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1 N CORPORA ATETD Lead-free Gree
PI4IOE5V6416
Low-Voltage Translating 16-bit I2C-bus I/O Expander
Features Description
= Operation power supply voltage from 1.65V to 5.5V The PI4IOE5V6416 is a 16-bit general-purpose I/O expander
> Allows bidirectional voltage-level translation and GPIO that provides remote I/O expansion for most microcontroller
expansion between: families via the I*C-bus interface.

i 1.8/2.5/3.3/5V SCL/SDA and 1.8/2.5/3.3/5V Port

. It provides a simple solution when additional I/Os are needed
2 Low standby current consumption:

while keeping interconnections to a minimum, for example,
* 1.5pAtypicalat5V Vpp

in battery-powered mobile applications for interfacing to
* 1 pAtypicalat3.3V Vpp

sensors, push buttons, keypad, etc.

> 400kHz I*C-bus interface
2 Compliant with the I*C-bus Fast and Standard modes It can operate from 1.65 V to 5.5 V on the GPIO-port side
> Programmable Push_pull/Open_drain output stages and 1.65 V to 5.5 V on the SDA/SCL side. This allows the
2 Programmable output drive strength and pull-up/down PMIOE5V6416 to interface with next generation
resistor microprocessors and microcontrollers on the SDA/SCL side,
where supply levels are dropping down to conserve power.
> Power-on reset
2 Active LOW open-drain interrupt output The bidirectional voltage-level translation in the
> Active LOW reset input PI4IOE5V6416 is provided through Vopuc bus - Vopzc_bus)
3 Latch-up tested (exceeds 100mA) should be connected to the Vpp of the external SCL/SDA
2 Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2) lines.  The vo.ltage lexlzel on the GPIO-port of the
PI4IOE5V6416 is determined by Vpp) -
= Halogen and Antimony Free. “Green” Device (Note 3)
> Packaging (Pb-free & Green): At power on, the I/Os are configured as inputs; however,
. 24-Pin TQFN (ZD24) the system master can enable the I/Os as either inputs or
e 24-Pin TSSOP (1L24) 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.
PI4IOE5V6416 has open-drain interrupt (INT) output 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 by which the user can mask
the interrupt from an individual GPIO-port.
Notes:

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 information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green" and Lead-free.
3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and <1000ppm
antimony compounds.
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Pin Configuration

INT] 1 O 24 | Voop) = §
L ] o
VDD(i2C- 23 | SDA 2 8 88 3
DD(12C-bus) | 2 3]s ‘E 212288
RESET|[ 3 22 |SCL IEIIEIIﬁIIEIIEHﬂ
PoO[ 4 21 | ADDR
L . PO_0[ 1 [18 |ADDR
PO 1[5 20 |P1 7
- Ta Po_1[ 2 (17 |p1_7
Po 2[ 6 19 |P1. 6
= = Po 2| 3 (16 |P16
Po3[7 18 |P1. 5
L Ed - Po 3| 4 (15 |P1.5
17 |P1 4
PO4l 6 - PO 4| 5 (14 |P1_4
16 |P1_3
PO 5[ 9 ~ P05 6 | (13 |[P1.3
P0_6[ 10 15 |P1.2
[N [=] [=] [#] [=] ]
Po_7[ 11 14 | P1_1
SO I TR
vss [12 13 |P1.0 A - Y
Fig.1 24-pin TSSOP Fig.2 24-pin TQFN
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Pin Description
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Pin Name 'I%LSlS%rI; .ZI%EK} VZIprCIZr,]A Description
INT 1 22 A3 :gsrtrgft output. Connect t0 Vppgachus) OF Vope) through a pull-up
Voo ) 2 23 B3 Supply voltage of I2C-b'u5. Connect directly to _the VDD of the
- external 12C master. Provides voltage-level translation.
RESET 3 24 A2 Acf[ive I__OW re_set input. C_?onpect t0 Vpp(zcus through a pull-up
resistor if no active connection is used.
PO O 4 1 Al Port O input/output 0.
PO_1 5 2 C3 Port 0 input/output 1.
PO 2 6 3 Bl Port O input/output 2.
PO 3 7 4 C1 Port 0 input/output 3.
PO 4 8 5 Cc2 Port 0 input/output 4.
PO 5 9 6 D1 Port 0 input/output 5.
PO 6 10 7 El Port 0 input/output 6.
PO_7 11 8 D2 Port 0 input/output 7.
Vss 12 9 E2 Ground
PLO 13 10 E3 Port 1 input/output 0.
P11 14 11 E4 Port 1 input/output 1.
P12 15 12 D3 Port 1 input/output 2.
P13 16 13 E5 Port 1 input/output 3.
P1 4 17 14 D4 Port 1 input/output 4.
P15 18 15 D5 Port 1 input/output 5.
P16 19 16 C5 Port 1 input/output 6.
P17 20 17 C4 Port 1 input/output 7.
ADDR 21 18 B5 Address input. Connect directly to Vpp¢) or ground.
sCL 29 19 AB Sl(jlrllallJ F():Ir(;zli(sfou:. Connect to Vpp(2c-ous) through a
SDA 23 20 Ad Sl(jlrllallJ IC()jf?‘tgik;tjosr..Connect t0 Vpp(izc-bus) through a
Vope) 24 21 B4 Supply voltage of P1410OE5V6416 for Port P.
P14IOE5V6416 www.diodes.com September 2018
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Maximum Ratings
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Note:

