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EXTAL 3|
"WAIT[ 4]
BUSACK[ 5 |
BUSREQ[ 6 |
RESET|[ 7 |
NMI
INTO[ 9]
INT1[10]
INT2[11]
ST

A0 [73]

Al
A2[15]
A3[16]
A4[IT]
A5[18]
A6[19]
A7[20]
A8[21]
A9[2Z]
A10[23 ]
A1[24 ]
A1225]
A1376]
A14(27 |
A15[28 |
A16[29]
A17[30]

Vee

Z8X180

[64] Phi
163] RD
162] WR
[61] MI
[60] E

59] MREQ
58] TORQ
[57] RFSH
|56 HALT
155 ] TEND1
[54] DREQ1
53] CKS
152 ] RXS/CTS1
51] TXS
[50 ] CKA1/TENDO
[49] RXA1
[48] TXA1
[47 ] CKAO/DREQO
[46 ] RXAO
[45] TXAO
[44] DCOO
[43] CTSO
[42] RTSO
41] D7
[40] D6
39] D5
138] D4
137] D3
136 ] D2
135] D1
134] DO
133] Vss

64-Pin DIP
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OPERATION MODES

The Z8X180 can be configured to operate like the Hitachi HD64180. This
functionality is accomplished by allowing user control over the M1,
IORQ, WR, and RD signals. The Operation Mode Control Register
(OMCR), illustrated in Figure 5, determines the M1 options, the timing of
the IORQ, RD, and WR signals, and the RETI operation.

Operation Mode Control Register

Bit 7 6 5 4 0
Bit/Field MIE  MITE 10C Reserved

R/W R/W W R/W -

Reset 1 1 1 —

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

Figure 5.  Operation Mode Control Register

MIE (M1 _Enable): This bit controls the M1 output and is set to a 1 during
RESET.

When M1E is 1, the M1 output is asserted Low during the Op Code fetch
cycle, the INTO acknowledge cycle, and the first machine cycle of the
NMI acknowledge. This action also causes the M1 signal to be Active
during both fetches of the RETI instruction sequence, and may cause
corruption of the external interrupt daisy chain. Therefore, this bit must be
0 for the Z8X180. When M1E is 0 the M1 output is normally inactive and
asserted Low only during the refetch of the RETI instruction sequence
and the INTO acknowledge cycle (Figure 6).
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SLP 2nd Op Code Op Code Fetch or Interrupt
Fetch Cycle | SLEEP mode | Acknowledge Cycle
— >« > <
| =1

T2 T3 T1 T2 TS TS T T2 T3

G0 1 e I T B e B

INT1, NMI \ /
AO—A19 "SLP 2nd Op Code address X FFFFFH X
HALT
\ /
M1 / |

Figure 21. SLEEP Timing Diagram

IOSTOP Mode

IOSTOP mode is entered by setting the IOSTOP bit of the I/O Control
Register (ICR) to 1. In this case, on-chip I/O (ASCI, CSI/O, PRT) stops
operating. However, the CPU continues to operate. Recovery from
IOSTOP mode is by resetting the IOSTOP bit in ICR to 0.

SYSTEM STOP Mode

SYSTEM STOP mode is the combination of SLEEP and IOSTOP modes.
SYSTEM STOP mode is entered by setting the IOSTOP bit in ICR to 1
followed by execution of the SLP instruction. In this mode, on-chip I/O
and CPU stop operating, reducing power consumption. Recovery from
SYSTEM STOP mode is the same as recovery from SLEEP mode, noting
that internal I/O sources, (disabled by IOSTOP) cannot generate a
recovery interrupt.
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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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Figure 35. NMI Timing

INTO - Maskable Interrupt Level 0

The next highest priority external interrupt after NMI is INTO. INTO is
sampled at the falling edge of the clock state prior to T3 or T1 in the last
machine cycle. If INTO is asserted LOW at the falling edge of the clock
state prior to T3 or T1 in the last machine cycle, INTO is accepted. The
interrupt is masked if either the IEF1 flag or the ITEO (Interrupt Enable
0) bit in ITC are reset to 0. After RESET the state is as follows:

1. IEF1is 0, so INTO is masked

2. ITEOis 1, so INTO is enabled by execution of the El (Enable
Interrupts) instruction

The INTO interrupt is unique in that 3 programmable interrupt response
modes are available - Mode 0, Mode 1 and Mode 2. The specific mode is
selected with the IM 0, IM 1 and IM 2 (Set Interrupt Mode) instructions.
During RESET, the Z8X180 is initialized to use Mode 0 for INTO. The 3
interrupt response modes for INTO are:

® Mode O-Instruction fetch from data bus
® Mode 1-Restart at logical address 0038H

® Mode 2-Low-byte vector table address fetch from data bus

INTO Mode 0

During the interrupt acknowledge cycle, an instruction is fetched from the
data bus (DO-D7) at the rising edge of T3. Often, this instruction is one
of the eight single byte RST (RESTART) instructions which stack the PC
and restart execution at a fixed logical address. However, multibyte
instructions can be processed if the interrupt acknowledging device can
provide a multibyte response. Unlike all other interrupts, the PC is not
automatically stacked:
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disabling all maskable interrupts. The interrupt service routine normally
terminates with the EI (Enable Interrupts) instruction followed by the
RETI (Return from Interrupt) instruction, to reenable the interrupts.
Figure 37 depicts the use of INTO (Mode 1) and RETI for the Mode 1

interrupt sequence.

