E*)( Filtiesas Electronics America Inc - R7ZFS7G27G3A01CFB#AAO Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity
Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case
Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?
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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 -
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Active
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S7G2 1. Overview

1. Overview

The S7G2 MCU integrates multiple series of software- and pin-compatible ARM®-based 32-bit MCUs that share the
same set of Renesas peripherals to facilitate design scalability and efficient platform-based product development.

The MCU provides a high-performance ARM Cortex®-M4 core running up to 240 MHz with the following features:
e Up to 4-MB code flash memory
e 640-KB SRAM
e Graphics LCD Controller (GLCDC)
e 2D Drawing Engine (DRW)
e Capacitive Touch Sensing Unit (CTSU)
e Ethernet MAC Controller (ETHERC) with IEEE 1588 PTP, USBFS, USBHS, SD/MMC Host Interface
e Quad Serial Peripheral Interface (QSPI)
e Security and safety features

e Analog peripherals.

1.1 Function Outline

Table 1.1 ARM core

Feature Functional description

ARM Cortex-M4 e Maximum operating frequency: up to 240 MHz
o ARM Cortex-M4 core:
- Revision: rOp1-01rel0
- ARMV7E-M architecture profile
- Single precision floating point unit compliant with the ANSI/IEEE Std 754-2008
o ARM Memory Protection Unit (MPU):
- ARMv7 Protected Memory System Architecture
- 8 protect regions
o SysTick timer:
- Driven by LOCO clock

Table 1.2 Memory

Feature Functional description

Code flash memory Maximum 4 MB of code flash memory. See section 54, Flash Memory in User's Manual.

Data flash memory 64 KB of data flash memory. See section 54, Flash Memory in User's Manual.

Memory Mirror Function (MMF) The MMF can be configured to mirror the wanted application image load address in code flash

memory to the application image link address in the 23-bit unused memory space (memory

mirror space addresses). Your application code is developed and linked to run from this MMF
destination address. The application code does not need to know the load location where it is
stored in code flash memory. See section 5, Memory Mirror Function (MMF) in User's Manual.

SRAM On-chip high-speed SRAM providing either parity-bit or double-bit error detection (DED). The
first 32 KB of SRAMO is subject to DED. Parity check is performed for other areas. See section
52, SRAM in User's Manual.

Standby SRAM On-chip SRAM that can retain data in Deep Software Standby mode. See section 53, Standby
SRAM in User's Manual.

Table 1.3 System (1/2)

Feature Functional description

Operating modes Two operating modes:
- Single-chip mode
- SCI or USB boot mode.
See section 3, Operating Modes in User's Manual.
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1. Overview

Table 1.9

Communication interfaces (1/2)

Feature

Functional description

Serial Communications Interface
(SCI)

The SCl is configurable to five asynchronous and synchronous serial interfaces:

o Asynchronous interfaces (UART and Asynchronous Communications Interface Adapter
(ACIA))

* 8-bit clock synchronous interface

e Simple IIC (master-only)

e Simple SPI

e Smart card interface.

The smart card interface complies with the ISO/IEC 7816-3 standard for electronic signals and

transmission protocol.

Each SCI has FIFO buffers to enable continuous and full-duplex communication, and the data

transfer speed can be configured independently using an on-chip baud rate generator. See

section 34, Serial Communications Interface (SCI) in User's Manual.

IrDA Interface (IrDA)

The IrDA interface sends and receives IrDA data communication waveforms in cooperation
with the SCI1 based on the IrDA (Infrared Data Association) standard 1.0. See section 35,
IrDA Interface in User's Manual.

I2C Bus Interface (lIC)

The three-channel IIC conforms with and provides a subset of the NXP 12C bus (Inter-
Integrated Circuit bus) interface functions. See section 36, 12C Bus Interface (lIC) in User's
Manual.

Serial Peripheral Interface (SPI)

Two independent SPI channels are capable of high-speed, full-duplex synchronous serial
communications with multiple processors and peripheral devices. See section 38, Serial
Peripheral Interface (SPI) in User's Manual.

Serial Sound Interface (SSI)

The SSI peripheral provides functionality to interface with digital audio devices for transmitting
PCM audio data over a serial bus with the MCU. The SSI supports an audio clock frequency of
up to 50 MHz, and can be operated as a slave or master receiver, transmitter, or transceiver to
suit various applications. The SSl includes 8-stage FIFO buffers in the receiver and
transmitter, and supports interrupts and DMA-driven data reception and transmission. See
section 41, Serial Sound Interface (SSI) in User's Manual.

Quad Serial Peripheral Interface
(QSPI)

The QSPI is a memory controller for connecting a serial ROM (nonvolatile memory such as a
serial flash memory, serial EEPROM, or serial FeERAM) that has an SPIl-compatible interface.
See section 39, Quad Serial Peripheral Interface (QSPI) in User's Manual.

