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Interrupt Controller (INTC):

Nine external interrupt pins (NMI, IRQO to IRQ7)
Twenty-two internal interrupt sources
Sixteen programmable priority levels

Bus State Controller (BSC):

Supports external extended memory access
0 16-bit external databus

Memory address space divided into four areas (four areas of SRAM space) with the following
settable features:

O Number of wait cycles (0 to 3 cycles)
O Outputs chip-select signals for each area
Wait cycles can be inserted using an external WAIT signal

Multifunction Timer Pulse Unit (MTU):

Maximum 6 types of waveform output or maximum 6 types of pulse 1/O processing possible
based on 16-bit timer, 3 channels

8 dual-use output compare/input capture registers
8 independent comparators

6 types of counter input clock

Input capture function

Pulse output mode

0 One shot, toggle, PWM

Multiple counter synchronization function

Compare Match Timer (CMT) (Two Channéls):

16-bit free-running counter
One compare register
Generates an interrupt request upon compare match

8-Bit Timers(TIM1, TIM2) (Two Channels):

8-bit interval timer function
Interrupt generated on counter overflow (TIM1)
Interrupt generated on compare match (TIM2)
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Table2.11 Instruction Code Format

Item Format Explanation

Instruction CP. Sz SRC, DEST OP: Operation code
Sz: Size (B: byte, W: word, or L: longword)
SRC: Source
DEST: Destination
Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement*1

Instruction MSB -~ LSB mmmm: Source register
code nnnn: Destination register
0000: RO
0001: R1
1111: R15

iiii: Immediate data
dddd: Displacement

Operation o, Direction of transfer
(xx) Memory operand
M/QIT Flag bits in the SR
& Logical AND of each bit
| Logical OR of each bit
n Exclusive OR of each bit
~ Logical NOT of each bit
<<n n-bit left shift
>>n n-bit right shift
Execution — Value when no wait states are inserted*2
cycles
T bit — Value of T bit after instruction is executed. An em-dash (—)

in the column means no change.

Notes: 1. Depending on the operand size, displacement is scaled x1, x2, or x4. For details, see
the SH-1/SH-2/SH-DSP Programming Manual.

2. Instruction execution cycles: The execution cycles shown in the table are minimums.
The actual number of cycles may be increased when (1) contention occurs between
instruction fetches and data access, or (2) when the destination register of the load
instruction (memory - register) and the register used by the next instruction are the
same.
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51.2 Exception Processing Operations

The exception processing sources are detected and begin processing according to the timing
shownin table 5.2.

Table5.2 Timing of Exception Source Detection and the Start of Exception Processing

Exception  Source Timing of Source Detection and Start of Processing
Power-on reset Starts when the RES pin changes from low to high.
Address error Detected when instruction is decoded and starts when the

previous executing instruction finishes executing.

Interrupts Detected when instruction is decoded and starts when the

previous executing instruction finishes executing.

Instructions  Trap instruction Starts from the execution of a TRAPA instruction.

General illegal Starts from the decoding of undefined code anytime except after

instructions a delayed branch instruction (delay slot).

lllegal slot Starts from the decoding of undefined code placed in a delayed

instructions branch instruction (delay slot) or of instructions that rewrite the
PC.

When exception processing starts, the CPU operates as follows:

1
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Exception processing triggered by reset:

Theinitial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception processing vector table (PC and SP are respectively the H'00000000 and
H'00000004 addresses). See section 5.1.3, Exception Processing Vector Table, for more
information. O is then written to the vector base register (VBR) and 1111 iswritten to the
interrupt mask bits (13-10) of the status register (SR). The program begins running from the PC
address fetched from the exception processing vector table.

Exception processing triggered by address errors, interrupts and instructions:

SR and PC are saved to the stack indicated by R15. For interrupt exception processing, the
interrupt priority level iswritten to the SR’ sinterrupt mask bits (13-10). For address error and
instruction exception processing, the 13-10 bits are not affected. The start addressis then
fetched from the exception processing vector table and the program begins running from that
address.
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513 Exception Processing Vector Table

Before exception processing begins running, the exception processing vector table must be set in

memory. The exception processing vector table stores the start addresses of exception service
routines. (The reset exception processing table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets, from

which the vector table addresses are calculated. During exception processing, the start addresses of

the exception service routines are fetched from the exception processing vector table, which
indicated by this vector table address.

