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Preface 

Within the H8/300H Series, the H8/3048 Series is a series of single-chip microcontrollers with 

on-chi,? ROM and RAM. This document gives a general description of the H8/3048 Series. 

The H8/3048 Series includes the H8/3048, H8/3047, and H8/3044, which differ in their ROM 

and RAM size. All three chips provide many of the peripheral functions required in system 

control, including a DMA controller, an interrupt controller, a bus controller, a refresh 

controller, a powerful set of timers, a serial communication interface, an AID converter, a D/A 

converter, realtime port output, and I/O ports. These on-chip resources enable high­

performance systems with advanced functionality to be implemented easily. 

The H8/3048 has a ZTATfM* (zero turn-around time) version with user-programmable PROM 

on-chip. 

Hitachi is endeavoring to provide a full, efficient development environment for microcontroller 

application systems. In addition to a C compiler and other support software, the environment 

includes a realtime emulator (E7000 Series) that can be connected to workstations in a local 

area network. 

Related manuals: 

For hardware information about the H8/3048 Series: 

HB/3048 Series Hardware Manual (No. ADE-602-073) 

For information about the H8/300H Series instruction set: 

HB/300H Series Programming Manual (No. ADE-602-053) 

Notes: * ZTAT is a registered trademark of Hitachi, Ltd. 
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Section 1 H8/3048 Series Features 

• Advanced H8/300H CPU 

• General-register machine 

- Sixteen 16-bit general registers (also useable as sixteen 8-bit plus eight 16-bit general 

registers, or eight 32-bit general registers) 

• High-speed operation for realtime control 

- Maximum clock rate: 18 MHz (oscillator frequency: 18 MHz) 

- High-speed arithmetic operations (times below are at 18 MHz) 

8116/32-bit register-register add/subtract: 111 ns 

8 x 8-bit register-register signed mUltiply: 778 ns 

16 x 8-bit register-register signed divide: 778 ns 

16 x 16-bit register-register signed mUltiply: 1.22111s 

32 x 16-bit register-register signed divide: 1.22111s 

• Speed-oriented instruction set 

- 62 basic instruction types 

- 8/16/32-bit data transfer, arithmetic, and logic instructions 

- Signed and unsigned mUltiply and divide instructions 

- Powerful bit manipulation instructions 

- Instruction length: 2 to 10 bytes 

• Maximum 16-Mbyte linear address space 
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• On-chip ROM and RAM 

ROM RAM 

H8/3048 128 kbytes 4 kbytes 

H8/sb47 96 kbytes 4 kbytes 

H8/3044 32 kbytes 2 kbytes 

ROM: masked ROM or PROM 

• Bus controller on-chip 

- Address space can be partitioned into eight areas, with independent bus specifications in 

each area 

- Chip select output available for each area 

- 8-bit access or 16-bit access selectable for each area 

- Two-state or three-state access selectable for each area 

• Wait-state controller on-chip 

- Selection of four wait modes: programmable wait mode, pin auto-wait mode, and pin 

wait modes 0 and 1 

• Refresh controller on-chip 

- Selection of DRAM refresh, PSRAM refresh, or interval timer function 

- Directly connectable to 16-bit-wide DRAM or PSRAM 

- Selection of 2CAS or 2WE control 

- Programmable battery-back-up mode and refresh interval 

- CAS-before-RAS (CBR) refresh 

• DMA controller (DMAC), 4 channels on-chip 

- Selection of short address mode or full address mode 

- Can be activated by internal interrupts 

- Four memory-II0 data transfer channels or two memory-memory data transfer channels, 

independent of the CPU 

- Selection of burst mode or cycle-steal mode for auto-requested memory-memory 

transfers 

- Repeat mode selectable for each channel in memory-110 transfer 

- Block transfer mode selectable in memory-memory transfer 
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• 16-bit integrated timer unit (lTV) on-chip 

- Five 16-bit timer channels on-chip 

- Up to 12 pulse outputs (with maximum 55.6-ns resolution at 18 MHz) 

- Up to 10 pulse inputs can be processed 

- Automatic counting of two-phase encoder output (phase-counting mode) 

- Can output three complementary PWM waveforms (PWM mode, complementary PWM 

mode, reset-synchronized PWM mode) 

• Programmable timing pattern controller (TPC) on-chip 

- Maximum 16-bit pulse output, using ITU as time base 

- Output triggering selectable in 4-bitgroups 

- Non-overlap intervals can be set between different pulse outputs 

- Selectable timing source (timer) 

• Watchdog timer (WDT), 1 channel on-chip 

- Selection of watchd9g timer or interval timer function 

• Serial communication interface (SCI), 2 channels on-chip 

- Selection of asynchronous or synchronous mode 

- Multiprocessor communication function built-in 

- Smart card interface built-in (l channel) 

• 10-bit AID converter, 8 channels on-chip 

- Selection of single or scan mode 

- Sample-and-hold function 

- Can be externally triggered 

- Conversion range programmable at reference voltage pin (VREF) 

• 8-bit D/A converter, 2 channels on-chip 

• Eleven 110 ports 

- 70 110 pins, 8 input-only pins 

• Interrupt controller 

- 7 external interrupt pins (NMI, IROo to IRQs) 

- 30 internal interrupt sources 

- Three-level prioritization available 
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• Seven operating modes 

- Expanded I-Mbyte mode with on-chip ROM disabled. 8-bit bus 

- Expanded I-Mbyte mode with on-chip ROM disabled. 16-bit bus 

-Expanded 16-Mbyte mode with on-chip ROM disabled. 8-bit bus 

- Expanded 16-Mbyte mode with on-chip ROM disabled, 16-bit bus 

- Expanded I-Mbyte mode with on-chip ROM enabled. 8-bit bus 

- Expanded 16-Mbyte mode with on-chip ROM enabled, 8-bit bus 

- Single-chip advanced mode (l-Mbyte mode) 

• Power-down modes 

- Sleep mode, software standby mode. hardware standby mode 

- On-chip module standby function 

- On-chip gear (clock-dividing) function 

• Clock oscillator on-chip (1:1 oscillator) 

• Package 

- IOO-pin plastic QFP (QFP-IOOB, TQFP-IOOB) 
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Section 2 Pin Arrangement and Functions 

2.1 Pin Arrangement 

lOO-Pin Plastic QFP (QFP-IOOB, TQFP-IOOB) 

Vee 
TIOCAafTPaiPBo 
TIOCBafTPglPB, 

TIOCAJTP "YPB. 

TIOCBITPl1/PBa 

TOCXAITP ,iPB. 

TOCXBITP ,oIPBs 

CS]/DREC oITP ,""'80 
ADTRGlOREc,rrplI;/pB, 

RESO 

Vss 
TxDoIP90 
TxD,/P9, 

RxDoIP92 

RxD,/P93 

IRC"SCKcJP9. 

IRCslSCK,1P9. 

DoiP40 
D,/P4, 

DiP4. 

DoIP43 

Vss 
D"P4. 

DsiP4• 

DalP40 

OFP-100B 
TOFP-100B 

(top view) 
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MO. 

MO, 

MOo 
P601LWR 

P6siHWR 

P6"RD 

P601As" 

Vee 
XTAL 

EXTAL 

vss 
NMI 

RES 

STBY 

8 

P6iBACK 
P6,IBREC 

P6o/WAlT 

vss 
PSoIA,. 

Ps,JA18 

PS,/A17 

PSUA,. 

PZ,JA,. 

PZoIA,. 



2.2 Pin Arrangement in Each Mode 

Pin Name 

Pin No. Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 I Mode6 Mode 7 PROM Mode 

1 Vee Vee Vee 

2 PBofTPafTIOCA3 PBofTPafTIOCA3 NC 

3 PBlTPglTIOCB3 PBlTPglTIOCB3 NC 

4 PB2ITP lofTIOCA4 PB2ITP1ofTIOCA4 NC 

5 PBflPll1T10CB4 PBflP111T10CB4 NC 

6 PB4ITP u{roCXA4 PB4ITP1~OCXA4 NC 

7 PBs/TP1flOCXB4 PBSITP1flOCXB4 NC 

8 PBslTP 1 JDREQofCS7 PBsITP1~lpBslTP1L PBSITP141 NC 
DREQofCS7 DREQofCS7 DREQo 

9 PBlTP1S/DREQ1/AOTRG PB7ITP ls/OREQ1/AOTRG NC 

10 RESO RESO Vpp 

11 Vss Vss Vss 

12 P9ofTXDo P9ofTXDo NC 

13 P91ITXD1 P91ITXD1 NC 

14 P9iRXDo P9iRXDo NC 

15 P9~RXD1 P9~RXD1 NC 

16 P9JSCKoflRQ4 P9JSCKoflRQ4 NC 

17 P9s1SCK1/IRQs P9s1SCK1/IRQs NC 

18 .. P4ofDo* P4o/Do* P401Do* P4ofDo• P4ofDo* P40 NC 

19 P41/01* P41/D 1* P41/D 1* P4 1/D1* P41/D1* P41 NC 

20 P4iD2* P42/D2* P4iD2* P4iD2* P42/D2* P42 NC 

21 P4~3* P43/D3* P4~D3* P4~D3* P4JD3* P43 NC 

22 Vss Vss Vss 

23 P4JD4* P44/D4* P44/D4* P4JD4* P44/D4* P44 NC 

24 P4s1Ds* P4s/Ds* P4s1Ds* P4s1Ds* P4s1Ds* P4s NC 

25 P4s1D6* P4s1D6* P4s1De* P4s1D6* P46/Ds* P4s NC 

26 P47/D7* P47/D7* P~/D7* P47/D7* P47/D7* P47 NC 

27 De De P30 EOo 

28 0 9 0 9 P31 E01 

29 0 10 D10 P32 E02 

30 0 11 0 11 P33 E03 

31 0 12 0 12 P34 E04 

32 0 13 0 13 P3s EOs 

33 0 14 D14 P3s EOs 

34 D1S D1S P37 E07 

35 Vee Vee Vee 

Note: * Following a reset, these pins function as P47 to P40 in modes 1, 3, 5, and 6, and as 0 7 to Do in modes 2 
and 4. These functions can be changed by software. 
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Pin Name 

Pin No. Mode 1 I Mode 2 I Mode 3 I Mode 4 Mode 5 I Mode6 Mode 7 PROM Mode 

36 Ao P101Ao Pl 0 EAo 

37 A, Pi , /A , Pl , EA, 

38 A2 PiiA2 P1 2 EA2 

39 A3 Pla/A3 P1 3 EA3 

40 A4 P1JA4 P1 4 EA4 

41 A5 Pis/A5 Pis EA5 

42 Ae P1efAe P1 6 EA6 

43 A7 P17/A7 P1 7 EA7 

44 Vss Vss Vss 

45 As P201Aa P20 EAa 

46 Ag P2,/Ag P2, OE 

47 AlO P2iA,0 P22 EA '0 

48 A'l P2a/A
" 

P23 EAl1 

49 A'2 P2JA'2 P24 EA'2 

50 A'3 P25/A '3 P2s EA'3 

51 A'4 P26/A 14 P26 EA'4 

52 A '5 P27/A'5 P27 CE 

53 A'6 P501A'6 P50 Vee 
54 A'7 P5,/A17 P5, Vee 
55 A'B P52/A 'B P52 NC 

56 A'9 P5a/A'9 P53 NC 

57 Vss Vss Vss 
58 P6dWAIT P60fWAIT P60 EA'5 

59 P6,/BREQ P6,/BREQ P6, NC 

60 P6iBACK P6iBACK P62 NC 

61 0 0 NC 

62 STBY STBY Vss 
63 RES RES NC 

64 NMI NMI EA9 

65 Vss Vss Vss 

66 EXTAL EXTAL NC 

67 XTAL XTAL NC 

68 Vee Vee Vee 
69 AS AS P63 NC 

70 RD RD P64 NC 

71 HWR HWR P6s NC 

72 LWR LWR P6s NC 

73 MOo MOo Vss 
/' 

74 MO, MD, Vss 
75 M02 M02 Vss 
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Pin Name 

PinNa. Mode 1 I Mode 2 Mode 3 I Mode 4 Mode 5 Mode 6 Mode 7 PROM Mode 

76 AVee AVee Vee 

77 VREF VREF Vee 

78 P701ANo P701ANo NC 

79 P7l/ANl P7l /ANl NC 

80 P7-jAN2 P72/AN2 NC 

81 P73"AN3 P73"AN3 NC 

82 P7JAN4 P74/AN4 NC 

83 P7sfANs P7sfANs NC 

84 P7 el ANsfDAo P7 sf ANelDAo NC 

85 Ph/AN7/DAl P77/AN7/DAl NC 

86 AVss AVss Vss 

87 P801RFSH/IROo P801RFSH/IROo P8011ROo EAle 

88 P8l /CS3"IROl P8l /CS3/IR01 P8l /1ROl PGM 

89 P8-jCS2/IR02 P8-jCS-jIR02 P82/1R02 NC 

90 P83"CS1/IR03 P83"CS1/IR03 P83"IR03 NC 

91 P8JCSo P84/CSo P84 NC 

92 Vss Vss Vss 

93 PAofTPofTENDofTCLKA PAofTPofTENDofTCLKA NC 

94 PA1ffP,ITEND1ffCLKB PAl ffP lffENDlffCLKB NC 

95 PA2ffP2ff10CAoffCLKC PA2ffP2ff10GAofTGLKC NC 

96 PA3ffPafflOCBofTCLKD PAaffP3ff10CBoffCLKD NC 

97 PA4ffP 4ff10CA11 PA4ffP 4ff10CA11 PA4ffP41 PA4ffP41 PA4ffPi NC 
CSe A23"CSs TIOCA11 TIOCA11 TIOCA1 

GSa A23"CSe 

98 PAsfTPsfflOCB1! PAsffPsfflOGB11 PAsfTPsf PAsfTPsl PAsfTPsf NC 
CSs I A22!CSS TIOCB11 TIOCB11 TIOGB1! 

CSs A22/GSS 

99 ~PsfTIOCA-j PAsfT~IOCA-j PAsfTPsf PAsfTPsf PAsfTPsf NC 
CS4 ~1/CS4 TIOCAi TIOCAi TIOCA2 

CS4 A2l /CS4 

100 PA7ffP7ff10CB2 A20 PA7ffP71 A20 PA7ffP71 NC 
TIOCB2 TIOCB2 
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2.3 Pin Functions 

Type Symbol Input/Output Function 

Power Vee Input Power supply, connect to +5-V supply 

Vss Input Ground, connect to o-v supply 

Clock XTAL Input External crystal resonator 

EXTAL Input External crystal resonator or external clock input 

iii Output System clock 

System control RES Input Reset input 

RESO Output Reset output 

STBY Input Standby 

BREO Input B\ls request 

BACK Output Bus request acknowledge 

Address bus A23 to Ao Output Address bus 

Data bus D1S to Do Input/output Data bus 

Bus control AS Output Address strobe 

CS7 to CSo Output Chip select 

LWR Output Low write 

HWR Output High write 

RD Output Read 

WAIT Output Wait 

Refresh controller RFSH Output Refresh cycle 

CS3 Output Row address strobe (RAS) 
-

RD Output Column address strobe (CAS) 

Write enable (WE) 

HWR Output Upper write (UW) when DRAM is connected to 
area 3 

Upper column address strobe (UCAS) 

LWR Output Lower write (LW) when DRAM is connected to 
area 3 

Lower column address strobe (LCAS) 

Interrupt signals NMI Input Nonmaskable interrupt request 

IROoto IROs Input Interrupt request 0 to 5 

DMA controller DRE01, DREOo Input DMA request 1 and 0 

TEND1, TENDo Output DMA end 1 and 0 

Operating mode MD2 to MDo Input Mode select 
control 

16-bit integrated TIOCA4 to TIOCBo Input/output Input capture/output compare 
timer unit TCLKD to TCLKA Input Clock input D to A 

TOCXA4, TOCXB4 Output Output compare (or PWM output) 

Programmable TP15 toTPo Output Timing pattern output (pulse output) 
timing pattern 
controller ; 
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Type Symbol Input/Output Function 

Serial TxD1, TxDo Output Transmit data (SCI channels 1 and 0) 
communication 

RxD1, RxDo Input Receive data (SCI channels 1 and 0) 
interface 

J SCK1, SCKo InpuVoutput Serial clock (SCI channels 1 and 0) 

AID converter AN7to ANo Input Analog input 

ADTRG Input AID converter external trigger input 

AVcc Input AID converter power 

AVss Input AID converter ground 

VREF Input AID converter reference voltage input 

D/A converter DAi,DAO Output D/A output 

AVcc Input D/A converter power supply 

AVss I Input D/A converter ground 

VREF Input D/A converter reference power supply 

1/0 ports Pi 7 to Pi 0 Input/output Port 1 

P27 to P20 Input/output Port 2 

P37 to P30 Input/output Port 3 

P47 to P40 Input/output Port 4 

P53 to P50 Input/output Port 5 

P66 to P60 Input/output Port 6 

P77 to P70 Input Port 7 

P84 to P80 Input/output Port 8 

P9s to P90 Input/output Port 9 

PA7 to PAo Input/output Port A 

PB7 to PBo I InpuVoutput Port B 
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Section 3 Block Diagram 

Internal Block Diagram 

MD. 
MO, 
MOo 

EXTAL ----.. --p 

XTAL 

!r­
! : 

'~--'-:--~~_f!5bUi ---- ----.--------'--.- "--
, J 

DaIa WI (lower' 

L-_______ ~_&_~_O_H_C_P_U ______ ~~ 

Watchdog timer 
(WOT) 

iii 
I I ! 
! I i 

It 8 :g 
..E=» -« 
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H8I3048 

HB/3047 

H8I3044 

i i 

Unit" byte 

ROM RAM 

128 k 4k 

96 k 4k 

32 k ?k 



Section 4 CPU 

The central processing unit of the HS/304S Series is the HS/300H CPU, a high-speed CPU 

with 32-bit internal data paths and an architecture that is upward-compatible with the HS/300 

CPU. The HS/300H CPU has sixteen 16-bit general registers and can address a 16-Mbyte 

linear address space. 

4.1 Registers 

As shown in the following diagram, the HS/300H CPU has general registers and control 

registers. The general registers are configured as eight functionally identical 32-bit registers 

that can be used both as address registers and data registers. The control registers include a 

24-bit program counter (PC) and an S-bit condition code register (CCR). 

CPU Registers 

ERO 

ERl 

ER2 

ER3 

ER4 

ER5 

ER6 

ER7 

15 

Legend 

SP: Stack pointer 
PC: Program counter 

EO 

E1 

E2 

E3 

E4 

E5 

E6 

E7 

23 

CCR: Condition code register 
I: Interrupt mask bit 
UI: User bit or interrupt mask bit 
H: Half-carry flag 
U: User bit 
N: Negative flag 
Z: Zero flag 
V: Overflow flag 
C: Carry flag 

o 7 o 7 o 
ROH ROl 

R1H Rll 

R2H R2l 

R3H R3l 

R4H R4l 

R5H R5l 

R6H R6l 

(SP) R7H R7l 

15 o 
PC 

76543210 

CCR I I lUll Hiul NI zlvl ci 
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General Registers 

The eight 32-bit general registers are all functionally alike and can be used as both address 

registers and data registers. When a general register is used as a data register. it can be 

accessed as a 32-bit. 16-bit, or 8-bit register. When the general registers are used as 

32-bit registers or as address registers, they are designated by the letters ER (ERO to ER 7). 

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and 

R (RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit 

registers. The E registers (EO to E7) are also referred to as extended registers. 

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) 

and RL (ROL to R7L). These registers are functionally equivalent, providing a maximum 

sixteen 8-bit registers. 

The following diagram illustrates the usage of the general registers. The usage of each register 

can be selected independently. 

Usage of General Registers 

31 0 
• 32-bit registers I I 

(address registers, ER registers 
EROto ER7 data registers) '--______________________ --' 

• 16-bit registers 
(data registers) 

• 8-bit registers 
(data registers) 

15 0 1"'15"--_________ .,0 

E registers (extended registers) I R registers I 
EO to E7 RO to R7 

~---------~ 

7 

RH registers 
ROHto R7H 

RL registers 
ROL to R7L 

o 

General register ER7 has the function of stack pointer (SP) in addition to its general-register 

function, and is used implicitly in exception handling and subroutine calls. 
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Control Registers 

Program Counter (PC): This 24-bit counter indicates the address of the next instruction the 

CPU will execute. 

