Section 1 Overview T Y91 P- 1L
1.1 Features

The H8/520 is an original Hitachi CMOS microcomputer unit (MCU) comprising a high-performance
CPU core plus a full range of supporting functions—an entire system integrated onto a single chip.

The CPU features a highly orthogonal instruction set that permits addressing modes and data sizes to
be specified independently in each instruction. An internal 16-bit architecture and 16-bit access to on-
chip memory enhance the CPU’s data-processing capability and provide the speed needed for realtime
control applications. The address space can be expanded to perform high-volume data processing.

'The on-chip supporting functions include RAM, ROM, timers, a serial communication interface (SCI),
A/D converter, and I/O ports. An on-chip data transfer controller (DTC) provides an efficient way to
transfer data in either direction between memory and 1/0.

For the on-chip ROM, a choice is offered between masked ROM and programmable ROM (PROM),
The PROM version can be programmed by the user with a general-purpose PROM writer.

‘Table 1-1 lists the main features of the H8/520 chip.



Table 1-1 Features T-49-19-1¢

Feature

Description

CPU

General-register machine

+ Eight 16-bit general registers

« Five 8-bit and two 18-bit control registers

High speed

« Maximum clock rate: 10 MHz (oscillator frequency: 20 MHz)

Expanded operating modes supporting external memory

s Minimum mode: up to 64-kbyte address space

+ Maximum mode: up to 1-Mbyte address space

Highly orthogonal instruction set

« Addressing modes and data size can be specified independently for each instruction
Instructions can address registers or memory

» Register-register operations

 Register-memory operations

Instruction set optimized for C language

» Special short formats for frequently-used instructions and addressing modes

Memory

+ 512-Byte high-speed RAM on-chip
» 16-kbyte programmable or masked ROM on-chip

16-Bit free-
running
timer

{2 channels)

Each channel provides:

» 1 free-running counter (which can count external events)
» 2 output-compare registers

+ 1 input caplure register

8-Bit timer
(1 channel)

« One 8-bit up-counter (which can count extermnal events)
» 2 time constant registers

Watchdog
timer
(1 channel)

+ Anoverflow generates a reset
« Can output an external reset signal
« Can also be used as an interval timer
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Table I-1 Features (cont)

T~49-19-7

Feature Description
Serial com- = Asynchronous or synchronous mode (selectable)
munication = Fullduplex: can send and receive simu'taneously
interface (SCI) » Built-in baud rate generator
(2 channels)
A/D converter = 10-Bit resolution
* 4 (or 8*) channels, controllable in single mode or scan mode {seleclable)
« Sample-and-hold function
« Can be externally triggered
I/Q ports « 46 input/output pins (five 8-bit ports, one 6-bit port)
« 4 (or 8*) input-only pins (one 4- or 8*-bit port)
Interrupt « 9 external interrupt pins (NMI, IRQe to IRQ7)
controller « 18 internal interrupts
(INTC) 8 priority levels
Data transter Performs efficient, rapid, bidirectional data transfer between memory and /0 with
controller (DTC)  minimal CPU programming.
Wait-state Can insert wait states in access to external memory or /0O
controller (WSC)
Operating 5 MCU operating modes
modes » Expanded minimum modes, supporting up to 64 kbytes external memory
with or without using on-chip ROM (Modes 1 and 2)
« Expanded maximum modes, supporting up to 1 Mbyte external memory
with or without using on-chip- ROM (Modes 3 and 4)
« Single-chip mode {Mode 7)
3 power-down modes
« Sleep mode
« Software standby mode
« Hardware standby mode
Cther teatures « Cilock generator on-chip
Product line-up  Model Name Package Options ROM
HD&475208C 64-Pin windowed shrink DIP (DC-64S) PROM
HDB475208P 84-Pin shrink DIP (DP-648)
HD6475208CP  68-Pin PLCC (CP-68)
HD6475208F 64-Pin QFP (FP-64A)
HDB435208P 64-Pin shrink DIP (DP-64S) Masked
HD6435208CP  68-Pin PLCC (CP-68) ROM
HD6435208F 64-Pin QFP (FP-64A)

Note: * CP- 68 package only.
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1.2"Block Diagram
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Figure 1-1 shows a block diagram of the H8/520 chip. T-49-19-16
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Figure 1-1 Block Diagram
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1.3 Pin Arrangements and Functions

1.3.1 Pin Arrangement
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Figure 1-2 shows the pin arrangement of the DC-64S and DP-64S packages. Figure 1-3 shows the pin

arrangement of the FP-64A package. Figure 1-4 shows the pin arrangement of the CP-68 package.
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Figure 1-2 Pin Arrangement (DC-64S, DP-64S, Top View)
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1.3.2 Pin Functions
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Pin Arrangements in Each Operating Mode: Table 1-2 lists the arrangements of the pins of the
DC-64S and DP-64S packages in each operating mode. Table 1-3 lists the arrangements for the
FP-64A package. Table 1-4 lists the arrangements for the CP-68 package.

Table 1-2 Pin Arrangements in Each Operating Mode (DC-64S , DP-64S )

Pin Name
Expanded Minimum Expanded Maximum Single-Chip
Pin Modes Modes Mode PROM
No. Mode 1 Mode 2 Mode 3 Mode 4 Mode 7 Mode
1 EXTAL EXTAL EXTAL EXTAL EXTAL NC
2 XTAL XTAL XTAL XTAL XTAL NC
3  Plo/WAIT Plo/ WAIT P10/ WAIT P10/ WAIT P1o NC
4  P11/1RQo P11/1RQo P1:/1RQo P11/1RQo P11/1RQo NC
5 Pt2/IRQi/ P12/1RQi1/ At P12/ As/IRQ1 / P12/1RQ1 / NC
ADTRG ADTRG ADTRG ADTRG
6 Pla/IRQz P13/ 1RQ2 A1z P13/ A17/IRQz P13 /1RQ2 NC
7  Pi4/IRGs P14/1RQs A6 P1a/ Ats/ IRQ3 P14/ 1RQs NC
8 AS AS AS AS P1s NC
9 RD RD RD RD Pis NC
10 WR WR WR WR P17 NC
11 Vee Vce Voo Vee Vce Vce
12 MbDo MDo MDo MDo MDo Vec
13 MD1 MD1 MD+ MD+ MD1 Vss
14 MD2 MD2 MDa2 MD2 MD2 Vee
15 RES RES RES RES RES Vep
16 NMI NMI NMI NMI NMI Ag
17 Vss Vss Vss Vss Vss Vss
18 Do Do Do Do P20 0o
19 b D1 D1 D1 P21 01
20 D2 D2 D2 D2 P2z 02
21 Da Da D3 Da P23 03
22 Da Da D4 Da P24 04

Notes: 1. For the PROM mode, see section 16, “ROM."

2. Pins marked NC should be left unconnected.
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Table 1-2 Pin Arrangements in Each Operating Mode (DC-64S, DP-64S) (cont)

T Y -

Pin Name ' T—49—1 9"‘1 6

Expanded Minimum Expanded Maximum SIngle-cﬁip
Pin Modes Modes Mode PROM
No. Mode 1 /7 Mode 2 Mode 3 Mode 4 Mode 7 Mode
23 Ds Ds Ds Ds P2s 0s
24 Ds Ds De Ds P26 0s
25 Dz D7 D7 Dz P27 07
26 Ao Ao ' Ao Ao P30 Ao
27 A Ai A1 A1 P31 A1
28 A2 Az Az A2 P32 A2
29 A3 A3 Az A3 P33 As
30 A« A4 As A4 P3¢ As
31 As As As As P3s As
32 As As As As P3s As
33 A A7 Az A7 P37 A7
34 As Pdo/ As As P40/ As P4o As
35 Ao P41/ Aa As P41/ As P4 OE
36 Ao P42/ Ao A0 P42/ Ao P42 A
37 Anu P43/ A Axr P43/ A P43 A
38 A P4s/A12/IRQs  Auz P44/ A2/ TRQe P44 /1RQ4 Atz
39 A P4s/A1a/TRQs A P4s / A3/ TRQs P4s /1RQs A
40 A Pds/Aia/TIRQs  Aws P4s / A1/ TRQe P4s / IRQe Aia
41 A P47/ As/TRQ7  Ais P47/ A5/ TRQ7 P47 /1RQ7 CE
42 Vec Vece Vee Vee Vce Vee
43 P5o/TMCI P50/ TMCI P50/ TMCI P80/ TMCI Pbo / TMCI - Vee
44 P51/FTh P51/ FTh P51/ FTl4 P51/ FTh P51/ FTh Vee
45 P5a/FTI2/ P52/ FTi2/ P52/ FTiz2/ P52/ FTlz/ P52/ FTl2/ NC

TMRI TMRI TMRI TMRI TMRI
46 P53/ TMO P53/ TMO P53/ TMO P53/ TMO P53/ TMO NC
47 Pb4/FTOB1/ P54/ FTOB1/ P54/ FTOB1/ P54/FTOBs/ P54/ FTOB1/ NC

FTCh FTCl FTCh FTCh FTCh

Notes: 1. For the PROM mode, see section 16, “ROM.”
2. Pins marked NC should be left unconnected.
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Table 1-2 Pin Arrangements in Each Operating Mode (DC-64S, DP-64S) (cont)

Pin Name T-49-19-16
Expanded Minimum Expanded Maximum Single-Chip
Pin Modes Modes Mode PROM
No. Mode 1 Mode 2 Mode 3 Mode 4 Mode 7 Mode
48 PSs/FTOB2/ P55/ FTOB2/ PSs/FTOB2/ P55/ FTOBz2/ P5s/FTOB2/ NC
FTCIz FTCk FTCl2 FTCl2 FTCl2

49 P5s/FTOA: P56/ FTOA1 P5s / FTOA1 P56 / FTOA1 P5e / FTOA1 NC
50 P57/FTOA2/8 P57/FTOA2/@ P57/FTOA2/9 P57/FTOA2/g  P57/FTOA2/¢ NC
51 Vss Vss Vss Vss Vss Vss
52 AVss AVss AVss AVss AVss Vss
53 P8&o/ANo P60/ ANo P6a/ ANo P6o / ANo P60 / ANo NC
54 P61/AMN P61/ AN1 P61/ AN1 P61/ AN+ P61/ ANy NC
55 P62/ ANz P62/ ANz P62/ AN2 P62/ AN2 P62/ AN2 NC
56 P63/ANs3 P&3/ ANa P63/ AN3 P63/ ANa P63/ ANa NC
57 AVcc AVce AVce AVce AVee Vce
58 P7¢/TXD2 P70/ TXD2 P70/ TXD2 P70/ TXD2 P70/ TXDz NC
59 P71/RXD: P71/ RXDz P71/ RXD2 P71/ RXD2 P71/ RXD2 NC
60 P72/SCK2 P72/ SCKa2 At P72/S8CKz/ Ats P72/ SCKe NC
61 P73/ TXD1 P7a/ TXD1 P73/ TXD1 P73/ TXD1 P73/ TXD1 NC
62 P74/ RXD+ P74/ RXD1 P74/ RXD+ P74/ RXD1 P74/ RXD1 NC
63 P75/ SCKi P75/ SCK1 P75/ SCKi P75/ SCKi P75/ SCKi NC
64 Vss Vss Vss Vss Vss Vss

Notes: 1. For the PROM mode, see section 16, “ROM."
2. Pins marked NC should be left unconnected.
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Table 1-3 Pin Arrangements in Each Operating Mode (FP-64A) ——

T-49-19-16
Pin Name
Expanded Minimum Expanded Maximum Single-Chip
Pin Modes Modes Mode PROM
No. Mode1 Mode 2 Mode 3 Mode 4 Mode 7 Mode
1 RD RD RD RD P1s NC
2 WR WR WR WR P17 NC
3 Vec Vee Vee Vce Vco Vee
4 MDa MBo MDo MDo MDa Vee
5 MD:1 MD1 MD:1 MD1 MD:1 Vss
6 MD: MD2 MD2z MD2 MD: Vee
7 RES RES RES RES RES Vep
8 NMI NMI NMI NMI NMI Ag
9 Vss Vss Vss Vss Vsg Vss
10 Do Do Do Do P20 Qo
11 Di D1 D1 D+ P24 O1
12 D2 Dz D2 D2 P22 Oz
13 Ds D3 D3 Da P23 (8]
14 D4 Da D4 D4 P24 O4
156 Ds Ds Ds Ds P2s Os
16 Ds Ds Ds Ds P2s Os
17 Dz Dz D7 D7 27 Q7
i8 Ao P3a/A0 Ao P30/Ac P30 Ao
19 As P31/A1 A1 P3i/A1 P31 Ai
20 A P32/A2 A2 P32A2 P32 Az
21 A3 P3a/A3 Aa P3a/A3 P33 A3
22 A« P34/A4 As P34/As4 P34 A4
23 As P3s/As As P3s/As P3s As
24 As P3s/As As P3s/As P3s As
25 Ar P37/A7 A7 P37/A7 P37 Az
26 As Pdo! As As Pdo/ As Pdo As
27 As P41/ Ao Ao P41/ Ao P41 OE
28 Aw P42/ Ao Ao P42/ Aw P42 Ao
29  An P43/ An Au Pda/ An P43 An

Notes: 1. For the PROM mode, see section 16, “ROM.”
2. Pins marked NC should be left unconnected.
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Table 1-3 Pin Arrangements in Each Qperating Mode (FP-64A) (cont)

T-49~19-16
Pin Name

Expanded Minimum Expanded Maximum Single-Chip
Pin Modes Modes - Mode PROM
No. Mode 1 Mode 2 Mode 3 Mode 4 Mode 7 Mode
30 A2 P44/ A12/1RQs A P44/ A12/ IRQa P44/ IRQs A2
31 A P4s/ A3/ IRQs Az P4s/ A1a/1RQs P45/ IRQs A3
32 Au Pds/A14/IRQs At P4s/A14/IRQs  P4e/1RQs A
33 A P47/ A15/IRQz A5 P47/A15/IRQ7  P47/1RQz CE
34 Vcc Vee Vce Vce Vee Vce
35 P5o/TMCI PS50 /TMCI P50 /TMCI PS50 /TMCI PS50 /TMCI Vee
36 P51 /FTl P51 /FTh P51 /FTh P51 FTit P51 /FTh Vce
37 P52/FTl2/ P52 /FTI2/ P52 /FTl2/ P52 [FTl2/ P52 /FTlz2/ NC

TMRI TMRI TMRI TMRI TMRI
38 P5yTMO P53/ TMO P53/TMO P53/TMO P53/TMO NC
39 P54/FTOB1/ P54 /FTOB1/ P54 /FTOB: / P54 /FTOB1/ P54 /FTOB1 / NC

FTCh FTCh FTCl1 FTCl FTCl4
40 P5s/FTOB2/ P5s /FTOBz/ P5s /FTOB2/ P5s /FTOBz/ P5s /FTOB2/ NC

FTCl2 FTCl2 FTCl2 FTClha . FTClz2
41 P58 /FTOA1 P56 /FTOA1 PSs /[FTOA1 P5s /FTOA1 - P5s /[FTOA4 NC
42 P57 /FTOA2/ g P57 IFTOAz2/ o P57 /FTOA2/e P57/FTOA2/ ¢ P57 IFTOA2/ NC
43 Vss Vss Vss Vss- Vss Vss
44  AVss AVss . AVss AVss AVss Vss
45 P60/ ANo P6o / ANo P6o / ANo P60/ ANo P60/ ANo NC
46 P61/ AN P61/ AN+ P61/ AN1 P61/ AN1 P61/ AN1 NC
47 P62/ ANz P62/ ANz P62/ ANz P62 / ANz P62/ AN2 NC
48 P6a/ANs3 P6a/ AN3 P&a/ ANs P63/ ANa P63/ AN3 NC
49 AVcee AVce AVcc AVcc AVcc Vee
50 P70/TXD2 P70/ TXD2 P70/ TXD2 P70/ TXD2 P70/ TXD2 NC .

Notes: 1. Forthe PROM mode, see section 16, “ROM.”
2. Pins marked NC should be left unconnected.
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Table 153" Pin Arrangements in Each Operating Mode (FP-64A) (cont)

T-49-19_1¢
Pin Name
Expanded Minimum Expanded Maximum Single-Chip
Pin Modes ' Modes Mode PROM
No. Mode 1 Modle 2 Maode 3 Mode 4 Mode 7 Mode
51 P7:1/RXD2 P71/ RXD2 P71/ RXD2 P71/ RXDz2 P71 / RXD2 NC
52 P72/SCKz2 P72/ SCKz Ao _ P72/ SCK2/ Ats P72/ SCKz NC
53 P73/ TXD1 P73/ TXDi P73/ TXD1 P73/ TXD1 P73/ TXDs NC
54 P74/ RXD1 P74/ RXD1 P74/ RXD1 P74/ RXD1 P74/ RXD1 NC
55 P7s/SCKi P75/ SCKi P75/ SCK1 P75/ SCKi1 P75/ SCKi NC
56 Vss Vss Vss Vss Vss Vss
57 EXTAL EXTAL EXTAL EXTAL EXTAL NC
58 XTAL XTAL XTAL XTAL XTAL NC
59 Plo/WAIT P10/ WAIT Plo/ WAIT Pio/ WAIT Plo NC
60 P11/1RQe Pi1/1RQo P11/1RQo P11/1RQ0 P11/1RQo NC
61 Pi2/IRQi/ P12/1RQ1/ Ata Pla/Aa/ P12/1RQ1/ NC
ADTRG ADTRG TRQi/ ADTRG ADTRG
62 P1a/IRQe Pia/1RQ2 Az P13/ A1z /IRQz P13/1RQ2 NC
63 Pl14/1RCs P14/ 1RQ3 Ats P14/ Ate/ IRQa P14/1RQ3 NC
64 AS AS AS AS P1s NC

Notes: 1. Forthe PROM mode, see section 16, “ROM.”
2. Pins marked NC should be left unconnected.
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Table 1-4 Pin Arrangements in Each Operating Mode (CP-68)

T_Q_g—\g"\6
) Pin Name

Expanded Minimum Expanded Maximum Single-Chip
Pin Modes Modes Mode PROM
No. Mode 1 Mode 2 Mode 3 Mode 4 Mode 7 Mode
1 P75/ 8CKi P75/ SCKi P75/ SCKi P75/ SCK1 P75/ SCKi NC
2 Vss Vss Vss Vss Vss Vss
3 EXTAL EXTAL EXTAL EXTAL EXTAL NC
4 XTAL XTAL XTAL XTAL XTAL NC
5  Plo/WAIT Pio/ WAIT Plo/ WAIT P10/ WAIT P1o NC
6 P11/IRQo P11/1RQo P11 /1RQo P11/1RQo P11 /1RQo NC
7 Pi2/1IRQi/ P12/1RQ1/ At P12/ As/ P12/1RQ1/ NC

ADTRG ADTRG 1RQy / ADTRG ADTRG

P13 /1RQz P1a/1RQ2 Atz P1a/ A7/ IRQ2 P13/IRQz NC
9 Pl4/TRMs P14/ 1RQs A6 P14/ Ats / IRQa P14/1RQa NC
10 AS AS AS AS Pis NC
11 RD RD RD RD P16 NC
12 WR WR WR WR P17 NC
13 Vcc Vce Vce Vee Vee Vee
14 MDo MDo MDo MDo MDo Vce
15 MD: MD: MD1 MD+ MD: Vss
16 MD2z MD2 MD2 MDz2 MD2 Vce
17 RES RES RES RES RES Vep
18 NMI NMI NMi NMI NMI Ao
19 Vss Vss Vss Vss Vss Vss
20 Do Do Do Do P20 Oo
21 Di D1 D1 D1 P21 01
22 Do D2 D2 D2 P22 0z
23 Ds D3 D3 D3 P23 03
24 Ds Da D4 Da P24 04

Notes: 1. For the PROM mode, see section 16, “ROM."

2. Pins marked NC should be left unconnected.
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Table 1-4  Pin Arrangements in Each Operating Mode (CP-68) (cont)

T-49-19-16
Pin Name
Expanded Minimum Expanded Maximum Single-Chip
Pin Modes Modes Mode PROM
No. Mode 1 Mode 2 Mode 3 Mode 4 Mode 7 Mode
25 Ds Ds Ds Ds P2s 0s
26 Ds Ds De De P2s Os
27 Dr D7 D7 D7 P27 07
28 Ao Ao Ao Ao P3o Ao
29 Ai Al A A1 P31 A1
30 Az A2 A2 Az P32 Az
31 A3 A3 Aa As P33 A3
32 A4 Aa As As P34 As
33 As As As As P3s As
34 As As As As P3s As
35 Ar A7 Az A7 P37z A7
36 As Pdo/ As As Pdo / As P4o As
37 Ao P41/ Ao As P41/ Ao P41 OE
38 Ao P42/ Ao At Pdz/ Ao P42 At
39 An Pda/ An A P43/ At P4s At
40 Aun2 P44/ A12/IRQs Az P44/ A2/ IRQa P44 /1RQs A1z
41 A P4s/Ai3/IRQs A3 P4s/ Aa/IRQs P4s /TRQs A3
42 Au P4s/A14/TRQs A P4s / Awa/TRQe P46 1 1RQs Au
43  Ass P47/ As/TIRQ7  Ats P47/ A5/ IRQ7 P47 /IRQ7 CE
44 Vce Vce Vee Vce Vce Vece
45 P50/ TMCI P50/ TMCI P50/ TMCI P50/ TMCI PS50/ TMCI Vee
46 P51/FTh P51/ FTh P51/ FTl1 P51/FTh P51 /FTh Vece
47 P5z2/FTiz2/ P52/ FTlz2/ P52/ FTl2/ P52/ FTlz2/ P52/ FTl2/ NC
TMRI TMRI TMRI TMRI TMRI

Notes: 1. Forthe PROM mode, see section 16, “ROM.”
2. Pins marked NC shoutd be left unconnected.
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Table 1-4 Pin Arrangements in Each Operating Mode (CP-68) (cont)

-t - ¥ il | o

T1-49-1 9-16
Pin Name
Expanded Minimum Expanded Maximum Single-Chip
Pin Modes Modes Mode PROM
No. Mode 1 Mode 2 Mode 3 Mode 4 Mode 7 Mode
48 P53/ TMO P53/ TMC P53/ TMO P53/ TMO P53/ TMO NC
49 P54/FTOB1/ P54/ FTOB.1/ P54/ FTOB:1 / P54/ FTOB1 / P54/ FTOB1/ NC
FTCh FTCh FTCh FTCl FTCh
50 P55/FTOBz2/ P55/ FTOBz / P55/ FTOB2/ P5s/ FTOBz2/ P55/ FTOBz2/ NC
~ FTCk FTCl2 FTCI2 FTCl2 FTCl2
51 P5s/FTOA4 P56/ FTOA: PSs / FTOA1 P5s / FTOA1 P56 / FTOA+ NC
52 P57/FTOA2/p P57/ FTOAz2/¢ P57/ FTOAz/a P57/FTOAz2/ ¢ P57/FTOA2/8 NC
53 Vss Vss Vss Vss Vss Vss
54 AVss AVss AVss AVss AVss Vss
85 P6o/ ANo P60/ ANo P60/ ANo P6o / ANo P60 / ANo NC
56 P61/ AN1 P61/ AN1 P81/ ANt P61/ AN1 P61/ AN1 NC
57 P62/ ANz P62/ AN2 P82/ AN2 P62/ AN2 P62/ AN2 NC
58 P63/ AN3 P63/ AN3 P63/ AN3 P63/ ANs P62/ ANa NC
59 P64/ AN4 P64/ ANa P6a/ ANa P64/ AN4 P84 / ANa NC
60 P65/ ANs P6s/ ANs P65/ ANs P65/ ANs P85/ ANs NC
61 P6s/ANs P6s / AN6 P66 / ANe P66 / ANs P8s / ANs NC
62 P67/ ANz P67/ ANz P67/ ANz P62/ AN7 P67 / AN7 NC
63 AVce AVce AVee . AVece AvVcc Vee
64 P70/TXD2 P70/ TXD2 P70/ TXD2 P70/ TXDz P70/ TXD2 NC
65 P71/RXD2 P71/ RXDa P71/ RXDz P71/ RXD2 P71/ RXDz2 NC
66 P72/SCKz P72/ SCK2 A P727/ SCKa2/ A1s P72/ SCKz NC
67 P73/ TXD1 P73/ TXD1 P73/ TXDn P73/ TXD1 P73/ TXD1 NC
68 P74/ RXD1 P74/ RXD1 P74/ RXD: P74/ RXD1 P74/ RXD1 NC

Notes: 1. Forthe PROM mode, see section 18, “ROM."
2. Pins marked NC should be left unconnected.

HITACHI
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Pin Functions: Table 1-5 gives a concise description of the function of each pin.

Table 1-5 Pin Functions

Pin No.

DC-64S
Type Symbol DP-645

FP-64A CP-68

T-49-19-16

/0 HName and Function

Power Neo 42, 11

34,3

44,13

1 Power: Connected to the power supply (+5 V).
Connect both Vce pins to the system power supply
(+5 V). The chip will not operate if either pin is left
unconnected.

Vss 51, 17,
64

43,9,

53, 19,

I Ground: Connected to ground (0 V). Connect all Vss

pins to the system power supply (0 V). The chip will
not operate if either pin is left unconnected.

Clock XTAL 2

58

frequency should be double the desired & clock
frequency. If an external clock is input at the EXTAL
pin, input an inverted clock signal at the XTAL pin.

EXTAL 1

57

| External Crystal: Connected to a crystal oscillator or

external clock. The frequency of the external clock
should be double the desired g clock frequency.
See section 8.2, “Oscillator Circuit”, for examples of
connections to a crystal and external clock.

42

52

O System Clock: Supplies the & clock to peripheral
devices.

17
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Table 1-5 Pin Functions (cont)

T-49-19-16
Plin No.
DC-64S FP-64A CP-68
Type Symbol DP-64S O Name and Function
System RES 15 7 17 /O Reset: A low input causes the H8/520 chip to reset.
control If the reset output enable bit (RSTOE) is set to 1,
when the watchdog timer overflows, a low signal is
output for 132 system clock cycles.
Address Aiwg—- Ao 60, 52, 66, O  Address Bus: Address output pins.
bus 5-7 61-63 7-9
41-26 33-18 43-28
Data Dr-Do 25-18 17-10 27-20 /O Data Bus: 8-Bit bidirectional data bus.
bus .
Bus WAIT 3 59 5 I Wait: Requests the CPU to insert one
control or more Tw states when accessing an off-chip
address.
AS 8 64 10 O  Address Strobe: Goes low to indicate that there is a
valid address on the address bus.
RD 9 1 11 O Read: Goes low to indicate that the CPU is reading
an external address.
WR 10 2 12 O  Write: Goes low to indicate that the CPU is writing to
an external address.
18
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Table 1-5 Pin Functions (cont)

-— TN

Pin No. ' 7"\'-._49-'\ 9-16
DC-64S FP-64A CP-68
Type Symbol DP-64S5 /O Name and Function
interrupt  NMt 16 8 18 t NonMaskabie Interrupt: Highest-priority interrupt

request sighal. The non-maskable interrupt control
register (NMICR) determines whether the interrupt is
requested on the rising or falling edge of the NMi

input.

RGe 4 60 6 | Interrupt Request 0to 7: Maskable interrupt request

RQi & 61 7 signals

IRz 6 62 8

IRQs 7 63 9

IRQ: 38 30 40

IRQs 39 31 41

1RQs 40 32 42

TRz 4 33 43
Operating MD2 14 16 | Mode: Input pins for setting the MCU operating mode
mode MD1 13 5 15 according to the table below
control  MDa 12 4 14

MD2 MD1 MDO Mode Description
0 0 0 Mode 0 —

0 0 1 Mode 1 Expanded minimum mode
(ROM disabled)

0 1 0 Mode 2 Expanded minimum mode
(ROM enabled)

0 1 1 Mode 3 Expanded maximum mode
(ROM disabled)

1 0 0 Mode 4 Expanded maximum mode
(ROM enabled)

1 0 1 Mode5 —
1 1 o Mode 6 Hardware standby mode
1 1 1 Mode 7  Single-chip mode

The inputs at these pins are latched in mode select
bits 2 to 0 (MDS2 — MDS0) of the mode control
register (MDCR) on the rising edge of the RES signal.

19
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Table 1-5 Pin Functions {cont)

T-49-19-16
Pin No.
DC-64S FP-64A CP-68
Type Symbol DP-64S YO Name and Function
16-bit free- FTOA: 49 4 51 O  FRT Output Compare A (channels 1 and 2):
running  FTOAz 50 42 52 Output pins for the output compare A function of
timer (FRT) free-running timer channels 1 and 2.
FTOB1 47 39 49 O  FRT Qutput Compare B (channels 1 and 2):
FTOB2 48 40 50 Cutput pins for the output compare B function of
free-running timer channels 1 and 2.
FTCl: 47 39 49 | FRT Counter Clock Input (channels 1 and 2):
FTClz 48 40 50 External clock input pins for the free-running counters
(FRCs) of free-running timer channels 1 and 2.
FTh 44 36 46 I FRT Input Capture (channels 1 and 2): Input
FTl2 45 37 47 capture pins for free-running timer channels 1 and 2.
8-bit TMO 46 38 48 O  8-bit Timer Qutput: Compare-match output pin for
timer the 8-bit timer.
TMCI 43 35 45 l 8-hit Timer Clock Input: External clock input pin for
the 8-bit timer counter.
TMRI 45 37 47 [ 8-bit Timer Counter Reset input: A high input at this

pin resets the 8-bit timer counter.
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Table 1-5 Pin Functions (cont) R

Pin No. - 7-49-1 9-16
DC-64S FP-64A CP-68
Type Symbol DP-64S YO Name and Function
Serial com- TXD1 61 53 67 O Transmit Data (channels 1 and 2): Data output
munication TXDz 58 50 64 pins for serial communication interface channels
interface tand 2.
signals RXD1 62 54 68 l Recelve Data (channels 1 and 2): Data input
RXD2 59 51 65 pins for serial communication interface channels
1and2.
SCKi1 63 55 1 /O Serial Clock (channels 1 and 2): Input/output
SCK2 60 b2 66 pins for the serial interface clock.
AD ANa—ANo 56-53 48-45 58-55 | Analog Input: Analog signal input pins.
converter ANz — AN4* 62-59
AVce 57 49 63 | Analog Reference Voltage: Reference
voltage pin for the A/D converter.
AVss 52 44 54 | Analog Ground: Ground pin for the A/D
converter.
| ADTRG 5 61 7 | A/D External Trigger: External trigger input pin

for the A/D converter.
Parallel P17~ P1o 10-3 2-1, 12-5 KO Port 1: An 8-bit input/oufput port. The direction
7o 64 - 59 of each bit is determined by the port 1 data
direction register (P1DDR).

P27 - P20 25—-18 17-10 27-20 IO Port2: An 8-bit input/output port. The direction
ot each bit is determined by the port 2 data
direction register (P2DDR).

P37-P30 33-26 25-18 35-28 I/O Port3: An 8-bit input/output port. The direction
of each bit is determined by the port 3 data

direction register (P3DDR). These pins have
built-in MOS input pull-ups. They can drive LED
indicators.

P47 — P4o 41-34 33-26 43-36 /O Portd: An8-bit input/output port. The direction
of each bit is determined by the port 4 data
direction register (PADDR). These pins have
buift-in MOS input pull-ups.

Note: * CP-68 only
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Table 15 Pin'Functions (cont)

Pin No.

DC-64S FP-64A CP-68 T-43-13-16
Type Symbol DP-645S ¥O Name and Function
Parallel P57 - P5o 50—-43 42-35 52-45 /O Pott5: An 8-bit input/output port. The direction
11O {cont) of each bit is determined by the port 5 data
direction register (P5SDDR). These pins have
Schmitt inputs.
P63 — P6o 56-53 48-45 58-55 | Port 6: A 4-bit (or 8-bit*) input port.
P67 — PBa* 62—~ 59
P75 — P70 6358 55 -50 2-1, O Port7: A 6-bit input/output port. The direction
68 — 64, of each bit is determined by the port 7 data

direction register (P7DDR).

Note: * CP-68 package only



Section 2 MCU Operating Modes and Address Space

2.1 Overview T~49~1 9-1 6 N

The H8/520 microcomputer unit (MCU) operates in five modes numbered 1, 2, 3, 4, and 7. The mode
is selected by the inputs at the mode pins (MD2 to MIDo) at the instant when the chip comes out of a
reset. As indicated in table 2-1, the MCU mode determines the size of the address space, the usage of
on-chip ROM, and the operating mode of the CPU. The MCU mode also affects the functions of I/O

pins.
Table 2.1 Operating Modes
MD2 MD1 MDO MCU Mode Address Space On-Chip RAM On-Chip ROM CPU Mode
0 0 0 Mode 0 — — — —_
0 0 1 Mode 1 " Expanded minimum Enabled* Disabled Minimum mode
0 1 0 Mode 2 Expanded minimum Enabled* Enabled Minimum mode
0 1 1 Mode 3 Expanded maximum Enabled* Disabled Maximum mode
1 0 0 Mode 4 Expanded maximum Enabled* Enabled Maximum mode
1 0 1 Mode 5 — — — —
1 1 0 Mode 6 Hardware standby mode — — —
1 i1 Mode 7 Single-chip only Enabled* Enabled Minimum mode
Notation: 0: Low level

1: High level

—: Cannot be used

Note: * On-chip RAM can be disabled by RAME bit to 0 in RAM control register (RAMCR).

Modes 1 to 4 are referred to as “expanded” because they permit access to off-chip memory and
peripheral addresses. The expanded minimum modes (modes 1 and 2) support a maximum address
space of 64 kbytes. The expanded maximum modes (modes 3 and 4) support a maximum address
space of 1 Mbyte.

Interrupt service is slightly slower in the expanded maximum modes than in the other modes because
the CPU has to save its code page register.

The H8/520 cannot be set to modes 0 and 5. The mode pins should never be set to these values. The

hardware standby mode (mode 6) is a power-down mode, not an operating mode. See section 17.4,
“Hardware Standby Mode” for details.
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2.2 Mode Descriptions 1.49-19-16

The five MCU modes are described below. For further information on the IO pin functions in each
mode, see section 9, “I/O ports.”

Mode 1 (Expanded Minimum Mode): Mode 1 supports a maximum 64-kbyte address space which
does not include any on-chip ROM. Ports 1 to 4 are used for bus lines and bus control signals as

follows:
Control signals: Port 1 (partly)
Data bus: Port 2

Address bus: Ports 3 and 4

Mode 2 (Expanded Minimum Mode): Mode 2 supports a maximum 64-kbyte address space of which
the first 16 kbytes are in on-chip ROM. Ports 1 to 4 are used for bus lines and bus control signals as

follows:
Control signals: Port 1 (partly)
Data bus: Port 2

Address bus: Ports 3 and 4

Note: In mode 2, port 4 is initially a general-purpose input port. Software must change the desired
pins to output before using them for the address bus. See section 9.5, “Port 4” for details. The
following instruction makes all pins of port 4 into output pins:

MOV.B #H'FF, @QH'FF85

Mode 3 (Expanded Maximum Mode): Mode 3 supports a maximum 1-Mbyte address space which
does not include any on-chip ROM. Ports 1 to 4 and one pin in port 7 are used for bus lines and bus
control signals as follows:

Control signals: Port 1 (partly)

Data bus: Port 2

Address bus:  Ports 1 (partly), 3, 4, and 7 (partly)
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Mode 4 (Expanded Maximum Mode): Mode 4 supports a maximum 1-Mbyte address space of which
the first 16 kbytes are in on-chip ROM. Ports 1 to 4 and one pin in port 7 are used for bus lines and bus
control signals as follows: '

Control signals: Port 1 (partly)

Data bus: Port 2

Address bus: Ports 1 (partly), 3, 4, and 7 (partly)

7-49-19-16

Note: In mode 4, port 4, pins 2 to 4 of port 1, and pin 2 of port 7 are initially used for general-purpose
input. Software must change the desired pins to output before using them for the address bus.
See section 9, “I/O Ports” for details.

Maode 7 (Single-Chip Mode): In this mode all memory is on-chip, in 16 kbytes of ROM and 512 bytes
of RAM. Itis not possible to access off-chip addresses.

The single-chip mode provides the maximum number of ports. All the pins associated with the address
and data buses in the expanded modes are available as general-purpose input/output paorts in the single-
chip mode.

2.3 Address Space Map

2.3.1 Page Segmentation

The H8/520’s address space is segmented into 64-kbyte pages. In the single-chip mode and expanded
minimum modes there is just one page: page 0. In the expanded maximum modes there can be up to

16 pages. Figure 2-1 shows the address space in each mode and indicates which parts are on- and off-
chip.
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Address
H'00000

Page 0

HOFFFF
H'10000

Page 1

H'1FFFF

H'F0000

Page 16

HFFFFF

Expanded minimum modes  Expanded maximum modes  Single-chip mode
Mode 1 Mode 2 Mode 3 Mode 4 Mode 7

1-49-19-16

rmmma.

Off-chip

On-chip . On- or off-chip (selectable)

HITACHI

Figure 2-1 Address Space in Each Mode
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2.3.2 Page 0 Address Allocations _T;J,ldh]é\']'""\a
MR 1)

The high and low address areas in page 0 are reserved for registers and vector tables.

Vector Tables: The low address contains the exception vector table and DTC vector table. The CPU
accesses the exception vector table to obtain the addresses of user-coded exception-handling routines.

“The DTC vector table contains pointers to tables of register information used by the on-chip chip data
transfer controller. The size of these tables depends on the CPU operating mode. Details are given in
section 4.1.2, “Exception Sources and Vector Table,” section 5.2.3, “Interrupt Vector Table,” and
section 6.3.2, “DTC Vector Table.”

In modes 2, 4, and 7 the vector tables are located in on-chip ROM. In modes 1 and 3 the vector tables
are in external memory.

Register Field: The highest 128 addresses in page 0 (addresses HFF80 to HFEFFF) belong to control,
status, and data registers used by the I/O ports and on-chip supporting modules. Program code cannot
be located at these addresses.

The CPU accesses addresses in this register field like other addresses in the address space. By reading
and writing at these addresses the CPU controls the on-chip supporting modules and communicates via
the I/O ports. A complete map of the register field is given in appendix B.

On-Chip RAM: One of the control registers in the register field is a RAM control register (RAMCR)
containing a RAM enable bit (RAME) that enables or disables the 512-byte on-chip RAM. When this
bit is set to 1 (its default value), addresses H'FD80 to HFF7F are located on-chip. When this bit is
cleared to O, these addresses are located in external memory and the on-chip RAM is not used. See
section 15, “RAM?”, for further information.

The RAME bit is bit 7 at address HFFF9.
Coding Example:
To enable on-chip RAM: BSET.B #7, H'FFF9

To disable on-chip RAM: BCLR.B #7, H'FFF9

Note: If on-chip RAM is disabled in the single-chip mode, access to addresses HFD80 to HFF7F
causes an address error.
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Figure 2-2 isamap of page 0 of the address space.
T-49-19-16
H'0000
Exception vector table
DTC vector table
On-chip ROM
(modes 2, 4, and 7)
or external memory
{modes 1 and 3)
H'03FFF
H'04000
External memory
(modes 110 4)
H'FD80
On-chip RAM
H'EF7E (when enabled)
'F
HFFe0 On-chip register field
H'FFFF

Figure 2-2 Map of Page 0



2.4 Mode Control Register (MDCR) Tz é—i 5;?6——%_\

Another control register in the register field in page 0 is the mode control register (MDCR). The inputs
at the mode pins are latched in this register on the rising edge of the signal. The mode control register
can be read by the CPU, but not written. Table 2-2 lists the attributes of this register.

Table 2-2 Mode Control Register

Nane Abbreviation Read/Write Address

Made control register MDCR Read only H'FFFA

The bit configuration of this register is shown below.

Bit 7 6 5 4 3 2 1 0
[ =1 — T =T — T — {wmps2] wost | moso |

Initial value 1 1 0 0 0 — ok —

Read/Write — — —_ —_ —_ R R R

Note: * [nitialized according to MD2 to MDo.

Bits 7 and 6—Reserved: These bits cannot be modified and are always read as 1.

Bits § to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits 2 to 0—Mode Select 2 to 0 (MDS2 to MDS0): These bits indicate the values of the mode pins
(MD2 to MDo) latched on the rising edge of the RES signal. MDS2 corresponds to MDz2, MDSI to
MD1, and MDS0 to MDo, These bits can be read but not written.

Coding exainple: To test whether the MCU is operating in mode 1:

CMP:G.B #H'Cl, GH'FFFA

The comparison is with H'C1 instead of H'01 because bits 7 and 6 are always read as 1.
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Section3 CPU
T~49-19.16

3.1 Overview

The H8/520 chip has the H8/500 Family CPU: a high-speed central processing unit designed for real-
time control of a wide range of medium-scale office and industrial equipment. It features eight 16-bit
general registers, internal 16-bit data paths, and an optimized instruction set.

Section 3 summarizes the CPU architecture and instruction set.
3.1.1 Features

The main features of the H8/500 CPU are listed below.

» General-register machine
-— Eight 16-bit general registers
— Seven control registers (two 16-bit registers, five 8-bit registers)
« High speed: maximum 10-MHz clock
At 10 MHz a register-register add operation takes only 200 ns.
+ Address space managed in 64-kbyte pages, expandable to 1 Mbyte*
Page registers make four pages available simultaneously: a code page, stack page, data page, and
extended page.
+ Two CPU operating modes:
~— Minimum mode: Maximum 64-kbyte address space
— Maximum mode: Maximum 1-Mbyte address space*
+ Highly orthogonal instruction set
Addressing modes and data sizes can be specified independently within each instruction.
» 1.5 addressing modes
Register-register and register-memory operations are supported.
+ Optimized for efficient programming in C language
In addition to the general registers and orthogonal instruction set, the CPU has special short formats
for frequently-used instructions and addressing modes.

Note: * The CPU Architecture supports up to 16 Mbytes of external memory, but the H8/520 chip has
only enough address pins to address 1 Mbyte.
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3.1.2 Address Space

~49-19-16
The address space size depends on the operating mode. T-49-19 1

The H8/520 MCU has five operating modes, which are selected by the input to the mode pins (MD2 to
MDo) when the chip comes out of a reset. The CPU, however, has only two operating modes. The
MCU operating mode determines the CPU operating mode, which in turn determines the maximum
address space size as indicated in figure 3-1.

Maximum address space: 64 kbytes

Minimummode | ighest address: HOFFFF
CPU operating mode

- Maximum address space: 1 Mbyte
Maximum mode _| Highest address: HFFFFF

Figure 3-1 CPU Operating Modes
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3.1.3 Register Configuration - :\;;5;9—19—“ 6
Figure 3-2 shows the register structure of the CPU. There are two groups of registers: the general
registers (Rn) and control registers (CR). '

General registers (Rn)

15 0
RO
R1
R2
R3
R4
R5
R6 (FP) FP: Frame Pointer
R7 (SP) SP: Stack Pointer
Control registers (CR)
15 0
| PC |  PC: Program Counter
SR
e = B
CCR
s ~ ~
12 87 e SR: Status Regist
_——— P - o : Status Register
T l2 b ho NzvC] { CCR: Condition Code Register
CP CP: Code Page register
DP DP: Data Page register
EP EP: Extended Page register
P TP: sTack Page register
BR BR: Base Register

Figure 3-2 Registers in the CPU
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3.2 CPU Register Descriptions
T-49-19-16

3.2.1 General Registers

All eight of the 16-bit general registers are functionally alike; there is no distinction between data
registers and address registers. When these registers are accessed as data registers, either byte or word

size can be selected.
R6 and R7, in addition to functioning as general registers, have special assignments.

R7 is the stack pointer, used implicitly in exception handling and subroutine calls. It can be designated
by the name SP, which is synonymous with R7. As indicated in figure 3-3, it points to the top of the
stack. It is also used implicitly by the LDM and STM instructions, which load and store multiple
registers from and to the stack and pre-decrement or post-increment R7 accordingly.

R6 functions as a frame pointer (FP). The LINK and UNLK instructions use R6 implicitly to reserve or
release a stack frame.

Unused area

sPb

Stack area

Figure 3-3 Stack Pointer
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3.2.2 Control Registers k}:ég‘l“g-\--\--\k
~19-16 7

The CPU control registers include a 16-bit program counter (PC), a 16-bit status register (SR), four 8-
bit page registers, and one 8-bit base register (BR).

Program Counter (PC): This 16-bit register indicates the address of the next instruction the CPU will
execute,

Status Register (SR): This 16-bit register contains internal status information. The lower half of the
status register is referred to as the condition code register (CCR): it can be accessed as a separate

condition code byte.
CCR
r’ - ~
Bt 15 14 13.12 11 10 9 8 7 6 &5 4 3 2 1 0
T-——-————lehlo-—--—~————-N v

Bit 15—Trace (T): When this bit is set to 1, the CPU operates in trace mode and generates a trace
exception after every instruction. See section 4.4, “Trace”, for a description of the trace exception-
handling sequence.

When the value of this bit is 0, instructions are executed in normal continuous sequence. This bit is
cleared to 0 at a reset.

Bits 14 to 11—Reserved: These bits cannot be modified and are always read as 0.

Bits 10 to 8—Interrupt Mask (I2, I, Io): These bits indicate the interrupt request mask level (0 to 7).
As shown in table 3-1, an interrupt request is not accepted unless it has a higher level than the value of
the mask. A nonmaskable interrupt (NMI), which has level 8, is accepted at any mask level. After an
interrupt is accepted, Iz, It, and Io are changed to the level of the interrupt. Table 3-2 indicates the

values of the I bits after the interrupt is accepted.

A reset sets all three bits (I2, I, and Io) to 1, masking all interrupts except NMI.

35 HITACHI



Table 3-1 Interrupt Mask Levels

Mask Mask Bits

Priority Level lz Nl o Interrupts Accepted

High 7 1 1 1 NMI
A 6 1 1 0 Level 7 and NMI

5 1 0 1 Levels 6 to 7 and NMI

4 1 0 0 Levels 5to 7 and NMI

3 0 1 1 Levels 4 to 7 and NMI

2 0 1 0 Levels 3 to 7 and NMI

7 1 0 0 1 Levels 2 to 7 and NMI

Low 0 o 0o 0 Levels 110 7 and NMI

Table 3-2 Interrupt Mask Bits after an Interrupt is Accepted

Level of interrupt Accepted l2 h lo
NMI (8) 1 1 1
7 1 1 1
6 1 1 0
5 1 0 1
4 1 0 0
3 0 1 1
2 0 1 0
1 0 0 1
HITACHI
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Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 0. 1- —_T 9-16
Bit 3—Negative (N): This bit indicates the most significant bit (sign bit) of the result of an instruction.

Bit 2—Zero (Z): This bitis set to 1 to indicate a zero result and cleared to 0 to indicate a nonzero
result,

Bit 1—Overflow (V): This bit is set to 1 when an arithmetic overflow occurs, and cleared to 0 at other
times, '

Bit 0—Carry (C): This bit is set to 1 when a carry or borrow occurs at the most significant bit, and is
cleared to 0 (or left unchanged) at other times.

The specific changes that occur in the condition code bits when each instruction is executed are listed in
appendix A.1 “Instruction Tables.” See the H8/500 Series Programming Manual for further details.

