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1 Overview

The 7600 series, an enhanced family of CMOS 8-bit microcontrollers, offers high-speed operation at
low voltage, large internal-memory options, and a wide variety of standard peripherals. The series is
code compatible with the M38000, M37200, M37400, and the M37500 series, and provides many
performance enhancements to the instruction set.

This device is a single chip PC peripheral microcontroller based on the Universal Serial Bus (USB)
Version 1.0 specification. This device provides data exchange between a USB-equipped host computer
and PC peripherals such as telephones, audio systems and digital cameras. See Figure 1-1 for an
application system diagram.

The USB function control unit can support all four data transfer types listed in the USB specification:
Control, Isochronous, Interrupt, and Bulk. Each transfer type is used for controlling a different set of

PC peripherals. Isochronous transfers provide guaranteed bus access, a constant data rate, and error
tolerance for devices such as computer-telephone integration (CTIl) and audio systems. Interrupt transfers
are designed to support human input devices (HID) that communicate small amounts of data
infrequently. Bulk transfers are necessary for devices such as digital cameras and scanners that
communicate large amounts of data to the PC as bus bandwidth becomes free. Finally, control transfers
are supported and are useful for bursty, host-initiated type communication where bus management is the
primary concern.

4-24 MHz
r—
| I frequency | 48 MHz
| synthesize
I
DQ(7:0 -
| 1 £
| | Ao . g
| — o O —
: I S0 S o Timers ROM(32K) S g Di
-] — e O ‘n »
& RO £ 0 A
; _ S 7600 CPU S >
| 5 L WR O g S D-
7 © SIo p
| 8 | 1BF, 8 > 9
= I s DMAC x 2 i S
| _ OBF £
I e, 9 SCSG
< @
| | < FIFOs
| OBF]_ Lt
| < (Normal MCU or DMA Transfer)
[ I
| I I/O Ports (PO ~ P8)
L o—

Figure 1-1. Application System Diagram
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Table 1-1. Device Feature List

Parameter

Function Description

Number of basic instructions

71

Instruction execution time (minimum)

83nsdat= 12 MHz (settingb to less than 5MHz is NOT recommended)

Clock frequency (maximum)

Xin = 48 MHz, X{>= 5 MHz (square wave} = 12 MHz

Clock multiplier option

External clock X, and XG, can be selectively divided and multiplied by X to create
system internal cloc#®

) ROM 32K hytes
Memory size
RAM 1K bytes
Input/Output ports gg~P3' PS5, P6 1/0]8-bit X 7 (Port 2 has a key-on wake-up feature)
P4, P7 I/ 5-bit X 2
FIFO:
Endpoint0: IN 16-byte OUT 16-byte
. Endpointl: IN 512-byteOUT 800-byte
USB Function Control Endpoint2: IN 32-byte OUT 32-byte
Endpoint3: IN 16-byte OUT 16-byte
Endpoint4: IN 16-byte OUT 16-byte

Master CPU bus interface

DQ(7:0),R(E), W(RW), Sy, Sy, Ag, IBF, OBR,, IBF;, OBF; total of 17 signals interfa
with master CPU (Intel 8042-like interface)

e

Special Count Source Generator(SCSG

Baud rate synthesizer

UART X 2

7/8/9-bit character length, withTS,RTS available

Serial 110 8-bit clock synchronous serial 1/0, supports both master and slave modes
Timers 8-bit X 3, 16-bit X 2
DMAC 2 channels, 16 address lines, support single byte or burst transfer modes

Software selectable slew rate control

Ports PO ~ P8

Interrupts

4 external, 19 internal, 1 software, 1 system interrupts

Supply voltage

Vo= 4.15 ~ 5.25V

External memory expansion

Memory Expansion and Microprocessor mode

External Data Memory Access (EDMA)

Allows > 64 Kbyte data access for instruction LDA (indY) and STA (indY)

Device structure

CMOS

Package

80P6N

Operating temperature range

-20 t8®@5

1-4
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1.1 MCU Features

» 7600 8-bit CPU core, CMOS process

e Minimum instruction execution time of 83ns (1-cycle instructiond@= 12 MHz)
 Efficient software support (C and/or Assembly)

« ROM: 32 KB on-chip

* RAM: 1 KB on-chip

* Built-in Microprocessor or Memory-expansion modes

* Three slow memory wait modes: Software Wait, RDY Wait, and Extended RDY Wait

* Nine I/O Ports, total 66 programmable /O pins available
¢ Programmable direction control on every I/O pin

» Software selectable slew rate control on every I/O pin

» Master CPU Bus Interface:
¢ MCU can be operated in slave mode by control signals from the host CPU

« 8 data lines (DQ7-DQO) anR(E), W(RW), Ay, Sy S;, IBFy OBFRy, IBF;, OBF; signals
available

e Master CPU sends and receives data, command, and status by means of DQ7-DQO
* USB Function Control Unit
* USB Transceiver (conforms to USB V1.1 Specification)

« DMA Controller:
« Two DMA channels available

e 16 address lines for 64K byte address space

e Single byte or burst transfer modes

« Transfer request by external pins, software triggers or built-in peripherals
« Maximum 6M byte/sec transfer speed (in burst mode)

» Timers: three 8-bit timers and two 16-bit timers available
* Two full duplex UARTs available
* One master/slave clock synchronous /0 (SIO), internal or external clock selectable

» Built-in Special Count Source Generator (SCSG): can be a clock source for Timer X, UARTS,
and SIO

» Power-saving wait (IDLE) and stop (powerdown) modes.

MCU Features 3/18/99 1-5



7600 Series
M37640E8-XXXF Preliminary Specification

Mitsubishi Microcomputers

¢

VA

1.2 Pin Description and Layout

P74/1BF,/HLDA [66

DB3
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DB7
ABO

R ] P2,

(2] P2y
8]

[Z ] P2
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[ ]Indicates function in memory expansion and microprocessor modes

O

M37640E8-XXXFP
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Figure 1-2. Pin Layout
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Table 1-2. Pin Description

Name I/0 Description Pin #
PQyYABO e CMOS /O port (address bus). When the MCU is in memory expansion or microprocessor mode, theg %B'Qﬁ]
~ PL/AB15 function as the address bus.

PZ/DB0O e CMOS 1/O port (data bus). When the MCU is in memory expansion or microprocessor mode, these p r13s4-57
~ P2/DB7 function as the data bus. These pins may also be used to implement the Key-on Wake up function.
P3/RDY /0 CMOS 1/O port (Ready). When the MCU is in memory expansion or microprocessor mode, this pin functA%ns
as RDY (hardware wait cycle control).
P3; I/0O|CMOS I/O port. 39
P3/(VRFY) [1/0 CMOS I/O port. When the MCU is in EPROM program mode, the pin is used as VRFY (EPROM memor‘;j{8
verify).
P3,/DMA CMOS |/O port (DMA,;). When the MCU is in memory expansion or microprocessor mode, this pin is set to g
/PGM out | 1/0|“1” during a DMA transfer. When the MCU is in EPROM program mode, the pin is us&@MgEPROM 37
memory program).
CMOS /O port €). When the MCU is in memory expansion or microprocessor mode, this pin bebgppés
P3y/®gt I/0 pin 36
CMOS /O port (SYNC output). When the MCU is in memory expansion or microprocessor mode, this pi
PE/SYNCoud VO o comes the SYNCout pin. %
CMOS I/0 port. VR output). When the MCU is in memory expansion or microprocessor mode, this pin
P3/WR/(CE) I/0 becomedVR. When the MCU is in EPROM program mode, the pin is us&Eg&PROM memory chip 34
enable).
CMOS I/0 port. RD output). When the MCU is in memory expansion or microprocessor mode, this pip
P3,/RD/(OE)| I/0/becomekRD. When the MCU is in EPROM program mode, the pin is us&@Ea&PROM memory output | 33
enable).

= CMOS 1/O port EDMA: Expanded Data Memory Access). When the MCU is in memory expansion or
P4/EDMA |I/O| _. o it A 24

microprocessor mode, this pin can becomeEh®A pin.
P4,/INTO CMOS 1/0 port or external interrupt ports INTO and INT1. These external interrupts can be configured %bf

I1o|_ .. : =5

~ P4/INT1 active high or low.

CMOS 1/O port or Timer X input pin for pulse width measurement mode and event counter mode or Timer X
P4/CNTRO | I/ output pin for pulse output mode. This pin can also be used as an external interrupt when Timer X is hotdfh

output mode. The interrupt polarity is selected in the Timer X mode register.

CMOS 1/O port or Timer Y input pin for pulse period measurement mode, pulse H-L measurement mode ang
P4,/CNTR1 | I/Qevent counter mode or Timer Y output pin for pulse output mode. This pin can also be used as an exterrz0

interrupt when Timer Y is not in output mode. The interrupt polarity is selected in the Timer Y mode register.
P5/XCi, I/O|CMOS I/O port or XG,. 12
)P(?:l/TOU‘/ I/0|CMOS 1/O port or Timer 1/2 pulse output pin (can be configured initially high or initially low), gfXC 11

out
P5,/OBF, |1/O[CMOS I/O port or OBR output to master CPU for data bus buffer 0. 1B
P5/IBF, I/O[CMOS 1/0 port oflBF output to master CPU for data bus buffer 0. 7
PSS I/O[CMOS /0 port o1S, input from master CPU for data bus buffer 0. §
P55/Aq I/O|CMOS /O port or 4 input from master CPU. 5
P5/R(E) I/ CMOS 1/0 port oR(E) input from master CPU. 4
P5,/W(RW) | I/O|CMOS I/O port oMW/(R/MW) input from master CPU. 3
P&/DQO 2-1,
~ P&/DQ7 I/O{CMOS /O port or master CPU data bus. 80-75
USB D I/O|USB D- voltage line interface, a series resistor a23hould be connected to this pin. (see note) 71
USB D* I/O|USB D+ voltage line interface, a series resistor d23$hould be connected to this pin. (see note) 70
P7/SOF 1/Q CMOS 1/0 port or USB start of frame pulse output, an 80 ns pulse outputs on this pin for every USB frame.
P7,/HOLD |1/O|CMOS I/O port oHOLD pin. 68
P7,/S; I/O|CMOS /O port ofS; input from master CPU for data bus buffer 1. 7
Pin Description and Layout 3/18/99 1-7
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Table 1-2. Pin Description
Name I/0 Description Pin #
P73/IBFy/ 1o CMOS I/O port o@ output to r_nasterﬂfor data bus buffer DDA pin. ﬁl andHLDA are 66
HLDA mutually exclusivelBF4 has priority oveHLDA.
P7,/OBF, |I/O]CMOS I/O port or OBIroutput to master CPU for data bus buffer 1. b5
P&/UTXD2/ /0 CMOS 1/O port or UART2 pin UTXD2 or SIO piBRDY. UART2 and SIO are mutually exclusive, UART2 1a%2

SRDY priority over SIO.

P8/URXD2/ CMOS 1/0 port or UART2 pin URXD2 or SIO pin SCLK. UART2 and SIO are mutually exclusive, UART2
SCLK has priority over SIO.

P8&/CTS2/ CMOS 1/O port or UART2 pirt€TS2 or SIO pin SRXD. UART2 and SIO are mutually exclusive, UART2 ha§0
SRXD priority over SIO.

P&/RTS2/ CMOS /O port or UART2 pifRTS2 or SIO pin STXD. UART2 and SIO are mutually exclusive, UART2 hai9

STXD Vo priority over SIO.

P8/UTXD1 |I/O]CMOS /O port or UART1 pin UTXD1. 28]

P&/URXDL1 | I/0] CMOS 1/O port or UART1 pin URXD1. 27

P&/CTS1 | I/ CMOS I/O port or UART1 pi@TS1. 26

P8/RTS1 | I/Q CMOS I/O port or UART1 piRTSL1. 25

AV oAV gg I [Power supply inputs for analog circuitry AV= 4.15~ 5.25V, Ads= 0V 17,19

CNV | Controls the processor mode of the chip. Normally connecteg.tar V... When the MCU is in EPROM 9

ss program mode, this pin supplies the programming voltage to the EPROM.

VeoVss | [Power supply inputs: M. = 4.15~ 5.25V, \;= OV 11?3//772
To enter the reset state, this pin must be kept L for morejibdRR® cycles under normal ) conditions). I

RESET I ) - . o . - - 10
the crystal or ceramic resonator requires more time to stabilize, extend this L level time appropriately.

XCin I [An external ceramic or quartz crystal oscillator can be connected betweenilEX &G, pins. If an 12

XCout O |external clock source is used, connect the clock source to thg@nd leave the X pin open. 11
Input and output signals to and from the internal clock generation circuit. Connect a ceramic resonator or, gluartz

Xin I . - )

X crystal between ¥ and X, pins to set the oscillation frequency. If an external clock is used, connect the chcl«

out source to the ¥ pin and leave the g pin open.

LPF O| Loop filter for the frequency synthesizer. 8
An external capacitor (Ext. Cap) pin. When the USB transceiver voltage converter is ydeat, larger

Ext. Cap | |capacitor should connect between this pin agdd/ensure proper operation of the USB line driver. The | 72

voltage converter is enabled by setting bit 4 of the USB control register, 012 “1".

D+/D- Line driver notes: In order to match the USB cable impedance, a series resisB3Qof1%,

1/8 W should be connected to each USB line; i.e. on D+ (pin 70) and on D- (pin 71). Also, a

coupling capacitor with the recommended value of 33pF should be connected between D+ and D- after
the 332 series resistors. If the USB line is improperly terminated or not matched, signal fidelity will
suffer, resulting in excessive overshoot or undershoot. This will potentially introduce bit errors.

VDD/VSS notes:In order to reduce the effects of the inductance of the traces on the board,
decoupling capacitors should be connected between pins 73(VSS) and 74(VDD), 13(VSS) and 16(VDD),
and 17(AVDD) and 19(AVSS). Recommended values are quB.ih parallel with a 0.JuF.

Pin 73 Pin 13 Pin 17
VS9 VS9 (AVSS

ci— cz=- ci— cz=- ci— cz=- Cl=4.7uF
Pin 74 Pin 16 Pin 19 €2 =014k
(VDD) (VDD) (AVDD)

Figure 1-3. VDD/VSS decoupling capacitor connections

1-8 3/18/99 Pin Description and Layout
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2 Functional Description

2.1 Central Processing Unit

The central processing unit (CPU) has six registers:

Accumulator (A)

Index Register X (X)

e Index Register Y (Y)

» Stack Pointer (S)

» Processor Status Register (PS)

» Program Counter (PC)

2.1.1 Register Structure

0
Accumulator |

- 0
Index Register X |

Index Register Y |O

Stack Pointer
15 7 0
PCH | PCL | Program Counter

| 0

7| N | \% | T | B | D| | | z | C |O Processor Status Register
[ Carry Flag (bit 0)
Zero Flag (bit 1)
L Interrupt Disable Flag (bit 2)
Decimal Mode Flag (bit 3)
Break Flag (bit 4)
Index X Mode Flag (bit 5)

Overflow Flag (bit 6)
Negative Flag (bit 7)

Figure 2-1. Register Structure

Five of the CPU registers are 8-bit registers. These are the Accumulator (A), Index register X (X),
Index register Y (), Stack pointer (S), and the Processor Status register (PS).

The Program counter (PC) is a 16-bit register consisting of two 8-bit registers (PCH and PCL) (see
Figure 2-1.).

After a hardware reset, bit 2 (the | flag) of the PS is set high and the values at the addresggs FFFA
and FFFBg are stored in the PC, but the values of the other bits of the PS and the other registers are
undefined. Initialization of undefined registers may be necessary for some programs.

2.1.2 Accumulator (A)

The accumulator is the main register of the microcomputer. Data operations such as data transfer, input/
output, and so forth, are executed mainly through the accumulator.

Central Processing Unit 3/18/99 2-3
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2.1.3 Index Registers X and Y

Both index registers X and Y are 8-bit registers. In the absolute addressing modes, the contents of
these registers are added to the value of the OPERAND to specify the real address.

In the indirect X addressing mode, the value of the OPERAND is added to the contents of register X
to specify the zero page basic address. The data at the basic address specifies the real address.

In the indirect Y addressing mode, the value of the operand specifies a zero page address. The data at
this address is added to the contents of register Y to produce the real address. These addressing modes
are useful for referencing subroutine tables and memory tables.

When the T flag in the processor status register is set high, the value contained in index register X points
to a zero page memory location that replaces the accumulator for most accumulator based instructions.

2.1.4 Stack Pointer

The stack pointer is an 8-bit register used during subroutine calls and interrupts. The stack is used to
store the current address data and processor status when branching to subroutines or interrupt routines.
The lower eight bits of the stack address are determined by the contents of the stack pointer. The
upper eight bits of the stack address are determined by the Stack Page Select Bit, bit 2 of the CPU
Mode Register A. If the Stack Page Select bit is “0”, then the RAM in the zero page (addresses

0070, to OOFFg) is used as the stack area. If the stack page select bit is “1” (the default value), then

the RAM in one page (addresses 00 01FFRg) is used as the stack area. The base of the stack

must be set in software, and stack grows towards lower addresses from that point. The operations of
pushing register contents onto the stack and popping them from the stack are shown in Figure 2-2.

2.1.5 Program Counter

The program counter (PC) is a 16-bit register consisting of two 8-bit sub-registers PCH and PCL. It is
used to indicate the address of the next instruction to be executed.

3/18/99 Central Processing Unit
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|| Main Routine ||

Interrupt Request
(Ngte 1)q

Return Address Stored |
on Stack (Note 2)

[ M(s) ¢—— (PO |

[6) «— 1]

Subroutine

Execute RTS

[6) «— 5+1]

[(Pc) «— M(9) |

Return Address
Restored | S) ¢— (S+1)|

[ (Pch) — M(s) |

[ (Pc) «—— (Pc+1f

S v
[ ]
[ M(s) «— (pch) |
[ Execute JSR | < -
] | () (51) | Return Address Stored
on Stack (Note 2)

[ M(s) &—— (Pch) | [ M(s) «—— (PO |

A 4
[5) «— 1| | [ ----- [(5) «— (5]

Contents of
| M(S) «— (PS) | Processor Status
Register Restored on Stack

| (S) ¢—— (S-1) |IFIag set high
Jump Vector Fetched

Interrupt Routine

Execute RTI

| Contents of
| (S) 4+—— (s#1) |Processor Status

Register Restored
[(Ps) «— M(9)]

[(5) «—— (5+1)]

[(Pc) «— M(s) |

Return Address
Restored
L) «— )]

[ (Pch) — M(s) |

Figure 2-2. Register Push and Pop when Servicing Interrupts and Calling Subroutines

Note 1.The condition to enable an interrupt: Interrupt enable bit is set to a “1" and Interrupt inhibit
flag (Iflag) is a “0".

Note 2.When an interrupt occurs, the address of the next instruction to be executed is stored on the
stack. When a subroutine is called, the address of (next instruction -1) to be executed is stored
on the stack.

2.1.6 Processor Status Register

The processor status (PS) register is an 8-bit register consisting of flags that indicate the status of the
processor after an arithmetic operation. Branch operations can be performed by testing the Carry (C),
Zero (Z), Overflow (V), or the Negative (N) flags.

After reset, the | flag is set to a “1”, but all other flags are undefined. Because the T and D flags
directly affect arithmetic operations, they should be initialized in the beginning of a program.

Carry Flag (C)

The C flag contains a carry or borrow generated by the arithmetic logic unit (ALU) immediately
after an arithmetic operation. It is also affected by shift and rotate instructions. The C flag can be
set directly by the set carry (SEC) instruction and cleared by the clear carry (CLC) instruction.

Central Processing Unit 3/18/99 2-5
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Zero Flag (2)
The Z flag is set if the result of an arithmetic operation or a data transfer is “0”, and cleared if the
result is anything other than “0”.

Interrupt Disable Flag (1)

The | flag disables all interrupts except for the interrupt generated by the BRK instruction and any
non-maskable interrupts, if available. Interrupts are disabled when the | flag is “1”. When an
interrupt occurs, this flag is automatically set to a “1” to prevent other interrupts from interfering
until the current interrupt service routine is completed. The | flag can be set by the set interrupt
disable (SEIl) instruction and cleared by the clear interrupt disable (CLI) instruction.

Decimal Mode Flag (D)

The D flag determines whether additions and subtractions are executed in binary or decimal. Binary
arithmetic is executed when this flag is “0”; decimal arithmetic is executed when it is “1”. Decimal
correction is automatic in decimal mode. Only the ADC and SBC instructions can be used for
decimal arithmetic. The D flag can be set by the set decimal mode (SED) instruction and cleared by
the clear decimal mode (CLD) instruction.

Break Flag (B)

The B flag is used to indicate whether the current interrupt was generated by the BRK instruction.
The BRK flag in the processor status register is nominally “0”. When the BRK instruction is used

to generate an interrupt, the processor status register is pushed onto the stack with the break flag set
to a “1". The saved processor status is the only place where the break flag is ever set.

Index X Mode Flag (T)

When the T flag is “0", arithmetic operations are performed between accumulator and memory, and
the results are stored in the accumulator. When the T flag is “1”, direct arithmetic operations and
direct data transfers are enabled between memory and memory, as well as between I/O and I/O. The
result of an arithmetic operation performed on data in memory location 1 and memory location 2 is
stored in memory location 1.

The address of memory location 1 is specified by index register X, and the address of memory
location 2 is specified by normal addressing modes. The T flag can be set by the set T flag (SET)
instruction and cleared by the clear T flag (CLT) instruction. Because the T flag directly affects
calculations, it should be initialized after a reset.

Overflow Flag (V)

The V flag is used during the addition or subtraction of one byte of signed data. It is set if the
result exceeds the range from +127 to -128. When the BIT instruction is executed, bit 6 of the
memory location operated on by the BIT instruction is stored in the overflow flag. The V flag can
be cleared by the CLV instruction, but there is no set instruction. In decimal mode, the V flag is
invalid.

Negative Flag (N)

The N flag is set if the result of an arithmetic operation or data transfer is negative, that is (bit 7
is “1”). When the BIT instruction is executed, bit 7 of the memory location operated by the BIT
instruction is stored in the negative flag. There are no instructions for directly setting or clearing the
N flag.

2-6 3/18/99 Central Processing Unit
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2.2 CPU Mode Regqisters

- Acronym and
Address Description Value at Reset
00006 CPU mode register A CPMA=0C
00046 CPU mode register B CPMB=83

This device has two CPU mode registers: CPU Mode Register A (CPMA) and CPU Mode Register B
(CPMB) that control the processor mode, clock, slow memory wait and other CPU functions. The bit
representation of each register is described in Figure 2-3 and Figure 2-4:

Address: 00095

MSB| cPMA7 | CPMA6 | CPMAS| CPMA4| CPMA3| CPMA2| CPMAL| CPMAQ §SB
Access: R/W
CPMAO,1 Processor Mode Bits (bits 1,0) Reset:  0Gg
Bit 1 Bit 0
0 0: Single-Chip Mode
0 1: Memory Expansion Mode
1 0: Microprocessor Mode
1 1: Not used
CPMA2 Stack Page Selection Bit (bit 2)
0: In page O area
1: In page 1 area
CPMA3 Xcout Drive Capacity Selection Bit (bit 3)
0: Low
1: High
CPMA4 Clock XG,-XC oy Stop Bit (bit 4)
0: Stop
1: Oscillator
CPMA5 Clock X,-X oy Stop Bit (bit 5)
0: Oscillator
1: Stop
CPMAG6 Internal Clock Selection Bit (bit 6)
0: External Clock
1t fsyn
CPMA7 External Clock Selection Bit (bit 7)
0: Xin-Xout
1: XCip-XCout
Figure 2-3. CPU Mode Register A
Address:
MSB| cpmB7 | Reserved CPMBS | cPmB4 | cPMB3 | cPmB2| cPMBL| CPMmBo| 5SB doress: 0003
Access: R/W
CPMBO,1 Slow Memory Wait Bits (bits 1,0) Reset: 8%
Bit 1 Bit 0
0 0: No wait
0 1: One time wait
1 0: Two time wait
1 1:  Three time wait
CPMB2,3 Slow Memory Mode Bit (bits 3,2)
Bit 3 Bit 2
0 0: Software wait
0 1: Not used
1 0: Fixed wait by RDY pin L
1 1 Extended RDY wait
CPMB4 Expanded Data Memory Access Bit (bit 4)
0: EDMA output disabled (64 Kbyte data access area)
1: EDMA output enabled (greater than 64 Kbytes data access area)
CPMB5 HOLD Function Enable Bit (bit 5)
0: HOLD Function Disabled
1: HOLD Function Enabled
CPMB6 Reserved (Read/Write “0”)
CPMB7 Xout Drive Capacity Selection Bit (bit 7)

0: Low
1: High (default state after reset and after STOP mode)

Figure 2-4. CPU Mode Register B

CPU Mode Registers

3/18/99
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2.3 Oscillator Circuit

2.3.1 Description

An on-chip oscillator provides the system and peripheral clocks as well as the USB clock necessary for
operation. This oscillator circuit is comprised of amplifiers that provide the gain necessary for
oscillation, oscillation control logic, a frequency synthesizer, and buffering of the clock signals. A

flow diagram for the oscillator circuit is shown in Figure 2-6 and a block diagram of the oscillator
circuit is shown in Figure 2-7. The following external clock inputs are supported:

* A quartz crystal oscillator of up to 24 MHz, connected to the afd X, pins.
* An external clock signal of up to 48 MHz, connected to the pin.

* A ceramic resonator or quartz crystal oscillator of 32.768 kHz, connected to theaX® XG);
pins.
* An external clock signal of up to 5.12 MHz, connected to thg, .

The frequency synthesizer can be used to generate a 48MHz clock sigpain@eded by the USB

block and clock 4y, which can be chosen as the source for the system and peripheral clocks. Both
fusg and kyy are phase-locked frequency multiples of the frequency synthesizer input. The inputs to
the frequency synthesizer can be eithgr o XG,.

The two-phase non-overlapping system clock (CPU and peripherals) is derived from the source to the
clock circuit and is 1/2 the frequency of the source. (i.e. Source = 24 MHz, system clock = 12 MHz)
Any one of four clock signals can be chosen as the source for the system and peripheralyg|ocks; f

2, fin» fxcin» OF fsyn- The selection is based on the values of bits CPMA6, CPMA7 and CCR7. The
default source after reset ig;f/2.

The default source for the system and peripheral clockg &1 If fj, = 24MHz, then the CPU

will be running at® = 6MHz (low frequency mode. For the CPU to run in high frequency mode, i.e.,
source of clock =, write a “1” to bit 7 of the clock control register.

Address: 001f;

MSB CCR7 CCR6 CCR5 CCR4 | Reserved| Reserved| Reservefl Reserv| 3%55
7 Access: R/W
Bits 0-3 Reserved (Read/Write “0") Reset:  Of
CCR4: PLL Bypass Bit (bit 4)
0: fyss = fyco (Frequency synthesizer output)
1 fysg=fin o
CCRS: XGyut Oscillation Drive Disable Bit (bit 5)

0: XCyt oscillation drive is enabled (when ¥®scillation is enabled).
1: XCy oscillation drive is disabled.
CCR6: Xout Oscillation Drive Disable Bit (bit 6)
0: X, 0scillation drive is enabled (whenoscillation is enabled).
1: Xgt oscillation drive is disabled.
CCRT: X, Divider Select Bit (bit 7)
0: fyin/2 is used for the system clock source when CMPA7:6=00
1: fyin is used for the system clock source when CMPA7:6=00

Figure 2-5. Clock Control Register

The drive strength of the 5 and XG,,; inverting amplifier can be controlled by bits CPMB7 and

CPMA3, respectively. High drive is the default at reset or after executing a STP instruction and must
be chosen whenever restarting, Xr XC, oscillation if a ceramic or crystal oscillator is used. When

oscillation has been established, low drive can be selected to reduce power consumption. If an
external clock signal is input tojXor XG,, the inverting amplifiers can be disabled by means of the
CCR6 and CCRY7 bits, respectively, in order to reduce power consumption.

2-8
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Ne

‘ Reset ’

A 4

/“Xin clock on N FSC0 ~Xin clock on N CPMA6
Note 1 XCin clock stopped 1 XCin clock stopgeéj 1

Xin clock on
XCin clock stopped

Sto N
PLL clock stopped 0 PLL clock onN° 0 PLL clock on
@=f(Xin)/4 Note 2 < P=f(Xin)/4 Note 2 P=f(PLL)/2
QPMA:OC, FSC=6y CPMA=0C, FSC=41 CPMA=4C, FSC=41
1 0
CPMA4
ﬁ(in clock on \ FsSco Xin clock on CPMAG6 Xin clock on
XCin clock on 1/ XCin clock on \ 1 [ XCin clock on
PLL clock stoPped 0 PLL clock onNote 3 o | PLL clock on
d=f(Xin)/4 Note 2 < D=f(Xin)/4 Note 2 D=f(PLL)/2
\\CPMA:1C, Fsc:ao/ \_ CPMA=1C, Fsc=41 / CPMA=5C, FSC=41
1 a
CPMA7
Xin clock on \ FfCO 7/~ Xin clock on \ CPMA6 Xin clock on
XCin clock on > XCin clock on 1 XCin clock on
PLL clock stopped 0 PLL clock onNote3 |~ PLL clock on
D=f(XCin)/2 D=f(XCin)/2 < D=f(PLL)/2
\\CPMAZQC, FSC:Ey \ CPMA=9C, FSC=41 / CPMA=DC, FSC=41
1 q
CPMAS Note 4
Xin clock stopped FSCO / Xin clock stopped "\ CPMAG6 Xin clock stopped
XCin clock on 1 [ XCin clock on 1 [ XCin clock on
PLL clock stopped o PLL clock onNoe 3 o | PLL clock on
D=f(XCin)/2 D=f(XCin)/2 < D=f(PLL)/2

CPMA=BC, FSC=68 CPMA7=FC, FSC=49

\. CPMA7=BC, FSC=49/

Note 1: Stop mode stops the oscillators which are also the inputs to the frequency synthesjzer.
However, the frequency synthesizer is not disabled and so its output is unstable. So, always
set the system clock to an external oscillator and disable the frequency synthesizer before
entering stop mode.

Note 2 ®=f(X;,)/4 can be inter-changed with=f(X;,)/2 by setting CCR7 to “1". The same
flow-chart applies for both cases.

Note 3: The input to the frequency synthesizer is independent of the system clock. It can b)
either X, or XC;, depending on bit 3 of FSC. In the above flow, the input has been chosen
to be the same as the system clock only for simplicity. The oscillator selected to be the inppt
to the frequency synthesizer must be enabled before the frequency synthesizer is enabled

Note 4 The input clock for the frequency synthesizer must be set to XCin by setting FIN
(bit 3 of FSC) to a “1” before Xin oscillation can be disabled.

3y

Note: CPMA values shown assume single-chip mode with stack in one page.

Figure 2-6. Clock Flow Diagram

Oscillator Circuit 3/18/99 2-9
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P1HATRSTB P2LATRSTB l
D D J.- D Q D QIR D Q RESETB
PIN1 PIN2Z PINT P2+ PIN2
e TR T TR | TR —Is T
i ?
PadResetB
D Q
P21y
P2LATRST
P2 Peripher: 2 Peripheral
P1 Perigher R D Q P
RO stelg T
L .
1 Peripheral
SR g
P1HATRSTB
L Pout
— —1 o3 200 _{5 g%
Interrupt Reques PIN y 1 Out
\Fiao - ) - wrlg T k
PadRese
P2LATRSTB
STP_[Defay}—R Q8| o 2
XOSCSTP OSCsTP b P2+t L
] 1
P1HATRSTB
XCOSCSTP
XOD CPMA4
XDOSCSTP PIN1,PIN21
XCOoD EBMER: Slow Memory Wait F573 52+
XCDOSCSTP GPMB2—]
CCR7 CPMB3 J
RDY
f .
LPF X0 g1 CPMA?
fxcin
XOSCSTP he
) [: CPMB7 XCOSCSTP —FIN(FSC3)
"‘I>°_°/—° CPMA3 fin fexr CPMA6
XDOSCST! XCDOSCSTP ¢ 3 (Two Phase)
SYN
¢ VW2 & ] Frequency SynthesizEr—?
enable —L
Xin Xout ~ XCi XCout FSCO | oo |—»USB 48MHz clock
CCR4

Figure 2-7. Clock Block Diagram
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2.3.2 Frequency Synthesizer Circuit

The Frequency Synthesizer Circuit generates a 48MHz clock needed by the USB block and a clock
fgyn that are both a multiple of the external input reference clgckAf block diagram of the circuit

is shown in Figure 2-8.

fSYN
f Frequency = ]
§ PIN £ requenc
IN Prescale Multiplier vco Divﬁder y. fuss
A A _‘ A A
@ @ LS
[o0] [o0]
8 Bit
| FsM2 | | Fswm1 | FSC FSD
006E 006D 006C 006
Data Bus

Figure 2-8. Frequency Synthesizer Circuit

The frequency synthesizer consists of a prescaler, frequency multiplier macro, a frequency divider
macro, and four registers, namely FSM1, FSM2, FSC and FSD. Two multiply registers (FSM1, FSM2)
control the frequency multiply amount. Clock, fis prescaled using FSM2 to genergigffpy IS

multiplied using FSM1 to generate apf clock which is then divided using FSD to produce the

clock fgyn. The f,co clock is optimized for 48 MHz operation and is buffered and sent out of the

frequency synthesizer block as signgsg. This signal is used by the USB block.

Clock fp)y is a divided down version of cloclyf which can be eitherd, or fycin. The default clock
after reset isyfi,. The relationship betweem,f and the clock input to the prescalgy]fis as

follows:
e fpin = fin / 2(n+1) where n is a decimal number between 0 and 254. Setting FSM2 to 255

disables the prescaler ang\f = fin-

MSBH| . . . ] ] ) . ] LSB Address: 006k
7 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 g
Access: R/W
FSM2 Reset:  FE
fein fin
Dec(n) Hex(n)
24 MHz 255 FF 24.00 MHz
1 MHz 11 oc 24.00 MHz
2 MHz 5 05 24.00 MHz
3 MHz 3 03 24.00 MHz
6 MHz 1 01 24.00 MHz
12 MHz 0 00 24.00 MHz
fin/2(n+1) = foy

Figure 2-9. Frequency Synthesizer Multiply Control Register FSM2

Oscillator Circuit 3/18/99 2-11
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MSB . ) ] ] ] - . _ Ls Address: 006
7 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 BitO |5~ Access: RW

Reset: F
foin FeMi fyco °
Dec(n) Hex(n)
320 kHz 74 4A 48.00 MHz
2 MHz 11 0B 48.00 MHz
4 MHz 5 05 48.00 MHz
6 MHz 3 03 48.00 MHz
12 MHz 1 01 48.00 MHz
24 MHz 0 00 48.00 MHz
veo2(tl) = foiy

Figure 2-10. Frequency Synthesizer Multiply Control register FSM1

MSBl Btz Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 gito |58 'igg;‘isj: io,ff
fueo FSD fom Reset: FE
Dec(m) Hex(m)
78.00 MHz 00 00 24.00 MHz
48.00 MHz 127 7F 187.50 KHz
vco/2(m+1) = kyy

Figure 2-11. Frequency Synthesizer Divide Register
The relationship betwee{f, fyco. fsyn: and {jsg is as follows:
* fyvco = fein X 2(n+1) wheren is the decimal equivalent of the value loaded in FSM1.
Note: n must be chosen such thajcf equals 48 MHz.
* fsyn = fvco ! 2(m+1) where m is the decimal equivalent of the value loaded in FSD
Note: Setting m = 255 disables the divider and disablgs.f
+ fusp is a buffered version ofygq, i.e., FSD has no effect ondg.
Note: Setting USB control register bit 5 to “0” disablgggg by tri-stating the buffer.

The FSCO bit in the FSC Control Register enables the frequency synthesizer block. When disabled
(FSCO = “0"), §,co is held at either a high or low state. When the frequency synthesizer control bit is
active (FSCO = “1"), a lock status (LS = “1") indicates thajf and {,co are the correct frequency.

The LS and FSCO control bits in the FSC Control register are shown in Figure 2-12.

When using the frequency synthesizer, a low-pass filter must be connected to the LPF pin.

Once the frequency synthesizer is enabled, a delay of 2-5ms is recommended before the output of the
frequency synthesizer is used. This is done to allow the output to stabilize. It is also recommended that
none of the registers be modified once the frequency synthesizer is enabled as it will cause the output
to be temporarily (2-5ms) unstable.

2-12 3/18/99 Oscillator Circuit
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B

Address: 00665

Access:
Reset:

MSBl Ls CHG1 | cHGO | Reserved FIN | VvcOl | vcoo | Fse |55
FSE Frequency Synthesizer Enable Bit (bit 0)
0: Disabled
1: Enabled
VCO01,0 VCO Gain Control (bits 2,1)
Bit 2 Bit 1
0 0: Lowest Gain (recommended)
0 1: Low Gain
1 0: High Gain
1 1: Highest Gain
FIN Frequency Synthesizer input selector Bit (bit 3)
* Xin
1: XGi,
Bit 4 Reserved (Read/Write “0”)
CHG1,0 LPF Current Control (bits 6,5)
Bit 6 Bit5
0 0: Disabled
0 1: Low Current
1 0: Intermediate Current (recommended)
1 1: High Current
LS Frequency Synthesizer Lock Status Bit (bit 7) (Read Only; Write “0”)
0: Unlocked
1: Locked

RIW
605

Figure 2-12. Frequency Synthesizer Control Register

Oscillator Circuit

3/18/99

2-13



7600 Series ‘
M37640E8-XXXF Preliminary Specification Mitsubishi Microcomputers VA

2.4 Memory Map

0000

SFR Area

006F g
Zero Pag 00704

00FFg
______ 0100,
1K bytes

046F g
04706

Not Used

7FFRg
8000,

Reserved Area

807Fg
8080,

ROM

32K bytes
FEFF

______ FFOO g

______ FFCY5
FFCAsq

Special page fo
subroutine callé FFFByg
FFFCyg

Reserved Area

FFFRg

Figure 2-13. Memory Map

The first 112 bytes of memory from 00@0o 006Fg is the special function register (SFR) area and

contains the CPU mode registers, interrupt registers, and other registers to control peripheral functions
(see Figure 2-13.).

The general purpose RAM resides from OQ/® 046Rg When the MCU is in memory expansion

or microprocessor mode and external memory is overlaid on the internal RAM, the CPU reads data
from the internal RAM. However, the CPU writes data in both the internal and external memory. The
area from 047{; to 7FFFRg is not used in single-chip mode, but can be mapped for an external

memory device when the MCU is in memory expansion or microprocessor mode.

The area from 80QQ to 807Fg and from FFFGg to FFFR g are factory reserved areas. Mitsubishi

uses it for test and evaluation purposes. The user can not use this area in single-chip or memory
expansion modes.

The user 32K byte ROM resides from 898@ FFFBg When the MCU is in microprocessor mode,
the CPU accesses an external area rather than accessing the internal ROM.

Zero page and special page area can be accessed by 2-byte commands by using special addressing
modes.

2-14
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2.4.1 Zero page

The 256 bytes zero page area is where the SFR and part of the internal RAM are allocated. The zero
page addressing modes can be used to specify memory and register addresses in this area (see
Figure 2-14.). These dedicated addressing modes enable access to this area with fewer instruction
cycles.

Zero Page (2 byte instruction)

Addressing Modes for| Zero Page Indirect (2 byte instruction)
zero page only Zero Page X (2 byte instruction)

Zero Page Y (2 byte instruction)

Zero Page Bit (2 byte instruction)

Zero Page Bit Relative (3 byte instruction)

Addressing modes in which zero Absolute (3 byte instruction) ) I
page access is possible Absolute X (3 byte instruction) Addressing modes in which

Absolute Y (3 byte instruction) special page access is possibl
Relative (2 byte instruction)
Indirect (3 byte instruction)
Indirect X (2 byte instruction)
Indirect Y (2 byte instruction)

Y | ________ -

Special Page (2 byte instruction) Addressing mode
for special pagenly

Figure 2-14. Zero Page and Special Page Addressing Modes

2.4.2 Special Page

The 256 bytes from address FRf@o FFFRg are called the special page area. In this area special

page addressing can be used to specify memory addresses (see Figure 2-14.). This dedicated special
page addressing mode enables access to this area with fewer instruction cycles. Frequently used
subroutines are normally stored in this area.

2.4.3 Special Function Registers

The special function registers (SFR) are used for controlling the functional blocks, such as I/O ports,
Timers, UART, and so forth (see Table 2-1.). The reserved addresses should not be read or written to.

