PCALG416A

BUS Low-voltage translating 16-bit 12C-bus/SMBus 1/0O expander
with interrupt output, reset, and configuration registers

Rev. 6 — 9 October 2014 Product data sheet

1. General description

The PCAL6416A is a 16-bit general-purpose I/O expander that provides remote 1/0
expansion for most microcontroller families via the 12C-bus interface.

NXP 1/O expanders provide a simple solution when additional 1/Os are needed while
keeping interconnections to a minimum, for example, in battery-powered mobile
applications for interfacing to sensors, push buttons, keypad, etc. In addition to providing
a flexible set of GPIOs, it simplifies interconnection of a processor running at one voltage
level to I/0 devices operating at a different (usually higher) voltage level. The PCAL6416A
has built-in level shifting feature that makes these devices extremely flexible in mixed
signal environments where communication between incompatible 1/O voltages is required.
Its wide Vpp range of 1.65 V to 5.5 V on the dual power rail allows seamless
communications with next-generation low voltage microprocessors and microcontrollers
on the interface side (SDA/SCL) and peripherals at a higher voltage on the port side.

There are two supply voltages for PCAL6416A: Vpp(2c-bus) @and Vppp). Vbp(2c-bus)
provides the supply voltage for the interface at the master side (for example, a
microcontroller) and the Vppp) provides the supply for core circuits and Port P. The
bidirectional voltage level translation in the PCAL6416A is provided through Vpp(2c-bus)-
Vbb(2c-bus) Should be connected to the Vpp of the external SCL/SDA lines. This indicates
the Vpp level of the 12C-bus to the PCAL6416A, while the voltage level on Port P of the
PCALG6416A is determined by the Vppp).

The PCAL6416A contains the PCA6416A register set of four pairs of 8-bit Configuration,
Input, Output, and Polarity Inversion registers and additionally, the PCAL6416A has
Agile 1/0, which are additional features specifically designed to enhance the 1/0. These
additional features are: programmable output drive strength, latchable inputs,
programmable pull-up/pull-down resistors, maskable interrupt, interrupt status register,
programmable open-drain or push-pull outputs. The PCAL6416A is a pin-to-pin
replacement to the PCA6416A, however, the PCAL6416A powers up with all I/O interrupts
masked. This mask default allows for a board bring-up free of spurious interrupts at
power-up.

At power-on, the I/Os are configured as inputs. However, the system master can enable
the 1/Os as either inputs or outputs by writing to the 1/0O configuration bits. The data for
each input or output is kept in the corresponding input or output register. The polarity of
the Input Port register can be inverted with the Polarity Inversion register, saving external
logic gates. Programmable pull-up and pull-down resistors eliminate the need for discrete
components.
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Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

The system master can reset the PCAL6416A in the event of a time-out or other improper
operation by asserting a LOW in the RESET input. The power-on reset puts the registers
in their default state and initializes the 12C-bus/SMBus state machine. The RESET pin
causes the same reset/initialization to occur without depowering the part.

The PCAL6416A open-drain interrupt (ﬁ) output is activated when any input state differs
from its corresponding Input Port register state and 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 I/O can inform the microcontroller if there is incoming data
on its ports without having to communicate via the 12C-bus. Thus, the PCAL6416A can
remain a simple slave device. The input latch feature holds or latches the input pin state
and keeps the logic values that created the interrupt until the master can service the
interrupt. This minimizes the host’s interrupt service response for fast moving inputs.

The device Port P outputs have 25 mA sink capabilities for directly driving LEDs while
consuming low device current.

One hardware pin (ADDR) can be used to program and vary the fixed 12C-bus address
and allow up to two devices to share the same 12C-bus or SMBus.

2. Features and benefits

PCAL6416A

B |2C-bus to parallel port expander
B Operating power supply voltage range of 1.65 Vto 5.5V
B Allows bidirectional voltage-level translation and GPIO expansion between:
¢ 18V SCL/SDAand1.8V,25V,3.3Vor5V Port P
¢ 25V SCL/SDAand1.8V,25V,3.3Vor5V PortP
¢ 3.3V SCL/SDAand1.8V,25V,3.3Vor5V Port P
€ 5V SCL/SDAand 1.8V,25V,3.3Vor5V PortP
B Low standby current consumption:
@ 1.5 pAtypical at 5V Vpp
€ 1.0 pAtypical at 3.3V Vpp

B Schmitt trigger action allows slow input transition and better switching noise immunity
at the SCL and SDA inputs

® Vyys =0.18 V (typical) at 1.8 V

@ Vyys = 0.25V (typical) at 2.5V

® Vyys =0.33 V (typical) at 3.3 V

@ Vs = 0.5V (typical) at 5 V

5 V tolerant I/O ports

Active LOW reset input (RESET)

Open-drain active LOW interrupt output (ﬁ)
400 kHz Fast-mode I12C-bus

Internal power-on reset

Power-up with all channels configured as inputs
No glitch on power-up

Noise filter on SCL/SDA inputs
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Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

Latched outputs with 25 mA drive maximum capability for directly driving LEDs
Latch-up performance exceeds 100 mA per JESD 78, Class Il

ESD protection exceeds JESD 22

€ 2000 V Human-Body Model (A114-A)

€ 1000 V Charged-Device Model (C101)

Packages offered: TSSOP24, HWQFN24, UFBGA24, VFBGA24, XFBGA24

2.1 Agqile I/O features

Software backward compatible with PCA6416A with interrupts disabled at power-up
Pin-to-pin drop-in replacement with PCA6416A

Output port configuration: bank selectable push-pull or open-drain output stages
Interrupt status: read-only register identifies the source of an interrupt

Bit-wise 1/0 programming features:

@ Output drive strength: four programmable drive strengths to reduce rise and fall
times in low-capacitance applications

@ Input latch: Input Port register values changes are kept until the Input Port register
is read

@ Pull-up/pull-down enable: floating input or pull-up/pull-down resistor enable
@ Pull-up/pull-down selection: 100 kQ pull-up/pull-down resistor selection

@ Interrupt mask: mask prevents the generation of the interrupt when input changes
state to prevent spurious interrupts

3. Ordering information

Table 1. Ordering information

Type number Topside Package
mark Name Description Version

PCAL6416AEV  L16A VFBGA24  plastic very thin fine-pitch ball grid array package; 24 balls; |SOT1199-1
body 3 x 3 x 0.85 mm

PCAL6416AEX | L6XWW XFBGA24 plastic, extremely thin fine-pitch ball grid array package; SOT1342-1
24 balls; body 2 x 2 x 0.5 mm

PCAL6416AER | S6X[ UFBGA24 | plastic, ultra thin fine-pitch ball grid array package; 24 balls; | SOT1361-1
body 2 x 2 x 0.65 mm

PCAL6416AHF L16A HWQFN24 |plastic thermal enhanced very very thin quad flat package; |SOT994-1
no leads; 24 terminals; body 4 x 4 x 0.75 mm

PCAL6416APW |PCAL6416A TSSOP24 plastic thin shrink small outline package; 24 leads; SOT355-1
body width 4.4 mm

[1] ‘X rotates from 1 to 5 and indicates the work week of the indicated month.

PCAL6416A
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3.1 Ordering options

PCALG416A

Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

Table 2. Ordering options
Type number Orderable Package Packing method Minimum  Temperature range
part number order
quantity
PCAL6416AEV |PCAL6416AEVJ VFBGA24 Reel 13" Q1/T1 6000 Tambp = —40 °C to +85 °C
*Standard mark SMD
PCAL6416AEX  PCAL6416AEXX XFBGA24 Reel 7" Q1/T1 5000 Tamp = —40 °C to +85 °C
*Standard mark SMD
PCAL6416AER |PCAL6416AERJ UFBGA24 Reel 13" Q1/T1 10000 Tamp = —40 °C to +85 °C
*Standard mark SMD
PCAL6416AERX UFBGA24 |Reel 7" Q1/T1 3000 Tamb =—40°C to +85 °C
*Standard mark SMD
PCAL6416AHF | PCAL6416AHF128 |HWQFN24 Reel 13" Q2/T3 6000 Tamp = —40 °C to +85 °C
*Standard mark SMD
PCAL6416APW | PCAL6416APW,118 [TSSOP24 Reel 13" Q1/T1 2500 Tamp = —40 °C to +85 °C
*Standard mark SMD
4. Block diagram
PCALG416A
— INTERRUPT
INT LP FILTER LOGIC
ADDR
PO_0to PO_7
SCL INPUT 12C-BUS fmer e\ /o =0
FILTER CONTROL REGISTER 6 BITS)|  poRT
SDA L P1_0toP1_7
g
VDD(12C-bus) write pulse T
Vop(p) POWER-ON foad pulse
a - 1/O control
RESET RESET
vss — 11
002aaf962
All I/Os are set to inputs at reset.
Fig 1. Block diagram of PCAL6416A (positive logic)

PCAL6416A
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Low-voltage translating 16-bit 12C-bus/SMBus I/0 expander

5. Pinning information

5.1 Pinning
_— R
INT [1] [24] Vop(p) , » F,_ 8< 2
terminal 1 '&J NS |Z o 9) 8
VDD(12C-bus) E 23| SDA index area —
RESET [3 | 22| scL @@@@@@
PO_0 [4] [21] ADDR PO_0 [ 1) (18] ADDR
PO_1 [5 | 20| P1_7 PO_1[2) a7l P17
P02 (6 19| P1_6
2061 o eaeapw B PI- Po2[® [ eak GElPis
Po_3 [7] 18] P15 P03 [4) (5] P15
Po_4 [8] [17] P1_4 P04 [5) (14| P14
Po_5 [9] [16] P1_3 P05 [6) (3] P13
0.5 [0 5] .2 clelalelEls
Po_7 [11] [14] P1_1 © ~ » o - o
Vss [12] [13] P1_0 ol of 3 =l ! o02aaress
0022af963 Transparent top view
The exposed center pad, if used, must be
connected only as a secondary ground or
must be left electrically open.
Fig 2. Pin configuration for TSSOP24 Fig 3. Pin configuration for HWQFN24
ball At PCALB416AEV
index area
1 2 3 4 5

AL OO0 O OO
O 00O D a4 s
c O O O O O A | PO_O |RESET INT SDA | SCL
5 O O O O O B | PO_2 Vpp(i2c-bus) | Vop(P) | ADDR
c | P03 | P04 PO_1 P17 | P16
el OO O0O
D | P05 | P07 P12 P14 | P15

00221966 E PO_6 Vss P1_0 P1_1 P1_3
Transparent top view 002aag244
An empty cell indicates no ball
is populated at that grid point.
Fig 4. Pin configuration for VFBGA24 Fig 5. Ball mapping for 3mm x 3 mm
(3mm x 3 mm) VFBGA24 (transparent top view)
PCAL6416A All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2014. All rights reserved.
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PCAL6416A

ball A1
index area

XFBGA24 with 0.175 mm ball size.