Table 5.3 shows the vector numbers and vector table address offsets. Table 5.4 shows how vector

table addresses are cal cul ated.

Table5.3 Exception Processing Vector Table

Vector
Exception Sources Numbers Vector Table Address Offset
Power-on reset PC 0 H'00000000-H'00000003
SP 1 H'00000004—H'00000007
(Reserved by system) 2 H'00000008—-H'0000000F
3
General illegal instruction 4 H'00000010-H'00000013
(Reserved by system) 5 H'00000014—-H'00000017
Slot illegal instruction 6 H'00000018-H'0000001B
(Reserved by system) 7 H'0000001C—-H'0000001F
(Reserved by system) 8 H'00000020—-H'00000023
CPU address error 9 H'00000024—-H'00000027
(Reserved by system) 10 H'00000028—-H'0000002B
Interrupts NMI 11 H'0000002C—-H'0000002F
(Reserved by system) 12 H'00000030—-H'00000033
31 H'0000007C—-H'0000007F
Trap instruction (user vector) 32 H'00000080—-H'00000083
63 H'000000FC-H'000000FF
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7.3.3

CS Assert Period Extension

Idle cycles can be inserted to prevent extension of the RD signal or WRx signal assert period
beyond the length of the CSn signal assert period by setting the SW3-SWO bits of BCR2. This
alowsfor flexible interfaces with external circuitry. Thetiming isshownin figure 7.6. Ty, and T;
cycles are added respectively before and after the ordinary cycle. Only CSn is asserted in these
cycles; RD and WRx signals are not. Further, datais extended up to the T; cycle, which is
effective for gate arrays and the like, which have slower write operations.
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|
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|

i

|

|

|
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RD | o
Read i | i |
|

owa — R
| | ‘ o
| } | 1 |
WRX | \_ / L
|
Write | } } } |
| I I | |
Data — <} ! }>_,_‘
| T T f

Figure7.6 CS Assert Period Extension Function
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7.5 Memory Connection Examples

256k x 16 bits

SH7011 ROM
CSn CE
RD OE
A1-A18 AO-A17
D0-D15 1/00-1/015

Figure7.9 16-Bit Data BusWidth ROM Connection

128k x 8 bits
SH7011 SRAM
CSn CS
RD OE
Al-A17 AO-A16
WRH WE
D8-D15 1/00-1/07
WRL
DO-D7 __
CS
OE
L | A0-Al6
WE
1/00-1/07

Figure7.10 16-Bit Data BusWidth SRAM Connection
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Bit n: CSTn Description
0 TCNTn count is halted (initial value)
1 TCNTn counts

Note: n=2to0.
If 0 is written to a CST bit during operation with the TIOC pin in the output state, the counter
stops, but the TIOC pin output compare output level is maintained. If a write is performed on
the TIOR register while a CST bit is 0, the pin output level is updated to the set initial output
value.

8.29 Timer Synchro Register (TSYR)

The timer synchro register (TSYR) is an 8-bit read/write register that selects independent or
synchronous TCNT counter operation for channels 0-2. Channels for which 1is set in the
corresponding bit will be synchronized. TSYR isinitialized to H'00 upon power-on reset.

Bit. 7 6 5 4 3 2 1 0
. — | — | — | — | — |svNc2|syNci| SYNCO
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R RW  RW  RW

e Bits 7-3—Reserved. These bits always read 0. The write value should always be 0.

e Bits2-0—Timer Synchronization 2-0 (SYNC2-SY NCO): Selects operation independent of, or
synchronized to, other channels. Synchronous operation allows synchronous clears due to
multiple TCNT synchronous presets and other channel counter clears. A minimum of two
channels must have SYNC bits set to 1 for synchronous operation. For synchronization
clearing, it is necessary to set the TCNT counter clear sources (the CCLR2-CCL RO bits of the
TCR register), in addition to the SYNC bit. The counter start to channel and bit-to-channel
correspondence are indicated in the tables below.

