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Section2 CPU H8S/2215 Group

2.2 CPU Operating M odes

The H85/2000 CPU has two operating modes: hormal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space. The mode is selected by the mode pins.

221 Normal M ode

The exception vector table and stack have the same structure as in the H8/300 CPU.

Address Space

A maximum address space of 64 kbytes can be accessed.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers. When Enisused as a 16-bit register it can contain any value, even
when the corresponding general register (Rn) isused as an address register. If the general
register is referenced in the register indirect addressing mode with pre-decrement (@—-Rn) or
post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.

Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.

Exception Vector Table and Memory Indirect Branch Addresses

In normal mode the top area starting at H'0000 is allocated to the exception vector table. One
branch address is stored per 16 bits. The exception vector table in normal modeis shown in
figure 2.1. For details of the exception vector table, see section 4, Exception Handling.

The memory indirect addressing mode (@@aa.8) employed in the IMP and JSR instructions
uses an 8-hit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In norma mode the operand is a 16-bit (word) operand,
providing a 16-bit branch address. Branch addresses can be stored in the top areafrom H'0000
to H'OOFF. Note that this areais also used for the exception vector table.

Stack Structure

When the program counter (PC) is pushed onto the stack in a subroutine call, and the PC,
condition-code register (CCR), and extended control register (EXR) are pushed onto the stack
in exception handling, they are stored as shown in figure 2.2. EXR is not pushed onto the stack
in interrupt control mode 0. For details, see section 4, Exception Handling.

Note: Normal modeis not availablein thisLSI.
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Section 5 Interrupt Controller

H8S/2215 Group

53 Register Descriptions

Theinterrupt controller has the following registers. For details on the system control register, refer
to section 3.2.2, System Control Register (SY SCR).

System control register (SY SCR)

IRQ sense control register H (ISCRH)
IRQ sense control register L (ISCRL)

IRQ enable register (IER)

IRQ status register (ISR)

Interrupt priority register A (IPRA)
Interrupt priority register B (IPRB)
Interrupt priority register C (IPRC)
Interrupt priority register D (IPRD)
Interrupt priority register E (IPRE)
Interrupt priority register F (IPRF)
Interrupt priority register G (IPRG)
Interrupt priority register | (IPRI)
Interrupt priority register J (IPRJ)
Interrupt priority register K (IPRK)
Interrupt priority register M (IPRM)
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Section 5 Interrupt Controller H8S/2215 Group

56.2 Interrupt Control Mode 2

In interrupt control mode 2, mask control is done in eight levels for interrupt requests except for
NMI by comparing the EXR interrupt mask level (12 to 10 bits) in the CPU and the IPR setting.

Figure 5.5 shows a flowchart of the interrupt acceptance operation in this case.

1. If aninterrupt source occurs when the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

2. When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.2 is selected.

3. Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that timeis
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

4. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. ThePC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC
saved on the stack shows the address of thefirst instruction to be executed after returning from
the interrupt handling routine.

6. TheT bitin EXR iscleared to 0. The interrupt mask level isrewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level isset to H'7.

7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.
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Section 6 Bus Controller

H8S/2215 Group

e WCRL
Bit Bit Name Initial Value R/W  Description
7 w31l 1 R/W  Area 3 Wait Control 1 and 0
6 W30 1 R/W  These bits select the number of program wait states
when area 3 in external space is accessed while the
AST3 bitin ASTCR is set to 1.
00: Program wait not inserted when external space area
3 is accessed
01: 1 program wait state inserted when external space
area 3 is accessed
10: 2 program wait states inserted when external space
area 3 is accessed
11: 3 program wait states inserted when external space
area 3 is accessed
5 w21 R/W  Area 2 Wait Control 1 and 0
4 w20 R/W  These bits select the number of program wait states
when area 2 in external space is accessed while the
AST2 bitin ASTCR is setto 1.
00: Program wait not inserted when external space area
2 is accessed
01: 1 program wait state inserted when external space
area 2 is accessed
10: 2 program wait states inserted when external space
area 2 is accessed
11: 3 program wait states inserted when external space
area 2 is accessed
3 w11 R/W  Area 1 Wait Control 1 and O
2 W10 R/W  These bits select the number of program wait states

when area 1 in external space is accessed while the
AST1 bitin ASTCR is set to 1.