Controller Area Network (CAN)
Module

The CAN module provides functionality to receive and transmit data using a message-based
protocol between multiple slaves and masters in electromagnetically-noisy applications.

The CAN module complies with the ISO 11898-1 (CAN 2.0A/CAN 2.0B) standard and supports
up to 32 mailboxes, which can be configured for transmission or reception in normal mailbox
and FIFO modes. Both standard (11-bit) and extended (29-bit) messaging formats are
supported. See section 37, Controller Area Network (CAN) Module in User's Manual.

USB 2.0 Full-Speed Module (USBFS)

Full-Speed USB controller that can operate as a host controller or device controller. The
module supports full-speed and low-speed (host controller only) transfer as defined in
Universal Serial Bus Specification 2.0. The module has an internal USB transceiver and
supports all of the transfer types defined in Universal Serial Bus Specification 2.0.

The USB has buffer memory for data transfer, providing a maximum of 10 pipes. Pipes 1 to 9
can be assigned any endpoint number based on the peripheral devices used for
communication or based on your system. See section 32, USB 2.0 Full-Speed Module
(USBFS) in User's Manual.

USB 2.0 High-Speed Module
(USBHS)

High-Speed USB controller that can operate as a host controller or a device controller. As a
host controller, the USBHS supports high-speed transfer, full-speed transfer, and low-speed
transfer as defined in Universal Serial Bus Specification 2.0. As a device controller, the USBHS
supports high-speed transfer and full-speed transfer as defined in Universal Serial Bus
Specification 2.0. The USBHS has an internal USB transceiver and supports all of the transfer
types defined in Universal Serial Bus Specification 2.0.

The USBHS has FIFO buffers for data transfer, providing a maximum of 10 pipes. Any
endpoint number can be assigned to pipes 1 to 9, based on the peripheral devices or your
system for communication. See section 33, USB 2.0 High-Speed Module (USBHS) in User's
Manual.
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1. Overview

Table 1.16 Pin functions (4/5)

Function Signal I/O Description

ETHERC REF50CKO, Input 50-MHz reference clocks. These pins input reference signals for
REF50CK1 transmission/reception timing in RMII mode.
RMIIO_CRS_DV, Input Indicate carrier detection signals and valid receive data on RMII_RXD1 and
RMIIM1_CRS_DV RMII_RXDO0 in RMII mode.
RMII0_TXDO, Output 2-bit transmit data in RMIl mode.
RMIIO_TXD1,
RMIIM1_TXDO,
RMII1_TXD1
RMII0_RXDO, Input 2-bit receive data in RMII mode.
RMII0_RXD1,
RMIIM1_RXDO,
RMIIM_RXD1
RMIIO_TXD_EN, Output Output pins for data transmit enable signals in RMII mode.
RMIIM_TXD_EN
RMIIO_RX_ER, Input Indicate an error occurred during reception of data in RMII mode.
RMIIM_RX_ER
ETO_CRS, ET1_CRS | Input Carrier detection/data reception enable signals.
ETO_RX_DV, Input Indicate valid receive data on ET_ERXD3 to ET_ERXDO.
ET1_RX_DV
ETO_EXOUT, Input General-purpose external output pins.
ET1_EXOUT
ETO_LINKSTA, Output Input link status from the PHY-LSI.
ET1_LINKSTA
ETO_ETXDO to output 4 bits of MIl transmit data.
ETO_ETXDS3,
ET1_ETXDO to
ET1_ETXD3
ETO_ERXDO to Input 4 bits of MIl receive data.
ETO_ERXDS,
ET1_ERXDO to
ET1_ERXD3
ETO_TX_EN, Output Transmit enable signals. Function as signals indicating that transmit data is
ET1_TX_EN ready on ET_ETXD3 to ET_ETXDO.
ETO_TX_ER, Output Transmit error pins. Function as signals notifying the PHY_LSI of an error
ET1_TX_ER during transmission.
ETO_RX_ER, Input Receive error pins. Function as signals to recognize an error during
ET1_RX_ER reception.
ETO_TX_CLK, Input Transmit clock pins. These pins input reference signals for output timing
ET1_TX_CLK from ET_TX_EN, ET_ETXD3 to ET_ETXDO, and ET_TX_ER.
ETO_RX_CLK, Input Receive clock pins. These pins input reference signals for input timing to
ET1_RX_CLK ET_RX DV, ET_ERXD3 to ET_ERXDO, and ET_RX_ER.
ETO_COL, Input Input collision detection signals.
ET1_COL
ETO_WOL, Output Receive Magic packets.
ET1_WOL
ETO_MDC, Output Output reference clock signals for information transfer through ET_MDIO.
ET1_MDC
ETO_MDIO, 110 Input or output bidirectional signals for exchange of management data with
ET1_MDIO PHY-LSI.