Power SUpply....... 05Vio+60V Stresses greater than those listed under MAXIMUM
Voltage onan 1/O pin (Input/ Output) 05V 60V | RATINGS may cause permanent damage to the
Input current . +20mA device. This is a stress rating only and functional
Outpuit current on an /O pin +50mA operation of the device at these or any other
Supply current through Voo 160mA | conditions above those indicated in the operational
Ground supply current 200mA | sections of this specification is not implied.
Operation temperature 40~85C Exposure to absolute maximum rating conditions
Storage temperature 65~150C for extended periods may affect reliability.

Maximum junction temperature , T j(max) 125°C

ESD (HBM) 2kV

Recommended Operating Conditions

Symbol Parameter Conditions Min. Typ. Max. Unit
Voocns 1°C-bus supply voltage 1.65 - 5.5 \Y;
Voop) GPIO port supply voltage 1.65 - 55 \Y/

Input voltage on ADDR, i
v P1 7toP0 0 0 Vooe) v

N Input voltage on SCL, SDA,

REESET_ g 0 - Voo BUS) \
loH High-Level Output Current - - 10 mA
low Low-Level Output Current - - 25 mA
P14IOE5V6416 www.diodes.com September 2018
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Static Characteristics

Vbo(izc bus) = 1.65 V 10 5.5 V; Temp = -40°C to +85°C; unless otherwise specified. Typical values are at Temp = 25°C.
Symbol ‘ Parameter Condition Min. Typ. Max. Unit
Power supply
V =3.6-5.5V 1. 7
Standby mode 1/0 = DD(P)_ 5
inputs; s, = 0 kHz Vop(p=2.3-3.6V B 1 3.2
' VDD(p):l.GS-Z.SV 05 17
_ VDD(p):3.6-5.5V 10 25
Iop Supply current ' StanQby mEde /0 = Vppp)=2.3-3.6V - 6.5 15 pA
inputs; fsc. = 400 kHz
VDD(p):l.GS-Z.SV 4 9
Active mode 1/0 = Vpp(e)=3.6-5.5V 60 125
inpUtS; fSCL =400 kHZ, VDD(p):Z.S-S.GV - 40 75
continuous register read Vppp)=1.65-2.3V 20 45
Rising - 1.1- 14
Veor Power-on reset voltage - \Y%
Falling 0.5 - -
- Time of Vppp) drop t0 Veogr(miny — 50 mV for ) )
Taw Reset time successful Power-on reset 1 us
Input SCL, input/output SDA
Vi Low level input voltage -0.5 - 0.3 \Y
VDb(i2¢-bus)
Vh High level input voltage 0.7 - 55 \Y
Vob(i2c-bus)
SDA Low level output _
lo. current Vo =04V 3 - - mA
IL Leakage current VIN = VDD(IZC_bUS) or VSS -1 - 1 H,A
G Input capacitance Vin = Vss - / 8 pF
Interrupt INT
loL Low level output current Vo, =0.4V 3 - - mA
Co Output capacitance - 7 8 pF
Select inputs ADDR and RESET
RESET Low level input 0.3
-0.5 -
Vv voltage Vbb(i2c-bus) v
I ADDR Low level input 0.3
-0.5 -
voltage Voo
RESET High level input 0.7
- 55
vV voltage Vbb(i2c-bus) Vv
IH ADDR High level input 0.7
- 55
voltage Vooe)
I Input leakage current -1 - 1 pA
Ci Input capacitance - 6 7 pF
P14IOE5V6416 www.diodes.com September 2018
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Symbol Parameter Condition Min. ‘ Typ. ‘ Max. Unit
1/0s
Vi Low-level input voltage PO - P7 -0.5 - +0.3*Vpp(p) \%
Vi High-level input voltage PO - P7 0.7*Vppp) - 55 \Y
lop = -2.5mA; CCX.X=00b
lop = -5mA; CCX.X=01b
lon =-7.5mA; CCX.X=10b
lon = -10mA; CCX.X=11b