Figure 37. INTO0 Mode 1 Interrupt Sequence

Main
Program

INTO
(Mode 1)

0 —EF1,EF2
PCH — (sp-1) _0038H

PCL — (SP-2

™ W
PCL « (SP)
PCH « (SP+1)

INTO (Mode 1)
Interrupt Service
Program

E1(1— 1EF1, 1EF2)
RETI

Figure 38 illustrates INTO Mode 1 Timing.
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Last MC INTO Acknowledge Cycle Op Code Fetch Cycle
- - -

PC is pushed onto stack
-

™ T2 TWTW*T3 T1 T2 T3 T1 T2 T3 T1 T2 T3

PC SP-1 SP-2 0038H

DO-D7 PCH PCL P
ST

*Two Wait States are automatically inserted

Figure 38. INTO Mode 1 Timing

INTO Mode 2

This method determines the restart address by reading the contents of a
table residing in memory. The vector table consists of up to 128 two-byte
restart addresses stored in low byte, high byte order.
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DREQO for ASCI transmission and reception respectively. To initiate
memory to/from ASCI DMA transfer, perform the following operations:

1. Load the source and destination addresses into SARO and DARO
Specify the /O (ASCI) address as follows:

a. Bits AO—A7 must contain the address of the ASCI channel
transmitter or receiver (I/O addresses 6H-9H).

b. Bits A8—A15 must equal 0.

c. Bits SAR17-SAR16 must be set according to Table 16 to enable
use of the appropriate ASCI status bit as an internal DMA
request.

Table 16. DMA Transfer Request

SAR18 | SAR17 | SAR16 |DMA Transfer Request
X 0 0  |DREQO
X 0 1 RDRF (ASCI channel 0)
X 1 0 RDRF (ASCI channel 1)
X 1 1 Reserved

Note: X =Don’t care

DARI18 | DAR17 | DAR16 |DMA Transfer Request
X 0 0 |DREQO
X 0 1 TDRE (ASCI channel O)
X 1 0 TDRE (ASCI channel 1)
X 1 1 Reserved

Note: X = Don’t care

UMO005003-0703



Z8018x

Family MPU User Manual

%

74
172 | ~ <4 ]

<%

Miscellaneous

Free Running Counter (I/O Address = 18H)

If data is written into the free running counter, the interval of DRAM
refresh cycle and baud rates for the ASCI and CSI/O are not guaranteed.

In IOSTOP mode, the free running counter continues counting down. It is
initialized to FFH during RESET.

Free Running counter (FRC: 18H)

Bit 7 | 6 | s | 4 | 3 [ 2 | 1 | o
Bit/Field Counting Data

R/W R

Reset ?

Note: R=Read W = Write X = Indeterminate ? = Not Applicable
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Table 31. Z8S180 AC Characteristics (Continued) Vp =5V £10% or
Vpp =3.3V £10%; 33-MHz Characteristics Apply Only to 5V

Operation
78S180—20  Z8S180—33
MHz MHz
No. Symbol Item Min Max Min Max  Unit
31 tints  INT Set-up Time to PHI Fall 20 — 15 — ns
32 ity INT Hold Time from PHI Fall 10 — 10 — ns
33 tavrw  NMI Pulse Width 35 — 25 — ns
34 tgrs  BUSREQ Set-up Time to PHI Fall 10 — 10 — ns
35 tgry ~ BUSREQ Hold Time from PHI Fall 10 — 10 ns
36 tgap; PHI Rise to BUSACK Fall Delay ~— — 25 — 15 ns
37 tgapz  PHIFall to BUSACK Rise Delay ~— — 25 — 15 ns
38 tgzp  PHI Rise to Bus Floating Delay Time — 40 — 30 ns
39 tmewn MREQ Pulse Width (High) 35 — 25 — ns
40 tmewr, MREQ Pulse Width (Low) 35 — 25 — ns
41 tgrpr PHI Rise to RFSH Fall Delay — 20 — 15 ns
42 trrpz  PHI Rise to RFSH Rise Delay — 20 — 15 ns
43 tyap; PHIRise to HALT Fall Delay — 15 — 15 ns
44 tyapy PHI Rise to HALT Rise Delay — 15 — 15 ns
45 tprgs DREQI Set-up Time to PHIRise 20 — 15 — ns
46 tpron DREQI Hold Time from PHI Rise 20 — 15 — ns
47 trep1 PHI Fall to TENDi Fall Delay — 25 — 15 ns
48 trepy  PHI Fall to TENDi Rise Delay — 25 — 15 ns
49 tED1 PHI Rise to E Rise Delay — 30 — 15 ns
50 tED2 PHI Fall or Rise to E Fall Delay — 30 — 15 ns
51 Pwgg E Pulse Width (High) 25 — 20 — ns
52 Pwgr,  E Pulse Width (Low) 50 — 40 — ns
53 tEr Enable Rise Time — 10 — 10 ns
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1/0 Write Cycle

