € ier e togs—») >ty vd(ack)
tsth
Repeat Start
Condition Stop
Condition
VOLTAGE WAVEFORMS
BYTE DESCRIPTION
1 I°C address
2 Input register port data

w

All parameters and waveforms are not applicable to all devices.

C, includes probe and jig capacitance. ty.; is measured with C_ of 10 pF or 400 pF.
All inputs are supplied by generators having the following characteristics: PRR < 10 MHz, Zg = 50 Q, t,/t; < 30 ns.

Figure 12. I°C Interface Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION (continued)

Vel

R, = 4.7 kQ

=

DUT

C, =100 pF

I (see Note A)

INTERRUPT LOAD CONFIGURATION

ACK
From Slave
Start % Bit
i its
Condition RIW

Slave Address

ACK
From Slave

(One Data Byte)

From Port

VAN

Data From Port

[slof+fofofojolor]t]a

[T o

| | [af [ | jpaw2] | | [1]P]

|
r N | \
(T N
A
(e '
e ~ !
Into / Address Data 1 X Data 2
N | |
Port = | |

Pn X______O-SXVCCP

View A-A

A. C_ includes probe and jig capacitance.

0.7 x Ve
0.3 x Ve

0.5 x V¢

View B-B

B. Allinputs are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t,/t; < 30 ns.

C. All parameters and waveforms are not applicable to all devices.

Figure 13. Interrupt Load Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION (continued)
Pn 500 Q
DUT I °® ® 2 xVeep
C_ =50 pF 500 O
I (see Note A)
P-PORT LOAD CONFIGURATION
- 0.7 xV
ccp
ScL PO A P3
| —— 03 x V¢
| Slave
| ACK
o \__A _/
i
tov
| | (see Note B)
TR,
Pn E;ggé;’
v Last Stable Bit
Unstable
Data
WRITE MODE (R/W = 0)
scL ——— 0.7xV¢q
—— 03xV¢q
l— t,p—»
tps_" I‘_ P |
I I
- ] v
READ MODE (R/W = 1)
A. C_ includes probe and jig capacitance.
B. ty is measured from 0.7 x Vcc on SCL to 50% 1/O (Pn) output.
C. Allinputs are supplied by generators having the following characteristics: PRR < 10 MHz, Zg = 50 Q, t/ts < 30 ns.
D. The outputs are measured one at a time, with one transition per measurement.
E. All parameters and waveforms are not applicable to all devices.

Figure 14. P Port Load Circuit and Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION (continued)
Ve
R =1kQ
Pn 500 Q
SDA a a
DUT DUT l ® 2xVeep
C, =50 pF € =50 pF 500 @
(see Note A) I (see Note A)
SDA LOAD CONFIGURATION P-PORT LOAD CONFIGURATION
Start
ScL \ /_\ /_\ / ACK or Read Cycle
¢
0J
{C
07
SDA S
—*/——————————SS————————ﬁ—————\»o 3 x vCCl
| I*tREsm*| i
| I<e
P |
RESET 7L——I ——————————————————— ———— V¢cp/2 |
I"tREc"' e tReC »
ty |
€ | |
) l |
Pn | —_— VCCPI2 i
> |
ktRESET"
A. C_includes probe and jig capacitance.
B. Allinputs are supplied by generators having the following characteristics: PRR < 10 MHz, Zg = 50 Q, t,/t; < 30 ns.
C. The outputs are measured one at a time, with one transition per measurement.
D. 1/Os are configured as inputs.
E. All parameters and waveforms are not applicable to all devices.

Figure 15. Reset Load Circuits and Voltage Waveforms
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TCAB418EYFPR Active Production DSBGA (YFP) | 25 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 (AZ2, AZN)
TCAG418EYFPR.B Active Production DSBGA (YFP) | 25 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 (AZ2, AZN)

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

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

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

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents TI'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. TI 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 [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TCAG6418EYFPR DSBGA | YFP 25 3000 178.0 9.2 209 | 209 | 0.62 | 4.0 8.0 Q1
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 25-Apr-2024
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TCAG6418EYFPR DSBGA YFP 25 3000 220.0 220.0 35.0
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PACKAGE OUTLINE
YFP0025 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

0.19
0.13

m
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=
o
o

SYMM
OO0
ﬁ@ O “ O O D: Max = 1.99 mm, Min = 1.93 mm
[oa]rv E: Max = 1.99 mm, Min = 1.93 mm
0 © Q O O] L& |
1 2 3 4 5

25 5025 /

0.21
& J0.0150) [c|A[B] 0.4|TYP

4225306/A 09/2019

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.
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EXAMPLE BOARD LAYOUT
YFP0025 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP
25X (2 0.23)
(0. 4) TYP
@ SRS S
SYMM
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 40X
0.05 MAX 0.05 'V”N METAL UNDER
(@0.23) ,ﬁ SOLDER MASK
METAL
\

SOLDER MASK—" EAE';‘XEED EXPOSED/ SE%?_I%?R MASK

OPENING METAL OPENING

SOLDER MASK
NON-SOLDER MASK DEFINED
DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4225306/A 09/2019

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
See Texas Instruments Literature No. SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN

YFP0025

DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP
25X (J0.25) —= - (R0.05) TYP
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T T 3 ~
Tl )
Lo S/
T
(0.4) TYP !
(s N (¢
st ! <
(\\// ‘L /! <
METAL [

I e e e e
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/ \ / \ / T \ / \ / \
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D \ I \ I \ | I \ I \

\ / \ / \ / \ / \ /

N

L N N
l
|

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE: 40X

SYMM
¢

4225306/A 09/2019

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com
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