Vo High-level output voltage | Vppe = 1.65V 11 - -
Vope) = 2.3V 17 - - v
VDD(P) =3V 25 - -
Voopy =45V 40 - -
loL =5mA; CCX.X=01b
loL =7.5mA; CCX.X=10b
lo. = 10mA; CCX.X=11b
VoL Low-level output voltage | Vppp) = 1.65 V - - 0.5
VDD(p) =23V - - 0.3 v
VDD(p) =3V - - 0.25
VDD(P) =45V - - 0.2
Iy High-level input current P port; V| = Vppep) - - 1 pHA
I Low-level input current P port; V|, = Vss - - 1 pHA
Rouing Internal pull-up resistance | Input/Output 50 100 150 kQ
Internal pull-down
Rod(ing resistance Input/Output 50 100 150 kQ
P14IOE5V6416 www.diodes.com September 2018
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Dynamic Characteristics
Standard mode 1°C Fast mode I°C Unit
Symbol Parameter ) :
Min Max Min Max
fscL SCL clock frequency 0 100 0 400 kHz
taur Bus free time between a STOP and START condition 47 - 1.3 - us
thp:sTA Hold time (repeated) START condition 4.0 - 0.6 - us
tsu:sTA Set-up time for a repeated START condition 4.7 - 0.6 - us
tsu:sto Set-up time for STOP condition 4.0 - 0.6 - us
tvp:ack Data valid acknowledge time - 3.45 - 0.9 us
thp:pAT Data hold time 0 - 0 - ns
tvp:paT Data valid time - 3.45 - 0.9 ns
tsu:pAT Data set-up time 250 - 100 - ns
tLow LOW period of the SCL clock 4.7 - 1.3 - us
thicH HIGH period of the SCL clock 4.0 - 0.6 - us
20 x
t Fall time of both SDA and SCL signals - 300 (VDD/5. 300 ns
5V)
t, Rise time of both SDA and SCL signals - 1000 20 300 ns
tep IiDnuplaf mltc::h of spikes that must be suppressed by the 0 50 0 50 ns
Interrupt timing
tvan) Valid time on pin INT - 1 - 1 us
trsTan) | Reset time on pin INT - 1 - 1 us
Reset timing
twrst) Reset pulse width 30 - 30 - ns
trst_rec Reset recovery time 200 - 200 - ns
trst Reset time 600 - 600 - ns
P Port timing
tv(o) Data output valid time (from SCL to P Port) - 400 - 400 ns
tsuo) Data input setup time (from P Port to SCL) 0 - 0 - ns
th(o) Data input hold time (from P Port to SCL) 300 - 300 - ns
PI4IOE5V6416 www.diodes.com September 2018
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Block Diagram

INT ) Interrupt
LP Filter .
Logic
ADDR
PO_0to PO_7
P1 OtoPl1 7
Shifter Input/ :>
scL Input 12C Bus Register Output
SDA Filter Control Ports
Vobji2c-bus)
Voo Someron | Write Pulse T
RESET Reset Read Pulse
1/O control
GND —H]
Note: All I/Os are set to inputs at reset.
Fig7: Block diagram
P14IOE5V6416 www.diodes.com September 2018
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Functional Description
I°C Read /Write Procedures
Figure 6 and Figure 7 illustrate compatible I’C write and read sequences.
8bits 8bits 8bjts
1 i i

[ L | 1 | 1
|S| Slave Address |WR|A| Register Address KlAlWrite Data |A|F'|

Fig 6. I°C Write Sequence

8bits 8bits 8bits 8bits
1 | i i
I 1 | 1 I 1 T 1
S| Slave Address |WR|A] Register Address K JAl 5 | Slave Address |RD|A| Read Data K |NA |P‘
' /
Single-or multi-byte read executed from current
Register address to read specified register location (single-byte read is initiated)

