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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.
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R32C/111 Group

1. Overview

1.1.2

Performance Overview

Tables 1.1 to 1.4 show the performance overview of the R32C/111 Group.

Table 1.1

Performance Overview for the 100-pin Package (1/2)

Unit

Function

Explanation

CPU

Central
processing unit

R32C/100 Series CPU Core

* Basic instructions: 108

* Minimum instruction execution time: 20 ns (f(CPU) = 50 MHz)

* Multiplier: 32-bit x 32-bit — 64-bit

» Multiply-accumulate unit: 32-bit x 32-bit + 64-bit — 64-bit

* IEEE-754 compatible FPU: Single precision

* 32-bit barrel shifter

* Operating mode: Single-chip mode, memory expansion mode,
microprocessor mode (optional (1)

Memory

Flash memory: 256 to 512 Kbytes

RAM: 32 to 63 Kbytes

Data flash: 4 Kbytes x 2 blocks

Refer to Table 1.5 for memory size of each product group

Voltage
Detector

Low voltage
detector

Optional (1)
Low voltage detection interrupt

Clock

Clock generator

* 4 circuits (main clock, sub clock, PLL, on-chip oscillator)

* Oscillation stop detector: Main clock oscillator stop/restart detection
* Frequency divide circuit: Divide-by-2 to divide-by-24 selectable

* Low power modes: Wait mode, stop mode

External Bus
Expansion

Bus and memory
expansion

» Address space: 4 Gbytes (of which up to 64 Mbytes is user
accessible)

* External bus Interface: Support for wait-state insertion, 4 chip select
outputs, 3V/5V interface

* Bus format: Separate bus/Multiplexed bus selectable, data bus width
selectable (8/16 bits)

Interrupts

Interrupt vectors: 261
External interrupt inputs: NMI, INT x 6, key input x 4
Interrupt priority levels: 7

Watchdog Timer

15 bits x 1 (selectable input frequency from prescaler output)

DMA

DMAC

4 channels

* Cycle-steal transfer mode

* Request sources: 51

» 2 transfer modes: Single transfer, repeat transfer

DMAC I

» Triggered by an interrupt request of any peripheral
« 3 characteristic transfer functions: Immediate data transfer,
calculation result transfer, chain transfer

I/0 Ports

Programmable
I/0 ports

* 2 input-only ports

* 82 CMOS /O ports

* 2 N-channel open drain ports

* A pull-up resistor is selectable for every 4 input ports

Note:

1. Contact a Renesas Electronics sales office to use the optional features.
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R32C/111 Group 1. Overview

Table 1.14  Pin Definitions and Functions for the 100-pin Package (4/4)

Power

Function Symbol /0 Supply Description

Serial interface STXDO to 0 VCC1 Serial data output in slave mode.

special functions STXD6 VCC2 STXD2 is N-channel open drain
SRXDO to | VCC1 Serial data input in slave mode
SRXD6 VCC2
SS0 to SS6 | VCC1 Input to control serial interface special functions

VCC2

A/D converter AN Oto AN 7 I VCC1 Analog input for the A/D converter
ANO_O0 to
ANO _7,
AN2_ 0 to ' vee2
AN2 7
ADTRG I VCC1 External trigger input for the A/D converter
ANEXO0 e VCCH Expanqed analog input for the A/D. converter and

output in external op-amp connection mode

ANEX1 I VCC1 Expanded analog input for the A/D converter

D/A converter DAO, DA1 0] VCC1 Output for the D/A converter

Reference voltage VREF | Reference voltage input for the A/D converter and

input D/A converter

Intelligent 1/0 1100_0to e VCC1 Input/output for Intelligent I/O group 0. Either input
1100_7 VCC2 capture or output compare is selectable
101 _0Oto Input/output for Intelligent 1/0 group 1. Either input
o1_7 e VCC1

VCC2
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R32C/111 Group 2. Central Processing Unit (CPU)

21.8.5 Register Bank Select Flag (B flag)

This flag selects a register bank. It indicates 0 when register bank 0 is selected, and 1 when register
bank 1 is selected.

