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Description

The R2A20150NP/SA is a CMOS 8-bit I/0 expander, which has serial to parallel and parallel to serial
data converting functions.

It can communicate with a microcontroller via few wiring thanks to the adoption of the 2-wire 12C BUS.

Maximum 8 ICs can be connected to a bus by using 3-chip select pins, so that it is possible to handle up
to 64 bits data.

Features
e Simple 2-wire (SCL and SDA) communication with a microcontroller.

« 8-bit data conversion between serial and parallel by I12C BUS.

e Corresponds to Fast mode (400kHz) of I12C BUS specification.

¢ Possible to set input and output each bit separately.

¢ By using three chip select pins (CS0,CS1,CS2), R2A20150 can connect with the same BUS line
to maximum 8 pieces.

¢ Very small package line-up QFN-16 and TSSOP-16.

Application

@ |/O port expansion of Microcomputer.
@ Data conversion from serial to parallel and from parallel to serial in peripheral of Microcomputer.

Block Diagram
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Pin Arrangement

R2A20150NP (Top view)
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Package: PWQN0016KB-A [NP]

R2A20150SA (Top view)
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Package: PTSP0016JB-A [SA]

EXPLANATION OF TERMINALS The pin No. of ( ) are for QFN package

Pin No.

TssoP | OFN Symbol 1/0 Function
1 15 SO Output Serial data output terminal
2 16 SCL Input Serial clock input terminal
3 1 SDA Input/Output | Serial data input/output terminal
4 2 DO
5 3 D1
6 4 D2
7 5 D3 Parallel data input/output terminal
9 6 D4 InputOutput ('Initial state after power on is input mode. )
10 7 D5
11 8 D6
12 9 D7
14 10 cs2 Chip select data input terminal
15 12 Cs1 Input This IC accessed only when the lower 3bits data from
16 13 CcSso Slave address coincide with the data of CSO0 to CS2.
13 14 VoD - Power supply terminal
8 11 GND - GND terminal
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R2A20150NP/SA New Product

Absolute Maximum Ratings (Ta= 25 deg_unless otherwise noted)

Symbol Item Conditions Ratings Unit
Vbp Supply voltage -0.3t0 +6.5 \%
Vi Input voltage -0.3 to Vopo+0.3 (<6.5) \%
Vo Output voltage -0.3 to Vob+0.3 (<6.5) \%

loH Output current “High” DO ~ D7 -5t00 mA
loL Output current “Low”  *1 DO ~ D7 Continuous 9to+ mA
Peak 0to +30 mA

Pd Power dissipation Ta= +85deg 290(NP) / 150(SA) mwW

K theta | Thermal derating factor Ta> +25deg 7.25(NP) / 3.75(SA) mW/deg
Topr | Operating temperature range -30to +85 deg
Tstg Storage temperature -40 to +125 deg

*1 : The maximum ratings of Output current “Low” is 4mA when using continuously for each port, but peak current is
30mA (13% duty) when considering duty cycle including power off period.