Note : if register is not specified , the master reads from the current register

Fig 7. I°C Read Sequence

From Master to Slave
From Slave to Master

S Start P Stop NA Not Acknowledge A Acknowledge WR Write RD Read

a. Slave Address

The address of the PI4IOE5V6416 is shown in Figure 10.
Fig. 10: PI410OE5V6416 address

Slave adress
A
i b
0 1 0 0 0 0 | ADDR | RW
¥ g
h
Fixed

Hardware selectable

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.

b. Register Address

Following the successful acknowledgement of the address byte, the bus master sends a register address, which is stored in the
Pointer register in the PI4IOE5V6416. The data byte state the operation (read or write) and the internal registers (Input, Output,
Polarity Inversion, Configuration, or the extended features of the device). This register is write only.

PI410OE5V6416 www.diodes.com September 2018
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Table 3: Interface definition
Register Address Bits ] Power-up

Register Protocol
B7| B6 |B5|B4| B3 |B2|Bl| BO default
0 0 00 0 010 0 Input port O read byte XXXX XXXX
0 0 00 0 010 1 Input port 1 read byte XXXX XXXX
0 0 00 0 0|1 0 Output port 0 read/write byte 11111111
0 0 00 0 0|1 1 Output port 1 read/write byte 11111111
0 0 00 0 110 0 Polarity Inversion port 0 read/write byte 0000 0000
0 0 00 0 110 1 Polarity Inversion port 1 read/write byte 0000 0000
0 0 0|0 0 111 0 Configuration port 0 read/write byte 1111 1111
0 0 0|0 0 111 1 Configuration port 1 read/write byte 1111 1111
ol1]0|o0o|o0]|0o|0]|oO Output drive strength read/write byte | 11111111

register O
ol1]0]0o|0]|0|0]|1 Output drive strength read/write byte | 11111111

register O
ol1]0]o0o|o0]0o|1]|o0 Output drive strength read/write byte | 11111111

register 1
ol1]0]o0o|o0]|o0|1]|1 Output drive strength read/write byte | 11111111

register 1
0 1 0|0 0 110 0 Input latch register 0 read/write byte 0000 0000
0 1 0|0 0 110 1 Input latch register 1 read/write byte 0000 0000
ol 1|o0o|0o| o |1|1]| o | Pull-up/pull-downenable | read/write byte | 00000000

register 0
ol 1|o0o|0o| o |1|1]| 1 | Pull-up/pull-downenable | read/write byte | 0000 0000

register 1
o|l1|(o|lo|1]o0o|l0o]|oO Pull-up/pull-down read/write byte | 11111111

selection register 0
ol 1|(o|lo0o|1]o0o|o0]|1 Pull-up/pull-down read/write byte | 11111111
selection register 1

0 1 00 1 0|1 1 Interrupt mask register 1 read/write byte 11111111
0 1 00 1 110 0 Interrupt status register 0 read byte 0000 0000
0 1 0|0 1 110 1 Interrupt status register 1 read byte 0000 0000
ol 1|0o|o0o| 1 |1|1]| 1 | Outputportconfiguration | readpwrite byte | 00000000

register
P14IOE5V6416 www.diodes.com September 2018
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c. Register Description

i.  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.

Table 4: Input port 0 register (address 00h)

Bit 7 6 5 4 3 2 1 0
Name 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 5: Input port 1 register (address 01h)
Bit 7 6 5 4 3 2 1 0
Name 1.7 11.6 11.5 11.4 11.3 11.2 11.1 11.0
Default X X X X X X X X

ii.  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.

Table 6: Output port O register (address 02h)

Bit 7 6 5 4 3 2 1 0
Name 00.7 00.6 00.5 00.4 00.3 00.2 00.1 00.0
Default 1 1 1 1 1 1 1 1
Table 7: Output port 1 register (address 03h)
Bit 7 6 5 4 3 2 1 0
Name 01.7 01.6 015 01.4 01.3 01.2 011 01.0
Default 1 1 1 1 1 1 1 1

ili. 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

Table 8: Polarity inversion port O register (address 04h)

Bit 7 6 5 4 3 2 1 0
Name 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
P14IOE5V6416 www.diodes.com September 2018
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Table 9: Polarity inversion port 1 register (address 05h
Bit 7 6 5 4 3 2 1 0
Name N1.7 N1.6 N1.5 N1.4 N1.3 N1.2 N1.1 N1.0
Default 0 0 0 0 0 0 0 0

IV. Configuration Register Pair (06h, 07h)

The Configuration registers (registers 6 and 7) configure the direction of the I/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.