Condition Code Register (CCR): This 8-bit register contains internal CPU status 

information. including the carry (C), overflow (V), zero (Z), negative (N), and half-carry (H) 

flags, interrupt mask bits (I, UI), and user bits (U). 

Bit Symbol Bit Name Function 

Bit 7 I Interrupt mask bit Masks interrupts other than NMI when set to 1. NMI is 
recognized regardless of the I bit setting. For information 
on interrupts see 4.8, Interrupts. 

Bit 6 UI User bit or interrupt Can be written and read by software. This bit can also be 
mask bit used as an interrupt mask bit. 

Bit 5 H Half-carry flag When an add, subtract, or compare instruction is 
executed, this flag is set to 1 if there is a carry or borrow at 
an intermediate bit, and cleared to 0 otherwise. The 
intermediate bit is: 

ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, NEG.B: bit 3 
ADD.W, SUB.w, CMP.W, NEG.w: bit 11 
ADD.L, SUB.L, CMP.L, NEG.L: bit 27 

Bit4 U User bit Can be written and read by software. 

Bit 3 N Negative flag Indicates the most significant bit (sign bit) of data. 

Bit2 Z Zero flag Set to 1 to indicate zero data, and cleared to 0 to indicate 
non-zero data. 

Bit 1 V Overflow flag Set to 1 when an arithmetic overflow occurs, and cleared 
to 0 at other times. 

Bit 0 C Carry flag Set to 1 when a carry occurs, and cleared to 0 otherwise. 
Used by add instructions to indicate a carry, subtract 
instructions to indicate a borrow, and shift and rotate 
instructions to store the value shifted out of the end bit. 
The carry flag is also used as a bit accumulator by bit 
manipulation instructions. 
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4.2 Data Formats 

The H8/300H CPU can process I-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit 

(Iongword) data. Bit-manipulation instructions operate on I-bit data by accessing bit n (n = 0, 

1. 2, .... 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data 

as two digits of 4-bit BCD data. 

General Register Data Formats 

Data type 

l-Dildata 

'-bitdata 

4-bit 
BCD data 

4-bit 
BCD data 

Byte data 

Byte data 

Word data 

Word data 

Longword 
data 

General register Dalatormat 

7 0 

RnH 17161514131211101 ~~~~~~t~c~;~~~~~~~ 

RnL 

RnH 

RnL 

AnH 

7 0 

RnL ~~~~~d~~'~~a~e~~~~~J::::::: I 
MSB LSB 

15 0 

An 1 : : : : : : : : : : : : : : : I 
MSB LSB 

15 0 

En I::::::::::::::: 1 
MSB LSB 

31 1615 0 

ERn 1 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1 
MSB LSB 
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Memory Data Formats 

Data type Address Data format 

../ 

7 0 

1-bitdata Address L 7161514131211!0 

Byte data Address l 

i Address 2M 
Word data ~ 

l Address 2M + 1 

( 

i 
I 

Address2N 

: Address 2N + 1 
Longword data -; 

Address 2N + 2 

L Address 2N + 3 

MSB 

MSB 

MSB1 I 

V--

Note: Word data and longword data must start at an even address. 
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4.3 Addressing Modes 

The HS/300H CPU supports the eight addressing modes listed in the following table. 

Addressing Modes 

No. Addressing Mode 

Register direct 

2 Register indirect 

3 Register indirect with displacement 

4 Register indirect with post-increment 

Register indirect with pre-decrernent 

5 Absolute address 

6 Immediate 

7 Program-counter relative 

8 Memory indirect 

Symbol 

Rn 

@ERn 

@(d:16,ERn)/@(d:24,ERn) 

@ERn+ 

@-ERn 

@aa:8/@aa:16/@aa:24 

#aa:8I#aa: 161#aa:32 

@(d:8,PC)/@(d:16,PC) 

@@aa:8 

Note: Data transfer instructions can use addressing modes 1 through 6. 

Effective Address Calculation 

No. 
Addressing Mode 

and Instruction Format 
Effective 

Address Calculation 
Effective 

Address (EA) 

i Register direct (Rn) Operand is general register 
contents 

op Irmlrnl 

2 
I 31 0 23 0 

Register indirect (@ERn) I' _I I I I I . ...: General register contents • 1-______ -1_ 

____ I l~oP=1 =r ~I ::::..-_---+1 _______ -+-____ _ 
- II 3 I 
Register indirect with 
displacement 
@(d:16, ERn) or @(d:24, ERn) i 3r1 ________ --'i 

----+ ------------------- - ---t.-------------: -I' 
4 1,1 Register indirect with post- i 

increment or pre-decrement I 
,I
i • Register indirect with 

post-Increment @ERn+ 

I I~--------~~ 
31 0 

General register contents I-

23 

23 
I I op I r I I 
I 

+ --- --- ----- ---- --e--t--+l 
I 1,2, or 4 L 
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No. 

4 

Addressing Mode 
and Instruction Format 

. . 
------+-.-------.-------~ 

5 Absolute address 
@aa:8 

loplabsl 

@aa:16 

op abs 

@aa:24 

op 

abs 

6 Immediate 

7 

, #xx:8, #xx:16, or #xx:32 

op IMM 

Program-counter relative 
@(d:8. PC) or @(d:16. PC) 

disp 

Effective 
Address Calculation 

3~1 ________________ --; 

Effective 
Address (EA) 

23 0 
,-·--------------~_.:r_--4 

1 for a byte operand, 2 for 
a word operand, 4 for a longword 
operand 

--~--+-----------

23 87 o 
I H'FFFF I 

t 
23 1615 o 
I Sign I 

extension 

t 

23 o 

t 

Operand is immediate data 

3r1 ________________ ~O 

PC contents 
23 o 

------t------------~--------~_+-- ----.---------
8 Memory indirect @@aa:8 

Legend 

r, rm, rn: 
op: 
disp: 
IMM: 
abs: 

Register field 
Operation field 
Displacement 
Immediate data 
Absolute address 

23 

H'OOOO 

o 
Memory contents 

o 
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4.4 Instruction Set 

The H8/300H CPU has a set of 62 types of instructions with the following features. 

Features 

• General-register architecture 

• 8/16/32-bit data transfer. arithmetic, and logic instructions 

Data transfer instructions and basic arithmetic and logic instructions can operate on byte 

(B), word (W), and longword (L)data 

• Signed and unsigned multiply and divide instructions 

• Powerful bit manipulation instructions 

• High-speed operation 

Assembler Format 

The following example illustrates the ADD instruction. 

ADD.B As, Ad 

t + tL _____ Destination operand 

'---------- Source operand 

L __ LI =============== :::moniC 
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Instruction Set 

Addressing Mode and 
Instruction Length 

Condition Code 

+ 
Operation 

c 
Mnemonic 

~ 
II: .. 

'C~ IT ~ 
." II: '<! Ui c "Ill. II: C:.cai I UI H N. Z V C '0 !! II: " W .. 

~O:.a 8- )( c: w~ , :: 
<> 

0 .l:1I: @@ @@ @@.5 z 

Data MOV,B #xx:S,Rd B #xx:S E RdS 2 -- - l l 0- 2 

transfer MOV.BRs,Rd B RsS E RdS 2 -- - l l 0- 2 
instruca MOV.B @ERsRd B @ERsE RdS 2 -- - l l 0- 4 
tions MOV,B @(d:16,ERsl,Rd B @(d:16,ERslE RdS 4 -- - l l 0- 6 

MOV,B @(d:24,ERsl,Rd B @(d:24,ERsl E RdS S -- - t t o- lD 

MOV,B @ERs+ Rd B @ERsE RdS ERs+l E ER. 2 -- - l l 0- 6 

MOV,S @aa:S Rd S @aa:SE RdS 2 -- - t l 0- 4 

MOV,S @aa:16,Rd B @aa:16E RdS 4 -- - t ! 0- 6 

MOV,S @aa:24,Rd S @aa:24E RdS 6 -- - t ! 0- B 
MOV,S RS,@ERd B RsS E @ERd 2 -- - ! t 0- 4 

MOV,B RS,@(d:16,ERd) B RsS E @(d:16,ERd) 4 -- - ! ! 0- 6 

MOV,B Rs @Jd:24,ERdl B RsS E @(d:24,ERdl B -- - t t o- lD 

MOV.B Rs,@-ERd B ERcH E ERd, RsB E @ERd 2 -- - l l 0- 6 
MOV,B RS,@aa:S B RsS E @aa:B 2 -- - l l 0- 4 

MOV,B RS,@aa:16 B RsS E @aa:16 4 -- - ! ! 0- 6 
MOV,B Rs,@aa:24 B RsS E @aa:24 6 ---t t O- S 
MOV.w #xx:16,Rd W #xx:16 E Rd16 4 -- - l t 0- 4 

MOV.WRs,Rd W Rs16E Rd16 2 -- - t l 0- 2 
MOV.w @ERs,Rd W @ERsE Rd16 2 -- - l ! 0- 4 
MOV.w @i9:16,ERsI.Rd W @(d:16,ERslE Rd16 4 -- - t t 0- 6 
MOV.w @(d:24,ERsl,Rd W @(d:24,ERslE Rd16 B -- - t l o- lD 

MOV.w @ERs+,Rd W @ERsE Rd16, ERs+2 E ERs 2 -- - t t 0- 6 
MOV.w @aa:16,Rd W @aa:16E Rd16 4 -- - t t 0- 6 
MOV.w @aa:24,Rd W @aa:24 E Rd16 6 -- - t t D- B 
MOV.W RS,@ERd W Rs16 E @ERd 2 -- - t ! 0- 4 
MOV.w RS,@(d:16,ERd) W Rs16 E @(d:16,ERd) 4 -- - · · 0- 6 · · MOV.w RS,@(d:24,ERd) W RslS E @(d:24,ERd) B -- - · · 0- 10 · · MOV.W RS,@-ERd W ERd-2 E ERd, RslS E @ERd 2 -- - · ! O- S 
MOV.w RS,@aa:16 W Rs16 E @aa:16 4 -- - t t 0- 6 
MOV.w RS,@aa:24 W Rs16 E @aa:24 6 -- - t · 0- B 
MOV.L #xx:32,ERd L #xx:32 E ERd32 S -- - t ! 0- B 
MOV.L ERs ERd L ERs32 E ERd32 2 -- - : : 0- 2 
MOV,L @ERs,ERd L @ERsE ERd32 4 -- - , : 0- B y 

MOV,L @(d:16,ERs),ERd L @(d:16,ERs) E ERd32 6 -- - , t 0- 10 · 
MOV.L @(d:24,ERs),ERd L @(d:24,ERs) E ERd32 10 -- - ! l 0- 14 
MOV.L @ERs+,ERd L @ERsE ERd32, ERs+4 E ERs 4 ---l t 0,- 10 
MOV,L @aa:16,ERd L @aa:16E ERd32 .6 ---t t 0- 10 
MOV,L @aa:24 ERd L @aa:24 E ERd32 S ---l t 0- 12 
MOV,L ERs,@ERd L ERs32E @ERd 4 ---t t 0- B 
MOV,L ERs,@(d:16,ERd) L ERs32 E @(d:16ERd) 6 -- - t t 0- 10 
MOV,L ERs,@(d:24,ERd) L ERs32 E @(d:24,ERd) 10 -- - t t 0- 14 
MOV.L ERs,@-ERd L ERd-4 E ERd, ERs32 E @ERd 4 -- - : : 0- 10 
MOV,L ERs,@aa:16 L ERs32 E @aa:16 6 -- - : , O- lD · MOV.L ERs,@aa:24 L ERs32 E @aa:24 S -- - · : 0- 12 · POP.wRd W @SP+E RdlS 2 -- - ! : 0- 6 
PUSH.WRs W RslS E @-8P 2 -- - t t O- S 
POP,LERd L @SP+E ERd32 4 -- - t ! O- S 
PUSH.LERs L ERs32E @-8P 4 -- - t ! 0- B 
MOVFPE@aa:16,Rd B Cannot be used in the HB/304B Series --------
MOVTPE Rs, @aa:16 B Cannot be used in the HS/304S Series --------
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Addressing Mode and 
Instruction Length 

Condition Code 

Mnemonic Operation 
i!: 

l a: 

I III 

i ~ -... u c: ",Il{ a: D:.ca1 I UI H N Z V C '0 I! 
>< c 

a: .. "I' iii :so:a 8- III:!!. 0 
0 :a: 411411 411411 411411.5 z 

Block EEPMOV.B - 4------- 5 

transfer if R4L.<O then 
instruc- repeat@ERSNo @ER6.ERS+l No ERS, ER6+1 No ER6. R4l-1 £ R4l 
tions until R4l--o 

else next 

EEPMOVW -I 4------- 5 
H R4..othen 

repeat @ERSNo @ER6, ERS+l No ERS, ER6+1 No ER6, R4-1 No R4 

until R4=O 

else next 

Arithmetic ADD.B #xx:S,Rd B RdS+#xx:S No RdS 2 --t t t t t 2 

Instruc- ADD.BRs,Rd B RdS+RsS No RdS 2 --t t t t t 2 

tions ADD.W #xx:16,Rd W Rdl6+#xx:16 No Rd16 4 --1 t t t t 4 

ADDWRs,Rd W Rdl6+Rsl6 No Rd16 2 --1 t t t t 2 

ADD.l #xx:32,ERd L ERd32+#xx:32 No ERd32 6 --2 t t t t 6 

ADD.l ERs,ERd L ERd32+ERs32 No ERd32 2 --2 t t t t 2 

ADDX.B #xx:S,Rd B RdS+#xx:B+C £ RdS 2 --t t 3 t t 2 

ADDX.B RS,Rd B RdS+RsS+C £ RdS 2 --t t 3 t t 2 

ADDS #I,ERd l ERd32+1 £ ERd32 2 ------ - 2 
ADDS#2,ERd l ERd32+2 £ ERd32 2 ------ - 2 

ADDS#4,ERd l ERd32+4 No ERd32 2 ------ - 2 

INC.BRd B RdS+l No RdS 2 -- - t t t - 2 

INCW#I,Rd W Rdl6+1 No Rd16 2 ---t $ $- 2 

INCW#2,Rd W Rd16+2 No Rd16 2 ---$ $ $- 2 
INC.l#1 ERd l ERd32+2 £ ERd32 2 -- - t t t- 2 
INC.l #2,ERd l ERd32+2 No ERd32 2 -- - $ + t - 2 · DAARd B RdS decimal adjust No RdS 2 --* t t * 4 2 
NEG.BRd B D-RdS£ RdS 2 --$ $ t t t 2 
NEG.WRd W D-Rd16 No Rd16 2 --1 t t t t 2 
NEG.lERd l D-ERd32 No ERd32 2 --2 t t t t 2 
SUB.B RS,Rd B RdB-RsS No RdS 2 --t t t t t 2 
SUBW #xx:16,Rd W Rd16-11xx:16 No RdlS 4 --1 t t t t 4 
SUB,WRs, Rd W RdlB-Rsl6 IE Rd16 2 --1 t t t t 2 
SUB.l #xx:32,ERd l ERd32--#xx:32 IE ERd32 6 --2 t t t t 6 
SUB.l ERs,ERd l ERd32-ERs32 IE ERd32 2 --2 t t t t 2 
SUBX.B #xx:S,Rd B Rd8-#xx:8-C IE RdS 2 --t t 3 t t 2 
SUBX.B RS,Rd B RdB-Rs8-C IE RdS 2 --t t 3 t t 2 
SUBS#I,ERd l ERd32-1 IE ERd32 2 ------ - 2 
SUBS#2,ERd l ERd32-2 IE ERd32 2 ------ - 2 
SUBS#4,ERd l ERd32-4 No ERd32 2 ------ - 2 
DEC.B Rd B RdS-l No RdS 2 -- - t + t - 2 • 
DECW#I,Rd W Rdl6-1 No Rd16 2 -- - t + t - 2 • 
DEC.W#2,Rd W Rdl6-2 IE Rd16 2 ---t t t - 2 
DEC.l #I,ERd l ERd32-1 IE ERd32 2 ---$ t t - 2 
DEC.l #2,ERd l ERd32-2 IE ERd32 2 ---t $ t - 2 
DAS Rd B RdS decimal ad'us! IE RdS 2 --* t t *- 2 
CMP.B #xx:S,Rd B Rd8-#xx:8 2 --t t t t t 2 
CMP.BRs,Rd B Rd8-RsS 2 --t t t t t 2 
CMPW #Xx:16 Rd W Rdl8-#xx:16 4 --1 t t t t 4 
CMP,WRs,Rd W RdlB-Rsl6 2 --1 t t t t 2 
CMP.l #xx:32,ERd l ERd32-41xx:32 6 --2 t t t t 6 
CMP,l ERs,ERd l ERd32-ERs32 2 --2 t t t t 2 
MUlXU,B RS,Rd B RdSlI RsS No Rd16 2 ------ -14 
MULXU,W RS,ERd W Rd1611Rs16 IE ERd32 2 ------ -22 

DIVXU.B RS,Rd B Rdl6+RsSIE Rd16 2 ------ -14 

(H: remainder, l: Quotient) 

DIVXU.W RS,ERd W ERd32+RsI6IE ERd32 2 ------ -22 
(E: remainder, R: quotient) 
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Addressing Mode and 
Instruction Length 

Condition Code 

+ 
Operation 

c: 
Mnemonic ~ a: ., 

UJ j iii cO 0' ... a: I: c: c:~ a: ~C'Q~ I UI H N Z V C '0 I! a: .. 'l' iii ~~:a !. i< c UJ~ '" 6 
0 .I: a: (\»(\» O(\» (\»0.5 z 

Arithmetic MULXS.B Rs.ERd B RdSvRsS JI! Rd16 4 -- - t t -- 16 

instruc- MULXS.w Rs.ERd W Rd16vRs16 JI! ERd32 4 -- t t 24 
tions DIVXS.B Rs.Rd B Rd16+RsS JI! Rd16 4 -- - t t -- 16 

(H: remainder. L: Quotient) 

DIVXS.w Rs.ERd W ERd32+Rs16 JI! ERd32 4 -- - t t -- 24 

(E: remainder. R: Quotient) 

EXTU.WRd W Rd18 zero extension JI! Rd16 2 -- - t t 0- 2 

EXTU.LERd L Rd16 zero extension JI! ERd32 2 -- - t t 0- 2 

EXTS.wRd W RdLS sign extension JI! Rd16 2 ---t t 0- 2 

EXTS.L ERd L Rd16 sign extension JI! ERd32 2 -- - t t 0- 2 

Logic AND.B #xx:S.Rd B RdSY #xx:S JI! RdS 2 -- - t t 0- 2 

instruc- AND.B Rs.Rd B RdSYRsB JI! RdS 2 -- - t t 0- 2 
tions AND.w #xx:16.Rd W Rd16Y#xx:16 At Rd16 4 -- - t t 0- 4 

AND.w Rs.Rd W Rd16YRs16 JI! Rd16 2 ---t t 0- 2 

AND.L #xx:32.ERd L ERd32Y #xx:32 JI! ERd32 6 ---t t 0- 6 

AND.L ERs.ERd L ERd32YERs32 JI! ERd32 4 -- -t t 0- 4 

OR.B #xx:S.Rd B RdSAlxx:S JI! RdS 2 -- - t t 0- 2 

OR.B Rs.Rd B RdS ,Ass JI! RdS 2 -- - t t 0- 2 

OR.W #xx:16.Rd W Rd16A1xx:16 JI! Rd16 4 -- - t t 0- 4 

OR.W Rs.Rd W Rd16,As16 JI! Rd16 2 -- - t t 0- 2 

OR.L #xx:32. ERd L ERd32A1xx:32 At ERd32 6 -- - t t 0- 6 

OR.L ERs.ERd L ERd32,ERs32 At ERd32 4 -- - t t 0- 4 
XOR.B #xx:S.Rd B RdS IIxx:S JI! RdS 2 -- - t t 0- 2 

XOR.BRs.Rd B RdS RsS JI! Rda 2 ---t t 0- 2 

XOR.W #xx:16.Rd W Rd16 #xx:16 JI! Rd16 4 -- - t t 0- 4 

XOR.WRs.Rd W Rd16 Rs16 JI! Rd16 2 -- - t t 0- 2 

XOR.L #xx:32.ERd L ERd32 #xx:32 JI! ERd32 6 -- - t t 0- 6 

XOR.L ERs.ERd L ERd32 ERs32 JI! ERd32 4 ---t t 0- 4 

NOT.BRd B RdS JI! RdS 2 ---t t 0- 2 

NOT.wRd W Rd16J1! Rd16 2 ---t t 0- 2 

NOT.L ERd L ERd32 JI! ERd32 2 -- - t t 0- 2 

Shift SHAL.B Rd B RdS shift arithmetic left JI! RdS 2 -- - t t t t 2 
instruc- SHAL.W Rd W Rd16 shift arithmetic left JI! Rd16 2 -- - t t t t 2 
tions SHAL.L ERd L ERd32 shift arithmetic left JI! ERd32 2 -- - t t t t 2 

SHAR.B Rd B RdS shift arithmetic right JI! RdS 2 -- - t t 0 t 2 
SHAR.W Rd W Rd16 sMt arithmetic right JI! Rd16 2 -- - t t 0 t 2 

SHAR.L ERd L ERd32 shift arithmetic right JI! ERd32 2 -- - t t 0 t 2 

SHLL.B Rd B RdS shift tOllic teft JI! RdS 2 -- - t t 0 t 2 
SHLL.WRd W Rd16 shift logic left JI! Rd16 2 -- - t t 0 t 2 

SHLL.L ERd L ERd32 sMt togic teft JI! ERd32 2 -- - t t 0 t 2 
SHLR.B Rd B Rda shift logic right JI! RdS 2 ---0 t 0 t 2 
SHLR.WRd W Rd16 shift logic right JI! Rd16 2 -- -0 t 0 t 2 

SHLR.LERd L ERd32 shift togic right JI! ERd32 2 -- -0 t 0 t 2 

ROTXL.B Rd B Rd8C rotate left JI! RdSC 2 -- - t t 0 t 2 
ROTXL.W Rd W Rd16C rotate left JI! Rd16C 2 -- - t t 0 t 2 

ROTXL.L ERd L ERd32C rotate left JI! ERd32C 2 -- - t t 0 t 2 
ROTXR.BRd B RdSC rotate rioht JI! RdSC 2 -- - t t 0 t 2 
ROTXR.wRd W Rd16C rotate riohtJl! Rd16C 2 -- - t t 0 t 2 
ROTXR.LERd L ERd32C rotate rioht JI! ERd32C 2 -- - t t 0 t 2 
ROTL.BRd B RdS rotate left At RdS 2 -- - t t 0 t 2 
ROTL.W Rd W Rd16 rotate left JI! Rd16 2 -- - t t 0 t 2 
ROlL.LERd L ERd32 rotate left JI! ERd32 2 ---t t 0 t 2 
ROTR.BRd B RdS rotate right At Rda 2 ---t t 0 t 2 
ROTR.WRd W Rd16 rotate right JI! Rd16 2 -- - t t 0 t 2 
ROTA.LERd L ERd32 rotate right JI! ERd32 2 -- - t t 0 t 2 
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Addressing Mode and 
Instruction Length 

Condition Code 

~ 
Mnemonic 

~ 
Operetion rr: .. 