Recommended Operating conditions

L. Limits .
Symbol Item Conditions v Typ VI Unit
Vop Supply voltage 2.7 5.0 5.5 \Y,
Vi1 Input high voltage 0.8Vop - Vob \
Vi Input low voltage 0 - 0.2Vop \Y
Electrical Characteristics (Vob = +5V +/-10%, GND=0V, Ta= -30 to +85deg unless otherwise noted)
Symbol It Conditi il Unit
ympDo em ondituons Min Typ Max ni
L ViH=Vop, ViL=GND, fsc,=400kHz - 0.05 0.5 mA
Iop Circuit current
Vii=Vop, ViL=GND, fsct=STOP - 0.1 10 HA
lik Input leak current -10 0 10 HA
VoL Output low voltage (SDA) Isink=3mA - - 0.4 Y
Vin Input high voltage 0.8Vop - Vob \%
Vio Input low voltage 0 - 0.2Vop \%
Vhys Hysteresis of Schmitt trigger input (SDA, SCL) 0.5 0.8 - \%
Vou Output h|gh Vo|tage lon=-1mA, Voo=5V Voo— 0.4 - Vobp v
(DO ~ D7) lon=-500pA, Voo=3V Voo— 0.4 - Voo
VoL Output low voltage lo,=5mA, Vopo=5V 0 - 0.4 v
(D0 ~ D7) lo.=2.5MA, Vop=3V 0 - 0.4
Vor=0.4V, Vop=5V 5 10 -
Output current “Low”  *2 Vor=0.4V, Voo=3V 2.5 5 -
lou DO ~ D7) mA
( VoL=1.0V, Vbo=5Y 15 25 -
Vor=1.0V, Voo=3V 5 10 -
trvop Supply voltage rise-up time *3 Vop=0 to 2.7V 100 - - ps
Vooror | Operating voltage of internal reset *3 Voo=0 to 2.7V - 15 1.9 \'
Time period of re-power on
teor (Power supply OFF > ON) *3 Voo < 0.1V 1 ) ) ms
*2 : Output low current should be set; average current of summary of DO to D3 or D4 to D7 < 16mA.
Average current is calculate by below equation;
Average current = loL X duty duty : The period of flow loL (Include power off period)
*3 : When power supply is turned on, internal circuit is initialized by power on reset circuit. But, if re-powered on
quickly, initialize is not operate. So, keep the time period of re-powered on (tror).
trvob tror (equivalent to trvop)
<>
VoD VbpPOR \l/ L/
GND A
Internal <0.1V
Reset signal
GND AN AN
Resetting period Resetting period
R0O3DS0012EJ0100 Rev.1.00 LENESAS Page 3 of 10

2011.09.05
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I2C BUS Characteristics

Normal mode Fast mode _
Item Symbol - - Unit
Min. Max. Min. Max.
SCL clock frequency fscL 0 100 0 400 kHz
Free time: the bus must be free before a new
. tBUF 4.7 - 1.3 - Hs
transmission can start
Hold time START condition after this period, the first
. tHD:STA 4.0 - 0.6 - us
Clock pulse is generated
Low period of the clock tLow 4.7 - 1.3 - [VES
High period of the clock tHIGH 4.0 - 0.6 - us
Set-up time for START condition. tSUSTA 47 i 06 _ S
Only relevant for a repeated START condition. ' ’ ’ H
Data Hold time tHD:DAT 0 3.45 0 0.9 us
Data Set-up time tsu:DAT 250 - 100 - ns
Rise time of SDA and SCL signals tRr - 1000 - 300 ns
Fall time of SDA and SCL signals tF - 300 - 300 ns
Set-up time for STOP condition tsu:sTo 4.0 - 0.6 - us
Capacitive load of bus line Cb - 400 - 400 pF

All of above value are corresponds to Viimin and ViLmax.

Timing Chart
iR, tF
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R2A20150NP/SA New Product

Functional Blocks

® 12C BUS Interface
The I2C BUS interface recognizes start/stop conditions, a slave address and a write/read mode selection
by receiving SDA,SCL,CS0,CS1 and CS2 signals and then the latch pulse, dedicated to each data latch
are generated.

® Data Latch
This IC has 3 types of data latch: the I/O setting data latch, the input data latch and the output data latch
and each latch is controlled by the 12C BUS interface.

¢ |/O setting data latch
These latches set input-state or output-state of each parallel data terminals (DO to D7). They are
set at the next byte after receiving the slave address byte in the write mode from the master.
In case this latch is set to high, the data is transferred from the 12C BUS interface to the parallel
data terminals. In the opposite transmission: from the parallel data terminals to the I12C BUS,
it is set to low.

e Output data latch
In the write mode, the data from the 12C BUS to the parallel data terminals is latched.
When the master transmits output data after a setting in write mode, the output data is taken into
the latch.

e Input data latch
In the read mode, the data of parallel data terminals is latched in the input data latches. The input
data is taken into the latches from the parallel data terminals on every 8th negative edge of SCL clock.
The latched data is output to the master through the sift resistor. On the output terminal assigned by
the 1/O setting latch, the input data latch takes the state of the output terminal.

