HD64180R/Z
8-BIT CMOS (Micro Processing Unit)

Based on a microcoded execution unit and advanced CMOS manufac- HD64180RP
turing technology, the HD64(80 is an 8-bit MPU which provides the HD64180ZP
benefits of high performance, reduced system cost and low power oper-
ation while maintaining compatibility with the large base of industry
standard 8-bit software.

Performance is improved by virtue of high operating frequency, pipe-
lining, enhanced instruction set and an integrated Memory Management
Unit (MMU) with 1M or 512k bytes memory physical address space.

System cost is reduced by incorporating key system functions on-chip
including the MMU, two channel refresh, two channel Asynchronous
Serial Communication Interface (ASCI), Clocked Serial /0 Port
(CSI/0), two channel 16-bit Programmable Reload Timer (PRT), Ver-
satile 12 source interrupt controller and a "dual’ (68 X X, 80X X) bus
interface.

Low power consumption during normal CPU operation is supple- (DP-64S)
mented by two specific software controlied low power operation modes.

The HD64180, when combined with CMOS VLSI memories and
peripherals. is useful in system applications requiring high perform-
ance, battery power cperation and standard software compatibility.

The HD64180Z is fully compatibie with Z80I80 (Z180) which is
marketed by Zilog Inc.

HDO4180RCP
HD64180ZCP

A Software Features

+ Enhanced standard 8-bit software architecture:
Upward compatible with CP/M-80%

B Hardware Features

» On-chip MMU supporting 1M byte memary (Provided 512K byte
for DP-64S.

o Two channel DMAC with memory-memory, memory-l/O and
memory-memory mapped /O transfer capabilities (CP-68)

« Two channel, full duplex asynchronous serial communication
interface (ASC) with programmable baud rate generator and
modem control handshake signals

* One channel clocked serial IfO port with serial/parallel shift
register

« Two channel 16-bit programmable reload timer for output wave-
form generation

e Four external and eight internal interrupts

« Dual bus interface compatible with Motorola 68 family and with
Intel 80 family

* On-chip clock generator

» Operating Frequency up to 10 MHz

« Low power dissipation: 50 mW at 4 MHz Operation (typ.)

+ R =Interface with 63/68, 80xx peripherals

= Z =Interface with Z80 peripherals

HD64180RF
HD64180ZF

(FP-80B)
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HD64180R/Z

Pin Function Differences in the HD6418( Series

P?rcykgfe * Fin HD64180R | HD64180Z
18 Vg Vs

CP-68 35 A A
52 NC TEST
12 Vs Vs

FP-80B 33 A A
53 NC TEST

*J” after package designation indicates industrial temperature parts.

HD64180R

Part No. Cloclz&:(zq;iency P?r(:;:fe ASd[:i;f:s
HD64180RP-6 6
HD64180RP-8 8 DP-64S 512 K Byte
HD64180RP-10 10
HD64180RF-6X 6
HD64180RF-8X 8 FP-80 1 M Byte
HD64180RF-10X 10
HD64180RCP-6X 6
HD64180RCP-8X

CP-68 1 M Byte
HD64180RCP-10X 10
HD64180Z

Part No. Cloclz 1'\l;‘i;_e;;;;xency P?;(Sfe A;:;::S
HD64180ZP-6 6
HD64180ZP-8 8 DP-64S 512 K Byte
HD64180ZP- 10 10
HD64180ZF-6X 6
HD64180ZF-8X 8 FP-80 1 M Byte
HD64180ZF-10X 10
HD64180ZCP-6X
HD64180ZCP-8X g8 CP-68 1 M Byte
HD64180ZCP-10X 10
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HD64180R/Z

B PIN ASSIGNMENT

* HDB84180R

{DP-645) (FP-80B)

NC: Not connected.
Please leave the
NC pins open.
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HD64180R/Z

M PIN ASSIGNMENT

* HD64180Z

N [7] [54]) RER
NC (3] s3] NC
NC 3 %NC
INTo [« s HALT
INT: [ %TEW\
!NAT‘zE 5] HREQ:
ST (7] (4] CKs
AoT] 7] AXS/CTS,
a, 7] % TXS
Az (36 35) CKAL/TENDo
A saf RXA
Vss% 53] TEST
A3 [32] TXA
NC (02 51 NC
As03 0] CKAo/OREQe
Aglle #|RXAs
Axf7 ] TXAs
As[1e 7] DCho
Agl® [ TTS
Ao ® :ZBR—'I"SB
An | E D»
NC [z ] NC
NC% (53] NC
A fae EDG
63160100163 B G
iiiiizzyizscasss
=
<
(DP-645S) {(FP-80B)

Piease leave the TEST
pin open.

{CP-68)

438
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HD64180R/Z

# HD64180 BLOCK DIAGRAM

g 5
- 4 & - = i 5
< [ [72] ( [T} - ~N
j T T lT %‘. l? ’T IT l? IT Ja ? ITE T ] E |E IT IE
Bus State Control Interrupt
é Timing _
Generator CPU
7
J 16-bit ( § ) :—.? REQ
Programr.nable l fast 1 DMACs END:
A1a/TOUT= ““3‘:2{"““ - Nk (2)
3 -
[}
@ 2
= TXAo
TXS = Clocked g g ——
Serial /O <4 ) *+ CKA«/DREQo
RXS/CTSH Port ] l Asynchronous
CKS =+ K ) scl RXAe
ichannel 0) RTSo
> a—
DCDo
< > = TXA1
MMU - y Asynepronous CKA /TENDs
{channel 1) le—— RXA
U v j
Address Data
Buffer Bufter -— Vec
\J O - \ss
Ag~ A Do~Ds

(Ao~ Ase: HDB4180R1, HD64180Z; FP-80, CP-68)

@ HITACHI
Hitachi America, Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300 439

1M1 2 WIIeLl 9] CobALldpreq BA |2 Ke2becf| A6 |ABUNL ICLNLEL



HD64180R/Z

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee -0.3~+70 \
Input Voltage Vin 0.3~V +0.3 Y
-20~ +75"
Operating Temperature T _ °C
P g p opr _40~ +85**
Storage Temperature Tstq -55~ + 150 °C

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. If
these conditions are exceeded, it could affect reliability of LS.
*Standard Temp.
**Industrial Temp.

B ELECTRICAL CHARACTERISTICS
* DC CHARACTERISTICS (Vc=5V £10%, V=0V, ta=-20 ~ +75°C, Industrial Temp
Ta=-40~ +85°C, unless otherwise noted.)

Item Symbol Condition min. typ. max. Unit

Input “H” Voltage

— A V Vee-0.6 — v 0.3 A
RESET, EXTAL, NMI IH1 ce co+
Input “H” Voltage .
Except RESET, EXTAL, NMI Vi 2.0 Vec+03 vV
Input "L’ Voltage Vv _ _
RESET, EXTAL, NMI I 03 06 v
Input “L” Voltage B _
Except RESET, EXTAL, NMI Viez 0.3 0.8 v
Output “H”* Voltage loq =-200pA 2.4 — —
Vou A
All Qutputs lon = —20pA Vee-1.2
OQutput “L’ Voltage
V loL=2.2mA — — 0.45 vV
All Outputs oL oL
Input Leakage
Current All Inputs he Vin=0.5~Vcc-0.5 — — 1.0 pA
Except XTAL, EXTAL
Three State Leakage
| Vin=0.5~Vcc-0. — —_ 1.

Current TL in=05~Vcc-0.5 0 #A
Power Dissipation olel f=4MHz — 10 20
(Normal Operation) f=6MHz _ 15 30

f=8HMz — 20 40

f=10MHz — 25 50 mA
Power Dissipation f=4HMz — 2.5 5.0

f=8HMz — 5.0 10.0

f=10MHz — 6.3 12.5
Pin Capacitance Cp Vin=0V, = 1THMz — — 12 pF

Ta=25°C

*Vig min. =Vgc-1.0V, V). max. =0.8V (all output terminal are at no load)
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HD64180R/Z

¢ DC CHARACTERISTICS (Vec=5V £ 10%, V=0V, ta=-20 ~ +75°C, Industrial Temp
Ta=-40 ~ +85°C, unless otherwise noted.)

HD64180R/Z-4 HD64180R/2-6 HD64180R/Z-8 HD64180R/2-10
ltem Symbol | min. max. min. max. min. max. min. max. | unit
Clock Cycle Time teye 250 2000 162 2000 125 2000 100 2000 ns
Clock “H” Pulse Width tcHw 110 65 50 40 ns
Clock “L’ Pulse Width tow 110 65 50 410 ns
Clock Fall Time tes 15 15 15 10 ns
Clock Rise Time ter 15 15 15 10 ns
Address Delay Time tap 110 90 80 70 ns
Address Set-up Time tas 50 30 20 70 ns
(MEorIQE | )
ME Delay Time 1 tmMED1 85 60 45 10 ns
_ I0C=1 85 60 45 50
RD Delay Time 1 tRDD1 ns
I0C=0 85 65 60 55
LiR Delay Time 1 tLp1 100 80 70* 60 ns
Address Hold Time 1 tAH 80 35 20 10 ns
(ME,IQE,RDor WR 1)
ME Delay Time 2 tmep 2 85 60 45 50 ns
RD Delay Time 2 tRoD2 85 60 45 50 ns
LIR Delay Time 2 t.p2 100 80 70" 60 ns
Data Read Set-up Time {DRS 50 40 30 25 ns
Data Read Hold Time IDRH 0 0 0 0 ns
ST Delay Time 1 tsTD1 110 20 70 60 ns
ST Delay Time 2 tsTD2 110 90 70 60 ns
WAIT Set-up Time tws 80 40 40 30 ns
WAIT Hold Time twH 70 40 40 30 ns
Write Data Floating twpz 100 95 70 60 ns
Delay Time
WR Delay Time 1 IWRD1 80 65 60 50 ns
Write Data Delay Time twop 110 90 80 60 ns
Write Data Set-up Time twps 60 40 20 15 ns
(WR )
WR Delay Time 2 twrD2 20 80 60 50 ns
WR Pulse Width twrp 280 170 130 110 ns

*For a loading capacitance of less than or equal to 40 picofarads and operating temperature from 0 to 50 degrees, subtract 10
nanoseconds from the value given in the maximum columns.
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HD64180R/Z

HD64180R/Z-4 HD64180R/Z-6 HD64180R/Z-8 HD64180R/Z-10
item Symbol | min. max. min. max. min. max. min. max. unit
Write Data Hold Time twoH 60 40 15 10 ns
WR1)
{OE Delay Time 1 tiop1 85 60 45 50 ns
85 65 60 55 ns
IOE Delay Time 2 tiop2 85 60 45 50 ns
10E Delay Time 2 tiopa 540 340 250 200 ns
(LIR 1)
INT Set-up Time LiNTS 80 40 40 30 ns
($4)
iNT Hold Time HINTH 70 40 40 30 ns
(@)
NMI Pulse Width tnmiw | 120 120 100 80 ns
BUSREQ Set-up Time teRs 80 40 40 30 ns
(o)
BUSREQ Hold Time tBRH 70 40 40 30 ns
BUSACK Delay Time 1 | tgapq 100 95 70 60 ns
BUSACK Delay Time 2 | tgap? 100 95 70 60 ns
Bus Floating Delay Time| tgzp 130 125 90 70 ns
ME Pulse Width (HIGH) | tyewn | 200 110 90 70 ns
ME Puise Width (LOW) | twewL | 210 125 100 80 ns
REF Delay Time 1 tRFD1 10 90 80 60 ns
REF Delay Time 2 tRFD2 110 90 80 60 ns
HALT Delay Time 1 tHAD1 110 a0 80 50 ns
HALT Delay Time 2 tHAD2 110 90 80 50 ns
DREQ i Set-up Time tbras 80 40 40 30 ns
DREQ i Hold Time toRQH 70 40 40 30 ns
TEND i Delay Time 1 tTED1 85 70 60 50 ns
TEND i Delay Time 2 tTED2 85 70 60 50 ns
Enable Delay Time 1 tED1 100 95 70 60 ns
Enable Delay Time 2 tepe 100 95 70 60 ns
E Pulse Width (HIGH) PweH 150 75 65 55 ns
E Pulse Width (LOW) | PweL | 300 180 130 10 ns
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HD64180R/Z

HD64180R/Z-4 HD64180R/Z-6 HD64180R/Z-8 HD64180R/Z-10

ltem Symbol | min. max. min. max. min. max. min. max. unit

Enable Rise Time ter 25 20 20 20 ns
Enable Fall Time tes 25 20 20 20 ns

Timer Qutput Delay
Time trop 300 300 200 150 ns

CSHO Transmit Data tsTol 200 200 200 150 ns
Delay Time
(Internal Clock
Operation)

CSI/O Transmit Data tsTDE 7.5tcyc 7.5tcyc 7.5tcyc 7.5tcyc ns
Delay Time +300 +300 +200 +150
(External Clock
Operation)
CSHO Receive Data tsrsi 1 1 1 1 tcyc
Set-up Time
(Internal Clock
Operation)

CSI/O Receive Data tsRHI 1 1 1 1 teyc
Hoid Time
(Internal Clock
Operation)

CSIO Receive Data tspRse 1 1 1 1 teye
Set-up Time
{External Clock
Operation)

CSI/O Receive Data tspHE 1 1 1 1 tcyc
RESET Set-up Time tRES 120 120 100 80 ns
RESET Hold Time tREH 80 80 70 60 ns

Oscillator Stabilization tosc 20 20 20 40 ms
Time

External Clock Rise
Time texr 25 25 25 25 ns
(EXTAL)

External Clock Fall Time! text 25 25 25 25 ns
(EXTAL)

RESET Rise Time tRr 50 50 50 50 ms
RESET Fall Time tRt 50 50 50 50 ms

Input Rise Time tir 10 100 100 100 ns
(except EXTAL, RESET)

Input Fall Time 1 100 100 100 100 ns
(except EXTAL, RESET)
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HD64180R/Z

t%_/itmw
DAV AVAVaVaAVAYs
Nt
o /L S |/ \
tap(| '
ADDRESS X[ 12( K:
2 7
tws, IWH tv_\,.isJ tI_V_VH
WAIT ﬂ( y\
itas tmeD2tAH
ME ‘s& k— -
tMED1 tas top2tan
TOE . /L
top1
troD2
RD '}—— -
tRoD1 y, 4/
tWRD1 l!VRDZ
WR twre it
tp2
LR—
D1
157102
ST
tSTék
T toRs toRH toRs; |toRH) |twoz
v XKD
N A% twps AWAN
twoD twoH
Data
ouT ]
toes, [ 1 tRes ﬁrtRElH
—ﬂ e

=/ YA

*1 Output buffer is off at this point.

Figure 1 CPU Timing (1)
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HD64180R/Z

NaYVAVAVAVAVAVAVAVE

TR 1 \% F
top3
-
1OE 1 f——-
tprs| | tORH
Data 7\ Y7\
IN *1 VAN,
tMEWH
ME *2 jt Y
tRFD1 %,__‘MBM, tRED2
REF -2 “\L
— tBRH ‘ — t8RH
BUSREQ —

teap1 taAn2
t_a_z;F

ADDRESS 87D
DATA
WIE, 7D Jrf

WR, 10E

RALT

*1 during INTo acknowledge cycle
*2 during refresh cycle
*3 OQutput buffer is off at this point.

Figure 1 CPU Timing (2)
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HD64180R/Z

CPU or DMA Read/Write Cycle (Only DMA Write Cycle for TENDI}

T T2 Tw Ta T,
DREGI
(at level sense) _
DREGH

(at edge sense)

q
| treoy ts1D2

trep2
TEND:
*3
tsTD1

ST

"1 tpras and tpow are specified for the rising edge of clock fokowed by Ts.
*2 tppgs and tppaw 8re specified for the rising adge of clock.

*3 DMA cycle starts.

*4 CPU cycle starts.

Figure 2 DMA Control Signals

Ts T2 Tw Tw Ta
’ WA WA
= — e
E
{Memory Read/Write) [ \
o
== ] LWz
E
VO Read) ﬁ -
D1 J D2
A -
E
/0 Write) f 'oRs
>
Do—D~ { / / A X[ K
N 4 A\ e -
Figure 3 E Clock Timing (1)
VA
r‘em tep2

E
BUS RELEASE mode
SLEEP mode |
[

Figure 3 E Clock Timing (2)
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HD64180R/Z

ARV

]
—
Aw/TOUT j
trop
Figure 4 Timer Output Timing
SLP instruction fetch Next op-code fetch
Ta T T2 T Tg Tz
5 4/—\—/1__\-—‘/1'_\_/“ \ W
twrs NTH
wT; J’W
L 4’-\ '
e
tavew
g f—r
Ao—Aie

-+ =

VTR J

®_/ /

tHAD1
5

Figure 5 SLP Execution Cycle
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HD64180R/Z

CSVO Clock / '\_/—\t / \

STo) DM
Transmit data
(intemal Clock) k

t

tsTDE STDE
Transmit data y{
(External Clock) S

1y, M,
Ispsi| tsai | srsi|  tsmm
Receive data r 7 s 3
{internai Clock} / _
T 5, | 165t TTBige | 165t
Receive data '
{External Clock) Z/ / /XL ]
tshse 1 1SRHE tsRsE [sRHE

Figure 8 CSI/0 Receive/Transmit Timing

2.0V 20V
v
5 0.8V 0.8v
R =2.2k()
' Reference Level (Input)

182074 @)
CT ¥R ¥ or Equiv.