21.8.6 Overflow Flag (O flag)
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R32C/111 Group 2. Central Processing Unit (CPU)

2.2 Fast Interrupt Registers
The following three registers are provided to minimize the overhead of the interrupt sequence.

221 Save Flag Register (SVF)
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R32C/111 Group 3. Memory
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R32C/111 Group 4. Special Function Registers (SFRs)

Table 4.20  SFR List (20)

Address Register Symbol Reset Value
040094h
040095h
040096h
040097h| Three-phase Output Buffer Control Register I0BC OXXX XXXXb
040098h | Input Function Select Register 0 IFSO X000 0000b (1)
040099h
04009Ah|Input Function Select Register 2 IFS2 0000 00X0b (2
04009Bh|Input Function Select Register 3 IFS3 XXXX XX00b
04009Ch
04009Dh
04009Eh
04009Fh | Input Function Select Register 7 (3) IFS7 XXXX XX0Xb
0400AO0h|Port PO_0 Function Select Register PO_0S 0XXX X000b
0400A1h|Port P1_0 Function Select Register P1_0S XXXX X000b
0400A2h|Port PO_1 Function Select Register PO_1S 0XXX X000b
0400A3h|Port P1_1 Function Select Register P1_1S XXXX X000b
0400A4h|Port PO_2 Function Select Register PO_2S 0XXX X000b
0400A5h|Port P1_2 Function Select Register P1_2S XXXX X000b
0400A6h|Port PO_3 Function Select Register PO_3S 0XXX X000b
0400A7h|Port P1_3 Function Select Register P1_3S XXXX X000b
0400A8h|Port PO_4 Function Select Register PO_4S 0XXX X000b
0400A9h|Port P1_4 Function Select Register P1_4S XXXX X000b
0400AAN |Port PO_5 Function Select Register P0O_5S 0XXX X000b
0400ABh |Port P1_5 Function Select Register P1_5S XXXX X000b
0400ACh|Port PO_6 Function Select Register P0O_6S 0XXX X000b
0400ADhI|Port P1_6 Function Select Register P1_6S XXXX X000b
0400AEh |Port PO_7 Function Select Register PO_7S 0XXX X000b
0400AFh |Port P1_7 Function Select Register P1_7S XXXX X000b
0400B0h|Port P2_0 Function Select Register P2_0S 0XXX X000b
0400B1h|Port P3_0 Function Select Register P3_0S XXXX X000b
0400B2h|Port P2_1 Function Select Register P2_1S 0XXX X000b
0400B3h|Port P3_1 Function Select Register P3_1S XXXX X000b
0400B4h|Port P2_2 Function Select Register P2_2S 0XXX X000b
0400B5h|Port P3_2 Function Select Register P3_2S XXXX X000b
0400B6h|Port P2_3 Function Select Register P2_3S 0XXX X000b
0400B7h|Port P3_3 Function Select Register P3_3S XXXX X000b
0400B8h|Port P2_4 Function Select Register P2_4S 0XXX X000b
0400B9h|Port P3_4 Function Select Register P3_4S XXXX X000b
0400BAh |Port P2_5 Function Select Register P2_5S 0XXX X000b
0400BBh |Port P3_5 Function Select Register P3_5S XXXX X000b
0400BCh|Port P2_6 Function Select Register P2_6S 0XXX X000b
0400BDh|Port P3_6 Function Select Register P3_6S XXXX X000b
0400BEh |Port P2_7 Function Select Register P2_7S 0XXX X000b
0400BFh |Port P3_7 Function Select Register P3_7S XXXX X000b
X: Undefined

Blanks are reserved. No access is allowed.

