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Features

C Operating power supply voltage range of 0.8V to 3.6V on
the I’C-bus side
C Allows bidirectional voltage-level translation and GPIO
expansion between:
0.8V to 3.6V SCL/SDA and 1.8/2.5/3.3/5.5V Port
Low standby current consumption:
2 pA typical at 3.3 V Vppp)
5.5V tolerant I/O ports and 3.6 V tolerant I*C-bus pins
1 MHz Fast-mode Plus I*C-bus interface
Compliant with the I?C-bus Fast-mode plus, Fast-mode
and Standard mode

(@]

O O O

C 1/O Features

Output port configurations: bank selectable or pin

selectable push-pull or open-drain output stages

Interrupt status: read-only register identifies the source

of an interrupt

I/O 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: 100k-ohm  pull-
up/pull-down resistor selection

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

- Interrupt edge specification on a bit-by-bit basis

- Interrupt individual clear without disturbing other
events

- Read all interrupt events without clear

- Switch debounce hardware

- General call software reset

- I’C software Device ID function

C Power-on reset

C Active LOW open-drain interrupt output () . )4

C Active LOW reset input (2 %3 P04

C Latch-up tested (exceeds 100mA)

C Latched Outputs for Directly Driving LEDs

C AEC-Q100 (Grade 2)

C Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)

C Halogen and Antimony Free. “Green” Device (Note 3)

C The PI4IOE5V6534Q is suitable for automotive
applications requiring specific change control; this part is
AEC-Q100 qualified, PPAP capable, and manufactured in
IATF 16949 certified facilities.

https://www.diodes.com/quality/product-definitions/

C Packaging (Pb-free & Green):

46-Pin, Wettable TQFN 4.5x6.5mm (ZLW)

Notes:

A Product Line of .
Diodes Incorporated ’ umICDM
P1410E5V65340
Low-Voltage Translating 34-bit 12C-bus I/O Expander

Description

The PI4IOE5V6534Q is a 34-bit general-purpose I/0O
expander that provides remote I/O expansion for most
microcontroller families via the I*C-bus interface.

The device provides a simple solution when additional I/Os
are needed while keeping interconnections to a minimum,
for example, in battery-powered mobile applications for
interfacing to sensors, push buttons, keypad, etc.

The expander IC can operate from 1.65 V to 5.5 V on the
GPIO-port side and 0.8 V to 3.6 V on the SDA/SCL side. This
allows the PI4IOE5V6534Q to interface with next generation
microprocessors and microcontrollers on the SDA/SCL side,
where supply levels are dropping down to conserve power.
The Vpp (c-bus) pin in PI4AIOE5V6534Q provides bidirectional
voltage-level translation, and the pin should be connected to
the Vpp of the external SCL/SDA lines. The voltage level on
the GPIO-port of the PI4IOE5V6534Q is determined by
Vo).

At power-on, the I/Os are configured as inputs; however,
the system master can enable the I/Os as either inputs or
outputs by writing to the I/O direction bits. The data for each
input or output is kept in the corresponding Input or Output
register. All registers can be read by the system master.
PI4IOE5V6534Q has open-drain interrupt (£ "Bfjoutput
pin that goes LOW when the input state of a GPIO-port
changes from the input-state default register value. The
device also has an interrupt masking feature, which the user
can use to mask the interrupt from an individual GPIO-port.

1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.

2. See https://www.diodes.com/quality/lead-free/ for more info r mat i on
3. Halogen- and Antimony-f r ee " Gr eeno
antimony compounds.

P1410E5V6534Q
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P1410E5V65340
Pin Configuration
46 |ﬂ E‘ 43| |a2| |41| [40| [39| |38
P4 0 [37 | P26
P4_1 [36 | P25
NC [35 | P24
NC [34]P23
ADDR [33 | P22
RESET | 6 | [32]P2_1
VDD(P) vss [31 P20
scL [30 | vss
spbA | 9] [29 | NC
VDD(I2C) [28 | P17
INT [27 | P16
NC [26 | P15
PO_O [25 | P14
PO_1 [24 | P13
o] o 7] el el ] ] L 2
feeegdeacza
Transparent Top View
Pin Description
Pin Name Pin# Description
P4 0 1 Port4 input/output 0.
P4 1 2 Port4 input/outputl.
NC 3,4,12,29 No Connected
ADDR 5 Address input. Connect directly to VOI2C-bus), groundSCL orSDA.
2 %3 %64 6 égg\r:zc;c(;)nmilmrseesde.t input. Connect topY (oc.ous) through a pulup resistor if no activ
Vb (p) 7 Supply voltage oPI4IOE5V6534Cfor Port P.
SCL 8 Serial clock bus. Connect taY 2c-ous) through apull-up resistor.
SDA 9 Serial data bus. Connect t@}2c-ous) through apull-up resistor.
Voo (26 10 ﬁlrjpply voltage ofAC-bus. Co_nnect directly to theDD of the external®C master.
ovides voltagéeveltranslation.
) . 4 11 Interrupt output. Connetd Vpp g2c-bus)OF Voo (py through a pulup resistor.
PO O 13 Port 0 input/output O.
PO 1 14 Port O input/output.
PI4I0E5V6534Q www.diodes.com April 2021
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P1410E5V65340
Pin Name Pin# Description