24v 24v
C=90pF R=12kQ2 0.8v 0.8v

Reference Leve! (Output)

Test Point

by -t

EXTAL Rise time and Fall time Inputs, other than EXTAL, Rise time and Fall time

Figure 7 Bus Timing Test Load (TTL Load)
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HD64180R/Z

1 PiN DESCRIPTION
XTAL (IN}

Crystal oscillator connection. Should be left open if an external
TTL clock is used. It is noted this input is nota TTL level input. See
Table D.C. characteristics.

EXTAL (IN)
Crystal oscillator connection. An external TTL clock can be
input on this line. This input is schmitt triggered.

¢ OuUT)
System Clock. The frequency is equal to one-half of crystal oscil-
lator.

RESET — CPU Reset (IN)
When LOW, initializes the HD64180 CPU. All output signals
are held inactive during RESET.

Ag-A,; — Address Bus (OUT, 3-STATE)
Ag/TOUT

19-bit address bus provides physical memory addresses of up to
512k bytes. The address bus enters the high impedance state during
RESET and when another device acquires the bus as indicated by
BUSREQ and BUSACK LOW. A is multipiexed with the TOUT
output from PRT channel 1. During RESET, the address bus func-
tion is selected. TOUT function can be selected under software con-

trol.

Dy-D; — Data Bus (IN/OUT, 3-STATE)

Bidirectional 8-bit data bus. The data bus enters the high impe-
dance state during RESET and when another device acquires the
bus as indicated by BUSREQ and BUSACK LOW.

RD — Read (OUT, 3-STATE)
Used during a CPU read cycle 10 enable transfer from the exter-
nal memory or 1/Q device to the CPU data bus.

WR — Write [OUT, 3-STATE]}
Used during a CPU write cycle to enable transfer from the CPU
data bus to the external memory or 1/0 device.

ME — Memory Enable {OUT, 3-STATE}

__Indicates memory read or write operation. The HD64180 asserts
ME LOW in the following cases.

(a) When fetching instructions and operands.

{b) When reading or writing memory data.

(¢) During memaory access cycles of DMA.

(d) During dynamic RAM refresh cycles.

1OE — 1/0 Enable {OUT, 3-STATE) .
Indicates I/Q read or write operation. The HD64180 asserts 10E

LOW in the following cases.

(a} When reading or writing 17O data.

{b) During I/O access cycles of DMA.

(¢} During INT, acknowledge cycle

WAIT — Bus Cycle Wait (IN}

Introduces wait states 1o extend memoty and 170 cycles. IfLOW
at the falling edge of T, a wait state (Tw) is inserted. Wait states will
continue 1o be inserted until the WAIT input is sampled HIGH at
the falling edge of Tw, at which time the bus cycle will proceed to
completion.

E — Enable (QUT)
Synchronous clock for connection to HD63 % X series and other
680076500 series compatible peripheral LSIs.

BUSREQ — Bus Reguest (IN)
___Anaother device may request use of the bus by asserting
BUSREQ LOW. The CPU will stop executing instructions and

|

piaces ihe address bus, dala bus, KD, WR, ME and fOE in the high

=

I\

impedance state.

BUSACK - Bus Acknowledge (OUT)

When the CPU completes bus release (in response to BUSREQ
LOW), it will assert BUSACK LOW. This acknowledges that the
bus is free for use by the requesting device.

HALT — Halt/Sleep Status (QUT)
Asserted LOW _after execution of the HALT or SLP instruc-
tions. Used with LIR and ST output pins to encode CPU status.

LIR — Load Instruction Register (OUT)
Asserted LOW when the current cycle is an op-code fetch cycle.
Used with HALT and ST output pins to encode CPU status.

ST — Status (OUT) o
Used with the HALT and LIR output pins to encode CPU
status.

Table 1 Status Summary

ST HALT | LR Operation
o) 1 0] CPU operation
{1st op-code fetch)
1 1 0 CPU operation
{2nd op-code and
3rd op-code fetch)
1 1 1 CPU operation
(MC except for op-code fetch}
0 X 1 DMA operation
0 0 0 HALT mode
0 1 SLEEP mode (including
SYSTEM STOP mode)

NOTE} X: Don'tcare
MC: Machine cycle

REF — Refresh (OUT)

When LOW, indicates the CPU is in the dynamic RAM refresh
cycle and the low-order 8 bits (A,-A;) of the address bus contain
the refresh address.

NMI - Non-Maskabte Interrupt (IN)

When edge transition from HIGH to LOW is detected, forces
the CPU to save certain state information and vector to an interrupt
service routine at address 0066H. The saved state information is re-
stored by executing the RETN {Return from Non-Maskable Inter-
rupt) instruction.

INT, — Maskable Interrupt Level 0 (IN}

When LOW, requests a CPU interrupt {unless masked) and
saves certain state information unless masked by software. INT, re-
quests service using one of three software programmable interrupt
modes.

Mode Operation
0 instruction fetched and executed from data bus.
1 Instruction fetched and executed from address
0038H.
2 Vector System — Low-order 8 bits vector table
address fetched from data bus.

in all modes, the saved state information is restored by execut-
ing RETI (Return from Interrupt) instruction,
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HD64180R/Z

i_ﬁ, II‘TT; — Maskable Interrupt Level 1, 2 {IN)

When LOW, requests a CPU interrupt (unless masked) and
saves_certain state information unless masked by software. INT,
and INT, (and internally generated interrupts} request interrupt
service using a vector system similar to Mode 2 of INT,.

‘DREQ,, — DMA Request — Channe! O (IN)

When LOW (programmable edge or level sensitive), requests
DMA transfer service from channel 0 of the HD64180 DMAC.
DREQ, is used for Channel 0 memory <—> [/0 and memory
<> memory mapped 1/0 transfers. DREQ, is not used for
memory €——> memory transfers. This pin is multiplexed with
CKA,.

TEND, — Transfer End — Channel! 0 (QUT)

Asserted LOW synchronous with the last write cycle of channel
0 DMA transfer to indicate DM A completion to an external device.
This pin is multiplexed with CKA,.

DREQ,; — DMA Request — Channet 1 (IN)

When LOW (programmable edge or level sense), requests
DMA r1ransfer service from channel 1 of the HD64180 DMAC.
Channel 1 supports Memory <—> 1/0 transfers.

TEND; — Transfer End — Channel 1 [QUT}
Asserted LOW synchronous with the last write cycle of channel
I DMA transfer to indicate DM A completion to an external device.

TXAg, — Asynchronous Transmit Data — Channel 0 {QUT)
Asynchronous transmit data from channet 0 of the Asynchro-
nous Serial Communication Interface (ASCI).

RXA, — Asynchronous Receive Data — Channel 0 {IN}
Asynchronous receive data to channel 0 of the ASCI.

CKA, — Asynchronous Clock — Channel 0 {IN/OUT)
Clock input/output for channel 0 of the ASCI This pin is
multiplexed (software selectable) with DREQ,.

RTS; — Request to Send — Channel 0 (OUT)
Programmable modem control output signal for channel 0 of the
ASCI.

CTS;, — Cleer to Send — Channel O (IN)
Modem control input signal for channel ¢ of the ASCIL

DCD, — Data Carrier Detect — Channel 0 {IN)
Modem control input signal for channel 0 of the ASCI.

TXA, — Asynchronous Transmit Data — Channel 1 (OUT)
Asynchronous transmit data from channel 1 of the ASCI.

RXA, - Asynchronous Receive Data — Channel 1 {IN)
Asynchronous receive data to channel 1 of the ASCE.

CKA, — Asynchronous Clock — Channel 1 (IN/OUT)
Clock input/output for channel 1 of the ASCI. This pin is
multiplexed (software selectable) with TEND,.

CTS, — Ciear to Send — Channel 1 (iN}
Modem control input signal for channel 1 of the ASCI. This pin
is multiplexed (software selectable) with RXS.

TXS — Clocked Serial Transmit Data (QUT)
Clocked serial transmit data from the Clocked Serial 1/O Port
(CS1/0).

RXS — Clocked Serial Receive Data {IN)

Clocked serial receive data to the CSI/Q. This pin is multiplexed
(software selectable) with ASCI channel 1 CTS; modem control
input.

CKS — Serial Clock {IN/OUT)
Input or output clock for the CSI/0.

TOUT — Timer Output (OUT)
Pulse output from Programmable Reload Timer channel 1. This
pin is multiplexed (software selectable) with A,, (Address 18).

Vee — Power Supply
Vgs — Ground

Muitiplexed pin descriptions
A.a/TOUT

During RESET, this pin is initialized as A, pin. If either TOCI1
or TOCO bit in Timer Control Register (TCR) is set to 1, TOUT
function is selected.

If TOCt and TOCO bits are cieared to 0, A, function is selected.

CKAy/DREQ,

During RESET, this pin is initialized as CKA, pin. If either DM
or SMI in DMA Mode Register (DMODE) is set to 1, DREQ,
function is always selected.

CKA,/TEND,

During RESET, this pin is initialized as CKA, pin. If CKA1D bit
in ASCI controt register ch 1 (CNTLAL1) is set to 1, TEND, func-
tion is selected. If CKA 1D bit is set to 0, CKA, function is selected.

RXS/CTS,

During RESET, this pin is initialized as RXS pin. If CTS1E bit in
ASCI status register chl (STATI) is set to 1, CTS, function is
seiected.

If CTSIE bit is set to 0, RXS function is selected.
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2 CPU REGISTERS

The HD64180 CPU registers consist of Register Set GR, Regis-
ter Set GR’ and Special Registers.

The Register Set GR consists of 8-bit Accumulator (A), 8-bit
Flag Register (F), and three General Purpose Registers (BC, DE,
and HL} which may be treated as 16-bit registers (BC, DE, and
HL) or as individual 8-bit registers (B, C, D, E, H, and L) depend-
ing on the instruction to be executed. The Register Set GR’ is alter-
nate register set of Register Set GR and also contains Accumulator

Register Set GR

(A”), Flag Register (F") and three General Purpose Registers (BC’,
DE’, and HL'). While the alternate Register Set GR’ contents are
not directly accessible, the contents can be programmably ex-
changed at high speed with those of Register Set GR.

The Special Registers consist of 8-bit Interrupt Vector Register
(I), 8-bit R Counter (R), two 16-bit Index Registers (IX and 1Y),
16-bit Stack Pointer (SP), and 16-bit Program Counter (PC).

Fig. 8 shows CPU registers configuration.

Special Registers

i Interrupt R Counter
Regist:
Accur:ulator Flag Fegns er Vector Register
| R
B Register C Register
9 = General Index Register X
D Register E Register Purpose
e > Reg:i’;ers Index Register 1Y
H Register L Register
o > Stack Pointer SP
] . Program Counter PC
Register Set GR
Accumulator Flag Register
A F’
B’ Register C' Register
General
D' Register E' Register Purpose
Registers
H’ Register L' Register

Figure 8 CPU Register Configuration

2.1 Register Description

{1) Accumulator (A, A’) .
The Accumulator (A) serves as the primary register used for

many arithmetic, logical and 1/Q instructions.

{2} Flag Registers (F, F’}
The flag register stores various status bits (described in the next
section) which reflect the results of instruction execution.

{3) General Purpose Registers (BC, BC', DE, DE’, HL, HL'}

The General Purpose Registers are used for both address and
data operation. Depending on instruction, each half (8 bits) of these
registers (B, C, D, E, H, and L) may also be used.

{(4) Interrupt Vector Register (I}

For interrupts which require a vector tabie address to be calcu-
lated (INT, Mode 2, INT,, INT, and internal interrupts), the Inter-
rupt Vector Register (I) provides the most significant byte of the
vector table address.

(6) R Counter (R}
The least significant seven bits of the R Counter (R) serve to
count the number of instructions executed by the HD64180. R is

incremented for each CPU op-code fetch cycles (each LIR cycles).

{8) Index Registers (IX, and 1Y}

The Index Registers are used for both address and data opera-
tions. For addressing, the contents of a displacement specified in
the instruction are added to or subtracted from the Index Register
to determine an effective operand address.

(7} Stack Pointer (SP}
The Stack Pointer {SP) conlains the memory address based
LIFO stack.

(8) Program Counter (PC)

The Program Counter (PC) contains the address of the instruc-
tion to be executed and is automatically updated after each instruc-
tion fetch.

{8} Flag Register {F)

The Flag Register stores the logical state reflecting the results of
instruction execution. The contents of the Flag Register are used to
control program flow and instruction operation.
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bt 7 8 5 4 3 2 1 0
ujz!-[H]—!PN[NIC]mgnogimrH

$: Sign {bit 7}

S stores the state of the most significant bit (bit 7) of the result.
This is useful for operations with signed numbers in which values
with bit 7 = 1 are interpreted as negative.

Z: Zero (bit 6)
Z is set to 1 when instruction execution results containing 0.
Otherwise, Z is reset to 0.

H: Half Carry (bit 4)

H is used by the DAA (Decimal Adjust Accumulator) instruc-
tion to reflect borrow or carry from the least significant 4 bits and
thereby adjust the results of BCD addition and subtraction.

P/V: Parity/Qverflow (bit 2)

P/V serves a dual purpose. For logical operations P/V is set to |
if the number of 1 bit in the result is even and P/V is reset to 0if the
number of 1 bit in the result is odd. For two complement
arithmetic, P/V is set to 1 if the operation produces a result which is
outside the allowable range (+ 127 to — 128 for 8-bit operations,
+ 32767 to — 32768 for 16-bit operations).

N: Negative {(bit 1}

N is set to 1 if the last arithmetic instruction was a subtract oper-
ation (SUB, DEC, CP, etc.) and N is reset to 0 if the jast arithmetic

8-bit Register

g or g’ field Register
0 0O B
0 01 o
010 D
0 1 1 E
1 00 H
1 0 1 L
1 10 -
1 1 1 A
16-bit Register
2z field Register
00 BC
01 DE
10 HL
1 1 AF

instruction was an addition operation (ADD, INC, etc.).

C: Carry (bit 0)

C is set to 1 when a carry {addition) or borrow (subtraction)
from the most significant bit of the result occurs. C is also affected
by Accumulator logic operations such as shifts and rotates.

3 ADDRESSING MODES
The HD64180 instruction set includes eight addressing modes.

Implied Register
Register Direct
Register Indirect
Indexed
Extended
Immediate
Relative
(0]

(1) Implied Register (IMP}

Certain op-codes automatically imply register usage, such as the
arithmetic operations which inherently reference the Accumulator,
Index Registers, Stack Pointer and General Purpose Registers.

(2) Register Direct (REG)

Many op-codes contain bit fields specifying registers to be used
for the operation. The exact bit field definition vary depending on
instruction as follows.

ww field Register
00 BC
01 DE
10 HL
11 sep

xx field Register
00 8C
01 DE
10 I X
11 SP

yy field Register
0 0 8C
01 DE
1 0 Y
1 1 SP

Suffixed H and L to ww.,xx,yy,zz {ex. wwH,IXL) indicate upper and lower 8-bit of the 16-bit

register respectively.
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(3) Register Indirect (REG)
The memory operand address is contained in one of the 16-bit
General Purpose Registers (BC, DE and HL).

BC T T
DE —
HL Operand
Memory
A A

(4} Indexed (INDX)
The memory operand address is calculated using the contents of

an Index Register {IX or 1Y) and an 8-bit signed displacement spec-
ified in the instruction.

op-code 1
op-code 2 .
duplacement () Sign extended T
o
[ IX or IY e
L Memory L

{6) Extended (EXT)
The memory operand address is specified by two bytes contained

in the instruction.

{8) Immediate {IMMED)
The memory operands are contained within one or two bytes of

the instruction.

op-code
m }8-bitop.nnd n
m

16-bit operand

(7) Relative {REL)

Relative addressing mode is only used by the conditiona! and
unconditional branch instructions. The branch displacement (rela-
tive to the cpntents of the program counter) is contained in the in-

struction.

Sign extended

displacement {j)

r Program Counter PC) ]

(8) 10 {10}
10 addressing mode is used only by I/O instructions. This mode
specifies 1/Q address (IOE = 0) and outputs them as follows.
(1) An operand is output to A,-A,. The Contents of Accumulstor
is putput to Ag-A, ..
(2) The Contents of Register B is output to A,-A,. The Contents
of Register C is output to Ag-A,;.

op-code (3) An operand is output 1o Ay-A,. 00H is output 10 Ag-Ay,,
n y (useful for internal 1/O register access)
m (4) The Contents of Register C is output 10 A,-A.. 00H is output
Tf T to Ag-Ay;.
(useful for internal 1/0 register access)
m n J Operand
Memory
A A
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H CPU BUS TIMING

This section explains the HD64180 CPU timing for the following
operations.

(1) Instruction {op-code) fetch timing.

(2) Operand and data read/write timing.

(3) 1/0 read/write timing.

