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RS29535

RS29535 Low-Voltage 16-Bit I°’C and SMBus Low-Power
1/0 Expander with Interrupt Output and Configuration
Registers

1 FEATURES

e I2C to Parallel Port Expander

o Wide Power Supply Voltage Range of 1.65V to
5.5V

o Low Standby-Current Consumption

o Open-Drain Active-Low Interrupt Output

e 5V Tolerant 1/0 Ports

e 400kHz Fast I°C Bus

o Polarity Inversion Register

o Address by Three Hardware Address Pins for
Use of up to Eight Devices

o Latched Outputs with High-Current Drive
Capability for Directly Driving LEDs

o Latch-Up Performance Exceeds 100mA Per
JESD 78, Class Il

o ESD Protection Exceeds JESD 22
- 2000V Human-Body Model (A114-A)
- 1000V Charged-Device Model (C101)

2 APPLICATIONS

e Servers

o Routers (Telecom Switching Equipment)

¢ Personal Computers

o Personal Electronics (For Example, Gaming
Consoles)

¢ Industrial Automation

¢ Products With GPIO-Limited Processors

3 DESCRIPTIONS

The RS29535 is a 24-pin device that provides 16 bits
of general purpose parallel input and output (I/0O)
expansion for the two-line bidirectional 12C bus or
(SMBus) protocol. The device can operate with a
power supply voltage ranging from 1.65 V to 5.5 V.

The RS29535 consists of two 8-bit Configuration
(input or output selection), Input Port, Output Port,
and Polarity Inversion (active-high or active-low
operation) registers. At power on, the 1/Os are
configured as inputs. The system master can enable
the I/Os as either inputs or outputs by writing to the
I/0 configuration bits.

The RS29535 does not include the internal 1/0O pull-up
resistor, which requires pull-ups and pull- downs on
unused 1/O pins when configured as an input and

undriven.
Device Information (2!
PART NUMBER PACKAGE BODY SIZE (NOM)
TSSOP24 7.80mmx4.40mm
RS29535
QFN4X4-24 4.00mmx4.00mm

(1) For all available packages, see the orderable addendum at the
end of the data sheet.
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4 REVISION HISTORY

Note: Page numbers for previous revisions may different from page numbers in the current version.

Version Change Date Change Item
A.O 2024/07/17 Preliminary version completed
A1l 2025/02/27 Initial version completed
A2 2025/07/25 Add QFN4X4-24 package
1. Update Electrical Characteristics and Switching Characteristics
A3 2026/09/07 2. Add QFN4X4-24 Package thermal impedance
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5 PACKAGE/ORDERING INFORMATION V)
ORDERING | TEMPERATURE | PACKAGE | PACKAGE
(3)
PRODUCT | (i Bre RANGE LEAD | MARKING @ | MSL® | PACKAGE OPTION
Rsposgs | RS29535XTSS24 | -40°C-125°C | TSSOP24 | RS29535 | MSL3 | Tapeand Reel, 4000
RS29535XTQR24 | -40°C ~125°C | QFN4X4-24 | RS29535 | MSL3 | Tape and Reel, 3000
NOTE:

(1) This information is the most current data available for the designated devices. This data is subject to change without notice and revision
of this document. For browser-based versions of this data sheet, refer to the right-hand navigation.
(2) There may be additional marking, which relates to the lot trace code information (data code and vendor code), the logo or the
environmental category on the device.
(3) RUNIC classify the MSL level with using the common preconditioning setting in our assembly factory conforming to the JEDEC
industrial standard J-STD-20F, Please align with RUNIC if your end application is quite critical to the preconditioning setting or if you

have special requirement.
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6 PIN CONFIGURATIONS AND FUNCTIONS
(TOP VIEW) (TOP VIEW)
Q < -~
INT | 1 ‘ 24 I Vcc g < |E > a 3
a [ 5] son HEE0 Y
A2 [3] [ 22 | scL poo | 1) 1——————————— 1 (18] a0
| |
Poo [ 4| [21] A0 Po1 [ 2) : | @] v
po1 | 5 20 | P17
N S po2 [3) : Eépotsed : (16| P16
Po2 | 6 19 | P16 I enter I
[e 7] s [D | Pac |G s
PO3 | 7 18 | P15 I I
Po4 [5) | I (a4 P14
PO4 | 8 17 | P14 I :
|
———————————— P13
PO5 | 9 16 | P13 Pos [6) (s
P06 | 10 15 I P12 7 8 rﬂ 1 1 1
po7 (L] Et
GND | 12 13 I P10 The exposed center pad, if used, must be connected as
a secondary ground or left electrically open.
TSSOP24 QFN4X4-24
PIN DESCRIPTION
PIN
NAME TYPE @ DESCRIPTION
TSSOP24 QFN4X4-24
21 18 AO I Address input 0. Connect directly to Vcc or ground
2 23 Al I Address input 1. Connect directly to Vcc or ground
3 24 A2 I Address input 2. Connect directly to Vcc or ground
12 9 GND — Ground
1 29 INT o Intgrrupt output. Connect to Vcc through an external pull-up
resistor
4 1 POO /0 P-pqrt 1/0. Push-'pull design structure. At power on, POO is
configured as an input
5 5 PO1 @ /0 P-pqrt 1/0. Push-'pull design structure. At power on, PO1 is
configured as an input
6 3 P02 ) /0 P-pqrt 1/0. Push-'pull design structure. At power on, P02 is
configured as an input
7 4 P03 ) /0 P-pqrt 1/0. Push-'pull design structure. At power on, PO3 is
configured as an input
8 5 P04 () /0 P-pqrt 1/0. Push-'pull design structure. At power on, P04 is
configured as an input
9 6 P05 () /0 P-pqrt 1/0. Push-'pull design structure. At power on, PO5 is
configured as an input
10 7 P0G () /0 P-pqrt 1/0. Push-'pull design structure. At power on, P06 is
configured as an input
1 8 Po7 ) /0 P-pqrt 1/0. Push-'pull design structure. At power on, PO7 is
configured as an input
13 10 P10 @ /0 P-pqrt 1/0. Push-'pull design structure. At power on, P10 is
configured as an input
14 11 p11 @ /0 P-pqrt 1/0. Push-'pull design structure. At power on, P11 is
configured as an input
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P-port 1/0. Push-pull design structure. At power on, P12 is

