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HITACHI H8/H8S Technical Product Overview

H8 Family Roadmap
Over $1B in Sales

Futura olans
* 0.35m lower Vcc
» 25MHz performance

e more Flash & RAM

N [H8S/22/23/26X%X
o o . in. inst. .
Upward Compatibility , Dons M, st exec
H8/300H » 16MB address space
* 110ns min. inst. exec.
» » 16-bit CPU * 50ns min. inst. exec.
LCJ » 16MB address space » 16-bit CPU
g » 16MB address space
= 148/300 bil
S = rd compatbilty
| | * 125ns min. inst. exec. Upwa
Ql | » 8-bit CPU

* 64KB address space

HB/300L

¢ 250ns min. inst. exec.

Code Compatibility | ° 8-Pit CPU

* 32KHz. subclock
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H8 Perfor mance Factors

Integration, Low Power, and Performance

Memory and Peripheral Integration
» Large blocks of on-chip memory: Flash, OTP, ROM - 128KB
» Abundant on-chip peripherals: LCD, I2C, SCI, Timers, A/D, DRAM Ctrl
Low Power Design Techniques and Features
Up to 7 different low power modes provided
Peripheral “modular” power down
L ow voltage operation - down to 2.2V
Static design (H8S) and 32KHz clock option
Leading Performance in the 8/16-bit MCU Class
* Min. 50nsec instruction execution time @ 20 MHz operation

Preserves Your S/W Investment
» Excellent C language support with a register-based, |oad/store
architecture
» A wide range of price/performance solutions offering an easy migration
path from low-end 8-bit to high-end 16-bit solutions oATEBATE. s
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Hitachi 8 & 16 Bit Micro Overview

Family Architecture MIPS Key Features

H8/300L 8 bit 1.0 MIP * Integrated LCD/Vacuum Fluorescent Drivers
* 32 KHz sub-clock with 7 low-power modes
» A/D, watchdog timer, PWM, SCI
* Up to 8 MHz operation
e 2.2-55V

. » 64Kbytes address space
H8/300 8 bit 2.0 MIPS * host interface/keyboard control functions
* I2C bus interface
» A/D, watchdog timer, PWM, SCI
* Up to 16 MHz operation
e 2.7-5.5V

H8/300H 16 bit 4.0 MIPS « 16MB of linear address space
» DMAC: Direct Memory Access Controller

 A/D, D/IA, WDT, ITU, TPC, SCI, Smart Card
» direct interface to DRAM (RAS, CAS, CS)

* up to 18 MHz operation

e 2.7-5.5V

H8S/2000 16 bit 10.0 MIPS « static core with 32 KHz sub-clock

» Burst ROM, fast page DRAM support

« DMAC, A/D, D/A, TPU, PPG, SCI, WDT

* multiply and accumulate unit: 16x16+42 bit
WDT = watchdog timer TPC = timing pattern controller ° Up tO 20 MHZ Operation

ITU = integrated timing unit SCI = serial communication interface
TPU = timer pulse unit PPG = programmable pattern generator [ 27-55V UPDATE DATE: 5/12/98
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Topics

H8/H8S CPU Architecture 8-bit CISC Peripherals

Register Structure
Addressing Modes
Instruction Set
Processing States
Access Timing
Operation Modes
Power Down Modes

On-chip Memory
General-purpose 1/Os

e H8/300L and H8/300
* Interrupt Processng

16-bit CISC Peripherals
e HB8/300H and H8S
* Interrupt Processng

UPDATE DATE: 5/12/98
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H8/H8S CPU

UPDATE DATE: 5/12/98
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CPU Structure

General purpose registers = o e B
e 8, 16, or 32-hit length R1H R1L
e No restrictions on usage Ezﬂ Egt
» Used asaccumulator, index register, R4H RAL
address pointer, or data storage R5H R5L
. R6H R6L
Load/store architecture P) — R7L
» Register-to-register operations 31 ’s o 8
o Supportshigh level (C) efficient PC | | |
I 7 0
programming on
7 0
PC = Program Counter EXR
CCR = Condition Code Register
EXR = Extended Control Register Sian Extension
MAC = Multiply-Accumulate Register MAC MACL

SP = Stack Pointer

31 (only H8S/2655) 0

H8/300L & H8/300 Added to H8/300H & H8S/2000 H8S/2000 only

UPDATE DATE: 5/12/98



Data Type
1-bit Data

Byte Data

Word Data

Longword Data

H8/H8S Technical Product Overview

Data Formatsin Memory

Address

Address “A”

Address “B”

Address “C”
Address “C+1”

Address “D”

Address “D+1”
Address “D+2”
Address “D+3”

Data Format

7 6 5 4 3 2 10

7 0
MSB LSB
7 0

MSB High Byte
Low Byte LSB
7 0
MSB  High Byte
Low Byte LSB

H8/300H and H8S
ONLY

UPDATE DATE: 5/12/98
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Addressing M odes

Register direct

Register indirect

Register indirect with displacement
Register indirect with post-increment
Register indirect with pre-decrement
Absolute address

Immediate

Program counter relative

Memory indirect

UPDATE DATE: 5/12/98
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Addressing M odes (cont’d.)

Register Direct

* Operand is general register contents.
e eg. MOV.W RO,R1

Register Indirect

» Effective address of operand given by contents of general register
In the instruction code.

e eg. MOV.B ROL,@ROH

—*| General register contents [ *| Memory address

op| r

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

Addressing M odes (cont’d.)

Register Indirect with Displacement

» Effective operand address calculated by adding a displacement to a
general register contents, both contained in the instruction code

« eg. MOV.W @(h 7FFF,ER0), R1

» Displacement szel6-bit for H8/300L-300, 16/24-bit for H8/300H,
16/32-bit for H8S/2000

— | General register contents
op| r| disp é}—» Memory address

> disp

UPDATE DATE: 5/12/98
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Addressing M odes (cont’d.)

Register Indirect with Post-Increment

» Effective address of operand isin the contents of a general register
gpecified in the instruction code. After the operand is accessed, the

specified general register isincremented by 1,2,0r 4
e eg. MOV.L @ERO+, ER1

| General register contents »  Memory address
op | r T_é
1,2,0r4

UPDATE DATE: 5/12/98
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Addressing M odes (cont’d.)

Register Indirect with Pre-Decrement

» Effective address of operand is calculated by decrementing 1,2,0r 4
from the contents of a general register specified in the instruction
code

e eg. MOV.W RO, @-ER1

| General register contents /}\

op T t - » Memory address
1,2,0or4

UPDATE DATE: 5/12/98
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Addressing M odes (cont’d.)

Absolute Address
» Effective address of operand isin the instruction code
e eg. MOV.W @h'7DO00, RO

;

op| abs Sign ext. Memory address

Immediate
e Operand isimmediate data
e eg. MOV.W #h'FFEO, RO

UPDATE DATE: 5/12/98
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Addressing M odes (cont’d.)

Program-Counter Relative

» Effective address of operand isin the instruction code to which the
contents of the PC areadded. eg. BSR N 7F

PC contents
%—» Memory address

Sign ext. disp 1
T

op| r| disp

UPDATE DATE: 5/12/98



Memory Indirect

H8/H8S Technical Product Overview

Addressing M odes (cont’d.)