PO_2 15 Port 0 input/outpug.
PO_3 16 Port 0 input/outpus.
PO 4 17 Port O input/outpud.
PO 5 18 Port O input/outpub.
PO_6 19 Port 0 input/outpus.
PO_7 20 Port 0 input/output.
PLO 21 Port 1 input/output O.
PL 1 22 Port 1 input/output.
PL 2 23 Port 1 input/outpu®.
P1 3 24 Port 1 input/outpu8.
P1 4 25 Port 1 input/outpud.
P15 26 Port 1 input/outpub.
P1 6 27 Port 1 input/outpu®.
PL 7 28 Port 1 input/outpuft.
Vss 30, Center Pad Ground

P2 0 31 Port2 input/output 0.
P2 1 32 Port2 input/outputl.
P2 2 33 Port2 input/output2.
P2 3 34 Port2 input/output3.
P2 4 35 Port2 input/outputd.
P2 5 36 Pott 2 input/outputs.
P2 6 37 Port2 input/outpute.
P2 7 38 Port2 input/output?.
P3 0 39 Port3 input/output 0.
P31 40 Port3 input/outputl.
P32 41 Port3 input/output2.
P3_3 42 Port3 input/output3.
P3_4 43 Port3 input/output4.
P3 5 44 Pott 3 input/outputs.
P3 6 45 Port3 input/output6.
P37 46 Port3 input/output?.

PI410E5V6534Q www.diodes.com April 2021
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Maximum Ratings

Diodes Incorporated

[2C-OUS POWET SUDPIY.....vovrreeeeeveesss s ssssessssssssssssssssssssssssenees D5V to H4.0/
POIt P POWET SUPPIY.....rvevreeseesseessmsemmssessssssssessssssssnssemsmessssesssssssanees 05Vt +6.0v
Input / Output VOItage 0N all POLLS..........cceerrereeeeremmeseenseenssseeessseee 0.5V to+6.0v
Input voltage 08 %3 98&L, SDA, ADDR pins......ccconeeen. 0.5V o +4.0/
Output voltage o . , ECL, SDA, PiNS..roreernreereesssmmemrennsd 0.5V to +4.0v/
Input clamping current ¢h % 3 98€L, ADDR pins (V<0 V)....£20mA
Output clamping curreit . JiN (Vo < 0 V ) uvevereeovereeseseesesesemssssseens £20mA

Input / Output clamping current on all st <0V or Vo> Vipe) .......220MA
Input / Output clamping current on SDA pind¥0 V or Vo> Vpp o)) £20mA
LOW level output CUTENt 0N @ll POLLS. ......ccvuueeeeseerssmemmeessseeesseeessseeesssmn 5
HIGHI level output cument 0N all POLLS.........cceeeeereesmeeemeseseesesssssssessssesenns
LOWI level output currentol . , EDA
Supply current througNBpcsy- s eeeerssssssssnees
Supply current throughgéey
Ground supply currert.............

Storage tempPErature. ...........ceeeeeseeemmesssesseessseesans

Maximum junction temperature , T J(IMAXY......e.eeereeesemmmmesssesesssessessnsens 125
ESD (HBM )..ouveereeereeeesseesmmsmssesssssesssssssssssssssmssssssssessssssssssssssssmsmssssssesssssesees 2kv
ESD (CDM )..ouveerreeerneesssessmmsmssesssssssssssssssssssssmssssssssesssssssssssssssssmssssssssesssssssess 1kv

RecommendedOperating Conditions

A Product Line of

Note:

(U PERICOM

PI4IOE5V65340

Stresses greater than those listed under MAXIMLU
RATINGS may cause permanent damage to

device. This is a stress rating only and functiol
operation of the device at these or any otl
conditions above those indicated ire tbperational

sections of this specification

is not implies

Exposure to absolute maximum rating conditio
for extended periods may affect reliability

Symbol Parameter Conditions Min . Max. Unit
Vooeens 1’C-bus power supply 0.8 3.6 \Y
Voop GPIO port power supply 1.65 5.5 \%
2 %3 9L, SDA, ADDR
: Voo (2cbus© 1. 1 0.8 X Vbpgzc-bus 3.6 \
V HIGH-level input voltage
" P g Vb (2cbug> 1.1V 0.7 X Vopgizc-bus 3.6 \
P4 1toP0 0 0.7 X Vop(r) 5.5 \%
2 %3 9L, SDA, ADDR
: Vop ety ©O 1. 1 -0.5 0.2 X Vbp(zc-bus) Vv
V LOW-level input voltage
. P g Vb (2cbus)™> 1.1V -0.5 0.3 X Vbp(zc-bus) Vv
P4 1toP0 0 -0.5 0.3 X Vbp(p) \%
P4 1toP0 0 i
lon HIGH-Level Output Current CCX X=11b 10 mA
P4 1toP0 0
lo. LOW-Level Output Current CCX.X=11b - 25 mA
Tamb Ambient temperature -40 105 ¢
PI410E5V6534Q www.diodes.com April 2021
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Static Characteristics

A Product Line of
Diodes Incorporated

Vpaze bug = 0.8V t0 3.6 V; Temp=-40°C to +105°C; unless otherwise specifiedly

() PERICOM

PI4IOE5V65340

pical values are at Temp25°C.

Symbol ‘Parameter Condition Min. Typ. Max. Unit
Power supply
Clocked mode;dp(2cbus)+ looey
P port, ADDR,2 %3 98DA;
V| on ADDR,2 %3 @ SDA = \6D(I2C-
bus) OF Vsg V) on P port= \ypey, 10 = (
mA; I/O = inputs;
Voppr=3.65.5V - 3 115 eA
fSCL: 0 kHz VDD(p):23'36V - 2 6.8 eA
Vopr=1.652.3V - 15 5.25 eA
Vppe=3.65.5V . 27 51 eA
fscL= 400 kHz Vopr=2.33.6V - 15 30 eA
VDD(p)2165'23V - 9.5 19 eA
Voppe)= 3.65.5V - 72 110 eA
loo Supply curent fsc=1 MHz Vooe) = 2.33.6V - 36 60 eA
VDD(P): 1.652.3V - 22 40 eA
Active mode; bpgzcbus)* ooy,
P port, ADDR,2 %3 %4
V,on ADDR,2 %3 %WDD(IZC—bus);
V) on P port= Vpey 10 = 0 mA; I/O 3
inputs;Continuous register read
Vppe = 3.65.5V - 150 250 €A
fscL = 400 kHz Vppe = 2.33.6V - 120 200 €A
Vopr)= 1.652.3V - 75 150 eA
VDD(P): 3.65.5V - 450 625 eA
fsc.= 1 MHz Vopr)= 2.33.6V - 270 500 eA
Vopr)= 1.652.3V - 160 210 eA
Vi Input clamping voltage | I,=-18 mA -1.2 - - \
Rising - 11 1.4
Veor Poweron reset voltage - V
Falling 0.5 - -
Tuss Reset time Time of Vpp(e) drop to Veor(miny- 50 mV 22 ) ) es
for successful Powesn reset
Input SCL, input/output SDA
| SDA LOW-level output | Vo.=04V; VoppongQ2 V 15 - - mA
o current Vo= 04V; Vbpgong™ 2V 20 - - mA
V= Vbp(2cbus)Or Vss; } )
I Input current Voo = 1.65 V 10 5.5 V 1 1 eA
: ; V= Vbp(zcbus)Of Vss; } )
Cio Input / Output capacitanc Vo = 1.65 V 10 5.5 V 7 pF
Interrupt  INT
loL LOW-level output current| Vo, =0.4V; Vppry= 1.65V 1055V 3 - - mA
; V= Vbp(2cbus)Or Vss; } )
Co Output capacitance Vo = 1.65 V 10 5.5 V 7.5 pF
Select inputs ADDR and RESET
V= Vpp(i2c-bus)Or Vss; i i
l Input current Voo = 1.65 V 10 5.5 V. 1 1 eA
PI410E5V6534Q www.diodes.com April 2021
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A Product Line of
Diodes Incorporated
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Pl1410E5V65340
Symbol [Parameter Condition Min. Typ. Max. Unit
- . V| = Vbp(i2c-bus)Or Vss; i i
Ci Input capadance Voo = 1.65 V 10 5.5 V 6 pF
I/Os
lon =-2.5mMA; CCX.X=00b
lon =-5mMA; CCX.X=01b
lon =-7.5mA; CCX.X=10b
lon =-10mA; CCX.X=11b
Vor HIGH-level output Vope)= 1.65 V 11 - - vV
voltage
VDD(p): 2.3V 17 - - V
VDD(p): 3V 25 - - V
VDD(p): 45V 40 - - V
|o|_ = 5mA, CCX.X=01b
loL = 7.5mA; CCX.X=10b
lor = 10mA; CCX.X=11b
Voo LOW-level output voltage Voo = 1.65V - - 0.5 \
VDD(P): 23V - - 0.3 V
VDD(P): 3V - - 0.25 V
VDD(P): 45V - - 0.2 V
I HIGH-level input current | P port; M = Vppp) - - 1 eA
N LOW-level input current | P port; f = Vss - - 1 eA
Input / Output
Cio CgpacitancF:)e Vo = Vppr) OF Vss 7.5 - pF
Rou(in Internal pultup resistance Input/Output 50 100 150 k q
Internal pultdown
Rpd(in) resistance Input/Output 50 100 150 k q
Note:
1. The sum of source current by all I/Os must be limited to 160 mA.