00: Program wait not inserted when external space area
1 is accessed

01: 1 program wait state inserted when external space
area 1 is accessed

10: 2 program wait states inserted when external space
area 1 is accessed

11: 3 program wait states inserted when external space
area 1 is accessed
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H8S/2215 Group Section 6 Bus Controller

Bit Bit Name Initial Value R/W  Description

1 Wwo1 1 R/W  Area 0 Wait Control 1 and O

0 W00 1 R/W  These bits select the number of program wait states
when area 0 in external space is accessed while the
ASTO bitin ASTCR is setto 1.

00: Program wait not inserted when external space area
0 is accessed

01: 1 program wait state inserted when external space
area O is accessed

10: 2 program wait states inserted when external space
area 0 is accessed

11: 3 program wait states inserted when external space
area 0 is accessed
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H8S/2215 Group Section 6 Bus Controller

Write after Read: If an external write occurs after an external read while the ICISO bit in BCRH
issetto 1, anidlecycleisinserted at the start of the write cycle.

Figure 6.23 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read data from ROM and
the CPU write data. In (b), anidle cycleisinserted, and adata collision is prevented.

Address bus :x
)

CS (area A) | |

CS (area B)

1
HWR HWR :
i}

|
|
1 1
Data bus ]—(_'_@ Data bus ]—( : )_( )_
1 1 1 1 1

'
Data collision

Long output floating time

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS0 =0) (Initial value ICISO = 1)

Figure 6.23 Example of Idle Cycle Operation (2)
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Section 10 16-Bit Timer Pulse Unit (TPU) H8S/2215 Group

10.3 Register Descriptions
The TPU has the following registers.

e Timer control register 0 (TCR_0)

e Timer moderegister 0 (TMDR_0)

e Timer 1/O control register H_0 (TIORH_0)
e Timer I/O control register L_0 (TIORL_0)
e Timer interrupt enableregister 0 (TIER_0)
o Timer statusregister 0 (TSR_0)

e Timer counter O (TCNT_0)

e Timer general register A_0 (TGRA_0)

e Timer genera register B_0 (TGRB_0)

e Timer general register C 0 (TGRC _0)

e Timer general register D_0 (TGRD_0)

e Timer control register 1 (TCR_1)

e Timer moderegister_ 1 (TMDR_1)

e Timer I/O control register _1 (TIOR_1)

e Timer interrupt enableregister_1 (TIER_1)
o Timer statusregister 1 (TSR _1)

e Timer counter_1 (TCNT_1)

o Timer general register A_1(TGRA_1)

e Timer generd register B_1 (TGRB_1)

e Timer control register 2 (TCR_2)

e Timer moderegister 2 (TMDR_2)

e Timer I/O control register_2 (TIOR_2)

e Timer interrupt enable register_2 (TIER_2)
o Timer statusregister 2 (TSR_2)

e Timer counter_2 (TCNT_2)

e Timer general register A_2 (TGRA_2)

e Timer generd register B_2 (TGRB_2)

Common Registers

o Timer start register (TSTR)
e Timer synchro register (TSYR)
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H8S/2215 Group Section 10 16-Bit Timer Pulse Unit (TPU)

Timing for Counter Clearing by Compare Match/Input Capture: Figure 10.34 showsthe
timing when counter clearing by compare match occurrence is specified, and figure 10.35 shows
the timing when counter clearing by input capture occurrence is specified.

ST UL L
Compare | |
match signal

Counter | |
clear signal

TCNT N X H'0000

TGR N

Figure10.34 Counter Clear Timing (Compare Match)

T L L L
Input capture |
signal |
Counter clear E | |
signal .

TCNT N X H'0000
TGR X N

Figure10.35 Counter Clear Timing (Input Capture)
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Section 11 8-Bit Timers (TMR) H8S/2215 Group

11.3.2 TimeConstant Registers A (TCORA)

The TCORA_0and TCORA _1 registers are 8-bit readable/writable registers. TCORA_0 and
TCORA_1 comprise asingle 16-hit register so they can be accessed together by a word transfer
instruction. The valuein TCORA is continually compared with the valuein TCNT. When a match
is detected, the corresponding CMFA flagin TCSR is set to 1. Note, however, that comparison is
disabled during the T, state of a TCOR write cycle. The timer output (TMO) can be freely
controlled by these compare match signals and the settings of bits OS1 and OS0 in TCSR.
TCORA_0Oand TCORA 1 areeachinitiaized to H'FF.