15 12 P12 @ 1/0 . .
configured as an input

16 13 P13 /0 P-pqrt 1/0. Push-.pull design structure. At power on, P13 is
configured as an input

17 14 P14 0 /0 P-pqrt 1/0. Push-.pull design structure. At power on, P14 is
configured as an input

18 15 P15 ) /0 P-pqrt 1/0. Push-.pull design structure. At power on, P15 is
configured as an input

19 16 P16 0 /O P-pqrt 1/0. Push-.pull design structure. At power on, P16 is
configured as an input

20 17 P17 @ /0 P-pqrt 1/0. Push-.pull design structure. At power on, P17 is
configured as an input

22 19 SCL I Serial clock bus. Connect to Vcc through a pull-up resistor

23 20 SDA | Serial data bus. Connect to Vcc through a pull-up resistor

24 21 Vee — Supply voltage

(1)
()

If port is unused, it must be tied to either Vcc or GND through a resistor of moderate value (about 10kQ).

I=input, O=output, I/O=input and output.
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7 SPECIFICATIONS
7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) (!

SYMBOL PARAMETER MIN MAX UNIT
Vce Supply Voltage -0.5 6.5 \%
Vi Input voltage @ -0.5 6.5 \Y
Vo Output voltage @ -0.5 6.5 \Y
lik Input clamp current Vi<0 -20 mA
lok Output clamp current Vo< 0 -20 mA
liok Input-output clamp current Vo <0orVo >Vcc +20 mA
loL Continuous output low current Vo =0 to Vcc 50 mA
lon Continuous output high current Vo =0to Vcc -50 mA
e Continuous current through GND -250 mA
Continuous current through Vcc 160 mA
. TSSOP24 35 °C/W
01a Package thermal impedance ©®
QFN4X4-24 42 °C/W
T Junction Temperature ¥ 150 o
Tstg Storage temperature -65 150

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only,
which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The input negative-voltage and output voltage ratings may be exceeded if the input and output current ratings are observed.

(3) The package thermal impedance is calculated in accordance with JESD-51.

(4) The maximum power dissipation is a function of Tymax, Resa, and Ta. The maximum allowable power dissipation at any ambient
temperature is Po = (T ymax - Ta) / Resa. All numbers apply for packages soldered directly onto a PCB.

7.2 ESD Ratings
The following ESD information is provided for handling of ESD-sensitive devices in an ESD protected area only.
VALUE UNIT
Lo Human-Body Model (HBM) +2000 \%
Vesp) | Electrostatic discharge -
Charged-Device Model (CDM) +1000 \Y

A

‘ i 4 ESD SENSITIVITY CAUTION

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be
more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
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7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted).

PARAMETER CONDITIONS MIN MAX UNIT
Vce Supply voltage 1.65 55 \%
. . SCL, SDA 0.7 x Ve Vec®
ViH High-level input voltage \%
A2-A0, PO7-P00, P17-P10 0.7 x Vce 5.5
ViL Low-level input voltage SCL, SDA, A2-A0, PO7-P00, P17-P10 -0.5 0.3 x Vcc \%
lon High-level output current PO7-P0O0, P17-P10 -10 mA
Ty < 65°C 25
loL Low-level output current @ | PO7-P00, P17-P10 T,<85°C 18 mA
T, < 100°C 11
— T, < 85°C 6
loL Low-level output current @ |INT, SDA mA
Ty < 100°C 3.5
Ta Operating free-air temperature -40 125 °C

(1) For voltages applied above Vcc, an increase in lcc results.
(2) The values shown apply to specific junction temperatures, which depend on the Rea of the package used. See the Calculating Junction
Temperature and Power Dissipation section on how to calculate the junction temperature.
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7.4 Electrical Characteristics

over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN | TYP?Y | MAX | UNIT
Vik Input diode clamp voltage lh=-18 mA 1.65Vto55V | -1.2 \
1.65V 1.2
23V 2.0
lon = -8 mA
3V 2.6
. 475V 4.1
VoH P-port high-level output voltage @ Y,
1.65V 1.05
23V 1.9
lon=-10 mA
3V 25
475V
SDA VoL=04V 1.65Vto5.5V 3
- VoL=0.5V 1.65Vto5.5V 8
loL Low-level output P port @ oL A
current VoL=0.7V 1.65Vto55V | 10
INT VoL=04V 1.65Vto55V 3
SCL, SDA Vi = Vcc or GND 1.65Vto5.5V +1
Input leakage Input leakage
h current A2-A0 Input HA
PUL 1V, = Vec or GND 1.65Vt0 5.5V +1
leakage
Input high leakage _
I P port Vi =Vcc 1.65Vto5.5V 1 pA
current
I Input low leakage | p ¢ Vi= GND 1.65Vt0 5.5V 1 | upA
current
55V 22 75
Overating | V1= Vecor GND, lo=0, 3.6V R
mg . & |1/0 = inputs, 2.7V 8 26
fSCL =400 kHZ, No load 195V 5 17
1.65V 3.5 15
55V 0.9 3.9
lcc Quiescent current Y' =Vcc, l0=0,1/0 = 3.6V 0.7 2.2 HA
inputs, fscL = 0 kHz,
No load 27V 0.45 1.8
Standby 1.95V 0.35 1.5
mode 55V 0.9 8.7
VI=GND, |O=O, |/O 36V 06
=inputs, fscL = 0 kHz,
No load 27V 0.45 3
1.95V 0.35 2.2
C Input capacitance |SCL Vi=Vccor GND 1.65Vto 55V 3 8 pF
G |nput_output p|n SDA VIO = VCC or GND 165 \Y to 55 \Y 3 95 F
° capacitance P port Vio = Vccor GND 1.65V to0 5.5 V 3.7 9.5 P

(1) All typical values are at nominal supply voltage (1.8V, 2.5V, 3.3V, or 5V Vcc) and Ta = 25°C.