Fig 6. Pin configuration for XFBGA24 Fig 7. Pin configuration for UFBGA24
(2 mm x 2 mm); EX option (2 mm x 2 mm); ER option
1 2 3 4 5
A | RESET |Vpp(2c-bus)| Vo) | SCL | ADDR
B | POO INT | SDA | P1.7
C | P02 P0_3 PO_1 | P16 | P15
D | PO_4 PO_7 P10 | P14 | P13
E | PO_5 P0_6 Vss | P1_1 | P1_2
002aah145
An empty cell indicates no ball is populated at that grid point.
Fig 8. Ball mapping for 2 mm x 2 mm XFBGA24 and UFBGA24 (transparent top view)

PCALG416A

Low-voltage translating 16-bit 12C-bus/SMBus I/0 expander

PCALB416AEX ball A1

2 3 4

O

O
O
O O OO0

O O O O Ol
O O OO0
O O OO
O O O Ofe

002aah190

Transparent top view

index area

PCAL6416AER

O O O OO
slO O OO0
JICACAONOR®,
1O OO 00

O O O OO0

aaa-009837

Transparent top view

UFBGA24 with 0.24 mm ball size.
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5.2 Pin description

PCALG416A

Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

Table 3. Pin description
Symbol Pin Description
TSSOP24 |HWQFN24 VFBGA24 UFBGAZ24,
XFBGA24

INT 1 22 A3 B3 Interrupt output. Connect to Vpp(2c-bus) OF Vpp(p)
through a pull-up resistor.

Vbp(12¢-bus) 2 '23 'B3 A2 'Supply voltage of 12C-bus. Connect directly to the Vpp
of the external 12C master. Provides voltage-level
translation.

RESET 3 24 A2 Al Active LOW reset input. Connect to Vppac-bus)
through a pull-up resistor if no active connection is
used.

PO Ol 4 1 Al B1 ‘Port 0 input/output 0.

PO_1[1 5 2 C3 C3 Port 0 input/output 1.

PO 2l 6 3 B1 c1 ‘Port 0 input/output 2.

PO_3M 7 4 C1 C2 Port 0 input/output 3.

PO 4l 8 5 c2 D1 ‘Port 0 input/output 4.

PO_5[ 9 6 D1 El Port 0 input/output 5.

PO 6L 10 7 E1 E2 ‘Port 0 input/output 6.

po_7l 1 8 D2 D2 Port 0 input/output 7.

Vss 12 9 E2 E3 ‘Ground.

P1 02 13 10 E3 D3 Port 1 input/output 0.

PL 1@ 14 1 E4 E4 ‘Port 1 input/output 1.

P12 15 12 D3 E5 Port 1 input/output 2.

P1L 32 16 13 E5 D5 ‘Port 1 input/output 3.

P1_ 42 17 14 D4 D4 Port 1 input/output 4.

P1 52 18 15 D5 c5 ‘Port 1 input/output 5.

P1 62 19 16 C5 C4 Port 1 input/output 6.

PL 72 20 17 ca B5 ‘Port 1 input/output 7.

ADDR 21 18 B5 A5 Address input. Connect directly to Vpp(p) or ground.

SCL ‘22 ‘19 ‘A5 ‘A4 ‘Serial clock bus. Connect to Vpp(ac-bus) through a
pull-up resistor.

SDA 23 20 A4 B4 Serial data bus. Connect to Vpp2c-hus) through a
pull-up resistor.

Vooe) 24 21 B4 A3 'Supply voltage of PCAL6416A for Port P.

[1] Pins PO_0 to PO_7 correspond to bits P0.0 to P0.7. At power-on, all I/O are configured as input.

[2] Pins P1_0to P1_7 correspond to bits P1.0 to P1.7. At power-on, all I/O are configured as input.

PCAL6416A
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Low-voltage translating 16-bit 12C-bus/SMBus I/0 expander

6. \oltage translation

Table 4 shows how to set up Vpp levels for the necessary voltage translation between the
12C-bus and the PCAL6416A.

Table 4.  Voltage translation

Vbp(i2c-bus) (SDA and SCL of 12C master) |Vppe) (Port P)
1.8V 1.8V

1.8V 25V

1.8V 3.3V

1.8V 5V

25V 1.8V

25V 25V

25V 3.3V

25V 5V

3.3V 1.8V

33V 25V

3.3V 3.3V

33V 5V

5V 1.8V

5V 25V

5V 3.3V

5V 5V

PCAL6416A All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2014. All rights reserved.
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Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

7. Functional description

7.1

7.2

7.3

PCAL6416A

Refer to Figure 1 “Block diagram of PCAL6416A (positive logic)”.

Device address
The address of the PCAL6416A is shown in Figure 9.

slave address

AD | n i
0|1 0[O0 |O0]O0]|pgr|RW

fixed hardware selectable

002aah045

Fig9. PCAL6416A address

ADDR is the hardware address package pin and is held to either HIGH (logic 1) or LOW
(logic 0) to assign one of the two possible slave addresses. The last bit of the slave
address (R/W) defines the operation (read or write) to be performed. A HIGH (logic 1)
selects a read operation, while a LOW (logic 0) selects a write operation.

Interface definition

Table 5. Interface definition
Byte Bit
7(MSB) 6 5 4 3 2 1 0(LSB)
[2C-bus slave address L H L L L L ADDR R/MW
/O data bus . P07 | P06 P05 P04 P03 P02 P01 P00
PL7 P16 Pl5 Pl4 PL3 P12 PL1 P10

Pointer register and command byte

Following the successful acknowledgement of the address byte, the bus master sends a
command byte, which is stored in the Pointer register in the PCAL6416A. The lower three
bits of this data byte state the operation (read or write) and the internal registers (Input,
Output, Polarity Inversion, or Configuration) that will be affected. Bit 6 in conjunction with
the lower three bits of the Command byte are used to point to the extended features of the
device (Agile 10). This register is write only.

B7 | B6 | B5| B4 | B3| B2]|B1]|BO

002aaf540

Fig 10. Pointer register bits
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PCALG416A

Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

Table 6. Command byte
Pointer register bits Command byte |Register Protocol Power-up
B7 B6 B5 B4 B3 B2 B1 Bo (hexadecimal) default
0 0 0 o 0 0 o 0 00h ‘ Input port O read byte 30006 X0l
0 0 0 0 0 0 0 1 01h Input port 1 read byte XXXX XXXX
0 0 0 0 0 0 1 0 02h Output port 0 read/write byte 1111 1111
0 0 0 0 0 0 1 1 03h Output port 1 read/write byte 1111 1111
0 0 0 0 0 1 0 0 04h Polarity Inversion port 0 read/write byte 0000 0000
0 0 0 0 0 1 0 1 05h Polarity Inversion port 1 read/write byte 0000 0000
0 0 0 0 0 1 1 0 06h Configuration port 0 read/write byte 1111 1111
0 0 0 0 0 1 1 1 07h Configuration port 1 read/write byte 1111 1111
0 1 0 0 0 0 0 0 40h Output drive strength read/write byte 1111 1111
register 0
0 1 0 0 0 0 0 1 41h Output drive strength read/write byte 1111 1111
register 0
0 1 0 0 0 0 1 0 42h Output drive strength read/write byte 1111 1111
register 1
0 1 0 0 0 0 1 1 43h Output drive strength read/write byte 1111 1111
register 1
0 0 0 0 1 0 44h Input latch register 0 read/write byte | 0000 0000
0 1 0 45h Input latch register 1 read/write byte | 0000 0000
46h Pull-up/pull-down enable | read/write byte |0000 0000
register O
0 1 0 0 0 1 1 1 47h Pull-up/pull-down enable  read/write byte 0000 0000
register 1
0 1 0 0 1 0 0 0 48h Pull-up/pull-down read/write byte 1111 1111
selection register 0
0 1 0 0 1 0 0 1 49h Pull-up/pull-down read/write byte 1111 1111
selection register 1
0 1 0 0 1 0 1 0 4Ah Interrupt mask register 0 |read/write byte 1111 1111
0 1 0 0 1 0 1 1 4Bh Interrupt mask register 1 read/write byte 1111 1111
0 1 0 0 1 1 0 0 4Ch Interrupt status register 0 read byte 0000 0000
0 1 0 0 1 1 0 1 4Dh Interrupt status register 1 |read byte 0000 0000
0 1 0 0 1 1 1 1 4Fh Output port configuration |read/write byte 0000 0000
register
[1] Undefined.
PCAL6416A All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2014. All rights reserved.
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7.4

7.4.1

7.4.2

PCAL6416A

PCALG416A

Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

Register descriptions

Input port register pair (00h, 01h)

The Input port registers (registers 0 and 1) reflect the incoming logic levels of the pins,
regardless of whether the pin is defined as an input or an output by the Configuration
register. The Input port registers are read only; writes to these registers have no effect.
The default value ‘X’ is determined by the externally applied logic level. An Input port
register read operation is performed as described in Section 8.2.

Table 7. Input port O register (address 00h)

Bit 7 6 5 4 3 2 1 0
Symbol 10.7 10.6 10.5 10.4 10.3 10.2 10.1 10.0
Default X X X x| x X X X
Table 8.  Input port 1 register (address 01h)

Bit 7 6 5 4 3 2 1 0
Symbol 11.7 11.6 11.5 11.4 11.3 11.2 11.1 11.0
Default X X X X x @ X X X

Output port register pair (02h, 03h)

The Output port registers (registers 2 and 3) shows the outgoing logic levels of the pins
defined as outputs by the Configuration register. Bit values in these registers have no
effect on pins defined as inputs. In turn, reads from these registers reflect the value that
was written to these registers, not the actual pin value. A register pair write operation is
described in Section 8.1. A register pair read operation is described in Section 8.2.

Table 9.  Output port O register (address 02h)

Bit 7 6 5 4 3 2 1 0
Symbol 00.7 00.6 00.5 00.4 00.3 00.2 00.1 00.0
Default 11 1 1 1 11 1
Table 10. Output port 1 register (address 03h)

Bit 7 6 5 4 3 2 1 0
Symbol o117 0l1.6 015 014 013 01.2 011 0o1.0
Default 1 1 1 1 1 1 1 1
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PCALG416A

Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

7.4.3 Polarity inversion register pair (04h, 05h)

The Polarity inversion registers (registers 4 and 5) allow polarity inversion of pins defined
as inputs by the Configuration register. If a bit in these registers is set (written with ‘1’), the
corresponding port pin’s polarity is inverted in the input register. If a bit in this register is
cleared (written with a ‘0’), the corresponding port pin’s polarity is retained. A register pair
write operation is described in Section 8.1. A register pair read operation is described in

7.4.4

PCAL6416A

Section 8.2.

Table 11. Polarity inversion port O register (address 04h)

Bit 7 6 5 4 3 2 | 1 | o
Symbol NO.7 NO.6 NO.5 NO.4 NO.3 NO.2 NO.1 NO.0
Default 0 0 0 0 0 0 0 0
Table 12. Polarity inversion port 1 register (address 05h)

Bit 7 6 5 4 3 2 | 1 | o
Symbol N1.7 N1.6 N1.5 N1.4 N1.3 N1.2 N1.1 N1.0
Default o 0 0 0 0 o o o0

Configuration register pair (06h, 07h)

The Configuration registers (registers 6 and 7) configure the direction of the 1/O pins. If a
bit in these registers is set to 1, the corresponding port pin is enabled as a
high-impedance input. If a bit in these registers is cleared to 0, the corresponding port pin
is enabled as an output. A register pair write operation is described in Section 8.1. A
register pair read operation is described in Section 8.2.