SYNC2: Channel 2 (TCNT2)
SYNCL: Channel 1 (TCNT1)
SYNCQO: Channel 0 (TCNTOQ)
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The procedure for selecting the input capture operation (figure 8.12) is:

1. Setthe TIOR to select the input capture function of the TGR, then select the input capture
source, and rising edge, falling edge, or both edges as the input edge.
2. Setthe CST hitinthe TSTR to 1 to start the TCNT counting.

( Input selection >

[
Select input-capture input | (1)

Start counting 2

Input capture operation

Figure8.12 Procedurefor Selecting Input Capture Operation

Input Capture Operation: Figure 8.13 shows input capture. The falling edge of TIOCB and both
edges of TIOCA are selected as input capture input edges. In the example, TCNT is set to clear at
the input capture of the TGRB register.

TCNT value Counter cleared
A by TIOCB input

H'0180 P (falling edge)
H'0160

H'0010
H'0005
H'0000

TIOCA

;
|
|
|
|
3
TGRA X H'0005 X HO160
|

TIOCB

TGRB >< X H'0180

Figure8.13 Input Capture Operation
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(1) Operation when Error Occursduring Normal Mode Operation, and Operation is
Restarted in Normal Mode: Figure 8.49 shows an explanatory diagram of the case where an
error occurs in normal mode and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (Qinit (MTU) (1) occurs (PORT) (0) (normal) (1init (MTU) (1)
0 out) 0 out)

Port output

= I S S S O O O SO

en—L [ 2z [ T T L L [

n=0,2,4-7,12-14

Figure8.49 Error Occurrencein Normal Mode, Recovery in Normal Mode

1. After areset, MTU output is low and ports are in the high-impedance state.
2. After areset, the TMDR setting is for normal mode.

3. Initialize the pinswith TIOR. (The example shows initial high output, with low output on
compare-match occurrence.)

4. Set MTU output with the PFC.

5. The count operation is started by TSTR.

6. Output goeslow on compare-match occurrence.

7. Anerror occurs.

8. Set port output with the PFC and output the inverse of the active level.
9. The count operation is stopped by TSTR.

10. Not necessary when restarting in normal mode.

11. Initialize the pinswith TIOR.

12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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(7) Operation when Error Occursduring PWM Mode 2 Operation, and Operation is
Restarted in Normal Mode: Figure 8.55 shows an explanatory diagram of the case where an
error occurs in PWM mode 2 and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU) (1) occurs (PORT) (0) (normal) (1init (MTU) (1)
0 out) 0 out)

MTU output ¢ * % { } % % # % } # #

TIOC*B —

Port output

pen —__ ' z | 7T ot i

n=0,2,4-7,12-14

Figure8.55 Error Occurrencein PWM Mode 2, Recovery in Normal Mode

1. After areset, MTU output islow and ports are in the high-impedance state.
Set PWM mode 2.

Initialize the pinswith TIOR. (The example shows initial high output, with low output on
compare-match occurrence. In PWM mode 2, the cycle register pins are not initialized. In the
example, TIOC* A isthe cycleregister.)

4. Set MTU output with the PFC.

5. The count operation is started by TSTR.

6. Output goes low on compare-match occurrence.
7

8

9

w N

An error occurs.
Set port output with the PFC and output the inverse of the active level.
. The count operation is stopped by TSTR.
10. Set normal mode.
11. Initialize the pinswith TIOR.
12. Set MTU output with the PFC.
13. Operation isrestarted by TSTR.
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9.1.2 Block Diagram

Figure 9.1 shows a block diagram of 8-bit timer 1 (TIM1).

|
ITI | Overflow
| -

- @2
(interrupt Interrupt 64
request control -t - ¢

signal) ~—— /128
Clock Clock [ %256
selection [-—— @512
- /1024 |
- 4096 |
- /8192 :

Internal clock |
A sources

—a}

Y
TICNT |

Bus
Module bus interface

Y
—
[EEY
0
n
Py

__@_________

T1CSR: Timer 1 control/status register
T1CNT: Timer 1 counter

Internal bus

Figure9.1 Block Diagram of 8-Bit Timer 1
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10.4.3 Timing of Compare Match Flag Clearing

The CMF bit in the T2CSR register is cleared by reading the bit when it is set to 1, then writing O
init. Figure 10.5 shows the timing of CMF bit clearing by the CPU.