(2) Each 1/0O must be externally limited to a maximum of 25 mA, and each octal (PO7-P00 and P17-P10) must be limited to a maximum
current of 100 mA, for a device total of 200 mA.

(3) The total current sourced by all I/0s must be limited to 160 mA (80 mA for PO7-P00 and 80 mA for P17-P10).
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7.5 I2C Interface Timing Requirements

over recommended operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
12C BUS—STANDARD MODE
fscl I2C clock frequency 0 100 kHz
tsch I2C clock high time 4 us
tscl I2C clock low time 47 us
tsp 12C spike time 50 ns
tsds I2C serial-data setup time 250 ns
tsdn I2C serial-data hold time 0 ns
ticr I2C input rise time 1000 ns
tict I2C input fall time 300 ns
toct I2C output fall time 10pF to 400pF bus 300 ns
touf I2C bus free time between stop and start 4.7 us
tsts I2C start or repeated start condition setup 4.7 us
tsth I2C start or repeated start condition hold 4 us
tsps I2C stop condition setup 4 us
tvddata)  Valid data time \S/;ZIIi_dIow to SDA output 3.45 us
tvdacy  Valid data time of ACK condition tAochSLg(n:J tgr%TVSCL low 3.45 us
Cb I2C bus capacitive load 400 pF
12C BUS—FAST MODE
fscl I2C clock frequency 0 400 kHz
tsch I2C clock high time 0.6 us
tscl I2C clock low time 1.3 us
tsp 12C spike time 50 ns
tsds I2C serial-data setup time 100 ns
tsdn I2C serial-data hold time 0 ns
ticr I2C input rise time 20 300 ns
ticr I2C input fall time 20 x (Vce/5.5V) 300 ns
toct I2C output fall time 10pF to 400pF bus 20 x (Vce/5.5V) 300 ns
touf I2C bus free time between stop and start 1.3 us
tsts I2C start or repeated start condition setup 0.6 us
tsth I2C start or repeated start condition hold 0.6 us
tsps I2C stop condition setup 0.6 us
tvddata)  Valid data time \S/:ZIIi_dIOW to SDA output 0.9 us
tvdacy  Valid data time of ACK condition tAngDng?;th)rlc:)r\r:VSCL low 0.9 us
Cb I2C bus capacitive load 400 pF

10/ 30
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7.6 Switching Characteristics

over recommended operating free-air temperature range, C. < 100 pF (unless otherwise noted) (¥

PARAMETER FROM (INPUT) | TO (OUTPUT) MIN MAX UNIT
tiv | Interrupt valid time P port INT 1 us
tir | Interrupt reset delay time SCL INT 1 us

Output data valid; For Vcc = 2.3 V-5.5V 200 ns
tov . SCL P port

Output data valid; For Vcc= 1.65 V-2.3V 300 ns
tps | Input data setup time P port SCL -50 ns
toh | Input data hold time P port SCL 240 ns

(1) This parameter is ensured by design and/or characterization and is not tested in production.
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8 PARAMETER MEASUREMENT INFORMATION

Vec
R =1kQ
DUT SDA
C.=50pF
I (see Note A)
SDA LOAD CONFIGURATION
Stop Start Address R/W Data Data Stop
Condition | Condition Bit 7 A(é(iitreéss eoe Adt.iress Bit O A(§;< Bit 07 XX BitO | Condition
(P) (S) (MSB) Bitl | (sp) (MSB) (LSB) (P)
t5c|41—bl L1—’Ltsch
\ [ \
\ \ — — — 0.7 xVcc
SCL | I A 03 xVee
‘ tich ‘« ‘ ‘ ‘ ‘ } } ‘« tvd(ack) ‘ tStSJ‘ ‘«
tbufH \ tid% < ‘ ‘ tsp %‘ ‘# | tvd(data?—ﬂ l— ‘ }
\ \ -
DA ‘ [ ! ! I \L \ = 0.7 x Vcc
> | 1 | 1 1 N / — 0.3 xVee
ticf_" ‘€ ‘ »\ fticr ‘ ‘ »‘ ‘« tsdh tsps»’ w
/e b i
Start or Condition C d.t.op
Repeat ondition
Start
Condition
VOLTAGE WAVEFORMS

BYTE | DESCRIPTION
1 I2C address
2,3 P-port data

A. Crincludes probe and jig capacitance.
B. All inputs are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t/tf < 30 ns.
C. All parameters and waveforms are not applicable to all devices.

Figure 1. I°C Interface Load Circuit and Voltage Waveforms
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Vcc

RL=4.7kQ

DUT

CL= 100pF

I (see NoteA)

Interrupt Load Configuration

SCL 1234\ /5 /6 8 | | )
Slave Address : Data From Port : Data From Port :
| | |
| T T T T T T T | T T T T T T T |
SN 5 ) 5 2 Y D N | BT TN 101
I Start R/WT |T ACK From |T ACK From NACK FrorrJ TStop
:Condition : Slave : Master Mastdl_‘r Condition
Read From | n
Port {7 .n .n ;
: | | | | | |
Data Into f t t t
Port I : : >I<Data 2X Data 3 >I< : Data 4 X : Data 5
: | tph = k— tps — — |
| I I |
[ I I |
: | I I |
| I I |
[N L1 = B
I 1 | |
tiv :'_ tir — :'—
|
_ — — — —0.7xVcc — — == 07xVcc
INT SCL R/W A
0.3 x Vcc / 0.3 x Vcc
|"’|_ tiv
— (0.7 x V/CC _ 0.7 x Vcc
Data Into R INT
Port (Pn) ———————— 0.3 x VcC 0.3 x Vcc

A. Crincludes probe and jig capacitance.
B. All inputs are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t /ts < 30 ns.
C. All parameters and waveforms are not applicable to all devices.