» Effective address of operand is contained in a memory location

op

abs

Zero ext.

abs

l

Memory contents

pointed from the instruction code. e.g. JMP @@h'E5

Memory address

UPDATE DATE: 5/12/98
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| nstruction set

DIVXU, CMP, NEG

_ added to added to added to
Types of Operations H8/300L H8/300 H8/300H H8S/2000
Data transfer MOV, POP, PUSH MOVFPE, MOVTPE LDM, STM
- : ADD, SUB, ADDX, SUBX, MULXS, DIVXS, |TAS
Arithmetic INC, DEC, ADDS, SUBS, EXTS, EXTU
Operations DAA, DAS MULXU, MAC, LDMAC,

STMAC, CLRMAC*

L ogical Operations

AND, OR, XOR, NOT

AN

2 s

Shift

SHAL, SHAR, SHLL, SHLR,
ROTL, ROTR, ROTXL,
ROTXR

Bit manipulation

BSET, BCLR, BNOT, BTST,
BAND, BIAND, BOR, BIOR,
BXOR, BIXOR, BLD, BILD,
BST, BIST

Word &
long word|

Word &
long word
support

support

Branch

Bce, IMP, BSR, JSR, RTS

(Bcc = conditional branch on cond. “cc”)

S

— —

System control

RTE, SLEEP, LDC, STC,
ANDC, ORC, XORC, NOP

TRAPA

(software interrupt)

Block datatransfer

EEPMOV

* Multiply And Accumulate (MAC) instructions on H8S/26X X family w/ hardware MAC unit only
Upward code compatibility

UPDATE DATE: 5/12/98
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Min. I nstruction Execution Time

Options H8/300L H8/300 H8/300H H8S
Internal memory 2 states 2 states 2 states 1 dsate
External memory N/A 3 states 2 states 2 states
Max. frequency 8MHz 16MHz 18MHz 20MHz
Min. exec. time 250ns 125ns 110ns 50ns
% of instructions 50%

UPDATE DATE: 5/12/98
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CPU Processing States

Program Execution
 Program instructions executed in sequence by CPU

Exception Handling

o Trangent state where normal processing flow ischanged in
response to an exception

Bus-Release
* Bus mastership relingquished by CPU

Power Down
o CPU and/or peripheral operation stopped

UPDATE DATE: 5/12/98
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Data Access Timings

H8/300L and H8/300
 Fixed asin thetable below
e Certain H8/300 devices allow wait-state insertion

H8/300H and H8S
» adjustablein the Bus Controller

H8/300L H8/300 H8/300H H8S/2000
: Bus Min# | Bus Min# | Bus Min# | Bus Min #
Options width cycles [ width  cycles | width cycles | width cycles

On-chip memory 16-bit 2 16-bit 2 16-bit 2 16-bit 1

On-chip peripherals| sbit | 20r3 | 8bit 3 8/16-hit 3 8/16-hit 2

External memory N/A N/A 8-bit 3t 16-bit 2 16-bit 2

1. Word transfersare executed in 6 cycles.

UPDATE DATE: 5/12/98



Operating Modes

Single-chip Modes

H8/H8S Technical Product Overview

» All address space mapped within the MCU

Expanded Modes

» Address space mapped externally and within the MCU

H8/300L H8/300 H8/300H H8S
Mode featur es |single-chip Expanded | Single-chip Expanded |Single-chip Expanded |Single-chip Expanded
Max. addressability | 64Kbytes* N/A 64Kbytes* | 64Kbytes | 1Mbyte* | 16Mbytes | 16Mbytes* | 16Mbytes
Max. # of modes 1 N/A 1 2 1 6 2 5

* actual on-chip memory is smaller

UPDATE DATE: 5/12/98
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Power Down M odes

Sleep Mode
e Clock runs, CPU stops, but CPU/Peripheral registers held
Software Standby
» Clock stops, only CPU registers and RAM contents held
Hardware Standby
o Clock stops, only RAM contents held
* Not available on H8/300L
Medium Speed
» Bus master operates on slower clock, peripherals operate normally
e On all families except the H8/300
Subsleep/Watch

e CPU halts, only timer channel(s) operate on the 32KHz subclock
e Only on H8/300L and H8S

UPDATE DATE: 5/12/98
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Power Down Modes (cont’d.)

Subactive
o 32KHz subclock operation for CPU and a timer channel
e Only on H8/300L and H8S

Module Standby

» Halting one or several peripherals
* Not available on H8/300L-300

Icc (mA)
H8S/2245 example

5

4

30%\‘\.* Active mode
2

10 .\.\\
‘\T Sleep mode

Seep DTC TPU TMR A/D  SCIO SCI1 SCI2 TMR All - o _chip modules
mode off  off off off off off off only off UPDATE DATE: 5/12/98
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Power Down Modes (cont’d.)
Typical Power Consumption at 3V

H8/300L H8/300 H8/300H H8S
MODES
typ max typ max typ max typ max

Sleep mode emwW oMW | 27mw | 48mw | 36mW | 72mW | 27mW | 92mW
Software standby mode 30nW | 15uW | 30nW | 15pW | 30nW | 15pW | 30nw/| 15uW
Hardware standby mode - - 30nwW | 15puW | 30nW | 15uW | 30nW| 15uW
Watch mode (32KHz subclock oscillator) N/A | 18uwW - - - - N/A N/A
Subdeep mode 15uW | 30uW - - - - N/A | N/A
Medium speed active mode 3mwW N/A - - - - N/A | N/A
Subactive mode (32KHz subclock oscillator) 30uW 60UW - - - - N/A N/A
M odule standby/stop mode i i - - 21mwW | 422mw | N/A | N/A

1. The measurements above are for the following specific devices. H8/3644 (300L), H8/3437 (300),
H8/3048 (300H), and H8S/2245 (H8YS).

. Power dissipation numbers are measured at the MAXIMUM operating frequency at 3V.

2

3. H8/300H and H8S also support ‘ CLOCK GEARING-DOWN?” - software programmable clock division.
4. N/A: datanot available
5

. - not applicable

UPDATE DATE: 5/12/98
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On-chip Memory

High density ROM, Flash, RAM
* Ove 100 memory configuration options available

Maximizes performance
e On-chip memory accessis FASTEST

Minimizes system power consumption and board space

Maximum Available Densities

H8 Family Flash OTP Mask ROM | Romless RAM

H8/300L 32KB 60KB 60KB N/A 2KB
H8/300 60KB 60KB 60KB v 4KB
H 8/300H 128KB | 256KB 256K B v 4KB

H8S 128KB | 128KB 128KB v 8KB

UPDATE DATE: 5/12/98
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Flash vs. OTPs - Advantages

Single cycle access to internal memory

Lower system power
» |essbus state controller utilization
e gingle chip powered vs. two
Lower development cost

» Flasn can be programmed/erased instead of discarding multiple
OTPs

Lower manufacturing cost
» scrapping of OTPs due to code changes can be eliminated

Initial flexibility during manufacturing

» asngleend product can be “personalized” at final assembly or test
for different customers or end-markets

After-shipment software upgrades
» end product can be modified repeatedly in the field