UJ CD 
C ~ U ~ ... rr: 

" "II!. rr: 0:. .. ~ I UI H N Z V C I! rr: •• ut m •• IV '0 
CD 

~~ UJ~ ~@ D. .; c. 
@@ @@ @@ .§ 0 Z 

Bit BSET #xx:3,Rd B (#xx:3 of Rd8) .. 1 2 ------ - 2 
manipu- BSET #xx:3,@ERd B (#xx:3 of @ERd) .. 1 I 4 -- ---- - 8 
latlOll BSET #xx:3.@aa:8 B (#xx:3 of @aa:8) .. 1 4 -- ---- - 8 
instruc- BSETRn.Rd B (RnS of RdS) .. 1 2 ------ - 2 
tions BSET Rn.@ERd B (Rn8 of @ERdl .. 1 4 ------ - 8 

BSET Rn,@aa:8 B (Rn8 of @aa:8) .. 1 4 -- ---- - 8 
BCLR #xx:3,Rd B (#xx:3 of Rd8) .. 0 2 ------ - 2 
BCLR #xx:3,@ERd B (/lxx:3 of @ERd) .. 0 4 -- ---- - 8 
BCLR #xx:3,@aa:8 B ' (/lxx:3 of @aa:8) .. 0 4 -- ---- - 8 
BCLR Rn,Rd B (Rn8 of Rd8) .. 0 2 -- ---- - 2 
BCLR Rn,@ERd B (Rn8 of @ERd)"O 4 -- ---- - 8 
BCLR Rn,@aa:8 B (Rn8 of @aa:8) .. 0 4 ------ - 8 
BNOT #xx:3,Rd B (/lxx:3 of Rd8)" #XX:3 of Rd8 2 -- - 2 
BNOT IIxx:3,@ERd B (lIxx:3 of @ERd)" /lxx:3 of @ERd 4 8 
BNOT IIxx:3,@aa:8 B (lIxx:3 of @aa:8) .. IIxx:3 of @aa:8 4 8 
BNOTRn,Rd B (Rn8 of Rd8)" Rn8 of Rd8 2 2 
BNOT Rn,@ERd B I (Rn8 of @ERd)" RnS of @ERd 4 8 
BNOT Rn,@aa:S B (RnS of @aa:8)" RnS of @aa:S 4 8 
BTST #xx:3,Ra B (#xx:3 of Rd8) if, Z 2 ---- ! -- 2 
BTST IIxx:3,@ERd B (#xx:3 of @ERd) if, Z 4 ---- + -- 6 · BTST #xx:3,@aa:8 B (/lxx:3 of @aa:S) if, Z 4 ---- t- - 6 
BTSTRn,Rd B (RnS of RdS) if, Z 2 ----t -- 2 
BTST Rn,@ERd B (Rn8 of @ERd) lE Z 4 -- -- • -- 6 · BTST Rn,@aa:8 B (RnS of @aa:8) lE Z 4 -- --! -- 6 
BLD /lxx:3,Rd B (#xx:3 of Rd8) lE C 2 ------ l 2 
BLD /lxx:3,@ERd B illxx:3 of @ERd)lE C 4 ------ l 6 
BLD /lxx:3,@aa:8 B #xx:3 of @aa:S)lE C 4 ------ ! 6 
BILD #xx:3,Rd B #xx:3 of RdS lE C 2 l 2 
BILD IIxx:3,@ERd B IIxx:3 of @ERd lE C 4 t 6 
BILD /lxx:3,@aa:S B IIxx:3 of @aa:8 lE C 4 l 6 
BST /lxx:3,Rd B C lE (lIxx:3 of Rd8) 2 ------ - 2 
BST #xx:3,@ERd B C lE (lIxx:3 of @ERd) 4 ------ - 8 
BST IIxx:3,@aa:8 B C if, (#xx:3 of @aa:8) 4 ------ - 8 
BIST IIxx:3,Rd B C lE (#xx:3 of RdS) 2 ------ - 2 
BIST #xx:3,@ERd B C if, (#xx:3 of @ERd) 4 ------ - 8 
BIST /lxx:3,@aa:8 B ClE IIxx:3 of @aa:S 4 8 
BAND #xx:3,Rd B CY(lIxx:3 of Rd8) lE C 2 ------ t 2 
BAND IIxx:3,@ERd B CY{/lxx:3 of @ERdllE C 4 ------ l 6 
BAND IIxx:3,@aa:8 B CY(/lxx:3 of @aa:8)lE C 4 ------ l 6 
BlAND #xx:3,Rd B CY(l/xx:3 of RdS) lE C 2 ------t 2 
BlAND #xx:3,@ERd B CY(#xx:3 of @ERd)lE C 4 ------ ! 6 
BlAND IIxx:3,@aa:8 B CY #xx:3 of @aa:8 lE C 4 l 6 
BOR #xx:3,Rd B C A /lxx:3 of Rd8) lE C 2 ------ t 2 
BOR #xx:3,@ERd B CA#xx:3 of @ERd)lE C 4 ------ l 6 
BOR /lxx:3,@aa:8 B CA/lxx:3 of @aa:8)lE C 4 ------ t 6 
BIOR /lxx:3,Rd B C /lxx:3 of Rd8 lE C 2 t 2 
BIOR /lxx:3,@ERd B C /lxx:3 of @ERd lE C 4 t 6 
BIOR /lxx:3,@aa:8 B C IIxx:3 of @aa:8 lE C 4 t 6 
BXOR #xx:3,Rd B C (lIxx:3 of Rd8) lE C 2 ------ t 2 
BXOR #xx:3,@ERd B C (#xx:3 of @ERd) lE C 4 ------ t 6 
BXOR IIxx:3,@aa:S B C (lIxx:3 of @aa:8)lE C 4 ------ : 6 
BIXOR /lxx:3,Rd B C #xx:3 of Rd8 if, C 2 l 2 
BIXOR IIxx:3,@ERd B C #xx:3 of @ERd lE C 4 ---- t 6 
BIXOR IIxx:3,@aa:8 B C (lIxx:3 of @aa:8) lE C 4 l 6 
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Addressing Mode and 
Instruction Length 

Condition Code 

+ 

" Mnemonic " Operation II: II> N UJ 
~ iii C@ 

G' "C II:- iii c UJ " Q. ... "C I UI H N Z V C ~ " • II: .!!! '0 II: ~"I' ca .. .. .. x 
" 

UJ «5~@ a. d Co )( .5 0 .. II: @ @@ @@@ z 

Branching Bee d:8 - if condition is true, then 2 -- ---- - 4 
instruc- PC .. PC+d:8 else next 
tions Bcc d:16 - if condition is true, then 4 ------ - 6 

PC .. PC+d:16 else next 

JMP @ERn - PC" ERn 2 ------ - 4 

JMP @aa:24 - PC" aa:24 4 -- ---- - 6 

JMP @@aa:8 (normal) - PC .. (aaa:8)16 2 ---- -- - 8 

JMP @@aa:8 (advanced - PC .. (aaa:8)24 2 ------ -10 

BSR d:8 (normal) - SP-211: SP. PC1611: @SP 2 ------ - 6 

PC" PC+d:B 

BSR d:8 (advanced) - SP-4 11: SP, PC24 11: @SP 2 -- -- -- - 8 

PC" PC+d:8 

BSR d:16 (normal) - SP-2 11: SP, PC16 11: @SP 4 -- ---- - 6 

PC" PC+d:16 

BSR d:16 (advanced) - SP-4 11: SP, PC24 11: @SP 4 ------ - 8 

PC" PC+d:16 

JSR @ERn (normal) - SP-211: SP. PC1S 11: @SP 2 ------ - 6 

PC" ERn 

JSR @ERn (advanced) - SP-4 11: SP, PC24 11: @SP 2 ------ - 8 

PC" ERn 

JSR @aa:24 (normal) - SP-211: Sp, PC1611: @SP 4 ------ - 8 

PC" aa:24 

JSR @aa:24 (advanced) - SP-4 11: SP, PC24 11: @SP 4 ------ -10 

PC" aa:24 

JSR @@aa:8 (normal) - SP-2 11: SP, PC16 11: @SP I 

I 
,2 ---- -I- - 8 

I PC" (@aa:8)16 I I i I I 
JSR @@aa:8 (advanced) - SP-411: SP. PG24 11: @SP I 2 ------ -12 

PC .. _t@aa:8)24 

RTS (normal) - PC" (@SP)16 2- ------ 8 

SP+211: SP 

RTS (advanced) - PC24 .. (@SP)24 2-, ------ 10 

SP+411: SP 

System RTE - GGR .. (@SP)8.PC24 .. (@SP)24 2 ! ! ! t I t t 10 
control SP+411: SP 
instruc- TRAPA #xx:2 - SP-4 11: SP. CCR .. (@SP)B, 2 1 -- -- -- 14 
tions PC24 .. (@SP)24, vector 11: PC 

SLEEP - Transition to sleep mode 2 ------ - 2 
NOP - No operation 2 ------ - 2 
LOC #xx:8,CCR B #xx:811: CCR 2 : : I I + : I 2 , 
LOC RS,CGR B Rs8 11: CGR 2 ! : t t t I t 2 
LOC @ERs,CCR W @ERs (even) 11: CCR 4 : : t : t : t 6 
LOC @(d:16,ERs),CCR W @(d:16,ERs) (even) 11: CCR 6 t ! t : · · 8 · · LOC @(d:24,ERs),CCR W @(d:24,ERs) (even) If. CCR 10 · · · .. · · · 12 · · LOG @ERs+,GGR W @ERs (even) If. CCR, 4 · · · t · · · 8 · · · · · · ERs+211: ERs 

LOC @aa:16,CCR W @aa:16(even)1I: GGR 6 t t : : : · : 8 · · LOC @aa:24,CGR W @aa:24 (even) 11: CGR 8 · · : · : : I 10 · · 
STCCCR,Rd B CGR If. Rd8 2 ------ - 2 
STC CCR,@ERd W GGR 11: @ERd (even) 4 ------ - 6 
STG GGR,@(d:16,ERd) W GGR 11: @(d:16,ERd) (even) 6 ------ - 8 
STC GCR,@(d:24,ERd) W GCR 11: @(d:24,ERd) (even) 10 ------ - 12 
STC CCR,@-ERd W ERd-211: Erd, 4 ---- -- - 8 

CCR 11: @ERd(even) 

STC CGR, @aa:16 W CCR 11: @aa:16(even) 6 ------ - 8 
STC CCR,@aa:24 W CCR 11: @aa:24 (even) 8 ------ - 10 
ANOC #xx:8,CGR B #xx:8YCGR 11: CCR 2 I · · · 2 , · , 
ORG #xx:8,GGR B #xx:8'cGR If. CGR 2 · ! : · 2 , 
XORC #xx:8,GCR B #xx:8 CGR If. CCR 2' ! , I · 2 
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Notes: The number 01 states is the number of slates requiIed for execution when Ihe instruction and /Is operands are located in Ihe 16-bil. two­
state-access address space or in on·chip RAM. 

1 Set to 1 when a carry or borrow occurs at bill1: 0IhBIwise claared 10 O. 

2 Sello 1 when a carry or borrow occurs at bil27; CJIIawIse cfaarad to O. 

3 Retains hs previous value when lila mull is _ GIherwisa cfaarad to O. 

4 Sello 1 when the adjustment produces a c:any; 0IhBIwise rBlains /Is previous value. 

S Tha number of slates required for execution is 4ft + 8, where n is the value sat in R4L for EEPMOV.B or R4 for EEPMOV. W. 

Operand Notation 

Symbol 

PC 

SP 

CCR 

Z 

C 

RS,Rd,Rn 

ERs, ERd 

d:8, d:16, d:24 

#xx:21318116/32 

+ 

x 

... 

/ 

( ) . 0 

Description 

Program counter 

Stack pointer 

Condition code register 

Zero flag in condition code register 

Carry flag in condition code register 

General data register: 8-bit register (ROHIROL to R7H1R7L) or 16-bit register 
(RO to R7, EO to E7) 

General register: 24-bit address register (ERO to ER7) or 32-bit data register 
(EROto ER7) 

8116124-bit displacement 

2f3l8l16132-bit immeaJate data 

Transfer from the operand on the left to the operand on the right 

Addition of the operands on both sides 

Subtraction of the operand on the right from the operand on the left 

Multiplication of the operands on both sides 

Division of the operand on the left by the operand on the right 

Logical AND of the operands on both sides 

Logical OR of the operands on both sides 

Exclusive logical OR of the operands on both sides 

NOT (logical complement, 1's complement) 

Contents of operand 

Condition Code Notation 

Symbol Description 

Changed according to execution result 
... Undetermined (no guaranteed value) 

o ClearedtoO 

Set to 1 

Not affected by execution of the instruction 
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Number of States Required for Execution: The number of states given in the instruction set 

table applies when the instruction and its operand data are located in a two-state word access 

area, such as on-chip RAM. Instruction code is located in external memory, but the attributes 

of the memory area (byte or word access, two- or three-state access, wait states inserted or not, 

number of wait states) can be selected by the bus controller and wait-state controller. The 

attributes of the on-chip supporting modules are fixed at either three-state word access or 

three-state byte access. The number of additional states required for instruction execution 

depends on the combination of these factors as indicated in the following tables. 

Number of Additional States 

Access Conditions Required for Execution 

Byte Data Word Data 

Operand data External address 0 2 
(2-state byte access) 

External address or on-chip RAM 0 0 
(2-state word access) 

On-chip supporting module 1 4 
(3-stale byte access) 

On-chip supporting module 1 1 
(3-state word access) 

External address 1 + m 4+2m 
(3-state byte access with m wait states) 

External address 1 +m 1 +m 
(3-slate word access with m wail states) 

Number of Additional States 
Required for Execution 

Access Conditions Branching Non-Branching 
instruction Instruction 

I Instruction 
Length (Bytes) 2 4 2 4 6 8 10 

Instruction External address 4 6 2 4 6 8 10 
code (2-state byte access) 

External address or on-chip 0 0 0 0 0 0 0 
RAM (2-stale word access) 

External address 8+4m 12 + 6 m 4+2m 8+4m 12+6 m 16 +8 m 20 + 10 m 
(3-state byte access with 
m wait states) 

External address 2+2m 3+3m 1 +m 2+2m 3+3m 4+4m 5+5m 
(3-state word access with 
m wait states) 
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4.5 Basic Timing 

Basic Clock Timing 

The system clock (p) is generated by input of an external clock signal to the EXTAL pin, or by 

connecting a crystal resonator to the XTAL and EXTAL pins. The system clock frequency is 

the same as the frequency of the crystal resonator or external clock signal. 

XTAL 
EXTAL 

i - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --I 

" ' , ' 

I 
Duty adjustmentl!---l ___ 

circuit I I Oscillator 

I 

1: 1 clock oscillator 

Block Diagram of Clock Pulse Generator 

CPU Read and Write Cycles 

The CPU operates using the system clock (p) as a time base. One cycle of the system clock is 

called a state. Each bus cycle consists of two or three states. The CPU uses different methods 

to access on-chip memory, the on-chip supporting modules. and external devices. Access to the 

external address space can be controlled by the bus controller. 
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On-Chip Memory: For high-speed processing. on-chip memory is accessed in word size in 

two states. 

o 

Address bus 

::"""0(---- Bus cycle ----~)O: 

~ T1 state--)o~:;..c;o(:---T2 state-----+: 

~ \I...----:J!;""----=--'\ V-
, , =x Address C 

{
Internal read signal \\.. __ ....;... ______ ...J( 

Read access ' 
Internal data bus ==¥}------« : Read data >--

, , 

{ 
Inlernalwrite signal , ~\..-------Ir 

Write access ': 
Internal data bus ==:g}------« ____ --r-w_n_'te_d_a_ta ___ -..:,>--

o 

Address bus 

AS, RO, HWR, LWR 

015 to Do 

On-Chip Memory Access Cycle 

, , 
..c:o('--- Tl --)o~: ~ T2 ~ 

-1 \ V \ r 
==x __________ A_d7dr_e_ss _______ ~~ 

, 

: High , 
High imp?danCe 

Pin States During On-Chip Memory Access 
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On-Chip Supporting Modules: The on-chip supporting modules are accessed in three states, 

in byte size or word size. 

Read access 

Write access 

0( Bus cycle .' 

:.-- T1 state--.i- T2 state--.i...- T3 stat~ 
--.-l: , f: \ I: \ r 

, , 

Internal address bus -==x'--_____ .,--_-:..;Ad;;;;d::..re::..:s:..=s_.....,. ______ ~~ 
, 

! I 

Read data i>-
\~--+-----~-~ {

Internal read signal 

Internal data bus =:)---<---...------"""T-------.:t 
~ I 

Write data r 
{

Internal write signal 

Internal data bus =:)---< ...... __ .....-_____ -... ______ -1' 

On-Chip Supporting Module Access Cycle 

" , 
:..:c:f---- Tl ----; .. ~.:-+-- T2 ~:"",c:,.---- T3 ----;.~: 

-A , A \ I: \ r-
" , 
" 0 

Address bus ~ Address iX=. 
o 0 

High 

High impedance 

Pin States During On-Chip Supporting Module Access 
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External Address Space: The external address space is divided into eight areas. The data bus 

width (8 or 16 bits) and access cycle length (two or three states) can be selected for each area 

independently. 