Memory Map 3/18/99 2-15
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Table 2-1. SFR Addresses

Addr Description Acronym and Value Addr Description Acronym and Value at
at Reset Reset
000035 | CPU Mode Register A CPMA=0C 003835 | UART2 Mode Register U2MOD=00
00015 CPU Mode Register B CPMB=83 0039,6 UART2 Baud Rate Generator U2BRG=XX
0002;6 Interrupt Request Register A IREQA=00 003A16 UART2 Status Register U2STS=03
000336 | Interrupt Request Register B IREQB=00 003B; | UART2 Control Register U2CON=00
000446 Interrupt Request Register C IREQC=00 003Cy6 | UART2 Transmit/Receiver Buffer 1 U2TRB1=XX
000536 | Interrupt Control Register A ICONA=00 003D;5 | UART2 Transmit/Receiver Buffer 2 U2TRB2=XX
000636 | Interrupt Control Register B ICONB=00 003E;5 | UART2 RTS Control Register U2RTSC=80
000746 Interrupt Control Register C ICONC=00 003F16 DMAC Index and Status Register DMAIS=00
000836 | Port PO P0O=00 004015 | DMAC Channel x Mode Register 1 DMAXM1=00
0009;6 | Port PO Direction Register POD=00 0041;5 | DMAC Channel x Mode Register 2 DMAXM2=00
000A;5 | Port P1 P1=00 0042,6 DMAC Channel x Source Register Low DMAXSL=00
000B;g | Port P1 Direction Register P1D=00 004335 | DMAC Channel x Source Register High DMAXSH=00
000C4¢ | Port P2 P2=00 004416 | DMAC Channel x Destination Register Low DMAXDL=00
000D, | Port P2 Direction Register P2D=00 0045,¢ DMAC Channel x Destination Register High DMAXxDH=00
000E;¢ | Port P3 P3=00 004615 | DMAC Channel x Count Register Low DMAXCL=00
000F; | Port P3 Direction Register P3D=00 004715 | DMAC Channel x Count Register High DMAXCH=00
001046 Port Control Register PTC=00 0048,¢6 Data Bus Buffer register 0 DBB0=00
001136 | Interrupt Polarity Selection Register IPOL=00 00496 | Data Bus Buffer status register O DBBS0=00
0012;5 | Port P2 pull-up Control Register PUP2=00 004A;5 | Data Bus Buffer Control Register O DBBCO0=00
0013;¢5 USB Control Register USBC=00 004B;5 | Reserved
0014, |Port P6 P6=00 004Cy6 | Data Bus Buffer register 1 DBB1=00
0015; | Port P6 Direction Register P6D=00 004D, | Data Bus Buffer Status Register 1 DBBS1=00
001646 Port P5 P5=00 004E,¢ |Data Bus Buffer Control Register 1 DBBC1=00
001736 | Port P5 Direction Register P5D=00 004F;5 | Reserved
0018;5 | Port P4 P4=00 005016 | USB Address Register USBA=00
0019,6 Port P4 Direction Register P4D=00 00516 USB Power Management Register USBPM=00
001A56 Port P7 P7=00 005216 USB Interrupt Status Register 1 USBIS1=00
001B;g | Port P7 Direction Register P7D=00 005316 USB Interrupt Status Register 2 USBIS2=00
001Cy6 | Port P8 P8=00 005416 USB Interrupt Enable Register 1 USBIE1=FF
001D;¢ | Port P8 Direction Register P8D=00 0055365 | USB Interrupt Enable Register 2 USBIE2=33
001E;¢ | Reserved 005656 | USB Frame Number Register Low USBSOFL=00
001F;6 | Clock Control Register CCR=00 005716 USB Frame Number Register High USBSOFH=00
002046 Timer XL TXL=FF 005816 USB Endpoint Index USBINDEX=00
002135 | Timer XH TXH=FF 0059;5 | USB Endpoint x IN CSR IN_CSR=00
0022, | Timer YL TYL=FF 005A;5 | USB Endpoint x OUT CSR OUT_CSR=00
0023;6 Timer YH TYH=FF 005B;6 | USB Endpoint x IN MAXP IN_MAXP (endpoint dependent)
002445 Timer 1 T1=FF 005C46 USB Endpoint x OUT MAXP OUT_MAXP (endpoint dependent)
0025, | Timer 2 T2=01 005D;5 |USB Endpoint x OUT WRT_CNT Low WRT_CNTL=00
002616 Timer 3 T3=FF 005E;16 USB Endpoint x OUT WRT_CNT High WRT_CNTH=00
002716 | Timer X Mode Register TXM=00 005F ;6 Reserved
0028, | Timer Y Mode Register TYM=00 006016 USB Endpoint 0 FIFO USBFIFO0=N/A
0029:6 Timer 123 Mode Register T123M=00 006146 USB Endpoint 1 FIFO USBFIFO1=N/A
002A:6 SIO Shift Register SIOSHT=XX 006245 USB Endpoint 2 FIFO USBFIFO2=N/A
002B;6 | SIO Control Register 1 SIOCON1=40 0063,6 USB Endpoint 3 FIFO USBFIFO3=N/A
002Cy6 | SIO Control Register 2 SIOCON2=18 006416 USB Endpoint 4 FIFO USBFIFO4=N/A
002D, | Special Count Source Generatorl SCSG1=FF 0065, | Reserved
002E;5 | Special Count Source Generator2 SCSG2=FF 0066, Reserved
002F15 | Special Count Source Mode Register SCSM=00 0067,5 | Reserved
003046 | UART1 Mode Register U1MOD=00 0068, | Reserved
00316 UART1 Baud Rate Generator U1BRG=XX 0069, Reserved
003235 | UART1 Status Register U1STS=03 006A16 | Reserved
003336 | UART1 Control Register U1CON=00 006B; | Reserved
003446 UART1 Transmit/Receiver Buffer 1 U1TRB1=XX 006C16 | Freq Synthesizer Control FSC=60
0035;¢ UART1 Transmit/Receiver Buffer 2 U1TRB2=XX 006D, | Freq Synthesizer Multiply Register 1 FSM1=FF
003616 UART1 RTS Control Register U1RTSC=80 006E;¢ | Freq Synthesizer Multiply Register 2 FSM2=FF
003744 Reserved 006F 16 Freq Synthesizer Divide Register FSD=FF
2-16 3/18/99 Memory Map
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2.5 Processor Modes

The operation modes are described below. The memory maps for the first three modes are shown in
Figure 2-15.

Single chip mode is normally entered after reset. However, if the MCU has a;@MY holding this

pin high will cause microprocessor mode to be entered after reset. After the reset sequence has
completed, the mode can be changed with software by modifying the value of bits 0 and 1 of CPMA.
However, while CN\ is high, bit 1 of CPMA is “1” and cannot be changed.

Single Chip Mode Memory Expansion Mode Microprocessor Mode
0000 0000 0000
CPMA, CPMB,& CPMA, CPMB,& CPMA, CPMB,&
0007 Int Registers 0007 Int Registers 0007 Int Registers
0008
0008 0008
PO-P3 SFR SFR External SFR
000F 000E Memory 000F Memory
0010 0010 0010
006F 006E 006F
0070 0070
Internal RAM Internal RAM 0070 Internal RAM
(Zero Page) (Zero Page) (Zero Page)
00FF 00FF 00FF
0100 0100 0100
Internal RAM Internal RAM Internal RAM
046F 046F 046F

0470

0470 0470

Inaccessible Are External Memor

7FFF 7FFF
8000 8000
Reserved Area Reserved Area
807F 807F
8080 8080
ROM ROM
FFC9 FFC9
FFCA FFCA
Interrupt Interrupt
Vectors Vectors
FFFB FFFB
FFFC] FFFQ
Reserved Area Reserved Area
FFFF FFFF FFFF

Figure 2-15. Operation Modes Memory Maps

2.5.1 Single Chip

In this mode, all ports take on their primary function and all internal memory is accessible. Those
areas that are not in internal memory are not accessible. Also, slow memory wBD/slAd are
disabled in this mode.

Processor Modes 3/18/99 2-17
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2.5.2 Memory Expansion

In this mode, Ports 0 and 1 output the address bug-fB ), port 2 acts as the data bus input and
output, and port 3 bits 7 to 3 outpRD, WR, SYNCout,dout, and DMAout, respectively. All

memory areas that are not internal memory or SFR area are accessed externally. Because ports 0 to 3
lose their normal function in this mode, the address area for the ports and their direction registers are
treated as external memory (see Figure 2-15.) In this mode, slow memory w&D&®A can be

enabled.

2.5.3 Microprocessor

This mode is primarily the same as memory expansion mode. The difference is that the internal
ROM / EPROM area can not be accessed and is instead treated as external memory. Slow memory
wait andEDMA can be enabled in this mode.

254 EPROM

This mode is used for programming and testing the internal EPROM. In this mode, ports 0 and 1
input the address, port 2 acts as the data bus input and output, and port 3 bits 7, 6, 3 and 2 input
OEB, CEB, PGMB, and VRFY, respectively.

CPMA1 0 1 0
CPMAO 0 0 1
Porr—Mode] Single Chip Mode Microprocessor Mode Memory ExpansiorMode
Internal Internal
Port PO ® ®
Port P§ - PQy Port PG - PQ Same as
>< Microprocessor Mods
110 X Port
Output
AB7 - AB,
Internal Internal
¢ [}
Port P - Pl Port P% - P, . Same as
Port P1 ~ad Microprocessor Mode
ress
Output
AB1;5- ABg
Internal Internal
(O] ]
. Port P2 - P . Same as
Port P2 PortP7 - Pl jt & Microprocessor Mode
ata
e (-
DB7-DBy
Internal Internal Port 3,
(0] (o]
Port P?’ - PQ) Port 3,
Port P3 110 X Port RD/Output
Port 3 Mi Same as
icroprocessor Mode
\WR/Output
—\ Port 3 r—\
YNCou
DMAout Output
Port 3

Figure 2-16. Function of Ports B-P3 in each Processor Mode
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2.5.5 Slow Memory Wait

The wait function is used when interfacing with external memories that are too slow to operate at the
normal read/write speed of the MCU. When this is the case, a wait can be used to extend the read/
write cycle. Three different wait modes are supported; software wait, RDY wait, and extended RDY
wait. The appropriate mode is chosen by the setting of bits 0 to 3 of CPMB. The wait function is
disabled for internal memory and is valid only for memory expansion and microprocessor modes.

Software wait is used to extend the read/write cycle by one, two, or three cycesTbé cycle
number is determined by the value of bits O and 1 of CPMB. When software wait is selected, the
value on the RDY pin is ignored. The timing for software wait is shown in Figure 2-17.

RDY wait is also used to extend the read/write cycle by one, two, or three @yclasthis case, the
read/write cycle is extended if the RDY pin is low whgg,; goes low (taking into account setup and
hold times) at the beginning of the read/write cycle. The extension time is fixed by the value of bits 0
and 1 of CPMB and does not depend on the state of the RDY pin once the read/write cycle has
begun. If the RDY pin is high whe®out goes low at the beginning of the read/write cycle, the read/
write cycle is not extended. The timing for RDY wait is shown in Figure 2-18..

The extended RDY wait mode is used to extend the read/write cycle by a variable number of cycles of
@. The exact number is dependent on the state of the RDY pin and the value of bits 0 and 1 of
CPMB. In this mode, the read/write cycle is extended if the RDY pin is low wihgngoes low at

the beginning of the read/write cycle. The read/write cycle continues to be extended until the RDY pin
is high when®,; goes low, at which point the read/write cycle completes in one, two, or three cycles
of @ (with respect to the previous low to high transitiondgf dependent on the value in bits 0 and

1 of CPMB. If the RDY pin is high whefPout goes low at the beginning of the read/write cycle, the
read/write cycle is not extended. The timing for this mode is shown in Figure 2-19.

The wait function can only be enabled for external memory access in microprocessor or memory
expansion modes. However, the wait function can not be enabled for accesses to addregsés 0008
000F¢ (port O through port 3 direction registers) in these modes, even though the locations are mapped
as external memory.

Processor Modes 3/18/99 2-19
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2.5.6 Hold Function

The hold function is used when the MCU is put in a system where more than one device will need
control of the external address and data buses. Two signals are used to implement this H@Et@bnN,
(P7) andHLDA (P73). HOLD is an input to the MCU and is brought low when an external device
wants the MCU to relinquish the address and data btdd3A is an output from the MCU that

signals when the MCU has relinquished the buses. When this is the case, the MCU tri-state ports O
and 1 (address bus) and port 2 (data bus), and holds po(RB3 and port Pg (WR) high. Ports

P3; and P3 are held high to prevent any external device that is enablé&Dbgr WR from being

falsely activated. The clocks to the CPU are stopped, but the peripheral clocks and, {d, B3

continue to oscillateHOLD is brought high to allow the MCU to regain the address and data buses.
When this occursHLDA will go high and ports P P,, P3; and P3 will begin to drive the external

buses again. The timing for the hold function is shown in Figure 2-20. The hold function is only valid
for memory expansion and microprocessor modes. Bit 5 of CPMB is used to enable the hold function.
HLDA will loose its function when théBF; pin functionality is used.

P2 |_| [ [ [ : !
prPER__ [ T [ M mmm 1 . [
- |

P2PER[] 1 M M [ [

o/ N/ /O S\
RD,WR/ X X X - : X X2
ADDRqy; € N4 N4 I ; X

DATA n/out : . . Q
: tg(HOLD-®6p L th(PourHOLD) :
/|
HOLD . , —/ -
- . . t4(®ourHLDA) *
: t4(®ourHLDA) '

HIDA L

Figure 2-20. Hold Mode Timing Diagram

2.5.7 Expanded Data Memory Access

The Expanded Data Memory Acce&DMA) mode feature allows the user to access a greater than 64
Kbyte data area for instructions LDA (IndY) with T = “0” and T = “1", and STA (IndY). Bit 4 of

CPMB is used to enable/disable thBMA function. If bit 4 of CPMB equals “1”, then during the

data read/write cycle of instructions LDA (IndY) and STA (IndY) Pgyt(BDMA) is driven low. The

EDMA signal output can be used by an external decoder to indicate when the read/write is to a
different 64 Kbyte bank. The actual determination of which bank to access can be done by using a
few bits of a port to represent the extended addresses above AB15. For example, if four banks are
accessed, then two bits are needed to uniquely identify each bank. Two port bits can be used for this,
one representing AB16 and the other AB17. The instruction sequences for STA (IndY) and LDA
(IndY) are shown in Figure 2-21. and Figure 2-22.

Processor Modes 3/18/99 2-23



7600 Series

M37640E8-XXXF Preliminary Specification

Mitsubishi Microcomputers

¢

A

o LI LI LI LI LI LI 1|
SYNGCoy s [ ] 1
RO L L 1L 1| Lt

WR L] :

ADL+Y,
ADH+C

X PC+2>E

Addressk PC >< PC +1 XBAL, 00><BAL+1, 00 ><ADL+Y,ADHX
Data.( 91 >< BAL >< ADL >< ADH >< Invalid >< Data @de
EDNIA ; I

Figure 2-21. STA ($zz2),Y Instruction Sequence witEDMA Enabled

[LDA ($z2),Y (T = “0")] Instruction SequenceEDMA)

SYNCyy +

RO LT L :
WR :
Address ( PC X PC +1 XBAL, 00>@AL+1, 09<ADL+V.ADHX_§EEW

Data -< B1 X BAL X ADL X ADH X InvalidX Data @gde
EDMA . |—|7:
. [LDA ($22),Y (T = “1")] Instruction Sequencé&EDMA)

G)E L 1 1 I I -1 °L-I [/ 1 |
SYNCout [ ] 1
RO L1 L I 1] L] L §
WR I
Address? PC X PC+1 XBAL, 00><BA|_+1, 09<ADL+Y‘ADH>< o X X, 00 X PC + 2>:

Data.( B1 X BAL X ADL X ADH X Invalid>< Data X Invalid>< Data @%de
EDMA : _

Figure 2-22. LDA ($zz),Y Instruction Sequences witEDMA Enabled
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2.6 Peripheral Interface

2.6.1 Chip Bus Timing

The internal bus timing is described below for the CPU (or DMAC) writing to and reading from a
peripheral (see Figure 2-23.)

The address (AB[15:0]) is output from the CPU on P2.

The data bus (DB[7:0]) is driven by the CPU during a write, or by a peripheral during a read,
on P1.

The RIV signal is high for a read and low for a write, and changes on P2.

The EB signal is high when a read or write is not valid, and is low for a valid read or write. It
changes on P2.

A PDnB signal (peripheral decode) is assigned to each peripheral and is low when reading from
or writing to the peripheral. Each BB signal is clocked on P2 timing.

The address, R, EB, and PDB signals are latched at the peripheral block on P1, so they must all
be valid before this time. The data bus is latched by the CPU during a read, or by a peripheral during
a write, on P2; so the value on the data bus must be valid before this time.

. ‘h Nt \ \
\ . '

(o

PDNB [P2]_ XA
AB[15:0], R/W, EB, ' Y
PDnB latched @& '
peripheral [P{

AB[2:0], R/W, EB;
PDnB peripheral [P1]

DB[7:0] [P1]

‘h“h XY "\”’“” WW
) ) ) )
‘o “"M «“\"“‘\ ’M‘o\'.\m.‘ "“‘\

DB[7:0] latched [P2]_§/—;\ : ! T\ : :

Figure 2-23. M37640 Internal Bus Timing
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2.6.2 Peripheral Interface and Access Timing

The M37640 offers a wide variety of peripherals. These include RAM, EPROM, UARTSs, SIOs, 8-bit
and 16-bit timers, various /O ports, clock generators, and USB core.

The interface between the CPU, the peripheral decode block, and peripheral blocks is shown in

Figure 2-24. Signals DB7 to DBO, AB2 to ABO, R/W, EB, and at least one peripheral decau®) (PD

are routed to each peripheral. The address signals and peripheral decode signal are used in the
peripheral block to create decode signals for each register. Because three address bits are available at
the peripheral, a maximum of eight decode signals can be created for each peripheral decode signal.
If the peripheral contains more than eight registers, additional peripheral decode signals are routed to

the peripheral.

RDbuf
[P1] —
_I>l DB[7:0] FEE perDB[7:0 —
T
—a
CPU<{§—| -
\/ P1 >
P2
[ ] |——I ;DW
QE | m
P2 >~ I -
= L —u
A % [reg D Fa
ABJ[2:0], R/W, EB = — 2 i%code '?7 -
= .
AB[15:0 e 2 e "l
[15:0] = 2 —=
Peripheral PD1 L [ R
Decode PD2 — =1, Register [l
. Register
Register
Peripherzlal ]
Peripheral
PDNE - Peripheral

Figure 2-24. Internal Peripheral Interface
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The bus timing for reading from and writing to a peripheral is shown in Figure 2-25.

« When P2 goes high, the address, R/W, and EB are output from the CPU. All address signals are
routed to the peripheral decode block where a peripheral decode signal is generated
asynchronously. Also, data read from a peripheral in the previous half cycle is latched in the
CPU, and data written to a peripheral in the previous half cycle is latched in the desired register

of the peripheral at this time.

« When P1 goes high, address AB[2:0], R/W, EB, and PDnB are latched at the peripherals. From
these signals, the determination of which peripheral and register inside of that peripheral is to be
written or read is made. Also, if the CPU is writing to a peripheral, it begins to drive the data
bus at this time with the data to be written to the peripheral. If the CPU is reading from a
peripheral, the peripheral begins to drive the data bus as soon as the decode is finished and the

data is available from the register.

This timing does not apply for the RAM, EPROM, or USB core.

(O NI A U S S -
P2 __ | ) : : /N ' '

I
COANUONARN
‘t0?ofo’t‘.‘.“o’t‘.\\’t’t‘.‘.\

CPU: AB, R/W, EB

(T
O
‘0‘n‘t\‘."o’s‘.‘.\‘o‘t\‘.\

Active Peripheral Decode (PDnB)
AB, R/W, EB, PDnB
latched @peripheral [P1]

AB, R/W, EB, PDnB peripheral

READ from petipheral |

/S

RDbuf L n
RDreg X W
perDB I I X: gmml I I I

o\

CPU read of DB [P2]

WRITE to perigheral

WRreg[P2]

perDB

Figure 2-25. M37640 Peripheral Bus Timing
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2.7

2.7.1 Ports

Input and Output Ports

0008, |Port PO P0=00 0044 |Port P6 P6=00
0009, |Port PO direction register POD=00 0Q45 [Port P6 direction register P6D=00
000A¢ |Port P1 P1=00 00%4@ |Port P5 P5=00
000By¢ |Port P1 direction register P1D=00 0Qg7 [ Port P5 direction register P5D=00
000G |PortP2 P2=00 00343 |Port P4 P4=00
000D;¢ |Port P2 direction register P2D=00 0Q39 [ Port P4 direction register P4D=00
000E¢ |Port P3 P3=00 0014 |Port P7 P7=00
000FR |Port P3 direction register P3D=00 003}B|Port P7 direction register P7D=00
0010 |Port control register PTC=00 0014 |Port P8 P8=00
00124 ;ggispérpu"_w Control PUP2=00 001k |Port P8 direction register P8D=00
Port 2nd Function
Bit 4q multiplexed withEDMA

Bits 4;-4,| multiplexed with external interrupts INTO, INT1

Bit 43 multiplexed with Timer X CNTRO pin

Bit 44 multiplexed with Timer Y CNTR1 pin

Bit 59 multiplexed with XG,

Bit 51 multiplexed with Timer 1/2 pulse output pin or X
Bit5, [multiplexed with OB output to master CPU

Bit 53 multiplexed withIBF, output to master CPU

Bit5, |multiplexed withS; input from master CPU

Bit 55  |multiplexed withAq input from master CPU

Bit 5¢ multiplexed withR (E) input from master CPU
Bit5;  |multiplexed withW (RMW) input from master CPU
Bits 6y-6;|multiplexed with Master CPU Bus I/F DQO0-DQ7 pins
Bit 7o [multiplexed withSOF

Bit 7, multiplexed withHOLD

Bit7,  |multiplexed withS; input from master CPU

Bit 73 [multiplexed withIBF; or HLDA

Bit 7,4 multiplexed with OBF input from master CPU

Bits 8&-8;|multiplexed with the first alternate function UART2 pins or 2nd alternate function Sl

O pins

Bits 84-87

multiplexed with the UART1 pins

This device has 66 programmable 1/O pins arranged as poyt® B8, Each port bit can be

configured as input or output. To set the 1/O port bit direction, write a “1” to the corresponding
direction register bit to select output mode, or write a “0” to the direction register bit to select input

mode.
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At reset, all of the direction registers are initialized tegP8etting all of the I/O ports to input mode.

If data is written to a pin and then read from that pin while it is in output mode, the data read is the
value of the port latch rather than the value of the pin itself. Therefore, if an external load changes the
value of an output pin, the intended output value will still be read correctly. Pins set to input mode

are floating (provided that the pull up resistors are not being used) to ensure that the value input to
such a pin can be read accurately. In the case when data is written to a pin configured as an input,
the data is written only to the port latch; the pin itself remains floating.

Most of the 1/O Ports are multiplexed with secondary functions. When a GPI/O is multiplexed with a
second function, the control signal from the peripheral overrides the direction register. The
multiplexing is briefly described below. The second function signals to and from the 1/O ports are
described in detail in their respective block's description.

2.7.11 I/O Ports

Ports 0, 1, and 3
Ports 0 and 1 act as the address busg{AB;5) in Microprocessor and Memory Expansion modes.

Bits 0 and 3-7 of Port 3 acts as control signals in Microprocessor and Memory Expansion modes.

A

j—p—o

Direction Register % ) . :
Data Bus Port Latch * _DO—| i

~

Figure 2-26. Port PO, P1, and P3 Block Diagram

Port 2

Port 2 is an 8-bit general purpose I/O port when in single chip mode. In this mode, the port has
key-on wake up circuitry which can be used to restart the chip externally from a WIT or STP low
power mode. This port also acts as the data bus during microprocessor and memory expansion
modes. Port 2 input level can be set to reduced VIHL level or CMOS level by bit 6 of the port
control register (PTC).

Pull-up Controb——1", | g
Direction Register % )3 . ;

A 4

Data Bus Port Latch . DO_' i

Key-on Wake-up Input

Figure 2-27. Port P2 Block Diagram
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Port 4
Port 4 is a 5-bit general purpose 1/O port that can be configured to access special second functions.
The port can be set up in any configuration in all three processor modes.

Port 4,

This pin is multiplexed with th&eDMA (Extended Data Memory Access) function. When the MCU

is in memory expansion or microprocessor mode and CPMB4 is set to “1", this pin operates as the
EDMA output as described in section 2.5.7 on page 2-23.

CPMB4)y——m

Direction Register h . :
g 1

Data Bus Port Latch

3
~
EDMA Signaly—— >——

Figure 2-28. Port P4 Block Diagram

Port 44- 4,

These pins are multiplexed with external interrupts 0 and 1 (INTO and INT1). The external interrupt
function is enabled by setting the bits to “1” in the interrupt control register that correspond to
INTO and INT1. The interrupt polarity register can be configured to define INTO and INT1 as active
high or low interrupts. See section 2.8.1 on page 2-43 for more information on configuring
interrupts.

A 4

Direction Register )3 . ;
i
Data Bus . {>0—| :
Port Latch

~
Interrupt Input¢—g]

Figure 2-29. Port P4 and P4 Block Diagram

Port 43- 4,

These pins are multiplexed with Timer X and Y functions for pinadd pin 4 respectively. The

timer functions of the pins are independently defined by configuring the timer peripheral; Rats4

as Timer X input pin for pulse width measurement mode and event counter mode or as Timer X
output pin for pulse output mode. Pin dan also be used as an external interrupt (CNTRO) when
Timer X in not in output mode. The polarity is selected in the Timer X mode register. The external
interrupt function is enabled by setting the bit to “1” in the interrupt control register that
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corresponds to CNTRO. See section 2.8.1 on page 2-43 for more information on configuring
interrupts. Pin 4 acts as Timer Y input pin for pulse period measurement mode, pulse H-L
measurement mode, and event counter mode or as Timer Y output pin for pulse output mode. Pin
45 can also be used as an external interrupt (CNTR1) when Timer Y in not in output mode. The
polarity is selected in the Timer Y mode register. The external interrupt function is enabled by
setting the bit to “1” in the interrupt control register that corresponds to CNTR1. See section 2.8.1
on page 2-43 for more information on configuring interrupts.

Timer Counter Input Enab

Pulse Output Mode Enabje——

Direction Register

\ 4

L
Data Bus 1 _DO—| b
Port Latch 1~
j
J

Timer X, Y Output > >——
CNTRO, 1 Inpute—g

Figure 2-30. Port P4 and P4, Block Diagram

J
9
g

Port 5
Port 5 is an 8-bit general purpose I/O port that can be configured to access special second functions.
The port can be set up in any configuration in all three processor modes.

Port 50
This pin is multiplexed with the X clock input. When the X clock is activated, the pin's 1/O
is disabled.

CPMA4

Direction Register . ;
}—0—0
Data Bus Port Latch D a

CPMA4

cPmas >—— %17

XCin Inputd—@‘,

~N ~

Figure 2-31. Port P% Block Diagram
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Port 5;
This pin is multiplexed with the Xg; clock output and the Timer 1/2 pulse output. When theg, XC

clock is activated, the pin's I/O is disabled. If ¥Gs not being used as a system clock org%C
oscillation is disabled, the pin can be configured as the Timer 1/2 pulse output pin. This feature is
configured in the Timerl23 mode register as described in section 2.13.3 on page 2-88.

Tout Enable Bit y——————
» Direction Register ) . ;

‘j }—4‘—0
Data Bus Port Latch 1~ {>)—| '37

5
~
Timer 1/2 Outpup—— >——

Figure 2-32. Port Pj Block Diagram

Port 5,- 5;
These pins are multiplexed with control pins for the bus interface control block.,Pact$ as

OBF, output to a master cpu when DBBCOO is “1”.

DBBCOO——————
» Direction Register ) . ;
11 3—4-—0
Data Bus Port Latch 1~ {>)—| i

I
~
OBRy >—>——

Figure 2-33. Port P5 Block Diagram
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Pin 5 acts adBFj output to a master cpu when DBBCO1 is “1”.

DBBCO1)————

Direction Register ) . ;
j }—o—o
g gl

Data Bus Port Latch

)
B, >

Figure 2-34. Port P5 Block Diagram

Pins §-5; act as input control signals from a master cpu when DBBCO6 is “1". Table 2-2 shows the
bus interface control signal that corresponds to each pin.

DBBCO06

Direction Register ﬁ

}—o—o
Data Bus Port Latch i 37

DBBCO06

~
see table

for function < <Y

Figure 2-35. Port P§ ~ P5; Block Diagram

Table 2-2. Port P5 ~ P5; function

Pin Function
54 So
S5 Ao
56 R(E)
5; W(RMW)

Port 6
Port 6 is an 8-bit general purpose I/O port that can be configured to access special second functions.

The port acts as the data bus interface for the bus interface control block when DBBCO06 is “1".
The port can be set up in any configuration in all three processor modes.
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MBI Write

Direction Register

Data Bus Port Latch I/L

3
o
1

YA QA

]
' —
_CID—_E 3& Read

»  Output Buffer 1

Status Register 1

P —
~J
MBI Read
Output Buffer 1
] So
P Status Register 1 MBI Write

5,
< F@MBI Write
<1 InputBuffer 0 :

<1  Input Buffer 1 <g

Figure 2-36. Port P6 Block Diagram

Port 7
Port 7 is a 5-bit general purpose /O port that can be configured to access special second functions.

Port 7g
This pin is multiplexed with the USB start of frame pul&OF) output. When USBC6 is a “1”,

this pin outputs the USBOF.

L %?%

USBC6 >———

Direction Register

Data Bus Port Latch

)
SOF »—— >

Figure 2-37. Port P Block Diagram
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Port 74
This pin is multiplexed with thedOLD function. When the MCU is in memory expansion or

microprocessor mode and CPMBS5 is set to “1", this pin operates adQh® input as described in
section 2.5.6 on page 2-23.

CPMB5
Direction Register . :
}—o—o

CPMBS

Data Bus Port Latch L

Figure 2-38. Port P7 Block Diagram

Port 7,
This pin is multiplexed with theS; input control signal from a master cpu. When DBBC17 is “1”,

the pin takes on the function of tf® input control signal.

DBBC17
Direction Register j}

%lt—o—o

DBBC17

Data Bus Port Latch

/]

21 Y
P
Figure 2-39. Port P% Block Diagram
3/18/99 2-35
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Port 75
This pin is multiplexed with thdBF; output control signal for a master cpu and HieDA
function. When DBBC11 and DBBC17 are “1", the pin takes on the function ofBtRg output

control signal. When the MCU is in memory expansion or microprocessor mode, CPMB5 is set to
“1”, and theIBF; function is not enabled, this pin operates as Hi®A output as described in
section 2.5.6 on page 2-23.

DBBC11
DBBC17
CPMB5
L
»| Direction Register .
}—4—0
Data Bus Port Latch a
;E
~
1BF, 3
HLDA 1

Figure 2-40. Port P% Block Diagram

Port 7,

This pin is multiplexed with the OBFcontrol pin for the bus interface control block. Pip atts as
OBF, output to a master cpu when DBBC10 and DBBC17 are “1".

DBBClO>>:D_
DBBC17 g}

» Direction Register ) .
cj }—4‘—0
Data Bus Port Latch 1P {>)—| i

I
~
OBF, >——>——

Figure 2-41. Port P7 Block Diagram

Port 8

Port 8 is an 8-bit general purpose I/O port that can be configured to access special second
functions. The port can be set up in any configuration in all three processor modes.
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Port 8y

This pin is multiplexed with the SIGRDY signal and the UART2 TxD signal. When UART2 is in
transmit mode, the pin acts as the TxD output signal. When the pin is not being used as the
UART2 TxD output and bit 4 of the SIO control register 1 (SIOCONL1) is a “1”, the port acts as
the SIO SRDY output signal. If during this function, the SIO is configured in slave mode, this pin
acts as a slave input from a master. See section 2.15.2 on page 2-103 for more SIO information.

SRDY Output Selection Bity—g

UART2 Transmit Control
: SIO Slave mode selection bit
L

Direction Register q . :
}—4—0
Data Bus Port Latch Eﬂ i

;

~
SIO Ready OUtpUt 'l\/ SIO Slave mode selection bi
UART2 TxD Output >

SIO slave control

Figure 2-42. Port Pg Block Diagram

Port 8;

This pin is multiplexed with the SIO SCLK signal and the UART2 RxD signal. When UART2 is in
receive mode, the pin acts as the RxD input signal. When the pin is not being used as the UART2
RxD input and bit 2 of the SIO control register 1 (SIOCON1) is a “1", the port acts as the SIO
SCLK signal. In this mode a “1” in bit 6 of SIOCON1 configures the pin to output SCLK whereas

a “0” configures the pin to input SCLK.

SIO Clock Selection Bit
SIO Port Selection Bit

UART2 receive control bit
UART?2 receive control Bit

Direction Register .

Data Bus Port Latch {ﬁ_‘

SIO Clock Selection Bit

JASAY

i

UART2 receive control bit

SIO Clock Output
UART2 RxD inp

I

SIO clock input

Figure 2-43. Port P§ Block Diagram

Input and Output Ports 3/18/99 2-37



7600 Series ‘
M37640E8-XXXF Preliminary Specification Mitsubishi Microcomputers VA

Port 8,

This pin is multiplexed with the SIO SRxD signal and the UARTES signal. When bit 5 of the
UART2 control register (U2CON) is a “1”, the port acts as @ES input signal. When the pin is
not being used as the UARTRTS input and bit 2 of the SIO control register 2 (SIOCON2) is a
“1", the port acts as the SIO SRxD input signal.

SIO Receive Enable Bit
UART2CTS Enable Bit

Direction Register S . ;
}—4—0
Data Bus Port Latch ) i

&7

JASAY

UART2 CTS Enable Bit

UART2CTS inp b

SIO RxD input

Figure 2-44. Port P§ Block Diagram

Port 83

This pin is multiplexed with the SIO STxD signal and the UARRES signal. When bit 6 of the
UART2 control register (U2CON) is a “1”, the port acts as RES output signal. When the pin is
not being used as the UARTRTS output and bit 3 of the SIO control register 1 (SIOCON1) is a
“1", the port acts as the SIO STxD output signal.

P-Channel Output Disable B}\—I>o—

Transmit Complete Sign
SIO Port Selection Bit

UART2 RTS Enable Bit

»| Direction Register

ﬁl/ }—4—0
Data Bus Port Latch 37

SIO TxD Output
UART2 RTS Outputy

\yAy: Lt

Figure 2-45. Port P§ Block Diagram
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Port 84
This pin is multiplexed with the UART1 TxD signal. When UARTL1 is in transmit mode, the pin
acts as the TxD output signal.

1

UART1 Transmit Control B——————————

Direction Register

i

Data Bus Port Latch

?
~N
UART1 TxD Outpup——— >——

Figure 2-46. Port Pg Block Diagram

Port 85

This pin is multiplexed with the UART1 RxD signal. When UARTL1 is in receive mode, the pin acts
as the RxD input signal.

UART1 receive control Bit y———

Direction Register ) ﬁ

1

:

UART1 RxD inpu—<}

%

Data Bus Port Latch

;

Figure 2-47. Port P8 Block Diagram

Port 86

This pin is multiplexed with the UARTZLTS signal. When bit 5 of the UARTL1 control register
(U1CON) is a “1", the port acts as tHeTS input signal.

UART1CTS Enable Bit )———

Direction Register ) . ;
1 }—4—0
g gl

Data Bus Port Latch

;

Figure 2-48. Port P§ Block Diagram

UART1CTS inpu—<}
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Port 8-

This pin is multiplexed with the UARTRTS signal. When bit 6 of the UART1 control register
(ULCON) is a “17, the port acts as tHeTS output signal.

UART1RTS Enable Bit ~y————

» Direction Register ) . :
Ij }—4‘—0
Data Bus Port Latch L~ i i

;E:
~
UART1RTS Outpup—— - >——

Figure 2-49. Port P§ Block Diagram

2.7.1.2 Power and Ground Pins

There are two Y; and two \jq4 pins that supply power to the MCU. There is also one anajgg V
(AV 49) and one analog ¥ (AVg¢g pin for the analog circuits.

2.71.3  CN\Pin

The level of the signal input to the Ch\pin at reset determines whether the chip enters single chip
or microprocessor mode. With CNVconnected to Y the MCU enters microprocessor mode after a

reset. After the reset sequence has been completed, the mode can be changed by modifying the value
of bits 0 and 1 of CPMA. However, while Cds connected Y, bit 1 of CPMA can not be

overwritten. With CN\{g connected to ¥, the MCU enters single chip mode after a reset.

2714 X%n and Xgt Pins

The X, and Xy pins are clock input and output pins. This device has a built-in clock generation
circuit whose oscillation frequency is set by a quartz oscillator. Also, an external clock source can be
used by connecting thejXpin to a clock generator and leaving thg,in floating. The frequency

of Xj, can be< 48MHz with an external clock source and24MHz with a crystal.

2.7.15 XG, and XC,t Pins

The P%/XCj, and P%/Ty,/XCy, pins are clock input and output pins. This device has a built-in clock
generation circuit whose oscillation frequency is set by a ceramic or quartz oscillator. An external
clock may also be used by connecting theX@in to a clock generator and leaving the in

floating. The frequency of X& can be<s 5MHz with an external clock source or 32KHz with a
crystal.

2.7.1.6 RESET Pin

The MCU is reset by holdinRESET low for at least| s before returning to high.
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2.7.1.7 RDY Pin

The P@/RDY pin is used to control the slow memory wait function of the MCU. For a detailed
description of this pin, see section 2.5.5 on page 2-19.

2.7.1.8 DMAout Pin

When the chip is in microprocessor or memory expansion mode, the DMAgUD¥RSout) pin goes
high during a DMA transfer.

2719  ®,y Pin

When the MCU is in microprocessor or memory expansion mode, piRButs the internal system
clock @, When the STP or WIT instructions are executed, the output apjhepin stops at a high
level.

2.7.1.10  SYNG Pin

When the MCU is in microprocessor or memory expansion mode, the SYNG outputs a signal
that is high for one-half cycle ab,; every time an OpCode is fetched.

2.7.1.11 RD andWR Pins

When the MCU is in microprocessor or memory expansion mode, a read control signal is output from
the RD pin and write control signal is output from tHéR pin (P3/WR and P3RD). A low output

from theRD pin indicates that the CPU is reading and a low output fron'WiRepin indicates that
the CPU is writing. These signals are active for both internal and external accesses.

2.7.1.12 LPF Pin
When the Frequency Synthesizer is active, the LPF pin is the loop filter for the Frequency Synthesizer.

2.7.1.13 USB D+/D- Pins

These two pins are used as the data transmission/reception lines for the USB core.

2.7.1.14  Ext. Cap Pin

When the USB transceiver voltage converter is used, an external capacitor must be connected to this
pin.
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2.7.2 Port Control Register

This device is equipped with a port control register to turn on and off the slew rate control and to
control the input levels for port 2 and the MBI pins. (see Figure 2-50.).

Address: 001
'\7"58 PTC7 PTC6 PTC5 PTC4 PTC3 PTC2 PTC1 pPTCO|LSB £
0 Access: R/W

PTCO Slew Rate Control Bit Ports 0-3 (bit 0) Reset:  0f
0: Disabled
1: Enabled

PTC1 Slew Rate Control Bit Port 4 (bit 1)
0: Disabled
1: Enabled

PTC2 Slew Rate Control Bit Port 5 (bit 2)
0: Disabled
1: Enabled

PTC3 Slew Rate Control Bit Port 6 (bit 3)
0: Disabled
1: Enabled

PTC4 Slew Rate Control Bit Port 7 (bit 4)
0: Disabled
1: Enabled

PTC5 Slew Rate Control Bit Port 8 (bit 5)
0: Disabled
1: Enabled

PTC6 Port 2 Input Level Select Bit (bit 6)
0: Reduced VIHL level input
1: CMOS level input

PTC7 Master Bus Input Level Select Bit (bit 7)
0: CMOS level input
1: TTL level input

Figure 2-50. Port Control Register

2.7.3 Port 2 Pull-up Control Register

This device is equipped with internal pull-ups on Port 2 that can be enabled by software. Each bit of
the pull-up control register controls a corresponding pin of Port 2. The pull-up control register pulls up
the port when the port is in input mode. The value of the pull-up control register has no effect when

the port is in output mode.

’\YASB PUPZ | PUPZ | PUPZ | PUPyZ | PUPZ | PUP2 | PUPZ | PUPR 555 Address: 001g
Access: R/W

PUP2% Pull-up Control for Port 2 (bit 0)
0: Disabled Reset:  Ofy
1: Enabled

PUP2 Pull-up Control for Port 2 (bit 1)
0: Disabled
1: Enabled

PUP2 Pull-up Control for Port 2 (bit 2)
0: Disabled
1: Enabled

PUPZ Pull-up Control for Port 2 (bit 3)
0: Disabled
1: Enabled

PUP2 Pull-up Control for Port 2 (bit 4)
0: Disabled
1: Enabled

PUPZ Pull-up Control for Port 2 (bit 5)
0: Disabled
1: Enabled

PUPZ% Pull-up Control for Port 2 (bit 6)
0: Disabled
1: Enabled

PUPZ Pull-up Control for Port 2 (bit 7)
0: Disabled
1: Enabled

Figure 2-51. Pull-up Control Register
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2.8 Interrupt Control Unit

Address Description Ca(flzoen):tnRa:ansil Address Description Ca(flzoen);rtnRZnsil
0002 |Interrupt request register A IREQA=00 0Q@6 |Interrupt control register B ICONB=00
0003 [Interrupt request register B IREQB=00 0997 |Interrupt control register C ICONC=00
00046 |Interrupt request register ¢ IREQC=00 0941 |Interrupt polarity selection register IPOL=00
0005 |Interrupt control register Al ICONA=00

The interrupt control unit (ICU), a specialized peripheral, is described in detail in this section.

This series supports a maximum of 23 maskable interrupts, one software interrupt, and one reset
vector that is treated as a non-maskable interrupt.

See Table 2-3 for the interrupt sources, jump destination addresses, interrupt priorities, and section

references for the interrupt request sources.

2.8.1

Interrupt Control

Each maskable interrupt has associated with it an interrupt request bit and an interrupt enable bit.
These bits, along with the | flag, determine whether interrupt events can cause an interrupt service
request to be generated. An interrupt request bit is set to at “1” when its corresponding interrupt
event is activated. The bit is cleared to a “0” when the interrupt is serviced or when a “0” is written
to the bit. The bit can not be set high by writing “1” to it.

Each interrupt enable bit determines whether the interrupt request bit it is paired with is seen when the
interrupts are polled. When the interrupt enable bit is a “0”, the interrupt request bit is not seen; and
when the enable bit is a “1”, the interrupt request is seen.

The interrupt request register configurations for the 23 maskable interrupts are shown in Figure 2-52.,
Figure 2-53., and Figure 2-54. The interrupt control register configurations for the 23 maskable

interrupts are shown in Figure 2-55., Figure 2-56., and Figure 2-57.

