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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active
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S5D9

1. Overview

Table 1.16 Pin functions (3 of 5)
Function Signal I/O Description
SPI RSPCKA, RSPCKB I/0 Clock input/output pin.

MOSIA, MOSIB 1/0 Input or output pins for data output from the master.

MISOA, MISOB 1/0 Input or output pins for data output from the slave.

SSLAO, SSLBO 110 Input or output pin for slave selection.

SSLA1 to SSLAS3, Output Output pins for slave selection.

SSLB1 to SSLB3

QSPI QSPCLK Output QSPI clock output pin.

QSsSL Output QSPI slave output pin.

QIOO0 to QIO3 I/0 Data0 to Data3.

CAN CRXO0, CRX1 Input Receive data.
CTX0, CTX1 Output Transmit data.
USBFS VCC_USB Input Power supply pins.

VSS_USB Input Ground pins.

USB_DP I/0 D+ 1/O pin of the USB on-chip transceiver. Connect this pin to the D+ pin of
the USB bus.

USB_DM I/0 D- I/0 pin of the USB on-chip transceiver. Connect this pin to the D- pin of
the USB bus.

USB_VBUS Input USB cable connection monitor pin. Connect this pin to VBUS of the USB
bus. The VBUS pin status (connected or disconnected) can be detected
when the USB module is operating as a function controller.

USB_EXICEN Output Low-power control signal for external power supply (OTG) chip.

USB_VBUSEN Output VBUS (5 V) supply enable signal for external power supply chip.

USB_OVRCURA, Input Connect the external overcurrent detection signals to these pins. Connect

USB_OVRCURB the VBUS comparator signals to these pins when the OTG power supply
chip is connected.

USB_ID Input Connect the MicroAB connector ID input signal to this pin during operation in
OTG mode.

USBHS VCC_USBHS Input Power supply pin.

VSS1_USBHS Input Ground pin.

VSS2_USBHS Input Ground pin.

AVCC_USBHS Input Analog power supply pin for the USBHS.

AVSS_USBHS Input Analog ground pin for the USBHS. Must be shorted to the PVSS_USBHS
pin.

PVSS_USBHS Input PLL circuit ground pin for the USBHS. Must be shorted to the AVSS_USBHS
pin.

USBHS_RREF I/0 USBHS reference current source pin. Connect this pin to the AVSS_USBHS
pin through a 2.2-kQ resistor (+1%).

USBHS_DP I/0 USB bus D+ data pin.

USBHS_DM I/0 USB bus D- data pin.

USBHS_EXICEN Output Connect this pin to the OTG power supply IC.

USBHS_ID Input Connect this pin to the OTG power supply IC.

USBHS_VBUSEN Output VBUS power enable signal for USB.

USBHS_OVRCURA, | Input Overcurrent pin for USB.

USBHS_OVRCURB

USBHS_VBUS Input USB cable connection monitor input pin.
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S5D9