SDHI SDOCLK, SD1CLK Output SD clock output pin.
SDOCMD, SD1CMD | I/O Command output pin and response input signal pin.
SDODATO to I/0 SD and MMC data bus pins.
SDODAT7,
SD1DATO to
SD1DAT7
SDOCD, SD1CD Input SD card detection pin.
SDOWP, SD1WP Input SD write-protect signal.

R01DS0262EU0100 Rev.1.00

Feb 23, 2016

RENESAS

Page 15 of 113



S7G2 1. Overview
o
a
=
Q
_00
[alal=
w EEE
8588288520858 8388585338388238 5088388 285288
oonononNQNQNQN>>0000000000>>>00000000000>>00000000
OO0O0O0O0O00O0O00O00000O0O000O00000O00O0000000000000000000000
I3 AERELELEITIIR2IREeLRINC-2338358833958385883838588
P8OO[Jt33” -~ -~ T T T T T T T YT ST T oS T T oY s s e s E e e 88[] P300/TCK/SWCLK
P801 134 87| P301
P802 135 86[] P302
P803 []136 85 ] P303
P804 137 84| VCC
VvCC 138 83 VSS
VSS 139 82| P304
P500 140 81[] P305
P501 141 80[] P306
P502 142 79[ P307
P503 143 78] P308
P504 [J144 773 P309
P505 [J145 76 ] P310
P506 [J146 75 P311
P507 147 74 P312
VCL2 148 730 P905
VCC [J149 72[0] P906
VSS 150 713 P907
P015 151 70[] P908
P014 152 69[] P200
VREFL []153 e8] P201/MD
yieiet= i R7FS7G2xxxA01CFC 2B s
AVCCO 155 66[] VCC_DCDC
AVSSO0 156 65[J VLO
VREFLO 157 64J VLO
VREFHO []158 63[] VSS
P010 159 62|J VCL1
P009 [J160 61[J VCC
P008 161 60[] VSS
P007 162 59| P901
P006 []163 58] P900
P005 164 57 P315
P004 165 56[] P314
P003 [J166 55 P313
P002 167 54[] P202
P001 [J168 53] P203
P000 [J169 52 P204
VSS 170 51[] P205
vce O+ 50 [] P206
P806 172 49 P207
P805 173 48[ VCC_USB
P513 174 O 473 USB_DP
P512 175 46 USB_DM
P11 CJi7e ! V=SV
- N MO 0N O N 00 - T - - e T - - NANNNNNNNANNOOOMOOOOOO®OOOS S T
NN S S S S S E S
85383888588388583 3258230222288 2242325523888
000a00doononnnlaagsXld XX~ pDroppnnpeg Loddiddadd
> = Q% ?d?%%%%??
N = OITNNNHD <O
LN S@ONHNDIDINO
v 282z27 25
Figure 1.5 Pin assignment for 176-pin LQFP (top view)
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Pin assignment for 145-pin LGA (top view)
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S7G2 1. Overview
Table 1.17 Pin list (4/12)
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2. Electrical Characteristics