Figure 2. Interrupt Load Circuit and Voltage Waveforms
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5000
DUT l AA%Y ® 2 xVcc
C|_ = 50pF
I see Note A) 5000
P-Port Load Configuration
_ — — — — 0.7 xVcc
ScL PO A P3
| —— 0.3 xVcc
Slave
| Ack
o \__A -/
I
tp\/
| (see Note B)
! |
g RX
N
v Last Stable Bit
Unstable
Data
Write Mode (R/W =0)
— — 0.7 xVcc
SCL
——= 0.3 xVcc
tps_’i
—————— ' — — — — 0.7 xVcc
Pn —_ — — — — 0.3xVcc

Read Mode (R/W =1)

A. Crincludes probe and jig capacitance.

B. tpv is measured from 0.7 x Vcc on SCL to 50% 1/0 (Pn) output.

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

E. All parameters and waveforms are not applicable to all devices.

Figure 3. P-Port Load Circuit and Voltage Waveforms
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9 DETAILED DESCRIPTION

9.1 Overview

The RS$29535 device is a 16-bit 1/0 expander for the I2C bus and is designed for 1.65V to 5.5V Vcc operation. It
provides general-purpose remote |/O expansion for most microcontroller families via the 12C interface.

The RS29535 consists of two 8-bit Configuration (input or output selection), Input Port, Output Port, and Polarity
Inversion (active-high or active-low operation) registers. At power-on, the I/Os are configured as inputs. The
system master can enable the I/Os as either inputs or outputs by writing to the I/O configuration register bits.
The data for each input or output is kept in the corresponding Input or output register. The polarity of the Input
Port register can be inverted with the Polarity Inversion register. All registers can be read by the system master.
The RS29535 open-drain interrupt (INT) output is activated when any input state differs from its corresponding
Input Port register state and is used to indicate to the system master that an input state has changed.

INT can be connected to the interrupt input of a microcontroller. By sending an interrupt signal on this line, the
remote |/O can inform the microcontroller if there is incoming data on its ports without having to communicate
via the I2C bus. Thus, the RS29535 can remain a simple slave device.

The device outputs (latched) have high-current drive capability for directly driving LEDs. The device has low
current consumption.

The RS29535 device is similar to the RS29555, except for the removal of the internal I/O pull-up resistor, which
greatly reduces power consumption when the 1/Os are held low.

Three hardware pins (AO, A1 and A2) are used to program and vary the fixed 1°C address and allow up to 8
devices to share the same 12C bus or SMBus.

9.2 Functional Block Diagram

INT ¢ LP Filter < 'ntLe”_Upt p
ogic
AO 51
" 3 P0O7-P0O0
A2 22 + \ 4 v / ::>
>CL I | PCBus 19 it || 10
SDA < 3 > Filter Control [ o Register K its J Port
A4 P17-P10
/l_
| 1>
A A A
Write Pulse
24 Read Pulse

Vcc Power-On

GND—LD Reset

Pin numbers shown are for the TSSOP24 package.
All I/Os are set to inputs at reset.
Figure 4. Logic Diagram (Positive Logic)
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Data From Output Port
Shift Register Register Data
Configuration

A 4

Register ) ) Vcc
Data From D Q *—
Shift Register
FF
1.
Write Configuration -
pulse P LCLK Q FF
Write Pulse—p> CLK Q 1/O Pin
Output Port
Register |
I Q2
Input Port GND
Register
—1D Q ’ Input Port
FF 7 Register Data
Read Pulse —p CLK 6
B SR
Data From . Polarity
Shift Register D Q " Register Data
FF
Write Polarity CLK 6

Pulse

Polarity Inversion
Register

At power-on reset, all registers return to default values.

Figure 5. Simplified Schematic of P-Port I/Os
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9.3 Feature Description

9.3.1 5V Tolerant 1/0 Ports

The RS29535 device features I/O ports, which are tolerant of up to 5V. This allows the R§29535 to be connected
to a large array of devices. To minimize lcc, any input signals must be designed so that the input voltage stays
within Vin and VL of the device as described in the Electrical Characteristics section.

9.3.2 Hardware Address Pins

The RS29535 features 3 hardware address pins (AO, A1, and A2) to allow the user to select the device's 1°C
address by pulling each pin to either Vcc or GND to signify the bit value in the address. This allows up to 8
RS29535 devices to be on the same bus without address conflicts. See the Functional Block Diagram to see the
3 address pins. The voltage on the pins must not change while the device is powered up in order to prevent
possible I2C glitches as a result of the device address changing during a transmission. All of the pins must be tied
either to Vcc or GND and cannot be left floating.

9.3.3 Interrupt (INT) Output

An interrupt is generated by any rising or falling edge of the port inputs in the input mode. After time ti, the
signal INT is valid. Resetting the interrupt circuit is achieved when data on the port is changed to the original
setting or data is read from the port that generated the interrupt. Resetting occurs in the read mode at the
acknowledge (ACK) bit after the rising edge of the SCL signal. Note that the INT is reset at the ACK just before
the byte of changed data is sent. Interrupts that occur during the ACK clock pulse can be lost (or be very short)
because of the resetting of the interrupt during this pulse. Each change of the I/Os after resetting is detected
and is transmitted as INT.

Reading from or writing to another device does not affect the interrupt circuit, and 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. Because each 8-bit port is read
independently, the interrupt caused by port O is not cleared by a read of port 1, or vice versa.

INT has an open-drain structure and requires a pull-up resistor to Vcc of moderate value (typically about 10kQ).

9.4 Device Functional Modes

9.4.1 Power-On Reset (POR)

When power (from OV) is applied to Vcc, an internal power-on reset circuit holds the RS29535 in a reset condition
until Vcc has reached Veorr. At that time, the reset condition is released, and the RS29535 registers and 12C-
SMBus state machine initialize to their default states. After that, Vcc must be lowered to below Veorr and back
up to the operating voltage for a power-reset cycle.

9.4.2 Powered-Up

When power has been applied to Vcc above Vrorr, and the POR has taken place, the device is in a functioning
mode. In this state, the device is ready to accept any incoming I2C requests and is monitoring for changes on the
input ports.