:0( Bus cycle )t: , 
~T1state ~:oE T2state~ 

0 -.J \ I \ /: , , , 

Address bus =x Address X 

AS.RD \ 1 

015 to Do ( Read data > 
---- \ I HWR,LWR 

, 
015 to DO ( Write data > : , 

Access Cycle for Two-State-Access Areas 

:~o(-------- Bus cycle --------+~: 

:-T1 state----+;- T2 state-!"--T3 state~ 
..-l: \ I: \ I: \ r-

" ' " , 
Address bus ==x Address L 

, , 

AS '~--~--------~--~I 
RD , 1 

HWR,LWR i\'-_____________ ---<I 
0 15 to Do ,---:---------~------~-----« Read data )>--~--
(read access) . 

0 15 to DO ---;..----« Write data >---, 

(write access) '----.,...------~------___1 

Access Cycle for Three.State-Access Areas 
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Each of the eight areas can be designated as an 8-bit access area or a 16-bit access area. The 

upper part of the data bus (0 15 to 0 8) is used to access an 8-bit access area. Both the upper 

part (015 to Os) and lower part (07 to Do) are used to access a 16-bit access area. The 

following table gives further details. 

Usage of Data Bus to Access Different Areas 

Upper Data Bus Lower Data Bus 
Area Access Size ReadlWrite Address Valid Strobe (015 to Os) (07 to Do) 

8-bit-access Byte Read Even/odd RD Valid Invalid 
area 

Write Even/odd HWR Undetermined 

16-bit-access Byte Read Even RD Valid Invalid 
area 

Odd Invalid Valid 

Write Even HWR Valid Undetermined 

Odd LWR Undetermined Valid 

Word Read Even RD Valid Valid 

Write Even HWR, LWR Valid Valid 

rT,state T2 stat&---+ 

Address bus 
CS3 toCSO 

{ 
AS,RD 

Read access 

0,5 to Do 

{ 
HWR,LWR 

Write access 

0'5 10 Do 

~Icyc _ 

_ ICH_ 
~tCL_ 

--J 

tAO+ ~tcF~ 
~ICR 

~ F 
~ ----- IASD 

IAS1 ~ 
'\ 

IACC1 IROS 

~ 
tAS1 Ji 

twoE... 
tWSW1 

twos 1 

\ 

Iso 
e_IAH-+ 

IPCH~I 

,. 
tROH I '- _. 
~. 

'I.. 
:A' 

~ .... ..tAH-+ 
Is 

IPCH~I 

\-_. 
• tWOH 

External Device Access Cycle (1\vo-State-Access Area) 
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Address bus 

Read {AS. RD 
access 

015 to Do 

{ 
HWR,LWR 

Write 
access 

0'5 to Do 

I 

~ T,state T2state--+ -T3state~ 

I 
--' \ \ 

I 
I 

1 X 
: IACC4 i 
I I '\ J 

iACC2 lADS J 

twsD tWSW2 
• • 

_ I. _'Mt _. ~'----------!V 
~~ _____________________ ~)r-------

External Device Access Cycle (Three-State-Access Area) 
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- Preliminary -

vee = 2.7 V to 5.5 V Vee = 5.0 V :10% 

8 MHz 18 MHz 

Item Symbol Min Max Min Max 

Clock cycle time feyc 125 1000 55.5 1000 

Clock low pulse width 1cL 40 17 

Clock high pulse width IcH 40 17 

Clock rise time tCR 20 10 

Clock fall time IcF 20 10 

Address delay time tAD 60 25 

Address hold time tAH 25 10 

Address strobe delay time tAso 60 25 

Write strobe delay time twso 60 25 

Strobe delay time tso 60 25 

Write data strobe pulse width 1 IWSWl 85 32 

Write data strobe pulse width 2 twsw2 150 62 

Address setup time 1 IAs1 20 10 

Address setup time 2 tAS2 80 38 

Read data setup time tROS 50 15 

Read data hold time tROH 0 0 

Write data delay time twoo 75 50 

Write data setup time 1 tWOSl 90 10 

Write data setup time 2 twos2 15 10 

Write data hold time tWOH 25 20 

Read data access time 1 IACCl 120 50 

Read data access time 2 tACC2 240 105 

Read data access time 3 tACC3 70 20 

Read data access time 4 tACC4 180 80 

Precharge time IpCH 85 40 

Wait setup time tWTS 40 25 

Wait hold time tWTH 10 5 

Bus request setup time tBROS 40 40 

Bus acknowledge delay time 1 tBACOl 60 30 

Bus acknowledge delay time 2 tBAC02 60 30 

Bus-floating delay time tBZO 70 40 

Unit: ns 
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4.6 Processing States 

The CPU has five processing states: the reset state, program execution state, exception­

handling state, bus-released state, and power-down state. The state transitions are as shown 

next. 

Reset state °1 

End of bus release 

Bus request 

STBY = High 

RES = Low 

Power-down state 

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

2. From any state, a transition to hardware standby mode occurs when STBY goes low. 

State Transition Diagram 
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Program Execution State 

In this state the CPU executes program instructions in sequence. 

Exception-Handling State 

This is a transient state in which the CPU executes an exception-handling sequence in 

response to a reset. interrupt. or other ex.ception. 

Bus-Released State 

In this state the external bus has been released in response to a bus request signal from a bus 

master other than the CPU. 

Power-Down State 

The CPU is halted to conserve power. This state includes three modes: a sleep mode. software 

standby mode. and hardware standby mode. 
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4.7 Exception Handling 

The sources of exception handling are classified in the following table. When exception 

handling is requested by one of these sources, the CPU saves PC and CCR onto the stack, sets 

the interrupt mask bit to 1 in CCR. fetches a starting address from the exception vector table, 

and starts program execution from that address. If two or more exceptions occur 

simultaneously, they are handled in priority order. Trap exceptions are accepted at all times in 

the program execution state. 

Exception Handling Types and Priority 

Priority Type of Exception 

High Reset 

t Interrupt 

Low Trap instruction 

Start of Exception Handling 

Exception handling starts immediately when RES changes from low to high 

When an interrupt is requested, exception handling starts at the end of the 
current instruction or current exception-handling sequence 

Exception handling starts when a trap (TRAPA) instruction is executed 

Exception Vector Table 

Priority Exception Vector No_ Vector Address 

High Reset 0 H'OOOO to H'OO03 

(Reserved for system use) 1 to 6 H'OOO4 to H'001 B 

NMI interrupt 7 H'001 C to H'001 F 

Trap instruction (four sources) 8 H'0020 to H'0023 

9 H·0024 to H'0027 

10 H'0028 to H'002B 

11 H'002C to H'002F 

External interrupts IROo 12 H'0030 to H'OO33 

IR01 13 H'0034 to H'0037 

IR02 14 H'0038 to H'003B 

IR03 15 H'003C to H'003F 

IR04 16 H'0040 to H'0043 

IROs 17 H'0044 to H'0047 

(Reserved for system use) 18 H0048 to H'004B 

19 H'004C to H'004F 

Low Internal interrupts 20 to 60 H'0050 to H'OOF3 
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4.8 Interrupts 

Interrupts are controlled by the interrupt controller. Interrupt exception handling can be 

requested by a total of 37 sources, including seven external sources (NMI, IRQQ to lRQ5), and 

30 internal sources in the on-chip supporting modules. Each interrupt source has a separate 

vector address. 

NMI is the highest-priority interrupt and is always accepted. 

The interrupt-handling sequence differs depending on the state of the UE bit in the system 

control register (SYSCR). Interrupts are controlled by the I bit when UE = 1, and by the I and 

UI bits when UE = O. The following table indicates how interrupts operate under all 

combinations of the UE, I, and UI bits. 

Interrupt Control by UE, I, and UI Bits 

SVSCR CCR 

UE I UI Description 

1 0 All interrupts are accepted 
Priority is given to interrupt sources with priority level 1 

1 Only NMI is accepted 

0 0 All interrupts are accepted 
Priority is given to interrupt sources with priority level 1 

0 Only NMI and interrupt sources with priority level 1 are accepted 

Only NMI is accepted 

When two or more interrupts occur simultaneously, if all are assigned to the same priority 

level, the highest-priority interrupt is selected according to an intrinsic interrupt priority order, 

and the lower-priority interrupts are held pending. When an interrupt occurs the CPU 

references the stack pointer, saves PC and CCR onto the stack, then fetches a starting address 

from the exception vector table and starts executing an interrupt-handling routine from that 

address. 

Priority levels are assigned in interrupt priority registers A and B (IPRA and IPRB). Word 

access is permitted to IPRA and IPRB, which simplifies priority settings. A specific set of 

interrupts can be temporarily enabled or masked by making appropriate settings in IPRA and 

IPRB, then clearing the UE bit to 0, setting the I bit to 1, and clearing the UI bit to O. 
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Block Diagram 

ISCR ~ 

NMI interrupt --~---t---+---.r---''---l 

IRO Input ----:--+1 

Internal 
interrupts 

Priority 
decision 

logic 

Interrupt 
request 

Vector 
number 

CPU 

Interrupt controller 
L_-fl-~~@ij eCR 

Legend 

ISCR: 
IER: 
ISR: 
IPRA: 
IPRB: 
CCR: 
SYSCR: 

IRO sense control register 
IRO enable register 
IRO status register 
Interrupt priority register A 
Interrupt priority register B 
Condition code register 
System control register 

SYSCR 

Interrupt Controller Block Diagram 
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Interrupt Vector Table 

Vector Vector 
Priority Interrupt Source Origin Number Address· IPR 

High NMI External pins 7 H'OOlC to H'OOlF 

IROo 12 H'0030 to H'0033 IPRA7 

IRO, 13 H'0034 to H'0037 IPRA6 

IR02 14 H'OO38 to H'003B IPRA5 

IR03 15 H'003C to H'003F 

IR04 16 H'0040 to H'0043 IPRM 

IROs 17 H'0044 to H'0047 
Reserved 18 H'0048 to H'004B 

.19 H'004C to H'004F 

WOVI (interval timer) WDT 20 H'0050 to H'0053 IPRA3 

CMI (compare match) Refresh 21 H'OO54 to H'0057 
controller 

Reserved 22 H'0058 to H'005B 

23 H'005C to H'005F 

IMIAo (compare match/input capture AO) ITU channel 0 24 H'0060 to H'0063 IPRA2 

IMIBo (compare match/input capture BO) 25 H'0064 to H'0067 

OVlg (overflow 0) 26 H'0068 to H'006B 

Reserved 27 H'006C to H'006F 
IMIA, (compare matchlinput capture A 1) ITU channell 28 H'0070 to H'0073 IPRAl 
IMIB, (compare matchlinput capture Bl) 29 H'0074 to H'0077 

OVll (overflow 1) 30 H'0078 to H'OO7B 

Reserved 31 H'007C to H'007F 

IMIA2 (compare matchlinput capture A2) ITU channel 2 32 H'0080 to H'0083 IPRAO 

IMIB2 (compare matchlinput capture B2) 33 H'0084 to H'0087 

OVI~ (overflow 2) 34 H'0088 to H'008B 

Reserved 35 H'OO8C to H'008F 

IMIA3 (compare match/input capture A3) ITU channel 3 36 H'0090 to H'0093 IPRB7 
IMIB3 (compare matchlinput capture B3) 37 H'0094 to H'0097 

OVI~ (overflow 3) 38 H'0098 to H'009B 

Reserved 39 H'009C to H'009F 
IMIA4 (compare matchlinput capture A4) ITU channel 4 40 H'OOAO to H'OOA3 IPRB6 

IMIB4 (compare matchlinput capture 84) 41 H'OOM to H'OOA7 

OVI4 (overflow 4) 42 H'00A8 to H'OOAB 

Reserved 43 H'OOAC to H'OOAF 

DENDOA DMAC 44 H'OOBO to H'OOB3 IPRB5 

DENDoa 45 H'00B4 to H'00B7 

DEND,A 46 H'00B8 to H'OOBB 

DEND18 47 H'OOBC to H'OOBF 
Reserved 48 H'OOCO to H'OOC3 

49 H'OOC4 to H'OOC7 

50 H'OOC8 to H'OOCB 

51 H'OOCC to H'OOCF 

ERlo (receive error 0) SCI channel 0 52 H'OODO to H'00D3 IPRB3 
RXlo (receive data full 0) 53 H'00D4 to H'00D7 

TXlo (transmit data empty 0) 54 H'00D8 to H'OODB 

TElo (transmit end 0) 55 H'OODC to H'OODF 
ERI, (receive error 1) SCI channell 56 H'OOEO to H'00E3 IPRB2 

RXI, (receive data full 1) 57 H'00E4 to H'OOE7 

TXI, (transmit data empty 1) 58 H'OOE8 to H'OOEB 

TEl, (transmit end 1) 59 H'OOEC to H'OOEF 

Low ADI (AID end) AID 60 H'OOFO to H'00F3 IPRBl 

Note: • Lower 16 bits of the address. 
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Section 5 Operating Modes 

The H8/3048 Series has seven·operating modes that are selected by the mode pins (MD2 to 

MDo). The input at these pins determines the size of the address space and the initial bus 

mode. 

After program execution begins, the bus controller can select an 8-bit or 16-bit data bus width 

for each area individually. Both the address space and the pin functions differ depending on the 

operating mode. 

5.1 Expanded Modes with On-Chip ROM Disabled (Modes 1 to 4) 

Mode 1 (Expanded I-Mbyte Mode with 8-Bit Bus and On-Chip ROM Disabled): Address 

pins A19 to Ao are enabled, permitting access to a maximum I-Mbyte address space. The 

initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least one area is 

designated for 16-bit access by the bus controller, the bus mode switches to 16 bits. 

Mode 2 (Expanded I-Mbyte Mode with 16-Bit Bus and On-Chip ROM Disabled): 

Address pins A19 to Ao are enabled, permitting access to a maximum I-Mbyte address space. 

The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. If all areas are 

designated for 8-bit access by the bus controller, the bus mode switches to 8 bits. 

Mode 3 (Expanded 16-Mbyte Mode with 8-Bit Bus and On-Chip ROM Disabled): 

Address pins A23 to Ao are enabled, permitting access to a maximum 16~Mbyte address space. 

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least one area is 

designated for 16-bit access by the bus controller, the bus mode switches to 16 bits. 

Mode 4 (Expanded 16-Mbyte Mode with 16-Bit Bus and On-Chip ROM Disabled): 

Address pins A23 to Ao are enabled, permitting access to a maximum 16-Mbyte address space. 

The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. If all areas are 

designated for 8-bit access by the bus controller, the bus mode switches to 8 bits. 
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5.2 Expanded Modes with On-Chip ROM Enabled (Modes 5 and 6) 

Mode 5 (Expanded I-Mbyte Mode with 8-Bit Bus and On-Chip ROM Enabled): 

The on-chip ROM is enabled. Address pins A19 to Ao are enabled, pennitting access to a 

maximum I-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8-bit access 

to all areas. If at least one area is designated for 16-bit access by the bus controller, the bus 

mode switches to 16 bits. 

Mode 6 (Expanded 16-Mbyte Mode with 8-Bit Bus and On-Chip ROM Enabled): 

The on-chip ROM is enabled. Address pins A23 to Ao are enabled, pennitting access to a 

maximum 16-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8-bit 

access to all areas. If at least one area is designated for 16-bit access by the bus controller, the 

bus mode switches to 16 bits. 

5.3 Single-Chip Mode (Mode 7) 

Mode 7 (Single-Chip I-Mbyte Mode): This mode runs all operations from on-chip ROM 

(PROM or masked ROM) and RAM. The address-space size is 1 Mbyte, but off-chip addresses 

cannot be accessed. 

Operating Mode Summary 

Mode Pins Address Address Initial Data On-Chip On-Chip 
Mode MD2 MOl MOo Space Bus Bus Mode Bus ROM RAM 

Mode 1 0 0 1 1 Mbyte A19 toAo a bits 0 15 to 0 8 Disabled Enabled· 

Mode 2 0 0 1 Mbyte A19 toAo 16 bits 0 15 to Do Disabled Enabled· 

Mode 3 0 16 Mbytes A23 toAo a bits 0 15 to 08 Disabled Enabled* 

Mode 4 1 0 0 16 Mbytes A23 to Ao 16 bits 0 15 to Do Disabled Enabled· 

ModeS 0 1 1 Mbyte A19 to Ao a bits 0 15 to 08 Enabled Enabled* 

Mode 6 0 16 Mbytes A23 to Ao a bits 0 15 to 08 Enabled Enabled* 

Mode 7 1 Mbyte Enabled Enabled 

Note: * Can be switched to external address space. 
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5.4 Memory Maps 

H8/3048 Memory Maps in Each Operating Mode (1) 

Modes 1 and 2 
(Expanded 1-Mbyte Modes 

with On-Chip ROM Disabled) 

H'OOOOO .------r-
f~~~~~-·r Voctortablo 

H'OOOFF 

H'07FFF ..... _ ... _._. 

H'IFFFF 
H'20000 

H'3FFFF 
H'4OO(l() 

H'SFFFF 
H'60000 

H'7FFFF 
H'80000 
H'9fFFF 
H'AOOOO 
H'BFFFF 
H'COOOO 
H'OFFFF 
H'EOOOO 

H'F8000 

Extamal address 

.--~~---

I indirect ~ 

1=:""1'1_ .t. absolute 
1 addl8&S8S 

I 
_ ....... t 

Area 0 

AlH2 

Area 3 

Area 4 

AreaS 

Araaa 

Area 7 

~m~~ f------i 
On-chip RAM'" i 

~:~~~~ r·-··---·-·-··-·-·--......,T il!g: ... 
H'FFF10 Extemal address i addresses 

!a.bit i 

~:~~Jg r---spac8--......, I ~='I 
I : On-chip registers 

H'FFFFF '--____ -'- L ..... J 

Note: • Extemal address space if on-chip RAM is disabled, 

i , 
i 
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Modes3and4 
(Expanded 16-Mbyta Modes 
with On-Chip ROM Disabled) 

H'OOOOOO! Vector labia i f ~~~_-
f ................ i lindi_ , i 1 branch 

H'OOOOFF ~ ............ j.t odd ........ ~a:... 
I I add"' .... 

I I 
H'OO7FFF f ............ j ....... t 

H'IFFFFF 
H'200000 

H'3FFFFF 
H'400000 

H'SFFFFF 
H'SOOOOO 

H'7FFFFF 
H'800000 

H'9FFFFF 
H'AOOOOO 

H'BFFFFF 
H'COOOOO 

H'OFFFFF 
H'EOOOOO 

ExtomaJ addl8SS 
space 

AraaO 

Areal 

Area 2 

AruB3 

Area 4 

. ....... 1-........ . 
! Area S 

............. j. 

Area 6 

I _7 

H'FF8000 ........... ·1· .--. -.. T 
~:~~~~fo f-----~! I 

i 
H'FFFFOO T 'llS-bit 
H'FFFFOF i--------i i absolute 
H'FFFF10 I I add ...... External address 

space IS-bit 
~:~mm r------i I' :~"::"I 

()n..chjp registers, I 

H'FFFFFF '--___ ....J. L ..... J 



88/3048 Memory Maps in Each Operating Mode (2) 

Mode 5 
(Expended 1-Mbyte Mode 

with On-Chip ROM Enabled) I 

Mode 6 
(Expended 16-Mbyte Mode 

with On-Chip ROM Enabled) 

H'OOOOO r-, -y-oct-o-,ta-ble---'-! TMe;':"~. -t i H~ i Voctortable i {;~~. -r 
i=: -~ i== 
,addresses: l6-bIt . 'addresses, l6-bit 

. I absolute .. ~ - t :absolute , 
i addresses: i addresses ! 
! i ! On-c:hp ROM i i 

I t I; - -
H'07FFF 1- --- i H'OO7FFFf ____________ i ________ 1 

AnlaO 
H:1FFFF if------i 
H 20000 , , Anla 1 

~=f ------i------
H'SFFFF ~ __________ j __ ~~ __ _ 
H'60000 ; Extamal addrass! A .... 3 
H7FFFF !i""'" ___ j- ________ _ 
H'BOOOO I Area 4 
H'9FFFF i,-
H'AOOOO , Ares 5 
H'BFFFF ___ j' _____ _ 

H'COOOO Area 6 
H'OFFFF ~ . 1 -
H'EOOOO ' Area 7 

i 

:::= If-~ -____ ._. -iT no --- T 
H'FEF10 [ On-c:hip RAM' \ I 
~~~~~ f -- -- n' -- ll'f- 1- 16-1>11 
H'FFF10 r : i absolute 

I External adc:kass i I addresses 
i space I 8-bi1 I 

H'FFF1B I I absolule H'FFF1C ; _ ..... 

H'FFFFF: On-chlp reglsta.. ! 1_. __ . _ t 

H'01FFFF f-i -----1 
H'020000 I 

! ! Area 0 

I ' 
~=i-----------t---------

! : Area 1 

H'3FFFFFi ____ I, __ c ______ _ 
H'4OOOQO r f 

i 
Area 2 

i 

~:~=n-f 
i ExtamaI_.. i A __ 3 
I spac:e I~-

~=~------------j----------
! I Anla4 

~:~I------------j--=~---

~:=r------------j--::~---
H'DFFFFFI ____________ l- ________ _ 
H'EOOOOO r -

I ! 
! ! 
! : Area 7 

! 'j 
H'FFBOOO t--------·--+-·- --'-'-

, I 
tfFFEFOF I, I ; 

H'FFEF10; 
j On-ctlp RAM· I I 

~~~~ ff--_~_~_-_spac:e_---~-~-~-Ijj t'B-bR 'ii ~~i 
H'FFFF1 B absolute I 
H'FFFF1C addresses 

~""'-IJ I 
Note: • Extemal address space H on·chip RAM is disabled. 
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H'OOOOO ! 