11.3.3 Time Constant RegistersB (TCORB)

The TCORB_O registers are 8-bit readable/writable registers. TCORB_0 and TCORB_1 comprise
asingle 16-bit register so they can be accessed together by a word transfer instruction. TCORB is
continually compared with the value in TCNT. When a match is detected, the corresponding
CMFB flagin TCSR is set to 1. Note, however, that comparison is disabled during the T, state of a
TCOR write cycle. The timer output can be freely controlled by these compare match signals and
the settings of output select bits OS3 and OS2 in TCSR. TCORB_0 and TCORB_1 are each
initialized to H'FF.
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H8S/2215 Group

Section 13 Serial Communication Interface

“UOIIEZIUOIYDUAS 300[0 8SEq 8Y) 0} BuIpIooo. SaleA }i
%6500 = SAGY 1" 126 UM Jolie abeiony
sdop} £50°126 =8/ZHIN ¥89€E L = 8jel Jojsues; ebeleny

+8 X ¥00[0 9seq = }Iq |

q 8UO Jo ybua| ByL «

(ebeiony)

ZHIN ¥89€°L =
(£5/5€) X ZHN 2}
ZHN 2} = 2/ZHN v2

8 29 st €2 [
| ZHIN $898°L
_ ZHN 21— |

T I Y Y e g I I o e e N N e ¥ N Ny Ny N Ny Ny W Ny W ey N
2 L L5 95 G5 ¥S €5 25 1S 0 6V 8 L¥ 9% ¥ v €V ¥ L OF 6€ 8E L€ 9E GE VE €€ ¢€ L€ OF 62 82 L2 92 G2 ¥2 €2 22 4202 61 8L LLOLGLVLELELLLOL 6 8 L 9 G ¥ € € |

(L1018 = 0SOV 01 £S0V) alel Jajsuel) obelone sda-£50'126 U

%0F = sdgy 022 yum Jouse abereny
sday| 022 =8/ZHIN 9.°G = el Jajsuel} abelony
+8 X 3{00[0 8SBq =g |

8 < 9 s v et =z
| ZHN 9/

~+— 3j00[0 BsEg

3j00j0 aseg

(ebesony)
ZHN 9L'G =
(S2/2t) x ZHN 2

ZHW 2} =2/ZHIN v2
-

_ ZHN g1 |

Scvc€cec e 0c6l 8LLLOLSGEYLELCHLLOL 6 8 L 9 G ¥ € C | Scvececcc e 0c 6L 8L LLOLGLVEELCLELOL 6 8 L 9 G ¥ € 2 |

¥00[0 aseg

(0L0}.@ = 0SOV 01 £SOV) eled Jajsuei) abeione sdax-0z. UM 4o0[o aseg

%6G0°0- = manxw.owv yim Jous ®mm._w><
sdaX 925°09% = 91/ZHIN ¥89E"L = Blel Jajsuel] abelony

*9L X X00J0 9seq = 1q |

oLsh  viel 2k b0t 68 L9 Sv €2 i
| ZHIN $89E°L
_ ZHN 2L — |

(ebesony)

ZHIN ¥89€°L =
(£5/5€) X ZHW 2+
ZHIN 2} = 2/ZHN v2

B e N I I o I ey I I I I I e I N e I I e N I Y e I e B I e ¥ e My M py Ny N Ny Wy W Ny W N ey ¥
2 L LS59S S5 ¥S €525 1S 0S 6 8V Ly 9v Sv v¥ €V ¥ L OF 6€ 8E LE 98 G€ V€ €€ 2€ L€ 0 62 8¢ L2 92 G2 ¥2€ec ¢c le 02 61 8L LL QL GLvI€LCLLLOL 6 8 L 9 G ¥ € ¢ |
(L0019 = 0SOV 0} £€SDV) oel Jajsuel) abesone

%6500°0- = SdaX 2'S |1 yum Jowe abeleny
SAdQy ZEL'SLL = 9L/ZHIN +2¥8’ L= olel Jajsuel) abeiony
+91 X X00[0 8seq = 1q |

oLGL  viel 2k b0k 68 L9 S+v € [
| ZHIN 128'L

" soop eseg

SAI-925 09 YIM 400[0 aseg

(abeiany)

ZHIN Lev8'L =
(28/58) X ZHN €
ZHIN € = 8/ZHIN 2

_ 2N |

L I T I I Ny e N N e N N e N N W) | N Ny N Ny Ny Ny Ny Ny N ¥ 1]
2} 2S9G S ¥S €5 25 S 0S 6V 8Y Ly 9Y Sb ¥¥ ¥ v Ly OF 6€ BE LE 9E GE VE EE 2€ L€ OF 62 82 L2 92 SC Y2 €2 22 +2 0Z 6+ 8L LI 9L GL¥LELZLLLOL 6 8 L 9 G ¥ € T

