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Section 12 8-Bit Timers

Bits 2to 0—Clock Select 2to 0 (CKS2to CKS0): These bits select whether the clock input to
TCNT isaninternal or external clock.

Theinput clock can be selected from either six or three clocks, all divided from the system clock
(). The falling edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising edge,
the falling edge, and both rising and falling edges.

Some functions differ between channel 0 and channel 1, because of the cascading function.

TCR STCR
Bit2 Bitl Bit0 Bitl BitO
Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description
0 0 0 0 — — Clock input disabled (Initial value)
0 0 1 — 0 @8 internal clock source, counted on the falling edge
0 0 1 — 1 @2 internal clock source, counted on the falling edge
0 1 0 — 0 @64 internal clock source, counted on the falling
edge
0 1 0 — 1 @32 internal clock source, counted on the falling
edge
0 1 1 — 0 @1024 internal clock source, counted on the falling
edge
0 1 1 — 1 @256 internal clock source, counted on the falling
edge
1 0 0 — — Counted on TCNT1 overflow signal®
1 0 0 0 — — Clock input disabled (Initial value)
0 0 1 0 — @8 internal clock source, counted on the falling edge
0 0 1 1 — @2 internal clock source, counted on the falling edge
0 1 0 0 — @64 internal clock source, counted on the falling
edge
0 1 0 1 — @128 internal clock source, counted on the falling
edge
0 1 1 0 — @1024 internal clock source, counted on the falling
edge
0 1 1 1 — @'2048 internal clock source, counted on the falling
edge
1 0 0 — — Counted on TCNTO compare-match A*
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Section 12 8-Bit Timers

Table12.6 TMRY 8-Bit Timer Interrupt Sources

Interrupt source Description DTC Activation Interrupt Priority
CMIA Requested by CMFA Possible High

CMIB Requested by CMFB Possible T

ovi Requested by OVF Not possible Low

125 8-Bit Timer Application Example

In the example below, the 8-bit timer is used to generate a pulse output with a selected duty cycle,
as shown in figure 12.12. The control bits are set as follows:

* INnTCR,CCLRlisclearedto 0 and CCLROis set to 1 so that the timer counter is cleared by a
TCORA compare-match.

e INTCSR, bits OS3 to OS0 are set to B'0110, causing 1 output at a TCORA compare-match and
0 output at a TCORB compare-match.

With these settings, the 8-bit timer provides output of pulses at arate determined by TCORA with
apulse width determined by TCORB. No software intervention is required.

TMO

Figure12.12 Pulse Output (Example)
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Section 15 Serial Communication Interface (SCI, IrDA)

Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP hit setting isonly valid in asynchronous mode. If synchronous mode is set the STOP
bit setting isinvalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit™* (Initial value)
1 2 stop bits**

Notes: 1. Intransmission, a single 1 bit (stop bit) is added to the end of a transmit character
before it is sent.

2. In transmission, two 1 bits (stop bits) are added to the end of a transmit character
before it is sent.

In reception, only thefirst stop bit is checked, regardless of the STOP hit setting. If the second
stop bitis1, it istreated as a stop hit; if it is O, it istreated as the start bit of the next transmit
character.

Bit 2—Multiprocessor Mode (M P): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit and O/E bit parity settings are invalid. The MP bit setting is only valid in
asynchronous mode; it isinvalid in synchronous mode.

For details of the multiprocessor communication function, see section 15.3.3, Multiprocessor
Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CK S1, CK S0): These bits select the clock source for the
baud rate generator. The clock source can be selected from @, ¢4, ¢/16, and ¢/64, according to the
setting of bits CKS1 and CKS0.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 15.2.8, Bit Rate Register (BRR).
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Section 15 Serial Communication Interface (SCI, IrDA)

15.3 Operation

15.3.1 Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and synchronous mode in which
synchronization is achieved with clock pulses.

Selection of asynchronous or synchronous mode and the transmission format is made using SMR
as shown in table 15.8. The SCI clock is determined by a combination of the C/A bitin SMR and
the CKE1 and CKEOQ bitsin SCR, as shown in table 15.9.