H'07FFF 

i 

Mode 7 
(Single-Chip Advanced 

Mode) 

'r-----r 
Voctortable ! I~=· ! 

I • branch ! 
. addresses , 

-- --- __ ;_1 !:::u1e 
iaddresses 

On-chipROM i 
___ i 

H'1FFFF ,-I ____ ---' 

H'F8000 -···----·-···-·········1· 
H'FEF10 I I 

I On-chlp RAM I 
H'FFFOO ,-- •• - - ••••. - j'f - -
H'FFFOF! ! 1!=u1e 

! addresses 
18-1>11 

H'FFF1C l==-' 
H'FFFFF I On-chlp regIS_I __ . __ .. J_ 



H8/3047 Memory Maps in Each Operating Mode (1) 

Modes 1 and 2 
(Expanded 1-Mbyte Modes 

with On-Chip ROM Disabled) 

H'OOOOO .-, ----~ !M"';ory_1 Vector table 
: indirect 

, ! branch 

H'OOOFF ~ 
: i addresses! 16-bit 
.j _ t i absolute 

H'07FFF 

H"FFFF 
H'20000 

H'3FFFF! 
H'40000 ,. 

~:~= ' 'Extemal address i· 
~~:o~ ~ ---~J!~~ -

Area 0 

Area 2 

A_3 

Area 4 
H'9FFFF _. ; 

~::= ~ : -Area 5 

i addresses 

H'COOOO I ! Area 6 
H'OFFFF~--------- --j _________ _ 
H'EOOOO : A .... 7 

H'FFFOO - . 

~m~~ r------; 
Extemal address I 

space 
~mlg ...... -----; 

On.chIP registers 

S-bi1 
absolute 
addresses 

H'FFFFF .t. 

16-bIt 
absolute 
addresses 

Note: • Extemal address space" on-chip RAM is disabled, 
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Modes 3 and 4 
(Expanded 16-Mbyte Mode. 
with On-Chip ROM Disabled) 

H'OOOOOO r-, -V-OC1-or-la-bl-e-""-:t Memory- , 

. ,Indirect 
i branch 

H'OOOOFF _ t addresses i ~~uto 
!_ ...... 
, 

H'OO7FFF ___ J 

H'3FFFFF c _ 
H'400000 

Area 0 

Area 1 

Area 2 

H'SFFFFF i _ 
H'600000 r ----J----------

External address 
space 

H7FFFFF i __ 
H'SOOOOO r 

H'9FFFFF :. 
H'AOOOOO ' 

H'BFFFFF ~ __ 
H'COOOOOI 

H'OFFFFFi 
H'EOOOOO ~ 

i 
I ! 

H'FF8000 1- -- -- -- -1 -

I I 

Area 3 

Area 4 

AreaS 

A .... 6 

Area 7 

~m~ro"""----""'I 
! On-chip RAM' " j 

~:~mg:1r--- -- I r 
H'FFFF'O: Extemal address 

space 

~m~lg ------; 
i 
I a-bit 
! absolute 
i addresses 

! Orw:hip registers I 
H'FFFFFF _' ____ --i- L 

"6-b~ 
I absolute 
addreSSQs 



H813047 Memory Maps in Each Operating Mode (2) 

ModeS 
(Expanded 1-Mbyte Mode 

with On-Chip ROM Eneblecl) 

11'00000 ;--V-oct-o-rta-ble--;'·.· l 
! i~eEr i 
: taddresaes I 1&Oit ........... -1- I absolute 

I --On-chip ROM i i 
I I 

j .1 H'07FFF 

! 

~l= I 
Reserved·1 i Araa 0 :::= f------t!. _ 1 

H'3FFFF .• 1 ......... . 
~:= ..'" .L.~~ .. . 
H'60000 ExtomaJ address! Araa 3 
H7FFFF """"" .... 4 
H'60000 . Araa 4 
~~= .. j ..... . 
H'BFFFF - - t- --~~~-
H'COOOO ! A .... 6 
H'OFFFF ..... j .•........ 
H'EOOOO i _ 7 

i 
I 

H'F8000 

H'FEFOF 
H'FEF10 

·········1 .. ······..-

H'FFFOO 
H'FFFOF 
H'FFF10 

H'FFFIB 
H'FFFIC 

0n-d1Ip RAM" I i mm.m"n 
Extomal add..... I I 

space I 8-b11 '1 

I absoIllIe 

I-' 

1~1 
absolute -

OrH:hip registers I I 1 

H'FFFFF '--___ ....../.1 L .... j 

Notes: 1. Do not access the reserved area. 

Model 
(Expanded 16-Mbyte Mode 

with On-Chip ROM Enabled) 

H'OOOOOO I Voctortable : l";'~.· ~ 

I 

I 

( 1!=!; 
I : tadd ....... ·ll~1 i ~, ............ j. . absolute I 
,. -, 
I ---"""ROM i ! ! ! --... , ! I 

H'OO7FFF L... . .... 1 ........ 1 
f I 

H'OI7FFF 1-1 -------i 
H'OIBOOO, _'I 

~=I' I· , _0 

~=~ ........... + ......... . 
I ! : ! _ 1 

I 
H'3FFFFF' 
H'400000 I· 

i 
1 • 

Araa2 

~=n ........... -j- ........ . 
1 ExtamaIaddress t _ 3 
I space I 

u=I············j··=~··· 
=~------ ----j---:.::: 
:=~--+---

I I Araa6 

H'OFFFFFi i H'EOOOOO I ........... j . 

i 
AIoa7 

H'FFBOOO ------------ ········T 
H'FFEFOF 
H'FFEF10 

I 0n-d1Ip RAM" 

H'FFFFOO ------------

1= 
16-bi1 

H'FFFFOF absolute 
H'FFFF10 

ExIomaI_ 
add ....... 

H'FFFFIB -H'FFFFIC 

0n-d1Ip nogiataro 

H'FFFFFF 

2. External address space H on·chip RAM is disabled, 
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Mode 7 
(Single-Chip Advanced 

Mode) 

H'OOOOO r--v-e-cto-r-tab-'e-"'·.~~~.· r 
1= I 
taddra 

.... '1
16 ... 1 • . absoluta --On-chipROM 

H'07FFF ....... .1 

H'17FFF '-____ ...... 

H'FBOOO .••••••••••••.•.•..•••• ). 