Table 10: Configuration port 0 register (address 06h)

Bit 7 6 5 4 3 2 1 0
Name Co0.7 C0.6 C0.5 co.4 C0.3 Co0.2 Cco.1 C0.0
Default 1 1 1 1 1 1 1 1
Table 11: Configuration port 1 register (address 07h)

Bit 7 6 5 4 3 2 1 0
Name C1.7 Cl1.6 C15 Cl4 C13 C1.2 C1.1 C1.0
Default 1 1 1 1 1 1 1 1

V.  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 CC0.7 (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 = 0.5, 10b = 0.75
or 11b = 1 of the drive capability of the I/O. See Section 9.2 “Output drive strength control” for more details.

Table 12: Current control port O register (address 40h)

Bit 7 | 6 5 | 4 3 | 2 1 | 0
Name CCO0.3 CCo0.2 CCo0.1 CC0.0
Default 1 | 1 1 | 1 1 | 1 1 | 1
Table 13: Current control port O register (address 41h)
Bit 7 | 6 5 | 4 3 | 2 1 | 0
Name CCo0.7 CC0.6 CCO0.5 CC0.4
Default 1 | 1 1 | 1 1 | 1 1 ] 1
|
Table 14: Current control port 1 register (address 42h)
Bit 7 | 6 5 | 4 3 | 2 1 | 0
Name CC1.3 CC1.2 CC11 CC1.0
Default 1 | 1 1 | 1 1 | 1 1 ] 1
|
Table 15: Current control port 1 register (address 43h)
Bit 7 | 6 5 | 4 3 | 2 1 | 0
Name CC1.7 CC1.6 CC15 CCi14
Default 1 | 1 1 | 1 1 | 1 1 | 1
P14IOE5V6416 www.diodes.com September 2018
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Vi. 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.

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 0 register will capture
this change and an interrupt is generated (if unmasked). When the read is performed on the input port 0 register, the interrupt is
cleared, assuming there were no additional input(s) that have changed, and bit 4 of the input port 0 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.

Table 16: Input latch port O register (address 44h)

Bit 7 6 5 4 3 2 1 0
Name LO.7 LO.6 LO.5 LO0.4 LO0.3 L0.2 LO.1 L0.0
Default 0 0 0 0 0 0 0 0

Table 17: Input latch port 1 register (address 45h)

Bit 7 6 5 4 3 2 1 0
Name L1.7 L1.6 L1.5 L14 L1.3 L1.2 L11 L1.0
Default 0 0 0 0 0 0 0 0

Vii. 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 I/O 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 I/O pins.
Also, the resistors will be disconnected when the outputs are configured as open-drain outputs. Use the pull-up/pull-down
registers to select either a pull-up or pull-down resistor.

Table 18: Pull-up/pull-down enable port 0 register (address 46h)

Bit 7 6 5 4 3 2 1 0
Name PEO.7 PEO.6 PEO.5 PEO.4 PEO.3 PEO.2 PEO.1 PEOQ.O
Default 0 0 0 0 0 0 0 0
PI410OE5V6416 www.diodes.com September 2018
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Table 19: Pull-up/pull-down enable port 1 register (address 47h)
Bit 7 6 5 4 3 2 1 0
Name PE1.7 PE1.6 PE15 PE1.4 PE1.3 PE1.2 PE1.1 PE1.0
Default 0 0 0 0 0 0 0 0

Vviil. Pull-up/pull-down Selection Register Pair (48h, 49h)

The I/O 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 k pull-up resistor for that I/O pin. Setting a bit to logic 0 selects a 100 k pull-down resistor for
that I/O pin. If the pull-up/down feature is disconnected, writing to this register will have no effect on I/O pin. Typical value is 100
k with minimum of 50 k and maximum of 150 k.

