
1

Interface Solutions for SSD based storage 

Applications

Dec. 2014

Public Version



NXP Secure Interface Solutions & Power 

I2C-bus  ENABLERS

ÅBus Buffers

ÅLevel Translators

ÅMuxes & Switches

ÅBus Controllers

I2C-bus PERIPHERALS

ÅGeneral Purpose I/Os 

(Expanders)

ÅTemperature Sensors

ÅLED Controllers

ÅStepper Motor Controller

ÅReal Time Clocks

ÅLCD Display Drivers

ÅCapacitive Touch 

Switches & 

Proximity Sensors

ÅEEPROMs & DIP 

Switches

ÅData Converters

OTHER BUSES(SPI, ETC.)

ÅBus Buffers

ÅLevel Translators

ÅGeneral Purpose I/Os 

(Expanders)

ÅReal Time Clocks

ÅLCD Display Drivers

DISTRIBUTION & 

PROTECTION

ÅLoad Switches 

ÅSurge Protection/e-

Fuses

ÅUSB Power Switches

ÅUSB PD / Type-C 

CHARGING 

ÅWireless Charging

ÅRapid Battery Charging 

ÅPOWER Management 

ÅBattery Management 

with PMIC

POWERLINE 

COMMUNICATION

ÅModems

POWER Conversion 

ÅDC-DC, Buck/Boost  

SIGNAL SWITCHES

ÅUSB Type-C

ÅThunderbolt

ÅPCIe

ÅSATA, SAS

ÅMemory Interfaces

ÅUSB

ÅDisplayPort (DP)

ÅHDMI

ÅMHL

ÅMIPI

ÅCSI/DSI

ÅVGA

ÅAudio

GENERAL PURPOSE 

SWITCHES

ÅAnalog

SIGNAL INTEGRITY

ÅHDMI/DVI Level Shifters

ÅUSB 3.0 Redrivers

ADAPTERS, BRIDGES & 

UARTs

ÅDP ïVGA

ÅDP ïLVDS

Å Inter-bus Bridges 

(I2C, SPI & UART) 

ÅUARTs

VOLTAGE REFERENCE 

& DETECTION

ÅVoltage Comparators

LEVEL TRANSLATION

ÅGTL

ÅGeneral Purpose

RF/IF

ÅLNAs, Mixers, Switches

ÅTransceivers

ÅSecurity 

ÅAuthentication

PowerSignal Management Bus Enablers & Peripherals
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Internal or external power supply

General Block Diagram:  Internal SSD Drive
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Internal or external power supply

General Block Diagram:  External SSD Drive
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General Block Diagram:  Thunderbolt based 

SSD Drive
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Opportunity for switches like CTL02043é
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Grantley-based Storage Server
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NXP Interface Solutions for:

Grantley Storage Server Platform ïEmerald Point CRB 
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Intel Reference Design

PCA9574PW
8 bits of GPIO W/ 

Interrupt 

PCA9511AD
Hot swappable I2C 

and SMBus buffers

PCA9617ADP
1MHz, 0.8V to 2.5 / 
3.3 /5 V translator

GTL2014PW
4-bit LVTTL to GTL 

transceiver

GTL2034PW
4-bit GTL  to GTL 

Buffer

Emerald Point 
Rev c

1 4 5 7 1



High Speed Analog Switching Solutions
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High Speed Signal Switches for PCIe

Slot Configuration

PCIe Slot Configuration
ïx16Ąx8Ąx4Ąx2Ąx1

April 2011

BL Interface Products - Product Line IP
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PCH

PCIe x 4

CBTL04082

PCIe x 1PCIe x 1

NEC 

µPD720200

USB

3.0

USB

3.0

Marvell

88SE6121

SATA 3 Gbps

eSATA

IDT

89HMPEB3

83ZA

eSATA

Intel Processor

PCIe x 16

CBTL04082 CBTL04082 CBTL04082 CBTL04082

PCIe x 8

Storage 

SSD 



NXP High Speed Analog Switches

General Purpose

12

BANDWIDTH CHANNELS

SUPPLY

VOLTAGE

INSERTION 

LOSS CROSSTALK

OFF-

ISOLATION PART#

PCIe

Gen 2, 

USB 3.0

5 Gbps 4 1.8V
-2dB at 3 

GHz

ī23 dB at 3 

GHz

ī23 dB at 3 

GHz
CBTU04082B

5 Gbps 4 3.3V
-1.2dB at 

2.5GHz

-30dB at 

2.5GHz

-25dB at 

2.5GHz
CBTL04082A/B

5 Gbps 2 3.3V
-0.9dB at 

2.5GHz

-30dB at 

2.5GHz

-25dB at 

2.5GHz
CBTL02042A/B

PCIe

Gen3, 

USB 3.0,

Display

Port v1.2

8 Gbps 4 1.8V
-2.8dB at 4 

GHz

-30dB at 

4GHz

-30dB at 

4GHz
CBTU04083B

8 Gbps 4 3.3V
-1.3dB at 

4GHz

-29dB at 

4GHz

-20dB at 

4GHz
CBTL04083A/B

8 Gbps 2 3.3V
-1.3dB at 

4GHz

-35dB at 

4GHz

-20dB at 

4GHz
CBTL02043A/B

10 Gbps 1 3.3V
-1.3dB at 

4GHz

-35dB at 

4GHz

-20dB at 

4GHz
CBTL01023

1212
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CBTL01023

10 Gbps, 3.3V, Mux/De-mux/Switch

Single bidirectional differential channel, 2:1 mux/demux switch

High bandwidth: 9 GHz at ī3 dB

Low insertion loss:

ïī0.5 dB at 100 MHz

ïī1.3 dB at 4.0 GHz

Low return loss: ī20 dB at 4 GHz

Low crosstalk: ī35 dB at 4 GHz

Low off-state isolation: ī20 dB at 4 GHz

Low intra-pair skew: 5 ps typical

VDD operating range: 3.3 V 

ï Standby current less than 1 ɛA

XQFN10 package

13
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CBTL02043

10 Gbps, 3.3V, Mux/De-mux/Switch

2 differential channel, 2:1 bi-directional mux/demux

Signaling Supported
Å PCIe Gen1 @ 2.5 Gbps

Å PCIe Gen2 @ 5 Gbps

Å PCIe Gen3 @ 8 Gbps

Å USB 3.0 @ 5.0Gbps

Å SATA Gen 2 @ 3.0 Gbps

Å DisplayPort v1.1a @ 2.7 Gbps

Å DisplayPort v1.2 @ 5.4 Gbps

-3dB bandwidth 10 GHz

Low inter-pair skew: 5ps max

Low crosstalk: -30dB at 5GHz

Off-isolation: -30dB at 5GHz

3.3 V supply voltage

DHVQFN 20,  2.5x4.5mm,0.5mm pitch

ESD 6kV HBM, 1kV CDM

Two pin-outs available

Å A pin-out optimized for outputs on the opposite side of input

Å B pin-out optimized for outputs on both sides of the package

A0_P B0_P

SEL

C0_P

A0_N B0_N

A1_P B1_P

A1_N B1_N

C0_N

C1_P

C1_N

XSD

14

Applications:

V Computing ïEnterprise and Storage

V Base-station 

V Network infrastructure
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CBTL04083

8 Gbps, 3.3V, PCIe Gen3 Mux/De-mux/Switch 

4 differential channel, 2:1 bi-directional mux/demux

Signaling Supported

PCIe Gen3 @ 8 Gbps

SAS Gen2 @ 6 Gbps

Insertion loss, equivalent to about 2ò of FR4 PCB trace

-0.5dB at 100 MHz

-1.0dB at 4 GHz

-3.0dB at 8 GHz

Low intra-pair skew: 5ps max

Low inter-pair skew: 20ps max

Low crosstalk: -25dB at 4GHz

Off-isolation: -10dB at 4GHz

3.3 V supply voltage

HVQFN42 package

ESD 2kV HBM, 500V CDM

Two pin outs available for PCB layout optimization

Standby current < 10 uA controlled by XSD pin
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CBTU04083

8 Gbps, 1.8V, PCIe Gen3 Mux/De-mux/Switch

4 differential channel, 2 : 1 
multiplexer/demultiplexer

Signaling Supported

PCIe Gen3 @ 8 Gbps

SAS Gen2 @ 6 Gbps

Insertion loss -2.8 dB at 4GHz

Low crosstalk: ī30 dB at 4 GHz

Low off-isolation: ī30 dB at 4 GHz

VDD operating range: 1.65 V to 2.0 V

ESD tolerance: 6kV HBM

Low bit-to-bit skew: 10 ps max (between positive 
and negative bits)

Low channel-to-channel skew: 35 ps max

HVQFN42 package
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DDR3/4 switching solution
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CBTx Bus Switch Value Proposition

Where used?

Å Custom memory bus architectures for server 
or enterprise storage applications

Å General purpose bus switching or multiplexing
Å Base station and server applications

Why used?

Å Route one bus to one of several destinations 
depending on system configuration

Å Maintain high signal integrity at high speed
Å Can be used for failover purposes in 

servers/base-stations and Flash based 
memory support in high end servers

Why use NXP?

Å Unique portfolio of bus switches
Å High speed and high signal integrity (800 

Mbps)

Bank 1
Bank 1

Bank 1
Bank n

CBTx

Switch/mux
Host
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CBTU/W Bus Memory Mux switches

Features

Used for memory interleaving

Å Unbuffered DDR DIMMs
Å Switches on motherboard or module
Å Up to 800 Mbps signaling rate