9.5 Programming

9.5.1 I12C Interface

The RS29535 has a standard bidirectional 12C interface that is controlled by a master device in order to be
configured or read the status of this device. Each slave on the I2C bus has a specific device address to
differentiate between other slave devices that are on the same 12C bus. Many slave devices require configuration
upon startup to set the behavior of the device. This is typically done when the master accesses internal register
maps of the slave, which have unique register addresses. A device can have one or multiple registers where data
is stored, written, or read.

The physical 12C interface consists of the serial clock (SCL) and serial data (SDA) lines. Both SDA and SCL lines
must be connected to Vcc through a pull-up resistor. The size of the pull-up resistor is determined by the amount
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of capacitance on the I?C lines. Data transfer may be initiated only when the bus is idle. A bus is considered idle
if both SDA and SCL lines are high after a STOP condition. See Table 1.
Figure 6 and Figure 7 show the general procedure for a master to access a slave device:
1. If a master wants to send data to a slave:

e Master-transmitter sends a START condition and addresses the slave-receiver.

e Master-transmitter sends data to slave-receiver.

e Master-transmitter terminates the transfer with a STOP condition.
2. If a master wants to receive or read data from a slave:

e Master-receiver sends a START condition and addresses the slave-transmitter.

e Master-receiver sends the requested register to read to slave-transmitter.

e Master-receiver receives data from the slave-transmitter.

e Master-receiver terminates the transfer with a STOP condition.

| |
T |
SDA | I

Iy |

)

o\ ) |

| T I V T
START Data Transfer STOP
Condition Condition

Figure 6. Definition of Start and Stop Conditions

SDA line stable while SCL line is high

o

f

MSB Bit Bit Bit Bit Bit Bit LSB ACK
Byte: 1010 1010 ( OxAAh)
Figure 7. Bit Transfer
Table 1 shows the interface definition.
Table 1. Interface Definition
BIT
BYTE
7 (MSB) 6 5 4 3 2 1 0 (LSB)

12C slave address L H L L A2 Al A0 R/W
POx 1/0O data bus PO7 P06 PO5 P04 P03 P02 PO1 POO
P1x 1/0O data bus P17 P16 P15 P14 P13 P12 P11 P10
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9.5.1.1 Bus Transactions

Data is exchanged between the master and the RS29535 through write and read commands, and this is
accomplished by reading from or writing to registers in the slave device.

Registers are locations in the memory of the slave which contain information, whether it be the configuration
information or some sampled data to send back to the master. The master must write information to these
registers in order to instruct the slave device to perform a task.

9.5.1.1.1 Writes

To write on the I?C bus, the master sends a START condition on the bus with the address of the slave, as well as
the last bit (the R/W bit) set to 0, which signifies a write. After the slave sends the acknowledge bit, the master
then sends the register address of the register to which it wishes to write. The slave acknowledges again, letting
the master know it is ready. After this, the master starts sending the register data to the slave until the master
has sent all the data necessary (which is sometimes only a single byte), and the master terminates the
transmission with a STOP condition.

See the Control Register and Command Byte section to see list of the RS29535's internal registers and a
description of each one.

Figure 8 shows an example of writing a single byte to a slave register.

I:I Master controls SDA line

l:’ Slave controls SDA line

Write to one register in a device

Device (Slave) Address (7 bits) Register Address N (8 bits) Data Byte to Register N (8 bits)

N

| S | 0 | 1 | 0 | 0 |A2|A1|AO| 0 | A|B7|Bé|B5|B4|BS|B2|Bl|BO| A|D7|D6|D5|D4|D3|D2|D1|D0| A| P|

(| ! 11

START R/W=0 ACK ACK ACK STOP
Figure 8. Write to Register

Figure 9 shows the Write to the Polarity Inversion Register.
l:, Master controls SDA line

I:l Slave controls SDA line

Device (Slave) Address (7 bits) Register Address 0x04 (8 bits) Data Byte to Register 0x04 (8 bits)

N

|S|O|1|O|O|A2|A1|AO|O|A|O|O|O|0|O|1|0|O|A|D7|D6|D5|D4|D3|D2|D1|D0|A| P|
it t t

START R/W=0 ACK ACK ACK STOP
Figure 9. Write to the Polarity Inversion Register

Figure 10 shows the Write to Output Port Registers.
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SCL 1\ J2\ J3\ J4\ [5\ 6\ J7\ J8\ [¢ eeo e |
Slave Address | Command Byte Data to PortO | Data to Port 1
A\ /\ /\ /\ I
Vi \ L/ \ AW \
I T T T T T T T T T T T T I T T T T T T |
SDAlslol1|o|0|A2|A1|Ao|o|A|0 0 0 0 00 1 o| |o7 Data O 0.0| A|1.7 Data 1 1.0| A|P|
! I TR TR T T | I T M N T | ! T N Wit R N |
Start Condition R/W Acknowledge Acknowledge Acknowledge I
From Slave From Slave From Slave
Write to Port

I
n n

I

I

X
-

|
|
]

|
Data Valid | X

e

Data Out from Port 1

|
|
Data Out from Port O I
|
I
I

|
| o

Figure 10. Write to Output Port Registers

9.5.1.1.2 Reads

Reading from a slave is very similar to writing, but requires some additional steps. In order to read from a slave,
the master must first instruct the slave which register it wishes to read from. This is done by the master starting
off the transmission in a similar fashion as the write, by sending the address with the R/W bit equal to O (signifying
a write), followed by the register address it wishes to read from. When the slave acknowledges this register
address, the master sends a START condition again, followed by the slave address with the R/W bit set to 1
(signifying a read). This time, the slave acknowledges the read request, and the master releases the SDA bus but
continues supplying the clock to the slave. During this part of the transaction, the master becomes the master-
receiver, and the slave becomes the slave-transmitter.

The master continues to send out the clock pulses, but releases the SDA line so that the slave can transmit data.
At the end of every byte of data, the master sends an ACK to the slave, letting the slave know that it is ready for
more data. When the master has received the number of bytes it is expecting, it sends a NACK, signaling to the
slave to halt communications and release the bus. The master follows this up with a STOP condition.