Table 13. Configuration port 0 register (address 06h)

Bit 7 6 5 4 3 2 1 0
Symbol Co0.7 CO0.6 C0.5 co.4 C0.3 C0.2 C0.1 C0.0
Default 1 1 1 1 1 1 1 1
Table 14. Configuration port 1 register (address 07h)

Bit 7 6 5 4 3 2 1 o
Symbol Cl1.7 Cl.6 Cl15 Cl4 C1.3 Cl.2 Cl1 C1.0
Default 1 1 1 1 1 1 1 1
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Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

7.4.5 Output drive strength register pairs (40h, 41h, 42h, 43h)

The Output drive strength registers control the output drive level of the GPIO. Each GPIO
can be configured independently to a certain output current level by two register control
bits. For example Port 0.7 is controlled by register 41 CCO0.7 (bits [7:6]), Port 0.6 is
controlled by register 41 CCO0.6 (bits [5:4]). The output drive level of the GPIO is
programmed 00b = 0.25%, 01b = 0.5x, 10b = 0.75x or 11b = 1x of the drive capability of
the 1/0. See Section 9.2 “Output drive strength control” for more details. A register pair
write operation is described in Section 8.1. A register pair read operation is described in
Section 8.2.

Table 15. Current control port O register (address 40h)

Bit 7 \ 6 5 4 3 7 \ 1 \ 0
Symbol cco3 cCco.2 cco.1 CCo0.0
Default 1 \ 11 1 1 1 \ 1 \ 1

Table 16. Current control port O register (address 41h)

Bit 7 \ 6 5 4 3 7 \ 1 \ 0
Symbol cco.7 cCo6 CCo5 CCo.4
Default 1 \ 11 1 1 1 \ 1 \ 1

Table 17. Current control port 1 register (address 42h)

Bit 7 \ 6 5 4 3 7 \ 1 \ 0
Symbol cci3 cc1.2 cc1.1 CC1.0
Default 1 \ 1 1 1 1 1 \ 1 \ 1

Table 18. Current control port 1 register (address 43h)

Bit 7 \ 6 5 4 3 2 \ 1 \ 0
Symbol ccL7 cc16 CC15 cCl.4
Default 1 \ 1 1 1 1 1 \ 1 \ 1

7.4.6 Input latch register pair (44h, 45h)

The input latch registers (registers 44 and 45) enable and disable the input latch of the I/O
pins. These registers are effective only when the pin is configured as an input port. When
an input latch register bit is 0, the corresponding input pin state is not latched. A state
change in the corresponding input pin generates an interrupt. A read of the input register
clears the interrupt. If the input goes back to its initial logic state before the input port
register is read, then the interrupt is cleared.

When an input latch register bit is 1, the corresponding input pin state is latched. A change
of state of the input generates an interrupt and the input logic value is loaded into the
corresponding bit of the input port register (registers 0 and 1). A read of the input port
register clears the interrupt. If the input pin returns to its initial logic state before the input
port register is read, then the interrupt is not cleared and the corresponding bit of the input
port register keeps the logic value that initiated the interrupt. See Figure 17.

For example, if the PO_4 input was as logic 0 and the input goes to logic 1 then back to
logic 0, the input port O register will capture this change and an interrupt is generated (if
unmasked). When the read is performed on the input port O register, the interrupt is
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cleared, assuming there were no additional input(s) that have changed, and bit 4 of the
input port O register will read ‘1’. The next read of the input port register bit 4 register
should now read ‘0’.

An interrupt remains active when a non-latched input simultaneously switches state with a
latched input and then returns to its original state. A read of the input register reflects only
the change of state of the latched input and also clears the interrupt. The interrupt is not
cleared if the input latch register changes from latched to non-latched configuration.

If the input pin is changed from latched to non-latched input, a read from the input port
register reflects the current port logic level. If the input pin is changed from non-latched to
latched input, the read from the input register reflects the latched logic level. A register
pair write operation is described in Section 8.1. A register pair read operation is described
in Section 8.2.

Table 19. Input latch port O register (address 44h)

Bit 7 \ 6 5 4 3 2 \ 1 \ 0
Symbol L0.7 L0.6 L0.5 L0.4 L0.3 L0.2 L0.1 L0.0
Default 0 \ 0 0 0 0 0 \ 0 \ 0

Table 20. Input latch port 1 register (address 45h)

Bit 7 6 5 4 3 2 1 0
Symbol L1.7 L1.6 L1.5 L1.4 L1.3 L1.2 L11 L1.0
Default 0 0 0 0 0 0 0 0

Pull-up/pull-down enable register pair (46h, 47h)

These registers allow the user to enable or disable pull-up/pull-down resistors on the 1/0O
pins. Setting the bit to logic 1 enables the selection of pull-up/pull-down resistors. Setting
the bit to logic 0 disconnects the pull-up/pull-down resistors from the 1/0O pins. Also, the
resistors will be disconnected when the outputs are configured as open-drain outputs (see
Section 7.4.11). Use the pull-up/pull-down registers to select either a pull-up or pull-down
resistor. A register pair write operation is described in Section 8.1. A register pair read
operation is described in Section 8.2.

Table 21. Pull-up/pull-down enable port 0 register (address 46h)

Bit 7 \ 6 5 4 3 P \ 1 \ 0
Symbol =~ PE07 PEO.6 PE05 PEO.4 PE0.3 PE0.2 PEO.l  PE0.O
Default 0 \ 0 0 0 0 0 \ 0 \ 0

Table 22. Pull-up/pull-down enable port 1 register (address 47h)

Bit 7 6 5 4 3 2 1 0

Symbol PE1.7 PE1.6 PE1.5 PE1.4 PE1.3 PE1.2 PE1.1 PE1.0

Default 0 0 0 0 0 0 0 0
PCAL6416A All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2014. All rights reserved.
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7.4.8 Pull-up/pull-down selection register pair (48h, 49h)
The 1/0O port can be configured to have pull-up or pull-down resistor by programming the
pull-up/pull-down selection register. Setting a bit to logic 1 selects a 100 kQ pull-up
resistor for that I/O pin. Setting a bit to logic 0 selects a 100 kQ pull-down resistor for that
I/0 pin. If the pull-up/down feature is disconnected, writing to this register will have no
effect on 1/O pin. Typical value is 100 kQ with minimum of 50 kQ and maximum of 150 kQ.
A register pair write operation is described in Section 8.1. A register pair read operation is
described in Section 8.2.
Table 23. Pull-up/pull-down selection port O register (address 48h)
Bit 7 6 5 4 3 2 | 1 | o
Symbol PUDO.7 PUDO.6 PUDO.5 PUD0.4 PUDO0.3 PUDO0.2 PUDO.1 PUDO.0
Default 1 1 1 1 1 1 1 1
Table 24. Pull-up/pull-down selection port 1 register (address 49h)
Bit 7 6 5 4 3 2 | 1 | o
Symbol PUD1.7 PUD1l.6 PUD15 PUD14 PUD1.3 PUD1.2 PUDl1.1 PUD1.0
Default 11 1 1 1 1 1
7.4.9 Interrupt mask register pair (4Ah, 4Bh)

PCAL6416A

Interrupt mask registers are set to logic 1 upon power-on, disabling interrupts during
system start-up. Interrupts may be enabled by setting corresponding mask bits to logic 0.

If an input changes state and the corresponding bit in the Interrupt mask register is set
to 1, the interrupt is masked and the interrupt pin will not be asserted. If the corresponding
bit in the Interrupt mask register is set to 0, the interrupt pin will be asserted.

When an input changes state and the resulting interrupt is masked (interrupt mask bit

is 1), setting the input mask register bit to 0 will cause the interrupt pin to be asserted. If
the interrupt mask bit of an input that is currently the source of an interrupt is set to 1, the
interrupt pin will be de-asserted. A register pair write operation is described in Section 8.1.
A register pair read operation is described in Section 8.2.

Table 25. Interrupt mask port O register (address 4Ah) bit description

Bit 7 | e | 5 | a4 | 3 | 2 | 1 | o
Symbol MO0.7 MO0.6 MO0.5 MO0.4 MO0.3 MO0.2 MO0.1 MO0.0
Default 1 T 1 1 11 1 1
Table 26. Interrupt mask port 1 register (address 4Bh) bit description

Bit 7 6 5 4 3 2 | 1 | o
Symbol M1.7 M1.6 M1.5 M1.4 M1.3 M1.2 M1.1 M1.0
Default T 1 1 11 111
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Interrupt status register pair (4Ch, 4Dh)

These read-only registers are used to identify the source of an interrupt. When read, a
logic 1 indicates that the corresponding input pin was the source of the interrupt. A logic 0
indicates that the input pin is not the source of an interrupt.

When a corresponding bit in the interrupt mask register is set to 1 (masked), the interrupt
status bit will return logic 0. A register pair write operation is described in Section 8.1. A
register pair read operation is described in Section 8.2.

Table 27. Interrupt status port O register (address 4Ch) bit description

Bit 7 6 5 4 3 2 1 0
Symbol S0.7 S0.6 S0.5 S0.4 S0.3 S0.2 S0.1 S0.0
Default o 0 0 0 0 o o o0
Table 28. Interrupt status port 1 register (address 4Dh) bit description

Bit 76 5 4 3 2 1 o
Symbol S1.7 S1.6 S15 S14 S1.3 S1.2 S1.1 S1.0
Default 0 0 0 0 0 0 0 0

Output port configuration register (4Fh)

The output port configuration register selects port-wise push-pull or open-drain 1/O stage.
A logic 0 configures the 1/0 as push-pull (Q1 and Q2 are active, see Figure 11). A logic 1
configures the I/O as open-drain (Q1 is disabled, Q2 is active) and the recommended
command sequence is to program this register (4Fh) before the configuration register
(06h and 07h) sets the port pins as outputs.

ODENO configures Port 0_x and ODENL1 configures Port 1_x.

Table 29. Output port configuration register (address 4Fh)

Bit 7 6 5 4 3 2 1 0
Symbol reserved ODEN1 ODENO
Default o 0 0 0 0 o o o0
I/O port

When an 1/O is configured as an input, FETs Q1 and Q2 are off, which creates a
high-impedance input. The input voltage may be raised above Vppp) to a maximum of
55V.