Asynchronous Mode:

» Datalength: Choice of 7 or 8 bits

» Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits (the
combination of these parameters determines the transfer format and character length)

» Detection of framing, parity, and overrun errors, and breaks, during reception
» Choice of internal or external clock as SCI clock source
O When internal clock is selected:

The SCI operates on the baud rate generator clock and a clock with the same frequency as
the bit rate can be output

0O When externa clock is selected:

A clock with afrequency of 16 times the bit rate must be input (the built-in baud rate
generator is not used)

Synchronous Mode;

e Transfer format: Fixed 8-bit data
« Detection of overrun errors during reception
e Choice of internal or externa clock as SCI clock source
O When internal clock is selected:
The SCI operates on the baud rate generator clock and a serial clock is output off-chip
0 When external clock is selected:
The built-in baud rate generator is not used, and the SCI operates on the input serial clock
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Section 15 Serial Communication Interface (SCI, IrDA)

(1]

’ Initialization ‘ [1]
[
C Start transmission/reception )

-

’ Read TDRE flag in SSR ‘ [2]

[2
No

Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

—>{ (3]

’ Read ORER flag in SSR ‘

Read RDRF flag in SSR ‘ [4]

No

Yes [5]

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

5]

Clear TE and RE bits in SCR to 0

<End>

Note: When switching from transmit or receive operation to simultaneous
transmit and receive operations, first clear the TE bit and RE bit to
0, then set both these bits to 1 simultaneously.

SCl initialization:

The TxD pin is designated as the
transmit data output pin, and the
RxD pin is designated as the
receive data input pin, enabling
simultaneous transmit and receive
operations.

SCI status check and transmit data
write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.

Transition of the TDRE flag from O
to 1 can also be identified by a TXI
interrupt.

Receive error handling:

If a receive error occurs, read the
ORER flag in SSR , and after
performing the appropriate error
handling, clear the ORER flag to 0.
Transmission/reception cannot be
resumed if the ORER flag is set to
1.

SCI status check and receive data
read:

Read SSR and check that the
RDRF flag is set to 1, then read the
receive data in RDR and clear the
RDREF flag to 0. Transition of the
RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

Serial transmission/reception
continuation procedure:

To continue serial transmission/
reception, before the MSB (bit 7) of
the current frame is received, finish
reading the RDRF flag, reading
RDR, and clearing the RDRF flag to
0. Also, before the MSB (bit 7) of
the current frame is transmitted,
read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR and clear the
TDRE flag to 0.

Checking and clearing of the TDRE
flag is automatic when the DTC is
activated by a transmit-data-empty
interrupt (TXI) request and data is
written to TDR. Also, the RDRF flag
is cleared automatically when the
DTC is activated by a receive-data-
full interrupt (RXI) request and the
RDR value is read.

Figure15.20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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Section 15 Serial Communication Interface (SCI, IrDA)

. 16clocks
8 clocks
<0—;‘ 15/ 0 7 15 0
clock ) = [
Receive data _] ' Start bit | DO |D1
(RxD) e ) )

Synchronization : v D
sampling timing ! L i

Data sampling o il
timing H H

Figure 15.23 Receive Data Sampling Timing in Asynchronous M ode

Thus the receive margin in asynchronous mode is given by equation (1) below.

M = ‘(0.5 - i) —(L—0.5)F —

1+F 100%  ceeeeeeen 1
o ( )| x o (@8]

D -0.5]
N

Where M: Receive margin (%)

N: Ratio of bit rate to clock (N = 16)

D: Clock duty (D =0to 1.0)

L: Framelength (L =9to 12)

F: Absolute value of clock rate deviation

Assuming values of F=0and D = 0.5 in equation (1), areceive margin of 46.875% is given by
equation (2) below.

WhenD =0.5and F=0,

M = (0.5 - ) x 100%

1
2x16
=46.875% )

However, thisisonly atheoretical value, and a margin of 20% to 30% should be allowed in
system design.
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Section 20 A/D Converter

Digital output

Ideal A/D conversion —»
H'3FF - characteristic
H'3FE -
H'3FD -
H004 -
H'003 [~
H'002 |~ Quantization error
H'001 |~
Hooo A — L1 |
1 2 1022 1023 FS
1024 1024 1024 1024
Analog

input voltage

Figure20.9 A/D Conversion Precision Definitions (1)

Full-scale error

i

Digital output

Ideal A/D conversion
characteristic

/" L— Nonlinearity
error

—-— Actual A/D conversion

characteristic
L FS
L Analog
Offset error input voltage

Figure20.10 A/D Conversion Precision Definitions (2)
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Section 22 ROM (Mask ROM Version, H8S/2148 F-ZTAT, H8S/2147N F-ZTAT, H8S/2144 F-ZTAT, and H8S/2142 F-ZTAT)