See the Control Register and Command Byte section to see list of the RS29535's internal registers and a
description of each one.

Figure 11 shows an example of reading a single byte from a slave register.

|:| Master controls SDA line

I:l Slave controls SDA line

Read from one register in adevice

Device (Slave) Address (7 bits) Register Address N (8 bits) Device (Slave) Address (7 bits) Data Byte from Riister N (8 bits)

[s]o]x]o]o]a2]as]no] o A[87]8s|es|e4]B3[B2]B1]BO| A[S| 0] 1] 0] 0]a2[as]ac] 1] 07| ps|0s|D4|D3]D2|D1]D0|NA| P ]

| t1 ot

START R/W=0 ACK ACK Repeated START R/W=1  ACK NACK STOP

Figure 11. Read from Register

After a restart, the value of the register defined by the command byte matches the register being accessed when
the restart occurred. For example, if the command byte references Input Port 1 before the restart, and the restart
occurs when Input Port O is being read, the stored command byte changes to reference Input Port 0. The original
command byte is forgotten. If a subsequent restart occurs, Input Port O is read first. Data is clocked into the
register on the rising edge of the ACK clock pulse. After the first byte is read, additional bytes may be read, but
the data now reflect the information in the other register in the pair. For example, if Input Port 1 is read, the next
byte read is Input Port O.

Data is clocked into the register on the rising edge of the ACK clock pulse. There is no limitation on the number
of data bytes received in one read transmission, but when the final byte is received, the bus master must not
acknowledge the data. Figure 12 and Figure 13 show two different scenarios of Read Input Port Register.

20/30 www.run-ic.com



(;'{UNIC RS29535

Innovation Service

SCL 12 4\_/5\ /6! 8|9
: I9\.x : I;‘x : I9\.x : }QNX
spa[sJoJ1Jooazlat]ao[1]Aa 7654 3] 2] 1]ofAa][7 6543 2] 1]o Al 7] 6]5]4]3]2]1]olal7 s[5 4][3]2] 1o 1]P]
| | | |
ki led ki led cknowledge
R L aiave | From Mastor o Master rom Master No Ackroviecge
| | | |
| | | |
Read From Port O Ia\ | n |
| | | |
Data Into Port O X : : : :
| t t t t
| | | |
Read From Port 1 : | n | n
| I I I
Data Into Port 1 T E E t
I T T T
| |
|
|
|

I I
Transfer of data can be stopped at any time by a Stop condition. When this occurs, data present at the latest acknowledge
phase is valid (output mode). It is assumed that the command byte previously has been set to 00 (read Input Port register).
This figure eliminates the command byte transfer, a restart, and slave address call between the initial slave address call and
actual data transfer from the P port.

Figure 12. Read Input Port Register, Scenario 1

1U2L3U4LI5U6\71 189

scL | | | |
| 1R | R | R | ALx X
spa[s[of1]olofadatfac[1]A] T T oo T T T Al TV U tag U JAl T T o3 U U [Al T T T Tt T [a]r]
M B T PRI T T N Y TR T T M L
_I Acknowledge TIAcknowledge f'AcknowIedge h Acknowledge
R/W! From Slave I'From Master IFrom Master | From Master
| | |
: No Acknowledge
-—: I toh : ": :" tos :‘_’_ toh From Master
Read From Port 0 N | | N | !
1 [ T [ i
| ! | ! !
Data Into Port O X Data 00 X Data 01 N Data 02 ) SN Data 03 ¥ |
) T | T T T |
| I ety - e ton I I
Read From Port 1 L | | ! | N !
| T !
| | T | | |
) . .
Data Into Port 1 T T Paw1d N Data 11 . . X_Data 12
' i i i i wy
iNT I L ' ' ' I
tv—sl e I le— tir ! ! I “ > tiv

Transfer of data can be stopped at any time by a Stop condition. When this occurs, data present at the latest acknowledge
phase is valid (output mode). It is assumed that the command byte previously has been set to 00 (read Input Port register).
This figure eliminates the command byte transfer, a restart, and slave address call between the initial slave address call and
actual data transfer from the P port.

Figure 13. Read Input Port Register, Scenario 2

9.5.2 Device Address
Figure 14 shows the address byte of the RS29535.
R/W
Slave Address l
VAN
\
011]10]0 |A2]A1]AO
/\
\Y \Y4
Fixed Programmable

Figure 14. RS29535 Address

Table 2 shows the address reference of the R529535.
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Table 2. Address Reference

INPUTS
I12C BUS SLAVE ADDRESS

A2 Al AO

L L L 2 (decimal), 0x20 (hexadecimal)
L L H 33 (decimal), 0x21 (hexadecimal)
L H L 34 (decimal), 0x22 (hexadecimal)
L H H 5 (decimal), 0x23 (hexadecimal)
H L L 6 (decimal), 0x24 (hexadecimal)
H L H 37 (decimal), 0x25 (hexadecimal)
H H L 38 (decimal), 0x26 (hexadecimal)
H H H 39 (decimal), 0x27 (hexadecimal)

The last bit of the slave address defines the operation (read or write) to be performed. A high (1) selects a read

operation, while a low (0) selects a write operation.

9.5.3 Control Register and Command Byte

Following the successful acknowledgment of the address byte, the bus master sends a command byte shown in
Table 3 that is stored in the control register in the RS29535. Three bits of this data byte state the operation (read
or write) and the internal register (input, output, polarity inversion, or configuration) that is affected. This register
can be written or read through the 12C bus. The command byte is sent only during a write transmission.

When a command byte has been sent, the register that was addressed continues to be accessed by reads until a

new command byte has been sent. Figure 15 shows the control register bits.