® Parallel Input/Output Port
In case I/O setting latch is set to low (the input mode), each parallel terminal becomes hi-impedance
and is able to accept an input. In another case /O setting latch is set to high (output mode), each parallel
terminal output a data according to the state of the output data latch.

@® Serial Output Port
The parallel data from each parallel terminal are conversion to 8bit serial data and output to SO terminal.
Without serial output mode, SO terminal goes to low output.

® Power on Reset
When the power is turned on, each latch is reset (initialize) and then the parallel data I/O terminals
become hi-impedance (input mode).
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R2A20150NP/SA New Product

Digital Data Format

1.Write mode: I2C BUS data input to parallel data output
(The data transmits continuously each 8bits after setting slave address and 1/0.)

FIRST LAST
S| Slaveaddress | W A7l /O seting A 8bitdata A 8bit data /% ------ Az P

2.Read mode: Parallel data input to I12C BUS data output)
(The data transmits continuously each 8bits after setting slave address. When final data transmitted,
do not return the acknowledge, then input the stop condition.)

FIRST LAST

S| Slveaddess | RPAL  sbitdata AF spitdata | A O / Al sbitdata A A|P

[ ] Transmission from Master (MCU etc.) to Slave (R2A20150)
7] Transmission from Slave (R2A20150) to Master (MCU etc.)

® S: Start condition
While SCL level is high, SDA line level should be changed from high to low.

Chip select data

® Slave address MSB LSB
FIRST » LAST A2 Al A0 CS2 Csl CSO
MSB LSB
0 0 0 L L L
0 111 |1 [A2|A1] A0 0 0 1 ] L H
Note: Lower three bits (A0, A1, A2) are a programmable address. 0 1 0 L H L
This IC is accessed only when the lower 3 bits data of slave
address coincide with the data of CSO to CS2. (refer to the right table)
1 1 1 H H H

® \W: Write (SDA = Low), R: Read (SDA = High) (L=Low.H=High)
=Low,H=Hig

® A: Acknowledge bit

_(Slave side confirm the data receive, change to Low in the SDA line)

*A: IN a read mode; after final data transmitted, do not return acknowledge. Change to High.)
® |/O setting data (I/O setting of parallel data 1/O terminals.)

FIRST . LAST
MSB »” LSB

P7| P6|P5 | P4| P3| P2| P1| PO

Note: DATA INPUT from parallel data terminals = Low
DATA OUTPUT to parallel data terminals = High
Each bit data corresponds to the I/O state of the parallel data terminals.

® 8-bit data
FIRST » LAST
MSB » LSB

D7| D6|D5| D4| D3| D2| D1| DO

® P: Stop condition
While SCL level is high, SDA level should be changed from low to high.
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FUNCTIONAL DESCRIPTION

All parallel data I/O terminals are set to the input-state after power-on. In case any terminals need to be
set to the output state, the corresponding terminals should be set during the write mode.

This setting is hold until a next setting.

In the write mode, 8 bits data can be transmitted from the 12C BUS interface to the parallel ports continually
After the slave address and I/O setting.

In the read mode, 8 bits data can be transmitted from the parallel ports to the 12C BUS interface continually
After the slave address setting. This 8 bits serial data is output from the SO terminal. SO terminal sets

to “L” state without read mode.

In the case of a changing between the write- and read-mode, the data must be transmitted again from the
Starting condition.

® In a case of a data conversion from serial to parallel [ ] Transmission from a master (MCU etc.)

