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Figure 10. Op Code Fetch (with Wait State) Timing Diagram

Operand and Data Read/Write Timing

The instruction operand and data read/write timing differs from Op Code
fetch timing in two ways:

® The MI output is held inactive

® The read cycle timing is relaxed by one-half clock cycle because data
is latched at the falling edge of T3

Instruction operands include immediate data, displacement, and extended
addresses, and contain the same timing as memory data reads.

During memory write cycles the MREQ signal goes active in the second
half of T1. At the end of T1, the data bus is driven with the write data.

At the start of T2, the WR signal is asserted Low enabling the memory.
MREQ and WR go inactive in the second half of T3 followed by
disabling of the write data on the data bus.
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Table 6. 1/O Address Map for Z80180-Class Processors Only (Continued)
Address
Register Mnemonic Binary Hex Page
Timer |Data Register Ch 0L TMDROL XX001100 0CH 159
Data Register Ch 0 H TMDROH XX001101 0DH 159
Reload Register Ch 0 L RLDROL XX001110 0EH 159
Reload Register Ch 0 H RLDROH XX001111 OFH 159
Timer Control Register TCR XX010000 10H 161
Reserved XX010001 11H
XX010011 13H
Data Register Ch 1 L TMDRIL XX010100 14H 160
Data Register Ch 1 H TMDRIH XX010101 15H 160
Reload Register Ch 1 L RLDRIL XX010110 16H 159
Reload Register Ch 1 H RLDRIH XX010111 17H 159
Others |Free Running Counter FRC XX011000 18H 172
Reserved XX011001 | 19H
XX011111 1FH

UMO005003-0703

45



Z28018x
Family MPU User Manual

—
$
oé'?
4.;\/

53

CPU Control Register (CCR: 1FH) (Z8S180/L.180-Class Processors Only)

Bit 7 6 5 4 3 2 1 0
Bit/Field Clock | STAND | BREXT | LNPHI | STAND | LNIO | LNCPU | LNAD/
Divide BY/ BY/ CTL DATA
IDLE IDLE
Enable Enable
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W = Write X = Indeterminate ? = Not Applicable

Bit
Position Bit/Field R/W  Value Description
7 Clock R/W 0 XTAL2
Divide 1 XTAL/1
6 STANDBY R/W In conjunction with Bit 3
/IDLE Mode 00 No STANDBY
01  IDLE after SLEEP
10 STANDBY after SLEEP
11  STANDBY after SLEEP 64 Cycle Exit (Quick
Recovery)
5 BREXT R/W 0  Ignore BUSREQ in STANDBY/IDLE
1 STANDBY/IDLE exit on BUSREQ
4 LNPHI R/W 0 Standard Drive
1 33% Drive on EXTPHI Clock
3 STANDBY R/W In conjunction with Bit 6
/IDLE Mode 00 No STANDBY
01  IDLE after SLEEP
10 STANDBY after SLEEP

11

STANDBY after SLEEP 64 Cycle Exit (Quick
Recovery)
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Bits 5-3

Reserved. Must be 0.

Bits 2-0

With DIM1, bit 1 of DCNTL, these bits control which request is presented
to DMA channel 1, as described below:

DIM1 T1AR18-16 Request Routed to DMA Channel 1

0 000 DREQI
0 001 ASCIO Tx
0 010 ASCI1 Tx
0 011 ext CKAO/DREQO
0 10X Reserved
0 1X0 Reserved
0 111 Reserved
1 000 ext DREQI1
1 001 ASCIO Rx
1 010 ASCII Rx
1 011 ext CKAO/DREQO
1 10X Reserved
1 1X0 Reserved
1 111 Reserved
DMA Operation

This section discusses the three DMA operation modes for channel 0:
¢ Memory to/from memory

® Memory to/from I/O

® Memory to/from memory mapped /O
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cycle is extended to 4 clocks by automatic insertion of one internal Ti
state.

DMAC Channel Priority

For simultaneous DREQO and DREQI1 requests, channel 0 has priority
over channel 1. When channel 0 is performing a memory to/from memory
transfer, channel 1 cannot operate until the channel 0 operation has
terminated. If channel 1 is operating, channel 0 cannot operate until
channel 1 releases control of the bus.