Page Registers: The code page register (CP), data page register (DP), extended page register (EP), and
stack page register (TP) are 8-bit registers that are used only in the maximum mode. No use of their
contents is made in the minimum mode.

In the maximum mode, the page registers combine with the program counter and general registers to

generate 24-bit effective addresses as shown in figure 3-4, thereby expanding the program area, data
area, and stack area.

37 HITACHI



oy Dot AL VRN U S T U ) SJuUe Vo= T o

T i
Page register PC or general register T-49-19-16
8 bits 16 bits
~————P —-f— -
CcP PC
4 RO
R1
DP < R2
R3
. @aa:16
R4
EP
R5
Ré
TP
R7
—f— |
24 bits (effective addrass)

Figure 3-4 Combinations of Page Registers with Other Registers

Code Page Register (CP): The code page register and the program counter combine to generate at
24-bit program code address. The code page register contains the upper 8 bits of the address. In the
maximum mode, the code page register is initialized ata reset to a value loaded from the vector table,
and both the code page register and program counter are saved and restored in exception handling.

Data Page Register (DP): The data page register combines with general registers RO to R3 to generate
a 24-bit effective address. The data page register contains the upper 8 bits of the address. It is used to
calculate effective addresses in the register indirect addressing mode using RO to R3, and in the 16-bit

absolute addressing mode (@aa:16), but not in the short absolute addressing mode (@aa:8).

The data page register is rewritien by the LDC instruction.
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Extended Page Register (EP): The extended page register combines with general register R4 or R5 to
generate a 24-bit operand address. The extended page register contains the upper 8 bits of the address.
It is used to calculate effective addresses in the register indirect addressing mode using R4 or R5.

The extended page can be used as an additional data page. - 'f—49-'| 0-16

Stack Page Register (TP): The stack page register combines with R6 (FP) or R7 (SP) to generate a
24-bit stack address. The stack page register contains the upper 8 bits of the address. Itis used to
calculate effective addresses in the register indirect addressing mode using R6 or R7, in exception
handling, and in subroutine calls.

Base Register (BR): This 8-bit register stores the base address used in the short absolute addressing
mode (@aa:8). In this addressing mode a 16-bit effective address in page 0 is generated by using the
contents of the base register as the upper 8 bits and an address given in the instruction code as the lower
8 bits. See figure 3-5.

In the short absolute addressing mode the address is always located in page 0.

8 bits B bits
"————b- -‘————-
BR .@aa:8
-
16 bits (effective address)

Figure 3-5 Short Absolute Addressing Mode and Base Register
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3.2.3 Initial Register Values T-49-19-16

When the CPU is reset, its internal registers are initialized as shown in table 3-3. Note that the stack
pointer (R7) and base register (BR) are not initialized to fixed values. Also, of the page registers used
in maximum mode, only the code page register (CP) is initialized; the other three page registers come
out of the reset state with undetermined values.

Accordingly, in the minimum mode the first instruction executed after a reset should initialize the stack
pointer. The base register must also be initialized before the short absolute addressing mode (@aa:8) is

used.
In the maximum mode, the first instruction executed after a reset should initialize the stack page

register (TP) and the next instruction should initialize the stack pointer. Later instructions should
initialize the base register and the other page registers as necessary.
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Table 3-3 Initial Values of Registers

T-49-19-16

Initial Value
Register Minimum Mode Maximum Mode
General registers
15 0 Undetermined Undetermined
R7-R0
Control registers
15 0 Loaded from vector table Loaded from vector table
PC
S‘f
' ™
CCR
Is * N
15 87 0 H'070* H'070*
T—=—=~=l2ltlo ———=NZVC {*: undetermined) (*: undetermined)
7 0
cP Undetermined Loaded from vector table
7 0
DP Undetermined Undetermined
7 0
EP Undetermined Undetermined
7 0
TP Undetermined Undetermined
7 0
BR Undetermined Undetermined

3.3 Data Formats

The H8/500 can process 1-bit data, 4-bit BCD data, 8-bit (byte) data, 16-bit (word) data, and 32-bit
(longword) data,
Bit manipulation instructions operate on 1-bit data.
Decimal arithmetic instructions operate on 4-bit BCD data.
Almost all instructions operate on byte and word data.
Multiply and divide instructions operate on longword data.

41
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3.3.1 Data Formats in General Registers

& T-49-19-16
Data of all the sizes above can be stored in general registers as shown in table 3-4.
Bit data locations are specified by bit number. Bit 15 is the most significant bit. Bit 0 is the least
significant bit. BCD and byte data are stored in the lower 8 bits of a general register. Word data use all
16 bits of a general register. Longword data use two general registers: the upper 16 bits are stored in
Rn (n must be an even number); the lower 16 bits are stored in Rn+1.

Operations performed on BCD data or byte data do not affect the upper 8 bits of the register.

Table 3-4 General Register Data Formats

Data Type Register No. Data Structure

1-Bit 15 0
Rn 151413 |12/11|10|9 8|7 |6 |54 |3]|2|1]0
BCD 15 8 7 4 3 0
Rn Don't-care Upper digit Lower digit
Byte 15 8 7 0
Rn Don't-care MSB LSB
Word 15 0
Rn MSB LSB
Longword 31 16
Rn* MSB Upper 16 bits
Rn + 1* Lower 16 bits LSB
15 0

Note: * For longword data, n must be even (0, 2, 4, or 6).
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3.3.2 Data Formats in Memory L
T-49-19-16

Table 3-5 indicates the data formats in memory.

Instructions that access bit data in memory have byte or word operands. The instruction specifies a bit
number to indicate a specific bit in the operand.

Access to word data in memory must always begin at an even address. Access to word data starting at
an odd address causes an address error. The upper 8 bits of word data are stored in address n (where n
is an even number); the lower 8 bits are stored in address n+1.

Table 3-5 Data Formats in Memory

Data Type Data Format
1-bit (in byte t’r‘\_’ ot’-t
operand data) Address n 716{5|4|3|2|1]0
b ) )% o)
N AV
1-bit (in word Evenaddress| 15| 14 13| 12{11]| 10| 9 | 8
operand data) Oddaddress [ 7| 6 | 5|4 |3 2
U U
v ™
Byle Address n MSB LSB
N NN
™ ™
Word Even address | MSB Upper 8 bits
Odd address Lower 8 bits LSB
A A

When the stack is accessed in exception processing (to save or restore the program counter, code page
register, or status register), word access is always performed, regardless of the actual data size.
Similarly, when the stack is accessed by an instruction using the pre-decrement or post-increment
register indirect addressing mode specifying R7 (@-R7 or @R7+), which is the stack pointer, word
access is performed regardless of the operand size specified in the instruction. An address error will
therefore occur if the stack pointer indicates an odd address. Programs should be coded so that the
stack pointer always indicates an even address.

Table 3-6 shows the data formats on the stack.
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Table 3-6 Data Formats on the Stack T-49-19-16

Data Type Data Format
Byte data
on stack N A
Even address Don't-care
Odd address | MSB LSB
Word data R N
on stack Even address | MSB Upper 8 bits
Odd address Lower 8 bits 1L.SB
A A

3.4 Instructions

3.4.1 Basic Instruction Formats

There are two basic CPU instruction formats: the general format and the special format.

General Format: This format consists of an effective address (EA) field, an effective address
extension field, and an operation code (OP) field. The effective address is placed before the operatton
code because this results in faster execution of the instruction.

Effective address field

Effective address extension Operation code

« Effective address field:

« Effective address extension:

 Operation code:

HITACHI

One byte containing information used to calculate the effective
address of an operand.

Zero to two bytes containing a displacement value, immediate data,
or an absolute address. The size of the effective address extension
is specified in the effective address field.

Defines the operation to be carried out on the operand located at the
address calculated from the effective address information. Some
instructions (DADD, DSUB) have an extended format in which the
operand code is preceded by a one-byte prefix code.

44




T HEEIHLSd ad mEiHlq
+ Example of prefix code in DADD instruction

T~49-19.76
Effective address Prefix code Operation code

>

' Ny ~N /7 ™~
10100rrr 00000000 10100rrr

Special Format: In this format the operation code comes first, followed by the effective address field
and effective address extension. This format is used in branching instructions, system control
instructions, and other instructions that can be executed faster if the operation is specified before the
operand,

Operation code Effective address field Effective address extension

+ Operation code: One or two bytes defining the operation to be performed by the instruction.

« Effective address field and effective address extension: Zero to three bytes containing information
used to calculate an effective address.

3.4.2 Addressing Modes
The CPU supports 7 addressing modes: (1) register direct; (2) register indirect; (3) register indirect
with displacement; (4) register indirect with pre-decrement or post-increment; (5) immediate; (6)

absolute; and (7) PC-relative.

Due to the highly orthogonal nature of the instruction set, most instructions having operands can use
any applicable addressing mode from (1) through (6). The PC-relative mode (7) is used by branching
instructions.

In most instructions, the addressing mode is specified in the effective address field. The effective-
address extension, if present, contains a displacement, immediate data, or an absolute address.

Table 3-7 indicates how the addressing mode is specified in the effective address field.
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- ressing Modes
Table 3-7 Addressing T-49-19-16
No. Addressing Mode Mnemonlic EA Fleld EA Extension
1 Register direct Rn | 1010S8zrrr I None
31 *2
2 Register indirect @Rn | 1101Szrrr I None
3 Register indirect @(d:8,Rn) | 11108zrr IJ Displacement (1 byte)
with displacement
@(d:16,Rn) l 1t1118zrrr J Displacement (2 bytes)
4 Register indirect @-An l 1011Szrrr |
with pre-decrement None
Register indirect @Rn+ [ 11008zrrr | '
with post-increment
5 Immediate #xx:8 | 00000100 | Immediate data (1 byte)
#xc:16 [ 00001100 | Immediate data (2 bytes)
6 Absolute*3 @aa8 ] 0000Sz101 | 1-Byte absolute address
{(oftset from BR)
@aa:16 ] 000152101 | 2-Byte absolute address
7 PC-relative disp No EA field. 1- or 2-byte displacement

Addressing mode is
specified in the
operation code.

Notes: 1. Sz: Specifies the operand size.
When Sz = 0: byte operand
When Sz = 1: word operand

2. rrr: Register number field, specifying a general register number.
000—Ro 00 1—R1 010—Ra2
100—R4 101-—Rs 110—Rs

011—Ra
111—Ry

3. The @aa:8 addressing mode is also referred to as the short absolute addressing mode.

HITACHI
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3.4.3 Effective Address Calculation
Table 3-8 explains how the effective address is calculated in each addressing mode.

Table 3-8 Effective Address Calculation T-49-19-16
No. Addressing Mode Effective Address Calculation Effective Address
1 Register direct — Operand is contents of Rn
Rn
10108z rr
2 Register indirect —
@Rn 3 15 0
op | An |
11015z rer ——
OrTPor EP
3 Register indirect 8 Bits
with displacement 15 0 23 15 0
@(d:8, Rn) | An P | mesuwt |
\.ﬂ_._.)
1110Sz. | nr TR EP T
15 0 ;
Displacement with
sign extension
: 16 Bits
@(d:16, Rn) 18 . 2 5 o
11118z rer | Rn |_l DP Resuit |
SN— F
OrTPor EP
15 0 ®
| Displacement |—’
4 ® Register indirect 15 0 23 15 0

with pre-decrement | fn DP* Result |
;....V..._..J
@-Rn 1 O TP or EP°2 T
10118z r |

Rn js decremented by —1 or -2
hefore instruction execution. *4

® Register indirect — 23 15 0
with post-increment I DP* Result J
Or TP or EP*2
11008z e

Rn is incremented by +1 or +2
after instruction execution, *3. 4

Notes: 1. The page register is ignored in minimum mode.
2. The page register used in addressing modes 2, 3, and 4 depends on the general register:
DP for RO, R1, R2, or R3; EP for R4 or R5; TP for R6 or R7.
3. Decrement by —1 for a byte operand, and by -2 for a word operand.
4. The pre-decrement or post-increment is always +2 when R7 is specified, even if the operand is byte
size,
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Table 3-8 Effective Address Calculation (cont) T-49-1 9_;] 6

No. Addressing Mode Etfective Address Calculation Effective Address
5 Absolute address — 23 15 0
@aa8 I oo | BR f J
000052104 EA exterision data —4
@aa:16 — 23 15 0 o
000152101 [ bp | EAexensoncam |
6 immediate — Operand is 1-byte EA extension data
#xx:8
00000100
xie - T Operand is 2-byte EA extension data
00001100
7 PGC-relative 8 Bits
disp:8 15 0 23 15 0
No EA code [ rc op Result |
Specitied in OP code
+
16 0
mﬁhwmauﬁm-———aj
sign extension
disp:16 i
No EA code 16 Bi
Specified in OP code &2 0 e 15 ¢
| PC |—1 | cr Result
A
15 o ®

Note: The drawing below shows what happens when the @-SP and @ SP+ addressing modes are used to save
and restore the stack pointer.

.........................

sP [> |oid SP-2 (upper byte)] SP D>
Od SP-2 (lower byte)

.........................

SP D>

MOV.W SP, @-5P MOV.W @Sp+, SP
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3.5 Instruction Set

3.5.1 Overview 1-49-19-16
The main features of the CPU instruction set are:

+ A general-register architecture.

» Orthogonality. Addressing modes and data sizes can be specified independently in each instruction.

+ Register-register and register-memory operations are supported.

+ Affinity for high-level languages, particularly C, with short formats for frequently-used instructions
and addressing modes.

+ Standard mnemonics, common throughout the H Series.

The CPU instruction set includes 61 (63)*! types of instructions, listed by function in table 3-9.

Table 3-9 Instruction Classification

Function Instructions Types

Data transfer MOV, LDM, STM, XCH, SWAP, (MOVTPE, MOVFPE)*! 5 (7)*1

Arithmetic operations ADD, SUB, ADDS, SUBS, ADDX, SUBX, DabD, DSUB, 17
MULXU, DIVXU, CMP, EXTS, EXTU, TST, NEG, CLR,

TAS
Logic operations AND, OR, XOR, NOT 4
Shift SHAL, SHAR, SHLIL, SHLR, ROTL, ROTR, ROTXL, 8
ROTHR
Bit manipulation BSET, BCLR, BTST, BNOT 4
Branch Bec*2, JMp, PJMP, BSR, JSR, PJSR, RTS, PRID, 11

PRTS, RTD, SCB (/F, /NE, /EQ)
System control TRAPA, TRAP/VS, RTE, SLEEP, LDC, STC, ANDC, 12

ORC, XORC, NOP, LINK, UNLK

Total 61 (63)"1

Notes: 1. The H8/520 chip does not have an E clock output pin, so it does not support the MOVTPE and
MOVFPE instructions. H8/520 software should not use these instructions.
2. Bceis a conditional branch instruction in which ¢¢ represents a condition code.

Tables 3-10 to 3-16 give a concise summary of the instructions in each functional category. The MOV,
ADD, and CMP instructions have special short formats, which are listed in table 3-17. For detailed
descriptions of the instructions, refer to the H8/500 Series Programming Manual.
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The notation used in tables 3-10 to 3-17 is defined below.

Operation Notation

Rd General register {destination)
Rs ' General register (source)
Rn General register

(EAd) Destination operand
(EAs) Source operand

CCR Condition code register
N N (negative) bit of CCR
A Z (zero) bit of CCR

v V (overflow) bit of CCR
C C (carry) bit of CCR
CR Control register

PC Program counter

CcP Code page register

SP Stack pointer

FP Frame pointer

#MM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

A AND logical

v OR logical

3] Exclusive OR logical
- Move

> Exchange

- Not
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3.5.2 Data Transfer Instructions

Table 3-10 describes the seven data transfer instructions.

Table 3-10 Data Transfer Instructions

Instruction Size*2 Function
Data MOV (EAs) — (EAd), #IMM — (EAd)
transfer / MOV:G B/W Moves data between two general registers, or between
MOV:E B a general register and mémory, or moves immediate data
MOV: I W to a general register or memory.
MOV:F B/W
MOV:L B/W
\ MOV:S B/W
LDM W Stack — Rn (register list)
Pops data from the stack 1o one or more registers.
STM W Rn (register list) — stack
Pushes data from one or more registers onto the stack.
XCH W Rs < Rd
Exchanges data belween two generat registers.
SWAP B Rd (upper byte) < Rd (lower byte)
Exchanges the upper and lower bytes in a general register.
(MOVTPE) *1 — Not supported by the H8/520
(MOVFEE) *1 — Not supported by the H8/520

Notes: 1. The H8/520 doas not have an E clock output pin, so it does not support the MOVTPE and MOVFPE
instructions. H8/520 software should not use these instructions.
it the MOVTPE and MOVFPE instructions are used, the H8/520 executes them in the number of

cycles indicated in tigures A and B.

From 7 to 14 wait states {Tw) are automatically inserted between the T2 state and Ts state to
synchronize the bus cycle with an internal E clock obtained by dividing the system clock (@) by eight.
Accordingly, the number of cycles taken by a MOVTPE or MOVFPE instruction varies. Note that no
wait states (Tw) are inserted by the wait state controller.

2. B: Byte, W: Word
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T-49-19-16

Last state T T2 Te Te Te Te Te Te Te TE Te TE Te TE Te Te Ts

A19—Ao0 r J

RS (road accoss) T\
RD T T B

WA — 1
(writo accass) A S S S S - S

D7 -Do
{read access)

D7 - Do S A O N N N S O o
{write acoass) A T A ¢

:;:::::EB:::.;:‘I:::::;I':::::: L]

Figure A Execution Cycle Length of MOVTPE and MOVFPE Instructions in Expanded Modes
(Maximum Number of Cycles)

Last state :T1:T2:TE:TE:TE:TE:TE:TE:TE:Ts_

A1o—-Ao0 X

E ({read access) \
RD : H : .

WA S
(write access) EEEE\

D7-Do
(read access)

i;ﬁﬁﬁﬂﬁﬁﬁjﬁﬁfﬂ.ﬁiﬁﬁﬁﬁIﬁ;ﬁfﬁ

b7 -Do L
{write access) : : T\

Figure B Execution Cycle Length of MOVTPE and MOVFPE Instructions in Expanded Modes
' (Minimum Number of Cycles)
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3.5.3 Arithmetic Instructions

Table 3-11 describes the 17 arithmetic instructions.

Table 3-11 Arithmetic Instructions '.-\:,_49;19;16'
Instruction Size Function
Arithmetic ADD Rd £ (EAs) - Rd, (EAd) + #iIMM — (EAd)
operations [ ADD:G B/W Performs addition or subtraction on data in a general register and
ADD:Q B/W data in another general register or memory, or on data in a general
SUB B/W register or memory and immediate data.
ADDS B/W
SUBS B/W
ADDX B/W Rd+ (EAs)+ C — Rd
SUBX B/W Performs addition or subtraction with carry or borrow ondatain a

general register and data in another general register or memory, or on
data in a general register and immediate data.

DADD B (Rd)io+ (Rs}10+ G — (Rd}1o

DSUB B Performs decimal addition or subtraction on data in two general
registers.

MULXU B/W Rn x {EAs) —» Rd

- Performs 8-bit x 8-bit or 16-bit x 16-bit unsigned multiplication on
data in a general register and data in another general register or
memory, or on data in a general register and immediate data.

DIVXU B/W Rd + (EAs) —» Rd
Performs 16-bit + 8-bit or 32-bit + 16-bit unsigned division on data in
a general register and data in another general register or memory,
or on data in a general register and immediate data.

CcMP Rn - (EAs), (EAd) — #IMM
CMP:G B/W Compares data in a general register with data in another general
[ CMP:E B register or memory, or with immediate data, or compares data in
CMP:I W memory with immediate data.
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Table 3-11 Arithmetic Instructions (cont)

T-49-19-16

Instruction Size Function
Arithmetic EXTS B {<bit 7> of <Rd>) — (<bits 15 to 8>of <Rd>)
operations Converts byte data in a general register to word data by extending
the sign bit.
EXTU B 0 — {<bits 15 to 8> of <Rd>)
Converts byte data in a general register to word data by padding
with zero bits.
TST B/W (EAd)-0
Compares general register or memory contents with 0.
NEG B/W 0 ~ (EAd) - (EAd)
Obtains the two's complement of general register or memory
contents.
CLR B/W ¢ — (EAd)
Clears general register or memory contents to 0.
TAS B (EA) — 0, (1)2 — (<bit 7> of <EAd>)

Tests general register or memory conténts, then sets the most
significant bit (bit 7) to 1.

3.5.4 Logic Operations

Table 3-12 lists the four instructions that perform logic operations.

Table 3-12 Logic Operation Instructions

instruction

Size

Function

Logical AND
operations

B/W

Rd A (EAs) — Rd
Performs a logical AND operation on a general register and another
general register, memory, or immediate data.

OR

B/W

Rd v (EAs) — Rd
Performs a logical OR operation on a general register and another
general register, memory, or immediate data.

XOR

B/W

Rd & (EAs) — Rd
Performs a logical exclusive OR operation on a general register and
another general register, memory, or immediate data.

NOT

B/W

—(EAd) - (EAd)
Obtains the one’s oomplemem of general register or memory
contents.

HITACHI

54




3.5.5 Shift Operations

hadh s e e PN iHEH! WWL ITUTd S ) Emiialy

Table 3-13 lists the eight shift instructions.

Table 3-13  Shift Instructions T-7479_.:]7§:]7 6
Instruction Size Function
Shift SHAL B/W (EAd) shift — (EAd)
operations SHAR B/W Performs an arithmetic shift operation on general register or memory
contents.
SHLL B/W (EAd) shift — (EAd)
SHIR B/W Performs a logical shift operation on general register or memory
contents.
ROTL B/W (EAd) rotate — (EAd)
ROTR B/W Rotates general register or memory contents.
ROTXL B/W (EAd) rotate through carry — (EAd)
ROTXR B/W Rotates general! register or memory contents through the C (carry) bit.
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3.5.6 Bit Manipulations 7

Table 3-14 describes the four bit-manipulation instructions

. N . 89 A9-\®
Table 3-14 Bit-Manipulation Instructions 1
Instruction Size Function
Bit BSET B/W —{<bit-No.> of <EAd> — Z, 1 — (<bit-No.> of <EAd>)
manipulations Tests a specified bit in a general register or memory, then sets the

bit to 1. The bit is specified by a bit number given in immediate data
or a general register.

BCLR B/W ~ (<bit-No.> of <EAd>) — Z, 0 — (<bit-No.> of <EAd>)
Tests a specified bit in a general register or memory, then clears the
bit to 0. The bit is specified by a bit number given in immediate data
or a general register.

BNOT B/W —{(<bit-No.> of <EAd>) — Z, — (<bit-No.> of <EAd>)

Tests a specified bit in a general register or memory, then inverts the
bit. The bit is specified by a bit number given in immediate data or a
general register.

BTST B/W —(<bit-No.> of <EAd>) - Z
Tests a specified bit in a general register or memory. The bit is
specitied by a bit number given in immediate data or a general
register.
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3.5.7 Branching Instructions

Table 3-15 describes the 11 branching instructions B ; ._\6
1-89-19
Table 3-15 Branching Instructions
instruction Size Function
Branch Bee — Branches if condition cc is true.
Mnemonic Description Condition
BRA (BT) Always (true) True
BRN (BF) Never (false) False
BHI High CvZ=0
BLS Low or Same CvZ=1
BCC (BHS) Carry Clear C=90
(High or Same)
BCS (BLO) Carry Set {Low) C=1
BNE Not Equal 2=0
BEQ Equal Z=1
BVC Overfiow Clear V=0
BVS Overfiow Set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or Equal Nev=0
BLT Less Than N&V=1
BGT Greater Than Zv(N®V)=0
BLE Less or Equal Zv(N®V)=1
JMP — Branches unconditionally to a specified address in the same page.
PJIMP — Branches unconditionally to a specified address in a specified page.
BSR — Branches to a subroutine at a specified address in the same page.
JSR —_— Branches to a subroutine at a specified address in the same page.
PJSR —_ Branches to a subroutine at a specified address in a specified page.
RTS —_ Returns from a subroutine in the same page.
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Table 3-15 Branching Instructions (cont)
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T-49-19-16
Instruction Size Function
Branch PRTS — Returns from a subroutine in a different page.
RTD —_ Returns from a subroutine in the same page and adjusts the stack
pointer.
PRTD —_ Returns from a subroutine in a different page and adjusts the stack
pointer.
SCB/F — Controls a loop using a loop counter and/or a specified termination
SCB/NE —_ condition.
SCB/EQ
HITACHI
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3.5.8 System Control Instructions
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Table 3-16 describes the 12 system control instructions. T-49-1 9-16
Table 3-16 System Control Instructions
Instruction Size Function
System TRAPA —_ Generates a trap exception with a specified vector number.
control TRAP/VS —_ Generates a trap exception if the V bit is set to 1 when the instruction
is executed.
RTE —_ Returns from an exception-handling routine.
LINK — FP — @-SP; SP — FP; SP + #IMM — SP
Creates a stack frame.
UHLK — FP — SP; @SP + - FP
Deallocates a stack frame created by the LINK instruction.
SLEEP —_ Causes a transition to the power-down state.
1DC B/W* (EAs}) —» CR
Moves immediate data or general register or memory contents to a
specified control register.
STC B/W* CR — (EAd)
Moves control register data to a specified general register or memory
| location.
ANDC B/w* CR A#IMM — CR
Logically ANDs a control register with immediate data.
ORC B/wW* CR v #IMM - CR
Logically ORs a control register with immediate data.
XORC B/wW* CR @ #IMM — CR
Logically exclusive-ORs a control register with immediate data.
NOP — PC+1—-5PC

No operation. Only increments the program counter.

Note: * The size depends on the control register.
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When using the LDC and STC instructions to stack and unstack the BR, CCR, TP, DP, and EP control
registers in the H8/500 family, note the following point. T-49-19-16

HB8/500 hardware does not permit byte access to the stack. If the LDC.B or STC.B assembler
mnemonic is coded with the @R7+ (@SP+) or @-R7 (@-SP) addressing mode, the stack-pointer
addressing mode takes precedence and hardware automatically performs word access. Specifically, the
LDC.B and STC.B instructions are executed as follows.

The following applies only to the stack-pointer addressing modes. In addressing modes that do not use
the stack pointer, byte data access is performed as specified by the assembler mnemonic.

1. STC.B EP, @-SP

When word data access is applied to EP, both EP and DP are accessed. This instruction stores EP
at address SP (old) — 2, and DP at address SP (old) — 1.

EP
OldSP-2 —» lzl Now SP — a
OldSP-1 —» Dp NewSP+1 —
oldSP —» New SP +2 — |
Before execution After execution

2, LDC.B @SP+, EP

When word data access is applied to EP, both EP and DP are accessed. This instruction loads EP
from address SP (old), and DP from address SP (old) + 1, updating the DP value as well as the EP
value, )

EP
odsp — | a ] NewSP-2 — | ]
DP
1]

CldSP+1 —» b NewSP -1 —»
QdSP+2 —» New SP —

EP
DP
[e]

Baefore execution After execution
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3. STC.B CCR, @-SP

When word data access is applied to CCR, only CCR is accessed. This instruction stores
identical CCR contents at both address SP (old) — 2 and address SP (old) — 1. )
coR 7-49-19-16
odsp-2—1{ | [a] NewSP —+

OdsP-~-1 —> NewSP +1 —
Ol SP — NoewSP +2 —»
Before execution After execution

4. IDC.B @sp+, CCR

When word data access is applied to CCR, only CCR is accessed. This instruction loads CCR
from address SP (old) + 1. Note that the value in address SP (old) is not loaded.

cerR. b ] CCR
Old SP — a NewSP-2 — |
OWdsSP+1—> b New SP—-1 —»
OWSP+2 —» New SP —
Before execution After execution

BR, DP, and TP are accessed in the same way as CCR. When EP is specified, both EP and DP are
accessed, but when CCR, BR, DP, or TP is specified, only the specified register is accessed.
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3.5.9 Short-Format Instructions

1-49-19-16

The ADD, CMP, and MOV instructions have special short formats. Table 3-17 lists these short formats
together with the equivalent general formats.

The short formats are a byte shorter than the corresponding general formats, and most of them execute

one state faster.

Table 3-17 Short-Format Instructions and Equivalent General Formats

Short-Format ’ Execution Equivalent General- Execution
Instruction Length States*2  Format Instruction Length States*2
ADD:Q #xx,Rd*! 2 2 ADD:G  #xx%:8,Rd 3 3
CMP:E #xx:8,Rd 2 2 CMP:G.B. #xx:8,Rd 3 3
CMP:I #xx:16,Rd 3 3 CMP:G.W #xx:16,Rd 4 4
MOV:E #xx:8,Rd 2 2 MOV:G.B #xx:8,Rd 3 3
MOV:I #xx:16,Rd 3 3 MOV:G.W #xx:16,Rd 4 4
MOV:L @aa:8,Rd 2 5 MOV:G Qaa:8,Rd 3 5
MOV:S Rs,Raa:8 2 5 MOV:G Rs,Qaa:8 3 5
MOV:F @(d:8,R6),Rd 2 5 MOV:G @(d:8,R6),Rd 3 5
MOV:F Rs,@(d:8,R6) 2 5 MOV:G  Rs,@(d:8,R6) 3 5

Notes: 1. The ADD: Q instruction accepts other destination operands in addition to a general register, but the
immediate data vafue (#xx) is limited to +1 or +2.
2. Number of execution states for access to on-chip memory.

3.6 Operating Modes

The CPU operates in one of two modes: the minimum mode or the maximum mode. These modes are
selected by the mode pins (MD2 to MDo).

3.6.1 Minimum Mode

The minimum mode supports a maximum address space of 64 kbytes. The page registers are ignored.
Instructions that branch across page boundaries (PYMP, PISR, PRTS, PRTD) are invalid.
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3.6.2 Maximum Mode - Tl__ 19-19-16
In the maximum mode the page registers are valid, expanding the maximum address space to 1 Mbyte.

The address space is divided into 64-kbyte pages. The pages are separate; it is not possible to move
continuously across a page boundary.

It is possible to move from one page to another with branching instructions (PIMP, PISR, PRTS,
PRTD). The TRAPA instruction and instructions that branch to interrupt-handling routines can also
jump across page boundaries. It is not necessary for a program to be contained in a single 64-kbyte

page.

When data access crosses a page boundary, the program must rewrite the page register before it can
access the data in the next page. '

For further information on the operating modes, see section 2, “MCU Operating Modes and Address
Space.”

3.7 Basic Operational Timing

3.7.1 Overview

The CPU operates on a system clock (¢) which is created by dividing the crystal oscillator frequency
(fosc) by two. One period of the system clock is referred to as a “state.” The CPU accesses memory in
a cycle consisting of 2 or 3 states. The CPU uses different methods to access on-chip memory, the on-

chip register field, and external devices.

Access to On-Chip Memory (RAM, ROM): For maximum speed, access to on-chip memory (RAM,
ROM) is performed in two states, using a 16-bit-wide data bus.

Figure 3-6 shows the on-chip memory access cycle. Figure 3-7 indicates the pin states. The bus
control signals output from the H8/520 chip go to the nonactive state during the access.

Access to On-Chip Register Field (Addresses H'FF80 to H'FFFF): The access cycle consists of
three states. The data bus is 8 bits wide.

Figure 3-8 shows the on-chip supporting module access cycle. Figure 3-9 indicates the pin states.
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Access to External Devices: The access cycle consists of three states. The data bus is 8 bits wide.
Figure 3-10 (a) and (b) shows the external access cycle. Additional wait states (TW) can be inserted by
the wait-state controller (WSC). _

-49-19-16
3.7.2 On-Chip Memory Access Cycle

3 Bus cycle :

—T1 state ——wie— T2 state —»

-}

internal address bus X Addzfess X
Internal read signal \ /——
Internal write signal \ /—

internal data bus —
(Write access) :) "'< . Write data

Figure 3-6 On-Chip Memory Access Timing
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3.7.3 Pin States during On~-Chip Memory Access o

4]

Ato-A0 x Address X
e High

AS, RD, WR .

D7— Do High-im:pedance

Figure 3-7 Pin States during Access to On-Chip Memory

3.7.4 Register Field Access Cycle (Addresses H'FF80 to H'FFFF)

b Memory cycle

——T1 state —wiv— T2 state —sie— T3 state —

Internal address hus ( Address

Internal read signal \

Internal write signal \

Internal data bus ' ) '
(Write access) j_—( _ Write data

Internal data bus \ : :
(Read access) )‘——‘( _ Read data_ J——

Figure 3-8 Register Field Access Timing
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3.7.5 Pin States during Register Field Access (Addresses H'FF80 to H'FFFF)
T-49-19-16

E-—T1 state + Tz state ——f«—Ts state ——.

[

A19—-Ao0 X Address X
e .5 ! High : :
AS, RD, WR : :

D7- Do High-impedance

Figure 3-9 Pin States during Register Field Access

3.7.6 External Access Cycle

Read cycle

- -
a

§<—-——-—T1 state ————-—-———— T2 state ———-—— T3 state ——

A19-Ao X . Address

D7-De

et

Read data

Figure 3-10 (a) External Access Cycle (Read Access)
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Wirte oycle T-49-19-16

. Lot

'e——T1 State ——we—T2 state —s<— T3 state ——:

Atg—Ao X i Address

— : High

3

D7- Do ———( Write data

Figure 3-10 (b) External Access Cycle (Write Access)
3.8 CPU States
3.8.1 Overview
The CPU has four states: the program execution state, exception-handling state, reset state, and power-
down state. The power-down state is further divided into the sleep mode, software standby mode, and

hardware standby mode. Figure 3-11 summarizes these sates, and figure 3-12 shows a map of the state
transitions.
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State Program execution state

Exception-handling state

Reset state

Power-down state

T-49-19-16

The CPU executes program instructions in sequence.

A transient state in which the CPU executes a hardware sequence {saving the
program counter and status register, fetching a vector from the vector table, etc.)
triggered by a reset, interrupt, or other exception.

The state in which the CPU and all on-chip supporting modules have been
initialized and are stopped.

of the clock signals are

A state in which some or all

stopped to conserve power.

Sleep mode

Software standby mode

Hardware standby mode

Note: H8/520 does not support the bus-release function. There is no bus-released state.

Figure 3-11 Operating States
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- T-49-19-16

Grogram execution state)
"SLEEP
SLEEP instruction
End of instruction
exception with standby
handling - flag set
Request Sleep mode )
' for exception
handling
Interrupt request
Exception-handling )< NMI { )
state Y Sofiware standby mode
W
7]
ul
&
( Reset state*! )4 MD2 to %ﬁ(’) Glardware standby mode"z)

Notes: 1. From any state except the hardware standby mode, a transition to the reset state occurs

whenever RES goes low or the watchdog timer requests a reset.
2. A transition to the hardware standby mode from any state occurs when the mode pins (MD2

to MDO) are set o 6.

Figure 3-12 State Transitions

3.8.2 Program Execution State

In this state the CPU executes program instructions in normal sequence.
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3.8.3 Exception-Handling State 49-19-16

The exception-handling state is a transient state that occurs when the CPU alters the normal program

flow due to an interrupt, trap instruction, address error, or other exception. In this state the CPU carries

out a hardware-controlled sequence that prepares it to execute a user-coded exception-handling routine.

In the hardware exception-handling sequence the CPU does the following:

I. Saves the program counter and status register (in minimum mode) or program counter, code page
register, and status register (in maximum mode) to the stack. ¥

2. Clears the T bit in the status register to 0.

Fetches the start address of the exception-handling routine from the exception vector table.

4. Branches to that address, returning to the program execution state.

w

See section 4, “Exception Handling”, for further information on the exception-handling state.

3.8.4 Reset State

In the reset state, the CPU and all on-chip supporting modules are initialized and placed in the stopped
state. The CPU enters the reset state whenever the RES pin goes low, unless the CPU is currently in the
hardware standby mode. It remains in the reset state until the RES pin goes high.

See section 4.2, “Reset”, for further information on the reset state.

3.8.5 Power-Down State

The power-down state comprises three modes: the sleep mode, software standby mode, and hardware
standby mode.

See section 17, “Power-Down State”, for further information.
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Section 4 Exception Handling

4.1 Overview . T-49-19-16
4.1.1 Types of Exception Handling and Their Priority

As indicated in table 4-1 (a) and (b), exception handling can be initiated by a reset, address error, trace,
interrupt, or instruction. An instruction initiates exception handling if the instruction is an invalid
instruction, a trap instruction, or a DIVXU instruction with zero divisor. Exception handling begins
with a hardware exception-handling sequence which prepares for the execution of a user-coded
software exception-handling routine.

There is a priority order among the different types of exceptions, as shown in table 4-1 (a). If two or
more exceptions occur simultaneously, they are handled in their order of priority. An instruction

exception cannot occur simultaneously with other types of exceptions.

Table 4-1 (a) Exceptions and Their Priority

Exception _ Start of Exception-
Priority Type Source Detection Timing Handling Sequence
High Reset External,  RES Low-to-High transition Immediately
A internal
Address error  Intemal Instruction fetch or data End of instruction execution
read/write bus cycle
Trace Intemal End of instruction execution, if End of instruction execution
T = 1 in status register
Y Interrupt External, .End of instruction execution or end End of instruction execution
Low internal of exception-handling sequence

Table 4-1 (b) Instruction Exceptions

Exceptlion Type Start of Exceptlon-Handling Sequence
Invalid instruction Attempted execution of instruction with undefined code

Trap instruction Started by execution of trap instruction
Zero divide Attempted execution of DIVXU instruction with zero divisor
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4.1.2 Hardware Exception-Handling Sequence

The hardware exception-handling sequence varies depending on the type of exception. When

exception handling is initiated by an exception other than a reset, the CPU:

1. Saves the program counter and status register (in minimum mode) or program counter, code page
register, and status register (in maximum mode) to the stack.

2. Clears the T bit in the status register.to 0.

Fetches the start address of the exception-handling routine from the exception vector table.

4. Branches to that address.

w

For an interrupt, the CPU also alters the interrupt mask Ievel in bits I2 to o of the status register.
For a reset, step 1 is omitted. See section 4.2, “Reset”, for the full reset sequence.
4.1.3 Exception Sources and Vector Table
" The sources that initiate exception handling can be classified as shown in figure 4-1.
The starting addresses of the exception-handling routines for each source are contained in an exception

vector table located in the low addresses of page 0. The vector addresses are listed in table 4-2. Note
that there are different addresses for the minimum and maximum modes.
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(" Reset T-49-1 —7]7%(\‘
NMI
External IR.QO
interrupt :
iRQ7
Interrupt 1
Internal Internal interrupts requested by
interrupt on-chip modules: 18 sources
Exception <
Address error
Trace
Iinvalid instruction
Instruction Zero divide
~ TRAPA instruction
TRAP/NVS instruction

Figure 4-1 Sources Causing Exception Handling
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Table 4-2 Exception Vector Table

T roF T e e it ¥

T-49-19-16
Vector Address
Type of Exception Minimum Mode Maximum Mode
Reset (initialize PC) H'0000 to H'0001 H'0000 to H'0003
— {Reserved for system) H'0002 to H'0003 H'0004 to H'0007
Invalid instruction H'0004 to H'0005 H'0008 to H'000B
DIVXU instruction (zero divide) H'0006 to H'0007 H'000C to H'000F
TRAP/VS instruction H'0008 to H'0002 H'0010 to H'0013
H'000A to H'000B H'0014 to H'0017
— (Reserved for system) to to
H'000E to H'000F H'001C to H'O01F
Address error H'0010 to H'0011 H'0020 to H'0023
Trace H'0012 to H'0013 H'0024 to H'0027
— (Reserved for system) H'0014 to H'0015 H'0028 to H'002B
Nonmaskable external interrupt (NMI) H'0016 to H'0017 H'002C to H'002F
‘ H'0018 to H'0019 H'0030 to H'0033
— (Reserved for system) {(¢] to
H'001E to H'O01F H'003C to H'003F
TRAPA instruction {16 vectors) H'0020 to H'0021 H'0040 to H'0043
to to
H'003E to H'003F H'007C to H'007F
External interrupts  IRQo to IRQr H'0040 to H'0041 H'0080 to H'0083
to to
H'004E to H'004F H'009C to H'OG9F
Internal interrupts H'0050 to H'0051 H'00AO to H'00A3
to to
H'007E to H'007F H'00FC to H'OOFF

Notes: 1. The exception vector table is located at the beginning of page 9.
2. For details of the internal interrupt vectors, see table 5-2.
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4.2 Reset T
T.~49 -k;]%-g:gy\\"""-\

4.2,1 Overview ! -
A reset has the highest exception-handling priority.
A reset can be generated by a low input at the RES pin or by a watchdog timer (WDT) overflow.

When the RES pin goes low, all current processing halts and the H8/520 chip enters the reset state. The
internal status of the CPU and the contents of the registers of the on-chip supporting modules are
initialized. When the RES pin returns from low to high, the hardware reset sequence described in the
next section begins. To ensure that the H8/520 chip is reset correctly, the RES pin should be held low
for at least 20 ms at power-up. To reset the H8/520 during operation, the RES pin should be held low
for at least six system clock (@) cycles.

When the RSTOE bit (see below) is set to 1, the RES input must be held low for at least 520 system
clock (@) cycles to reset the H8/520 chip.

When the watchdog timer operates in watchdog mode, if the watchdog timer counter (TCNT)
overflows due to a program crash, for example, the watchdog timer generates an internal reset signal
that resets the H8/520 chip. If in addition the reset output enable (RSTOE) bit in the reset control/status
register (RSTCSR) is set to 1, a low output signal is generated at the RES pin for 132 system clock (¢)
cycles. This signal can be used to reset devices controlled by the H8/520.

See section 12, “Watchdog Timer”, for further information on the reset generated by the watchdog
timer.

See appendix E, “Pin Status in the Reset State”, for the status of pins when a reset occurs.
4.2.2 Reset Sequence

When the RES pin returns to the high state after being held low for the necessary time, the hardware

reset exception-handling sequence begins, during which:

1. The value at the mode pins (MD2 to MDo) is latched in bits MDS2 to MDSO of the mode control
register (MDCR).

2. In the status register (SR), the T bit is cleared to disable the trace mode, and the interrupt mask
level (bits I2 to Io) is set to 7. A reset disables all interrupts.

3.  The CPU loads the reset start address from the vector table into the program counter and begins
executing the program at that address.
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The contents of the vector table differs between minimum mode and maximum mode as indicated in
figure 4-2. This affects step 3 as described below.
g P 1-49-19-16
Minimum Mode: One word is copied from addresses H'0000 and H'0001 in the vector table to the

program counter. Program execution then begins from the address in the program counter (PC).

Maximum Mode: Two words are read from addresses H'0000 to H'0003 in the vector table. The byte
in address H'0000 is ignbred. The byte in address H'0001 is copied to the code page register (CP). The
contents of addresses H'0002 and H'0003 are copied to the program counter. Program execution starts
from the address indicated by the code page register and program counter.

H'0000 PC (Upper) H'0000 Don't-care
H'0001 PC (Lower) H'0001 CP

H'0002 PC (Upper)
H0003 PC (Lower)

~. ~ ~ —~~

(1) Minimum mode (2) Maximum mode

Figure 4.2 Reset Vector

Figure 4-3 shows the timing of the reset sequence in minimum mode. Figure 4-4 shows the timing of
the reset sequence in maximum mode.

4.2.3 Stack Pointer Initialization

The hardware reset sequence does not initialize the stack pointer, so this must be done by software. If
an interrupt were to be accepted after a reset and before the stack pointer (SP) is initialized, the program
counter and status register would not be saved correctly, causing a program crash. This danger can be
avoided by coding the reset routine as explained next.

When the chip comes out of the reset state all interrupts, including NMI, are disabled, so the instruction
at the reset start address is always executed. In the minimum mode, this instruction should initialize the
stack pointer (SP). In the maximum mode, this instruction should be an LDC instruction initializing the
stack page register (TP), and the next instruction should initialize the stack pointer. Execution of the
LDC instruction disables interrupts again, ensuring that the stack pointer initializing instruction is
executed.
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Figure 4-3 Reset Sequence (Minimum Mode, On-Chip Memory)
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78

HITACHI



4.3 Address Error P
1-49-19-16

There are three causes of address errors:

+ Instruction prefetch from illegal address

*  Word data access at odd address

« Off-chip access in single-chip mode

An address error initiates the address error exception-handling sequence. This sequence clears the T bit
of the status register to ) to disable the trace mode, but does not affect the interrupt mask level in bits I2
to Io.

4.3.1 Instruction Prefetch from lllegal Address

An attempt to préfetch an instruction from the register field in memory addresses H'FF80 to HFFFF
causes an address error regardless of the MCU operating mode.

Handling of this address error begins when the prefetch cycle that caused the error has been completed
and execution of the current instruction has also been completed. The program counter value pushed
on the stack is the address of the instruction immediately following the last instruction executed. See
section 4.9, “Stack Status after Completion of Exception Handling”, for a diagram of the stack.

Program code should not be located in addresses HFF7D to HFF7F. If the CPU executes an
instruction in these addresses, it will attempt to prefetch the next instruction from the register field,
causing an address error.

4.3.2 Word Data Access at Odd Address

If an attempt is made to access word data starting at an odd address, an address error occurs regardless
of the MCU operating mode. The program counter value pushed on the stack in the handling of this
error is the address of the next instruction after the instruction that attempted the illegal word access.

4.3.3 Off-Chip Address Access in Single-Chip Mode

In the single-chip mode there is no external memory, so in addition to the address errors described
above, the following two types of address errors can occur.
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Access to Addresses H'4000 to H'FD7F: These addresses exist neither in on-chip ROM or RAM nor
in the on-chip register field, so an address error occurs if they are accessed for any purpose: for
instruction prefetch, byte data access, or word data access.

T-49-19-1¢

Program code should not be located in the last three bytes of on-chip ROM (addresses H'3FFD to
H'3FFF) in single-chip mode. If an instruction is located in these three bytes, the CPU will attempt to
fetch the next instruction from addresses H'4000 to H'4002, causing an address error.

Access to Disabled RAM Area: The on-chip RAM area (H'FD80 to HFF7F) can be disabled by
clearing the RAME bit in the RAM control register (RAMCR). If-any type of RAM access is attempted
in this state in the single-chip mode, an address error occurs.

4.4 Trace

When the T bit of the status register is set to 1, the CPU operates in trace mode. A trace exception
occurs at the completion of each instruction. The trace mode can be used to monitor program execution

for debugging by a debugger.

In the trace exception sequence the T bit of the status register is cleared to 0 to disable the trace mode
while the trace routine is executing. The interrupt mask level in bits I2 to Io is not changed. Interrupts
are accepted as usual during the trace routine.

In the status-register data saved on the stack, the T bit is set to 1. When the trace routine returns with
the RTE instruction, the status register is popped from the stack and the trace mode resumes.

If an address error occurs during execution of the first instruction after the return from the trace routine,
since the address error has higher priority, the address error exception-handling sequence is initiated,
clearing the T bit in the status register to 0 and making it impossible to trace this instruction.