2.2.5 Operating and Standby Current
Table 2.7 Operating and standby current (1/2)
LDO mode DCDC mode
Item Symbol Min | Typ | Max | Min | Typ | Max | Unit | Test conditions
Supply . Maximum*2 lcc - - 330 | - - 140 | mA | ICLK =240 MHz
current® PCLKA = 120 MHz*6
CoreMark®*4 - 45 | - - 24 |- PGLKB = 60 MHz
Normal All peripheral clocks - 75 - - 38 - PCLKC =60 MHz
mode*3 enabled, code executing PCLKD = 120 MHz
from flash FCLK = 60 MHz
BCLK = 120 MHz
All peripheral clocks - 32 - - 18 -
3 disabled, code executing
g from flash
§ Sleep mode*4 - 25 150 | - 15 |75
% Increase Data flash P/E - 7 - - 7 -
5| during BGO
(=2}
T | operation Code flash P/E - 10 - - 10 -
Low-speed mode*4 - 44 |- - 3 - ICLK = 1 MHz
Subosc-speed mode*4 - 3 - - 2 - ICLK = 32.768 kHz
Software Standby mode - 2.4 110 - 1.2 55 -
Power supplied to Standby SRAM and USB - 37 255 - 37 255 A VBAT # VCC*7
detecti it
resume detecting uni - 37 | 285 |- 37 | 285 VBAT = VCC
Power not Power-on reset circuit low- - 25 50 - 25 50 VBAT # VCC*7
lied t function disabled
glg)gl\llleoro power function disable: N 25 30 N 25 20 VBAT =VCC
g 35;5 ftﬁ—‘sume Power-on reset circuit low- - 16 |35 |- 16 | 35 VBAT # VCC*7
etecling fi ti bled
| unit powerfunction enable -~ |16 [e5 |- |16 |65 VBAT = VCC
e}
% Increase When the low-speed on-chip - 9 - - 9 - -
& | when the oscillator (LOCO) is in use
o | RTC and -
T | AGT are When a crystal oscillator for - 1.0 - - 1.0 - -
% operating low clock loads is in use
‘g When a crystal oscillator for - 3.0 - - 3.0 - -
] standard clock loads is in
o use
RTC operating while When a crystal - 0.9 - - 0.9 - Vearr=2.0V,
VCC is off (with the oscillator for low clock VCC=0V
battery backup loads is in use —
function, only the RTC - 16 - - 1.6 - VBATF_' 33V,
and sub-clock vee=0V
oscillator operate) When a crystal - 17 | - - 17 | - Vaarr = 2.0V,
oscillator for standard VCC=0V
lock loads is i
clock loads is in use N 33 |- B 33 |- Venrr =33V,
vVCC=0V
Analog During 12-bit A/D conversion Alcc - 0.8 1.1 - 0.8 1.1 mA | -
Supply | During 12-bit A/D conversion with S/H amp - |23 33 [- |23 [33 |ma |-
current PGA (1ch) - 1 3 - 1 3 mA -
ACMPHS (1unit) 100 | 150 100 | 150 | pA AVCC =227V
Temperature sensor - 0.1 0.2 - 0.1 0.2 mA | -
During D/A conversion | Without AMP output - 0.1 0.2 - 0.1 0.2 mA | -
it
(per unit) With AMP output - 05 |08 |- 05 |08 |mA |-
Wiaiting for A/D, D/A conversion (all units) - 0.9 1.6 - 0.9 1.6 mA | -
ADC12, DAC12 in standby modes (all units) - 2 6 - 2 6 A -
Reference | During 12-bit A/D conversion (unit 0) AIREFHO - 70 120 | - 70 120 | pA -
28;’;;, Waiting for 12-bit A/D conversion (unit 0) - 007 | 04 |- 007 | 04 |pA |-
current ADC12 in standby modes (unit 0) - 0.07 | 0.2 - 0.07 | 0.2 pA -
(VREFHO0)
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S7G2 2. Electrical Characteristics
Table 2.13 Clock timing except for sub-clock oscillator (2/2)
Item Symbol Min Typ Max Unit Test conditions
HOCO clock oscillator Without FLL fhHoco1s 15.61 16 16.39 MHz -20<Ta<105°C
oscillation frequency fiocots 17.56 18 18.44
fHoco20 19.52 20 20.48
fhoco1e 15.52 16 16.48 —-40<Ta<-20°C
fioco1s 17.46 18 18.54
fHoco20 19.40 20 20.60
With FLL fioco1s 15.91 16 16.09 SOSC frequency is
foco1s 17.90 18 18.10 32.768kHz = 50ppm
fHoco20 19.89 20 20.11
HOCO clock oscillation stabilization wait time *2 thocowT - - 64.7 us -
FLL stabilization wait time trLLwT - - 3 ms -
PLL clock frequency foLL 120 - 240 MHz -
PLL clock oscillation tpLLwT - - 174.9 us Figure 2.7

stabilization wait time

Note 1. When setting up the main clock oscillator, ask the oscillator manufacturer for an oscillation evaluation and use the
results as the recommended oscillation stabilization time. Set the MOSCWTCR register to a value equal to or

greater than the recommended value.

After changing the setting in the MOSCCR.MOSTP bit to start main clock operation, read the OSCSF.MOSCSF

flag to confirm that it is 1, and then start using the main clock oscillator.

Note 2. This is the time from release from reset state until the HOCO oscillation frequency (fFHOCO) reaches the range
for guaranteed operation.

Table 2.14 Clock timing for the sub-clock oscillator
Item Symbol Min Typ Max Unit Test conditions
Sub-clock frequency fsus - 32.768 - kHz -
Sub-clock oscillation stabilization wait time tsusoscwT - - -1 ] -

Note 1. When setting up the sub-clock oscillator, ask the oscillator manufacturer for an oscillation evaluation and use the
results as the recommended oscillation stabilization time.
After changing the setting in the SOSCCR.SOSTP bit to start sub-clock operation, only start using the sub-clock
oscillator after the sub-clock oscillation stabilization time elapses with an adequate margin. Two times the value
shown is recommended.

thyc: tSDcyc

< tCH < th
[ \
EBCLK pin output, SDCLK pin output \
/
) toL < o
Figure 2.3 EBCLK and SDCLK output timing
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S7G2 2. Electrical Characteristics