DMAC and BUSREQ, BUSACK

The BUSREQ and BUSACK inputs allow another bus master to take
control of the Z8X180 bus. BUSREQ and BUSACK take priority over the
on-chip DMAC and suspends DMAC operation. The DMAC releases the
bus to the external bus master at the breakpoint of the DMAC memory or
I/O access. Since a single byte DMAC transfer requires a read and a write
cycle, it is possible for the DMAC to be suspended after the DMAC read,
but before the DMAC write. Hence, when the external master releases the
78X180 bus (BUSREQ High), the on-chip DMAC correctly continues
the suspended DMA operation.
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Bit

Position Bit/Field R/W

Value

Description

0 TIE

R/W

Transmit Interrupt Enable — TIE must be set to 1 to
enable ASCI transmit interrupt requests. If TIE is 1, an
interrupt is requested when TDRE is 1. TIE is cleared to 0
during RESET.
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CSI/O and RESET

During RESET each bit in the CNTR is initialized as defined in the
CNTR register description. CSI/O transmit and receive operations in
progress are aborted during RESET. However, the contents of TRDR are
not changed.

CKS | [ | | k | | | [
: 1l
TXS X LSB X y X X MSB
TE | I
EF | |
Read or write of CSI/O*

Transmit/Receive
Data Register

Figure 59. Transmit Timing Diagram—Internal Clock
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Table 23. Timer Output Control

TOC1 TOCO0 |OUTPUT

0 0 Inhibited (A18/TOUT pin is selected as an
address output function.)

0 1 Toggled

1 0 0 A18/TOUT pin is selected as a
PRT1 output function!

1 1 1

Figure 64 illustrates timer initialization, count down, and reload timing.

Figure 65 depicts timer output (A18/TOUT) timing.

Timer Data Register 0<+<20
write (0004H)
RESE 209 20¢ 209 20¢ 20¢ 209 20¢ 204 200
\ “-r< > < > < I > <> 4> 44 P> < > <>
Tlrrlger Data FFFFH 0004H' |0003H| 0002H |0001H |0000H|0003H|0002H| 0001H| 0000H|0003H
egister !
Timer Reload Register Write (0003H) ! 1 Reload : 1 Reload
\ ‘ : 1
Timer Reload FFFFH| 0003H. : | ; |
Register | ‘
{_ Write 1 to TDE 1
TDE Flag

TIF Flag |

T\ Timer Data Register Read

Timer Control
Register Read

Figure 64. Timer Initialization, Count Down, and Reload Timing Diagram
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The memory operands are contained within one or two bytes of the

instruction, as depicted in Figure 79.

Op Code Op Code
8-bit
m operand n
m

16-bit
operand

Figure 79. Immediate Addressing

Relative (REL)

Relative addressing mode is only used by the conditional and unconditional
branch instructions (refer to Figure 80). The branch displacement (relative to
the contents of the program counter) is contained in the instruction.

Op Code
displacement (d)

Program Counter (PC) |

A

Figure 80. Relative Addressing
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Figure 85. E Clock Timing (Memory R/W Cycle) (I/0 R/W Cycle)

ol /_\_/ m
E
4
BUS RELEASE mode i | [+50
SLEEP mode
SYSTEM STOP mode
|

Figure 86. E Clock Timing (BUS RELEASE Mode, SLEEP Mode, and
SYSTEM STOP Mode
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Table 39.

s/

a4

Rotate and Shift Instructions (Continued)

Operation
Name

Mnemonics

Op Code

Addressing

Immed|

Ext (Ind

Reg

Regi

Imp

Rel

Bytes|

State

Operation

Flags

RRD

SLAg

SLA (HL)

SLA (IX + d)

SLA(IY +d)

SRAg

SRA (HL)

SRA (IX + d)

SRA(IY +d)

SRLg

11001 011
<d>
00001 110
11101 101
01100 111
11001 011
00100 g
11001 011
00 100 110
11011101
11001 011
<d>

00 100 110
11111101
11001 011
<d>

00 100 110
11001 011
00101¢g
11001 011
00 101 110
11011101
11001 011
<d>

00 101 110
11111101
11001 011
<d>

00 101 110
11001 011
001119

S/D

S/D|

S/D

S/D|

S/ID

S/ID

S/ID

S/ID

S/ID

S/D

[TTTTTT A

b7 b0 C

om T TTTTT1 ]