Transmission from a slave (R2A20150)
Start Stop
condition  slave address I/O setting byte DATA DATA condition

s e N O N
i oo s e\ orfogapabalp e oo gt do b ol

X‘ XA Data output X Data output
DO S
o :EEHP?3iﬁiﬁ:iiiik3iﬁﬁﬁﬁﬁ:ki%ii3ﬁﬁiﬁiﬁ:i(m 00 D1X QQ:?ZX
D7 J o O

® In a case of a data conversion from parallel to serial

All'I/O setting resistors are set to low (input) in the write mode, before a parallel data is read.
(All'l/O setting resistors are set to the input mode after power-on.)
Start -
condition  Slave address O setting byte [ ] Transmission from a master (MCU etc.)
p A N A N Transmission from a slave (R2A20150)

A0 0/';\P7P6 P5P4 P3 P2 P1 PO { -A-.

SCL
DO to D7 ::::.l-:l.i;:Z::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Stop
Start condition
condition  Slave address DATA DATA DAXA \

N \4 N N
s\l ek b ookl balboaed odosklbbaledb e X
1 3 5\/6\/7

A%

scL

so geasasanissesssan

oo DX oax N {Josx Y oax T

(example) YData latch VData latch VData latch

DO to D711 T T L
output ool
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@ In case the I/O setting is different between each terminals.

An example : the parallel port terminals of DO to D3 and D4 to D7 are assigned as output and
input terminals, respectively.

Start Stop
condition Slave address /O setting byte DATA DATA condition
l A A A A l
( A 4 N A 4 A B
SDA 40:3 N
SCL
123 dadsudu gl 7Ug 1 2u3adsuguU7Ug - — =
\ \/\Data output \Data output
DotO ______
pg |ooHRzilLLL L D1X D2X
DA to - - T T T T T T T T T T T T T T T Z-—Z-_ZTZ-Z_-;T
AV Y \V -
Start Stop
condition  Slave address DATA DATA DATA condition

%

DO to D3
patod7 T I N oV IIT -0 Vv 11— °tttommmmmmmmmm
(instance) D1iX X D2X X D3X X D4X
__________ \% A\ A\ TTTTTTTTT TS T T T
Data latch Data latch Data latch

* Write mode
The terminal assigned as an output provides the data written in the output data latch.
After power-on, all terminals are reset to the input-state. Then an initial data low of the output latch are
output after the 1/O setting has been done. Finally the assigned output are provided after the 8-bit data
transmission.
Then terminal assigned as an input keeps the input condition (High-impedance) regardless of 8-bit data

setting.

* Read mode
The input data is taken into input latch on every 8th negative-going edge of the SCL clock through the
terminal assigned as an input, and then the latched data is output via the SDA line.
The data of the output assigned terminal is also handled in the same procedures as above.
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TYPICAL APPLICATION

T
T

Chip select data

T

%10;&
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16
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MCU

()

Ordering Information

11
VbD
DO| 2 @4—»\
T D1|3 (5 )«—>
Cs2
13 224 f6)—>
Ccs1
D3(5 (7 )e—>
14| cso >\ Parallel input/
D47 @<_, Output terminal
D5 8 @<_>
16| sCL
1 | SDA
SO |15{ 1 — Serial data output
GND P
6
8

(O Number for TSSOP package
J Number for QFN package

Order part No.

Package Name

Package Code

Package type No.