Table 20: Pull-up/pull-down selection port O register (address 48h)

Bit 7 6 5 4 3 2 1 0
Name PUDO.7 PUDO.6 PUDO.5 PUDO.4 PUDO.3 PUDO.2 PUDO.1 PUDO.0
Default 1 1 1 1 1 1 1 1

Table 21: Pull-up/pull-down selection port 1 register (address 49h)

Bit 7 6 5 4 3 2 1 0
Name PUD1.7 PUD1.6 PUD1.5 PUD1.4 PUD1.3 PUD1.2 PUD1.1 PUD1.0
Default 1 1 1 1 1 1 1 1

IX. Interrupt Mask Register Pair (4Ah, 4Bh)

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.

Table 22: Interrupt mask port O register (address 4Ah) bit description

Bit 7 6 5 4 3 2 1 0
Name MO.7 MO0.6 MO0.5 MO0.4 MO0.3 MO0.2 MO0.1 MO0.0
Default 1 1 1 1 1 1 1 1

Table 23: Interrupt mask port 1 register (address 4Bh) bit description

Bit 7 6 5 4 3 2 1 0
Name M1.7 M1.6 M1.5 M1.4 M1.3 M1.2 M1.1 M1.0
Default 1 1 1 1 1 1 1 1

X. 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.

PI410OE5V6416 www.diodes.com
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Table 24: Interrupt status port O register (address 4Ch) bit description
Bit 7 6 5 4 3 2 1 0
Name S0.7 S0.6 S0.5 S0.4 S0.3 S0.2 S0.1 S0.0
Default 0 0 0 0 0 0 0 0
Table 25: Interrupt status port 1 register (address 4Dh) bit description
Bit 7 6 5 4 3 2 1 0
Name S1.7 S1.6 S15 S1.4 S1.3 S1.2 S1.1 S1.0
Default 0 0 0 0 0 0 0 0

Xi. Output Port Configuration Register (4Fh)

The output port configuration register selects port-wise push-pull or open-drain I/O stage. A logic 0 configures the I/O as push-
pull. A logic 1 configures the I/O as open-drain 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 ODENI1 configures Port

1_x.

Table 25: Output port configuration register (address 4Fh)

Bit 7 | 6 | 5 | 4 | 3 | 2 1 0
Name Reserved ODEN1 ODENO
Default o | o [ o | o | o | o 0 0

d. 1/0O Port

When an I/O is configured as an input, the pull-up FET and pull-down FET are off, which creates a high-impedance input. If the
I/0O is configured as an output, there are low impedance paths between the I/O pin and either Vpp) or Vss depending on the state
of the Output Port Register. The external voltage applied to this I/O pin should not exceed the recommended levels for proper
operation. Pull-up/down FETSs series with resistors are enabled accordingly to the Pull-up or Pull-down Select Register and the
Pull-up or Pull-down Enable Register. When the GPIO-port is set as an output, the input buffers are disabled such that the bus is
allowed to float.

e. Power-on Reset

When power is applied to Vpp), an internal power-on reset holds the PI4IOE5V6416 in a reset condition until Vpp) has reached
Vror - At that point, the reset condition is released and the PI4IOE5V6416 registers will initialize to their default states.

f. Reset Input (RESET)

The RESET input can be asserted to initialize the system while keeping Vpp(p) at its operating level. A reset can be accomplished by
holding the RESET pin low for a minimum of tw. The PI4IOE5V6416 registers are changed to their default state once RESET is low
(0). Only when RESET is high (1), GPIO registers can be accessed by the I*C pin. This input requires a pull-up resistor to

Vobae_bus) » if N0 active connection is used.
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g. Interrupt Output (INT)

The INT pin is a LOW-asserted open-drain output and requires an external pull-up resistor. The PI4IOE5V6416 signals an
interrupt to the processor when an event occurs, removing the need for the processor to continuously poll the PI4IOE5V6416
registers.

An interrupt is generated by any rising or falling edge of the port inputs in the Input mode. 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. A pin configured as an
output cannot cause an interrupt. Changing an I/O from an output to an input may cause a false interrupt to occur, if the state of
the pin does not match the contents of the Input Port register. 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.