If the I/O is configured as an output, Q1 or Q2 is enabled, depending on the state of the
Output port register. In this case, there are low-impedance paths between the I/O pin and
either Vpp(p) or Vss. The external voltage applied to this I/0 pin should not exceed the
recommended levels for proper operation.
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datafrom — output port
shift register configuration register data

register :ﬂ Voo(p)
datafrom __ [ Q »—Do_\'_ Q1 ESD
shift register @9 protection
write Fr diode

configuraton —|ck  Q }— D Q PO 0toPO_7
pulse ~ -

FE = N ESD P1 0toP1_7

write pulse CK QD sirg(tizctlon

output port Vss
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- AT
D Q ]) ) input port
FF 7 register data
read pulse CK
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;T(P) ——— —_)D_ INT&ESR'L(JPT | i
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data from
— EN
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latch pulse CK ‘r)egisteyr
data from D Q
shift register
FF
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pulse cK 002aag971

On power-up or reset, all registers return to default values.

Fig 11. Simplified schematic of the I/Os (PO_Oto PO_7,P1 _0to P1_7)

Power-on reset

When power (from 0 V) is applied to Vppp), an internal power-on reset holds the
PCALG6416A in a reset condition until Vpp(py has reached Vpor. At that time, the reset
condition is released and the PCAL6416A registers and 12C-bus/SMBus state machine
initializes to their default states. After that, Vppp) must be lowered to below Vpor and
back up to the operating voltage for a power-reset cycle. See Section 9.3 “Power-on reset

requirements”.

Reset input (RESET)

The RESET input can be asserted to initialize the system while keeping the Vppp) at its
operating level. A reset can be accomplished by holding the RESET pin LOW for a
minimum of t,st). The PCAL6416A registers and 1°C-bus/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
pull-up resistor to Vpp(2c-bus) if N0 active connection is used.
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Interrupt output (ﬁ)

An interrupt is generated by any rising or falling edge of the port inputs in the Input mode.
After time ty(nT), the signal INT is valid. The interrupt is reset when data on the port
changes back to the original value or when data is read from the port that generated the
interrupt (see Figure 17). 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. Any change of the I/Os after resetting is
detected and is transmitted as INT.

A pin configured as an output cannot cause an interrupt. Changing an 1/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 pull-up resistor to Vppp) or
Vbb(2c-bus), depending on the application. INT should be connected to the voltage source
of the device that requires the interrupt information.

When using the input latch feature, the input pin state is latched. The interrupt is reset only
when data is read from the port that generated the interrupt. The reset occurs in the
Read mode at the acknowledge (ACK) or not acknowledge (NACK) bit after the rising
edge of the SCL signal.

8. Bus transactions

PCAL6416A

8.1

The PCALG416A is an 12C-bus slave device. Data is exchanged between the master and
PCALG6416A through write and read commands using 12C-bus. The two communication
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be
connected to a positive supply via a pull-up resistor when connected to the output stages
of a device. Data transfer may be initiated only when the bus is not busy.

Write commands

Data is transmitted to the PCAL6416A by sending the device address and setting the
Least Significant Bit (LSB) to a logic O (see Figure 9 for device address). The command
byte is sent after the address and determines which register receives the data that follows
the command byte.

Twenty-two registers within the PCAL6416A are configured to operate as eleven register
pairs. The eleven pairs are input port, output port, polarity inversion, configuration, output
drive strength (two 16-bit registers), input latch, pull-up/pull-down enable,
pull-up/pull-down selection, interrupt mask, and interrupt status registers. After sending
data to one register, the next data byte is sent to the other register in the pair (see

Figure 12 and Figure 13). For example, if the first byte is sent to Output Port 1 (register 3),
the next byte is stored in Output Port O (register 2).

There is no limit on the number of data bytes sent in one write transmission. In this way,
the host can continuously update a register pair independently of the other registers.
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Fig 12. Write to Output port register
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Fig 13. Write to device registers

lapuedxa O/l SNgNS/SNO-Dgzl 110-9T Bune|suel) abeljoA-moT]

VI1tr91vOd

SJ1012Npuodlwas dXN



NXP Semiconductors PCAL6416A

8.2

Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

Read commands

To read data from the PCAL6416A, the bus master must first send the PCAL6416A
address with the least significant bit set to a logic O (see Figure 9 for device address).
The command byte is sent after the address and determines which register is to be
accessed.

After a restart, the device address is sent again, but this time the least significant bit is set
to a logic 1. Data from the register defined by the command byte is sent by the
PCALG6416A (see Figure 14 and Figure 17). Data is clocked into the register on the rising
edge of the ACK clock pulse. After the first byte is read, additional bytes may be read, but
the data now reflects the information in the other register in the pair. For example, if
Input Port 1 is read, the next byte read is Input Port 0.There is no limit on the number of
data bytes received in one read transmission, but on the final byte received the bus
master must not acknowledge the data.

After a subsequent restart, the command byte contains the value of the next register to be
read in the pair. For example, if Input Port 1 was read last before the restart, the register
that is read after the restart is the Input Port O.

slave address command byte

1 1 1 1 IAD T T T T T T T t
SDA|S|0 1 0 0 0 O olalo 10 o o 1/0 10 1/0 1/0] A | (cont)
L L L L L L L L L L L

\ \DR cee
hi
START condition R/W acknowledge
from slave
acknowledge
from slave
data from lower or data from upper or
upper byte of register lower byte of register
slave address
MSB LSB MSB LSB
t 1 1 1 1 1 IAD 1 1 1 1 1 1 1 1 1 1 1 1 1 1
(cont)lslo 1 0 0 0 o 1A DATA (first byte) Aleee DATA (last byte) NA | P
oo L1 4 3 3 DR [ T N N A N | [ T N TR R T |
t +
(repeated) R/W acknowledge no acknowledge ~ STOP
START condition acknowledge from master from master  condition
from slave

L— at this moment master-transmitter becomes master-receiver

and slave-receiver becomes slave-transmitter
002aah046

Fig 14. Read from device registers
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Remark: Transfer of data can be stopped at any moment by a STOP condition. When this occurs, data present at the latest acknowledge phase is valid (output mode).

It is assumed that the command byte has previously been set to ‘00’ (read input port register).
This figure eliminates the command byte transfers and a restart between the initial slave address call and actual data transfer from P port (see Figure 14).

Fig 15. Read input port register (non-latched), scenario 1
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Remark: Transfer of data can be stopped at any moment by a STOP condition. When this occurs, data present at the latest acknowledge phase is valid (output mode).
It is assumed that the command byte has previously been set to ‘00’ (read input port register).

This figure eliminates the command byte transfers and a restart between the initial slave address call and actual data transfer from P port (see Figure 14).

Fig 16. Read input port register (non-latched), scenario 2
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Remark: Transfer of data can be stopped at any moment by a STOP condition. When this occurs, data present at the latest acknowledge phase is valid (output mode).
It is assumed that the command byte has previously been set to ‘00’ (read input port register).

This figure eliminates the command byte transfers and a restart between the initial slave address call and actual data transfer from P port (see Figure 14).

Fig 17. Read input port register (latch enabled), scenario 3
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Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

9. Application design-in information

VbD(i2c-bus)  VDD(P)

VbDD(12¢-bus) = 1.8 V
1
10 kQ 10ko[l]1om[l]10ko[l] !

Vbb VpD(i2c-bus)  VDD(P)
MASTER
CONTROLLER P0_0
SCL [— scL PO_1

SDA SDA  pCAL6416A
INT INT

RESET RESET

ALARM(1)

SUBSYSTEM 1
(e.g., alarm system)

Al

T
T
R e Bt
T
T
T
T

. .

r
r

switch

enable \[ controlled

BL

PO_2
PO 3
PO_4
PO_5
PO_6
PO_7

'\ ) NP

GND

- — -

'\ U S R U

- — e

P1_0 KEYPAD
P1_1 >
P12 >
P1_3
P1_4
P15 >
P1_6 >
P1_7

ADDR

GND

/J7 002aaf965

Device address configured as 0100 000x for this example.
P0_0 and PO_2 through P1_0 are configured as inputs.
P0O_1 and P1_1 through P1_7 are configured as outputs.

(1) External resistors are required for inputs (on P port) that may float. Also, internal pull-up or pull-down may be used to eliminate
the need for external components. If a driver to an input will never let the input float, a resistor is not needed. If an output in the
P port is configured as a push-pull output there is no need for external pull-up resistors. If an output in the P port is configured
as an open-drain output, external pull-up resistors are required.

Fig 18. Typical application

9.1 Minimizing Ipp when the I/Os are used to control LEDs

When the 1/Os are used to control LEDs, they are normally connected to Vpp through a
resistor as shown in Figure 18. Since the LED acts as a diode, when the LED is off the /O
V| is about 1.2 V less than Vppp). The supply current, Ipp(p), increases as V| becomes
lower than Vppp.

Designs needing to minimize current consumption, such as battery power applications,
should consider maintaining the 1/O pins greater than or equal to Vpp when the LED is off.
Figure 19 shows a high value resistor in parallel with the LED. Figure 20 shows Vppp)
less than the LED supply voltage by at least 1.2 V. Both of these methods maintain the 1/0
V| at or above Vpp(py and prevents additional supply current consumption when the LED is
off.
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Voo 3.3V 5V
Vop(p) %4 LED [] 100 kQ Vop(p) ¢ LED
Pn - Pn
002aah278 002aah279
Fig 19. High value resistor in parallel with Fig 20. Device supplied by a lower voltage
the LED

9.2 Output drive strength control

The Output drive strength registers allow the user to control the output drive level of the
GPIO. Each GPIO can be configured independently to one of the four possible output
current levels. By programming these bits the user is changing the number of transistor
pairs or ‘fingers’ that drive the 1/0 pad.

Figure 21 shows a simplified output stage. The behavior of the pad is affected by the

Configuration register, the output port data, and the current control register. When the
Current Control register bits are programmed to 10b, then only two of the fingers are

active, reducing the current drive capability by 50 %.

]

PMOS_ENO

i

Current Control
register

PMOS_EN1 =
— PMOS_EN[3:0] [
DECODER

L NMOS_EN[3:0]

|
T
i

PMOS_EN2

Configuration
register

Il

PMOS_EN3

PO_0to PO_7
P1 0toP1 7

Output port
register

’—ﬁr

[

IF
I

NMOS_EN3

NMOS_EN2 —

|

NMOS_EN1

i

NMOS_ENO 002aah053

Fig 21. Simplified output stage
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9.3

PCAL6416A

Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

Reducing the current drive capability may be desirable to reduce system noise. When the
output switches (transitions from H/L), there is a peak current that is a function of the
output drive selection. This peak current runs through Vpp and Vsg package inductance
and will create noise (some radiated, but more critically Simultaneous Switching Noise
(SSN)). In other words, switching many outputs at the same time will create ground and
supply noise. The output drive strength control through the Output Drive Strength
registers allows the user to mitigate SSN issues without the need of additional external
components.

Power-on reset requirements

In the event of a glitch or data corruption, PCAL6416A 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 22 and Figure 23.

Vbp(P)

ramp-up ramp-down re-ramp-up

td(rst)

time

l— (dvi/dt), — — (dV/dtyy —  timetore-ramp . (qv/dt), —=
when Vppp) drops

below 0.2 V or to Vgg 002aag960

Fig 22. Vppp) is lowered below 0.2 V or to 0 V and then ramped up to Vppp)

VpD(P)

ramp-down ramp-up

V| drops below POR levels tarst)

time
time to re-ramp
dV/dt e— (dV/dt
A = when Vppp) drops ( L.
to VPOR(min) = 50 mV 002aag961

Fig 23. Vppp) is lowered below the POR threshold, then ramped back up to Vppp)

Table 30 specifies the performance of the power-on reset feature for PCAL6416A for both
types of power-on reset.