Packing/Quantity

R2A20150SA TSSOP-16 PTSP0016JB-A SA Embossed Taping/2,000 pcs.
R2A20150NP QFN-16 PWQNOO016KB-A NP Embossed Taping/3,000 pcs.
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Package outline
SA: PTSP0016JB-A

JEITA Package Code | RENESASCode | Previous Code | MASS[Typ.] |
P-TSSOP16-4.4x5-0.65 \ PTSP0016JB-A \ TTP-16DAV | 0.05g \
“p
{ - ?%TIEA)ENSIONSW Nom)'AND"*2"
b 3 /_ ‘DO NOT INCLUD N?CTL)D FLASH
2 DIMENSION"*3"DOES NOT
H H H H H H ( J \‘ INCLUDE TRIM OFFSET.
\ 1 /
bp
/O Terminal cross section
Index mark | ( Ni/Pd/Au plating )
[ R Dimension in Millimeters,
H H H H H i ﬁ Symbol "Min T Nom| Max
i S D | —[50]53
L E | — 440 —
z [e] % IE ® A | — | — [ —
A1]0.03]0.07]0.10
Al—|— 110
! bp [ 0.15|0.20| 0.25
, NE A 3o
inlnininininisl) = =3, s {o10] 015|020
) : 31 0 — 8
[y 2 —_— 2
Detail F He | 6.20 | 6.40 | 6.60
E | — |0865] —
X — | — [ 013
y — . — | 010
7z — | — [ 0.65
L 04 | 05| 06
L] —J10] —
NP: PWQNOO16KB-A
JEITA Package Code | REMESAS Code | Previous Code | MASS[Typ] |
PHWOFN16-3x3-0.50 | PWQONDD1BKB-A | — [ onzng |
D E 1.6
8]
12 9 9 12
: Ui
|
ta 8 - (s
2 1 []
Pin 1 = g - o ] . = b -
Index Area : Loy
‘X/ Raforanc| Dimension in Milimeters
16 5 —5—,1_ [ 16 Sl [ in | Nom | Max
. D |290)|300]310
0 |’| m |—\ E [2.90 | 3.00 | 3.10
1 4 4 | 1 L — e —u—
¢ A l—]— 1080
[el b [F[x®claB] | A1 [ 0 [— [005
/e I; 0.18 | 023 | 0.28
[ e [
e | — |05 | —
Lp |[0.30 [ 040 | 050
< X |[—[— 01
T ] ¥ — | — | 0.08
¥4 |[—| —] 01
[3] 1 | | —
Hp| — | — | —
el —r—lr—
In | — | — | —
e | — | — | —
c |— |020] —
e, | — | — [ —
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Notice

1. Allinformation included in this document is current as of the date this document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas

Electronics products listed herein, please confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to additional and different information to

be di by Renesas such as that di: through our website.

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or

technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or

others.

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of

products and ication You are fully r for

the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the

use of these circuits, software, or information.

5. When exporting the products or technology described in this document, you should comply with the applicable export control laws and regulations and follow the procedures required by such laws and
regulations. You should not use Renesas Electronics products or the technology described in this document for any purpose relating to military applications or use by the military, including but not limited to

the development of weapons of mass destruction. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is

prohibited under any applicable domestic or foreign laws or regulations.

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

7. Renesas Electronics products are classified according to the following three quality grades: "Standard", "High Quality", and "Specific". The recommended applications for each Renesas Electronics product
depends on the product's quality grade, as indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular application. You may not use any Renesas
Electronics product for any application categorized as "Specific" without the prior written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way liable for any damages or losses incurred by you or third parties arising from the
use of any Renesas Electronics product for an application categorized as "Specific* or for which the product is not intended where you have failed to obtain the prior written consent of Renesas Electronics.
The quality grade of each Renesas Electronics product is "Standard" unless otherwise expressly specified in a Renesas Electronics data sheets or data books, etc.

"Standard":  Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools;

personal electronic equipment; and industrial robots.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; safety equipment; and medical equipment not specifically

designed for life support.

"Specific": Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or systems for life support (e.g. artificial life support devices or systems), surgical
implantations, or healthcare intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.
8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the

use of Renesas Electronics products beyond such specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to

redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.

please evaluate the safety of the final products or system manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics

products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.
1

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) "Renesas as used in this means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.

. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas Electronics.

Because the evaluation of microcomputer software alone is very difficult,
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