(4) Basic instruction (fetch and execute) timing.
(5) RESET timing.

(6) BUSREQ/BUSACK bus exchange timing.

The basic CPU operation consists of one or more ‘‘machine cy-
cles” (MC). A machine cycle consists of three system clocks, T,, T,
and T, while accessing memory or 1/0, or it consists of one system
clock, Ti while the CPU internal operation. The system clock (¢) is
half frequency of crystal oscillation (Ex. 8 MHz crystal—> ¢ of 4

MHz, 250 nsec). For interfacing to slow memory or peripherals,
optional wait states (Tw) may be inserted between T, and T;.

¢ Instruction (op-code) Fetch Timing

Fig. 9 shows the instruction (op-code) fetch timing with no wait
states.

An op-code fetch cycle is externally indicated when the LiR
(Load Instruction Register) output pin is LOW,

In the first half of T,, the address bus (A,-A,,) is driven with the
contents of the Program Counter (PC). Note that this is the trans-
lated address output of the HD64180 on-chip MMU.

In the second half of T,, the ME (Memory Enable) and RD
(Read) signals are asserted LOW, enabling the memory.

The op-code on the data bus is latched at the rising edge of T,
and the bus cycle terminates at the end of T,.

Op-code Fetch Timing |

les
I+
Ty IP)

-
Ta T T2

Ao—Ass 5 ' X_PCF1
Do-Dy ; <{Op-code >

WAT _"-°CC I'_ZZTh,'_"_'_'_'_'_'_'_'_'_'_'_'_Z'_'.
OR  —\ Y,
| —

Figure 9 Op-Code Fetch Timing

Fig. 10 illustrates the insertion of wait states (Tw) into the op-
code fetch cycle. Wait states (Tw) are controlied by the exiernal
WAIT input combined with an on-chip programmable wait state
generator.

At the falling edge of T, the combined WAIT input is sampled. If

WAIT input is asserted LOW, a wait state (Tw) is inserted. The ad-

dress bus, ME RD and LIR are held stable during wait states.

When the WAIT is sampled inactive HIGH at the falling edge of
Tw, the bus cycle enters T, and completes at the end of T,.

Op-code fetch cycle

le ol
rT| T2 Tw Tw T3 —1T| T2
o [ Ty N gy Ny Ny A B
l ! -
Ao—Ais X : :L ] ' X
| |
| | |
Do-D7 | [ l/-l—\o
| | p-code
| . I
WAT & —---mmee-- B N ey o e e Lot S
------ -------—:\:LJ—I:-_--"L‘—:-_-.:': ‘\-.r-_____.._-------_--—_--
| |
" \ e
|
| |
ME \ | ' % L/ \
| | |
1 i |
RD \ \ ' % : /T
| |

Figure 10 Op-Code Fetch Timing (with wait state}
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= Operand and Data Read/Write Timing

The instruction operand and data read/write timing differs from
op-code fetch timing in two ways. First, the LIR output is held inac-
tive. Second, the read cycle timing is relaxed by one-half clock cycle
since data is latched at the falling edge of T,

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

During memeory write cycles the ME signal goes active in the

Read cycle

second half of T,. At the end of T,, the data bus is driven with the
write data, _

At the start of T,, the WR signal is asserted LOW enabling the
memory. ME and WR go inactive in the second half of T, followed
by deactivation of the write data on the data bus.

Wait states {Tw) are inserted as previously described for op-code
fetch cycles.

Fig. 11 illustrates the read/write timing without wait states (Tw),
while Fig. 12 illustrates read/write timing with wait states (Tw),

[ Write cycle

[
r

T T2 Ta

-

Le
|

T T2 Ta T

o [ L& LI

L

O

L e e

1
I
L
Memory address |
1
|

1
Ao—Ais X Memory address X
l l ?
| } !
I
Do—D e s> Wredaw __ >——
'. .' '. i L
L — S0 W S SOV £ 1 W
__________ | mmmmh e d -
1 ! i
- | | ' I
—\ /TN ST
e BB Vo ) N
| |
! ! 1 ]
RD \ l VA | | \
H 1
! I { |
i . .
WR : | T\ /
| | |
Figure 11 Nllemory Read/Write Timing (without wait state)
\ Read cycle N Write cycle
I o
T T2 Tw Ts T T2 Tw Ts
qb__JlJlJIjllJIlflflII_
[
: 1 | | : !
1 I | || L |
Ao—A1s __ X ! ! ! X ] | !
| | | { 1 !
| f—\____,_< )
- t \Qead data Write data
Do—D~ E : : : :
e L R, Lo k S S,
WAT  TTTTTTIIINCTNIIII I LI TN
|
| | |
— [ | I i
ME T\ | | L/ ‘: \ '. | /
T t T |
! ' ‘ ' | :
RD [ I | ' - "
RAD \ i l IIJ i | 1
f | I
——— | . b } | .
WR | | | | \_i f /
| | | '. | |
Figure 12 Memory Read/Write Timing {with wait state}
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4.3 1/0 Read/Write Timing

1/0O instructions cause data read/write transfer which differs
from memory data transfer in the following three ways. The IOE (I/
O Enable) signal is asserted LOW instead of the ME signal. The 16-
bit 1/0 address is not translated by the MMU and A ,-A,, are held

I/0 read cycle

LOW. At least one wait state (Tw) is always inserted for 1/0 read
and write cycles (except internal [/O cycles).

Fig. 13 shows 1/0 read/write timing with the automatically in-
serted wait state (Tw).

/0O write cycle

- - .
T T2 Tw Ta T T2 Tw Ta
¢ | O s O I I B N
— T
I 1
Ao—Ais X /0 address | ! X l | VO address
I | | |
| i f i
| | ! .
Do—Ds ; }ﬂm}——‘:{ Wite date >
T |00 e e —— —— L e A —— —— - - ———— o —— i ———— -
WAT - ]l___*f{_\___.; ______ I U/
. i | !
IOE \ ! ! | / :\ ! /
! | ] | |
i | i |
R T\ | | A |
| L | : !
WR | | | T\ .
] ! | |

NOTE: As—A1s = O for I/O cycles

Figure 13 1/Q Read/Write Timing

4.4 Basic Instruction Timing

An instruction may consist of a number of machine cycles in-
cluding op-code fetch, operand fetch and data read/write cycles. An
instruction may also include cycies for internal processing in which
case the bus is idle.

The example in Fig. 14 ilustrates the bus timing for the data
transfer instruction LD {IX+ d},g. This instruction moves the con-
tents of a CPU register (g) to the memory location with address

computed by adding an signed 8-bit displacement (d) to the con-
tents of an index register (IX).

The instruction cycle starts with the two machine cycles to read
the two bytes instruction op-code as indicated by LIR LOW. Next,
the instruction operand (d) is fetched.

The external bus is idle while the CPU computes the effective
address. Finally, the computed memory location is written with the
contents of the CPU register (g).
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CPU mnmal
1st op-code  2nd op-code Displ ent P Mamory Next instruction
e, »
L fetch cycle _Lfmh cycle Lrud cycle L1 L write cycle q fetch cycle
T T gl DA BN B | T
4 Ty Tz Ta T1 Tz Ta Tt T2 Ta T Ti Ti Ty T2 Tsa T T2
no-aw Y__Pc__ X _pcrr X PCt2 X wx+a_ Y _Pc+3
DOH) (FOH— 77H) d e
0-dr —— > D>——
L AN /N __ /[ \
3 \ /\ /N / —\ I\
RD \ / N\ / \ / \
wR S
Machine Cyce | } i I I — |
M mey T mcz 7 me3 'Mcamcsmce  Mc7 !

NOTE: d = displacement
g = registar contents

Figure 14 LD (IX+d), g Instruction Timing

4.6 RESET Timing
Fig. 15 shows the HD64180 hardware RESET timing. If the RE-
SET pin is LOW for at least six clock cycles, processing is termi-

e

nated and the HD64180 restarts execution from (logical and physi-
cal) address 00000H.

RESET Start
RESET OP-code fetch cycle

-

P U T s I e e s I O o O

T T2
1

|
|
I
]
'

1

I ]

: 6 or more than 6 clocks
|

T

:
RESET ; = i
— :
] ]
] 1
High im e
Ao—Ass > 'oh impedance :Restart address(00000H)
[]

Figure 15 RESET Timing

4.6 BUSREQ/BUSACK Bus Exchange Timing

The HD64180 can coordinate the exchange of control, address
and data bus ownership with another bus master. The alternate bus
master can request the bus release by asserting the BUSREQ (Bus
Request) input LOW. After the HD64180 releases the bus, it relin-
quishes control to the alternate bus master by asserting the

(Bus Acknowledge) output LOW.

The bus may be released by the HD64180 at the end of each ma-
chine cycle. In this context a machine cycle consists of a minimum
of 3 clock cycles (more if wait states are inserted) for op-code fetch,
memory read/write and 1/0 read/write cycles. Except for these
cases, a machine cycle corresponds to one clock cycle.

When the bus is released, the address (A,-A,,), data (D,-D,)

and control (ME, {OE, RD, and WR) signals are placed in the high
impedance state.

Note that dynamic RAM refresh is not performed when the
HD64180 has released the bus. The alternate bus master must pro-
vide dynamic memory refreshing if the bus is released for long peri-
ods of time.

Fig. 16 illustrates BUSREQ/BUSACK bus exchange during a
memory read cycle. Fig. 17 illustrates bus exchange when the bus
release is requested during an HD64180 CPU internal operation.
BUSREQ is sampled at the falling edge of the system clock prier to
T,, Ti and Tx (BUS RELEASE state). If BUSREQ is asserted LOW
at the falling edge of the clock state prior to Tx, another Tx is ex-
ecuted.
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f|$ CPU memory read cycle 1 Bus release cycle | CPU cycle
| |
. T4 T2 Tw Ts Tx Tx Tx T
. , B
] ! 1 [
Ao—Ars X } b, i ,\_
f [ ! !
! ! ] ]
|
Do~Dy { —_)— ' |
! | ] I
| | | I
Y TTaT ] ; | !
ME, IOE f } L v
RD, WR ; . . N
| i ! |
— ! I i |
BUSREQ : ' ' T
\ | ! /] |
. : : |
|
BUSACK , ' '
T T ]
| A\ ' /|
Figure 16 Bus Exchange Timing (1)
n CPU intemal operation N Bus release cycle LCPU cycle
I T -
Ti Ti Ti Ti Tx Tx Tx T
d) : | : h 1
Ao—A ! h 7 | 1"\
o—Ats . L/ ' i
) T 1
! | { o
Do—Ds 5 : | T
I
ME, TOF H ™ | |
R, WR + 7
! | .' to
‘ | f I ;
| =
BUSREQ \ ! E / E ; |
| t | I :
' | I ! |
| L | |
BUSACK ! i \ : o/ i
! 1

Figure 17 Bus Exchange Timing {2)
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B HALT AND LOW POWER OPERATION MODES

The HD64180 can operate in 4 different modes. HALT mode,
IOSTOP mode and two low power operation modes — SLEEP and
SYSTEM STCP. Note that in all operating modes, the basic CPU
clock (XTAL, EXTAL) must remain active.

B.1 HALT Mode
HALT mode is entered by execution of the HALT instruction

(op-code == 76H) and has the following characteristics.

(1} The internal CPU clock remains active.

(2} All internal and external interrupts can be received.

(3) Bus exchange (BUSREQ and BUSACK) can occur.

(4) Dynamic RAM refresh cycle (REF) insertion continues at the
programmed interval.

(5) 1/0 operations (ASCI, CSI/O and PRT) continue.

(6) The DMAC can operate.

(7) The HALT outpul pin is asserted LOW.

(8) The external bus activity consists of repeated ‘dummy’ fetches
of the op-code following the HALT instruction.

HALT op-code fetch cycle

Essentially, the HD64180 operates normally in HALT mode,
except that instruction execution is stopped.
HALT mode can be exited in the following two ways.

RESET Exit from HALT Mode

If the RESET input is asserted LOW for at least six ciock cycles,
HALT mode is exited and the normal RESET sequence (restart at
address 00000H) is initiated.

interrupt Exit from HALT Mode

When an internal or external interrupt is generated, HALT
mode is exited and the normal interrupt response sequence is initi-
ated.

If the interrupt source is masked (individually by enable bit, or
globally by [EF, state), the HD64180 remains_in HALT mode.
However, NMI interrupt will initiate the normal NMI interrupt re-
sponse sequence independent of the state of IEF,.

HALT timing is shown in Fig. 18.

Interrupt

HALT mode | acknowledge cycie

1
I
¢ T2 Ta T

[ I B

1
|
]

Ao—As HALT op-code address)
1
hY
'
w7
w /T
|

Figure 18 HALT Timing

6.2 SLEEP Mode
SLEEP mode is entered by execution of the 2 byte SLP instruc-
tion. SLEEP mode has the following characteristics.
(1) The internal CPU clock stops, reducing power consumption.
(2) The internal crystal oscillator does not stop.
(3) Internal and external interrupt inputs can be received.
(4) DRAM refresh cycles stop.
(5) I/O operations using on-chip peripherals continue.
(6) The internal DMAC stop.
(7) BUSREQ can be received and acknowledged.
(8) Address outputs go HIGH and all other control signal output
become inactive HIGH.
(9) Data Bus, 3-state.
SLEEP mode is exited in one of two ways as shown below.

RESET Exit from SLEEP Mode

If the RESET input is held LOW for at least six clock cycles, the
HD64180 will exit SLEEP mode and begin the normal RESET se-
quence with execution starting at address (logical and physical)
00000H.

Interrupt Exit from SLEEP Mode

The SLEEP mode is exited by detection of an external (NMl
INT,, INT,, INT,) or internal (ASCI, CSI/O, PRT) interrupt.

In the case of NMI, SLEEP Mode is exited and the CPU begins
the normal NMI interrupt response sequence.

In the case of all other interrupts, the interrupt response de-
pends on the state of the global interrupt enable flag {IEF,) and the
individual interrupt source enable bit.

If the individual interrupt condition is disabled by the corres-
ponding enable bit, occurrence of that interrupt is ignored and the
CPU remains in the SLEEP state.

Assuming the individual interrupt condition is enabled, the re-
sponse 1o that interrupt depends on the global interrupt enable flag
(IEF)). If interrupts are globally enabied (IEF,=1) and an in-
dividually enabled interrupt occurs, SLEEP mode is exited and the
appropriate normal interrupt response sequence is executed.

If interrupts are globally disabled (IEF,=0) and an individually
enabled interrupt occurs, SLEEP mode is exited and instruction ex-
ecution begins with the instruction following the SLP instruction.
Note that this provides a technique for synchronization with high
speed external events without incurring the latency imposed by an
interrupt response sequence.

Fig. 19 shows SLEEP timing.
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5.3 I0STOP Mode 6.4 SYSTEM STOP Mode

IOSTOP mode is entered by setting the IOSTP bit of the I/0 SYSTEM STOP mode is the combination of SLEEP and
Control Register (ICR) 1o L. In this case, on-chip 1/O (ASCI, CSI/ IOSTOP modes. SYSTEM STOP mode is entered by setting the
O, PRT) stops operating. However, the CPU continues to operate. lOSTP bit in ICR to 1 foHowed by execution of the SLP lqslrucuon.
Recovery from IOSTOP mode is by clearing the IOSTP bit in ICR In this mode, on-chip /0 and CPU stop operating, reducing power
to 0. consumption. Recovery from SYSTEM STOP mode is the same as

recovery from SLEEP mode, noting that internal 1/0 sources (dis-
abled by IOSTOP} cannot generate a recovery interrupt.

SLP 2nd op-code Op-code fetch or interrupt
fetch cycle SLEEP mode | acknowledge cycle

]_4__
—

e

T2 Ts T2 Ts Ts T T> Ts
¢ | ML Lo Lrt
: | ;
INT;, NMI ! : H
| i (VAN
! i
! |
Ao—A1s SLP 2nd op-code address X 7FFFFH P X
I
|
AT |
HALT
S
[
)
|
|

-~

m @ —

Figure 19 SLEEP Timing
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6 INTERRUPTS

The HD64180 CPU has twelve interrupt sources, four external
and eight internal, with fixed priority.

This section explains the CPU registers associated with interrupt

processing, the TRAP interrupt, interrupt response modes and the
external interrupts. The detailed discussion of internal interrupt
generation (except TRAP) is presented in the appropriate hardware
section (i.e. PRT, DMAC, ASCI and CS1/0).

Prionty
Higher
Priority
)

Interrupt
TRAP (Undefined Op-code Trap) ...... internal Interrupt
NMI (Non Maskable interrupt)
TNTo (Maskable Interrupt Level O)
INT: (Maskable Interrupt Level 1)
INT: (Maskable Interrupt Level 2)

Extemnal Interrupt

1

2

3

4

b

6 | TimerO

7 Timer 1

8 | DMA channel O
9 DMA channel 1
10
11
12

L

Lower
Priority

Clocked Serial I/0 Port
Asynchronous SCI channel O
Asynchronous SCI channel 1

Internal Interrupt

Figure 20 Interrupt Sources

6.1 Interrupt Control Registers and Flags
The HD64180 contains three registers and two flags which are
associated with interrupt processing.