All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2014. All rights reserved.

Product data sheet

Rev. 6 — 9 October 2014 26 of 61



NXP Semiconductors PCAL6416A

Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

Table 30. Recommended supply sequencing and ramp rates
Tamb = 25 <C (unless otherwise noted). Not tested; specified by design.

Symbol Parameter Condition Min Typ Max Unit
(dV/dt) fall rate of change of voltage Figure 22 0.1 - 2000 'ms
(dv/dt), rise rate of change of voltage Figure 22 ' 0.1 - 2000 'ms
tagsy) reset delay time Figure 22; re-ramp time when 1 - - us
Vpp(p) drops below 0.2 V or to Vss)
Figure 23; re-ramp time when Vpp(p) ' 1 - - us
drops to Vpor(min) — 50 mV)
AVpp(g) ‘glitch supply voltage difference Figure 24 - - 1.0 \%
tw(glvDD supply voltage glitch pulse width Figure 24 2 ]- - 10 us
VPoR(trip) ‘power-on reset trip voltage falling Vpp(p) ‘ 0.7 - - \%
rising Vpp(p) - - 1.4 \%

[1] Level that Vppp) can glitch down to with a ramp rate = 0.4 pus/V, but not cause a functional disruption when tygyvpp < 1 ps.

[2] Glitch width that will not cause a functional disruption when AVpp(gy = 0.5 x Vpp(p).

Glitches in the power supply can also affect the power-on reset performance of this
device. The glitch width (tygyvop) and glitch height (AVpp(g))) are dependent on each
other. The bypass capacitance, source impedance, and device impedance are factors that
affect power-on reset performance. Figure 24 and Table 30 provide more information on
how to measure these specifications.

Vpp(P)

AVDD(gl)

time
002aag962

+e— tw(gl)VDD —>!

Fig 24. Glitch width and glitch height

Vpor IS critical to the power-on reset. Vpor is the voltage level at which the reset condition
is released and all the registers and the 12C-bus/SMBus state machine are initialized to
their default states. The value of Vpor differs based on the Vppp) being lowered to or from
0 V. Figure 25 and Table 30 provide more details on this specification.

Vbp(p)

VPoR (rising Vpp(p))
VpoRr (falling Vpp(p))

time
POR
‘ time
002aag963
Fig 25. Power-on reset voltage (VpoRr)
PCAL6416A All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2014. All rights reserved.
Product data sheet Rev. 6 — 9 October 2014 27 of 61



NXP Semiconductors PCAL6416A

PCAL6416A

9.4

9.5

Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

Device current consumption with internal pull-up and pull-down
resistors

The PCAL6416A integrates programmable pull-up and pull-down resistors to eliminate
external components when pins are configured as inputs and pull-up or pull-down
resistors are required (for example, nothing is driving the inputs to the power supply rails.
Since these pull-up and pull-down resistors are internal to the device itself, they contribute
to the current consumption of the device and must be considered in the overall system
design.

The pull-up or pull-down function is selected in registers 48h and 49h, while the resistor is
connected by the enable registers 46h and 47h. The configuration of the resistors is
shown in Figure 11.

If the resistor is configured as a pull-up, that is, connected to Vpp, a current will flow from
the Vpp(p) pin through the resistor to ground when the pin is held LOW. This current will
appear as additional Ipp upsetting any current consumption measurements.

In the same manner, if the resistor is configured as a pull-down and the pin is held HIGH,
current will flow from the power supply through the pin to the Vsg pin. While this current
will not be measured as part of Ipp, one must be mindful of the 200 mA limiting value
through Vss.

The pull-up and pull-down resistors are simple resistors and the current is linear with
voltage. The resistance specification for these devices spans from 50 kQ with a nominal
100 k2 value. Any current flow through these resistors is additive by the number of pins
held HIGH or LOW and the current can be calculated by Ohm'’s law. See Figure 29 for a
graph of supply current versus the number of pull-up resistors.

I2C-bus error recovery techniques

There are a number of techniques to recover from error conditions on the I2C-bus. Slave
devices like the PCAL6416A use a state machine to implement the 12C protocol and
expect a certain sequence of events to occur to function properly. Unexpected events at
the 12C master can wreak havoc with the slaves connected on the bus. However, it is
usually possible to recover deterministically to a known bus state with careful protocol
manipulation.

A hard slave reset, either through power-on reset or by activating the RESET pin, will set
the device back into the default state. Of course, this means the input/output pins and
their configuration will be lost, which might cause some system issues.

A STOP condition, which is only initiated by the master, will reset the slave state machine
into a known condition where SDA is not driven LOW by the slave and logically, the slave
is waiting for a START condition. A STOP condition is defined as SDA transitioning from
LOW to HIGH while SCL is HIGH.

If the master is interrupted during a packet transmission, the slave may be sending data or
performing an Acknowledge, driving the 12C-bus SDA line LOW. Since SDA is LOW, it
effectively blocks any other I12C-bus transaction. A deterministic method to clear this
situation, once the master recognizes a ‘stuck bus’ state, is for the master to blindly
transmit nine clocks on SCL. If the slave was transmitting data or acknowledging, nine or
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more clocks ensures the slave state machine returns to a known, idle state since the
protocol calls for eight data bits and one ACK bit. It does not matter when the slave state
machine finishes its transmission, extra clocks will be recognized as STOP conditions.

The PCAL6416A SCL pin is an input only. If SCL is stuck LOW, then only the bus master
or a slave performing a clock stretch operation can cause this condition.

With careful design of the bus master error recovery firmware, many 12C-bus protocol
problems can be avoided.

10. Limiting values

Table 31. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).
Symbol Parameter Conditions Min Max ‘Unit
Vbb(2c-bus) I2C-bus supply voltage -0.5 +6.5 \%
Vbpr) supply voltage port P -0.5 +6.5 Y,
Vv input voltage [l |-05 +6.5 \Y
Vo output voltage 05 +6.5 Y,
lik input clamping current ADDR, RESET, SCL; V<0V - +20 mA
lok output clamping current INT; Vo<0V - +20 ‘mA
liok input/output clamping current P port; Vo <0V or Vo > Vppp) - +20 mA
SDA; Vo < 0 V 0r Vo > Vpp(ac-ous) - +20 ‘mA
loL LOW-level output current continuous; P port; Vo = 0V to Vppp) - 50 mA
continuous; SDA, INT; - 25 ‘mA
Vo = 0V to Vpp(2c-bus)
lon HIGH-level output current continuous; P port; Vo = 0 V to Vpp(p) - 25 mA
Iop supply current continuous through Vgs - 200 ‘mA
Ipp(P) supply current port P continuous through Vppp) - 160 mA
IpD(I2C-bus) I2C-bus supply current continuous through Vpp(2c-bus) - 10 ‘mA
Tstg storage temperature -65 +150 °C
Timax) maximum junction temperature - 125 °C

[1] The input negative-voltage and output voltage ratings may be exceeded if the input and output current ratings are observed.

PCAL6416A
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Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

11. Recommended operating conditions

Table 32. Operating conditions

Symbol Parameter Conditions ' Min Max Unit
Vbp(izc-bus)  12C-bus supply voltage 1.65 5.5 \Y
vVDD(p) 'supply voltage port P ' 1.65 5.5 \%
ViH HIGH-level input voltage SCL, SDA, RESET 0.7 x Vppgac-bus)y |5-5 \%
ADDR,P1_7t0P0_0 0.7 x Vppp) 5.5 Vv
ViL LOW-level input voltage SCL, SDA, RESET -0.5 0.3 x Vppgzac-bus) |V
ADDR,P1 7t0PO O  -05 0.3 x Vop(p) Vv
lon HIGH-level output current P1 7toPO_O - 10 mA
leL LOW-level output current P1 7to PO_O ' - 25 mA
Tamb ambient temperature operating in free air -40 +85 °C

12. Thermal characteristics

Table 33. Thermal characteristics

Symbol Parameter Conditions Max Unit
thh(j_a) ‘transient thermal impedance TSSOP24 package [ g8 K/w
from junction to ambient HWQFN24 package 1 g6 K/W

VFBGA24 package I 171 K/W

[1] The package thermal impedance is calculated in accordance with JESD 51-7.
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13. Static characteristics

Table 34. Static characteristics

Tamb = —40 T 1o +85 T; Vpp(2c-bus) = 1.65 V t0 5.5 V; unless otherwise specified.

Symbol | Parameter

Conditions

‘Min | Typll |Max  Unit

Vik input clamping voltage
Vpor power-on reset voltage

| = —18 mA
V= VDD(P) or Vss; lo =0 mA

-1.2 |- - \%

VoH HIGH-level output
voltagel2

VoL LOW-level
output voltagel2l

P port; loy = -8 mA; CCX.X = 11b
VDD(P) =165V

12 - -

VDD(P) =23V
Vopp) =3V

1.8 - -

VDD(P) =45V

P port; loy =-2.5 mA and CCX.X = 00b;
lon = -5 mA and CCX.X = 01b;

lon =-7.5 mA and CCX.X = 10b;

loy = -10 mA and CCX.X = 11b;

VDD(P) =165V

41 - -

11 - -

< << <

VDD(P) =23V
Vopp) =3V

25 - -

1.7 - -

v VDD(P) =45V
P port; I[o. =8 mA; CCX.X = 11b

40 - -

< << <

VDD(P) =165V
VDD(P) =23V

|- ) 0.25

- - 0.45

Vopp) =3V
VDD(P) =45V

- - 0.25

< < < <

P port; oL = 2.5 mA and CCX.X = 00b;
lo. =5 mA and CCX.X = 01b;

loL =7.5 mA and CCX.X = 10b;

loL =10 mA and CCX.X = 11b;

VDD(P) =165V
VDD(P) =23V

Vopp) =3V
VDD(P) =45V

- - 0.25

loL LOW-level
output current(3l

v Iy input current

VoL=0.4YV, VDD(P) =165Vto55V
SDA

INT
VDD(p) =165Vto55V

SCL, SDA, RESET,; V, = VDD(IZC—bus) or Vss
ADDR; V, = VDD(p) or Vssg

i1 HIGH-level input current

I LOW-level input current

P port; V= VDD(P); VDD(P) =165Vto55V
P port; V| = Vss; Vppp) = 1.65 V1055V
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Table 34. Static characteristics ...continued
Tamb = 40 € to +85 <C; Vppac-bus) = 1.65 V to 5.5 V; unless otherwise specified.