S\

29 » F

> |22

T4
ADDRESS X
IORQ
|
RD
WR

CPU Timing (IOC = p

> F25

/O Read Cycle

T

/O Write Cycl

Figure 83. CPU Timing (I0C = 0) (I/O Read Cycle, I/O Write Cycle)

UMO005003-0703

199



232

Z8018x

Family MPU User Manual

2
a
%

7
-4

Table 46. 1/O Instructions (Continued)
Flags
Addressing 716 |42 |1 |0
Operation
Name Mnemonics Op Code Immed |Ext |Ind |Reg|Regl|Imp [Rel [Bytes |States Operation S (Z [(H|PNV|N
INPUT  |INIR 11101 101 D S |2 14 (Br=0) (BC)—>(HL)\ X IS |X|X X
10110 010 12 @Br=0)|® R
Repeat Q until
Br=0
Cr—>A0~A7
Br—»>A8—>A16
OUTPUT [OUT (m)A 11010 011 S [D |2 10 Ar—(Am)1 o |o o lo |o |
<m> m—A0~A7
Ar—>A8~A16
OUT (C).g 11101 101 S D |2 10 gr—(BC)1 o |o o lo |o |e
019001 Cr—A0~A7
Br—>A8~A16
OUTO(m),g** |11 101 101 S D |3 13 gr—(00m)1 o |o o lo |o |e
00 g 001 m—>A0~A7
<m> 00—~>A8~A16 (5) (6)
OTDM** 11101 101 S D |2 14 (HL)\—(00C)1 SO O G =
10001 011 HLg-1->HLR
Cr-15Cr
Br-1—>Br
Cr—>A0~A7
00—>A8~A16 6)
OTDMR** 11101 101 S D |2 16 (Br=0) (HL)y—©0C)Y1|R [S [R|S [T |R
10011 011 14 (Br=0)|q 'é';ﬁf_}H(':'rR
Br-1->Br
Repeat Q until
Br=0
Cr—>A0~A7
00—~>A8~A16 (6)
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Special Control Instructions
Table 47. Special Control Instructions
Flags
Addressing 716 |4 |2 1
Operation
Name Mnemonics |Op Code Immed |Ext [Ind |Reg |Regi |Imp |Rel |Bytes |States Operation S|Z|H|PV [N|C
Special DAA 00 100 111 S/ID 1 4 Decimal TP e
Function Adjust
Accumulator
Carry CCF 00 111 111 1 3 C-C o le [Rle [R
Control
SCF 00 110 111 1 3 1-C o o [Rfe R
CPU DI 11 110 011 1 3 0—IEF1,0IEF2 (7) |o |o |o [e .
Control
El 11111 011 1 3 1-IEF1,15IEF2(7) o |o |o |o .
HALT 01110 110 1 3 CPU halted oo [efe o
IMO 11101 101 2 6 Interrupt o (o o |o .
01000 110 Mode 0
IM1 11101 101 2 6 Interrupt oo [ofo o
01010 110 Mode 1
M2 11101 101 2 6 Interrupt o (o |o |0 .
01011 110 Mode 2
NOP 00 000 000 1 3 No operation o (o |o |0 .
SLP** 11101 101 2 8 Sleep o o (o [0 .
01110 110

7) Interrupts are not sampled at the end of DI or El.
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Machine

MNEMONICS Bytes Cycles States

2 3 7 if Br=0)
EI 1 1 3
EX AF,AF' 1 2 4
EX DE,HL 1 1 3
EX (SP),HL 1 6 16
EX (SP)LIX 2 7 19
EX (SP),IY 2 7 19
EXX 1 1 3
HALT 1 1 3
IMO 2 2 6
M1 2 2 6
M2 2 2 6
INC g 1 2 4
INC (HL) 1 4 10
INC (IX+d) 3 8 18
INC (IY+d) 3 8 18
INC ww 1 2 4
INCIX 2 3 7
INCIY 2 3 7
IN A,(m) 2 3 9
IN g,(C) 2 3 9
INI 2 4 12
INIR 2 6 14 (if Br # 0)

2 4 12 (If Br=0)
IND 2 4 12
INDR 2 6 14 (If Br # 0)
INDR 2 4 12 (If Br=0)
INO g,(m)** 3 4 12
JP fmn 3 2 6

(If f is false)
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Note 1: (HL) replaces g.
Note 2: (HL) replaces s.