Register and .
Flag Name Fungtion Access Method
I Contains upper B-bit LD A, land
of interrupt vector LD |, A instructions
" Contains lower B-bit 1/Q instruction
of interrupt vector {addr = 33H)
1/0 instruction
ITC Interrupt/Trap control {addr = 34H)
) El, D,
IEF ,, IEF, S";“'r’r':/ ‘t"s"b"’ LD A, 1, and
errup LD A, Rinstructions

{1} Interrupt Vector Register {f)

Mode 2 for INT, external interrupt, TNT, and INT, external in-
terrupts and all internal interrupts (except TRAP) use a program-
mable vectored technique to determine the address at which inter-
tupl processing starts. In response to the interrupt a 16-bit address
is generated. This address accesses a vector table in memory to ob-
tain the address at which execution restarts.

While the method for generation of the least significant byte of
the table address differs, all vectored interrupts use the contents of [
as the most significant byte of the table address. By programming
the contents of I, vector tables can be relocated on 256 bytes bound-
aries throughout the 64k bytes logical address space.

Note that [ is read/written with the LD A Tand LD I, A instruc-
tions rather than 1/0 (IN, OUT) instructions.

1 is initialized to 00H during RESET.

{2} Interrupt Vector Low Register (IL)
Interrupt Vector Low Register (IL : VO Address = 33H)

bit 7 8 5 4 3 2 1 0
w7 Le (13 - - - - -
AW AW RW
Progrsmmabie Interrupt Source Dependent Code

This register determines the most significant three bits of the
low-order byte of the interrupt vector table address for external in-
terrupts INT, and INT, and all internal interrupts (except TRAP).
The five least significant bits are fixed for each specific interrupt
source. By programming IL the vector table can be relocated on 32
bytes boundaries.

IL is initialized to 00H during RESET.

{3) INT/TRAP Control Register {ITC}
INT/TRAP Control Register (ITC : /O Address = 34H)

bit 7 [} 5 4 3 2 1 0
TRAP UFQ - - - ITE2 TE1 TEC
R/W R R/W R/wW R/W

ITC is used to handle TRAP interrupts and to enable or disable
the external maskable interrupt inputs INI,,, INT,, and IN iz‘

TRAP (bit 7)

This bit is set 10 1 when an undefined op-code is fetched. TRAP
can be reset under program control by writing it with 0, however it
cannot be written with 1 under program control. TR AP is cleared to
0 during RESET.

UFO: Undefined Fetch Object (bit 6}

When a TRAP interrupt occurs (TRAP bit is set te 1), the con-
tents of UFC allow determination of the starting address of the
undefined instruction. This is necessary since the TRAP may occur
on either the second or third byte of the op-code. UFO allows the
stacked PC value (stacked in response to TRAP) to be correctly ad-
justed. If UFO = 0, the first op-code should be interpreted as the
stacked PC— 1. If UFO = 1, the first op-code address is stacked
PC—2. UFO is read-only.

ITE2.1,0: Interrupt Enable 2,1,0 (bits 2-0)

ITE2, ITE] and ITEQ enabie and disable the external interrupt
inputs INT [NT,, and INT, respectively. If cleared to 0, the inter-
rupt is masked Dunng RESET ITEO is initialized to 1 while ITE1
and ITE2 are initialized to 0.

- Interrupt Enable Fiag 1.2 (EF,, JEF,}
IEF, controls the overall enabling and disabling of all internal
and external maskable interrupts (i.e. all interrupts except NMI and
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TRAP).

If IEF, = 0, all maskable interrupts are disabled. IEF, can be re-
set to 0 by the DI (Disable Interrupts) instruction and set to 1 by
the EI (Enable Interrupts) instruction.

___The purpose of IEF, is to correctly manage the occurrence of
NML. During NMI, the prior interrupt reception state is saved and
all maskable interrupts are automatically disabled (IEF, copied to

IEF, and then IEF, cleared to 0). At the end of the NMI interrupt
service routine, execution of the RETN {Return from Non-maska-
ble Interrupt) will aulomaucally restore the interrupt receiving state
{by copying IEF, to IEF,) prior to the occurrence of NMI.

IEF, state can be reﬂected in the P/V bit of the CPU Status regis-
ter by executing LD A, [ or LD A, R instructions.

Table 2 shows the state of IEF, and IEF,.

Table 2 State of IEF, and IEF,

CPU Operation IEF, |EF , REMARKS
RESET 0 0 Inhibits the interrupt except NMi and TRAP.
NMi 0 IEF , Copies the contents of IEF , to IEF ,.
RETN IEF, not atfected Returns from the NMi service routine.
'?ls{::‘%t:;(:; t 0 0 Inhibits the interrupt except NMI and TRAP.
RETI not affected not affected
TRAP not affected not affected
El 1 1
Dl 0 0
LD A, I not affected not affected Transfers the contents of IEF, to P/V flag.
LD AR not affected not affected Transfers the contents of IEF, to P/V flag.

6.2 TRAP Interrupt
The HD64180 generates a non-maskable (not affected by the
state of JEF,) TRAP interrupt when an undefined op-code fetch oc-
curs. This feature can be used to increase software reliability, impie-
ment an ‘extended’ instruction set, or both. TRAP may occur dur-
ing op-code fetch cycles and also if an undefined op-code is fetched
during the interrupt acknowledge cycle for INT, when Mode 0 is
used.
When a TRAP interrupt occurs the HD64180 operates as fol-
lows.
(1) The TRAP bit in the Interrupt TRAP/Control (ITC) register is
setto 1.
(2) The current PC (Program Counter) value, reflecting the loca-
tion of the undefined op-code, is saved on the stack.
(3) The HD64180 vectors to logical address 0. Note that if logical

address 0000H is mapped to physical address 00000H, the vec-
tor is the same as for RESET. In this case, testing the TRAP bit
in ITC will reveal whether the restart at physical address
00000H was caused by RESET or TRAP.

The state of the UFO {(Undefined Fetch Object) bit in ITC
allows TR AP manipulation software to correctly ‘adjust’ the stacked
PC depending on whether the second or third byte of the op-code
generated the TRAP. If UFO = 0, the starting address of the in-
valid instruction is equal to the stacked PC— 1. If UFO = 1, the
starting address of the invalid instruction is equal to the stacked
PC—2. Fig. 21 shows TRAP Timing.

Note that Bus Release cycle, Refresh cycle, DMA cycle and
WAIT cycle can’t be inserted just after Tp state which is inserted
for TRAP interrupt sequence.
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Restart from OOO00H
2nd op-code Op-code
fetch cycle PC stacking fetch cycle
Ty Tz Ta MTyp Ti Ti Ti T, T 1Th T2 Ta |T1 T Ta Ty T2 Ta
¢
I
Ao—A1a PC SP-1 SP-2 OO00H
DO—D7 \ 4 ( PCH PCL pr—
Undefined
op-code
m — | [ T
ME ] | | 1 71 T
RD | [ ] I,_,_
WR | S L N R |
Figure 21 {a) TRAP Timing — 2nd Op-code Undefined
Restart from OOOCH
3rd op-code Op-code
fetch cycle Memory read cycle PC stacking fetch cycle
T: Te Ta 1Ty T T T2 T Ti Ti Ti T, T2 Ta rn T Ts 'T. T2 Ta
¢ L
|
Ao—Ars PC IX4-d, I¥Y+d SP-1 SP-2 0O000H
Do—D7 { - <L) { PC—-1y PC-1, —
Undefined
op-code
orR = 1
w1 (T 1 | i I o N
Fo 11 11 r | BE
WR | I |

Figure 21 {b) TRAP Timing — 2nd Op-code Undefined
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6.3 External Interrupts
The HD64180 has four external hardware interrupt inputs.
(1) NMI — Non-maskabie Interrupt
(2) INT, — Maskable Interrupt Level ¢
(&) TNT': — Maskable Interrupt Level 1
(4) INT, — Maskable Interrupt Level 2 L
NMI, INT, and INT, have fixed interrupt response modes. INT,
has three different software programmable interrupt response mod-
es — Mode 0, Mode 1 and Mode 2.

6.4 NMI — Non-Maskable Interrupt
The NMI interrupt input is edge sensitive and cannot be masked

by software. When NMI is detected, the HD64180 operates as fol-

lows.

(1) DMAC operation is suspended by clearing the DME (DMA
Main Enable) bit in DCNTL.

(2) The PC is pushed onto the stack.

(3) The contents of IEF, are copied to IEF;. This saves the inter-
rupt reception state that existed prior to NML

(4) IEF, is cleared to 0. This disables all external and_internal
maskable interrupts (i.e. all interrupts except NMI and
TRAP).

(5) Execution commences at logical address 0066H.

The last instruction of an NMI service routine should be RETN
(Return from Non-maskable Interrupt). This restores the stacked
PC, allowing the interrupted program to continue. Furthermore,
RETN causes IEF, to be copied to 1EF,, restoring the interrupt re-
ception state that existed prior to the NML

Note that NMI, since it can be accepted during HD64180 on-
chip DMAC operation, can be used to externally interrupt DMA
transfer. The NMI service routine can reactivate or abort the
DMAC operation as required by the application.

For NMI, special care must be taken to insure that interrupt

inputs do not ‘overrun’ the NMI service routine. Unlimited NMI
inputs without a corresponding number of RETN instructions will
eventually cause stack overflow.
__Fig. 22 shows the use of NM1 and RETN while Fig. 23 details
NMI response timing. NMI is edge sensitive and the internally
latched NMI falling edge is held until it is sampied. If the falling
edge of NMI is latched before the falling edge of clock state prior to
T, or Ti in the last machine cycle, the internally latched NMI is
sampled at the falling edge of the clock state prior to T, or Ti in the
last machine cycle and NMI acknowledge cycle begins at the end of
the current machine cycle.

, IEF: —IEF2
man 0 —|EF .
program | | pCH —{SP-1)

—(SP-2)

iEF
PCL

—IEF2
~{SP)

PCH —I[SP+1)

NMI
Interrupt service
program

RETN

Figure 22 NMi Sequence

Last MC |

NMI acknowledge cycle

Restart from OO66H

‘ _PC is pushed onto stack

J p-code fetch
Ty T2 Ta Ti Ti T1 T2 Ta Ty Te Ta T+ T2 Ta I
¢
NMT T
Ao—Ais X PC X sp-1 X SP-2_ X _0086H X
Instruction
Do~D7 { pcH Y PCL < »——
TS (A
ME —— —\ —\ \ J—\
| — M\
WR '

\

/S N/

Figure 23 NMi Timing
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6.5 iNT, — Maskable Interrupt Level 0 .
__The next highest priority external interrupt after NMI is INT,.
INT, is sampled at the falling edge of the clock state prior to T;orTi
in the last machine cycle. If INT, is asserted LOW at the falling edge
of the clock state prior to T, or Ti in the last machine cycle, INT, is
accepted. The interrupt is masked if either the IEF, flag or the ITEQ
(Interrupt Enable 0) bit in ITC are cleared 10 0. Note that after RE-
SET the state is as follows.

(1) 1EF, is 0, so INT, is masked.

(2) ITEO s 1, so » is enabled by execution of the EI (Enable
lmemrrgpts) instruction.

The INT, interrupt is unique in that three programmable inter-
rupt 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 In-
terrupt Mode) instructions. During RESET, the HD64180 is
initialized to use Mode 0 for INT,.

Last MC J_Nl o acknowledge cycle

The three interrupt response modes for INT, are...
{1) Mode 0 — Instruction fetch from data bus.
{2) Mode 1 — Restart at logical address 0038H.
(3) Mode 2 — Low byte vector table address fetch from data bus.

INT, Mode 0

During the interrupt acknowledge cycle, an instruction is fetched
from the data bus (D,-D,) at the rising edge of T,. Often, this in-
struction is one of the eight single byte RST (RESTART) instruc-
tions which stack the PC and restart execution at a fixed logical ad-
dress. However, multibyte instructions can be processed if the in-
terrupt acknowledging device can provide a multibyte response.
Unlike ail other interrupts, the PC is not automatically stacked.

Note that TRAP interrupt will occur if an invalid instruction is
fetched during INT, Mode 0 interrupt acknowledge.

Fig. 24 shows Tﬁn Mode 0 Timing.

RST instruction execution

N

Ty Tz TW Tw Ta

|

Te
L PC is pushed onto stack
-

Ti Ti T:1 T2 Ta Ty T2 Ta

Ao—Are r PC

X sp-1 X _sP-2

woT N\
ME \ / \
RD
WR _/ \
o __/

RST instruction
Do~Dr { ) { pcH Y pcL

MC: Machine Cycle

* Two wait states are automatically inserted.

Figure 24 INT_,Mode C Timing (RST Instruction on the Data Bus)
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iNT, Made 1. instruction followed by the RETI (Return from Interrupt) instruc-
When INT, is received, the PC is stacked and instruction execu- tion, so that the interrupts are reenabled. Fig. 25 shows the use of

tion restarts at logical address 0038H. Both IEF, and IEF, flags are INT, (Mode 1) and RETL

reset to 0, disabling all maskable interrupis. The interrupt service Fig. 26 shows INT, Mode 1 timing.

routine should normally terminate with the EI (Enable Interrupts)

main
program || O —IEF:, KEF2
o PCH —{SP-1) 0038H

—{SP-2)
INTo Mode 1)
NTa 11 Interrupt service
{Mode 1) T program
+—(SP)
PCH —(SP+1)
El (¥ — IEF+, IEF2)
RETI
Figure 26 INT,Mode 1 Interrupt Sequence
Last MC | INTs acknowledge cycle Op-code fetch cycle
I | PC is pushed onto stack
|
Ty To TW'TW*'Ta Ty T2 Ta T1 T2 Ta T1 T2 Ta
¢

NTo \ /
Ao—Ais X PC X sp-1_X__sp2_ X o0038H X _

T / /T
ME /N /S
IOE \ /

o /T
WR /T
Do—D7 {peH > el >—< H>—
ST —\ / S

* Two wait states are automatically inserted.

Figure 26 INT ;Mode 1 Timing
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INT, Mode 2

This method determines the restart address by reading the con-
tents 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.

The vector table address is located on 256 bytes boundaries in
the 64k bytes logical address space as programmed in the 8-bit In-
terrupt Vector Register (I). Fig. 27 shows the INT, Mode 2 Vector
acquisition.____

During INT, Mode 2 acknowledge cycle, first, the low-order 8
bits of vector is fetched from the data bus at the rising edge of T,

18-bit Vector

A
’ ~

and CPU acquires the 16-bit vector.

Next, the PC is stacked. Finally, the 16-bit restart address is
fetched from the vector table and execution commences at that ad-
dress.

__Note that external vector acquisition is indicated by LIR and
iOE both LOW. Two wait states (Tw) are automatically inserted for
external vector felch cycles.

During RESET the Interrupt Vector Register {I} is initialized to
00H and, if necessary, should be set to a different value prior to the
occurrence of a INT, Mode 2 interrupt. Fig. 28 shows INT, Mode 2
interrupt Timing.

Memory

Interrupt Vector 8-bit on 1 AL
Register | Data Bus -_ _
+ 1 | High-order 8 bits
Vector of starting address
+ 256 Bytes
Low-order 8 bits Vecto,yt
Vector | of starting address Table
Offset

Figure 27 INT,Mode 2 Vector Acquisition
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X

OP-code
Last MC INTo acknowledge cycle fetch cycleI
Vector lower Int t manipulation
address read l PC is pushed onto stackln erpt ma 'pcycle
| I T
Ti ToTWTW Ta Ti Te T2 Ta Ty T2 Ta Te T2 Ta T1 T2 Ta Ty T2 Ta
¢
INTo "\ /
Starting address
Ao—A1s X PC X sp-1 X_SP-2 X Vector XVectort+ 1X_
LR —\ / \ /
ME /S
(o] 4 "\ /
RD n_ /N \__/
WR
Starting address Starting address
Lower vector {lower address) (upper address)
Do~—D? - H>—<rcH > pra >—~< >—< >—O—
ST 7/ / /"
* Two wait states are automatically inserted.
Figure 28 TNT,Mode 2 Timing
6.6 INT, INT, INT, and INT, are globally masked by 1EF, = 0. Each is also in-

The operation of external interrupts INT, and INT, is a vector
mode similar to INT, Mode 2. The difference is that INT, and INT,
generate the low-order byte of vector table address using the IL (In-
terrupt Vector Low) register rather than fetching it from the data
bus. This is also the interrupt response sequence used for all inter-
nal interrupts (except TRAP).

As shown in Fig. 29 the low-order byte of vector table address is
comprised of the most significant three bits of the software pro-
grammable IL register and the least significant five bits which are a
unique fixed value for each interrupt (INT,, INT, and internal)
source.

dividually maskable by respectively clearing the ITEl and ITE2
(bits 1, 2) of the INT/TRAP control register to 0.
During RESET, IEF,, ITE1 and ITE? bits are initialized to 0.