Topologies

Å CBTU4411: 11-bit 1:4 DDR2
Å CBTW28DD14: 14-bit 1:2 DDR3

Small package

Å 0.5mm ball pitch TFBGA-64
Å 0.5mm ball pitch LFBGA-72

1.5V/1.8V operation

Low On-capacitance

Optimized series resistance

19
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CBTW28DD14

DDR3 Mux

Channel width: 14 bits
ï Optimal to fit one data lane each as well as divide 

address & command bus and auxiliary signals over 

remaining muxes

SSTL_15 and SSTL_18 signaling

1.5 V or 1.8 V supply voltage

Bandwidth > 3 GHz

Supports 1.6 Gbps throughput per lane

Bidirectional ports

CMOS select signals compatible with 1.5 V and 1.8 

V signaling

Switch/mux topology: 1:2

ESD 4kV HBM, 1kV CDM

TFBGA48 package, 4.5 x 4.5mm, 0.5 mm pitch

December 22, 2014

20

Storage 

SSD 

Internal 

SSD 



21

CBTV24DD12 

DDR3/DDR4 Mux

Channel width: 12 bits
ï Optimal to fit one data lane each as well as divide address & 

command bus and auxiliary signals over remaining muxes

Supply Voltage: 1.8V-3.3V

Bandwidth: 8 GHz

Input Return Loss: -16dB @ 4GHz

Skew < 6ps (3 ps typical)

RON: 8 ohms; RON < 1 ohm

Supports 3.2 GT/s throughput per lane

Bidirectional ports

CMOS select signals

Switch/mux topology: 1:2

ESD 2kV HBM, 1kV CDM

VFBGA48 package, 3.0 x 8.0 x  1 mm, 0.65 mm pitch

Storage 

SSD 

Internal 

SSD 



4:1 mux ïCBTU4411 (DDR2 speeds)

2:1 mux ïCBTW28DD14 (DDR3 speeds)

2:1 mux ïCBTV24DD12 (DDR4 speeds) 

FPGA

Load distribution application example

SSD based storage system

Flash Memory

Storage 

SSD 
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USB Type C Solutions
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CBTL04GP043 

Crossbar Multiplexer

4-channel crossbar multiplexing
ï 2 high-speed, large voltage swing differential 

channels 2:2 mux

-3dB bandwidth: 8.5GHz for Vic=2.2V

Low insertion loss

ï -1dB at 100 MHz

ï -1.5dB at 2.5 GHz

Low off-state isolation: -16dB at 2.5GHz

Low return loss: -20dB at 2.5GHz 

Low crosstalk: -20dB at 2.5GHz

Low intra-pair differential skew (5 ps

typical)

Low inter-pair skew (70 ps typical)

Single 3.3 V supply voltage

Package: XFBGA28,  2mm x 4mm, 

0.5mm ball pitch

Signaling supported: 
ï DisplayPort v1.2 @ 5.4Gbps

ï PCIe Gen2 @ 5.0Gbps 

ï PCIe-Gen3 @ 8Gbps

ï HDMI 1.4 @ 3.4Gbps

ï USB3 @ 5.0Gbps

ï UART

ï USB2

ï DP AUX

Applications:
ï Portable devices, Computing applications

ï Applications where reversible connectors are 

required

ï Enterprise applications 
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NX5P2090  Load Switch with OVP/OTP

2626

Power switch for USB OTG 3.0 applications
ï NX5P2090 is designed for USB OTG and general USB applications.

ï Isolates VBUS OTG voltage source from interface pin during over-current or over-

temperature events

ï Externally adjustable current limit; output voltage detect, OVP, OTP, and  fault indicator

ï Used in power domain isolation applications to reduce power dissipation and extend 

battery life

Features
ï Operates from 3.0 to 5.5 V

ï Low ON resistance: RON typ 60 mɋ

ï VBUS 30V Tolerant 

ï Short circuit protection

ï OVLO and UVLO protection

ï Adjustable current: 200 mA to 2000 mA

ï Over-temperature protection at 125 ϊC

ï Reverse bias current protection

ï Soft start turn-on, slew rate controlled

ï ESD IEC contact 8kV 

Package:  WCSP9, 1.4X1.4, 0.4mm pitch

External 

SSD 
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DisplayPort/Thunderbolt switches
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CBTL05023 Thunderbolt Mux

CBTL05023 is optimized to interface TBT/miniDP

connector for TBT applications

Excellent Signal Integrity to support 5.4Gbps DP1.2 

HBR2 data rate

ï -15dB DDRL @ 2.5GHz for DP MUX

ï -2dB DDIL @ 2.5GHz for DP MUX

ï 7GHz bandwidth with 3.3V common mode input 

voltage 

Å Pass rail-to-rail LS signal swing without clipping

Optimized Integration to work with external PIN diodes 

for 10Gbps+AUX/DDC MUX

ï BIASOUT buffer supports bias current up to 6 PIN 

diodes

ï Integrated bias R for PIN diode path

HPD input buffer with 5V tolerant 

Small 3 mm X3 mm HVQFN24 package with 0.4mm 

pitch 

28
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Highly integrated MUX for Thunderbolt application

