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SYSTEM BENEFITS OF 

GENERAL PURPOSE I/O 

(GPIO) EXPANDERS
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A LITTLE BACKGROUND…

• I2C-bus invented by NXP (Philips) 30+ years ago

• Simple two-wire format 

• Shrinks device footprint by reducing number of pins

• Fewer traces reduces design complexity and 

lowers system cost

NXP
Sticky Note
Invented by NXP (Philips) 30+ years ago
I2C bus uses a simple two-wire format to carry data one-bit-at-a-time
It performs inter-chip addressing, selection, control and data transfer. 
I2C bus shrink’s IC footprint by reducing number of pins, leading to lower IC costs. 
Since far fewer copper traces are needed, it enables a smaller PCB, reduces design complexity, and lowers system cost.
Simple I2C interface to MCU for peripheral building blocks - add additional IO back to the MCU
First peripheral devices (designed in Europe) to use I2C interface – PCF8574 8-bit GPIO - 1994, then PCF8575 16-bit GPIO – 1998 
System benefits - reduce the number of pins in package – reduced cost of the devices
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MARKET TRENDS AND 

DESIGN CHALLENGES
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THE INCREASING NEED FOR GENERAL PURPOSE IO EXPANDERS

• IO Expansion via I2C-bus

• Simplify Routing on PCB

• Power Management

• Voltage Level Translation

2-wire

GPIO

GPIO

Keypad Control

Microcontroller

NXP
Sticky Note
IO Expansion via I2C-bus
additional inputs for keypad, switch, signal monitoring
consolidate inputs interrupt to the Host
additional outputs for LED, ACPI power switch, relay, timers and sensors
don’t want to change the Host due to software or package feature options
Simplify Routing on PCB
place the additional IO where needed connected via I2C-bus
no need to route traces all over the PCB – reduce complexity of routing and PCB layers/cost
Power Management
not enough drive on Host pin – driving brighter LEDs
overall Power consumption – driving multiple bright LEDs
Voltage Level Translation
overvoltage tolerant – 3.3V supply with 5V interface
open drain IO – drive output to any level
dual supply GPIO – set threshold at the port voltage independent to the host interface voltage
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HOW DO I 2C GPIO EXPANDERS WORK?

I/O

~25 mA

~25 mA

 100 uA

VCC

Strong PMOS on for ½ SCL

input
Output

input
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              ~10 mA

VCC

input
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I/O

Quasi Output Open-Drain OutputTotem-Pole Output

• To write to the outputs

Address WS A
OUTPUT

DATA
A

• To read input values

Address RS A
INPUT

DATA
A

P

P
─

─

NXP
Sticky Note
Block Diagram
Power and Ground
I2C interface to the state machine 
Address pins assign the unique address
Port connected to state machine
Interrupt back to host when inputs change state
Output Types
Quasi Output
Strong PMOS transistor is on for one clock cycle to provide strong pull-up and allow for faster rising edge rate
PMOS transistor is off during static drive - Weak current source at the output
Upper transistor Very simple control architecture
Totem Pole Output
Upper PMOS transistor is turned on during static high drive
Some devices have weak pull-ups at the output – but if not then lower power consumption
Provide both high and low drive
Configure either as input or output
Open Drain Output
No upper PMOS transistor
No pull-up resistor
No weak current drive
Prevent current leakage through protection diode
Used for wired or and voltage level translation
Register /how it works for read and write
Read register – Write register – same register – single byte (two for 16 bit)
Must write high to read input - I/O’s must be HIGH before using them as inputs
So simple some engineers can’t figure out how it works
Multiple reads and writes are possible during the same communication
Important to know - At power-up, all the I/O’s are HIGH (except PCF8575C); Only a current source to VDD is active
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GPIO PORTFOLIO COVERAGE… THERE’S  MANY OPTIONS