6.7 Internal Interrupts

Internal interrupts {except TRAP) use the same vectored re-
sponse mode as TNT, and INT, (Fig. 29). Internal interrupts are
globally masked by IEF, = 0. Individual internal interrupts are
enabled/disabled by programming each individual 1/0 (PRT,
DMAC, CSI/0, ASCI) control register. The lower vector of INT,,
INT,, and internal interrupl are summarized in Table 3.
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Mermory
18-bit Vector \
| L | Fixed Code L 1
(5 bits) T T
High-order 8 bits
Vector + 1 | ot starting address
- > 32 Bytes
Vector Low-order 8 bits Vector
of starting address table
T ————ril.

Figure 28 INT,, INT, and Internal Interrupts Vector Acquisition

Table 3 Interrupt Source and Lower Vector

L Fixed Code
Interrupt Source Priority

b, bg by b, b; b, b, b,
iNT, Highest . . . O o 0 0 o
iNT; } .. 0O 0 0 1 0
PRT channel O . . . 4] 0 1 0 0
PRT channel 1 . . . 0 0 1 1 o
DMA channel O L . 0 1 0 0 0
DMA channel 1 LI . 0 1 0 1 0
CSI/O . . . 0 1 1 0 0]
ASCichannel O } . . . 0 1 1 1 0
ASClchannel 1 Lowest LI . 1 0 0 0 0

* Programmable
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Interrupt Acknowledge Cycle Timing
Fig. 30 shows interrupt acknowledge cycle timing for internal in-
terrupts, INT,, and INT,. INT, and INT, are sampled at the falling

edge of clock state prior to T, or Ti in the last machine cycle. If INT,
or INT, is asserted LOW at the falling edge of clock state prior to T,
or Ti in the last machine cycle, the interrupt request is accepted,

Op-code
TNT:, INT2, intemal interrupt acknowledge cycle fetch cycle
Last MC
PC Stacking Vector Table Read
|
Ty Te Tw* Tw* Tz ITi T+ Tz Ta [Tv T2 Ta Ty T2 Ta |T1 T Ta Ty T2 Ts
@
INT, INT: --\ l - Starting
JR W address
Ao—Aie PC SP-1 SP-2 Vector Vector+ 1
TR -
ME \ fTL [T\ ™\ [T T
OE
o WY o o WY o o W o
WR \ | \ { , ,
Starting address (L) Starting address (H)
Do—D- <___PCy PCy (D Or—(O—
st~ |\ f \ M

MC: Machine Cycle.

* Two wait states are automatically inserted.

Figure 30 INT , INT, and Internal Interrupts Timing

6.8 Interrupt Sources and Reset

{1) interrupt Vector Register {i)

All bits are reset to 0. ]
Since I = 0 locates the vector tables starting at logical address

0000H, vectored interrupts (INT, Mode 2, INT,, INT, and internal
interrupts) will overiap with fixed restart interrupts like RESET o,
NMI (0066H), INT, Mode 1 {(0038H) and RST (0000H - 0038H).
The vector table(s) can be built elsewhere in memory and located
on 256 bytes boundaries by reprogramming I with the LD I, A in-
struction.

{2) 1L Register
Bits 7 — 5 are reset to 0.
The IL Register can be programmed to locate the vector table for

INT,, INT, and internal interrupts on 32 bytes sub-boundaries
within the 256 bytes area specified by 1.

{3) IEF,. IEF, Flags

Reset to 0. o
Interrupts other than NMI and TRAP are disabled.

(4) ITC Register

ITEQ are set to 1. ITE1 and ITE2 are reset 10 0.

INT, can be enabled by the El instruction, which sets IEF, = 1.
To enable INT, and INT, also requires that the ITEl and ITE2 bits
be respectively set = 1 by writing to ITC.

{6) 1/0 Control Registers

Interrupt enable bits reset to 0.

All HD64180 on-chip 10 (PRT, DMAC, CSI/Q, ASCI) inter-
rupts are disabled and can be individually enabled by writing to each
1/0 control register interrupt enable bit.

6.9 Difference between iNT, interrupt and the other inter-
rupts (INT,, INT, and internal interrupts) in the interrupt
acknowledge cycles

As shown in Fig. 24, Fig. 26, Fig. 28 and Fig. 30, the interrupt
acknowledge cycle of INT, is different from those of the other inter-
rupts, that is, INT,, INT, and internal interrupts concerning the
state of control signals. The state of the control signals in each inter-
rupt acknowledge cycle are shown below. _

INT, interrupt acknowledge cycle: LIR = 0, IOE = 0, ST = 0

INT,, INT,, and internal interrupt acknowledge cycle: LIR =1,

IDE=1,ST=0
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7 MEMORY MANAGEMENT UNIT (MMU] 7.1 Logical Address Spaces
The HD64180 contains an on-chip MMU which performs the The 64k bytes CPU logical address space is interpreted by the
translation of the CPU 64k bytes (16-bit addresses- 0000H to MMU as consisting of up to three separate logical address areas,
FFFFH) logical memory address space into a 512k bytes (19-bit ad- Common Area 0, Bank Area and Common Area 1.
dresses- 00000H 1o 7FFFFH) physical memory address space. Ad- As shown in Fig. 31 a variety of logical memory configurations
dress translation occurs internally in paralle! with other CPU opera- are possible. The boundaries between the Common and Bank
tion. Areas can be programmed with 4k bytes resolution.
Common Area 1 Common Area 1 Common Area 1
Common Area 1
Bank Area
Bank Area Common Area 0
Common Area O

Figure 31 Logical Address Mapping Examples

7.2 Logical to Physical Address Translation overlap and that Common Area 1 and Bank Area can be freely relo-
Fig. 32 shows an example in which the three logical address cated (on 4k bytes physical address boundaries). Common Area 0
space portions are mapped into a 512k bytes physical address space. (if it exists) is always based at physical address 00000H.
The important points to note are that Common and Bank Areas can
TFFFFH
z
FFFFH
Common Area 1 +E°"‘m°" E
Bank Area Bank Base -
\
ICommon Ares O] |+ 0
O000H
xye
Logical Address Space ] x
00000H
Physical Address Space

Figure 32 Logical — Physical Memory Mapping Example
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7.3 MMU Block Diagram )
The MMU block diagram is shown in Fig. 33. The MMU trans-
lates internal 16-bit logical addresses 1o external 19-bit physical ad-

dresses.
< Internal Address/Data Bus >
14
ol
LAz—LA s
MMU Common/Bank Area MMU Common Base
Register; CBAR (8) \, Memory Register; CBR (7)
anagement Uni
gement Unit MMU Bank Base
Register; BBR (7)
7
PA12—PA1s
LA: Logical Address
PA: Physical Address
Figure 33 MMU Block Diagram
Whether address translation takes place depends on the type of (2) 1/0 Cycles
CPU cycle as follows. The MMU is logically bypassed for 1/0 cycles. The 16-bit logical
(1) Memory Cycles 1/0 address space corresponds directly with the 16-bit physical 1/O
Address Translation occurs for all memory access cycles inciud- address space. The upper three bits {A-A,,) of the physical ad-
ing instruction and operand fetches, memory data reads and writes, dress are always O during 1/O cycles.

hardware interrupt vector fetch and software interrupt restarts.

LA1s LAo
| Logical Address
“000"
PAs PA1s PAs PAo
[ ] I Physical Address
Figure 34 |/0O Address Translation
(3) DMA Cycles registers in the DMAC are directly output on the physical address

When the HD64180 on-chip DMAC is using the external bus, bus (Ay-A).

the MMU is physically bypassed. The 19-bit source and destination
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7.4 MMU Registers

Three MMU registers are used to program a specific configura-
tion of logical and physical memory.

(1) MMU Common/Bank Area Register {CBAR)
(2) MMU Common Base Register (CBR)
(3) MMU Bank Base Register (BBR)

CBAR is used to define the logical memory organization, while
CBR and BBR are used to relocate logical areas within the 512k
bytes physical address space. The resolution for both setting bound-
aries within the logical space and relocation within the physical

1 2

space is 4k bytes.

The CAR field of CBAR determines the start address of Com-
mon Area 1 (Upper Common) and by default, the end address of
the Bank Area. The BAR field determines the start address of the
Bank Area and by default, the end address of Common Area 0
(Lower Common).

The CA and BA fields of CBAR may be freely programmed sub-
ject only to the restriction that CA may never be less than BA. Fig.
35 and Fig. 36 shows example of logical memory organizations as-
sociated with different values of CA and BA.

3 4

Common Area 1 Common Area 1

Common Area 1

Common Area 1

Bank Area
Bank Area

Common Area O

Common Area 0

Common Area 1
Lower limit address

Common Area 1
Lower limit address

Common Area 1
Lower limit address

Common Area 1
Lower limit address

> > = —
Bank Area Bank Area Bank Area Bank Area
Lower limit address  Lower limit address Lower limit address Lower limit address
> = > =
O000H 0000H 0000H O000H

{RESET condition)

Figure 35 Logical Memory Organization

FFFFH

MMU Common/Bank Area Register

DOOOH
1[1]0f1] D ———"CrrrH

D7 De DsDa

Common Area 1

Bank Area

MMU Common/Bank Area Register

4000H
0]1]o]o] 4 3FFFH

D3 D2D1 Do

Common Area O

0000H

Figure 36 Logical Space Configuration (Example)
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7.6 MMU Register Description

{1) MMU Common/Bank Area Register (CBAR)

CBAR specifies boundaries within the HD64180 64k bytes logi-
cal address space for up to three areas, Common Area 0, Bank
Area, and Common Area 1.

MMU Common/Bank Area Register (CBAR : /O Address = 3AH}

bit 7 6 5 4 3 2 1 0

CA3 CA2 CA1 cAQ BA3 BA2 BA1 BAO
W R/W RW RW AW A/w R/W RW

CA3-CAO: CA (bits 7-4)

C A specifies the start (low) address {on 4k bytes boundaries) for
the Common Area 1. This also determines the last address of the
Bank Area. All bits of CA are initialized to 1 during RESET.

BA3-BAOD: BA [bits 3-0} ‘

BA specifies the start (low) address (on 4k bytes boundaries) for
the Bank Area. This also determines the last address of the Com-
mon Area 0. All bits of BA are initialized to 0 during RESET.

{2) MMU Common Base Register (CBR)

CBR specifies the base address (on 4k bytes boundaries) used to
generate a 19-bit physical address for Common Area 1 accesses. All
bits of CBR are initialized to 0 during RESET.

MMU Common Base Register (CBR : 1/0 Address = 38H)
bt 7 6 5 4 3 2 1 [}

- o) caes CB4 <B2 <82 cel ¢8O
RW R'W RW R/W R/W R/W RW

{3) MMU Bank Base Register (BBR)

BBR spexifies the base address (on 4k bytes boundaries) used to
generate a 19-bit physical address for Bank Area accesses. All bits of
BBR are initialized to 0 during RESET.

MMU Bank Base Register (BBR : /O Address = 39H)

bit 7 [:] 5 4 3 2 1 0
- Ba6 885 B84 BB3 Ba2 Ba1 B8O
RW R/W R/W RW R'W R/wW R/W

7.6 Physical Address Transiation

Fig. 37 shows the way in which physical addresses are generated
based on the contents of CBAR, CBR and BBR. MMU compara-
tors classify an access by logical area as defined by CBAR. Depend-
ing on which of the three potential logical areas (Common Area 1,
Bank Area or Common Area 0) is being accessed, the appropriate
7-bit base address is added to the upper 4 bits of the logical address,
yielding a 19-bit physical address. CBR is asscciated with Common
Area 1 accesses. Common Area 0 accesses use a (non-accessible,
internal) base register which contains 0. Thus, Common Area 0, if
defined, is always based at physical address 00000H.

15 12 11
MMU Common/ 4 0 ical
Bank Area Acaress
Registar 8K
0:—=Da 4
Comparator
MMU Common/ 4
Bank Area
Register
Da—De
MMU Common Base Reg.
MMU Bank Base Reg.
7 4
ofjojojojojojo
Adder
18 12 11 0
Physical
Address
1512k}

Figure 37 Physical Address Generation
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7.7 MMU and RESET

During RESET, all bits of the CA field of CBAR are set to |
while all bits of the BA field of CBAR, CBR, and BBR are cleared to
0. The logical 64k bytes address space corresponds directly with the
first 64k bytes (0000H to FFFFH) of the 512k bytes (00000H to
7FFFFH) physical address space. Thus, after RESET, the
HD64180 will begin execution at logical and physical address 0.

7.8 MMU Register Access Timing

When data is written into CBAR, CBR, or BBR, the value will
be effective from the cycle immediately following the 1/0 write cycie
which updates these registers.

Care must be taken during MMU programming to insure that
CPU program execution is not disrupted. Observe that the next cy-
cle following MMU register programming will normally be an op-
code fetch from the newly translated address. One simple technique
is to localize all MMU programming routines in a Common Area
that is always enabled.

8 DYNAMIC RAM REFRESH CONTROL

The HD64180 incorporates a dynamic RAM refresh control cir-
cuit including 8-bit refresh address generation and programmabie
refresh timing. This circuit generates asynchronous refresh cycles
inserted at the programmable interval independent of CPU pro-
gram execution. For systems which don’t use dynamic RAM, the
refresh function can be disabled.

When the internal refresh controller determines that a refresh
cycte should occur, the current instruction is interrupted at the first
breakpoint between machine cycles. The refresh cycle is inserted by
placing the refresh address on A,-A, and the REF output is driven
LOW,

Refresh cycles may be programmed to be either two or three
clock cycles in duration by programming the REFW (Refresh Wait)
bit in Refresh Control Register (RCR). Note that the external
WAIT input and the internal wail state generator are not effective
during refresh.

Fig. 38 shows the timing of a refresh cycle with a refresh wait
(Tgw) cycle.

MCi . Refresh cycle MCi+ 1
Tr1 Taw' T2
I
Refresh signal / \
(internal signal)
Refresh address X Ao—A7 X

REF \

NOTE: * If three refresh cycles are specified, Tryy, is inserted.
Otherwise, Try is not inserted.

MC: Machine Cycle

Figure 38 Refresh Timing

8.1 Refresh Control Register (RCR)
RCR specifies the interval and length of refresh cycles, as well as
enabling or disabling the refresh function.

Retresh Control Register {(RCR: I/O Address = 36H)

bit 7 8 5 4 3 2 1 4]
REFE REFW - - - - cyct cyco
R'W W RW R/W

REFE: Refresh Enable (bit 7)
REFE = 0 disables the refresh controller while REFE = 1 ena-
bles refresh cycle insertion. REFE is set to 1 during RESET.

REFW: Refresh Wait (bit 6)

REFW = 0 causes the refresh cycle to be two clocks in duration.
REFW = 1 causes the refresh cycle 10 be three clocks in duration
by adding a refresh wait cycle (Tpyw). REFW is set to 1 during RE-
SET.

CYC1, 0: Cycle Interval (bits 1-0)

CYC1 and CYCO specify the interval (in clock cycles) between
refresh cycles.

In the case of dynamic RAMs requiring 128 refresh cycles every
2 ms (or 256 cycles every 4 ms), the required refresh interval is less
than or equal to 15.625 us. Thus, the underlined values indicate the
best refresh interval depending on CPU clock frequency. CYCO and
CYC] are cleared to 0 during RESET.
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Table 4 Refresh Interval

cver | eveo Ipsertion Timae interval
interval ¢: 10 MHz 8 MHz 6 MHz 4 MHz 2.5 MHz
0 o] 10 states {1.0 us)* {1.25 pus)® 1.66 us 2.5 pus 4.0 us
0 1 20 states (2.0 us)® (2.5 us)* 33 us 50 us 80 us
1 ¢] 40 states (4.0 us)* (5.0 us)* 6.6 us 100 us 16.0 us
1 1 80 states (8.0 us)* {10.0 us)® 133 us 200 us 320 us

1pre nereLl s

* calculated interval

8.2 Refresh control and reset

After RESET, based on the initialized value of RCR, refresh cy-
cles will occur with an interval of 10 clock cycles and be 3 clock cy-
cles in duration.

8.3 Dynamic RAM refresh operation notes

(1) Refresh cycle insertion is stopped when the CPU is in the fol-
lowing states.

(a) During RESET

(b) When the bus is released in response 10 BUSREQ
(¢) During SLEEP mode

(d) During WAIT states

(2) Refresh cycles are suppressed when the bus is released in re-
sponse to BUSREQ. However, the refresh timer continues to
operate. Thus, the time at which the first refresh cycle occurs
after the HD64180 re-acquires the bus depends on the refresh
timer, and has no timing relationship with the bus exchange.

(3) Refresh cycles are suppressed during SLEEP mode. If a refresh
cycle is requested during SLEEP mode, the refresh cycle re-
quest is internally ‘latched’ (until replaced with the next re-
fresh request). The ‘latched’ refresh cycle is inserted at the end
of the first machine cycle after SLEEP mode is exited. After
this initial cycle, the time at which the next refresh cycle wilt
occur depending on the refresh time, and has no timing rela-
tionship with the exit from SLEEP mode.

(4) Regarding (2) and (3), the refresh address is incremented by 1
for each successful refresh cycle, not for each refresh request.
Thus, independent of the number of ‘missed’ refresh requests,
each refresh bus cycle will use a refresh address incremented
by 1 from that of the previous refresh bus cycles.