UPDATE DATE: 5/12/98
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H8/H8S Flash Roadmap

Flash devices

= available now
H8S O
(¥ available by end|of 98
Q = under considerat|on
300H

~
3437/, _H8/3434
’
H&/3334

H8/3437S

300 (

16K B 24K B 32KB 60K B 128K B 256K B

Fla-Sh denSty UPDATE DATE: 5/12/98
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Flash General Features

Programming voltage

* 0.8 devicesregquire 12V programming voltage

* 0.5u devicesrequire 5V programming voltage - NOW AVAILABLE
Efficient block programming and erasing

 Memory area partitioned in block sizes from 512 bytes up to 32Kbytes

Fast programming and erasing
e 50us per byte programming and 1sec. total erasure time

100 reprogramming cycles guaranteed

A variety of programming channels
e ViaSCl, I°C, IrDA, or paralld interface

UPDATE DATE: 5/12/98
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Flash Operation-Control M odes

The stepsinvolved during the pre-programming and programming processes

Program mode
» Writes data to the flash memory

Program verify mode
 Datainflashisverified

Erase mode
» Erase block(s) of flash

Erase verify mode
e Check flashiserased

Prewrite verify mode
o Verifiesall flashcellsare

UPDATE DATE: 5/12/98
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Flash Programming Process

Flash Memory Program/Erase Operating M ode
State Transition Diagram

Normal Device Operation

Vpp off Hardware & software
VppE=0 < | control

~

Hardware & software Vpp= 12 V*
control [ —

VppE=1
/ Prewrite Verify Mode

Program Mode SO
Program-Verify
Mode

K Flash Program/Erase Operation /

* = New devices have single-voltage (5V) flash - no separate Vpp programming voltage Necessary yepatepate: 51298

Erase-Verif
Mode
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Flash Programming M odes

Methods to load the application code into the flash memory

PROM Mode

» Uses programming adapter in PROM programmer
BOOTSTRAP Mode

o Serially programs from host using built-in bootstrap loader via SCI

User Program Mode
» Device programs itself according to user application

UPDATE DATE: 5/12/98
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PROM Mode

Will program on an EPROM programmer using
programming socket adapter*

Electronic Erase
Fastest way for production programming

o 49 sec for H8/3334Y on Data I/O Unisite
» Sub 10 seconds possible on some programmers

Security bit function

Require specific device algorithm - most
programmers support Flash devices

* avallable from Hitachi, Data I/O, or BP Microsystems

UPDATE DATE: 5/12/98
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Bootstrap Mode

55555555

—Ep]

RRRRR

Features

» Allowsa host processor to download any application via SCI to
RAM which will then execute

o Great for in-circuit programming
o Great for system test and similar applications
» Flashiserased before download (and verified to be erased)
» Flasn may be reprogrammed with security bit set
No Pre-Programmed Boot Strap Required - Already Coded

UPDATE DATE: 5/12/98



HITACHI H8/H8S Technical Product Overview

Bootstrap Mode (cont’d.)

= >
1l HINT for EVE  Uninstall HIl LASH HDI for
F for EVE 3048F  Programming HB3048F
Software
s

_.-: 3 Flash Programmer

Version 1.1

Communication & Baud Rate
Automatically Established using
3 Bootloader in Flash Device

© 1997 Hitachi Micro Systems Europe Ltd

RRRRR

1 Apply Boot Mode Conditionsto . RAM
- External Pinsand Reset Vm e 4
Flash Programming
Kernel Loaded
Erase Complete Flash Memory Erased viaserial port 5
ﬂ ) —
Flasn Kernel is Executed
2 Memory From RAM and loads

the flash memory with
the application code

UPDATE DATE: 5/12/98
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User Program mode

Allows just flash blocks to be programmed rather
than complete Flash memory (Boot Mode)

Allows the programming of the flash under the user
kernel control

Allows the download of new program data by a
method defined by user, e.g. parallel port, 1°C, or
IrDA (not just the SCI)

The user has complete control of the programming
process

Security is up to the users application

UPDATE DATE: 5/12/98



HITACHI

e HB8-3337 FLASH Device

H8/H8S Technical Product Overview

User Program Mode Example

« USER Software kernel linked with users’ code
 Requireto reprogram 512 byte block with new calibration table
 New calibration table loaded via I2C port from host

* Microcontroller running normally

« Signal that new calibration tableisrequired
from Host via I?C bus

» Flash programming kernel copied from
onboard flash to internal RAM by users
code

o Users codejumpsto kernel & begins
execution, 12v controlled via |/O pin under
kernel control (first saving SP)

e Flash block erased & verified

« Dataisread from I2C port and programmed
byte by byte & verified

e Jump back to normal operation
(After restoring SP!)

User Code

Kernel
Calibration
Table

User Code executing

-

H8-3337F
[2C Port

UPDATE DATE: 5/12/98
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General-Purpose 1/0s

Memory-mapped and accessed via dedicated data registers

H8/300L and H8/300
e Upto741/Olines
e Upto 16 capable of driving LEDs

H8/300H and H8S
e Upto871/Olines
* Upto 40 capable of driving LEDs

Multiplexed with various module functions
TTL load and Darlington pair driving capability

UPDATE DATE: 5/12/98
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8-bit CISC Peripherals

e H8/300L and H8/300
 |Interrupt Processing
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8-bit CISC Peripheral Modules

Modules H8/300L [ H8/300
16-bit Timer(s) v v
8-bit Timer(s) v v
PWM(s) v v
Watchdog Timer v v
Serial Communication Interface v v
12C Interface v
A/D Converter v v
D/A Converter v
LCD Controller v
Host Interface Controller v

UPDATE DATE: 5/12/98
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16-bit Free Running Timer (FRT)

One channel (H8/3318 has 2 channels)

Two independent comparators per channel
e Up to 2 smultaneous waveforms per channel

Four input-capture lines (H8/3318 has 5)
» Current count can be captured on rising/falling edge of input signal
» Two channels can be used as buffersfor the other 2 channels

Counter clear option - upon compare-match

Selection of 4 clock options
o 3internal and 1 external
Interrupt-generating capability
» Upon compare-match, input-capture, and/or overflow

UPDATE DATE: 5/12/98
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16-bit FRT Block Diagram
H8/3437 example

[[ghi=lygi=1]
ChOCk SOUNCES
ExtErnad — @p=
ciock Source ———— s
FT RS
1- ¥ ¥ { s
Chck select Zhock | O R (HL] |<:
SO pare- U
e S B [ com paramr A |
FTOA —=e— O uner T W < i |/\|
| FR.c- [HFL] |<
FTOE —e— ear g
—LJ — | = niemal
[ — Aq E ¥ cam bus
com p 3 | GO pAaramy B | §
maich E |/\|
| SSRE [HL) |< =2
Ji]
conral " | =
| [oe | [d CapLre I I
Tia 1AL (HAL) z
IGAE [HL] =
FTIE —m—]
IR [HAL)
B IGRD [HL)
FTIE — e
TEER KL
TIER
T =R
|_-__ P
(Lo PN
1B
m—— L] L]
i L[] IrmMErmptsigrals
E——— T R
———— & | B
Foowtl
Legend
FR. G Frezs-runnlng Counter (16 bits) TER: Timer IniErmptenabls reglster (S O]
OGRS, B Sutputcom pare reglster A, B (16 bits) TE R Timer conirol reglster (S blis]
1'ZRM, B, o, . INpULCApLIrE register & B, o, I (15 Dt=] TR TImer oUdtputcom pars Ccontol UPDATE DATE: 5/12/98
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8-bit Timers
Type One (on H8/300L only)

e One channd
 Operatesasaninterval timer - interrupt generated upon overflow
» Providesreal-time clock base operation