• Over 50 unique functional devices

− Interfaces

− Output structures

− Bit widths

− Hardware and digital features

− I2C-bus speeds 

− Supply voltage rails and translation

• Wide array of industry standard and custom packages

NXP
Sticky Note
Over 50 unique functional devices
Interface – I2C, SPI
Output Structure – Quasi Bidirectional, Push Pull/Open Drain
Bit Width – 8, 16, 4, 40, 24, 34, others – normally in byte width
Hardware Features – Interrupt, Fixed Internal Pull up or Pull Down, Hardware Reset, multi State address pins, EEPROM
I2C Speed – 100 kHz Sm, 400 kHz Fm, 1 MHz Fm+ - or HsM but not common
Voltage Translation – Overvoltage tolerance, dual supply
Voltage Supply – 2.5 – 5.5, 2.3 – 5.5, 1.65 – 5.5, down to 0.8
Digital Features – Signal inversion, interrupt mask, Agile IO
Package – SO, SSOP, TSSOP, QFN, BGA, LGA – over 100 options
Wide array of devices
GPIO are basic building blocks
Many of the features are applicable to multiple segments and applications




PUBLIC9

RECENT 

DEVELOPMENTS
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RECENT PRODUCT DEVELOPMENT FOCUS AREAS
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• Voltage translation

• Multiple supplies

Single Supply Lower-Voltage Single Supply Dual Supply

• Agile IO

• More bit width options

NXP
Sticky Note
Voltage translation
Multiple supplies
Agile IO
More bit width options

Let me tell you a little bit overall about how we have done voltage level translation
Single Supply
Use level translator between Host and GPIO
Lower Voltage Single Supply
Lower operational voltage of the GPIO due to mostly newer process so level translator is not required. 
Marketing pushes designers to lower Host interface voltage due to new customer requirements.
Dual Supply
Two supply pins so that I2C interface and GPIO port operate at different voltages
Sets threshold for Vil/Vih and then one of the supplies for the internal core
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ULTRA-LOW VOLTAGE,  LOW COST,  GPIO EXPANDER S

Processor

Geometry

40 nm

28 nm

14 nm

10 nm

7 nm

5 nm

I/O Voltages

5 V

3 V

1.8 V

1.2 V

1.0 V

<1.0 V

• Voltage level translating

• VDD (I2C): 0.8 V to 3.6 V or 1.65 V to 5.5 V

• VDD (P-port): 1.65 V to 5.5 V

• ‘Agile IO’ features

• Lowest cost per bit

• Offerings:

− PCA6408A & PCA6416A: Non Agile I/O 8-bit & 16-bit

− PCAL6408A & PCAL6416A: Agile I/O 8-bit & 16-bit

− PCAL6524 & PCAL6534: Agile I/O Plus 24-bit & 34-bit

NXP
Sticky Note
Processor 
Lower Host interface voltage
Each I/O become more costly 
Device Differentiation
Ultra-low voltage: 0.8 V min on the I2C-side à support new gen ultra-low voltage micro-processors
‘Agile’ IO features
Small packages (PCB space and simplified routing)
PCA and PCAL6408A and 16A – 8 and 16-bit without and with Agile I/O – Host 1.65 to 5.5V
PCAL65xx – newer Agile I/O with Host 0.8 to 3.6V
PCAL6524EV: VFBGA36 2.6x2.6 mm
PCAL6534EV: VFBGA42 2.6x3.0 mm
Applications for PCAL65xx
Cost of silicon for lower process geometries is increasing and implementing high voltage (3 V or 5 V) IOs is expensive à simpler functions like GPIOs and VLTs are moving off the processor ICs
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MULTIPLE SUPPLIES AND LOW VOLTAGE GPIO EXPANDER

• Independent supplies

− Interface voltage range from 1.1 V to 3.6 V

− I/O voltage range from 1.1 V to 3.6 V

• Separate VDD for each 8-bit bank

• Offerings:

− PCA9574: 8-bit

− PCA9575: 16-bit

NXP
Sticky Note
These are interesting devices – very low interface voltage for both host and Port
Operating & I/O voltage range: 1.1 V to 3.6 V using split VDD
Separate VDD for each set of 8 bits allowing for 2 different output voltages for the 16-bit GPIO
Either 8 or 16 Inputs/Outputs - true bi-directional style I/O that have push-pull outputs 
bus hold feature for inputs – lower power consumption – inputs are not floating
programmable pull-up/pull-down
Bit maskable input interrupts
Hardware/software reset – allows you to put device into known state to rebuild configuration
Very low standby current: <1µA maximum
-40º C to +85º C temp range (+105º C 24- HWQFN)
PCA9574 - 16-TSSOP, 16-HVQFN (3x3x0.85 mm)
PCA9575 - 24/28-TSSOP, 24-HWQFN (4x4x0.75 mm) 
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STANDARD PUSH PULL AND AGILE IO GPIO EXPANDER DIFFERENCES

Feature
PCA6408A

PCA6416A

PCA9574

PCA9575

PCAL64xx

PCAL65xx
Advantages

Bus-Hold Enable Command Byte a
User may enable bus-hold on the I/O’s.  The bus-hold feature 

provides a valid logic level when the I/O is not actively driven.