H'FEF10E:] 
On-chip RAM , 

~~~ ............ '-r :=. 

=1--1]== 



H8/3044 Memory Maps in Each Operating Mode (1) 

Modes 1. and 2 
(Expanded 1-Mbyte Modes 

with On-Chip ROM Disabled) 

H'OOOOO r'i -V-ecto-, ta-ble--r + ..... ~OIY- ~ 
. ,Indirect . 

~ .. . J I branch I 

H'OOOFF ~ _ 
laddre .... l l 6-bit 
t I absolu1o 

- i i addresses 

H'07FFF 

I 
H'IFFFF' 
H'20000 i 

Area 0 

A .... I 

~:=~ 
H'5FFFF , ____ ... . _, ___ Area 2 _ 
H'60000 : Extemal address i Area 3 
H'7FFFFc_ .. -~----4--
H'80000 Area 4 
H'9FFFFf ____ i.'--
H'AOOOO i . Area 5 

~:=t::::::::: __ l::~~::: 
H'EOOOO : ' Area 7 

H'F8000 

~:~~~~ .,.....------
. On-chlpRAM-

~:m8llf-----------+f 
H'FFF10 i ! : 

!16-bit 
!absoluta 
I addresses 

External address ; a-bit 
H'FFF18 i space . absolute : 
H'FFF1C i I addresses . 

On-chlp registers 

H'FFFFF _. ____ -"-L ____ t 

Note: • External address space H on-chip RAM is disabled, 
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Modes 3 and 4 
(Expanded 16-Mbyte Modes 
with On-Chip ROM Disabled) 

H'OO7FFF: . 

H'IFFFFF 
H'200000 

H'3FFFFF! 
H'400000 r --

i 
H'5FFFFF ~ __ 
H'8OOOOO : 

I 
I Extemal address 

space 

H7FFFFF L _ 
H'800000 . 

~::~r----­
! 

H'BFFFFF, 
H'COOOOO , 

H'DFFFFFl­
H'EOOOOO : 

I 

J 

Area 7 

;;;;; ~r ---------------------1- - - - - - - - - T 
i 
I 

H'FFFFOO i 

On·chip RAM" 

H'FFFFOF ~-----i 
H'FFFF10 I Extemal address 

H'FFFFIB !-i __ space ___ .., 

H'FFFF1C! 

On-chip registers 

+ i 16-bit 

I I :~.!'.:.. 
1:b~lute ' 
: addresses I 

i 
H'FFFFFF ~ ____ .;. J , 



88/3044 Memory Maps in Each Operating Mode (2) 

ModeS 
(Expanded 1-Mbyle Mode 

with On-Chip ROM Enabled) 

H'OOOOO ~---~ • 
Voclor 1able Memory. 

indirect 
branch 

. t addresses: 16-bit 

::=~~:es . 
On-ch.p ROM 

H'07FFF I 

Reserved" 

~~=I 

~:~=' i 

H'3FFFF . 
11'40000 
H'5FFFF 
H'60000 Extemal address 

H'7FFFF , space 
11'80000 
H'9FFFF , 
H'AOOOO . 
H'BFFFF ,_ 
H'COOOO ' 

H'DFFFF! 
H'EOOOO : 

H'FBOOO : 

~m~~11 i 

A"",O 
---

Area 1 

Area 2 

Area 3 

Area 4 

AreaS 

Araa6 

Araa 7 

-' 

l 
i 

On-chIp RAM'2 j 
H'FFFOO f . : -f : 16·M 

~:m~ ri -----.,1 i !.'~~o::..s 
Extemal address I I 

space IS-bit 

~:~~~~g "'! ------<1 !:~~~~8S! 
On-chlp registers 

H'FFFFF '-____ -'_ J_ .. J 

Noles: 1. Do not access the reserved area. 

, 

i 

: 

i 

Mode 6 
(Expanded 16-Mbyle Mode 

with On-Chip ROM Enabled) 

H'OOOOOO .-----~ • • 
Vector lable , Memory­

indirect 

On-chIpROM 

: branch 
addre&SQS 

.. _~_t ;~:ute : 
! addresses: 

H'OO7FFF . -- .1 

H'OOFFFF : 

-,j 

H'010000 ! 

Area 0 

H'IFFFFF, 
H'200000 

Area 1 

H'3FFFFF L_ 
H'400000 ' 

Area 2 

H'SFFFFF 
H'600000 r- . 

ExIemai address Area 3 
: $paCe i 

~=n-----------+------ ---

H'9FFFFF l------------l--~-~---H'AOOOOO 1 : 

! ! AreaS 

H'BFFFFFl. . _j ___ _ 
H'COOOOO : 

Area 6 

H'DFFFFF~ -- -- - - -- - - - - i ------- ----
H'EOOOOO I ! 

Anoa 7 

H'FFBOOO r ---

2, External address space if on-chip RAM is disabled. 
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Moda7 
(Single-Chip Advanced 

Mode) 

H'OOOOO -----~-4 

H'07FFF 

Vector table 

On-cilipROM 

: Memory· 
I indirect 
. branch 
'addresses . 

.. i - t ~::Iute 
iaddresses 

____ -______ 1 

:::: ,--~~~~--!--------l 
H'FFFOO ~ - - - - -- - - -- -- 'I-f' 1'16-1>" 
H'FFFOF ' absolute 

I B-bit I addresses 
,abscMule r 

H'FFFl C addresses I 

On~chIP reglstars 

H'FFFFF ______ . -'-- __ _ _ J 



Section 6 Supporting Modules 

6.1 Bus Controller 

Functions 

The on-chip bus controller divides the address space into eight areas and can assign different 

bus control specifications to each. This enables different types of memory to be connected 

easily. The bus controller also has a bus arbitration function that controls the operation of the 

DMA controller (DMAC) and refresh controller, and can release the bus to an external device. 

Features 

• Independent settings for eight address areas 

-128-kbyte areas in I-Mbyte modes 

- 2-Mbyte areas in 16-Mbyte modes 

- Output of chip select signals (CSo to CS7) 

- Selection of 8-bit or 16-bit access 

- Selection of two-state or three-state access 

• Four wait modes 

- Selection of programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 

- Automatic insertion of zero to three wait states 

• Bus arbitration function 

- Bus right granted to the CPU, DMAC, refresh controller, or an external bus master by 

the built-in bus arbiter 
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Block Diagram 

Internal address bus Area 
decoder 

CSoto CS7 

1\ 

WAIT ---------'----1 

ABWCR 

ASTCR 

WCER 

Bus control circuit 

Wait-stale 
controller 

'" .5 

~ 
iii 
E 

I-;;;;~-I....---~I :§ WCR 

Internal signals 
CPU bus request signal 

DMAC bus request signal 
Refresh controller bus request signal 

CPU bus acknowledge signal 
DMAC bus acknowledge signal 

Refresh controller bus acknowledge signal 

Legend 

ABWCR: 
ASTCR: 
WCER: 
WCR: 
BRCR: 

Bus width control register 
Access state control register 
Wait state controller enable register 
Wait control register 
Bus release control register 

BRCR 

Bus arbiter 

BACK 

'---- BREa 

Block Diagram of Bus Controller 
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Internal signals 

Bus mode control signal 

Bus size control signal 

Access state control signal 

Wait request signal 



Area Subdivision 

The external address space is divided into areas 0 to 7. Each area has a size of 128 kbytes in 

the I-Mbyte modes, or 2 Mbytes in the 16-Mbyte modes. The memory map is shown next. 

H'OOOOO H'OOOOOO H'OOOOO 
On..ch!pROM H'oooOOO 

On-chip ROM 
Area a (128 kbytes) 

Area 0 (2 MbVI8S1 Area 0 (128 kbytesj 
H'1FFFF ---------------- H'1FFFF ---------------- Area 0 (2 Mbytes, 
H'20000 1-j'1FFFFF H'20000 H'1FFFFF 

H'20DOOO 
.... -- -_ .... --_ .. --_ .. 

H'200000 -- ----- --- -- ----
Area 1 (128 kbytes) Area 1 (128 kbytes) 

H'3FFFF H'3FFFF 
... ·40000 ---- -- --- --- .. -_ .. Area 1 (2 Mbytes) H'40000 ---------------- Area 1 (2 Mbytes) 

Area 2 (128 kbylesl H'3FFFFF Area 2 (128 kbytes, H'3FFFFF .. -----_ .......... ----
H'400000 ---------------- H'400000 

H'5FFFF H'5FFFF 
H'GOOOO 

--_ ...... --_ ........ -_ .. 
H'60000 

.. --_ ...... --- -_ .. -_ .. 
Area 2 (2 Mbytes) Area 2 (2 Mbytes) 

Area 3 {128 !(bytes) Area 3 (128 kbytes) 

H7FFFF H'5FFFFF H'7FFFF H'5FFFFF 

H'80000 -------- .. ------- H'SOOOOO ---------------- H'80000 .. --_ .. ----- --- -_ .. H'GOOOOO 
.. -_ .................... ---

"' ... (128 kbyteo) Area 4 (128 kbytes) 

H'9FFFF 
Area 3 (2 Mbytes) 

H'9FFFF 
Area 3 (2 Mbytes) 

H'AOOOO ----------------
H7FFFFF 

H'AOOOO --- -----_ .. -- ----
H'7FFFFF 

H'SOOOOO ---------------- H'SOOOOQ ----------------
Are. 5 (128 kby1es) Area 5 (128 Kbytes) 

H'BFFFF H'BFFFF 
H'COOOO ---------------- Area 4 (2 Mbytas) H'COOOO --- ---- -_ .. -_ .... _- Area 4 (2 Mbytes) 

Are. 6 (128 kby1es) H'9FFFFF Area 6 (128 kbylaS) H'9FFFFF ---- _ .. -- ---- ----H'AOOOOO --- ----- -------- H'AQOOOO 
H'OFFFF H'OFFFF --- ------ -- ----- - _ .... --- --- ---- --
H'EOOOO H'EOOOO 

Area 7 (128 kbytes) Area 5 (2 Mbytes) Area 7 (128 kbytes) Are. 5 (2 Mbytes) 

On-chip RAM-1,0t2 H'BFFFFF "1 "2 H'BFFFFF ---- -- ---- --- --- On-chip RAM ' --- --- ----------H'COOOOO H'COOOOO 

Ex1ernal addr888 area 'a External address area '3 

Alea 6 (2 Mbytes) Area 6 (2 Mbytes) 

On-chip registers -1 Qn-chip registers'" 
H'FFFFF H'OFFFFF H'FFFFF H'OFFFFF 

H'EOOOOO -------- .. ------- H'EOOOOO ----------------
Area 7 (2 Mbytesl Area 7 (2 Mbytes) 

a. 1-Mbyte modes with on-chip ROM c. 1-Mbyte mode with on-chtp ROM 
disabled (modes 1 and 2) enabled (mode 5) 

.'"2 On-cniD RAM ' On-chIP RAM·1,*2 

External address area 'a External address area '3 

On-chip registers'" On-chip registers 
., 

H'FFFFFF H'FFFFFF 

b. 1a-Mbyte modes with on-chip ROM d. 16-Mbyle mode with on-chip ROM 
dtsabled (modes 3 and 4) enabled (mode 6) 

Notes: 1. The on-chip RAM and on-chip registers have a fixed bus width and are accessed in a fixed 
number of states. 

2. When the RAME bit is cleared to 0 in SYSCR. this area conforms to the specifications of area 7. 
3. This 12-byte external address area conforms to the specifications of area 7. 

Access Area Map for Modes 1 to 6 
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The bus specifications for each area can be selected in ABWCR, ASTCR, WCER, and WCR 

as shown in the following table. 

Bus Specifications 

ABWCR! ASTCR WCER I WCR I Bus Specifications 
I Bus Access I 

ABWn ASTn WCEn WMS1 WMSO Width States Wait Mode 

0 0 - - - 16 2 Wait disabled 

1 0 - - 16 3 Pin wait mode 0 

1 I 0 0 16 3 Programmable wait mode 
I I 
I i 1 16 3 Wait disabled 
I 
I 1 0 16 I 3 Pin wait mode 1 I i 

i 1 16 3 Pin auto-wait mode 

1 0 - - - 8 2 Wait disabled 

1 0 - - 8 3 Pin wait mode 0 

1 0 0 8 3 Programmable wait mode 
! 1 8 , 3 Wait diisabled 

1 0 8 3 Pin wait mode 1 

1 8 3 Pin auto-wait mode 

Note: n = 0 to 7 

Chip Select Signals 

A chip select signal (CSo to CS7) can be output for each of areas a to 7. 

Data Bus 

Each of areas a to 7 can be designated as an 8-bit-access area or a 16-bit-access area. 

Number of Access States 

Each of areas a to 7 can be designated as a two-state-access area or a three-state-access area. 
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Wait Modes 

Four wait modes can be selected for each area: pin wait mode 0 or 1. pin auto-wait mode. or 

programmable wait mode. 

Pin Wait Mode 0: The wait state controller is disabled. Wait states (Tw) can only be inserted 

by WAIT pin control. 

Pin Wait Mode 1: In all accesses to external three-state-access areas, the designated number 

of wait states (Tw) are inserted. Additional wait states can be inserted by WAIT pin control. 

Pin Auto-Wait Mode: If the WAIT pin is low, the designated number of wait states (T w) are 

inserted. 

Programmable Wait Mode: The designated number of wait states (T w) are inserted in all 

accesses to external three-state-access areas. 

Bus Arbiter 

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There 

are four bus masters: the CPU, DMAC, refresh controller, and an external bus master. These 

bus masters use the bus to carry out read, write, and refresh operations. 

When bus request signals are received from one or more bus masters, at fixed times the bus 

arbiter determines priority and grants the use of the bus to one bus master. 

The bus master priority order is: 

(High) External bus master> refresh controller> DMAC > CPU (Low) 
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6.2 Refresh Controller 

Functions 

The refresh controller can be used for one of three functions: DRAM refresh control, pseudo­

static RAM refresh control, or as an interval timer. 

Features 

• Functions as a DRAM refresh controller 

- Enables direct connection of 16-bit-wide DRAM 

- Selection of2CAS or 2WE mode 

- Selection of S-bit or 9-bit column address multiplexing for DRAM address input 

- CAS-before-RAS refresh control 

- Software-selectable refresh interval 

- Software-selectable self-refresh mode 

- Wait states can be inserted 

• Functions as a pseudo-static RAM refresh controller 

- RFSH signal output for refresh control 

- Software-selectable refresh interval 

- Software-selectable self-refresh mode 

- Wait states can be inserted 

• Functions as an interval timer 

- Refresh timer counter (RTCNT) can be used as an S-bit up-counter 

- Selection of seven counter clock sources: f/J/2, f/J/S, f/J/32, f/J112S, f/J/512, f/J/204S, f/J/4096 

- Interrupts can be generated by compare match between RTCNT and the refresh time 

constant register (RTCOR) 
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DRAM Refresh Control: The.following diagrams show the interface timing for 2CAS 

DRAM and an interface circuit for 2WE DRAM . 

. __ R_e_ad~CY,---c_le_.: __ W_r_ile_C--,y_CI_e_' _. : • Refresh cycle. : 

G 

Address bus ~ Column ~ Column XArea 3 top addressX== 

CS3 (RAS) 

HWR(UCAS) 

CWR(LCAS) 

FiD(WE) 

RFSH 

AS 

Note: • l6-bit access 

DRAM Control Signal Output Timing (2CAS Mode) 

An example of an interconnection to 2WE 4-Mbit DRAM is shown next. 

A1B 
H8/3048 
Series 

A17 

AB 
A7 
As 
As 
A4 
A3 
A2 
A1 

CS3 ¥ 
RD 

HWR 
LWR 

0 15 10 Do 

T 
I 
I 

2WE 4-Mbit DRAM 
with x 16-bit organization. 

10-bit row aadress x S·bit 
coiumn address 

Ag 

As 

A7 
As 
As 
A4 
A3 
A2 
A1 
Ao 

RAS 
CAS 
UW 
-
LW 
OE 

1/015 to 1/00 

Interconnections for 2WE 4-Mbit DRAM (Example in Expanded 16-Mbyte Mode) 
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Ag 
H8I3048 
Series As 

A7 
As 
As 
A4 
Aa 
Az 
A, 

CS3 
HWR 
LWR 

RD 

D,s to Do 

¥ 

As 
A7 
A6 
As 
~ 
A3 
A2 
A, 
Ao 

2CAS 4-Mbit DRAM 
with x is-bit organization. 
9-bit row address x 9-bit 

column address 

RAS 
UCAS 
LCAS 
LW 
OE 

1/0'5 to 1/00 

Interconnections for 2CAS 4-Mbit DRAM (Example in Expanded 16-Mbyte Mode) 

-\) H8I3048 

~ Series 
A' 9 r 

Ag 10 A, 

CS3 4 ~ 
HWR 

LWR 
RD 

RFSH ~ 
0 ,5 10 Do 

2CAS 4-MbH DRAM 
wnh x 1S-bH organization. 
9-bit row address x 9-bi! 

column address 

ASloAo 

RAS 

UCAS 
No.1 

LCAS 

WE 

OE 

1/0, 5 to 1/00 

AsIOAo 
RAS 

UCAS 

LCAS 
WE 

No.2 

OE 

1/0,5 101/00 

Interconnections for Two 4-Mbit DRAM Chips (Example in 16-Mbyte Mode) 
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6.3 DMA Controller 

Functions 

The DMA controller (DMAC) can transfer data on up to four channels (channels OA, OB, lA, 

and IB). Each channel can execute memory-I/O transfers independently in short address 

mode. Pairs of channels can combine to execute memory-memory transfers in full address 

mode. 

Features 

• Selection of short address mode or full address mode 

Short address mode 

- 8-bit source address and 24-bit destination address, or vice versa 

- Maximum four channels available 

- Selection of I/O mode. idle mode, or repeat mode 

Full address mode 

- 24-bit source and destination addresses 

- Maximum two channels available 

- Selection of normal mode or block transfer mode 

• Directly addressable 16-Mbyte address space 

• Selection of byte or word transfer 

• Activation by internal interrupts, external requests, or auto-request (depending on transfer 

mode) 

- 16-bit integrated timer unit (lTV) compare match/input capture interrupts (four) 

- Serial communication interface (SCI) transmit-data-empty/receive-data-full interrupts 

- External requests 

- Auto-request 
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Block Diagram 

<:~ ________________ I_nt_e_~ __ a_d_dr_e_sS_b_U_S ________ ~ ___________ :> 
(\ 

Internal interrupt 
IMIAO 
IMIAI 
IMIA2 
IMIA3 
TXIO 
RXIO 

S 

=: 
~ 

=: 
~ 

External pin 

DREQO 
OREal 
TENDO 
TENOt 

S 

Interrupt signal 
OENDOA 
OENDOB 
OENOIA 
OEN01B 

~ 

~ -
S 

:= 
:= 

Control logic t-----

DTCROA 

DTCROB 

DTCRIA 

,DTCRIB 

I 
I 

I I 
Address buffer 

/ Arithmetic-logic unit 

!~ MAROA 
;"Q) 

/IOAROA ' c: 
! t: 

01'" 

I ~~ 
ETCROA 

'" 0 . MAROB ..c:,_ 
o I ~ /IOAROB 

icS I ETCROB 

!~ MARIA 

I~ JIOARIA 
~I c: 
1ii!~ I ETCRIA 
c: t*-
~;m MARIB J:f~ 1/1 

Databuff~ I I °l~ /lOAR1B 

I I I ig / ETCRIB 

/\ , , / I ! : 
i! ~! I J V ~ ~ 

"----./ 

< Internal data bus > 
~----------------------------------------

Legend 

OTCR: 
MAR: 
10AR: 
ETeR: 

Data transfer control register 
Memory address register 
I/O address register 
Execute transfer count register 

Block Diagram ofDMA Controller 

62 Hitachi 

'I 
I 

, 

, 
I 

: 

I 

I u 



Transfer Modes 

The DMAC provides a choice of short and full address modes. The short address mode 

includes 110 mode, idle mode, and repeat mode, and permits independent transfers on channels 

A and B. The full address mode includes normal mode and block transfer mode, in which 

channels A and B are combined. The functions of the transfer modes are summarized as 

follows. 

Address Reg. Length 

Transfer Mode Activation Source Destination 

Short 1. I/O mode • Compare match/input 24 8 
address • Transfers one byte or one word per capture A interrupts 
mode request from ITU channels 

• Increments or decrements the memory Ot03 
address by 1 or 2 • Transmit-data-empty 

• Executes 1 to 65,536 transfers interrupt from $CI 
2. Idle mode 

• Transfers one byte or one word per 
request 

• Holds the memory address fixed • Receive-data-full 8 24 
• Executes 1 to 65,536 transfers interrupt from SCI 

3. Repeat mode 
• Transfers one byte or one word per 

request • External request 24 8 
• Increments or decrements the memory 

address by 1 or 2 
• Executes a specified number (1 to 256) 

of transfers, then returns to the initial 
state and continues 

Full 1. Normal mode • Auto-request 24 24 
address • Auto-request • External request 
mode - Retains the transfer request internally 

- Executes a specified number 
(1 to 65.536) of transfers continuously 

- Selection of burst mode or cycle-steal 
mode 

• External request 
- Transfers one byte or one word per 

request 
- Executes 1 to 65,536 transfers 

2. Block transfer mode • Compare match/input 24 24 
• Transfers one block of a specified capture A interrupts 

size per request from ITU channels 
• Executes 1 to 65,536 transfers o to 3 
• Allows either the source or destination • External request 

to be a fixed block area 
• Block size can be 1 to 256 bytes 

or words 
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Operation in 110 Mode 

legend 

AddressT-

, 
Address B-

~ 

I 

~ 

, byie or word is transferred 
Def request 

L = initial setting of memory address register (MAR) DTID = 0: Increment 
DTID = 1: Decrement 
DTSZ = 0: Byte size 
DTSZ = 1: Word size 

N = initial setting of execute transfer count register (ETCR) 
Address T = L 
Address B = L + (_1)DTID • (2DTSZ • N - 1) 

Operation in Idle Mode 

1 byte or word is transferred 
per request 
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Operation in Repeat Mode 

~ 
AddressT-

I 

/ 
i 

\ 
\ 

AddressB -

1 byte or word is transferred 
per request 

Legend ~ 
L ; initial setting of MAR 
N = initial setting of ETCRH and ETCRL 
Address T = L 
Address B = L + (_l)OTIO. (20TSZ . N -1) 

Operation in Normal Mode 

~ 
AddressTA-

AddressBA -

Legend ~ 
LA = initial setting of MARA 
Ls = initial setting of MARB 
N = initial setting of ETCRA 

TA=LA 
BA = LA + SAIDE· (-1)SAIO. (20TSZ . N -1) 

Ts=La 
Bs = La + DAIDE· (_l)OAIO. (20TSZ . N -1) 

DTID ; 0: Increment 
DTID ; 1: Decrement 
DTSZ ,. 0: Byte size 
DTSZ ; 1: Word size 

~ 

~ 
SAIDE/DAIDE ; 0: Fixed 

- AddressTs 

- AddressBs 

SAIDE/DAIDE = 1: Increment or decrement enabled 
SAID/DAID = 0: Increment 
SAl D/DAID = 1: Decrement 

DTSZ = 0: Byte size 
DTSZ = 1: Word size 
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Operation in Block Transfer Mode 

Block 1 

B",_ 

Block 2 

Block N 

Legend 

LA = initial setting of MARA 
LB = initial setting of MAR8 
M = initial setting of ETCRAH and ETCRAL 
N = initial setting of ETCRB 
TA= LA 
8A = LA + SAIDE· (_1)SAlD . (2DTSZ • M - 1) 

TB = LB 
BB = LB + DAIDE· (_1)DAlD. (2DTSZ • M -1) 

M bytes or words are transferred 
per request 

SAIDEIDAIDE = 0: Fixed 

- AddressTB 

'''"'' ! \ 
I --

- Address BB 

SAIDEIDAIDE = 1: Increment or decrement enabled 
SAID/DAID = 0: Increment 
SAiD/DAID = 1: Decrement 

DTSZ = 0: Byte size 
DTSZ = 1: Word size 
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DMAC Activation 

The DMAC can be activated by an internal interrupt, external request, or auto-request. The 

available activation sources differ depending on the transfer mode and channel as follows. 

Short Address Mode Full Address Mode 

Activation Source Channels I Channels 
OAand 1A OB and 1B Normal Block 

Internal interrupts IMIAO 0 x 0 

IMIA1 0 x 0 

IMIA2 0 x 0 

IMIA3 0 x 0 

TXIO 0 x x 

RXIO 0 x x 

External requests Falling edge of DREQ x I 0 0 0 

Low input at DREQ x I 0 0 x 

Auto-request x 0 x 

DMAC Bus Cycle 

The following diagram shows an example of the timing of the basic DMAC bus cycle for a 

word-size transfer from a 16-bit two-state-access area to an 8-bit three-state-access area. 

CPU cycle + DMAC cycle (word transfer) 

-I-
CPU cycle 

: Source: 
" : address: Destination address, , 

Address bus ~r----+--"~ Xl... ___ ~~ 

AD 

HWA u '------'rl"-_-' 
LWA 

DMA Transfer Bus Timing (Example) 

67 Hitachi 



6.4 16-Bit Integrated Timer Unit (ITU) 

Functions 

The H8/3048 Series has a built-in 16-bit integrated timer unit (lTU) with five 16-bit timer 

channels. The ITU can process up to 12 pulse outputs. or up to 10 pulse inputs. It can also 

provide complementary PWM output. measure pulse width. process input from a 

two-phase encoder, and activate the programmable timing pattern controller (TPC) and DMA 

controller (DMAC). 

Features 

• Capability to process up to 12 pulse outputs or 10 pulse inputs 

• Ten general registers (ORs. two per channel) with independently-assignable output compare 

or input capture functions 

• Selection of eight counter clock sources for each channel: 

Internal clocks: 9i. 9i/2. 0/4, 0/8 

External clocks: TCLKA, TCLKB, TCLKC, TCLKD 

• Five operating modes selectable in all channels: 

- Waveform output by compare match 

Selection of 0 output, 1 output, or toggle output (only 0 or 1 output in channel 2) 

- Input capture function 

Rising edge, falling edge, or both edges (selectable) 

- Counter clearing function 

Counters can be cleared by compare match or input capture 

- Synchronization 

Two or more timer counters (TCNTs) can be preset simultaneously, or cleared 

simultaneously by compare match or input capture. Counter synchronization enables 

synchronous register input and output. 
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-PWMmode 

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to 

five-phase PWM output is possible 

• Phase counting mode selectable in channel 2 

Two-phase encoder output can be counted automatically. 

• Three additional modes selectable in channels 3 and 4 

- Reset-synchronized PWM mode 

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs 

of complementary waveforms. 

- Complementary PWM mode 

If channels 3 and 4 are combined. three-phase PWM output is possible with three pairs 

of non-overlapping complementary waveforms. 

-Buffering 

Input capture registers can be double-buffered. Output compare registers can be updated 

automatically. 

• High-speed access via internal 16-bit bus 

The 16-bit timer counters. general registers. and buffer registers can be accessed at high 

speed via a 16-bit bus. 

• Fifteen interrupt sources 

Each channel has two compare match/input capture interrupts and an overflow interrupt. 

All interrupts can be requested independently. 

• Activation of DMA controller (DMAC) 

Four of the compare match/input capture interrupts from channels 0 to 3 can start the 

DMAC. 

• Output triggering of programmable pattern controller (TPC) 

Compare match/input capture signals from channels 0 to 3 can be used as TPC output 

triggers. 

69 Hitachi 



Block Diagram 

TClKA to TClKD 
0,0/2, Clock selector 

0/4,0/8 

TOCXA4, TOCXB4 . Control logic 
TIOCAO to TIOCA4 ,~ 
TlOCBO to TIOCB4 , , 

'OJ" (') C\I 0 
Qi Qi Qi Qi Qi 
c: c: c: c c: 
c c: c: c: c 
al al al al al 

.<:: .<:: .<:: .<:: .<:: 
() () () () () 

Qi Qi Qi Qi Qi 
,§ ,§ .§ E E 

:;:: . ., 
:B :B :0 ~ :5 
<b <b <b <b ,... ,... ,... 

legend 

TOER: Timer output master enable register (8 bits) 
TOCR: Timer output control register (8 bits) 
TSTR: Timer start register (8 bits) 
TSNC: Timer synchro register (8 bits) 
TMDR: Timer mode register (8 bits) 
TFCR: Timer function control register (8 bits) 

IMIAO to IMIA4 
IMIBO to IMIB4 
OVIOtoOVI4 
(interrupt signals) 

/ 

Q) 
() 
al 
't 
Q) 

.5 
f/l 
:::> 
III 

ITU Block Diagram (Overall) 
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Block Diagram of Channels 0 and 1 (One Channel) 

legend 

TCLKA to TCLKD 

II, fli/2, 
11/4, fli/8 

TCNT: Timer counter (16 bits) 

m a: 
Cl 

Module data bus 

a: a: o w 
i= i= 

GRAfB: General registers A and B (input captureioutput compare registers) (16 bits 11 2) 
TCR: Timer control register (8 bits) 
TIOR: Timer I/O control register (8 bits) 
TIER: Timer interrupt enable register (8 bits) 
TSR: Timer status register (8 bits) 

Block Diagram of Channel 2 

Legend 

TCNT2: 

TCLKA to TCLKD 

11.1112, 
0/4.11/8 

Timer counter 2 (16 bits) 
GRA2IB2: 
TCR2: 

General registers A2 and B2 (input capture/output compare registers) (16 bits 11 2) 
Timer control register 2 (8 bits) 

TIOR2: Timer VO control register 2 (8 bits) 
TIER2: Timer interrupt enable register 2 (8 bits) 
TSR2: Timer status register 2 (8 bits) 
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Block Diagram of Channel 3 

Legend 

TCLKA to TCLKD 

e,el2, 
e/4,el8 

TCNT3: Timer counter 3 (16 Ms) 
GRA3lB3: General registers A3 and B3 (input capture/output compare registers) (16 b~s x 2) 
BRA3IB3: Buffer registers A3 and B3 (input capture/output compare buffer registers) (16 b~s x 2) 
TCR3: Timer control register 3 (8 b~s) 
TIOR3: Timer VO control register 3 (8 b~s) 
TIER3: Timer interrupt enable register 3 (8 bits) 
TSR3: Timer status register 3 (8 b~s) 

Block Diagram of Channel 4 

Legend 

TCLKA to TCLKD 

e,el2, 
e/4,el8 

TCNT4: Timer counter 4 (16 b~s) 

Clock selector 

Control logic 

GRA4I84: General registers A4 and B4 (input capture/output compare registers) (16 b~s x 2) 
BRA4IB4: Buffer registers A4 and B4 (intput capture/output compare buffer registers) (16 bijs x 2) 
TCR4: Timer control register 4 (8 bits) 
TIOR4: Timer I/O control register 4 (8 bits) 
TIER4: Timer interrupt enable register 4 (8 b~s) 
TSR4: Timer status register 4 (8 bits) 
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Interrupt Sources and DMA Controller (DMAC) Activation 

The ITU has 15 interrupt sources, among which four of the compare match/input capture 

interrupts can activate the DMAC to perform data transfers. 

Channel Interrupt Source Description DMAC Activatable Priority 

0 1M lAo GRA compare match or input capture Yes High 

1MIBo GRB compare match or input capture No 

OVlo Timer counter 0 overflow No 

IMIA1 GRA compare match or input capture Yes 

IMIBI GRB compare match or input capture No 

OVl1 Timer counter 1 overflow No 

2 IMIA2 GRA compare match or input capture Yes 

IMIB2 GRB compare match or input capture No 

OVI2 Timer counter 2 overflow No 

3 1MIA3 GRA compare match or input capture Yes 

1MIB3 GRB compare match or input capture No 

OVI3 Timer counter 3 overflow No 

4 IMIA4 GRA compare match or input capture No 

IMIB4 GRB compare match or input capture No 

OVI4 Timer counter 4 overflow No Low 
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Pulse Output 

o output. 1 output, or toggle output can be selected. 

Example of 1\vo-Phase Pulse Output: The following example shows two-phase pulse output 

on channel O. 

" ,:)0 lime 
" ' , ' 
, ~----~----~ 

llOCBO 1...-____ -+-____ __ Toggle output· 

llOCAO '--___ Toggle output" 

llOCBO 
-----~-------' 

1 output 

llOCAO 1-.-____________________ Ooutput 

Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 

o output or 1 output 0 0 0 0 0 

Toggle output 0 0 - 0 0 

Note: • Channel 2 provides only 0 output or 1 output. 
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PWMMode 

GRA and GRB can be paired to generate a PWM waveform with independently selectable 

period and duty cycle. With synchronization, up to five-phase PWM output is possible. 

Example of Single-Phase PWM Output: The following example shows single-phase PWM 

output on channel O. 

Timercountervalue 
/ Counter cleared by GRB compare match 

GRB 

GRA 

H'OOOO ~---"7------I"'----~------¥'-------7----+~ Time 

TIOCAO ___ ---l L 

I Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 

PWMoutput i 0 0 0 0 0 

Number of phases I 1 1 1 1 1 
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Complementary PWM Output Mode 

Channels 3 and 4 can be combined to output complementary, non-overlapping PWM 

waveforms. 

Example of Operation in Complementary PWM Mode (Up/Down Counting): The 

following example shows output of complementary PWM waveforms on channels 3 and 4. 

Timer counter values 
/ Down-counting starts at compare match with GRA3 

GRA3 

GRB3 

GRA4 

GRB4 

--- --- --- --- --- --- ---- - K.. --- -----7 TCNT3- ----- --- -- ---- ----- ---- -- --

:: :: j?'--- :: 
" 

" 
Time 

" " " " " '" " " " " " " " " " TIOCA3 " " 
" " " " TIOCB3 " " " 

" " " " " " " " " " " " " " " TIOCA4 " 
" " 

TOCXA4 " " 

TlOCB4 

TOCXB4 

Up-counting starts when TCNT4 underflows 
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Reset-Synchronized PWM Mode 

Channels 3 and 4 are combined to produce three pairs of complementary PWM waveforms, all 

having one waveform transition point in common. 

Example of Operation in Reset-Synchronized PWM Mode (Up-Counting): The following 

example shows reset-synchronized PWM output on channels 3 and 4. 

Timercountervalue 

GRA3 

GRB3 

GRA4 

GRB4 

TIOCA3 

TIOCB3 

TIOCM 

! 
I 

TOCXA41 

TIOCB4 

TOCXB4 

h 
W 

I 

/ Cleared by GRA3 compare match 

, Time 
, ' , 

H H-
W W-

I L , 

! 

77 Hitachi 



Pulse Measurement Functions 

The pulse period of an external pulse signal can be measured by connecting the signal to an 

input capture pin. Input capture on the rising edge. falling edge, or both edges can be selected. 

(Similarly. when an external clock is selected, the rising edge, falling edge, or both edges of 

the clock signal can be counted.) 

Example of Operation in Input Capture Mode: The following example shows pulse cycle 

measurement on channell. 

H'0005 
~~~----------------------~~--~~--------------~Time 

TIOCB1 

TIOCA1 

GRA H'0005 

GRB H'0180 

Note: Both edges of the TIOCA 1 input are selected, the falling edge of the TIOCB1 input is selected, and 
the counter is cleared by input capture B. 
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Event Counting 

External events can be counted by inputting event signals to pins TCLKA to TCLKD. 