8 WAIT STATE GENERATOR
9.1 Wait State Timing

To ease interfacing with slow memory and /0O devices, the
HD64180 uses wait states (Tw) to extend bus cycle timing. A wait
state(s) is inserted based on the combined (logical OR) state of the
external WAIT input and an internal programmable wait state (Tw)
generator. Wait states (Tw) can be inserted in both CPU execution
and DMA transfer cycles.

9.2 WAIT Input

When the external WAIT input is asserted LOW, wait state
(Tw) are inserted between T, and T, to extend the bus cycle dura-
tion. The WAIT input is sampled at the falling edge of the system
clock in T, or Tw. If the WAIT input is asserted LOW at the falling
edge of the system clock in Tw, another Tw is inserted into the bus
cycle. Note that WAIT input transitions must meet specified set-up
and hold times. This can easily be accomplished by externally syn-
chronizing WAIT input transitions with the rising edge of the sys-
tem clock.

Dynamic R AM refresh is not performed during wait states (Tw)
and thus systems designs which uses the automatic refresh function
must consider the affects of the occurrence and duration of wait
states (Tw).

Fig. 39 shows WAIT timing.

Tw Ts T+

.

_

Figure 39 WAIT Timing
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9.3 Programmable Wait State Insertion

In addition to the WAIT input, wait states (Tw) can also be pro-
grammably inserted using the HD64180 on-chip wait state gener-
ator. Wait state (Tw) timing applies for both CPU execution and
on-chip DMAC cycles.

By programming the 4 significant bits of the DMA/WAIT Con-
trol Register (DCNTL), the number of wait states (Tw) automat-
ically inserted in memory and [/O cycles can be separately specified.
Bits 4-5 specify the number of wait states (Tw) inserted for 1/0 ac-
cess and bits 6-7 specify the number of wait states (Tw) inserted for
MEmOory access.

DMA/WAIT Control Register
(DCNTL : VO Address = 32H)
it 7 -] 5 4

w1 MWIO L] w0
R/W RW R/W W

The number of wait states (Tw) inserted in a specific cycle is the
maximum of the number requested by the WAIT input, and the

number automatically generated by the on-chip wait state gener-
ator.

MWI1, MWIO: Memory Wait insertion (bits 7-6)

For CPU and DMAC cycles which access memory (including
memory mapped [/0), 0 to 3 wait states may be automatically in-
serted depending on the programmed value in MWI1 and MWI0.

MWI1 MW10 The number of wait states
0 0 0
0 1 1
1 0 2
1 1 3

IWI1, IWI0: I/O Wait lnsertion (bits 5-4)

For CPU and DM A cycles which access external 1/0 (and inter-
rupt acknowledge cycles), I to 6 wait states (Tw) may be automat-
ically inserted depending on the programmed value in IWI1 and
TWIO.

The number of wait states

For axternal /O
registers accesses

Forinternal /0
registers accesses

For thTo interrupt
acknowledﬂg_e_ cy-
cles when LIR is

ForINT,, I—I‘I'IT2 and
internal interrupts
acknowledge cy-

For NMi interrupt
acknowledge cy-
cles when LIR is

LOwW cles LOW
{Note (2)} {Note (2}}
wi1 IWIO
[0} 0 1 2
o] 1 2 0 4
1 0 3 {Note (1)) 5 2 0
1 1 4 6

NOTE: (1) For HD64180 internal /O register access (/O addressas 00OOH-003FH), IW11 and IWIO do not determine wait state (Tw} timing. For ASCI, CSV/
0 and PRT Data Register accesses, O to 4 wait states (Tw) will be generated. Wait states inserted during access to these registers is a function

of internal synchronization requirements and CPU state.

All other on-chip I/O register accesses {i.e. MMU, DMAC, ASCI Control Registers, etc.) have 0 wait states inserted and thus require only three

clock cycles.

{2) For interrupt acknowledge cycles in which LiR is HIGH, such as interrupt vector table read and PC stacking cycle, memory access timing applies.

9.4 WAIT Input and RESET

During RESET, MWI1, MWI0, IWI1 and IWIO are all set to 1,
selecting the maximum number of wait states {Tw) (3 for memory
accesses, 4 for external 1/0 accesses).

Also, note that the WAIT input is ignored during RESET. For

example, if RESET is detected while the HD64180 is in a wait state
(Tw), the wait stated cycle in progress will be aborted, and the RE-
SET sequence initiated. Thus, RESET has higher priority than
WAIT.
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10 DMA CONTROLLER (DMAC)

The HD64180 contains a two channel DMA (Direct Memory
Access) controller which supports high speed data transfer. Both
channels (channel 0 and channei 1) have the following capabilities.

Memory Address Space

Memory source and destination addresses can be directly speci-
fied anywhere within the 512k bytes physical address space using
19-bit source and destination memory addresses. In addition,
memory transfers can arbitrarily cross 64k bytes physical address
boundaries without CPU intervention.

I/O Address Space

I/0 source and destination addresses can be directly specified
anywhere within the 64k bytes I/0 address space (16-bit source and
destination 1/0 addresses).

Transfer Length
Up to 64k bytes can be transferred based on a 16-bit byte count
register.

DREQ Input
Level and edge sense DREQ input detection are selectable.

TEND OQutput
Used to indicate DM A completion to external devices.

Transfer Rate

Each byte transfer can occur every six clock cycles. Wait states
can be inserted in DMA cycles for slow memory or 1/0 devices. At
the system clock (¢) = 6 MHz, the DMA transfer rate is as high as
1.0 megabytes/second (no wait siates).

Additional feature disk for DMA interrupt request by DMA
END.

Each channel has the following additional specific capabilities.

Channel 0

- Memory «<—> memory, memory €<—3> 1/0, memory €—>
memory mapped [/Q transfers

+ Memory address increment, decrement, no-change

+ Burst or cycle steal memory <—3> memory transfers

- DMA to aad from both ASCI channels

- Higher priority than DMAC channel }

Channel 1
- Memory €<—> 1/0 transfer
- Memory address increment, decrement

DMAC Registers
Each channel of the DMAC (channel 0, 1) has three registers
specifically associated with that channel.

Channel 0
SAR( — Source Address Register
DARO  — Destination Address Register
BCRO — Byte Count Register
Channel |
MARI — Memory Address Register
IAR] — 1/0 Address Register
BCRI1 — Byte Count Register

The two channels share the following three additional registers
in common.
DSTAT — DMA Siatus Register
DMODE — DMA Mode Register
DCNTL — DMA Control Register

10.1 DMAC Bilock Diagram
Fig. 40 shows the HD64180 DMAC Block Diagram.

< Intemnal Address/Data Bus

>

DMA Source Address
Register chQ : SARO (19)

DMA Destination Address
Register chO : DARO (19)

DMA Byte Count
Register chO : BCRO {16}

DMA Memory Address
Register ch1 : MAR1 (19)

DMA VO Address

Register ch1 : IAR1 (16)

DMA Byte Count
Register ch1 : BCR1 (16}

DMA Status
Register | DSTAT (8) Priority & | — DREQo
DMA Mode Request
Register : DMODE (8) Control -~ DREQ:
DMA/WAIT Control
Register : DCNTL (8)
Bus & CPU
DMA Control
Control

i

| Incrementer/Decrementer (19)_]

Interrupt Request

Figure 40 DMAC Block Diagram
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10.2 DMAC Register Description

{1) DMA Source Address Register Channel 0 (SARO: 1/O Ad-

dress = 20H to 22H)
Specifies the physical source address for channet O transfers. The

register contains 19 bits and may specify up to 512k bytes memory
addresses or up to 64k bytes 1/O addresses. Channel 0 source can
be memory, 1/0 or memory mapped 1/0.

{2) DMA Destination Address Register Channel 0 (DARO: I/O
Address = 23H to 25H)

Specifies the physical destination address for channel 0 transfers.
The register contains 19 bits and may specify up to 512k bytes
memory addresses or up 1o 64k bytes 1/0 addresses. Channel 0 de-
stination can be memory, 1/0 or memory mapped 1/0.

{3) DMA Byte Count Register Channel 0 (BCRO: I/O Address
= 26H to 27H)

Specifies the number of bytes to be transferred. This register
contains 16 bits and may specify up to 64k bytes transfers. When
one byte is transferred, the register is decremented by one. If **n™
bytes should be transferred, ‘n’’ must be stored before the DMA
operation.

{4) DMA Memory Address Register Channel 1 (MAR1: 1/O
Address = 28H to 2AH)
Specifies the physical memory address for channel 1 transfers.
This may be destination or source memory address.
This register contains 19 bits and may specify up to 512k bytes
memory addresses.

{6) DMA 1/0 Address Register Channel 1 (IAR1: 1/O Address
= 2BH to 2CH)
Specifies the 1/0 address for channel 1 transfers. This may be
destination or source 1/0 address. This register contains 16 bits and
may specify up to 64k bytes 1/0 addresses.

{6) DMA Byte Count Register Channel 1 (BCR1: I/Q Address
= 2EH to 2FH}
Specifies the number of bytes to be transferred. This register

contains 16 bits and may specify up to 64k bytes transfers. When
one byte is transferred, the register is decremented by one.

{7} DMA Status Register (DSTAT)

DSTAT is used to enable and disable DMA transfer and DMA
termination interrupts. DSTAT also allows determining the status
of a DMA transfer i.e. completed or in progress.

DMA Status Register (DSTAT : /0 Address = 30H)

bit 7 6 5 4 3 2 1 o]
DE1 DEO DWEN DWEO DE1 DIED - DME
R/W RW w w RAW AW R

DE1: DMA Enable Channel 1 (bit 7)
When DE1 = 1 and DME = 1, channel 1 DMA is enabled.
When a DMA transfer terminates (BCR1 = 0}, DE] is reset to 0

(DIEO = 1), a DMA interrupt request is made to the CPU.

To perform a software write to DE0O, DWEOQ should be written
with 0 during the same register write access. Writing DEO to 0 disa-
bles channel 0 DMA. Writing DEQ to 1 enables channel 0 DMA
and automatically sets DME (DMA Main Enable) to 1. DEQ is
cleared to 0 during RESET.

DWE1: DE1 Bit Write Enable (bit 5) .

When performing any sofiware write to DE1, DWEI] shou!d be
written with 0 during the same access. DWE] write value of 0 is not
held and DWEI is always read as 1.

DWEO: DEQ Bit Write Enable (bit 4)

When performing any software write to DE0, DWEOQ should be
written with 0 during the same access. DWEQ write value of 0 is not
held and DWEQ is always read as 1.

DIE1: DMA Interrupt Enable Channel 1 (bit 3}

When DIEL is set to 1, the termination of channel 1 DM A trans-
fer (indicated when DE1 = 0) causes a CPU interrupt request to be
generaied. When DIEE = 0, the channel 1 DM A termination inter-
rupt is disabled. DIE1 is cleared to 0 during RESET.

DIEO: DMA Interrupt Enable Channe! 0 (bit 2)

When DIEO s set to 1, the termination channel 0 of DM A trans-
fer (indicated when DEQ = 0) causes a CPU interrupt request to be
generated. When DIEO = 0, the channel 0 DM A termination inter-
rupt is disabled. DIEQ is cleared 1o 0 during RESET.

DME: DMA Main Enable (bit 0)

A DMA operation is only enabled when its DE bit (DEO for
channel 0, DEI1 for channel 1) and the DME bit are set to 1.

When NMI occurs, DME is reset 1o 0, thus disabling DMA ac-
tivity during the NMI interrupt service routine. To restart DMA,
DEQ and/or DE1 should be written with 1 (even if the contents are
already 1). This automatically sets DME to 1, allowing DMA opera-
tions to continue. Note that DME cannot be directly written. It is
cleared to 0 by NMI or indirectly set to 1 by setting DEQ and/or
DEI to 1. DME is cleared to 0 during RESET.

(8) DMA Mode Register (DMODE)
DMODE is used to set the addressing and transfer mode for
channel 0.

DMA Mode Register {DMODE : /O Address = 31H)
bt 7 [ 5 4 3 2 1 0

- - DM1 DMO SMt SMO MMOD -
AW R/w R'W R/wW R/W

DM 1, DMO: Destination Mode Channel O (bits 5, 4)

Specifies whether the destination for channel 0 transfers is
memory, /O or memory mapped /O and the corresponding ad-
dress modifier. DM1 and DMO are cleared to 0 during RESET.

Table 5 Destination

by the DMAC. When DE] = 0 and the DMA interrupt is enabled Address
(DIE1 = 1), a DMA interrupt request is made 1o the CPU. DM1  DMO Memory//O Increment/Dacremant

To perform a software write to DE1, DWE] should be written
with 0 during the same register write access. Writing DE1 to 0 disa- © 0 Memory +
bles channel 1 DMA, but DMA is restartable. Writing DEI 1o 1 0 1 Memory —1
enables channel 1 DMA and automatically sets DME (DMA Main 1 0 Memory fixed
Enable) to 1. DE1 is cleared to 0 during RESET. 1 1 [1{¢] fixed
DEO: DMA Enable Channel O (bit 6)

When DE0Q = 1 and DME = 1, channel 0 DMA is enabled.
When a DMA transfer terminates (BCR0 = 0}, DEO is cieared to 0
by the DMAC. When DEO = 0 and the DMA interrupt is enabled
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SM1, SMO: Source Mode Channel 0 (bits 3, 2}

Specifies whether the source for channel 0 transfers is memory,

Table 6 Source

I/0 or memory mapped 1/O and th rr nding addr
modifier. SEI:VII a¥1d SMPS are clearer:idto Oed|.’|;:rci.nge sl;mlis‘lji’l'g = SM1 SMo Memory///O Increm,::g{;::mmem
Table 7 shows alI‘DMA transfer mode combinations of _DMO, ) ) Marmo r
DM1, SMO, SM1. Since I/O <—> 1/0 transfers are not imple- v
mented, twelve combinations are available. 0 1 Memory -1
1 0 Memory fixed
1 1 (e} fixed
Table 7 Combination of Transfer Mode
DM1 DMO SM1 SMO Transfer Mode Addrass
i Increment/Dacrement
0 0 0 0 Memory—Memory SARO+ 1, DARO+ 1
o} 0 0 1 Memory—Memory SARO— 1, DARO+1
0 4] 1 [¢] Memory*—Memory SARO fixed, DARO+ 1
0 0 1 1 1/0—Memory SARO fixed, DARO+1
0 1 0 (o] Memory—Memory SARO+ 1, DARO—1
0 1 0 1 Memory—Memory SARO— 1, DARO—1
o] 1 1 0 Memory*—Memory SARO fixed, DARO—1
0 1 1 1 I/0—Memory SARO fixed, DARO— 1
1 0 0 0 Memory—Memory*® SARO+ 1, DARO fixed
1 0 (o] 1 Memory—Memory* SARO— 1, DARO fixed
t 0 1 0 reserved
1 0 1 1 reserved
1 1 0 0 Memory—1/0 SARO+ 1, DARO fixed
1 1 0 1 Memory—1/0 SARQ— 1, DAROQ fixed
1 1 1 0 reserved
1 1 1 1 reserved

» : includes memecry mapped I/O

12 nerell sl

MMOD: Memory Mode Channel 0 ibit 1)

When channel 0 is configured for memory €<—> memory
transfers, the external DREQ, input is not used to control the irans-
fer timing. Instead, two automatic transfer timing modes are selec-
table — burst (MMOD = 1) and cycle steal (MMOD = 0). For
burst memory <—> memory transfers, the DMAC will sieze con-
trol of the bus continuously until the DMA transfer completes (as
shown by the byte count register = 0). In cycle steal mode, the
CPU is given a cycle for each DMA byte transfer cycle until the
transfer is completed.

For channel 0 DMA with [/O source or destination, the DREQ,
input times the transfer and thus MMOD is ignored. MMOD is
cleared to 0 during RESET.

DMA/WAIT Control Register (DCNTL)

DCNTL controls the insertion of wait states into DMAC (and
CPU) accesses of memory or 1/0. Also; the DM A request mode for
each DREQ (DREQ, and DREQ,) input is defined as level or edge
sense. DCNTL also sets the DMA transfer mode for channel 1,
which is limited 1o memory €<—> 1/0 transfers.

DMA/WAIT Control Register (DCNTL : O Address = 32H}

bit 7 ] 5 4 3 2 1 o
Mwi1 MWIO Wi WIO DMS1 DMSO Dim1 DIMO
RW R/W W RW R/W R/W R/W R/W

MWIt, MWIO: Memory Wait Insertion (bits 7-6)

Specifies the number of wait states introduced into CPU or
DMAC memory access cycles. MWI1 and MWIO are set to 1 during
RESET. See section of Wait Siate Control for details.

IWI1, IWIO: I/O Wait Insertion (bits 6-4)

Specifies the number of wait states introduced into CPU or
DMAC 1/0 access cycles. IWI1 and IWIQ are set to 1 during RE-
SET. See section of Wait State Control for details.

DMS1, DMSO: DMA Reguest Sense (bits 3-2)

DMS1 and DMSO specify the DM A request sense for channel 0
(DREQ,} and channel 1 (DREQ,) respectively. When reset to 0,
the input is level sense. When set to 1, the inpult is edge sense.
DMS1 and DMSO are cleared to 0 during RESET.