2. Electrical Characteristics

Note 4.  All input pins except for the peripheral function pins already described in the table.
Note 5. P205, P206, P400, P401, P407 to P415, P511, P512, P708 to P713, PBO1 (total 22 pins).
Note 6. All input pins except for the ports already described in the table.
Note 7.  When VCC is less than 2.7 V, the input voltage of 5V-tolerant ports should be less than 3.6 V, otherwise breakdown may occur
because 5V-tolerant ports are electrically controlled so as not to violate the break down voltage.
2.2.3 /0 low: loL
Table 2.5 110 lons loL
Item Symbol Min Typ Max Unit
Permissible output current Ports PO08 to P010, P201 - loH - - -2.0 mA
(average value per pin)
|o|_ - - 2.0 mA
Ports P014, P015 - loH - - 4.0 mA
IOL - - 4.0 mA
Ports P205, P206, P407 to P415, | Low drive*" loH - - -2.0 mA
P602, P708 to P713, PB01 (total
19 pins) loL - - 2.0 mA
Middle drive*2 loH - - 4.0 mA
|o|_ - - 4.0 mA
High drive*3 loH - - -20 mA
IOL - - 20 mA
Other output pins*4 Low drive*" loH - - -2.0 mA
IOL - - 2.0 mA
Middle drive*2 loH - - 4.0 mA
|o|_ - - 4.0 mA
High drive*3 loH - - -16 mA
IOL - - 16 mA
Permissible output current Ports P008 to P010, P201 - loH - - —4.0 mA
(max value per pin)
loL - - 4.0 mA
Ports P014, P015 - loH - - -8.0 mA
|o|_ - - 8.0 mA
Ports P205, P206, P407 to P415, | Low drive*" loH - - -4.0 mA
P602, P708 to P713, PB01
(total 19 pins) loL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
loL - - 8.0 mA
High drive*3 loH - - —40 mA
|o|_ - - 40 mA
Other output pins*4 Low drive* loH - - —4.0 mA
IOL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
loL - - 8.0 mA
High drive*3 loH - - -32 mA
|o|_ - - 32 mA
Permissible output current Maximum of all output pins ZIoH (max) - - -80 mA
(max value total pins)
ZIOL (max) - - 80 mA

Caution:

To protect the reliability of the MCU, the output current values should not exceed the values in this

table. The average output current indicates the average value of current measured during 100 ps.

Note 1.

Note 2.

driving ability is retained in Deep Software Standby mode.

Note 3.

This is the value when low driving ability is selected in the port drive capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.
This is the value when middle driving ability is selected in the port drive capability bit in the PmnPFS register. The selected

This is the value when high driving ability is selected in the port drive capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.

R01DS0303EU0100 Rev.1.00

Nov 3, 2016

RRENESAS

Page 33 of 115



S5D9 2. Electrical Characteristics
Note 1. FCLK must run at a frequency of at least 4 MHz when programming or erasing the flash memory.
Note 2.  See section 9, Clock Generation Circuit in User's Manual for the relationship between the ICLK, PCLKA, PCLKB, PCLKC,
PCLKD, FCLK, and BCLK frequencies.
Note 3.  When the ADC12 is used, the PCLKC frequency must be at least 1 MHz.
Table 2.11 Operation frequency value in low-speed mode
Item Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK)*2 f - - 1 MHz
Peripheral module clock (PCLKA)*2 - - 1
Peripheral module clock (PCLKB)*2 - - 1
Peripheral module clock (PCLKC)*2,*3 -*3 - 1
Peripheral module clock (PCLKD)*2 - - 1
Flash interface clock (FCLK)*1, *2 - - 1
External bus clock (BCLK) - - 1
EBCLK pin output - - 1

Note 1. Programming or erasing the flash memory is disabled in low-speed mode.
Note 2. See section 9, Clock Generation Circuit in User's Manual for the relationship between the ICLK, PCLKA, PCLKB, PCLKC,
PCLKD, FCLK, and BCLK frequencies.
Note 3.  When the ADC12 is used, the PCLKC frequency must be set to at least 1 MHz.
Table 2.12 Operation frequency value in Subosc-speed mode
Item Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK)*2 f 27.8 - 37.7 kHz
Peripheral module clock (PCLKA)*2 - - 37.7
Peripheral module clock (PCLKB)*2 - - 37.7
Peripheral module clock (PCLKC)*2,*3 - - 37.7
Peripheral module clock (PCLKD)*2 - - 37.7
Flash interface clock (FCLK)*1. *2 27.8 - 37.7
External bus clock (BCLK)*2 - - 37.7
EBCLK pin output - - 37.7