Oscillator | | ﬂ | | | | |
)
IRQ 1
%
Deep Software Standby 4 4
reset
(low is valid)
Internal reset 5
(low is valid) «
Deep Software Standby mode
tosey
> <+— tpseywr
Reset exception handling start
Figure 2.11 Deep Software Standby mode cancellation timing

2.35 NMI and IRQ Noise Filter

Table 2.17 NMI and IRQ noise filter

Item Symbol | Min Typ Max Unit Test conditions

NMI pulse width | t\aw 200 - - ns NMI digital filter disabled tpeyc X 2= 200 ns
tpeye * 2*1 - - tpeye * 2> 200 ns
200 - - NMI digital filter enabled tnmick X 3 <200 ns
tumick * 3.5"2 - - tnmick * 3 > 200 ns

IRQ pulse width | tirqw 200 - - ns IRQ digital filter disabled tpeyc X 2<200 ns
tpeyc x 2*1 - - tpeyc X 2> 200 ns
200 - - IRQ digital filter enabled tirack X 3 <200 ns
tirack * 3.5 - - tirack * 3>200 ns

Note: 200 ns minimum in Software Standby mode.
Note 1. tpey indicates the PCLKB cycle.

Note 2. tymick indicates the cycle of the NMI digital filter sampling clock.
Note 3. tjrqck indicates the cycle of the IRQi digital filter sampling clock.

v

Figure 2.12 NMI interrupt input timing

tiraw

Figure 2.13 IRQ interrupt input timing
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2.3.6 Bus Timing

Table 2.18 Bus timing
Condition 1: When using the CS area controller (CSC).

BCLK = 8 to 60 MHz

VCC = AVCCO0 = VCC_USB = VBATT = 2.7 to 3.6 V, VREFH/VREFHO0 = 2.7 V to AVCCO,
VCC_USBHS = AVCC_USBHS =3.0t0 3.6 V

Output load conditions: VOH = VCC % 0.5, VOL = VCC x 0.5, C = 30 pF

EBCLK: High drive output is selected in the port drive capability bit in the PmnPFS register.

Others: Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Condition 2: When using the SDRAM area controller (SDRAMC).

BCLK = SDCLK = 8 to 120 MHz

VCC = AVCCO0 = VCC_USB = VBATT = 3.0 to 3.6 V, VREFH/VREFHO0 = 3.0 V to AVCCO,
VCC_USBHS = AVCC_USBHS =3.0t0 3.6 V

Output load conditions: VOH = VCC x 0.5, VOL = VCC x 0.5, C = 15 pF

High drive output is selected in the port drive capability bit in the PmnPFS register.

Condition 3: When using the SDRAM area controller (SDRAMC) and CS area controller (CSC) simultaneously.

BCLK = SDCLK = 8 to 60 MHz

VCC = AVCCO = VCC_USB = VBATT = 3.0 to 3.6 V, VREFH/VREFHO0 = 3.0 V to AVCCO,
VCC_USBHS = AVCC_USBHS =3.0t0 3.6 V

Output load conditions: VOH = VCC x 0.5, VOL = VCC % 0.5, C = 15 pF

High drive output is selected in the port drive capability bit in the PmnPFS register.

Item Symbol Min Max Unit Test conditions
Address delay taD - 12,5 ns Figure 2.14 to
Byte control delay tscp - 12,5 ns Figure 2.17
CS delay tcsp - 12.5 ns
RD delay trsD - 12.5 ns
Read data setup time trDs 12,5 - ns
Read data hold time tRDH 0 - ns
WR/WRn delay twrD - 12.5 ns
Write data delay twob - 12.5 ns
Write data hold time twoH 0 - ns
WAIT setup time twTs 12,5 - ns Figure 2.18
WAIT hold time twTH 0 - ns
Address delay 2 (SDRAM) tap2 0.8 6.8 ns Figure 2.19 to
CS delay 2 (SDRAM) tesn2 08 6.8 ns Figure 2.25
DQM delay (SDRAM) tpamp 0.8 6.8 ns
CKE delay (SDRAM) tckep 0.8 6.8 ns
Read data setup time 2 (SDRAM) trDs2 2.9 - ns
Read data hold time 2 (SDRAM) tRDH2 1.5 - ns
Write data delay 2 (SDRAM) twop2 - 6.8 ns
Write data hold time 2 (SDRAM) twoH2 0.8 - ns
WE delay (SDRAM) twep 0.8 6.8 ns
RAS delay (SDRAM) trasD 0.8 6.8 ns
CAS delay (SDRAM) tcasp 0.8 6.8 ns
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SDRAM command ACT RD PRA
Spelk 7 _[_\_7[_\_7(_\_7[_\_/.[_\_](_\_7 Y
taD2 tap2 tap2 tap2
A15 to AOO ] % ad%?ews % Column address A_% A_%