Counting of the rising edge, falling edge, or both edges can be selected. 

Example of External Event Counting: The following example shows counting of external 

events on channell. 

Timercountervalue 

L-__ ~ ____________________________________________ ~ TIme 

n+4 ><== 
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Two-Phase Encoder Processing 

This function is available only on channel 2. Output pulses from a two-phase encoder in a 

motor are input to pins TCLKA and TCLKB. The timer counter counts up or down according 

to the phase difference. The following example illustrates two-phase encoder processing by 

channel 2. 

Timer counter value 

TelKB 

TCLKA 

Counting Direction Up Down 

TClKB II High ILl low II low I L I High 

TClKA low I II High IL High I I I low IL 
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6.S Programmable Timing Pattern Controller (TPC) 

Functions 

The programmable timing pattern controller (TPC) receives input signals from the 16-bit 

integrated timer unit (lTU), and can control up to 16 output signals simultaneously. 

Features 

• 16-bit output data 

Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis. 

• Four output groups 

Output trigger signals can be selected in 4-bit groups to provide up to four independent 

4-bit outputs. 

• Selectable output trigger signals 

Output trigger signals can be selected for each group from the compare-match signals of 

four lTU channels. 

• Non-overlap mode 

A non-overlap margin can be provided between pulse outputs. 

• Can be teamed with the DMA controller (DMAC) 

The compare-match signals selected as output trigger signals can activate the DMAC for 

output of data sequences without CPU intervention. 
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Block Diagram 

Legend 
TPMR: 
TPCR: 
NOERB: 
NOERA: 
PBOOR: 
PAOOR: 
NORB: 
NORA: 
PBOR: 
PAOR: 

ITU compare match signals 

1 1 1 1 
Control logic 

:= Pulse output 
:= pins, group 3 

.-----------:= Pulse output 
:= pins, group 2 

:= Pulse output 
:= pins, group 1 

.-----.-----:= Pulse output 
:= pins, group 0 

TPC output mode register 
TPC output control register 
Next data enable register B 
Next data enable register A 
Port B data direction register 
Port A data direction register 
Next data register B 
Next data register A 
Port B data register 
Port A data register 

I 
.) 

PBOR 

PAOR 

PAOOR PBOOR 
NOERA NOERB 
TPMR TPCR 

---NORB --

---NORA --

TPC Block Diagram 
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Example of Four-Phase Complementary Non-Overlapping Output 

The following example shows four-phase complementary non-overlapping pulse output. 

Output goes to 0 at compare match B and to 1 at compare match A. The non-overlap margin is 

set in register GRA of the ITU channel selected as the output trigger. The period from one 

pulse to the next is set in GRB. The pulse outputs are obtained by writing the illustrated output 

data at IMFA interrupts. 

T;;~r"'~·. 
\ . ' , 

NDRB --9-5----X 65:X 59:X 56 :X 95 :X 65 X,---;-,> 
Time 

PSDR 00 
,--.; Non-overlap margin 

_-!--'Il ". 

--~~~r1~~~~----~r-l-L 
_~IlI--__ --I1 '-------', . . 

TP11 --~---7-+--~~~~~~--~--~~ 

TPa 
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6.6 Watchdog Timer (WDT) 

Functions 

The watchdog timer (WDT) can be used for system supervision. The WDT has two selectable 

functions: it can operate as a watchdog timer to supervise system operation. or it can operate as 

an interval timer. 

Features 

• Selection of eight counter clock sources 

f/J/2, f/J/32, f/J/64, 0/128, f/J/256, f/J/512, f/J/2048, or f/J/4096 

• Interval timer option 

• Timer counter overflow generates a reset signal or interrupt 

The reset signal is generated in watchdog timer operation. An interval timer interrupt is 

generated in interval timer operation. 

• Watchdog timer reset signal resets the entire chip internally, and can also be output 

externally 

The reset signal generated by timer counter overflow during watchdog timer operation 

resets the entire chip internally. An external reset signal can be output from the RESO pin to 

reset other system devices simultaneously. 
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Block Diagram 

Overflow 

Interrupt 
signal 

Reset 
(internal, 

Legend 

TCNT: 
TCSR: 

(interval timer) 

l 

external) 

Timer counter 

Interrupt 
control 

I t 

s:::::--::-
RSTCSR J 

! 
Reset control J 

RSTCSR: 
Timer control/status register 
Reset control/status register 

,----l 

l 

Clock 
'------

TCNT 

TCSR K 

! 

Clock 
selector 

Watchdog Timer Block Diagram 
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Watchdog Timer Operation 

The following example shows watchdog timer usage. The timer counter (TeNT) starts 

counting up, using the specified clock source. 

Timer counter value 

WDT overflow 
H'FF ---------------------------------------------- -------------------

I 
HOO I. __ ----r­------ ~- -7 ------------------ OVF=l ----- ----------------- lime 

Start H'OO written in Start H'OO written in timer counter 

timer counter Reset 

Reset signal 

Notes: 1. Internal reset signal generated by WDT overflow: 518 states. 
2. External reset signal output for 132 states. 

Interval Timer Operation 

The following example shows interval timer usage. The timer counter (TeNT) starts counting 

up, using the specified clock source, and generates an interval timer interrupt request at each 

TeNT overflow. This function can be used to generate interrupts at regular intervals. 

Timercountervalue 

H'FF ------------------

H'OO Time 

Start Interval Interval Interval Interval 
timer timer timer timer 

interrupt interrupt interrupt interrupt 
request request request request 
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6.7 Serial Communication Interface (SCI) 

Functions 

The H8/3048 Series has a serial communication interface (SCI) with two channels. The SCI is 

an on-chip supporting module that can perform serial communication with external devices in 

asynchronous or synchronous mode. It also has a multiprocessor communication function for 

communication among two or more processors, and one of the two SCI channels has a smart 

card interface function for communication with an IC card. 

Features 

• Selection of asynchronous mode or synchronous mode 

• Full duplex communication 

• Double-buffered data registers for continuous transmit/receive 

• Built-in baud rate generator with selection of arbitrary bit rate 

• Selection of built-in baud rate generator or external clock input (SCK pin) as clock source 

• Three types of receive errors detected: overrun errors, framing errors, and parity errors 

• Detection of line break state 

• Four independently requestable interrupt sources: transmit data empty, transmit end, receive 

data full, and receive error, of which transmit data empty and receive data full can activate 

the DMA controller 

• Built-in multiprocessor communication function 

• Built-in smart card interface function for communication with Ie cards 
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Block Diagram 

Module data bus 

I RDR I TOR I 
t l.JT 

AxD -II RSR I II TSR 1 TxD 

SCI< 

Legend 

RSR: 
RDR: 
TSR: 
TOR: 
SMR: 
SCR: 
SSR: 
BRR: 
SCMR: 

Parity generate 

Parity check 

Receive shift register 
Receive data register 
Transmit shift register 
Transmit data register 
Serial mode register 
Serial control register 
Serial status register 
Bit rate register 
Smart card mode register (channel 0 only) 

./ 

~ SCR 
'""SMA 
ScMR -

Transmit! 
receive conlrol 

t 

~ 

Baud rale 
generator 

Clock 

External clock 

r-

nlemal data bus 

~ ) .l!! 0 .6 

'" ::J 
IX) 

'--

I-- " I+- ,,/4 
I-- ,,/16 
I-- ,,/64 

TEl 
Txt 
Axl 
ERI 

nle mal clock 
ces sou~ 

Serial Communication Interface Block Diagram (One Channel) 
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Asynchronous~ode 

Asynchronous mode is a serial communication mode in which each character is framed by a 

start bit and a stop bit. 

• Twelve selectable communication formats 

- Data length: 7 or 8 bits 

- Stop bit length: 1 or 2 bits 

- Parity bit: even, odd, or none 

- Multiprocessor bit: 1 or 0 

• Selection of built-in baud rate generator or external clock input (SCK pin) as clock source 

• Output of serial clock at SCK pin 

• Detection of break state by reading state of RxD pin when a framing error occurs 

• Multiprocessor communication 
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Frame iength (brtsl 

2 3 4 5 6 7 8 9 10 11 12 

I Start bit 7-bitdata Stop bit I 
I Start bit 7-bitdata 2 stop bits 

I Start bit 7-bit data Parity Stop bit I 
I Startbrt 7-bit data Parity 2 stop bits 

Start bit 7-bit data MPS* Stop bit I 
Slartbit 7-bit data MPS* 2 stop bits 

Start bit a-bit data Stop bit I 
Slartbitl a-bil data 2stop bits 

Start bit I a-bit data Parity Stop bit I 
Start bit I a-bit data Parity 2 stop bits 

Start bit I 8-bit data MPS* Stop bit I 
Start bit I a-bit data MPS* 2 stop bits 

Note: * MPB: Multiprocessor bit. 

Communication Formats and Frame Length in Asynchronous Mode 
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Multiprocessor Communication Function 

Two or more processors can share a single serial communication line by using a format with an 

additional multiprocessor bit. 

The transmitting processor starts by sending the ID of the receiving processor with which it 

wants to communicate as data with the mUltiprocessor bit (MPB) set to 1. Next the transmitting 

processor sends transmit data with the MPB cleared to O. 

A receiving processor skips incoming data until it receives data with the MPB set to 1, at 

which point it compares the data with its own ID. If the ID matches, the receiving processor 

continues to receive further incoming data. If the ID does not match, the receiving processor 

skips further incoming data until it again receives data with the MPB set to 1. 

Serial 
data 

Legend 

Transmitting 
processor 

Receiving 
processor A 

(10=01) 

I. 

MPB: Multiprocessor bit 

Serial communication line 

(ID=02) 

I I (MPB=1) 

.. IE 

H'Ol 

ID-sending cycle: 
receiving processor 
address 

(ID=03) 

H'AA Ig 
(MPB:: 

Data-sending cycle: data sent 
to receiving processor 
specified by ID 

(10=04) 

Example or Communication among Processors using Multiprocessor Format 

(Sending Data H'AA to Receiving Processor A) 
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Synchronous Mode 

In synchronous mode. the SCI transmits and receives data in synchronization with clock 

pulses. This mode is suitable for continuous, high-speed serial communication. 

• Data length: 8 bits/character 

• Overrun errors detectable 

• Selection of built-in baud rate generator or external clock input (SCK pin) as clock source 

• LSB-first format: least significant bit is transmitted or received first 

• Can communicate with H8/500 Series, H8/300 Series, HD64180. and other chips having a 

synchronous mode 

If the internal baud rate generator is selected. the SCK pin automatically switches to output 

mode and eight serial clock pulses are output. Communication is possible with other chips 

having a built-in synchronous serial interface. including the HD64180, HD6301, and H8 

Series. 

1 character 

Serial clock 

Data Bit 7 

Data Format in Synchronous Mode (Example) 
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Interrupt Sources and DMA Controller Activation 

The SCI has four interrupt sources: receive error (overrun error, framing error, or parity error), 

transmit end (MSB sent), transmit data empty, and receive data full. The transmit data empty 

and receive data full interrupts in channel 0 can activate the DMA controller. Data can be 

transmitted or received continuously without software overhead by using the DMA controller 

to write the next transmit data when the transmit data empty interrupt occurs, or read receive 

data when the receive data full interrupt occurs. 

SCI Interrupt Sources 

interrupt Source Description DMAC Activatable 

ERI Receive error interrupt No 

Rxl Receive data register full interrupt Yes 

Txl Transmit data register empty interrupt Yes 

TEl Transmii end interrupt No 

Examples of Bit Rates and BRR Settings (Synchronous Mode) 

~ 2 ! 4 I 8 10 

Bit Rate (bits/s) n N i n ; N I n i N n , I I 

110 
I 

3 70 : i i I - - - - -
250 2 124 2 249 3 124 -
500 1 249 2 124 2 249 -
1 k 1 124 1 249 2 124 -

2.5 k j 0 199 1 99 I I 
1 199 ! 1 

5k i 0 99 i 0 199 1 99 1 

10 k 0 49 0 99 0 199 0 

25 k 0 19 0 39 0 79 0 

50k 0 9 0 19 0 39 0 

100 k 0 4 0 i 9 i 0 19 0 

250 k 0 1 0 I 3 I 0 ! 7 : 0 I 

500 k 0 0 0 1 0 3 I 0 I 

1 M 0 i 0 ! 0 1 -! 

2M i i 0 0 i -
2.5M - - 0 

4M i I 
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-
-
-
-

249 

124 

249 

99 

49 

24 

9 

4 

-
-
0 

Priority 

High 

t 
t 

Low 

n 

-
3 

3 

2 

2 

1 

1 

0 

0 

0 

0 

0 

0 

0 

-
0 

16 

N 

-
249 

124 

249 

99 

199 

99 

159 

79 

39 
i 15 

7 

3 

1 

-
0 



The BRA setting is calculated as follows: 

N= 0 
X 106 - 1 

8 X 22n- 1 X B 

Legend 

N: BRA setting for baud rate generator (0 ~ N ::; 255) 
0: System clock frequency (MHz) 
B: Bit rate (bitsls) 
n: Baud rate generator clock source (n = 0, 1, 2, 3) 

n 

0 

2 

3 

(For the clock sources and values of n, see the accompanying table.) 

6.8 Smart Card Interface 

Clock 

0 

0/4 

0/16 

0/64 

Of the two SCI channels, SCIO supports a smart card interface by providing functions for 

serial communication with an IC card conforming to the ISOIIEC7816-3 (Identification Card) 

standard. 

Features 

The main features of the smart-card interface are as follows. 

• One frame consists of eight data bits and a parity bit. 

• In transmitting, a guard time of at least two elementary time units (2 etu) is provided 

between the end of the parity bit and the start of the next frame. 

• In receiving, if a parity error is detected, a low error signal is output for 1 etu, beginning 

10.5 etu after the start bit. 

• In transmitting, if an error signal is received, after at least 2 etu, the same data is 

automatically transmitted again. 

• Only asynchronous communication is supported. There is no clock synchoronous operation. 

• Selection of direct or inverse convention. 
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Connection Diagram 

TxDo ~ 10 
RxDo I 

Data·line 

SCKa 
ClK 

Clock line 

Px (port) 
RST H8/3048 Series 

Reset line 

Card-processing device 

Smart Card Interface Connection Diagram 

Data Format 

• No parity error 

I Os Da Db Dc Dd De Of Dg Dh Dp 

Output from transmitting device 
1..-

• Parity error 

I Os Da Db Dc Dd De Of Dg Dh Dp I 
Output from transmitting device 

- --------------- .----- ------ ------- ------- -.--"--- -------- - .. _-----:--. 

Os: 
Da to Dh: 
Dp: 
DE: 

Start bit 
Data bits 
Parity bit 
Error signal 

Smart Card Interface Data Format 
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6.9 AID Converter 

Functions 

The H8/3048 Series includes a lO-bit ND converter with a selection of up to eight software­

selectable analog input channels. 

Features 

• lO-bit resolution 

• Eight analog input channels 

• High-speed conversion 

Conversion time: minimum 7.5jJs per channel (with 18-MHz system clock) 

• Selection of two conversion modes: scan and single mode 

Single mode: AID conversion of one channel 

Scan mode: continuous ND conversion of one to four channels 

• Sample-and-hold function 

• External reference voltage pin 

• AID conversion can be externally triggered 

• Four 16-bit data registers 

AID conversion results are transferred for storage into data registers corresponding to the 

channels. 

• AID interrupt requested at end of conversion 

At the end of ND conversion, an ND end interrupt request (ADI) can be sent to the CPU. 
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Block Diagram 

VREF 

AVec 

AVss 

Legend 

ADCR: 
ADCSR: 
ADDRA: 
ADDRB: 
ADDRC: 
ADDRD: 

.m 
'" !! 

« 
0: 

10-bitD/A 0 
0 « 

~ _______ :f': Comparator 

Sample-and-
hold circuit 

AID control register 
AID control/status register 
AID data register A 
AID data register B 
AID data register C 
AID data register D 

al u 0 0: 
0: 0: 0: (J) 

0 0 0 u 
0 0 0 0 
« « « « 

AID Converter Block Diagram 
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Operation 

The NO converter operates by successive approximations with lO-bit resolution. The eight 

analog input channels are selected by bits CH2 to CHO in ADCSR. 

Bit 2 Bit 1 BitO Channel Selection 

CH2 CH1 CHO Single Mode Scan Mode 

0 0 0 ANo ANo 

1 AN j ANoand ANI 

1 0 AN2 ANo to AN2 

1 AN3 ANo to AN3 

1 0 0 AN4 AN4 

1 ANs AN4 and ANs 

1 0 AN6 AN4 to ANs 

1 AN7 AN4 to AN7 

Single Mode: In this mode AID conversion is performed on one channel under CPU control. 

NO conversion starts when the ADST bit is set to 1 in ADCSR. When conversion ends, the 

end flag (ADF) is set. If the interrupt enable bit (ADIE) is also set, an NO conversion end 

interrupt (AD!) is requested at this time, and the interrupt-handling routine can process the 

AID conversion result. 

Scan Mode: This mode can be used to monitor analog inputs on one to four channels. NO 

conversion starts on the first channel when the ADST bit is set to 1. As soon as conversion of 

the first channel ends, conversion of the second channel begins. (If only one channel is 

selected, conversion of the same channel begins again.) AID ,conversion continues until the 

ADST bit is cleared. The conversion results ate transferred to and stored in data registers 

ADDRA to ADDRD, using a separate data register for each channel. 

The ADST bit can be set by software, or by an external trigger signal (ADTRG). 
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6.10 D/A Converter 

The H8/3048 Series has a built-in 8-bit D/A converter that can be programmed to output 

analog signals on a maximum two channels. 