Notes:
1. The reset value is 0000 0000b in the 64-pin package.
2. The reset value is 0000 000Xb in the 64-pin package.
3. This register is provided for the 64-pin package only. No access is allowed in the 100-pin package.
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R32C/111 Group 4. Special Function Registers (SFRs)

Table 4.22  SFR List (22)

Address Register Symbol Reset Value
0400FO0h [Port P10_0 Function Select Register P10_0S 0XXX X000b
0400F1h
0400F2h |Port P10_1 Function Select Register P10_1S 0XXX X000b
0400F3h
0400F4h |Port P10_2 Function Select Register P10_2S 0XXX X000b
0400F5h
0400F6h |Port P10_3 Function Select Register P10_3S 0XXX X000b
0400F7h
0400F8h |Port P10_4 Function Select Register P10_4S 0XXX X000b
0400F9h
0400FAh|Port P10_5 Function Select Register P10_5S 0XXX X000b
0400FBh
0400FCh|Port P10_6 Function Select Register P10_6S 0XXX X000b
0400FDh
0400FEh|Port P10_7 Function Select Register P10_7S 0XXX X000b
0400FFh
040100h
040101h
040102h
040103h
040104h
040105h
040106h
040107h
040108h
040109h
04010Ah
04010Bh
04010Ch
04010Dh
04010Eh
04010Fh
040110h
040111h
040112h
040113h
040114h
040115h
040116h
040117h
040118h
040119h
04011Ah
04011Bh
04011Ch
04011Dh
04011Eh
04011Fh

X: Undefined
Blanks are reserved. No access is allowed.
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R32C/111 Group 4. Special Function Registers (SFRs)

Table 4.24  SFR List (24)

Address Register Symbol Reset Value
044060h
044061h
044062h
044063h
044064h
044065h
044066h
044067h
044068h
044069n
04406Ah
04406Bh
04406Ch
04406Dh |External Interrupt Request Source Select Register 1 IFSR1 XOXX XXXXb
04406Eh
04406Fh |External Interrupt Request Source Select Register 0 IFSRO 0000 0000b
044070h|DMAO Request Source Select Register 2 DMOSL2 XX00 0000b
044071h|DMA1 Request Source Select Register 2 DM1SL2 XX00 0000b
044072h|DMA2 Request Source Select Register 2 DM2SL2 XX00 0000b
044073h|DMA3 Request Source Select Register 2 DM3SL2 XX00 0000b
044074h
044075h
044076h
044077h
044078h|DMAO Request Source Select Register DMOSL XXX0 0000b
044079h|DMA1 Request Source Select Register DM1SL XXX0 0000b
04407Ah|DMA2 Request Source Select Register DM2SL XXX0 0000b
04407Bh|DMAS3 Request Source Select Register DM3SL XXX0 0000b
04407Ch
04407Dh |Wake-up IPL Setting Register 2 RIPL2 XX0X 0000b
04407Eh
04407Fh |Wake-up IPL Setting Register 1 RIPLA1 XX0X 0000b
044080h
044081h
044082h
044083h
044084h
044085h
044086h
044087h
044088h
044089h
04408Ah
04408Bh
04408Ch
04408Dh
04408Eh
04408Fh

X: Undefined
Blanks are reserved. No access is allowed.

R01DS0062EJ0130 Rev.1.30 RRENESAS Page 53 of 93
Mar 3, 2014






R32C/111 Group 5. Electrical Characteristics

Notes:
1. The device is operationally guaranteed under these operating conditions.
2. The VCCZ
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R32C/111 Group 5. Electrical Characteristics
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R32C/111 Group 5. Electrical Characteristics

Vee1=Vec2 =9V
Table 5.19  D/A Conversion Characteristics (Vcc1 =Veec2 =AVee = VrRer =4.2t0 5.5V,
Vss = AVgg =0 V, and T, = Ty, unless otherwise noted)

Symbol Characteristic Measurement Condition - Value Unit
Min. | Typ. | Max.
— Resolution 8 | Bits
— Absolute precision 1.0 | %
ts Settling time 3 us
Ro Output resistance 4 10 20 | k
lVREF Reference input current See Note 1 1.5 | mA