= oojo eseg

(00018 = 0SOV 0} £S0V) el Jojsues) obelone SAQI-ZEL'GL L UNM 3OO0 oseq

ZHI ¥2 = ¢ usum

Figure 13.4 Examplesof Base Clock when Average Transfer Rate s Selected (2)

REJ09B0140-0900 Rev. 9.00

Page 406 of 846

Sep 16, 2010

RENESAS



H8S/2215 Group

Section 13 Serial Communication Interface

| Initialization [
|
Start reception

Error processing

(Continued below)

| Read RDRF flag in SSR [ @
o
Yes
Read receive data in RDR, and
clear RDRF flag in SSR to 0
(5]

| Clear RE bit in SCR to 0 |

<End>

Error processing
T
Overrun error processing |
|
Clear ORER flag in SSR to 0 [

<End>

NG
|
|

SCl initialization:
The RxD pin is automatically designated as
the receive data input pin.

[3] Receive error processing:

If a receive error occurs, read the ORER
flag in SSR, and after performing the
appropriate error processing, clear the
ORER flag to 0. Transfer 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 RDRF flag to 0.

Transition of the RDRF flag from 0 to 1 can
also be identified by an RXI interrupt.

[4]

Serial reception continuation procedure:

To continue serial reception, before the
MSB (bit 7) of the current frame is received,
reading the RDRF flag, reading RDR, and
clearing the RDRF flag to 0 should be
finished. The RDRF flag is cleared
automatically when the DMAC or the DTC*
is activated by a receive data full interrupt
(RXI) request and the RDR value is read.

[5]

Note: * Clearing of the RDRF flag are
performed automatically by the DTC
when the DTC's DISEL bit is cleared to
0 and the transfer counter value is not
0. Consequently, it is necessary to use
the CPU to clear the RDRF flag if
DISEL is set to 1 or if the transfer
counter value is 0.

Figure 13.23 Sample Serial Reception Flowchart

13.6.5

Simultaneous Serial Data Transmission and Reception (Clocked Synchronous M ode)

Figure 13.24 shows a sample flowchart for simultaneous serial transmit and receive operations.
The following procedure should be used for simultaneous serial data transmit and receive
operations. To switch from transmit mode to simultaneous transmit and receive mode, after
checking that the SCI has finished transmission and the TDRE and TEND flags are set to 1, clear
TE to 0. Then simultaneoudly set TE and RE to 1 with asingle instruction. To switch from receive
mode to simultaneous transmit and receive mode, after checking that the SCI has finished
reception, clear RE to 0. Then after checking that the RDRF and receive error flags (ORER, FER,
and PER) are cleared to 0, smultaneoudly set TE and RE to 1 with asingle instruction.
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H8S/2215 Group Section 14 Boundary Scan Function

1434 Boundary Scan Register (BSCANR)
BSCAN isa217-hit shift register assigned on the pins to control input/output pins.

The /O pins consists of three bits (IN, Control, OUT), input pins 1 bit (IN), and output pins 1 bit
(OUT) of shift registers. The boundary scan test based on the JTAG standard can be performed by
using instructions listed in table 14.2. Table 14.4 shows the correspondence between the LS| pins
and boundary scan registers. (In table 14.4, Control indicates the high active pin. By specifying
Control to high, the pinis driven by OUT.) Figure 14.2 shows the boundary scan register
configuration example.

Figure14.2 Boundary Scan Register Configuration
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Section 15 Universal Serial Bus Interface (USB) H8S/2215 Group

(2) Data Stage (Control-In)

The firmware first analyzes command data from the host in the setup stage, and determines the
subsequent data stage direction. If the result of command data analysisis that the data stageisin-
transfer, one packet of datato be sent to the host is written to the FIFO. If there is more data to be
sent, this datais written to the FIFO after the data written first has been sent to the host (EPOI TS of
UIFROissetto 1).

The end of the data stage is identified when the host transmits an OUT token and the status stage
is entered.
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Section 15 Universal Serial Bus Interface (USB) H8S/2215 Group

(5) Status Stage (Control-Out)

The control-out status stage starts with an IN token from the host. When an IN-token isreceived at
the start of the status stage, there is not yet any datain the EPOiFIFO, and so an EPOi transfer
request interrupt is generated. The application recognizes from thisinterrupt that the status stage
has started. Next, in order to transmit O-byte datato the host, 1 iswritten to the EPOi packet enable
bit but no datais written to the EPOIFIFO. As aresult, the next IN token causes 0-byte datato be
transmitted to the host, and control transfer ends.