— uses 32KHz subclock as count base for 4 distinct overflow periods
— Interrupt generated upon overflow
o Canoutput 8 clock signals - 4 derived from the 32KHz subclock,
and 4 derived from the system clock

Type Two (on H8/300L only)
e One channd
 Operatesasaninterval timer - interrupt generated upon overflow

* Provides software-controlled auto-reload function - new timer
value loaded from load value register

e Timer clock sources - 7 internal and 1 external

UPDATE DATE: 5/12/98
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8-bit Timers(cont’d.)

Type Three (on both H8/300L and H8/300)

 Upto 2 channels

* Two independent comparators per channel - up to 2 PWM outputs
controlled by compare-matches

» Counter clear options upon compare-match or external reset
o Selection of 7 clock options - 6 internal and 1 external
* Interrupt-generating capability - compare-match and/or overflow

UPDATE DATE: 5/12/98
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8-bit Timer Block Diagram
Type 3 - H8/3437 one channel example

HiEmA
ExEmA chock FoUrCes Chanrel 0 Sharne 1
cock soLrce BpiZ Bpid
Thd 1 ap's apis
————————  @p' @ pSid
@ it @pi12s
A pi2iG & 102
@102 @ pi20e
-
L) ¥
| GIock
clock select | | TGORA k:
i N
GO pare match A |
=] |  “omparator A |
Thiy =] |/\|
overiow ¥ iEME
TMRI — =] | TGNT K— by E b
] 1
—
| & E
— | womparabr B | g =)
conrol compare match B T
ik [ ] 2
| tcome T
}{ T 5R |(
! TGR I
I Gl 8 AT

— & OV

IMETUpt Sgraks

TER:  Timer contol reglster (2 bits)
TGSR:  Timer contoel ELs recl #18F (S biE)
TCORA TIMe constnt regster A (2 bit)
TCORE: TIME ConSERT redster B [2 bits)

TGHNT:  Timer counier UPDATE DATE: 5/12/98
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PWM Timers

H8/300L

* Providesa PWM output with a variable dutycycle
» Offers 14-hit resolution
e Can beused asD/A converter with external low-passfilter

H8/300

* Provides 2 independent PWM outputs (except 16 for the H8/3217
and H8/3318 only)

— generated by comparison between a single time base and up to 16
Independent comparators

o Selection of up to 8 clock sources (internal or external)
» Signal control features

— Direct or inverted PWM polarity output
— Software enabl e/disable control

UPDATE DATE: 5/12/98
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PWM Block Diagram
H8/3217 example

PP, —t— =
I TP E—
PP, ~—

P1,/PW,

Garnparatoro [ PwWDRO b———{ |Mladula
Crornparator 1 F—— PWDR1 C—
Cornparator 2 F—— PWDR2 C—
Gormnparator 5 F—— PWDR2 —

|

[

P2y /P, ~—]
P2/PW g --—]

I

Gomparabr 14— PWDR14 F—
Gamparaor 1ap—1 PWDR1E [F— A

[ e e

P 1./, —— =i Comparator 4 FT— =R ] =1 b
F1g/P ; ~i—] E it Cromn parator 9 T PwWDRS SE—
PlyFie, =— 1§ [ Gomparator 6 k] PFWDRE [ E Intarnal
PP, —-——— E_ =} Gormparator T kT PWDR7?  p— 5 data hug
PP, ——— E = Gomparator 3 f——] PWDRE s ) E ::
P2 iFW, -— T |- Gomparatora F—]  PWDRS 3 a )
P22/ P | ] % ot Gomparabr 10— PWDRIO fF—A i
o P, ——] T | Gornparabr 11 k———] PWDR{1 F——H i
P2 W g -' Gornparabr 12 k—— PWDRIZ F——| i
P2a P g ——— = Gomparabr 1% [l PWDRI1Z [ E

i

1

1

!

i

FwDFRE PWDPRA [ 7ewt  |e—{Chck zabacionfe——  grcR
PW GERA PWOERAL T T
PZ0DOR P1DDR
FZDR P1 DR @ o
Intarm al clack
Lagand

PWDR: P b d ata ra gistar

PWDPRA PW hidata pabarity ragiztar &
PWDFPRB: PW hidata pabarity ragiztar B
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H8/H8S Technical Product Overview

Watchdog Timer

Monitors system operation
* By resetting the CPU
* By generating an NMI (H8/300 only)

Selection of 8 clock sources
8-bit resolution

Can also operate as an interval timer
o Generates an interrupt at each overflow

UPDATE DATE: 5/12/98
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Watchdog Timer Block Diagram
H8/3437 example

Interral M
iWatchdog tirmer rode)
Intermupt
Signals Intemal
™ Cverflow e =
OVF (rterval | Intermupt [ TCHNT tlata bus
tirmer moce) control | Readfwrite
control
g Tean Fe—
Intermal reset i |
gy Intemal dodk souros
il —— Eﬁp.lg
Chck | — Gp/ie
—— |3|:|.IE4
CIokK L ppi128
sekect e GpEE
s— Ep/H12
t— Cip/ 2048
TCMNT: Timer counter G006
TCER: Timer controlistatus register a
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H8/H8S Technical Product Overview

Serial Communication Interface (SCI)

Type 1 (only on H8/300L devices)

e One channd - operating synchronousy ONLY
— 8 or 16-hit data length

— supports SSB (synchronized serial bus) communication with multiple
devices on the H8/3644

— Interrupt generating capability - upon end of transfer
— selectableinternal or external clock sources

Type 2 (only on some H8/300L devices)

* One channd - operating synchronousy ONLY

— automatic transfer of up to 32 bytes of data
» transfer can betriggered externally
» strobe pulse can be output per each transfer
» delays can be inserted between each transfer

— selectableinternal or external clock sources
— Interrupt generating capability - end of transfer or error

UPDATE DATE: 5/12/98
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SCI (cont’d.)