2. Each I/O current must be externally limited to 25 mA. Each octal ( PO_0 to PO_7, AA1 07tdP2_0 to P2_7, P3_0 to P3 ridust be limited to a
maximum current of 100 mand P4_1 to P4_@wust be linited to a maximum current 60 mA for a device of totab00 mA.

P1410E5V6534Q
Document Number DS42477 Rev 2-2
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Dynamic Characteristics

Standazrd mode Fast mode|2C Fast m2()dePIus
Symbol Parameter I°c I°c Unit
Min Max Min Max Min Max

fscL SCL clock frequency 0 100 0 400 0 1000 kHz

taur Bus frge time between a STOP and START 47 i 13 i 05 i £s
condition

thp:sTA Hold time (repeated) START condition 4.0 - 0.6 - 0.26 - €S

tsu.sTA Setup time for a repeated START condition| 4.7 - 0.6 - 0.26 - €S

tsu:sTo Set-up time for STOP condition 4.0 - 0.6 - 0.26 - €S

tvp:ack Data valid acknowledge time - 3.45 - 0.9 - 0.45 €S

tho:DAT Data hold time 0 - 0 - 0 - ns

typ:pAT Data valid time - 3.45 - 0.9 - 0.45 ns

tsu:paT Data setup time 250 - 100 - 50 - ns

tLow LOW period of the SCL clock 4.7 - 1.3 - 0.5 - €S

thicH HIGH period of the SCL clock 4.0 - 0.6 - 0.26 - €S

20X
t Fall time of both SDA and SCL signals - 300 (vDD/ 300 - 120 ns
3.6V)

t, Rise time of both SDA and SCL signals - 1000 20 300 - 120 ns

tep Pulse vyldth o_f spikes that must bappressed 0 50 0 50 0 50 ns
by the input filter

Interrupt Timing

tvanm Valid time on pinINT ( from P port tolNT ) - 1 - 1 - 1 es
Reset time omin INT( from SCL port to

trsTONT) — Pin INT( P - 1 - 1 - 1 €S
INT)

Rest Timing

twrst) Reset pulse width 150 - 150 - 150 - ns

trst_rec Reset recovery time 500 - 500 - 500 - ns

trst Reset time 600 - 600 - 600 - ns

P Port Timing

tv) Data output valid tim¢from SCL to P Port) - 400 - 400 - 400 ns

tsuo) Data input setup time (from P Port to SCL) 0 - 0 - 0 - ns

tho) Data input hold time (from P Port to SCL) 300 - 300 - 300 - ns

PI410E5V6534Q www.diodes.com April 2021
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P14I0OE5V65340
Block Diagram
iNT . Interrupt
LP Filter .
Logic

PO _Oto PO_7
P1 OtoP1 7

ADDR P2 0toP2_7
P3 0toP3_7
P4 OtoP4_1

Shifter —N  Input/ "_:>
sCL Input 12C Bus Register output |° |
SDA L Filter Control Ports
B

Vop(i2c-bus)

Vooe) Sower—on | Write Pulse i

RESET Reset Read Pulse

I/O control
GND —H]
Note: All I/Os are set to inputs at reset.
PI410E5V6534Q www.diodes.com April 2021
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Function al Description

A. 1°C Read/ Write Procedures
i WRITE Command

Data is transmitted to the PI4IOE5V6534Q by sending the device address with the Least Significant Bit (LSB) set to a logic 0. The
command byte is sent after the address and determines which register receives the data that follows the command byte.