taD2 tap2 tan2 E’T2
AP*! -% ‘_;l( j& PRA
command L_
tcspz tesp2 tcsp2 tesp2 tesp2 tespe
sbcs | ;L ;|§ ;ll
trasD trasD trasp trasD
RAS _:qﬂ_:;l‘ le
tcaso tcasp
CAS
twep twep
WE j& }
High
CKE (High)
toamp
DQMn |

tros2 | tron2

DQ15 to DQOO

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

Figure 2.19 SDRAM single read timing
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SDRAM command ACT | RD  RD | RD | RD | PRA
SDCLK  _] r\_] r\_l r\_/_
tap2 taD2
A15 to AOO i address 0 * *I
tapz |tap2 tapz [tabz2 |tapz [tap2 tapz  [tap2
4> [+
AP :QI\ s }l'_qg )
X D '
tesp2 |tespz [tespe tesoz |tespz |tespz [tespe tesoz
SDCS 1_}_1 }_ }_ }_
trasD |trASD trasD [trasD [trAsD [tRASD trasD [tRASD
[
RAS | jﬁ—}_qﬁ— jﬁ— A{_ B
j_(ilASD tcasp tcasp tcasp
CAS 1\ } jﬁ
twep [twep twep [twep
[
(High)
CKE
toamp
DQMn |
T
tros2 | tROH2 tros2| tRDH2 tros2 [ tRoH2 tros2 [tRDH2
DQ15 to DQOO l\j{}c}k_/l l\j{}{}k
Note 1. Address pins are for output of the precharge-select command (Precharge-sel) for the SDRAM.

Figure 2.23 SDRAM multiple read line stride timing
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SDRAM command MRS
SDCLK g
I AN
tap tAD
A15 to AOO .% i
taD tAD
AP*1 % %
tesp2 tcsp2
SDCS ;l§ ;‘[
trasD trasD
RAS ﬂ(_ ;‘Z
tcasp tcasp
CAS ;li ;‘[
twep twep
WE q(_ ;‘Z
(High)
CKE
DQMn
(Hi-Z)
DQ15 to DQOO i
Note 1. Address pins are for output of the precharge-select command (Precharge-sel) for the SDRAM.

Figure 2.24 SDRAM mode register set timing
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tspcKwh tspokr tspokr

SCKn
master select
output

>

tspckwH tspokr tspeks

ViH
SCKn
slave select input

(n=0to9)

tspckwL

<€
|

Vow=0.7 x VCC, Vo= 0.3 x VCC, V|y=0.7 x VCC, V,.=0.3 x VCC

Figure 2.37 SCI simple SPI mode clock timing

s_
SCKn 7‘ y
CKPOL=0 7t e
output
SCKn 53 /—\_‘
CKPOL =1 \
output N— S—/
tsu ty
MISOn /
input { MSBIN ) DATA} LSB IN { MSB IN
teﬂ tfjf ton e top
~ %
MOSIn r B
output 7Z_ MSB OUT DATﬁ >§_ LSB OUT >< IDLE ><MSB ouT
M
(n=0t09)

Figure 2.38 SCI simple SPI mode timing for master when CKPH = 1

\ S
SkpOL = 1 Y N/ /
output
SCKn
CKPOL =0 ) it \ \
output \— s

tsu tH
o oo 3o oo T
tOH to tDr, th
M »
'c\)”u?r;sljt" MSB OUT :: DATA >< LSB OUT jX IDLE ><MSB ouTt
(n=0t09)
Figure 2.39 SCI simple SPI mode timing for master when CKPH =0
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2.3.1 SPI Timing
Table 2.25 SPI timing
Conditions:

(1) Middle drive output is selected with the port drive capability bit in the PmnPFS register.

(2) Use pins that have a letter appended to their names, for instance “_A” or “_B”, to indicate group membership. For the SPI interface,
the AC portion of the electrical characteristics is measured for each group.