Note:
1. One D/A converter is used. The DAi register (i = 0, 1) of the other unused converter is set to 00h. The
resistor ladder for the A/D converter is not considered.
Even when the VCUT bit in the ADOCON1 register is set to 0 (Vrgr disconnected), lyrgr is supplied.
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R32C/111 Group 5. Electrical Characteristics

VCC1 = VCC2 =3.3V

Switching Characteristics (Vgc1 = Vec2 =3.0t0 3.6 V, Vgg =0V, and T, = Ty, unless otherwise noted)

Table 5.57  External Bus Timing (separate bus)

Symbol Characteristic M((e:aos:é;irg:lant i Value Max. Unit
tsu(s-R) Chip-select setup time before ) ns
read
th(r-s) Chip-select hold time after read t(Base) - 10 ns
tsu(AR) Address setup time before read (1) ns
th(r-A) Address hold time after read t(Base) - 10 ns
tw(r) Read pulse width (1) ns
tsu(s-w) Chip-select setup time before Refer to ) ns
write Figure 5.6
thw-s) Chip-select hold time after write 1.5 % tyBase) - 10 ns
tsuca-w) Address setup time before write ©) ns
thow-A) Address hold time after write 1.5  t;Base) - 10 ns
twow) Write pulse width (1) ns
tsu-w) Data setup time before write M ns
thw-D) Data hold time after write 0 ns
Note:

1. The value is calculated using the formulas below based on the base clock cycles (t;gase)) and

respective cycles of Tsu(A-R), Tw(R), Tsu(A-W), and Tw(W) set by registers EBCO to EBC3. If the
calculation results in a negative value, modify the value to be set. For details on how to set values,
refer to the User’s manual.

tsu(s-R) = tsu(a-R) = TSU(A-R) X tygase) - 15 [ns]
twr) = TW(R) % tease) - 10 [ns]

tsus-w) = tsua-w) = TSU(A-W) X togage) - 15 [NS]
tww) = tsup-w) = TW(W) X tase) - 10 [ns]
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R32C/111 Group

5. Electrical Characteristics

VCC1 = VCC2 =3.3V

Switching Characteristics (Vgc1 = Vec2 =3.0t0 3.6 V, Vgg =0V, and T, = Ty, unless otherwise noted)

Table 5.59  Serial Interface
Value
Symbol Characteristic Measurfe.m ent - Unit
Condition Min. Max.
t4ic-q) TXDi output delay time Refer to 80 ns
thc-q) TXDi output hold time Figure 5.6 0 ns
Table 5.60 Intelligent I/O
Value
Symbol Characteristic Measurfa-m ent - Unit
Condition Min. Max.
td(lSCLKZ-TXD) ISTXD2 output delay time Refer to 180 ns
th(ISCLKZ-RXD) ISTXD2 OUtpUt hold time Figure 5.6 0 ns
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R32C/111 Group 5. Electrical Characteristics

External bus timing (multiplexed bus)

Read cycle > ter N
‘tsu(S—ALE)‘ P thr-s) _
CS0 to CS3
‘t SU(A-ALE) | th(r-A)
A23 to A8, BCO and
BC1
tw(ALE) th(ALE-A)
ALE
tsu(a-ALE tais(R-A tsuD-R th(r-D
su( ); is( 42’ < su( ) »ld ( );
A15/D15 to A0/DO,
BCO/DO Address —<XX>< Data
tdALE-R) twr) tdis(R-D)
Y L) Lad <—>
RD

tsu(D-R) “th(R-D)‘

D15 to D8 <X><><

Write cycle tew

<< »

‘t SU(S-ALE) P thw-s) _

CSO0 to CS3

tsu(a-ALE) thow-a)

€ > <€ >

A23 to A8, BCO and

BC1
‘tw(ALE) N
ALE
‘t SU(A-ALE) th(ALE-A) tsu-w) thw-D) N
A15/D15 to A0/DO,
BCO/DO Address X Data
taALE-w tww)
WR, WRO0 and WR1
‘ tsu-w) uth(W-D) =
D15 to D8
Measurement conditions
Item Vec1=Vec2=4.21055V | Vee1=Vee2=3.0t03.6V
Criterion for | ViH 25V 1.5V
input voltage Vi 0.8V 05V
Criterion for VoH 20V 24V
output voltage VoL 08V 05V