Part Marking

Top mark not available at this time. To obtain advance information regarding the top mark, please contact your local sales representative.
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Packaging Mechanical
24-TQFN (ZD)
PIN1 D2 £0.35X45"
INDEX AREA | 19 | 2
JTO00OL
18] 1
/ 1| EXPOSED 4@»& pAD | [
B 4____ . =1 1=
= —
! - : (-
‘ 13 ! [1s6
! (O
l 12 | 7
L
D Al
=T BOTTOM VIEW
A3
TOP VIEW . 3.86
A
BE nooool
SYMBOLS | MIN. | NOM.| MAX. 22
A |o80]0.85]0.90 g2 — —
A1 0.00|0.02 | 0.05 %g Lo 230 —
A3 0.20 REF. sl — — —
b 0.18 [ 0.25 | 0.30 I ) = I B
3.90 | 4.00 | 4.10 1 <N [
E 3.90 | 4.00 | 4.10 [ — |
e 0.50 BSC 0.70(24X) l:l D D D D D
D2 [215| — |275 0.28 (24X) T 1.0.50 BSC.
E2 |215| — [2.75 T T
L 0.35 | 0.40 | 0.45
RECOMMENDED LAND PATTERN
NOTE : DATE: 07/07117
1. ALL DIMENSIONS ARE IN mm. ANGLES IN DEGREES. f4 }
2. COPLANARITY APPLIES TO THE EXPOSED THERMAL PAD AS WELL AS THE TERMINALS. i ncomv omoaveo cwisuwe semacownseriviTy
3. REFER JEDEC MO-220 DESCRIPTION: 24-Contact, Very Thin Quad Flat No-Lead (TQFN)
4. RECOMMENDED LAND PATTERN IS FOR REFERENCE ONLY. PACKAGE CODE: ZD (ZD24)
5. THERMAL PAD SOLDERING AREA
6. MAJOR EDAP D2XE2=2.25X2.25 DOCUMENT CONTROL #: PD-2100 REVISION: C
17-0533
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Pl14IOE5V6416
24-TSSOP (1)
i . SYMBOLS | MIN. NOM. MAX.
1 .
P W A = - 1.20
DOOOIIInnnm 7 AN s oo | - [ o
e A2 0.80 1.00 1.05
_/\ J b 0.19 = 0.30
F 1 c 0.09 = 0.20
D 7.70 7.80 7.90
o w = 4.30 4.40 4.50
E 6.20 6.40 6.60
[e] 0.65 BSC
@ L1 1.00 REF
- o L 0.45 0.60 0.75
IR B R R O
1 ’ ’ 12 Y il 4 o = g
l b
B s
wn
THAAAAHAAA AL LS < S
)
5 =Y Lot
DETAIL F 70
L
L1
. DATE: 03/31/16
() PERICOM
NOTES: DESCRIPTION: 24-Pin, 173mil Wide TSSOP
1. ALL DIMENSIONS IN MILLIMETERS. ANGLES IN DEGREES.
2. JEDEC MO-153F PACKAGE CODE: L (L24)
3. DIMENSIONS DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. DOCUMENT CONTROL #: PD-1312 REVISION: G

16-0075

For latest package info.

please check: http://www.diodes.com/design/support/packaging/pericom-packaging/packaging-mechanicals-and-thermal-characteristics/

Ordering Information

Part No. Package Code Package

PI410E5V6416ZDEX ZD 24-Contact, Very Thin Quad Flat No-Lead (TQFN)
PI1410E5V6416LEX L 24-Pin, 173mil Wide (TSSOP)

Notes:

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 information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green" and

Lead-free.

3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and

<1000ppm antimony compounds.
4. E=Pb-free and Green
5. Xsuffix = Tape/Reel
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY
JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes without further notice to this document and
any product described herein. Diodes Incorporated does not assume any liability arising out of the application or use of this document or any product described herein; neither does Diodes
Incorporated convey any license under its patent or trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications
shall assume all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated website, harmless against all
damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.

Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and hold Diodes Incorporated and its
representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such
unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings noted herein may also be covered by one
or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the final and determinative format released
by Diodes Incorporated.
LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express written approval of the Chief Executive
Officer of Diodes Incorporated. As used herein:
A. Life support devices or systems are devices or systems which:

1. are intended to implant into the body, or
2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected to result in
significant injury to the user.
B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the

failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and acknowledge and agree that they are
solely responsible for all legal, regulatory and safety-related requirements concerning their products and any use of Diodes Incorporated products in such safety-critical, life support
devices or systems, notwithstanding any devices- or systems-related information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify
Diodes Incorporated and its representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2016, Diodes Incorporated
www.diodes.com
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