2242  Block Diagram

Internal address bus

Internal data bus (16 bits)

« O
C> FLMCR1 _ Operating )

Bus interface/controller ] -+— Mode pins
2 < fFmcra] L mode
2<__[EBR1 ]+ Q O
2K > EBR2 |

Flash memory
(128 kbytes/64 kbytes)
Legend:

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR1: Erase block register 1
EBR2: Erase block register 2

Note: * These registers are used only in the flash memory version. In the mask ROM version,
a read at any of these addresses will return an undefined value, and writes are invalid.

Figure22.2 Block Diagram of Flash Memory
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Section 23 ROM (H8s/2148 F-ZTAT A-Mask Version, H8S/2147 F-ZTAT A-Mask Version, H8S/2144 F-ZTAT A-Mask Version)

Bit 0—Program (P): Selects program mode transition or clearing. Do not set the SWE, PSU,
ESU, EV, PV, or E bit a the sametime.

Bit 0

P Description

0 Program mode cleared (Initial value)
1 Transition to program mode

[Setting condition]
When SWE =1, and PSU =1

2352 Flash Memory Control Register 2 (FLMCR2)

Bit 7 6 5 4 3 2 1 0

\ FLER \ — \ — \ — \ — \ — \ ESU \ PSU \
Initial value 0 0 0 0 0 0 0 0
Read/Write R — — — — — R/W R/W

FLMCR2 is an 8-hit register that monitors the presence or absence of flash memory program/erase
protection (error protection) and performs setup for flash memory program/erase mode. FLMCR2
isinitialized to H'00 by areset, and in hardware standby mode. The ESU and PSU bits are cleared
to 0 in software standby mode, subactive mode, subsleep mode, and watch mode.

When on-chip flash memory is disabled, aread will return H'00 and writes are invalid.

Bit 7—Flash Memory Error (FLER): Indicates that an error has occurred during an operation on
flash memory (programming or erasing). When FLER is set to 1, flash memory goes to the error-
protection state.
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Section 23 ROM (H8s/2148 F-ZTAT A-Mask Version, H8S/2147 F-ZTAT A-Mask Version, H8S/2144 F-ZTAT A-Mask Version)

2353 EraseBlock Registers1and 2 (EBR1, EBR2)

Bit 7 6 5 4 3 2 1 0
EBR1 \ — \ — \ — \ — \ — \ — \ EB9/—"?| EB8/—*2
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — — RIW ™2 RIW***?
Bit 7 6 5 4 3 2 1 0
EBR2 ] EB7 ] EB6 \ EB5 \ EB4 \ EB3 \ EB2 \ EB1 \ EBO \
Initial value 0 0 0 0 0 0 0 0

Read/Write ~ R/W** R/W R/W R/W R/W R/W R/W R/W

Notes: 1. In normal mode, these bits cannot be modified and are always read as 0.
2. Bits EB8 and EB9 are not present in the 64-kbyte versions; they must not be set to 1.

EBR1 and EBR2 are registers that specify the flash memory erase area block by block; bits 1 and
0in EBR1 and bits 7 to 0 in EBR2 are readable/writable bits. EBR1 and EBR2 are each initialized
to H'00 by areset, in hardware standby mode, software standby mode, subactive mode, subsleep
mode, and watch mode, and when the SWE bit in FLMCR1 is not set. When a bit in EBR1 and
EBR2 is set, the corresponding block can be erased. Other blocks are erase-protected. Set only one
bit in EBR1 and EBR2 (more than one bit cannot be set). When on-chip flash memory is disabled,
aread will return H'00, and writes are invalid.

The flash memory block configuration is shown in table 23.5.
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Section 25 Power-Down State

Bits 2 to 0—System Clock Select (SCK 2 to SCK0): These hits select the clock for the bus
master in high-speed mode and medium-speed mode. When operating the device after atransition
to subactive mode or watch mode, bits SCK2 to SCKO should all be cleared to 0.