(oo o o] o]ee]ee0]

Figure 15. Control Register Bits

Table 3. Command Byte
CONTROL REGISTER BITS COMMAND BYTE REGISTER PROTOCOL POWER-UP
B2 B1 BO (HEX) DEFAULT
0 0 0 0x00 Input Port O Read byte XXXX XXXX
0 0 1 0x01 Input Port 1 Read byte XXXX XXXX
0 1 0 0x02 Output Port 0 Read-write byte 1111 1111
0 1 1 0x03 Output Port 1 Read-write byte 1111 1111
1 0 0 0x04 Polarity Inversion Port 0 | Read-write byte 0000 0000
1 0 1 0x05 Polarity Inversion Port 1| Read-write byte 0000 0000
1 1 0 0x06 Configuration Port O Read-write byte 1111 1111
1 1 1 0x07 Configuration Port 1 Read-write byte 1111 1111
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9.6 Register Maps

9.6.1 Register Descriptions

The Input Port registers (registers O and 1) shown in Table 4 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. It only acts on
read operation. Writes to these registers have no effect. The default value, X, is determined by the externally
applied logic level.

Before a read operation, a write transmission is sent with the command byte to let the I2C device know that the
Input Port registers are accessed next.

Table 4. Registers 0 and 1 (Input Port Registers
Bit 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
Bit 11.7 11.6 11.5 11.4 11.3 11.2 11.1 11.0
Default X X X X X X X X

The Output Port registers (registers 2 and 3) shown in Table 5 show the outgoing logic levels of the pins defined
as outputs by the Configuration register. Bit values in this register have no effect on pins defined as inputs. In
turn, reads from this register reflect the value that is in the flip-flop controlling the output selection, not the
actual pin value.

Table 5. Registers 2 and 3 (Output Port Registers)
Bit 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
Bit 01.7 01.6 01.5 0o14 013 01.2 O1.1 01.0
Default 1 1 1 1 1 1 1 1

The Polarity Inversion registers (registers 4 and 5) shown in Table 6 allow polarity inversion of pins defined as
inputs by the Configuration register. If a bit in this register is set (written with 1), the corresponding pin's polarity
is inverted. If a bit in this register is cleared (written with a 0), the corresponding pin's original polarity is retained.

Table 6. Registers 4 and 5 (Polarity Inversion Registers)

Bit NO.7 NO.6 NO.5 NO0.4 NO.3 NO.2 NO.1 NO.0
Default 0 0 0] 0 0 0 0 0

Bit 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]

The Configuration registers (registers 6 and 7) shown in Table 7 configure the directions of the I/O pins. If a bit
in this register is set to 1, the corresponding port pin is enabled as an input with a high-impedance output driver.
If a bit in this register is cleared to O, the corresponding port pin is enabled as an output.

Table 7. Registers 6 and 7 (Configuration Registers)

Bit Co.7 C0.6 CO0.5 Cco.4 Co0.3 Co0.2 Co.1 C0.0
Default 1 1 1 1 1 1 1 1

Bit C1.7 C1.6 C15 Ci4 C13 C1.2 Ci1 C1.0
Default 1 1 1 1 1 1 1 1
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10 APPLICATION AND IMPLEMENTATION

Information in the following applications sections is not part of the RUNIC component specification, and RUNIC
does not warrant its accuracy or completeness. RUNIC's customers are responsible for determining suitability of
components for their purposes. Customers should validate and test their design implementation to confirm
system functionality.

10.1 Application Information

Applications of the RS29535 has this device connected as a slave to an 12C master (processor), and the 12C bus
may contain any number of other slave devices. The RS29535 is typically in a remote location from the master,
placed close to the GPIOs to which the master needs to monitor or control.

IO Expanders such as the RS29535 are typically used for controlling LEDs (for feedback or status lights),
controlling enable or reset signals of other devices, and even reading the outputs of other devices or buttons.

10.2 Typical Application
Figure 16 shows an application in which the R529535 can be used.

Subsystem 1
(e.g., Temperature

vV INT Sensor)
cc o o 9 o Y o P W Y
5V) I 10kQ 2kQ Subsystem 2
Vce 24 10kQ (e.g., Counter)
- 2] " (x3) RESET
Master - . scL POOZ’ -
Controller SDA 2 SDA PO1 6 hd A
. P02 |
INT iNT PO3(e. \?
GND g ENABLE
P04
PO5Z 10kO B
oz
RS29535 OL—EI—VCC
P60 Controlled Switch
11 (e.g., CBT Device)
PO7 > ,
—31A2 P10 12
P11
2/a1 P12l L5 ALARM
16 Keypad Subsystem 3
21 P13
AO P14t (e.g., Alarm)
p15ee
P16 ;3
GND P17}«
/_77 12]

Device address is configured as 0100100 for this example.
P00, P02, and P03 are configured as outputs.

P01, PO4-P07, and P10-P17 are configured as inputs.

Pin numbers shown are for the TSSOP24 package.

Figure 16. Application Schematic
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10.2.1 Design Requirements
The designer must take into consideration the system, to be sure not to violate any of the parameters. Table 8
shows some key parameters which must not be violated.

Table 8. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
I2C and Subsystem Voltage (Vcc) 5V
QOutput current rating, P-port sinking (loL) 25mA
I2C bus clock (SCL) speed 400kHz

10.2.1.1 Calculating Junction Temperature and Dissipation

When designing with this device, it is important that the Recommended Operating Conditions not be violated.
Many of the parameters of this device are rated based on junction temperature. So junction temperature must
be calculated in order to verify that safe operation of the device is met. The basic equation for junction
temperature is shown in Equation 1.

Tij=Ta+ (6 x Pqg) (1)

0,4 is the standard junction to ambient thermal resistance measurement of the package, as seen in Thermal
Information table. P4 is the total power dissipation of the device, and the approximation is shown in Equation 2.

P4 = (Icc_staTic X Vec) +3 Pd porT L + 3 Pd PORT H (2)

Equation 2 is the approximation of power dissipation in the device. The equation is the static power plus the
summation of power dissipated by each port (with a different equation based on if the port is outputting high,
or outputting low. If the port is set as an input, then power dissipation is the input leakage of the pin multiplied
by the voltage on the pin). Note that this ignores power dissipation in the INT and SDA pins, assuming these
transients to be small. They can easily be included in the power dissipation calculation by using Equation 3 to
calculate the power dissipation in INT or SDA while they are pulling low, and this gives maximum power
dissipation.