T2CSR write cycle

CMF

Figure10.5 Timing of CMF Clearing by CPU
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11.32 CMCNT Count Timing

One of four clocks (@8, ¢/32, ¢/128, ¢/512) obtained by dividing the system clock (CK) can be
selected by the CKS1, CKSO0 hits of the CMCSR. Figure 11.3 shows the timing.

o LI LI L L L L

Internal clock —| B | |
2l
CMCNT input _,—_I I——\—
clock f)f) y)
CMCNT N-1 X 7 N . X N+1

P 7

Figure11.3 Count Timing
114  Interrupts

11.41 Interrupt Sources

The CMT has a compare match interrupt for each channel, with independent vector addresses
allocated to each of them. The corresponding interrupt request is output when the interrupt request
flag CMF is set to 1 and the interrupt enable bit CMIE has also been set to 1.

When activating CPU interrupts by interrupt request, the priority between the channels can be
changed by using the interrupt controller settings. See section 6, Interrupt Controller, for details.

11.42 CompareMatch Flag Set Timing

The CMF bit of the CMCSR register is set to 1 by the compare match signal generated when the
CMCOR register and the CMCNT counter match. The compare match signal is generated upon
the final state of the match (timing at which the CMCNT counter matching count valueis
updated). Consequently, after the CMCOR register and the CMCNT counter match, a compare
match signal will not be generated until a CMCNT counter input clock occurs. Figure 11.4 shows
the CMF bit set timing.
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Bit 1: CKS1 Bit 0: CKSO Description

0 0 @ (initial value)
1 @4

1 0 @16
1 @64

12.26  Serial Control Register (SCR)

The serial control register (SCR) operates the SCI transmitter/receiver, enables/disables interrupt
requests. The CPU can always read and write the SCR. The SCRisinitialized to H'00 by a power-

on reset.
Bit: 7 6 5 4 3 2 1 0
] TIE \ RIE ‘ TE ] RE ‘ MPIE’ TEIE \ — ‘ — \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TxI) requested when the transmit data register empty bit (TDRE) in the seria status register
(SSR) is set to 1 by transfer of serial transmit data from the TDR to the TSR.

Bit 7: TIE Description

0

Transmit-data-empty interrupt request (Txl) is disabled (initial value).
The Txl interrupt request can be cleared by reading TDRE after it has
been set to 1, then clearing TDRE to 0, or by clearing TIE to 0.

1 Transmit-data-empty interrupt request (Txl) is enabled
» Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RxI)
reguested when the receive data register full bit (RDRF) in the serial status register (SSR) is set
to 1 by transfer of seria receive datafrom the RSR to the RDR. It also enables or disables
receive-error interrupt (ERI) requests.
Bit 6: RIE Description
0 Receive-data-full interrupt (RxI) and receive-error interrupt (ERI)
requests are disabled (initial value). Rxl and ERI interrupt requests can
be cleared by reading the RDRF flag or error flag (FER, PER, or ORER)
after it has been set to 1, then clearing the flag to 0, or by clearing RIE
to 0.
1 Receive-data-full interrupt (RxI) and receive-error interrupt (ERI)

requests are enabled.
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12.3.2  Operation in Asynchronous Mode

In the asynchronous mode, each transmitted or received character begins with a start bit and ends
with a stop bit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 12.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication, the communication lineis normally held in the marking (high) state. The
SCI monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in the asynchronous mode, the SCI synchronizes on the falling edge of the start
bit. The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit
rate. Receive datais latched at the center of each bit.

Idling (marking state)

1 (LSB) (MSB) 1
Serial|o|D0|D1|D2|D3|D4|D5|D6|D7|0/1|1 1
data -

Start Parity| Stop
bit bit bit
_ Transmit/receive data Wy _
1bit‘ 7 or 8 bits ‘1or‘ 1or
no bit 2 bits

One unit of communication data (characters or frames)

A
A

Figure12.2 Data Format in Asynchronous Communication (Example: 8-bit Data with
Parity and Two Stop Bits)
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( Start transmitting >

|A
L

Read TDRE bit in SSR 1)

No

Yes

Write transmission data to TDR
and clear TDRE bitin SSRto 0

Read TEND bit in SSR

No

Yes

< End transmission >

Figure12.4 Sample Flowchart for Transmitting Serial Data
In transmitting serial data, the SCI operates as follows:

1. The SCI monitors the TDRE bit in the SSR. When TDRE is cleared to 0, the SCI recognizes
that the transmit data register (TDR) contains new data, and loads this data from the TDR into
the transmit shift register (TSR).