MSB

0: No interrupt request issued

1: Interrupt request issued

IRA7 IRA6 IRA5 IRA4 IRA3 IRA2 IRA1 IRAO
IRAO USB Function Interrupt Request (bit 0)
IRA1 USB SOF Interrupt Request (bit 1)
IRA2 External Interrupt 0 Request (bit 2)
IRA3 External Interrupt 1 Request (bit 3)
IRA4 DMAC channel 0 Interrupt Request (bit 4)
IRAS DMAC channel 1 Interrupt Request (bit 5)
IRA6 UART1 Receive Buffer Full Interrupt Request (bit 6)
IRA7 UART1 Transmit Interrupt Request (bit 7)

LSB
0

Address: 00025

Access: R/W
Reset:  0f

Figure 2-52. IREQA Configuration

Interrupt Control Unit

3/18/99
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MSB| I1RB7 IRB6 IRB5 IRB4 IRB3 IRB2 IRB1 IRBO |LSB Address: 000%
Access: R/W
IRBO UART1 Error Sum Interrupt Request (bit 0) Reset.  0f
IRB1 UART2 Receive Buffer Full Interrupt Request (bit 1) ’
IRB2 UART2 Transmit Interrupt Request (bit 2)
IRB3 UART?2 Error Sum Interrupt Request (bit 3)
IRB4 Timer X Interrupt Request (bit 4)
IRB5 Timer Y Interrupt Request (bit 5)
IRB6 Timer 1 Interrupt Request (bit 6)
IRB7 Timer 2 Interrupt Request (bit 7)
0: No interrupt request issued
1: Interrupt request issued
Figure 2-53. IREQB Configuration
Address: 000:
MSB| Reserved| IRC6 IRC5 IRC4 IRC3 IRC2 IRC1 IRCo| LSB %
7 0 Access: R/W
IRCO Timer 3 Interrupt Request (bit 0) Reset:  Of
IRC1 External CNTRO Interrupt Request (bit 1)
IRC2 External CNTR1 Interrupt Request (bit 2)
IRC3 SIO Interrupt Request (bit 3)
IRC4 Input Buffer Full Interrupt Request (bit 4)
IRC5 Output Buffer Empty Interrupt Request (bit 5)
IRC6 Key-on Wake-up Interrupt Request (bit 6)
0: No interrupt request issued
1: Interrupt request issued
Bit 7 Reserved (Read/Write “0”)
Figure 2-54. IREQC Configuration
MSB| |ca7 ICA6 ICAS ICA4 ICA3 ICA2 ICAL ICAO I(-)SB Address: 000
7 - - Access: R/W
ICAO USB Function Interrupt Enable (bit 0) Reset:  0f
ICA1 USB SOF Interrupt Enable (bit 1) ’
ICA2 External Interrupt 0 Enable (bit 2)
ICA3 External Interrupt 1 Enable (bit 3)
ICA4 DMAC channel 0 Interrupt Enable (bit 4)
ICAS DMAC channel 1 Interrupt Enable (bit 5)
ICA6 UART1 Receive Buffer Full Interrupt Enable (bit 6)
ICA7 UART1 Transmit Interrupt Enable (bit 7)
0: Interrupt Disable
1: Interrupt Enable
Figure 2-55. ICONA Configuration
MSB( |cB7 ICB6 ICBS ICB4 ICB3 ICB2 ICB1 icgo |LSB ~ Address: 000%
7 0 Access: R/W
ICCO UART1 Error Sum Interrupt Enable (bit 0) Reset:  0f
ICC1 UART2 Receive Buffer Full Interrupt Enable (bit 1)
ICC2 UART2 Transmit Interrupt Enable (bit 2)
ICC3 UART?2 Error Sum Interrupt Enable (bit 3)
ICC4 Timer X Interrupt Enable (bit 4)
ICC5 Timer Y Interrupt Enable (bit 5)
ICC6 Timer 1 Interrupt Enable (bit 6)
ICC7 Timer 2 Interrupt Enable (bit 7)
0: Interrupt Disable
1: Interrupt Enable

Figure 2-56. ICONB Configuration
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MSB| Reserved| ICC6 IcCs ICC4 ICC3 ICC2 Icc1 Icco| LSB Address: 000%
7 0 Access: R/W
ICCO Timer 3 Interrupt Enable (bit 0) Reset:  0f
ICC1 External CNTRO Interrupt Enable (bit 1)
ICC2 External CNTR1 Interrupt Enable (bit 2)
ICC3 SIO Interrupt Enable (bit 3)
ICC4 Input Buffer Full Interrupt Enable (bit 4)
ICC5 Output Buffer Empty Interrupt Enable (bit 5)
ICC6 Key-on Wake-up Interrupt Enable (bit 6)

0: Interrupt disabled
1: Interrupt enabled

Bit 7 Reserved (Read/Write “0”)

Figure 2-57. ICONC Configuration

The interrupt polarity register allows the user to select the external interrupt edge which triggers the
interrupt request. The configuration of the polarity register for the external interrupts is shown in Figure
2-58.

';"SB Reserved | Reserved Reservdd Resenjed Resefved Respridl Pol | INTO Pol |LSB Address: 001,
Access: R/W
INTO Pol INTO Interrupt Edge Selection Bit Reset:  0f
0: Falling edge selected.
1: Rising edge selected.
INT1 Pol INT1 Interrupt Edge Selection Bit
0: Falling edge selected.
1: Rising edge selected.
Bits 2-7 Reserved (Read/Write “0”)

Figure 2-58. IPOL Configuration
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Table 2-3 Interrupt Vector Table
- e
Priority |Interrupt -
High-order Low-order Reference
Byte Byte
1 RSRV1 FFFF FFFE Reserved for factory use
2 RSRV2 FFFD FFFC Reserved for factory use
3 Reset FFFB FFFA User Reset (Non-Maskable)
4 USB FFF9 FFF8 USB Function Interrupt D LSB Section 2.9.2.1
5 SOF FFF7 FFF6 USB SOF Interrupt L 5 Section 2.9.2.2
6 INTO FFF5 FFF4 External Interrupt O 2 g Section 2.8.]
7 INT1 FFF3 FFF2 External Interrupt 1 3 5 Section 2.8.1
8 DMA1 FFF1 FFFO DMAC Channel O Interrupt 4 2 Section 2.11
9 DMA2 FFEF FFEE DMAC Channel 1 Interrupt E g o Section 2.11
10 U1RBF FFED FFEC UART1 Receiver Buffer Full ¢ )Z> % Section 2.14,7
11 ulTx FFEB FFEA UART1 Transmit Interrupt 71 MSB § Section 2.14])7
12 U1ES FFE9 FFES8 UART1 Error Sum Interrupt 0 L$B g_ Section 2.14.7
13 U2RBF FFE7 FFEG6 UART2 Receiver Buffer Full | 5 «;::; Section 2.14.7
14 uz2TXx FFES FFE4 UART2 Transmit Interrupt y. B (t‘gbl Section 2.14|7
15 U2ES FFE3 FFE2 UART2 Error Sum Interrupt ¢] S g. Section 2.14.7
16 X FFE1 FFEO Timer X Interrupt 4 a3 ; Section 2.13
17 TY FFDF FFDE Timer Y Interrupt 5 g é Section 2.13
18 T1 FFDD FFDC Timer 1 Interrupt 6 % (gb Section 2.13
19 T2 FFDB FFDA Timer 2 Interrupt 7\ MSB | 2| Section?2.13
20 T3 FFD9 FFD8 Timer 3 Interrupt 0 LSB Section 2.13
21 CNTRO FFD7 FFD6 External CNTRO Interrupt il riH Section 2.13.1.6
22 CNTR1 FFD5 FFD4 External CNTR1 Interrupt P g Section 2.13.2
23 SIO FFD3 FFD2 SIO Interrupt 3 ) Section 2.15
24 IBF FFD1 FFDO Input Buffer Full Interrupt 4 (Q;) Section 2.10
25 OBE FFCF FFCE Output Buffer Empty Interrupt b % Section 2.1(
26 KEY FFCD FFCC Key-on Wake Up 6 M3BO Section 2.18
27 BRK FFCB FFCA BRK Instruction (Non-Maskable)
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2.8.2 Interrupt Sequence and Timing

The interrupts are polled prior to the beginning of each instruction. An interrupt service request is
generated when an interrupt event has its interrupt request bit set to a “1”, its interrupt enable bit is
set to a “1”, and the interrupt inhibit flag | is set low. The | flag is used to disable all maskable
interrupts. When this bit is set to a “1”, only a BRK instruction or a user Reset can cause an interrupt
service request to be generated. Figure 2-59 is a simplified version of the logic that controls whether
an interrupt service request is generated.

Interrupt Request Bit,
Interrupt Enable Bit — |
Interrupt Inhibit Flag-&—c‘)i
Interrupt Requegt
BRK Instruction
Reset

Figure 2-59. Interrupt Service Request Control Logic

The time elapsed from the occurrence of an interrupt event until execution of its service routine varies
from 7 cycles to 23 cycles, depending on what instruction is executing when the interrupt event occurs
(see Figure 2-60.)

Interrupt Request

2310 7 Cycles (1.9@s to 0.583us, when f(p) = 12 MH

[CureRtTRSTuCtion | > > Interrupt Processmg

Maximum 16 cycles * 2 cycles, 5 cycles,
Minimum 0 cycles dummy cycles stack push
for pipeline and

postprocessing vector fetch
* For DIV Instruction

Figure 2-60. Execution Time Prior to Interrupt Service Routine

When an interrupt service request occurs, the current instruction stream is temporarily halted and the
appropriate interrupt service routine is executed. After the interrupt service routine ends, the current
instruction stream is resumed with the next instruction.

The interrupt service request causes the MCU to automatically push the high-order byte of the program
counter, the low-order byte of the program counter, and the contents of the processor status register
onto the stack. A push consists of storing data at the stack address and decrementing the stack pointer
by one as illustrated in Figure 2-2. The | flag is set to a “1” to prevent other interrupts from being
serviced during the interrupt service routine, and the request bit corresponding to the interrupting event
is automatically cleared to “0”. The program counter is set to the address specified in the vector table
for the interrupt being serviced. This address contains the address for the first instruction of the
interrupt service routine. The timing for the pushing of data onto the stack, and fetching the starting
address of the interrupt routine is illustrated in Figure 2-61.
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PL. [ [1 [1 [1 [1 [1 [1 I—l_.
P2[] [1 [1 [1 [1 [1 [1 | |_1_

SYNGou 1
RO 1] I By IO
WR I O e IO :

. L]
Address< PC X PC X S,CPMA2 XS-l,CPMAZX S-2,CPMA2><(|m Vecm,)LXUm \/e(;lo[)HX ADL,ADH >
Data -< Invalid X Invalid X PCH X PCL X PS X ADL X ADH Next

OpCade
. L]

Figure 2-61. Interrupt Cycle Timing

See Figure 2-62. for the stack and program counter modifications that occur when an interrupt request

is serviced.
Program Counter Stack (in Zero/One Pagg)
P Program Counter (L
Q 9 ) Interrupt Enable
PGy Program Counter (H) (S)

Stack Pointer

S (S) Interrup
Accept
Stack (in Zero/One Pag

e)
Program Counter (S)-3
PG [ Loaded values of the vector ( Interrupt Disablg Processor Status Regigter
address corresponding to Erogram gounier (h)
pG, | the accepted interrupt. (S rogram Counter (H)

Stack Pointer
s | (S)-3 |

Figure 2-62. Stack Pointer and Program Counter Modifications During Interrupt Service Sequence

Returning from an interrupt is accomplished by executing an RTI instruction. This causes the MCU to
pop the contents of the process status register and the low-order and high-order bytes of the program
counter from the stack. The | flag is cleared to “0” when the process status value is restored from the
stack.
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2.9 Universal Serial Bus

Address Description \/;\;Iruoem;rtnRilit Address Description C;LO;értnR?sit
0013 |USB Control Register USBC=00 0054 |USB Endpoint x OUT CSR OUT_CSR=00
0050, [USB Address Register USBA=00 00RP |USB Endpoint x IN MAXP IN_MAXP
00545 |USB Power Management Register USBPM=00 0@>CUSB Endpoint x OUT MAXP OUT_MAXP
0052 |USB Interrupt Status Register 1 | USBIS1=00 og)@tllfv? Endpoint x OUT WRT CNT |y o1 enTL=00
0053 |USB Interrupt Status Register 2 |  USBIS2=00 oggsElHJZE Endpoint x OUT WRT CNT |\y 7 cNTH=00
00546 [USB Interrupt Enable Register 1 USBIE1=FF 0p5HReserved
0055, |USB Interrupt Enable Register 2 USBIE2=33 0Q60|USB Endpoint 0 FIFO USBFIFOO0=N/A
0056, |USB Frame Number Low Registqr USBSOFL=0( 0@614USB Endpoint 1 FIFO USBFIFO1=N/A
00576 [USB Frame Number High Register USBSOFH=0p Q@62 USB Endpoint 2 FIFO USBFIFO2=N/A
0058 |USB Endpoint Index USBINDEX=00 0068 |USB Endpoint 3 FIFO USBFIFO3=N/A
0059 [USB Endpoint x IN CSR IN_CSR=00 00f4 |USB Endpoint 4 FIFO USBFIFO4=N/A
The Universal Serial Bus (USB) has the following features:
» Complete USB Specification (version 1.1) Compatibility
» Error Handling capabilities
* FIFOs:
e Endpoint0: IN 16-byte OUT 16-byte
e Endpointl: IN 512-byte OUT 800-byte
e Endpoint2: IN 32-byte OUT 32-byte
e Endpoint3: IN 16-byte OUT 16-byte
e Endpoint4: IN 16-byte OUT 16-byte
* Five independent IN and five independent OUT endpoints
» Complete Device Configuration
» Supports All Device Commands
» Supports Full-Speed Functions
» Support of All USB Transfer Types:
 Isochronous
« Bulk
« Control
e Interrupt
» Suspend/Resume Operation
* On-chip USB Transceiver with voltage converter
» Start-of-frame interrupt and output pin
Universal Serial Bus 3/18/99 2-49
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2.9.1 USB Function Control Unit (USB FCU)

The implementation of the USB by this device is accomplished chiefly through the device’'s USB
Function Control Unit. The Function Control Unit's overall purpose is to handle the USB packet
protocol layer. The Function Control Unit notifies the MCU that a valid token has been received.
When this occurs, the data portion of the token is routed to the appropriate FIFO. The MCU transfers
the data to, or from, the host by interacting with that endpoint's FIFO and CSR register (see

Figure 2-63).

The USB Function Control Unit is composed of five sections:

Serial Interface Engine (SIE)

e Generic Function Interface (GFI)
« Serial Engine Interface Unit (SIU)
» Microcontroller Interface (MCI)

« USB Transceiver

2911 Serial Interface Engine

The SIE interfaces to the USB serial data and handles deserialization/serialization of data, NRZI
encoding/decoding, clock extraction, CRC generation and checking, bit stuffing, and other specifications
pertaining to the USB protocol such as handling inter-packet time-outs and PID decoding.

2.9.1.2 Generic Function Interface

The GFI handles all USB standard requests from the host through the control endpoint (endpoint 0),
and handles Bulk, Isochronous and Interrupt transfers through endpoints 1-4. The GFI handles read
pointer reversal for re-transmission of the current data set; write pointer reversal for re-reception of
the last data set, and data toggle synchronization.

29.1.3 Serial Engine Interface Unit
The SIU block decodes the Address and Endpoint fields from the USB host.

2.9.14 Microcontroller Interface Unit

The MCI block handles the microcontroller interface and performs address decoding and synchronization
of control signals.

2.9.15 USB Transceiver

The USB transceiver, designed to interface with the physical layer of the USB, is compliant with the
USB Specification (version 1.1) for high speed devices. It consists of two 6-ohm drivers, a receiver,
and schmitt triggers for single-ended receive signals.

The transceiver also includes a voltage converter. The voltage converter can supply 3.0 - 3.6V to the
transmitter when the rest of the chip (CPU, USB FCU, etc.) operates at 4.15 - 5.25V. The voltage
converter is enabled by setting bit 4 of the USB Control Register (USBC) to a “1". The voltage
converter can be placed in a low current mode by setting bit 3 of USBC to a “1”. This mode is
provided to reduce power consumption when the USB FCU is in the suspend state. Refer to section
4.5 "USB Transceiver” and section 4.6 “Using the Frequency Synthesizer and DC-DC Converter” for
more detailed information.
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Figure 2-63. USB Function Control Unit Block Diagram

2.9.2 USB Interrupts

There are two types of USB interrupts in this device: the first type is the USB function (including
overrun/underrun, reset, suspend and resume) interrupt, which is used to control the flow of data and
USB power control; the second type is start-of-frame (SOF) interrupt, which is used to monitor the
transfer of isochronous (1ISO) data.

2.9.2.1 USB Function Interrupts

Endpoints 1-4 each have two interrupt status flags associated with them to control data transfer or to
report a STALL/UNDER_RUN/OVER_RUN condition. The USB Endpoint x Out Interrupt Status Flag

is set when the USB FCU successfully receives a packet of data, or the USB FCU sets the
FORCE_STALL bit or the OVER_RUN bit of the Endpoint x OUT CSR. The USB Endpoint x In
Interrupt Status Flag is set when the USB FCU successfully sends a packet of data or sets the
UNDER_RUN bit of the Endpoint x IN CSR. Endpoint O (the control endpoint) has one interrupt

status bit associated with it to control data transfer or report a STALL condition. The USB Endpoint O
Interrupt Status Flag is set when the USB FCU successfully receives/sends a packet of data, sets the
SETUP_END hit or the FORCE_STALL bit, or clears the DATA_END bit in the Endpoint 0 IN

CSR. Each endpoint interrupt is enabled by setting the corresponding bit in the USB Interrupt Enable
Register 1 and 2 (see Figure 2-67 and Figure 2-68). The USB Interrupt Status Register 1 and 2, shown
in Figure 2-69 and Figure 2-70, are used to indicate pending interrupts for a given endpoint. The

USB FCU sets the interrupt status bits. The CPU writes a “1” to clear the corresponding status bit. By
writing back the same value it read, the CPU will clear all the existing interrupts. The CPU must read
then write both status registers, writing status register 1 first and status register 2 second to guarantee
proper operation.

The Suspend Signaling Interrupt Status Flag is set if the USB FCU does not detect any bus activity on
D+/D- for at least 3ms. The Resume Signaling Interrupt Status Flag is set when a USB FCU is in the
suspend state and detects non-idle signaling on D+/D-. There is an interrupt enable bit for the suspend
interrupt (bit 7 of interrupt enable register 2), but not one for the resume interrupt. The resume
interrupt is always enabled.

The USB Reset Interrupt Status Flag is set if the USB FCU sees a SEO present on D+/D- for at least
2.5us. When this bit is set, all USB internal registers (except for this bit) are reset to their default
values. This bit is cleared by the CPU writing a “1” to it. When the CPU detects a USB reset
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interrupt, it needs to re-initialize the USB FCU in order for it to accept packets from the host. The
USB reset interrupt is always enabled.

The Overrun/Underrun Interrupt Status Flag is set (applicable to endpoints used for isochronous data
transfer) when an overrun condition occurs in an endpoint (CPU is too slow to unload the data from
the FIFO), or when an underrun condition occurs in an endpoint (CPU is too slow to load the data to
the FIFO).

The USB Function Interrupt (sum of all individual function interrupts) is enabled by setting bit 0 of
Interrupt Control Register A (ICONA) to a “1".

29.2.2 USB SOF Interrupt

The USB SOF (Start-Of-Frame) interrupt is used to control the transfer of isochronous data. The USB
FCU generates a start-of-frame interrupt when a start-of-frame packet is received. The USB SOF
interrupt is enabled by setting bit 1 of ICONA to a “1”.

2.9.3 USB Endpoint FIFOs

The USB FCU has an IN (transmit) FIFO and an OUT (receive) FIFO for each endpoint. Each
endpoint (except endpoint 0) can be configured to support both single packet mode (only a single data
packet is allowed to reside in the endpoint's FIFO) or dual packet mode (up to two data packets are
allowed to reside in the endpoint’s FIFO), which provides support for back-to-back transmission or
back-to-back reception. The mode configuration is automatically set by the MAXP value. When

MAXP > 1/2 of the endpoint's FIFO size, single packet mode is set. When MAXP <= 1/2 of the
endpoint’'s FIFO size, dual packet mode is set.

Throughout this specification, the terms “IN FIFO” and “OUT FIFO” refer to the FIFOs associated
with the current endpoint as specified by the Endpoint Index Register.

In the event of a bad transmission/reception, the USB FCU handles all the read/write pointer reversal
and data set management tasks when it is applicable.

2931 IN (Transmit) FIFOs

The CPU/DMA writes data to the endpoint’s IN FIFO location specified by the FIFO write pointer,
which automatically increments by "1" after a write. The CPU/DMA should only write data to the IN
FIFO if the IN_PKT_RDY bit of the IN CSR is a “0".

Endpoint 0 IN FIFO Operation:

The CPU writes a “1” to the IN_PKT_RDY bit after it finishes writing a packet of data to the IN

FIFO. The USB FCU clears the IN_PKT_RDY bit after the packet has been successfully transmitted to
the host (ACK is received from the host) or the SETUP_END bit of the IN CSR is set to a “1”".

Endpoint 1-4 IN FIFO Operation when AUTO_SET (bit 7 of IN CSR) = “0™:

MAXP > half of the IN FIFO size:

The CPU writes a “1” to the IN_PKT_RDY bit after the CPU/DMAC finishes writing a packet of data
to the IN FIFO. The USB FCU clears the IN_PKT_RDY bit after the packet has been successfully
transmitted to the host (ACK is received from the host).

MAXP <= half of the IN FIFO size:

The CPU writes a “1” to the IN_PKT_RDY bit after the CPU/DMAC finishes writing a packet of data

to the IN FIFO. The USB FCU clears the IN_PKT_RDY bit as soon as the IN FIFO is ready to

accept another data packet. (The FIFO can hold up to two data packets at the same time in this
configuration for back-to-back transmission.) Since the set and the clear operations could be as fast as
83ns (one 12MHz clock period) apart from each other, the set may be transparent to the user.
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Endpoint 1-4 IN FIFO Operation when AUTO_SET (bit 7 of IN CSR) = “1™

MAXP > half of the IN FIFO size:

When the number of bytes of data equal to the MAXP (maximum packet size) is written to the IN
FIFO by the CPU/DMAC, the USB FCU sets the IN_PKT_RDY bit to a “1" automatically. The USB
FCU clears the IN_PKT_RDY bit after the packet has been successfully transmitted to the host (ACK
is received from the host).

MAXP <= half of the IN FIFO size:

When the number of bytes of data equal to the MAXP (maximum packet size) is written to the IN
FIFO by the CPU/DMAC, the USB FCU sets the IN_PKT_RDY bit to a “1” automatically. The USB
FCU clears the IN_PKT_RDY bit as soon as the IN FIFO is ready to accept another data packet. (The
FIFO can hold up to two data packets at the same time in this configuration for back-to-back
transmission.) Since the set and the clear operations could be as fast as 83ns (one 12MHz clock
period) apart from each other, the set may be transparent to the user.

A software or a hardware flush causes the USB FCU to act as if a packet has been successfully
transmitted out to the host. If there is one packet in the IN FIFO, a flush will cause the IN FIFO to
be empty. If there are two packets in the IN FIFO, a flush will cause the older packet to be flushed
out from the IN FIFO. A Flush will also update the IN FIFO status bits IN_PKT_RDY and
TX_NOT_EMPTY.

The status of endpoint 1-4 IN FIFOs for both of the above cases can be obtained from the IN CSR of
the corresponding IN FIFO as follows:

IN_PKT_RDY | TX_NOT_EMPTY TX FIFO Status
0 0 No data packet in TX FIFO
0 1 One data packet in TX FIFO if MAXP <= half of the FIFO size.

Invalid if MAXP > half of the FIFO size
1 0 Invalid

Two data packets in TX FIFO if MAXP <= half of the FIFO size|or
One data packet in TX FIFO if MAXP > half of the FIFO size

1 1

Interrupt Endpoints:

Any endpoint can be used for interrupt transfers. For normal interrupt transfers, the interrupt
transactions behave the same as bulk transactions, i.e., no special setting is required. The IN endpoints
may also be used to communicate rate feedback information for certain types of isochronous functions.
This is done by setting the INTPT bit in the IN CSR register of the corresponding endpoint. When the
INTPT bit is set, the data toggle bits will be changed after each packet is sent to the host without
regard to the presence or type of handshake packet.

The following outlines the operation sequence for an IN endpoint used to communicate rate feedback
information:

1. Set MAXP > 1/2 of the endpoint’s FIFO size

2. Set the INTPT bit of the IN CSR

3. Flush the old data in the FIFO

4. Load interrupt status information and set the IN_PKT_RDY bit in the IN CSR
5. Repeat steps 3 and 4 for all subsequent interrupt status updates.
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In real applications, if an interrupt endpoint is used for rate feedback, the function always has data to
send back to the host, even if that data conveys that everything is ‘fine’. Therefore the device never
NAKs an IN token from the host. The device always sends out the data in the FIFO in response to an
IN token irrespective of the IN_PKT_RDY bit.

2.9.3.2 Out (Receive) FIFOs

The USB FCU writes data to the endpoint's OUT FIFO location specified by the FIFO write pointer,
which automatically increments by one after a write. When the USB FCU has successfully received a
data packet, it sets the OUT_PKT_RDY bit to a “1” in the OUT CSR. The CPU/DMAC should only
read data from the OUT FIFO if the OUT_PKT_RDY bit of the OUT CSR is a “1”, with the

exception of endpoint 1 (see detailed description below).

Endpoint 0 OUT FIFO Operation:

The USB FCU sets the OUT_PKT_RDY bit to a “1” after it has successfully received a packet of
data from the host. The CPU sets bit SERVICED_OUT_PKT_RDY to a “1” to clear the
OUT_PKT_RDY bit after the packet of data has been unloaded from the OUT FIFO by the CPU.

Endpoint 1-4 OUT FIFO Operation when AUTO_CLR (bit 7 of OUT CSR) = “0”:

MAXP > half of the OUT FIFO size:

The USB FCU sets the OUT_PKT_RDY bit to a “1” after it has successfully received a packet of
data from the host. The CPU writes a “0” to the OUT_PKT_RDY bit after the packet of data has
been unloaded from the OUT FIFO by the CPU/DMAC.

MAXP <= half of the OUT FIFO size:

The USB FCU sets the OUT_PKT_RDY bit to a “1” after it has successfully received a packet of
data from the host. The CPU writes a “0” to the OUT_PKT_RDY bit after the packet of data has
been unloaded from the OUT FIFO by the CPU/DMAC. In this configuration, the FIFO can hold

upto two data packets at the same time for back-to-back reception. Therefore, the OUT_PKT_RDY bit
will remain set after the CPU writes a “0” to it if there is another packet in the OUT FIFO.

Endpoint 1-4 OUT FIFO Operation when AUTO_CLR (bit 7 of OUT CSR) = “1":

MAXP > half of the OUT FIFO size:

The USB FCU sets the OUT_PKT_RDY bit to a “1” after it has successfully received a packet of

data from the host. The USB FCU clears the OUT_PKT_RDY bit to a “0” automatically when the

number of bytes of data equal to the MAXP (maximum packet size) have been unloaded from the
OUT FIFO by the CPU/DMAC.

MAXP <= half of the OUT FIFO size:

The USB FCU sets the OUT_PKT_RDY bit to a “1” after it has successfully received a packet of
data from the host. The USB FCU clears the OUT_PKT_RDY bit to a “0” automatically when the
number of bytes of data equal to the MAXP (maximum packet size) have been unloaded from the
OUT FIFO by the CPU/DMAC. In this configuration, the FIFO can hold up to two data packets at the
same time for back-to-back reception. Therefore, the OUT_PKT_RDY bit will remain set after one
packet (size equal to MAXP) of data has been unloaded if there is another packet in the OUT FIFO.

A software flush causes the USB FCU to act as if a packet has been unloaded from the OUT FIFO.
If there is one packet in the OUT FIFO, a flush will cause the OUT FIFO to be empty. If there are
two packets in the OUT FIFO, a flush will cause the older packet to be flushed out from the OUT
FIFO.

Special case for OUT endpoint 1

In addition to the OUT FIFO operations described above, the DMAC can also start unloading the OUT
FIFO as soon as there is data in it (byte-by-byte transfer). This feature should only be used with ISO
transfers. See section 2.11 "Direct Memory Access Controller" on page 2-70 for details.
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2.9.4 USB Special Function Registers

The MCU controls USB operation through the use of special function registers (SFR). This section
describes in detail each USB related SFR. Certain USB SFRs are endpoint-indexed: the Control &
Status Registers (IN CSR and OUT CSR), the Maximum Packet Size Registers (IN MAXP and OUT
MAXP), and the Write Count Registers (OUT WRT CNT). To access each endpoint-indexed SFR, the
target endpoint number should be written to the Endpoint Index Register first. The lower 3 bits
(EPINDX2:0) of the Endpoint Index Register are used for endpoint selection.

Note: Each endpoint's FIFO Register is NOT endpoint-indexed.

Some USB special function registers have a mix of read/write, read only, and write only register bits.
Additionally, the bits may be configured to allow the user to write only a “0” or a “1” to individual
bits. When accessing these registers, writing a “0” to a register that can only be set to a “1” by the
CPU will have no affect on that register bit. Each figure and description of the special function
registers will detail this operation.

The USB Control Register,shown inFigure 2-64,is used to control the USB FCU. This register is

not reset by a USB reset signaling. After the USB is enabled (USBC7 set to “1”), a minimum delay
of 250 ns (three 12Mhz clock periods) is needed before performing any other USB register read/write
operations.

Address: 0013
Access: R/W
Reset:  0f}

“7"55 USBC7 | UsBC6| uUsBCs| usBc4l USBCY Reserved|  USBCL Reser»eIBSB

Bit 0 Reserved (Read/Write “0”)

USBC1 USB Default State Selection Bit (bit 1)
0: In default state after powerup/reset
1: In default state after USB reset signaling received

Bit 2 Reserved (Read/Write “0”)

USBC3 Transceiver Voltage Converter High/Low Current Mode Selection Bit (bit 3)
0: High current mode
1: Low current mode
USBC4 USB Transceiver Voltage Converter Enable Bit (bit 4)
0: USB transceiver voltage converter disabled
1: USB transceiver voltage converter enabled
USBC5 USB Clock Enable Bit (bit 5)
0: 48 MHz clock to the USB block is disabled.
1: 48 MHz clock to the USB block is enabled.
USBC6 USBSOF Port Select Bit (bit 6)
0: USBSOF output is disabled. pi& used as GPIO pin.
1: USBSOF output is enabled
USBC7 USB Enable Bit (bit 7)
0: USB block is disabled, all USB internal registers are held at their default values.
1: USB block is enabled

Figure 2-64. USB Control Register

The USB Function Address Registershown in Figure 2-65, maintains the 7-bit USB address assigned
by the host. The USB FCU uses this register value to decode USB token packet addresses. At reset,
when the device is not yet configured, the value ig.00

MSB | Reserved| FUNADY FUNADY FUNAD4 FUNAD3 FUNAD2 | FUNAD] FUNAD)LSB Address: 005
Access: R/W

Reset:  0f

FUNADG6:0 7-bit programmable Function Address (bits 6-0)

Bit 7 Reserved (Read/Write “0”)

Figure 2-65. USB Function Address Register
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The USB Power Management Registershown in Figure 2-66, is used for power management in the
USB FCU.

USB Suspend Detection Flag (SUSPEND)
When the USB FCU does not detect any bus activity on D+/D- for at least 3ms, it sets the Suspend Detec-
tion Flag (SUSPEND) and generates an interrupt. This bit is cleared when signaling (from the host) is
detected on D+/D- [which sets the Resume Detection Flag (RESUME) and generates an interrupt] or the
Remote Wake-up Bit (WAKEUP) is set and then cleared by the CPU. If the USB clock was disabled dur-
ing the suspend state, the SUSPEND bit is not cleared until after the USB clock is re-enabled.

USB Resume Detection Flag (RESUME)
When the USB FCU is in the suspend state and detects signaling on D+/D- (from the host), it sets the
Resume Detection Flag (RESUME) and generates an interrupt. The CPU writes a “1” to INST14 (bit 6 of
USB Interrupt Status Register 2) to clear this flag.

USB Remote Wake-up Bit (WAKEUP)
The CPU writes a “1” to the WAKEUP bit for remote wake-up. While this bit is set, and the USB FCU is
in suspend mode, it will generate resume signaling to the host. The CPU must keep this bit set for a mini-
mum of 10ms and a maximum of 15ms before writing a “0” to this bit.

Address: 005{4

MSB | Reserved| Reserve Reserved Reseryed Res@rWAKEUP RESUME SU¢Y I%éﬁD
Access: R/W

SUSPEND USB Suspend Detection Flag (bit 0) (Read only)
0: No USB suspend detected Reset:  0Of
1: Idle state for greater than 3ms (USB suspend) detected
RESUME USB Resume Detection Flag (bit 1) (Read only)
0: No USB resume signaling detected
1: USB resume signaling detected
WAKEUP USB Remote Wake-up Bit (bit 2)
0: End remote resume signaling
1: Send remote resume signaling (only if SUSPEND = “1")

Bit7:3 Reserved (Read/Write “0”)

Figure 2-66. USB Power Management Register

The USB FCU is able to generate a USB function interrupt as discussed in section 2.9.2)8BThe
Interrupt Status Registers, shown in Figure 2-67 and Figure 2-68, are used to indicate the condition
that caused a USB function interrupt to be generated. A “1” indicates that the corresponding condition
caused a USB function interrupt. The USB Interrupt Status Registers can be cleared by writing back to
the register the same value that was read. To ensure proper operation, the CPU should read both USB
interrupt status registers, then write back the same values it read to these two registers for clearing the
status bits. The CPU must write to USB Interrupt Status Register 1 first, and then to USB Interrupt
Status Register 2. The registers cannot be cleared by writing a “0” to the bits that are a “1".

The USB Interrupt Enable Registers,shown in Figure 2-69 and Figure 2-70, are used to enable the
corresponding interrupt status conditions which can generate a USB function interrupt. If the bit to a
corresponding interrupt condition is “0”, that condition will not generate a USB function interrupt. If
the bit is a “1”, that condition can generate a USB function interrupt. Upon reset, all USB interrupt
status conditions are enabled except the USB Suspend Signaling Interrupt (bit 7 of USB Interrupt
Enable Register 2), which is disabled. The USB Reset Interrupt and USB Resume Signaling Interrupt
are always enabled.

INTSTO is set to a “1” by the USB FCU if (in Endpoint O IN CSR):
» A packet of data is successfully received
e A packet of data is successfully sent
« INOCSR3 (DATA_END) bit is cleared (by the USB FCU)
* INOCSR4 (FORCE_STALL) bit is set (by the USB FCU)
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« INOCSR5 (SETUP_END) bit is set (by the USB FCU)

INTST2, INTST4, INTST6 or INTST8 is set to a “1” by the USB FCU if (in Endpoint x IN CSR):
» A packet of data is successfully sent
* INXCSR1 (UNDER_RUN) bit is set (by the USB FCU)

INTST3, INTST5, INTST7 or INTST9 is set to a “1” by the USB FCU if (in Endpoint xXOUT CSR):
» A packet of data is successfully received
¢ OUTXCSR1 (OVER_RUN) bit is set (by the USB FCU)
*+ OUTXCSR4 (FORCE_STALL) bit is set (by the USB FCU)

INTST12 is set to a “1” by the USB FCU if an overrun or underrun condition occurs in any of the
endpoints.

INTST13 is set to a “1” by the USB FCU if USB reset signaling from the host is received. All USB
internal registers other than this bit are reset to their default values when the USB reset is received.

INTST14 is set to a “1” by the USB FCU when the USB FCU is in the suspend state and non-idle
signaling on D+/D- is received.

INTST15 is set to a “1” by the USB FCU when D+/D- are in the idle state for more than 3ms.

MSB | INTST7 | INTST6 | INTSTS | INTST4| INTST3 | INTST2 | Reserved| INTSTO| LSB Address: 005

Access: R/W
INTSTO USB Endpoint O Interrupt Status Flag (bit 0)
Reset:  0f
Bit 1 Reserved (Read/Write “0”)
INTST2 USB Endpoint 1 IN Interrupt Status Flag (bit 2)
INTST3 USB Endpoint 1 OUT Interrupt Status Flag (bit 3)
INTST4 USB Endpoint 2 IN Interrupt Status Flag (bit 4)
INTST5 USB Endpoint 2 OUT Interrupt Status Flag (bit 5)
INTST6 USB Endpoint 3 IN Interrupt Status Flag (bit 6)
INTST7 USB Endpoint 3 OUT Interrupt Status Flag (bit 7)

0: No interrupt request issued
1: Interrupt request issued

Figure 2-67. USB Interrupt Status Register 1

MSB | INTST15 | INTST14| INTST13| INTST1Z ReservelReserved| INTSTP  INTSTESSE Address: 005

7 .
- - Access: R/W
INTST8 USB Endpoint 4 In Interrupt Status Flag (bit 0) )
INTST9 USB Endpoint 4 Out Interrupt Status Flag (bit 1) Reset:  0f
Bit 3:2 Reserved (Read/Write “0")
INTST12 USB Overrun/Underrun Interrupt Status Flag (bit 4)
INTST13 USB Reset Interrupt Status Flag (bit 5)
INTST14 USB Resume Signaling Interrupt Status Flag (bit 6)
INTST15 USB Suspend Signaling Interrupt Status Flag (bit 7)

0: No interrupt request issued
1: Interrupt request issued

Figure 2-68. USB Interrupt Status Register 2
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MSB | INTEN7 | INTEN6 | INTENS | INTEN4 | INTEN3 | INTEN2 | Reserveq INTENQ 5SB Address: 005f
- — Access: R/W
INTENO USB Endpoint 0 In Interrupt Enable Bit (bit 0)
Reset:  Fi
Bit 1 Reserved (Read/Write “0”)
INTEN2 USB Endpoint 1 IN Interrupt Enable Bit (bit 2)
INTEN3 USB Endpoint 1 OUT Interrupt Enable Bit (bit 3)
INTEN4 USB Endpoint 2 IN Interrupt Enable Bit (bit 4)
INTENS USB Endpoint 2 OUT Interrupt Enable Bit (bit 5)
INTEN6 USB Endpoint 3 IN Interrupt Enable Bit (bit 6)
INTEN7 USB Endpoint 3 OUT Interrupt Enable Bit (bit 7)
0: Interrupt disabled
1: Interrupt enabled
Figure 2-69. USB Interrupt Enable Register 1
MSB | INTEN15 | Reserved Reservefi INTEN]2 Resenje®eserved INTEN9  INTENS>E Address: 005§,
- —— Access: R/W
INTEN8 USB Endpoint 4 IN Interrupt Enable Bit (bit 0) )
INTENO USB Endpoint 4 OUT Interrupt Enable Bit (bit 1) Reset: 3%
Bit 3:2 Reserved (Read/Write “0”)
INTEN12 USB Overrun/Underrun Interrupt Enable Bit (bit 4)
Bit 5 Reserved
Bit 6 Reserved (Read/Write “0")
INTEN15 USB Suspend Signaling Interrupt Enable Bit (bit 7)

0: Interrupt disabled
1: Interrupt enabled

Figure 2-70. USB Interrupt Enable Register 2

The USB Frame Number Low Register shown in Figure 2-71, contains the lower 8 bits of the 11-bit
frame number received from the host. TW8B Frame Number High Register shown in Figure 2-72

contains the upper 3 bits of the 11-bit frame number received from the host.

MSB | Fn7 FN6 FNS5 FN4 FN3 | FN2 FNL FNo |LSB Address: 0056
- - - - Access: R
FN7:0 Lower 8 bits of the 11-bit frame number issued with a SOF token
Reset:  0g
Figure 2-71. USB Frame Number Low Register
’\7/|SB Reserved| Reserve: Reserved Reserjed Resdrv FN10 FN9 FV\BﬁB Address: 0054
Access: R
FN10:8 Upper 3 bits of the 11-bit frame number issued with a SOF token
Reset:  0ff
Bits 7:3 Reserved (Read “0”)

registers.

Figure 2-72. USB Frame Number High Register

The USB Endpoint Index Register,shown in Figure 2-73, identifies the endpoint pair. It serves as an
index to endpoint-specific IN CSR, OUT CSR, IN MAXP, OUT MAXP and OUT WRT CNT

This register also contains two global bits, ISO_UPD and AUTO_FL, which affect isochronous data
transfers for endpoints 1-4.

If ISO_UPD = “0", a data packet in an endpoint’'s IN FIFO is always ‘ready to transmit’ upon
receiving the next IN_TOKEN from the host (with matched address and endpoint number). If
ISO_UPD = “1" and the ISO bit of the corresponding endpoint’s IN CSR is set, then the internal

2-58

3/18/99

Universal Serial Bus



7600 Series
Mitsubishi Microcomputer M37640E8-XXXF Preliminary Specification

‘ready to transmit’ signal to the transmit control logic is delayed until the next SOF. In this way the
data loaded in frame n will be transmitted out in frame n+1. The ISO_UPD bit is a global bit for
endpoints 1 to 4, and works with isochronous pipes only.

If AUTO_FL = “1", ISO_UPD = “1”, and a particular IN endpoint’s ISO bit is set, then when the
USB FCU detects an SOF packet, if the corresponding IN endpoint’'s IN_PKT_RDY = “1”, the USB
FCU automatically flushes the oldest packet from the IN FIFO. In this case, IN_PKT_RDY = “1"
indicates that two data packet are in the IN FIFO. Since, for ISO transfer, double buffering is a
requirement, MAXP must set to be less than or equal to 1/2 of the FIFO size.

Address: 0058

MSB | |so_UPD| AUTO_FL| Reserved Reservéd ResenfdePINDX2 EPIN[i)Xl EPIND%@B
Access: R/W

EPINDX2:0  Endpoint Index: )
Bit2 Bitl Bit0 Reset:  0f
0 : Function Endpoint 0

0 0 1 Function Endpoint 1

0 1 0 Function Endpoint 2

0 1 1 Function Endpoint 3

1 0 0: Function Endpoint 4
Others: Undefined

Bits 3:5 Reserved (Read/Write “0”)

AUTO_FL AUTO_FLUSH Bit (bit 6)
0: Hardware auto FIFO flush disabled
1: Hardware auto FIFO flush enabled
ISO_UPD ISO_UPDATE Bit (bit 7)
0: ISO_UPDATE disabled
1: ISO_UPDATE enabled

Figure 2-73. USB Endpoint Index Register

The Endpoint 0 IN CSR (Control & Status Register), shown in Figure 2-74, contains the control and
status information of Endpoint 0.

INOCSRO (OUT_PKT_RDY): The USB FCU sets this bit to a “1” upon receiving a valid SETUP/OUT
token from the host. The CPU clears this bit after unloading the FIFO, by way of writing a “1” to
INOCSR6. The CPU should not clear the OUT_PKT_RDY bit before it finishes decoding the host request.
If INOCSR2 (SEND_STALL) needs to be set (because the CPU decodes an invalid or unsupported
request), the setting of INOCSR6 = “1” and INOCSR2 = “1” should be done in the same CPU write.

INOCSR1 (IN_PKT_RDY): The CPU writes a “1” to this bit after it finishes writing a packet of data
to the endpoint 0 FIFO. The USB FCU clears this bit after the packet has been successfully transmitted
to the host, or the INOCSR5 (SETUP_END) bit is set.