Pda_porT _L = (loL % VoL ) (3)

Equation 3 shows the power dissipation for a single port which is set to output low. The power dissipated by the
port is the VoL of the port multiplied by the current it is sinking.

Pa_porT _H = (lon % (Vcc - Von)) (4)

Equation 4 shows the power dissipation for a single port which is set to output high. The power dissipated by
the port is the current sourced by the port multiplied by the voltage drop across the device (difference between
Vcc and the output voltage).

10.2.1.2 Minimizing lcc When 1/0 is Used to Control LED

When an I/O is used to control an LED, normally it is connected to Vcc through a resistor as shown in Figure 16.
Because the LED acts as a diode, when the LED is off, the I/O Vinis about 1.2 V less than Vcc. The Alcc parameter
in the Electrical Characteristics table shows how lcc increases as Vin becomes lower than Vcc. For battery-
powered applications, it is essential that the voltage of 1/0 pins is greater than or equal to Vcc when the LED is
off to minimize current consumption.

Figure 17 shows a high-value resistor in parallel with the LED. Figure 18 shows Vcc less than the LED supply
voltage by at least 1.2V. Both of these methods maintain the I/O VN at or above Vcc and prevent additional
supply current consumption when the LED is off.
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Vcc

LED
" 100kQ

Vce

Pn

Figure 17. High-Value Resistor in Parallel With LED

3.3V ? \%
Vce LED
e
Pn

Figure 18. Device Supplied by Lower Voltage
10.2.2 Detailed Design Procedure

The pull-up resistors, Rp, for the SCL and SDA lines need to be selected appropriately and take into consideration
the total capacitance of all slaves on the I?C bus. The minimum pull-up resistance is a function of Vcc, VoLmax),
and loL as shown in Equation 5.
Vce - VoL(max)
Remin= ——— (5)
lou
The maximum pull-up resistance is a function of the maximum rise time, tr (300 ns for fast-mode operation, fscL
= 400 kHz) and bus capacitance, Cy» as shown in Equation 6.
tr
Remaxy= — (6)
0.8473 xCp
The maximum bus capacitance for an 1°C bus must not exceed 400pF for standard-mode or fast-mode operation.
The bus capacitance can be approximated by adding the capacitance of the RS29535, Ci for SCL or Cio for SDA,
the capacitance of wires/connections/traces, and the capacitance of additional slaves on the bus.
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11 PACKAGE OUTLINE DIMENSIONS
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Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
AWM 1.200 0.047
Al 0.050 0.150 0.002 0.006
A2 0.800 1.050 0.031 0.041
b 0.200 0.290 0.008 0.011
c 0.130 0.170 0.005 0.007
DW 7.700 7.900 0.303 0.311
E® 4.300 4.500 0.169 0.177
E1l 6.200 6.600 0.244 0.260
e 0.650 (BSC)®@ 0.026 (BSC)@
L 0.450 0.750 0.018 0.030
H 0.250 (TYP) 0.010(TYP)
S 0° 8° 0° 8°

NOTE:
1. Plastic or metal protrusions of 0.15mm maximum per side are not included.
2. BSC (Basic Spacing between Centers), "Basic" spacing is nominal.
3. This drawing is subject to change without notice.
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QFN4X4-24)
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RECOMMENDED LAND PATTERN (Unit: mm)

Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
AWM 0.700 0.800 0.028 0.032
Al 0.000 0.050 0.000 0.002
A2 0.500 0.600 0.020 0.024
A3 0.200 REF®@ 0.008 REF @

b 0.200 0.300 0.008 0.012
DW 3.900 4.100 0.154 0.161
E® 3.900 4.100 0.154 0.161
D2 2.150 2.350 0.085 0.093

E2 2.150 2.350 0.085 0.093

e 0.400 0.600 0.016 0.024

H 0.350 REF®@ 0.014 REF®@

K 0.300 - 0.012 -

L 0.350 0.450 0.014 0.018

R 0.090 - 0.004 -

cl 0.080 NOM 0.003 NOM
c2 0.080 NOM 0.003 NOM

1. Plastic or metal protrusions of 0.075mm maximum per side are not included.

2. REF is the abbreviation for Reference.

3. This drawing is subject to change without notice.
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12 TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSION
A
—» P2 |a— [—PO—»
Reel N /] N N
Q Diameter
w Q2 Q2 Q2 T
Q Q% Q}/
T+ + + BO
~HT TR =t / :
' \
v l¢——P1— —A K(5|<—
£ Reel Widthw1)
s DIRECTION OF FEED
NOTE: The picture is only for reference. Please make the object as the standard.
KEY PARAMETER LIST OF TAPE AND REEL
Package Type Reel Reel Width A0 BO KO PO P1 P2 w Pinl
ge 1yp Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
TSSOP24 13” 164 6.95 8.30 1.60 4.0 8.0 2.0 16.0 Q1
QFN4X4-24 13” 124 4.40 4.30 1.30 4.0 8.0 2.0 12.0 Q2
NOTE:

1. All dimensions are nominal.
2. Plastic or metal protrusions of 0.15mm maximum per side are not included.
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IMPORTANT NOTICE AND DISCLAIMER

Jiangsu RUNIC Technology Co., Ltd. will accurately and reliably provide technical and reliability data (including
data sheets), design resources (including reference designs), application or other design advice, WEB tools, safety
information and other resources, without warranty of any defect, and will not make any express or implied
warranty, including but not limited to the warranty of merchantability Implied warranty that it is suitable for a
specific purpose or does not infringe the intellectual property rights of any third party.

These resources are intended for skilled developers designing with RUNIC products You will be solely
responsible for: (1) Selecting the appropriate products for your application; (2) Designing, validating and testing
your application; (3) Ensuring your application meets applicable standards and any other safety, security or other
requirements; (4) RUNIC and the RUNIC logo are registered trademarks of RUNIC INCORPORATED. All
trademarks are the property of their respective owners; (5) For change details, review the revision history
included in any revised document. The resources are subject to change without notice. Our company will not be
liable for the use of this product and the infringement of patents or third-party intellectual property rights due
to its use.
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