Symbol | Parameter

Ibp supply current

Alpp additional quiescent
supply currentl8]

Ci input capacitance

Conditions

Ipp(i2c-bus) * lop(P):;

SDA, P port, ADDR, RESET;

V,on SDA and RESET = VDD(IZC-bus) or Vss;
Vi on P port and ADDR = Vppp);

lo = 0 mA; I/O = inputs; fsc. = 400 kHz

Vbpp) = 36Vto55V

10

25

Min ‘Typm ‘Max ‘Unit

nA

VDD(P) =23Vto36V
Vbpp) = 1.65Vto 2.3V

15

HA
nA

Ipp(i2c-bus) * lop(P):;

SCL, SDA, P port, ADDR, RESET;

V, on SCL, SDA and RESET = VDD(IZC-bus) or Vss;
Vi on P port and ADDR = Vppp);

lo =0 mA; I/O = inputs; fsc. = 0 kHz

VDD(P) =36Vto55V
VDD(P) =23Vto3.6V

3.2

nA
HA

Vpp(e) = 1.65 V0 2.3V

Active mode; Ippgzc-bus) + Ibp(P);

P port, ADDR, RESET;

Vion RESET = Vpp(2c-bus);

Vi on P port and ADDR = Vppp);

lo = 0 mA; I/O = inputs;

fscL = 400 kHz, continuous register read

1.7

nA

VDD(P) =3.6Vto55V
Vbpp) = 23Vto3.6V

60
40

125
75

HA
nA

Vo) = 1.65 V10 2.3V

with pull-ups enabled (PCAL6416A only);
Ippg2c-bus) *+ Ipop): P port, ADDR, RESET;

V| on SCL, SDA and RESET = VDD(IZC-bus) or Vss;
V,on P port = Vgs;

Vion ADDR = Vpp(2c-bus) Of Vss;

lo = 0 mA; I/O = inputs with pull-up enabled;

fsc|_ =0kHz

20

45

HA

Vo) = 1.65 V10 5.5V

'SCL, SDA, RESET;

one input at Vppg2c-bus) — 0.6 V,
other inputs at VDD(IZC-bus) or Vss;
Vppor) = 1.65 V10 5.5 V

P port, ADDR; one input at Vppp) — 0.6 V,
other inputs at Vppp) Or Vss;

»VDD(P) =165Vto55V

V) = Vpp(2c-bus) Of Vss; Vppr) = 1.65V10 5.5V

15
25

80

mA
nA

nA

pF

Cio input/output capacitance

Vijo = Vob(i2c-bus) OF Vss; Vopp) = 1.65 V10 5.5V
Vio = VDD(P) or Vss; VDD(P) =165Vto55V

7.5

8.5

pF
pF

Rpu(int) internal pull-up
resistance

Rpdint) internal pull-down
resistance

input/output

| input/output

50

50

100

100

150

150

kQ

kQ

PCAL6416A
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(3]

(4]

Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

For Ipp, all typical values are at nominal supply voltage (1.8 'V, 2.5V, 3.3V, 3.6 V or 5V Vpp) and Tymp = 25 °C. Except for Ipp, the
typical values are at VDD(p) = VDD(IZC—bus) =3.3Vand Tanp = 25 °C.

The total current sourced by all I/Os must be limited to 160 mA.

Each 1/0 must be externally limited to a maximum of 25 mA and each octal (PO_0 to PO_7 and P1_0 to P1_7) must be limited to a
maximum current of 200 mA, for a device total of 200 mA.

Typical value for Tamp = 25 °C. VoL = 0.4 V and Vpp(2c-bus) = Vope) = 3.3 V. Typical value for Vppgac-bus) = Vopp) < 2.5 V, VoL = 0.6 V.

[5] Internal pull-up/pull-down resistors disabled.
13.1 Typical characteristics
I 20 002aag973 1400 002aag974
 —
DAD IDD(stb)
(HA) (nA)
16 Vbpp) =55V /
Vppp) =55V 1000 50V
50V 36V P
3.6V 3.3V
12 - 3.3V 800
25V —
2.3V,
8 T 600
\ 100
4 - 25V
v =18V 200 f;§¥
. PD(P) 7 ke v . 165V
-40 -15 10 35 60 85 -40 -15 10 35 60 85
Tamb (°C) Tamb (°C)
Ipb = lpp(izc-bus) * Ibp(P)
Fig 26. Supply current versus ambient temperature Fig 27. Standby supply current versus
ambient temperature
20 002aag975 12 : : : 002aah201
Ipb , Tamp = =40 °C—
(bA) / IbD(P) 25 °C— A
16 // (mA) gs.c— 7
/ 0.8
12 //
A /
/
8
0.4
4 /
—_— /
0 0
1.5 25 35 45 5.5 0 4 8 12 16
Vopp) (V) number of 1/O held LOW
Tamb = 25 °C
Ipp = Ippg2c-bus) + lboP)
Fig 28. Supply current versus supply voltage Fig 29. Supply current versus number of 1/0 held LOW
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002aaf578
e
Tamb = —40 °C
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/ z
/| /
0.1 0.2 0.3
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a. VDD(P) =165V
002aaf580
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Isink
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30

20

Tamb =

e
“

25

20

15
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002aaf579

Tamb =—40 °C

p
~

25°C ,/
85 °csz /

0.1 0.2

b. VDD(P) =18V

60

Isink
(mA)

40

0.3
VoL (V)

002aaf581

Tamb = —40 °C

pd

25°C

A

|

=z

7
0
0 0.1 0.2 0.3
VoL (V)
C. VDD(P) =25V
|sink 70 ‘ ‘ 002aaf582
(MA) 69 Tamb = ~40 °C yd
N
50 85°C
30 // L/
20 //
10
0
0 0.1 0.2 0.3

e. VDD(P) =50V

Vo (V)

d. VDD(P) =33V

70

0.2

0.3
VoL (V)

002aaf583

Isink
A
MA) 6o

50

Tamb = —40 °C //
25°C
85 °C > /

40

30 /

20 4
10
0
0 0.1 0.2

f. VDD(P) =55V

Fig 30. 1/O sink current versus LOW-level output voltage with CCX.X = 11b

0.3
VoL (V)
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30 002aaf561 | 5 002aaf562
source ‘ ‘
|?ou’£f;)e (mA) 30 Tamb = —40 °C
m Tamb = —40 °C 25°C s/
25°C \// — 25 85°C
20 85°C /
// 20 /’/
/ 15 /
10 /) A/
/ 10 /]
5 Y.
0 0
0.2 0.4 0.6 0 0.2 0.4 0.6

a. VDD(P) =165V

60 002aaf563 | 70 002aaf564
source ‘ ‘
I?ouX:)e (mA) 60 Tamb = -40 °C
m, 25°C
Tamb = ~40 °C . s/
40 25°C 50 85°c
85°C /
/ 40 /
/ y 20 // =
20 = 2 //
10
0 0
0.2 0.4 0.6 0 0.2 0.4 0.6

Vopp) ~ Vo (V) Vop(p) =~ VoH (V)

b. VDD(P) =18V

C. VDD(P) =25V

Vpp(p) = VoH (V)

002aaf565

d. VDD(P) =33V

Vpp(p) ~ VoH (V)

002aaf566

90 ‘ ‘ 90 ‘ ‘
Isource Tamb = —40 °C / Isource Tamb = =40 °C A
(mA) @ 0 / (mA) a . /
25°C - 25°C
60 85°C g 60 85°C
30 / 30 /
0 0
0 0.2 0.4 0.6 0 0.2 0.4 0.6

Vpp(p) ~ VoH (V) Vpp(p) = VoH (V)

e. VDD(P) =50V
Fig 31.

f. VDD(P) =55V
I/0 source current versus HIGH-level output voltage with CCX.X = 11b
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Vo 120 002aah056 200 ‘ 002aah057
(mV) 100 Vpp(P) ~ VoH (mV) //
— 160 —
(1) —_—
80
120 —Vbpp) =18V
60 5V
@) | 80
40
(4)
20 40
(3)
0 0
-40 -15 10 35 60 85 -40 -15 10 35 60 85
Tamb (°C) Tamb (°C)
(1) Vopp) =18V, Isink = 10 mA lsource = =10 MA
(2) Vope) =5V, lsink =10 mA
(3) VDD(P) =1.8V;lgnk =1 mA
(4) Vopre) =5V, lsink =1 mA
Fig 32. LOW-level output voltage versus temperature Fig 33. 1/0 high voltage versus temperature with
with CCX.X =11b CCX.X=11b
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Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

Table 35. 12C-bus interface timing requirements
Over recommended operating free air temperature range, unless otherwise specified. See Figure 35.

Symbol | Parameter ‘Conditions ' Standard-mode Fast-mode ‘Unit
I2C-bus 12C-bus
Min Max Min Max
fscL SCL clock frequency 0 100 0 400 kHz
tHiGH HIGH period of the SCL clock 4 - 0.6 - us
tLow LOW period of the SCL clock 4.7 - 1.3 - us
tsp pulse width of spikes that must 0 50 0 50 ns
be suppressed by the input filter
tsu:pAT data set-up time 250 - 100 - ns
tHD:DAT data hold time 0 - 0 - ns
t rise time of both SDA and SCL signals - 1000 20 300 ns
t fall time of both SDA and SCL signals - 300 20 x 300 ns
(Vpp/5.5V)
teuF bus free time between a STOP and 4.7 - 1.3 - us
START condition
tsu:sTA set-up time for a repeated START 4.7 - 0.6 - us
condition
thp;sTA hold time (repeated) START condition 4 - 0.6 - us
tsu:sTo set-up time for STOP condition - 0.6 - us
tvp:DAT data valid time SCL LOW to SDA - 3.45 - 09 us
output valid
tvp:ACK data valid acknowledge time ACK signal - 3.45 - 09 s
from SCL LOW
to SDA (out) LOW
Table 36. Reset timing requirements
Over recommended operating free air temperature range, unless otherwise specified. See Figure 37.
Symbol | Parameter Conditions Standard-mode Fast-mode Unit
I2C-bus I2C-bus
Min Max Min Max
tw(rst) reset pulse width 30 - 30 - ns
trec(rst) reset recovery time 200 - 200 - ns
trst reset time & 600 - 600 - ns

[1] Minimum time for SDA to become HIGH or minimum time to wait before doing a START.
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Table 37. Switching characteristics
Over recommended operating free air temperature range; C, <100 pF; unless otherwise specified. See Figure 36.