2-channel multiplexing
ï 1 channel 3:1 muxing

Å Thunderbolt RX signal @ 10.3125Gbps

Å DisplayPort AUX

Å Rail-to-rail DDC

ï 1 channel 2:1 muxing
Å DisplayPort main link @ 5.4Gbps

Å Thunderbolt LSTX/LSRX 

Buffers for HPD, CA_DET, and LSRX
ï HPD input buffer with 5V tolerant

ï LSRX works at VDD=2.3V 

Thunderbolt channel
ï -3dB bandwidth: 10GHz

ï Low insertion loss: -1.3dB at 5GHz

ï Low return loss: -16dB at 5GHz 

ï Ron: 8ohm typical

DisplayPort channel
ï -3dB bandwidth: 6GHz

ï Low insertion loss: -2dB at 2.7GHz

ï Low return loss: -15dB at 2.7GHz 

ï Ron: 9ohm typical

Single 3.3 V supply voltage

ESD: 1500V HBM, 500V CDM

Package: HVQFN24, 3mm x 3mm, 0.4mm pitch

29
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XSD_N

CBTL06DP213 

5.4 Gbps DisplayPort 1.2 Switch

Bi-directional switch for DPv1.2 applications
ï 2:1 mux/switch of 4 high speed lanes of DP main link 

ï 4:1 mux/switch of DP AUX channels/DDC signals

ï 2:1 mux/switch of DP HPD signal 

ï 2 selection pins and 1 shutdown pin

Excellent signal integrity
ï RON: 14Ý

ï Diff. return loss

Å -20 dB @ 100 MHz

Å -17 dB @ 1.35 GHz

Å -13 dB @ 2.7 GHz

ï Diff. insertion loss

Å -0.9 dB @ 100 MHz

Å -1 dB @ 1.35 GHz

Å -1.3 dB @ 2.7 GHz 

ï -3dB BW: 11 GHz

Supply voltage 3.3V

Current: active (2 mA typical), shutdown (10 µA) 

ESD 2kV HBM, 500V CDM

Package: TFBGA48,  5 x 5 x 1.15 mm, 0.5mm pitch

30
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USB 3.0 Redrivers
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USB 3.0 Redrivers
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DESCRIPTION CH BW SETTINGS POWER PACKAGE PART#

Single Port 2 channels 5 Gbps

5-state

quinary pins

OS, EQ, DE

53 mW @ U2/U3

20 mW @ No Connect

10 mW @ Sleep mode

Vdd = 3.3V

HVQFN24 PTN36241B

Dual Port 4 channels 5 Gbps
binary pins

OS, EQ, DE

66 mW @ U2/U3

26 mW @ No Connect

0.5 mW @ Sleep mode

Vdd = 3.3V

HVQFN32 PTN36242L

Half port
1 channel 

TX or RX
5 Gbps

adjustable RX

equalization, 

TX de-emphasis &

output swing

active: 97 mW (54mA)

deep power saving: 18 µW (10 µA)

Vdd = 1.8V

X2QFN12

1.6 x 1.6 x 0.35 

mm, 0.4 mm pitch

PTN36221A

N
E

W

Single port

2 channels

TX and RX
5 Gbps

adjustable RX

equalization both 

channels, 

TX de-emphasis &

output swing

active: 189 mW (105 mA)

U2/U3 state: 1.8 mW (1 mA) 

no connection: 0.9 mW (0.5 mA)

deep power saving: 18 µW (10 µA)

Vdd = 1.8V

X2QFN12

1.2 x 2.0 x 0.35 

mm, 0.4 mm pitch

PTN36241G 

Provide signal integrity enhancement functions for insertion loss compensation 

and inter-symbol interference recovering
ï Achieve longer transmission distance 

ï Easy to pass USB 3.0 compliance test and solve interoperability issues caused by 

deteriorated signal integrity

External 

SSD 



PTN36241B USB 3.0 Redriver

33

Differential signal processing 

chain delivering high signal 

integrity  performance 

Ultimate configuration flexibility
ï5-level programming pins 

(patent-pending quinary pins)

ï Intelligent I2C muxing on same 

pins

Intelligent power management 

with multiple power modes

Patent-pending auto compliance 

mode for easy, automatic 

compliance testing 

LFPS

CP0

CP1

CP2

CP3 CP6

CP7

CP8

CP4 CP5

ping.LFPSping.LFPS

ping.LFPS

ping.LFPS

ping.LFPS

ping.LFPS

ping.LFPS

ping.LFPS

ping.LFPS

Compliance Mode

External 

SSD 
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PTN36241B USB 3.0 Redriver

Supports USB 3.0 (SuperSpeed) (5 Gbps)

Highlights
ï Link budget enhancement compensates for high-

frequency losses/inter-symbol interference

ï Programmable equalizer and de-emphasis through 

pins or I2C bus

ï Selectable output swing, transmit emphasis and 

receive equalization & input signal threshold

ï Rx termination indication & detection 

LFPS detection and forwarding

Hot plug capable

Specifications
ï ESD HBM 6kV,  CDM 1.25kV

ï Power supply: 3.3V  

ï Package: HVQFN24 (4 mm x 4 mm, 0.5 mm pitch)

Transparent top view

External 

SSD 



PTN36241B USB 3.0 Redriver Use Case 

Grantley Server Reference Designs 

35

PTN36241B

PTN36241B

Rear USB 3.0

connector 
Rear USB 3.0

connectors

PTN36241B

Note: PTN36241B equivalent part used on reference designs

External 

SSD 



PTN36242L

Dual-Port USB 3.0 Redriver
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EMPHASIS 