4.5 Interrupts

Interrupts can be requested from nine external sources (NMI and IRQo to IRQ7) and seven on-chip
supporting modules: the 16-bit free-running timers (FRT1 and FRT2), the 8-bit timer, the serial
communication interfaces (SCI1 and SCI2), the A/D converter, and the watchdog timer (WDT). The
on-chip interrupt sources can request a total of eighteen different types of interrupts, each having its
own interrupt vector. Figure 4-5 lists the interrupt sources and the number of different interrupts from

each source,
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Each interrupt source has a priority. NMI interrupts have the highest priority, and are normally
accepted unconditionally. The priorities of the other interrupt sources are set in interrupt priority
registers A to D (IPRA to IPRD) in the register field at the high end of page 0 and can be changed by
software. Priority levels range from 0 (low) to 7 (high), with NMI considered to be on level 8. IRQ1 to

IRQ7 always have the same priority. The priority of IRQo can be set independently. 7'1:2971797 ';[—6*

The on-chip interrupt controller decides whether an interrupt can be accepted by comparing its priority
with the interrupt mask level, and determines the order in which to accept competing interrupt requests.
Interrupts that are not accepted immediately remain pending until they can be accepted later.

When it accepts an interrupt, the interrupt controller also decides whether to have the interrupt handled
by the CPU or the on-chip data transfer controller (DTC). This decision is controlled by bits set in data
transfer enable registers A to D (DTEA to DTED) in the register field. The DTC is started if the
corresponding DTE bit is set to 1; otherwise a CPU interrupt is generated. DTC interrupts provide an
efficient way to send and receive blocks of data via the serial communication interface, or to transfer
data between memory and I/O without detailed CPU programming. The CPU halts while the DTC is
executing. DTC interrupts are described in section 6, “Data Transfer Controller”.

The hardware exception-handling sequence for a CPU interrupt clears the T bit in the status register to
0 and sets the interrupt mask level in bits I2 to I to the level of the interrupt it has accepted. This
prevents the interrupt-handling routine from being interrupted except by a higher-level interrupt. The

previous interrupt mask level is restored on the return from the interrupt-handling routine.

For further information on interrupts, see seciion 5, ‘Interrupt Controller”.
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4 External
interrupts
Interrupt
sources
Internal
\_ interrupts

NMI:  NonMaskable Interrupt

IRQ: Interrupt Request

FRT: Free-Running Timer

SCI:  Serial Communication interface
WDT: WatchDog Timer

Note: * Interrupts from the watchdog timer in the interval timer mode are handled as IRQo.

NMI (1)

IRQo
to (8)

IRQ7 T-49-19-16

16-Bit FRT1 (4)

16-Bit FRT2 (4)

8-Bit timer (3)

SCH (3)

SCI2 (3)

A/D converter (1)

woT*

Figure 4-5 Interrupt Sources (and Number of Interrupt Types)

4.6 Invalid Instruction

An invalid instruction exception occurs if an attempt is made to execute an instruction with an

undefined operation code or illegal addressing mode specification. The program counter value pushed
on the stack is the value of the program counter when the invalid instruction code was detected.

In the invalid instruction exception-handling sequence the T bit of the status register is cleared to 0, but
the interrupt mask level (12 to Io) is not affected. If a normal interrupt is requested while a trap or zero-
divide instruction is being executed, after the trap or zero-divide exception-handling sequence, the
normal interrupt exception-handling sequence is carried out.
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4,7 Trap Instructions and Zero Divide i '
P T-49-19-16

A trap exception occurs when the TRAPA or TRAP/VS instruction is executed. A zero divide

exception occurs if an attempt is made to execute a DIVXU instruction with a zero divisor.

In the exception-handling sequences for these exceptions the T bit of the status register is cleared to 0,
but the interrupt mask level (I2 to Io) is not affected.

TRAPA Instruction: The TRAPA instruction always causes a trap exception. The TRAPA instruction

includes a vector number from 0 to 15, allowing the user to provide up to sixteen different trap-
.handling routines.

TRAP/VS Instruction: When the TRAP/VS instruction is executed, a trap exception occurs if the

overflow (V) bit in the condition code register is set to 1. If the V bit is cleared to 0, no exception
occurs and the next instruction is executed.

DIVXU Instruction with Zero Divisor: An exception occurs if an attempt is made to divide by zero
in a DIVXU instruction.

4.8 Cases in Which Exception Handling is Deferred
In the case described next, the address error exception, trace exception, external interrupt (NMI and

IRQo to IRQ7) requests, and internal interrupt requests (18 types) are not accepted immediately but are
deferred until after the next instruction has been executed.
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4.8.1 Instructions that Disable Interrupts

T-49-19-1¢
Interrupts are disabled immediately after the execution of five instructions: XORC, ORC, ANDC,
LDC, and RTE.

Suppose that an internal interrupt is requested and the interrupt controller, after checking the interrupt
priority and interrupt mask level, notifies the CPU of the interrupt, but the CPU is currently executing
one of the five instructions listed above. After executing this instruction the CPU always proceeds to
the next instruction, (And if the next instruction is one of these five, the CPU also proceeds to the next
instruction after that.) The exception-handling sequence starts after the next instruction that is not one
of these five has been executed. The following is an example:

Program flow

LDC.B #H'00,TP « Interrupt controller notifies GPU of interrupt request

CPU executes next instruction
before starting exception handling

MOV.W #H'FFB80,SP

MOV.B #H'00,&WCR To exception-handling sequence

Note: When the LDC instruction alters the I bits in the status register (SR), the new I-bit values do not
take effect until three states after the LDC instruction. If a program running in on-chip memory
uses the LDC instruction to enable interrupts by modifying the I bits and the next instruction is a
two-state instruction (NOP for example), interrupts will not be accepted after this next
instruction; they will not be accepted until another instruction has been executed after that. The
same applies to the ANDC, ORC, and XCRC instructions.

4.8.2 Disabling of Exceptions Immediately after a Reset

If an interrupt is accepted after a reset and before the stack pointer (SP) is initialized, the program
counter and status register will not be saved correctly, leading to a program crash. To prevent this,
when the chip comes out of the reset state all interrupts, including NMI, are disabled, so the first
instruction of the reset routine is always executed. As noted earlier, in the minimum mode, this
instruction should initialize the stack pointer (SP). In the maximum mode, the first instruction should
be an LDC instruction that initializes the stack page register (TP); the next instruction should initialize
the stack pointer.
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4.8.3 Disabling of Interrupts after a Data Transfer Cycle - T-ﬂ;9t- ,1 _9:{677

If an interrupt starts the data transfer controller and another interrupt is requested during the data
transfer cycle, when the data transfer cycle ends, the CPU always executes the next instruction before
handling the second interrupt.

Even if a nonmaskable interrupt (NMI) occurs during a data transfer cycle, it is not accepted until the
next instruction has been executed. An example of this is shown below.

(Example)
Program flow

ADD.W R2,RO < DTC interrupt request

Data transfer cycle | <~ NMI interrupt request

MOV.W RO, QH'FF00

After data transfer cycle, CPU executes next instruction

before branching to exception handli
MOV.W @H'FF02,R0 g °p "

To NMI exception-handling sequence
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4.9 Stack Status after Completion of Exception Handling

T-49-19-16

The status of the stack after an exception-handling sequence is described below.

Table 4-3 shows the stack after completion of the exception-handling sequence for various types of
exceptions in the minimum and maximum modes.

Table 4-3 Stack after Exception Handling Sequence

Exc¢eption Minimum Mode Maximum Mode
Trace sp> SR (upper byte) TP:SP D> SR (upper byte)

SR (lower byte) SR (lower byte)
Interrupt

Next instruction address (upper byts) Don't-care
Trap Next instruction address (lower byte) Next instrucﬁ(-)n page (8 b;ts)- -----
Next instruction address (upper byte)

oo i Nt ineirucion accross (lowor bte) |
(DIVXU)

o -

Note: The RTE instruction returns to the next instruction after the instruction being executed when the exception

occurred.
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Table 4-3  Stack after Exception Handling Sequence (cont)

T-49-19-16

Exception Minimum Mode Maximum Mode
g L™ ) - r, ~ e
SR (upper byte) PSP D> SR (upper byte)
SR (fower byte) SR (lower byte)
Invalid | 1o then eror accurred (pperbye) R
instruction

PC when error occurred (lower byte)

CP when error occuired (8 bits)

PC when error occurred (upper byte)

PC when error occuned (lower byte)

Note: The program counter value pushed on the stack is not necessarily the address of the first byte of the
invalid instruction.

Exception Minimum Mode Maximum Mode
. L Fr.' L g
sp > SR (upper byte) TP:SP D> SR (upper byte)
SR (lower byte) SR (lower byte)
Address "0 when error ocaurred (upper byte) | s s R
error

PC when error occurred (lower byte)

CP when error occurred (8 bits)

PC when error occurred (uppar byte)

PC when error occurred (fower byte)

Note: The program counter value pushed on the stack is the address of the next instruction after the last
instruction successfully executed.
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4.9.1 PC Value Pushed on Stack for Trace, Interrupts, Trap Instructions, and Zero Divide
Exceptions '
T-49-19-16
The program counter value pushed on the stack for a trace, interrupt, trap, or zero divide exception is
the address of the next instruction at the time when the interrupt or exception was accepted. The RTE
instruction accordingly returns to the next instruction after the instruction executed before the

exception-handling sequence.

4.9.2 PC Value Pushed on Stack for Address Error and Invalid Instruction Exceptions

The program counter value pushed on the stack for an address error or invalid instruction exception
differs depending on the conditions when the exception occurred.

4.10 Notes on Use of the Stack

If the stack pointer is set to an odd address, an address error will occur when the stack is accessed
during interrupt handling or for a subroutine call. The stack pointer should always point to an even
address. To keep the stack pointer pointing to an even address, a program should use word data size
when saving or restoring registers to and from the stack.

In the @-SP or @SP+ addressing mode, the CPU performs word access even if the instraction specifies
byte size. (This is not true in the @—Rn and @Rn+ addressing modes when Rn is a register from RO to

Ré6.)
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Section 5 Interrupt Controller -

 1-49-19-16
5.1 Overview

The interrupt controller decides which interrupts to accept, and how to deal with multiple interrupts and
other exceptions. It also decides whether an interrupt should be served by the CPU or by the data
transfer controller (DTC). This section explains the features of the interrupt controller, describes its
internal structure and control registers, and details the handling of interrupts.

For detailed information on the data transfer controller, see section 6, “Data Transfer Controller”.
5.1.1 Features

The main features of the interrupt controller are as follows:

+ Interrupt priorities are user-programmable.
User programs can set priority levels from 7 (high) to 0 (fow) in four interrupt priority (IPR)
registers for IRQo, IRQ1 to IRQ7, and each of the on-chip supporting modules—for every interrupt,
that is, except the nonmaskable interrupt (NMI). NMI has the highest priority level (8) and is
normally always accepted. An interrupt with priority level 0 is always masked.

* Multiple interrupts on the same level are served in a default priority order.
Lower-priority interrupts remain pending until higher-priority interrupts have been handled.

« For most interrupts, software can select whether to have the interrupt served by the CPU or the on-
chip data transfer controller (DTC).
User programs can make this selection by setting and clearing bits in four data transfer enable (DTE)
registers. The data transfer controller can be started by any interrupts except NMI, IRQ4 to IRQ7,
the error interrupt (ERI) from the on-chip serial communication interface, and the overflow
interrupts (FOVI and OVI) from the on-chip timers.

» Software can select the NMI edge and can enable or disable TRQo to TRQ7.
The NMI control register (NMICR) determines whether a nonmaskable interrupt is triggered by the
rising or falling edge of the NMI input signal. The IRQ control register IRQCR) enables or disables
TRQo to TRQ7.
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5.1.2 Block Diagram

Figure 5-1 shows the block configuration of the interrupt controller.

------------------------- Interrupt controller---------oocomoamnnmany

NMI NMICR - :\(Iehglllest
IRQo : . . §
e — : [RQCR !
IRQ1-1RQ7 — = -1 g :
( FRT : a— = i
i a. 2 .
interrupt | FRT2 : n 3 J}, :
rg:CIuelst | sbittimer : < ° o D:_.lnterrupt
signals \ 2 i request
from SCI : - & 5 : a
modules | g0z : » . & :
\_ A/D converter — > - X
: 5 ‘ : request
: ! .
: < :
H L H
' = :
; e :
12 |14 |10 { SR(CPU)
{Legend) '
FRT: Free-Running Timer
SCl: Serial Communication Interface
SR: Status Register
IPR: Interrupt Priority Register
DTE: Data Transfer Enabie Register

NMICR:  Nonmaskable Interrupt Control Register
IRQCR:  Interrupt Request Control Register

Figure 5-1 Interrupt Controller Block Diagram
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5.1.3 Register Configuration

T-49-19-16
Table 5-1 lists the attributes of the registers used by the interrupt controller.
Table 5-1 Interrupt Controller Registers
Name Abbreviation Read/Write Initial Value Address
interrupt A IPRA RW H'00 HFFFO
priority register 8 IPRB RW H'00 H'FFF1
C IPRC RW H'00 H'FFF2
D IPRD RIW H'00 HFFF3
Data transfer A DTEA RwW H'G0 F'FFF4
enable register B DTEB RwW H'00 H'FFF5
C DTEC R/W H'00 H'FFF6
D DTED R/W H'00 H'FFF7
NMI control register NMICR RIW H'FE HFFFC
{RQ control register IRQCR R/W H'00 H'FFFD

See section 6.2.5, “Data Transfer Enable Registers A to D”, for detailed information about DTEA to
DTED.

5.2 Interrupt Types

There are 27 distinct types of interrupts: 9 external interrupts originating off-chip and 18 internal
interrupts originating in the on-chip supporting modules.

5.2.1 External Interrupts

The nine external interrupts are NMI and IRQo to IRQ7.

NMI (Non Maskable Interrupt): This interrupt has the highest priority level (8) and cannot be
masked. An NMI is generated by input to the NMI pin. The input at the NMI pin is edge-sensed. A
user program can select whether to have the interrupt occur on the rising edge or falling edge of the

NMI input by setting or clearing the nonmaskable interrupt edge bit (NMIEG) in the NMI control
register (NMICR).
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In the NMI exception-handling sequence, the T (Trace) bit in the CPU status register (SR) is cleared to
0, and the interrupt mask level in I2 to Io is set to 7, masking all other interrupts. The interrupt
controller holds the NMI request until the NMI exception-handling sequence begins, then clears the
NMI request, so if another interrupt is requested at the NMI pin during the NMI exception-handling

sequence, the NMI exception-handling sequence will be carried out again. 1- 49-1 9-16
Coding Examples:

To select the rising edge of the NMI input: BSET.B #0, QH'FFFC

To select the falling edge of the NMI input: BCLR.B #0, QH'FFFC

IRQo (Interrupt Request 0): An IRQo interrupt can be requested by a low input to the TRQo pin
and/or a watchdog timer overflow. A low TRQo input requests an IRQo interrupt if the interrupt request
enable O bit (IRQo E) in the IRQ control register (IRQCR) is set to 1. The interrupt controller samples
the level of the IRQo pin directly, so this pin must be held low until the interrupt is accepted. Otherwise

the request will be ignored.

- A watchdog timer overflow requests an IRQo interrupt if the TME bit is set to 1 and the WT/T bit is
cleared to 0 in the watchdog timer’s control/status register. See section 12, “Watchdog Timer”, for
details of the watchdog timer.

The IRQo interrupt can be assigned any priority level from 7 to 0 by setting the corresponding value in
the upper four bits of IPRA. If bit 4 of data transfer enable register A (DTEA) is set to 1, an IRQ0
interrupt starts the data transfer controller. Otherwise the interrupt is served by the CPU.

In the CPU intefrupt-handling sequence for IRQo the T bit of the status register is cleared to 0, and the
interrupt mask level is set to the value in the upper four bits of IPRA.

Coding Examples:

To enable IRQo to be requested by TRQo input: BSET.B #0, QH'FFFD
To assign priority level 7 to IRQo: OR.B #70, QH'FFFO
To have IRQo start the DTC: BSET.B {#4, QH'FFF4

IRQ1 to IRQ7 (Interrupt Request 1 to 7): An IRQ1 to IRQ7 interrupt is requested by a high-to-low
transition at the IRQ1 to IRQ7 pin. The IRQ1 to IRQ7 interrupt is enabled only when the interrupt
request enable bit IRQIE to IRQ7E in the IRQ control register is set to 1. The IRQ1 to IRQY input is
latched in the interrupt controller and held until the interrupt request is accepted.
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The IRQ1 to IRQ7 interrupts can be assigned any priority level from 7 (high) to 0 (low) by setting the
corresponding value in the lower four bits of IPRA. These seven interrupts always have the same

priority. They cannot be assigned priorities separately. T T T T
T-49-19-16

If bits O to 2 of data transfer enable register A (DTEA) are set to 1, IRQ1 to IRQ3 can start the data

transfer controller. Otherwise the interrupt is served by the CPU. IRQ4 to IRQ7 cannot start the data

transfer controller; they are always served by the CPU.

The interrupt controller holds IRQ1 to IRQ7 requests until the corresponding exception-handling
sequence begins, then clears the request. Contention among IRQ1 to IRQ7 is resolved when the CPU

' accepts the interrupt by taking the interrupt with the highest priority first and holding lower-priority
interrupts pending.

During the interrupt-handling routine, if the same external interrupt is requested again the request is
held, but the exception-handling sequence is not carried out immediately because the interrupt is
masked by bits 12 to Io in the status register. On return from the interrupt-handling routine one more
instruction is executed, then the pending exception-héndling sequence is carried out.

In the CPU interrupt-handling sequence for IRQ1 to IRQ7, the T bit of the CPU status register is cleared
to 0, and the interrupt mask level is set to the value in the lower four bits of IPRA.

Coding Examples:

To enable IRQ1 to be requested by IRQ1 input: BSET.B #1, @H'FFFD
To assign priority level 7 to IRQ0 and level 5'to IRQ1 to TRQ7: MOV.B #75, @H'FFFO
To have IRQ1 start the DTC: BSET.B #0, @H'FFF4

5.2.2 Internal Interrupts
Eighteen types of internal interrupts can be requested by the on-chip supporting modules. Each
interrupt is separately vectored in the exception vector table, so it is not necessary for the user-coded

interrupt handler routine to determine which type of interrupt has occurred.

Each of the internal interrupts can be enabled or disabled by setting or clearing an enable bit in the
control register of the on-chip supporting module.
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An interrupt priority level from 7 to 0 can be assigned to each on-chip supporting module by setting
interrupt priority registers B to D. Within each module, different interrupts have a fixed priority order.
For most of these interrupts, values set in data transfer enable registers B to D can select whether to
have the interrupt served by the CPU or the data transfer controller. 1-49-19-16

In the CPU interrupt-handling sequence, the T bit of the CPU status register is cleared to 0, and the
interrupt mask level in bits I2 to Io is set to the value in the IPR.

5.2.3 Interrupt Vector Table

Table 5-2 lists the addresses of the exception vector table entries for each interrupt, and explains how
their priority is determined. For the on-chip supporting modules, the priority level set in the interrupt
priority register applies to the module as a whole: all interrupts from that module have the same
priority level. A separate priority order is established among interrupts from the same module. If the
same priority level is assigned to two or more modules and two interrupts are requested simultaneously
from these modules, they are served in the priority order indicated in the rightmost column in table 5-2.

A reset clears the interrupt priority registers so that all interrupts except NMI start with priority level 0,
meaning that they are unconditionally masked.

HITACHI o4




Table 5-2 Interrupts, Vectors, and Priorities

7-49-19-16

Assignable Priority
Priority among
Levels Priority Vector Table Entry Address Interrupts
{Initial IPR within Minimum Maximum on Same
intetrupt Level) Bits Module Mode Mode Level*
NMI 8 _ — H'0016 to H'0017 H'002C to H'002F  High
(8) , A
IRQ IRQe 7to0 IPRA — H'0040 to H'0041  H'0080 to H'0083
(0) Upper 4 bits
IRQ: 7to0 IPRA 6 H'0042 to H'0043 H'0084 to H'0087
IRQ2 Lower 4 bits 5 H'0044 to H'0045 H'0088 to H'008B
IRQa 4 H'0046 to H'0047  H'008C to H'008F
IRQ4 3 H'0048 to H'0043  H'0090 to H'0093
IRQs 2 H'004A to H'004B  H'0094 to H'0097
IRQs 1 H'004C to H'004D  H'0098 to H'009B
IRQ7 (0) 0 H'CO4E to H'004F  H'009C to H'009F
FRT1 ICI 7to0 IPRB 3 H'0050 fo H'0051°  H'00AO0 to H'00A3
OCIA Upper 4 bits 2 H'0052 to H'0053  H'00A4 to H'O0A7
ociB 1 H'0054 to H'0055 H'00A8 to H'O0AB
FOVI (0} 0 H'0056 to H'0057 H'00AGC to H'OOAF
FRT2 ICI 700 iPRB 3 H'0058 to H'0059  H'00B0 to H'00B3
OCIA Lower 4 bits 2 H'005A to H'005B  H'00B4 to H'00B7
oicB 1 H'005C to H'005D  H'00B8 to H'00BB
FOVI (0) 0 H'005E to H'005F  H'00BGC to H'00BF
8-Bit CMIA 7100 IPRC 2 H'0080 to H'0061  H'00CO to H'00C3
timer CMIB Upper 4 bits 1 H'0062 to H'0063 H'00C4 to H'00C7
ovi (0) 0 H'0064 to H'0085  H'00C8 to H'00CB
sci ERI 700 IPRC 2 H'0068 to H'0069 H'00D0 to H'00D3
RXI Upper 4 bits 1 H'006A to H'006B  H'00D4 to H'00D7
TXI (0) 0 H'006C to H'006D  H'00D8 to H'00DB
SCi2  ERI 7100 IPRD 2 H'0070 to H'0071  H'00EOQ to H'00E3
RXI Upper 4 bits 1 - H'0072to H'0073  H'00E4 to H'00E7
TXI (0) 0 H0074to H'0075  H'00ES to H'O0EB
AD ADI 7100 IPRD — H0078 to H'007¢  H'OOF0 to H'0O0F3
converter (0) Lower 4 bits Low

Note: * If two or more interrupts are requested simultaneously, they are handled in order of priority level, as set
in registers IPRA to IPRD. If they have the same priority level because they are requested from the
same on-chip supporting module, they are handled in a fixed priority order within the module. If they
are requested from different modules to which the same priority level is assigned, they are handled in
the order indicated in the right-hand cotumn.
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5.3 Register Descriptions

. - . T__q.g -—“ 9"'1 6
5.3.1 Interrupt Priority Registers A to D (IPRA to IPRD)

IRQo, IRQ1 to IRQ7, and the on-chip supporting modules are each assigned three bits in one of the four
interrupt priority registers (IPRA to IPRD). These bits specify a priority level from 7 (high) to 0 (low)
for interrupts from the corresponding source. The drawing below shows the configuration of the
interrupt priority registers. Table 5-3 lists their assignments to interrupt sources.

Bit 7 6 5 4 3 | 2 1 0
=1 | | | — | | | |

Initial value 0 0 0 0 0 0 0 0

Read/Write R R/W R/W RW R R/W R/W R/W

Note: Bits 7 and 3 are reserved. They cannot be modified and are always read as 0.

Table 5-3 Assignment of Interrupt Priority Registers

Interrupt Request Source
Register Bits6to 4 Bits2to 0

IPRA 1RQo TRQ1 to TRGr
IPRB FRT1 FRT2

IPRC 8-Bit timer SCH

IPRD SCI2 A/D converter

As table 5-3 indicates, each interrupt priority register specifies priority levels for two interrupt sources.
A user program can assign desired levels to these interrupt sources by writing 000 in bits 6 to 4 or bits 2
to O to set priority level 0, for example, or 111 to set priority level 7.

A reset clears registers IPRA to IPRD to H'00, so all interrupts except NMI are initially masked.

When the interrupt controller receives one or more interrupt requests, it selects the request with the
highest priority and compares its priority level with the interrupt mask level set in bits 12 to 0 in the
CPU status register. If the priority level is higher than the mask level, the interrupt controller passes the
interrupt request to the CPU (or starts the data transfer controller). If the priority level is lower than the
mask level, the interrupt controller leaves the interrupt request pending until the interrupt mask is
altered to a lower level or the interrupt priority is raised. Similarly, if it receives two interrupt requests
with the same priority level, the interrupt controller determines their priorify as explained in table 5-2
and leaves the interrupt request with the lower priority pending.
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The interrupt controller requires two system clock (g) periods to determine the priority level of an
interrupt. Accordingly, when an instruction modifies an instruction priority register, the new priority
does not take effect until after the next instruction has been executed.

5.3.2 NMI Control Register (NMICR)—H'FFFC T-49-19-16
Bit 7 7 6 5 4 3 2 1 0

- -1 =J =1 =1=1 — [nmec]
Initial vatue 1 1 1 1 1 1 1 0
Read/Write T — — — — — RW

The NMI control register (NMICR) is an 8-bit register that selects the edge of the NMI input signal
which triggers a nonmaskable interrupt.

The NMICR is initialized to H'FF (falling edge) at a reset and in the hardware standby mode. It is not
initialized in the software standby mode.

Bit 7 to 0—Reserved: These bits cannot be modified and are always read as 1.

Bit 0—Nonmaskable Interrupt Edge (NMIEG): This bit selects the valid edge of the NMI input
signal.

Bit 0

NMIEG Description

0 A nonmaskable interrupt is generated on the falling edge {Initial value)
of the NMI input signal.

1 . A nonn{askable interrupt is generated on the rising edge

~ of the NMI input signal.

5.3.3 IRQ Control Register IRQCR)—H'FFFD

Bit 7 6 5 4 3 2 1 0

| ra7e | 1RQsE | IRQSE | RQ4E | IRQSE | IRQ2E | IRQIE | IRQOE |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW
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T-49-19-16
The IRQ control register IRQCR) enables or disables external interrupts on an individual basis. When
an interrupt is enabled, the corresponding pin in port 1 or 4 can be used for interrupt request input.
(The pin can also be read by the CPU as a port input pin.) The data direction bit in the port 1 or 4 data
direction register must be cleared to 0 to designate the input mode.

The IRQCR is initialized to H'00 at a reset and in the hardware standby mode, disabling all interrupt
requests. It is not initialized in the software standby mode.

Bit 7—Interrupt Request 7 Enable (IRQ7E): This bit determines whether a high-to-low transition at
pin P47 is recognized as an IRQ7 interrupt request.

Bit 7

IRQ7E Description ,

0 P4z is not used for IRQ7 input. (Initial value)
1 P47 can be used for IRQ7 input.*

Bit 6—Interrupt Request 6 Enable (IRQ6E): This bit determines whether a high-to-low transition at
pin P46 is recognized as an IRQs6 interrupt request.

Bit 6

IRQ6E Description _

0 P4s is not used for IRQs input. (Initial value)
1 P4s can be used for IRQe input.*

Bit 5—Interrupt Request 5 Enable (IRQ5E): This bit détermines whether a high-to-low transition at
pin P45 is recognized as an IRQs interrupt request.

Bit 5

IRQ5E Desctription

0 P4s is not used for IRQs input. (initial value}
1 P4s can be used for IRQs input.*

Note: * In modes 1 and 3 these pins cannot be used for IRQ7 to IRQa input because they are occupied by bits
15 10 12 of the address bus.
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Bit 4—Interrupt Request 4 Enable (IRQ4E): This bit determines whether a high-to-low transition at
pin P44 is recognized as an IRQ4 interrupt request.

- T-49-19.7
Bit4
IRQ4E Description
0 P44 is not used for IRQ4 input. (nitial value)
1 P44 can be used for IRQs input.*

Note: * In modes 1 and 3 these pins cannot be used for IRQz to IRQs input because they are occupied by hits
15 to 12 of the address bus. ’

Bit 3—Interrupt Request 3 Enable (IRQ3E): This bit determines whether a high-to-low transition at
pin P14 is recognized as an IRQ3 interrupt request.

Bit 3

IRQ3E Description

0 P14 is not used for IRQa input. (Initial value)
1 P14 can be used for IRQa input.*

Bit 2—Interrupt Request 2 Enable (IRQ2E): This bit determines whether a high-to-low transition at
pin P13 is recognized as an IRQ2 interrupt request.

Bit2

IRQ2E Desctiption

0 P1a is not used for IRQz input. (Initial value)
1 P13 can be used for IRQz input.*

Bit 1—Interrupt Request 1 Enable (IRQ1E): This bit determines whether a high-to-low transition at
pin P12 is recognized as an IRQ1 interrupt request.

Bit 1

IRQ1E Description

0 P12 is not used for IRQ1 input. ; (Initial value)
1 P12 can be used for IRQ1 input.*

Note: * In modes 3 these pins cannot be used for IRQa to IRQ1 input because they are occupied by the page
address bus.
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Bit 0—Interrupt Request 0 Enable (IRQOE): This bit determines whether a low input at pin P11 is
recognized as an IRQo interrupt request.

1-49-19-16
BitO
IRQOE Description
0 P11 is not used for IRQe input. (Initial value)
1 P11 can be used for IRQo input.

5.4 Interrupt-Handling Sequence
5.4.1 Interrupt-Handling Flow

The interrupt-handling sequence follows the flowchart in figure 5-2, which also covers address-error
and trace exceptions. Note that address error, trace exception, and NMI requests bypass the interrupt
controller’s priority decision logic and are routed directly to the CPU. _

1. Interrupt requests are generated by one or more on-chip supporting modules or external interrupt
sources.

2. The interrupt controller checks the interrupt priorities set in the IPRA to IPRD and selects the
intetrupt with the highest priority. Interrupts with lower priorities remain pending. Among
interrupts with the same priority level, the interrupt controller determines priority as explained in
table 5-2.

3.  The interrupt controller compares the priority level of the selected interrupt request with the mask
level in the CPU status register (bits I2 to Io). If the priority level is equal to or less than the mask
level, the interrupt request remains pending. If the priority level is higher than the mask level, the
interrupt controller accepts the interrupt request and proceeds to the next step.

4.  The interrupt controller checks the corresponding bit (if any) in the data transfer enable registers
(DTEA to DTEB). If this bit is set to 1, the data transfer controller is started. Otherwise, the
CPU interrupt exception-handling sequence is started. When the data transfer controller is
started, the interrupt request is cleared (except for interrupt requests from the serial
communication interface, which are cleared by writing to the TDR or reading the RDR).

If the data transfer enable bit is cleared to 0 (or is nonexistent), the sequence proceeds as follows, For
the case in which the data transfer controller is started, see section 6, “Data Transfer Controller”.
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5.  After the CPU has finished executing the current instruction, the program counter and status
register (in minimum mode) or program counter, code page register, and status register (in
maximum mode) are saved to the stack, leaving the stack in the condition shown in figure 5-3 (a)
or {b). The program counter value saved on the stack is the address of the next instruction to be
executed. R e

T-49-19-16

6. The T (Trace) bit of the status register is cleared to 0, and the priority level of the interrupt is
copied to bits I2 to Io, thus masking further interrupts unless they have a higher priority level.
When an NMI is accepted, the interrupt mask level in bits I2 to Io is set to 7.

7.  'The interrupt controller generates the vector address of the interrupt, and the entry at this address
in the exception vector table is read to obtain the starting address of the user-coded interrupt
handling routine.

In step 7, the same difference between the minimum and maximum modes exists as in the reset
handling sequence. In the minimum mode, one word is copied from the vector table 1o the program
counter, then the interrupt-handling routine starts executing from the address indicated in the program
counter. In the maximum mode, two words are read. The lower byte of the first word is copied to the
code page register. The second word is copied to the program counter. The interrupt-handling routine
starts executing from the address indicated in the code page register and program counter.
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imggg-handlmg [ Read tran:rer mode |
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Y
I Read data |
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N [ncrement source
address (+1 or +2)
| lWrite source addressl
| Clear T bit ] | Read destination address |

| Update mask level |
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exception-handling
routine

{ Write data ]
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| otoR-i-ooteR |
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D) BTCR = 07 ="
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Figure 5-2 Interrupt Handling Flowchart
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5.4.2 Stack Status after Interrupt Exception-Handling Sequence . f 4

Figure 5-3 (a) and (b) show the stack before and after the interrupt exception-handling sequence.

Address Address
2m-4 am-4 | | l_Jpp_e_r_Q blts (_)f SEH ) _4 SP
2m-3 2m-3 Lower 8 bits of SR
2m-2 . 2m-2 | Upper 8 bits of PC
2m-1 2m-1 Lower 8 bits of PC

2m

<4sp om U7
)

(Before) D — (Aften)
Save to stack

Notes: 1. PC: The address of the next instruction to be executed is saved.
2. Register saving and restoring must start at an even address.

Flgure 5-3 (a) Stack before and after Interrupt Exceptlon-Handlmg (Minimum Mode)

Address Address
2m-6 2m-6 Upper 8 bits of SR <|SP
2m-5 am5 | Lower8bits of SR |
2m-4 2m—4 Don't care
2m-3 2m-3 cP
2m-2 2m-2 Upper 8 bits of _PC
2m-1 om—t1 [ Lower 8 bits of PC |

om <SP om ¥

___

(Belore) NE— (After)
Save to stack

Notes: 1. PC: The address of the next instruction to be executed is saved.
2. Register saving and restoring must start at an even address.

Figure 5-3 (b) Stack before and after Interrupt Exception-Handling (Maximum Mode)
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5.4.3 Timing of Interrupt Exception-Handling Sequence -
8 g Seq T-49-19-1¢6

Figure 5-4 shows the timing in minimum mode when the program area and stack are both in on-chip
memory and the user-coded interrupt-handling routine starts at an even address. Figure 5-5 shows the
timing in maximum mode when the program area and stack are both in external memory.

5.5 Interrupts During Operation of the Data Transfer Controller
If an interrupt is requested during a DTC data transfer cycle, the interrupt is not accepted until the data

transfer cycle has been completed and the next instruction has been executed. This is true even if the
interrupt is an NMI. An example is shown below.

Program flow

< DTC interrupt request

ADD.W R2, RO Data transfer cycle request | «- NMI interrupt

MOV.W RO, @H'FF00
Atter data transfer, CPU executes next instruction before
MOV.W @H'FF02, RO starting exception sequence

To NMI exception-handling sequence
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5.6 Interrupt Response Time

T T Teeld Ule?895 57 MHITI

 T-49-19-16

Table 5-4 indicates the number of states that may elapse between the generation of an interrupt request

and the execution of the first instruction of the interrupt-handling routine, assuming that the interrupt is

not masked and not preempted by a higher-priority interrupt. Since word access is performed to on-

chip memory areas, fastest interrupt service can be obtained by placing the program in on-chip ROM
and the stack in on-chip RAM.

Table 5-4 Number of States before Interrupt Service

Number of States
No. Reason for Walit Minimum Mode Maximum Mode
1 Interrupt priority decision and comparison with mask level 2 states
in CPU status register
2 Maximum number of Instruction is in on-chip X
states to completion memory (x = 38 for LDM instruction specifying all
of current instruction registers)
Instruction is in external y
memory {y = 74 + 16m for LDM instruction
specifying all registers)
3 Number of states from saving  Stack is in on-chip RAM 16 21
of PC and SR (or PC, SR,
and CP) until first instruction  Stack is in external 28 + 6m 41 +10m
of interrupt-handling routine memory
is prefetched.
Total Stack is in on-chip RAM Instruction is in on-chip 18 + X 23 +x
memory (56) (61)
Instruction is in external 18 +y 23 +y
memory (92 + 16m) (97 + 16m)
Stack is in external RAM Instruction is in on-chip 30+ 6m+ X 43 + 10m + X
memory {68 + 6m) (81 + 10m)
Instruction is in external 30+6m+y 43 +10m+y
memory (104 + 22m) (117 + 26m)

Notes: m: Number of wait states inserted in external memory access.
Values in parentheses are for the LDM instruction specifying all registers.
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Section 6 Data Transfer Controller

- 49-19-16

6.1 Overview

‘The H8/520 chip includes a data transfer controller (DTC) that can be started by designated interrupts
to transfer data from a source address to a destination address located in page 0. These addresses
include in particular the registers of the on-chip supporting modules and I/O ports. Typical uses of the
DTC are to change the setting of a control register of an on-chip supporting module in response to an
interrupt from that module, or to transfer data from memory to an I/O port or the serial communication
interface. Once set up, the transfer is interrupt-driven, so it proceeds independently of program
execution, although program execution temporarily stops while each byte or word is being transferred.

The data transfer functions of the DTC could also be performed by the CPU, but the DTC offers three
advantages:

+ Itis faster.

« It requires less program coding.

« It has its own registers and does not require CPU registers to be used as pointers, etc.

6.1.1 Features
The main features of the DTC are listed below:

« The source address and destination address can be set anywhere in the 64-kbyte address space of
page 0.

« The DTC can be programmed to transfer one byte or one word of data per interrupt.

+ The DTC can be programmed to increment the source address and/or destination address after each
byte or word is transferred.

« After transferring a designated number of bytes or words, the DTC generates a CPU interrupt with
the vector of the interrupt source that started the DTC.

« This designated data transfer count can be set from 1 to 65,536 bytes or words.

6.1.2 Block Diagram
Figure 6-1 shows a block diagram of the DTC.
The four DTC control registers (DTMR, DTSR, DTDR, and DTCR) are invisible to the CPU, but

corresponding information is kept in a register information table in memory. A separate table is
maintained for each DTC interrupt type. When an interrupt requests DTC service, the DTC loads its
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control registers from the table in memory, transfers the byte or word of data, and writes any altered

register information back to memory., T~49-19 16
Internal data bus
7\
DTC request
RAM
Interrupt controller DTC Register
information table
IRQo0 —» 0
Register
IRQ1 —» \,/ information table
DTEA DTMR 1
DTEB DTSR A ‘r
DTEC DTDR
DTED DTCR
(Legend)

DTMR: Data Transfer Mode Register
DTSR: Data Transfer Source Address Register
DTDR: Data Transfer Destination Address Register
DTCR: Data Transfer Count Register
DTEA -~ DTED: Data Transfer Enable Register A~ D

Figure 6-1 Block Diagram of Data Transfer Controller

6.1.3 Register Configuration

The four DTC control registers are listed in table 6-1. These registers are not located in the address
space and cannot be written or read by the CPU. To set information in these registers, a program must
write the information in a table in memory from which it will be loaded by the DTC.

Table 6-1 Internal Control Registers of the DTC

Name Abbreviation Read/Write
Data transfer mode register DTMR Disabled
Data transfer source address register DTSR Disabled
Data transfer destination address register DTDR Disabled
Data transfer count register DTCR Disabled

HITACHI
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Starting of the DTC is controlled by the four data transfer enable registers, which are located in high
addresses in page 0. Table 6-2 lists these registers.

T-49-19-16

Table 6-2 Data Transfer Enable Registers
Name Abbreviation  Read/Write Initial Value  Address
Data transfer A DTEA RW H'00 H'FFF4
enable register B DTEB RW H'00 H'FFF5

C DTEC RW H'00 . H'FFF6

D DTED BwW H'00 HFFF7
6.2 Register Descriptions
6.2.1 Data Transfer Mode Register (DTMR)
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

sz|lst!pl|—-|—|—~|—|-{—-—-]=-{—-1—}|—|—|—|—

Read/Write @ — — — — =— — — — == = — — — — -

The data transfer mode register is a 16-bit register, the first three bits of which designate the data size
and specify whether to increment the source and destination addresses.

Bit 15—Sz (Size): This bit designates the size of the data transferred.

Bit 15

Sz Description

0 Byte transter

1 Word transfer* (iwo bytes at a time)

Note: * For word transfer, the source and designation addresses must be even addresses.

Bit 14—SI (Source Increment): This bit specifies whether to increment the source address.

Bit 14
Sl Description
0 Source address is not incremented.

1. 1f Sz = 0: Source address is incremented by +1 after each data transter.
2. If Sz = 1: Source address is incremented by +2 after each data transter.
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Bit 13—DI (Destination Increment): This bit specifies whether to increment the destination address.

Bit 13 -‘-—t\‘_g__"g——-‘6
DI Description

0 Destination address is not incremented.

1 1. If Sz = 0: Deslination address is incremented by +1 after each data transfer.

2. It Sz = 1: Destination address is incremented by +2 after each data transfer.

Bits 12 to 0—Reserved Bits: These bits are reserved.

6.2.2 Data Transfer Source Address Register (DTSR)

Bit 1 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Read/Write @ — — — — — — — e e e e e e e e

The data transfer source register is a 16-bit register that designates the data transfer source address. For
word transfer this must be an even address. In the maximum mode, this address is implicitly located in

page 0.

6.2.3 Data Transfer Destination Register (DTDR)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Read/Write

The data transfer destination register is a 16-bit register that designates the data transfer destination
address. For word transfer this must be an even address. In the maximum mode, this address is

implicitly located in page 0.

6.2.4 Data Transfer Count Register (DTCR)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ReadWite — — — — — — — — — — — — — - - -

HITACHI 112



The data transfer count register is a 16-bit register that counts the number of bytes or words of data
remaining to be transferred. The initial count can be set from 1 to 65,536. A register value of 0

designates an initial count of 65,536. T-19-19-16

The data transfer count register is decremented automatically after each byte or word is transferred.
When its value reaches 0, indicating that the designated number of bytes or words have been
transferred, a CPU interrupt is generated with the vector of the interrupt that requested the data transfer.

6.2.5 Data Transfer Enable Registers A to D (DTEA to DTED)
These four registers designate whether an interrupt starts the DTC. The bits in these registers are

assigned to interrupts as indicated in table 6-3. No bits are assigned to the NMI, IRQ4, IRQs, IRQs,
IRQ7, FOVI, OV], and ERI interrupts, which cannot request data transfers.

Bit 7 6 5 4 3 2 1 0

| 1o | | | | |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W RW R/W W R/W RW

Table 6-3 Assignment of Data Transfer Enable Registers

Interrupt Source Interrupt Source
Register Module Bits7to 4 Module Bits3to 0
7 6 5 4 3 2 1 0
DTEA 1RQo — | — | — | IRQo} IRQs-IRQ — | IRQe{ IRQ2{ IRCH
DTEB FRT1 — |OCIB|CQCIA| ICI | FRT2 — |OCIB| OCIA| ICI
DTEC 8-Bit timer — | — |CMIB| CMIAl SCI1 ) — | TXI| RXI| —
DTED ScCl2 — | TXI | BRXI{ — | A/D converter —_{ — | — { ADI

Note: Bits marked “—" should always be cleared to 0.

If the bit for a certain interrupt is set to 1, that interrupt is regarded as a request for DTC service. If the
bit is cleared to 0, the interrupt is regarded as a CPU interrupt request.

Only the 16 interrupts indicated in table 6-3 can request DTC service. DTE bits not assigned to any
interrapt (indicated by “—" in table 6-3) should be left cleared to 0.
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Note on Timing of DTE Modifications: The interrupt controller requires two system clock (g)
periods to determine the priority level of an interrupt. Accordingly, when an instruction modifies a data
transfer enable register, the new setting does not take effect until after the next instruction has been

executed.

T-49-19-16

6.3 Data Transfer Operation

6.3.1 Data Transfer Cycle

When started by an interrupt, the DTC executes the following data transfer cycle:

From the DTC vector table, the DTC reads the address at which the register information table for
that interrupt is located in memory.

The DTC loads the data transfer mode register and source address register from this table and
reads the data (one byte or word) from the source address.

If so specified in the mode register, the DTC increments the source address register and writes the
new source address back to the table in memory.

The DTC loads the data transfer destination address register and writes the byte or word of data to

the destination address.
If so specified in the mode register, the DTC increments the destination address register and

writes the new destination address back to the table in memory.

The DTC loads the data transfer count register from the table in memory, decrements the data
count, and writes the new count back to memory.

If the data transfer count is now 0, the DTC generates a CPU interrupt. The interrupt vector is the
vector of the interrupt type that started the DTC.

At an appropriate point during this procedure the DTC also clears the interrupt request by clearing th-
corresponding flag bit in the status register of the on-chip supporting module t0 0. (For IRQ1 to IRQ3,
the DTC clears an internal latch.)

But the DTC does not clear the data transfer enable bit in the data transfer enable register. This action,
if necessary, must be taken by the user-coded interrupt-handling routine invoked at the end of the

transfer.

The data transfer cycle is shown in a flowchart in figure 6-2.

For the steps from the occurrence of the interrupt up to the start of the data transfer cycle, see
section 5.4.1, “Interrupt-Handling Flow”.
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Figure 6-2 Flowchart of Data Transfer Cycle
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The DTC vector table is located immediately following the exception vector table at the beginning of
page 0 in memory. For each interrupt that can request DTC service, the DTC vector table provides a
pointer to an address in memory where the table of DTC control register information for that interrupt
is stored. The register information tables can be placed in any available locations in page 0.

6.3.2 DTC Vector Table

Vector table RAM
................. DTMRO
Register DTSRO
information table 0TD
Exception TAo L . TDRO
vectortable | /| e DTCRO
................ DTMR1
TAo Register DTSR1
-------------------- TA1 information table
________ TA:r ™11 ) DTDR1
DTCvector | | | Tt DTCR1
table
Notes: 1. TAo, TA1, ...: Addresses of DTC register information tables in memory.

2. The DTG register information tables should normally be located in RAM, but they may
be located in ROM if it is not necessary to update the register information. Specifically,
DTG register information can be located in ROM if neither the source nor the destination
address is incremented and the desired number of data transfers is one {DTCR = 0) or
infinite (DTCR > 0).

Figure 6-3 DTC Vector Table
In minimum mode, each entry in the DTC vector table consists of two bytes, pointing to an address in
page 0. In maximum mode, for hardware reasons, each DTC vector table entry consists of four bytes

but the first two bytes are ignored; the last two bytes point to an address which is implicitly assumed to
be in page 0, regardless of the current page specifications.

Figure 6-4 shows one DTC vector table entry in minimum and maximum mode.
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Address

DTC vector table

m+1

m Address (H)

.............................

Address (L)

1. Minimum mode

RAM

Register
information

DTC vector table

© T-49-19-1

Don't-care

Don't-care

Address (H)

.............................

Address (L)

2. Maximum mode

Address -

2m

2m + 1

2m + 2

2m+3

Figure 6-4 DTC Vector Table Entry

Table 6-4 lists the addresses of the entries in the DTC vector table for each interrupt.

Table 6-4 Addresses of DTC Vectors

Address of DTC Vector

Interrupt Minimum Mode Maximum Mode
IRQ IRQo H'6080 to H'0081 H'0100 to H'0103
IRQu H'0082 to H'0083 H'0104 to H'0107

IRQ2 H'0084 to H'0085 H'0108 to H'010B

IRQ3 H'0086 to H'0087 H'010C to H'010F

FRT1 ICI H'0090 to H'0091 H'0120 to H'0123
OCIA H'0092 to H'0093 H'0124 to H'0127

OoCIB H'0094 to H'0095 H'0128 to H'012B

FRT2 ICI H'0098 to H'0099 H'0130 to H'0133
' OCIA H'009A to H'009B H'0134 to H'0137
ociB H'009C to H'009D H'0138 to H'0138
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Table 6-4 Addresses of DTC Vectors (cont) T- 49-1 9-16
Address of DTC Vector
Interrupt Minimum Mode Maximum Mode
8-Bit timer CMIA H'00AO0 to H'00A1 H'0140 to H'0143
cMIB H'00AZ2 to H'00A3 H'0144 to H'0147
Serial communication RXI H'00AA to H'00AB H'0154 to H'0157
interface 1 TXI H'00AC to H'00AD H'0158 to H'015B
Serial communication RXI H'0082 to H'00B3 - H0164 to H0157
interface 2 TXI H'00B4 to H'00B5 H'0168 {o H'016B
A/D converter ADI H'00B8 to H'00B9 H'0170 to H'0173

6.3.3 Location of Register Information in Memory

For each interrupt, the DTC control register information is stored in four consecutive words in memory
in the order shown in figure 6-5.