Features 

• Eight-bit resolution 

• Two analog output pins 

• Conversion time: maximum 10 ps 

• Output voltage: 0 V to VREF 

• DI A outputs maintained during software standby 

Block Diagram 

VREF 

AVec 

DAO B·bit D/A 

DA1 

AVss 

Legend 

DACR: D/A control register 
DADRO: D/A data register 0 
DADR1: D/A data register 1 

2l Internal 
{g data bus 

Module data bus .~ c=:::> 
'-~--~~~==~~~~------~ w 

&l 

0 1C 
a: 

a: <Jl 
Q. Q 0 
« « Q 
Q Q « 

Control circuit 
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Operation 

Setting a D/A output enable bit to 1 enables the D/A converter. The data-register (DADR) 

contents are converted to a signal that is output constantly from the corresponding pin. The 

output voltage is: 

DADR contents x VREF 
256 

6.11 I/O Ports 

The H8/3048 Series has eleven input/output ports (ports 1,2,3,4,5,6,7,8,9, A, and B), the 

functions of which are indicated in the following table. The pins in each port are multiplexed 

so that they can also be used as input/output pins of the on-chip supporting modules. 

Each port has a data direction register (DDR) for selecting input or output, and a data register 

(DR) for storing output data. In addition to their DDR and DR, ports 4 and 5 have an input 

pull-up control register (PCR) for switching input pull-up transistors on and off. 
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Port Description Pins Mode 1 I Mode 2 I Mode 3 I Mode 4 Mode 5 I Mode 6 Mode 7 

Port I • 8-bit I/O port PI7 to Plol Address output pins (A7 to 110) Address output (A7 to Generic 
• Can drive LEOs A7 to 110 110) and generic input input/ 

OOR = 0: generic output· 
input 

ODR = I: address 
output 

Port 2 • 8-bit 1/0 port P27to P2c1 Address output pins (A1S to As) Address output (A15 Generic 
• Input pull-up A15 tOAa to As) and generic input/ 

on-chip input output 
• Can drive LEOs OOR = 0: generic 

input 
ODR = I: address 

output 

Port 3 • 8-bit I/O port P3r to P3c1 Data input/output (015 to Del Generic 
015 to 08 input/ 

output 

Port 4 • 8-bit I/O port P4rto P4<i Data inpuVoutput (07 to Do) and 8-bit generic input/output Generic 
• Input pull-up 07 10 Do 8-bit bus mode: generic input/output input/ 

on-Chip 16-bit bus mode: data input/output output 

Port 5 • 4-bitl/0 port P53to P5c1 Address output (A19 to A1S) Address output (A19 Generic 
• Input pull-up A19 to A1S to A1S) and generic input! 

on-chip input output 
• Can drive LEOs DDR = 0: generic 

input 
OOR = 1: address 

output 

Port 6 • 7 -bit I/O port P6efLWR Bus control signal output (LWR, HWR, RD, AS) Generic 
P6s1HWR input! 
P6JRO output 
P6~AS 

P62"BACK Bus control signal input/output (BACK, BREO, WAIT) and 3-bit 
P61IBREO generic input/output 
P6rfVVAIT 

Port 7 • 8-bit I/O port P77/AN7IDA1 Analog input (AN7' ANs) to AID converter, analog output (OA1, OAo) 
P7efANefDAo from O/A converter, and generic input 

P7s to P7c1 Analog input (ANs to ANo) to AID converter, and generic input 
ANstoANo 

Port 8 • 5-bitl/0 port P84/CSo OOR = 0: generic input Generic 
• P82 to P80 have DDR = I (reset value): CSo output input/ 

Schmitt inputs output 

P8~CS1I1R03 IR03 to iRO, input, CS1 to CS3 output, and generic input TRQ3to 
P8iCSiiR02 DDR = 0 (reset value): generic input IROo 
P81/CS~ROI OOR = I: CS1 to CS3 output input and 

P8c1RFSHliROo IROo input. RFSH output. and generic input/output generic 
input/ 
output 

Port 9 • 6-bit I/O port P9s1SCK1I1ROs Input and output (SCK1• SCKo. RxD1• RxOo. TxD1• TxOo) for serial 
P9JSCKoIIR~ communication interfaces 0 and 1 (SCiOlI). IROs and IR04 input. and 6-bit 
P9~RxOl generic input/output 
P9iRxDo 
P91JTxD1 
P901TxDo 
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Port Description Pins Mode 1 I Mode 2 Mode 3 I Mode 4 ModeS Mode 6 Mode 7 

Port A • a-bit 110 port PA7fTP7fT10CBi Output (TP7) from Address output TPC Address TPC 
• Schmitt inputs A20 programmable (A20) output output output 

timing pattern (TP7),ITU (A20) (TP7),ITU 
controller (TPC), input or input or 
input or output output output 
(TIOCB2) for 16-bit (TIOCB2), (TIOCB2), 

integrated timer unit and and 
(ITU), and generic generic generic 
inpuVoutpul inpuV inpuV 

output output 

PAefTPsfTlOCAi TPC output (TPs to TPC output (TPs to TPC TPC TPC 
AdCS4 TP4), ITU input and I TP4), ITU input and output output output 
PAsfTPsfTIOCB1i output (TIOCAz, i output (TIOCA2, {TPsto {TPsto (TPsto 
AziCSs TIOCBh TIOCA1), TIOCBh TIOCA1), TP4),ITU TP4),ITU TP4),ITU 
P~fTP 4fT1OCA1/ ~ to CS;; output, address output input and input and input and 
A-dCSs and generic inpuV (A23 to A2l ), CS4 output output output 

output to CSsoutput, and {TIOCA2, {TIOCA2, (TIOCA2, 
generic inpuVoutput TIOCB1, TIOCBh TIOCBh 

TIOCA1), TIOCA1), TIOCA1), 
CS4 to address and 

CS6 output generic 
output, (A2s to inpuV 
and Azl), CS4 output 
generic toCSs 
inpuV output, 
output and 

generic 
inpuV 
output 

PAgfTPgfTIOCB!I TPC output (TPs to TPo), output (TEND1' TENDo) from DMA controller (DMAC). 
TClKD ITU input and output (TCLKD, TClKC, TClKB, TCLKA, TIOCBo• TIOCAo). and 
PAzrTPzfTlOCA()" generic inpuVoutput 
TCLKC 
PA1fTP1fTEND1/ 
TCLKB 
PAofTPofTENDoI 
TCLKA 

PortB • a-bit 1/0 port PB~pls1DREal/ TPC output (TP1S)' DMAC input (OREal)' external trigger input (ADTRG) to AID 
• Can drive LEOs ADTRG converter. and generic inpuVoutput 
• PBs to PBo have PBsfTP1JDREaol TPC output (TP14). DMAC input (DREao), CS7 output, and generic TPC 

Schmitt inputs 
CS7 inpuVoutput output 

(TP14). 
DMAC 
input 
(DREao). 
and 
generic 
inpuV 
output 

PBsfTP1gfTOCXB4 TPC output (TP1S to TPs), ITU input and output (TOCXB4, TOCX~, TIOCB4• 

PB~PlzrTOC~ TIOCA4• TIOCBs, TIOCA3). and generic inpuVoulpul 
PBgfTP11fT10CB4 
PBzrTPlofTIOCA4 
PB1fTPglTIOCBs 
PBofTPafTlOCAs 
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6.12 RAM 

Functions 

The H8/3048 and H8/3047 have 4 kbytes of high-speed static RAM on-chip. The H8/3044 has 

2 kbytes. The RAM is connected to the CPU by a 16-bit data bus. The CPU accesses both byte 

data and word data in two states, making the RAM useful for rapid transfer of word data and 

high-speed computation. 

The on-chip RAM can be enabled or disabled by the RAM enable bit in the system control 

register (SYSCR). 

Block Diagram 

Internal data bus (upper 8 bits) 

(1 (1 
Internal data bus (lower 8 bits) 

LJ () 
Bus interface 

() () 
H'FEF10 I H'FEF11 l SYSCR I 
H'FEF12 I H'FEF13 

. 
On-chip RAM 

T H'FFFOE H'FFFOF J 
Even addresses Odd addresses 

SYSCR: System control register 

RAM Block Diagram (H8/3048, Mode 7) 

RAM Size Addresses 

H8/3048 4 kbytes H'FEF10 to H'FFFOF 

HS/3047 4 kbytes H'FEF10 to H'FFFOF 

H8I3044 2 kbytes H'FF710 to H'FFFOF 

Note: The listed addresses apply in mode 7. 
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6.13 ROM (PROM or Masked ROM) 

Functions 

The H8/3048 has 128 kbytes of on-chip PROM or masked ROM. The H8/3047 has 96 bytes of 

masked ROM. The H8/3044 has 32 kbytes of masked ROM. Like the on-chip RAM. the ROM 

is connected to the CPU by a 16-bit bus and accessed at high speed in two states. 

Block Diagram 

Internal data bus (upper 8 bits) 

("1 
Internal data bus (lower 8 bits) 

l) ('] 
~J 

Bus interlace 

() 0 
H'OOOOO I H'OOOO1 

H'OOOO2 I H'OOOO3 

On-chip ROM 
. 

T J H'1FFFE I H'1FFFF 

Even addresses Odd addresses 

ROM Block Diagram (H8/3048, Mode 7) 

ROM Size Addresses Reserved Addresses PROM Version 

H8/304S 12S kbytes H'OOOOO to H'1 FFFF Yes 

HS/3047 96 kbytes H'OOOOO to H'17FFF H'18000 to H'1 FFFF 

HS/3044 32 kbytes H'OOOOO to H'07FFF H'OSOOO to H'OFFFF 
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PROM Programming 

When the PROM version of the H8/3048 is placed in PROM mode, it suspends its MCU 

functions and allows data to be written directly into the on-chip PROM. The PROM can be 

programmed and read in the same way as the HN27C101 EPROM (Vpp = 12.5 V), except that 

page programming is not supported. A 100-pinl32-pin socket adapter enables the 

programming to be done with a commercially available PROM programmer. 

100-pin QFP 

PROM programmer 

Socket adapter 
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Section 7 Power-Down State 

Besides its nonnal program execution state, the H8/3048 Series has a power-down state that 

reduces power consumption by halting the CPU and clock oscillator. The power-down state 

includes three modes: sleep mode, software standby mode, and hardware standby mode. 

Additional functions include module standby, which reduces power consumption in sleep 

mode, and a gear function that reduces power consumption by dividing the system clock 

frequency. 

7.1 Sleep Mode 

The CPU enters sleep mode when the SLEEP instruction is executed. In sleep mode CPU 

operations halt, but the contents of CPU registers are retained. Supporting modules other than 

the CPU do not halt. 

Sleep mode can be exited by a reset or by any interrupt. The chip returns via the exception­

handling state to the nonnal program execution state. 

7.2 Software Standby Mode 

Software standby mode is entered by setting the software standby bit (SSBY) to I, then 

executing the SLEEP instruction. In this mode all functions of the CPU, on-chip supporting 

modules, and clock oscillator halt, but CPU register contents and on-chip RAM data are 

retained. 110 ports also remain in their existing states. 

Software standby mode can be exited by an external interrupt. After waiting for clock 

oscillation to stabilize, the chip returns via the exception-handling state to the nonnal program 

execution state. 

This mode reduces power consumption very sharply because the clock oscillator halts. 

7.3 Hardware Standby Mode 

Hardware standby mode is entered when the STBY pin is driven low. As in software standby 

mode, all operations halt but CPU register contents and on-chip RAM data are retained. 

Hardware standby mode is exited by driving the RES pin low, then driving STBY high. The 

chip starts operating from the reset state. 
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Like software standby mode, this mode reduces power consumption very sharply because the 

clock oscillator halts. 

7.4 Module Standby Function 

The module standby function can halt output of the system clock. It can also place the 16-bit 

integrated timer unit (ITU), serial communication interface (SCIO, SCIl), DMA controller, 

refresh controller, and NO converter in an independent standby state. This function enables 

power consumption to be reduced in sleep mode. The modules to be placed in standby are 

specified by corresponding register bits. 

Support-
Refresh ing I/O 

Mode Clock CPU Controller Functions RAM Ports Exiting Method 

Sleep mode Active Halted Active Active Held Held Interrupt: I nterrupt is 
(held) recognized and 

interrupt exception 
handling starts. 

RES: Enters reset state. 

STBY: Transition to 
hardware standby 
mode. 

Software Halted Halted Halted Halted Held Held Interrupt: Interrupt starts 
standby (held) (held) (reset) clock oscillator. 
mode After waiting for 

time set in on-Chip 
timer to let clock 
stabilize, interrupt 
exception handling 
starts automatically. 

RES: Clock oscillator 
starts and chip 
enters reset state. 

STBY: Transition to 
hardware standby 
mode. 

Hardware Halted Halted Halted Halted Held High To exit, drive RES low, then 
standby (not (reset) (reset) impedance drive STBY high, wait for 
mode held) clock to stabilize, and drive 

RES high. 

Module Not - Standby if - - Clear corresponding bit to 0 
standby output corresponding bit is in MSTCR 
function set to 1 in MSTCR 

Note: Status of registers is indicated in parentheses. The module standby function is available only for the refresh 
controller, DMAC, ITU, SCIO, SCI1, and AID converter. 
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7.S Gear Function 

After duty adjustment, the clock frequency can be divided in the range from 111 to 118. Power 

consumption is reduced in approximately direct proportion to the division ratio, which is 

specified in the division control register (DIVeR). 
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Section 8 System Development Environment 

The following tools are provided for efficient program development. 

Software 

• Integrated manager 

• H8/300 Series C compiler 

• H8/300 Series cross-assembler 

• Linkage editor (including librarian and object module converter) 

• H8/300 Series simulator/debugger 

• H8/300H Series realtime operating systems 

Hardware 

• H8/300H Series realtime emulator (E7000) 

• H8/300H Series compact evaluation board 
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8.1 Software 

• Integrated Manager 

Efficient working environment: the tools cooperate. from editor to debugger 

• Assemble/compile errors automatically activate the editor (with the cursor positioned on the 

line of the error in the source program). 

• Automation of assemble/compile, object-module link, and loading to debugger 

Simplified, standardized user interface for debugger 

• Multi-window support for C-Ianguage source-level debug 

• Easy menu- and button-driven interface 

• Same interface for simulator, emulator. and compact evaluation board 

• Multitasking debugger for Hitachi Real Time Operating System 

On-line help functions 

• Window display of detailed descriptions of the functions of each tool 

• Window display of error messages 

Integrated Manager 

C compiier Assembler Reattirne OS' Simulator Emulator Evaluation boaRi 

Note:· Complies with Hitachi Real Time Operating System specification. This product is based on the Hitachi Real Time 
Operating System specification and was developed under the guidance of Dr. Ken Sakamura of the Department of 
Information Science, Faculty of Science, The University of Tokyo. 

Integrated Development Environment 
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• C compiler 
- Supports all H8/300, H8/300L, and H8/300H Series microcontrollers 

- Conforms to ANSI (American National Standards Institute) C language draft 

specifications 

- Optimizing features reduce object program size and execution time 

• Assembler 
- Common H-Series assembly-language specifications 

- Generates output in SYSROF object format 

• Linkage editor (including librarian and object module converter) 

- Linkage editor: links and relocates object programs output (in SYSROF format) by the 

assembler or C compiler, and generates load modules (in SYSROF format) 

- Librarian: stores user programs in libraries 

- Object module converter: converts load module files output by the linkage editor from 

SYSROF format to S-type format 

• H8/300-Series simulator/debugger 

- Enables the user to debug programs on a host computer, without a target system 

- Supports C-language source-level debug functions 

- Register-based break/trace 

- Stub and function-call features, enabling programs to be debugged from the initial 

development stages 

- Permits simulation with relocatable object code 

• HS/300H-Series realtime operating system (HIS-3H) 

- Conforms to the Hitachi Real TIme Operating System specification 

- Simplifies porting of operating systems and application programs for other H-series 

microcontrollers 

- High-speed operating system: task-starting system call executes in 35 IlS 

- Supports stack sharing between tasks 
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8.2 Hardware 

E7000 Realtime Emulator 

Ir~II'ee""""1 I Iii ' 
11111 ' I 

The emulator is designed to give the user 
complete information about microcontroller 
behavior, when connected to the user system 
in place of the target microcontroller 

.=r==r=il ~I 
~I ,I I 
I II ' , \ E:::rs us,er cable /~ 
I II \;-.:::: ~.~ _' .1 ~/ HB1300H 

@j il ~~---t~~:;;:;l' '-- HBl300H .. ~_ _~~~ ______ _ 
Emulator Emulator board 

E7000-Series emulator 

• Hardware breakpointing (4 breakpoints) 

- Settable breakpoint conditions 

;;;:'~:'5~f 

/1 

LI ==============::f--
Microcontroller system under development 

Address (with bit-mask, range, and net specifications), data bus (with bit mask and net 

specification), RD and WR signals, external interrupts (NMI, IRQo to IRQs), pass count 

(maximum 4095), delay count (maximum 32,000 cycles) 

- Sequential breakpointing 

Program execution halts when two to four breakpoints are passed in a specified order 

• PC breakpointing (specifiable separately for each Mbyte in 2-Mbyte address space) 

- Settable breakpoint conditions: program counter, pass count 
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• Realtime trace 

- Information traced: address bus, data bus, external probe signals, control signals 

- Trace information capture 

Free trace: all information generated during execution is captured 

Range specification: specified trace capture conditions 

Stop trace: trace stops when a condition is satisfied 

Subroutine trace: tracing of execution of a particular subroutine 

- Trace information search: information in the trace buffer can be searched according to 

specified conditions 

- Trigger conditions: a trigger signal can be output when trigger conditions are satisfied 

• CO coverage function (specifiable separately for each Mbyte in 2-Mbyte address space) 

Indicates the percent of the area covered in a program run 

• Performance analysis 

Measures program execution efficiency 

• Parallel mode 

Commands can be entered during a program run without halting execution 
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• E7000 graphical interface software 

- Source-level debug 

Displays position (PC) where execution stopped in source program 

Displays contents of selected variables in source program 

Breakpoint setting on selected line in source program 

Supports source-program line-mode (step-mode) execution 

- Rea,ltime display of trace information 

Displays trace information using source program 

Waveform display of address bus, data bus, interrupt signals. external probe signals. etc. 

- Multiple windows 

Connected display of base frame and subframes (example: if register subframe is 

displayed and program is executed in step mode, register contents display is updated) 

Easy operation by command subframe 

H8I300H E7000 Graphical User Interlace 
-====--====::;---:=c====:-:====:=--;c,,-c:c_c::==~- -------------~ I:' FILE ___ '~XECUT~_·; '~~~_"'EW C HELP - ! ..,.---

1,--- -------------------.--------------.- ----------~ 
Menu buttons 

I' Filename: a.c Topline: 1 Endlin.: 12 I ... · --- -- Source file information 

, #define A ___ SZ 6 

I inta[A_SZ]; 

malnO 

( 

int i; 
for (i=O; i<A_SZ;i") 

a[iJ=O; 
I! PC> ; 

I, BP , proc (a); 

: ) 
void proc (a) 

inta[J; 

i~ 

:-- Source display pc: Source line 
indicated 
by current 
PC value 

( : 

BP: Source line 
on which 
breakpoint 
is set 

~---'-------------------------------------~ 

~ : DiSPi:Av-, (STEP_OVER) (STEP' 'cONTiNuE; (~-~~i:~~AR) --=~~J .--- Command buttons 

, PC=OOOO4O line: 6 , I ..,.-- Emulation information 

~---·----------·---------------l-

! C - Emulator dialogue box; input on 
: command line 

_______ -.JI_ 

Base Frame of Graphical Interface (Start-Up Window) 
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H8/300H Series Compact Evaluation Board 

• Makes all H8/300H Series functions available to the user 

• Supports realtime emulation (Max. 18 MHz) 

• EPROM socket for emulating on-chip ROM 

• On-chip ROM can also be emulated in emulation RAM 

• Firmware mapped independently of user address space 

- The entire address space is available to the user 

• Built-in terminal interface (RS-232C interface) 

- Supports data transfer with host computer 

• Allows battery backup of emulation memory (by external battery) 

• Target system connectors 

- Special IOO-pin connector 

- Can connect via special adapter board to E7000 emulator's user cable 

95.0 
------~----- -----! 

T 
::e I 
~ I 

" 0 
0 . ., ... os ... "5 

E w 

_J ' 
I 

AS-232C interface 

r 
o· 
[;i , 

I 
(100-pin in-circuit connector) 

::e 
~ 

, Firmware 
EPAOM 

.. 
i 

@l 
0 -_._--_ .. 
~ E 

W J: 

~ \ 
Break switch . Aeset switch 

Evaluation chip 
;r-

(Unit:mm) 

H8/300H Series Compact Evaluation Board 
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