FILTER

SQUELCH AND 

LFPS 

DETECTION

RX 

TERMINATION 

DETECTION

equalizer line driver

EMPHASIS 

FILTER

SQUELCH AND 

LFPS 

DETECTION

RX 

TERMINATION 

DETECTION

equalizerline driver

DEVICE CONTROL AND MANAGEMENT

EMPHASIS 

FILTER

SQUELCH AND 

LFPS 

DETECTION

RX 

TERMINATION 

DETECTION

equalizer line driver

EMPHASIS 

FILTER

SQUELCH AND 

LFPS 

DETECTION

RX 

TERMINATION 

DETECTION

equalizerline driver

A1OUT-

A1OUT+

A1IN-

A1IN+

B1OUT-

B1OUT+

B1IN-

B1IN+

A2OUT-

A2OUT+

A2IN-

A2IN+

B2OUT-

B2OUT+

B2IN-

B2IN+

VDD=3.3V

ADE0

ADE1

AEQ0

AEQ1

PTN36242L

CE

BDE0

BDE1

BEQ0

BEQ1

TEST

OS

Supports USB 3.0 (SuperSpeed) (5 Gbps)

Highlights
ï Link budget enhancement compensates for 

high- frequency losses/inter-symbol interference

ï Programmable equalizer and de-emphasis 

through pins or I2C-bus

ï Selectable output swing, transmit emphasis and 

receive equalization & input signal threshold

ï Rx termination indication & detection 

Low power
ï Low active power: 775 mW

ï Low power-saving mode: 80 mW in U2/U3 

states

Power supply: 3.3V

Package: HVQFN32
ï 3x6x0.85 mm, 0.4 mm pitch

External 

SSD 



PTN36221A ïUSB 3.0 Redriver
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SuperSpeed USB 3.0 compliant

Adjustable receive equalization, transmit de-

emphasis, and output swing functions 

Low power management scheme (VDD=1.8V)
ï Active power:  97 mW (54 mA)

ï U2/U3 state: 5 mW (2.8 mA)

ï No connection: 1 mW (0.55 mA)

ï Deep power saving: 18 µW (10 µA)

Hot plug capable 

Supply voltage (VDD): 1.8V ±5% 

ESD 8kV HBM; 1kV CDM

Operating temperature range: -40 to 85 oC

Package: small, thin X2QFN12, 

1.6 x 1.6 x 0.35 mm, 0.4 mm pitch

VDD

PTN36221A

EMPHASIS 

FILTER

Signal Detection

RX 

TERMINATION 

DETECTION

equalizer line driver

DEVICE CONTROL AND MANAGEMENT

TXN

TXP

RXN

RXP

OSEQ

VSS

EN DE

External 

SSD 



System Management
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Standard I2C building blocks

Overview of all standalone peripherals

µC

I2C General 

Purpose I/O 

Expanders

I2C LED 

Blinkers / 

Dimmers

I2C DIP 

Switches

I2C

AD or DA 

Converters

I2C Serial 

EEPROMs 

& RAM

LCD 

Drivers

(with I2C)

I2C Real Time 

Clock / 

Calendar

I2C 

Temperature 

Sensors

Custom I²C 

Slaves / 

Masters

I²C Bus Buffers, 

Hubs, Repeaters 

& Translators

I²C in hardware 

or software 

emulation 

µC
I²C Bus 

Controllers

PCA9541A 

/9641

I2C Master 

Selector / 

Demux

I2C 

Mulitplexers 

& Switches 8

Bridges

(with I²C)

VCC4

SPI

UART

VCC5

VCC3

VCC2

VCC0

VCC1

Functions with I2C

I2C Bus Enablers

Custom I2C hardware 

or software emulated

Other hardware

On-board   Off-board

On-board   Off-board
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Capacitive 

Sensors

Stepper 

Motor 

Controller

UARTs

Storage 

SSD 

Load 

Switches
Comparators

I2C 

FastMode+

Demo Boards 

& Support



NXP I2C Fast Mode Plus Devices ïPCA96xx

40

Bus speed DC to 1 MHz fully compatible with existing I2C and SMBus
ïHigher bandwidth allows more devices on the bus and more 

complicated patterns w/o addition of buffers

Bus drive strength 10x normal I2C I/O drive w/o addition of buffers
ïDrive heavier capacitive load or longer cable lengths
ïLow cost alternative to USB, Ethernet, wireless

New practical features
ïSoftware reset of I/O ports (via I2C bus) 
ïHardware reset pin 
ïHardware address pins connecting to VCC, GND, SCL, SDA allow up to 

64 addresses vs the normal 8 using only three pins

New NXP CortexÊ microcontrollers support Fast-mode plus

Target applications: amusement/gaming, lighting, remote user interface 
applications (e.g. POS, security, kiosk, etc)

I2C-bus Specification UM10204 at www.nxp.com/i2c

I2C
Storage 

SSD 

http://www.nxp.com/i2c


NXP Fast-mode Plus Product Offerings

Bus 

Controller
Bus Buffer LED Controller GPIO

Device Device Device CHAN

TYPE

(OD = Open 

Drain; TP = 

Totem Pole )

OUTPUT

Device # I/O RESET

(mA) (V)