Symbol | Parameter Conditions Standard-mode Fast-mode Unit
I2C-bus I2C-bus
Min Max Min Max
vt\,(|NT) valid time on pin INT from P port to INT | - 1 ' - ] ‘HS
tsqgnt)  reset time on pin INT from SCL to INT - 1 . 1 us
vt\,(Q) data output valid time from SCL to P port ' - ' 400 ' - ' 400 'ns
tsu) data input set-up time from P port to SCL 0 - 0 - ns
vth(D) data input hold time from P port to SCL v 300 v - ' 300 ' - 'ns

15. Parameter measurement information

VDD(12C-bus)

RL=1kQ

DUT SDA

i]: CL =50 pF

002aag977

a. SDA load configuration

‘ two bytes for read Input port register()

STOP | START Address RIW Data Data STOP
condition | condition | Bit 7 Address | Biro & Bit 7 Bit0 |condition
P) (S) (MSB) . (LSB) msB) | | ass) ®)
002aag952

b. Transaction format

tLow tHIGH tsp

f— 0.7 x VpDp(12C-bus)
T 0.3 x Vpp(12C-bus)

.
tBUF tr> tvD;DAT> | tsy:sTO
= >/ o) tvD,ACKle= =~ [=tsu;sTA '
° ‘ ° =0.7 x V, y

soa /' \ / DD(I2C-bus)
Xe —0.3 x Vpp(12C-bus)

tr - r - ety ~—typ:ack

TA™

tHD;s - tsu;pAT tHD;DAT

repeat START condition

STOP condition 00222978

c. Voltage waveforms
C_ includes probe and jig capacitance.
All inputs are supplied by generators having the following characteristics: PRR < 10 MHz; Z, = 50 Q; t/tf < 30 ns.
All parameters and waveforms are not applicable to all devices.
Byte 1 = I12C-bus address; Byte 2, byte 3 = P port data.
(1) See Figure 17.
Fig 34. 12C-bus interface load circuit and voltage waveforms
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VDD(12C-bus)

RL = 4.7 kQ
DUT INT
I CL = 100 pF
002aag979
a. Interrupt load configuration
acknowledge acknowledge no acknowledge
from slave from slave from master
START condition R/W 8 bits (one data byte) g;rrglli:t,ion
slave address i from port data from port
1 1 1 1 1 IAD 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SDA|S|0 1 0 0O O O DR 1T1A DATA 1 A DATA 2 11P
1 1 1 1 1 1 1 1 1 1 1 1 1
SCL
vB
o= 1B
—_— 7
E ,
/ YA -7
e N (N0} IA ‘ tsu() ] T« -
data into \ 7
port > Y ,/ ADDRESS X’ DATA 1 DATA 2
~ - - 4
__ _ \ / 0.7 x Vpp(12C-bus)
INT 0.5 x Vpp(12C-bus) SCL R/W A \ /
\ / 0.3 x Vpp(12c-bus)
ty(NT) trst(INT)
Pn 0.5 x VDD(F’) INT % 0.5 x VDD(I2C—bUS)
View A - A View B - B

002aag980

b. Voltage waveforms
C_ includes probe and jig capacitance.
All inputs are supplied by generators having the following characteristics: PRR < 10 MHz; Z, = 50 Q; t,/t; < 30 ns.
All parameters and waveforms are not applicable to all devices.

Fig 35. Interrupt load circuit and voltage waveforms
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500 Q
DUT

2 x\Vipp(p)

CL=50pF | 500 Q

s |

002aag981

a. P portload configuration
0.7 x Vpp(12c-bus)
SCL PO A P7
0.3 x Vpp(12c-bus)
o \_A /

tv@)

Pn

—

unstable last stable bit
data

002aag982

b. Write mode (RAW =0)

0.7 x Vpp(12c-bus)
SCL

0.3 x Vpp(12C-bus)

Pn /\ 0.5 x Vpp(p)

002aag983

c. Read mode (R/W =1)

C_ includes probe and jig capacitance.

ty(q) is measured from 0.7 x Vpp on SCL to 50 % I/O (Pn) output.

All inputs are supplied by generators having the following characteristics: PRR < 10 MHz; Z, = 50 Q; t,/t; < 30 ns.
The outputs are measured one at a time, with one transition per measurement.

All parameters and waveforms are not applicable to all devices.

Fig 36. P port load circuit and voltage waveforms
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VDD(12C-bus)

RL=1kQ

DUT SDA

ICL=50pF

002aag977

a. SDA load configuration

START

=N

DUT

500 Q

b. P portload configuration

Pn
l [ F+—2xVppep)
I CL =50 pF 500 Q

002aag981

/ ACK or read cycle

SDA /

0.3 x Vpp(12c-bus)

RESET

, st —

trec(rst)

tw(rst)

0.5 x Vpp(12¢-bus)

trec:(rst)

trst 4’1

/K 0.5 x Vpp(p)

c. RESET timing

C_ includes probe and jig capacitance.

All inputs are supplied by generators having the following characteristics: PRR < 10 MHz; Z, = 50 Q; t/t; < 30 ns.
The outputs are measured one at a time, with one transition per measurement.

I/Os are configured as inputs.

All parameters and waveforms are not applicable to all devices.

Fig 37. Reset load circuits and voltage waveforms
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16. Package outline

HWQFN24: plastic thermal enhanced very very thin quad flat package; no leads;
24 terminals; body 4 x 4 x 0.75 mm SO0T994-1

terminal 1

index area
S R R

(GetanX]

»‘0 .—

~ (~[ize]
]~ bt | b0 vM[C]A[B]
. , ‘ | ‘ ‘12 Dlowm|C
[ |
TTTTT 1
L JYYUUY
f ‘ 13
) A= T
D | <5
) ‘ =
e — o
D) ‘ (-
) | d ,
/
D | ST — !
\
terminal 1 ﬂ ﬂ ﬂ I ﬂ ﬂ ﬂ \
index area 24 ‘ 19
Dn
0 25 5 mm
| | | | |
scale
DIMENSIONS (mm are the original dimensions)
1
on | A 1A | b c | DM | Dy |EM| En | e | e | e2 | L v lw |y | v
max
0.05 | 0.30 4.1 225 | 41 | 225 0.5
mm 0.8 0.00 | 018 0.2 39 | 195 | 39 | 1.95 0.5 2.5 2.5 03 0.1 0.05 | 0.05 | 0.1
Note
1. Plastic or metal protrusions of 0.075 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC JEITA PROJECTION ISSUE DATE
07-62-07
SOT994-1 .- MO-220 --- = @ 07-03-03

Fig 38. Package outline SOT994-1 (HWQFN24)
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TSSOP24: plastic thin shrink small outline package; 24 leads; body width 4.4 mm SOT355-1
‘ D ‘ E [A]
‘ T ‘ ‘ T B \}
L \ ! 1 i \
i iiaialaiaiainialaialalal; LS — T
] X
O] y] ‘ He =[v@[A]
TZ«
“HHAAAAHAAAAA"
it !
[ B .
JE | U | R A2A * (A3) A
pin 1 index 1
Ve ! Y
| * e
‘ +|_p+
iELEEEEREELR -
1 ‘ 12
Nl
— w
5 L
0 25 5mm
L Ll |
scale
DIMENSIONS (mm are the original dimensions)
A 1 2 1
UNIT | 2| A1 | Az | A | by c DM | E@ | e He L Lp Q v w y zM| o
0.15 | 0.95 0.30 0.2 7.9 4.5 6.6 0.75 0.4 0.5 8°
mm o 1T 005 | 0o | %2 [ o019 | 04 | 77 | 43 | %85| 62 | ' |os0 | 03 | 02 | 013 01 1 oo | oo
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
SOT355-1 MO-153 = @ et

Fig 39. Package outline SOT355-1 (TSSOP24)
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VFBGAZ24: plastic very thin fine-pitch ball grid array package;

24 balls; body 3 x 3 x 0.85 mm SOT1199-1
: 5 &
ball A1 |
index area ‘
| .
e
‘ i \
. ) U
| :
|
&
6] - boa o vm[c[A]B]
‘ ‘ Slow®|c 1y ]
N |
EQé@oo .
ol OO OO GG+
OO0 00| = D
// \\
1O OO0 S1IDY
|
L 00000 D!
\ /
| N Az
ball A1 1 2 3 4 5 \\\‘_,//
index area
L
Dimensions scale
Unit A Aq Ao b D E e eq e \ w y Y1
max 1.00 0.25 0.75 035 3.1 3.1
mm nom 0.85 0.20 065 030 3.0 3.0 0.5 2 2 0.15 0.05 0.08 0.1
min 0.75 0.15 0.60 025 29 29
sot1199-1_po
Outline References European
! U Issue date
version IEC | JEDEC \ JEITA projection
SOT1199-1 .- =1 @ 12-03-13

Fig 40. Package outline SOT1199-1 (VFBGA24)
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XFBGA24: plastic, extremely thin fine-pitch ball grid array package; 24 balls SOT1342-1
D 12
— A

i
ol - | f )
| “ (
| '
I ot N T

‘ f
1
~ [ - - 1o GICIAe]
(O O dp o O é D
°|O O @ O O D
OO0 ©Of TP
5|0 0 0O AP
SeleNoele b

ball A1 1 Nl -
index area

0 2 mm
L L 1 L |
Dimensions (mm are the original dimensions) scale
Unit A A A b D E e eq e v w y V1
max 05 0.15 0.35 0.205 2.1 21
mm nom 0.10 0.34 0.175 20 20 04 16 16 0.15 0.05 0.08 0.1
min 0.05 0.33 0.145 19 1.9
sot1342-1_po
Outline References European
! U Issue date
version IEC ‘ JEDEC ‘ JEITA projection

SOT1342-1 - . - = @ 1 22_0998_61 79

Fig 41. Package outline SOT1342-1 (XFBGA24); EX option
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UFBGAZ24: plastic ultra thin fine-pitch ball grid array package; 24 balls SOT1361-1
| D e
ball A1 |
index area ‘
B A
‘ A1 U
|
o]~ b ${ovm|[c|A[B]
I wM|C
Zm*‘ -~
\
(OO OO O
JIONORORORC =
-0 P-O-Of
| O O O /
!
|
O O O O O+ |
ZE1 \\
ball A1 1 2 3 4 5 t
index area
(\J ! ! ! ! § mm
Dimensions scale
Unit A Aq b D E e eq e Zp1 Zg1 Vv w Y1
max 0.65 027 028 21 21 03 03
mm nom 022 024 20 20 04 16 16 02 02 015 0.05 0.1 041
min 0.17 020 19 1.9 0.1 0.1
sot1361-1_po
i Refi
Outl!ne eferences Eurlope_an Issue date
version IEC ‘ JEDEC ‘ JEITA projection
-43-10-28-
SOT1361-1 E}@ 131107

Fig 42. Package outline SOT1361-1 (UFBGAZ24); ER option
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17. Soldering of SMD packages

17.1

17.2

This text provides a very brief insight into a complex technology. A more in-depth account
of soldering ICs can be found in Application Note AN10365 “Surface mount reflow
soldering description”.

Introduction to soldering

Soldering is one of the most common methods through which packages are attached to
Printed Circuit Boards (PCBs), to form electrical circuits. The soldered joint provides both
the mechanical and the electrical connection. There is no single soldering method that is
ideal for all IC packages. Wave soldering is often preferred when through-hole and
Surface Mount Devices (SMDs) are mixed on one printed wiring board; however, it is not
suitable for fine pitch SMDs. Reflow soldering is ideal for the small pitches and high
densities that come with increased miniaturization.

Wave and reflow soldering
Wave soldering is a joining technology in which the joints are made by solder coming from
a standing wave of liquid solder. The wave soldering process is suitable for the following:
* Through-hole components
* Leaded or leadless SMDs, which are glued to the surface of the printed circuit board
Not all SMDs can be wave soldered. Packages with solder balls, and some leadless
packages which have solder lands underneath the body, cannot be wave soldered. Also,

leaded SMDs with leads having a pitch smaller than ~0.6 mm cannot be wave soldered,
due to an increased probability of bridging.