Note 1. Programming or erasing the flash memory is disable in Subosc-speed mode.
Note 2. See section 9, Clock Generation Circuit in User's Manual for the relationship between the ICLK, PCLKA, PCLKB, PCLKC,
PCLKD, FCLK, and BCLK frequencies.
Note 3. The ADC12 cannot be used.
23.2 Clock Timing
Table 2.13 Clock timing except for sub-clock oscillator (1 of 2)
Item Symbol Min Typ Max Unit Test conditions
EBCLK pin output cycle time taeye 16.6 - - ns Figure 2.3
EBCLK pin output high pulse width teH 3.3 - - ns
EBCLK pin output low pulse width toL 3.3 - - ns
EBCLK pin output rise time ter - - 5.0 ns
EBCLK pin output fall time tes - - 5.0 ns
SDCLK pin output cycle time tspeyc 8.33 - - ns
SDCLK pin output high pulse width teH 1.0 - - ns
SDCLK pin output low pulse width teL 1. - - ns
SDCLK pin output rise time ter - - 3.0 ns
SDCLK pin output fall time tor - - 3.0 ns
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2. Electrical Characteristics

EBCLK pin output, SDCLK pin output

thyc: tSDcyc

< < tcr

Figure 2.3 EBCLK and SDCLK output timing

EXTAL external clock input
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Figure 2.4 EXTAL external clock input timing

Main clock oscillator output
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Figure 2.5 Main clock oscillation start timing

LOCOCR.LCSTP l
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Figure 2.6 LOCO clock oscillation start timing
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2. Electrical Characteristics

CSWWAIT: 2

WRON: 1
WDON: 1*1

CSON:0

TW1

TW2

Tend

CSWOFF: 2

WDOFF: 1*1

Tn1

L\

L

CS7to CSO

EBCLK y
Byte strobe mode
le—>| taD le—>{ tap
A23 to A0O
1-write strobe mode
«—>| tAD [« tAD
A23 to AO1
<> tBCD [« tBCD
BC1, BCO
Common to both byte strobe mode
and 1-write strobe mode
<> tCSD tCSD

twrp

WR1, WR0, WR (write)

twrp

twop

D15 to DOO (write)

— —

‘_j twoH

Note 1. Always specify WDON and WDOFF as at least one EBCLK cycle.

Figure 2.19

External bus timing for normal write cycle with bus clock synchronized
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2. Electrical Characteristics

CSRWAIT:2 CSPRWAIT:2 CSPRWAIT:2 CSPRWAIT:2
RDON:1 RDON:1 RDON:1 RDON:1 CSROFF:2
CSON:0
Twi Twe Tend Towt Towz Tena Towt Towz Tena Towt Towz Tend Tnt Tnz
EBCLK Jh\_/h\_/—\_/[—\_/h\_/—\_/—\_/[—\_/—\_/—\_/—\_]h\_/—\;m
Byte strobe mode
Jto to lto LJto Lo
A23 to AOO
1-write strobe mode tho tho tap tap l—tan
A23to AT |
taco tsco
BC1, BCO
Common to both byte strobe mode
and 1-write strobe mode t
teso csp
CS7to CSO :1 J{
trsp trsp trsp trsp trsp trsp trsp trsp
RD (Read) ‘_‘\%
tro: tron tros trom tros tro tros tron
D15 to DOO (Read)
Figure 2.20 External bus timing for page read cycle with bus clock synchronized
CSWWAIT:2 CSPWWAIT:2 CSPWWAIT:2 CSWOFF:2
WRON:1
: o | WRON:1 e | WRON:1 »
WDON:1*! WDOFF:1*! | \WDON:1*! WDOFF:1 WDON:1*1 WDOFF:1*!
CSON:0 Ty, Tw2 Tend Tawt Towt Towz Tend Tawt Towt Towz Tend Tm Tnz
ese 0\ N\ L
Byte strobe mode
tan tao tap |t
A23 to AOO
1-write strobe mode tap tao tan tap
A23 to AO1
_ [~teco teco
BC1,BCO
Common to both byte strobe mode
and 1-write strobe mode
_ teso tesp
CS7 to CSO
twro twro twro twro iw'/‘ao twro
WR1, WRO, WR (write) \Jﬁ ]F Jﬁ Jﬁ
| |
twoo twop twor
.—.1/ f—] twon fe—s| e twon .—.D]/ <+ twon
D15 to DOO (write) ’\ ‘ ‘ ’\

Note 1.