Type 3 (all except some H8/300L devices)
e Upto 2 channels (one channel on H8/300L)
Asynchronous operation
— adheresto standard asynchronous communication formats

— error-checking and break detection capabilities
— max. 156K bitg/sec. (H8/300L), max. 500Kbits/sec. (H8/300)

e Synchronous operation
— 8-bit data length
— max. 2.5Mbits/sec. (H8/300L), max. 4Mbits/sec. (H8/300)
* Full duplex communication
» Built-in baud rate generator - selectable bit rates
» Selectable clock sources - internal or external
 Interrupts upon end of transmission/receive and/or communication error

» Multiprocessor function (H8/300 only)
— serial communication with multiple devices

UPDATE DATE: 5/12/98
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SCI Type 3 Block Diagram
H8/3437 - one channel example

% Interma
= cata bus
hodule data bus % >
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Farity check
Extemal dod: source
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=TXI
w1
w-E Rl
RSA: Feceive shift register (8 bits) Intermupt signals

RDR: Receive data register (2 bits)

TER:  Transmit shift register & bits)

TDR: Tranamit dataregister (3 bits)

SMB: Serial mode register (3 bits)

SCH:  Serial control register (2 bits)

35R:  Serial status register (2 bits) UPDATE DATE: 5/12/98
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12C Interface

Provided on some H8/300 devices only
Subset of the Philips I°C serial bus interface protocol

Up to 2 channels of 2-wire serial link between H8 and
peripheral devices
o Comprisesasingledatalineand aclock line

Operation features
 Master/dave recelve and transmit mode support
« Automatic generation of start/stop conditions
o Wait state insertion during acknowledgement mode

Selection of 8 internal clock sources (master mode)

Three interrupt sources
« Datatransfer end
» Slave address match (in dlave receive mode)
e Busarbitration lost (in master transmit mode) UPDATE DATE: 5112198
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1°C Block Diagram
H8/3437 example
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ICCR: 12C bus contral register AR - e
ICMP: 122 bus mode register
IC3R: 13 bus st register CR
ICDR: 1% bus dats register i
4F: Sk address register w-  Interrupt - P
P3:  Prescaler -  generstor request
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H8/H8S Technical Product Overview

A/D Converter

Up to twelve separate input channels (H8/38XX, else eight)
Up to 10-bit resolution (8-bit on H8/300L)
Sample-and-hold function

Up to 2 conversion modes
» Single mode: one channel A/D conversion
e Scan mode: up to 4 channel sequential conversion (H8/300 ONLY)

Conversion speed
o Max. 124ns, min. 12.4us (H8/300L), max. 8.4us (H8/300)

Trigger mechanisms

» By software or by dedicated input pin
Interrupt generating capability

» Upon end of conversion

Selectable analog conversion voltage range (H8/300 only)

UPDATE DATE: 5/12/98
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A/D Block Diagram
H8/3437 example

Module data bus data bus
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interrupt
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Legend

ADCRH: AD control registar
ADCER: AD controlistatus register
ADDRA AD data redister A
ADDRB: AD data redister B
ADDRC: AD data reqister

ADDRD: AMD data registar D UPDATE DATE: 5/12/98
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D/A Converter

Only on H8/300

Two independent channels
8-bit resolution

Conversion time - max 10ns
Selectable output voltage range

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

Liquid Crystal Display (L CD) Controller

Only on some H8/300L (H8/38xx)
Up to 40 segment on-chip display driving capability
o Upto 512 segments when used with external driver

LCD RAM capacity of 512 bits (8 bits x 64 bytes)
» Word access capacity

Internal voltage divider
* Provided to LCD power supply

Unused common lines can be used to boost
common output

Displays in all operation modes (except standby)

UPDATE DATE: 5/12/98
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Host Interface Controller (HIF)

Provided on some H8/300 (IKAP") devices only

Dual-channel 8-bit parallel interface between CPU
and host processor (e.g. Intel 80x86 devices)
 HS8isdaved to the host processor

Communication protocol consists of

e Control signalsfrom the host processor to the H8 CPU (e.g. chip
selects, read/write signals, address sel ect)

e OQutput signalsfrom H8 CPU to the host processor (A20 gate
signal, interrupt requests to host)

» 8-bit bi-directional command/data bus
Two operation types (both emulate an addressing
mode used by Intel 80x86-powered PCs):

* Regular host interface operation
o Fast GATE A20 operation

*IKAP = Intelligent KeyBoard And Power management (H8/333X, 343X, & 321X)

UPDATE DATE: 5/12/98



(Intemal intermipt sionds)

H8/H8S Technical Product Overview

HIF Block Diagram
H8/3437 example

IBHFZ IBF HOHBH- HDBS
T T ¥DBr ¥DBa
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ECS./CS, ™ control
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HIFQ, Partd | HICR o
HIF‘Q-IE_" I'A‘"I
Gy —= | Portg
N
Bui=
Imtermal data bus i
Legend
IDR1:  Input data register 1
IDR2Z:  Inputdata register 2

QDR Output data register 1

QDRZ: Output data register 2

STR1: Status register 1

STRZ: Stabus register 2

HIZH: Hostinterface control register

Waoduke data bus
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H8/H8S Technical Product Overview

Keyboard Controller Function

Provided on some H8/300 (IKAP") devices only

Provides a key-sense interrupt function scheme

o Controls amatrix keyboard using a keyboard scan with wake-up
Interrupt and sense port configuration

Used for keyboard control of an Intel 80x86-based
laptop
 H8 CPU operatesin the host interface dave mode

BIOS firmware support provided by SystemSoft and
Phoenix Technologies

*IKAP = Intelligent KeyBoard And Power management (H8/333X, 343X, & 321X UPDATE DATE: 5/12/98
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|nterrupt Processing

Two types

o External interrupts
— maskable IRQs - upto 13 (H8/300L) and 9 (H8/300)
— NMI - only on H8/300
— sensed upon rising or falling edge
* Internal interrupts (from on-chip modules e.g. SCI, timers, A/D, €tc.)
— upto 21 (H8/300L) and 33 (H8/300)

Masking vs. enabling

o All interrupts (except NMI) can be masked
« All interrupts can be individually enabled

Individually vectored - automatic interrupt handling
Interrupts prioritized in the vector table

UPDATE DATE: 5/12/98
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16-bit CISC Peripherals
e H8/300H and H8S
 |Interrupt Processing




H8/H8S Technical Product Overview

16-bit CISC Peripheral Modules

Modules H8/300H | HB8S/21xx Egggéii
Bus Controller v v v
Timer Unit (ITU or TPU) v - v
Pattern Generator (TPC or PPG) v - v
16-bit Free Running Timer - v -
8-bit General-Purpose Timers - v -
PWMs - v _
DMA Controller v - v
Data Transfer Controller (DTC) - v v
Serial Communication Interface (SCI) v v v
1°C Interface - v -
A/D Converter v v
D/A Converter v v v

UPDATE DATE: 5/12/98
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Bus Controller

Partitions memory space into 8 distinct blocks
Provides chip select lines for each memory block

Selects access data size as 8-bit or 16-bit for each
block

Selects access cycles as 2 or 3-state for each block
Inserts wait states (by software, hardware, or both)

Provides bus arbitration and prioritization
« CPU < DMAC < Refresh Controller < External Bus Master

Additional features - H8/3067, H8S/22xx-26xx only

» |dlecycleinsertion - to avoid bus timing problems
» Write buffer functions - for parallel task execution

UPDATE DATE: 5/12/98
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Bus Controller (cont’d.)