2. After loading the data from the TDR into the TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) is set to 1 in the SCR, the
SCI requests a transmit-data-empty interrupt (TxI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

a. Start bit: one 0 bit is output.

b. Transmit data: seven or eight bits of data are output, L SB first.

c. Parity bit or multiprocessor bit: one parity bit (even or odd parity) or one multiprocessor bit
isoutput. Formats in which neither a parity bit nor a multiprocessor bit is output can also
be selected.
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13.1.2 Block Diagram

Figure 13.1 isthe block diagram of the A/D converter.

ADI interrupt
———— = signal

| ! Internal
! Module data bus ' data bus
i L
i 8T
| Q| !
| ANARARARRONON 1
1 n I
| g & | |
: 3 :
| £ |
1 x 1
e ssElelglel |&ls i
Aves | 10bitDiA (I 8EEAS 615§ 813 ;
P o? <|<|<|< <|< !
i ‘@ i
1 %] 1
1 Q 1
1 Q 1
1 (8] 1
1 > :
i 0 i
ANO —is] -+ 5
ANL sl & [0 og—tr— i
e 1 ~— 8
AN2 —» 5 ! ;l;-  Comparator '
AN3 —Er> E i i Control circuit i
AN4 — & | Sample and |
AN5 __i ;:C“ hold circuit %16
ANG —ix] !

—>|

. MTU trigger

ADCR: A/D control register
ADDCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D

Figure13.1 A/D Converter Block Diagram
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Table15.5 Correspondence between Port E Data Register (PEDR) Bitsand Port E Pins

PEDR Bit Port E Pin
PE14DR PE14
PE13DR PE13
PE12DR PE12
PE7DR PE7/TIOC2B
PEGDR PEG/TIOC2A
PESDR PES/TIOC1B
PE4DR PE4/TIOC1A
PE2DR PE2/TIOCOC
PEODR PEO/TIOCOA
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174  A/D Converter Characteristics

Table17.11 A/D Converter Characteristics (Conditions:V.. =3.0t0 3.6V, AV =3.0to

55V, AVee V ce, Ves= AV = 0V, T, = D200 +75C, CKS = 0)

20 MHz
Item Min Typ Max Unit
Resolution 10 10 10 bit
Conversion time — — 13.4 us
Analog input capacity — — 20 pF
Permission signal source impedance — — kQ
Non-linearity error* — — + LSB
Offset error* — — LSB
Full scale error* — — +3 LSB
Quantize error* — — +0.5 LSB
Absolute error — — + LSB

Note: * Reference values

Table 17.12 A/D Converter Characteristics (Conditions:V.. =3.0t0 3.6V, AV =3.0to

55V, AVee V ce, Ves= AV =0V, T, =D20t0 +75C, CKS = 1)

20 MHz
Item min typ max Unit
Resolution 10 10 10 bit
Conversion time — — 6.7 us
Analog input capacity — — 20 pF
Permission signal source impedance — — 1 kQ
Non-linearity error* — — +5 LSB
Offset error* — — +5 LSB
Full scale error* — — +5 LSB
Quantize error* — — +0.5 LSB
Absolute error — — +6 LSB

Note: * Reference values
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Appendix C Package Dimensions

Package dimensions of the SH7011 (TFP-100B) are shown in figure C.1.

Unit: mm
16.0+0.2
14
75 51
L0n0nn
76
N
(=}
+
o
©
i
3 g3
> o|lo
o |+
N ~i9 1.0
— ™ Ao o
*o' o O‘ -8
S ! 05401 4
o
+l
o
b
o
*Dimension including the plating thickness
Base material dimension
FigureC.1 Package Dimensions (TFP-100B)
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