The reflow soldering process involves applying solder paste to a board, followed by
component placement and exposure to a temperature profile. Leaded packages,
packages with solder balls, and leadless packages are all reflow solderable.

Key characteristics in both wave and reflow soldering are:

* Board specifications, including the board finish, solder masks and vias
* Package footprints, including solder thieves and orientation

¢ The moisture sensitivity level of the packages

* Package placement

* |nspection and repair

¢ Lead-free soldering versus SnPb soldering

17.3 Wave soldering

PCAL6416A

Key characteristics in wave soldering are:

* Process issues, such as application of adhesive and flux, clinching of leads, board
transport, the solder wave parameters, and the time during which components are
exposed to the wave

¢ Solder bath specifications, including temperature and impurities
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17.4 Reflow soldering

PCAL6416A

Key characteristics in reflow soldering are:

* Lead-free versus SnPb soldering; note that a lead-free reflow process usually leads to
higher minimum peak temperatures (see Figure 43) than a SnPb process, thus
reducing the process window

¢ Solder paste printing issues including smearing, release, and adjusting the process
window for a mix of large and small components on one board

* Reflow temperature profile; this profile includes preheat, reflow (in which the board is
heated to the peak temperature) and cooling down. It is imperative that the peak
temperature is high enough for the solder to make reliable solder joints (a solder paste
characteristic). In addition, the peak temperature must be low enough that the
packages and/or boards are not damaged. The peak temperature of the package
depends on package thickness and volume and is classified in accordance with
Table 38 and 39

Table 38. SnPb eutectic process (from J-STD-020D)

Package thickness (mm)  Package reflow temperature (°C)
Volume (mm3)

<350 > 350
<25 235 220
225 220 220

Table 39. Lead-free process (from J-STD-020D)

Package thickness (mm)  Package reflow temperature (°C)
Volume (mm3)

<350 350 to 2000 > 2000
<16 260 260 260
16t025 260 250 245
>25 250 245 245

Moisture sensitivity precautions, as indicated on the packing, must be respected at all
times.

Studies have shown that small packages reach higher temperatures during reflow
soldering, see Figure 43.
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temperature

maximum peak temperature
= MSL limit, damage level

minimum peak temperature
= minimum soldering temperature

peak
temperature

time

00laac844

MSL: Moisture Sensitivity Level

Fig 43. Temperature profiles for large and small components

For further information on temperature profiles, refer to Application Note AN10365

“Surface mount reflow soldering description”.
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18. Soldering: PCB footprints

Footprint information for reflow soldering of VFBGA24 package

SOT1199-1

solder land (SL)

solder paste deposit (SP)

solder land plus solder paste

————— occupied area

solder resist (SR)

Dimensions in mm

Hx

see detail X

X
5%
R

X
LR

QRARIRXR
XK

2%
9
S
RRRKS
oo

TRK,
L
2
2
5%
3
oot
2
3
2
R

&
AR
R
29000
0
KK

%
%
o
oot
X
RS
RS
%
:0
&
KX

P SL SP SR Hx Hy
Remark:
. . . 4 . .
0-50 0.30 0-30 0-40 3.30 3.30 Recommend stencil thickness: 0.1 mm
Issue date 13-12-05 sot1199-1_fr

Fig 44. PCB footprint for SOT1199-1 (VFBGA24); reflow soldering
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Footprint information for reflow soldering of TSSOP24 package SOT355-1
Hx
Gx
(0.125) —» J'« (0.125)
7w m A | A e
i I e e
i i i i :. !
17217 I 7 7 Y 7 Y 7 1 7 N 7 S 7]
| |
! I
i :
Hy Gy | By Ay
! :
! I
! I
' I
L e gt e oma ooy
7 a9 A
L e:a:e==s:e::
I S @l g a4,
j LD2(4X) ‘«M»‘ »[ Lm
Generic footprint pattern
Refer to the package outline drawing for actual layout
%
% solder land
---- occupied area
DIMENSIONS in mm
P1 P2 Ay By (e} D1 D2 Gx Gy Hx Hy
0.650 0.750 7.200 4.500 1.350 0.400 0.600 8.200 5.300 8.600 7.450 Sot355-1 fF
Fig 45. PCB footprint for SOT355-1 (TSSOP24); reflow soldering
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Footprint information for reflow soldering of HVQFN24 package SO0T994-1
Hx
Gx
D—| |= - P | —||<— 0.025 0.025
T R TR !
HE R R '
nSPx SPx
SPy
Hy SLy By Ay
5 n
I
: !
i = _ .
%! %!
B |
SLx
Bx
Ax
Generic footprint pattern
Refer to the package outline drawing for actual layout
solder land
solder paste deposit
solder land plus solder paste
---- occupied area nSPx nSPy
2 2
Dimensions in mm
P Ax Ay Bx By C D SLx SLy SPxtot SPytot SPx SPy Gx Gy Hx Hy
0.500 5.000 5.000 3.200 3.200 0.900 0.240 2.100 2.100 1.200 1200 0450 0.450 4.300 4.300 5.250 5.250
-87-09-24-
Issue date 09-06-15 sot994-1_fr

Fig 46. PCB footprint for SOT994-1 (HWQFN24); reflow soldering
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Footprint information for reflow soldering of XFBGA24 package

SO0T13421

= 2N [

Dimensions in mm

Hx

ball A1
index area

Cu pad (CP)

solder land (SL)

solder paste deposit (SP)

solder land plus solder paste (SR)

occupied area

solder resist

P SR/SL

SP CP Hx Hy

0.40 0.18

0.20 0.25 2.20 2.20

RS
RRRRRKRS

5

ot
2%
SRR
QRS
KRS
0. ‘0

o
o
9

e
XX
S

X

3
KKK

QLLERLKS

RRKE

XS

&
X
X X )

22z

X
&

IR

S XL

see detail X

sot1342-1_fr

Fig 47. PCB footprint for SOT1342-1 (XFBGA24); reflow soldering
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Footprint information for reflow soldering of XFBGA24 package

SOT1342-1 (SMD version)

Dimensions in mm

solder land (SL)
solder paste deposit (SP)

@ solder land plus solder paste

_____ occupied area

solder resist (SR)

P SL SP SR

Hy

0.40 0.25 0.18 0.20

2.20

Issue date 13-12-05
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N

o
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3
5

ot
degsdetotede!

o
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S0t
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o202
3
2
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\\
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X
35

odeiss

QR
0o
0%

QR
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QRS
000

QRS
boes
odeses
R
R
S
Soseres
SR
0
2

%
o

%
o5
%

P
R

.
%
oo!
%
&S

o
2%

N

&5

B
Dodose!

KIKL
o
%

2 otote%
000,99,
050,09,
eS8

S

NES

X

:.0

S

&

% 2

o KBRS
SRR
S 207
oS o

o %

S

3!

o
3
%
XS
95%%%
NS
$‘0.00Q
K

see detail X

sot1342-1_smd_fr

Fig 48. PCB footprint for SOT1342-1 (XFBGA24, Solder Mask Defined version), EX option; reflow soldering
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Footprint information for reflow soldering of XFBGA24 package

SOT1342-1 (NSMD version)

solder land (SL)

solder paste deposit (SP)

@ solder land plus solder paste

_____ occupied area

— -— solder resist (SR)

Dimensions in mm

P SL SP SR Hx Hy

0.40 0.18 0.20 0.25 2.20 2.20

Issue date 13-12-05

see detail X
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Fig 49. PCB footprint for SOT1342-1 (XFBGA24, Non-Solder Mask Defined version), EX option; reflow soldering
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Footprint information for reflow soldering of UFBGA24 package SOT1361-1 (SMD version)

see detail X

Cu pad (CP)

SSS
,Q%’o’o’))o
SRR
QRIS
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<
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Fig 50. PCB footprint for SOT1361-1 (UFBGA24, Solder Mask Defined version), ER option; reflow soldering

PCAL6416A All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2014. All rights reserved.

Product data sheet Rev. 6 — 9 October 2014 56 of 61




NXP Semiconductors PCAL6416A

Low-voltage translating 16-bit 12C-bus/SMBus I/O expander

Footprint information for reflow soldering of UFBGA24 package SOT1361-1 (NSMD version)

see detail X

Cu pad (CP)

X5

XXX
L2277
—

3
XL
3

XS

X

5
9%
o
RRRKKS
% 0'0 XX
L

solder land (SL) .(

e
o

S0t}
KBKK
3RRKS
KRR
IS
KX
8

&
o
S
2

0%

.
%
2
£
&
Do
%
&
X
&
o
&
X
&
X
XL
K

0%

solder paste deposit (SP) N

solder land plus solder paste

= 2N [

_____ occupied area

— -— solder resist (SR)

Dimensions in mm -
detail X

P SL/CP SP SR Hx Hy

Remark:
0.40 0.24 0-25 0-30 230 2.30 Recommend stencil thickness: 0.08 mm
Issue date 13-12-05 sot1361-1_nsmd_fr

Fig 51. PCB footprint for SOT1361-1 (UFBGA24, Non-Solder Mask Defined version), ER option; reflow soldering
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Table 40.
Acronym

Abbreviations
Description

ESD
FET

ElectroStatic Discharge
Field-Effect Transistor

GPIO
12C-bus

General Purpose Input/Output
Inter-Integrated Circuit bus

I/0
LED

Input/Output
Light-Emitting Diode

LSB
MSB

Least Significant Bit
Most Significant Bit

PCB
POR

Printed-Circuit Board
Power-On Reset

SMBus
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21. Legal information

21.1 Data sheet status

Document status(1(2]
Objective [short] data sheet
Preliminary [short] data sheet

Product [short] data sheet

Product status[3! Definition
Development
Qualification

Production

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

1
[2
[3]

Please consult the most recently issued document before initiating or completing a design.

The term ‘short data sheet’ is explained in section “Definitions”.

The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status

information is available on the Internet at URL http://www.nxp.com.

21.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is intended
for quick reference only and should not be relied upon to contain detailed and
full information. For detailed and full information see the relevant full data
sheet, which is available on request via the local NXP Semiconductors sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product is
deemed to offer functions and qualities beyond those described in the
Product data sheet.

21.3 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

PCAL6416A

All information provided in this document is subject to legal disclaimers.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those given in
the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted or
construed as an offer to sell products that is open for acceptance or the grant,
conveyance or implication of any license under any copyrights, patents or
other industrial or intellectual property rights.
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Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific NXP Semiconductors product is automotive qualified,
the product is not suitable for automotive use. It is neither qualified nor tested
in accordance with automotive testing or application requirements. NXP
Semiconductors accepts no liability for inclusion and/or use of
non-automotive qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards, customer
(a) shall use the product without NXP Semiconductors’ warranty of the
product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s

22. Contact information

own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

21.4 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

12C-bus — logo is a trademark of NXP Semiconductors N.V.

For more information, please visit: http://www.nxp.com

For sales office addresses, please send an email to: salesaddresses@nxp.com
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