Always specify WDON and WDOFF as at least one EBCLK cycle.

Figure 2.21

External bus timing for page write cycle with bus clock synchronized
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S5D9 2. Electrical Characteristics

SDRAM command ACT RD PRA

SDCLK 7

C
.

tap2

A15 to A0O acﬁ?gs Column address

J

i

tap2 tap2 tan2 &’Tz
AP*! ‘_% i PRA }S
command I
tesp2 tespz tespz tesp2 tesp2 tespe
sbcs | ;L ;k ;ll
trasD trasD trasD trasD
RAS | ;L ;k ;ll
tcaso tcaso
CAS
twep twep
WE j& }
High
CKE (High)
tbavp
DQMn |

tros2 | troH2

DQ15 to DQOO

Note 1. Address pins are for output of the precharge-select command (Precharge-sel) for the SDRAM.

Figure 2.23 SDRAM single read timing
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2. Electrical Characteristics

SDRAM command

ACT

PRA

ACT

SDCLK  _]

A15 to AOO

AP

SDCS

RAS

co
mn address 0)

tap2 |tap2

tap2

-
C

tap2

%%{
5.

tap2

i

taD2

R

tap2

tesp2 |tesp2

trasD |trASD

tesp2

PRA
‘command

r

o

tesoe

trasD

teasp

CAS

Sy
T,L{

tcsp2

?.L{

trASD

tesp2
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twep

twep

L

CASD
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(High)

1
T

TAE:AK_L

twep

CKE
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DQ15 to DQOO

N

tros2
Smd

MDD

trRDH2

tros2

LA

\W

tRDH2

KOO

tros2 [ tRDH2

Note 1. Address pins are for output of the precharge-select command (Precharge-sel) for the SDRAM.

Figure 2.27

SDRAM multiple read line stride timing
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2. Electrical Characteristics

Note 1.
Note 2.

2.3.10

Table 2.22

tpecyc: PCLKB cycle.
tcac: CAC count clock source cycle.

SCI Timing

SCI timing (1)

Conditions: High drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: SCKO to SCKO9.

For other pins, middle drive output is selected in the port drive capability bit in the PmnPFS register.

Test
Item Symbol | Min Max Unit" | conditions
SCI Input clock cycle Asynchronous | tseyc 4 - tpeyc Figure 2.39
Clock 6 -
synchronous
Input clock pulse width tsckw 0.4 0.6 tseye
Input clock rise time tsckr - ns
Input clock fall time tsckf - 5 ns
Output clock cycle Asynchronous | tgeyc - tpeyc
Clock -
synchronous
Output clock pulse width tsckw 0.4 0.6 tseye
Output clock rise time tsckr - ns
Output clock fall time tsckf - ns
Transmit data delay Clock trxD - 25 ns Figure 2.40
synchronous
Receive data setup time Clock trRxs 15 - ns
synchronous
Receive data hold time Clock tRxH 5 - ns
synchronous
Note 1. tpeyct PCLKA cycle.
tsorkw tsckr tsoxr
< > [« <
SCKn f ’\ i \
(n=0t09) [ .
h tScyc "
Figure 2.39 SCK clock input/output timing
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2.3.1 SPI Timing
Table 2.25 SPI timing
Conditions:

For RSPCKA and RSPCKB pins, high drive output is selected with the port drive capability bit in the PmnPFS register.
For other pins, middle drive output is selected in the port drive capability bit in the PmnPFS register.