- L

DTC vector table RAM
DTMR Mode register
TA+2 DTSR Source address register
TA TA+4 DTDR Destination address register
TA+6 DTCR
8Bits ' 8Bits | Count register

Figure 6-5 Order of Register Information
6.3.4 Length of Data Transfer Cycle
1. Register Information in On-Chip RAM

Table 6-5 lists the number of states required per data transfer, assuming that the DTC control register
information is stored in on-chip RAM. This is the number of states required for loading and saving the
DTC control registers and transferring one byte or word of data. Two cases are considered: a transfer
between on-chip RAM and a register belonging to an I/O port or on-chip supporting module (i.e., a
register in the register field from addresses HFF80 to HFFFF); and a transfer between such a register
and external RAM.

HITACHI 118

i3




——

Table 6-5 Number of States per Data Transfer

T-49-19-16
On-Chip RAM < Module or Externa! RAM < Module or

Increment Mode 1/0 Reglster /O Register

Source (Sl) Destination(DI) Byte Transter Word Transfer Byte Transfer Word Transfer
0 0 31 34 32 38
0 1 33 36 34 40
1 0 33 36 34 40
T 1 35 38 36 42

Note: Numbers in the table are the humber of states.

The values in table 6-5 are calculated from the formula:
N=26 + 2 X SI + 2 Xx DI + Ms + Mp

Where Ms and Mp have the following meanings:
Ms: Number of states for reading source data
Mp: Number of states for writing destination data

The values of Ms and MDb depend on the data location as follows:
a. Byte or word data in on-chip RAM: = 2 states
b. Byte data in external RAM or register field: = 3 states
c. Word data in external RAM or register field: © 6 states

2. Register Information in External RAM

If the DTC control register information is stored in external RAM, 20 + 4 x SI + 4 X DI must be added
to the values in table 6-5.

3. Interrupt Controller Wait

The values given above do not include the time between the occurrence of the interrupt request and the
starting of the DTC. This time includes two states for the interrupt controller to check priority and a
variable wait until the end of the current CPU instruction. At maximum, this time equals the sum of the
values indicated for items No. 1 and 2 in table 6-6.

If the data transfer count is O at the end of a data transfer cycle, the number of states from the end of the

data transfer cycle until the first instruction of the user-coded interrupt-handling routine is executed is
the value given for item No. 3 in table 6-6.
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Table 6-6 Number of States before Interrupt Service T-49-19_1¢
Number of States
No. Reason for Wait Minimum Mode Maximum Mode
1 Interrupt priority decision and comparison with 2 states
mask level in CPU status register
2 Maximum number of Instruction is in on-chip X
states to completion memory (x = 38 tor LDM instruction specifying
of current instruction all registers)
Instruction is in external y
memory (y = 74 + 16m for LDM instruction
specifying all registers)
3 Number of states from saving Stack is in on-chip 16 21
of PC and SR (or PC, SR, RAM
and CP) until first instruction Stack is in external 28 + 6m 41 + 10m
of interrupt-handling routine memory
is prefetched.

Note: m: Number of wait states inserted in external memory access.

6.4 Procedure for Using the DTC
A program that uses the DTC to transfer data must do the following:

1.  Set the appropriate DTMR, DTSR, DTDR, and DTCR register information in the memory
location indicated in the DTC vector table.

2. Set the data transfer enable bit of the pertinent interrupt to 1, and set the priority of the interrupt
source (in the interrupt priority register) and the interrupt mask level (in the CPU status register)

so that the interrupt can be accepted.
3.  Set the interrupt enable bit in the control register for the interrupt source. (For IRQo to IRQ3, the

control register is the IRQ control register.)

Following these preparations, the DTC will be started each time the interrupt occurs. When the number
of bytes or words designated by the DTCR value have been transferred, after transferring the last byte
or word, the DTC generates a CPU interrupt.

HITACHI 120



The user-coded interrupt-handling routine must take action to prepare for or disable further DTC data
transfer: by readjusting the data transfer count, for example, or clearing the data transfer enable bit. If
no action is taken, the next interrupt of the same type will start the DTC with an initial data transfer
count of 65,536. T
T-49-19_15

6.5 Example

Purpose: To receive 128 bytes of serial data via serial communication interface 1.

Conditions:

« Operating mode: Minimum mode

« Received data are to be stored in consecutive addresses starting at H'FEQQ.

» DTC control register information for the RXI interrupt is stored at addresses H'FD80 1o HFD87.

« Accordingly, the DTC vector table contains H'ED at address H'00AA and H'80 at address H'00AB.

» The desired interrupt mask level in the CPU status register is 4, and the desired SCI1 interrupt
priority level is 5.

Procedure

1.  The user program sets DTC control register information in addresses HFD80 to H'FD87 as shown
in table 6-7.

Table 6-7 DTC Control Register Information Set in RAM

Register Description Value Set
DTMR Byte transfer

Source address fixed H'2000
N Increment destination address
DTSR Address of SCI receive data register HFEDD
DTDR Address H'FE0Q HFEQD
DTCR Number of bytes to be received: 128 H'0080

2.  The program sets the RXI (SCI Receive Interrupt) bit in the data transfer enable register (bit 1 of
register DTEC) to 1. '

3.  The program sets the interrupt mask in the CPU status register to 4, and the SCI1 interrupt priority
in bits 2 to O of interrupt priority register IPRC to 5.
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4, The program sets SCI1 to the appropriate receive mode, and sets the receive interrupt enable
(RIE) bit in the serial control register (SCR) to 1 to enable receive interrupts. T-49-19-16
5. Thereafter, each time the SCI1 receives one byte of data, it requests an RXI interrupt, which the
interrupt controller directs toward the DTC. The DTC transfers the byte from SCI1’s receive data
register (RDR) into RAM, and clears the interrupt request before ending.
6. When 128 bytes have been transferred (DTCR = 0), the DTC generates a CPU interrupt, The
interrupt source is SCI1. The interrupt type is RXI.
7.  The user-coded RXI interrupt-handling routine processes the received data and disables further
data transfer (by clearing the RIE bit, for example).
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Figure 6-6 shows the DTC vector table and data in RAM for this example.

S | T-69-19.1
DTC vector table RAM

278
b

Address
H'FD8O H'20
H'FD81 H'00

HFF

HDD

HFC
H'00
H'00

H'FD87 H'80

Cn,
-~

>3
pr

Mode

Address
H'00AA H'FD
H'00AB H'80

Source address

Destination address

),
«
N
«

Counter

)
[$9
)

{

H'FEDO Receive data 1
Receive data 2

b)]
1SS
b))
1SS

Transferred
by DTC

H'FE7F | Receive data 128

-~
~ -~z

RDR

SCit

Figure 6-6 Use of DTC to Receive Data via Serial Communication Interface
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Section 7 Wait-State Controller o
T-49-19-16
7.1 Overview

To simplify interfacing to low-speed external devices, the H8/520 has an on-chip wait-state controller
(WSC) that can insert wait states (TW) to prolong bus cycles.

The wait-state function can be used in CPU and DTC access cycles to external addresses. It is not used
in access to on-chip memory or registers. The Tw states are inserted between the T2 state and T3 state
in the bus cycle. The number of wait states can be selected by a value set in the wait-state control
register (WCR), or by holding the WAIT pin low for the required interval.

7.1.1 Features
The main features of the wait-state controller are as follows:
» Selection of three operating modes
Programmable wait mode, pin wait mode, or pin auto-wait mode

+ 0, 1,2, or 3 wait states can be inserted.
And in the pin wait mode, 4 or more states can be inserted by holding the WAIT pin low.
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7.1.2 Block Diagram ' T_Z,lg_'g 9-16

Figure 7-1 shows a block diagram of the wait-state controller,

< internal data bus >

WCR
- - - - |WMS1|WMS0| WC1 | WCO
Wait counter
WAIT request-=—— Contro! logic l—— WAIT input
(Legend)

WCR: Wait-state Control Register
WMST1, 0: Wait Mode Select 1,0
WC1, 0: Wait Count1, 0

Figure 7-1 Block Diagram of Wait-State Controller

7.1.3 Register Configuration

The wait-state controller has one control register: the wait-state control register described in table 7-1.

Table 7-1 Register Configuration

Name Abbtaviation Read/Write  Initial Value Address
Wait-state control register WCR R/W H'F3 H'FFF8
HITACHI
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7.2 Wait-State Control Register }_“‘,,;9_]515\

The wait-state control register (WCR) is an 8-bit register that specifies the wait mode and the number
of wait states to be inserted. A reset initializes the WCR to specify the programmable wait mode with
three wait states. The WCR is not initialized in the software standby mode.

Bit 7 6 5 4 3 2 1 0

[ = 1 — 1T =T — Twwst[wwmso[ wor [ wco |
Initial value 1 1 1 1 0 0 1 1
Read/Write — — — — R/W R/W R/W R/IW

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.

Bits 3 and 2—Wait Mode Select 1 and 0 (WMS1 and WMS0): These bits select the wait mode as
shown below:

Bit 3 Bit 2

WMSH WMSO0 Description

0 0 Programmable wait mode (Initiat value)

0 1 No wait states are inserted, regardless of the wait count.

1 0 Pin wait mode .
1 1 Pin auto-wait mode

Bits 1 and 0—Wait Count (WC1 and WC0): These bits specify the number of wait states to be
inserted.

Wait states are inserted only in bus cycles in which the CPU or DTC accesses an external address.

Bit 1 BitO
wceC1 wcCo Description
i ‘__‘ 0 No wail states are inserted, except in pin wait mode.
0 1 1 wait state is inserted.
0 2 wait states are inserted.
1 1 3 wait states are inserted. (Initial value)
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7.3 Operation in Each Wait Mode
Table 7-2 summarizes the operation of the three wait modes.

Table 7-2 Wait Modes

- 1-49-19-16

Mode WAIT PIn Function insertion Conditions Number of Wait States Inserted

Programmable Disabled Inserted on access to 0 to 3 wait states are inserted, as

wait mode an off-chip address specified by bits WC0 and WCA1.

WMS1 =0

WMS0 =0

Pin wait mode Enabled Inserted on access to 0 to 3 wait states are inserted, as

WMS1 =1 an off-chip address specified by bits WCO0 and WCT1,

WMS0=0 plus additional wait states while the
WAIT pin is held low.

Pin auto-wait Enabled Inserted on access to 0 to 3 wait states are inserted, as

mode an off-chip address if specified by bits WC0 and WC1,

WMS1 = 1 the WAIT pin is low

WMSO0 = 1

7.3.1 Programmable Wait Mode

The programmable wait mode is selected when WMS1 = 0 and WMS0 = 0.

Whenever the CPU or DTC accesses an off-chip address, the number of wait states set in bits WC1 and
WCO are inserted. The WAIT pin is not used for wait control; it is available as an J/O pin (P10).
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Figure 7-2 shows the timing of the operation in this mode when the wait count is 1 (WC1 =0,
WCO0=1).

T-49-19-16

Teorm I T I T2 | ™ | T3 I

Ato— A0 X Off-chip address X

RD, AS
Read data Read data
D7-Do { ) { )
n_/ ./
WR

D7-Do :)———( Write data )—

Figure 7-2 ‘i’r(;:grra;nmab[e Wait Mode
7.3.2 Pin Wait Mode
The pin wait mode is selected when WMS1 =1 and WMS0 = 0.
In this mode the WAIT function of the P10/WAIT pin is used automatically.

The number of wait states indicated by bits WC1 and WCO are inserted into any bus cycle in which the
CPU or DTC accesses an off-chip address. In addition, wait states continue to be inserted as long as the
'WAIT pin is held low. In particular, if the wait count is O but the WAIT pin is low at the rising edge of
the ¢ clock in the T2 state, wait states are inserted until the WAIT pin goes high.

This mode is useful for inserting four or more wait states, or when different external devices require
different numbers of wait states.
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Figure 7-3 shows the timing of the operation in this mode when the wait countis 1 (WC1 =0,

WCO = 1) and the WAIT pin is held low to insert one additional wait state. T-49-19-1 6
Walit WAIT
count pin
. T, T o, W W ™
T 1

lw —l— rl—-

WAIT pin \

Ato—- A0 >< Off-chip address )(

®

RD, AS
Read data
WR

pr-p0  — Wite data —

Note: * The arrowheads indicate the times at which the WAIT pin is sampled.

Figure 7-3. Pin Wait Mode

CHI
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7.3.3 Pin Auto-Wait Mode L
T-49-19-16
The pin auto-wait mode is selected when WMS1 = 1 and WMSO0 = 1.

In this mode the WAIT function of the P1o/WAIT pin is used automatically.

In this mode, the number of wait states indicated by bits WC1 and WCQO are inserted, but only if there is
a low input at the WAIT pin.

Figure 7-4 shows the timing of this operation when the wait count is 1.

In the pin auto-wait mode, the WAIT pin is sampled only once, on the falling edge of the ¢ clock in the
T2 state. If the WAIT pin is low at this time, the wait-state controller inserts the number of wait states
indicated by bits WC1 and WCQ. The WAIT pin is not sampled during the Tw and T3 states, so no
additional wait states are inserted even if the WAIT pin continues to be held low.

This mode offers a simple way to interface a low-speed device: the wait states can be inserted by

routing the address strobe (Kg) signal to the WAIT pin and gating it with an address decode signal.

Ti T2 Ta T T2 Tw Ta

a __I & | &
WA \ . S
X

o

A19—Ao >< External address X Externatl address
RD, AS
Read data Read data
D7-Do { ) { )
N/ N/
WR

D7-Do ——( Wirite data )—( Write daia )—

Note: * The arrowheads indicate the times at which the WAIT pin is sampled.

Figure 7-4 Pin Auto-Wait Mode
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s>ection 8 Clock Pulse Generator

8.1 Overview T-49-19-16
The H8/520 chip has a built-in clock pulse generator (CPG) consisting of an oscillator circuit, a system
() clock divider, and a prescaler. The prescaler generates clock signals for the on-chip supporting

modules.

8.1.1 Block Diagram

fenememeeeemmveeieeeneeeesineemneeeeneannnn CPGresemnennss

XTAL —— y :

¢ Oscillator D'X'ger Prescaler :

EXTAL ——» : :

o a/2 - /4096

Figure 8-1 Block Diagram of Clock Pulse Generator
8.2 Oscillator Circuit
If an external crystal is connected across the EXTAL and XTAL pins, the on-chip oscillator circuit
generates a clock signal for the system clock divider. Alternatively, an external clock signal can be
applied directly.

- 1, Connecting an External Crystal

Circuit Configuration: An external crystal can be connected as in the example in figure 8-2. An AT-
cut parallel resonating crystal should be used.



cL T—4.9-'\ 9-16

EXTAL—1—

(.

XTAL——T Lt;f

C CL1=CL2= 1010 22 pF

Figure 8-2 Connection of Crystal Oscillator (Example)

Crystal Oscillator: The external crystal should have the characteristics listed in table 8-1.

TN X —AAN—

XTAL+—7p +—— EXTAL

AT-cut paralle! resonating crystal

Figure 8-3 Crystal Oscillator Equivalent Circuit

Table 8-1 External Crystal Parameters

Frequency (MHz) 2 4 8 12 16 20
Rs max (Q) 500 120 60 490 30 20
Co {pF) 7 pF max ’

Note on Board Design: When an external crystal is connected, other signal lines should be kept away
from the crystal circuit to prevent induction from interfering with correct oscillation. See figure 8-4.

When the board is designed, the crystal and its load capacitors should be placed as close as possible to
the XTAL and EXTAL pins. 4
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T-49-19.95
Not allowed —Signal A  Signal B
He/520

CL1 N

- —t XTAL
-

I | HI EXTAL

| . .
T Gz P

Figure 8-4 Notes on Board Design around External Crystal

2. Input of External Clock Signal

Circuit Configuration: An external clock signal can be input at the EXTAL pin as shown in the
example in figure 8-5.

74HCO04, etc.

EXTAL j_ﬂ_ﬂ_ﬂ_ External clock input

XTAL

Figure 8-5 External Clock Input (Example)

Note: The masked ROM version can be driven by supplying an external clock signal to the EXTAL
pin only, leaving the XTAL pin open. The PROM version can also be driven in this way,
leaving the XTAL pin open, when the clock frequency is 16 MHz or less.
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Section 9 I/0O Ports

9.1 Overview 1.49-19-16

The H8/520 has seven parallel IfO ports. Ports 1 to 5 are eight-bit input/output ports. Port 6 is a four-
bit (or eight-bit¥*) input-only port. Port 7 is a six-bit input/output port. Table 9-1 summarizes the func-
tions of each port. |

Input and output are memory-mapped. The CPU views each port as a data register (DR) located in the
register field at the high end of page 0 of the address space. Each port (except port 6) also has a data
direction register (DDR) which determines which pins are used for input and which for output.

To read data from an /O port, the CPU selects input in the data direction register and reads the data
register. This causes the input logic level at the pin to be placed directly on the internal data bus.
There is no intervening input latch.

To send data to an output port, the CPU selects output in the data direction register and writes the
desired data in the data register, causing the data to be held in a latch. The latch output drives the pin
through a buffer amplifier. If the CPU reads the data register of an output port, it obtains the data held
in the latch rather than the actual level of the pin.

As table 9-1 indicates, all of the I/O port pins have dual functions. For example, pin 0 of port 1 can be
used either as a general-purpose I/O pin (P10), or for input of the WAIT signal. The function of a pin is

determined by the MCU operating mode, or by a value set in a control register.

Outputs from ports 1 to 4 can drive one TTL load and a 90-pF capacitive load. Outputs from ports 5
and 7 can drive one TTL load and a 30-pF capacitive load.

Outputs from ports 1 to 5 and 7 can also drive a Darlington transistor pair. Outputs from port 3 can
drive a light-emitting diode (with 10-mA current sink). Ports 3 and 4 have built-in MOS pull-ups for
each input. Port 5 has Schmitt inputs.

Schematic diagrams of the I/O port circuits are shown in appendix C.

Note: * CP-68 package only
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9.2 -Port 1 ————
T-49-19-18

9.2.1 Overview

Port 1 is an 8-bit input/output port with the pin configuration shown in figure 9-1. The pin functions
depend on the MCU operating mode. Some pins can perform two or three functions simultaneously.

Outputs from port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive a
Darlington transistor pair.



Port

Pin

- P17/WR

-—» P15/ RD

- P15/ AS

-« P14/1RQa/ Ate

~—» P13/1RQ2/ A1z

~«—» P12/1RQ1 / A1 / ADTRG
-« P11/1RQo

-« P10/ WAIT

Modes 1 and 2

WR (output)

RD (output)

AS {output)

P14 (inputroutput) / TRQ3 (input)
P13 (input/output) / TRG: (input)
P12 (input/output) / TRQ (input) /
ADTRG (input)

P11 (inputroutput) / TRQo {input)
P10 (inputoutput) / WAIT {input)

Mode 4
WR (output)

RD (output)

AS (output)

P14 (input) / IRQ3 (input) /

Ats (output)

P1a (input) / TRQ2 (input) /

A17 (output)

P12 (input) / TRQs (input) /

Ais (output) / ADTRG (input)
P11 (input/output) / TRQo (input)
P1a (inputioutput) / WAIT (input)

1_4.9—19'-\6

Mode 3

WR (output)

RD (output)

AS (output)

Ais (output)

Ai7 (output)

Ais (output)

P11 (inputioutput) / 1RQo (input)
P1e (inputoutput) / WAIT (input)

Single-Chip Mode

P17 (input/output)

P1e (input/output)

P1s (input/output)

P14 (input/output) / 1RQa (input)

P13 (input/output) / IRQ2 (input)

P12 (inputioutput) / TRQ (input) /
ADTRG (input)

P11 (input/output) / TRQo (input)
P1o (inputioutput)

HITACHI

Figure 9-1 Pin Functions of Port 1
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9.2.2 Port 1 Registers

. -49-19-16
Table 9-2 lists the registers of port 1. T-49-19-1
Table 9-2 Port 1 Registers
Name Abbreviation Read/Write Initlal Value  Address
Port 1 data direction register P1DDR w H'00* H'FF80
Port 1 data register P1DR R/W H'00 HFFa2
Note: * in single-chip mode.
1. Port 1 Data Direction Register (PIDDR)—H'FF80
Bit 7 6 5 4 3 2 1 0

| P17DDR| P1sDDR| P1sDDR| P1:DDR| P1sDDR| P12DDR| P1:DDR| P1oDDR|
Initial value* 0 0 0 0 0 0 0 0
Read/Write w w w w W w w W

Note: *In single-chip mode

P1DDR is an 8-bit register that selects the direction of each pin in port 1. Details are given for each
MCU operating mode below.

Modes 1 and 2 (Expanded Minimum Modes): Bits 7 to 5 of PIDDR are fixed at 1 and cannot be
written. Pins P17 to P15 are used for output of bus control signals.

When bits 4 to 0 of PIDDR are set to 1, the corresponding pin of port 1 functions as an output pin.
When these bits are cleared to O, the corresponding pin functions as an input pin.

Mode 3 (Expanded Maximum Mode with On-Chip ROM Disabled): Bits 7 to 2 of PIDDR are
fixed at 1 and cannot be written. Pins P17 to P15 are used for output of bus control signals. Pins P14 to
P12 are used for page address output.

When bits 1 and 0 of PIDDR are set to 1, the corresponding pin of port 1 functions as an output pin.
When these bits are cleared to 0, the corresponding pin functions as an input pin.

Mode 4 (Expanded Maximum Mode with On-Chip ROM Enabled): Bits 7 to 5 of PIDDR are
fixed at 1 and cannot be written. Pins P17 to P15 are used for output of bus control signals.

143
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When bits 4 to 2 of PIDDR are set to 1, pins P14 to P12 are used for page address output. When these
bits are cleared to 0, the corresponding pin becomes available for general-purpose input. _

_ T-49-19-16
When bits 1 and 0 of PIDDR are set to 1, pins P11 and P10 function as output pins. When these bits
are cleared to 0, the corresponding pin functions as an input pin.

Mode 7 (Single-Chip Mode): A pin functions as an output pin if the corresponding bit in P1IDDR is-
set to 1, and as in input pin if the bit is cleared to 0.

P1DDR can be written but not read. An attempt to read this register does not cause an error, but all
bits are read as 1, regardless of their true values.

PIDDR is initialized to H'00 by a reset and in the hardware standby mode. P1DDR is not initialized in
the software standby mode, so if a PIDDR bit is set to 1 when the chip enters the sofiware standby
mode, the corresponding pin continues to output the value in the port 1 data register.

2. Port 1 Data Register (P1IDR)—H'FF82

Bit 7 6 5 4 3 2 1 0
P17 | Plo | P1s | Pla | Pla | Ptz | Pti | Plo |

Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW RW RW RW RW RW

PIDR is an 8-bit register containing output data for pins P17 to Plo. When port 1 is read, output pins
return the value in the P1DR latch, regardless of the actual level at the pin. Input pins return the level
at the pin, not the value in the P1DR latch.

If any of the port 1 data direction bits are cleared to 0, selecting input, use only data transfer MOY)
instructions to write data in PIDR. Do not use arithmetic, logic, or bit manipulation instructions.
These instructions read the input pins and may write unintended data in P1DR.

9.2.3 Pin Functions in Each Mode

The functions of port 1 depend on the MCU operating mode. Table 9-3 shows the pin functions in
modes 1 and 2. Table 9-4 shows the pin functions in mode 3. Table 9-5 shows the pin functions in
mode 4. Table 9-6 shows the pin functions in the single-chip mode.
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Table 9-3 Port 1 Pin Functions in Modes 1 and 2

T-49-19-15
Pin Functions
WR Output of WR signal.
RD Output of RD signal.
AS Output of AS signal.
P14/1RQa The function depends on the IRQ3E bit in the IRQ control register (IRQCR) and the
P14DDR bit as follows:
IRQ3E 0
P1.DDR 0 1 0 1
Pin function P14input P14 output IRQa input IRQa input
. ] and P14 input and P14 output
P13/1RQ2 The function depends on the IRQ2E bit and the P13DDR bit as follows:
IRQ2E o o
P13DDR 0 1 0 1
Pin function P1s input P13 output IRQz input IRQz input
and P1a input and P13 output
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Table 9-3 Port 1 Pin Functions in Modes 1 and 2 (cont)
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T-49-19-16
Pin Functions
P12/ 1RQ1/ The function depends on the IRQ1E bit, the P12DDR bit, and the trigger enable bit
ADTRG (TRGE) in the A/D control register (ADCR) as foliows:
TRGE
IRQE 0 1
P12DDR 0 1 0 1
Pin function P12 input P12 output IRQ1 input IRQH input
and P1zinput and P12 output
TRGE
IRQ1E 0 1
P12DDR 0 1 0 1
Pin function ADTRGinput | ADTRGinput | ADTRG input, | ADTRG input,
and Pi2input | and P12 output | IRQ1 input, IRCQ1 input,
and P12 input and P12 ocutput
P11/1RQo The function depends on the IRQOE bit and the P11DDR bit as follows:
IRQOE 0 1
P11DDR 0 1 0 1
Pin function P11 input P11 output IRQu input IRQw input
and P11 input and P11 output
Plo/ WAIT The function depends on the wait mode select 1 bit (WMS1) of the wait-state control

register (WCR) and the P10DDR bit as follows:

HITACHI

WMS1 0 1

P1oDDR 0 1 0 1

Pin function P1o input P1o output WAIT input
146




S mEET el WUH EEmnL

Table 9-4 Port 1 Pin Functions in Mode 3

~ 7-49-19-16

Pin Functions
WR Output of WR signal.
RD Output of RD signal.
AS Output of AS signal.
Ais Ais output
Atz A17 output
Ats Aia output
P11/1RQo The function depends on the IRQOE bit and the P11DDR bit as follows:

IRQOE 0. 1

P11DDR 0 1 0 1

Pin function P11 input P11+ output TRQu input TRQo input

and P11 input and P11 output

P1o/WAIT  The function depends on the wait mede select 1 bit (WMS1) of the wait-state control register
(WCR) and the P1iDDR bit as follows:

WMS1 0 1

P10DDR 0 1 0 1

Pin function P1o input P1o output WAIT input
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Table 9-5 Port 1 Pin Functions in Mode 4

JrdecUd Uucradb TTT EEMHI

T-49-19-16
Pin Functions
WR Output of WR signal.
AD Output of RD signal.
AS Output of AS signal.
P14/1RQa/  The function depends on the IRQ3E bit in the IRQ control register (IRQCR) and the
A P14DDRA bit as follows:
IRQ3E 1
P1sDDR 0 1 0 1
Pin function P1a input Ass output 1RQa input Ats output
and P14 input
P13/1RQz2/  The function depends on the IRQ2E bit and the P13DDR bit as follows:
A17
IRQ2E 1
P13DDR 0 1 0 1
Pin function P13 input A17 output 1RQz input A17 output
and P13 input
P12/1RQ1/  The function depends on the IRQ1E bit, the P12DDR bit, and the trigger enable bit
Ais/ (TRGE) in the A/D control register {ADCR) as follows:
ADTRG
TRGE
IRQIE 1
P1:DDR 0 1 0 1
Pin function P12 input Ass output 1RQ1 input Ats output
and P12 input
TRGE
IRQME 1
P12DDR 0 1 0 1
Pin function ‘ADTRG input As output ADTRG input, Ats output
and P12 input 1R input,
and P12 input
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Table 9-5 Port 1 Pin Functions in Mode 4 (cont)

T TN V= Y
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T-49

Pin Functions =1 9f7 6
P11/1IRQo The function depends on the IRQOE bit and the P1:DDR bit as follows:
IRQOE 0
P11DDR 0 1 0 1
Pin function P11 input P11 cutput IRQo input IRQlo input
and P11 input and P11 output
P1o/WAIT  The function depends on the wait mode select 1 bit (WMS1) of the wait-state control register

{WCR) and the P10DDR bit as follows:

WMS1 0

P10DDR 0 1 0 1

Pin function P1¢ input P1o output WAIT input
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Table 9-6 Port 1 Pin Functions in Single-Chip Mode

1-49-19-19

Pin Functions
P17

P17DDR 0 1

Pin function P17 input P17 output
P1e

P1sDDR 0 1

Pin function P1s input P1e output
P1s

P1sDDR 0 1

Pin function P1s input P1s oulput
P14/1RQs The function depends on the IRQ3E bit in the IRQ control register (IRQCR) and the P14DDR bit

as follows:

IRQ3E

P1:DDR 0 1 0 1

Pin function P14 input P14 output {RQs input IRQa input

and Plainput | and P1aoutput

P13/ IRQ2 The function depends on the IRQ2E bit-and the P13DDR bit as follows:

IRQ2E

P13DDR 0 1 0 1

Pin function P1s input P13 output IRQz input IRQ2 input

and P13 input and P13 output
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Table 9:6 "Port 1 Pin Functions in Single-Chip Mode (cont)

19.10-16
Pin Functions 1- 9-1
P12/iRQi/  The function depends on the IRQ1E bit, the P12DDR bit, and the trigger enable bit
ADTRG (TRGE) in the A/D control register (ADCR) as follows:
TRGE
IRQ1E 0
P12DDR 0 1 0 1
Pin function P12z input P12 output IRQ1 input IRQ1 input
and Pizinput | and P12 output
TRGE
IRQIE 0
P12DDR 0 1 0 1
Pin function ADTRG input ADTRG input ADTRG input, | ADTRG input,
and P1z input and P12 cutput | IRQs input, {RQ: input,
and P1z input and P12 output
P11/1RQ0  The function depends on the IRQoE bit and the P11DDR bit as follows:
IRQOE 0
P11DDR 0 1 0 1
Pin function P11 input P11 output IRQw input IRQo input
and P11 input and P11 oulput
Plo
P10DDR 0 1
Pin function P1o input P1o output
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9.3 Port2

9,3,1 Overview

T-49-1 9-16

Port 2 is an 8-bit input/output port with the pin configuration shown in figure 9-2. In the expanded
modes it operates as the external data bus (D7—Do). In the single-chip mode it operates as a general-

purpose input/output port.

Outputs from port 2 can drive one TTL load and a 90-pF capacitive load. They can also drive a

Darlington transistor pair.

Port

Pin
-<—» P27/ D7
€ P25/ Ds
¥ P25/ D5
~—» P24/ Da
-~ P23/ D3
~—» P22/ )2
-~ P2 / D1
¥ P20/ Do

Expanded Modes

D7 (input/output)
De {input/output)
Ds {input/output)
Da {input/output)
D3 {input/output)
D2 (input/output)
D1 (input/output)
Do ({input/output)

Single-Chip Mode
P27 (input/output)
P26 (input/output)
P2s (input/output)
P24 {input/output)
P23 {input/output)
P22 {input/output)
P21 (input/output)
P2o (input/output)

Figure 9-2 Pin Functions of Port 2
9.3.2 Port 2 Registers
Table 9-7 lists the registers of port 2.

Table 9-7 Port 2 Registers

Name Abbreviation Read/Write initial Value Address
Port 2 data direction register P2DDR w H'00 H'FF81
Port 2 data register P2DR R/W H'00 H'FF83

1. Port 2 Data Direction Register (P2DDR)—H'FF81

Bit 7 6 5 4 3 2 1 0
[ P27DDR] P2sDDR| P2sDDR| P24DDR | P2sDDR | P22DDR | P21DDR | P20DDR
Initial value* 0 0 0 0 0 - 0 0 0
Read/Write w w w w w w w w
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P2DDR s'an 8-bit register that selects the direction of each pin in port 2.
Expanded Modes: P2DDR is not used. 1.49-19-16

Single-Chip Mode: A pin functions as an output pin if the corresponding bit in P2DDR is set to 1,
and as in input pin if the bit is cleared to 0.

P2DDR can be written but not read. An attempt to read this register does not cause an error, but all
bits are read as 1, regardless of their true values.

At a reset and in the hardware standby mode, P2DDR is initialized to H'00, making all eight pins input
pins. P2DDR is not initialized in the software standby mode, so if a P2DDR bit is set to 1 when the
chip enters the software standby mode, the corresponding pin continues to output the value in the port
2 data register.

2. Port 2 Data Register (P2DR)—H'FF83

Bit 7 6 5 4 3 2 1 0
[Py [ P2s | P2s | P2s | Pas | P22 | Pai | P20 |

Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW BRW RW PRW RW RW RW

P2DR is an 8-bit register containing output data for pins P27 to P2o.
At a reset and in the hardware standby mode; P2DR is initialized to H'00.

When port 2 is read, output pins return the value in the P2DR latch, regardless of the actual level at the
pin. Input pins return the level at the pin, not the value in the P2DR latch. '

If any of the port 2 data direction bits are cleared to 0, selecting input, use only data transfer (MOV)
instructions to write data in P2DR. Do not use arithmetic, logic, or bit manipulation instructions.
These instructions read the input pins and may write unintended data in P2DR.
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9.3.3 Pin Functions in Each Mode

Pin Functions in Expanded Modes: In the expanded modes (modes 1, 2, 3, and 4), port 2 is automat-
ically used as the data bus and P2DDR is ignored. Figure 9-3 shows the pin functions for the expanded

modes.

Port

D7 (input/output)

Ds (input/output)

Ds (input/output)
D4 (input/output)
D3 (input/output)
D2 (input/output}
D1 (input/output)
Do (input/output)

Figure 9-3 Port 2 Pin Functions in Expanded Modes

Pin Functions in Single-Chip Mode: In the single-chip mode (mode 7), each of the port 2 pins can
be designated as an input pin or an output pin, as indicated in figure 9-4, by setting the corresponding

bit in P2DDR to 1 for output or clearing it to O for input.

Port

P27 (input/output)
P2e {input/output)
P2s {input/output)
P24 (input/output)
P2a (input/output)
P2z (input/output)
P21 (input/output)
P20 (input/output)

Figure 9-4 Port 2 Pin Functions in Single-Chip Mode
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Port 2 has different functions in the expanded modes (modes 1, 2, 3, 4) and the single-chip mode
(mode 7). Separate descriptions are given below.
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94 Port3

9.4.1 Overview T4
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9-19-16

Port 3 is an 8-bit input/output port with the pin configuration shown in figure 9-5. In the expanded
modes it provides the low bits (A7 — Ao) of the address bus. In the single-chip mode it operates as a

general-purpose input/output port.

Port 3 has built-in MOS pull-ups that can be turned on or off under program control.

Outputs from port 3 can drive one TTL load and a 90-pF capacitive load. They can also drive a

Darlington transistor pair or LED (with 10-mA current sink).

Pin Modes1to 4 Single-Chip Mode
> P37/ A7 Az (output) P37 (input/output)
~«—» P3s/As As (output) P3s {input/output)
-—p P35/ As As (output) P3s (inpul/output)

Port ~A—» P34/ A4 A4 (output) P34 (input/output)
3 “—» P33/A3 Az (output) P33 (input/output)
< P32/ A2 Az (output) P32 (input/output)
> P31/ A A1 {output) P31 {input/output)
~—» P3o/ Ao Ao {output) P30 (input/output)

Figure 9-5 Pin Functions of Port 3

9.4.2 Port 3 Registers

Table 9-8 lists the registers of port 3.

Table 9-8 Port 3 Registers

Name Abbreviation Read/Write Initial Value Address
Port 3 data direction register P3DDR w H'00* H'FF84
Pont 3 data register P3DR RW H'Q0 H'FF86

Note: * tnitialized to H'00 in modes 2, 4, and 7. Fixed at H'FF in modes 1 and 3.
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1. Port 3 Data Direction Register (P3DDR)—H'FF84

1.-49-19-16 ‘
Bit 7 6 5 4 3 2 1 0
| P3:DDR | P3sDDR| P3:DDR | P3DDR| P3sDDR| P32DDR| P31DDR | P3.DDR
Initial value* 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Note: * Inmode 2,4, and 7

P3DDR is an 8-bit register that selects the direction of each pin in port 3.

Modes 1, 2, 3, and 4: All bits of P3DDR are fixed at 1 and cannot be modified. Port 3 is used for
address bus output.

Single-Chip Mode: A pin functions as an output pin if the corresponding bit in P3DDR is setto I,
and as an input pin if the bit is cleared to 0.

P3DDR can be written but not read. An attempt to read this register does not cause an error, but all

bits are read as 1, regardless of their true values.

At a reset and in the hardware standby mode, P3DDR is initialized to H'00, making all eight pins input
pins. P3DDR is not initialized in the software standby mode, so if a P3DDR bit is set to 1 when the
chip enters the software standby mode, the corresponding pin continues to output the value in the port

3 data register.

2. Port 3 Data Register (P3DR)—HR'FF86

Bit 7 6 5 4 3 2 1 0

| P37 | Pas | Pas | Pas | Pas | Pa: | P3| P3|
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW
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P3DR isan 8-bit register containing output data for pins P37 to P3o. e
T-49-19-16
At a reset and in the hardware standby mode, P3DR is initialized to H'00.

When port 3 is read, output pins return the value in the P3DR latch, regardless of the actual level at the
pin. Input pins return the level at the pin, not the value in the P3DR latch.

If any of the port 3 data direction bits are cleared to 0, selecting input, use only data transfer (MOV)
instructions to write data in P3DR. Do not use arithmetic, logic, or bit manipulation instructions.
These instructions read the input pins and may write unintended data in P3DR.

9.4.3 Pin Functions in Each Mode

Port 3 has different functions in the expanded modes (modes 1 to 4), and the single-chip mode (mode
7). Separate descriptions are given below.

Pin Functions in Modes 1 to 4: In the expanded modes, port 3 is used for output of the low bits (A7
Ao0) of the address bus. P3DDR is automatically set for output. Figure 9-6 shows the pin functions for
the expanded modes.

L A7 (output)
L As (output)
——» As (output)
Port ——» ‘A4 {output)
3 |——» As(outpul)
= Az (output)
L= A1 (output)

L= Ao {output)

Figure 9-6 Port 3 Pin Functions in Modes land3

167
HITACHI




Pin Functions in Single-Chip Mode: In the single-chip mode (mode 7), each of the port 3 pins can
be designated as an input pin or an output pin, as indicated in figure 9-7, by setting the corresponding
bit in P3DDR to 1 for output or clearing it to 0 for input.

7-49-19-16

-—» P37 (input/output)
-«—» P35 (input/output)
~—» P35 (input/output)
Port ~<—>» P34 (inputioutput)

3 ~«<—» P33 (input/output)
-«—» P32 (input/cutput)
-«—» P3: (input/output)
-—» P30 (input/output)

Figure 9-7 Port 3 Pin Functions in Single-Chip Mode

9.4.4 Built-in MOS Pull-Up

The MOS input pull-ups of port 3 are turned on by clearing the corresponding bit in PADDR to 0 and
writing a 1 in P3DR. These pull-ups are turned off at a reset and in the hardware standby mode. Table
9-9 indicates the status of the MOS pull-ups in various modes. '

Table 9-9 Status of MOS Pull-Ups for Port 3

Mode Reset Hardware Standby Mode Other Operating States*

1 OFF OFF QOFF

2

3

4

7 ON/OFF

Note: * Including the software standby mode.
Notation: OFF; The MOS pull-up is always off.
ON/OFF: The MOS pull-up is on when P3DDR = 0 and P3DR = 1, and off otherwise.
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Note¢‘onUsage of MOS Puli-Ups: If a bit manipulation instruction (Box2 1, BULK, Or BINUIL) 15 UsCd
to modify the port 3 data register, since the instruction rewrites the data register according to the levels
of input pins, it may switch their built-in MOS pull-ups on or off unintentionally.

The same precaution applies to port 4. T- Aé:t,—g:_ ‘.’ 76_ ——

Example (BSET Instruction): Suppose a BSET instruction is executed to set bit 0 in the port 3 data
register (P3DR) under the following conditions.

P37: Input pin, low, MOS pull-up transistor on

P36: Input pin, high, MOS pull-up transistor off

P35—P30: Qutput pins, low

The intended purpose of this BSET instruction is to switch the output level at P30 from low to high.

Before Execution of BSET Instruction

P37 P3s P3s P34 P3s P32 P31 P30

input/output put  Input  Output Output Output Output Output Output
Pin state Low High Low Low Low Low Low Low
DDR 0 0 1 1 1 1 1 1

DR 1 0 0 0 0 0 0 0
Pull-up On Off Off Off Off Off Oft Off

Execution of BSET Instruction

[BSET, B #0, @PORT3| ;setbit 0in port 3 data register

After Execution of BSET Instruction

P57 P5s PSs P54 P53 P52 P51 P50
input/output input Input  Output Ouiput Output  Output Qutput Output
Pin state Low High Low Low Low Low Low High
DDR 0 0 1 1 1 1 1 1
DR 0 1 0 0 0 0 0 1
Pull-up Off On Off Off Off Off Off Off
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Explanation: To execute the BSET instruction, the CPU begins by reading port 3. Since P37 and P3s
are input pins, the CPU reads the level of these pins directly, not the value in the P3DR data register. It

ds P37 as low (0) and P36 as high (1).
R ¢ T-49-19-16

Since P35 to P30 are output pins, for these pins the CPU reads the value in the data register (0). The
CPU therefore reads the value of port 3 as H'40, although the actual value in P3DR is H'80. 7

Next the CPU sets bit 0 of the read data to 1, changing the value to H'41,
Finally, the CPU writes this value (H'41) back to P3DR to complete the BSET instruction.

As aresult, bit P30 is set to 1, switching pin P30 to high output. In addition, bits P37 and P3¢ are both
modified, changing the on/off settings of the MOS pull-up transistors of pins P37 and P3s.

Programming Solution: The switching of the pull-ups for P37 and P36 in this example can be avoid-
ed by reserving a one-byte work area in RAM, performing bit manipulations in the work area, then
transferring the work area contents to the port 3 data register. RAMO is a symbol for the user-selected

address of the work area below.

Before Execution of BSET Instruction

MOV.B #80, RO ; put write data (H'80) for port 3 data register in RO
MOV.B RO, @RAMO | ;transfer from RO to work area (RAMO)
OV.B RO, @PORT3| ;transfer from RO to port 3 data register

P37 P3s P35 P34 P33 P32 P31 P30

Input/output Input Input  Quiput Oulput OQutput Output Output Output
Pin state Low High Low Low Low Low Low Low
DDR 0 0 1 1 1 1 1 1

DR 1 0 0 0 0 0 0 0
Pull-up On Off Off Oft Off Oft Oft Oft
RAMO 1 0 0 0 0 0 0 0

Execution of BSET Instruction

IBSET,B  #0, @RAMO| 7 set bit 0 in work area (RAMO)
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After Execution of BSET Instruction I —rn L = |

9~i6

MOV.B @RAMO, RO ; get value in work area (RAMO) 1 -9 -1
MOV.B RO, GPORT3 ; write value to port 3 data register

P3r P3s P3s P34 P33 P32 P31 P3
Input/output Input input  Output Output Output Output Output Qutput

Pin state Low High Low Low Low Low Low High

DDR 0 0 1 1 1 1 1 1

DR 1 0 0 0 0 0 e 1

Pull-up On Oft Off off Oft Oit Oft Oft

RAMO 1 0 0 0 0 0 0 0
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9.5 Port 4 ST T TTTReER HRedAsl 3¢T MHIT3

9.5.1 Overview _ T-49-19-16

Port 4 is an eight-bit input/output port with the pin configuration shown in figure 9-8. In the expanded
modes without on-chip ROM (modes 1 and 3), port 4 is used for output of bits A15 to As of the address
bus. In the single-chip mode (mode 7) port 4 is a general-purpose input/output port which can also
receive interrupt signals IRQ7 to TRQ4. In the expanded modes with on-chip ROM (modes 2 and 4),
the pins of port 4 function either for output of bits A15 — As of the address bus, or for general-purpose
input and/or output of IRQ7 to IRQ4.

Port 4 has built-in MOS pull-ups that can be turned on or off under program control.

Outputs from port 4 can drive one TTL load and a 90-pF capacitive load. They can also drive a
Darlington wransistor pair.

Pin Modes 1 and 3 Modes 2 and 4
~<—» P47/ A5/ TRQ7 Ass (output) P47 (input) / A1s (output) / TRQ (input)
~—» P4/ A1a/TRQs Ats (output) P4 (input) / A4 (output) / TRGs (input)
~—» P45/ A13/TRQs As3 (output) P4s (input) / A1a (output) / TRQs (input)
Port | € P44/ Ai2/IRQ4 A1z (output) P44 (input) / A1z (output) / TRQ4 (input)
4 ~—» P43/ At Aat (output) P43 (input) / At {output)
~—» P4z / Ao Aso (output) P42 (input) / A1o {output)
AP P4/ Ag Ao (output) P41 (input) / Ae (output)
~—» Pdo/ As As (output) P4o (input)-/ As (output)
Single-Chip Mode

P47 {input/output) / TRQ7 ({input)
P4s (input/output) / TRGs (input)
P4s (input/output) / TRQs (input)
P44 (input/output) / TRQ4 (input)
P43 (input/output)
P42 (input/output)
P41 (input/output)
P4o (input/output)

Figure 9-8 Pin Functions of Port 4

HITACHI 162



9.5.2 Port4 Registers

Table 9-10 lists the registers of port 4. 19. 76' ’
Table 9-10 Port 4 Registers
Name Abbreviation Read/Write initial Value  Address
Port 4 data direction register P4DDR w H'00* H'FF85
Port 4 data register PADR R/W H'00 H'FF87
Note: * Initialized to H'00 in modes 2, 4, and 7. Fixed at H'FF in modes 1 and 3.
1. Port 4 Data Direction Register (P4ADDR)—H'FF85
Bit 7 6 5 4 3 2 1 0

[ P4:0DR| P4sDDR| P4sDDR| P44DDR] P43DDR| P42DDR| P41DDR | P40DDR
Initial value* 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Note: * Inmodes 2,4, and 7

P4DDR is an 8-bit register that selects the direction of each pin in port 4.

Expanded Modes Not Using On-Chip ROM (Modes 1 and 3): All bits of PADDR are fixed at 1 and
cannot be modified. Port 4 is used for address output.

Expanded Modes Using On-Chip ROM (Modes 2 and 4): If a bit in PADDR is set to 1, the corre-
sponding pin is used for address output. If a bit in PADDR is cleared to 0, the pin is used for general-
purpose input. PADDR is initialized to F'00 at a reset and in the hardware standby mode.

Single-Chip Mode: A pin functions as an output pin if the corresponding bit in PADDR is set to 1,
and as an input pin if the bit is cleared to 0.

P4DDR can be written but not read. An attempt to read this register does not cause an error, but all
bits are read as 1, regardless of their true values.
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At a reset and in the hardware standby mode, PADDR is initialized to H'00, making all eight pins input
pins. PADDR is not initialized in the software standby mode, so if a PADDR bit is set to .1 when the
chip enters the software standby mode, the corresponding pin continues to output the value in the port
4 data register.