Note 3: If DDH is supplemented as first Op Code for the instructions
which have HL or (HL) as an operand in Table 48, the instructions are
executed replacing HL with IX and (HL) with (IX+d).

ex. 22H : LD (m), HL
DDH 22H : LD (m), IX

If FDH is supplemented as 1st Op Code for the instructions which have
HL or (HL) as an operand in Table 48, the instructions are executed
replacing HL with ['Y and (HL) with (IY+d).

ex. 34H : INC (HL)
FDH 34H : INC (1 Y+d)
However, JP (HL) and EX DE, HL are exceptions and note the following.

® [fDDH is supplemented as 1st Op Code for JP (HL), (IX) replaces
(HL) as operand and JP (IX) is executed

® [fFDH is supplemented as 1st Op Code for JP (HL), (IY) replaces
(HL) as operand and JP (IY) is executed

® Even if DDH or FDH is supplemented as 1st Op Code for EX DE,
HL, HL is not replaced and the instruction is regarded as illegal
instruction.



Z8018x

Family MPU User Manual

—
$
oé'?
4.;\/

Table 51. Bus and Control Signal Condition in Each Machine Cycle (Continued)

Machine
Instruction Cycle |States |Address Data RD |WR |MREQ |IORQ |MI1 |HALT |ST
MCl TIT2T3 |1stOp Code |1stOp 0o [1 o 1 0 |1 0
Address Code
CPI MC2 TIT2T3 |2nd Op Code |2nd Op 0 [1 o 1 0 |1 1
CPD Address Code
MC3 TIT2T3 |HL DATA 0o [1 o 1 1|1 1
MC4 TiTiTi | * z 1 1|1 1 1|1 1
~MC6
MCl TIT2T3 |1stOp Code |1stOp 0o (1 o 1 0 |1 0
Address Code
CPIR
CPDR MC2 TIT2T3 |2nd Op Code |2nd Op 0o [1 o 1 0 |1 1
(If BCg # 0 and Address Code
Ar=(HL)y) MC3 TIT2T3 |HL DATA 0 [1 o 1 1 1 1
MC4~M |TiTiTi |* z 1 1|1 1 1|1 1
8 TiTi
MCl TIT2T3 |1stOp Code |1stOp 0 [1 o 1 0 |1 0
Address Code
CPIR
CPDR MC2 TIT2T3 |2nd Op Code |2nd Op 0o [1 o 1 0 |1 1
(If BCR=0 or Address Code
Ar=(HL)\p) MC3 TIT2T3 |HL DATA o |1 |o 1 1 1 1
MC4~M |TiTiTi  |* z 1 1|1 1 1|1 1
C6
CPL MCl TIT2T3 |1stOp Code |1stOp 0o (1 o 1 0 |1 0
Address Code
MCl TIT2T3 |1stOp Code |1stOp 0 [1 o 1 0 |1 0
DAA Address Code
MC2 Ti * z 1 1|1 1 1|1 1
DI*1 MCl TIT2T3 |[1stOp Code |lIstOp 0 [1 o 1 0 |1 0
Address Code

* 1 Interrupt request is not sampled.
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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
MC2 TI1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
LD (IX+d),m Address Code
LD (IY+d),m MC3 TIT2T3 |lIstoperand |d 0 |1 |0 1 1|1 1
Address
MC4 TIT2T3 |2nd operand |m 0 1 0 1 1 1 1
Address
MC5 TIT2T3 |IX+d DATA 1 0 0 1 1 1 1
IY+d
MCl1 TIT2T3 |[1st Op Code |[1stOp 0 1 0 1 0 1 0
LD A, (BC) Address Code
LD A, (DE)
MC2 TIT2T3 |BC DATA 0 1 0 1 1 1 1
DE
MC1 TIT2T3 |1st Op Code |lstOp 0 1 0 1 0 1 0
Address Code
LD A,(mn) MC2 TIT2T3 |1st operand n 0 1 0 1 1 1 1
Address
MC3 TIT2T3 |2nd operand |m 0 1 0 1 1 1 1
Address
MC4 TIT2T3 |mn DATA 0 1 0 1 1 1 1
MCl1 TIT2T3 |[1st Op Code |[1stOp 0 1 0 1 0 1 0
Address Code
LD (BC),A - .
LD (DE),A MC2 Ti V4 1 1 1 1 1 1 1
MC3 TIT2T3 |BC A 1 0 0 1 1 1 1
DE
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