INOCSR2 (SEND_STALL): The CPU writes a “1” to this bit if it decodes an invalid or unsupported
request from the host. If the OUT_PKT_RDY bit is a “1” at the time the CPU wants to set the
SEND_STALL bit is to a “1", the CPU must also set SERVICED_OUT_PKT_RDY to a “1” to clear
the OUT_PKT_RDY. The USB FCU returns a STALL handshake for all subsequent IN/JOUT
transactions (during control transfer data or status stages) while this bit is set. The CPU writes a “0”
to this bit to clear it.

INOCSR3 (DATA_END): For control transfers, the CPU writes a “1” to this bit after it writes (IN data
phase) or reads (OUT data phase) the last packet of data from/to the FIFO. This bit indicates to the
USB FCU that the specific amount of data in the setup phase has been transferred. The USB FCU will
advance to the status phase once this bit is set. When the status phase completes, the USB FCU clears
this bit. When this bit is set to a “1” and the host again requests or sends more data to the device,

the USB FCU returns a STALL handshake and terminates the current control transfer.
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INOCSR4 (FORCE_STALL): The USB FCU sets this bit to a “1” to report an error status if the one
of the following occurs:

* Host sends an IN or OUT token in the absence of a SETUP stage
» Host sends a bad data toggle in the STATUS stage, i.e. DATAO is used
» Host sends a bad data toggle in the SETUP stage, i.e. DATAL is used

» Host requests more data than specified in the SETUP stage, i.e. IN token comes after
DATA_END bit is set

» Host sends more data than specified in the SETUP stage, i.e. OUT token comes after
DATA_END bit is set

* Host sends larger data packet than MAXP size of the corresponding endpoint

All of the conditions stated above (except the bad data toggle in the SETUP state case) cause the
device to send a STALL handshake for the IN/OUT token in question. In the bad data toggle in the
SETUP stage case, the device sends ACK for the SETUP stage and then sends STALL for the next
IN/OUT token. A STALL handshake caused by the above conditions lasts for only one transaction

and terminates the ongoing control transfer. Any packet after the STALL handshake will be seen as the
beginning of a new control transfer.

The CPU writes a “0” to clear this FORCE_STALL status bit.

INOCSR5 (SETUP_END): The USB FCU sets this bit to a “1” if a control transfer has ended before
the specific length of data is transferred during the data phase. The CPU clears this bit by way of
writing a “1” to INOCSR7. Once the CPU sees the SETUP_END bit set, it should stop accessing the
FIFO to service the previous setup transaction. If OUT_PKT_RDY is set at the same time that
SETUP_END is set, it indicates that the previous setup transaction ended and a new SETUP token is
in the FIFO.

INOCSR6 andINOCSRT: These bits are used to clear INOCSRO and INOCSRS5 respectively. Writing a
“1” to these bits will clear the corresponding register bit.

'\7"5'3 INOCSR7| INOCSR6| INOCSR$ INOCSR# INOCSRANOCSR2|  INOCSR1 |N0CSF%§B Address: 0058

- - Access: R/W
INOCSRO OUT_PKT_RDY Flag (bit 0) (Read Only - Write “0”)
0: Out packet is not ready Reset:  Of
1: Out packet is ready
INOCSR1 IN_PKT_RDY Bit (bit 1) (Write “1” only or Read)

0: In packet is not ready
1: In packet is ready
INOCSR2 SEND_STALL Bit (bit 2) (Write “1” only or Read)
0: No action
1: Stall Endpoint O by the CPU
INOCSR3 DATA_END Bit (bit 3) (Write “1” only or Read)
0: No action
1: Last packet of data transferred from/to the FIFO
INOCSR4 FORCE_STALL Flag (bit 4) (Write “0” only or Read)
0: No action
1: Stall Endpoint O by the USB FCU
INOCSR5 SETUP_END Flag (bit 5) (Read Only - Write “0”)
0: No action
1: Control transfer ended before the specific length of data is transferred during
the data phase
INOCSR6 SERVICED_OUT_PKT_RDY Bit (bit 6) (Write Only - Read “0”)
0: No change
1: Clear the OUT_PKT_RDY bit (INOCSRO0)
INOCSR7 SERVICED_SETUP_END Bit (bit 7) (Write Only - Read “0”)
0: No change
1: Clear the SETUP_END bit (INOCSR5)

Figure 2-74. USB Endpoint O IN CSR
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The USB Endpoint x IN CSR (Control & Status Register), shown in Figure 2-75, contains control and
status information of the respective IN endpoint 1-4. The specific endpoint is selected by the USB
Endpoint Index Register.

INXCSRO (IN_PKT_RDY) andINXCSR5 (TX_FIFO_NOT_EMPTY): These two bits are read together
to determine IN FIFO status. A “1” can be written to the INXCSRO bit by the CPU to indicate a
packet of data is written to the FIFO (See Chapter 2.9.3.1. IN (Transmit) FIFOs for detail).

INXCSR1 (UNDER_RUN) This bit is used in ISO mode only to indicate to the CPU that a FIFO
underrun has occurred. The USB FCU sets this bit to a “1” at the beginning of an IN token if no data
packet is in the FIFO. Setting this bit will cause the INST12 bit of the Interrupt Status Register 2 to
set. The CPU writes a “0” to clear this bit.

INXCSR2 (SEND_STALL): The CPU writes a “1” to this bit when the endpoint is stalled (transmitter
halt). The USB FCU returns a STALL handshake while this bit is set. The CPU writes a “0” to clear
this bit.

INXCSR3 (ISO/TOGGLE_INIT): When the endpoint is used for isochronous data transfer, the CPU
sets this bit to a “1” for the entire duration of the isochronous transfer. With the ISO bit set to a “1”,
the device uses DATAOQ as the pid for all packets sent back to the host.

When the endpoint is required to initialize the data toggle sequence bit (reset to DATAO for the next
data packet), the CPU sets this bit to a “1” and then resets it to a “0” to initialize the respective
endpoint’s data toggle.

As with any other method to initialize the data toggle, this set/reset of the TOGGLE_INIT bit method
assumes that there is no active IN transaction to the respective endpoint on the bus at the time the
initialization process is ongoing. Set/reset of the TOGGLE_INIT bit is performed only when an
endpoint experiences a configuration event.

INXCSR4 (INTPT): The CPU writes a “1” to this bit to initialize this endpoint as a status change
endpoint for IN transactions. This bit is set only if the corresponding endpoint is to be used to
communicate rate feedback information (see Chapter 2.9.3.1. IN (Transmit) FIFOs for details).

INXCSR5 (TX_FIFO_NOT_EMPTY): The USB FCU sets this bit to a “1” when there is data in the
IN FIFO. This bit in conjunction with IN_PKT_RDY bit will provide the transmit FIFO status
information (see Chapter 2.9.3.1. IN (Transmit) FIFOs for details).

INXCSR6 (FLUSH): The CPU writes a “1” to this bit to flush the IN FIFO. If there is one packet in
the IN FIFO, a flush will cause the IN FIFO to be empty. If there are two packets in the IN FIFO, a
flush will cause the older packet to be flushed out from the IN FIFO. Setting the INXCSR6 (FLUSH)
bit during transmission could produce unpredictable results.

INXCSR7 (AUTO_SET): If the CPU sets this bit to a “1”, the IN_PKT_RDY bit is set automatically
by the USB FCU after the number of bytes of data equal to the maximum packet size (MAXP) are
written into the IN FIFO (see Chapter 2.9.3.1. IN (Transmit) FIFOs for details).
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Address: 00585

'\7/'33 INXCSR7 | INXCSR6| INXCSRY INXCSR4 INXCSRBINXCSR2| INXCSRL INXCSFd(-)SB
Access: R/W

INXCSRO IN_PKT_RDY Bit (bit 0) (Write “1” only or Read)
0: In packet is not ready Reset:  0Of
1: In packet is ready
INXCSR1 UNDER_RUN Flag (bit 1) (Write “0” only or Read)
0: No FIFO underrun
1: FIFO underrun has occurred
INXCSR2 SEND_STALL Bit (bit 2)
0: No action
1: Stall IN Endpoint X by the CPU
INXCSR3 ISO/TOGGLE_INIT Bit (bit 3)
0: Select non-isochronous transfer (0->1->0 resets data toggle to DATAQ)
1: Select isochronous transfer
INXCSR4 INTPT Bit (bit 4)
0: Select non-rate feedback interrupt transfer
1: Select rate feedback interrupt transfer
INXCSR5 TX_NOT_EPT Flag (bit 5) (Read Only - Write “0")
0: Transmit FIFO is empty
1: Transmit FIFO is not empty
INXCSR6 FLUSH Bit (bit 6) (Write Only - Read “0”)
0: No action
1: Flush the FIFO
INXCSR7 AUTO_SET Bit (bit 7)
0: AUTO_SET disabled
1: AUTO_SET enabled

Figure 2-75. USB Endpoints x IN CSR

All bits in USB Endpoint 0 OUT CSR(Control & Status Register), shown in Figure 2-76, are
reserved (all control and status information is in Endpoint O IN CSR)

'\7/|SB Reserved| Reserve: Reserved Reseryed ResdnReserved Regerved Re%ﬁ’&d Address: 0054
- Access: R
Bits 7:0 Reserved (Read “0”)
Reset:  0fy

Figure 2-76. USB Endpoint 0 OUT CSR

The USB Endpoint x OUT CSR (Control & Status Register), shown in Figure 2-77, contains control
and status information of the respective OUT endpoint 1-4. The specific endpoint is selected by the
USB Endpoint Index Register.

OUTXCSRO (OUT_PKT_RDY):The USB FCU sets the this bit to a “1” after it successfully receives a
packet of data from the ho&this bit is cleared by the CPU or by the USB F&fter a packet of data
has been unloaded from the FIFO (See Chapter 2.9.3.2. Out (Receive) FIFOs for details).

OUTXCSR1 (OVER_RUN): This bit is used in ISO mode only to indicate to the CPU that a FIFO overrun
has occurred. The USB FCé&ets this bit to a “1” at the beginning of an OUT token if the

OUTXCSRO (OUT_PKT_RDY) hit is not cleared. Setting this bit will cause the INST12 bit of the
Interrupt Status Register 2 to set. The CPU writes a “0” to clear this bit.

OUTXCSR2 (SEND_STALL): The CPU writes a “1” to this bit when the endpoint is stalled (receiver
halt). The USB FCU returns a STALL handshake while this bit is set. The CPU writes a “0” to clear
this bit.

OUTXCSR3 (ISO/TOGGLE_INIT): When the endpoint is used for isochronous data transfer, the CPU sets
this bit to a “1” for the entire duration of the isochronous transfer. With the 1SO bit set to a “1”, the device
accepts either DATAO or DATA1 for the pid sent by the host.

When the endpoint is required to initialize the data toggle sequence bit (reset to DATAO for the next
data packet), the CPU sets this bit to a “1” and then resets it to a “0” to initialize the respective
endpoint’s data toggle.
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As with any other method to initialize the data toggle, this set/reset of the TOGGLE_INIT bit method
assumes that there is no active OUT transaction to the respective endpoint on the bus at the time the
initialization process is ongoing. Set/reset of the TOGGLE_INIT bit is performed only when an
endpoint experiences a configuration event.

OUTXCSR4 (FORCE_STALL): The USB FCU sets this bit to a “1” if the host sends out a larger
data packet than the MAXP size. The USB FCU returns a STALL handshake while this bit is set. The
CPU writes a “0” to clear this bit.

OUTXCSRS5 (DATA_ERR): The USB FCU sets this bit to a “1” to indicate the reception of a CRC
error or a bit stuffing error in an ISO packet. The CPU writes a “0” to clear this bit.

OUTXCSR6 (FLUSH): The CPU writes a “1” to flush the OUT FIFO. If there is one packet in the
OUT FIFO, a flush will cause the OUT FIFO to be empty. If there are two packets in the OUT FIFO,
a flush will cause the older packet to be flushed out from the OUT FIFO. Setting the OUTXCSR6
(FLUSH) bit during reception could produce unpredictable results.

OUTXCSRY7 (AUTO_CLR): If the CPU sets this bit to a “1”, the OUT_PKT_RDY bit is cleared
automatically by the USB FCU after the number of bytes of data equal to the maximum packet size
(MAXP) is unloaded from the OUT FIFO (see Chapter 2.9.3.2. Out (Receive) FIFOs for details).

Address: 005Ag

MSB | ouTXCSR7| OUTXCSR§ OUTXCSRE OUTXCSH4 OUTXCSR®UTXCSR2| OUTXCSRL OUTXCH %?B
Access: R/W

OUTXCSRO OUT_PKT_RDY Flag (bit 0) (Write “0” only or Read)
0: Out packet is not ready Reset:  0f
1: Out packet is ready
OUTXCSR1 OVER_RUN Flag (bit 1) (Write “0” only or Read)
0: No FIFO overrun
1: FIFO overrun occurred
OUTXCSR2  SEND_STALL Bit (bit 2)
0: No action
1: Stall OUT Endpoint X by the CPU
OUTXCSR3  I1SO/ TOGGLE_INIT Bit (bit 3)
0: Select non-isochronous transfer (0->1->0 resets data toggle to DATAQ)
1: Select isochronous transfer
OUTXCSR4 FORCE_STALL Flag (bit 4) (Write “0” only or Read)
0: No action
1: Stall Endpoint X by the USB FCU
OUTXCSR5  DATA_ERR Flag (bit 5) (Write “0” only or Read)
0: No error
1: CRC or bit stuffing error received in an ISO packet
OUTXCSR6  FLUSH Bit (bit 6) (Write Only - Read “0”)
0: No action
1: Flush the FIFO
OUTXCSR7 AUTO_CLR Bit (bit 7)
0: AUTO_CLR disabled
1: AUTO_CLR enabled

Figure 2-77. USB Endpoint x OUT CSR

The USB Endpoint x IN MAXP, shown in Figure 2-78, indicates the maximum packet size (MAXP)

of an Endpoint x IN packet. The default value for Endpoint 0 and 2-4 is 8. The default value for
Endpoint 1 is 1. The CPU can change this value as negotiated with the host controller through the
SET_DESCRIPTOR command. The setting of this register also affects the configuration of single/dual
packet operation. When MAXP > 1/2 of the FIFO size, single packet mode is set. When MAXP <= 1/
2 of the FIFO size, dual packet mode is set.
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'\7"33 IMAXP7 | IMAXP6 | IMAXP5 | IMAXP4 | IMAXP3 | IMAXP2 | IMAXP1 |IMAXPO I()SB Address: 005B
Access: R/W

IMAXP7:0 Maximum packet size (MAXP) of Endpoint x IN packet.
MAXP = n for endpoints 0, 2, 3, 4
MAXP = n * 8 for endpoint 1
n is the value written to this register. For endpoints that support a smaller
FIFO size, unused bits are not implemented (always write “0” to those bits)

Figure 2-78. USB Endpoint x IN MAXP

The USB Endpoint x OUT MAXP, shown in Figure 2-79, indicates the maximum packet size

(MAXP) of an Endpoint x OUT packet. The default value for Endpoint 0 and 2-4 is 8. The default

value for endpoint 1 is 1. For endpoint 0, the IN_MAXP and OUT_MAXP registers shadow each

other. Changing one register’'s value effectively changes the other register's value. The CPU can change
this value as negotiated with the host controller through the SET_DESCRIPTOR command. The

setting of this register also affects the configuration of single/dual packet operation. When MAXP > 1/

2 of the FIFO size, single packet mode is set. When MAXP <= 1/2 of the FIFO size, dual packet

mode is set.

MSB | OMAXP7 | OMAXPG | OMAXPS| OMAXP4| OMAXP3| OMAXP2 | OMAXP1| OMAXPO| LSB Address: 00565
Access: R/W

OMAXP7:0  Maximum packet size (MAXP) of Endpoint x OUT packet.
MAXP = n for endpoints 0, 2, 3, 4
MAXP = n * 8 for endpoint 1
n is the value written to this register. For endpoints that support a smaller
FIFO size, unused bits are not implemented (always write “0” to those bits)

Figure 2-79. USB Endpoint x OUT MAXP

The USB Endpoint x OUT WRT CNT Low and theUSB Endpoint x OUT WRT CNT High

registers, shown in Figure 2-80 and Figure 2-81, contain the number of bytes in the Endpoint x OUT
FIFO. The USB FCU sets the values in these two Write Count Registers after having successfully
received a packet of data from the host. The CPU reads these two registers to determine the number of
bytes to be read from the FIFO. The CPU should read WRT CNT Low first and then WRT CNT High.

MSB | W_CNT7 | W_CNT6| W_CNTS W_CNTA W_CNT$W_CNT2| W_CNTL W_CNTG;SB Address: 005ks
Access: R

Reset:  0fy

W_CNT7:0 Byte Count. This register contains the lower 8 bits of the byte count register

Figure 2-80. USB Endpoint x OUT WRT CNT Low

'\7’|SB Reserved| Reserve Reserved Reserped ResgnReéserved W_CNT9 me Address: 005
Access: R
W_CNT9:8 Byte Count. This register contains the upper 2 bits of the byte count register Reset 0
eset:

Bits 7:2 Reserved (Read “0”)

Figure 2-81. USB Endpoint x OUT WRT CNT High

The USB Endpoint x FIFO Registers shown in Figure 2-82 through Figure 2-86, are the USB IN
(transmit) and OUT (receive) FIFO data registers. The CPU writes data to these registers for the
corresponding Endpoint IN FIFO and reads data from these registers for the corresponding Endpoint
OUT FIFO.

MSB | DATA_7 | DATA 6 | DATA 5 | DATA 4 | DATA 3 | DATA2 | DATA 1 | DATA 0 |LSB Address: 0060
Access: R/W

Reset: N/A

DATA_7:0 Endpoint O IN/OUT FIFO register

Figure 2-82. USB Endpoint 0 FIFO Register
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’;/'SB DATA_7 | DATA 6 | DATA 5 | DATA 4 | DATA 3 | DATA 2 | DATA 1 | DATA 0 |LSB Address: 0063
Access: R/W
DATA_7:0 Endpoint 1 IN/OUT FIFO register
Reset:  N/A
Figure 2-83. USB Endpoint 1 FIFO Register
"7/'53 DATA_7 | DATA 6 | DATA 5 | DATA 4 | DATA 3 | DATA_2 | DATA 1 | DATA 0 |LSB Address: 0062
Access: R/W
DATA_7:0 Endpoint 2 IN/OUT FIFO register
Reset:  N/A
Figure 2-84. USB Endpoint 2 FIFO Register
MSB | DATA 7 | DATA 6 | DATAS | DATA 4 | DATA 3 | DATA 2 | DATA 1 | DATA O |LSB Address: 0063
Access: R/W
DATA_7:0 Endpoint 3 IN/OUT FIFO register
Reset:  N/A
Figure 2-85. USB Endpoint 3 FIFO Register
MSB | DATA 7 | DATA 6 | DATAS | DATA 4 | DATA 3 | DATA 2 | DATA 1 | DATA O |LSB Address: 006
Access: R/W
DATA_7:0 Endpoint 4 IN/OUT FIFO register
Reset:  N/A

Figure 2-86. USB Endpoint 4 FIFO Register
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2.10 Master CPU Bus Interface

Address Description C;Loeng?gznsdet
0048 Data bus buffer register O DBB0=00
0049 ¢ Data bus buffer status register p DBBS0=00
004A¢ Data bus buffer control registerf0 DBBCO0=00
004Gg Data bus buffer register 1 DBB1=00
004D;¢ Data bus buffer status register | DBBS1=00
004E¢ Data bus buffer control registerl1 DBBC1=00
Pin Description Pin Description
P&-P6; |are multiplexed with DQ0-DQ7 P% |is multiplexed WIthR or E
P% |is multiplexed with OBf P5; |is multiplexed with or RW
P5 |is multiplexed withBF, P7,  |is multiplexed withS;
P5 |is multiplexed withSy P73 |is multiplexed withBF
P%  [is multiplexed with 4 P7, |is multiplexed with OBI

This device has a bus interface function with 2 1/O buffers that can be operated in slave mode by
control signals from the master CPU (see Figure 2-87. Bus Interface Circuit). The bus interface can be
connected directly to either a\R/type of CPU or a CPU witRD andWR separate signals. Slave

mode is selected with the bit 7 of the data buffer control register 0. The single data bus buffer mode
and the double data bus buffer mode are selected with bit 7 of the data bus buffer control register 1.
When selecting the double data bus buffer mode, portbBZomesS,; input. Prior to enabling the

MBI, port 6 must be placed in input mode by writing; §@ P6D (0015%).

OBFy IBFgAy SR W D$7 D?QG D$5 D?Q4 D?Qs D$2 D$1 D?Qo W RS.A, IBE,0OBF,
| System Bus |

o

9] g z 5 g

3 I E g | 3
(=] » ) = =4 E;
—_ —_— yA b; T g Z @ b, X —
g ) m=iE : : = [ o

— — =3 2 5 S 1 1S
S M us (| S = § g | us |4 L F
;E 1 _»i: 4 RD RD :i<‘ l lo
2 »H ¥ H5 =l g
o P Y D85, DEE 1] — s [ L 12
g | _tﬂ_ 6 DBBS, DBB 6 _A£<_ | e
ol 5 Ho ¢ |2
‘g i =< i i or, [ 01 | &
[ by e S oo | =
hC! 0
| v v : v v |
Data Bus
Figure 2-87. Bus Interface Circuit
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When data is written to the MCU from the master CPU, an input buffer full interrupt request occurs.
Similarly, when data is read from the master CPU, an output buffer empty interrupt request occurs.

When the bus interface is operating, PQQ; become a 3-state data bus that sends and receives data,
command, and status to and from the master CPU. At the sameéNink, S, S;, and Ay become
host CPU control signal input pins.

The two input buffer full interrupt requests and two output buffer full requests are multiplexed as
shown in Figure 2-88.

The bus interface can be operated under normal MCU control or under on-chip DMA control for fast
data transfer. If a master CPU has a large amount of data to be transferred, use of the on-chip DMA
controller is highly recommended.

The bus interface signal input level can be programmed as CMOS level (default) or as TTL level.
Bit 7 of the Port Control Register (PTC7) is used for the input level selection.

Input buffer full flag 1 Input Buffer full interrupt

IBF1

Rising Edge

InpUt buffer full ﬂag 0 Rising Edge One-shot pulse
IBFO detecnon cm:un generating circuit

One-shot pulse request signal IBF

delecuon CII’CUIt generating circuit

Output buffer full flag 0

D Elslng Edge One-sh‘gt pulse "
letection circuit generating circui )
Output Buffer Empty interrupt

Output buffer fuII flag 1 J
One-shot pulse request Slgnal OBE

Rising Edge
OBF1 _DO_| detection circuit generating circuit

IBFO ]
IBF1 | L

IBF | L1
Msa interrupt request at this rising edge

OBFO | |
(OBEO)

OBF1
(OBE1)

OBE <€ - —
T ——— ¥~ Setinterrupt request at this rising edge

Figure 2-88. Data Bus Buffer Interrupt Request Circuit

Address: 00495
MSB | pBBSO7 | DBBSO6 | DBBOS | DBBS04| DBBSO3 DBES02| DBBSO] DBBSOPLSB
7 0 Access: R/W

DBBS00 Output Buffer Full (OBg) Flag (bit 0) Reset:  Of}
0: Output buffer empty.
1: Output buffer full.
DBBS01 Input Buffer Full (IBf) Flag (bit 1)
0: Input buffer empty.
1: Input buffer full.

DBBS02 User Definable (U2) Flag (bit 2)
DBBS03 A (Ago) Flag (bit 3)
Indicates the Astatus when IBF flag is set
DBBS04 User Definable (U4) Flag (bit 4)
DBBSO05 User Definable (U5) Flag (bit 5)
DBBS06 User Definable (U6) Flag (bit 6)
DBBSO07 User Definable (U7) Flag (bit 7)

Figure 2-89. Data Bus Buffer Status Register O
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Y58 | pBBCO7 | DBBCOS | Reserveq DBBCO4 | DBBCO3| DBBCOZ | DBBCOL| DBBCOO|LSB Address: 0044

- — Access: R/W
DBBCO00 OBF Output Selection Bit (bit 0)
0: P5, pin is operated as GPIO Reset:  0f}
1: P5 pin is operated as OBM®utput pin
DBBCO1 1BF Output Selection Bit (bit 1)

0: P5 pin is operated as GPIO
1: P5 pin is operated d8F; output pin
DBBCO02 IBR Interrupt Selection Bit (bit 2)
0: IBFg interrupt is generated by both write-datag €A“0”) and write-command (A= “1")
1: IBFy interrupt is generated by write-commang) €A“1”) only

DBBCO03 Output buffer 0 empty interrupt disable Bit (bit 3)
0: Enabled
1: Disabled
DBBCO04 Input buffer O full interrupt disable Bit (bit 4)
0: Enabled
1: Disabled
DBBCO05 Reserved (Read/Write “0”)
DBBCO06 Master CPU Bus Interface Enable Bit (bit 6)

0: P§:-P6;, P5-P5; are GPIO pins

1: P&yP6;, P5-P5; are bus interface signals DQO-Dg, Ag, R, W respectively.
DBBCO7 Bus Interface Type Selection Bit (bit 7)

0: RD, WR separate type bus

1: R/W type bus.

Figure 2-90. Data Bus Buffer Control Register O

MSB Address: 004B;
DBBS17 | DBBS16 | DBB15 | DBBS14| DBBS13 DBBS12 | DBBS1] DBBSI1pLSB
7 0 Access: R/W

DBBS10 Output Buffer Full (OBf Flag (bit 0) Reset:  Of
0: Output buffer empty.
1: Output buffer full.
DBBS11 Input Buffer Full (IBF) Flag (bit 1)
0: Input buffer empty.
1: Input buffer full.

DBBS12 User Definable (U2) Flag (bit 3)
DBBS13 Ay (Agy) Flag (bit 2)
Indicates the Astatus when IBF flag is set
DBBS14 User Definable (U4) Flag (bit 4)
DBBS15 User Definable (U5) Flag (bit 5)
DBBS16 User Definable (U6) Flag (bit 6)
DBBS17 User Definable (U7) Flag (bit 7)

Figure 2-91. Data Bus Buffer Status Register 1

Address: 004k
MSH DBBC17 | Reserved| Reserved DBBC14 DBBC13| DBBC12 | DBBC11 | DBBC10 LSB
7 0 Access: R/W

DBBC10 OBR Output Selection Bit (bit 0) Reset:  0f
0: P7, pin is operated as GPIO
1: P7, pin is operated as OB®utput pin if DBBC17 = “1”
DBBC11 IBF; Output Selection Bit (bit 1)
0: P7% pin is operated as GPIO
1: P7 pin is operated d8F; output pin if DBBC17 = “1”
DBBC12 IBF; Interrupt Selection Bit (bit 2)
0: IBFy interrupt is generated by both write-datg €A“0”) and write-command (A= “1")
1: IBF, interrupt is generated by write-commang éA“1") only

DBBC13 Output Buffer 1 Empty interrupt disable Bit (bit 3)
0: Enabled
1: Disabled
DBBC14 Input Buffer 1 Full interrupt disable Bit (bit 4)
0: Enabled
1: Disabled
DBBC15 Reserved (Read/Write “0")
DBBC16 Reserved (Read/Write “0”)
DBBC17 Data Bus Buffer Function Selection Bit (bit 7)

0: Single data bus buffer - Pi& used as GPIO
1: Double data bus buffer - Pi& used a$§, input

Figure 2-92. Data Bus Buffer Control Register 1
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2.10.1 Data Bus Buffer Status Registers (DBBS0, DBBS1)

The data bus buffer status register is an 8-bit register that indicates the data bus status, with bits 0, 1, and
3 being dedicated read-only bits. Bits 2, 4, 5, 6, and 7 are user definable flags set by software, and can
be read and write. When the, Ain is high, the master CPU can read the contents of this register.

Output Buffer Full Flag (OBF, OBF,)

The OBFRy and the OBF-flags are set high when data is written to the output data bus buffer by the
slave CPU and is cleared to “0” when data is read by the master CPU.

Input Buffer Full Flag (IBF o, IBF,)

The IBRy and the IBE flags are set high when data is written to the input data bus buffer by the
master CPU and is cleared to “0” when data is read by the slave CPU.

Ao Flag (Age A1)

The level of the g pin is latched when data has been written from the host CPU to the input data
bus buffer.

2.10.2 Input Data Bus Buffer Registers (DBBIlY, DBBIN,)

The data on the data bus is latched into DBRtX DBBIN; by a write request from the master CPU.
The data in DBBIN or DBBIN; can be read from the data bus buffer register in the SFR area.

2.10.3 Output Data Bus Buffer Registers (DBBOU{, DBBOUT,)

Data is set in DBBOU{J or DBBOUT; by writing to the data bus buffer register in the SFR area.
When the 4 pin is low, the data of this register is output by a read request from the host CPU.
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2.11 Direct Memory Access Controller

Acronym and

Address Description Value at Reset
003Fg [DMAC index and status register DMAIS=00

0040 [DMAC channel x mode register 1 DMAxM1=0(¢
0041 [DMAC channel x mode register 2 DMAxM2=0Q
00425 |DMAC channel x source register Low DMAXSL=00
0043 [DMAC channel x source register High DMAXSH=0(

0044 ¢ |DMAC channel x destination register Low DMAXDL=0Q
0045 [DMAC channel x destination register High| DMAxDH=00
0046 [DMAC channel x transfer count register Low DMAXCL=0(
00476 |DMAC channel x transfer count register High  DMAxXCH=0D

This device contains a two-channel Direct Memory Access Controller (DMAC). Each channel performs
fast data transfers between any two locations in the memory map initiated by specific peripheral events
or software triggers.

The main features of the DMAC are as follows:
* Two independent channels
* Single-byte and burst transfer modes
» 16-bit source and destination address registers (for a 64K byte address space)
« 16-bit transfer count registers (for up to 64K bytes transferred before underflow)
» Source/Destination register automatic increment/decrement and no-change options

» Source/Destination/Transfer count register reload on write or after transfer count register underflow
options

* Transfer requests from USB (9), MBI (4), external interrupts (4), UART1 (2), UART2 (2), SIO
(1), TimerX (1), TimerY (1), Timerl (1), and software triggers

e Closely coupled with USB and MBI for efficient data transfers

* Interrupt generated for each channel when their respective transfer count register underflows
e Fixed channel priority (channel 0 > channel 1)

e Two cycles of® required per byte transferred

Each channel of the DMAC is made up of the following:
e 16-bit source and destination registers
« A 16-bit transfer count register
« Two mode registers
» Status flags contained in a status register shared by the two channels
e Control and timing logic
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The 16-bit source and destination registers allow accesses to any two locations in the 64K byte
memory area. The 16-bit transfer count register decrements by one for each transfer performed and
causes an interrupt and flag to be set when it underflows. The mode registers control the configuration
and operation of the DMAC channel associated with the registers. A block diagram of the DMAC is
shown in Figure 2-93.

The SFR addresses for the two mode, source, destination, and transfer count registers of a channel are
the same for each channel. Which channel’s registers are accessible is determined by the value of the
DMAC Channel Index Bit (DCI) (bit 7 of the DMAC Index and Status Register (DMAIS)). When

this bit is a “0”, channel O registers are accessible, and when this bit is a “1”, channel 1 registers are
accessible. The configuration of DMAIS and the mode registers are shown in Figure 2-94, Figure 2-95,
Figure 2-96, and Figure 2-97.

Interrupts: UART1 Rx & Tx, SIO, ExtInt
TimerY, CNTR1 Address Bus
Signals: OBEO, IBFOlEdata?_j EP1, EP2,
EP3 OUT_PKT_RDY or
IN_PKT_RDY,
EP1 OUT_FIFO_NOT_EMPTY

Ch 0 Timing Generato|

A\ AR 4

INT Detect, I-flag Ch 0 Sgurce Reg Ch 0 Desfination Reg| Ch 0 Cpunt Reg

(DOTMS)A (DOCEN; DOCRRA [ (DOSRCE. A A (DODRCE A A A
DOUMIE; DOSWT DOSRID; DODRID;
DOHRS3,2,1,0) DORLD) (DRLDD) DORLD) (DRLDD) Int
(DTSC) | PN [ | P Gen
4 | |
| |
DMAC Ch 0
(DODAUE) Interrupt
(DOUF) m (DODWC; (DODWC] (DODWC)y

Mode Reg L (Mode Reg P Ch 0 Saurce Latch | [ Ch 0 Destination Latc| Ch 0 Cqunt Latch

15 0 15 0 15 0
Interrupts: UART2 RY & Tx, Extintl,
Timerl, TimerX, CNTRO
Signals: OBE1, IBF1| data}jE P1, EP2,
EP4 OUT_PKT_RDY or

IN_PKT_RDY, Data Bus
EP1 OUT_FIFO_NOJ_EMPTY DMAC Channel 0

\ A 4

INT Detect, I-flag
(D1UF| D1SFI)

DOUF,
¢ V(DOSFI)
Index &

Temp Reg | status Re

! ! Data Bus

2.11.1 Operation

Each channel of the DMAC transfers byte data from a source address to a destination address when a
selected event occurs. If single-byte transfer mode is enabled, one byte of data is transferred per
request. If burst transfer mode is enabled, several bytes can be transferred per request, one byte at a
time. A temporary register internal to the DMAC stores the data read from the source address until it

is written to the destination address on the next cycle. The transfer of one byte takes two o¥cles of
and causes the CPU and possibly the other DMAC channel to stall during this time. At least one cycle
of ® with the CPU operating must take place between transfers by the same DMAC channel caused by
different events or between transfers by the two DMAC channels. The DMAC does not operate during
WIT, STP, or Hold states.

DMAC Channel 1

Figure 2-93. DMAC Block Diagram
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2.11.1.1  Source, Destination, and Transfer Count Register Operation

The user can choose whether the source and destination register for each channel will increment by
one, decrement by one, or remain unchanged after each transfer by setting bits O through 3 (DxSRID,
DxSRCE, DxDRID, and DxDRCE) of DMAC Channel x Mode Register 1 (DMAxM1) to the

appropriate values. The values in the source and destination registers are updated with their reload latch
values when the transfer count register underflows. The transfer count register is also reloaded when it
underflows, and both a flag (DxUF) and the DMAC interrupt associated with the channel are set.

Reload of the source and destination registers due to underflow of the transfer count register can be
disabled by setting to “1” the DMAC Register Reload Disable Bit (DRLDD). This bit affects reload

for both channel 0 and channel 1.

Because the transfer count register is 16-bits wide, up to 65,536 transfers can take place before an
underflow and the resulting actions described above occur. If the Channel x Disable After Count
Register Underflow Enable Bit (DxDAUE) is set to a “1”, then the Channel x Enable Bit (DXCEN) is
cleared to a “0” when the transfer count register underflows, disabling channel x of the DMAC.

The source, destination, and transfer count registers of a DMAC channel can be updated with their
reload latch value at any time by setting to a “1” the DMAC Channel x Register Reload Bit
(DxRLD).

DMAC Source, Destination, and Transfer Count Register Read and Write Method

Read and write operations on the high and low-order bytes of the source, destination, and transfer
count registers must be performed in a specific order.

Write Method

When writing to the source, destination, or transfer count register, the low-order byte is written first.
Next, the high-order byte is written. When this is done, the data is placed in the reload latch of the
high-order byte of the register and the previously written low-order byte data is placed in the reload
latch of the low-order byte. At this point, if the DMAC Channel x Write Control Bit (DxDWC) is
“0", the values in the reload latches are also loaded in the low and high-order bytes of the register.
If DXDWC is “1", the data in the reload latches are loaded in the register after the transfer count
register of the DMAC channel underflows or the DXRLD bit of the DMAC channel is set to a “1".

Read Method

When reading from the source, destination, or transfer count register, the high-order byte is read
first. The low-order byte of the register is then read. The value read from the low-order byte of the
register is its value when the high-order byte was read.

2.11.1.2 DMAC Transfer Request Sources

The hardware source for initiating a DMAC transfer for each channel is selectable by setting the
DMAC Channel x Hardware Transfer Request Source Bits (DxHRSO, 1, 2, 3) to appropriate values.

The choices for channel 0 are the UART1 receive or transmit interrupts, the TimerY interrupt, exter-
nal interrupt 0, one of three USB endpoint OUT_PKT_RDY signals, one of three USB endpoint
IN_PKT_RDY signals, the USB endpoint 1 OUT_FIFO_NOT_EMPTY signal, the OBEO and IBFO
(data) signals from the MBI, the SIO combined receive/transmit interrupt, and the CNTR1 interrupt.

The choices for channel 1 are the UART2 receive and transmit interrupts, the TimerX interrupt,
external interrupt 1, one of three USB endpoint OUT_PKT_RDY signals, one of three USB endpoint
IN_PKT_RDY signals, the USB endpoint 1 OUT_FIFO_NOT_EMPTY signal, the OBE1 and IBF1
(data) signals from the MBI, the Timerl interrupt, and the CNTRO interrupt.
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In addition, each channel has a software trigger that can initiate a DMAC transfer. The software trigger
is set by writing a “1” to the DMAC Software Transfer Trigger (DxXSWT). The hardware transfer
request source for each channel can be disabled by writing a “0” to DxHRSO, 1, 2, and 3. When these
bits are all “0”, which is the reset state, only the software trigger can be used to initiate a transfer.

The initiating source for each channel is latched by the DMAC asynchronously and sampled on the
rising edge of®. Writing a “1” to the DMAC Channel x Transfer Initiation Source Capture Register
Reset bit (DXCRR) causes the initiating source sample latch of the associated DMAC channel to be
reset. The sample latch is reset automatically one cycte after a transfer request is detected. New
transfer requests for a channel that occur during a DMAC transfer by that same channel are latched
as long as they occur after the sample latch is reset. However, if multiple transfer requests occur
during a transfer, only one transfer request will be registered.

If an interrupt is chosen as the initiating source for DMAC transfers, its interrupt control bit located in
one of the three interrupt control registers of the ICU should be cleared to “0” if the user does not
wish to have the interrupt serviced by the CPU.

2.11.1.3  Transfer Features for USB and MBI

In order to make the transfer of data between the USB endpoint FIFOs and the input and output
buffers of the MBI more efficient, special features have been included in the transfer request logic of
each DMAC channel. These features are enabled for a channel when one of the USB endpoint signals
is selected as the hardware transfer request source and the DMAC Channel x USB and MBI Enable
Bit (DXUMIE) is set to a “1”. These features are only intended to be used with single-byte transfer
mode.

USB OUT FIFO to MBI Output Buffer Transfers

The special features provided by both DMAC channels for transfer of data from a USB OUT FIFO
to one of the MBI output buffers help facilitate either packet-by-packet transfers or byte-by-byte
transfers.

Packet-by-Packet Transfers

When a USB endpoint OUT_PKT_RDY signal is selected as the hardware transfer request source for
a DMAC channel and the DXUMIE bit of the same channel is set to a “1”, a transfer request is
generated for that DMAC channel when the OUT_PKT_RDY signal for the chosen USB endpoint is
high and output buffer x (where x is “0” for DMAC channel 0 and “1” for DMAC channel 1) of

the MBI is empty. The OUT_PKT_RDY signal remains high until all bytes of the packet have been
read from the OUT FIFO corresponding to that endpoint. Thus, the first transfer request is generated
when the OUT_PKT_RDY signal goes high and subsequent transfer requests are generated each time
output buffer x becomes empty. Once the final byte of the received packet has been read, the
OUT_PKT_RDY signal automatically goes low (if this option is enabled in the USB block). This in
turn causes the source, destination, and transfer count registers of the involved DMAC channel to be
reloaded (unless the DRLDD bit is set to a “1”") and the DMAC interrupt for the involved channel
to be set. In addition, if the DxDAUE bit associated with the channel is “1”, the channel’s DxCEN
bit is automatically cleared to “0”, disabling the channel.

This feature allows a channel of the DMAC in single-byte transfer mode to automatically transfer a
received packet of an endpoint from the endpoint's OUT FIFO to the master CPU (via the MBI)
without any intervention by the on-chip CPU. Also, because the source, destination, and transfer
count registers are automatically reloaded once the current packet has been completely transferred,
on-chip CPU intervention is not needed to set up the DMAC channel for transfer of subsequently
received packets, even in the case of reception of a short packet.
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In order for this mode to function correctly, the time from the DMAC writing data to MBI output
buffer x (which causes pin OBFx to go high) until the end of a master read of MBI output buffer
X) must be greater than 104.167*(3 - (12BBhs. For example, it = 12MHz, the delay must be
greater than 208.334ns, andd = 6MHz, the delay must be greater than 104.167ns. Vdhda

less than or equal to 4MHz, no delay is required.

Byte-by-Byte Transfers

When the USB endpoint 1 OUT_FIFO_NOT_EMPTY signal is chosen as the hardware transfer
request source for a DMAC channel and the DxUMIE bit of the same channel is set to a “1”, a
transfer request is generated for the DMAC channel if the endpoint 1 OUT FIFO is not empty and
output buffer x of the MBI is empty. Thus, a transfer request is generated as soon as new data is
received in the endpoint 1 OUT FIFO and the master CPU has read the data previously placed in
MBI output buffer x. As is the case when the packet-by-packet method is used, the OUT_PKT_RDY
signal goes high once a complete packet has been received. It remains high until all bytes of the
packet have been read from the OUT FIFO. When the final byte has been read from the OUT
FIFO, the OUT_PKT_RDY signal goes low (if this option is enabled in the USB block), which
causes the source, destination, and transfer count registers of the involved DMAC channel to be
reloaded (unless the DRLDD bit is set to a “1”") and the DMAC interrupt corresponding to the
involved channel to be set. Also, if the DxDAUE bit associated with the channel is “1", the
channel's DxCEN bit is automatically cleared to “0”, disabling the channel. If the last byte of the
packet has been read from the OUT FIFO before the end_of packet signal is received by the USB
block, the OUT_PKT_RDY signal will still go high and then low a short period of time later (if

this option is enabled in the USB block).

This feature allows a channel of the DMAC in single-byte transfer mode to automatically transfer
data received for endpoint 1 from the endpoint 1 OUT FIFO to the master CPU (via the MBI) prior
to reception of the complete packet.