1..49-19-16
2. Port 4 Data Register (PADR)—H'FF87
Bit 7 6 5 4 3 2 1 0
| P2 | Pas | Pas | Pas | Pas | Pae [ P | P4 |
Initial value 0 0 0 0 0 0 0 0
Read/Write RwW RW R/W RW R/W RW R/IW RW

P4DR is an 8-bit register containing output data for pins P47 to P4o.
At areset and in the hardware standby mode, PADR is initialized to H'00.

When port 4 is read, output pins return the value in the PADR latch, regardless of the actual level at the
pin. Input pins return the level at the pin, not the value in the P4DR latch.

If any of the port 4 data direction bits are cleared to 0, selecting input, use only data transfer (MOV)
instructions to write data in PADR. Do not use arithmetic, logic, or bit manipulation instructions.
These instructions read the input pins and may write unintended data in PADR.
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9.5.3 Pin Functions in Each Mode T-—49=“ 9-16

Port 4 operates in one way in modes 1 and 3, in another way in modes 2 and 4, and in a third way in
mode 7. Separate descriptions are given below.

Pin Functions in Modes 1 and 3: In modes 1 and 3 (expanded modes in which the on-chip ROM is
not used), all bits of PADDR are automatically set to 1 for output, and the pins of port 4 carry bits A15—
As of the address bus. Figure 9-9 shows the pin functions for modes 1 and 3.

- Ais (output)
——» A14 (Output)
———= A13 (output)
Pott ——» A2 (output)
4 |—» A (output)
—=  Aso (output)

» Ag (output)
——» As (output)

Figure 9-9 Port 4 Pin Functions in Modes 1 and 3

Pin Functions in Modes 2 and 4: Table 9-11 shows the usage of port 4 in modes 2 and 4.
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Table 9-11 Port 4 Pin Functions in Modes 2 and 4

f Vod b ¥ o ¥ 1404

T-49-19-16

Pin

Functions

--mnlls

P47 ! As /1 IRQr

The function depends on the IRQ7E bit and P47DDR bit as follows:

IRQ7E
P4/DDR 0 1 0 1
Pin function P47 input A1s output IRQy7 input Ais output
and P47 input
P46/ A4 /IRQs  The function depends on the IRQBE bit and P4sDDR bit as follows:
IRQ6E
P4sDDR 0 1 0 1
Pin function P4s input A4 output IRQs input Ai4 output
and P4s input
P4s/Aia/iRQs  The function depends on the IRQ5E bit and P4sDDR bit as follows:
IRQ5E
P4sDDR 0 1 0 1
Pin function P4s input As3 output IRQs input Aia output
and P4s input
P4a/ A2/ IRQa  The tunction depends on the IRQ4E bit and P44DDR bit as follows:
IRQ4E .
P44sDDR 0 1 0 1
Pin function P44 input A1z output IRQ4 input A1z output
and P44 input
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Table 9-11 Port 4 Pin Functions in Modes 2 and 4 (cont)

T-49-19-16

Pin Functions
P4a /! An

P43DDR 0 1

Pin functicn P43 input Au output
P42/ Ao

P42DDR 0 1

Pin function P4z input A1o output
P41/ Asg

P4iDDR 0 1

Pin function P4+ input Ao output
P4o/ As

P40DDR 0 1

Pin function Pdo input As output
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Pin Functions in Single-Chip Mode: Table 9-12 shows the usage of port 4 in the single-chip mode.

Table 9-12 Port 4 Pin Functions in Single-Chip Mode

T-49-19-16
Pin Functions
P47 / TRGr The function depends on the IRQ7E bit and P47DDR bit as follows:
IRQ7E 0
P4:DDR 0 1 0 1
Pin function P4z input P47 output 1RQ7 input 1RQ7 input
and P4z input | and P47 output
P4s / IRQe The function depends on the IRQBE bit and P4sDDR bit as follows:
IRQBE 0
P4sDDR 0 1 0 1
Pin function P4s input P4s output TRQs input 1RQs input
and P4s input | and P4s output
P4s / IRQs The function depends on the IRQ5E bit and P4sDDR bit as follows:
IRQ5E 0
P4sDDR 0 1 0 1
Pin function P4s input P4s output 1RQs input 1RQs input
and P4sinput | and P4s ouiput
P44/1RQa The function depends on the IRQ4E bit and ‘P42DDR bit as follows:
IRQ4E 0
P44DDR 0 1 0 1
Pin function P44 input P44 output TRQ« input TRQa input
and P4s input | and P44 output
168
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Table 9-12 Port 4 Pin Functions in Single-Chip Mode (cont)

T 1-49-19-16

Pin Functions
P43 _

P43DDR 0 1

Pin function P43 input P43 output
P42

P42DDR 0 1

Pin function P42 input P42 output
P44 )

P41DDR 0 1

Pin function P41 input P41 output
P4do 7 o

P4oDDR 0 i i

Pin function P4p input P4o output
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9.5.4 Built-In MOS Pull-Up T-49-19-16

The MOS input pull-ups of port 4 are turned on by clearing the corresponding bit in PADDR to 0 and
writing a 1 in P4ADR. These pull-ups are turned off at a reset and in the hardware standby mode.
Table 9-13 indicates the status of the MOS pull-ups in various modes.

Table 9-13 Status of MOS Pull-Ups for Port 4

Mode Reset Hardware Standby Mode Other Operating States*

1 OFF OFF OFF
2 ON/QFF
3 OFF
4 ON/OFF
7 - ON/OFF

Notes: * Including the software standby mode.
Notation: OFF: The MOS pull-up is always off.
ON/OFF: The MOS pull-up is on when P4ADDR = 0 and P4DR = 1, and off otherwise.

Note on Usage of MOS Pull-Ups: See the note in section 9.4.4, “Built-in MOS Pull-up”.
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9.6 Port 5 I
1291916

9.6.1 Overview

Port 5 is an eight-bit input/output port with the pin configuration shown in figure 9-10. Its pins also

carry input and output signals for the free-running timers (FRT1 and FRT2) and 8-bit timer, and pin 7
can output the system clock (d).

Port 5 has Schmitt inputs. Outputs from port 5 can drive one TTL load and a 30-pF capacitive load.
They can also drive a Darlington transistor pair.

|
|

-«—» P57 (input/output) / FTOA2 (output) / & (output)

~-«—» P5g (input/output) / FTOA1 (output)

-  Pbs (input/output) / FTOBz (output) / FTCI2 {input)

Port ~—»- PB4 (input/output) / FTOB: (output) / FTCh {input)
5 ~—» Ph3 (input/output) / TMO {output)

-«—m  Pb2 (input/output) / FTI2 {input) / TMRI (input)

-—»  P5y (input/output) / FTls (input)

~«—» P5p (input/output) / TMCI (input)

Figure 9-10 Pin Functions of Port 5

9.6.2 Port 5 Registers

Table 9-14 lists the registers of port 5.

Table 9-14 Port 5 Registers

Name Abbreviation Read/Write Initial Value  Address

Port 5 data direction register P5DDR w H'00 H'FF88

Port 5 data register PSDR R/W H'00 H'FF8A
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1. Port 5 Data Direction Register (PSDDR)—IH'FF88 T-49-19-16

Bit 7 6 5 4 3 2 1 0
P57DDR| P5:DDR| P5sDDR| P54DDR | P5:DDR| P52DDR| P510DR | P50DDR|

Initial value 0 0 0 0 0 0 0 0

Read/Wite W w w w W w w w

P5DDR is an 8-bit register that selects the direction of each pin in port 5. A pin functions as an output
pin if the corresponding bit in PSDDR is set to 1, and as an input pin if the bit is cleared to 0.

P5SDDR can be written but not read. An attempt to read this register does not cause an error, but all bits
are read as 1, regardless of their true values.

At a reset and in the hardware standby mode, PSDDR is initialized to H'00, setting all pins for input.
P5DDR is not initialized in the software standby mode, so if a PSDDR bit is set to 1 when the chip
enters the software standby mode, the corresponding pin continues to output the value in the port 5 data

register.

A transition to the software standby mode initializes the on-chip supporting modules, so any pins of
port 5 that were being used by an on-chip timer when the transition occurs revert to general-purpose
input or output, controlled by PSDDR and PSDR.

2. Port 5 Data Register (P5SDR)—H'FFSA

Bit 7 6 5 4 3 2 1 0
[ P5 | Pss | Pss | Pss | Psa | Ps2 | P5i | Pso |

Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW RW RW RW RW RW

P5DR is an 8-bit register containing output data for pins P57 to P50.
P5DR is initialized to H'00 by a reset and in the hardware standby mode.

When port 5 is read, output pins return the value in the P5DR latch, regardless of the actual level at the
pin. Input pins return the level at the pin, not the value in the PSDR latch.

If any of the port 5 data direction bits are cleared to 0, selecting input, use only data transfer (MOV)
instructions to write data in PSDR. Do not use arithmetic, logic, or bit manipulation instructions.
These instructions read the input pins and may write unintended data in PSDR.
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9.6.3 Pin Functions

put. For some pins, two or more functions can be enabled simultaneously.

Table 9-15 shows how the functions of the pins of port 5 are selected.

Table 9-15 Port 5 Pin Functions

T-49-19-16

The pin functions of port 5 are the same in all MCU operating modes. As figure 9-10 indicated, these
pins are used for input and output of on-chip timer signals as well as for general-purpose input and out-

Pin Functions
P57/ The function depends on the output enable A bit (OEA) of the FRT1 timer control
FTOAz/ 0 register (TCR), the P57DDR bit, and the system clock output enable bit (¢OE) in the

port 7 data direction register, as follows:

sOE 1

OEA 0

P57DDR 0 1 0 0 1

Pin function @ output P57 P57
input  joutput

Note: A reset initializes sOE to 0 in mode 7 and to 1 in modes 1, 2, 3, and 4.
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Table 9-15 Port 5 Pin Functions (cont)

e TR lheclh Uduerbe UL EEAH

- T-49-19-16
Pin Functions
P56/ The function depends on the output enable A bit (OEA) of the FRT2 timer control
FTOA2 register (TCR) and on the P5sDDR bit as follows:
QEB 0 1
P5sDDR 0 1
Pin function P5s input P5s output FTOA1 output
P5s / The function depends on the output enable B bit (OEB) of the FRT2 timer control
FTOB2/ register (TCR) and on the P5sDDR bit as follows: '
FTCl2
OEB 0 1
P5sDDR 0 1
Pin function P5s input P55 output FTOB: output
FTCIz input
PS54/ The function depends on the output enable B bit (OEB) of the FRT1 timer control
FTOB1/ register (TCR) and on the P54DDR bit as follows:
FTCl
OEB 0 1
P54DDR 0 1
Pin function P54 input P54 output FTOB1 output
FTCl1 input
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Table 9-15 Port 5 Pin Functions (cont) T-49- 19-16

Pin Functions
P53/ TMO The funclion depends on output select bits 3 to 0 (OS3 to OS0) in the timer
control/status register (TCSR) of the 8-bit timer, and on the P53DDR bit as follows:

083 to OS0 All three bits are 0 At least one bit is set to 1

P53DDR 0 1 0 1

Pin function P53 input P53 output TMO output
P52/ FTla/ In addition to functioning for general-purpose input or oufput, this pin receives the
TMRI input capture signal (FTlz) for free-running timer 2 and the reset input (TMRI) for

the 8-bit timer. TMRI input is enabled when the counter clear bits (CCLR1 and
CCLRO0) in the timer control register (TCR) are both set to 1.

P52DDR 0 1
Pin function P52z input P52 output
FTlz and TMRI input

| P51/ FTh
P51DDR 0 1
Pin function P51 input P51 output
ETlvinput
P50/ TMCI In addition to functioning for general-purpose input or output, this pin can

simuftaneously be used for external clock input for the 8-bit timer, depending on clock
select bits 2 to 0 (CKS2, CKS1, and CKS0) in the timer control register (TCR).

P50:DDR 0 1
Pin function P50 input P50 output
_ TMC! input
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9.7 Port 6
T-49-19-1¢

9.7.1 Overview

Port 6 is a 4-bit input port that also receives inputs for the on-chip A/D converter. The pin functions
are the same in all MCU operating modes, as shown in figure 9-11.

~«—» P63 (input) / AN3 (input)
Port | -«—» P62 (input) / AN2 (input)

6 -—» P61 (input) / AN1 (input)
~—» P60 (input) / ANo (input)

Figure 9-11 Pin Functions of Port 6

In the 68-pin CP-68 package, port 6 has eight pins for general-purpose input and analog input. Figure
9-12 shows the pin configuration of port 6 in the CP-68 package.

-<—» P67 (input) / AN7 (input)
-«—» P6s (input) / ANs (input)
-«—»- P65 (input) / ANs (input)
Port | —«—» P64 (input) / AN4 (input)
6 ~«—p~- P63 (input) / ANa (input}
-«—» P62 (input) / ANz (input)
-«—» P61 (input) / AN1 (input)
-—» P6o (input) / ANo (input)

Figure 9-12 Pin Functions of Port 6 (CP-68 Package)
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9.7.2 Port 6 Registers )

Port 6 has only the data register described in table 9-16. Since it is exclusively an input port, there is
no data direction register.

T-49-19-16

Table 9-16 Port 6 Registers
Name Abbrevlation Read/Write Address
Port 6 data register P6DR R H'FF8B
1. Port 6 Data Register (P6DR)—H'FF8B
Bit S A 5 4 3 2 1 0

{ __RGI"i__f’_e_e___i____P_Qs___s___E’g_ ) P63 P&2 P61 P6o
Read/Write R R R R R R R R

Note: Bits 7 to 4 are valid in the CP-68 package only.

When the CPU reads P6DR it always reads the current status of each pin, except that during A/D con-
version the pin currently being converted reads 1 regardless of the actual input voltage at that pin.

In a 64-pin package, the data read from the upper four bits are indeterminate.
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7-49-19-16

9.8.1 Overview

Port 7 is a 6-bit input/output port with the pin configuration shown in figure 9-13. In addition to
general-purpose input and output, its pins are used for input and output by the on-chip serial communi-
cation interface (SCI). In the expanded maximum modes (modes 3 and 4), it also supplies bit A19 of

the page address bus.

Outputs from port 7 can drive one TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor pair.
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TP W 4496204 0027967 073 mmiTTs
Pin
~«—» P75 (input/output) / SCK (input/output) T_4g:’]§;i\€—ﬂ
Port | < P74 (input/output) / RXD1 (input)
7 ~«—» P73 (inputfoutput) / TXD1 (output)
-«—» P72 (input/output) / SCKz (input/output) / A1s (output)
~—» P71 (input/output) / RXD2 (input)
-«—» P7q (input/output) / TXDz {output)

Modes 1,2,and 7 Mode 3
P7s (input/output) / SCK1 (input/output) P7s {input/output) / SCK1 (input/output)
P74 (input/output) / RXD1 (input) P74 (input/output) / RXD1 (input)
P7a (input/output) / TXD1 (output) P73 (input/output) / TXD1 (output)
P72 (input/output) / SCKz (input/output) Ase {output)
P71 (input/output) / RXD2 (input) P71 {input/output) / RXDz2 (input)
P70 {input/output) / TXDz (output) P70 (input/output) / TXDz (output)
Mode 4

P7s (input/output) / SCK1 (input/output)

P74 (input/output) / RXD1 (input)

P7a (input/output) / TXD1 (output)

P72 (input/output) / SCK2 (input/output) / A1a (output)
P71 (input/output} / RXDz (input)

P70 (input/output) / TXD2 (cutput)

Figure 9-13 Pin Functions of Port 7
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9.8.2 Port 7 Registers T-49-19-16
Table 9-17 lists the registers.of port 7.

Table 9-17 Port 7 Registers

Name Abbrevlation Read/Write Initial Value Address
Port 7 data direction register P7DDR w H'40% H'FFBC
Port 7 data register P7DR RW H'00 H'FFBE

Note: * Initialized to H'40 in modes 1, 2, 3, and 4, and to H'00 in mode 7.

1. Port 7 Data Direction Register (P7DDR)—H'FF8C

Bit 7 6 5 4 3 2 1 0
— | 6OE |P7sDDR]P74DDR| P7:DDR| P72DDR| P71DDR | P76DDR

Initial value — 1/0 0 0 0 0 0 0

Read/Write - w w w w w w w

P7DDR is an 8-bit register that selects the direction of each pin in port 7. Bit 7 is reserved. Bit 6
selects whether the system clock (@) is output at pin P57 in port 5.

The usage of P7TDDR depends on the MCU operating mode as explained below.

Modes 1, 2, and 4: A pin functions as an output pin if the corresponding bit in P7DDR is set to 1, and
as an input pin if the bit is cleared to 0.

P7DDR can be written but not read. An attempt to read this regisier does not cause an error, but all
bits are read as 1, regardless of their true values.

At a reset and in the hardware standby mode, P7DDR is initialized to H'40, setting all pins to the input
state. PTDDR is not initialized in the software standby mode, so if a PTDDR bit is set to 1 when the
chip enters the software standby mode, the corresponding pin continues to output the value in the port
7 data register.

A transition to the software standby mode initializes the serial communication interface module, so any
pins of port 7 that were being used for serial communication when the transition occurs revert to gener-
al-purpose input or output, controlled by P7DDR and P7DR.
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Mode 3: Bit 2 is fixed at the value 1 and pin P72 is used for page address output. < P
Bits 5 to 3 and 1 to 0 can be set to 1 for output or cleared to O for input as in the other MCU modes.

Mode 7: In single-chip mode, P7DDR is initialized to H'00 at a reset and in the hardware standby
mode.

2. Port 7 Data Register (P7DR)—H'FFSE

Bit 7 6 5 4 3 2 1 0

| — ] — | ps | pa | Pa | P | Pe | P70 |
Initial value —_ —_ 0 0 0 0 0 0
Read/Write — —_ R/W R/W R/W RW R/W R/W

P7DR is an 8-bit register containing the data for pins P76 to P70. Bits 7 and 6 are reserved.

When port 7 is read, output pins return the value in the P7DR latch, regardless of the actual level at the
pin. Input pins return the level at the pin, not the value in the P7DR latch.

If any of the port 7 data direction bits are cleared to 0, selecting input, use only data transfer (MOV)
instructions to write data in P7DR. Do not use arithmetic, logic, or bit manipulation instructions.
These instructions read the input pins and may write unintended data in P7DR.

9.8.3 Pin Functions
The pin functions of port 7 depend on the MCU operating mode. Table 9-18 shows how the functions

are selected in modes 1, 2, and 7. Table 9-19 shows how they are selected in mode 3. Table 9-20
shows how they are selected in mode 4.
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Table 9-18 Port ‘7 Pin Functions in Modes 1, 2, and 7

T-49-19-16
Pin Functions
P7s 1 SCKi1 The function depends on the communication mode bit (C/A) and the clock enable 1
and 2 bits (CKE1 and CKEQ) of the serial control register (SCR) of SCI1 as follows:
C/A 0 1
CKE1 0 1 1
CKEOQ 0 1 0 1 0 1 0 1
Pin function | P7s SCl1 SCi1 external SCH internal SCI external
input | internat | clock input clock output clock input
or clock
output* | output
Note: * Input or oulput is selected by the P7sDDR bit.
P74/ RXD1 The function depends on the receive enable bit (RE) of the serial control register
(SCR) of SCI1 and on the P74DDR bit as follows:
RE ' 0 1
P74DDR 0 1 1
Pin function P74 input P74 output RXD1 input
P73/ TXD1 The function depends on the transmit enable bit (TE) of the serial control register

{SCR) of SCH1 and on the P7sDDR kit as follows:

HITACHI

TE 0 1

P7:DDR 0 1 1

Pin function P73 input P73 output TXD1 output
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Table 9-18 Port 7 Pin Functions in Modes 1, 2, and 7 (cont)

T-49-19-16
Pin Functions
P72/ SCKz The function depends on the communication mode bit (C/A) and the clock enable 1
and 2 bits (CKE1 and CKEQ) of the serial control register (SCR) of SCI2 as follows:
C/A 0
CKE1 0 1 0 1
CKEOQ 0 1 0 1 0 1 0 1
Pin function | P72 SCl2 SCI2 external SCiI2 intemal SCI2 external
input internal | clock input clock output clock input
or clock
output* | output
Note: * Input or output is selected by the P72DDR bit.
P71/ RXDz2 The function depends on the receive enable bit (RE) of the serial control register
{SCR) of SCI2 and on the P7:DDR bit as follows:
RE 0
P71DDR 0 1 0 1
Pin function P71 input P71 output RXDz2 input
P70/ TXD2 The function depends on the transmit enable bit (TE) of the setial control register

(SCR) of SCI2 and on the P70DDR bit as follows:

TE 0

P76DDR 0 1 0 1

Pin function P70 input P70 output TXDz2 output
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Table 9-19 Port 7 Pin Functions in Mode 3
' T-49-19-16
Pin Functions '
P75/ SCK1 The function depernxs on the communication mode bit (C/A) and the clock enable 1
and 2 bits (CKE1 and CKEO) of the serial control register (SCR) of SCI1 as follows:

C/A 0 1
CKE1 0 1 0 1
CKEO 0 1 0 1 0 1 0 1
Pin function | P7s SCi SCl1 external SCH1 internal SCH external

input internal | clock input clock output clock input

or clock

output* | output

Note: * Input or output is selected by the P7sDDR bit.

P74/ RXD1 The function depends on the receive enable bit (RE) of the serial control register
(SCR) of SCI1 and on the P7sDDR bit as follows:

RE 0 1

P74DDR 0 1 0 1

Pin function P74 input P74 output RXD1 input
184
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Table 9-19 Port 7 Pin Functions in Mode 3 (cont) e o

P IRt HUL Y I jrf Ll

1-49-19-16
Pin Functions
P73/ TXD1 The function deperkis on the transmit enable bit (TE) of the serial control register
{SCR) of SCI1 and on the P73DDR bit as follows:
TE 0 1
P73DDR 0 1 1
Pin function P7ainput P73 output TXD+ output
Ate Ai9 page address output.
P71/ RXD2 The function depends on the receive enable bit (RE) of the serial control register
(SCR) of SCi2 and on the P7:DDR bit as follows:
RE 0 1
P71DDR 0 1 1
Pin function P71 input P71 output RXDz input
P70/ TXD2 The function depends on the transmit enable bit (TE) of the serial control register

(SCR) of SCI2 and on the P70DDR bit as foliows:

TE 0 1

P70DDR 0 1 1

Pin function P70 input P70 output TXDz output
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Table 9-20 Port 7 Pin Functions in Mode 4 _
| T-49-19-16
Pin Functions
P75/ SCKi1 The function depends on the communication mode bit (C/A) and the clock enable 1
and 2 bits (CKE1 and CKEQ) of the serial control registér (SCR) of SCH as follows:

CIA 0 1
CKE1 0 1 0 1
CKEQ 0 1 0 1 0 1 0 1
Pin function | P75 SGH SCH external SCi1 intemal SCI1 external

input internal | clock input clock output clock input

or clock

output* | output

Note: * Input or output is selected by the P7sDDR bit.

P74 /RXD1 The function depends on the receive enable bit (RE) of the serial controt register
(SCR) of SCI1 and on the P74aDDR bit as follows:

RE 0] 1

P74DDR 0 1 0 1

Pin function P74 input P74 output RXD1 input
186
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Table 9-20 Port 7 Pin Functions in Mode 4 (cont)

T-49--19-16
Pin Functions
P73/ TXDs The function depends on the transmit enable bit (TE) of the serial control register
(SCR) of SCI1 and on the P73DDR bit as follows:

TE 0 1

P73DDR 0 1 0 1

Pin function P73 input P73 output TXD1 output
P72/ Aa/ The function depends on the C/A, CKE1, and CKEO bits of the serial control register
SCK2 (SCR) of SCI2 and on P72DDR as follows:

P72DDR

C/A

CKE1 0 1

CKEQ 0 1 0 1

Pin function P72 input SCi2 internal SCI2 external clock input

clock output
[ P72DDR 0 1

CIA 1 Don't care

CKE1 0 1 Don't care

CKEO 0 1 0 1 Don't care

Pin function SCl2 intemal SCI2 external Aag output

clock output clock input
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Table 9-20 Port 7 Pin Functions in Mode 4 (cont)

T-49-19-16
Pin Functions
P71/ RXD2 The function depends on the receive enable bit (RE) of the serial control register
{(SCR) of SCI2 and on the P71DDR bit as tollows:

RE 0 1

P71DDR 0 1 1

Pin function P71 input P71 output RXDz input
P70/ TXD2 The function depends on the transmit enable bit (TE) of the serial control register

(SCR) of SCI2 and on the P70DDR bit as follows:

HITACHI

TE 0 1

P70DDR 0 1 1

Pin function P70 input P70 output TXDz output
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Section 10 16-Bit Free-Running Timers

10.1 Overview 7T:l‘:97—1 9-16

The H8/520 has an on-chip 16-bit free-running timer (FRT) module with two independent channels
(FRT1 and FRT2). Both channels are functionally identical.

Each channel has a 16-bit free-running counter that it uses as a time base. Applications of the FRT
module include rectangular-wave output (up to two independent waveforms per channel), input pulse
width measurement, and measurement of external clock periods.

10.1.1 Features
The features of the free-running timer module are listed below.

« Selection of four clock sources
The free-running counters can be driven by an internal clock source (@/4, /8, or 8/32), or an exter-
nal clock input (enabling use as an external event counter).

+ Two independent comparators
Each free-running timer channel can generate two independent waveforms.

+ Input capture function
The current count can be captured on the rising or falling edge (selectable) of an input signal.

+ Four types of interrupts
Compare-match A and B, input capture, and overflow interrupts can be requested independently.
The compare-match and input capture interrupts can be served by the data transfer controller
(DTC), enabling interrupt-driven data transfer with minimal CPU programming.

« Counter can be cleared under program control
The free-running counters can be cleared on compare-match A.
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10.1.2 Block Diagram

T-49-3 9;] 6
Figure 10-1 shows a block diagram of one free-running timer channel.
External clock Internat clocks
o/4
/8
FTCI
a/32
' Clock
Clock select ocra K |
L — v,
[ ¢——20pare Mo { Comparator A
FTOAw -], m o | Internal
FTOB Overflow S | databus
-] [ | 8
e KA Kk kK>
FTIT Clear l c
w
Compare-match B a
- -| Comparator B |
Control m Module
logic ocRB KN |dala
Captur
il IcR [
— TCsR K >
K TCR |
—(Cl
—0CIA
\——————»-0CIB
e FOVI
Interrupt signals
OCRA: Ouiput Compare Register A
OCRB: Ouiput Compare Register B
FRG: Free Running Gounter
ICR: Input Capture Register
TCSR: Timer Control/Status Register
TCR: Timer Control Register

Figure 10-1 Block Diagram of 16-Bit Free-Running Timer
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10.1.3 Input and Output Pins

T-49-19-16
Table 10-1 lists the input and output pins of the free-running timer module.
Table 10-1 Input and Qutput Pins of Free-Running Timer Module
Channel Name Abbreviation VO Function
1 Output compare A FTOA1 Output  Output controlled by comparator A of FRT1
Output compare Bor  FTOB1/ Qutput/ Qutput controlled by comparator B of
counter clock input FTCh Input FRT1, or input of external clock source for FRT1
Input capture FTl4 Input Trigger for capturing current count of FRT1
2 Output compare A* FTOA2 Output  Output controlled by comparator A of FRT2
Output compare Bor  FTOB2/ Qutput/ Output controtled by comparator B of FRT2, or
counter clock input FTCi2 Input input of external clock source for FRT2
Input capture FTla Input Trigger for capturing current count of FRT2
Note: * When the gOE hit in P7DDR is set to 1, this pin is used for system clock (@) output and cannot be used
for FTOA2. '
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Table 10-2 lists the registers of each free-running timer channel.

Table 10-2 Register Configuration

Initial

Channet Name Abbrevlation RW Value Address

1 Timer control register TCR R/W H'00 H'FF90
Timer control/status register TCSR R/(W)* H'00 H'FFo1
Free-running counter (High) FRC (H) R/W H'0O H'FF92
Free-running counter {Low) FRC{L) RwW H'00 H'FFo3
Output compare register A (High) QOCRA (H) RIW H'FF H'FFo4
Output compare register A (Low) OCRA (L) R/W H'FF H'FF95
Qutput compare register 8 (High) OCRB (H) R/W H'FF H'FF96
Output compare register B (Low) OCRB (L) R/W H'FF H'FF97
Input caplure register (High) ICR (H} R H'00 H'FF98
Input capture register (Low) ICR{L) R H'00 H'FF99

2 Timer control register TCR R/W H'00 H'FFAQ
Timer control/status register TCSR R/(W)y* H'00 H'FFA1
Free-running counter (High) FRC (H) R/W H'00 H'FFA2
Free-running counter (Low) FRC (L) R/W H'00 H'FFA3
Output compare register A (High) OCRA {H) R/W H'FF H'FFA4
Output compare register A (Low) OCRA{L) R/W H'FF H'FFA5
Qutput compare register B (High) OCRB {H) R/W H'FF H'FFAG
Output compare register B (Low) OCRB {L) R/W H'FF H'FFA7
Input capture register (High) ICR (H) R H'00 H'FFA8
Input capture register (Low) ICR (L) R H'00 H'FFA9

Note: * Software can write a 0 to clear bits 7 to 4, but cannot write a 1 in these bits.

HITACHI
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10.2 Register Descriptions e
T-49-19-16
10.2.1 Free-Running Counter (FRC)—H'FF92, H'FFA2

Bit 5 14 13 12 11 10 @ 8 7 6 5 4 3 2 1 0

N I I Y [

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write R'W B/W R/W RW R/W R/W RW RN BW R/W R/W R/W RW RW R/W RW

Each FRC is a 16-bit readable/writable up-counter that increments on an internal pulse generated from
a clock source. The clock source is selected by the clock select 1 and 0 bits (CKS1 and CKS0) of the
timer control register (TCR).

The FRC can be cleared by compare-match A.

When the FRC overflows from H'FFEE to H'0000, the overflow flag (OVF) in the timer control/status
register ('CSR) is set to 1.

Because the FRC is a 16-bit register, a temporary register (TEMP) is used when the FRC is written or
read. See section 10.3, “CPU Interface”, for details.

The FRCs are initialized to H'0000 at a reset and in the standby modes.

10.2.2 Qutput Compare Registers A and B (OCRA and OCRB)—H'FF94 and H'FF96, H'FFA4

and H'FFA6
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| 1 | i
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write =~ RW R/W R/W RW R/W RW RW R/W RW RW R/W R/W RW RW RW RW

OCRA and OCRB are 16-bit readable/writable registers, the contents of which are continually com-
pared with the value in the FRC. When a match is detected, the corresponding output compare flag
(OCFA or OCFB) is set in the timer control/status register (TCSR).

In addition, if the output enable bit (OEA or OEB) in the timer control register (TCR) is setto 1, when
the output compare register and FRC values match, the logic level selected by the output level bit
(OLVLA or OLVLB) in the timer control status register (TCSR) is output at the output compare pin
(FTOA or FTOB).
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Because OCRA and OCRB are 16-bit registers, a temporary register (TEMP) is used when they are
written. See section 10.3, “CPU Interface”, for details.

T-49-19-16
OCRA and OCRB are initialized to HFFFF at a reset and in the standby modes.
10.2.3 Input Capture Register (ICR)—H'FF98, H'FFAS8
Bit _ 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ReadWwrite @R R R R R R R R R R R R R

The ICR is a 16-bit read-only register.

When the rising or falling edge of the signal at the input capture input pin is detected, the current value
of the FRC is copied to the ICR. At the same time, the input capture flag (ICF) in the timer control/sta-
tus register (TCSR) is set to 1. The input capture edge is selected by the input edge select bit JEDG)
in the TCSR. '

Because the ICR is a 16-bit register, a temporary register (TEMP) is used when the ICR is written or
read. See section 10.3, “CPU Interface”, for details.

To ensure input capture, the pulse width of the input capture signal should be at least 1.5 system clock
periods (1.5 @).

FTI

Minimum FT1 Pulse Width

The ICR is initialized to H'0000 at a reset and in the standby modes.

Note: When input capture is detected, the FRC value is transferred to the ICR even if the input
capture flag (ICF) is already set.
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10.2.4 Timer Control Register (TCR)—H'FF%0, H'FFAQ - 7-49-19-16

Bit 7 6 5 4 3 2 1 0
[Ticie [ocies | ociea| ovie | oEB | oea | ckst | ckso |

Initial value 0 0 0 0 e 0 0 0

Read/Write RW RW RW RW AW RW RW RW

The TCR is an 8-bit readablefwritable register that setects the FRC clock source, enables the output
compare signals, and enables interrupts.

The TCR is initialized to H'00 at a reset and in the standby modes.

Bit 7—Input Capture Interrupt Enable (ICIE): This bit selects whether to request an input capture
interrupt (ICI) when the input capture flag (ICF) in the timer status/control register (TCSR) is set to 1.

BRt7

ICIE Desctiption

0 The input caplure interrupt request (IGl) is disabled. (Initial value)
1 The input capture interrupt request (ICl) is enabled.

Bit 6—Qutput Compare Interrupt Enable B (OCIEB): This bit selects whether to request output
compare interrupt B (OCIB) when output compare flag B (OCEB) in the timer status/control register
(TCSR) is setto 1.

Bit 6

OCIEB  Description

0 Output compare interrupt request B (OCIB) is disabled. {Initial value)
1 Output compare interrupt request B (OCIB) is enabled.

Bit 5—Qutput Compare Interrupt Enable A (OCIEA): This bit selects whether to request output
compare interrupt A (OCIA) when output compare flag A (OCFA) in the timer status/control register
(TCSR) is setto 1.

Bit 5

OCIEA  Description

0 " Output compare interrupt request A (OCIA) is disabled. (Initial value)
1 Output compare interrupt request A (OCIA) is enabled.
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Bit 4—Timer Overflow Interrupt Enable (OVIE): This bit selects whether to request a free-running
timer overflow interrupt (FOVI) when the timer overflow flag (OVF) in the timer status/control regis-
ter (TCSR) is set to 1.

. - T-49-19-16
Bit4
OVIE Description
0 The free-running timer overtiow interrupt request (FOVI) is disabled. {Initial value)
1 The free-running timer overfiow interrupt request (FOVI) is enabled.

Bit 3—Output Enable B (OEB): This bit selects whether to enable or disable output of the logic
level selected by the OLVLB bit in the timer status/control register (TCSR) at the output compare B
pin when the FRC and OCRB values match.

Bit 3

OEB Description

0 Output compare B output is disabled. (Initial value)
1 Output compare B output is enabled.

Bit 2—Output Enable A (OEA): This bit selects whether to enable or disable output of the logic
level selected by the OLVLA bit in the timer status/control register (TCSR) at the output compare A
pin when the FRC and OCRA values match.

Bit 2

OEA Description

0 Output compare A output is disabled. (Initial value)
1 Qutput compare A output is enabled.

Bits 1 and 0—Clock Select (CKS1 and CKS0): These bits select external clock input or one of three
internal clock sources for the FRC. External clock pulses are counted on the rising edge.

Bit 1 Bit0

CKS1 CKS0 Description

0 0 Internal clock source (@/4) (Initial value)
0 1 tnternal clock source (9/8)

1 0 internal clock source (8/32)

1 1 External clock source (counted on the rising edge)*

Note: * Output enable B (bit 3) must be cleared o 0.
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10.2.5 Timer Control/Status Register (TCSR)—H'FF91, H'FFAL  T-29_- 19-16

-

Bit 7 6 5 4 3 2 1 0
[icF | ocre | ocFa | ovF | oviB | owvia | IEDG | cOLRA]
{nitial value 0 0 0 0 0 0 0 0

Read/Write RAW)* RAW)* R/(W)* R(W* RW RW RW RW

The TCSR is an 8-bit readable and partially writable* register that selects the input capture edge and
output compare levels, and specifies whether to clear the counter on compare-match A. It also con-
tains four status flags.

The TCSR is initialized to H'00 at a reset and in the standby modes.
Note: * Software can write a 0 in bits 7 to 4 to clear the flags, but cannot write a 1 in these bits.

Bit 7—Input Capture Flag (ICF): This status flag is set to 1 to indicate an input capture event. It
signifies that the FRC value has been copied to the ICR.

Bit7

ICF Description

0 This bit is cleared from 1 to 0 when: (Initial value)
1. The CPU reads the ICF bit after the ICF bit has been set to 1, then writes a 0 in this bit.
2. The data transfer controller (DTC) serves an input capture intercupt .

1 This bit is set to 1 when an input capture signal causes the FRC value to be copied to the ICR.

Bit 6—Output Compare Flag B (OCFB): This status flag is set to 1 when the FRC value matches
the OCRB value.

Bit6

OCFB Description

0 This bit is cleared from 1 to 0 when: {Initial value)
1. The CPU reads the QCFB bit after the OCFB bit has been set to 1, then writes a 0 in this bit.
2. The data transfer controller (DTC) serves output compare interrupt B.

1 This bit is set to 1 when FRC = OCRB.
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Bit 5—Qutput Compare Flag A (OCFA): This status flag is set to 1 when the FRC value matches
the OCRA value. ‘

1-49-19-16
Bit 5
QCFA Description
0 This bit is cleared from 1 to 0 when: {Initial value)
1. The CPU reads the OCFA bit after the OCFA bit has been set to 1, then writes a 0 in this bit.
2. The data transfer controller (DTC) serves output compare interrupt A.
1 This bit is set to 1 when FRC = OCRA.

Bit ——Timer Overflow Flag (OVF): This status flag is set to 1 when the FRC overflows (changes
from H'FFFF to H'0000).

Bit4

OVF Description

0 This bit is cleared from 1 to 0 when the CPU reads (Initial value)
the OVF bit after the OVF bit has been set to 1, then writes a 0 in this bit.

1 This bit is set 1o 1 when FRC changes from H'FFFF to H'G000.

Bit 3—Output Level B (OLVLB): This bit selects the logic level to be output at the FTOB pin when
the FRC and OCRB values match.

Bit3

OLVLB  Description

0 A 0 logic level (low) is output for compare-match B. (Initial value)
1 A 1 logic level (high) is output for compare-match B.

Bit 2—Output Level A (OLVLA): This bit selects the logic level to be output at the FTOA pin when
the FRC and OCRA values match.

Bit 2

OLVLA  Description

0 A 0 logiic level (low) is output for compare-match A. {Initial value)
1 A 1 logic levet (high) is output for compare-match A.

Bit 1—Input Edge Select (IEDG): This bit selects whether to capture the count on the rising or
falling edge of the input capture signal.
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Bit1 7 _T;§97—1_97—1767' :
IEDG Description

0 The FRC value is copied to the ICR on the falling edge (Initial value)
of the input capture signat.
1 The FRC value is copied to the ICR on the rising edge

of the input capture signal.

Bit 0—Counter Clear A (CCLRA): This bit selects whether to clear the FRC at compare-match A
(when the FRC and OCRA values match).

Bit0

CCLRA  Description

0 The FRC is not cleared. {Initial value)
1 The FRC is cleared at compare-maich A,

10.3 CPU Interface

The FRC, OCRA, OCRB, and ICR are 16-bit registers, but they are connected to an 8-bit data bus.
When the CPU accesses these four registers, o ensure that both-bytes are written or read simultane-
ously, the access is performed using an 8-bit temporary register (TEMP).

These registers are written and read as follows.

« Register Write
When the CPU writes to the upper byte, the upper byte of write data is placed in TEMP. Next,

when the CPU writes to the lower byte, this byte of data is combined with the byte in TEMP and all

16 bits are written in the register simultaneously.
« Register Read

When the CPU reads the upper byte, the upper byte of data is sent to the CPU and the lower byte is

placed in TEMP. When the CPU reads the lower byte, it receives the value in TEMP.
Programs that access these four registers should normally use word access. Equivalently, they may
access first the upper byte, then the lower byte. Data will not be transferred correctly if the bytes are

accessed in reverse order, or if only one byte is accessed.

The same considerations apply to access by the DTC.
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Coding Examples
| T-49-19_1¢
1. To write the contents of general register RO to output compare register A in FRT1:
MOV.W RO, @H'FF94

2. To read the FRT2 input capture register contents into general register RO:
MOV.W G@H'FFA8, RO

Figure 10-2 shows the data flow when the FRC is accessed. The other registers are accessed in the
same way, except that when OCRA or OCRB is read, the upper and lower bytes are both transferred
directly to the CPU without using the temporary register.

< Upper byle write>
. Module data bus

CPU writes Bus interface
data HAA “

TEMP

[HAA]

4 17
r ~ 7
FRC H FRC L

(1 [ 1

< Lower byte write >

Module data bus

CPU writash. Bus interface
data H'55

FRC H FRCL.
[HAA] [H'55]

Figure 10-2 (a) Write Access to FRC (When CPU Writes H'AASS)
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< Upper byte read >

CPU reads ﬂ Bus interface
data HAA

e e

g J‘q —.\779-"\ 6

LI =

Module data bus

< Lower byte read >

Module data bus
cPU readsH Bus interface
data H'65

TEMP
[H'55]

il

FRCH
t

FRCL
[ 1

CJ Ll g

Figure 10-2 (b) Read Access to FRC (When FRC Contains H'AAS55)

10.4 Operation

10.4.1 FRC Incrementation Timing

The FRC increments on a pulse generated once for each period of the selected (internal or external)

clock source.
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If external clock input is selected, the FRC increments on the rising edge of the clock signal. Figure
10-3 shows the increment timing.
T-49-19-16

The pulse width of the external clock signal must be at least 1.5 ¢ clock periods. The counter will not
increment correctly if the pulse width is shorter than 1.5 @ clock periods.

F1Cl

Minimum FTCI Pulse Width

External clock +
source I

FRC clock puise

FRC N Y N+1

Figure 10-3 Increment Timing for External Clock Input

10.4.2 Output Compare Timing

Setting of Qutput Compare Flags A and B (OCFA and OCFB): The output compare flags are set
to 1 by an internal compare-match signal generated when the FRC value matches the OCRA or OCRB
value. This compare-match signal is generated at the last state in which the two values match, just as
the FRC increments to a new value.

Accordingly, when the FRC and OCR values match, the compare-match signal is not generated until
the next period of the clock source. Figure 10-4 shows the timing of the setting of the output compare
flags. '
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FRC X N X N+ 1

OCR N

Internal compare-

match signal \

OCF

Figure 10-4 Setting of Qutput Compare Flags

Output Timing: When a compare-match occurs, the logic level selected by the output level bit
(OLVLA or OLVLB) in the TCSR is output at the output compare pin (FTOA or FTOB). Figure 10-5
shows the timing of this operation for compare-match A.

; N ™ ™

Internal compare- e y ——|
match Asignat — ) (< (
(¢
OLVLA & 1)
£
N O\
LC re
FTOA ) {5

Figure 10-5 Timing of Qutput Compare A
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FRC Clear Timing: If the CCLRA bit is set to 1, the FRC is cleared when compare-match A occurs.
Figure 10-6 shows the timing of this operation. T_09-19-16

’ |

Internal compare-
match A signal \‘

FRC N X H'0000

Figure 10-6 Clearing of FRC by Compare-Match A

10.4.3 Input Capture Timing

Input Capture Timing: An internal input capture signal is generated from the rising or falling edge
of the input at the input capture pin (FTI), as selected by the IEDG bit in the TCSR. Figure 10-7 shows
the usual input capture timing when the rising edge is selected (IEDG = 1).

. ] ]

Input at FT1 pin £C

1))
Internal input cc
capture signal )7

Figure 10-7 Input Capture Timing (Usual Case)

But if the upper byte of the ICR is being read when the input capture signal arrives, the internal input
. capture signal is delayed by one state. Figure 10-8 shows the timing for this case.
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Read cycle: CPU reads upper byte of ICR
Ta

e

. _ ]

T-49-19-16
Input at FTl1 pin S N
X
M
Internal input e 1
capture signal 3Y . e

Figure 10-8 Input Capture Timing (1-State Delay)

Timing of Input Capture Flag (ICF) Setting: The input capture flag (ICF) is set to 1 by the internal
input capture signal. Figure 10-9 shows the timing of this operation.

° |

Internal input
capture signal
ICF \

FRC N1 )( \ /N X N+ 1

ICR X ' N

Figure 10-9 Setting of Input Capture Flag
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10.4.4 Setting of FRC Overflow Flag (OVF)

The FRC overflow flag (OVF) is set to 1 when the FRC overflows (changes from H'FFFF to H'0000).
Figure 10-10 shows the timing of this operation. T~49-19_1¢

FRC HFFFF 1 H'0000

Internal overflow

signal \‘

OVF

Figure 10-10 Setting of Overflow Flag (OVF)
10.5 CPU Interrupts and DTC Interrupts
Each free-running timer channel can request four types of interrupts: input capture (ICI), output com-
pare A and B (OCIA and OCIB), and overflow (FOVI). Each interrupt is requested when the corre-

sponding enable and flag bits are set. Independent signals are sent to the interrupt controller for each
type of interrupt. Table 10-3 lists information about these interrupts.

Table 10-3 Free-Running Timer Interrupts

Interrupt Description DTC Service Available? Priority
ICI Requested when ICF is set Yes High
QCIA Requested when OCFA is set Yes T
ociB Requested when OCFB is set Yes

FOVI Requested when OVF is set No ‘ Low

The ICI, OCIA, and OCIB interrupts can be directed to the data transfer controller (DTC) to have a
data transfer performed in place of the usual interrupt-handling routine.

When the DTC serves one of these interrupts, it automatically clears the ICF, OCFA, or OCFB flag to
0. See section 6, “Data Transfer Controller”, for further information on the DTC.
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10.6  Synchronization of Free-Running Timers 1 and 2
10.6.1 Synchronization after a Reset T 49:_."5;]—57- —

The two free-running timer channels are synchronized at a reset and remain synchronized until one of
the following conditions is satisfied:

« The clock source is changed.

« FRC contents are rewritten.

» AnFRC is cleared.

After a reset, each free-running counter operates on the ¢/4 internal clock source.
10.6.2 Synchronization by Writing to FRCs

When synchronization between free-running timers 1 and 2 is lost, it can be restored by writing to the
free-running counters.

Synchronization on Internal Clock Source: When an internal clock is selected, free-running timers
1 and 2 can be synchronized by writing data to their free-running counters as indicated in table 10-4.