Item Symbol | Min Max Unit*! | Test conditions*2
SPI RSPCK clock cycle Master tspeyc 2 (PCLKA <60 MHz) | 4096 tpeyc | Figure 2.47
4 (PCLKA > 60 MHz) C=30pF
Slave 4 4096
RSPCK clock hlgh Master tSPCKWH (tSPcyc - tSPCKR - - ns
pulse width tSPCKF) /2-3
Slave 2 x tpeyc -
RSPCK clock low pulse | Master tspckwL | (tspeyc — tspckr — - ns
width tSPCKF) /12-3
Slave 2 % tpeyc -
RSPCK clock rise and | Master tspckr - 5 ns
fall time Slave tSPCKf _ 1 us
Data input setup time Master tsu 4 - ns Figure 2.48 to
Figure 2.53
Slave 5 C =30 pF
Data input hold time Master tue 0 - ns
(PCLKA division ratio
set to 1/2)
Master ty tpeyc -
(PCLKA division ratio
set to a value other
than 1/2)
Slave th 20 -
SSL setup time Master tLeaD N x tgpeyc - 10*3 N x ns
tSPcyc +
100*3
Slave 6 X tpeyc - ns
SSL hold time Master tLac N x tgpgyc - 10 *4 N x ns
tSPcyc +
100*4
Slave 6 X tpeyc - ns
Data output delay Master top - 6.3 ns
Slave - 20
Data output hold time | Master ton 0 - ns
Slave 0 -
Successive Master tro tspeye * 2 X tpeye 8 x ns
transmission delay tspeyc *
2 % tpeye
Slave 6 % tpeyc
MOSI and MISO rise Output tor, tof - 5 ns
and fall time
Input - 1 us
SSL rise and fall time | Output tssir, - 5 ns
Input tssLf - 1 us
Slave access time tsa - 2Xtpeyc | NS Figure 2.52 and
+28 Figure 2.53
Slave output release time tREL - 2 X tpeye C = 30pF
+28
Note 1. tpeyc: PCLKA cycle.
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SPI tro
SSLAO \ Z- R
input k 0 | \
7
tLeap tLac
RSPCKA 5& Y
CPOL=0 F K /
input
RSPCKA \ A
CPOL = 1 N % \ \
input ‘—5
tsa ton too treL
4—)] N
45
MISOA LSB OUT / s
output (Last data) MSB OUT >§r N DATA X LSB OUT MSB OUT
R2J l—
tsu || tw tor, tor
?ﬁ&?“\ MSBIN D DATA LSBIN MSB IN

Figure 2.53 SPI timing for slave when CPHA =1

2.3.12 QSPI Timing

Table 2.26 QSPI timing
Conditions: High drive output is selected in the port drive capability bit in the PmnPFS register.

Item Symbol Min Max Unit*1 Test conditions
QSPI | QSPCK clock cycle tascyc 2 48 tpeyc Figure 2.54
QSPCK clock high pulse width tQswH tascyc X 0.4 - ns
QSPCK clock low pulse width tQswi tascyc * 0.4 - ns
Data input setup time tsy 8 - ns Figure 2.55
Data input hold time tiH 0 - ns
QSSL setup time tLeaD (N+0.5) x (N+0.5) x ns
taseyc - 5 *2 tascyc +100 *2
QSSL hold time tLaG (N+0.5) x (N+0.5) x ns
thcyc -5*3 thcyc +100 *3
Data output delay top - 4 ns
Data output hold time ton -3.3 - ns
Successive transmission delay trp 1 16 tascyc

Note 1. tpcyc: PCLKA cycle.

Note 2. Nissetto 0 or1in SFMSLD.
Note 3. Nissetto0or1in SFMSHD.

taswh taswL
"y

QSPCLK output /

Figure 2.54 QSPI clock timing
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QssL 1r N
output « _Z_ \
tLeap < tiac
(’_
QSPCLK \ \
output
tsu th
QI00-3 MSB IN ﬁ—<:)ATA
input
ton top
£
QIo0-3 >< MSB OUT DATA >§ LSB OUT >< IDLE
output « -
)7
Figure 2.55 Transmit and receive timing
2.3.13 [IC Timing
Table 2.27 lIC timing (1) (1 of 2)

(1) Conditions: Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: SDAO_B,
SCLO_B, SDA1_A, SCL1_A, SDA1_B, SCL1_B.
(2) The following pins do not require setting: SCLO_A, SDAO_A, SCL2, SDA2.
(3) Use pins that have a letter appended to their names, for instance “_A” or “_B”, to indicate group membership. For the IIC interface, the
AC portion of the electrical characteristics is measured for each group.