Pull-up / Pull-down Selector 

Command Byte
a a User may program a 100-kΩ pull-up or pull-down at the I/O’s.

Interrupt Mask Command Byte a a
User may select which I/O changes would not generate an interrupt 

to reduce spurious interrupts by setting the corresponding bits in 

this register.

Interrupt Status Command Byte a a
User may read this register to identify the source of an interrupt 

directly without  having to remember the previous state of the input

Open Drain Output Register a Changes I/O  from push pull to open drain per byte

Reset Hardware
Hardware/

Software
Hardware Reset device without having to cycle power

AGILE IO DEVICES ARE FEATURE -R ICH AND PROVIDE FLEXIBIL ITY TO SYS TEM DESIGNERS

NXP
Sticky Note
Bus-Hold Enable Command Byte
User may enable bus-hold on the I/O’s.  The bus-hold feature provides a valid logic level when the I/O is not actively driven – unique to the PCA9574/75 – mobile lower voltage
Pull-up / Pull-down Selector Command Byte
User may program a 100-kΩ pull-up or pull-down at the I/O’s - Same for both
Interrupt Mask Command Byte
User may select which I/O changes would not generate an interrupt to reduce spurious interrupts by setting the corresponding bits in this register – same for both – select bitwise
Interrupt Status Command Byte
User may read this register to identify the source of an interrupt directly without having to remember the previous state of the input – same for both
Open Drain Output Register
Changes I/O from push pull to open drain per byte – customer have asked programable by bit – used for wired or – voltage level translation
Reset Hardware/Software
Reset device without having to cycle power – put it into a known state
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SMALL,  LOW-COST,  LOW VOLTAGE GPO EXPANDERS

• 4 mA push-pull outputs

• 1.1 V to 3.6 V operation

• 1 MHz I2C-bus interface

• Software Reset and power-on reset

• Available in tiny packages

• Offerings:

− PCA9570: 4-bit

− PCA9571: 8-bit

XQFN8

(1.6 x 1.6 x 0.5 with 0.5-mm pitch)

XQFN12

(1.7 x 2.0 x 0.5 with 0.4-mm pitch)

NXP
Sticky Note
These are nice devices to when only outputs are required – very small package and low cost but with some nice features
4 mA push-pull outputs
1.1 V to 3.6 V operation
1 MHz I2C-bus interface
6 mA SDA sink capability for lightly loaded buses and improved power consumption
Compliant with the I2C-bus Fast and Standard modes
Readable device ID (manufacturer, device type, and revision)
Software Reset and power-on reset
Low standby current - Vcc = 1.2 V 600 nA typ and 1.7 uA max
PCA9570 – 8-bit GPO - XQFN8 (1.6 x 1.6 x 0.5 with 0.5 mm pitch)
PCA9571 – 16-bit GPO - XQFN12 (1.7 x 2.0 x 0.5 with 0.4 mm pitch)
Interesting note – if open drain vs totem pole these could be used like quasi bidirectional GPIO
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GPIO EXPANDERS PACKAGE COVERAGE

SOIC

SO8 SO16 SO24

TSSOP

TSSOP8 TSSOP16 TSSOP24 / 28 TSSOP56

QFN

XQFN8 / HVSON8 HVQFN16 / XQFN12 HVQFN24 / HWQFN24 HUQFN32 HVQFN56

BGA

VFBGA24 VFBGA36 VFBGA42

LGA

X2QFN24

4-Bit 8-Bit 16-Bit 24-Bit 34-Bit 40-Bit

NXP
Sticky Note
Very nice view of the range of packages and bit widths that are offered
Most popular bit width is 16-bit
TSSOP is most popular for all applications except consumer and mobile which use QFN or BGA for the smaller size/PCB space constraints
LGA is very popular
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OFFERING SMALL AND LOW-PROFILE PACKAGES