Table 10-4 Synchronization by Writing to FRCs

Clock Source Write Interval Write Data

ald 4n {states) m {FRC1)
a/8 8n (states) m+n {FRC2)
/32 32n (states)

m, n: Atbitrary integers

After writing these data, synchronization can be checked by reading the two free-running counters at
the same interval as the write interval. If the read data have the same relative difference as the write
data, the free-running timers are synchronized. '

Examples of programs for synchronizing the free-running timers are given next. Examples a, b, and ¢
apply when the program is stored in on-chip memory. Examples d, e, and f apply when the program is
stored in external memory which is accessed with zero wait states (Tw), assuming that there is no NMI
input.
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Example a: /4 clock source, 12-state write interval (n = 3), on-chip memory

LA: LDC.B #H'FF,BR ; Initialize base register for short-format instruction (MOV:S)
LDC.W #H'0700,SR ; Raise interrupt mask level to 7
‘ prmasic e T-49-19-16
MOV.W  #m,R1 ; Data for free-running timer 1
MOV.W #m+3,R2 ; Data for free-running timer 2 (m +n=m + 3)
BSR SET4 ; Call write routine
LALIGN 2 ; Align write instructions (MOV:S) at even address

BRN SET4:8 ; 2-Byte dummy instruction

SET4: MOV:S.W R1,Q@H'92:8 ; Write to FRC 1 (address H'FF92) 9 states
3 states j—'

MOV:S.W R2,@H'A2:8 ; Write to FRC2 (address H'FFA2)

RTS

Total 12 states

Example b: ¢/8 clock source, 16-state write interval (n = 2), on-chip memory

1B: LDC.B #H'FF,BR
ILDC.W #H'0700,SR
MOV.W  #m,R1
MOV.W #m+2,R2

BSR SET8
JALIGN 2

SET8: MOV:S.W R1,@H'92:8 ; 9 states; ——
BRN SET8:8 ; 3 states
XCH R1,R1 ; 4 states ——

MOV:S.W RZ2,@H'A2:8
RTS

HITACHI
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Example ¢ ¢/32 clock source, 32-state write interval (n = 1), on-chip memory

LC: LDC.B #H'FF,BR
LDC.W #H'0700,SR T1-49-19-16
MOV.W #n,R1
MOV.W #m+1,R2

BSR SET32
.ALIéN 2 ; Align on even address
SET32: MOV:S.W R1,@H'92:8 ;2 bytes, 9 states
BSR WAIT:8 ; 2 bytes, 9 states
MOV:S.W R2,@H'AZ2:8
RTS | — Total 32 states
ALIGN 2 ; Align on even address
WAIT: NOP ; 2 states
XCH R1,Rl ; 4 states
RTS ; 8 states

Note: The stack is assumed to be in on-chip RAM.

Example d: /4 clock source, 20-state write interval (n = 5), external memory
ID: ILDC.B #H'FF,BR
LDC.W  #H'0700,SR ; Setinterrupt mask level to 7
CLR.B @H'F8:8 ; Disable wait states
MOV.W #m, R1
MOV.W #m+5,R2
MOV:S.W R1,@H'92:8 ;13 states
BRN LD:8 ; 2 bytes, 7 states
MOV:S.W R2,@H'A2:8

— Total 20 states
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Example e: ¢/8 clock source, 24-state write interval (n = 3), external memory

LE: LDC.B
LBC.W
CLR.B
MOV.W
MOV.W
MOV:S.W

BRN LE:

NOP

#H'FF,BR
#H'0700, SR
QH'FB8:8
#m,R1
#m+3,R2

T-49-19-16

R1,@H'92:8 ; 13 states
8 ; 2 bytes,
; 1 byte,

MOV:S.W R2,Q@H'A2;8

7 states—— Total 24 states
4 states—

Example f: ¢/32 clock source, 32-state write interval (n = 1), external memory

8 states
7 states Total 32 states

LE: ILDC.B #H'FF, BR
IDC.W #H'0700, SR
CLR.B @QH'F8:8
MOV.W  #m,R1
MOV.W #m+1,R2
MOV:S.W R1,@H'92:8 ;External memory, so 13 states
XCH RO,RO ;
BRN LF:8 ; 2 bytes,
NOP y

MOV:S.W R2,@H'A2:8

HITACHI
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Synchronization on External Clock Source: When the external clock source is selected, the free-
running timers can be synchronized by halting their external clock inputs, then writing identical values
in their free-running counters.

~29-10-
10.7 Sample Application T-49-19-16

In the example below, one free-running timer channel is used to generate two square-wave outputs
with a 50% duty factor and arbitrary phase relationship. The programming is as follows:

1. The CCLRA bit in the TCSR is set to 1.
2. Each time a compare-match interrupt occurs, software inverts the corresponding output level bit in
the TCSR.

HFFFE  =eeeeemreessosessmoessresmssocoocooeoseeiimsossosessiessassssoossosnseaseasanes

OCRA -3
/

OCRB  ==---f--mm=e=s e B e B S B -

..........................................................................

H'0000 ; :

FTOA pin

FTOB pin

Figure 10-11 Square-Wave Output (Example)
10.8 Application Notes

Application programmers should note that the following types of contention can occur in the free-run-
ning timers.

Contention between FRC Write and Clear: If an internal counter clear signal is generated during
the T3 state of a write cycle to the lower byte of a free-running counter, the clear signal takes priority
and the write is not performed.
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Figure 10-12 shows this type of contention, 1-49-19-1 6

Write cycle: CPU write to lower byte of FRC

T1 Ta Ts
e >t >ie >

Internal address bus X FRC address X

Internal write signal

FRC clear signal e

FRC N X Hoo000

Figure 10-12 FRC Write-Clear Contention

Contention between FRC Write and Increment: If an FRC increment pulse is generated during the
T3 state of a write cycle to the lower byte of a free-running counter, the write takes priority and the

FRC is not incremented.
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Figure 10-13 shows this type of contention. S

Write cycle: CPU write to lower byte of FRC

T T2 Ta
et

o

Internal address bus )( FRC address X

Internal write signal

FRC clock pulse

FRC N X M

Write data

Figure 10-13 FRC Write-Increment Contention
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Contention between OCR Write and Compare-Match: If a compare-match occurs during the T3
state of a write cycle to the lower byte of OCRA or OCRB, the write takes precedence and the
compare-match signal is inhibited,

~49-19-16
Figure 10-14 shows this type of contention, T-49-1

Write cycle: CPU write to fower byte of OCRA or OCRB

T1 Ta Ts
et

_

Internal address bus X QOCRA or OCRB address X

Internal write signal

OGRA or OCRB N X M
{
Write data
| sl |
Compare-match L -\
A or B signal
Inhibited

Figure 10-14 Contention between OCR Write and Compare-Match

Incrementation Caused by Changing of Internal Clock Source: When an internal clock source is
changed, the changeover may cause the FRC to increment. This depends on the time at which the
clock select bits (CKS1 and CKS0) are rewritten, as shown in table 10-5.

The pulse that increments the FRC is generated at the falling edge of the internal clock source. If clock
sources are changed when the old source is high and the new source is low, as in case no. 3 in

table 10-5, the changeover generates a falling edge that triggers the FRC increment pulse.

Switching between an internal and external clock source can also cause the FRC to increment.
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Table 10-5 Effect of Changing Internal Clock Sources v _,\6
1-49-13
No. Description Timing Chart
1 Low — Low:
Old clock
CKS1 and CKSO are Source :
rewritten while both
clock sources are low. '
New clock
SOUurce x
FRC clock
pulse —I _l
FRC N N +1 X
CKS rewrite
2  Low — High: Old clock
CKS1 and CKSO0 are SOUMCe  —
rewritten while old
clock source is low and New clock
new clock source is high. source l 1 &
FRC clock
pulse |—| _] —l
FRC X N+t N+2 X
CKS rewrite
3 High— Low: oM clock _I—
CKS1 and CKSO are source I
rewritten while old
clock source Is high and New clock
source I—
new clock source is low. J \
*®
FRC clock ( )
pulse _l \—l I—l
FRC X Nt X N+2 X
CKS rewrite

Note: * The switching of clock sources is regarded as a falling edge that increments the FRC.
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Table 10-5 Effect of Changing Internal Clock Sources (cont)

i s b S Y L e B B T e )

T-49-19--16
No. Description Timing Chart
4  High — High:

Old clock

CKS1 and CKS0 are SOUICo

rewritten while both k

clock sources are high. New clock
source J U
FRC clock
pulse ,_l _l
FRC N X N+t kN2 X

CKS ;ewr{te
216
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Section 11 8-Bit Timer I
T-19-19-16
11.1 Overview

The H8/520 chip includes a single 8-bit timer based on an 8-bit counter (TCNT). The timer has two
time constant registers (TCORA and TCORB) that are constantly compared with the TCNT value to
detect compare-match events. One application of the 8-bit timer is to generate a rectangular-wave out-
put with an arbitrary duty factor.

11._1.1 Features
The features of the 8-bit timer are listed below.

+ Selection of four clock sources
The counter can be driven by an internal clock signal (¢/8, /64, or ¢/1024) or an external clock
input (enabling usc as an external event counter).

« Selection of three ways to clear the counter
The counter can be cleared on compare-match A or B, or by an external reset signal.

+ Timer output controlled by two compare-match signals
The single timer output (TMO) is controlled by two independent compare-match signals, enabling
the timer to generate output waveforms with an arbitrary duty factor.

» Three types of interrupts
Compare-match A and B and overflow interrupts can be requested independently.
The compare match interrupts can be served by the data transfer controller (DTC), enabling inter-
rupt-driven data transfer with minimal CPU programming.
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11.1.2 Block Diagram

T-49-19-16
Figure 11-1 shows a block diagram of the 8-bit timer.
External clock Internal cfocks
o/8
/64
TMCI
/1024 )
l Y l Clock —
Clock select Tcora K>
< Compare-maich A Comparator A |
T™MO — _——J
TMRI -———p L — Overflow m 8 :jnatleambauls
TCNT > (L]
Cloar 15 —
[ =4
I ¢ B 2
= omparator
Control logic Compare-match B ' bhiss | o
m Module
Tcors K gatsa
_ u
K M TSR K
< TCR K
—p CMIA
——— CMIB
» OVI
Interrupt signals
TCORA: Time Constant Register A
TCORB: Time Constant Register B
TCNT: Timer Counter
TCSR: Timer Control/Status Register
TCR:  Timer Control Register

Figure 11-1 Block Diagram of 8-Bit Timer

HITACHI 218



11.1.3 Input and Qutput Pins
Table 11-1 lists the input and output pins of the 8-bit timer.

Table 11-1 Input and Qutput Pins of 8-Bit Timer

e WY dwd B

T-19-19.16

Name Abbreviation VO Function

Timer output TMO Output Output controlled by compare-match
Timer clock input  TMCI Input External clock source for the counter
Timer resetinput  TMRI Input External reset signal for the counter

11.1.4 Register Configuration

Table 11-2 lists the registers of the §-bit timer.

Table 11-2 8-Bit Timer Registers

Name Abbteviation R/W Initial Value Address
Timer control register TCR R/W H00 H'FFDO
Timer control/status register TCSR RA(W)* H'10 H'FFDA1
Timer constant register A TCCRA RwW H'FF H'FFD2
Timer constant register B TCCRB RW H'FF H'FFD3
Timer counter TCNT BRW H'¢0 H'FFD4
Note: * Software can write a 0 to clear bits 7 to/5; but/cannot write a 1 in these bits.
11.2 Register Descriptions
11.2.1 Timer Counter (TCNT)—H'FFD4
Bit 7 6 5 4 3 2 1
Initial value 0 0 0 0 0- 0 0

R/W RW

Read/Write RIW RW RW RW RW R/W

The timer counter (TCNT) is an 8-bit up-counter that increments on a pulse generated from one of four
clock sources. The clock source is selected by clock select bits 2 to 0 (CKS2 to CKSO) of the timer
control register (TCR). The CPU can always read or write the timer counter.
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The timer counter can be cleared by an external reset input or by an internal compare-match signal
generated at a compare-match event. Clock clear bits 1 and 0 (CCLR1 and CCLRO) of the timer con-

trol register select the method of clearing.

T-49-19-16

When the timer counter overflows from H'FF to H'00, the overflow flag (OVF) in the timer control/sta-
tus register (TCSR) is set to 1.

The timer counter is initialized to H'00 at a reset and in the standby modes.

11.2.2 Time Constant Registers A and B (TCORA and TCORB)—H'FFD2 and H'FFD3

Bit 7 6 5 4 3 2 1 0

| | | L | |
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W RW R/W R/W AW RW R/W R/W

TCORA and TCORB are 8-bit readable/writable registers. The timer count is continually compared
with the constants written in these registers. When a match is detected, the corresponding compare-
match flag (CMFA or CMFB) is set in the timer control/status register (TCSR).

The timer output signal (TMO) is controlled by these compare-match signals as specified by output
select bits 3 to 0 (OS3 to OS0) in the timer status/contro! register (TCSR).

TCORA and TCORB are initialized to HFF at a reset and in the standby modes.

11.2.3 Timer Control Register (TCR)—H'FFD0

Bit 7 6 5 4 3 2 1 0
["cmies | cmiea | ovie [ ccuri1 | coLro | cks2 | okst1 | ckso |

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W RW RW RW R/W R/W R/W RW

The TCR is an 8-bit readable/writable register that selects the clock source and the time at which the
timer counter is cleared, and enables interrupts.

The TCR is initialized to H'00 at a reset and in the standby modes.

HITACHI | 220



S e e N Yt Tl Vet &  m ffefd WEEE IVl | o

Bit 7—Compare-Match Interrupt Enable B (CMIEB): This bit selects whether to request compare-
match interrapt B (CMIB) when compare-match flag B (CMFB) in the timer status/control register
(TCSR) is set to 1.

Bit7 "”'1;-';'49 _19-16
CMIEB  Description

0 Compare-match interrupt request B (CMIB) is disabled. {Initial value)

1 Compare-malch interrupt request B (CMIB) is enabled.

Bit 6—Compare-Match Interrupt Enable A (CMIEA): This bit selects whether to request com-
pare-match interrupt A (CMIA) when compare-match flag A (CMFA) in the timer status/control regis-
ter (TCSR) is set to 1.

Bit6

CMIEA Description

0 Compare-match interrupt request A (CMIA) is disabled. (Initial value)
1 Compare-match interrupt request A (CMIA) is enabled.

Bit 5S—Timer Overflow Interrupt Enable (OVIE): This bit selects whether to request a timer over-
flow interrupt (OVI) when the overflow flag (OVF) in the timer status/control register (TCSR) is set to
1.

Bit5

OVIE Description

0 The timer overflow interrupt request (OVI) is disabled. (Initial value)
1 The timer overflow interrupt request (OV1) is enabled.

Bits 4 and 3—Counter Clear 1 and 0 (CCLR1 and CCLR0): These bits select how the timer
counter is cleared: by compare-match A or B or by an external reset input.

Bit4 Bit 3

CCLR1 CCLAO0 Description

0 0 Not cleared. {tnitial value)
0 1 Cleared on compare-match A.

1 0 Cleared on compare-match B.

1 1 Cleared on rising edge of external reset input signal.
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Bits 2, 1, and 0—Clock Select (CKS2, CKS1, and CKS0): These bits select the internal or external
clock source for the timer counter. For the external clock source they select whether to increment the
count on the rising or falling edge of the clock input, or on both edges.

Bt 2 Bit 1 BIt 0 T-49-19-16

CKS2 CKS1 CKSO0 Description

0 0 0 No clock source (timer stopped). (Initial value)
0 0 1 internal clock source (2/8).

0 1 0 Internal clock source {8/64).

0 1 1 internal clock source (6/1024).

1 0 0 No clock source (timer stopped).

1 0 1 External clock source, counted on the rising edge.

1 1 0 External clock source, counted on the falling edge.

1 1 1 External clock source, counted on both the rising

and falling edges.

11.2.4 Timer Control/Status Register (TCSR)

Bit 7 6 5 4 3 2 1 0
[cmrB | cMFA | OvF | — | o0s3 | os2 | ost | oso |

Initial value 0 0 0 1 0 0 0 0

Read/Write RIW)* RAW)* R(W* —  RW RW RW RW

The TCSR is an 8-bit readable and partially writable* register that indicates compare-match and over-
flow status and selects the effect of compare-match events on the timer output signal (TMO).

The TCSR is initialized to H'10 at a reset and in the standby modes.
Note: * Software can write a 0 in bits 7 to 5 to clear the flags, but cannot write a 1 in these bits.

Bit 7—Compare-Match Flag B (CMFB): This status flag is set to 1 when the timer count matches
the time constant set in TCORB.
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Bit 7 T-49-19_16
CMFB Desctiption
0 This bit is cleared from 1 to 0 when: {Initial value)
1. The CPU reads the CMFB bit after the CMFB bit has been set to 1, then writes a 0 in this bit.
2. Compare-maich interrupt B is served by the data transfer controller (DTC).
1 This bit is set to 1 when TCNT = TCORB.

Bit 6—Compare-Match Flag A (CMFA): This status flag is set to 1 when the timer count matches
the time constant set in TCORA.

Bit6
CMFA Description L
0 This bit is cleared from 1 to 0 when: {Initial value)
1. The CPU reads the CMFA bit after the CMFA bit has been set to 1, then writes a 0 in this bit.
2. Compare-match interrupt A is served by the data transter controller (DTC).
1 This bit is set to 1 when TCNT = TCORA.

Bit 5—Timer Overflow Flag (OVF): This status flag is set to 1 when the timer count overflows
(changes from H'FF to H'0Q).

BitS5

OVF Description

0 This bit is cleared from 1 to 0 when the CPU reads (Initial value)
the OVF bit after the OVF bit has been set to 1, then writes a 0 in this bit.

1 This bit is set to 1 when TCNT changes from H'FF to H'00.

Bit 4—Reserved: This bit cannot be modified and is always read as 1.

Bits 3 to 0—OQutput Select 3 to 0 (OS3 to OS0): These bits specify the effect of compare-match
events on the timer output signal (TMO). Bits OS3 and OS2 control the effect of compare-match B on
the output level. Bits OS1 and OSO0 control the effect of compare-match A on the output level.

When all four output select bits are cleared to 0 the TMO signal is not output.

After a reset, the TMO output is low (0) until the first compare-match event.
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T-49-19-16

Bit3 Bit2

0S3 0S2 Description

0 0 No change when compare-match B occurs. (Initial value)
0 1 Output changes to 0 when compare-match B occurs.

1 0 Output changes to 1 when compare-match B occurs.

1 1 Output inverts (toggles) when compare-match B occurs.

Bit1 BItO

081 0S0  Description

0 0 No change when compare-maich A occurs. (Initial value)
0 1 Output changes to 0 when compare-match A occurs.

1 0 Output changes to 1 when compare-match A occurs.

1 1 Qutput inverts (toggles) when compare-match A occurs.

11.3 Operation
11.3.1 TCNT Incrementation Timing

The timer counter increments on a pulse generated once for each period of the selected (internal or

external) clock source.

]

If external clock input (TMCI) is selected, the timer counter can increment on the rising edge, the
falling edge, or both edges of the external clock signal.

The external clock pulse width must be at least 1.5 ¢ clock periods for incrementation on a single edge,
and at least 2.5 @ clock periods for incrementation on both edges. The counter will not increment cor-

rectly if the pulse width is shorter than these values.
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p | T-49-19-16
T™CI

Minimurn TMCI Pulse Width

(Single-Edge incrementation)
o
™CI |

Minimum TMCI Pulse Width

(Double-Edge Incrementation)

Figure 11-2 shows the timing of incrementation on both edges of an external clock signal.

° |

External clock ——— ]
source ~ \ I__
TCNT clock \‘ :

pulse

TONT N—1 X N X N+ 1

Figure 11-2 Count Timing for External Clock Input
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11.3.2 Compare Match Timing T-49-19 16

Setting of Compare-Match Flags A and B (CMFA and CMFB): The compare-match flags are set
to 1 by an internal compare-match signal generated when the timer count matches the time constant in
TCORA or TCORB. The compare-match signal is generated at the last state in which the match is

true, just as the timer counter increments to a new value.

Accordingly, when the timer count matches one of the time constants, the compare-match signal is not
generated until the next period of the clock source. Figure 11-3 shows the timing of the setting of the

compare-match flags.

’ _J , L

TONT N X N+ 1
TCOR N
Internal

compare-match

signal \

CMF

Figure 11-3 Setting of Compare-Match Flags

Output Timing: When a compare-match event occurs, the timer output (TMO) changes as specified
by the output select bits (OS3 to OS0) in the TCSR. Depending on these bits, the output can remain

the same, change to 0, change to 1, or toggle.
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Figure 11-4 shows the timing when the output is set to toggle on compare-match A.

’ i

Internal
compare-match
A signal

Timer output
(TMO)

M

T-49-19-16

¢

¥

€

)

Figure 11-4 Timing of Timer Output

Timing of Compare-Match Clear

Depending on the CCLR1 and CCLRO bits in the TCR, the timer counter can be cleared when com-

pare-match A or B occurs. Figure 11-5 shows the timing of this operation.

Internal
compare-match
signal

TCNT

|

\

\

H00

Figure 11-5 Timing of Compare-Match Clear

11.3.3 External Reset of TCNT

When the CCLR1 and CCLRO bits in the TCR are both set to 1, the timer counter is cleared on the ris-
ing edge of an external reset input (TMRI). To ensure resetting, the TMRI pulse width must be at least
1.5 ¢ clock periods. Figure 11-6 shows the timing of this operation.
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e e ) T-49-19-16

° i L

External reset
input (TMRI)

Internal clear
pulse

TONT N-—1 X N} H'00

Figure 11-6 Timing of External Reset

11,3.4 Setting of TCNT Overflow Flag

The overflow flag (OVF) is set to 1 when the timer count overflows (changes from H'FF to H'00).
Figure 11-7 shows the timing of this operation.

: | L

TONT HEF -0k H00

Internal overflow

signal JUSU— \

OVF

Figure 11.7 Setting of Overflow Flag (OVK)
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11.4 'CPU Interrupts and DTC Interrupts T
T-49-19-16

The 8-bit timer can generate three types of interrupts: compare-match A and B (CMIA and CMIB),

and overflow (OVI). Each interrupt is requested when the corresponding enable and flag bits are set in

the TCR and TCSR. Independent signals are sent to the interrupt controller for each type of interrupt.

Table 11-3 lists information about these interrupts.

Table 11-3 8-Bit Timer Interrupts

Interrupt Description DTC Service Available? Priority
CMIA Requested when CMFA is set Yes -High
cMiB Requested when CMFB is set Yes T

ovi Requested when OVF is set No Low

 The CMIA and CMIB interrupts can be served by the data transfer controller (DTC) to have a data
transfer performed.

When the DTC serves one of these interrupts, it automatically clears the CMFA or CMFB flag to 0.
See section 6, “Data Transfer Controller”, for further information on the DTC.
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11.5 Sample Application
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T-49-19-16

In the example below, the 8-bit timer is used to generate a pulse output with a selected duty factor. The

control bits are set as follows:
1. Inthe TCR, CCLRI1 is cleared to 0 and CCLRO is set to 1 so that the timer counter is cleared when

its value matches the constant in TCORA.
2. In the TCSR, bits OS3 to OS0 are set to 0110, causing the output to change to 1 on compare-match

A and to 0 on compare-match B.

With these settings, the 8-bit timer provides output of pulses at a rate determined by TCORA with a
pulse width determined by TCORB. No software intervention is required.

HITACHI

Figure 11-8 Example of Pulse Output
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11.6 Application Notes

Application programmers should note that the following types of contention can occur in the 8-bit

timer.

7-49-19-16

Contention between TCNT Write and Clear: If an internal counter clear signal is generated during
the T3 state of a write cycle to the timer counter, the clear signal takes priority and the write is not per-

formed.

Figure 11-9 shows this type of contention.

" Internal address
bus

Internal write
signal

Counter clear
signal

TCNT

Write cycle: CPU writes to TCNT

Tt Tz ole Ta .l

|

L

x TCNT address X

N X Hoo

Figure 11-9 TCNT Write-Clear Contention
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Contention between TCNT Write and Increment: If a timer counter increment pulse is generated
during the T3 state of a write cycle to the timer counter, the write takes priority and the timer counter is

not incremented.
. . . -16
Figure 11-10 shows this type of contention. T-49 -19-1
Write cycle: CPU writes to TCNT
T T2 Ta
e >l >l >

; i L

Internal address

bus :X TCNT address r

Internal write

signal

TCNT clock

pulse

TCNT N | LY

Write data

Figure 11-10 TCNT Write-Increment Contention
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Contention between TCOR Write and Compare-Match: If a compare-match occurs during the T3
state of a write cycle to TCORA or TCORB, the write takes precedence and the compare-match signal
is inhibited.

“1-49-19-16
Figure 11-11 shows this type of contention. T-49-1

Wirite cycle: CPU writes to TCORA
or TCORB

Ta

T Tz
e

y | L

Internal address
bus N TCOR address X

Internal write

signal
TONT N L Net
TCORA or N X y
TCORB ¥

TCOR write

data
Compare-match gromeeen- T
A or B signal . : b\

| Inhibited

Figure 11-11 Contention between TCOR Write and Compare-Match

Contention between Compare-Match A and Compare-Match B: If identical time constants are
written in TCORA and TCORB, causing compare-match A and B to occur simultaneously, any conflict
between the output selections for compare-match A and B is resolved by following the priority order in
table 11-4.
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Table 11-4 Priority Order of Timer Output

, T-49-19--16
Qutput Selection Priority
Toggle High
1 Quiput
0 Output
No change Low

Incrementation Caused by Changing of Internal Clock Source: When an internal clock source is
changed, the changeover may cause the timer counter o increment. This depends on the time at which
the clock select bits (CKS2 to CKS0) are rewritten, as shown in table 11-5.

The pulse that increments the timer counter is generated at the falling edge of the internal clock source
signal. If clock sources are changed when the old source is high and the new source is low, as in case

no. 3 in table 11-5, the changeover generates a falling edge that riggers the TCNT clock pulse and
increments the timer counter.

Switching between an internal and external clock source can also cause the timer counter to increment.

Table 11-5 Effect of Changing Internal Clock Sources

No. Description Timing Chart

1 Low —> Low*: '
CKS1 and CKSO0 are O1d clock
rewritten while both source

clock sources are low.

New clock

source J x__.___.
TCNT clock I“l i I_

pulse

TCNT N X N+1 J

CKS rewrite

Note: * Including a transition from low to the stopped state (CKS1 = O.VCKSO = (), or a transition from the
stopped state to low.
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Table 11-5  Effect of Changing Internal Clock Sources (cont)

No. Description Timing Chart 7 9-16 A
2 Low — High*t:
CKS1 and CKS0 are Old slock
rewritten while old source
clock source is low and K
new clock source is high. New clock
source J
TCNT clock
pulse '—I —l
TONT T ¢ N+t X N+2 X
CKS rewrite
3 High — Low™2:
CKS1 and CKSO0 are Old clock _I——
rewritten while old source
clock source is high and :
tock is & New clock ‘
new clock source is low. source
J s
pulse —l \U/
TONT N I net X N+2 X

CKS rewrite

Notes: 1. Including a transition from the stopped state to high.
2. Including a transition from high to the stopped state.
3. The switching of clock sources is regarded as a falling edge that increments the TCNT.
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Table 11-5 Effect of Changing Internal Clock Sources (cont) 7
T-49-19--16
No. Description Timing Chart

4 High — High:
CKS1 and CKSOQ are
i ) Oid clock
rewritten while both source

clock sources are high. &
Newclock — ]
source , )

/

TCNT clock "l
pulse

TONT N L N+ 1 L Ne2 )

CKS rewrite
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Section 12 Watchdog Timer - —
T-49-19-16

12.1 Overview

The H8/520 has an on-chip watchdog timer (WDT) module. This module can monitor system opera-
tion by generating a signal that resets the H8/520 chip if a system crash allows the timer count to over-
flow.

When this watchdog function is not needed, the WDT module can be used as an interval timer. In the
interval timer mode, an IRQ0 interrupt is requested at each counter overflow.

The WDT module is also used in recovering from the software standby mode.
12.1.1 Features
The basic features of the watchdog timer module are summarized as follows:

+ Selection of eight clock sources

« Selection of two modes: watchdog timer mode and interval timer mode

« Counter overflow generates a reset signal or interrupt request
Reset signal in the watchdog timer mode; IRQ0 request in the interval timer mode.

« External output of reset signal
Depending on a reset output enable bit, the reset signal can be output externally to reset devices
controlled by the H8/520, as well as the H8/520 itself.
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12.1.2 Block Diagram

_ T_49_10_
Figure 12-1 is a block diagram of the watchdog timer. r-49-19-16
Ovarflow
. e
Jnterrupt signals Interrupt . TONT Read/ { Internat data bus
contrel write
IRQg (Interval timer mode) | control K>
TCSR >

Y I Internal clock sources

RSTCSR ———— /2
———— 3/32

g — p/64

f—————— /128
 ————— /256
—— /512
— /2048
 ——— /4096

| Clock
~¢—————-{ Raset control

Reset signal
(internal, external)

Clock select

TNCT: Timer Counter
TSCR: Timer Control/Status Register
RASTCSR: Reset Control/Status Register

Figure 12-1 Block Diagram of Timer Counter
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12.1.3 Register Configuration

~£9-19-16

Table 12-1 lists information on the watchdog timer registers.
Table 12-1 Register Configuration

Initiat Addresses
Name Abhrevlation R/W value Write Read
Timer control/status register TCSR RAW)* H'18 HFFEC H'FFEC
Timer counter TCNT R/W H'00 HFFEC HFFED
Reset control/status register RSTCSR RA(W)* H'3F HFFFE H'FFFF
Note: * Software can write a 0 {o clear bit 7, but cannot write a 1.
12.2 Register Descriptions
12.2.1 Timer Counter (TCNT)—H'FFED
Bit 7 6 5 4 3 2 1 0

| | | | | |

initial value 0 0 ¢ 0 0 0 0 0
Read/Write R/W RW RwW RW R/W RW R/W RW

The watchdog timer counter (TCNT) is a readable/writable* 8-bit up-counter. When the timer enable
bit (TME) in the timer control/status register (TCSR) is set to 1, the timer counter starts counting
pulses of an internal clock source selected by clock select bits 2 to 0 (CKS2 to CKS0) in the TCSR.
When the count overflows (changes from H'FF to H'00), a reset or interrupt signal is generated.

The watchdog timer counter is initialized to H'00 at a reset and when the TME bit is cleared to 0.

Note: * TCNT is write-protected by a password. See section 12.2.4, “Notes on Register Access”, for
details.
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12.2.2 Timer Control/Status Register (TCSR)—H'FFEC (Read), H'FFED (Write)

Bit 7 6 5 4 3 2 1 0
ovF |writ] ™E | — | — | cks2 | cks1 | ckso |
Initial value 0 0 0 1 1 0 0 0
Read/Wite AW RW RW  — — RW RW  RW
T_A.9—19’16

The watchdog timer control/status register (TCSR) is an 8-bit readable/writable™ register that selects
the timer mode and clock source and performs other functions.

Bits 7 to 5 are initialized to O at a reset and in the standby modes. Bits 2 to 0 are initialized to 0 ata
1eset, but retain their values in the software standby mode.

Notes: 1. Software can write a 0 in bit 7 to clear the flag, but cannot set this bit to 1.
2. The TCSR is write-protected by a password. See section 12.2.4, “Notes on Register

Access”, for details.

Bit 7—Overflow Flag (OVF): This bit indicates that the watchdog timer count has overflowed.

Bit7

OVF Description

0 To clear this bit, the CPU must read this bit after it has been set o 1, {Initial value)
then write a 0 in this bit.

1 This bit is set to 1 when TCNT changes from H'FF to H'00.*

Note: * The OVF bit is not set in the watchdog timer mode.

Bit 6—Timer Mode Select (WT/IT): This bit selects whether to 0perétc in the watchdog timer mode
or interval timer mode. If the watchdog timer mode is selected, a watchdog timer overflow resets the
chip. If the interval timer mode is selected, a watchdog timer overflow generates an IRQo interrupt

request.

Bit6

WTIIT Description _

0 Interval timer mode (IRQo request) (Initial value)
1 Watchdog timer mode (Reset)
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Bit 5—Timer Enable (TME): This bit enables or disables the timer.

Bit 5 T-49-19-16
TME Description

0 TCNT is initialized to H'00 and stopped. (Initial value)

1 TCNT runs. A reset or interrupt is requested when the count overflows.

Bits 4 and 3—Reserved: These bits cannot be modified and are always read as 1.

Bits 2, 1, and 0—Clock Select (CKS2, CKS1, and CKS0): These bits select one of eight clock
sources obtained by dividing the system clock (g).

The overflow interval listed in the table below is the time from when the watchdog timer counter
begins counting from H'00 until an overflow occurs.

In the interval timer mode, IRQo interrupts are requested at this interval.

Bit 2 Bit 1 Bit0 Description

CKS2 CKS1  CKSO0 Clock Source  Overflow Interval (¢ = 10 MHz)
0 0 0 o/2 51.2 s {Initial value)
0 0 1 /32 819.2 us '

0 1 0 o/64 1.6 ms

0 1 1 /128 3.3 ms

1 0 0 8/256 6.6 ms

1 0 1 g/512 13.1ms

1 1 0 0/2048 52.4 ms

1 1 1 /4096 104.9 ms

12.2.3 Reset Control/Status Register (RSTCSR)—H'FFFF (Read), H'FFFE (Write)

Bit 7 6 5 4 3 2 1 0
"wrsT |RsTOE| — | — [ — | — — | — |

[nitial value 0 0 1 1 i 1 1 1

Read/Write RIAW)*T  RW — — — — — —

The reset control/status register (RSTCSR) is an 8-bit readable/writable2 register that indicates when a
reset has been caused by a watchdog timer overflow, and controls external output of the reset signal.
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Bit 6 is not initialized by the reset caused by the watchdog timer overflow. It is initialized, however, by
a reset caused by input at the RES pin. .
T ’ T-49-19-16

Notes: 1. Software can write a 0 in bit 7 to clear the flag, but cannot set this bit to 1.
2. The RSTCSR is write-protected by a password. See section 12.2.4, “Notes on Register
Access”, for details.

Bit 7—Watchdog Timer Reset (WRST): This bit indicates that a reset signal has been generated by a
watchdog timer overflow in the watchdog timer mode.

The reset signal generated by the overflow resets the entire H8/520 chip. In addition, if the reset output
enable (RSTOE) bit is set to 1, a reset signal (low) is ouput at the RES pin to reset devices connected to

the H8/520.

The WRST bit can be cleared by software by writing a 0. Ttis also cleared when a reset signal from an

external device is received at the RES pin.

Bit7
WRST Description )
0 This bit is cleared to 0 by a reset signal input from the RES pin, ‘ (Initial state)
| or when software writes a 0.
1 This bit is set to 1 when the watchdog timer overflows in the watchdog timer mode and an internal

reset signal is generated.

Bit 6—Reset Qutput Enable (RSTOE): This bit selects whether to output a reset signal from the RST
pin when the timer counter overflows in the watchdog timer mode.

Bit6

RSTOE Description

0 The reset signal generated by a watchdog timer overflow is not (Initial state)
" output to external devices.

1 The reset signal generated by a watchdog timer overflow is output to external devices.

Bits 5 to 0—Reserved: These bits cannot be modified and are always read as 1.

12.2.4 Notes on Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registers in being more
difficult to write. The procedures for writing and reading these registers are given below.
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Writing to TCNT and TCSR: These registers must be written by word access. Programs cannot

write to them by byte access. The word must contain the write data and a password. * ?_'470_1—0'_-‘ 6

The watchdog timer’s TCNT and TCSR registers both have the same write address. The write data
must be contained in the lower byte of the word written at this address. The upper byte must contain
H'SA (password for TCNT) or H'A5 (password for TCSR). See figure 12-2. -

The result of the access depicted in figure 12-2 is to transfer the write data from the lower byte to the
TCNT or TCSR.

15 87 0
Wiite o TCNT  Address: HFFEG [ HsA | Witedata |

15 87 0

Wilteto TCSR  Address: HFFEC | H'AS | Wiitedata |

Figure 12-2 Writing to TCNT and TCSR

Coding Examples:
To clear TCNT to 00: MOV.W #H'5A00, @H'FFEC
To write H'4F in TCSR: MOV.W #H'AS54F, QH'FFEC

Writing to RSTCSR: The RSTCSR must be written by moving word data to address H'FFFE. It can-
not be written by byte access.

The upper byte of the word must contain a password. Separate passwords are used for clearing the
WRST bit and for writing a 1 or 0 to the RSTOE bit.

To clear the WRST bit, the word written at address H'FFFE must contain the password H'A5 in the
upper byte and the data H'00 in the lower byte. This clears the WRST bit to 0 without affecting other
bits.

To set or clear the RSTOE bit, the word written at address H'FFFE must contain the password H'5A in
the upper byte and the write data in the lower byte. This writes the desired data in the RSTOE bit

without affecting other bits.

These write operations are illustrated in figure 12-3.
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To write 0 to the WRST bit 15 87 0 T-49-19-16
Address: H'FFFE H'AB H'00

To wtite to the RSTOEbit 15 87 0

Address: H'FFFE H'SA Write data

Figure 12-3 Writing to RSTCSR

Coding Examples:
To clear WRST to0: MOV.W #H'A500, @H'FFFE
To set RSTOE to 1: MOV.W #H'S5AFF, Q@H'FFFE

Reading TCNT, TCSR, and RSTCSR: The read addresses are HEFEC for TCSR, HFFED for
TCNT, and HFFFF for RSTCSR as indicated in table 12-2.

These three registers are read like other registers. Byte access instructions can be used.

Table 12-2 Read Addresses of TCNT and TCSR

Read Address Register
HFFEC TCSR
H'FFED TONT
HFFFF RSTCSR

12.3 Operation
12,3.1 Watchdog Timer Mode

The watchdog timer function begins operating when software sets the WT/IT and TME bits to 1 in the
TCSR. Thereafter, software should periodically rewrite the contents of the timer counter (normally by
writing H'00) to prevent the count from overflowing. If a program crash allows the timer count to
overflow, the watchdog timer generates a reset as shown in figure 12-4.

The reset signal from the watchdog timer can also be output from the RES pin to reset external devices.
This reset output signal is a low pulse with a duration of 132 ¢ clock periods. The reset signal is output
only if the RSTOE bit in the TCSR is set to 1.
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The reset signal from the watchdog timer has the same vector as a reset generated by low input at the
RES pin. Software should check the WRST bit in the RSTCSR to determine the source of the reset.

If a watchdog timer overflow occurs at the same time as a low input at the RES pin, priority is given to
one type of reset or the other depending on the value of the RSTOE bitin the RSTCSR.
T-49-19-16
If the RSTOE bit is set to 1 when both types of reset occur simultaneously, the watchdog timer’s reset
signal takes precedence. The internal state of the H8/520 chip is reset, the RSTOE bit remains set to 1,
the WRST bit is also set to 1, and the RES pin is held low for 132 ¢ clock periods. If at the end of 520
¢ clock periods there is still an external low input to the RES pin, the external reset takes effect, clear-
ing the WRST and RSTOE bits to 0. Note that if the external reset occurs before the watchdog timer

overflows, it takes effect immediately and clears the RSTOE bit.

If the RSTOE bit is cleared to O when both types of reset occur simultaneoualy, the reset signal input
from the RES pin takes precedence and the WRST bit is cleared to 0.

Waitchdog timer overflow

HFF

!

TCNT count

- AN PR bt/

Start H'00 wrilten Reset Start  H'00 written
to TCNT : to TCNT

Internal reset signal

External reset signal id— * —Pl

(RES)

Note: The external reset signal is output for 132 system clock (@) cycles.
The internal reset signal lasts tar 520 system clock (@) cycles.

Figure 12-4 Operation in Watchdog Timer Mode
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12.3.2 Interval Timer Mode '
T-49-19-1¢6

Interval timer operation begins when the WT/IT bit is cleared to 0 and the TME bit is set to 1.

In the interval timer mode, an IRQO request is generated each time the timer count overflows. This
function can be used to generate IRQo requests at regular intervals, See figure 12-5.

IRQo requests from the watchdog timer module have the same vector as IRQ0 requests from the IRQo
pin, so the IRQo interrupt-handling routine must check the OVF bit in the TCSR to determine the

source of the interrupt.

HFF
I\
TCNT count
Timet
—_—
H'00 ’
Y l Y Y Y
WRI/IT =0 IRQo IRQo IRQo IRQo 1RQo
TME =1 request request request request request

Figure 12-5 Qperation in Interval Timer Mode

12.3.3 Operation in Software Standby Mode

The watchdog timer has a special function in the software standby mode. Specific watchdog timer set-
tings are required when the software standby mode is used.

Before Transition to the Software Standby Mode: The TME bit must be cleared to O to stop the
watchdog timer counter before a transition to the software standby mode. The chip cannot enter the
software standby mode while the TME bit is set to 1. Before entering the software standby mode, soft-
ware should also set the clock select bits (CKS2 to CKS0) to a value that makes the timer overflow
interval equal to or greater than the settling time of the clock oscillator.

Recovery from the Software Standby Mode: Recovery from the software standby mode can be trig-
gered by an NMI request. In this case the recovery proceeds as follows:
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When an NMI request signal is received, the clock oscillator starts running and the watchdog timer
starts counting at the rate selected by the clock select bits before the sofiware standby mode was
entered. When the count overflows from H'FF to H'00, the ¢ clock is presumed to be stable and usable,
clock signals are supplied to all modules on the chip, and the NMI interrupt-handling routine starts

executing. —

 T-49-19-16
12.3.4 Setting of Overflow Flag

The OVF bit is set to 1 when the timer count overflows in the interval timer mode. Simultaneously, the
WDT module requests an IRQo interrupt. The timing is shown in figure 12-6.

S

- ry

TONT SS H'FFX H00

Internal overflow —_.5 i

signal \

OVF 0

Figure 12-6~ Setting of OVF Bit
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12.3.5 Setting of Watchdog Timer Reset (WRST) Bit

_ ~49-19-16
The WRST bit is valid when WT/IT =1 and TME = 1. T-49-1

The WRST bit is set to 1 when the timer count overflows. An internal reset signal is simultaneously
generated for the entire H8/520 chip. The timing is shown in figure 12-7.

-y WL

2 L
TCNT ‘ H'FFX H'00 ' ’
/! !
OCverflow ; I ( (
signal 5 7/
e
p),
WRST (¢
7/

Py,
internal ),
reset (L
signal 2/

Figure 12-7 Setting of WRST Bit and Internal Reset Signal

12.4 Application Notes

Contention between TCNT Write and Increment: If a timer counter clock pulse is generated during
the T3 state of a write cycle to the timer counter, the write takes priority and the timer counter is not

incremented. See figure 12-8.
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Write cycle; CPU writes to TONT

I Ts I T2 I Ta I T—-49-'| 9-16
|
Internal addre;ss bus X TCNT address x

Internal write signal

TCNT clock pulse

TONT N J( M

Write data

Figure 12-8 TCNT Write-Increment Contention

Changing the Clock Select Bits (CKS2 to CKS0): Software should stop the watchdog timer (by
clearing the TME bit to 0) before changing the value of the clock select bits. If the clock select bits are
modified while the watchdog timer is running, the timer count may be incremented incorrectly.
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Section 13  Serial Communication Interface

13.1 Overview 7 71:—749—1 9-16

The H8/520 chip includes a two-channel serial communication interface (SCI) for transferring serial
data to and from other chips. The two channels are independent but are functionally identical.
Synchronous and asynchronous data transfer are supported on both channels.

13.1.1 Features
The features of the on-chip serial communication interface are as follows:

+ Selection of asynchronous or synchronous mode
—Asynchronous mode
The SCI can communicate with a UART (Universal Asynchronous Receiver/Transmitter), ACIA
(Asynchronous Communication Interface Adapter), or other chip that employs standard asyn-
chronous serial communication. Eight data formats are available.
—Data length: 7 or 8 bits
— Stop bit length: 1 or 2 bits
—Parity: Even, odd, or none
—Error detection: Parity, overrun, and framing errors
—~Synchronous mode
The SCI can communicate with chips able to synchronize data transfers with clock pulses.
—Data length: 8 bits
— Error detection: Overrun errors
+ Full duplex communication
The transmitting and receiving sections are independent, so the SCI can transmit and receive simul-
taneously. Both the transmit and receive sections use double buffering, so continuous data transfer
is possible in either direction.
+ Built-in baud rate generator
Any specified baud rate can be generated.
+ Internal or external clock source
The baud rate generator can operate on an internal clock source, or an external clock signal input at
the SCK pin.
o Three interrupts
Transmit-end, receive-end, and receive-error interrupts are requested independently. The transmit-
end and receive-end interrupts can be served by the on-chip data transfer controller (DTC), provid-
ing a convenient way to transfer data with minimal CPU programming.
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13.1.2 Block Diagram
T-49-19-16

Figure 13-1 shows a block diagram of one serial communication interface channel.

o]
§
D
kS
a internal
Maodule data bus @ data bus
< )ﬂ K 7
] U 0 0
RDR TDR SSR BRR Internal clock
source
r\ SCR —0
[ N Y SMR Baud-rate  je—— 2/4
RXD = RSR TSR - generator 18
P Communication R
TXD- control le— /64
Parity generator ™7 ‘r T ]
Parity check Clock Externat clock
SCK=
> TX1
RDR: Recsive Data Register > RXI
RSR: Receive Shift Register N
TDR: Transmit Data Register > ERI
TSR: Transmit Shift Register Interrupt signals

SSR: Serial Status Register
SCR: Seriat Control Register
SMR: Serial Mode Register
BRR: Bit Rate Register

Figure 13-1 Block Diagram of Serial Communication Interface
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Table 13-1 lists the input and output pins used by the SCI module.

T-49-19-16

Table 13-1 SCI Input/Output Pins

Channe! Name Abbreviation 1o Function

1 Serial clock SCKi ~ Inputoutput  Serial clock input and output for channel 1
Receivedata  RXD1 input Receive data input for channel 1
Transmitdata TXDh Qutput Transmit data output for channel 1

2 Serial clock SCKa2 Input/output  Serial clock input and output for channel 2
Receive data RXDz Input Receive data input for channel 2
Transmitdata TXD2 Qutput Transmit data output for channel 2

13.1.4 Register Configuration

Table 13-2 lists the SCI registers. These registers specify the communication mode (synchronous or
asynchronous), data format, and bit rate, and control the transmit and receive sections.

Table 13-2 SCI Registers

Channel Name Abbreviation RW Initial Value Address

1 Receive shift register RSR — — —
Receive data register RDR R H'00 H'FFDD
Transmit shift register TSR — — —
Transmit data register TOR R/W HFF HFFDB
Serial mode register SMR RW H'04 H'FFD8
Serial control register SCR RW H'0G H'FFDA
Serial status register SSR //(W)* H'87 H'FFDC
Bit rate register BRR R/W HFE H'FFD9

2 Receive shift register RSR — — —
Receive data register RDR R H'00 H'FFC5
Transmit shift register TSR — — —
Transmit data register TDR RW H'FF HFFC3
Serial mode register SMR RwW H'04 H'FFCO
Serial control register SCR RW H'0C H'FFC2
Serial status register SSR R/(W)* H'87 H'FFC4
Bit rate register BRR RW H'FF H'FFC1

Note: * Software can write a 0 to clear the status flag bits, but cannot write a 1.
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13.2 Register Descriptions
7-49-19-16

13.2.1 Receive Shift Register (RSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — —

The RSR receives incoming data bits. When one character (one byte) has been received, it is trans-
ferred to the receive data register (RDR).

The CPU cannot read or write the RSR directly.

13.2.2 Receive Data Register (RDR)—H'FFDD (Channel 1), H'FFC5 (Channel 2)

Bit 7 6 5 4 3 2 1 0

| | l | | | ] |
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

The RDR stores received data. As each character is received, it is transferred from the RSR to the
RDR, enabling the RSR to receive the next character. This double-buffering allows the SCI to receive
data continuously.

The CPU can read but not write the RDR. The RDR is initialized to H'00 at a reset and in the standby modes.

13.2.3 Transmit Shift Register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — - — — —

The TSR holds the character currently being transmitted. When transmission of this character is com-
pleted, the next character is moved from the transmit data register (TDR) to the TSR and transmission
of that character begins. If the TDR does not contain valid data, the SCI stops transmitting.