PCA9661

PCA9663

PCA9665

PCA9600

PCA9601

PCA9617A

PCA9646

PCA9622 16 OD 100 40 PCA9672 8 YES

PCA9624 8 OD 100 40 PCA9673 16 YES

PCA9626 24 OD 100 40 PCA9674/74A 8 NO

PCA9632 4 OD/TP 25/10 5 PCA9670 8 YES

PCA9633 4 OD/TP 25/10 5 PCA9675 16 NO

PCA9634 8 OD/TP 25/10 5 PCA9671 16 YES

PCA9635 16 OD/TP 25/10 5

PCA9698 40 YES

PCA9685 16 OD/TP 25/10 5

PCA9955A 16
Constant 

current
57 20

PCA9956A 24
Constant 

Current
57 20
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General Purpose I/O Expanders
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Storage 
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GPIO Expanders Value Proposition

Why used?

ïEasily adds I/O via I2C-bus

ïAdditional inputs for keypad, switch and fan control

ïAdditional outputs for LED control, power switch 

and timers.

Where used?

ïNetworking platforms, Backplanes

Why NXP GPIOs?

ïLargest selection of 4, 8, 16 and 40-bit GPIO in  

Quasi-bidirectional and Push-pull outputs with 

Interrupt and/or reset in a wide range of packages

ïWide selection of low power/low voltage (1.8V) 

GPIO  expander portfolio suitable for mobile 

applications

ïContinuous innovation with new features

2-wire

GPIO
GPIO

Keypad Control

Zoom-in view

Microcontroller
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Flexible I/O (Output) Structures

ÅNo upper PMOS transistor

ÅNo pull-up resistor

ÅNo weak current drive

ÅStrong PMOS transistor is turned 

on only during the LH transition

ÅPMOS transistor is off during static 

drive

ÅWeak current source at the output

ÅUpper PMOS transistor is turned 

on during static high drive

ÅSome devices have weak pull-ups 

at the output

I/O

~25 mA

~25 mA

 100 uA

VCC

Strong PMOS on for ½ SCL

input
Output

input

~25 mA

              ~10 mA

VCC

input

R*

I/O

Quasi Output Open-Drain OutputTotem-Pole Output

44
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I2C GPIOs

Quasi Output 

Features
ï8- and16-bit in quasi-bidirectional outputs with interrupt and/or reset

ïWide range of packages

45

BITS V RANGE BANDWIDTH RESET INT I/O PULL-UP [1] NOTES PART(S)

8

2.5V to 6.0V 100 kHz NO YES weak PU PCF8574(A)

2.2V to 3.6V
400 kHz NO NO weak PU 2 Kb EEPROM PCA9500

400 kHz NO YES weak PU 2 Kb EEPROM PCA9501

2.3V to 5.5V

1 MHz YES NO weak PU PCA9670

1 MHz YES YES weak PU PCA9672

1 MHz NO YES weak PU PCA9674 (A)

16

2.5V to 5.5V 400 kHz NO YES weak PU PCF8575

2.3V to 5.5V

400 kHz NO YES weak PU PCA8575

1 MHz YES NO weak PU PCA9671

1 MHz YES YES weak PU PCA9673

1 MHz NO YES weak PU PCA9675

Note [1]: The Quasi-outputs have a strong pull-up (transistor) to VDD to allow fast rising edges into heavy loaded outputs.

The devices with weak pull-ups have a 100-mA current source to VDD.

I2C
Storage 

SSD 



I2C GPIOs 

Totem-Pole Output
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I2C
Storage 
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BITS V RANGE BW RESET INT I/O PULL-UP NOTES PART#

4 2.3 to 5.5V 400 kHz
NO NO PCA9536

YES YES PCA9537

8

2.5 to 3.6V

400 kHz

YES YES SPI & I2C PCA9502

2.3 to 5.5V YES PCA9534

2.3 to 5.5V

YES YES

PCA9538

1.65 to 5.5V
Low standby current: 1.5 µA typ at 5V supply; 1.0 µA typ at 

3.3V supply
PCA9538A

2.3 to 5.5V
YES 100 KW

Use PCA9554A for alternate I2C address PCA9554/A

1.65 to 5.5V Use PCA9554C for alternate I2C address PCA9554B/C

2.3 to 5.5V YES PCA9557

1.1 to 3.6V YES maskable
prog. PU / PD or 

bus hold

low voltage, 2 supplies for level translation

Selectable Open Drain
PCA9574

1.65 to 5.5V YES YES Standby current: 3 µA max dual VCC PCA6408A

16

2.3 to 5.5V

400 kHz

NO

YES PCA9535

1.65 to 5.5V YES
Low standby current: 1.5 µA typ at 5V supply; 1.0 µA typ at 

3.3V supply
PCA9535A

2.3 to 5.5V

YES YES

PCA9539

2.3 to 5.5V ñRò version resets I2C-bus state machine PCA9539R

1.65 to 5.5V PCA9539A

2.3 to 5.5V
YES 100 KW

PCA9555

1.65 to 5.5V PCA9555A

1.1 to 3.6V YES maskable
prog. PU / PD or 

bus hold

Active low, low voltage, 3 supplies for level trans, 

Selectable Open Drain
PCA9575 

1.65 to 5.5V YES YES
Dual VCC; low standby current: 1.5 µA typ at 5V supply; 1.0 

µA typ at 3.3V supply
PCA6416A

40
2.3 to 5.5V 400 kHz

YES YES 100 KW OE PCA9505

YES YES OE PCA9506

2.3 to 5.5V 1 MHz YES YES OE, Selectable Open Drain PCA9698



I2C GPIOs

Open Drain Output 

No upper PMOS transistor

Prevent current leakage through protection diode

47

BITS V RANGE BANDWIDTH RESET INTERRUPT I/O Pull-Up NOTES PART(S)