External memory support

o Gludess DRAM interface capability
— up to 8Mbyte (64Mbit DRAM bank)
— providesRAS, 2CAS or 2WE accesssignals
— row address/column address multiplexed output (8/9/10 bits)
— fast page mode support (H8/3067 and H8S/22xXx-26xX)
— CAS-before-RAS or self refresh options
o GluelessBurst ROM interface capability (H8/3067 and H8S/22xx-26xX)
— up to 2Mbyte support
 PSRAM interface support

e Direct SRAM/EPROM connectivity

UPDATE DATE: 5/12/98
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Bus Controller Block Diagram
H85/2655 example
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H8/H8S Technical Product Overview
DRAM Connection Example
H8S52655

2CAS type 4 Mbit DR AM
HE= 2555 286- kbyta = 160 it configu mton
Puddress shift e ==t © 9 bits) % Q-bit cokirnn sddmess
SS FAS - FAS
CAS UCAS) A LIS AS
DWE (LTAS) = [CAS
HMF (IWE) = WE
Ag o BT Levy addns=s
As Ao mput: Az 0 A
A -l ol rin addmeess
7 i nput: Ao Aq
A ™A
Ag ot £
Ay e 10
A an FL
Az Ay
Ay o T
Dyt Dy f s 12 Dy
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Timer Unit (ITU or TPU)*

Up to 6 16-bit channels (5 on some H8/300H)
* Two comparatorsinput-capture registers and a timer counter per channel
* Free-running, periodic, or external event counter operation options
Selection of 8 clock sources (internal or external)

Buffering
 Input-captureregistersin up to 4 channels

Interrupt-generating capability
» Up to 26 sources (compare-match, input-capture, overflow, underflow)
» Can activate DMA transfers upon compare-match/input-capture
o Cantrigger pattern generator module to produce up to 16 PWM outputs
» Compare-match/input-capture can be used to start A/D conversion

*|TU = Integrated Timer Unit (H8/300H)
TPU = Timer Pulse Unit (H8S/22xx-26xXx) UPDATE DATE: 5/12/98
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| TU/TPU (cont’d.)

Operation Modes

* Normal operation
— up to 16 smultaneous toggle/compare-match outputs
— up to 16 capture inputs
— one-shot output capability
e Synchronous operation
— 2 0or more counters can be preset or cleared smultaneoudy
« PWM modes
— selectable duty-cycle
— up to 15-phase PWM output possible
— complementary overlapping or non-overlapping combinations possible
» Phase-counting mode
— calculates phase difference between 2 external square-wave inputs

Cascaded operation (H8S/22xx-26xx only)
o 2 16-bit channels combined operate as 32-bit timer

UPDATE DATE: 5/12/98
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| TU Block Diagram

H8/3048 - example

TCLEA to TCLED e
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Bus interface
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Legend

TOER: Timer output rmaster enable register (3 bits)
TOCR: Timer output control register (& bits)
TETH: Timer start register (2 bits)

TEMC: Timer swnchro register (2 bits)
TMDR: Timer mode register (8 bits)

TFCR: Timer function control redgister (8 bits)

Cr-chip data bus

TCLKA 0 TCLKD A —ae- T|OC A
Clodk selector [ T|OCHg
B, @62, o4, @l - ]
Caontrol logic IMIAD
Comparator = |MIBO
== VIO
'_
ANEINE: AN
= (] (] ~ = s —
hodule data bug
Lecend
TCNT: Timer counter (16 bits)
GRA, GRB: General reqisters A and B jnput capturedoutput com pare registers) (16 bits < 2)
TCR: Tirner control register (& bits)
TIOR: Tirmer 150 control register (8 bits)
TIER: Timer interrupt enable register (8 bits)
T3R: Timer status register (2 bits)

ITU overall block diagram

ITU channel O block diagram
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| TU/TPU Operation Example
H8/3048 - Input Capture

TCHT waue

=

o

[ R B P e Ot '

_____________________________

Counter cleared by TIGCH
/ input (faling edoe)

H*O000

TIOCH \
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| TU/TPU Operation Example
H8/3048 - Synchronized Operation

valie of TONTO 10 TUNTZ oo by compare match with GRBO

l e e

GRBO oottt T TTTTTTTTTTTT T T
e e I B R
GRAD [ i T T T T T T T e e
GHEE ———————————————— f O M -— .
e A B e
T 7 s R s e e o s e e e T B
HOOD T Tme
TIOC Ay

TIOC A

TIOC Ay
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| TU/TPU Operation Example
H8/3048 - Complementary PWM M ode

TCMTE and

ULE e e 22 Dowr-counting starts at compare
1 o~ match between TCNTS and GRAZ
GRAZ

GRBE3

GRA4

GRB4

Hoo0D T i - Time

1. |4l Up-countingstarts when
TIOCA; b b {4 TCNT4underflows ||

TIOCB;

TIoCA, i

TOCKA,

TIOCH,

—_—

TOCXB,
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Pattern Generator (TPC or PPG*)

Outputs up to 16 independent PWM waveforms

Trigger mechanism
e Compare-match from 4 ITU channels
« Trigger signals activate groups of 4 outputs at atime
» Overlapping or non-overlapping output options
» Can operate in conjunction with the DMAC

— Compare-match trigger signals can activate the DMAC for sequential
transfer of output pattern to the TPC

* TPC = Timing Pattern Controller (H8/300H)
PPG = Programmable Pattern Generator (H8S/22xx-26xXx) UPDATE DATE: 5/12/98
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TPC/PPG Block Diagram
H8/3048 example

ITU com pare match zignake

L1l

PADDR PEDDR AN
Contol logic MDERA MDERB I A
TPMPR TR:R

THyg =4 Intemal
THy4 -— Pulze output L — data bus
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TR 5 =]
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Tpf -— pinz, group 0 : : C>
TF‘D ~ulf——] \‘_,"
Legend

TPMRE: TP output mode register

TRCR:  TPC output control register

MDERB: Mextdata enable register B

MDERA: Mext data enable register 4

PELDR: Port B data direction register

PADDRE: Part & data direction register

MDRB: Mextdata register B

KMDRA:  Mextdata register &

PEDR: Port B data register

PADFE:  Port & data register UPDATE DATE: 5/12/98
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TPC/PPG Operation
H8/3048 example

DDR MDER
2 Q
Qutput rigoer signal
|
c
- Intemal
2 DR D= Q@ NDOR DM 4atabus

TPC output pin
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TPC/PPG Operation Example
H8/3048 - 5 PWM output pattern

TCHT walle Cam pare match
GRA

The ITU channel to be uzed a3 the output tigger channel iz setup 30 that GRA4 s an output com pare
regizter and the counterwill be cleared by com pare match &. The trigger period is 3=tin GRA.
The IMIEA bitizsetto 1in TIER t©o enable the com pare match 4 intemrupt.
H'FS iz written in PBDDR and MDERB, and bits G3CGM 31, G3CGM30, G2CMS1, and G2 CMS30 are et in
TPCR o select com pare matdh in the ITU channel 32t up in 3tep 1 a3 the output tigger.
Qutput data HBO0 is written in NDREB.
The timer counterin this ITU channelis started. When com pare match & occurs, the NDRB contents
are ransferred to PBDRE and output. The com pare matchinput captare & (M FL) interupt serdce mutne
wiite 3 the next output data (H'C03in NDRAB.
Fwve-phaze overlapping pulse output (one or two phases act we at a time) can be obtained by writing
H40, H%0, H20, H30, HY10, H1S, HOS, HSS. .. at successive IMFL interrupts. If the DMA C iz set for
activation by thizinterrupt, pulze output can be obtained without loading the CGPLL
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16-bit Free Running Timer (FRT)
Only on H8S/21xx devices