DIM1, DIMO: DMA Channel 1 /O and Memory Mode (bits 1-0}

Specifies the source/destination and address modifier for chan-
nel 1 memory €—> /O transfer modes. IM1 and IMO are cleared
to 0 during RESET.

Table 8 Channel 1 Transfer Mode

Address
DIM1  DIMO Transfer Mode Increment/Decrement
0 0 Memory—I/Q MAR1+ 1, IAR1 fixed
0 1 Memory—I1/O MAR1— 1, 1AR1 fixed
1 0 I/O—Memory 1AR1 fixed, MAR1T+ 1
1 1 I/0—Memory IAR1 fixed, MAR1 —1

10.3 DMA Operation

This section discusses the three DMA operation modes for
channel 0, memory <€—> memory, memory €<—> [/O and
memory €<—> memory mapped 1/0. In addition, the operation of
channel 0 DMA with the on-chip ASCI (Asynchronous Serial
Communication Interface) as well as Channel 1 DMA are de-
scribed.
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{1} Memory €<—> Memory — Channei 0 -

For memory <—> memory transfers, the external DREQ,
input is not used for DM A transfer timing. Rather, the DMA oper-
ation is timed in one of two programmable modes — burst or cycle
steal. In both modes, the DMA operation will automatically pro-
ceed until termination as shown by byte count (BCRG) = 0.

In burst mode, the DM A operation will proceed until termina-
tion. In this case, the CPU cannot perform any program execution

Previous
DMA cycle

until the DMA operation is completed.

In cycle steal mode, the DM A and CPU operation are alternated
after each DMA byte transfer until the DMA is completed. The se-
quence ...

1 CPU Machine Cycle
(DMA Byte Transfer

.. is repeated until DMA is completed. Fig. 41 shows cycle sleal
mode DMA timing.

CPU cycle DMA cycle (transfer 1 byte) CPU cycle DMA cycle
lo ole e

LD g.m Source
ap-code address

Destination LD g.m

memory address memory address operand address

Address

X X
SN\

X
/ N\
/\

/N

X
/\
/\

X
/\
B\
_/

WR
LD g.m
DATA { g

Read data

—( O

__/

Whrite data

Figure 41 Cycle Steal Mode DMA Timing

To initiate memory <—> mermory DMA transfer for channel

0, perform the following operations.

(I} Load the memory source and destination addresses into SARO
and DARO.

(@» Specify memory €—> memory mode and address incre-
ment/decrement in the SM0, SM1, DMO0 and DMI bits of
DMODE.

@ Load the number of bytes to transfer in BCRO.

@ Specify burst or cycle steal mode in the MMOD bit of DCNTL.

{5) Program DEO = 1 (with DWEQ = 0 in the same access) in
DSTAT and the DMA operation will start 1 machine cycle
later. If interrupt occurs at the same time, the DIEQ bit should
be set to 1.

(2) Memory <—> I/O (Memory Mapped 1/0) — Channel 0

For memory €<—> 1/0 (and memory <—> memory mapped
1/0) the DREQ, input is used to time the DMA transfers. In addi-
tion, the TEND, (Transfer End) output is used to indicate the last
(byte count register BCRO = O0H) transfer.

The DREQ, input can be programmed as level or edge sensitive.

When level sense is programmed, the DMA operation begins
when DREQ, is sampled LOW. If DREQ, is sampled HIGH, after
the next DMA byte transfer, control is relinquished to the
HD&4180 CPU. As shown in Fig. 42. DREQ, is sampled at the ris-
ing edge of the ctock cycle prior to T, i.e. either T, or Tw.

DMA Write Cycle LCPU Machine Cycle LDMA Read Cycle -L DMA Write Cycle (I/0) l

Tw Tw Ta Ty T2 Ta T

1 T

** DREQL is sampled at |.

Figure 42 CPU Operation and DMA QOperation
{DREQ, is programmed for level sense)
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When edge sense is programmed, DM A operation begins at the
falling edge of DREQ,,. If another falling edge is detected before the
rising edge of the clock prior to T, during DM A write cycle (i.e. T,
or Tw), the DMAC continues operating. If an edge is not detected,
the CPU is given control after the current byte DMA transfer com-

DMA write cycle CPU machmeJ DMA read

cycle cycle
¥ L

J DMA write cycle J cycle
T T

pletes. The CPU will continue operating until a DREQ, falling edge
is detected before the rising edge of the clock prior to T, at which
time the DMA operation will (re)start. Fig. 43 shows the edge sen-
se DM A timing.

CPU machine |

Tw Ts T+ Tz Ta Tv Tz Ta

Ti T2 Tw T3 T+ T2 Ta

Gt

** DREQo is sampled at |.

Figure 43 CPU Operation and DMA Operation
{DREQ , is programmed for edge sense)

During the transfers for channel 0, the TEND, output will go
LOW synchronous with the write cycie of the last (BCR0 = 00H)

Last DMA cycle (BCRO = OOH)

DMA transfer as shown in Fig. 44.

DMA read cycle |

DMA write cycle

|
T2

Tw Ta

Ty
¢ 1 L

TENDo

A\

Ta LE T2
W s S A I A A O

—

Figure 44 TEND, Qutput Timing

The DREQ, and TEND, pins are programmably multiplexed
with the CKAQ and CKA1 ASCI clock input/outputs. However,
when DM A channel 0 is programmed for memory €<—> 1/G (and
memory <—> memory mapped 1/0) transfers, the CKAO/DRE-
Q, pin automatically functions as input pin even if it has been pro-
grammed as output pin for CKAQ. And the CKAV/TEND, pin
functions as output pin for TEND; by setting CKAID to | in
CNTLAIL

To initiate memory <—3> [/0 (and memory <—> memory
mapped 1/0) DMA transfer for channel 0, perform the following
operations.

1) Load the memory and 1/0 or memory mapped 1/0 source and
destination addresses into SAR0 and DARO. Note that I/0 ad-
dresses (not memory mapped 1/Q) are limited to 16 bits (A,-
A,.). Make sure that bits A, and A; are 0 (A, is a don’t
care) to correctly enable the external DREQ, input.

Specify memory €<—> 1/0 or memory €<—> memory map-
ped [/0 mode and address increment/decrement in the SMO,
SM1, DM0, and DMI bits of DMODE.

&

DSTAT and the DMA operation will begin under the control
of the DREQ, input.

{3) Memory <—> ASCI — Channel 0
Channel 0 has extra capability to support DMA transfer to and
from the on-chip two channel ASCI. In this case the external DRE-
Q, input is not used for DMA timing. Rather, the ASCI status bits
are used to generate an internal DREQ, The TDRE (Transmit
Data Register Empty) bit and the RDRF (Receive Daia Register
Full) bit are used to generate an internal DREQ, for ASCI trans-
mission and reception respectively.
To initiate memory <—> ASCI DMA transfer, perform the
following operations.
@ Load the source and destination addresses into SARO and
DARO. Specify the 1/0 (ASCI) address as follows.
Bits A4-A, should be contain the address of the ASCI channel
transmitter or receiver (I/0 addresses 06H-09H).
Bits A,-A,; should equal 0.
Bits A ,-A; should be set according to the following table to

® Load the number of bytes to transfer in BCRO. enable use of the appropriate ASCI status bit as an internal
@ Specify whether DREQ, is edge or level sense by programming DMA request.
the DMSO bit of DCNTL.
(& Enable or disable DMA termination interrupt with the DIEQ
bit in DSTAT.
® Program DEO = 1 (with DWEO = 0 in the same access) in
@ HITACHI
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Table 9 DMA Request

SAR18 | SAR17 | SAR16 DMA Transfer Request
X 0 0 DREQ,
X 0] 1 RORF (ASCI channel 0}
X 1 0 RDRF {ASCi channel 1)
X 1 1 reserved

X: Don't care

DAR18 | DAR17 | DAR16 DMA Transfer Request
X 0 ¢ DREQ,
X 0 1 TORE {ASCl channel 0}
X 1 (o} TDRE (ASCl channel 1)
X 1 1 reserved

X:Don't care

)

(=)

Specify memory <—> 1/0 transfer mode and address incre-
ment/decrement in the SMO, SM1, DM0 and DM]1 bits of
DMODE.

Load the number of bytes to transfer in BCRO,

The DM A request sense mode (DMSO0 bit in DCNTL) MUST

be specified as ‘edge sense’.

Enable or disable DM A termination interrupt with the DIEQ

bit in DSTAT.

(6, Program DEO = 1 (with DWEQ = 0 in the same access) in
DSTAT and the DMA operation with the ASCI will begin
under control of the ASCI generated internal DM A request.

The ASCI receiver or transmitter being used for DMA must be
initialized to allow the first DMA transfer to begin.

The ASCI receiver must be ‘empty’ as shown by RDRF = 0.

The ASCI transmitter must be “full” as shown by TDRE = 0.

Thus, the first byte should be written to the ASC! Transmit Data

Register under program control. The remaining bytes will be trans-

ferred using DMA.

&

[ENT:

@y

{4) Channel 1 DMA

DMAC Channel 1 can perform memory <—> 170 transfers.
Except for different registers and status/control bits, operation is
exactly the same as described for channel 0 memory <> [/O
DMA.

To initiate DMA channet 1 memory <—> 1/0 transfer per-
form the following operations.
D) Load the memory address (19 bits) into MARI.
(7 Load the /O address (16 bits) into IARI.
(3y Program the source/destination and address increment/decre-

ment mode using the DIMI and DIMO bits in DCNTL.

(1) Specify whether DREQ, is level or edge sense in the DMSHI bit

in DCNTL.

Enable or disable DM A termination interrupt with the DIEI

bit in DSTAT.

(® Program DEl1 = 1 (with DWE! = 0 in the same access) in
DSTAT and the DM A operation with the external /O device
will begin using the external DREQ, input and TEND, output.

®

10.4 DMA Bus Timing

When memory (and memory mapped 1/0) is specified as a
source or destination, ME goes LOW during the memory access.
When 170 is specified as a source or destination, IOE goes LOW
during the 1/0 access.

When /O (and memory mapped 1/0) is specified as a source or
destination, the DM A timing is controlled by the external DREQ
input and the TEND output indicates DMA termination. Note that
external 1/0 devices may not overlap addresses with internal 170
and control registers, even using DMA.

For I/0 accesses, 1 wait state is automatically inserted. Addi-
tional wait states can be inserted by programming the on-chip wait
state generator or using the external WAIT input. Note that for
memory mapped I/0 accesses, this automatic 1/0 wait state is not
inserted.

For memory to memory transfers (channel 0 only), the external
DREQ, input is ignored. Automatic DM A timing is programmed as
either burst or cycle steal.

When a DMA memory address carry/borrow between bits A,
and A, of the address bus occurs (when crossing 64k bytes bound-
aries), the minimum bus cycle is extended to four clocks by auto-
matic insertion of one internal Ti state.

10.5 DMAC Channel Priority
For simultaneous DREQ, and DREQ, requests, channel 0 has
priority over channel 1. When channel 0 is performing a memory
<—> memory transfer, channel 1 cannot operate until the chan-
nel O operation has terminated. If channel 1 is operating, channel 0
cannot operate until channel 1 releases control of the bus.

10.6 DMAC and BUSREQ, BUSACK

The BUSREQ and BUSACK inputs allow another bus master to
take control of the HD64180 bus. BUSREQ and BUSACK have
priority over the on-chip DMAC and will suspend DMAC opera-
tion. The DMAC releases the bus to the external bus master at the
breakpoint of the DMAC memory or 1/0 access. Since a single byte
DMAC transfer requires a read and a write cycle, it is possible for
the DMAC 1o be suspended after the DMAC read, but before the
DMAC write, Even in this case, when the external master releases
the HD64180 bus (BUSREQ HIGH), the on-chip DMAC will cor-
rectly continue the suspended DMA operation.

10.7 DMAC Internal Interrupts
Fig. 45 illustrates the internal DM A interrupt request generation
circuit.

{EF

’_} DMA ch Interrupt
Request

|
00

||
D— DMA chO Interrupt
Request

Figure 45 DMAC Interrupt Request Circuit Diagram
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DEOQ and DEI1 are automatically cleared to 0 by the HD64180 at
the completion (byte count = 0) of a DM A operation for channel 0
and channel 1 respectively. They remain 0 until a 1 is written. Since
DEQ and DEI1 use level sense, an interrupt will occur if the CPU
IEF, flag is set to 1. Therefore, the DMA termination interrupt
service routine should disable further DMA interrupts (by pro-
gramming the channel DIE bit = 0) before enabling CPU inter-
rupts (i.e. IEF, is set to 1). After reloading the DMAC address and
count registers, the DIE bit can be set to 1 to reenable the channel
interrupt, and at the same time DM A can resume by programming
the channel DE bit = 1.

DMA read cycle

10.8_DMAC and NMI

NMI, unlike all other interrupts, automatically disables DMAC
operation by clearing the DME bit of DSTAT. Thus, the NMI inter-
rupt service routine may respond to time critical events without
delay due to DMAC bus usage. Also, NMI can be effectively used
as an external DM A abort input, recognizing that both channels are
suspended by the clearing of DME.

If the falling edge of NMI occurs before the falling clock of the
state prior to T, (T, or Tw) of the DM A write cycle, the DMAC will
be suspended and the CPU will start the NMI response at the end of
the current cycle.

By setting a channels DE bit to 1, that channels operation can be
restarted, and DM A will correctly resume from the point at which it
was suspended by NMI. See Fig. 46 for details.

DMA write cycle CPU machine cycle

T T2 Ta

-

-
[A)
-

¢ _J LJ LJ [LJ1

—

S

£ ’
[ ——

DME="0" (DMA Stop)

Figure 46 NMI and DMA Operation

10.9 DMAC and RESET

During RESET the bits in DSTAT, DMODE, and DCNTL are
initialized as stated in their individual register descriptions. Any
DMA operation in progress is stopped allowing the CPU to use the

bus to perform the RESET sequence. However, the address register
(SARO, DARO, MARI, 1AR1) and byte count register (BCRO,
BCR1) contents are not changed during RESET.
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11 ASYNCHRONOUS SERIAL COMMUNICATION INTER-
FACE (ASCI)

The HD64180 on-chip ASCI has two independent full duplex
channels. Based on full programmability of the following functions,
the ASCI can directly communicate with a wide variety of standard
UARTs (Universal Asynchronous Receiver/T: ransmitter} includ-
ing the HD6350 CMOS ACIA and the Serial Communication In-
terface (SCI) contained on the HD6301 series CMOS single chip
controilers.

The key functions for ASCI are shown below. Each channel is
independently programmable.

+ Full duplex communication
+ 7- or 8-bit data length
+ Program controlled 9th data bit for multiprocessor communica-

tion

+ 1 or 2 stop bits

- Odd, even, no parity

- Parity, overrun, framing error detection

- Programmable baud rate generator, /16 and /64 modes
Speed to 38.4k bits per second (CPU fc = 6.144 MHz)

+ Modem control signals — Channel 0 has DCD,, CTS, and RTS,
Channel 1 has CTS,

+ Programmable interrupt condition enable and disable

+ Operation with on-chip DMAC

11.1 ASCI Block Diagram
Fig. 47 shows the ASCI Block Diagram.

<

Internal Address/Data Bus

I Interrupt Request I

ASCI Transmit Data Register
ch O : TDRO (8)

TXAo =ASC) Transmit Shift Register’
ch 0 : TSRO (8)

s

ASCI Transmit Data Register
ch 1:TDR1 (8)

ASCI Transmit Shift Register TXA:
ch 1 : TSR1 (8)

ASCI Receive Data Register ASCI Receive Data Register
ch O : RDRO (8) [~ ™1 ch1:RDR1 (8}
AXAo = ASCi Receive Shift Register’ AsCl ASCI Receive Shift Register” [~ FXA:
ch 0 : RSRO (8) Control ch 1: RSR1 (8)
ASCI Control Register A ASCI Control Register A
RTSo = ¢h O: CNTLAO (8) ch 1 : CNTLA1 (8)
TTSo -+ ASCI Control Register B ASCH Control Register 8 [— CTS1
ch O : CNTLBO (8) ch 1 : CNTLB1 (8)
DCDo—+{ ASCI Status Register ASC! Status Register
¢h O : STATO (8) ch 1 : STAT1 (8}
CKAQ «—» Baud Rate
Generator O —— &
CKA: Baud Rate Not program Accessible
Generator 1

Figure 47 ASCI Block Diagram

11.2 ASC! Register Description

(1) ASCI Transmit Shift Register 0, 1 (TSRO, 1}

When the ASCI Transmit Shift Register receives data from the
ASCI Transmit Data Register (TDR), the data is shifted out to the
TXA pin. When transmission is completed, the next byte (if availa-
ble) is automatically loaded from TDR into TSR and the next trans-
mission starts. If no data is available for transmission, TSR idles by
outputting a continuous HIGH level. This register is not program
accessible.