MBI Input Buffer to USB IN FIFO Transfers

When a USB endpoint IN_PKT_RDY signal is selected as the hardware transfer request source for a
DMAC channel and the DxUMIE bit of the same channel is set to a “1", a transfer request is
generated when the IN FIFO associated with the endpoint is not full (with respect to the
programmed packet size) and input buffer x of the MBI contains data. The transfer request is not
generated if input buffer x contains a command. The IN FIFO associated with an endpoint is not
full when IN_PKT_RDY is low. The IN_PKT_RDY signal remains low until a full packet has been
written to the IN FIFO. Thus, the first transfer request is generated when the IN_PKT_RDY goes
low and subsequent transfer requests are generated when data is written to input buffer x by an
external device. Once the full packet has been written to the IN FIFO, the IN_PKT_RDY signal is
automatically set to a “1” (assuming this option is enabled in the USB block). In this case, the
source, destination, and transfer count registers are not automatically reloaded. Instead, the packet
size for the endpoint should be written to the transfer count register at initialization time so that it
underflows and reloads the registers once the last byte of the data is transferred from input buffer x
to the endpoint's IN FIFO.

The feature described above allows a channel of the DMAC, in single-byte transfer mode, to
automatically transfer data received from the master CPU (via the MBI) to the endpoint’'s IN FIFO
without any intervention by the on-chip CPU. Additionally, since the IN_PKT_RDY signal associated
with the endpoint is automatically set (assuming this option is enabled in the USB block), multiple
packets can be transferred by a channel of the DMAC without on-chip CPU intervention. Note
however that short packets are not handled automatically and instead require intervention by the on-
chip CPU.
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2.11.1.4 DMAC Transfer Mode

Each channel of the DMAC can be operated in single-byte transfer mode or burst transfer mode. The
choice is made by the setting of the Channel x DMAC Transfer Mode Selection Bit (DXTMS). When
single-byte transfer mode is selected, one byte of data is transferred per transfer request. When burst
transfer mode is selected, the value in the transfer count register determines how many single byte
transfers occur per transfer request. For example, if the value in the transfer count registefgis 0014

21 transfers will occur before control of the address bus and data bus is given back to the CPU.

2.11.1.5 DMAC Transfer Timing

A DMAC transfer can occur at any point during the execution of an instruction by the CPU. However, at
least one cycle o with the CPU operating takes place between transfers by the same DMAC channel
caused by different events or between transfers by the two DMAC channels. Also, burst transfers and
possibly single-byte transfers are prevented from occurring during interrupt service routines.

The transfer initiating sources for the two channels are latched by the DMAC asynchronously and
polled on the rising edge @b. If a transfer request is seen for both channels, the channel O request
will be serviced first followed by the channel 1 request.

If channel 1 is performing a burst transfer when channel 0 receives a transfer request, the channel 1
transfer is suspended at the end of the next source read/destination write operation. The channel 0
transfer is then serviced. Once the channel 0 transfer completes, the channel 1 transfer automatically
continues where it left off. In order to prevent channel 0 from completely shutting out channel 1
transfers, one cycle of a suspended channel 1 transfer is allowed to occur after a channel 0 burst
transfer even if another channel 0 transfer request is pending.

If the | flag value is “0” and an interrupt with its interrupt control bit set to a “1” occurs during a

burst transfer by either channel, the transfer is suspended, allowing the interrupt service routine to be
entered. The DMAC Channel x Suspend (due to interrupt service request) Flag (DxSFI) corresponding
to the channel whose transfer was suspended is automatically set to a “1” at this time. When the | flag
value (which was automatically set to a “1” when the interrupt service routine was entered) becomes

a “0” again, the DxSF flag is automatically cleared and the transfer continues where it left off. If a
DMAC burst transfer request occurs during the servicing of an interrupt, the transfer does not take
place until after the interrupt has been serviced, which is understood to have happened when the | flag
becomes a “0".

If the DMAC Transfer Suspend Control Bit (DTSC) is set to a “1”, both single-byte and burst mode
transfers are suspended by interrupts.

A suspended DMAC transfer can be re-started in the interrupt service routine by writing a “1” to the
DxCEN bit of the suspended channel.

Sample timing diagrams are shown in Figure 2-98, Figure 2-99, and Figure 2-100. for a single-byte
transfer initiated by a hardware source, a single-byte transfer initiated by the software trigger, and a
burst transfer initiated by a hardware source, respectively.
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Address: 003
MSB| pci Reserved| DRLDD| DTSC D1SFI D1UF DOSFI DOUF %)SB
7 Access: R/W
DOUF DMAC Channel 0 Count Register Underflow Flag (bit 0) Reset:  0f

0: Channel 0 transfer count register underflow has not occurred
1: Channel 0 transfer count register underflow has occurred
DOSFI DMAC Channel 0 Suspend (due to interrupt service request) Flag (bit 1)
0: Channel 0 transfer has not been suspended
1: Channel 0 transfer has been suspended
D1UF DMAC Channel 1 Count Register Underflow Flag (bit 2)
0: Channel 1 transfer count register underflow has not occurred
1: Channel 1 transfer count register underflow has occurred
D1SFI DMAC Channel 1 Suspend (due to interrupt service request) Flag (bit 3)
0: Channel 1 transfer has not been suspended
1: Channel 1 transfer has been suspended
DTSC DMAC Transfer Suspend Control Bit (bit 4)
0: Only burst transfers are suspended during interrupt servicing
1: Both burst and single-byte transfers are suspended during interrupt servicing
DRLDD DMAC Register Reload Disable Bit (bit 5)
0: Reload of source and destination registers of both channels enabled
1: Reload of source and destination registers of both channels disabled
Bit 6 Reserved (Read/Write “0")
DCI Channel Index Bit (bit 7)
0: Channel 0 mode, source, destination, and transfer count registers accessible
1: Channel 1 mode, source, destination, and transfer count registers accessible

Figure 2-94. DMAIS Configuration

Address: 0049
MSB| DxTMS DxRLD | DxDAUE | DxDWC | DxDRCE| DxDRID [ DxSRCE| DxSRID '(—)SB Access: R/W
DXSRID DMAC Channel x Source Register Increment/Decrement Select Bit (bit 0) Reset:  Of
0: Increment after transfer
1: Decrement after transfer
DxSRCE DMAC Channel x Source Register Increment/Decrement Enable Bit (bit 1)
0: Increment/Decrement disabled (No change after transfer)
1: Increment/Decrement enabled
DxDRID DMAC Channel x Destination Register Increment/Decrement Select Bit (bit 2)
0: Increment after transfer
1: Decrement after transfer
DxDRCE DMAC Channel x Destination Register Increment/Decrement Enable Bit (bit 3)
0: Increment/Decrement disabled (No change after transfer)
1: Increment/Decrement enabled
DxDWC DMAC Channel x Data Write Control Bit (bit 4)
0: Write data in reload latches and registers
1: Write data in reload latches only
DxDAUE DMAC Channel x Disable After Count Register Underflow Enable Bit (bit 5)
0: Channel x not disabled after count register underflow
1: Channel x disabled after count register underflow
DxRLD DMAC Channel x Register Reload Bit (bit 6)
0: No action (Bit is always read as “0")
1: Setting to “1” causes the source, destination, and transfer count registers
of channel x to be reloaded
DxTMS DMAC Channel x Transfer Mode Selection Bit (bit 7)
0: Single-byte transfer mode
1: Burst transfer mode

Figure 2-95. DMAxM1 Configuration

2-76 3/18/99 Direct Memory Access Controller



7600 Series
Mitsubishi Microcomputer M37640E8-XXXF Preliminary Specification

MSB| DOCEN | DOCRR | DOUMIE| DOSWT| DOHRS3 DOHRSP DOHRYL DOHR$HSB ~ Address: 0043
7 0 Access: R/W
DOHRS3,2,1,0 DMAC Channel 0 Hardware Transfer Request Source Bits (bits 3, 2, 1, 0) Reset: o,
0000: Disabled ’
0001: UART1 receive interrupt
0010: UART1 transmit interrupt
0011: TimerY interrupt
0100: External Interrupt O
0101: USB EndPoint 1 IN_PKT_RDY signal (falling edge active)
0110: USB EndPoint 2 IN_PKT_RDY signal (falling edge active)
0111: USB EndPoint 3 IN_PKT_RDY signal (falling edge active)
1000: USB EndPoint 1 OUT_PKT_RDY signal (rising edge active)
1001: USB EndPoint 1 OUT_FIFO_NOT_EMPTY signal (rising edge active)
1010: USB EndPoint 2 OUT_PKT_RDY signal (rising edge active)
1011: USB EndPoint 3 OUT_PKT_RDY signal (rising edge active)
1100: MBI OBE, signal (rising edge active)
1101: MBI IBRy(data) signal (rising edge active)
1110: SIO receive/transmit interrupt
1111: CNTR1 interrupt
DOSWT DMAC Channel 0 Software Transfer Trigger (bit 4)

0: No action (Bit is always read as “0")
1: Writing “1” requests a channel 0 transfer

DOUMIE DMAC Channel 0 USB and MBI Enable Bit (bit 5)
0: Disabled
1: Enabled
DOCRR DMAC Channel 0 Transfer Initiation Source Capture Register Reset (bit 6)

0: No action (Bit is always read as “0")

1: Setting to “1” causes reset of the channel O capture register
DOCEN DMAC Channel 0 Enable Bit (bit 7)

0: Channel 0 disabled

1: Channel 0 enabled

Figure 2-96. DMAOM2 Configuration

Address: 0044

Access: R/W
D1HRS3,2,1,0 DMAC Channel 1Hardware Transfer Request Source Bits (bits 3, 2, 1, 0) Reset: o
0000: Disabled
0001: UART?2 receive interrupt
0010: UART2 transmit interrupt
0011: TimerX interrupt
0100: External Interrupt 1
0101: USB EndPoint 1 IN_PKT_RDY signal (falling edge active)
0110: USB EndPoint 2 IN_PKT_RDY signal (falling edge active)
0111: USB EndPoint 4 IN_PKT_RDY signal (falling edge active)
1000: USB EndPoint 1 OUT_PKT_RDY signal (rising edge active)
1001: USB EndPoint 1 OUT_FIFO_NOT_EMPTY signal(rising edge active)
1010: USB EndPoint 2 OUT_PKT_RDY signal (rising edge active)
1011: USB EndPoint 4 OUT_PKT_RDY signal (rising edge active)
1100: MBI OBEZ1 signal (rising edge active)
1101: MBI IBF1(data) signal (rising edge active)
1110: Timerl interrupt
1111: CNTRO interrupt
D1SWT DMAC Channel 1 Software Transfer Trigger (bit 4)
0: No action (Bit is always read as “0")
1: Writing “1” requests a channel 0 transfer

';"SB DICEN | DICRR| DIUMIE| D1SWT| D1HRS3 DIHRSR DIHRYL DlHR>%SB

D1UMIE DMAC Channel 1 USB and MBI Enable Bit (bit 5)
0: Disabled
1: Enabled
D1CRR DMAC Channel 1 Transfer Initiation Source Capture Register Reset (bit 6)

0: No action (Bit is always read as “0")

1: Setting to “1” causes reset of the channel 1 capture register
D1CEN DMAC Channel 1 Enable Bit (bit 7)

0: Channel 1 disabled

1: Channel 1 enabled

Figure 2-97. DMA1M2 Configuration
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Pout [ L L L I LI L
SYNCou ;[ 1 1
RO [ | [ LI LI L. |
WR * .
. STAS$ .
.T LDAS$zz . (first cytflze)r DM&E Transfer _ STA $szdIast 2 cycles) '}l,?;(tt :

Address .< PC X PC+1 X ADLL, 00 X PC+2 XDMA Source>< DMA Dest,X PC+3 X ADL2, 00 X PC+4 >-
. Address Address h
Data '( A5 X ADL1 X Data X 85 X DMA Data>< DMA Data>< ADL2 X Data pCdde3

DMAC Transfer *
Signal (Port3) . | |

Transfer Request

Source (active low) L |
Transfer Reques,
Source Sam%linb 41 41 41 41 41 4] 4] £ .
Transfer Request .
Source Sample: .

Latch Reset"

Figure 2-98. DMAC Transfer - Hardware Source Initiated
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RD"

WR: Ll . , :

. LDM #8$90, $41 Single cycleSingle cycleSingle cycle pMAC Transfer Next *

. A Inst. Inst. Inst. AL Inst. *
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. DMA Sourc DMA Dest.
e e e D D G D

.
.
Data'< 3c X 18 X 4 X 90 X OpCDdeZXOpCodeS ><OpCode4 XDMADa&aXDMADma ‘OpCodes]
>< .

DMAC Transfer: l—l_
Signal (Port3) » :
Transfer Requegt ]
Source (active low I :
Transfer Reque .
Source Samcg)ling—l 1 £1 £ 1 £ 1 £1 £ 1 £ 1 £1 £ :
Transfer Request . .

Source Sample
Latch Reset

Figure 2-99. DMAC Transfer - Software Trigger Initiated
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P LI LT LI L I I 7 I I 11
SYNCOI.H . :
RO [ LI L[ LI L1 _I
WR: .

: LDA $zz (fﬁ;ﬁéigé) DMAC Transfer STA $zz (secona cycle)
. —h— A —_—A

-~

~ — —~ 3
.

DMA Sourc DMA Dest. DMA Sourc DMA Dest. 3

Address( pC >< PC+1 >< ADL1, 00 >< pC+2 >< Address1 X Addressl Address2 Address2 PC+3

.

.

Da’[a :-< A5 >< ADL1 >< Data >< 85 >< DMA Data1>< DMA Datax DMA Data>< DMA Data2 Y ADL2 :

" ) <
.

DMAC Transfer:

Signal (Port3) . | 0

Transfer Request :
Source (active low) [ .
Transfer Reque .
Source Sam?olin £1 £1 £1 £1
Transfer Request I .
Source Sample

Latch Reset

Figure 2-100. DMAC Transfer - Burst Transfer Mode
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2.12 Special Count Source Generator

- Acronym and
Address Description value )a/\t Reset
002D, Special Count Source Generatorl SCSGI1=FF
002E¢ Special Count Source Generator2 SCSG2=FF
002F ¢ Special Count Source mode registe SCSM=00

This device has a built-in special count source generator. It consists of two 8-bit timers: SCSG1, and
SCSG2 (see Figure 2-101.) The contents of the timer latch, corresponding to each timer, determine the
divide ratio. The timers can be written to at any time. The output of the special count source generator
can be a clock source for Timer X, SIO and the two UARTS.

SCSGML SCSGMO
SCSGM3
® SCSG1 Reload Latch (8)
SCSGM SCSG1 (8)
SCSGM1
SCSGM2
SCSGM3
,\l\ SCSG2 Reload Latch (8)
I SCSG2 (8)
SCSGM —‘
SCSGCL
(To UARTS, Timer X and SIO)

Figure 2-101. SCSG Block Diagram

2.12.1 SCSG Operation

The SCSG1 and SCSG2 are both down count timers. When the count of a timer regghas 00
underflow occurs at the next count pulse and the contents of the corresponding timer reload latch are
loaded into the timer. For the count operation for SCSG1 with the Data Write Mode set to write to
the latch only see (Figure 2-102.).

A memory map and the initial values after reset of the timers and timer reload latches are detailed
above. The divide ratio of each timer is given byn}(1), wheren is the value written to the timer.
The output of the first timer (SCSGL1) is effectively ANDed with the original clggkt¢ provide a
count source for the second timer (SCSG2). This results in a count souie 6f1) being fed to
SCSG2.

The output of the SCSG is a clo&kCSGCLK The frequency is calculated as follows:

_g..SCs@ 1 , : :
SCSGCLK= @ Scsari 5cseil where SCSGI1 is the value written to SCSG1 and SCSG2 is

the value written to SCSG2.
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Count Source| | [ | LT T L 1]

SCSGL1 Contents 1/0|n |ndj=- 1/ 0| m{m-2=-
SCSG1 Underflow
SCSG1 Latch Contents n m

SCSGL1 reload latch contents loaded into SCSG1
Figure 2-102. Timer Count Operation for SCSG1

2.12.2 SCSG Description

2.12.2.1 SCSG1

SCSG1 is an 8-bit timer that has an 8-bit reload latch, and is a normal count down timer.
Write Method

When writing to the timer, the data is placed in the SCSG1 reload latch. At this point, if the SCSG1
Data Write Control Bit (SCSGMO0) is “0”, the value in the SCSG1 reload latch is also loaded in
SCSGL1. If SCSGMO is “1", the data in the SCSG1 reload latch is loaded in SCSG1 after SCSG1
underflows.

SCSG1 Count Stop Control
If the SCSG1 Count Stop Bit (SCSGM1) (bit 1 of the SCSGM Register) is set to a “1”, SCSG1 stops
counting. This allowsb to bypass SCSG1 and act as the clock source for SCSG2. SC8#@CLK

Output Control Bit (SCSGM3) is cleared to “0BCSGCLK s disabled and SCSG1 stops counting (see
Figure 2-103.).

2.12.2.2 SCSG2
SCSG2 is an 8-bit timer that has an 8-bit reload latch, and is a normal count down timer.
Write Method

When writing to the timer, the data is placed in the SCSG2 reload latch. At this point, if the SCSG2
Data Write Control Bit (SCSGM2) is low, the value in the SCSG2 reload latch is also loaded in
SCSG2. If SCSGM2 is high, the data in the SCSG2 reload latch is loaded in SCSG2 after SCSG2
underflows.

msB [ 5 F Lsp Address: 002f
eserved| Reservel ReserveReserved| SCSGM3| SCSGM2| SCSGM1 SCSGMp
0 Access: R/W
SCSGMO SCSG1 Data Write Control Bit (bit 0) Reset:  Of}
0: Write data in latch and timer
1: Write data in latch only
SCSGM1 SCSG1 Count Stop Bit (bit 1)
0: Count start
1: Count stop
SCSGM2 SCSG2 Data Write Control Bit (bit 2)
0: Write data in latch and timer
1: Write data in latch only
SCSGM3 SCSGCLK Output Control Bit (bit 3)
0: SCSGCLK output disabled (SCSG1 and SCSG2 off)
1: SCSGCLK output enabled.
Bits 4-7 Reserved (Read/Write “0”)

Figure 2-103. SCSGM Register
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SCSG2 Count Stop Control

If the SCSGCLK Output Control Bit (SCSGM3) is cleared to “®CSGCLK s disabled and SCSG2
stops counting.
SCSG2 Output (SCSGCLK)

The output signaSCSGCLK (output to the UART and Timer blocks) is controlled by SCSGM3. When
the SCSGCLK Output Control Bit (SCSGM3) is cleared to “®CSGCLKis disabled.
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2.13 Timers

Address Description C;LOQ?R?;; Address Description C;LODATR?;I
0020, |Timer XL TXL=FF 0025¢ |Timer 2 T2=01

00215 |Timer XH TXH=FF 002G¢ |Timer 3 T3=FF

00226 |Timer YL TYL=FF 002%¢ |Timer X mode register| TXM=00
0023 |[Timer YH TYH=FF 0028¢ |Timer Y mode register | TYM=00
0024 |[Timerl T1=FF 00295 |[Timer 123 mode register T123M=00

This device has five built-in timers: Timer X, Timer Y, Timer 1, Timer 2, and Timer 3.

The contents of the timer latch, corresponding to each timer, determine the divide ratio. The timers can
be read or written at any time. However, the read and write operations on the high and low-order
bytes of the 16-bit timers (Timer X and Y) must be performed in a specific order.

The timers are all down count timers; when the count of a timer reachg$0000, g for Timer X

and Y), an underflow occurs at the next count pulse and the contents of the corresponding timer reload
latch are reloaded into the timer. When a timer underflows, the interrupt request bit corresponding to
that timer is set to a “1".

The divide ratio of a timer is given by /¢ 1), wheren is the value written to the timer. When the
STP instruction is executed ®ESET is asserted, gilis loaded into Timer 2 and the Timer 2

reload latch, and Rk is loaded into Timer 1 and the Timer 1 reload latch.

Figure 2-107. is a block diagram of the five timers.

2.13.1 Timer X

Timer X is a 16-bit timer that has a 16-bit reload latch, and can be placed in one of four modes by
setting bits TXM4 and TXM5 (bits 4 and 5 of the Mode Register, TXM). The bit assignment of the
TXM is shown in Figure 2-104.

Bit5 -TXM5 | Bit4 -TXM4 Timer X Mode
0 0 Timer mode
0 1 Pulse output mode
1 0 Event counter mode
1 1 Pulse width measurement mode

2.13.1.1 Read and Write Method

Read and write operations on the high and low-order bytes of Timer X must be performed in a

specific order.

Write Method
When writing to the timer, the lower order byte is written first. This data is placed in a temporary register
that is assigned the same address as Timer XL. Next, the higher order byte is written. When this is done,
the data is placed in the Timer XH reload latch and the low-order byte is transferred from its temporary
register to the Timer XL reload latch. At this point, if the Timer X Data Write Control Bit (TXMO) (bit 0)
is “0”, the value in the Timer X reload latch is also loaded in Timer X. If TXMO is “1”, the data in the
Timer X reload latch is loaded in Timer X after Timer X underflows.

Timers
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Address: 002y
MSB | TXM7 TXM6 TXM5 TXM4 TXM3 TXM2 TXM1 TXMO LSB
7 0 Access: R/W
TXMO Timer X Data Write Control Bit (bit 0) Reset:  0Of
0: Write data in latch and timer
1: Write data in latch only

TXM2,1 Timer X Frequency Division Ratio Bits (bits 2,1)
Bit 2 Bit 1
0 0:  ®divided by 8
0 1: @ divided by 16
1 0: @ divided by 32
1 1: @ divided by 64
TXM3 Timer X Internal Clock Select (bit 3)
0: @/n
1: SCSGCLK (from chip special count source generator)
TXM5,4 Timer X Mode Bits (bits 5,4)
Bit5 Bit 4
0 0: Timer Mode
0 1 Pulse output mode
1 0: Event counter mode
1 1: Pulse width measurement mode
TXM6 CNTRO Polarity Select Bit (bit 6)

0: For event counter mode, clocked by rising edge
For pulse output mode, start from high level output
For CNTRO interrupt request, falling edge active
For pulse width measurement mode, measure high period
1: For event counter mode, clocked on falling edge
For pulse output mode, start from low level output
For CNTRO interrupt request, rising edge active
For pulse width measurement mode, measure low period
TXM7 Timer X Stop Bit (bit 7)
0: Count start
1: Count stop

Figure 2-104. TXM Register

Read Method
When reading Timer X, the high-order byte is read first. Reading the high-order byte causes the values of
Timer XH and Timer XL to be placed in temporary registers assigned the same addresses as Timer XH and
Timer XL. The low-order byte of Timer X is then read from its temporary register. This operation assures
the correct reading of Timer X while it is counting.

2.13.1.2  Count Stop Control

If the Timer X Count Stop Bit (TXM7) (bit 7 of the TXM) is set to a “1”, Timer X stops counting
in all four modes.

2.13.1.3  Timer Mode
Count Source: @/n (where n is 8, 16, 32, or 64) orSCSGCLK

In this mode, each time the timer underflows, the corresponding timer interrupt request bit is set to a
“1", the contents of the timer latch are loaded into the timer, and the count down sequence begins
again.

2.13.1.4  Pulse Output Mode
Count Source: ®/n (where n is 8, 16, 32, or 64) 0rSCSGCLK

Each time the timer X underflows, the output of the CNTRO pin is inverted, and the corresponding
Timer X interrupt request bit is set to a “1". The repeated inversion of the CNTRO pin output
produces a rectangular waveform with a duty ratio of 50 percent. The initial level of the output is
determined by the CNTRO polarity select bit (bit 6). When this bit is low, the output starts from a
high level. When this bit is high, the output starts from a low level.
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2.13.1.5 Event Counter Mode
Count Source: CNTRO

Timer countdown is triggered by inputs to the CNTRO pin. Each time a timer underflows, the
corresponding timer interrupt request bit is set to a “1”, the contents of the timer reload latch are
loaded into the timer, and the countdown sequence begins again.

The edge used to clock Timer X is determined by the CNTRO polarity select bit (bit 6).

2.13.1.6  Pulse Width Measurement Mode
Count Source:  ®/n (where n is 8, 16, 32, or 64) or SCSGCLK

This mode measures either the high or low-pulse width of the signal on the CNTRO pin. The pulse
width measured is determined by the CNTRO polarity select bit (bit 6). When this bit is “0”, the high
pulse is measured. When this bit is “1”, the low pulse is measured.

The timer counts down while the level on the CNTRO pin is the polarity selected by the CNTRO
polarity select bit. When the timer underflows, the Timer X interrupt request bit is set to a “1”, the
contents of the timer reload latch are reloaded into the timer, and the timer continues counting down.
Each time the signal polarity switches to the inactive state, a CNTRO interrupt occurs indicating that
the pulse width has been measured. The width of the measured pulse can be found by reading Timer
X during the CNTRO interrupt service routine.

2.13.2 TimerY

Timer Y is a 16-bit timer that has a 16-bit reload latch, and can be placed in any of four modes by
setting TYM4 and TYM5 (bits 4 and 5) (see Figure 2-105.). The desired mode is selected by
modifying the values of TYM4 and TYM5.

Bit5 - TYM5 | Bit4 -TYM4 Timer Y Mode
0 0 Timer mode
0 1 Pulse period measurement mode
1 0 Event counter mode
1 1 HL Pulse width measurement modg
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Lsg Address: 002§

0 Access: R/W

TYMO Timer Y Data Write Control Bit (bit 0) Reset: 0
0: Write data in latch and timer
1: Write data in latch only
TYM1 Timer Y Output Control Bit (bit 1)
0: TYOUT output disable
1: TYOUT output enable

"7/'3‘3 TYM? | TYmé | Tyms | Tyma | TYm3 | tym2 | TYymr | Tymo

TYM3,2 Timer Y Frequency Division Ratio Bits (bit 3,2)
Bit 2 Bit 1
0 0: @ divided by 8
0 1: @ divided by 16
1 0: @ divided by 32
1 1: @ divided by 64
TYM5,4 Timer Y Mode Bits (bits 5,4)
Bit 2 Bit 1
0 0: Timer mode
0 1: Pulse period measurement mode
1 0: Event counter mode
1 1 HL pulse width measurement mode (continuously measures

high period and low period)
TYM6 CNTR1 Polarity Select Bit (bit 6)
0: For event counter mode, clocked by rising edge
For pulse period measurement mode, falling edge detection
For CNTRL1 interrupt request, falling edge active
For TYOUT, start on high output
1: For event counter mode, clocked on falling edge
For pulse period measurement mode, rising edge detection
For CNTR1 interrupt request, rising edge active
For TYOUT, start on low output
TYM7 Timer Y Stop Bit (bit 7)
0: Count start
1: Count stop

Figure 2-105. TYM Register

2.13.2.1 Read and Write Method

Read and write operations on the high and low-order bytes of Timer Y must be performed in a specific order.

Write Method
When writing to the timer, the lower order byte is written first. This data is placed in a temporary register
that is assigned the same address as Timer YL. Next, the high-order byte is written. Then, the data is
placed in the Timer YH reload latch and the low-order byte is transferred from its temporary register to the
Timer YL reload latch. At this point, if the Timer Y Data Write Control Bit (TYMO) (bit 0) is low, the
value in the Timer Y reload latch is also loaded in Timer Y. If TYMO is “1”, the data in the Timer Y reload
latch is loaded in Timer Y after Timer Y underflows.

Read Method
When reading Timer Y, the high-order byte is read first. Reading the high-order byte causes the values of
Timer YH and Timer YL to be placed in temporary registers that are assigned the same addresses as Timer
YH and Timer YL. The low-order byte of Timer Y is then read from its temporary register. This operation
assures the correct reading of Timer Y while it is counting.

2.13.2.2  Count Stop Control

If the Timer Y Count Stop Bit (TYM7) (bit 7) is set to a “1”, Timer Y stops counting in all four
modes.

2.13.2.3 Timer Mode
Count Source: ®/n (where n is 8, 16, 32, or 64)

In this mode, each time the timer underflows, the corresponding timer interrupt request bit is set to a “1”,
the contents of the timer latch are loaded into the timer, and the count down sequence begins again.

In Timer mode, the signal TYOUT can also be brought out on the CNTRL1 pin. This is controlled by TYM1 (bitl).
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Each time the Timer Y underflows, the output of the CNTR1 pin is inverted, and the corresponding
Timer Y interrupt request bit is set to a “1”. The repeated inversion of the CNTR1 pin output
produces a rectangular waveform with a duty ratio of 50 percent. The initial level of the output is
determined by the CNTR1 polarity select bit (bit 6). When this bit is low, the output starts from a
high level. When this bit is high, the output starts from a low level.

2.13.2.4 Pulse Period Measurement Mode

Count Source:  ®/n (where n is 8, 16, 32, or 64).

This mode measures the period of the event waveform input to the CNTR1 pin.

CNTR1 Polarity Select Bit (TYM6) = “0”

When the falling edge of an event waveform is detected on the CNTR1 pin, the contents of Timer Y
are stored in the temporary register that is assigned the same address as Timer Y. Simultaneously, the
value in the Timer Y reload latch is transferred to Timer Y, and Timer Y continues counting down.

The falling edge of an event waveform also causes the CNTR1 interrupt request; therefore, the period
of the event waveform from falling edge to falling edge is found by reading Timer Y in the CNTR1
interrupt routine. The data read from Timer Y is the data previously stored in its temporary register.

CNTR1 Polarity Select Bit (TYM6) = “1”

When the rising edge of an event waveform is detected on the CNTR1 pin, the contents of Timer Y
are stored in the temporary register that is assigned the same address as Timer Y. Simultaneously, the
value in the Timer Y reload latch is transferred to Timer Y, and Timer Y continues counting down.

The rising edge of an event waveform also causes the CNTRL1 interrupt request; therefore, the period
of the event waveform from rising edge to rising edge is found by reading Timer Y in the CNTR1
interrupt routine. The data read from Timer Y is the data previously stored in its temporary register.

Each time the timer underflows, the Timer Y interrupt request bit is set to a “1”, the contents of
the timer reload latch are loaded into the timer, and the countdown sequence begins again.

2.13.2.5 Event Counter Mode

Count Source: CNTR1

Timer countdown is triggered by input to the CNTR1 pin. Each time a timer underflows, the
corresponding timer interrupt request bit is set to a “1”, the contents of the timer reload latch are
loaded into the timer, and the countdown sequence begins again.

The edge used to clock Timer Y is determined by the CNTR1 polarity select bit (bit 6). When these bits are
“0"s, the timers are clocked on the rising edge. When these bits are “1"s, the timers are clocked on the
falling edge

2.13.2.6 HL Pulse-width Measurement Mode

Count Source:  ®/n (where n is 8, 16, 32, or 64).

This mode continuously measures both the logical high pulse width and the logical low pulse width of an
event waveform input to the CNTR1 pin. When the falling (or rising) edge of the event waveform is

detected on the CNTR1 pin, the contents of Timer Y are stored in the temporary register that is assigned the
same address as Timer Y, regardless of the setting of the CNTRL1 polarity select bit. Simultaneously, the
value in the Timer Y reload latch is transferred to Timer Y, which continues counting down. The falling or
rising edge of an event waveform causes the CNTR1 interrupt request; therefore, the width of the event
waveform from the falling or rising edge to rising or falling edge is found by reading Timer Y in the

CNTRL1 interrupt routine. The data read from Timer Y is the data previously stored in its temporary register.
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Each time the timer underflows, the Timer Y interrupt request bit is set to a “1”, the contents of the
timer reload latch are loaded into the timer, and the countdown sequence begins again.

2.13.3 Timer 1
MSB | Ti23M7 | Ti23M6| T123M5| Ti23M4| T123M3 Ti2amz | T123M] Ti2gmpLSB  Address: 002%
Access: R/W
T123MO0 TOUT Source Selection Bit (bit 0)
0: TOUT = Timer 1 output Reset:  Of
1: TOUT = Timer 2 output
T123M1 Timer 1 Stop Bit (bit 1)

0: Timer running
1: Timer stopped
T123M2 Timer 1 Count Source Select Bit (bit 2)
0: @ divided by 8
1: XCin divided by 2

T123M3 Timer 2 Count Source Select Bit (bit 3)
0: Timer 1 underflow signal
1. o

T123M4 Timer 3 Count Source Select Bit (bit 4)

0: Timer 1 underflow signal
1: ® divided by 8
T123M5 TOUT Output Active Edge Selection Bit (bit 5)
0: Start on high output
1: Start on low output
T123M6 TOUT Output Control Bit (bit 6)
0: TOUT output disabled
1: TOUT output enabled
T123M7 Timer 1 and 2 Data Write Control Bit (bit 7)
0: Write data in latch and timer
1: Write data in latch only

Figure 2-106. T123M Register

Timer 1 is an 8-bit timer with an 8-bit reload latch and has a pulse output option.

T123M7 of Timerl23 mode register (T123M) is the Timer 1 and 2 Data Write Control Bit. If T123M7
is “1", data written to Timer 1 is placed only in the Timer 1 reload latch. The latch value is loaded
into Timer 1 after Timer 1 underflows. If T123M7 is “0”, the value written to Timer 1 is placed in
Timer 1 and the Timer 1 reload latch. At reset, T123M7 is set to a “0".

The output signal TOUT is controlled by T123M5 and T123M6. T123M5 controls the polarity of
TOUT. Setting the bit T123M5 to “1” causes TOUT to start at a low level, and clearing this bit to
“0” causes TOUT to start at a high level. Setting T123M6 to “1” enables TOUT, and clearing
T123M6 to “0” disables TOUT.

2.13.3.1 Timer Mode
Count Source: ®/8 or XCin/2

In Timer mode, each time the timer underflows, the corresponding timer interrupt request bit is set to a
“1", the contents of the timer latch are loaded into the timer, and the count down sequence begins again.

2.13.3.2  Pulse Output Mode
Count Source: ®/8 or XCin/2

Timer 1 Pulse Output mode is enabled by setting T123M6 to “1” and T123MO to a “0”. Each time
the Timer 1 underflows, the output of the TOUT pin is inverted, and the corresponding Timer 1
interrupt request bit is set to a “1”. The repeated inversion of the TOUT pin output produces a
rectangular waveform with a duty ratio of 50 percent. The initial level of the output is determined by
the TOUT polarity select bit (T123M5). When this bit is “0”, the output starts from a high level.
When this bit is “1", the output starts from a low level.

2-88 3/18/99 Timers



7600 Series
Mitsubishi Microcomputer M37640E8-XXXF Preliminary Specification

2.13.4 Timer 2

Timer 2 is an 8-bit timer with an 8-bit reload latch.

T123M7 (bit 7 of T123M) is the Timer 1 and 2 Data Write Control Bit. If T123M7 is “1", data
written to Timer 2 is placed only in the Timer 2 reload latch (see Figure 2-50). The latch value is
loaded into Timer 2 after Timer 2 underflows. If the T123M7 is “0”, the value written to Timer 2 is
placed in Timer 2 and the Timer 2 reload latch. At reset, T123M2 is set to a “0".

The Timer 2 reload latch value is not affected by a change of the count source. However, because
changing the count source may cause an inadvertent countdown of the timer, the timer should be
rewritten when the count source is changed.

2.13.4.1  Timer Mode
Count Source: If T123M3 is “0", the Timer 2 count source is the Timer 1 underflow output.
If T123M3 is “1”, the Timer 2 count source is ®.

In Timer mode, each time the timer underflows, the corresponding timer interrupt request bit is set to a
“1", the contents of the timer latch are loaded into the timer, and the count down sequence begins again.

2.13.4.2  Pulse Output Mode
Count Source: If T123M3 is “0", the Timer 2 count source is the Timer 1 underflow output.
If T123M3 is “1”, the Timer 2 count source is ®.

Timer 2 Pulse Output mode is enabled by setting T123M6 to a “1” and T123MO to a “1". Each time
the Timer 2 underflows, the output of the TOUT pin is inverted, and the corresponding Timer 2
interrupt request bit is set to a “1”". The repeated inversion of the TOUT pin output produces a
rectangular waveform with a duty ratio of 50 percent. The initial level of the output is determined by
the TOUT polarity select bit (T123M5). When this bit is “0”, the output starts from a high level.
When this bit is “1”, the output starts from a low level.

2.13.5 Timer 3

Timer 3 is an 8-bit timer with an 8-bit reload latch. The Timer 3 reload latch value is not affected by
a change of the count source. Because changing the count source may cause an inadvertent countdown
of the timer, the timer should be rewritten whenever the count source is changed.

2.13.5.1 Timer Mode
Count Source: If T123M4 is “0", the Timer 3 count source is the Timer 1 underflow output.
If T123M4 is “1", the count source is ®/8

In Timer mode, each time the timer underflows, the corresponding timer interrupt request bit is set to a
“1", the contents of the timer latch are loaded into the timer, and the count down sequence begins
again.

Data written to Timer 3 is always placed in Timer 3 and the Timer 3 reload latch.
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Figure 2-107. Block Diagram of Timers X, Y, 1, 2, and 3
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2.14 UART

- Acronym and - Acronym and
Address UART1 Description Value at Reset Address UART?2 Description Value at Reset
0030 |UART1 mode register U1MOD=00 00g8 |UART2 mode register U2MOD=00
0034 |UART1 baud rate generator U1BRG=XX 0Q39 |UART2 baud rate generator U2BRG=XX
0032 |UARTL status register U1STS=03 003A |[UART2 status register U2STS=03
0033 |UARTL1 control register U1CON=00 0038 |UART2 control register U2CON=00
0034 |UARTL1 transmit/receiver buffer 1{ U1TRB1=XX 0035 |UART2 transmit/receiver buffer 1| U2TRB1=XX
0035 |UARTL1 transmit/receiver buffer 2 U1TRB2=XX 003p |UART2 transmit/receiver buffer 2| U2TRB2=XX
0036, |UARTL1 RTS control register U1RTSC=00 003E |UART2 RTS control register U2RTSC=00
Pin Description Pin Description
UTXD1 UART1 transmit pin is multiplexed with UTXD2 UART2 transmit pin is multiplexed with
P8, P&
URXDL1 UART1 receive pin is multiplexed witl URXD2 UART2 receive pin is multiplexed with
P& P8
TS UART1 CTS1 pin is multiplexed with TS UART2 CTS2 pin is multiplexed with
P& P&
R’TSi L;Q;RTl RTS1 pin is multiplexed with R’ ILDJQ;RTZ RTS2 pin is multiplexed with

This chip contains two identical UARTs. Each UART has the following main features:

® or SCSGCLK
x1/x8/x32/x256 divisions (bdthand SCSGCLK)

Clock selection:
Prescaler selection:

* Baud rate: 11.4 bits/second - 750 Kbytes/second®at 12MHz)
» Error detection: parity/framing/overrun/error sum

e Parity: odd/even/none

* Stop bits: 1or?2

* Character length: 7, 8, or 9 bits

Transmit/receive buffer: 2 stages (double buffering)

Handshaking: Clear-to-Send (CTS) and Request-to-Send (RTS)

Interrupt generation conditions: Transmit Buffer Empty or Transmit Complete, Receive Buffer
full and Receive Error Sum.

Address mode for multi-receiver environment

The following descriptions apply to both UARTS.

The UART receives parallel data from the core or DMAC, converts it into serial data, and transmits
the results to the send data output terminal UTXDx. The UART receives serial data from an external
source through the receive data input URXDX, converts it into parallel data, and makes it available to
the core or DMAC. The UART can detect parity, overrun, and framing errors in the input stream and
report the appropriate status information. A double buffering configuration is used for the UART'’s
transmit and receive operations. This double buffering is accomplished by the use of a transmit buffer
and transmit shift register on the transmit side and the receive buffer and receive shift register on the
receive side.

UART
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The UART generates the Transmit interrupt when either the Transmit Buffer Empty Flag (TBE) or the
Transmit Complete Flag (TCM) are set, depending on the state of the Transmit Interrupt Source
Selection Bit (TIS, bit 4 of UXCON). The UART generates the Receive Buffer Full interrupt when
receiving and the Receive Buffer Full Flag is set to a “1”. The Receive Error Sum interrupt is
generated instead of a Receive Buffer Full interrupt if the UART detects an error when receiving.
Enabling a transmit or receive operation by setting the TEN or the REN (bits 0 and 1 of UXCON)
automatically forces the corresponding UART port pins in the appropriate direction.

The UART supports an address mode for use in a multi-receiver environment where an address is sent
before each message to designate which UART or UARTSs are to wake-up and receive the message.

Figure 2-108 is a block diagram of the UART. It is valid for both UART1 and UART2.

Data Bus

UART Modej UART Statu$ |UART Contro
Register Register Register

UxMOD UxSTS UxCON Tx Enablg

T

Tx Buffer Empt;

Transmit|

TBE whn
| Bufer | TIS =0
TCM

p | Trdhsmit Interrupf]
TIS="1"

Tx Complete _ ¥
Transmit
Shift Registe}

Transmit line to UTXDx
FromCTSx
Generator
CTS_SEL
W
RTS_SEL RTS Control ToRTSX
Register >
CLKSEL PS 1,0 LE 1,0; PEN; ST
A 4 Stop and Stat

gl Detect

0] y
m
SCSGCLK [Clock set
Pres‘c;ler LE 1,0; PEN; STB Rx Enable
/1/8/32/256|_’| Baud Rate Generat

Rx Status Erron* v

<—|me < Receive line from URXDx
P[Shift Regist

Data Forma
Bit Counter

Rx Complete Rewczive Receive Buffer Full Interrupf]
Buffer Regist »

Receive ErrorTnterrupt
Data Bus

Figure 2-108. UART Block Diagram

2.14.1 Baud Rate Selection

UART rate selection is controlled by the UXBRG and is calculated as follows:
Baud Rate #/[16 x (n + 1)]

wheren denotes the decimal value set in the UXBRG, and whdemotes the clock frequency that
depends on the clock selection and the prescale value chosen.

Either an internal clockb or the output of the chip special count source generator (SCSGCLK) can be
selected as the input clock source by means of the UART Clock Selection Bit (CLK, bit O of the
UART Mode Register (UxMOD)). Bits PSO and PS1 of the UxMOD are used to select a prescaling
factor for the clock.

When the internal clockd is selectedf is the prescaled value of the internal clazk
f=d/1, d/8, d/32, ord/256
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The correspondence between prescale values and baud rédte-ft?MHz is given as an example in
Table 2-4.