One channel with 2 independent comparators
e Up to 2 smultaneous waveforms

Four input-capture lines

» Current count can be captured on rising/falling edge of input signal
» Two channels can be used as buffers for the other 2 channels

Counter clear option - upon compare-match

Selection of 4 clock options
e 3internal and 1 external

Interrupt-generating capability
e 7 interrupts upon compare-match, input-capture, and/or overflow

UPDATE DATE: 5/12/98
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FRT Block Diagram
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8-bit General Purpose Timers
Only on H8S/21xx devices

Up to 2 channels

* Two independent comparators per channel - up to 2 PWM outputs
controlled by compare-matches

Counter cleared upon compare-match or external reset
Selection of up to 7 clock options

o Six internal and one external
Interrupt-generating capability

e Compare-match and/or overflow

Cascade operation
o Channéds can be linked to operate as 16-bit timer

UPDATE DATE: 5/12/98
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8-bit TimersBlock Diagram
H852144 example
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PWM Timers
Only on H8S/21xx devices

8-bit PWM Timer

* Provides 16 independent PWM outputs
— generated by comparison between one time base and 16 independent comparators
— adjustable duty cycle (0-100%o)
— max. 1.25MHz carrier frequency
— direct or inverted outputs and enabl e/disable control

e Sdection of 5 internal clock sources

14-bit PWM

* Provides 2 PWM outputs with a variable dutycycle
» Can be used asa 14-bit D/A converter if connected to external low-pass filter

UPDATE DATE: 5/12/98
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8-bit PWM Block Diagram
H852144 example
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FWERRE: Py data polarnty egistar B
Fw BERA . P cutpoat srable egistar A
FWoOBERE: Py cutput srable mgietar B
PSSR Farpberal cloch sskat mgistar
F1CCR: Fort 1 datm dimction egistar
FECOR: For 2 dat disction egistar
F10CF: Fort 1 dats registar

FEDR: Fort 2 dats registar UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview
Direct Memory Access Controller
(DMAC)

Full address space can be specified
Byte/Word transfer options

Operation modes
e Short address mode
e Full address mode

Activation sources

e Internal interrupts
— upon timer compare-match/i nput-capture events
— upon serial channel transmit/receive completion
— upon A/D end-of-conversion (some devices only)

o External request
» Software request (auto-request)

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

DMAC Block Diagram
H85/2655 example

< Intemal addess bus =

Intemal internpts l/\l
TG0 ——e= e T Ackdress buffer

TS 1A — ]
TE2s — -
TS - —-?"r Fmoosssor D
REC L T —
TS5 ——w = MARDS
TXID —— -] o
ST Ts S——— _ = E ISR o
Ak o Control logic | 5 ETCROA a
Rl —] = &
AD — £ 8 MARCE &

Extemal pins o ] o RO i)
DRED, — =
DREEQ, — D 20 EFR = EICROE 2
IZEE DMATCH = MAR1A
DACH::, = ] S e =t - E [aT1=3 ¥
DACK, ~=—] DIMACRCE % 5 ETCR1A

Internpt sichals W
DEMDOE =-—-i CMACR1E E IDAR1E
B%Blé -] I | DrMABCH & ETCRIE o)

| Databuffer

y

Intemal chata bus

Lagand
DRAWYER : DRA write enable register
CRATZR  DRMA terminal contmol negister
DrAAECH - DA bEand contmal register (for all channeks)
OhACHE - DA control negister
MAR : Memory address negister
28R 1D addess egister
ETCR  Executive tran sfer counter register UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

DMAC Modes of Operation

Single address (fly-by) operation - only on H8S/22xx-26xX
e Singlecycle bustransfer

 Maximum 4 channdls
Other short address modes

o Seguential (1/0) mode

e |dle mode

* Repeat mode

o 4 channd smultaneous operation (8 channels on H8/3003)
Full address

* Normal transfer operation
* Block transfer operation

» 2 channd smultaneous operation (4 channels on H8/3003)

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

DMAC Single Address M ode Operation
H85/2655 example

%

Address T — ] | DACK

1 bvte or word transfer performed n
Esponse to 1 transfer equest

Max 64K transfers

Legend
Adodess T = L
' Addess B = L + 1T D [20TEE 1)
Address B —me- Where . L = Value set in MAR

M = YWalug sst in ETCR

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

DMAC Seguential (1/0) Operation
H85/2655 example

Ackress T —fpue] <‘Iﬂm> oa— | AR

%

1 byte or word transfer performed n
Esponss o 1 transfer equest

Max 64K transfers

L nd

Aodress T=1L
T Aodress B=L + =1 :PT":M (QJT52¢ =17
Acdress B —e- Wihez . L="\aluesst n MAR

M=Vvalessth ETCH

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

DMAC Idle Operation
H85/2655 example

Max 64K transfers

%" %

MAR — b= e 1047

% %

1 byte orword tmnsferpefomed in
response to 1 tmansfer request

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

DMAC Repeat Operation
H8Y2655 example

B o

%

1 byte or word transfer performed n
Esponss o 1 transfer equest

Max 64K transfers

Lagasnd
Aodress T=L
' Address B =L + (—1)5TDs [20TSEs T—17)
Aodress B —e-] Whers: L= Value set in MAR

M = VWalue set in ETCR

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

DMAC Normal Mode Operation
H85/2655 example

T S

Max 64K transfers

¥ Y
Address By —me -8 Address Bg
Addess Ta =La

Addess Te = L

AddEss B = Le + SAIDE » (—175aD0 « (20T « (117)

Address BEg = Lg + DAIDE « [—1)0aD + 20T + [M-17)

Where: L, =Value sst h MARA
Le =Value szt h MARS UPDATE DATE: 5/12/98
M =V“alueseth ETCRA



H8/H8S Technical Product Overview

DMAC Block Transfer Operation
H85/2655 example

AddEss Ta —I-_ _' Address Ts
—  Blockarsa — | 15t Block |
| (Max 256 bytes) |
Addess By —a Consscutive transfer| ]
of M bytes or wonds
& perfomed h
ST T e e response to one 1 |
request
— Znd block  —
Max 64K block transfers
— Mih block —
[l .
--— Address Bg
Lagend %

Address T,n, = Lp,
Address Te = Le
Address Be = La + SAIDE . (1R8I0 [2OTSZ . 1-17)
Address Be = Lg + DAIDE - (—1)D8IR. [2OTSZ . pAM-1T)
Whers : Ls =Waleset h MARA
Le =vWale=et h MAFE
M =Walesst h ETCRE
M =Waleset h ETCRAH and ETCRAL UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

Data Transfer Controller (DTC)
H8S only

Provides DMA-type software-controlled function
Control register information stored in on-chip RAM

Operation features
e Onechannd transfer at atime
» Trandsfer possible upon any peripheral interrupt request
* Multiple data transfers can be requested by one activation source

Operation modes
* Normal mode - up to 64K byte/word transfers
* Repeat mode - up to 256 repeat byte/word transfers
» Block transfer mode - up to 64K transfers of max. 256 byte block