Bit 2 Bit 1 Bit 0
SCK2 SCK1 SCKO Description

0 0 0 Bus master is in high-speed mode (Initial value)
1 Medium-speed clock is @/2
1 0 Medium-speed clock is @4
1 Medium-speed clock is @/8
1 0 0 Medium-speed clock is ¢/16
1 Medium-speed clock is ¢/32
1 — J—

2522 Low-Power Control Register (LPWRCR)

Bit 7 6 5 4 3 2 1 0
| TON | Lson | NesEL|Excle| — | — | — | — |
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W — — — _

LPWRCR is an 8-hit readable/writable register that performs power-down mode control.

LPWRCR isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Direct-Transfer On Flag (DTON): Specifies whether a direct transition is made between
high-speed mode, medium-speed mode, and subactive mode when making a power-down
transition by executing a SLEEP instruction. The operating mode to which the transition is made
after SLEEP instruction execution is determined by a combination of other control hits.
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Section 25 Power-Down State

In order to retain on-chip RAM data, the RAME hit in SY SCR should be cleared to 0 before
driving the STBY pin low.

Do not change the state of the mode pins (MD1 and MDQ) while the chip isin hardware standby
mode.

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the STBY
pin is driven high while the RES pin is low, the reset state is set and clock oscillation is started.
Ensure that the RES pin is held low until the clock oscillation settles (at least 8 ms—the oscillation
settling time—when using a crystal oscillator). When the RES pin is subsequently driven high, a
transition is made to the program execution state via the reset exception handling state.

25.7.2 Hardware Standby Mode Timing
Figure 25.4 shows an example of hardware standby mode timing.

When the STBY pinisdriven low after the RES pin has been driven low, atransition is made to
hardware standby mode. Hardware standby mode is cleared by driving the STBY pin high, waiting
for the oscillation settling time, then changing the RES pin from low to high.

osaitaor | | | [ [| ][] ]]1] AT

srev | ]

T T
Oscillation Reset exception
settling time handling

Figure25.4 Hardware Standby Mode Timing
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Section 26 Electrical Characteristics

Test
Item Symbol Min Typ Max Unit Conditions
Input RES 4 cC, — — 80 pF Vv, =0V,
capacitance \u — — 50 DF f :_1 Mlo-lz,
T,=25°C
P52, P97, — — 20 pF
P42, P86
PA7 to PA2
Input pins except — — 15 pF
(4) above
Current Normal operation e — 55 70 mA =20 MHz
. . . *9
dissipation Sleep mode — 36 55 mA =20 MHz
Standby mode™*° — 1.0 5.0 HA T, <50°C
— — 20.0 MA  50°C<T,
Analog During A/D, D/A Al — 12 20 mA
power conversion
supply Idle — 001 5.0 WA AV_=20V
current 055V
Reference  During A/D conversion Al — 0.5 1.0 mA
powelr During A/D, D/A — 20 50 mA
supply conversion
current
Idle — 0.01 5.0 MA AV =20V
to AV,
Analog power supply voltage™* AV . 4.5 — 5.5 \% Operating
2.0 — 5.5 \ Idle/not used
RAM standby voltage Ve 2.0 — — \
Notes: 1. Do not leave the AVCC, AV, _, and AVSS pins open even if the A/D converter and

D/A converter are not used.

Even if the A/D converter and D/A converter are not used, apply a value in the range
2.0Vto 5.5V to AVCC and AV_,pins by connection to the power supply (V..), or some
other method. Ensure that AV _ < AV_..

ref =

2. P67 to P60 include supporting module inputs multiplexed on those pins.

3. TRQ2 includes the ADTRG signal multiplexed on that pin.

4. Inthe H8S/2148 Group, P52/SCKO/SCLO and P97/SDAO are NMOS push-pull outputs.
An external pull-up resistor is necessary to provide high-level output from SCLO and
SDAO (ICE = 1).

In the H8S/2148 Group, P52/SCKO0 and P97 (ICE = 0) high levels are driven by NMOS.