Many of the registers within the PI4IOE5V6534Q are configured to operate as register quinary. The 5-register groups are input
ports, output ports, polarity inversion and configuration registers, as well as input latch, pull-up/pull-down enable and selection
registers, Interrupt mask and interrupt status, interrupt clear, and input port (status) without interrupt clear registers, individual
pin output port configuration registers. After sending data to one register, the next data byte is sent to the next register in the
group. For example, if the first byte is sent to Output Port 1 (register 06h), the next byte is stored in Output Port 2 (register 07h).
The next byte sent is stored in Output Port 3 (register 08h) and the next byte will Output Port 4 (register 09h). Since every new
write access after a STOP condition requires a Command byte, which sets the Pointer register, the next new write access will be to
an arbitrary register.

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 group independently of the other registers or the host can simply update a single register.

There is one 3-register group: switch debounce (6Dh to 6Fh) registers and two 9-register groups: Output drive strength (30h to
38h) and interrupt edge (54h to 5Ch) registers which can be programmed continuously in this group.

There is one register that is not part of a register group: Output port configuration (53h). When this register is accessed multiple
times, the register address remains fixed on the same address.

SCL
STOP condition
Slave address Data to port 0 Data to port 1 Data to port 2 \
N - N o N s
SDA |S|0 1 0 0 0 A1 AO DIA|D o 0 0o 0 1 0 1 |A 07 DATA O 0_0|A 17 DATA 1 1,0|A|2,T DATA 2 2.D|A|F'|
S R P S S S S P S S S P S S S S P S S
1t ' ' 1 4
START condition RW | Acknowledge Acknowledge Acknowledge Acknowledge
i \ Acknowledge
rom slave from slave from slave from slave from slave
Write to port
tuQ)—= | | -
Data out from port 0 XDATAU VALID
tuia) —=- |<-_
Data out from port 1 XDATM VALID
i) = | -
Data out from port 2 X DATA 2 VALID
Figure 1. Write to Output Port Register
e AN AV AVAYAYAY AV AVAVAYAV AV AV AV AV AV AVAVAY AV AVAVAV AV AVAVAVAVAYAVAVAVAVAVAYAY AR
N N STOP condition
Slave address Command byte Data to register (n) Data to register (n+1) Data to register (n+4) It
s ) s N N - N

SDA | S|0 1 0 0 0 A1 AD| O | A [1/0 10 1/0 1/0 10 1/0 1/0 1fﬂ| A DATAO N A | DATA 1 | A] """ DATA4 | A | P |

[ K } msB LSB| { MSB LSB| 4 MSB LSB 4

START condition RW | Acknowledge Acknowledge Acknowledge Acknowledge Acknowledge

from slave from slave from slave from slave from slave

Figure 2. Write to Device Register

ii. READ Command

To read data from the PI4IOE5V6534Q, the bus master must first send the PI4IOE5V6534Q address with the least significant bit
set to a logic 0. The command byte is sent after the address and determines which register is to be accessed.

After a restart or a STOP followed by a START condition, the device address is sent again, but this time the least significant bit is
set to a logic 1 to read data. Data from the register defined by the command byte is sent by the PI4IOE5V6534Q. Additional bytes
may be read after the first byte read is complete and will reflect the next register in the group. For example, if Input Port 1 is read,

PI410E5V6534Q www.diodes.com April 2021
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the next byte read is Input Port 2. There is no limit on the number of data bytes received in one read transmission, but one the
final byte received the bus master must not acknowledge the data.

After a subsequent restart or a STOP followed by a START condition, the command byte contains the value of the next register to
be read in the group. For example, if Input Port 1 was read last before the restart, the register that is read after the restart is the

Input Port 2.
Figure 3. Read from Device Register
Figure 4. Read Input Port Register (non-latched), Scenario 1
PI410E5V6534Q www.diodes.com April 2021

Document Number DS42477 Rev 2-2 10 © Diodes Incorporated