Figure 5.9  External Bus Timing for Multiplexed Bus
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R32C/111 Group 5. Electrical Characteristics

to(ra)
tw(TAH) tw(TAL)
TAIIN input \
_ teup)
_twupH) twuprL)
TAIOUT input \

In event counter mode

TAIOUT input (input for increment/ >< X ><
decrement switching)
tsu(UP-TIN) th(Tin-up
TAIIN input (in falling edge counting)
TAIIN input (in rising edge counting)
P ters)
_twreh) tw(sL)
TBIIN input \
_ teck) =
o twekny L tweky =
CLKi
_tdca) _thcq)
TXDi X X

tsup-c) thic-p)

RXDi ><

P tw(ADH)

K
ADTRG input /
_/

 twany tw(NH)

»

INTi input

Two CPU clock cycles +  Two CPU clock cycles +
300 ns or more 300 ns or more

<& » »

NMI input /

Figure 5.10 Timing of Peripherals
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Revision History

R32C/111 Group Datasheet

Rev. Date Description
Page Summary
70, 82 | » Added Notes 1 and 2 for 80-/64-pin packages to Tables 5.15 and 5.38
71, 83 | * Deleted ports P7_0, P7_1, and P8_5 for Rp | yp from Tables 5.16
and 5.39; Added Notes 1 and 2 for 80-/64-pin packages
72,84 | » Added “XIN” as “Active” to first, third, and sixth rows of Tables 5.17
and 5.40
* Deleted specification of ICC under condition “Ta = 85°C” from Tables
5.17 and 5.40
73, 85 | * Modified minimum value “0.125” for Ap in Tables 5.18 and 5.41, to
“0.25”; Added Note 1 for 80-/64-pin packages
75, 87 | « Clarified three “TBD”s for external bus timing in Tables 5.21 and 5.44
78 * Corrected a typo “thc.q)” in Table 5.30, to “t,c.p)’
78,90 | * Modified maximum value for t,c_p) “30” in Tables 5.30 and 5.53, to
“80”
* Modified minimum value for t,apn) in Tables 5.31 and 5.54, to « 3
AD
» Added Tables 5.33 and 5.56 to provide intelligent I/O timing
requirements
79, 91 | » Changed the third formula of Note 1 in Tables 5.34 and 5.57
80, 92 | * Modified minimum value of tyy.p) “0” in Tables 5.35 and 5.58, to “0.5
X te(Base) s Changed the first formula of Note 1
81,93 | * Modified “Characteristic” for t,c.q) in Tables 5.36 and 5.59, from
“TXDi hold time” to “TXDi output hold time”
* Added Tables 5.37 and 5.60 to provide intelligent switching
characteristics
83 » Changed measurement condition for “High level input current” in Table
5.39, from “V,=3 V" to “V|=3.3 V’
85 » Added a skipped word “error” after “Differential non-linearity” in Table
5.41
87 * Corrected typos “tyn),” “tw(L)’, “t;’, and “t" in Table 5.43, to “t,xn)",
“tW(XL)”’ “tI’(X)”7 and “tf(x)”, respectively
95 » Changed D15 to DO output period of write cycle in Figures 5.8
96 * Changed D15 to D8 output period of write cycle in Figures 5.9
Appendix 1
98, 99 | » Added figures for 100-pin plastic molded LGA, and 80-/64-pin plastic
molded LQFP packages
1.20 Sep 26, 2011 — Fourth edition released

The manual in general

* Applied new Renesas templates and formats to the manual

* Changed company name to “Renesas Electronics Corporation” and
changed related descriptions due to business merger of Renesas
Technology Corporation and NEC Electronics Corporation

* Modified expressions “version N” and “version D” to “N version” and “D
version”, respectively (under Chapters 1 and 5)

Chapter 1. Overview

* Modified wording and enhanced description in this chapter
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