b7 b0 C
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Machine

MNEMONICS Bytes Cycles States
SRL (IY+d) 4 7 19
SRL g 2 3 7
SUB (HL) 1 2 6
SUB (IX+d) 3 6 14
SUB (IY+d) 3 6 14
SUB m 2 2 6
SUB g 1 2 4
**TSTIO m 3 4 12
**TST g 2 3 7
TST m** 3 3 9
TST (HL)** 2 4 10
XOR (HL) 1 2 6
XOR (IX+d) 3 6 14
XOR (IY+d) 3 6 14
XOR m 2 2 6
XOR g 1 2 4
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Table 48. 1st Op Code Map Instruction Format: XX
ww (LO= ALL) LO=0~7
BC  [oe oL [sp BC |DE HL AF |z
g(LO=0~7) NZ  [NC PO P f
B D H (HL) (B D H (HL) 00H 10H 20H 30H |v
HI 0000 0001 (0010 |0011 0100 (0101 |0110 |O111 |1000 1001 {1010 1011 1100 (1101 1110 1111
LO 0 1 2 3 4 5 6 7 8 9 A B C D E F
B 0000 |0 NoP DINZ;j [JR JR note 1) RET f 0
NZj [NCj
C |00l I |LD ww, mn LDgs ADD |SUBs |aANDs [ors |POPz !
0010 |2 LD (ww), A LD LD Ags JP f, mn 2
(mn) |(mn),
HL |A
E 0011 (3 INC ww JPmn (OUT EX(SP), DI 3
(m).A |HL
H 0100 |4 INCg notel CALL f, mn 4
L 0101 |5 DECg notel PUSH zz 5
(HL) |0110 (6 LD gm notel |note2 HALT |[note2 |[note2 [note2 [note2 [(ADD |SUBm |ANDm [ORm (6
A,m
~A o111 |7 RLCA [RLA |DAA |SCF RST v 7
<|B 1000 |8 EXAFA |IRj |JRZj |IRCj RET f
] F 8
7C 1001 |9 ADD HL, ww RET [EXX JP(HL) |LD |9
SP,
LDgs ADC  |SBC |XORs |CPs HL
D [1010 [A |LDA(ww) LD |LDA, As As JP £, mn A
HL, |(mn)
(mn)
E 1011 |B DEC ww Table2 [IN A(m) |EXDE,H |EI B
L
H 1100 |C INCg CALL f, mn C
L 1101 DECg CALL |[note3 Table3 |note3 |D
mn
(HL) |1110 |E LD gm note2 note2 |note2 |note2 |[note2 [ADC [SBCAm|XORm |[CPm [E
A,m
A 1111 |F RRCA [RRA |CPL |CCF RST v
0 1 2 3 4 5 6 7 8 9 A B C D E F
C E L A C E L A Z C PE M f
o(LO = 8~F) 0SH [I1SH  [28H 3BH |v
LO=28~F
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Table 51. Bus and Control Signal Condition in Each Machine Cycle (Continued)