5. When lICS =0, ICE = 0, and KBIOE = 0. Low-level output when the bus drive function

is selected is determined separately.
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Section 26 Electrical Characteristics

Table 26.57 DC Characteristics (2)

Conditions: V=40V t055V,AV =40V t055V,AV =40V t0AV_,

V=AV . =0V, T,=-20t0 +75°C (regular specifications),

T, =40 to +85°C (wide-range specifications)

Test
Item Symbol Min Typ Max Unit Conditions
Schmitt P67 to P60**"™°, (1) V. 1.0 - = \Y V,=45Vto
trigger input KIN15 to KIN8*®, E — — V_x07 V 55V
voltage IRQ2 to IRQO™”, T c =
IRQ5 to IRQ3 Vi -V, 04 - = v
v, 0.8 - - \Y V. <45V
A — — Vo x07 V
V,' -V, 03 - - \Y
Input high  RES, STBY, 2 Vv, V07 — V403 V
voltage NMI, MD1, MDO
EXTAL, V,.x07 — V403 V
PA7 to PAO™®
Port 7 2.0 — AV, +03 V
Input pins 2.0 — V,.+03 V
except (1) and
(2) above
Inputlow  RES, STBY, 3 Vv, -0.3 — 0.5 \
voltage MD1, MDO
PA7 to PAO -0.3 — 1.0 \% V.=45Vto
55V
-0.3 — 0.8 \ V<45V
NMI, EXTAL, -0.3 — 0.8 \%
input pins except
(1) and (3)
above
Output high All output pins™* V,, V=05 —  — v oy = —200 pA
voltage 35 - = Vo1, =-1mA,
V. .=45Vto
55V
3.0 - - % oy = =1 MA,
V. <45V
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Section 26 Electrical Characteristics

(3) Bus Timing

Table 26.62 shows the bus timing. Operation in external expansion mode is not guaranteed when
operating on the subclock (¢ = 32.768 kHz).

Table 26.62 Bus Timing

Condition A: V_=5.0V +x10%, V=0V, ¢ =2 MHz to maximum operating frequency,
T, =-20to +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)

ConditionB: V_=40Vto55V,V_ =0V, =2 MHzto maximum operating frequency,
T, =-20to +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)

ConditionC: V_=27V1t036V,V, =0V, =2 MHzto maximum operating frequency,
T,=-20to+75°C

Condition A Condition B Condition C
20 MHz 16 MHz 10 MHz Test

Item Symbol Min Max Min Max Min Max Unit Conditions
Address  t,; — 20 — 30 — 40 ns  Figure 26.10
delay time to
Address  t, 05x — 05x — 05x — ns figure 26.14
setup time t,,—15 t,,—20 t,—30
Address  t,, 05x — 05x — 05x — ns
hold time t,.—10 t,.—15 t,.—20
CSdelay t., — 20 — 30 — 40 ns
time (10S)
ASdelay t,, — 30 — 45 — 60 ns
time
RD delay t., — 30 — 45 — 60 ns
time 1
RDdelay t., — 30 — 45 — 60 ns
time 2
Read data t.. 15 — 20 — 35 — ns
setup time
Read data t_, 0 — 0 — 0 — ns
hold time
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Appendix C 1/O Port Block Diagrams

C4 Port 4 Block Diagrams

Hardware standby Reset

Internal data bus

Q D
P40DDR
C

o

f
WP4D SCI2

Reset | | 7T

Q D
P40DR

WP4
Cl— RP4

L~

8-hittimer0 __
—l> » Counter clock input

Legend:

WP4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4

FigureC.6 Port 4 Block Diagram (Pin P40)
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Appendix C 1/O Port Block Diagrams

C38 Port 8 Block Diagrams

HI12E

Mode 2, 3

Hardware standby Reset
|

Internal data bus

R
b Q D
P8ODDR
C

T
WP8D

Reset
L
R
A1
< 2
P8ODR
§
WP8
’\T(]: RP8

ﬁ = HAQ input
Legend:

WP8D: Write to PBDDR
WP8:  Write to port 8
RP8: Read port 8

Figure C.23 Port 8 Block Diagram (Pin P80)
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Appendix C

I/O Port Block Diagrams

%]
>
Qo
©
Kt
kel
©
Hardware standby S
Reset g
‘ £
R
Q D
P86DDR
¢
WPSD scn
~ Input enable
. - Clock output
1 ‘ — Output enable
‘ Re‘set -:' Clock input
R | || s
Q D
P86DR
. C
2 1 1IC1
WP8 Tttt
— SCL1 output
- Transmit enable
’\FCF— RP8 }
-:L SCL1 input

v Y

Legend:

WP8D: Write to PBDDR
WPS8:  Write to port 8
RP8: Read port 8

Notes: 1. Output enable signal

2. Open drain control signal

rD—» IRQS5 input
IRQ5 enable

Figure C.28 Port 8 Block Diagram (Pin P86)
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