Test

Item Symbol | Min*1 Max Unit | conditions*3
lIc SCL input cycle time tscL 6 (12) x tjceyc + 1300 | - ns Figure 2.56
Standard mode, - - -
(SMBUS) SCL input high pulse width tsotn | 3(6) X ticeye + 300 | - ns
ICFER.FMPE =0 | SCL input low pulse width tscLL 3 (6) * tjceyc + 300 - ns

SCL, SDA input rise time tsr - 1000 ns

SCL, SDA input fall time tsf - 300 ns

SCL, SDA input spike pulse removal | tgp 0 1(4) *ticeye | NS

time

SDA input bus free time when tsur 3 (6) * tjjceyc + 300 - ns

wakeup function is disabled

SDA input bus free time when tsuF 3(6) X ticoyc +4 X tpeye | - ns

wakeup function is enabled + 300

START condition input hold time tsTAH tiiceye + 300 - ns

when wakeup function is disabled

START condition input hold time tsTAH 1(5) * ticeye * treye + | - ns

when wakeup function is enabled 300

Repeated START condition input tstas 1000 - ns

setup time

STOP condition input setup time tstos 1000 - ns

Data input setup time tspas ticeye + 50 - ns

Data input hold time tspaAH 0 - ns

SCL, SDA capacitive load Cp - 400 pF
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PIXCLK | I o] L
tonesbe L i —
VSYNC L i ! |
! | ' '

tSYNCS e : ' tSYNCH

HSYNC b P
b H '
]
trixos E‘—>:<_": tP_l3<_D_'j ...............
PIXD7 to PIXDO R G X X

Figure 2.75 PDC AC timing

2.3.18 GLCDC Timing

Table 2.33 GLCDC timing

Conditions:

LCD_CLK: High drive output is selected in the port drive capability bit in the PmnPFS register.
LCD_DATA: Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Item Symbol Min Typ Max Unit Test conditions
LCD_EXTCLK input clock frequency tecye - - 60*1 MHz Figure 2.76
LCD_EXTCLK input clock low pulse width twi 0.45 - 0.55 tecye
LCD_EXTCLK input clock high pulse width twH 0.45 - 0.55
LCD_CLK output clock frequency tieye - - 60*1 MHz Figure 2.77
LCD_CLK output clock low pulse width tLoL 0.4 - 0.6 tLeye Figure 2.77
LCD_CLK output clock high pulse width tLoH 0.4 - 0.6 tieye Figure 2.77
LCD data output delay timing | _A or _B combinations*2 top -3.5 - 4 ns Figure 2.78

_A and _B combinations*3 -5.0 - 55

Note 1. Parallel RGB888, 666,565: Maximum 54 MHz

Serial RGB888: Maximum 60 MHz (4x speed)
Note 2. Use pins that have a letter appended to their names, for instance, “_A” or “_B”, to indicate
Note 3. Pins of group “_A” and “_B” combinations are used.

tDcyc, tEcyc |

A

twh

1/2 Vce

LCD_EXTCLK

Figure 2.76 LCD_EXTCLK clock input timing
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Table 2.41
Conditions: PCLKC = 1 to 60 MHz

A/D conversion characteristics for unit 1 (2 of 2)