BGA (Ball Grid Array) 

“Balls”

QFN (Quad Flatpack No 

Leads) “Pads”

4 x 4 x 0.75 mm

0.5-mm pitch

3 x 3 x 0.85 mm

0.5-mm pitch

2 x 2 x 0.35 mm

0.4-mm pitch

LGA (Land Grid Array) 

“Pads”

NXP
Sticky Note
QFN packages have pads on two or all four sides depending on pin count
BGA packages use a substrate to distribute the die bond pads to the ball location in an array
LGA packages are a combination of the two – without the balls – this allows for very small and thin package – we see these are very popular in smartphone and hearing aid applications.
More expensive then slightly larger QFN package
Bowl Feeder for small packages for test, can’t use BGA since balls will bump off (need WLCSP)
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WHAT’S NEXT?
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INNOVATION NEVER STOPS

• I3C – higher speed and in-band interrupt 

– backward compatible to I2C

• Continued migration to lower voltage

– both to host and support chips (port)

• GPIO default as output low – vs having 

to configure at power up

NXP
Sticky Note
I3C – higher speed and in-band interrupt – backward compatible to I2C
Continued migration to lower voltage – both to host and support chips (port)
GPIO default as output low – vs having to configure at power up
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I 3C…THE NEXT BIG THING!

Parameter MIPI I3C I2C SPI

Overview

# of lines 2-wire 2-wire (plus separate wires for each 

required interrupt signal)

4-wire (plus separate wires for each 

required interrupt signal and additional 

selects). Not multi-master

Effective Real-Data 

Bitrate

30 Mbps max at 12.5 MHz

(Typical:10.6 Mbps at 12 MHz SDR)

3 Mbps max at 3.4 MHz (Hs)

0.8 Mbps max at 1 MHz (Fm+)

0.35 Mbps max at 400 kHz (Fm)

Approx. 60 Mbps max at 60 MHz for 

conventional implementations

(Typical: 10 Mbps at 10 MHz)

From MIPI I3C White paper: http://resources.mipi.org/MIPI I3C-sensor-whitepaper-from-mipi-alliance

http://resources.mipi.org/i3c-sensor-whitepaper-from-mipi-alliance
NXP
Sticky Note
MIPI Appliance invented I3C as common bus for mobile phone sensors – it has the speed of SPI and the serial bus convenience of I2c plus the added convenience of the in-band interrupt, so the third trace is not required.
MIPI Alliance was established to design a core set of standard approaches that would enable mobile device manufacturers to source components from different vendors, better optimize the performance of their designs, and expedite the delivery of their products to end users.
This commonality will help to ensure every I3C device is truly interoperable with other devices on the bus so bus corruption or hanging is much less likely.
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NXP – AT THE FOREFRONT OF INNOVATION  

• System benefits of General Purpose I/O (GPIO) 

Expanders

− Serial interface reduces number of traces

− GPIO Expanders allow systems designers to 

increase the IOs

• Market trends and design challenges

− The increasing need for General Purpose I/O 

Expanders

• Recent developments

− Lower I/O voltage

− Multiple supplies

− Agile I/O

• Future innovation

− I3C: Higher speeds and in-band interrupt

NXP
Sticky Note
System benefits of General Purpose I/O (GPIO) Expanders
Serial interface reduces number of traces
GPIO Expanders allow systems designers to increase the IOs
Market trends and design challenges
The increasing need for General Purpose I/O Expanders
Recent developments
Lower I/O voltage
Multiple supplies
Agile I/O
Future innovation
I3C: Higher speeds and in-band interrupt

Long history of I2C – it has been 26 yrs. since first GPIO peripheral and it is still a top seller
Even with I3C I would expect I2C 400 kHz and GPIO to continue for the next 26 yrs.
I2C GPIO becoming much like Standard Logic – standardized pinout and functionality - offered by multiple vendors – but as inventor NXP will always be the leader in I2C and now I3C architecture support
Thanks for listening to this webinar and supporting I2C
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GPIO information: http://nxp.com/gpio

For questions, please contact: Stephen.Blozis@nxp.com

ADDIT IONAL RESOURCES

http://nxp.com/gpio
mailto:Stephen.Blozis@nxp.com
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Q&A
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THANK YOU