The CPU cannot read or write the TSR directly.
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13.2.4 Transmit Data Register (TDR)—H'FFDB (Channel 1), H'FFC3 (Channel 2)

Bit 7 6 5 4 3 2 1 0
I A N T |
Initial value 1 1 1 1 1 1 1 1
Read/Write RW RW RW RwW R/W RW RW 2 —
© 7-09-19-16

The TDR is an 8-bit readable/writable register that holds the next character to be transmitted. When
the TSR becomes empty, the character written in the TDR is transferred to the TSR.

Continuous data transmission is possible by writing the next byte in the TDR while the current byte is
being transmitted from the TSR.

The TDR is initialized to H'FF at a reset and in the standby modes.

13.2.5 Serial Mode Register (SMR)—H'FFD8 (Channel 1), H'¥FFCO0 (Channel 2)

Bit 7 6 5 4 3 2 1 0
[ oA | ciR | PE | O | stop | — | ckst | okso |

Initial value 0 0 0 0 0 1 0 0

Read/Write RW RW RW RW RW — RW RW

The SMR is an 8-bit readable/writable register that controls the communication format and selects the
clock rate for the internal clock source. It is initialized to H'04 at a reset and in the standby modes.

Bit 7—Commmunication Mode (C/A): This bit selects the asynchronous or synchronous communica-

tion mode.

Bit7

C/A Description

0 Asynchronous communication. (Initial value)
1 Comrmunication is synchronized with the serial clock.

Bit 6—Character Length (CHR): This bit selects the character length in asynchronous mode. Itis
ignored in synchronous mode.
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Bit6

CHR Description

0 8 bits per character. (Initial value)
1 7 bits per character.

T-19-19-16

Bit 5—Parity Enable (PE): This bit selects whether to add a parity bit in asynchronous mode. Itis
ignored in synchronous mode.

Bit5

PE Description

0 Transmit: No parity bit is added. (Initial value)
Receive: Parity is not checked.

1 Transmit: A parity bit is added.

Receive: Parily is checked.

Bit 4—Parity Mode (O/E): In asynchronous mode, when parity is enabled (PE = 1), this bit selects
even or odd parity.

Even parity means that a parity bit is added to the data bits for each character to make the total number
of 1s even. Odd parity means that the total number of 1s is made odd.

This bit is ignored when PE =0 and in the synchronous mode.

Bit 4

O/E Description

0 Even parity. (Initial value)
1 Odd parity.

Bit 3—Stop Bit Length (STOP): This bit selects the number of stop bits. It is ignored in the syn-
chronous mode.

Bit3

STOP Description

0 1 stop bit. (Initial value)
1 2 stop bits.

Bit 2—Reserved: This bit cannot be modified and is always read as 1.
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Bits 1 and 0—Clock Select 1 and 0 (CKS1 and CKS0): These bits select the internal clock source
when the baud rate generator is clocked from within the H8/520 chip.

T-
Bit 1 BIt 0 -49-19-16
CKS1 CKS0 Description
0 @ clock (Initial value)
1 o/4 clock
1 0 2/16 clock
1 1 @/64 clock

13.2.6 Serial Control Register (SCR)—H'FFDA (Channel 1), H'FFC2 (Channel 2)

Bit 7 6 5 4 3 2 1 0
T7E | me | € | Re | — | — | CKet | CKEo

Initial value 0 0 0 0 1 1 0 0

Read/Wiite AW RW RW RW —  — RW RW

The SCR is an 8-bit readable/writable register that enables or disables various SCI functions. It is ini-
tialized to H'OC at a reset and in the standby modes.

Bit 7—Transmit Intecrupt Enable (RIE): This bit enables or disables the transmit-end interrupt
(TXI) request when the transmit data register empty (TDRE) bit in the serial status register (SSR) is set
to 1.

Bit 7

TIE Description

0 The transmit-end interrupt request (TXI) is disabled. (Initial value)
1 The transmit-end interrupt request (TXI) is enabled.

Bit 6—Receive Interrupt Enable (RIE): This bit enables or disables the receive-end interrupt (RXI)
request when the receive data register full (RDRF) bit in the serial status register (SSR) is setto 1. It
also enables and disables the receive-error interrupt (ERI) request.

Bit6

RIE Description

0 The receive-end interrupt (RXI) and receive-error interrupt (ERI) (Initial value)
requests are disabled.

1 The receive-end interrupt (RXI) and receive-error interrupt (ERI) requests are enabled.
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Bit 5—Transmit Enable (TE): This bit enables or disables the transmit function. When the transmit
function is enabled, the TXD pin is automatically used for output. When the transmit function is dis-
abled, the TXD pin can be used as a general-purpose I/O port.

Bit5 T-49-19-16

TE Description

0 The transmit function is disabled. The TXD pin can be (Initial value)
used as a general-purpose /O port.

1 The transmmit function is enabled. The TXD pin is used for output.

Bit 4—Receive Enable (RE): This bit enables or disables the receive function. When the receive
function is enabled, the RXD pin is automatically used for input. When the receive function is dis-
abled, the RXD pin is available as a general-purpose 1/O port.

Bit 4

RE Description

0 The receive function is disabled. The RXD pin can be (Initial value})
used as a general-purpose /O port.

1 The receive function is enabled. The RXD pin is used for input.

Bits 3 and 2—Reserved: These bits cannot be modified and are always read as 1.

Bit 1—Clock Enable 1 (CKE1): This bit selects the SCI clock source: either the internal baud rate
generator or an external clock signal input at the SCK pin. When the external clock source is selected,
the SCK pin is automatically used for input of the external clock signal.

Bit 1

CKE1 Description

0 Internal clock source. {Initial value)
1 External clock soeurce. (The SCK pin is used for input.)

Bit 0—Clock Enable 0 (CKEO0): When an internal clock source is used in synchronous mode, this bit
enables or disables serial clock output at the SCK pin.

This bit is ignored when the external clock is selected, or when the asynchronous mode is selected.

For further information on the communication format and clock source selection, see tables 13-5 and
13-6 in section 13.3, “Operation”.

HITACHI 258



T IHEW T WWl.WeT S0 i)
Bit 0
CKEQ Description
0 The SCK pin is not used by the SCI (and is available as (Initial value)
a general-purpose /O port).
1 The SCK pin is used for serial clock output. - — T T T

T-49-19-1 —

13.2.7 Serial Status Register (SSR)}—H'FFDC (Channel 1), H'FFC4 (Channel 2)

Bit 7 6 5 4 3 2 1 0
[ 7ToRe | RorF [ oReR | FER | PER | — 1T =1 =1

initial value 1 0 0 0 0 o1 1 1

Read/Wiite RAWS  RAWY* RAW»  RIOW)* R(W)* R R R

Note: * Software can write a 0 to clear the fiags, but cannot write a 1 in these bits.

The SSR is an 8-bit register that indicates transmit and receive status. It is initialized to H'87 at a reset
and in the standby modes.

Bit 7—Transmit Data Register Empty (TDRE): This bit indicates when the TDR contents have
been transferred to the TSR and the next character can safely be written in the TDR.

Bit7
TDORE Description
0 This bit is cleared from 1 to 0 when:

1. The CPU reads the TDRE bit after the TDRE bit has been set to 1, then writes a 0 in this bit.
2 The data transfer controller (DTC) writes data in the TDR.
1 This bit is set to 1 at the following times: (Initial value)
1, The chip Is reset or enters a standby mode.
2.  When TDR contents are transferred to the TSR.
3. When TDRE =0 and the TE bit is cleared to 0.

Bit 6—Receive Data Register Full (RDRF): This bit indicates when one character has been received
and transferred to the RDR.
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RDRF Description
0 This bit is cleared from * to 0 when: (Initial value)

1. The CPU reads the RDRF bit after the RDRF bit has been set to 1, then writes a 0 in this bit.
2.  The data transfer controlier (DTC) reads the RDR.
3.  The chip is reset or enters a standby mode.

This bit is set to 1 when one character is received without error and transferred from the RSR to
the RDR.

Bit 5—Overrun Error (ORER): This bit indicates an overrun error during reception.

Bit5
ORER Description
0 This bit is cleared from 1 to 0 when: (Initiaf value)

1.  The CPU reads the ORER bit after the ORER bit has been set to 1, then writes a 0 in this bit.
2.  The chip is reset or enters a standby mode.

This bit is set to 1 if reception of the next character ends while the receive data register is still full
(RDRF = 1).

Bit 4—Framing Error (FER): This bit indicates a framing error during data reception in the asyn-

chronous mode. It has no meaning in the synchronous mode.

Bit 4
FER Description
0 This bit is cleared from 1 to 0 when: (Initial value)

1. The CPU reads the FER bit after the FER bit has been set to 1, then writes a 0 in this bit.
2.  The chip is reset or enters a standby mode.

This bit is set to 1 if a framing error occurs (stop bit = 0).

Bit 3—Parity Error (PER): This bit indicates a parity error during data reception in the asyn-
chronous mode, when a communication format with parity bits is used.

This bit has no meaning in the synchronous mode, or when a communication format without parity bits is used.

HITACHI
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Bit3
PER Description
0 This bit is cleared from 1 to 0 when: {Initial value)

1.  The CPU reads the PER bit after the PER bit has been set to 1, then writes a 0 in this bit.
2.  The chip is reset or enters a standby mode.

1 This bit is set to 1 when a parity error occurs {the parity of the received data does not match the
parity selected by the O/E bit in the SMR).

T-49-19-16

Bits 2 to 0—Reserved: These bits cannot be modified and are always read as 1.

13.2.8 Bit Rate Register (BRR)—H'FFD9 (Channel 1), H'FFC1 (Channel 2)

Bit 7 6 5 4 3 2 1 0

| L | T | |
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W RW RIW R/W R/W RW R/W RW

The BRR is an 8-bit register that, together with the CKS1 and CKSO0 bits in the SMR, determines the
baud rate output by the baud rate generator.

The BRR is initialized to H'EF (the slowest rate) at a reset and in the standby modes.
Tables 13-3 and 13-5 show examples of BRR (N) and CKS (n) settings for commonly used bit rates.

Different values can be set for each SCI channel. Table 13-4 indicates the maximum bit rates for vari-
ous crystal oscillator frequencies in the asynchronous mode.
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Table 13-3 Examples of BRR Settings in Asynchronous Mode (1) T-49-19-1¢
XTAL Frequency (MHz)
2 2.4576 4 4.194304
Bit Error Error Error Error
Rate n N (%) n N (%) n N (%) n N (%)
110 1 70 +0.03 1 86 +0.31 i 141 +0.03 1 148 -0.04
150 0 207 +0.16 O 255 O 1 103 +0.16 1 108  +0.21
300 0 103 4016 O 127 0 0 207 +0.16 0 217 +0.21
600 0 51 +0.16 0 63 0 0 103 +0.16 0 108 +0.21
1200 0 25 +0.16 0 31 0 0 51 +0.16 0 54 -0.70
2400 0 12 +0.16 0 15 0 0 25 +0.16 0 26 +1.14
4800 —_ — - 0 0 0 12 1016 0 13 -248
9600 - - — 0 0 —- - — —_ - —
19200 —_ - — 0 0 —_ - — —_ - —
31250 — — @ — - - - 0 1 0 _ - -
38400 - - — 0 0 0 - - — - - —
Table 13-3 Examples of BRR Settings in Asynchronous Mode (2)
XTAL Frequency (MHz)
4.9152 6 7.3728 8
Bit Error Error Error Error
Rate ] N (%) n N (%) n N (%) n N (%)
110 1 174 -0.26 2 52 +0.50 2 64 +0.70 2 70 +0.03
150 1 127 0 1 165 +0.16 1 191 0 1 207 +0.16
300 0 255 O 1 77 +0.16 1 95 0 1 103  +0.16
600 0 127 0 0 155 +0.16 0 191 0 0 207 +0.16
1200 0 63 0 0 77 +0.16 0 95 ] 0 103 +0.16
2400 0 31 0 0 38 +0.16 0 47 0 0 51 +0.16
4800 0 15 0 0 19 —-2.34 0 23 0 0 25 +0.16
9600 0 0 - - — 0 1 0 0 12 +0.16
19200 0 0 - - — 0 5 0 .- —
31250 - - — 0 2 0 - - — 0 3 0
38400 0 1 0 - - — 0 2 0 —_ — —
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Table 13-3 Examples of BRR Settings in Asynchronous Mode (3) ——

,  1-49-19-16
XTAL Frequency (MHz)
9.8304 10 12 12.288
Bit Error Error Error Error
Rate n N (%) n N (%) n N (%) n N (%)
110 2 86 +0.31 2 88 026 2 106 044 2 108 +0.88
150 1 256 0 2 64 +0.16 2 77 0 2 79 0
300 1 127 0 1 129 +0.16 1 i85 0 1 159 0
600 0 266 O 1 64 +0.16 1 77 0 1 79 0
1200 0 127 0 0 129 1016 0 155 +0.16 0O 59 O
2400 0 63 0 0 64 +0.16 0 77 +0.16 0 79 0
4800 0 a1 0 0 32 ~136 0 38 +0.16 0 39 0
9600 0 156 0 0 15 +1.73 O 19 234 0 19 0
19200 0 7 0 0 7 +173 - - —_ 0 9 0
31250 0 -170 0 0 0 5 0 0 +2.40
38400 0 3 0 0 +1.73 - — — 0 0
263
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Table 13-3 Examples of BRR Settings in Asynchronous Mode (4) T-49-1 9-16
XTAL Frequency (MHz)

14.7456 16 19.6608 20
Bit Error Error Error Error
Rate n N (%) n N (%) n N (%) n N (%)
110 2 130 -0.07 2 141 +0.03 2 174 -0.26 3 43 +0.88
150 2 a5 0 2 103 +0.16 2 127 0 2 129 +0.16
300 1 191 0 1 207  +0.186 1 255 0 2 64 +0.16
600 1 95 0 1 103 +0.16 1 127 0 1 129  +0.16
1200 0 191 0 0 207  +0.18 0 255 O 1 64 +0.16
2400 0 95 0 0 103 4016 0O 127 0 0 129  +0.16
4800 0 a7 0 0 51 +).16 0 63 0 0 64 +0.16
9600 0 23 0 0 25 +0.16 0 31 0 0 32 ~-1.36
18200 0 11 0 0 12 +0.16 0 i5 0 0 15 +1.73
31250 -—_ - _ 0 7 0 0 9 -1.70 0 9 0
38400 0 5 0 —_ — —_ 0 7 0 0 7 +1.73
307200 — — —_ —_ —_ -_ 0 0 0 — —_ —_
312500 — — = @ — - — - = = 0 0 0

Note: If possible, the error should be within 1%.

B = 0SC x 106/[64 x 220 x (N + 1)]
B: Bitrate (bits/s)
N: BRR value (0 <N <255)

OSC:  Crystal oscillator frequency in MHz

n: Internal clock source (0, 1, 2, or 3)

The meaning of n is given by the table below:

n CKS1 CKS0 Clock
0 0 0 ]

i 0 1 al4

2 1 0 a/16
3 1 1 2/64
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Table 13-4 Maximum Bit Rate for Various Crystal Oscillator Frequencies (In Asynchronous Mode)

CKS and BRR

T 7-49-19-16

XTAL (MHz) Maximum Bit Rate (bits/s) n

2 31250 0 0
24576 38400 0 0
4 62500 0 0
4.194304 65536 0 0
49152 76800 0 0
6 93750 0 0
7.3728 115200 0 0
8 125000 0 0
9.8304 153600 0 0
10 156250 0 0
12 187500 0 0
12.288 182000 0 0
14.7456 230400 0 0
16 250000 0 0
19.6608 307200 0 0
20 312500 0 0

265
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Table 13-5 Examples of BRR Settings in Synchronous Mode

XTAL Frequency (MHz) 7-49-19-16
Bit 10 16 20
Rate n N n N n N n N n N n N
100 . m— _— = e = e = = = e
250 1 249 2 124 2 249 — — 3 124 — —
500 1 124 1 249 2 124 — — 2 249 — —
1k 0 240 1 124 1 249 — — 2 124 — —
25k 0 9 0 199 1 99 1 124 1 199 1 249
5k 0 49 0 99 0 199 0 249 1 99 1 124
10k 0 24 0 49 0 99 0 124 0 199 0 249
25 k 0o 9 o0 19 0 39 0 4 0 79 0 99
50 k 0 4 0 0 19 0 24 0 39 0 49
100k — — 0 0 — — 0 19 0 24
250k 0 0 0 1 0 0 4 0 0
500 k 0 0 0 — — 0 3 0 4
1M 0 o0+ — — 0 - —
25M 0  0O*

Notes: Blank: No setting is available.
A sefting is available, but the bit rate is inaccurate.
Continuous transfer is not possible.

ke

B = 0SC/[8 %220 x (N + 1)]

B: Bit rate (bits/s)

N: BRR value (0 <N <255)
OSC: Crystal oscillator frequency in MHz

n: Internal clock source (0, 1, 2, or 3)

The meaning of n is given by the table below:

n CKS1 CKS0 Clock
0 0 0 ]

i 0 1 o/4

2 1 0 2/16
3 1 1 e/64

HITACHI
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13.3 Operation

_19-16

13.3.1 Overview T-4
The SCI supports serial data transfer in both asynchronous and synchronous modes.

The communication format depends on settings in the SMR as indicated in table 13-6. The clock
source and usage of the SCK pin depend on settings in the SMR and SCR as indicated in table 13-7.

Table 13-6 Communication Formats Used by SCI

SMR Stop Bit
C/A CHR PE STOP Mode Format Parity Length
0 0 0 0 Asynchronous  8-Bit data - None 1
1 2
1 0 Yes 1
1 2
1 0 0 7-Bit data None 1
1 2
1 0 Yes 1
1 2
1 — — — Synchronous  B-Bitdata — —

Table 13-7 SCI Clock Source Selection

SMR SCR Clock

C/A CKE1 CKE0 Source  SCKPin

0 0 0 Internal 11O port*

(Async 1 Clock output at same frequency as bit rate

mode) 1 0 Extarnal Clock input at 16 times the bit rate frequency
1

1 0 0 Internal Serial clock cutput

(Sync 1

mode) 1 0 External Serial clock input

1
Note: * Not used by the SCI.

Transmitting and receiving operations in the two modes are described next.
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13.3.2 Asynchronous Mode

In asynchronous mode, each character is individually synchronized by framing it with a start bit and

stop bit.
T-49-19_16

Full duplex data transfer is possible because the SCI has independent transmit and receive sections.

Double buffering in both sections enables the SCI to be programmed for continuous data wransfer.

Figure 13-2 shows the general format of one character sent or received in the asynchronous mode. The
communication channel is normally held in the mark state (high). Character transmission or reception
starts with a transition to the space state (low).

The first bit transmitted or received is the start bit (low). It is followed by the data bits, in which the
least significant bit (LSB) comes first. The data bits are followed by the parity bit, if present, then the
stop bit or bits (high) confirming the end of the frame.

In receiving, the SCI synchronizes on the falling edge of the start bit, and samples each bit at the center
of the bit (at the 8th cycle of the internal serial clock, which runs at 16 times the bit rate).

) Idle state
—| Start bii Do D1 Dn Parity bit Stop bit
{ '
| (d
le »le »le »)e »|
ETTEL 7 or 8 bits " oortbit | 1or2bits !
L N
1 One character '

Figure 13-2 Data Format in Asynchronous Mode

Data Format: Table 13-8 lists the data formats that can be sent and received in asynchronous mode.
Eight formats can be selected by bits in the SMR.
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Table 13-8 Data Formats in Asynchronous Mode N 7T_&é.—1 9-16

SMR Bits
CHR PE STOP Data Format
0 0 0 L START |  g-Bitdata [ sToP |
o o0 i [ START |  8Bitdata | stop | stop |
o 1 0 [ START |  8-Bitdata |_p [ stop]
o 1 1 |START |  g-Bitdata | " p | stop]| stoP |
1 0 o |_sTART | 7-Bit data [ sTop |
1 0 1 | START |  7-Bitdata [ sTop | sToP |
1 1 0 [ START [ 7-Bitdata [ p {sTopP |
T 011 [ staRT |  7-Bitdata [ P [stop | stor]

Note: START: Start bit
STOP: Stop bit
P: Parity bit

Clock: In the asynchronous mode it is possible to select either an internal clock created by the on-chip

baud rate generator, or an external clock input at the SCK pin. Refer to table 13-7.

If an external clock is input at the SCK pin, its frequency should be 16 times the desired bit rate.

If the internal clock provided by the on-chip baud rate generator is selected and the SCK pin is used for
clock output, the output clock frequency is equal to the bit rate, and the clock pulse rises at the center
of the transmit data bits. Figure 13-3 shows the phase relationship between the output clock and trans-

mit data.

Output clock

Transmit data

Start bit

DO i DI | D2

Figure 13-3 Phase Relationship Between Clock Output and Transmit Data
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SCI Initialization; Before data can be transmitted or received, the SCI must be initialized by software. To
initialize the SCI, software must clear the TE and RE bits to 0, then execute the following procedure,

1. Set the desired communication format in the SMR. T-49-19.1 6

2. Write the value correspohding to the desired bit rate in the BRR. (This step is not necessary if an
external clock is used.)

3 Select the clock and enable desired interrupts in the SCR.
4. Set the TE and/or RE bit in the SCR to 1.

The TE and RE bits must both be cleared to 0 whenever the operating mode or data format is changed.

After changing the operating mode or data format, before setting the TE and RE bits to 1 software must
wait for at least 1 bit transfer time at the selected communication speed, to make sure the SCI is initial-
ized. If an external clock is used, the clock must not be stopped.

When clearing the TDRE bit during data transmission, to assure transfer of the correct data, do not
clear the TDRE bit until after writing data in the TDR. Similarly, in receiving data, do not clear the
RDREF bit until after reading data from the RDR.

Data Transmission: The procedure for transmitting data in the asynchronous mode is as follows.
1. Set up the desired transmitting conditions in the SMR, SCR, and BRR.

2. Set the TE bit in the SCR to 1.
The TXD pin will automatically be switched to output and one frame* of all 1s will be transmitted,

after which the SCI is ready to transmit data.
Note: * A frame is the data for one character, including the start bit and stop bit(s).

3, Check that the TDRE bit is set to 1, then write the first byte of transmit data in the TDR. Next
clear the TDRE bit to 0.

4. The first byte of transmit data is transferred from the TDR to the TSR and sent in the designated
format as follows.
a. Start bit (one 0 bit).
b. Transmit data (seven or eight bits, starting from bit 0)
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c. Parity bit (odd or even parity bit, or no parity bit) e
d. Stop bit (one or two consecutive 1 bits) 7 T—_49_] 9-16

Transfer of the transmit data from the TDR to the TSR makes the TDR empty, so the TDRE bit is
setta 1.

If the TIE bit is set to 1, a transmit-end interrupt (TXT) is requested.

When the transmit function is enabled but the TDR is empty (TDRE = 1), the output at the TXD
pin is held at 1 until the TDRE bit is cleared to 0.

Data Reception: The procedure for receiving data in the asynchronous mode is as follows.

1.

Set up the desired receiving conditions in the SMR, SCR, and BRR.

Set the RE bit in the SCR to 1.
The RXD pin will automatically be switched to input and the SCI is ready to receive data.

The SCI synchronizes with the incoming data by detecting the start bit, and places the received bits
in the RSR. At the end of the data, the SCI checks that the stop bit is 1.

If the stop bit Iength is 2 bits, the SCI checks that both bits are 1.

When a complete frame has been received, the SCI transfers the received data to the RDR so that it
can be read. If the character length is 7 bits, the most significant bit of the RDR is cleared to Q.

At the same time, the SCI sets the RDRF bit in the SSR to 1. If the RIE bit is set to 1, a receive-
end interrupt (RXI) is requested.

The RDRF bit is cleared to O when the CPU reads the SSR, then writes a 0 in the RDRF bit, or
when the RDR is read by the data transfer controller (DTC). The RDR is then ready to receive the
next character from the RSR.

When a frame is not received correctly, a receive error occurs. There are three types of receive errors,
listed in table 13-9.

If a receive error occurs, the RDRF bit in the SSR is not set to 1. The corresponding error flag is set to
1 instead. If the RIE bit in the SCR is set to 1, a receive-error interrupt (ERI) is requested.

When a framing or parity error occurs, the RSR contents are transferred to the RDR. If an overrun

error occurs, however, the RSR contents are not transferred to the RDR.
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If multiple receive errors occur simultaneously, all the corresponding error flags are set to 1.
See section 13.5, “Application Notes”. 1-29-19-16

To clear a receive-error flag (ORER, FER, or PER), software must read the SSR, then write 2 0 in the
flag bit.

Table 13-9 Receive Errors

Name Abbreviation Description

Overrunerror ORER Reception of the next frame ends while the RDRF bit is stili set to 1.
The RSR contents are not transferred to the RDR.

Framing error  FER ~ Astopbitis 0. 7
The RSR contents are transferred to the RDR.

Patity error PER The parity of a frame does not match the value selected by the bit in the SMR.

The RSR contents are transferred to the RDR.

13.3.3 Synchronous Mode

The synchronous mode is suited for high-speed, continuous data transfer. Each bit of data is synchro-

nized with a serial clock pulse.

Continuous data transfer is enabled by the double buffering employed in both the transmit and receive
sections of the SCI. Full duplex communication (with the same clock) is possible because the transmit

and receive sections are independent.

Data Format: Figure 13-4 shows the communication format used in the synchronous mode. The data

length is 8 bits for both the transmit and receive directions. The least significant bit (LSB) is sent and
received first. Each bit of transmit data is output from the failing edge of the serial clock pulse to the
next falling edge. Received bits are latched on the rising edge of the serial clock pulse.
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< | Transmission direction _/ﬁ_",,_,,,,_,/l
T-49-19-16

Serial clock

Data ﬂ o X Bit1 Y B2 X B3 X Bra X Bits § Bite X Bit7 X

Don't-care Don't-care —

Figure 13-4 Data Format in Synchronous Mode

Clock: Either the internal serial clock created by the on-chip baud rate generator or an external clock
input at the SCK pin can be selected in the synchronous mode. See table 13-7 for details.

SCI Initialization: Before data can be transmitted or received, the SCI must be initialized by soft-
ware. To initialize the SCI, software must clear the TE and RE bits to 0 to disable both the transmit
and receive functions, then execute the following procedure.

1. Write the value corresponding to the desired bit rate in the BRR. (This step is not necessary if an
external clock is used.)

2. Select the clock and enable desired interrupts in the SCR.
3. Select the synchronous mode in the SMR.
4. Set the TE and/or RE bit in the SCR to 1.

Note: The input/output status of the SCK pin depends on the C/A bit in the SMR and the CKEQ and
CKEI1 bits in the SCR. (See table 13-7.) To prevent incorrect output from the SCK pin, set the
SCR before the SMR.

The TE and RE bits must both be cleared to 0 whenever the operating mode or data format is changed.
After changing the operating mode or data format, before setting the TE and RE bits to 1 software must
wait for at least 1 bit transfer time at the selected communication speed, to make sure the SCI is initial-
ized.
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When clearing the TDRE bit during data transmission, to assure correct data transfer, do not clear the
TDRE bit until after writing data in the TDR. Similarly, in receiving data, do not clear the RDRF bit
until after reading data from the RDR. :
1-49-19-1¢

Data Transmission: The procedure for transmitting data in the synchronous mode is as follows.
1. Set up the desired transmitting conditions in the SMR, BRR, and SCR.

2. Set the TE bit in the SCR to 1.
The TXD pin will automatically be switched to output, after which the SCI is ready to transmit

data.

3. Check that the TDRE bit in the SSR is set to 1, then write the first byte of transmit data in the TDR.
Next clear the TDRE bit to 0.

4. The first byte of transmit data is transferred from the TDR to the TSR and sent, each bit synchro-

nized with a clock pulse. Bit ( is sent first.
Transfer of the transmit data from the TDR to the TSR makes the TDR empty, so the TDRE bit is
set to 1. If the TIE bit is set to 1, a transmit-end interrupt (TXI) is requested. '

The TDR and TSR function as a double buffer. Continuous data transmission can be achieved by writ-
ing the next transmit data in the TDR and clearing the TDRE bit to 0 while the SCI is transmitting the
current data from the TSR.

If an internal clock source is selected, after transferring the transmit data from the TDR to the TSR,
while transmitting the data from the TSR the SCI also outputs a serial clock signal at the SCK pin.
When all data bits in the TSR have been transmitted, if the TDR is empty (TDRE = lj, serial clock out-
put is suspended until the next data byte is written in the TDR and the TDRE bit is cleared to 0.

During this interval the TXD pin is held at the value of the last bit transmitted.

If the external clock source is selected, data transmission is synchronized with the clock signal input at
the SCK pin. When all data bits in the TSR have been transmitted, if the TDR is empty (TDRE = 1)

but external clock pulses continue to arrive, the TXD pin outputs a string of bits equal to the fast bit
transmitted. '

Data Reception: The procedure for receiving data in the synchronous mode is as follows.

1. Set up the desired receiving conditions in the SMR, BRR, and SCR.
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2. Set'the RE bitin the SCR to 1.
The RXD pin will automatically be switched to input and the SCI is ready to receive data.

3. Incoming data bits are latched in the RSR on eight clock pulses. T-49-19-16
When 8 bits of data have been received, the SCI sets the RDRF bit in the SSR to 1. If the RIE bit
is set to 1, a receive-end interrupt (RXI) is requested.

4, The SCI transfers the received data byte to the RDR so that it can be read.
The RDREF bit is cleared when the program reads the RDRF bit in the SSR, then writes a 0 in the
RDREF bit, or when the data transfer controller (DTC) reads the RDR.

The RDR and RSR function as a double buffer. Data can be received continuously by reading each
byte of data from the RDR and clearing the RDREF bit to 0 before the last bit of the next byte is
received. '

In general, an extemnal clock source should be used for receiving data.

If an internal clock source is selected, the SCI starts receiving data as soon as the RE bit is set to 1.
The serial clock is also output at the SCK pin. The SCI continues receiving until the RE bit is cleared
to 0.

If the last bit of the next data byte is received while the RDRF bit is still set to 1, an overrun error
occurs and the ORER bit is set to 1. If the RIE bit is set to 1, a receive-error interrupt (ERI) is request-
ed. The data received in the RSR are not transferred to the RDR when an overrun error occurs.

After an overrun error, reception of the next data is enabled when the ORER bit is cleared to 0.

Simultaneous Transmit and Receive: The procedure for transmiiting and receiving simultaneously
in the synchronous mode is as follows:

1. Set up the desired communication conditions in the SMR, BRR, and SCR.

2. Set the TE and RE bits in the SCR to 1.
The TXD and RXD pins are automatically switched to output and input, respectively, and the SCI
is ready to transmit and receive data.

3. Data transmitting and receiving start when the TDRE bit in the SSR is cleared to 0.
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4. Data are sent and received in synchronization with eight clock pulses. T-49-19-16

5. First, the transmit data are transferred from the TDR to the TSR. This makes the TDR empty, o
the TDRE bit is set to 1. If the TIE bit is set to 1, a transmit-end interrupt (TXI) is requested.
If continuous data transmission is desired, the CPU must read the TDRE bit in the SSR, write the
next transmit data in the TDR, then clear the TDRE bit to 0. Alternatively, the DTC can write the
next transmit data in the TDR, in which case the TDRE bit is cleared automatically.
If the TDRE bit is not cleared to 0 by the time the SCI finishes sending the current byte from the
TSR, the TXD pin continues to output the last bit in the TSR.

6. In the receiving section, when 8 bits of data have been received they are transferred from the RSR
to the RDR, and the RDREF bit in the SSR is set to 1. If the RIE bit is set to 1, a receive-end inter-

rupt (RXI) is requested.

7. To clear the RDRF bit software must read the RDRF bit in the SSR, then write a 0 in the RDRF bit,
Alternatively, the DTC can read the RDR, in which case the RDRF bit is cleared automatically.
For continuous data reception, the RDRF bit must be cleared to 0 before the last bit of the next byte
of data is received.

If the last bit of the next data byte is received while the RDRF bit is still set to 1, an overrun error
occurs and the ORER bit is set to 1. If the RIE bit is set to 1, a receive-error interrupt (ERI) is request-
ed. The data received in the RSR are not transferred to the RDR when an overrun error occurs.

After an overrun error, reception of the nextdata'is enabled when the ORER bit is cleared to O.

An overrun error does not affect the transmit section of the SCI, which continues to transmit normally.

13.4 CPU Interrupts and DTC Interrupts

The SCI can request three types of interrupts: transmit-end (TXI), receive-end (RXI), and receive-
error (ERI). Interrupt requests are enabled or disabled by the TIE and RIE bits in the SCR.
Independent signals are sent to the interrupt controller for each type of interrupt. The transmit-end and
receive-end interrupt request signals are obtained from the TDRE and RDREF flags. The receive-error
interrupt request signal is the logical OR of the three error flags: overrun error (ORER), framing error
(FER), and parity error (PER). Table 13-10 lists information about these interrupts.
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Table 13:10" SCI Interrupts _

T-49-19-16
DTC Service

Interrupt Dascription Avallable? Priority
ERI Receive-error interrupt, requested when No High

ORER, FER, or PER is set. A
RXI Receive-end interrupt, requested when Yes

RDRF is set.
TXI Transmit-end interrupt, requested when Yes

TDRE is set.

Low

The TXI and RXI interrupts can be served by the data transfer controller (DTC) to have a data transfer
performed. When the DTC serves one of these interrupts, it clears the TDRE or RDRF bit to 0 under
the following conditions, which differ between the two bits.

When invoked by a TXI request, if the DTC writes to the TDR, it automatically clears the TDRE bit to
0. When invoked by an RXI request, if the DTC reads from the RDR, it automatically clears the
RDREF bit to 0.

See section 6, “Data Transfer Controlier”, for further information on the DTC.
13.5 Application Notes
Application programmers should note the following features of the SCI.

TDR Write: The TDRE bit in the SSR is simply a flag that indicates that the TDR contents have been
transferred to the TSR, The TDR contents can be rewritten regardless of the TDRE value. If a new
byte is written in the TDR while the TDRE bit is 0, before the old TDR contents have been moved into
the TSR, the old byte will be lost. Normally, software should check that the TDRE bitis setto 1
before writing to the TDR.

Multiple Receive Errors: Table 13-11 lists the values of flag bits in the SSR when multiple receive
errors occur, and indicates whether the RSR contents are transferred to the RDR.
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Table 13-11 SSR Bit States and Data Transfer When Multiple Receive Errors Occur

| SSR Bits T-49-19-16

Recelve Error RDRF ORER FER PER RSR to RDR*2
Overrun error 11 1 0 0 No

Framing error : 0 0 1 0 Yes

Parity error 0 0 0 1 Yes

Overrun + framing errors 1*1 1 1 0 No

Qverrun + parity errors 1™ 1 0 1 No

Framing + parity errors 0 0 1 1 Yes

Overrun + framing + parity errors 1*1 1 1 1 No

Notes: 1. Set to 1 before the overrun error occurs.
2. Yes: The RSR contents are transferred to the RDR.
No: The RSR contents are not transferred to the RDR.

Line Break Detection: When the RXD pin receives a continuous stream of Os in the asynchronous
mode (line-break state), a framing error occurs because the SCI detects a O stop bit. The value H'00 is
transferred from the RSR to the RDR. Software can detect the line-break state as a framing error
accompanied by H'00 data in the RDR.

The SCI continues to receive data, so if the FER bit is cleared to 0 another framing error will occur.

Sampling Timing and Receive Margin in Asynchronous Mode: The serial clock used by the SCIin
asynchronous mode runs at 16 times the bit rate. The falling edge of the start bit is detected by sam-
pling the RXD input on the falling edge of this clock. After the start bit is detected, each bit of receive
data in the frame (including the start bit, parity bit, and stop bit or bits) is sampled on the rising edge of
~ the serial clock pulse at the center of the bit. See figure 13-5.

It follows that the receive margin can be calculated as in equation (1).
When the absolute frequency deviation of the clock signal is 0 and the clock duty factor is 0.5, data can

theoretically be received with distortion up to the margin given by equation (2). This is a theoretical
limit, however. In practice, system designers should allow a margin of 20% to 30%.
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EFigure 13-5 Sampling Timing (Asynchronous Mode)

M= {(0.5 - 1/2N) — (D — 0.5)/N — (L — 0.5)F} x 100 [%] (1)

M:Receive margin

N: Ratio of serial clock to bit rate (N = 16)

D: Duty cycle of high or low clock pulses, whichever is longer (0.5 to 1.0)
L: Frame length (9 to 12)

F: Absolute value of clock frequency deviation

When D =0.5 and F=0:

M= (0.5 - 1/2 x 16) x 100 [%] = 46.875% (2)
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Section 14 A/D Converter

) ___\9—'\6
14.1 Overview -89

The H8/520 chip includes an analog-to-digital converter module which can be programmed for input
of analog signals on up to four (or eight*) channels. A/D conversion is performed by the successive
approximations method with 10-bit resolution.

14.1.1 Features
The features of the on-chip A/D module are as follows:

« Four (or eight*) analog input channels
+ External trigger
A/D conversion can be started by an external trigger input.
» Sample and hold circuit
» 10-Bit resolution
+ Rapid conversion
Conversion time is 13.8 pts per channel (at ¢ = 10 MHz)
+ Single and scan modes
—Single mode: A/D conversion is performed once.
—Scan mode: A/D conversion is performed in a repeated cycle on one to four channels.
» Four 16-bit data registers
These registers store A/D conversion results for up to four channels,
» A CPU interrupt (ADI) can be requested at the completion of each A/D conversion cycle.
This interrupi can also be served by the on-chip data transfer controller (DTC), providing a conve-
nient way to move results into memory.

Note: * CP-68 package only
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Figure 14-1 shows a block dia, of A/D converter.
gram T-49-19-16
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ADDRA: A/D Data Register A
ADDRB: A/D Data Register B
ADDRG: A/D Data Register C
ADDRD: A/D Data Reglster D
ADGCSR: A/D Control/Status Register
ADCR: A/D Control Register

Note:  * CP-68 package only

Figure 14-1 Block Diagram of A/D Converter
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14.1.3 Input Pins

Table 14-1 lists the input pins used by the A/D converter module. T-49-1 9-16

The eight analog input pins provided in the CP-68 package are divided into two groups, consisting of
analog inputs 0 to 3 (ANo to AN3) and analog inputs 4 to 7 (AN4 to AN7), respectively.

Table 14-1 A/D Input Pins

Name Abbreviation /O Function

Analog supply voltage AVce Input  Power supply and reference voltage for the analog circuits.

Anatog ground AVss Input  Ground and reference voitage for the analog
circuits.

Analog input 0 ANo fnput Analog input pins, group 0

Analog input 1 AN1 input

Analog input 2 ANz Input

Analog input 3 AN3 Input

Analog input 4 AN« Input

Analog input 5 ANs Input  Analog input pins, group 1*1

“Analog input 6 ANs Input

Analog input 7 AN7 Input

A/D external trigger input  ADTRG input  External trigger for starting A/D conversion*2

Notes: 1. CP-68 package only.
2. Not available in MCU mode 3 because this pin is used for the page address bus (A1s).
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14.1.4 Register Configuration

T-49-19-16
Table 14-2 lists the registers of the A/D converter module.
Table 14-2 A/D Registers
Name Abbreviation R/W Initial Value Address
A/D data register A (High) ADDRA (H) R H'00 HFFEO
A/D data register A (Low) ADDRA (L) R H'00 H'FFE1
A/D data register B (High) ADDRB (H) R H'00 HFFE2
A/D data register B (Low) ADDRB (L) R H'00 H'FFE3
A/D data register C (High) ADDRC (H) R H'00 H'FFE4
A/D data register C (Low) ADDRC (L) R H'00 H'FFES
A/D data register D (High) ADDRD (H) R H'00 H'FFE6
A/D data register D {Low) ADDRD (L) R H'00 H'FFE7
A/D control/status register ADCSR ; R/(W)* H'00 H'FFES8
A/D control register ADCR ‘R/IW H'7F H'FFEQ

Note: * Software can write a 0 to clear the status flag in bit 7 but cannot write a 1.

14.2 Register Descriptions

14.2.1 A/D Data Registers (ADDR)—H'FFEQ to H'FFE7

Bit 7 6 5 4 3 2 1 0
ADDRn H ("E"[“ﬁoe | ADr [ ADe | ADs | ADs [ ADs | AD2 |
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
(n=Ato D)
Bit 7 6 5 4 3 2 1 0
ADDRn L AD1 ADo — —_ — | — — | = |
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
(n=AtoD)

The four A/D data registers (ADDRA to ADDRD) are 16-bit read-only registers that store the results
of A/D conversion.
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Each result consist of 10 bits. The first 8 bits are stored in the upper byte of the data register corre-
sponding to the selected channel. The last two bits are stored in the lower data register byte. The data
registers are assigned to analog input channels as indicated in table 14-3.

T-49-19-16
The A/D data registers are always readable by the CPU. The upper byte can be read directly. The
lower byte is read via a temporary register. See section 14-3, “CPU Interface”, for details.

The unused bits (bits 5 to 0) of the lower data register byte are always read as 0.
The A/D data registers are initialized to H'0000 at a reset and in the standby modes.

Table 14-3 Assignment of Data Registers to Analog Input Channels

Anatog Input Channel
Group 0 Group 1 * A/D Data Register
ANO AN4 ADDRA
AN1 ANS ADDRB
AN2 ANG ADDRC
AN3 AN7 ADDRD

Note: * CP-68 package only.

14.2.2 A/D Control/Status Register (ADCSR)—H'FFES8

Bit 7 6 5 4 3 2 1 0

| ADF | ADIE | ADST | SCAN | cKs | cH2 | cH1 | cHo |
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW* RW RW PRW RW RW RW RW

Note: * Software can write a 0 in bit 7 to clear the flag, but canhot write a 1 in this bit.

The A/D control/status register (ADCSR) is an 8-bit readable/writable register that controls the opera-
tion of the A/D converter module.

The ADCSR is initialized to H'00 at a reset and in the standby modes.
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Bit 7—A/D End Flag (ADF): This status flag indicates the end of one cycle of A/D conversion.

Bit 7 T-49-19-16
ADF Description
0 This bit is cleared from 1 to 0 when: , (Initial value)

1.  The chip is reset or placed in a standby mode.
2.  The CPU reads the ADF bit after the ADF bit is set fo 1, then writes a 0 in this bit.
3. AnA/Dinterrupt is served by the data transfer controller (DTC).
1 This bit is set to 1 at the following times:
1.  Single mode: when one A/D conversion is completed.
2.  Scan mode: when inputs on all selected channels have been converted.

Bit 6—A/D Interrupt Enable (ADI): This bit selects whether to request an A/D interrupt (ADI)
when A/D conversion is completed.

Bit6

ADIE Description

0 The A/D interrupt request (ADI) is disabled. (Initial value)
1 The A/D interrupt request (ADI) is enabled.

Bit 5~-A/D Start (ADST): The A/D converter operates while this bit is set to 1. In the single mode,
this bit is automatically cleared to 0 at the end of each A/D conversion.

Bit5

ADST Description

0 A/D conversion is halted. (tnitial value)

1 1. Single mode: One A/D conversion is performed. The ADST bit is automatically cleared 00

at the end of the conversion.
2. Scan mode: A/D conversion starts and continues cyclically on the selected channels until

the ADST bit is clearedto 0.

Bit 4—Scan Mode (SCAN): This bit selects the scan mode or single mode of operation.
See section 14.4, “Operation”, for descriptions of these modes.
The mode should be changed only when the ADST bit is cleared to 0.

Bit4

SCAN Description

0 Single mode (Initial value)
1 Scan mode
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Bit 3—Clock Select (CKS): This bit controls the A/D conversion time. B il;:zlé:ﬁt_ T[ 6 -

The conversion time should be changed only when the ADST bit is cleared to 0.

Bit3

CKS Description

0 Conversion time = 274 states {maximum) (Initial value)
1 Conversion time = 138 states {maximum)

Bits 2 to 0—Channel Select 2 to 0 (CH2 to CHO0): These bits and the SCAN bit combine to select
one or more analog input channels.

The channel selection should be changed only when the ADST bit is cleared to 0.

Group Select  Channel Select Selected Channels

CH2 CH1 CHO © Single Mode Scan Mode

0 0 0 ANo ANo
0 1 AN1 ANo and AN1
1 0 AN2 ANo to ANz
1 1 AN3 ANo to AN3

1 0 0 ANg* ANa*
0 1 ANs* ANs and ANs*
1 0 ANe* AN4 to ANes*
1 1 AN7* AN4 to AN7*

Note: * CP-68 package only

14.2.3 A/D Control Register (ADCR)—H'FFE9

Bit 7 6 5 4 3 2 1 0
| TRGE | — — | - — - — —

Initial value 0 1 1 1 1 1 1 1

Read/Write RW — — — — —— — —

The A/D control register (ADCR) is an 8-bit readable/writable register that enables or disables the A/D
external trigger signal.

The ADCR is initialized to H'7F at a reset and in the standby modes.
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Bit 7—Trigger Enable (TRGE): This bit enables the ADTRG (A/D external trigger) signal. When
enabled, a high-to-low transition of ADTRG sets the ADST bit, starting A/D conversion.

Bit7 T-49-19-16
TRGE Description

0 A/D external trigger is disabled. ADTRG does not set the ADST bit. (Initial value)
1 A/D external trigger is enabled. A high-to-low transition of ADTRG sets the ADST bit.

Bits 6 to 0—Reserved: These bits cannot be modified and are always read as 1.

14.3 CPU Interface

The A/D data registers (ADDRA to ADDRD) are 16-bit registers, but they are accessed via an 8-bit
module data bus. Accordingly, the upper byte of each register can be read directly, but the lower byte
is accessed through an 8-bit temporary register (TEMP).

When the CPU or DTC reads the upper byte of an A/D data register, at the same time as the upper byte
is placed on the internal data bus, the lower byte is transferred to TEMP. When the lower byte is
accessed, the value in TEMP is placed on the internal data bus.

A program that requires all 10 bits of an A/D result should perform word access, or should read first
the upper byte, then the lower byte of the A/D data register. Either way, it is assured of obtaining con-

sistent data. Consistent data are not assured if the program reads the lower byte first.

A program that requires only 8-bit A/D accuracy should perform byte access to the upper byte of the
A/D data register. The value in TEMP can be left unread.

Figure 14-2 shows the data flow when the CPU (or DTC) reads an A/D data register.
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< Upper byte read > -49-1 9_16 o
Module data bus
CcPU H Bus interface
roceives
data HAA
[H'40]
ADDRn H ADDRn L
[HAA] [H'40]
n=AtoD)

< Lower byle read >

Module data bus
GPU H Bus interface
receives <
data H'40

TEMP
[H'40]}
< S
ADDRnH ADDRn L
[HAA] [H'40]
(n=Ato D)

Figure 14-2 Read Access to A/D Data Register (When Register Contains H'AA40)

14.4 Operation

The A/D converter performs 10 successive approximations to obtain a result ranging from H'0000

(corresponding to AVss) to HFFCO (corresponding to AVcc). Only the first 10 bits of the result are
significant.
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The response of the A/D converter is shown below. H'FFCO corresponds to voltages of approximately
0.999AVcc and above.
~ T-49-19-16

The A/D converter module can be programmed to operate in single mode or scan mode as explained
below.