When SCSGCLK is selectefljs the prescaled value of SCSGCLK.
f= SCSGCLK/1, SCSGCLK/8, SCSGCLK/32 or SCSGCLK/256

Example settings for SCSGCLK, which is controlled by Special Count Source Generator registers 1 and
2 (SCSG1,2), the Prescaler and UxBRG for several common baud ratesbwhEPMHz are given

in Table 2-5.
Table 2-4. Prescale Value and Baud Rate Tabte = 12MHz
/1 /8 /32 d/256
n Baud Rate n Baud Rate n Baud Rate n Baud Rate
0 750,000.0
1 375,000.0
2 250,000.0
3 187,500.0
4 150,000.0
5 125,000.0
6 107,142.9
7 93,750.0 0 93,750.0
8 83,333.3 1 46,875.0
9 75,000.0 2 31,250.0
10 3 23,4375 0 23,4375
11 4 18,750.0 1 11,718.8
12 5 15,625.0 2 7,812.5
13 6 13,392.9 3 5,859.4
7 4 4,687.5
8 5 3,906.3
6 3,348.2
7 2,929.7 0 2,929.7
8 2,604.2 1 1,464.8
2 976.6
3 732.4
4 585.9
5 488.3
6 418.5
255 2,929.7 254 366.2 255 91.6 265 11.44
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Table 2-5. SCSGCLK, Prescaler, and UXxBRG settings for common baud rates whén= 12MHz
Baud Rate] SCSG | SCSG2|SCSGCLK Rate Prescalef UxBRG [Actual Baud Rate
(Hz2) (Hex) | (Hex) (Hz) (Hex) (Hz)
50 bypassed 95 80000.00 1/1 63 50.00
75 bypassed 63 120000.00 1/1 63 75.00
110 4E 43 174236.78 11 62 110.00
1345 AC 37 213047.07 1/1 62 134.50
150 bypassed 31 240000.00 1/1 63 150.00
300 bypassed 18 480000.00 1/1 63 300.00
600 18 0B 960000.00 1/1 63 600.00
1200 | bypassed 18 480000.00 1/ 18 1200.00
1800 18 13 576000.00 1/1 13 1800.00
2000 | bypassed 18 480000.00 1/1 (0] 2000.00
2400 18 13 576000.00 1/1 OE 2400.00
3600 18 13 576000.00 1/1 09 3600.00
4800 18 OE 768000.00 1/1 09 4800.00
7200. 18 13 576000.00 1/1 04 7200.00
9600 18 OE 768000.00 1/1 04 9600.00
14400 18 09 1152000.00 1/1 04 14400.00
19200 23 00 11666666.66 1/1 25 19188.60
28800 18 00 11520000.09 1/1 18 28800.00
31250 | bypassed bypassed  12000000.00 11 17 31250.7
38400 23 00 11666666.66 1/1 12 38377.19
57600 | bypassed bypassed  12000000.00 11 DC 57692.3
115200 0B 00 11000000.00 1/1 05 114583.33
2.14.2 UART Mode Register
UxMOD defines data formats and selects the clock to be used (see Figure 2-109).
MSB B Address: 003g;, 00384
v LE1 LEO PEN PMD STB PS1 PSO CLK | 5°° Access: RW
CLK UART Clock Selection Bit (bit 0) Reset:  0f
0
1: SCSGCLK
PS1,0 Internal Clock Prescaling Selection Bits (bits 2,1)
Bit 2 Bit 1
0 0: Division by 1
0 1: Division by 8
1 0: Division by 32
1 1: Division by 256
STB Stop Bits Selection Bit (bit 3)
0:1
1: 2
PMD Parity Selection Bit (bit 4)
0: Even
1: Odd
PEN Parity Enable Bit (bit 5)
0: Off
1: On
LE1,0 Uart Character Length Selection Bits (bits 7,6)
Bit 7 Bit 6
0 0: 7 bits/character
0 1: 8 bits/character
1 0: 9 bits/character
1 1: Reserved
Figure 2-109. UxMOD Register
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2.14.3 UART Control Register

The UxXCON specifies the initialization and enabling of a transmit/receive process (see Figure 2-110).
Data can be read from and written to the Control Register.

LSB Address: 003%;,003B,¢
0  Access: RW

TEN Transmission Enable Bit (bit 0) Reset:  0f

0: Disable the transmit process

1: Enables the transmit process. If the transmit process is disabled (TEN cleared)
during transmission, the transmit will not stop until completed.

REN Receive Enable Bit (bit 1)

0: Disable the receive process

1: Enables the receive process. If the receive process is disabled (REN cleared)
during reception, the receive will not stop until completed.

TIN Transmission Initialization Bit (bit 2)

0: No action.

1: Resets the UART transmit status register bits as well as stopping the transmission
operation. The TEN bit must be set and the transmit buffer reloaded in order to transmit
again. The TIN is automatically reset one cycle after TIN is set.

RIN Receive Initialization Bit (bit 3)

0: No action.

1: Clears the UART receive status flags and the REN bit. If RIN is set during receive in
progress, receive operation is aborted. The RIN bit is automatically reset one cycle
after RIN is set.

TIS Transmit Interrupt Source Selection Bit (bit 4)
0: Transmit interrupt occurs when the Transmit Buffer Empty flag is set.
1: Transmit interrupt occurs when the Transmit Complete flag is set.
CTS_SEL Clear-to-Send{S) Enable Bit (bit 5)
0: CTS function is disabled, Rgor P8) is used as GPIO pin.
1: CTS function is enabled, p8r P8) is used a€TS input.
RTS_SEL Request-to-SenBTS) Enable Bit (bit 6)
0: RTS function is disabled, P8r P§&) is used as GPIO pin.
1: RTS function is enabled, P8r P&) is used a&TS output.
AME UART Address Mode Enable Bit (bit 7)
0: Address Mode disabled.
1: Address Mode enabled.

'\7"53 AME | RTS_SEL CTS_SEL| TIS RIN TIN REN TEN

Figure 2-110. UxCON Register

2.14.4 UART Baud Rate Register

In the UART Baud Rate Register (UXBRG), any value can be specified to obtain the desired baud rate.
This register remains in effect whether the UART state is send-enabled, receive-enabled, transmit-in-
progress, or receive-in-progress. The contents of this register can be modified only when the UART is
not in any of these four states.

2.14.5 UART Status Register

The UART Status Register (UXSTS) reflects both the transmit and receive status (see Figure 2-111).
The status register is read only. The MSB is always “0” during a read operation. Writing to this
register has no effect. Status flags are set and reset under the conditions indicated below. The setting
and resetting of the transmit and receive status are not affected by transmit and receive enable flags.
The setting and resetting of the receive error flags and receive buffer full flag differs when UART
address mode is enabled. These differences are described in section “2.14.9 UART Address Mode”.

Receive Error Sum Flag

The Receive Error Sum Flag (SER) is set when an overrun, framing, or parity error occurs after
completion of a receive operation.

It is reset when the status register is read, the hardware reset is asserted, or the receiver is initialized
by setting the Receive Initialization Bit (RIN). If the receive operation completes while the status
register is being read, the status information is updated upon completion of the status register read.

UART
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Receive Overrun Flag

The Receive Overrun Flag (OER) is set if the previous data in the low-order byte of the receive buffer
(UXTRB1) is not read before the current receive operation is completed. It is also set if a receive error
occurred for the previous data and the status register is not read before the current receive operation is
completed. This flag is reset when the status register is read. This flag is also reset when the hardware
reset is asserted or the receiver is initialized by RIN. If the receive operation completes while the

status register is being read, the status information is updated upon completion of the status register
read.

Receive Framing Error Flag

The Receive Framing Error Flag (FER) is set when the stop bit of the received data is “0”. If the

Stop Bit Selection Bit (STB, bit 3 of UXMOD) is set, the flag is set if either of the two stop bits is a

“0". This flag is reset when the status register is read, the hardware reset is asserted, or the receiver is
initialized by RIN. If the receive operation completes while the status register is being read, the status
information is updated upon completion of the status register read.

Receive Parity Error Flag

The Receive Parity Error Flag (PER) is set when the parity of received data and the Parity Selection
Bit (PMD, bit 4 of UxMOD) are different. It is enabled only if the Parity Enable Bit (PEN, bit 5 of
UxXMOD) is set.

This flag is reset when the status register is read, the hardware reset is asserted, or the receiver is
initialized by RIN. If the receive operation completes while the status register is being read, the status
information is updated upon completion of the status register read.

Receive Buffer Full Flag

The Receive Buffer Full Flag (RBF) is set when the last stop bit of the data is received. It is not set
when a receive error occurs. This flag is reset when the low-order byte of the receive buffer
(UXTRBL1) is read, the hardware reset is asserted, or the receive process is initialized by RIN. If the
receive operation completes while the status register is being read, the status information is updated
upon completion of the status register read.

Transmission Complete Flag

In the case where no data is contained in the transmit buffer, the Transmission Complete Flag (TCM)
is set when the last bit in the transmit shift register is transmitted. In the case where the transmit
buffer does contain data, the TCM flag is set when the last bit in the transmit shift register is
transmitted if TBE is a “0” or CTS handshaking is enabled @n8x is “1”. The TCM flag is also

set when the hardware reset is asserted or when the transmitter is initialized by setting the Transmit
Initialization Bit (TIN, bit 2 of UXCON). It is reset when a transmission operation begins.

Transmission Buffer Empty Flag

The Transmission Buffer Empty Flag (TBE) is set when the contents of the transmit buffer are loaded
into the transmit shift register. The TBE flag is also set when the hardware reset is asserted or when
the transmitter is initialized by TIN. It is reset when a write operation is performed to the low-order
byte of the transmit buffer (UXTRB1).
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MSB
7

LsB Address: 0032, 003Ag

Reserved SER OER FER PER RBF TBE TCM 0

Access: R only

TCM Transmit-Complete (Transmission Register Empty) Flag (bit 0)
0: Data in the transmission register.
1: No data in the transmission register.
TBE TX Buffer Empty Flag (bit 1)
0: Data in the TX Buffer.
1: No data in the TX Bulffer.
RBF RX Buffer Full Flag (bit 2)
0: No data in the RX Buffer.
1: Data in the RX Buffer.
PER Receive Parity Error Flag (bit 3)
0: No receive parity error.
1: Receive parity error.
FER Receive Framing Error Flag (bit 4)
0: No receive framing error.
1: Receive framing error.
OER Receive Overrun Flag (bit 5)
0: No receive overrun.
1: Receive overrun.
SER Receive Error Sum Flag (bit 6)
0: No receive error.
1: Receive error.
Bit 7 Reserved (Read “0”)

Reset: 03

Figure 2-111. UxSTS Register

2.14.6 Transmit/Receive Format

Transmit Method

(See Figure 2-112))
Setup

Define the baud rate by writing a value from 0-255 into the UXBRG.

Set the Transmission Initialization Bit (TIN, bit 2 of UXCON), to “1”. This will reset the transmit
status to a value of Qg

Select the interrupt source to be either TBE or TCM by clearing or setting the Transmit Interrupt
Source Selection Bit (TIS, bit 4 of UXCON).

Configure the data format and clock selection by writing the appropriate value to UxMOD.
Set the Clear-To-Send Enable Bit (CTS_SEL, bit 5 of UXCON), if CTS handshaking will be used.
Set the Transmit Enable Bit (TEN, bit 0 of UXCON), to “1".

Operation

When data is written to the low-order byte of the transmit buffer (UXTRB1), TBE is cleared to
“0". If 9-bit character length has been selected, the high-order byte of the transmit buffer
(UXTRB2) should be written before the low-order byte (UXTRBL1).

If no data is being shifted out of the transmit shift register and CTS handshaking is disabled, the
data written to the transmit buffer is transferred to the transmit shift register and the TCM flag in
UxSTS is cleared to a “0”. In addition, the TBE flag is set to a “1", signalling that the next byte
of data can be written to the transmit buffer. If CTS handshaking is enabled, the operation
described above does not take place udfiiSx is brought low.

Data from the transmit shift register is transmitted one bit at a time beginning with the start bit
and ending with the stop bit. Note that the LSB is transmitted first.

If the TEN bit is cleared to a “0” while data is still being transmitted, the transmitter will con-
tinue until the last bit is sent. This is also the case when CTS handshaking is enabfe@dSand
is brought back high during transmission.

UART
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* When the last bit is transmitted, the TCM flag is set to a “1” if the transmit buffer is empty,
TEN is a “0”, or CTS handshaking is enabled &btSx is “1”. If the transmit buffer is not
empty, TEN is a “1", and CTS handshaking is disabled or CTS handshaking is enabled and
CTSx is low, the TCM flag is not set because transfer of the contents of the transmit buffer to
the transmit shift register occurs immediately.

Clock } } X

UxTRB1 “ I I I
Write X X '

TBE

||

TCM

UTxDx  \ Startbit [ DO X}’ Stop bit Start bit y Stop bit!

Figure 2-112. UART Transmit Operation Waveforms

Receive Method

(See Figure 2-113))
Set up
» Define the baud rate by writing a value from 0-255 into UxBRG.
* Set the Receive Initialization Bit (RIN, bit 3 in the UXCON), to “1”.
« Configure the data format and the clock selection by writing the appropriate value to UxMOD.

» Set the Request-To-Send Enable Bit (RTS_SEL, bit 6 of UXCON), if RTS handshaking will be
used.

« Set the Receive Enable Bit (REN, bit 1 in the UXCON), to “1".
Operation

 When a falling edge is detected on the URXDx pin, the value on the pin is sampled at the basic
clock rate, which is 16 times faster than the baud rate. If the pin is low for at least two cycles
of the basic clock, the start bit is detected. Sampling is again performed three times in the
approximate middle of the start bit. If two or more of the samples are low, the start bit is
deemed valid. If two or more of the samples are not low, the start bit is invalidated and the
UART again begins waiting for a falling edge on the URXDx pin.

* Once a valid start bit has been detected, input data received through the URXDx pin is read one
bit at a time, LSB first, into the receive shift register. As is the case with the start bit, three
samples are taken in the approximate middle of each data bit, the parity bit, and the stop bit(s).
If two or more of the samples are low, a “0” is latched, and if two or more of the samples are
high, a “1” is latched.

 When the number of bits specified by the data format has been received and the last stop bit is
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detected, the contents of the receive shift register are transferred to the receive buffer and the
Receive Buffer Full Flag in the UXSTS is set to a “1”, if a receive error has not occurred. The
RBF interrupt request is also generated at this time if a receive error has not occurred. However,
if a receive error did occur, the appropriate error flags are set and the Receive Error Sum (SER)
interrupt request is generated at this time.

 When the low-order byte of the receive buffer (UXTRB1) is read, the Receive Buffer Full Flag is
cleared, and the receive buffer is now ready for the next byte. If 9-bit character length has been
selected, the high-order byte of the receive buffer (UXTRB2) should be read before reading the
low-order byte (UXTRB1).

URXDx | Startbit j{ DO X}’ Stopbit \  Startbit; DO |

UxBRG
Clock

U | U 1 | v ) ) | v |

Edge  2-of-3 \ 2-0f-3 | \ 2-0f-3 Edge 2-of-3 \ 2-0f-3 \

detectionsampling 1 sampling [ ! sampling  detectiorsampling ! sampling !

RBF : : Co : : :

. . o ! ! A .

UXTRB1 . : Do : : :

Read X X L X X X

Figure 2-113. UART Receive Operation Waveforms

2.14.7 Interrupts

The transmit and receive interrupts are generated under the conditions described below. The generation
of the receive interrupts differs when UART Address mode is enabled. The differences are described in
section “2.14.9 UART Address Mode”.

Transmit interrupts

The UART generates a Transmit interrupt to the CPU core. The source of the Transmit interrupt is
selectable by setting TIS.

o If TIS = “0", the Transmit interrupt is generated when the transmit buffer register becomes empty
(that is, when TBE flag set).

o If TIS = “1”, the Transmit interrupt is generated after the last bit is sent out of the transmit shift
register and no data has been written to the transmit buffer or CTS handshaking is enabled and
CTSx is high (that is, when TCM flag set).

Receive Interrupts

The UART generates the Receive Buffer Full (RBF) and Receive Error Sum (SER) interrupts to the
CPU core when receiving.

» The RBF interrupt is generated when a receive operation completes and a receive error is not
generated.

e The SER interrupt is generated when an overrun, framing or parity error occurs.

UART
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2.14.8 Clear-to SendCTSx) and Request-to-SendRTSx) Signals

The UART, as a transmitter, can be configured to recognize the Clear-to{SE8H) (input as a
handshaking signal. As a receiver, the UART can be configured to generate the Request-to-Send
(RTSx) handshaking signal.

Clear-to-Send CTSX Input

CTS handshaking is enabled by setting the Clear-to-Send Enable Bit (CTS_SEL, bit 5 of UXCON) to a
“1". If CTS handshaking is enabled, when TEN is a “1” and the low-order byte of the transmit buffer
(UXTRBL1) is loaded, the UART begins the transmission process whe@TBg pin is asserted (low

input). After beginning a send operation, the UART does not stop sending until the transmission is
completed, even iCTSx is deasserted (high input). If TEN is cleared to “0”, the UART will not stop
transmitting and the port pins will remain under the control of the UART until the end of the
transmission. If CTS handshaking is disabled and TEN is a “1”, the UART begins the transmission
process as soon as data is available in the low-order byte of the transmit buffer (UXTRB1). Figure 2-
115 shows a timing example f@TSx.

Request-to-Send RTSXY Output
RTS handshaking is enabled by setting the Request-to-Send Enable Bit (RTS_SEL, bit 6 of UXCON) to
a “1". When RTS handshaking is enabled, the UART drivesRih8x output low or high based on
the following conditions:
Assertion conditions (driven low):

e The Receive Enable Bit (REN) is set to a “1".

* Receive operation has completed with the reception of the last stop bit, REN is still a “1”, and

the programmable assertion delay has expired.

De-assertion conditions (driven high):

e A valid start bit is detected and REN is a “1”.

* REN is cleared to a “0” before a receive operation is in progress.

* Receive operation has completed and REN is a “0".

« UART Receiver is initialized (RIN is set to a “1").
The delay time from the reception of the last stop bit to the re-assert®m3X is programmable.
The amount of delay is selected by setting the RTS Assertion Delay Count Bits (RTS3~0, bits 3 to 0
of UXRTSC) (see Figure 2-114). The time can be from no delay to 120 bit-times, with the delay
beginning from the middle of the last stop bit. If a start bit is detected before the assertion delay has
expired, the delay countdown is stopped andRR&x pin remains high. A full assertion delay

countdown will begin again once the last stop bit of the incoming data has been received. Figure 2-
115 shows a timing example f&TSx.
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'\7/|SB RTS3 RTS2 RTS1 RTSO | Reserved| Reserved| Reservefl Resery| E%SB Address: 003, 0036
Access: R/W
Bits 0-3 Reserved (Read/Write “0”) Reset:  8p
RTS3:0 RTS Assertion Delay Count 3:0 (bits 7,6,5,4)
0000: No delayRTS asserts immediately after receive operation completes.
0001: RTS asserts 8 bit-times after receive operation completes.
0010: RTS asserts 16 bit-times after receive operation completes.
0011: RTS asserts 24 bit-times after receive operation completes.
1000: RTS asserts 64 bit-times after receive operation completes.
1110: RTS asserts 112 bit-times after receive operation completes.
1111: RTS asserts 120 bit-times after receive operation completes.
Figure 2-114. UxRTSC Register
CTS (input)
TXD (output) start /< DATA

St(?g programmable delay

RXD (input) DATA i ! \ stat {  DATA

RTS (output) &/

In both examples, the Transmit and Receive have already been enabled

Figure 2-115. CTSxand RTSxTiming Examples

2.14.9 UART Address Mode

The UART address mode is intended for use in a multi-receiver environment where an address is sent
before each message to designate which UART or UARTs are to wake-up and receive the message. An
address is identified by the MSB of the incoming data byte being a “1”. The bit is “0” for

non-address data. UART address mode can be used in either 8-bit or 9-bit character length mode. The
character length is chosen by writing the appropriate values to the UART Character Length Selection
Bits (LE1,0).

UART address mode is enabled by setting the UART Address Mode Enable Bit (AME) to “1”. When
UART address mode is enabled, the MSB of a newly received byte of data (that is either 8 or 9 bits
in length) is examined if a valid stop bit is detected and a parity error has not occurred (if parity is
enabled). If the MSB is “1”, then the receive buffer full interrupt and flag are set and AME is
automatically cleared, disabling UART address mode. If the MSB is “0”, then the receive buffer full
interrupt is not set. However, the RBF flag is still set for this case. If a valid stop bit is not detected

UART
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or a parity error has occurred, neither the receive buffer full flag nor interrupt is set and the MSB of
the data is not examined. Instead, either the framing error or parity error flag is set, the error sum flag
is set, and the error sum interrupt is set.

While in UART address mode, the generation of overrun errors is disabled after the first byte of data
is received. Therefore, when non-address data is received without errors while in the UART address
mode, it is not necessary to read the UART receive buffer prior to the reception of the next byte of
data. Also, if a framing or parity error occurs while in UART address mode, it is not necessary to
read the UxSTS prior to the reception of the next byte of data. However, an overrun error will occur
if an address byte is received and the UART receive buffer is not read before a new byte of data is
received. This is the case because the UART address mode was automatically disabled when the
address byte was received. Also, an overrun error will occur for the first byte received after UART
address mode is enabled if the preceding byte received did not generate an error and the UART
receive buffer was not read, or the preceding byte did generate an error and UxSTS was not read.

When the MSB is “1" and the UART address mode is automatically disabled, the UART reverts back
to normal reception mode. In normal reception mode, the value of the MSB of each byte of received
data has no effect on the setting of the receive buffer full interrupt or the determination of overrun
errors.
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2.15 Serial I/0

i Acronym and
Address Description value at Reset
002A¢ SIO shift register SIOSHT=XX
002By¢ SIO control register 1 SIOCON1=00
002G SIO control register 2 SIOCON2=18
Name Pin

SRDY is multiplexed with P§
SCLK is multiplexed with P8
SRXD is multiplexed with P8
STXD is multiplexed with P8

The Serial I/O has the following main features:
» Synchronous transmission or reception
« Handshaking viaSRDY output signal
» 8-bit character length
* Interrupt after transmission or reception

» Internal Clock (When serial /0O synchronous clock select bit is “1”, internal clock source divided by
2, 4, 8, 16, 32, 64, 128, 256 can be selected). If bit 1 of SIO Control Register2 is “0”, internal
clock source =®; if bit 1 of SIO Control Register2 is “1", internal clock source = SCSGCLK.)

» External Clock (When SIO synchronous clock select bit is “1”, an external clock input from the
SCLK pin is selected).

* An SPI compatible mode in which the TxD and RxD pins function as MOSI and MISO pins,
respectively.

* Four (SPI compatible) clock phase and polarity options.

A block diagram of the clock synchronous SIO is shown in Figure 2-116.

2.15.1 SIO Control Registers

The Serial 1/0 Control Register 1 controls various SIO functions such as transfer direction and transfer
clock divisor (see Figure 2-117). All of this register's bits can be read from and written to by software.
At reset, this register is cleared to;Q0

SIO Control Register 2 determines the transfer clock phase and polarity, and also whether the SIO is
to function in SPI compatible mode (see Figure 2-118). All of this register's bits can be read from and
written to by software. At reset, this register is set tp;18

2.15.2 SIO Normal Operation

An internal clock or an external clock can be selected as the synchronous clock. When the internal
clock is chosen, dividers are built in to provide eight different clock selections. The start of a transfer
is initiated by a write signal to the SIO shift register (address Q2Ahe SRDY signal then drops
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active low. On the negative edge of the transfer clBBIDY returns high and the data is transmitted

out the STXD pin. Data is latched in from the SRXD pin on the rising edge of the transfer clock. If

an internal clock is selected, the STXD pin enters a high-impedance state after an 8-bit transfer is
completed. If an external clock is selected, the contents of the serial 1/O register continue to be shifted
while the send/receive clock is being input. Therefore, the clock needs to be controlled by the

external source. Also there is no STXD high-impedance function after data is transferred.

Regardless of whether an internal or external clock is selected, after an 8-bit transfer, the interrupt
request bit is set. Figure 2-119 shows the timing for the serial /0O with the LSB-first option selected.

2.15.3 SPI Compatible Operation

Setting the SPI bit (bit 0 in SIOCON2) puts the SIO in an SPI compatible mode. The internal/external
clock select bit (bit 6 in SIOCONL1) determines whether the SIO is an SPI master or slave. If internal
clock is selected the SIO is a master, and if external clock is selected the SIO is in slave mode.

Entering SPI mode has the following effects on operation:

1. The RxD pin functions as a MISO (Master In/Slave Out) pin. This means that when the SPI is in slave
mode transmit data will be output on this pin. In master mode receive data is input on this pin.

2. The TxD pin functions as a MOSI (Master Out/Slave In) pin. When the SPI is in slave mode receive
data is input on this pin. In master mode this pin drives the transmit data.

3. TheSRDY pin functions as a slave/chip select. If the SPI is in slave mode, this pin functions as a slave
select input. When configured as an SPI maste6Ri2Y pin functions as a chip select output.

Figure 2-120 shows the four possible SPI clock-to-data relationships. The CPol and CPha bits (bits 3
and 4 in SIOCON2) are used to select the format.

2.15.3.1 SPI Slave Mode

When configured as an SPI slave the SIO does not initiate any serial transfers. All transfers are
initiated by an external SPI bus master. When the CPha (bit 4 in SIOCONZ2) is “0” serial transfers
begin with the falling edge of th8RDY input. For CPha = “1” serial transfers begin when the SCLK
leaves its idle state (the clock idle state is defined by CPol, bit 3 in SIOCON2).

If SRDY is held high, the shift clock is inhibited, SRXD (MISO) is tri-stated, and the shift count is
reset. IfSRDY is held low, then the shift operation is performed. SRDY input must be deasserted
(brought high) between transfers; this resets the SIO’s internal bit counter.

When the SIO is in SPI slave mode, all transfers are initiated by an external SPI bus master, not by
the MCU. Therefore, an application must implement some form of handshaking or synchronization to
avoid writing to the SIO shift register during a serial transfer. Writing to the SIO shift register during
a transfer will corrupt the transfer in progress.

2-104 3/18/99 Serial 1/0



Mitsubishi Microcomputer

7600 Series

M37640E8-XXXF Preliminary Specification

SRXD STXD SCLK SRDY [0} SCSGCLK
® T Y ® o
3 3
? °1 0 51 \o
0 1 (8 1 0 R O 4+— @ oOd¢d—
[ 0O O«— P81 Latch P80 Latch o
A SRDY 1
w | S P83 Latch ° X
5 Slave 2 wn
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T oy Si¢— CPha
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D Slave =
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/ 2 5973 Divider
@D
SPI Slaw Q) A~
e I N [ [ [
S RIRIRIS |5 [ 1P
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o
SPI
SCSel
Data Bug
SIO Interrupt Request

Figure 2-116. Clock Synchronous SIO Block Diagram

MSB | oCHCont

SCSel TDSel | RDYSel PSel | ISCSel2 ISCSellL ISCSe%SB

ISCSel0-2 Internal Synchronization Clock Select Bits (bits 2,1,0)
Bit 2 Bit 1 Bit 0

0 0 0: Internal Clock divided by 2.
0 0 1 Internal Clock divided by 4.
0 1 0: Internal Clock divided by 8.
0 1 1: Internal Clock divided by 16.
1 0 0: Internal Clock divided by 32.
1 0 1: Internal Clock divided by 64.
1 1 0: Internal Clock divided by 128.
1 1 1 Internal Clock divided by 256.
PSel SIO Port Selection Bit (bit 3)
0: /O Port
1: TxD output, SCLK function
RDYSel SRDY Output Select Bit (bit 4)
0: /0 Port
1: SRDY signal
TDSel Transfer Direction Select Bit (bit 5)
0: LSB first
1: MSB first
SCSel Synchronization Clock Select Bit (bit 6)

0: External Clock
1: Internal Clock
OCHCont TxD Output Channel Control Bit (bit 7)
0: CMOS output
1: N-Channel open drain output

Address: 002Bg
Access: R/W
Reset: 495

Figure 2-117. SIO Control Register 1

Serial I/O
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'\7/|SB Reserved| Reserved | Reserved CPha CPol[ RXDSel | CLKSEL SPI ESB Address: 0026
Access: R/W
SPI SPI Mode Selection Bit (bit 0) Reset: 184
0: Normal SIO mode
1: SPI compatible mode
CLKSEL SIO Internal Clock Selection Bit (bit 1)
0:®
1: SCSGCLK
RXDSel SRXD Input Selection Bit (bit 2)
0: SRXD input disabled
1: SRXD input enabled
CPol Clock Polarity Selection Bit (bit 3)
0: Clock is low between transfers
1: Clock is high between transfers
CPha Clock Phase Selection Bit (bit 4)
0: Data is captured on the leading edge of serial clock, changes on the following edge.
1: Data changes on the leading edge of serial clock, captured on the following edge.
Bits 5-7 Reserved (Read/Write “0”)

Figure 2-118. SIO Control Register 2

Synchronous Clock

Transfer Clock

. Y4 uy
SIO Register A

impedance after the data is transferred.

Write Signal [ |
Receive Enable
SignaISRD{ I_I See Note
SI0 Output  ____XDOXDIXT2XD3XD2XD5XD8XD7
SIO Input
Interrupt Request Bit Set
Note: When the internal clock is selected, the TxD pin goes into higp-

Figure 2-119. Normal Mode SIO Function Timing (with LSB-First selected)

TXD/RxD

Sl B S I o I O O
sew gz [ T4 T3 M T T
RN S A e e A A e e
e g L LA

GETD S G G G B

X Last bit X

Arrows indicate edge when data is captured

Figure 2-120. SPI Compatible Transmission Formats
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2.16 Low Power Modes

This device has two low-power dissipation modes:
« Stop
* Wait

2.16.1 Stop Mode

Use of the stop mode allows the mcu to be placed in a state where no internal excitation of the
circuitry is taking place, thus resulting in extremely low power dissipation. The mcu enters the stop
mode when the STP instruction is executed. The internal state of the mcu after execution of the STP

instruction is as follows:

* All internal oscillation stops with P2 and P2PER held high and P1 and P1PER held low.

« Timer 1 and Timer 2 are loaded with JgFand 03¢ respectively.

* The count source for Timer 1 is set @8 and the count source for Timer 2 is set to Timer 1

underflow.
Xin ML L L L ——— L L L L LT
(D : [ 1 I 0 |
o I Ay T I O B S

PLL M 1 S M .

P2 \ '

mn_rn._rn. . I

PIPER [T : [

P2PER, \ '

[ 1 |

INTREQ. ,

STPSIG. :

CPUOSC : ,

SYNCout, Lo - LA :

RD :| : ) : :

WR! — ; :
AddressC_ P¢ X Co PC+1 ! : 5,CPVA

Data: Opcode X X Invalid ' ' frc+ M

==X . . | X

! . 1 |4—|_" Start of Interrupt Service:

Sleep Period Timer Countdown Routine
(Oscillator stabilization
Timer 2 underflow
Note: Return from a STP Instruction is caused by an interrupt, followed by the countdown and underflow of Timer 2

Figure 2-121. STP Cycle Timing Diagram

Oscillation is restarted (that is, all clocks other than P1 and P2 begin to oscillate) when a reset or an
external interrupt is received. The interrupt control bit of the interrupt used to release the stop mode
must be set to a “1” and the | flag set to a “0” prior to the execution of the STP instruction. To

allow the oscillation source time to stabilize, the oscillation source is connected as the clock source for
the wake-up timer (Timer 1 and Timer 2 cascaded). When Timer 2 underflows, the system clocks P1
and P2 are restarted and the mcu services the interrupt that caused the return from the stop state. It
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then services any other enabled interrupts that occurred, in the order of their respective priorities, and
returns to its state prior to the execution of the STP instruction. The timing for the STP instruction is
shown in Figure 2-121.

2.16.2 Wait Mode

Use of the wait mode allows the microcomputer to be placed in a state where excitation of the CPU is
stopped, but the clocks to the peripherals continue to oscillate. This mode provides lower power
dissipation during the idle periods and quick wake-up time. The microcomputer enters the wait mode
when the WIT instruction is executed. After the instruction execution, P2 is held high and P1 is held
low.

Returning from wait mode is accomplished just as it is when returning from stop mode, with the
exception that you need not provide time for the oscillator to stabilize, because the oscillation never
stopped. Because P1PER and P2PER continue to oscillate in the wait mode, any peripheral interrupt
can be used to bring the microcomputer out of the wait mode. The timing for the WIT instruction is
shown in Figure 2-122.

Xin I

S e T e B e B — L L
PL_ 1 Il I B M.
P2l M | . I

PR 1 B M T

meer_ 11 U L
|

INTREQ : : L

STPSIG —]

SYNGout: [ :
RO . ;
WR | — L

Address{_P¢ X : PC+1 XS,CPMA§
Data E.(Opcodé( ! Invalid / >@1)H

Note: Return f:rom a WIT instruction is caused by an interru;ﬁisgep_P;iod Start of Interruptéervidéoutinei

Figure 2-122. WIT Cycle Timing Diagram
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2.17 Reset

This device is reset if the RESET pin is held low for a minimumpsf ®hile the supply voltage is
between 4.75 and 5.25Volts. When the RESET pin returns high, the reset sequence commences (see
Figure 2-123). To allow the oscillation source the time to stabilize, a delay is generated by the
countdown of Timer 1 and Timer 2 cascaded withgHBbaded in Timer 1 and Q4 loaded in Timer

2. After the reset sequence completes, program execution begins at the address whose high-order byte

is the contents of address FRgfand whose low-order byte is the contents of address f-FB

o S 1 1 Ll

S N BN DN N B o N Y o
G N N DN I o N o N N
Reseu I

SYNCoyt —
Address X ? X ? X ? X ? X ? XFFFAX FFFBXDL,ADH):

Data ! X2 X2 X2 X2 X2 XApH X ADL X Gpeace

Timer countdown from O1RE

Figure 2-123. Internal Processing Sequence after RESET
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2.18 Key-On Wake-Up

This device contains a key-on wake-up interrupt function. The key-on wake-up interrupt function is one
way of returning from a power-down state caused by the STP or WIT instructions. This interrupt is
generated by applying low level to any pin of Port 2. If a key matrix is connected as shown in Figure
2-124, the microcomputer can be returned to a normal state by pressing any one of the keys. Key-on
wake-up is enabled in single-chip mode only.
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Figure 2-124. Port 2 with Key-on Wake-up Function
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3 Electrical Characteristics

3.1 Absolute Maximum Ratings

Table 3-1. Absolute Maximum Ratings

Symbol Parameter Conditions Limits Unit
Vee  [Power supply -0.3t0 7.0 \%
AV |Analog power supply -0.3to:+ 0.3 \%
V, Input voltage PO, P1, P2, P3, P4, P5, P6, P7, P8 -0.3t0 V¢ + 0.3 \Y,
V, |InputvoltageRESET, X,, XC,, Values are with respect 0] 5 310\, + 0.3 Vv
Vgg Output transistors ar
V, Input voltage CN\g in off state. -0.31t0 13 \Y
V, Input voltage USB D+, D- -0.5t0 3.8V \Y
Vo )C()gipjslt_;(l):ltage PO, P1, P2, P3, P4, P5, P6, P7, £8, X 0310 Voo + 0.3 v
P, |Power dissipatidi®® Ta=25C 750 mw
Topr |Operating temperature -20 to +85 °C
Tste | Storage temperature -40 to +12§ °C

Note 1.Maximum power dissipation is based on package heat dissipation characteristics, not chip power
consumption.
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3.2 Recommended Operating conditions

Table 3-2. Recommended Operating Conditions
(Ve = 4.15 t0 5.25V, \g= 0V, Ta = -20 to 88C, unless otherwise noted)

Limits
Symbol Parameter . Unit
Min. | Typ. | Max.
Vee Supply voltage 4.15 5 5.25 Y
AV ¢ Analog supply voltage 4.15 5 Vee \Y
Vgg Supply voltage 0 \Y
AV g Analog supply voltage 0 \Y
Viu H input voltage RESET, X,, XC;,, CNVgg 0.8V Ve v
Viy H input voltage Eg P1, P2, P3, P4, PS, PG, I:70.8VCC Vee \Y
. P2
Viy H input voltage (When PTC6 = “07) 0.5V¢c Vee \Y
" H input voltage PS-PS, P6, P} 2.0 Vee %
(When MBI inputs and PTC7 = “1")
Vi L input voltage RESET, X,, XC;,, CNVgg 0 0.2V v
v, L input voltage gg, P1,P2,P3,P4,P5 P6 R7, 0| v
. P2
1
Vi L input voltage (When PTC6 = “07) 0 0.16V ¢ \Y%
Vi L input voltage PS-PS, P6, PY 0 0.8 Y%
(When MBI inputs and PTC7 = “1")

lo (peak) L peak output currelpt® 1 gg P1,P2,P3, P4, P5, P6, 7, 10 mA
lo (avg) | L average output curretft®® 2 Eg P1,P2,P3, P4, P5, P6, 17, 5 mA
lon (Peak) H peak output currehipte * gg P1,P2,P3, P4, P5, P6, 7, -10 mA
lon (@vg) | H average output curré¥fte 2 gg P1,P2,P3, P4, P5, P6, 7, -5 mA
oL te 3| PO, P1, P2, P3, P4, P5, P6, 7,
(peak) L total peak output curref® P8 80 mA

L total average output PO, P1, P2, P3, P4, P5, P6, R7,
ZloL (Y0) ¢ ygntiote 4 P8 40 mA
Zlon H total peak output curreNPt 3 PO, P1, P2, P3, P4, P5, P6, 7, -80 mA
(peak) P8

H total average output PO, P1, P2, P3, P4, P5, P6, R7,
Zlow (AVG) ¢ reniote 4 P8 -40 mA
f(CNTRO) TimerX - input frequenc)°® > 5 MHz
f(CNTRL1) TimerY - input frequenc)°® > 5 MHz
f(X,) |Clock frequency > 24 MHz
f(XC,) |Clock frequency‘o® >8 32.768 50/5.00 KHz/MHZ

Note 1.The peak output current is the peak current flowing through any pin of the listed ports.
Note 2.The average output current is an average current value measured over 100ms.

Note 3.The total peak output current is the peak current flowing through all pins of the listed ports.
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Note 4.The total average output current is an average current value measured over 100ms.

Note 5.The oscillation frequency has a 50% duty cycle.