Machine I .
Instruction Cycle States Address Data RD (WR [MREQ |IORQ M1 |HALT
MC1 TIT2T3 |[1st Op Code |[1stOp 0 1 0 1 0 1
Address Code
INIR
INDR MC2 TIT2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
(If Br=0) Address Code
MC3 TIT2T3 |BC DATA 0 1 1 0 1 1
MC4 TIT2T3 |HL DATA 1 0 0 1 1 1
MC1 TIT2T3 |[1st Op Code |[1stOp 0 1 0 1 0 1
Address Code
MC2 TIT2T3 |[l1stoperand |n 0 1 0 1 1 1
JP mn
Address
MC3 TIT2T3 |2nd operand |m 0 1 0 1 1 1
Address
MC1 TIT2T3 |[1st Op Code |1stOp 0 1 0 1 0 1
JP f,mn Address Code
(if is false)
MC2 TIT2T3 |[l1stoperand |n 0 1 0 1 1 1
Address
MC1 TIT2T3 |[1st Op Code |1stOp 0 1 0 1 0 1
Address Code
JP f,mn
(If fis true) MC2 TIT2T3 |1st operand n 0 1 0 1 1 1
Address
MC3 TIT2T3 |2nd operand |m 0 1 0 1 1 1
Address
JP (HL) MC1 TIT2T3 |[1st Op Code |[1stOp 0 1 0 1 0 1
Address Code
MC1 TIT2T3 |[1st Op Code |[1stOp 0 1 0 1 0 1
JP (IX) Address Code
JP (1Y)
MC2 TIT2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
Address Code
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Table 51. Bus and Control Signal Condition in Each Machine Cycle (Continued)
Machine I .
Instruction Cycle States Address Data RD (WR [MREQ |IORQ M1 |HALT |ST
MCl1 TIT2T3 |[1st Op Code |[1stOp 0 1 0 1 0 1 0
Address Code
OTIR
OTDR MC2 TIT2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
(if Br=0) Address Code
MC3 TI1T2T3 |HL DATA 0 1 0 1 1 1 1
MC4 TIT2T3 |BC DATA 1 0 1 0 1 1 1
MCl1 TIT2T3 |[1st Op Code |[1stOp 0 1 0 1 0 1 0
Address Code
POP zz
MC2 TIT2T3 |[SP DATA 0 1 0 1 1 1 1
MC3 TIT2T3 |SP+1 DATA 0 1 0 1 1 1 1
MCl1 TIT2T3 |[1st Op Code |[1stOp 0 1 0 1 0 1 0
Address Code
POP IX
POPIY MC2 TIT2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
Address Code
MC3 TIT2T3 |[SP DATA 0 1 0 1 1 1 1
MC4 TIT2T3 |SP+1 DATA 0 1 0 1 1 1 1
PUSH zz MCl1 TIT2T3 |[1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
MC2 TiTi * Z 1 1 1 1 1 1 1
~MC3
MC4 TIT2T3 |[SP-1 zzH 1 0 0 1 1 1 1
MCs TI1T2T3 |SP-2 zzL 1 0 0 1 1 1 1
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Table 51. Bus and Control Signal Condition in Each Machine Cycle (Continued)
Machine I .
Instruction Cycle States Address Data RD (WR [MREQ |IORQ M1 |HALT |ST
MC1 TIT2T3 |[1st Op Code |[1stOp 0 1 0 1 0*5 |1 0
Address Code 1
MC2 TIT2T3 |2nd Op Code |2nd Op 0 1 0 1 0*5 |1 1
Address Code 1
MC3 TiTiTi * Z 1 1 1 1 1*5 |1 1
~MC5 1
MC6 TIT2T3 |[1st Op Code |[1stOp 0 1 0 1 0*5 |1 1
RETI (Z) Address Code 0
MC7 Ti * Z 1 1 1 1 1*5 |1 1
1
MC8 TIT2T3 |2nd Op Code |2nd Op 0 1 0 1 0*5 |1 1
Address Code 0
MC9 TI1T2T3 |SP data 0 1 0 1 1*5 |1 1
1
MCI10 TIT2T3 |SP+1 data 0 1 0 1 1*5 |1 1
1
RLCA MC1 TIT2T3 |[1st Op Code |1stOp 0 1 0 1 0 1 0
RLA Address Code
RRCA
RRA
RLCg MC1 TIT2T3 |1stOp Code |1st Op 0 1 0 1 0 1 0
RLg Address Code
RRCg MC2 TIT2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
RR g Address Code
SLAg MC3 Ti * Z 1 1 1 1 1 1 1
SRA g !
SRL g

*5 The upper and lower data show the state of M1 when IOC = 1 and IOC = 0 respectively.
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Table 51. Bus and Control Signal Condition in Each Machine Cycle (Continued)
Machine I .
Instruction Cycle States Address Data RD (WR [MREQ |IORQ M1 |HALT |ST
MC1 TIT2T3 |[1st Op Code |lIstOp 0o |1 |o 1 0 |1 0
RLC (HL) Address Code
RL (HL)
RRC (HL) MC2 TIT2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
RR (HL) Address Code
SLA (HL) MC3 TIT2T3 |HL DATA 0o |t |0 1 1|1 1
SRA (HL)
SRL (HL) MC4 Ti * z 11 |1 1 1 |1 1
MC5 TIT2T3 |HL DATA 1 |0 |0 1 1 1 1
RLC (IX + d) MC1 TIT2T3 |[1st Op Code |lIstOp 0o |1 |o 1 0 |1 0
RLC (IY +d) Address Code
RL (IX + d)
RL (IY + d) MC2 TIT2T3 |2nd Op Code |2ndOp 0o |1 |o 1 0 |1 1
RRC (IX + d) Address Code
RRCIY +d)  |MmC3 TIT2T3 |lstoperand |d 0o |1 |0 1 1|1 1
RR (IX +d) Address
RR (IY +d)
SLA (IX + d) MC4 TIT2T3 |3rd Op Code |3rd Op 0o |1 |o 1 0 |1 1
SLA (IY +d) Address Code
SRA(IX+d)  Ihvies | TIT2T3 [1X+d DATA |0 |1 o 1 1 1
SRA (IY +d) IYtd
SRL (IX + d)
SRL (IY + d) MC6 Ti * Z 1 1 1 1 1 1 1
MC7 TIT2T3 |IX+d DATA 1 |0 |0 1 1 1 1
IY+d
MC1 TIT2T3 |[1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
MC2 TIT2T3 |2nd Op Code |2nd Op 0o |1 |o 1 0 |1 1
RLD Address Code
RRD MC3 TIT2T3 |HL DATA 0 |1 o 1 1|1 1
MC4~M |TiTiTiTi Z 1 1 1 1 1 1 1
Cc7 *
MC8 TI1T2T3 |HL DATA 1 0 0 1 1 1 1
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