14.4.1 Single Mode -

The single mode is suitable for obtaining a single data value from a single channel. A/D conversion
starts when the ADST bit is set to 1 by software or external trigger input. During the conversion pro-
cess the ADST bit remains set to 1. When conversion is completed, the ADST bit is automatically

cleared to 0.

When the conversion is completed, the ADF bit is set to 1. If the interrupt enable bit (ADIE) is also set
to 1, an A/D conversion end interrupt (ADI) is requested, so that the converted data can be processed
by an interrupt-handling routine. Alternatively, the interrupt can be served by the data transfer con-
trolter (DTC).

When an A/D interrupt is served by the DTC, the DTC automatically clears the ADF bit to 0. When an
A/D interrupt is served by the CPU, however, the ADF bit remains set until the CPU reads the
ADCSR, then writes a 0 in the ADF bit,

Before selecting the single mode, clock, and analog input channel, software should clear the ADST bit
to 0 to make sure the A/D converter is stopped. Changing the mode, clock, or channel selection while
A/D conversion is in progress can lead to conversion errors.

The following example explains the A/D conversion process in single mode when channel 1 (AN1) is
selected and external triggering is not used. Figure 14-3 shows the corresponding timing chart.

1. Software clears the ADST bit to O, then selects the single mode (SCAN = 0) and channel 1 (CH2 to
CHO = 001), enables the A/D interrupt request (ADIE = 1), and sets the ADST bit to 1 to start A/D
conversion.

Coding Example: (when using the slow clock, CKS =0)
BCLR #7, QH'FFE9

BCLR #5, QH'FFES8

MOV.B #H'61l, GH'FFES8
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The A/D converter samples the AN1 input and converts the voltage level to a digital value. At the
end of the conversion process the A/D converter transfers the result to register ADDRB, sets the
ADF bit to 1, clears the ADST bit to 0, and halts. e
ADF = 1 and ADIE = 1, so an A/D interrupt is requested. T-49-19-16

The user-coded A/D interrupt-handling routine is started.

The interrupt-handling routine reads the ADCSR value, then writes a 0 in the ADF bit to clear this
bit to 0. The reading and writing can be done with a single BCLR #7, @H'FFES instruction.

The interrupt-handling routine reads and processes the A/D conversion result.

The routine ends.

Steps 2 to 7 can now be repeated by setting the ADST bit to 1 again.

If the ADI bit in data transfer enable register D (bit 0 at address HFFF7) is set to 1, the interrupt is
served by the data transfer controller (DTC). Steps 4 to 7 then change as follows.

"
5
Py
7

The DTC is started.

The DTC automatically clears the ADF bit to 0.

The DTC transfers the A/D conversion result from ADDRB to a specified destination address.
The DTC ends.
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14.4.2 Scan Mode T-49-19-16
The scan mode can be used to monitor analog inputs on one or more channels. When the ADST bit is set

to 1 by software or by external trigger input, A/D conversion starts from the first channel (AND) in the
scan group.*

If the scan group includes more than one channel (i.e., if bit CH1 or CHO is set), conversion of the next
channel begins as soon as conversion of the first channel ends.

Conversion of the selected channels continues cyclically until the ADST bit is cleared to 0. The conver-
sion results are placed in the data registers corresponding to the selected channels.

Before selecting the scan mode, clock, and analog input channels, software should clear the ADST bit to
0 to make sure the A/D converter is stopped. Changing the mode, clock, or channel selection while A/D
conversion is in progress can lead to conversion errors.

The following example explains the A/D conversion process when three channels in group 0 are selected
(ANo, AN1, and AN2) and external triggering is not used. Figure 14-4 shows the timing.

1. Software clears the ADST bit to 0, then selects the scan mode (SCAN = 1), scan group 0 (CH2 =0),
and analog input channels ANo to AN2 (CHI = 1, CHO = 0) and sets the ADST bit to 1 to start A/D
conversion.

- Coding Example: (with slow clock and ADI interrupt enabled)
BCLR #7, QH'FFE?
BCLR #5, GH'FFES
MOV.B #H'72, QRFFES8

2. The A/D converter samples the input at ANo, converts the voltage level to a digital value, and trans-
fers the result to register ADDRA.

3. Next the A/D converter samples and converts AN1 and transfers the result to ADDRB. Then it sam-
ples and converts AN2 and transfers the result to ADDRC.

4. After all selected channels (ANo to AN2) have been converted, the AD converter sets the ADF bit to
1. If the ADIE bit is set to 1, an A/D interrupt (ADI) is requested. Then the A/D converter begins
converting ANo again.

5. Steps 2 to 4 are repeated cyclically as long as the ADST bit remains set to 1.

To stop the A/D converter, sofiware must clear the ADST bit to 0. The data currently undergoing conver-
sion when the ADST bit is cleared are ignored. The A/D data registers retain the last completed conver-
sion results.

Regardless of which channel is being converted when the ADST bit is cleared to 0, when the ADST bit is
set to 1 again, conversion begins from the the first selected channel (ANo or AN4).

Note: * In the CP-68 package, the first channel is ANo if CH2 =0, and AN4if CH2 = L.
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14.4.3 Input Sampling Time and A/D Conversion Time m— T
T-49-19-16

The A/D converter includes a built-in sample-and-hold circuit. Sampling of the input starts at a time tD

after the ADST bitis set to 1. The sampling process lasts for a time tspL. The actual A/D conversion

begins after sampling is completed. Figure 14-5 shows the timing of these steps, and table 15-4 lists

the total conversion times (tconv) for the single mode.

The total conversion time includes tp and tspL. The purpose of tD is to synchronize the ADCSR write
time with the A/D conversion process, so the length of tp is variable. The total conversion time there-
fore varies within the minimum to maximum ranges indicated in table 14-4,

In the scan mode, the ranges given in table 14-4 apply to the first conversion. The length of the second

and subsequent conversion processes is fixed at 256 states (when CKS = 0) or 128 states (when
CKS =1).

295 HITACHI



cm T WHR=EWUUYTY UL -H.I.TB

1
4 7-49-19-16
o |
Internal address "
bus -
Wirite signal ] | |
Input sampling
" . r
timing ,5
[
ADF > ‘ ~ 1)
to tseL
] »
tconv
(1) : ADCSR write cycle
2) : ADCSR address
to : Synchronization delay
tsr.  : Input sampling time
tconv @ Total A/D conversion time

Figure 14-5 A/D Conversion Timing

Table 14-4 A/D Conversion Time (Single Mode)

CKS =0 ' CKS =1
item Symbol min  typ max min typ max
Synchronization delay fo 18 —_ 33 10 — 17
Input sampling time tspL — 63 — — 31 —
Total A/D conversion time tconv 259 — 274 131 — 138

Note: Values in the table are numbers of states.
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14.4.4 External Triggering of A/D Conversion L B
- T-49-19-16

The A/D conversion process can be started by an external trigger input.

External trigger input is enabled at the ADTRG pin when the TRGE bit in the ADCR issetto 1.
1.0 ¢ clock cycles after the ADTRG input is sampled, the ADST bit in the ADCSR is set to 1 and A/D
conversion commences.

The timing of external triggering is shown in figure 14-6.

ADTRG
[
Nt
2.0 cycles (max)
ADST

A/D conversion

)
Y

Figure 14-6 Timing of Setting of ADST Bit
14.5 Interrupts and the Data Transfer Controller

The ADI interrupt request is enabled or disabled by the ADIE bit in the ADCSR.

When the ADI bit in data transfer enable register DTED (bit 0 at address H'FFFE7) is set to 1, the ADI
interrupt is served by the data transfer controller. The DTC can be used to transfer A/D results to a
buffer in memory, or to an 1O port. The DTC automatically clears the ADF bit to 0.

Note: In scan mode, the DTC can transfer data for only one channel per interrupt, even if two or more
channels are selected.
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Section 15 RAM

15.1 Overview

T 1-29-19-1

é_,

The H8/520 includes 512 bytes of on-chip static RAM, connected to the CPU by a 16-bit data bus.
Both byte and word access to the on-chip RAM are performed in two states, enabling rapid data trans-

fer and instruction execution.

The on-chip RAM is assigned to addresses H'FD80 to H'FF7F in the chip’s address space. A RAM
control register (RAMCR) can enable or disable the on-chip RAM, permitting these addresses to be

allocated to external memory instead, if so desired.
15.1.1 Block Diagram

Figure 15-1 shows a block diagram of the on-chip RAM.

< Internal data bus (upper 8 bits)
7N 7N

D
<

RAMCR: RAM Centrot Register

7 N
< Internal data bus (lower 8 bits)
Address \./ \/ \/
H'FD80 RAMCR
H'FD82
o’ ~ ~Z
On-chip RAM
H'FF7E!
Even addresses Qdd addresses

Figure 15-1 Block Diagram of On-Chip RAM
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15.1.2 Register Configuration
1-49-1 9-16
The on-chip RAM is controlled by the register described in table 15-1,
Table 15-1 RAM Control Register
Name Abbreviation R/W Initial Value Address
RAM control register RAMCR RW H'FF H'FFF9
15.2 RAM Control Register (RAMCR)
Bit 7 6 5 4 3 2 1 0
- | !

(RamE | — | — | — | — | — | = ] = ]
Initial value M 1 1 1 1 1 1 1
Read/Write R/wW —_ — — — — — —_

The RAM control register (RAMCR) is an 8-bit register that enables or disables the on-chip RAM.
Bit 7—RAM Enable (RAME): This bit enables or disables the on-chip RAM.

The RAME bit is initialized by a reset. It is not initialized in the software standby mode.

Bit7

RAME Description

0 On-chip RAM is disabled.

1 On-chip RAM is enabled. (Initial value)

Bits 6 to 0—Reserved: These bits cannot be modified and are always read as 1.
15.3 Operation

15.3.1 Expanded Modes (Modes 1, 2, 3, and 4)

If the RAME bit is set to 1, accesses to addresses H'FD80 to H'FF7F are directed to the on-chip RAM.
If the RAME bit is cleared to 0, accesses to addresses HFD80 to HFF7F are directed to the external

data bus.
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15.3.2 Single-Chip Mode (Mode 7) . - *_Ezg—_lfgirﬁf

If the RAME bit is set to 1, accesses to addresses H'FDS0 to H'FFTF are directed to the on-chip RAM.
If the RAME bit is cleared to 0, access of any type (instruction fetch or data read or write) to addresses
H'EDS0 to H'FETF causes an address error and initiates the CPU’s exception-handling sequence.

301
HITACHI



1-49-19-16

HITACHI




Section 16 ROM

16.1 Overview

© T-49-19-

(6_7,77_,%

The H8/520 includes 16 kbytes of high-speed on-chip ROM. The on-chip ROM is connected to the

CPU via a 16-bit data bus and is accessed in two states.

Users wishing to program the chip themselves can request electrically programmable ROM (PROM).
The PROM version of the H8/520 has a PROM mode in which the chip can be programmed with a
standard, external PROM writer. The chip is also available with masked ROM.

The on-chip ROM is enabled or disabled depending on the MCU operating mode, which is determined
by the inputs at the mode pins when the chip comes out of the reset state. See table 16-1.

Table 16-1 ROM Usage in Each MCU Mode

Mode Pins
Mode MD2 MD:  MDo ROM
Mode 1 (expanded minimum mode) 0 0 1 Disabled (external addresses)
Mode 2 (expanded minimum mode) 0 1 0 Enabled
Mode 3 {expanded maximum mode) 0 1 1 Disabled (external addresses)
Mode 4 (expanded maximum mode) 1 0 0 Enabted
Mode 7 (single-chip mode) 1 1 1 Enabled

16.1.1 Block Diagram

Figure 16-1 shows the block diagram of the on-chip ROM.
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Internal data bus (lower 8 bits)

16
Internal data bus (upper 8 bits) >
1 [
Address J \/ O

VANVAN

H'0000
H'C002
o ~ ~
On-chip ROM
H'3FFF;
Even addresses Odd addresses

VFigure 16-1 Block Diagram of On-Chip ROM
16.2 PROM Mode
16.2.1 PROM Mode Setup
The PROM version of the H8/520 has a PROM mode in which the usual microcomputer functions are
halted to allow the on-chip PROM to be programmed. The programming method is the same as for the

HN27C256.

To select the PROM mode, apply the signal inputs listed in table 16-2 to the mode pins (MD2 to MDo)
and pins P51 and P50.

Table 16-2 Selection of PROM Mode

Pin Input
MD1 Low
MD2 and MDo High
P51 and P50 High
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16.2.2 Socket Adapter Pin Arrangements and Memory Ma T .
P ; vy T-49-19-16

The H8/520 can be programmed with a general-purpose PROM writer by attaching a socket adapter as

listed in table 16-3. The socket adapter depends on the type of package. Figure 16-2 shows the socket

adapter pin arrangements by giving the correspondence between H8/520 pins and HN27C256 pin func-

tions. Figure 16-3 is a memory map.

Table 16-3 Socket Adapter

Package * Socket Adapter

64-Pin windowed shrink DIP (DC-64S5) HS528ESS01H

64-Pin shrink DIP (DP-64S)

64-Pin QFP (FP-64A) HS528ESHO1H

68-Pin PLCC (CP-68) HS528ESCO1H
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Figure 16-2 Socket Adapter Pin Arrangements
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Address in MCU mode Address in PROM mode

H'0000 H'0000 e
T-49-19-16

On-chip ROM

H3FFF H3FFF

Figure 16-3 Memory Map in PROM Mode
16.3 Programming
The write, verify, and inhibited sub-modes of the PROM mode are selected as shown in table 16-4.

Table 16-4 Selection of Sub-Modes in PROM Mode

Pins
Mode CE OE Vep  Vcc  O7to0o A1 to Ao
Write - tow  High Vep Vee Data input Address input
Verify High Low Vep Vee Data output Address input
Programming inhibited High  High Vep Vee High-impedance Address input
Read Low Low Vep Vece Data output Address input

Note: The Vep and Vcc pins must be held at the Vee and Vcc voltage levels.

The H8/520 PROM uses the same, standard read/write specifications as the HN27C256 and HN27256.
16.3.1 Writing and Verifying
An efficient, high-speed programming procedure can be used to write and verify PROM data. This

procedure writes data quickly without subjecting the chip to voltage stress and without sacrificing data
reliability. It leaves the data H'FF written in unused addresses.
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Figure 16-4 shows the basic high-speed programming flowchart,

T-49_19_

16

Tables 16-5 and 16-6 list the electrical characteristics of the chip in the PROM mode. Figure 16-5

shows a write/verify timing chart.

START

Set write/verify mode
Vee=6.0V£025V,Ver=125V10.3V

!

Address =0

|
y
n=0

n+f-—n

!

Y Write time tow = 1 ms £ 5%

§=25

Verify OK?

GO

pr—

Write topw = 3 nms J

l Address +

1 — Address

Last address?

Y

Set read mode
Vec=5.0V£05V, Ver = Ve

e NO GO

All addresses read OK?

Figure 16-4 High-Speed Programming Flowchart
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Table 16-5 DC Characteristics
(When Vcc =60V £025V,Vpp =125V 103 V,Vss=0V,Ta=25°C £5°C)

o wd b M - P IHLUYT WUULYY Y Ul EEmilAL ) Jd

Measurement
Htem Symbol min typ max Unit Conditions
Input high O710 Oo, Aato Ao, OE,CE VM 22 — Vecc+03 V - -
voftage T-49-19-16
Input low Orto Oo, A1sto Ao, OE,CE Vi -03 — 08 \
voltage
Qutput high O7t0 Qo VoH 24 — — v loH = —200 pA
voltage
Output low 0710 Oo Vou — — 045 \ oL =1.6 mA
voltage
Input leakage 0710 Oo, Ata 10 Ao, OE, CE  {iuj} - - 2 BA  Va=525V/05V
current
Vee current lcc — — 50 mA
Vep current irp —  — 40 mA

Table 16-6 AC Characteristics
(WhenVec=60V£025V,VrP=125V* 03V,Vss=0V,Ta=25°C£5°C)

Measurement
item. Symbol min typ max Unit Conditions
Address setup time tAs 2 — — us See figure 16-5*
OE setup time {oes 2 — — us
Data setup time tos 2 — — us
Address hold time taH 0 — — ps
Data hold time toH 2 — — us
Data output disabte time tor — —_ 130 ns
Vep setup time tves 2 — —_ us
Program pulse width trw 0.95 1.0 1.05 ms
OE puise width for torw 285 — 78.75 ms
overwrite-programming
Vee setup time tves 2 -—_ — us
Data output delay time toe 0 —_ 500 ns

Note: * Input pulse level: 0.8 Vto 2.2V
Input rise/all time < 20 ns
Timing reference levels: input—1.0V, 2.0 V; output—0.8V,2.0V
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Write Venfy T—-4—9—] 9—] 6
’
Address
s ' tAH
[}
p i
Data —i_ Input data ] { Output data
B tos _ P tox _ tn::_
Vee
Ver  Vco _/ tves
jt——p
Voo Vee
GND tves
CE -——-—-—1% Z;
tew toes .l
OE y———
:topw': Kk /

Figure 16-5 PROM Write/Verify Timing

16.3.2 Notes on Writing

1. Write with the specified voltages and timing. The programming voltage (Vrp) in the PROM
modeis 12,5V,

Caution: Applied voltages in excess of the specified values can permanently destroy the chip. Be
particularly careful about the PROM writer’s overshoot characteristics.

If the PROM writer is set to Intel specifications or Hitachi HN27256 or HN27C256 specifications, VPP
will be 12.5 V.

2. Before writing data, check that the socket adapter and chip are correctly mounted in the
PROM writer. Overcurrent damage to the chip can result if the index marks on the PROM writer,

socket adapter, and chip are not correctly aligned.
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3. Don’t touch the socket adapter or chip while writing. Touching either of these can cause contact
faults and write errors.

16.3.3 Reliability of Written Data T-49-19-16
An effective way to assure the data holding characteristics of the programmed chips is to bake them at
150°C, then screen them for data errors. This procedure quickly eliminates chips with PROM memory

cells prone to early failure.

Figure 16-6 shows the recommended screening procedure.

Write program
and verify

{

Bake with power off

150°C, 48 hours

v

Read and check program
Vecc=45Vand55V

v
C | Install )

Figure 16-6 Recommended Screening Procedure

If a series of write errors occurs while the same PROM writer is in use, stop programming and check
the PROM writer and socket adapter for defects, using a microcomputer with a windowed package and
on-chip EPROM.

Please inform Hitachi of any abnormal conditions noted during programming or in screening of pro-
gram data after high-temperature baking.

311
HITACHI



- T T T R e A S AR

16.3.4 Erasing of Data . 1-49-19-16

The windowed package enables data to be erased by illuminating the window with ultraviolet light.
Table 16-7 lists the erasing conditions.

Table 16-7 Erasing Conditions

Item Value
Ultraviolet wavelength 2537 A
Minimum illumination 15 W-s/cm?2

The conditions in table 16-7 can be satisfied by placing a 12000 uW/cm? ultraviolet lamp 2 or 3 cen-
timeters directly above the chip and leaving it on for about 20 minutes.

16.4 Handling of Windowed Packages

Glass Erasing Window: Rubbing the glass erasing window of a windowed package with a plastic mate-
rial or touching it with an electrically charged object can create a static charge on the window surface

which may cause the chip to malfunction.

If the erasing window becomes charged, the charge can be neutralized by a short exposure to ultravio-
let light. This returns the chip to its normal condition, but it also reduces the charge stored in the float-
ing gates of the PROM, so it is recommended that the chip be reprogrammed afterward.

Accumulation of static charge on the window surface can be prevented by the following precautions:

1. When handling the package, ground yourself. Don’t wear gloves. Avoid other possible sources of
static charge. ‘

2. Avoid friction between the glass window and plastic or other materials that tend to accumulate static
charge. '

3. Be careful when using cooling sprays, since they may have a slight ion content.

4. Cover the window with an ultraviolet-shield label, preferably a label including a conductive material.
Besides protecting the PROM contents from ultraviolet light, the label protects the chip by distribut-
ing static charge uniformly.

Handling after Programming: Fluorescent light and sunlight contain small amounts of ultraviolet, so
prolonged exposure to these types of light can cause programmed data to invert. In addition, exposure to
any type of intense light can induce photoelectric effects that may lead to chip malfunction. It is recom-
mended that after programming the chip, cover the erasing window with a light-proof label (such as an
ultraviolet-shield label). |
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Section 17 Power-Down State
-89-19-16

o

17.1 Overview

The H8/520 has a power-down state that greatly reduces power consumption by stopping the CPU

functions. The power-down state includes three modes: ‘

1. Sleep mode: software-triggered mode in which the CPU halts but the rest of the chip remains
active.

2. Software standby mode: software-triggered mode in which the entire chip is inactive.

3. Hardware standby mode: hardware-triggered mode in which the entire chip is inactive.

The sleep mode and software standby mode are entered from the progfam execution state by executing
the SLEEP instruction under the conditions given in table 17-1. The hardware standby mode is entered

from any other state by setting mode 6 at the mode pins (MDz2 to MDa).

Table 17-1 lists the conditions for entering and leaving the power-down modes. It also indicates the
status of the CPU, on-chip supporting modules, etc. in each power-down mode.

Table 17-1 Power-Down State

Entering CPU Peripheral 110 Exiting
Mode Procedure Clock CPU Registers Functions RAM Porls Methods
Sleep  Execute Run  Halt Held Run Held Held « Interrupt
mode  SLEEP « RES low

_ instruction « Mode 6

Soft- Set SSBY bit Halt Halt Held Hait Held Held « NMI
ware  in SBYCR o and « RES low
standby 1, then initialized + Mode 6
mode  execule SLEEP

instruction*
Hard-  Set mode Halt Hat Not Halt Helkd  High « Mode 1,2,3,
ware pins to held and impe- 4, or 7 then
standby mode 6 initialized dance RES low —
mode state high

Notes: * The watchdog timer must also be stopped.
SBYCR: Software standby control register
SSBY: Software standby bit
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17.2 Sleep Mode

—

17.2.1 Transition to Sleep Mode 1-49-19-18

Execution of the SLEEP instruction causes a transition from the program execution state to the sleep
mode. After executing the SLEEP instruction, the CPU halts, but the contents of its internal registers
remain unchanged. The functions of the on-chip supporting modules do not stop in the sleep mode.

17.2.2 Exit from Sleep Mode

The chip wakes up from the sleep mode when it receives an internal or external interrupt request or a
low input at the RES pin, or when mode 6 is set at the mode pins.

Wake-Up by Interrupt: An interrupt releases the sleep mode and starts either the CPU’s interrupt-
handling sequence or the data transfer controller (DTC).

If the interrupt is served by the DTC, after the data transfer is completed the CPU executes the instruc-
tion following the SLEEP instruction, unless the count in the data transfer count register (DTCR) is 0.

If an interrupt on a level equal to or Iess than the mask level in the CPU’s status register (SR) is
requested, the interrupt is left pending and the sleep mode continues. Also, if an interrupt from an on-
chip supporting module is disabled by the corresponding enable/disable bit in the module’s control reg-
ister, the interrupt cannot be requested, so it cannot wake the chip up.

Wake-Up by RES pin: When the RES pin goes low, the chip exits from the sleep mode to the reset
state.

Wake-Up by Mode 6: When the mode pins are set to mode 6, the chip exits from the sleep mode to
the hardware standby mode.

17.3 Software Standby Mode
17.3.1 Transition to Software Standby Mode
A program enters the software standby mode by setting the standby bit (SSBY) in the software standby

control register (SBYCR) to 1, then executing the SLEEP instruction. Table 17-2 lists the attributes of
the software standby control register.
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Table 17-2 Software Standby Control Register T-49-19-16

Name Abbreviation RW tnitlal Value Address

Software standby control register SBYCR /W H'7F H'FFFB

In the software standby mode, the CPU, clock, and the on-chip supporting module functions all stop,
reducing power consumption to an extremely low level. The on-chip supporting modules and their
registers are reset to their initial state, but as long as a minimum necessary voltage supply is main-
tained (at least 2 V), the contents of the CPU registers and on-chip RAM remain unchanged. The J/O
ports also remain in their current states.

17.3.2 Software Standby Control Register (SBYCR)

Bit ) 7 6 5 4 3 2 1 0
[ssev | — [ - [ =T =1 =] — 1] — |

Initial value 0 1 1 1 1 1 1 1

Read/Write R/'W —_ —_— — — — — —

The software standby control register (SBYCR) is an 8-bit register that controls the action of the
SLEERP instruction.

Bit 7—Software Standby (SSBY): This bit enables or disables the transition to the software standby
mode.

Bit7

SSBY Description

0 The SLEEP instruction causes a transition to the sleep mode. (Initial value)
1 The SLEEP instruction causes a transition to the software standby mode.

The watchdog timer must be stopped before the chip can enter the software standby mode. To stop the
watchdog timer, clear the timer enable bit (TME) in the watchdog timer’s timer control/status register
(TCSR) to 0. The SSBY bit cannot be set to 1 while the TME bit is setto 1.

When the chip is recovered from the software standby mode by a nonmaskable interrupt (NMI), the
SSBY bit is automatically cleared to 0. It is also cleared to ( by a reset or transition to the hardware
standby mode.

Bits 6 to 0—Reserved: These bits cannot be modified and are always read as 1.
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17.3.3 Exit from Software Standby Mode T-49-19-16

The chip can be brought out of the software standby mode by an input at the NMI pin, RES pin, or
mode pins.

Recovery by NMI Pin: When an NMI request signal is received, the clock oscillator begins operating
but clock pulses are supplied only to the watchdog timer (WDT). The watchdog timer begins counting
from H'0Q at the rate determined by the clock select bits (CKS2 to CKSO0) in its timer status/conirol
register (TCSR). This rate should be set slow enough to allow the clock oscillator to stabilize before
the count reaches H'FE. When the count overflows from H'FF to H'00, clock pulses are supplied to the
whole chip, the software standby mode ends, and execution of the NMI interrupt-handling sequence
begins.

The clock select bits (CKS2 to CKS0) should be set as follows.

Crystal Oscillator: Set CKS2 to CKSO0 to a value that makes the watchdog timer interval equal to or
greater than 10 ms, which is the clock stabilization time.

External Clock Input: CKS2 to CKSO0 can be set to any value. The minimum value (CKS2 =
CKS1 = CKSO0 = 0) is recommended.

Recovery by RES Pin: When the RES pin goes low, the clock oscillator starts. Next, when the RES
pin goes high, the CPU begins executing the reset sequence.

When the chip recovers from the software standby mode by a reset, clock pulses are supplied to the
entire chip at once. Be sure to hold the RES pin low long enough for the clock to stabilize.

Recovery by Mode 6: When the mode pins are set to mode 6, the chip exits from the software stand-
by mode to the hardware standby mode.

17.3.4 Sample Application of Software Standby Mode

In this example the chip enters the software standby mode on the falling edge of the NMI input and
recovers from the software standby mode on the rising edge of NMI. Figure 17-1 shows a timing chart

of the transitions.

The nonmaskable interrupt edge bit (NMIEG) in the NMI control register (NMICR) is originally
cleared to 0, selecting the falling edge as the NMI trigger. After accepting an NMI interrupt in this
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condition, software changes the NMIEG bit to 1, sets the SSBY bit to 1, and executes the SLEEP
instruction to enter the software standby mode. The chip recovers from the software standby mode on
the next rising edge at the NMI pin. e — S

T-49-19-16
Oscillator
illato «
e
ey pury Uy ey pemy gumy gmay pen ey ey (4  ~T~<s e
- P
NMI Y |
ZC.
p24
VA
NMIEG ”
P4
SSBY ”
« Clock settling time
e >
i H H ] !
=‘ >:< ::. :;: -t
NMl interrupt handling Software standby mode WDT interval NMI interrupt handling
NMIEG =1 (Power-down state)
SSBY =1
. ; Clock start-up
SLEEP instruction time ﬁ
WDT overflow

Figure 17-1 NMI Timing of Software Standby Mode (Application Example)

17.3.5 Application Notes

The I/O ports remain in their current states in the software standby mode. If a port is in the high output
state, the output current is not reduced in the software standby mode.

17.4 Hardware Standby Mode
17.4.1 Transition to Hardware Standby Mode

Regardless of its current state, the chip enters the hardware standby mode whenever the mode pins are
set to mode 6 (MD2 and MD1 high, MDo low).

The hardware standby mode reduces power consumption drastically by halting the CPU, stopping all
the functions of the on-chip supporting modules, and placing I/O ports in the high-impedance state.
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The registers of the on-chip supporting modules are reset to their initial values. Only the on-chip RAM
is held unchanged, provided the minimum necessary voltage supply is maintained (at least 2 V). *

Notes: 1. The RAME bit in the RAM control register should be cleared to 0 before the mode pins are
set to mode 6, to disable the on-chip RAM during the hardware standby mode.
2. Do not change the inputs at the mode pins (MD2, MD1, MD0) during hardware standby
mode. Be particularly careful not to let all three mode inputs go low, since that would place
the chip in PROM mode, causing increased current dissipation.

7-89-19-16
17.4.2 Recovery from Hardware Standby Mode

Recovery from the hardware standby mode requires inputs at both the mode and RES pins.

When the mode pins are set to mode 1, 2, 3, 4, or 7, the clock oscillator begins running. The RES pin
should be low at this time and should be held low long enough for the clock to stabilize. When the
RES pin changes from low to high, the reset sequence is executed and the chip returns to the program

execution state.

17.4.3 Timing Sequence of Hardware Standby Mode

Figure 17-2 shows the usual sequence for entering and leaving the hardware standby mode,

First the RES pin goes low, placing the chip in the reset state. Then the mode pins are set to mode 6,

placing the chip in the hardware standby mode and stopping the clock. In the recovery sequence first the
mode pins are set to mode 1, 2, 3, 4, or 7; then after the clock stabilizes, the RES pin is returned to the

high level.
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Figure 17-2 Hardware Standby Sequence
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Section 18 Electrical Specifications
18.1 Absolute Maximum Ratings T-49:]“§:76‘““
Table 18-1 lists the absolute maximum ratings.

Table 18-1 Absolute Maximum Ratings

Item Symbol Rating Unit
Supply voltage Vee —-0.3t0 +0.7 A
Programming voltage Vpp -0.3t0 +135 Vv
Input voltage (except port 6) Vin —-0.3to Vec + 0.3 Vv
input voltage (port 6) Vin -0.3fo AvVcc + 0.3 Vv
Analog supply voltage AVcc -0.310 +7.0 v
Analog input voltage VAN -0.310 AVcc + 0.3 Vv
Operating temperature Topr Regular specifications: -20 to +75 'C

Wide-range specifications: —40to +85 'C

Storage temperature Tstg =55 to +125 '‘C

Note: Permanent damage to the chip may result if the absolute maximum ratings shown in
table 18-1 are exceeded.

18.2 Electrical Characteristics

18.2.1 DC Characteristics

Table 18-2 lists the DC characteristics.
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Table 18-2 DC Characteristics

_- 1 WhH-WaddU JdiLJd .

Conditions:  VcC = AVee =5.0 V1 10%*L, Vss = AVss =0 V, T-49-19_1¢
Ta =-20 to 75°C (Regular specifications)
Ta =-40 to 85°C (Wide-range specifications)
Test
em Symbol min max Unit Conditions
Input high voltage ~ RES, MD2, Vi Vec - 0.7 Vec+03 V
MD1, MDo
EXTAL Vee x 0.7 Vee+03 V
Port 6 22 Avec+03 V
Other input pins 22 Vec+03 V
(except port 5) '
input low voltage RES, MDz, ViL -0.3 0.5 v
MD1, MDo
Other input pins -0.3 0.8
(except port 5)
Schmitt trigger Port 5 VT 1.0 25 \)
input voltage VT+ 2.0 3.5 R
VT+-VT 0.4 - \)
Input leakage current  RES [ lin | — 10.0 HA  Via=05to
NMI, MD2, — - 1.0 HA Vee-05V
MD1, MDo,
Port 6 — 1.0 HA Vin=0.5bto
AVcc—-05V
Leakage current Port 7, [ Itst] _ 1.0 BA  Vimn=05t0
in 3-state ports5to 1 Vec—-05V
(off state)
Input pull-up Ports 3 and 4 ~lp 50 200 MA  Vin=0V
MOS current
Output high voltage  All output pins VoH Vec-05 —_ \" lod = -200 pA
35 — Vv loH =—~1 mA
Output low voitage  All output pins Vou — 0.4 v low = 1.6 MA
(except RES) '
Port 3 — 1.0 Vv lo. =8 mA
—_ 1.2 Vv loL = 10 mA
RES — 0.4 V  loL=26mA
Input capacitance RES Cin — 60 pF V=0V
NMI — 30 pF f=1MHz
Al input pins —_ 15 pF Ta=25C
except RES
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HITACHI




Table 18-2"' DC Characteristics (cont)

- T-49-19-16

Test
ftem Symbol min typ max  Unit Conditions
Current dissipation*  Normal operation  lcc — 20 30 mA °  f=6MHz
' — 25 40 mA f=8MHz
— 30 50 mA f=10 MHz
— 12 20 mA f=6MHz
Sleep mode —_ 16 25 mA f=8 MHz
— 20 30 mA f=10 MHz
Standby — 0.01 5.0 pA
Analog supply During A/D Alcc — 0.6 2.0 mA
current conversion
While waiting —_ 0.01 5.0 pA
RAM standby voltage VRAM 2.0 — — \

Note: AVcc must be connected to a power supply even when the A/D converter is not used.
* Current dissipation values assume that Vi min = Vec — 0.5 V, ViL max = 0.5 V, all output pins are in the
no-load state, and all MOS input pull-ups are off.

Table 18-3 Allowable Output Current Sink Values

Conditions: Vcc=AVcc=50V £10%, Vss=AVss=0V,
Ta =-20 to 75°C (Regular specifications)
Ta =-40 to 85°C (Wide-range specifications)

!

ftem Symbol min typ max  Unit

Allowable output low Port 3 lou — —_ 10 mA

current sink (per pin) RES —  — 28 mA
Other output pins — —_— 2.0 mA

Allowable output low Port 3, total of 8 pins 2oL — — 40 mA

current sink (total) Total of all other — — 80  mA
output pins

Allowable output high All output pins —lou — — 2.0 mA

current sink (per pin)

Allowable output high Total of all output Yo — — 40 mA

current sink (total) pins

Note: To avoid degrading the reliability of the chip, be caretul not to exceed the output current sink values in
table 18-3. In particular, when driving a Darlington transistor pair or LED directly, be sure to insert a cur-

rent-limiting resistor in the output path. See figures 18-1 and 18-2.
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H8/520 H8/520 T-49-19-16
Vee
Port

600 Q

LN

Port 3
LED
Figure 18-1 Example of Circuit for Driving a Figure 18-2 Example of Circuit for
Darlington Transistor Pair Driving an LED

18.2.2 AC Characteristics

The AC characteristics of the H8/520 chip are listed in three tables. Bus timing parameters are given
in table 18-4, control signal timing parameters in table 18-5, and timing parameters of the on-chip sup-
porting modules in table 18-6. See figure 18-3 for the output load circuit.

Table 18-4 Bus Timing

Conditions: Vcc=50V+10%,9=0.5t0 10 MHz, Vss=0V
Ta=-20 to 75°C (Regular specifications)
Ta =40 to 85°C (Wide-range specifications)

6 MHz 8 MHz 10 MHz Test

item Symbol min max min max min max Unit Conditions
Clock cycle time ' toye 166.7 2000 125 2000 100 2000 ns  Seefigure 18-4
Clock pulse width low teL 65 — 45 — 35 — ns

Clock pulse width high tcH 65 — 45 — 35 — ns

Clock rise time ter — 15 — 15 — 15 ns

Clock fall time ter — 15 — 15 — 15 ns

Address delay time tAD — 70 — 60 — 55 ns

Address hold time taH 30 — 25 — 20 — ns

'RD delay time 1 tppr — 70 — 60 — 40 ns

'AD delay time 2 thopg — 70 — 60 -—- 50 ns

'WR delay time 1 twaptr — 70 — 60 — 50 ns

WR delay time 2 twrDz — 70 — 60 — 50 ns

Write data strobe pulse width  tosww 200 — 150 — 120 — ns

Address setup time 1 tAs1 25 — 20 ~ 15 — ns

Address setup time 2 tas2 105 — 80 — 65 — ns Seefigure 18-4
Read data setup time {RDS 60 — 50 — 40 — ns
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Table 18-4" Bus Timing (cont) STt HUeeLhd 032 ERHIT:

6 MHz 8 MHz 10 MHz Test
item Symbolmin max min max min max Unit Conditions
Read data hold time tRDH 0 — 0 — 0 — ns  See figure 18-4
Read data access time tacc — 280 — 190 — 160 ns = T
Write data delay time twopo — 70— 60 — 60 ns 1-49-19-16
Write data setup time twos 30 — 15 — 10 _— ns
Write data hold time twoH 30 — 25 — 20 —_ ns
Wait setup time twrs 40 — 40 — 40 — ns See figure 18-5
‘Wait hold time fwrH 10 — 10 -— 10 —_ ns

Table 18-5 Control Signal Timing

Conditions: Vec=5.0V+10%,8=0.5t0 10MHz, Vss=0V
Ta=-20to 75°C (Regular specifications)
Ta =--40 to 85°C (Wide-range specifications)

6 MHz 8 MHz 10 MHz Test
ftem Symbol min _ max min__ _max min _max _ Unit Conditions
RES setup time iness 200 — 200 — 200 — ns See figure 18-6
RES pulse width 1% Cwmesw1 60 — 60 — 60  — foo
RES pulse width 2% tneswe 520 — 520 — 520  —  fyo
RES output delay time feso  — 100 — 100 — 100 ns See figure 18-7
RESoutputpulsewidth  tassow 132 — 132 — 132 — iy
Mode programming taDs 40  — 4.0 — 4.0 — teye  See figure 18-6
setup time '
Nl setup time s 150 — 150 — 150 — ns See figure 18-8
Flﬁi ﬁo!d time M 10 — 10 —_ 10 — ns
TRClo selup time traos 50 = 50 — 50 — ns
1RQ1 to IRQr setup time tRets 50 92— 50 20— 50 @ — ns
1RQ1 to IRQ7 hold time tRon 10 — 10 — 10 — ns
NMI pulse width tNMiw 200 — 200 — 200 — ns
{for recovery from
software standby mede)
ND_trigger setup time trrRess 50 — 50 —_ 50 —_ ns See figure 18-18
AD i_rigger hold time tragh 10 — 10 —_ 10 — ns
Crystal osciflator settling tosct 20 —_ 20 — 20 — ms See figure 18-9
time (reset)
Crystal oscillator seftlingtime  toscz 10 — 10 — 10 — ms See figure 17-1

(software standby)

Note: * treswz applies when the RSTOE bit in the reset controV/status register (RSTCR) is set to 1. treswi
applies when RSTOE is cleared to 0. taeswi also applies at power-up.
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Table 18-6 Timing Conditions of On-Chip Supporting Modules

T30 cuURY UUdal

44 T?9 EEHIT3

Conditions: Vcc=5.0V+10%,=0.5t0 10MHz, Vss=0V
Ta =-20 to 75°C (Regular specifications) T"49‘T 9-16
Ta =—-40 to 85°C (Wide-range specifications)
6 MHz 8 MHz 10 MHz Test
Item Symbol min max min max min max Unit Conditions
FRT Timer output delay time trTob — 100 — 100 — 100 ns See figure 18-11
Timer input setup time trnis 50 — 580 — 50 — ns
Timer clock input setup time fffcs 50 — 50 — 50 — ns Seefigure 18-12
Timer clock pulse width trrew 15 — 15 — 15 —  teye
TMR Timer output delay time trmobp — 100 — 100 — 100 ns See figure 18-13
Timer clock input setup time times 50 — 50 — 50 — ns Seefigure 18-14
Timer clock pulse width frmew 1.5 — 15 — 15 —  fcye
Timer reset input setup time - trvps 50 — 50 — 50 — ns Seefigure 18-15
SC|  Input clock cycle {Async) tscye 2 - — 2 —  leye  Seefigure 18-16
(Sync) 4 —_ 4 — 4 — teyo
Input clock pulse width tsckw 04 06 04 068 0.4 0.6 tsgye
Transmit data delay time (Sync) ftrxo — 100 —~— 100 — 100 ns See figure 18-17
Receive data setup time  (Sync) texs 100 — 100 — 100 — ns
Receive data hold time  (Sync} tRxH — 100 — 100 — 100 ns
Ports Output data delay time trwp — 100 — 100 — 100 ns See figure 18-10
Input data setup time tPRS 50 — 50 — 60 — ns
Input data hold time tPRH 50 — 50 — 50 — ns
+ Measurement Conditions for AC Characteristics
5V
R.

H8/520
output pin

C...

nr

.

nmnr

—j

C =90pF: P1, P2, P3, P4,
= 30 pF: P5, P7

RL=24kQ
Ru=12kQ

HITACHI

Figure 18-3 Output Load Circuit
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18.2.3 A/D Converter Characteristics

Table 18-7 lists the characteristics of ihe on-chip A/D converter.

Table 18-7 (1) A/D Converter Characteristics

Conditions: Vcc=AVee =50V £10%, Vss=AVss =0V,
Ta =—40 to 85°C (Wide-range specifications)

=l EEmilL

7-49-19-16

6 MHz 8 MHz 10 MHz
tem L min typ max min typ max min typ max Unit
Resolution o 10 10 10 10 10 10 10 10 10  Bis _
Conversion time — — 230 — — 1726 — -— 138 s
Analog input capacitance — — 20 — — 20 -— — 20 pF N
Allowable signal-source impedance ~ — — 10 — — 10 — — 10 kQ N
Nontinearity error = = 420 = — 420 — — 420 1SB
Oifset error o — — 0 — — 20 — — 20 LSB
Full-scale error — — #20 - —-— 20 — — 20 LSB
Quantizing error o — — #05 - — 05 — — 05 LSB
Absolute accuracy o — — #25 — — #5 — — 25 LSB
‘Table 18-7 (2) A/D Converter Characteristics
Conditions: Vec=AVec=50V*10%, Vss=AVss =0V,
Ta=-20 to 75°C (Regular specifications)
__ 6MHz 8 MHz 10 MHz
ltem R ) min typ max min typ max min typ max Unit
Resolution R 10 10 10 10 10 10 10 10 10 __ Bis
Conversion time = = 280 - — 1725 — — 138 us
Analog input capacitance — — 20 — — 20 — — 20 pF
Allowable signal-source impedance — — 10 — — 10 — — 10 kQ
Nonlineatity error —_ — #5 — — 435 — — 35 LS8
Offset error - — 35 — — 435 — — 135 LSB
Full-scale error - — 35 — — 35 - — 35 LSB
Quantizing error 7 - — 05 - — 05 — — 05 LSB
Absolute accuracy — — #40 — — 40 — — =40 L3SB
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18.3 MCU Operational Timing

This section provides the following timing charts: T
18.3.1 Bus timing Figures 18-4 and 18-5

18.3.2 Control Signal Timing Figures 18-6 to 18-8

18.3.3 Clock Timing Figure 18-9

18.3.4 1/O Port Timing Figure 18-10

18.3.5 16-Bit Free-Running Timer Timing  Figures 18-11 and 18-12

18.3.6 8-Bit Timer Timing Figures 18-13 to 18-15

18.3.7 SCI Timing Figures 18-16 and 18-17

18.3.1 Bus Timing

1. Basic Bus Cycle (without Wait States) in Expanded Modes

T Tz Ta

Ass to Aa h X
tan

troD1 )
tast = troD2
AS, RD

t

> tacc taps >l ROH
D7 to Do
(Read) twrD1 — >

. tas2 tosww ol tAH
— e
WR

twob twos twou

D710 Do
(Write) 12

Figure 18-4 Basic Bus Cycle (without Wait States) in Expanded Modes
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. Basic Bus Cycle (with 1 Wait State) in Expanded Modes e B

r~49-10 53,

Awto Ao X X

Dz to Do 4 :
(Whrite) N\

turs| | twm: e H"“
WAIT \r 7/ /

Figure 18-5 Basic Bus Cycle (with 1 Wait State) in Expanded Modes
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18.3.2 Control Signal Timing ,
T-249-19-16

1. Reset Input Timing

o m_
tReESS tRESS
£ —
-ﬁ-E-g \ K s s

tmps
trEswi, tRESw2

MD: to MDo

Figure 18-6 Reset Input Timing

2. Reset Qutput Timing

s A

Figure 18:7. Reset Qutput Timing

3. Interrupt Input Timing

- ——
= S

Figure 18-8 Interrupt Input Timing
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18.3.3 Clock Oscillator Stabilization T
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18.3.4 /O Port Timing MHIT3

T-49-19-14 —

Port read/write cycle
T T2

’ AT NS

Port 1

to (Input)
port 7

tPwD
Port 1*
to {Output)

pont 7
Note: * Except P67 and P67 to P6o

A
Y
A

trRs

Figure 18-10 1/O Port Input/Output Timing
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18.3.5 16-Bit Free-Running Timer Timing

1. Free-Running Timer Input/Qutput Timing T-49-19-14

o _/——\_/r—\_“_/j__fx

Free-running Compare-match X
tiniar countar

teton
- -

\

FTOA, FTGBs, ~
FTOR, FTCB: X

temis

FTh, FTi2 K

Figure 18-11 Free-Running Timer Input/OQutput Timing

2. External Clock Input Timing for Free-Running Timers

tF1Cs

(4
FTCh = L2
FTCl ’Ir (4 / \>IL

{ trrcviL teTows

A

Figure 18-12 External Clock Input Timing for Free-Running Timers
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18.3.6 8-Bit Timer Timing

¥ 3 " ¥ F ¥ W ¥ ————— Y 1.y

1. 8-Bit Timer Qutput Timing

HuLJdJuo o

T-49-19-15

U L3

Timer
counter

T™O

SN S S N

Compare-match X

trmon

Figure 18-13 8-Bit Timer Qutput Timing

2. 8-Bit Timer Clock Input Timing

f———

TMCI

N L

ttMcs ttmcs

trmown

l< traowL

Y

N

[
ks

Figure 18-14 8-Bit Timer Clock Input Timing

3. 8-Bit Timer Reset Input Timing

Timer
counter N

tTMRs

TMRI

X

H'00

Figure 18-15 8-Bit Timer Reset Input Timing
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18.3.7 Serial Communication Interface Timing

{scew

_

¥ §

Figure 18-16 SCI Input Clock Timing

|«

tseys

|

Setial clock Miw
— trxo

Transmit “
data X

X X X

tAxs fetim trxH

Receive
data X

XA X

Figure 18-17 SCI Input/Qutput Timing (Synchronous Mode)

18.3.8 A/D External Trigger Input Timing

o x—/__hg

ttras

SN

trrGH

S —

Figure 18-18

A/D External Trigger Input Timing
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Appendix F Package Dimensions

Figure F-1 shows the dimensions of the DC-64S package. Figure F-2 shows the dimensions of the
DP-64S package. Figure F-3 shows the dimensions of the FP-64A package. Figure F-4 shows the

dimensions of the CP-68 package.
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Figure F-1 Package Dimensions (DC-64S)
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Figure F-2 Package Dimensions (DP-64S)
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Figure F-3 Package Dimensions (FP-64A)
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Figure F-4 Package Dimensions (CP-68)
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