Note 6.The maximum oscillation frequency of 50KHz is for a crystal oscillator connected between
XC;, and XG,. An external clock signal having a maximum frequency of 5MHz can be input

to XC,,.
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3.3 Electrical Characteristics

Table 3-3. Electrical Characteristics
(Ve = 4.15 t0 5.25V, \g= 0V, Ta = -20 to 88C, unless otherwise noted)

Limits
Symbol Parameters Test Conditions - Unit
Min [Typ. [Max
H output _ Vee-
Vou PO, P1, P2, P3, P4, P5, P6, P7, P§ loh =-10mA \Y
current 2.0
Vo | outeut PO, P1, P2, P3, P4, P5, P6,P7, P8 lol = 10mA 20| v
current
CNTRO, CNTR1, INTO, INT1, Key- 05 Vv
on wakeup (P2), RD¥OLD '
Y\T/ " |Hysteresis [URXDL, URXD2 (SCLK),CTS2 05 v
T (SRXD),SRDY, CTS1 '
RESET 0.5 Y
PO, P1, P2, P3, P4, P5, P6, P7, P8 5 [ pA
RESET, CN 5 A
I H input curre s Vi=Vcc -
Xin 9 | 20| pA
><Cin 5 HA
PO, P1, P3, P4, P5, P6, P7, P8 =V 5 | pA
P2 V; = Vgg (Pullups off) 5 | pA
Ve =5V, V, = Vgg (Pullups on) -30 | -70| -14d4 pA
I L input currentRESET -5 | pA
CNVgg -20
X Vi=Vss 9 | 20
in - - HA
XCin -5 HA
RAM
Vgauw |retention Clocks stopped 2.0 \Y
voltage
f(X,) = 24MHz,® = 6MHz,
USB operating, frequency synthesizeMdf ] 551 701 mA
f(Xn) = 24MHz,® = 12MHz, 70! 90! ma
Normal Mode USB operating, frequency synthesizeMdf ]
f(X;,) = 24MHz,® = 12MHz,
USB suspended, frequency synthesizer o, 35| 45| mA
USB clock disableldt® 2
Supply curren f(X;) = 24MHz,® = 12MHz,
lec (Output USB suspended, frequency synthesizer of, 75| 10| mA
Fran3|stors CIC USB clock disabletiete 3
isolated) Wait Mode
f(XC,,) = 32KHz,® = 16KHz,
USB disabled, frequency synthesizer off, 6 [ 10| pA
transceiver voltage converter ff€ 4
Trf\rlscelver voltage converter on with USBC3 200| 250| pA
=“1" (low current mode)
Stop Mode T, = 25C, transceiver voltage converter off 0.1 1| pA
T,=85C, transceiver voltage converter off 10 | pA
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Note 1.lcc test conditions:
Single chip mode (run state)
Square wave clock input on;X(X,, drive disabled)
/0O pins isolated
Frequency synthesizer running
USB operating with transceiver voltage converter enabled
CPU and DMAC running
Timers and SCSG running
Both UARTs transmitting
MBI and SIO disabled
Note 2.lcc test conditions same as Note 1 except for the following:
USB in suspend state with USB clock disabled
Note 3.lcc test conditions:
Single chip mode (wait state)
Square wave clock input on;X(X,, drive disabled)
I/O pins isolated
Frequency synthesizer running
USB in suspend state with USB clock disabled
Transceiver voltage converter enabled
Timers and SCSG running
CPU and DMAC not running
Both UARTSs, SIO, and MBI disabled
Note 4.lcc test conditions:
Single chip mode (wait state)
Xin/X oyt Oscillation disabled
Square wave clock input on XC(XC,, drive disabled)
I/O pins isolated
Frequency synthesizer disabled
USB and USB clock disabled
Transceiver voltage converter disabled
Timers and SCSG running
CPU and DMAC not running
Both UARTSs, SIO, and MBI disabled
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3.4 USB Physical Layer Timing/Electrical Characteristics

Table 3-4. USB Physical Layer Electrical Characteristics

Parameter Symbol Conditions Min Max Unit
Supply Voltage VCC 4.15 5.25 Vv
Supply Current:
f(Xin) = 24MHz,® = 12MHz,
Normal Operation IcC ;Jysn?hzzgzrtlgr?.’ g?r?gre;fgply currgnt %0 mA
values, refer to Table 3-3
Including 1.5 K2 pull-up resistor
Suspend ICCS guertrfrr;tnzr(;eli)v;"\]/iitage converter tp 500 HA
low current mode, stop oscillation
Input Levels:
High (driven) VIH 2.0 \Y
High (floating) VIHZ 2.7 \Y
Low VIL 0.8 \Y
Differential Input Sensitivity VDI |(D+) - (D)) 0.2 \Y
Differential Common Mode Range VCM 0.8 25 \Y
Output Levels:
High (driven) VOH 2.8 3.6 \%
Low VOL 0.0 0.3 \%
Output Signal Crossover Voltage VCRS 1.3 2.0 \Y%
Table 3-5. USB Physical LayerTiming Characteristics
Parameter Symbol Conditions Min Max Unit
Driver Characteristics:
Rise Time TFR 20 ns
Fall Time TFF 20 ns
'\Dﬂi;f;rﬁggal Rise and Fall Time TEREM 90 110 %
Driver Output Resistance ZDRV Including 83series resistor 33 44 Q
Clock Timings:
Full-speed Data Rate TDRATE Average bit rate (12Mb/s +/- 0.25%) 11.97 12.03 Mb/s
Frame Interval TFRAME 1.0ms +/- 0.05% 0.9995 1.0005 ms
Consecutive Frame Interval Jitter TRFI No clock adjustment 42 ns
Consecutive Frame Interval Jitter TRFIADJ With clock adjustment 126 ns
Full-speed Data Timings:
Source Differential Driver Jitter:
(including frequency tolerance) | TDJ1 -2 2 ns
To Next Transition
Source Differential Driver Jitter:
(including frequency tolerance) | TDJ2 -1 1 ns
For Paired Transitions

3-8
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Table 3-5. USB Physical LayerTiming Characteristics

Differential Transition

Parameter Symbol Conditions Min Max Unit
Source Jitter for Differential
Transition to SEO transition TFDEOP 2 5 ns
Receiver Jitter:
To Next Transition TIRL 185 185 ns
Receiver Jitter:
For Paired Transitions TJR2 9 9 ns
Source SEO Interval of EOP TFEOPT 160 175 ns
Receiver SEO Interval of EOP TFEOPR 82 ns
Width of SEO Interval during TEST 14 ns

USB Physical Layer Timing/Electrical Characteristi8418/99
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3.5 Timing Requirements and Switching Characteristics

Table 3-6. Timing Requirements and Switching Characteristics

(Ve = 4.15 10 5.25V, \g= 0V, Ta = -20 to 88C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. | Typ. | Max.
INPUTS
tw(RESET) RESET input “Low” pulse width 2 ys
te(Xiy) Clock input cycle time 41.66 ns
twh(X;,) Clock input “High” pulse width 0.4tc(X,) ns
twi(X;,) Clock input “Low” pulse width 0.4tc(X;,) ns
tc(XCy) Clock input cycle time 200 ns
twh(XC;,) Clock input “High” pulse width 0.4*tc(X¢) ns
twl(XCi,) Clock input “Low” pulse width 0.4*tc(X¢) ns
INTERRUPTS
tc(INT) INTO, INT1 input cycle time 200 ns
twh(INT) INTO, INT2 input “High” pulse width 90 ns
twi(INT) INTO, INT1 input “Low” pulse width 90 ns
tc(CNTRI) CNTRO, CNTR1 input cycle time 200 ns
twh(CNTRI) CNTRO, CNTR1 input “High” pulse width 80 ns
twl(CNTRI) CNTRO, CNTR1 input “Low” pulse width 80 ns
TIMERS
td(®-TOUT) TIMER TOUT delay timé¥oe 1 15 ns
td(®-CNTRO) TIMER CNTRO delay time (pulse output moi8¥ 15 ns
tc(CNTREO) TIMER CNTRO input cycle time (event counter mode) 200 ns
twh(CNTREO) TIMER CNTRO input “High” pulse width (event counter mogie)}i*tc(CNTREOQ) ns
twl(CNTREO) TIMER CNTRO input “Low” pulse width (event counter modg).4*tc(CNTREOQ) ns
td(®-CNTR1) TIMER CNTR1 delay time (pulse output mobi8¥ 15 ns
tc(CNTREL) TIMER CNTR1 input cycle time (event counter mode) 200 ns
twh(CNTRE1) TIMER CNTR1 input “High” pulse width (event counter mo1ie)4*tc(CNTRE1) ns
twl(CNTRE1) TIMER CNTR1 input “Low” pulse width (event counter mod|e().4*tc(CNTRE1) ns
SIO
tc(SCLKE) SIO external clock input cycle time 400 n
twh(SCLKE) SIO external clock input “High” pulse width 190 ng
twl(SCLKE) SIO external clock input “Low” pulse width 180 ns
tsu(SRXD-SCLKE) SIO receive setup time (external clock) 15 S
th(SCLKE-SRXD) SIO receive hold time (external clock) 10 nF
td(SCLKE-STXD) SIO transmit delay time (external clock) 25 s
tv(SCLKE-SRDY) SIOSRDY valid time (external clock) 26 ns
tc(SCLKI) SIO internal clock output cycle time 166.66 n
twh(SCLKI) SIO internal clock output “High” pulse width 0.5*c(SCLKI)-5 ns
twl(SCLKI) SIO internal clock output “Low” pulse width 0.5*c(SCLKI)-5 ns
tsu(SRXD-SCLKI) SIO receive setup time (internal clock) 20 ns
th(SCLKI-SRXD) SIO receive hold time (internal clock) 5 ng
td(SCLKI-STXD) SIO transmit delay time (internal clock) 5 ng
3/18/99  Timing Requirements and Switching Characteristics
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Table 3-6. Timing Requirements and Switching Characteristics
(Ve =4.15 10 5.25V, V5= 0V, Ta = -20 to 88C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. | Typ. | Max
MBI (Separate R and W Type Mode)
tsu(S-R) S0,51 setup time for read 0 ns
tsu(S-w) S0,51 setup time for write 0 ns
th(R-S) S0,S1 hold time for read 0 ns
th(W-S) S0,51 hold time for write 0 ns
tsu(A-R) AO setup time for read 10 ns|
tsu(A-W) A0 setup time for write 10 ns
th(R-A) AO hold time for read 0 ns
th(W-A) A0 hold time for write 0 ns
w(R) Read pulse width 50 ns
tw(W) Write pulse width 50 ns
tsu(D-W) Data input setup time before write 25 n§
th(W-D) Data input hold time after write 0 ns
ta(R-D) Data output enable time after read 40 ns
tv(R-D) Data output disable time after read 10 ns
tv(R-OBF) OBF output transmission time after read 40 ns
td(W-1BF) 1BF output transmission time after write 40 ng
MBI (R/W Type Mode)

tsu(S-E) S0,51 setup time 0 ns
th(E-S) S0,51 hold time 0 ns
tsu(A-E) AO setup time 10 ns
th(E-A) A0 hold time 0 ns
tsu(RW-E) RW setup time 10 ns
th(E-RW) RV hold time 10 ns
tw(E) Enable pulse width 50 ns
tw(E-E) Enable pulse interval 50 ns
tsu(D-E) Data input setup time before write 25 ng
th(E-D) Data input hold time after write 0 ns,
ta(E-D) Data output enable time after read 40 ns
tv(E-D) Data output disable time after read 10 ns
tv(E-OBF) OBF output transmission time after E inactive 40 S
td(E-IBF) 1BF output transmission time after E inactive 40 ng

Note 1.Timer clock is® or a derivative ofd.
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Inputs tw(RESET)

0.8Vee

RESET 0.2vee

'[C(Xi,.,)

tc(XC;,)

A
A 4

twh(XC;) tWI(XC;,)

0.8V
XCy, °° /
vy 0.2Vee

Interrupts tc(INT), tc(CNTRI)
[
twh(INT),twh(CNTRI)  twi(INT),twl(CNTRI)
INTO, INTZ, /
CNTRO, CNTR1 j— 0-2vee —

Timers ® >L/—\;
td(®-TOUT)
TOUT 0.5Vee >

td(®-CNTRO,1)

CNTRO, CNTR1 0.5Vee >

tc(CNTREO,1)

twh(CNTRED,1) twI(CNTREO,1)

L 0.2Vce Z

CNTRO, CNTR1

Figure 3-1. Reset, Clock, Interrupts and Timers Timing Diagram
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S0 5 tc(SCLKE,|)
twl(SCLKE, ) , twh(SCLKE,))
—~osvee
SCLK C0.2Vcc :/
tsU(SRXD-SCLKE, | th(SCLKE,I-SRXD)
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STXD * 0.5Vce >
tv(SCLKE-SRDY)
} 0.8vce

%

%
2
g

Figure 3-2. SIO Timing Diagram
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SIO Timing Diagram
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Read tsu(a-R) thr-A)
0.8Vce (2.0°
AO >Z 0.2Vce (0.8\) X
tsusR) thr-s)
@ j £ 0.2V[cc (0.8V) [
' |
twRr)
R R 7
0.8Vce 0.8Vce
DQyDQ; $ 0.2Vee Do
D) tyr-0) 6P
ty(r-0BF)
OBF ) 0.2Vce
_ tsuaw) thow-)
Write < » »
0.8Vce (2.0
Ao >Z 0.2vee (0.8) —z<
tsu(s-w) thw-s)
§0 71 £ 0.2V[ce (0.8V) [
' |
Laqw)
W N_°S¥0ead8) 1
P tsuowy || thwn)
0.8Vce (2.0V) =
DQy-DQ, Z 0.2vce (0.8V) E
taow-18R)
ﬁ \ 0.2Vce
Note: TTL input levels in parenthesis (TTL levels selected when PTC7 = “1")

Figure 3-3. MBI Timing Diagram (SeparateR and W Type Mode)

3-14 3/18/99  Timing Requirements and Switching Characteristics



7600 Series
Mitsubishi Microcomputer M37640E8-XXXF Preliminary Specification

twe-g) tu(e)
E N o2vee 0av) P35z N
tsu(A-E) t
> h(E-A)
Ao 0.8Vcc (2.0V)
RW >Z 0.2Vec (0.8V) Z<:
tsus-E) N the-s)
7)’7_ l 0.2Vcc(z V)
Read
_— 0.8Vce
DQO'DQ7 / {- 0.2Vce
»l
taED) " YEen)
Write tsuE-D) the-p)
>l
_ —\ y 0.8Vcce (2.0V)
DQO DQ7 / N_ 0.2Vce (0.8V)
ty(e-oBF)
ta(E-18F)
OBF,W BC 0.2Vce
Note: TTL input levels in parenthesis (TTL levels selected when PTC7 = “1")

Figure 3-4. MBI Timing Diagram (R/W Type Mode)
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Table 3-7. Memory Expansion Mode and Microprocessor Mode Timing
(Ve =4.1510 5.25V, g = 0V, Ta = -20 to 88C, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min. Typ. Max.

te(d) @ clock cycle time 83.33 ns
twh(®) @ clock “H” pulse width 0.5*tcP)-5 ns
twi(®P) @ clock “L” pulse width 0.5*tc(p)-5 ns
td(P-AH) Address bus AB15-AB8 delay time with respectito 31 ns
tv(P-AH) Address bus AB15-AB8 valid time with respectdo 5 ns
td(P-AL) Address bus AB7-ABO delay time with respectdo 33 ns
tv(P-AL) Address bus AB7-ABO valid time with respectdo 5 ns
td(®-WR) WR delay time 6 ns
tv(D-WR) WR valid time 3 ns
td(®-RD) RD delay time 6 ns
tv(®-RD) RD valid time 3 ns
td(®-SYNC) SYNCqyr delay time 6 ns
tv(P-SYNC) SYNCqyr valid time 4 ns
td(®-DMA) DMA o r delay time 25 ns
tv(®-DMA) DMA 7 valid time 5 ns
tsu(RDY-D) RDY setup time with respect tb 21 ns
th(®-RDY) RDY hold time with respect t® 0 ns
tsu(HOLD-®) 'HOLD setup time 21 ns
th(®-HOLD) HOLD hold time 0 ns
td(®-HLDA) HLDA delay time 25 ns
tv(®-HLDA) HLDA valid time 25 ns
tsu(DB-®) Data bus setup time with respectito 7 ns
th(®-DB) Data bus hold time with respectdo 0 ns
td(®-DB) Data bus delay time with respect®o 22 ns
tv(¢-DB) Data bus valid time with respectdpNot 13 ns
twl(WR) WR pulse width 0.5*tap)-5 ns
twl(RD) RD pulse width 0.5*tap)-5 ns
td(AH-WR) WR delay time after stable address AB15-AB8 0.5Mep8 ns
td(AL-WR) WR delay time after stable address AB7-ABO 0.5#%:30 ns
tv(WR-AH) Address bus AB15-AB8 valid time with respectiiR 0 ns
tv(WR-AL) Address bus AB7-ABO valid time with respectWR 0 ns
td(AH-RD) RD delay time after stable address AB15-AB8 0.5Mep8 ns
td(AL-RD) RD delay time after stable address AB7-ABO 0.5#%:30 ns
tv(RD-AH) Address bus AB15-AB8 valid time with respecRD 0 ns
tv(RD-AL) Address bus AB7-ABO valid time with respectRD 0 ns
tsu(RDY-WR) RDY setup time with respectféR 27 ns
th(WR-RDY) RDY hold time with respect &R 0 ns
tsu(RDY-RD) RDY setup time with respectRD 27 ns
th(RD-RDY) RDY hold time with respect D 0 ns
tsu(DB-RD) Data bus setup time with respedR 13 ns
th(RD-DB) Data bus hold time with respectR® 0 ns
td(WR-DB) Data bus delay time with respecWiR 20 ns
tv(WR-DB) Data bus valid time with respectWR N°© 1 10 ns

Note 1.. Measurement conditions: lohl £5ma, G = 50pF
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| td(@ - SYNQ) €| tv(® - SYNC)
SYNCoyr _/o,swc -
4| td(@ - DMA) N\ €| tv(® - DMA)
L\
DMAoyt 05vee (n cycles ofd) x:
tsu(RDY -o)

A

l—p th(® - RDY)

al Ll L
0.8Vee
RDY
0.2vce —

tsu(HOLD -o)

¢ »l¢—p| th(® - HOLD)
HOLD 0.8Vce ZI_
(Enter state) 0.2vee .
td(® - HLDA)
HLDA 0.5vee
tsu(HOLD -o)
l¢—plg—p| th(@® - HOLD)
HOLD 0.8vce R
(Exit state) 0.2vee j &_
tv(® - HLDA)
HLDA 0.5Vce
tsu(DB -@) | th(e - DB)
7‘0‘8\/(:(: —- -
DB0-DB7 UL oavee  —
(CPU Read Phase) td(® - DB)
»| tv(e - DB)
DBO-DB7 0.5Vee
(CPU Write Phase)

Figure 3-5. Microprocessor and Memory Expansion Mode Timing Diagram 1
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twI(RD), tWi(WR)

\D‘SVCC —

td(AH - WR) tv(WR - AH)
td(AH - RD) tv(RD - AH)

AB15-AB8 X >Eo.swc <_;k><
(AL - WR) tV(WR - AL)
——GAL-RD) | t(RD - AL)

AB7-ABO >d<o.stc ‘_;kx

tsu(RDY - WR
tsu(RDY - RD) th(WR - RDY)
»

1€ th(RD - RDY)
tsu(DB - RD)| th(RD - DB)
- »

al L Ld
0.8Vce
RDY \ ZL
0.2Vce
L

7—0.8Vcc
DBO-DB7 A oovee _57

A
A4

Y]

O

5
]

A
A

(CPU Read Phase) {d(WR - DB)

< »| tv(WR - DB)
DBO0-DB7 0.5Vee
(CPU Write Phase)

Figure 3-6. Microprocessor and Memory Expansion Mode Timing Diagram 2

1kQ
Measurement output pin Measurement output pin
O 1 O ?
———— 100pF ~——— 100pF
7T 7T
CMOS Output N-channel Open-drain Output

Figure 3-7. Output Switching Characteristics Measurement Circuits
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4 Application Notes

4.1 DMAC

4.1.1

Application

The following is an example of how to set up the DMAC for interfacing with a peripheral block. In

this

case data is being transferred by DMAC channel 0 from UART1 receive buffer to user RAM.
Write 08,5 to DMAOML1 so that after each transfer the destination register will be decremented by
one and the source register will remain unchanged.

Write 00, to the low-order byte of the destination register (DMAODL) angls@8 the high-order
byte of the destination register (DMAODH) so that the data received by the UART is placed in
page three of the user RAM starting from address 3300

Write 345 to the low-order byte of the source register (DMAOSL) angs @0 the high-order byte

of the source register (DMAOSH) so that the DMAC reads from address0Q@dich is the low-
order byte of the UART receive buffer.

Write to the transfer count register (DMAOCL/H) with a 16-bit value that corresponds to the
number of transfers to occur before flag CRUF and the DMAC channel O interrupt are set.

Set the DMAC transfer initiating source to the UART receive interrupt by writing @il
DMAOM2.

Place the UART in the desired configuration for data reception by writing to the UART control
(ULCON), UART mode (ULMOD), and UART baud rate (ULBRG) registers.

Disable the UART receive interrupt from being serviced by the CPU by setting to a "0" bit 6 of
interrupt control register A (ICONA).

Enable the DMAC channel 0 interrupt by setting bit 4 of ICONA to "1".
Enable DMAC channel 0 and reset the initiating source sample latch by writipgt@ DMAOM2.

The DMA controller will transfer one byte of data from the UART receive buffer to third page user
RAM each time that the UART1 receive interrupt is set. Because the destination register is incremented
by one after each transfer, third page user RAM is contiguously filled with received data.

The transfer count register decrements by one after each transfer. When it underflows, flag DOUF and
the DMAC channel 0 interrupt are set. In the DMAC channel 0 service routine, the user can either
write new values to the source, destination, and transfer count registers, or leave these registers
untouched. If they are left untouched, then they contain the previously written values that were
reloaded when the transfer count register underflowed. This would result in the previously transferred
UART data in third page user RAM being overwritten with newly received UART data.

DMAC

3/18/99 4-3
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4.2 UART

4.2.1 Application

* 7 bit operation:
When 7 bit data format is used, bit 7 of the transmit buffer register 1 is ignored. The transmit buffer regis-
ter 2 does not affect the 7 or 8 bit format.

e 9 bit operation:

The upper transmit/receive buffer register (UXTRB2) is a single bit register (bit 0). Writing to the upper
bits in these registers has no affect. When reading the register the upper 7 bits are "0".

* The RTS Control Register (UXRTSC) is reset tqg80hen the Receive Initialization Bit (RIN) is

set to “1”. When programming the RTS delay, ensure the RIN bit is set prior to programming the
delay.

Note: The value in UBRG is not affected by a reset.

3/18/99 UART
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4.3 Timer

4.3.1 Usage
* If Port 43 is read when Timer X Pulse Output mode is being used, the value returned is the
pulse output signal fed from the timer to the port.

* If Port 4, is read when Timer Y Pulse Output mode is being used, the value returned is the
pulse output signal fed from the timer to the port.

* If Port 5 is read when Timerl/Timer2 Pulse Output mode is being used, the value returned is
the pulse output signal fed from the timer to the port.

Table 4-1. Initial Values of Timer Pulse Outputs

Timer Selection Bit Initial Output Value
. . . 0: Logic H
Timer Y |CNTR1 Polarity Select Bit (TXM6) 1: Logic L
) . . 0: Logic H
Timer X | CNTRO Polarity Select Bit (TXM6) 1: Logic L
Timer 1/| Ty, Output Active Edge Selection Bit 0: Logic H
Timer 2 |(T123M5) 1: Logic L

Timer 3/18/99 4-5
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4.4  Frequency Synthesizer Interface

All passive components should be in close proximity to pin 18 (LPF). The recommended values are as
follows:

Table 4-2. Recommended Values

R
0,
0000 1/8 watt 10%
C2=680 pf 5V 10%
C1=0.1pf 5V 10%

See Figure 4-1 for a schematic of the LPF.

Pin 18
(LPF)

C1
Pin19 _|_
— Avss

Figure 4-1. LPF Filter Schematic

Analog Vgg and Analog Vg4 pins 19 and 17 should have isolated connectors to the diggaind
V4q ground planes. Figure 4-2 illustrates the power supply isolation.

Femte Beads

Digital V 4q

(on card) J_ \/ A/J_

Digital Vg \\ / AnalogV ¢4 (Pin 19)
Decoupling

Capacitors

AnalogV yq (Pin 17)

Figure 4-2. Power Supply Isolation
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4.5 USB Transceiver

When using the on-chip voltage converter to supply the necessary 3.3V to the driver circuit, a capacitor
must be connected between Ext. Cap (pin 72) aggl(pin 73). The Capacitor spec is as follows:

voltage: 5V, tolerance: 10%, type: mica, glass, polystyrene or low-loss ceramic. The recommended
value of the capacitor on Ext. Cap is|#2in parallel with a 0[AF. The start-up time for this value
of the capacitor is 3.2ms. The start-up time is approximately ((Ens/ 1ms.

After enabling the on-chip voltage converter, a certain amount of time must pass before a WIT or STP
instruction is executed. The amount of time is given by (C+1)ms, when C is the valkeointhe

external capacitance connected to the Ext. Cap pin. For example, if the external capacitapte is 2.2

at least 3.2ms must elapse from the time that the on-chip voltage converter is enabled until a WIT or
STP instruction is executed.

In order to meet the impedance matching requirements of the USB Specificatidl, resgior must

be added to USB D+ (pin 70) and to USB D- (pin 71). In addition, capacitors connected between USB
D+ and USB D- or USB D+/D- and Vss may need to be added for riseffall time matching and edge
control. These capacitors should be placed after ter@Sistors. Their configuration and values will
depend on the pcb layout. The placement of external components is illustrated in Figure 4-3.

M37640E8
\oltage Converter
| Ext Cap
ZIZHFJ—I:_—JEEIF
USB_Vp_outt — — XCV_Vp_out D+ 33Q
USB_Txen_n- — — —p XCV_Txen_n
- 33Q
USB_Vm_outk — — ] XCV_Vm_out >D—’\/\/‘%
USB_Suspend — — —p| X%V_Susdpend
USB Block USB Rxdleg- — — | @SV RX \J/'ﬁ‘ 5
USB_Vp_in|-g- — — SV VD in é]l
USB_Vm_inleg- — — <&V VYm in é]l
Transceiver

Figure 4-3. Configuration of External USB Components

USB Transceiver 3/18/99 4-7
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4.6 Using the Frequency Synthesizer and DC-DC Converter

This section presents the recommended method of setting up and using the frequency synthesizer that
generates the 48MHz clock needed by the USB FCU and the DC-DC converter that provides power to
the D+/D- drivers.

4.6.1 Reset of USB Related Registers

Hardware Reset

SFR Registers:
0000, to 0012,

USB Reset
SFR Registers:

00135 (USBC),
0014 4to 001, 00504 to 00564
001':16 (CCR), (USB FCU registers)
00204 to 004F

006C;5 (FSC),

006D, 5 to 006F ¢

Figure 4-4. SFR Reset Venn Diagram

The special function registers (SFRs) that govern the operation of the frequency synthesizer, DC-DC
converter and USB FCU are affected by one or more reset events. The addresses of the special
function registers (SFRs) that are affected by Hardware Reset, USB Reset, or both are shown in Figure
4-4.

All resettable SFRs, including SFRs and other registers internal to the USB FCU, are affected by a
Hardware Reset, which occurs when RESET pin is brought low or an undefined opcode is fetched.
See Table 2.1 for a complete listing of SFRs and their reset values.

Only registers internal to the USB FCU are reset when a USB Reset sent by the Host/Hub is detected.
These USB registers are reset to their default values except for bit 5 of USBIS2 (USB Reset Interrupt
Status Flag), which is set to a “1". USB FCU registers are registers from addresgg 008055 ¢

and all other registers within the USB FCU, many of which the MCU does not have direct access to
(e.g. FIFO address pointers). The USB FIFO registers are not reset. Other SFRs such as USBC, FSC,
and CCR are not affected by a USB Reset.

3/18/99 Using the Frequency Synthesizer and DC-DC Converter
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4.6.2 Set up of Frequency Synthesizer and DC-DC Converter

A TN
M37640E8
Xin Frequency USBC5
—O0—P Svnthesizer DC-DC Converter|
enabley locK (enable) enable %J(r)rggt
by [ -
FSE LS (enable) L Ext Cap

USB FCU ~g—p| USB Transceiver
USBCLK
(48MHZ) enable
USBC7
USBC7
I B

Figure 4-5. PLL, DC-DC Converter and USB Functional Block Diagram

A functional block diagram of the USB system on the M37640E8 which shows how the control signals
affect operation is given in Figure 4-5.

4.6.2.1

Set up after Hardware Reset

A Hardware Reset occurs when either RIESET pin is brought low for more thaps2or an invalid
opcode is fetched by the CPU. The frequency synthesizer (PLL) and DC-DC converter should be set
up as follows in the Hardware Reset routine (see Figure 4-6):

Power up the M37640E8 and other components on the peripheral device for less than 100mA
operation. The current limit only applies for bus powered devices.

Configure the PLL for 48MHz f(VCO) operation.

Enable the PLL by setting FSE (bit 0 of the Frequency Synthesizer Control Register (FSC)) to a
“1", then wait for 2ms.

Check the lock status bit (LS, bit 7 of FSC).
e If the bit is a “1”", go on.

< If the bit is a “0”", wait 0.1ms longer and then re-check the bit.

Enable the DC-DC converter in high current mode by setting USBC4 (bit 4 of the USB Control
Register (USBC)) to a “1" and keeping USBC3 (bit 3 of USBC) a “0". High current mode

should always be used during normal USB operation. Low current mode should only be used dur-
ing a USB suspend.

Wait (C + 1)ms (where C equals the external capacitance connected to the Ext Capup)n in

for the voltage on Ext Cap to reach a steady state voltage of approximately 3.3V. (Since the D+
pullup is connected to the Ext Cap pin, the upstream hub will detect that the peripheral device
has been plugged in once the voltage on D+ reaches approximately 2.0V.)

Using the Frequency Synthesizer and DC-DC Conve3i{éB/99 4-9
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Example: A 2.8F capacitor connected to Ext Cap requires 3.3ms for the voltage on Ext Cap to be stable.

e Enable the USB clock by setting USBC5 (bit 5 of USBC) to a "1". (If the USB clock and FCU

are enabled before the voltage on Ext Cap is stable, a phantom USB Reset may be detected, or

the actual USB Reset may not be detected.)

« Wait at least 4 cycles ob, then enable the USB FCU by setting USBC7 (bit 7 of USBC) to a
"1

« Enable other blocks as necessary.

RESET | { Enable PLL
FSE
Wait 2ms
LS
{ Enable DC-DC converter
USBC4
Wait (C+1)ms
’<—>i’— Enable USB Clock
USBC5
Wait at least 4 cycles o
—
USBC7
™ Enable USB FCU

Figure 4-6. PLL and DC-DC Converter Set Up Timing after Hardware Reset

4.6.2.2 Set up after USB Reset Signaling Detected

A USB Reset is detected by the USB FCU when an SEO is present on D+/D- for at lpast 2.5
Detection of a USB Reset results in bit 5 of USB Interrupt Status Register 2 (USBIS2) being set to a
“1" and the registers within the USB FCU being reset to their default values. Register USBC and the
PLL registers are not affected by a USB Reset. A USB Function Interrupt request is also generated
when the USB Reset is detected.

No modifications to the frequency synthesizer or DC-DC converter configuration should be made in the
USB Function Interrupt routine. However, all USB FCU registers (addressegg@05005FR¢) must be
reconfigured to their pre-enumeration state.

46.2.3 Set up after USB Suspend Detected

A USB Suspend occurs if the USB FCU does not detect any bus activity on D+/D- for at least 3ms.
Detection of a suspend results in bit 7 of USBIS2 and bit 0 of USBPM (SUSPEND) being set to a
“1". If bit 7 of the USB Interrupt Enable Register 2 (USBIE2) is a “1”", a USB Function Interrupt
request is also generated.

The configuration of the frequency synthesizer and DC-DC converter should be changed as follows in
the USB Function Interrupt routine (if the device is bus powered):

« Disable the USB clock by setting USBC5 (bit 5 of USBC) to a "0". Once the USB clock is dis-

4-10

3/18/99 Using the Frequency Synthesizer and DC-DC Converter



7600 Series
Mitsubishi Microcomputer M37640E8-XXXF Preliminary Specification

abled, registers internal to the USB FCU should not be written to. This includes all USB SFR
registers from address 00%0to 0064 It does not include USBC, CCR or FSC.

» Disable the PLL by setting FSE (bit 0 of FSC) to a "0".

* Change the DC-DC converter from high current mode to low current mode by setting USBC3 (bit
3 of the USBC) to a “1".

» Perform other tasks to reduce total current to below 500uA.

e Execute the STP instruction. Make sure to enable the USB Function Interrupt Enable Bit (bit 0 of
ICONA = “1") and clear the | flag prior to executing the STP instruction so the MCU can wake
up once resume signaling is detected. Also, make sure that all bits of USBIS1 and USBIS2 are
“0” and the USB Function Interrupt Request Bit (bit 0 of IREQA) is “0” prior to executing the
STP instruction.

Note that no action may be necessary if the device is self powered.

4.6.2.4 Set up after USB Resume Signaling Detected

A resume occurs when the USB FCU is in the suspend state and detects non-idle signaling on D+/D-.
Detection of a resume results in bit 6 of USBIS2 and bit 1 of USBPM (RESUME) being set to a “1".
A USB Function Interrupt request is also generated. If the MCU was in the stop state prior to the
detection of the resume, the USB Function Interrupt request will cause the MCU to wake up from the
stop state. See section 2.16.1 “Stop Mode” for details on waking up from the stop state.

The configuration of the frequency synthesizer and DC-DC converter should be changed as follows in
the USB Function Interrupt routine (if the device is bus powered):

e Change the DC-DC converter from low current mode to high current mode by setting USBC3 (bit
3 of the USBC) to a “0".

* Re-enable the PLL for 48MHz f(VCO) by setting FSE (bit 0 of the FSC) to a “1”, then wait for
2ms.

* Check the lock status bit (LS, bit 7 of FSC).
e If the bit is a “1”", go on.

e If the bhit is a “0", wait 0.1ms longer and then re-check the bit.
» Enable the USB clock by setting USBC5 (bit 5 of USBC) to a "1".
» Enable other blocks as necessary.

Registers internal to the USB FCU should not be written to until the USB clock is re-enabled. This
includes all USB SFR registers from address Q%0 0064¢. It does not include USBC, CCR or

FSC

Note that the configuration changes described above may not need to be made if the MCU was not
placed in a suspend state as described in section 4.6.2.3 "Set up after USB Suspend Detected".

Using the Frequency Synthesizer and DC-DC Conve3i{éB/99 4-11
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4.7 Ports

After reset, Port 2 input voltage characteristics are set to 0.5Vccfoad 0.16Vcc for | . To

change the input voltage characteristics to CMOS levels, set bit 6 of the port control register (PTC)
to a “1".

4-12 3/18/99 Ports
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4.8 Programming Notes

4.8.1 Usage of SEI/PLP Instructions

Always execute an SEI instruction immediately before executing a PLP instruction.

4.8.2 Accessing USB IN/OUT CSR registers

The endpoint 1-4 IN CSR (address 0p9%have a bit IN_PKT_RDY (bit 0) that is set to a “1” by

the firmware after a packet of data is loaded to the respective endpoint’s FIFO to signify that a packet
is ready for transmission. If the firmware wants to send a NULL packet to the host, it can simply

write a “1” to the IN_PKT_RDY bit without loading data to the FIFO. This bit is cleared by the
hardware. If the firmware manipulates (writes) the IN CSR for a purpose other than to signify to the
hardware that a data packet is ready for transmission (for instance, set/reset TOGGLE_INIT bit, set/
reset SEND_STALL bit), it must make sure that a “0” is written back to the IN_PKT_RDY bit.

Failure to do so could cause improper operation of the device. Writing a “0” to the IN_PKT_RDY bit
has no effect on its state.

The endpoint 1-4 OUT CSR (address 09§Ahas a bit OUT_PKT_RDY (bit 0) that is set to a “1”

by the hardware after a packet of data is received from the host to the respective endpoint’s FIFO to
signify that a packet is ready for download. This bit is cleared by the firmware by writing a “0” to it
after the data packet is unloaded from the FIFO. If the firmware manipulates (writes) the OUT CSR

for a purpose other than to signify to the hardware that a data packet has been unloaded (for instance,
set/reset TOGGLE_INIT bit, set/reset SEND_STALL bit), it must make sure that a “1” is written back

to the OUT_PKT_RDY bit. Failure to do so could cause improper operation. Writing a “1” to the
OUT_PKT_RDY bit has no effect on its state.

Below is an example of how to set/reset the TOGGLE_INIT bit of the IN CSR register (for initializing
the respective endpoint data toggle sequence bit):

LDA USBICSR

ORA #3%08 ;posethit3=1

AND #$FE ;; set TOGGLE_INIT bit = 1, write “0” back to IN_PKT_RDY bit
STA USBICSR

LDA USBICSR

AND #$F6 :: reset TOGGLE_INIT bit = 0, write “0” back to IN_PKT_RDY bit
STA USBICSR

4.8.3 USB Consecutive Set Address

The USB Specification states that the host can send a SET_ADDRESS request for the following cases:

1. During enumeration when the device is in default state. (The host assigns a non-zero address.)
2. When the device is in the address state. (The host can re-assign a new address.)
The device handles case #1 (when the device is in the default state) and case #2 (when the device is

in the address state) differently. The following is a segment of code to illustrate the program flow to
properly deal with these cases.

Programming Notes 3/18/99 4-13
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LDA USBA
BNE ADDR_STATE ;; If not 0, device is in Address state
DEFAULT_STATE:

LDA wValue_lo

STA USBA ;» If the device is in default state, update address before STATUS completion
LDA USBICSR ;; USB ENDPOINT IN CSR

ORA #$48 ;; Set serviced_out_pkt_rdy & data_end

STA USBICSR

. . wait for the completion of the status phase

JMP ADDR_END

ADDR_STATE:
LDA USBICSR ;; USB ENDPOINT IN CSR
ORA #$48 ;; Set serviced_out_pkt_rdy & data_end
STA USBICSR

. . wait for the completion of the status phase
LDA wValue_lo
STA USBA ;; If the device is in address state, update address after STATUS completion
ADDR_END:

end of the set_address routine

Note: wValue lo = assigned address from the host in SET_ADDRESS request.

4-14 3/18/99 Programming Notes
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Register List

MSB| cpmA7 | CPMA6 | CPMAS | CPMA4

CPMA3

CPMA2

Address: 00095
Access: R/W

CPMAL|  CPMAQ §5B

CPMAO,1

CPMA2

CPMA3

CPMA4

CPMA5

CPMAG6

CPMA7

Processor Mode Bits (bits 1,0)
Bit 1 Bit 0

0 0:

0 1:

Single-Chip Mode
Memory Expansion Mode
1 0: Microprocessor Mode
1 1: Not used
Stack Page Selection Bit (bit 2)
0: In page 0 area
1: In page 1 area
Xcout Drive Capacity Selection Bit (bit 3)
0: Low
1: High
Clock XG,-XC Stop Bit (bit 4)
0: Stop
1: Oscillator
Clock Xp-X oyt Stop Bit (bit 5)
0: Oscillator
1: Stop
Internal Clock Selection Bit (bit 6)
0: External Clock
1t fsyn
External Clock Selection Bit (bit 7)
0: Xin-Xout
1: XCi-XCqyt

Reset:

06

Figure 5-1. CPU Mode Register A

CPMB7 | Reserved

CPMB5 | CPMB4 CPMB3 CPMB2 CPMB1 CPMBO |(‘)SB

CPMBO,1

CPMB2,3

CPMB4

CPMB5

CPMB6
CPMB7

Slow Memory Wait Bits (bits 1,0)
Bit 1 Bit 0

0 0:

0 1:

No wait
One time wait
1 0: Two time wait
1 1: Three time wait
Slow Memory Mode Bit (bits 3,2)
Bit 3 Bit 2
0 0:
0 1:
1 0: Fixed wait by RDY pin L
1 1: Extended RDY wait
Expanded Data Memory Access Bit (bit 4)
0: EDMA output disabled (64 Kbyte data access area)
1: EDMA output enabled (greater than 64 Kbytes data access area)
HOLD Function Enable Bit (bit 5)
0: HOLD Function Disabled
1: HOLD Function Enabled
Reserved (Read/Write “0”)
Xout Drive Capacity Selection Bit (bit 7)
0: Low
1: High (default state after reset and after STOP mode)

Software wait
Not used

Address: 00045

Access:
Reset:

RIW
8%

Figure 5-2. CPU Mode Register B

3/18/99
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Address: 000:
MSB | |RA7 IRA6 IRAS IRA4 IRA3 IRA2 IRAL IRAO |LSB %
7 0 Access: R/W
IRAO USB Function Interrupt Request (bit 0) Reset: 0@
IRAL USB SOF Interrupt Request (bit 1)
IRA2 External Interrupt 0 Request (bit 2)
IRA3 External Interrupt 1 Request (bit 3)
IRA4 DMAC channel 0 Interrupt Request (bit 4)
IRA5 DMAC channel 1 Interrupt Request (bit 5)
IRA6 UART1 Receive Buffer Full Interrupt Request (bit 6)
IRA7 UART1 Transmit Interrupt Request (bit 7)
0: No interrupt request issued
1: Interrupt request issued
Figure 5-3. IREQA Configuration
';/'53 IRB7 IRB6 IRB5 IRB4 IRB3 IRB2 IRB1 IRBO '653 Address: 0003
Access: R/W
IRBO UART1 Error Sum Interrupt Request (bit 0) Reset.  0f
IRB1 UART2 Receive Buffer Full Interrupt Request (bit 1) ’
IRB2 UART2 Transmit Interrupt Request (bit 2)
IRB3 UART2 Error Sum Interrupt Request (bit 3)
IRB4 Timer X Interrupt Request (bit 4)
IRB5 Timer Y Interrupt Request (bit 5)
IRB6 Timer 1 Interrupt Request (bit 6)
IRB7 Timer 2 Interrupt Request (bit 7)
0: No interrupt request issued
1: Interrupt request issued
Figure 5-4. IREQB Configuration
Address: 000:
MSB| Reserved| IRC6 IRC5 IRC4 IRC3 IRC2 IRC1 IRCo| LSB fo
7 0 Access: R/W
IRCO Timer 3 Interrupt Request (bit 0) Reset:  Of
IRC1 External CNTRO Interrupt Request (bit 1)
IRC2 External CNTR1 Interrupt Request (bit 2)
IRC3 SIO Interrupt Request (bit 3)
IRC4 Input Buffer Full Interrupt Request (bit 4)
IRC5 Output Buffer Empty Interrupt Request (bit 5)
IRC6 Key-on Wake-up Interrupt Request (bit 6)
0: No interrupt request issued
1: Interrupt request issued
Bit 7 Reserved (Read/Write “0”)
Figure 5-5. IREQC Configuration
MSB| |ca7 ICA6 ICAS ICA4 ICA3 ICA2 ICAL ICAO l(-)SB Address: 000g
7 - - Access: R/W
ICAO USB Function Interrupt Enable (bit 0) Reset:  Of
ICA1 USB SOF Interrupt Enable (bit 1) ’
ICA2 External Interrupt 0 Enable (bit 2)
ICA3 External Interrupt 1 Enable (bit 3)
ICA4 DMAC channel 0 Interrupt Enable (bit 4)
ICAS DMAC channel 1 Interrupt Enable (bit 5)
ICA6 UART1 Receive Buffer Full Interrupt Enable (bit 6)
ICA7 UART1 Transmit Interrupt Enable (bit 7)
0: Interrupt Disable
1: Interrupt Enable

Figure 5-6. ICONA Configuration
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MSB| |cB7 ICB6 ICB5 ICB4 ICB3 ICB2 ICB1 icBo |Lsp  Address: 000
7 0 Access: R/W
ICCO UART1 Error Sum Interrupt Enable (bit 0) Reset:  0g
ICC1 UART2 Receive Buffer Full Interrupt Enable (bit 1)
ICC2 UART2 Transmit Interrupt Enable (bit 2)
ICC3 UART?2 Error Sum Interrupt Enable (bit 3)
ICC4 Timer X Interrupt Enable (bit 4)
ICC5 Timer Y Interrupt Enable (bit 5)
ICC6 Timer 1 Interrupt Enable (bit 6)
ICC7 Timer 2 Interrupt Enable (bit 7)
0: Interrupt Disable
1: Interrupt Enable
Figure 5-7. ICONB Configuration
MSB| Reserved| ICC6 ICC5 ICC4 IcCc3 Icc2 Icc1 Icco| LSB Address: 000z
7 0 Access: R/W
ICCO Timer 3 Interrupt Enable (bit 0) ) Reset: 0
ICC1 External CNTRO Interrupt Enable (bit 1)
ICC2 External CNTR1 Interrupt Enable (bit 2)
ICC3 SIO Interrupt Enable (bit 3)
ICC4 Input Buffer Full Interrupt Enable (bit 4)
ICC5 Output Buffer Empty Interrupt Enable (bit 5)
ICC6 Key-on Wake-up Interrupt Enable (bit 6)
0: Interrupt disabled
1: Interrupt enabled
Bit 7 Reserved (Read/Write “0”)
Figure 5-8. ICONC Configuration
'\7/'33 PTC7 PTC6 PTC5 PTC4 PTC3 PTC2 PTC1 pTCO|LSB Address: 0014
0 Access: R/W
PTCO Slew Rate Control Bit Ports 0-3 (bit 0) Reset: 0
0: Disabled
1: Enabled
PTC1 Slew Rate Control Bit Port 4 (bit 1)
0: Disabled
1: Enabled
PTC2 Slew Rate Control Bit Port 5 (bit 2)
0: Disabled
1: Enabled
PTC3 Slew Rate Control Bit Port 6 (bit 3)
0: Disabled
1: Enabled
PTC4 Slew Rate Control Bit Port 7 (bit 4)
0: Disabled
1: Enabled
PTC5 Slew Rate Control Bit Port 8 (bit 5)
0: Disabled
1: Enabled
PTC6 Port 2 Input Level Select Bit (bit 6)
0: Reduced VIHL level input
1: CMOS level input
PTC7 Master Bus Input Level Select Bit (bit 7)

0: CMOS level input
1: TTL level input

Figure 5-9. Port Control Register

3/18/99
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';"SB Reserved | Reserved

Reservdd ed Resefved Respriddl Pol [ INTO Pol Address: 0014

Reser LSB
0

INTO Pol

INT1 Pol

Bits 2-7

RIW
o

Access:
INTO Interrupt Edge Selection Bit Reset:
0: Falling edge selected.
1: Rising edge selected.
INT1 Interrupt Edge Selection Bit
0: Falling edge selected.
1: Rising edge selected.
Reserved (Read/Write “0”)