8 3.0V to 3.6V

400 kHz

NO NO weak PU

2 Kb EEPROM, 

with 5-bit mux, 1-

bit latch dip switch

PCA9558

16
2.3V to 5.5V NO YES PCA9535C

4.5V to 5.5V NO YES PCF8575C

I2C
Storage 

SSD 



New PCAxxxxA Low Voltage GPIO Family 

Operates Down to 1.65V and Up to 5.5V

48

Benefit 
ï Lower VCC to 1.65V on GPIO supply eliminates the need for a voltage translator

Easy migration 
ï Drop-in replacement for existing PCA95XX GPIO family

ï Alternate source to Texas Instruments TCAxxxx family

I/O
 P

o
rts

GPIO 

Application

Host

CPU

PCA9555A
VDD2

(1.8 V)

VDD1

(1.8 V)

I/O
 P

o
rts

VDD

GPIO 

Application

Host

CPU

PCA9555

Translator 

(PCA9306

VDD2

(2.3 V)

VDD1

(1.8 V)

I/O
 P

o
rts

I/O
 P

o
rts

VDD

I2C
Storage 

SSD 



PCA6416A 

Dual Vcc Low-voltage, 16-bit I2C-bus I/O expander with 

interrupt output, reset, and configuration registers
Features

Operating Power-Supply Voltage Range of 1.65 V to 5.5 V

Low Standby Current Consumption of 3 uA Maximum

Allows Bidirectional Voltage-Level Translation and GPIO 

Expansion Between 1.8, 2.5, 3.3 or 5 V SCL/SDA and 1.8, 2.5, 

3.3, or 5 V Totem Pole configured I/O Port

Schmitt-Trigger Hysteresis of 10% of SCL/SDA Supply Voltage

Noise Filter on SCL/SDA Inputs

Fast Mode I2C Bus Operating Frequency of up to 400-kHz

Active-Low Reset Input

Open-Drain Active-Low Interrupt Output

5-V Tolerant I/O Ports

High current Drive for Directly Driving LEDs

Input/Output Configuration Register

Polarity Inversion Register

Internal Power-On Reset

Power-Up With All Channels Configured as Inputs

No Glitch On Power-Up

Package ï24 pin TSSOP, HWQFN and BGA

Latch-Up Performance Exceeds 100 mA per JESD 78, Class II

ESD Protection Exceeds JESD 22

ï2000-V Human-Body Model (A114-A) 

ï1000-V Charged-Device Model (C101)
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PCAL GPIO Family with Agile I/O

Low Voltage / Operates Down to 1.65V and Up to 5.5V

Operates Down to 1.65V and Up to 5.5V

Easy migration: drop in replacement for existing PCA95XX GPIOs

Features input latch, /INT mask and other new Agile IO features

50

BITS V RANGE BW RESET INT I/O PULL-UP NOTES PACKAGE PART#

8 1.65 to 5.5V 400 kHz

YES YES programmable single VCC HVQFN16, TSSOP16
PCAL9554B

PCAL9554C

YES YES programmable single VCC HVQFN16, TSSOP16 PCAL9538A

YES YES
programmable

dual VCC

HVQFN16, TSSOP16,

XQFN16, XFBGA16
PCAL6408A

16
1.65 to 

5.5V
400 kHz

YES programmable
single VCC & 

advanced IO
HWQFN24, TSSOP24 PCAL9555A

YES programmable
single VCC & 

advanced IO
HWQFN24, TSSOP24 PCAL9535A

YES YES programmable
single VCC & 

advanced IO
HWQFN24, TSSOP24 PCAL9539A

YES YES programmable
Voltage Level 

Translation

TSSOP24, HWQFN24, 24-

pin BGA (XFBGA, VFBGA 

& UFBGA) 

PCAL6416A

N
E

W

24
0.8 to 

3.6V
1 MHz YES YES programmable

Additional Agile 

I/O features

QFN32, TSSOP32, 

UFBGA32
PCAL6524

I2C
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Features of the PCALxxxx IO Expanders 

Backwards compatible to existing GPIOs with new superset of registers to control the 

configurable features. The PCA64xxA and PCA95xxA devices will be drop in replacements 

while the PCAL64xxA and PCAL95xxA will offer these additional features:

GPIO input latch (bit by bit ïdefault not latched): 

Lock I/O pin changes on input until the register is read.

GPIO output drive strength control (bit by bit ïdefault 10 mA push and 25 mA pull):

User can program I/O drive strength 25%, 50%, 75% or 100%

This output can be used to control the brightness of LEDs.