After the application has finished all processing relating to the data stage, 1 should be written to
the EPOi packet enable bit.

USB function \ Firmware
Receive IN token < :
Valid data No m Clear EPOi transfer
. : o T > request flag
in EPOIFIFO? NAK ! (EPOITR in UIFRO = 0)
Yes .
, A
Transfer 0-byte data to host : Write 1 to EPO'. packet
' enable bit
! (EPOIPKTE in UTRGO = 1)
ACK '
; v
. Write 0 to EPOI transfer
! request interrupt enable bit
' (EPOITRE in UIERO = 0)
. 1
X I
) |
A\ 4 : *
Set EPOI transmit m Clear EPOQi transmit
complete flag T > complete flag
(EPOITS in UIFRO = 1) X (EPOITS in UIFRO = 0)
\4 . A4
End of control transfer | End of control transfer

Figure15.17 Status Stage Operation (Control-Out)
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Section 22 Power-Down Modes H8S/2215 Group

Table22.1 LSl Internal Statesin Each Mode

Medium- Module Software Hardware
Function High-Speed Speed Sleep Stop Standby Standby
System clock pulse Functioning Functioning Functioning Functioning Halted Halted
generator
CPU Instructions  Functioning Medium- Halted High/ Halted Halted
Registers speed' (retained) medium- (retained) (undefined)
operation speed
operation
External NMI Functioning Functioning Functioning Functioning Functioning Halted
interrupts IRQO 105, 7
Peripheral DMAC Functioning Medium- Functioning Halted Halted Halted
functions DTC speed (retained) (retained) (reset)
operation
1/0 Functioning Functioning Functioning Functioning Retained High
impedance
TPU Functioning Functioning Functioning Halted Halted Halted
TMR (retained) (retained) (reset)
WDT Functioning Functioning Functioning Functioning Halted Halted
(retained) (reset)
DIA Functioning Functioning Functioning Halted Halted Halted
(retained) (retained) (reset)
A/ID Functioning Functioning Functioning Halted Halted Halted
SCI (reset) (reset) (reset)
UsB Functioning Function not Functioning Halted Halted Halted
guaranteed (retained) (retained) (reset)
uUsSB Halted Halted
operating
clock
oscillator
PLL circuit
RAM Functioning Functioning Functioning Functioning Retained Retained

Notes: “Halted (retained)” means that internal register values are retained. The internal state is
“operation suspended.”

“Halted (reset)” means that internal register values and internal states are initialized.

In module stop mode, only modules for which a stop setting has been made are halted
(reset or retained).
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H8S/2215 Group

Section 24 Electrical Characteristics (H8S/2215)
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Figure24.9 Basic Bus Timing (Three-State Accesswith One Wait State)
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Section 25 Electrical Characteristics (H8S/2215R) H8S/2215 Group

2544 Timing of On-Chip Supporting Modules
Table 25.7 lists the timing of on-chip supporting modules.

Table25.7 Timing of On-Chip Supporting M odules

Condition A:V_=PLLV_=DrV_=27V1t036V,AV_=27V1t036V,V =27Vt0AV_,
V=PLLV =DV =AV =0V, ¢ = 13MHzto 16 MHz, T, =-20°C to +75°C
(regular specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionB:V_=PLLV _=DrV_.=3.0Vt036V,AV_=30Vt036V,V =30VioAV_,
V=PLLV =DrV_=AV, =0V, ¢ = 13MHzto 24 MHz, T, =-20°C to +75°C
(regular specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B

Test
Item Symbol Min. Max.  Min. Max.  Unit Conditions
I/0 port  Output data towo — 60 — 40 ns Figure 25.12
delay time
Input data setup t..¢ 50 — 30 —
time
Input data hold  t._, 50 — 30 —
time
TPU Timer output troco — 60 — 40 ns Figure 25.13
delay time
Timer input s 40 — 30 —
setup time
Timer clock input t ., 40 — 30 — ns Figure 25.14
setup time
Timer Single  t .. 1.5 — 1.5 — tye
clock edge
pulse ‘goih ¢ 25  — 25  —
. TCKWL " "
width edges
TMR Timer output tvoo — 60 — 41 ns Figure 25.15
delay time
Timer reset input t,,.. 50 — 29 — ns Figure 25.17
setup time
Timer clock input t,,, 50 — 29 — ns Figure 25.16
setup time
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H8S/2215 Group

Section 26 Electrical Characteristics (H8S/2215T)
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Figure26.8 Basic Bus Timing (Three-State Access)
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