Can generate interrupt requests upon transfer
C O m p I eti O n UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

DTC Block Diagram
H85/2148 example

Intemal address bus

‘ ‘ Cn-chip
Intermipt controller - DTG FAMN
o
o
e g 5
Internipt A |
request} 5205 E DR s 25 e =
= = b= ]
5 5lal (g 5 | EERE° g |
e LI5|0 o
20 = i
@ :
0 = [ i
0
CRLU intermpot < Intemal data bus >
request
Legend:

MAA, MEB: DT mode registers A and B
CHA, CRB: DT C transfer count registers A and B
=SAR: DTG scurce address register
DAR: DT C destihation address register
DTCERA to DTCERE: DTC enable registers At E
DTVECH: DTG vector register
UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

Serial Communication Interface (SCI)

Max. 3 channels - IrDA v1.0 support on 1 channel (H8S/21xx)

Asynchronous operation
» Adheresto standard asynchronous communication formats
» Error-checking and break detection capabilities
 Max. 625Kbits/sec.

Synchronous operation
« 8-bit data length
« Max. 4Mbits/sec.

Other features
o Full duplex communication
» Built-in baud rate generator - selectable bit rates
» Selectable clock sources - internal or external
 Interrupts upon end of transmission/receive and/or communication error
e Multiprocessor function - serial communication with multiple devices

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

SCI Block Diagram

H85/2144 - one channel example

iF
E Intemal
Mool e data bus % T
[E]
=
RDR TDR SCMP ERR
(1§ % = o
FxD g ! T=R SCH Baud rate Fe—02rd
i SR generator | a6
T raremission'
mcaption contml - 2/64
Tl -
Parity generation | T b Clock |
Parity check
SO - Extemal clock
= TEI
= Tk
= B
Lepend: = 1|
RSR: Receive shift register
RDR: Receive data reqister
TSR: Transmit shift register
TOR: Transmit data egister
ShE: =erial mode register
SR =erial control register
oo =erial status egister
SCME: =erial hiterface mode egister
ERR: Eit mte register

KECOMP: Kevboard compamtor control register (for S22 DA communication) PDATE DATE: 5/12/98



H8/H8S Technical Product Overview

Smartcard I nterface Operation

Only on some H8/300H and H8S/22xx-26xx devices
Uses one SCI channel only

ISO/IEC 7816-3 compliant

Asynchronous communication type

o Supportsdirect and inverse convention
e Automatic data retransmission
» Error signal detection

Interrupt generating capability
» Transmit buffer empty, receive buffer full

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

1°C Interface (H8S/21xx only)

Subset of the Philips I°C serial bus interface protocol
o Upto 2 channelsof 2-wire serial link between H8 and external devices

o Comprisesasingledatalineand aclock line
— can provide direct bus drive (NMOS open-drain outputs)

Operation features
 Master and dave receive and transmit mode support
» Automatic generation of start/stop conditions
o Wait state insertion during master or dave mode
» Arbitration lost condition identification
e Addressing or non-addressing format support

Selection of 16 internal clock sources (master mode)

Three interrupt sources
» Upon datatransfer end
» Upon dave address match (in dave recelve mode)
* Upon stop condition detection

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

1°C Interface Block Diagram
H852144 example

Formatiess dedicated
clock ichannel O only)

{' T
-
2R .
SCL oy Clock
L control
Mois= -
et - ICHR: - -
| Busstate
_ | decision e
e =i )l =y o
cimcuit ICER fie =
A itretion | s - =
o decision 5
cirncuit DR T —t =
=
ey g * -
ICORR e
Moisz
canceker 1
Addess
com A rmtor =
|
SAR, SARX — =
N
o= Internapt — Intermiot
Legend: = generator request

ISR 13 bus contmol Eegister

ICMPE:  13C bus mode register

ISR 152 bus status register

IZOR: 132 bus data register

SAR:  Slave address register

SARM: Slave address register X UPDATE DATE: 5/12/98
P Frescaler



H8/H8S Technical Product Overview

A/D Converter

Up to 8 separate input channels with 10-bit resolution

Up to 2 conversion modes
» Single mode: onechannel A/D conversion
e Scan mode: up to 4 channel sequential conversion

Sample-and-hold (S&H) circuit
o 2interleaved S&H circuits on H8SY2655

Conversion time
 Min. 6.7us(most devices)
e Min. 2.2us per channel; 1ns continuous conversion (H8S/2655)

Triggering by s/w, TPU/ 8-bit timer, or by dedicated input pin
Interrupt generating capability upon end of conversion
Selectable analog conversion voltage range

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

A/D Converter Block Diagram
H85/2655 example

DA conversion Intemal
Moo —= circuit Bus 1F K jota bus
P O A,
i ; —  ADCRA [
Al ——— E I,_Eift_b_"'_ﬁ_}_ ; = ACDRE o
iy sl | = ADDRC =
— —_ 1 (]
A L Tl : P = ADDRD = &
AMg——g B |} 5o o - >
ary—ed £ | SBHE CHP* I |JB FoE  SRURE T
|
A —w = E::;\h_l_l E é —- ADDRF —l'%
Al —— R : - wl  ADDRT O
| 1
Al —— R Y s e ! =l ADDRH =
A ADCER | ADCR B
AVos e
T v s
OTES crbit timer or
AD - TPU conversion
start trigger
w AL hiternipt
ADCRE - AD control register CMP  Compsarator amay
ADCER - AD control status register =nH s Sampke and hold cicuit
ADDRA - AD data eqister A ADDRE - AD data eqgister E
ADDRE : AD data eqister B ADDRF ;- AD data eqgister F
ADDRC : AD data eqister ADDRG : AD data eqgister G
ADDRD : AD data eqister ADDRH . AD data egister H
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H8/H8S Technical Product Overview

D/A Converter

Two independent channels

8-bit resolution

Conversion time - max 10nms

Selectable output voltage range

D/A output held in software standby mode

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

|nterrupt Processing

Up to 8 priority levels (3 levels for the H8/300H)

Eight level masking
» Decides acceptance of priority interrupts

Independent vector addresses assigned

* No interrupt-identifying handler
External interrupts

 Max. 9 maskable (IRQs) and 1 non-maskable (NMI)

* NMI triggered upon rising or falling edge

» |RQstriggered upon falling edge, rising edge, or active level
Internal interrupts

* From on-chip peripherals (timers, SCI, A/D, DMAC, refresh ctrl.)

UPDATE DATE: 5/12/98



H8/H8S Technical Product Overview

Interrupt Controller Block Diagram

H85/2655 example

IMNTRT INTRIO CHU
|S‘."SCFI!
MMIES
MR ipout #=~ M| hputunit - Internipat
Eequest
P input —— IR glq,ltunrt — P—
i i numizer
| 1scr || 1R | Friority
cetermination
: [ UI
Intemal hternipat @I
o el 200 |
WO o TEI | EXR
1 [
IR
Internpt controller
Legend
] IR sense contmol register
IER D IRQ enable reglister
I=H DR status egister
IP= * nte muagt pricrity register
=R *ntemapt contmol register
SYSCR System control egister
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