GPIO open drain control (24-bit bit by bit and 8 and 16-bit bank by bank ïdefault push pull):

Provide an optional open-drain output for each I/O pin.

This output can also provide an additional wired-OR plane.

GPIO pull up or pull down (bit by bit ïdefault no PU/PD):

User can turn on/off an internal pull-up or pull down on each I/O pin.  

GPIO interrupt mask and interrupt status (bit by bit ïdefault not masked):

User can enable or disable interrupts of each I/O pin.

Identifies the source of interrupts of each I/O pin.
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PCAL6416A
Dual-VCC Low-Voltage, 16-Bit I2C-Bus Expander with latchable inputs, 

maskable interrupt, and other programmable I/O features

Features:

Operating Power-Supply Voltage Range of 1.65 V to 5.5 V

Low Standby Current Consumption of 3 µA (Max)

Bidirectional Voltage-Level Translation between 1.8V to 5V SCL/SDA 

and 1.8V to 5V Totem Pole configured I/O Port

Schmitt-Trigger Hysteresis; 10% of I2C-Bus Supply Voltage

Fast Mode I2C-Bus Operating Frequency of up to 400-kHz

Active-Low Reset Input

Open-Drain Active-Low Interrupt Output

5-V Tolerant I/O Ports

Output port configuration:  bank selectable push-pull or open-drain 

output stages

Interrupt status (read-only) register identifies interrupt source

Bit-wise I/O programming for output drive strength, input latch, pull-

up/pull-down enable, pull-up/pull-down selection, and interrupt mask

High current Drive for Directly Driving LEDs

Internal Power-On Reset

Power-Up With All Channels Configured as Inputs

No Glitch On Power-Up

Package ï24 pin TSSOP, HWQFN, BGA and HLA

Latch-Up Performance Exceeds 100 mA per JESD 78, Class II

I2C
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PCAL6524 
Two Vcc Low-voltage; 24-bit I2C-bus I/O expander with additional 

Agile I/O features and FM+

53

Features
ï 24-bit GPIO

ï ~ 0.85 ï3.6V I2C-bus for interface to processor

ï 1.65 ï5.5V I/O and core supply

ï Fm+ (1MHz) interface

ï Additional Agile I/O + features:

Å Enhanced input read  & INT status functionality

Å Input hysteresis for noise immunity

Å Clock gating for lower power

Å Auto increment mode for ease of use

Å SMBus ARA, device ID, software reset I2C interface

Å Latched input - register for latched state and also actual current input state

ï Logic transition level that will generate interrupt (high or low going)

ï Read the interrupt flags to determine which inputs have an interrupt request

ï Ability to clear individual interrupt flag

ï 5 state per address pin

ï Slew control (Port I/O)

ï Packages:  TSSOP32, QFN32, UFBGA32

I2C
Storage 

SSD 
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I2C Low-Voltage GPOs 

Small, low voltage, low cost

General purpose, output only

54

BITS V RANGE BW RESET INT I/O PULL-UP NOTES PACKAGE PART#

4 1.1V to 3.6V 1 MHz SW NO YES 4 mA PP outputs
TSSOP8, 

XQFN8 
PCA9570

8 1.1V to 3.6V 1 MHz SW NO YES 4 mA PP outputs

XQFN12, 

DHVQFN14, 

TSSOP14

PCA9571 

I2C
Storage 

SSD 



Small, low-cost, low voltage

Features
ï Supply voltage: 1.1 to 3.6V

ï 4-bit, 4 mA push-pull outputs

ï Supply current : 20 ɛAtyp. operational, 75 ɛAmax.

ï 1 MHz I2C-bus interface with 6 mA SDA sink capability for lightly 

loaded buses and improved power consumption

ï I2C-bus Fast Mode compliant 

ï Readable device ID (manufacturer, device type, and revision)

ï Software reset and power-on reset

Packages:
ï TSSOP8

ï XQFN8 (1.2 x 1.4 x .5mm or 

1.6 x 1.6 x .5 mm)

ESD protection exceeds 

2000V HBM

PCA9570 4-bit GPO Expander
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PCA9571 8-bit GPO Expander

Small, low-cost, low voltage

Features
ï 1.1 to 3.6V operation with 8-bit, 4mA push-pull outputs

ï Supply current : 20 ɛAtyp. operational, 75 ɛAmax.

ï 1 MHz I2C-bus interface with 6 mA SDA sink capability 

for lightly loaded buses and improved power consumption

ï I2C-bus Fast Mode compliant 

ï Readable device ID (manufacturer, device type, and revision)

ï Software reset and power-on reset

Packages
ï XQFN12, DHVQFN14, TSSOP14

ESD protection: 

exceeds 2000V HBM
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LED Controllers
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Why used?

ïOffloads CPU from blinking and status operation

Where used?

ïStatus indicator and control on cards and back panel. 

Why NXP LED Controller?

ïLarge selection of LED Controllers in a wide range of packages

ïMinimized supply voltage ripple with programmable LED outputs phase shifting

ïThermally enhanced HTSSOP package

LED Controllers Value Proposition
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