Item Min Typ Max Unit Test conditions
Channel-dedicated | Conversion time*1 Permissible signal 0.48 - - us Sampling in 16 states
sample-and-hold (Operation at source impedance (0.267)*2
circuits not in use PCLKC = 60 MHz) Max. = 1 kQ
AN100 to AN102
( ° ) Offset error - +1.0 2.5 LSB -
Full-scale error - +1.0 +2.5 LSB -
Absolute accuracy - +2.0 +4.5 LSB -
DNL differential nonlinearity error - 0.5 +1.5 LSB -
INL integral nonlinearity error - +1.0 +2.5 LSB -
High-precision Conversion time*1 Permissible signal 0.48 - - us Sampling in 16 states
channels (Operation at source impedance (0.267)*2
(AN103, AN105 to PCLKC =60 MHz) | Max.=1kQ
AN107) —
Max. =400 Q 0.40 - - us Sampling in 11 states
(0.183)*2 VCC =AVCC0=3.0t0 3.6V
3.0 V < VREFH < AVCCO
Offset error - +1.0 2.5 LSB -
Full-scale error - +1.0 +2.5 LSB -
Absolute accuracy - 2.0 +4.5 LSB -
DNL differential nonlinearity error - +0.5 +1.5 LSB -
INL integral nonlinearity error - +1.0 2.5 LSB -
Normal-precision Conversion time*1 Permissible signal 0.88 - - us Sampling in 40 states
channels (Operation at source impedance (0.667)*2
(AN116 to AN119) PCLKC =60 MHz) | Max.=1kQ
Offset error - +1.0 5.5 LSB -
Full-scale error - +1.0 +5.5 LSB -
Absolute accuracy - 2.0 7.5 LSB -
DNL differential nonlinearity error - +0.5 +4.5 LSB -
INL integral nonlinearity error - +1.0 +5.5 LSB -
Note: These specification values apply when there is no access to the external bus during A/D conversion. If access occurs during

A/D conversion, values might not fall within the indicated ranges.
The use of pins AN100 to AN103, AN105 to AN107 as digital outputs is not allowed when the 12-Bit A/D converter is used.
The characteristics apply when AVCCO, AVSS0, VREFHO/VREFH, VREFLO, VREFL, and 12-bit A/D converter input voltage is

stable.
Note 1.

conditions.
Note 2.
Table 2.42

Values in parentheses indicate the sampling time.

circuits in unit0 and unit1

Conditions: PCLKC = 30/60 MHz

The conversion time includes the sampling and comparison times. The number of sampling states is indicated for the test

A/D conversion characteristics for simultaneous using of channel-dedicated sample-and-hold

Item Min Typ Max Test conditions
Channel-dedicated sample-and-hold circuits in use Offset error - +1.5 5.0 e PCLKC =60 MHz
with continious sampling function enabled 3 i . . e Sampling in 15 states
(ANOOO to ANOO2) Full-scale error +2.5 5.0

Absolute accuracy - +4.0 +8.0
Channel-dedicated sample-and-hold circuits in use Offset error - +1.5 +5.0
with continious sampling function enabled N _
(AN100 to AN102) Full-scale error +2.5 5.0

Absolute accuracy - +4.0 +8.0
Channel-dedicated sample-and-hold circuits in use Offset error - +1.5 +3.5 e PCLKC =30 MHz
with continious sampling function enabled 3 i . N e Sampling in 7 states
(ANOOO to ANOO2) Full-scale error +1.5 +3.5

Absolute accuracy - +3.0 +5.5
Channel-dedicated sample-and-hold circuits in use Offset error - +1.5 +3.5
with continious sampling function enabled N _
(AN100 to AN102) Full-scale error +1.5 +3.5

Absolute accuracy - +3.0 +5.5
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Main clock _\_/_\_/—\_/q’
tar

OSTDSR.OSTDF 1
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Figure 2.92 Oscillation stop detection timing

29 POR and LVD Characteristics

Table 2.47 Power-on reset circuit and voltage detection circuit characteristics

Item Symbol | Min Typ Max Unit Test conditions
Voltage detection | Power-on reset | Module-stop function Vpor 2.5 2.6 2.7 \% Figure 2.93
level (POR) disabled*?
Module-stop function 1.8 2.25 2.7
enabled*3
Voltage detection circuit (LVDO) Vdeto_1 2.84 2.94 3.04 Figure 2.94