Item Symbol | Min Max Unit*1 | Test conditions
SPI RSPCK clock cycle Master tspeyc 2 (PCLKA < 60 MHz) 4096 tpcyc | Figure 2.43
4 (PCLKA > 60 MHz) C =30pF
Slave 6 4096
RSPCK clock high Master tspckwH | (tspeyc — tspckr — tspekr) /2 -3 | - ns
pulse width Slave 3 % tpoye N
RSPCK clock low pulse | Master tspckwL | (tspeyc — tspekr —tspckr) /2-3 | - ns
width Slave 3 X tpeye -
RSPCK clock rise and | Master tspckn - 5 ns
fall time Slave tspckf _ 1 us
Data input setup time Master tsu 4 - ns Figure 2.44 to
Slave B Figure 2.49
C =30pF
Data input hold time Master typst 0 - ns -
Master ty teeyc -
Slave tH 20 - -
SSL setup time Master tLEAD N % tgpgyc - 10*2 N x ns -
tspeyc +
100 *2
Slave 6 X tpeyc - ns -
SSL hold time Master tLAG N % tgpgyc - 10 *3 N x ns -
tspeyc +
100 *3
Slave 6 X tpeyc - ns -
Data output delay Master top - 6.3 ns Figure 2.44 to
Slave - 20 EIQJ:U:;%:'.:W
Data output hold time Master ton 0 - ns
Slave 0 -
Successive Master to tspeyc 2 X tpeye 8 x ns
transmission delay tspeyc +
2 X tpeye
Slave 6 * tpeyc
MOSI and MISO rise Output tpr, tof - 5 ns
and fall time Input _ 1 us
SSL rise and fall time Output tssir - 5 ns
Input tssL - 1 us
Slave access time tsa - 2Xtpeyc | NS Figure 2.48 and
+ 28 Figure 2.49
Slave output release time trEL - 2 X tpgye C = 30pF
+28
Note 1. tpcyc: PCLKA cycle.
Note 2. N is set to an integer from 1 to 8 by the SPCKD register.
Note 3. N is set to an integer from 1 to 8 by the SSLND register.
Note 4. PCLKA division ratio set to 1/2.
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2.3.17 PDC Timing
Table 2.32 PDC timing

Conditions: Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Output load conditions: Vo = VCC % 0.5, Vo, = VCC x 0.5, C =30 pF

Test

Item Symbol Min Max Unit | conditions
PDC | PIXCLK input cycle time tpixcyc 37 - ns Figure 2.68

PIXCLK input high pulse width tpixH 10 - ns

PIXCLK input low pulse width tpixL 10 - ns

PIXCLK rise time teixr - 5 ns

PIXCLK fall time tpixs - 5 ns

PCKO output cycle time tpckeye 2 x tpgeyc - ns Figure 2.69

PCKO OUtpUt hlgh pulse width tPCKH (tPCKcyc - tPCKI‘ - tpCKf)/z -3 - ns

PCKO OUtpUt low pulse width tPCKL (tPCKcyc - tPCKr - tpCKf)/z -3 - ns

PCKO rise time tpckr - 5 ns

PCKO fall time tpeks - 5 ns

VSYNV/HSYNC input setup time tsyncs 10 - ns Figure 2.70

VSYNV/HSYNC input hold time tsyncH 5 - ns

PIXD input setup time trixDs 10 - ns

PIXD input hold time tpIXDH 5 - ns
Note 1. tPBeyc: PCLKB cycle.

|< teixeye =|
4 _<_tE'\Xl
PIXCLK input
teixe
Figure 2.68 PDC input clock timing
L trckeye N
It
PCKO pin output
Figure 2.69 PDC output clock timing
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PIXCLK | [ D | !
toncefet ] - hame S
VSYNC o i : I
P ! | P

‘SYNCS e : : tSVNCH

HSYNC b b
' \ 1
1
feoos bl oy
PIXD7 to PIXDO L X X X

Figure 2.70 PDC AC timing

2.3.18 Graphics LCD Controller Timing

Table 2.33 Graphics LCD Controller 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 tecyc - - 60*1 MHz Figure 2.71
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 tLeye - - 60*1 MHz Figure 2.72
LCD_CLK output clock low pulse width tLoL 0.4 - 0.6 tieye Figure 2.72
LCD_CLK output clock high pulse width t oH 0.4 - 0.6 tLeye Figure 2.72
LCD data output delay timing | _A or _B combinations*2 top -3.5 - 4 ns Figure 2.73
_Aand _B combinations*3 -5.0 - 55

LCD data output rise time (0.8 to 2.0 V) tor - - 2 Figure 2.74
LCD data output fall time (2.0 to 0.8 V) tpf - - 2
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
LCD_EXTCLK
Figure 2.71 LCD_EXTCLK clock input timing
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LCD_CLK

thyc

tLoL

tLon

tLor

(S

tLor

W

Figure 2.72 LCD_CLK clock output timing

LCD_CLK J_\

tDD

/]

-/

Output on
falling edge

LCD_DATAOO to
LCD_DATA23,
LCD_TCONO to

LCD_TCON3

Output on
rising edge

Figure 2.73 Display output timing

LCD AZL
output 4

Figure 2.74 LCD output rise and fall times

24 USB Characteristics
241 USBHS Timing

Table 2.34 USBHS low-speed characteristics for host only (USBHS_DP and USBHS_DM pin characteristics)