Figure 5-10. IPOL Configuration

MSB

PUPZ | PUPZ

Address: 00125

PUPZ | PUPY | PUPZ | PUP3 | PUPZ | PUPZ

LSB
0

PUPZ)

PUPZ

PUP2,

PUPZ

PUPZ

PUPZ

PUPZ,

PUPZ

RIW
0f

. Access:
Pull-up Control for Port 2 (bit 0)

0: Disabled
1: Enabled

Pull-up Control for Port 2 (bit 1)
0: Disabled
1: Enabled

Pull-up Control for Port 2 (bit 2)
0: Disabled
1: Enabled

Pull-up Control for Port 2 (bit 3)
0: Disabled
1: Enabled

Pull-up Control for Port 2 (bit 4)
0: Disabled
1: Enabled

Pull-up Control for Port 2 (bit 5)
0: Disabled
1: Enabled

Pull-up Control for Port 2 (bit 6)
0: Disabled
1: Enabled

Pull-up Control for Port 2 (bit 7)
0: Disabled
1: Enabled

Reset:

Figure 5-11. Pull-up Control Register

MSB USBC7 | USBC6

Address: 0013
Access: R/W

USBC5 USBC4 USBC3 Reserved USBC1 Reser

Bit 0

USBC1

Bit 2

USBC3

UsBC4

USBC5

USBC6

USBC7

Reserved (Read/Write “0”)
Reset:  0f
USB Default State Selection Bit (bit 1)
0: In default state after powerup/reset

1: In default state after USB reset signaling received
Reserved (Read/Write “0”)

Transceiver Voltage Converter High/Low Current Mode Selection Bit (bit 3)
0: High current mode
1: Low current mode
USB Transceiver \Voltage Converter Enable Bit (bit 4)
0: USB transceiver voltage converter disabled
1: USB transceiver voltage converter enabled
USB Clock Enable Bit (bit 5)
0: 48 MHz clock to the USB block is disabled.
1: 48 MHz clock to the USB block is enabled.
USBSOF Port Select Bit (bit 6)
0: USBSOF output is disabled. pi& used as GPIO pin.
1: USBSOF output is enabled
USB Enable Bit (bit 7)
0: USB block is disabled, all USB internal registers are held at their default values.
1: USB block is enabled

Figure 5-12. USB Control Register
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’$SB CCR7 CCR6

CCR5 CCR4 Reserved| Reserved| Reservefl Reserva%SB

Bits 0-3
CCR4:

CCRS:

CCRG6:

CCRY7:

Reserved (Read/Write “0”)
PLL Bypass Bit (bit 4)
0: fusg = fyco (Frequency synthesizer output)
* fuse = fxin
XGut Oscillation Drive Disable Bit (bit 5)
0: XC,q,t oscillation drive is enabled (when X ®scillation is enabled).
1: XC,, Oscillation drive is disabled.
X%out Oscillation Drive Disable Bit (bit 6)
0: Xyt Oscillation drive is enabled (whenyoscillation is enabled).
1: Xoyt oscillation drive is disabled.
Xn, Divider Select Bit (bit 7)
0: fyin/2 is used for the system clock source when CMPA7:6=00
1: fy;, is used for the system clock source when CMPA7:6=00

Address: 001F;

Access:
Reset:

R/W

Figure 5-13. Clock Control Register

MSB

TXM7 TXM6

TXM5 TXM4 TXM3 TXM2 TXM1 TXMO LSB

TXMO

TXM2,1

TXM3

TXMS5,4

TXM6

TXM7

Timer X Data Write Control Bit (bit 0)
0: Write data in latch and timer
1: Write data in latch only
Timer X Frequency Division Ratio Bits (bits 2,1)

Bit 2 Bit 1
0 0: @ divided by 8
0 1: @ divided by 16
1 0: @ divided by 32
1 1: @ divided by 64
Timer X Internal Clock Select (bit 3)
0: ®/n

1: SCSGCLK (from chip special count source generator)
Timer X Mode Bits (bits 5,4)

Bit 5 Bit 4
0 0: Timer Mode
0 1: Pulse output mode
1 0: Event counter mode
1 1: Pulse width measurement mode

CNTRO Polarity Select Bit (bit 6)
0: For event counter mode, clocked by rising edge
For pulse output mode, start from high level output
For CNTRO interrupt request, falling edge active
For pulse width measurement mode, measure high period
1: For event counter mode, clocked on falling edge
For pulse output mode, start from low level output
For CNTRO interrupt request, rising edge active
For pulse width measurement mode, measure low period
Timer X Stop Bit (bit 7)
0: Count start
1: Count stop

Address: 002y
Access: R/W

Reset:

R

Figure 5-14. TXM Register
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TYM7 TYM6 TYM4

"7/'3‘3 TYM5

TYM3 TYM2 TYM1 TYMO

TYMO

TYM1

TYMS3,2
Bit 2 Bit

0

0

1

1

Timer Y Data Write Control Bit (bit 0)
0: Write data in latch and timer
1: Write data in latch only
Timer Y Output Control Bit (bit 1)
0: TYOUT output disable
1: TYOUT output enable
Timer Y Frequency Division Ratio Bits (bit 3,2)

1

0:
1:
0:
1:

Reset:

@ divided by 8

® divided by 16
® divided by 32
@ divided by 64

TYM5,4

TYM6

TYM7

Timer Y Mode Bits (bits 5,4)
Bit 2 Bit 1
0 0: Timer mode
0 1: Pulse period measurement mode
1 0: Event counter mode
1 1

HL pulse width measurement mode (continuously measures

high period and low period)
CNTR1 Polarity Select Bit (bit 6)
0: For event counter mode, clocked by rising edge
For pulse period measurement mode, falling edge detection
For CNTRL1 interrupt request, falling edge active
For TYOUT, start on high output
1: For event counter mode, clocked on falling edge
For pulse period measurement mode, rising edge detection
For CNTR1 interrupt request, rising edge active
For TYOUT, start on low output
Timer Y Stop Bit (bit 7)
0: Count start
1: Count stop

Lsg Address: 002§
0 Access: R/W
0

Figure 5-15. TYM Register

MSB
7

T123M7

T123M6

T123M5| T123M4| T123M3 T123M2 T123M] T123M )I(-)SB

T123M0

T123M1

T123M2

T123M3

T123M4

T123M5

T123M6

T123M7

TOUT Source Selection Bit (bit 0)
0: TOUT = Timer 1 output
1: TOUT = Timer 2 output

Timer 1 Stop Bit (bit 1)
0: Timer running
1: Timer stopped

Timer 1 Count Source Select Bit (bit 2)
0: @ divided by 8
1: XCin divided by 2

Timer 2 Count Source Select Bit (bit 3)
0: Timer 1 underflow signal
1. o

Timer 3 Count Source Select Bit (bit 4)
0: Timer 1 underflow signal
1: ® divided by 8

TOUT Output Active Edge Selection Bit (bit 5)
0: Start on high output
1: Start on low output

TOUT Output Control Bit (bit 6)
0: TOUT output disabled
1: TOUT output enabled

Timer 1 and 2 Data Write Control Bit (bit 7)
0: Write data in latch and timer
1: Write data in latch only

Address: 002§
Access: R/W

Reset:

o

Figure 5-16. T123M Register
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'\7438 OCHCont| scsel

Address: 002
ISCSel2 ISCSell  1SCSe)d-SB %

TDSel RDYSel PSel
0 Access: R/W

ISCSel0-2

PSel

RDYSel

TDSel

SCSel

OCHCont

Internal Synchronization Clock Select Bits (bits 2,1,0) Reset:  4{
Bit 2 Bit 1 Bit 0
0 : Internal Clock divided by 2.
Internal Clock divided by 4.
Internal Clock divided by 8.
Internal Clock divided by 16.
Internal Clock divided by 32.
Internal Clock divided by 64.
Internal Clock divided by 128.
Internal Clock divided by 256.

PRPRRPRPLPOOOO
PRPOORRO
PrORORORQ

SIO Port Selection Bit (bit 3)
0: 1/0 Port
1: TxD output, SCLK function
SRDY Output Select Bit (bit 4)
0: 1/0 Port
1: SRDY signal
Transfer Direction Select Bit (bit 5)
0: LSB first
1: MSB first
Synchronization Clock Select Bit (bit 6)
0: External Clock
1: Internal Clock
TxD Output Channel Control Bit (bit 7)
0: CMOS output
1: N-Channel open drain output

Figure 5-17. SIO Control Register 1

MSB

7 Reserved| Reserved [ Reserved CPha CPol| RXDSel

LSB  Address: 002¢;
Access: R/W

CLKSEL SPI

SPI

CLKSEL

RXDSel

CPol

CPha

Bits 5-7

SPI Mode Selection Bit (bit 0) Reset: 184

0: Normal SIO mode
1: SPI compatible mode

SIO Internal Clock Selection Bit (bit 1)

0:®
1: SCSGCLK

SRXD Input Selection Bit (bit 2)

0: SRXD input disabled
1: SRXD input enabled

Clock Polarity Selection Bit (bit 3)

0: Clock is low between transfers
1: Clock is high between transfers
Clock Phase Selection Bit (bit 4)
0: Data is captured on the leading edge of serial clock, changes on the following edge.
1: Data changes on the leading edge of serial clock, captured on the following edge.
Reserved (Read/Write “0")

Figure 5-18. SIO Control Register 2

’;ASB Reserved

Reserve]

Address: 002
ReservedReserved| SCSGM3| scsemz2| scseml  scsemplSB f
0 Access: R/W

SCSGMO

SCSGM1

SCSGM2

SCSGM3

Bits 4-7

SCSG1 Data Write Control Bit (bit 0) Reset:  Of
0: Write data in latch and timer
1: Write data in latch only
SCSG1 Count Stop Bit (bit 1)
0: Count start
1: Count stop
SCSG2 Data Write Control Bit (bit 2)
0: Write data in latch and timer
1: Write data in latch only
SCSGCLK Output Control Bit (bit 3)
0: SCSGCLK output disabled (SCSG1 and SCSG?2 off)
1: SCSGCLK output enabled.
Reserved (Read/Write “0”)

Figure 5-19. SCSGM Register
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MSB

LE1

LEO

PEN PMD STB PS1 PSO CLK

LSB Address: 0030, 00384
0 Access: R/W

CLK

PS1,0

STB

PMD

PEN

LE1,0

UART Clock Selection Bit (bit 0)
0: ¢
1: SCSGCLK
Internal Clock Prescaling Selection Bits (bits 2,1)
Bit 2 Bit 1
0 0: Division by 1
0 1: Division by 8
1 0: Division by 32
1 1: Division by 256
Stop Bits Selection Bit (bit 3)
0:1
1.2
Parity Selection Bit (bit 4)
0: Even
1: Odd
Parity Enable Bit (bit 5)
0: Off
1: On
Uart Character Length Selection Bits (bits 7,6)
Bit 7 Bit 6
0 0: 7 bits/character
0 1: 8 bits/character
1 0: 9 bits/character
1 1: Reserved

Reset:  0f

Figure 5-20. UxMOD Register

MSB
7

Reserved

SER

OER FER PER RBF TBE TCM

LsB Address: 0032, 003Aj4
0

Access: R only

TCM

TBE

RBF

PER

FER

OER

SER

Bit 7

Transmit-Complete (Transmission Register Empty) Flag (bit 0)
0: Data in the transmission register.
1: No data in the transmission register.
TX Buffer Empty Flag (bit 1)
0: Data in the TX Buffer.
1: No data in the TX Buffer.
RX Buffer Full Flag (bit 2)
0: No data in the RX Buffer.
1: Data in the RX Buffer.
Receive Parity Error Flag (bit 3)
0: No receive parity error.
1: Receive parity error.
Receive Framing Error Flag (bit 4)
0: No receive framing error.
1: Receive framing error.
Receive Overrun Flag (bit 5)
0: No receive overrun.
1: Receive overrun.
Receive Error Sum Flag (bit 6)
0: No receive error.
1: Receive error.
Reserved (Read “0”)

Reset: 0

Figure 5-21. UxSTS Register
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MSB]

AME

LsB Address: 0033%,003B,¢

RTS_SELY CTS_SEL TIS RIN TIN REN TEN
0 Access: R/W

TEN

REN

TIN

RIN

TIS

CTS_SEL

RTS_SEL

AME

Transmission Enable Bit (bit 0) Reset:  0f

0: Disable the transmit process

1: Enables the transmit process. If the transmit process is disabled (TEN cleared)
during transmission, the transmit will not stop until completed.

Receive Enable Bit (bit 1)

0: Disable the receive process

1: Enables the receive process. If the receive process is disabled (REN cleared)
during reception, the receive will not stop until completed.

Transmission Initialization Bit (bit 2)

0: No action.

1: Resets the UART transmit status register bits as well as stopping the transmission
operation. The TEN bit must be set and the transmit buffer reloaded in order to transmit
again. The TIN is automatically reset one cycle after TIN is set.

Receive Initialization Bit (bit 3)

0: No action.

1: Clears the UART receive status flags and the REN bit. If RIN is set during receive in
progress, receive operation is aborted. The RIN bit is automatically reset one cycle
after RIN is set.

Transmit Interrupt Source Selection Bit (bit 4)

0: Transmit interrupt occurs when the Transmit Buffer Empty flag is set.

1: Transmit interrupt occurs when the Transmit Complete flag is set.
Clear-to-Sen€{S) Enable Bit (bit 5)

0: CTS function is disabled, pgor P8) is used as GPIO pin.

1: CTS function is enabled, Pgor P8) is used a€TS input.
Request-to-SenBTS) Enable Bit (bit 6)

0: RTS function is disabled, Pgr P&) is used as GPIO pin.

1: RTS function is enabled, Pgr P&) is used aRTS output.
UART Address Mode Enable Bit (bit 7)

0: Address Mode disabled.

1: Address Mode enabled.

Figure 5-22. UxCON Register

"7"5‘3 RTS3

RTS2 RTS1 RTSO | Reserved| Reserved| Reservefl Reserve%SB

Address: 003;, 003Eg
Access: R/W

Bits 0-3
RTS3:0

Reserved (Read/Write “0”) Reset: 8
RTS Assertion Delay Count 3:0 (bits 7,6,5,4)

0000: No delayRTS asserts immediately after receive operation completes.

0001: RTS asserts 8 bit-times after receive operation completes.

0010: RTS asserts 16 bit-times after receive operation completes.

0011: RTS asserts 24 bit-times after receive operation completes.

1000: RTS asserts 64 bit-times after receive operation completes.

1110: RTS asserts 112 bit-times after receive operation completes.
1111: RTS asserts 120 bit-times after receive operation completes.

Figure 5-23. UXRTSC Register

3/18/99
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MSB

DCI

Reserved

Address: 003

DRLDD| DTSC D1SFI D1UF DOSFI DOUF %)SB
Access: R/W

DOUF

DOSFI

D1UF

D1SFI

DTSC

DRLDD

Bit 6
DCI

DMAC Channel 0 Count Register Underflow Flag (bit 0) Reset:  0f
0: Channel 0 transfer count register underflow has not occurred
1: Channel 0 transfer count register underflow has occurred
DMAC Channel 0 Suspend (due to interrupt service request) Flag (bit 1)
0: Channel 0 transfer has not been suspended
1: Channel 0 transfer has been suspended
DMAC Channel 1 Count Register Underflow Flag (bit 2)
0: Channel 1 transfer count register underflow has not occurred
1: Channel 1 transfer count register underflow has occurred
DMAC Channel 1 Suspend (due to interrupt service request) Flag (bit 3)
0: Channel 1 transfer has not been suspended
1: Channel 1 transfer has been suspended
DMAC Transfer Suspend Control Bit (bit 4)
0: Only burst transfers are suspended during interrupt servicing
1: Both burst and single-byte transfers are suspended during interrupt servicing
DMAC Register Reload Disable Bit (bit 5)
0: Reload of source and destination registers of both channels enabled
1: Reload of source and destination registers of both channels disabled
Reserved (Read/Write “0")
Channel Index Bit (bit 7)
0: Channel 0 mode, source, destination, and transfer count registers accessible
1: Channel 1 mode, source, destination, and transfer count registers accessible

Figure 5-24. DMAIS Configuration

MSB

DxTMS

DxRLD

LSB Address: 0049
DxDAUE | DxDWC | DxDRCE| DxDRID [ DxSRCE| DxSRID Access: R/W

DxSRID

DxSRCE

DxDRID

DxDRCE

DxDWC

DxDAUE

DxRLD

DxTMS

0
DMAC Channel x Source Register Increment/Decrement Select Bit (bit 0) Reset:  Of

0: Increment after transfer
1: Decrement after transfer
DMAC Channel x Source Register Increment/Decrement Enable Bit (bit 1)
0: Increment/Decrement disabled (No change after transfer)
1: Increment/Decrement enabled
DMAC Channel x Destination Register Increment/Decrement Select Bit (bit 2)
0: Increment after transfer
1: Decrement after transfer
DMAC Channel x Destination Register Increment/Decrement Enable Bit (bit 3)
0: Increment/Decrement disabled (No change after transfer)
1: Increment/Decrement enabled
DMAC Channel x Data Write Control Bit (bit 4)
0: Write data in reload latches and registers
1: Write data in reload latches only
DMAC Channel x Disable After Count Register Underflow Enable Bit (bit 5)
0: Channel x not disabled after count register underflow
1: Channel x disabled after count register underflow
DMAC Channel x Register Reload Bit (bit 6)
0: No action (Bit is always read as “0")
1: Setting to “1” causes the source, destination, and transfer count registers
of channel x to be reloaded
DMAC Channel x Transfer Mode Selection Bit (bit 7)
0: Single-byte transfer mode
1: Burst transfer mode

Figure 5-25. DMAxM1 Configuration
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MSB| DOCEN

7

DOCRR | DOUMIE| DOSWT| DOHRS3 DOHRSP? DOHRS1 DOHR$

DOHRS3,2,1,0 DMAC Channel 0 Hardware Transfer Request Source Bits (bits 3, 2, 1, 0)

DOSWT

DOUMIE

DOCRR

DOCEN

0000: Disabled

0001: UART1 receive interrupt

0010: UART1 transmit interrupt

0011: TimerY interrupt

0100: External Interrupt O

0101: USB EndPoint 1 IN_PKT_RDY signal (falling edge active)
0110: USB EndPoint 2 IN_PKT_RDY signal (falling edge active)
0111: USB EndPoint 3 IN_PKT_RDY signal (falling edge active)
1000: USB EndPoint 1 OUT_PKT_RDY signal (rising edge active)
1001: USB EndPoint 1 OUT_FIFO_NOT_EMPTY signal (rising edge active)
1010: USB EndPoint 2 OUT_PKT_RDY signal (rising edge active)
1011: USB EndPoint 3 OUT_PKT_RDY signal (rising edge active)
1100: MBI OBE, signal (rising edge active)

1101: MBI IBRy(data) signal (rising edge active)

1110: SIO receive/transmit interrupt

1111: CNTR1 interrupt

DMAC Channel 0 Software Transfer Trigger (bit 4)

0: No action (Bit is always read as “0")
1: Writing “1” requests a channel 0 transfer

DMAC Channel 0 USB and MBI Enable Bit (bit 5)

0: Disabled
1: Enabled

DMAC Channel 0 Transfer Initiation Source Capture Register Reset (bit 6)

0: No action (Bit is always read as “0")
1: Setting to “1” causes reset of the channel O capture register

DMAC Channel 0 Enable Bit (bit 7)

0: Channel 0 disabled
1: Channel 0 enabled

5SB

Address: 00445

Access: R/W

Reset:

0f

Figure 5-26. DMAOM2 Configuration

MSB
7

D1CEN

D1HRS3,2,1,0 DMAC Channel 1Hardware Transfer Request Source Bits (bits 3, 2, 1, 0)

D1SWT

D1UMIE

DI1CRR

D1CEN

0000: Disabled

0001: UART?2 receive interrupt

0010: UART2 transmit interrupt

0011: TimerX interrupt

0100: External Interrupt 1

0101: USB EndPoint 1 IN_PKT_RDY signal (falling edge active)
0110: USB EndPoint 2 IN_PKT_RDY signal (falling edge active)
0111: USB EndPoint 4 IN_PKT_RDY signal (falling edge active)
1000: USB EndPoint 1 OUT_PKT_RDY signal (rising edge active)
1001: USB EndPoint 1 OUT_FIFO_NOT_EMPTY signal(rising edge active)
1010: USB EndPoint 2 OUT_PKT_RDY signal (rising edge active)
1011: USB EndPoint 4 OUT_PKT_RDY signal (rising edge active)
1100: MBI OBEZ1 signal (rising edge active)

1101: MBI IBF1(data) signal (rising edge active)

1110: Timerl interrupt

1111: CNTRO interrupt

DMAC Channel 1 Software Transfer Trigger (bit 4)

0: No action (Bit is always read as “0")
1: Writing “1” requests a channel 0 transfer

DMAC Channel 1 USB and MBI Enable Bit (bit 5)

0: Disabled
1: Enabled

DMAC Channel 1 Transfer Initiation Source Capture Register Reset (bit 6)

0: No action (Bit is always read as “0")
1: Setting to “1” causes reset of the channel 1 capture register

DMAC Channel 1 Enable Bit (bit 7)

0: Channel 1 disabled
1: Channel 1 enabled

DICRR | D1UMIE| D1SWT| D1HRS3 D1HRS? D1HRS1 DlHR)%SB

Address: 0044
Access: R/W

Reset:

o

Figure 5-27. DMA1M2 Configuration

3/18/99
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MSB Address: 0049
y DBBS07 | DBBS06 | DBBOS | DBBS04| DBBS03 DBBS02 | DBBS0] DBBSOpLSB
Access: R/W
DBBS00 Output Buffer Full (OB Flag (bit 0) Reset:  Of
0: Output buffer empty.
1: Output buffer full.
DBBSO01 Input Buffer Full (IBR) Flag (bit 1)
0: Input buffer empty.
1: Input buffer full.
DBBS02 User Definable (U2) Flag (bit 2)
DBBS03 A (Ago) Flag (bit 3)
Indicates the Astatus when IBF flag is set
DBBS04 User Definable (U4) Flag (bit 4)
DBBS05 User Definable (U5) Flag (bit 5)
DBBS06 User Definable (U6) Flag (bit 6)
DBBSO07 User Definable (U7) Flag (bit 7)
Figure 5-28. Data Bus Buffer Status Register 0
MSB | bBBCO7 | DBBCOG | Reserved DBBCO4 | DBBCO3| DBBCOZ | DBBCOL| DBBCOO LSB  Address: 0044
Access: R/W
DBBCO00 OBF Output Selection Bit (bit 0)
0: P5, pin is operated as GPIO Reset:  0f}
1: P5 pin is operated as OBM®utput pin
DBBCO1 1BF Output Selection Bit (bit 1)
0: P5 pin is operated as GPIO
1: P5 pin is operated d8F; output pin
DBBC02 IBR Interrupt Selection Bit (bit 2)
0: IBFg interrupt is generated by both write-datag €A“0”) and write-command (A= “1")
1: IBFy interrupt is generated by write-commang) €A“1") only
DBBCO03 Output buffer 0 empty interrupt disable Bit (bit 3)
0: Enabled
1: Disabled
DBBCO04 Input buffer O full interrupt disable Bit (bit 4)
0: Enabled
1: Disabled
DBBCO05 Reserved (Read/Write “0”)
DBBCO06 Master CPU Bus Interface Enable Bit (bit 6)
0: P§-P6;, P5-P5; are GPIO pins
1: P&yP6;, P5-P5; are bus interface signals DQO-D@, Ag, R, W respectively.
DBBCO7 Bus Interface Type Selection Bit (bit 7)
0: RD, WR separate type bus
1: R/W type bus.
Figure 5-29. Data Bus Buffer Control Register O
Address: 004
MSB | peBsi7 | DBBS16 | DBB15 | DBBS14| DBBS13 DBBS12 | DBBS1] DBBS1pLSB %
7 0 Access: R/W
DBBS10 Output Buffer Full (OBf Flag (bit 0) Reset:  Of
0: Output buffer empty.
1: Output buffer full.
DBBS11 Input Buffer Full (IBF) Flag (bit 1)
0: Input buffer empty.
1: Input buffer full.
DBBS12 User Definable (U2) Flag (bit 3)
DBBS13 A (Agy) Flag (bit 2)
Indicates the A status when IBF flag is set
DBBS14 User Definable (U4) Flag (bit 4)
DBBS15 User Definable (U5) Flag (bit 5)
DBBS16 User Definable (U6) Flag (bit 6)
DBBS17 User Definable (U7) Flag (bit 7)

Figure 5-30. Data Bus Buffer Status Register 1
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Address: 004k

MSH DBBC17 | Reserved| Reserved DBBC14 | DBBC13| DBBCL2 | DBBC11 | DBBC10 |LSB
7 0 Access: R/W
DBBC10 OBR Output Selection Bit (bit 0) Reset:  0f
0: P7,pin is operated as GPIO
1: P7, pin is operated as OBMutput pin if DBBC17 = “1”
DBBC11 1BF; Output Selection Bit (bit 1)
0: P7 pin is operated as GPIO
1: P7% pin is operated d8F; output pin if DBBC17 = “1”
DBBC12 IBF, Interrupt Selection Bit (bit 2)
0: IBF; interrupt is generated by both write-datg ¢A“0”) and write-command (f= “1")
1: IBFq interrupt is generated by write-commandg, €A“1”) only
DBBC13 Output Buffer 1 Empty interrupt disable Bit (bit 3)
0: Enabled
1: Disabled
DBBC14 Input Buffer 1 Full interrupt disable Bit (bit 4)
0: Enabled
1: Disabled
DBBC15 Reserved (Read/Write “0”)
DBBC16 Reserved (Read/Write “0”)
DBBC17 Data Bus Buffer Function Selection Bit (bit 7)
0: Single data bus buffer - P& used as GPIO
1: Double data bus buffer - P& used a$, input
Figure 5-31. Data Bus Buffer Control Register 1
MSB | Reserved| FUNADS FUNADY FUNAD4 FUNAD3 FUNAD2 | FUNAD] FUNAD)LSB Address: 0050
Access: R/W
FUNADE6:0 7-bit programmable Function Address (bits 6-0)
Reset:  0f}
Bit 7 Reserved (Read/Write “0")
Figure 5-32. Function Address Register
"7/'55 Reserved| Reservefl Reserved Reserfed ResqrwAKEUP RESUME SUS %I@ﬁD Address: 0053
Access: R/W
SUSPEND USB Suspend Detection Flag (bit 0) (Read only)
0: No USB suspend detected Reset:  0f
1: Idle state for greater than 3ms (USB suspend) detected
RESUME USB Resume Detection Flag (bit 1) (Read only)
0: No USB resume signaling detected
1: USB resume signaling detected
WAKEUP USB Remote Wake-up Bit (bit 2)
0: End remote resume signaling
1: Send remote resume signaling (only if SUSPEND = “1")
Bit7:3 Reserved (Read/Write “0”)
Figure 5-33. Power Management Register
MSB | INTST7 | INTST6 | INTSTS | INTST4| INTST3 | INTST2 | Reserved| INTSTO| tSB Address: 0052
Access: R/W
INTSTO USB Endpoint 0 Interrupt Status Flag (bit 0)
Reset:  0f}
Bit 1 Reserved (Read/Write “0”)
INTST2 USB Endpoint 1 IN Interrupt Status Flag (bit 2)
INTST3 USB Endpoint 1 OUT Interrupt Status Flag (bit 3)
INTST4 USB Endpoint 2 IN Interrupt Status Flag (bit 4)
INTST5 USB Endpoint 2 OUT Interrupt Status Flag (bit 5)
INTST6 USB Endpoint 3 IN Interrupt Status Flag (bit 6)
INTST7 USB Endpoint 3 OUT Interrupt Status Flag (bit 7)

0: No interrupt request issued
1: Interrupt request issued

Figure 5-34. Interrupt Status Register 1
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MSB | INTST15 | INTST14| INTST13| INTST12 ReserveIuReserved INTSTP  INTSTE:SB Address: 005

: - 0 Access: R/W
INTST8 USB Endpoint 4 In Interrupt Status Flag (bit 0) )
INTST9 USB Endpoint 4 Out Interrupt Status Flag (bit 1) Reset:  0Of
Bit 3:2 Reserved (Read/Write “0”)
INTST12 USB Overrun/Underrun Interrupt Status Flag (bit 4)
INTST13 USB Reset Interrupt Status Flag (bit 5)
INTST14 USB Resume Signaling Interrupt Status Flag (bit 6)
INTST15 USB Suspend Signaling Interrupt Status Flag (bit 7)

0: No interrupt request issued
1: Interrupt request issued

Figure 5-35. Interrupt Status Register 2

'\7"55 INTEN7 | INTEN6 | INTEN5 | INTEN4 | INTEN3 | INTEN2 | Reserved INTENG I()SB Address: 0054

Access: R/W

INTENO USB Endpoint 0 In Interrupt Enable Bit (bit 0)
Reset:  Fi

Bit 1 Reserved (Read/Write “0”)
INTEN2 USB Endpoint 1 IN Interrupt Enable Bit (bit 2)
INTEN3 USB Endpoint 1 OUT Interrupt Enable Bit (bit 3)
INTEN4 USB Endpoint 2 IN Interrupt Enable Bit (bit 4)
INTENS USB Endpoint 2 OUT Interrupt Enable Bit (bit 5)
INTEN6 USB Endpoint 3 IN Interrupt Enable Bit (bit 6)
INTEN7 USB Endpoint 3 OUT Interrupt Enable Bit (bit 7)

0: Interrupt disabled
1: Interrupt enabled

Figure 5-36. Interrupt Enable Register 1

MSB | INTEN15 | Reserved Reservefi INTEN]2 ~Resenfe®eserved INTENO  INTEN§™® Address: 005
- —— Access: R/W
INTEN8 USB Endpoint 4 IN Interrupt Enable Bit (bit 0) )
INTENO USB Endpoint 4 OUT Interrupt Enable Bit (bit 1) Reset: 3
Bit 3:2 Reserved (Read/Write “0”)
INTEN12 USB Overrun/Underrun Interrupt Enable Bit (bit 4)
Bit 5 Reserved
Bit 6 Reserved (Read/Write “0")
INTEN15 USB Suspend Signaling Interrupt Enable Bit (bit 7)
0: Interrupt disabled
1: Interrupt enabled
Figure 5-37. Interrupt Enable Register 2
MSB | FN7 FNG FN5 FN4 FN3 | FN2 FNL FNo |LSB  Address: 005
- - - - Access: R
FN7:0 Lower 8 bits of the 11-bit frame number issued with a SOF token
Reset: 0
Figure 5-38. Frame Number Register Low
'\7/|SB Reserved| Reserve Reserved Reserjed Resgrv FN10 FN9 FV\?SB Address: 0057
Access: R
FN10:8 Upper 3 bits of the 11-bit frame number issued with a SOF token
Reset:  0ff
Bits 7:3 Reserved (Read “0”)

Figure 5-39. Frame Number Register High
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MSB |50 UPD| AUTO FL| Reserved Reservdd ReserydzPINDX2 EPIN[|)X1 EPINDhEB Address: 0058
7 .
Access: R/W

EPINDX2:0  Endpoint Index: )
Bit2 Bitl BitO Reset: 0%

0 0 0: Function Endpoint O
0 0 1: Function Endpoint 1
0 1 0: Function Endpoint 2
0 1 1: Function Endpoint 3
1 0 0: Function Endpoint 4
Others: Undefined
Bits 3:5 Reserved (Read/Write “0")

AUTO_FL AUTO_FLUSH Bit (bit 6)
0: Hardware auto FIFO flush disabled
1: Hardware auto FIFO flush enabled
ISO_UPD ISO_UPDATE Bit (bit 7)
0: ISO_UPDATE disabled
1: ISO_UPDATE enabled

Figure 5-40. Endpoint Index Register

Address: 0058
Access: R/W
Reset:  0f

“7/'55 INOCSR7| INOCSR6| INOCSR% INOCSRM INOCSR3INOCSR2 INOCSR1 |Nocsd5§5

INOCSRO OUT_PKT_RDY Flag (bit 0) (Read Only - Write “0")
0: Out packet is not ready
1: Out packet is ready
INOCSR1 IN_PKT_RDY Bit (bit 1) (Write “1” only or Read)
0: In packet is not ready
1: In packet is ready
INOCSR2 SEND_STALL Bit (bit 2) (Write “1” only or Read)
0: No action
1: Stall Endpoint 0 by the CPU
INOCSR3 DATA_END Bit (bit 3) (Write “1” only or Read)
0: No action
1: Last packet of data transferred from/to the FIFO
INOCSR4 FORCE_STALL Flag (bit 4) (Write “0” only or Read)
0: No action
1: Stall Endpoint 0 by the USB FCU
INOCSR5 SETUP_END Flag (bit 5) (Read Only - Write “0”)
0: No action
1: Control transfer ended before the specific length of data is transferred during
the data phase
INOCSR6 SERVICED_OUT_PKT_RDY Bit (bit 6) (Write Only - Read “0")
0: No change
1: Clear the OUT_PKT_RDY bit (INOCSRO0)
INOCSR7 SERVICED_SETUP_END Bit (bit 7) (Write Only - Read “0")
0: No change
1: Clear the SETUP_END bit (INOCSR5)

Figure 5-41. Endpoint 0 IN CSR
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MSB
7

INXCSR7

INXCSR6

Address: 00585

INXCSRH INXCSR4 INXCSRBINXCSR2| INXCSR{L INXCSFd(-)SB
Access: R/W

INXCSRO

INXCSR1

INXCSR2

INXCSR3

INXCSR4

INXCSR5

INXCSR6

INXCSR7

IN_PKT_RDY Bit (bit 0) (Write “1” only or Read)
0: In packet is not ready Reset:  0Of
1: In packet is ready

UNDER_RUN Flag (bit 1) (Write “0” only or Read)
0: No FIFO underrun
1: FIFO underrun has occurred

SEND_STALL Bit (bit 2)

0: No action
1: Stall IN Endpoint X by the CPU

ISO/TOGGLE_INIT Bit (bit 3)

0: Select non-isochronous transfer (0->1->0 resets data toggle to DATAQ)
1: Select isochronous transfer

INTPT Bit (bit 4)

0: Select non-rate feedback interrupt transfer
1: Select rate feedback interrupt transfer

TX_NOT_EPT Flag (bit 5) (Read Only - Write “0")
0: Transmit FIFO is empty
1: Transmit FIFO is not empty

FLUSH Bit (bit 6) (Write Only - Read “0”)

0: No action
1: Flush the FIFO

AUTO_SET Bit (bit 7)

0: AUTO_SET disabled
1: AUTO_SET enabled

Figure 5-42. Endpoints 1, 2, 3, 4 IN CSR

MSB

Reserved

Reservel

Address: 005Ag

Reserved Reserped ResgnReserved Regerved Re%?%d
Access: R

Bits 7:0

Reserved (Read “07) Reset:  0g;

Figure 5-43. Endpoint 0 OUT CSR

MSB
7

OUTXCSR7

OUTXCSR

Address: 005Aq

OUTXCSRp OUTXCSH4 OUTXCSR®UTXCSR2| OUTXCSR1 OUTXCS %§B
Access: R/W

OUTXCSRO

OUTXCSR1

OUTXCSR2

OUTXCSR3

OUTXCSR4

OUTXCSR5

OUTXCSR6

OUTXCSR7

OUT_PKT_RDY Flag (bit 0) (Write “0” only or Read)
0: Out packet is not ready Reset:  0Of
1: Out packet is ready
OVER_RUN Flag (bit 1) (Write “0” only or Read)
0: No FIFO overrun
1: FIFO overrun occurred
SEND_STALL Bit (bit 2)
0: No action
1: Stall OUT Endpoint X by the CPU
1SO/ TOGGLE_INIT Bit (bit 3)
0: Select non-isochronous transfer (0->1->0 resets data toggle to DATAQ)
1: Select isochronous transfer
FORCE_STALL Flag (bit 4) (Write “0” only or Read)
0: No action
1: Stall Endpoint X by the USB FCU
DATA_ERR Flag (bit 5) (Write “0” only or Read)
0: No error
1: CRC or bit stuffing error received in an ISO packet
FLUSH Bit (bit 6) (Write Only - Read “0")
0: No action
1: Flush the FIFO
AUTO_CLR Bit (bit 7)
0: AUTO_CLR disabled
1: AUTO_CLR enabled

Figure 5-44. Endpoint 1, 2, 3, 4 OUT CSR
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MSB | IMAXP7 | IMAXP6 | IMAXPS | IMAXP4 | IMAXP3 | IMAXP2 | IMAXPL |IMAXPO | LSB Address: 005
- - - Access: R/W
IMAXP7:0 Maximum packet size (MAXP) of Endpoint x IN packet.
MAXP = n for endpoints 0, 2, 3, 4
MAXP = n * 8 for endpoint 1
n is the value written to this register. For endpoints that support a smaller
FIFO size, unused bits are not implemented (always write “0” to those bits)
Figure 5-45. Endpoint x IN MAXP
MSB | OMAXP7 | OMAXP6 | OMAXP5 | OMAXP4| OMAXP3| OMAXP2 | OMAXPL/ OMAXPO| LSB Address: 00565
- - - Access: R/W
OMAXP7:0 Maximum packet size (MAXP) of Endpoint x OUT packet.
MAXP = n for endpoints 2, 3, 4
MAXP = n * 8 for endpoint 1
n is the value written to this register. For endpoints that support a smaller
FIFO size, unused bits are not implemented (always write “0” to those bits)
Figure 5-46. Endpoint x OUT MAXP
MSB | W_CNT7 | W_CNTS| W_CNTS W_CNT4 W_CNT$W_CNT2| W_CNTL W_CNTG:SB Address: 005ks
Access: R
W_CNT7:0 Byte Count. This register contains the lower 8 bits of the byte count register
Reset:  0f
Figure 5-47. Endpoint 0, 1, 2, 3, 4 OUT Write Count Register Low
’;"SB Reserved| Reserve Reserved Reseryed ResdnRéserved W_CNT9 Wﬁdé\?ﬁl Address: 005
Access: R
W_CNT9:8 Byte Count. This register contains the upper 2 bits of the byte count register
Reset:  0f
Bits 7:2 Reserved (Read “0”)
Figure 5-48. Endpoint 0, 1, 2, 3, 4 OUT Write Count Register High
MSB | DATA 7 | DATA 6 | DATA S | DATA 4 | DATA 3 | DATA 2 | DATA 1 | DATA O |LSB Address: 0060
- - Access: R/W
DATA_7:0 Endpoint 0 IN/OUT FIFO register
Reset:  N/A
Figure 5-49. Endpoint 0 FIFO Register
MSB | DATA 7 | DATA 6 | DATA S | DATA 4 | DATA 3 | DATA 2 | DATA 1 | DATA O |LSB Address: 0063
- - Access: R/W
DATA_7:0 Endpoint 1 IN/OUT FIFO register
Reset:  N/A
Figure 5-50. Endpoint 1 FIFO Register
“7/'35 DATA 7 | DATA 6 | DATA 5 | DATA 4 | DATA 3 | DATA 2 | DATA 1 | DATA 0 lE)SB Address: 0062
- - Access: R/W
DATA_7:0 Endpoint 2 IN/OUT FIFO register
Reset:  N/A

Figure 5-51. Endpoint 2 FIFO Register
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MSB | DATA 7 | DATA 6 | DATAS | DATA 4 | DATA3 | DATA 2 | DATA1 | DATA 0 [LSB  Address: 006%
- - Access: R/W
DATA_7:0 Endpoint 3 IN/OUT FIFO register
Reset: N/A
Figure 5-52. Endpoint 3 FIFO Register
'\7/'53 DATA_ 7 | DATA 6 | DATA 5 | DATA 4 | DATA 3 | DATA 2 | DATA 1 | DATA 0 |LSB Address: 0064
- - Access: R/W
DATA_7:0 Endpoint 4 IN/OUT FIFO register
Reset:  N/A
Figure 5-53. Endpoint 4 FIFO Register
Address: 006G
MSB
4 Ls CHG1 | CHGO | Reserved FIN vcol | veoo FsE |58 Access: RW
FSE Frequency Synthesizer Enable Bit (bit 0) Reset: 60
0: Disabled
1: Enabled
VCO01,0 VCO Gain Control (bits 2,1)
Bit 2 Bit 1
0 0: Lowest Gain (recommended)
0 1: Low Gain
1 0: High Gain
1 1: Highest Gain
FIN Frequency Synthesizer input selector Bit (bit 3)
0: Xin
1: XCp,
Bit 4 Reserved (Read/Write “0”)
CHG1,0 LPF Current Control (bits 6,5)
Bit 6 Bit 5
0 0: Disabled
0 1: Low Current
1 0: Intermediate Current (recommended)
1 1: High Current
LS Frequency Synthesizer Lock Status Bit (bit 7) (Read Only; Write “0”)
0: Unlocked
1: Locked
Figure 5-54. Frequency Synthesizer Control Register
MSB ) ) ] ] ] - . _ Ls Address: 006
7 Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 |37 Access: RW
f TSl f Reset:  Ff
PIN Dec(n) Hex(n) veo
320 kHz 74 4A 48.00 MHz
2 MHz 11 0B 48.00 MHz
4 MHz 5 05 48.00 MHz
6 MHz 3 03 48.00 MHz
12 MHz 1 01 48.00 MHz
24 MHz 0 00 48.00 MHz
veol2(+1) = fpiy
Figure 5-55. Frequency Synthesizer Multiply Control register FSM1
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MSB . . . . . . . ) LSB Address: 006k
7 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 g
Access: R/W
FSM2 Reset:  FE
foin fin
Dec(n) Hex(n)
24 MHz 255 FF 24.00 MHz
1 MHz 11 0C 24.00 MHz
2 MHz 5 05 24.00 MHz
3 MHz 3 03 24.00 MHz
6 MHz 1 01 24.00 MHz
12 MHz 0 00 24.00 MHz
finf2(0+1) = oy
Figure 5-56. Frequency Synthesizer Multiply Control Register FSM2
MSB| itz Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito |50 ﬁgg;es? OROI?;G
FSD Reset: F
fveo Dec(m) Hex(m) fsvn
48.00 MHz 00 00 24.00 MHz
48.00 MHz 127 7F 187.50 KHz
veo2(m+1) = Eyy

Figure 5-57. Frequency Synthesizer Divide Register

3/18/99

5-21



7600 Series ‘
M37640E8-XXXF Preliminary Specification Mitsubishi Microcomputers VA

5-22 3/18/99