Vdeto_2 277 | 287 |297
Vdeto_3 270 |280 |290
Voltage detection circuit (LVD1) Vdet1_1 2.89 2.99 3.09 Figure 2.95
Vdet1_2 282 |[292 |3.02
Vet 3 275 |285 |295
Voltage detection circuit (LVD2) Vet2_1 2.89 2.99 3.09 Figure 2.96
Vdet2 2 282 |292 |3.02
Vdet2_ 3 275 |285 |295

Internal reset time | Power-on reset time tpor - 4.5 - ms Figure 2.93
LVDO reset time t.vbo - 0.51 - Figure 2.94
LVD1 reset time tLvp1 - 0.38 - Figure 2.95
LVD2 reset time tLvp2 - 0.38 - Figure 2.96
Minimum VCC down time*1 tvorrF 200 - - us Figure 2.93,
Figure 2.94

Response delay taet - - 200 us Figure 2.93 to
Figure 2.96
LVD operation stabilization time (after LVD is enabled) ty(E-A) - - 10 ys Figure 2.95,
Hysteresis width (LVD1 and LVD2) Vv - 70 |- my | Figure 2.96

Note 1. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels Vpog,
Vget1» @and Vyeto for POR and LVD.

Note 2. The low-power function is disabled and DEEPCUT[1:0] = 00b or 01b.
Note 3. The low-power function is enabled and DEEPCUT[1:0] = 11b.
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2.17  Serial Wire Debug (SWD)

Table 2.57 SWD

Test

Item Symbol Min Typ Max Unit conditions
SWCLK clock cycle time tswekeye 40 - - ns Figure 2.104
SWCLK clock high pulse width tswekH 15 - - ns

SWCLK clock low pulse width tswekL 15 - - ns

SWCLK clock rise time tswekr - - 5 ns

SWCLK clock fall time tsweks - - ns

SWDIO setup time tswpos 8 - - ns Figure 2.105
SWDIO hold time tswoH 8 - - ns

SWDIO data delay time tswop 2 - 28 ns

B tswekeye -
tswekH
SWCLK 4/ _—\—
tsweke
Figure 2104 SWD SWCLK timing
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S5D9 Appendix 1. Package Dimensions
JEITA Package Code RENESAS Code Previous Code MASS (Typ) [9]
P-LFQFP144-20x20-0.50 PLQP0144KA-B — 1.2
Hp Unit: mm
*1 D
108 73
AARRARRARRARAAARAAAAARAAARAAARAARAAE
109 =5 =72
144 = =
GEYEE LR CEEEE Rk
1 36 NOTE 4
Index area NOTE)
NOTE 3 1. DIMENSIONS “*1” AND “*2" DO NOT INCLUDE MOLD FLASH.
2. DIMENSION **3” DOES NOT INCLUDE TRIM OFFSET.
3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
LOCATED WITHIN THE HATCHED AREA.
4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
il A\
N i) Reference | Dimensions in millimeters
@ *pr Symbol | Min | Nom | Max
aly[s] D 19.9 | 20.0 | 20.1
E 19.9 | 20.0 | 20.1
A2 — 14 | —
Hp 21.8 | 22.0 | 22.2
He 21.8 | 22.0 | 22.2
© A — | — | 17
< < ﬁ!\E j A1 | 005]| — | o015
- == \a bp | 0.17 | 0.20 | 0.27
- 7 7 c 0.09 — | 0.20
< L 0 0° | 35° | &
P
L le] — 0.5 —
) X — — | 0.08
Detail F
y — | — ] o008
lp | 045 | 06 | 0.75
L1 — 1.0 —
© 2016 Renesas Electronics Corporation. All rights reserved.
Figure 1.4 144-pin LQFP
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