(112)
Conditions: USBHS_RREF = 2.2 kQ + 1%, USBMCLK = 20/24 MHz, UCLK = 48 MHz

Item Symbol | Min Typ Max Unit | Test conditions
Input Input high voltage ViH 2.0 - - \% - -
characteristics Input low voltage ViL - - 0.8 \Y - -
Differential input sensitivity Vo 0.2 - - \% | USBHS_DP - | -
USBHS_DM |
Differential common-mode Vem 0.8 - 2.5 \ - -
range
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242 USBFS Timing

Table 2.38

USBFS low-speed characteristics for host only (USB_DP and USB_DM pin characteristics)

Conditions: VCC = AVCCO = VCC_USB = VBATT = 3.0 to 3.6V, 2.7 < VREFHO/VREFH < AVCCO0, VCC_USBHS = AVCC_USBHS = 3.0
to 3.6 V, USBA_RREF = 2.2 kQ #1%, USBMCLK = 20/24 MHz, UCLK = 48 MHz

Item Symbol | Min Typ Max Unit | Test conditions
Input Input high voltage Vin 2.0 - - \Y -
characteristics Input low voltage Vi - - 0.8 \ -
Differential input sensitivity Vp) 0.2 - - \ | USB_DP - USB_DM |
Differential common-mode Vem 0.8 - 2.5 \ -
range
Output Output high voltage VoH 2.8 - 3.6 \ lon =—200 pA
characteristics Output low voltage VoL 0.0 - 0.3 \ loL,=2 mA
Cross-over voltage Vcrs 1.3 - 2.0 \ Figure 2.83
Rise time t R 75 - 300 ns
Fall time tLF 75 - 300 ns
Rise/fall time ratio tLR / t|_|: 80 - 125 % tLR/ tLF
Pull-up and pull- | USB_DP and USB_DM pull- | Ryq 14.25 - 24.80 kQ -
down down resistance in host
characteristics controller mode
USB_DP,
USB_DM
Figure 2.83 USB_DP and USB_DM output timing in low-speed mode
Observation
USB_DP / point
- 200 pF to
270 ; 600 pF 36V
1.5 KQ
USB_DM
J_ 200 pF to
% 600 pF
Figure 2.84 Test circuit in low-speed mode
Table 2.39 USBFS full-speed characteristics (USB_DP and USB_DM pin characteristics) (1/2)

Conditions: VCC = AVCC0 = VCC_USB = VBATT = 3.0 to 3.6 V, 2.7 < VREFHO/VREFH < AVCCO, VCC_USBHS = AVCC_USBHS = 3.0
to 3.6 V, USBA_RREF = 2.2 kQ #1%, USBMCLK = 20/24 MHz, UCLK = 48 MHz

Item Symbol | Min Typ Max Unit | Test conditions
Input Input high voltage Viy 2.0 - - \Y -
characteristics Input low voltage Vi - - 0.8 \ -
Differential input sensitivity Vpi 0.2 - - \Y | USB_DP - USB_DM |
Differential common-mode Vem 0.8 - 25 \ -
range
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Table 2.41 A/D conversion characteristics for unit 1 (2/2)
Conditions: PCLKC = 1 to 60 MHz
Item Min Typ Max Unit Test conditions
Quantization error - 0.5 - LSB -
Resolution - - 12 Bits -
Channel-dedicated | Conversion time*1 Permissible signal 1.06 - - us e Sampling of channel-
sample-and-hold (operation at source impedance (0.4 + 0.25)*2 dedicated sample-and-hold
circuits in use PCLKC =60 MHz) | Max.=1kQ circuits in 24 states
(AN100 to AN102) e Sampling in 15 states
Offset error - +1.5 +3.5 LSB AN100 to AN102 = 0.25 V
Full-scale error - 1.5 +3.5 LSB AN100 to AN102 =
VREFH -0.25V
Absolute accuracy - +2.5 +5.5 LSB -
DNL differential nonlinearity error - +1.0 +2.0 LSB -
INL integral nonlinearity error - +1.5 +3.0 LSB -
Holding characteristics of sample-and hold | - - 20 us -
circuits
Dynamic range 0.25 - VREFH \% -
-0.25
Channel-dedicated | Conversion time*1 Permissible signal 0.88 - - us Sampling in 40 states
sample-and-hold (Operation at source impedance (0.667)*2
circuits not in use PCLKC = 60 MHz) Max. =1 kQ
AN100 to AN102
( 00t 02) 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 to AN106) PCLKC =60 MHz) | Max.=1kQ
Max. = 300Q 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 AN120) 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.

Note 1. The conversion time is the sum of the sampling and the comparison times. The number of sampling states is
indicated for the test conditions.
Note 2. Values in parentheses indicate the sampling time.
Table 2.42 A/D internal reference voltage characteristics
Item Min Typ Max Unit Test conditions
A/D internal reference voltage 1.20 1.25 1.30 \Y -
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