{2) ASCI Transmit Data Register 0, 1 {TDRO, 1:1/0 Address =
06H, O7H)

Data written to the ASCI Transmit Data Register is transferred
to the TSR as soon as TSR is empty. Data can be written to while
TSR is shifting out the previous byte of data. Thus, the ASCI trans-
mitter is double bufferred.

Data can be written into and read from the ASCI Transmit Data
Register.

If data is read from the ASCI Transmit Data Register, the ASCI

data transmit operaticn won’t be affected by this read operation.

{3) ASCI Receive Shift Register 0, 1 (RSRO, 1)

This register receives data shified in on the RXA pin. When full,
data is automatically transferred to the ASCI Receive Data Register
(RDR) if it is empty. If RSR is not empty when the next incoming
data byte is shifted in, an overrun error occurs. This register is not
program accessible.

(8) ASCI Receive Data Register 0, 1 {RDRO, 1:1/0 Address =
08H, 09H)

When a complete incoming data byte is assembled in RSR, it is
automatically transferred to the RDR if RDR is empty. The next in-
coming data byte can be shified into RSR while RDR contains the
previous received data byte. Thus, the ASCI receiver is double
buffered.

The ASCI Receive Data Register is read-only-register.

However, if RDRF = 0, data can be written into the ASCI Re-
ceive Data Register, and the data can be read.
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(6) ASCI Status Register 0, 1 (STATO, 1)

Each channel status register allows interrogation of ASCI com-
munication, error and modem control signal status as well as enab-
ling and disabling of ASCI interrupis.

ASC! Status Registar O (STATO : /O Address = 04H)

bit 7 ] 5 4 3 2 1 0
RDRF OVRN PE FE RE DCDo TORE T
R R R R R/W A R AW

ASC| Status Register 1 (STAT1 : /O Address = 05H}

bit 7 8 5 4 3 2 1 0
RDRF OVRN PE FE RIE CTSIE TDRE TE
A A L] R R/W R/W R W

RDRF: Receive Data Register Full (bit 7)

RDRF is set to 1 when an incoming data byte is loaded into
RDR. Note that if a framing or parity error occurs, RDRF is still set
and the receive data (which generated the error) is still loaded into
RDR. RDRF is cleared to 0 by reading RDR, when the DCD, input
is HIGH, in IOSTOP mode and during RESET.

OVRN: Overrun Error (bit 6)

OVRN is set to 1 when RDR is full and RSR becomes full.
OVRN is cleared to 0 when the EFR bit (Error Flag Reset) of
CNTLA is written to 0, when DCD, is HIGH, in I0STOP mode
and during RESET.

PE: Parity Error {bit 5)

PE is set to 1 when a parity error is detected on an incoming data
byte and ASCI parity detection is enabled (the MOD1 bit of
CNTLA isset to 1). PE is cleared to 0 when the EFR bit (Error Flag
Reset) of CNTLA is written to 0, when DCD, is HIGH, in IOSTOP
mode and during RESET.

FE: Framing Error (bit 4)

If a receive data byte frame is delimited by an invalid stop bit (i.e.
0, should be 1), FE is set to 1. FE is cleared to ¢ when the EFR bit
(Error Flag Reset) of CNTLA is written to 0, when DCD, is HIGH,
in JOSTOP mode and during RESET.

RIE: Receive Interrupt Enable (bit 3)

RIE shouid be set 10 1 to enable ASCI receive interrupt requests.
When RIE to 1, if any of the flags RDRF, OVRN, PE, FE become
set to 1 an interrupt request is generated. For channel 0, an inter-
rupt will also be generated by the transition of the external DCD,
input from LOW to HIGH. RIE is cleared 1o 0 during RESET.

DCDg: Data Carrier Detect (bit 2 STATO)

Channel 0 has an external DCD, input pin. The DCD, bit is set
to 1 when the DCD, input is HIGH. It is cleared 10 0 on the first
read of STATO following the HIGH to LOW transition of DCD,
input and during RESET. When DCD, = 1, receiver unit is reset
and receiver operation is inhibited.

CTS1E: Channet 1 TTS Enable (bit 2 STAT1)

Channel 1 has an external CTS, input which is multiplexed with
the receive data pin (RXS) for the CS1/0 (Clocked Serial /0 Port).
Setting CTS1E to 1 selects the CTS, function and clearing CTS1E to
0 selects the RXS function.

TDRE: Transmit Data Register Empty (bit 1)

TDRE = 1 indicates that the TDR is empty and the next trans-
mit data byte can be written to TDR. After the byte is written to
TDR, TDRE is cleared to 0 until the ASCI transfers the byte from
the TDR to the TSR, at which time TDRE is again set to 1. TDRE

is set 10 1 in [OSTOP mode and during RESET. When the external
CTS input is HIGH, TDRE is reset to 0.

TIE: Transmit Interrupt Enable (bit 0)

TIE should be set to 1 to enable ASCI transmit interrupt re-
quests. If TIE = 1, an interrupt will be requested when TDRE = 1.
TIE is cleared to 0 during RESET.

* ASCI Control Register AO, 1 [CNTLAO, 1)

Each ASCI channel Contro! Register A configures the major op-
erating modes such as receiver/transmitter enable and disable, data
format, and multiprocessor communication mode.

ASC! Control Register A O (CNTLAO : I/O Address = OOH}

bit 7 6 5 4 3 2 1 0
MPBR/
MPE RE TE TS EFR MOD2 | MOD1 | MODO

RAW W R/W R'wW RW RW R/W R/W

ASCI Control Register A 1 (CNTLA1 : /O Address = O1H}

bit 7 6 5 a4 3 2 1 0
MPBR/
MPE RE TE CKA1ID EFR MOD2 | MODY MODO

R/W RW AW R/W RAW RW RW RW

MPE: Multi Processor Mode Enable (bit 7)

The ASCI has a multiprocessor communication mode which
utilizes an extra data bit for seiective communication when a num-
ber of processors share a common serial bus. Muttiprocessor data
format is selected when the MP bit in CNTLB is set to 1. If multi-
processor mode is not selected (MP bit in CNTLB = 0), MPE has
no effect. If multiprocessor mode is selected, MPE enables or disa-
bles the ‘wake-up’ feature as fotlows. If MPE is set 1o 1, only re-
ceived bytes in which the MPB (multiprocessor bit) = 1 can affect
the RDRF and error flags. Effectively, other bytes (with MPB = 0}
are ‘ignored’ by the ASCL. If MPE is reset to 0, all bytes, regardiess
of the state of the MPB data bit, affect the RDRF and error flags.
MPE is cleared to 0 during RESET.

RE: Receiver Enable (bit 6)

When RE is set to 1, the ASCI receiver is enabled. When RE is
cleared to 0, the receiver is disabled and any receive operation in
progress is interrupted. However, the RDRF and error flags are not
reset and the previous contents of RDRF and error flags are held.
RE is cleared to 0 in IOSTOP mode and during RESET.

TE: Transmitter Enable (bit 5)

When TE is set to 1, the ASCI transmitter is enabled. When TE
is cleared to 0, the transmitter is disabled and any transmit opera-
tion in progress is interrupted. However, the TDRE flag is not reset
and the previous contents of TDRE are held. TE is cleared to 0 in
IOSTOP mode and during RESET.

RTS, — Request to Send Channel 0 (bit 4 in CNTLAO)

When RTS, is cleared to 0, the RTS, output pin will go LOW.
When RTS, is set to 1, the RTS, output immediately goes HIGH.
RTS, is set to 1 during RESFT.

CKA1D: CKA1 Clock Disable (bit 4 in CNTLA1)

When CKALD is set to 1, the multiplexed CKA1/TEND, pin is
used for the TEND, function. When CKAID = 0, the pin is used
as CKAI, an external data clock input/output for channel 1.
CKAID is cleared to 0 during RESET.

MPBR/EFR: Multiprocessor Bit Receive/Error Flag Reset {bit
3)

When multiprocessor mode is enabled (MP in CNTLB = 1),
MPBR, when read, contains the value of the MPB bit for the last re-
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ceive operation. When written to 0, the EFR function is selected to
reset all error flags (OVRN, FE and PE) to 0. MPBR/EFR is
undefined during RESET.

MOD2, 1, 0: ASCI Data Format Mode 2, 1, 0 (bits 2-0)
These bits program the ASCI data format as follows.
MOD?2

= 0 — 7 bit data
= ] — 8 bit data
MODI1
= § — No parity
= | - Parity enabled
MODO
= 0 — 1| stop bit
= 1 — 2 stop bits
The data formats available based on all combinations of MOD2,
MOD?1 and MODO are shown in Table 10.

Table 10 Combination of Data Format

MOD2 MOD1 MODO Data Format
0 o) 0 Start+ 7 bit data+ 1 stop
(o] 0 1 Start+ 7 bit data+ 2 stop
0 1 0 Start+ 7 bit data+ parity+ 1 stop
0 1 1 Start+ 7 bit data+ parity + 2 stop
1 0 0 Start+ 8 bit data+ 1 stop
1 (o] 1 Start+ 8 bit data+ 2 stop
1 1 (V] Start+ B bit data+ parity+ 1 stop
1 1 1 Start+ 8 bit data+ parity + 2 stop

{6) ASCI Control Register BO, 1 (CNTLBO, 1)
Each ASCI channel control register B configures multiprocessor
mode, parity and baud rate selection.

ASCI Control Register B O (CNTLBO : VO Address = 02H)
ASC| Control Register B 1 (CNTLB1 : /O Address = O3H)
bit 7 8 5 4 3 2 1 0
TS/
MPBT MP PS PEO DR 8§82 §51 §80
W RW RW RAW R/W AW RW RW

MPBT: Multiprocessor Bit Transmit (bit 7)

When multiprocessor communication format is selected (MP bit
= 1), MPBT is used to specify the MPB data bit for transmission. 1If
MPBT = 1, then MPB = 1 is transmitted. If MPBT = 0, then
MPB = 0is transmitted. MPBT state is undefined during and after
RESET.

MP: Multiprocessor Mode {bit 6)

When MP is set to 1, the data format is configured for multi-
processor mode based on the MOD2 (number of data bits} and
MODO (number of stop bits) bits in CNTLA. The format is as fol-
lows.

Start bit + 7 or 8 data bits + MPB bit + 1 or 2 stop bits

Neote that multiprocessor (MP = 1) format has no provision for
parity. If MP = 0, the data format is based on MODO0, MOD!1 and
MOD?2 and may include parity. The MP bit is cleared to 0 during
RESET.

CTS/PS: Clear to Send/Prescale bit 5) .

When read, CTS/PS reflects the state of the external CTS input.
If the CTS_input pin is HIGH, CTS/PS will be read as 1. Note that
when the CTS input pin is HIGH, the TDRE bit is inhibited (i.e.
held at 0). For channel 1, the CTS, input is multiplexed with RXS
pin (Clocked Serial Receive Data). Thus, CTS/PS is only valid
when read if the channel 1 CTS1E bit = 1 and the CTS, input pin
function is selected. The read data of CTS/PS is not affected by RE-
SET.

When written, CTS/PS specifies the baud rate generator prescale
factor. If CTS/PS is set to 1, the system clock (¢) is prescaled by 30
while if CTS/PS is cleared to 0, the system clock is prescaled by 10.
CTS/PS is cleared to 0 during RESET.

PEO: Parity Even Odd (bit 4)

PEO selects even or odd parity. PEQ does not affect the enab-
ling/disabling of parity (MOD1 bit of CNTLA). If PEO is cleared to
0, even parity is selected. If PEO is set to 1, odd parity is selected.
PEO is cleared to 0 during RESET.

DR: Divide Ratio (bit 3)

DR specifies the divider used to obtain baud rate from the data
sampling clock. If DR is cleared to 0, divide by 16 is used while if
DR is set to 1, divide by 64 is used. DR is cleared to 0 during RE-
SET.

§82. 1, 0: Source/Speesd Select 2, 1, 0 (bits 2-0)

Specify the data clock source (internal or external} and baud rate
prescale factor. $S2, SS1, and SSO are all set to 1 during RESET.
Table 11 shows the divide ratic corresponding to SS2, 851, and SS0.

Tabie 11 Divide Ratio

-

8§82 S $S0 Divide Ratio

o] +1

1 +2

0 +4

1 +8

0 +16

1 +32

0 +64

1 external clock

—~ =00 = =000

The external ASCI channel 0 data clock pins are multipiexed
with DMA control lines (CKA,/DREQ, and CKA,/TEND,). Dut-
ing RESET, these pins are initialized as ASCI data clock inputs. If
$S2, S81, and SSO are reprogrammed (any other value than SS2,
§S1, S50 = 1) these pins become ASCI data clock outputs. How-
ever, if DMAC channel 0 is configured to perform memory <—>
1/0 (and memory mapped 1/0) transfers the CKA/DREQ, pin re-
vert to DMA control signals regardless of 852, 8§81, and SS0 pro-
gramming. Also, if the CKA1D bit in the CNTLA register is set io
1, then the CKA,/TEND, reverts to the DMA Control output
function regardless of $§2, $S1, and SS0 programming.

Final data clock rates are based on CTS/PS (prescale), DR, SS2,
S$S1, SS0, and the HD64180 system clock (¢) frequency as shown
in Table 12.
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Table 12 Baud Rate List

Prescaler Sa;; Ft'gng Baud Rate General Baud Ra(tBeP(sE}x ample) CKA
— Divide
Divide Divide ; ¢=6.144 =46 =
PS % | bR | Rate | ss2 |ssi |sso ; Ratio 144 1¢=4608 14=3.072 Clock
Ratio Ratio MHz MHz MHz Vo Frequency
0 0 (o} +1 ¢+ 160 | 38400 18200 ¢+ 10
o 0 1 2 320 | 19200 9600 20
0 1 o} 4 640 9600 4800 40
0 16 0 1 1 8 1280 4800 2400 o} 80
1 0 0] 16 2560 2400 1200 160
1 0 1 32 5120 1200 600 320
] 1 0 64 10240 600 300 640
0 ¢+ 10 1 1 1 - fc+16 - - - ] fc
o (o} 0 +1 ¢+640 9600 4800 ¢+10
0 0] 1 2 1280 4800 2400 20
0 1 0 4 2560 2400 1200 40
1 64 0 1 1 8 5120 1200 600 0 80
1 0 0 16 10240 600 300 160
1 0 1 32 20480 300 150 320
1 1 ¢} 64 40860 150 75 640
1 1 1 - fc+ 64 - - — | fc
o] o] 0 +1 $+480 9600 ¢+ 30
0 0 1 2 960 4800 60
o] 1 0 4 1920 2400 120
0 16 0 1 1 8 3840 1200 0 240
1 0 (o} 16 7680 600 480
1 0 1 32 16360 300 960
1 1 0 64 30720 150 1920
1 &+30 1 1 1 - fc+16 - - - | fc
0 0 0 +1 | ¢+1920 2400 &+ 30
0 0 1 2 3840 1200 60
0 1 0 4 7680 600 120
1 64 o} 1 1 8 15360 300 o} 240
1 (o} 0 16 30720 150 480
1 0 1 32 61440 75 960
1 1 0 64 122880 3756 1920
1 1 1 - | fc+s4 - - - [ fo

11.3 MODEM Control Signals

ASCI channel 0 has CTS,, DCD,, and RTS, external modem
control signals. ASCI channel 1 has a CTS, modem control signal
which is muitiplexed with RXS pin (Clocked Serial Receive Data).

(1) CTS,: Clear to Send 0 (input)

The CTS, input aliows external contro] (start/stop) of ASCI
channel 0 transmit operations. When CTS, is HIGH, channel 0
TDRE bit is held at O regardless of whether the TDRO (Transmit
Data Register) is full or empty. When CTS is LOW, TDRE wiil re-
flect the state of TDRO. Note that the actual transmit operation is
not disabled by CTS, HIGH, only TDRE is inhibited.

{2} DCDy: Data Carrier Detect 0 linput)

The DCD, input allows external control (start/stop) of ASCI
channel 0 receive operations. When DCD, is HIGH, channel 0
RDRF bit is heid at 0 regardiess of whether the RDRO (Receive
Data Register) is full or empty. The error flags (PE, FE and OVRN
bits) are also held at 0. Even after the DCD, input goes LOW, these

bits will not resume normal operation until the status register
(STATO) is read. Note that this first read of STATO, while enabling
normal operation, will still indicate the DCD, input is HIGH
(DCDO bit = 1) even though it has gone LOW. Thus, the STATO
register should be read twice to insure the DCDO bit is cleared to 0.

(3) RTSy: Request to Send 0 (output)

RTS, allows the ASCI to control (start/stop) another communi-
cation devices transmission {for example, by connection to that de-
vices CTS input). RTS, is essentially a 1 bit output port, having no
side effects on other ASCI registers or flags.

{4) CTS,: Clear to Send 1 {input)

Channel 1 CTS, input is multiplexed with the RXS pin (Clocked
Serial Receive Data). The CTS, function is selected when the
CTS1E bit in STAT] is set to 1. When enabled, the CTS, operation

is equivalent to CTS,,.

Modem control signal timing is shown in Fig. 48 (a) and Fig. 48 (b).
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Status Register
Read

Figure 48 (a) DCD,, Timing

/O instruction /O write cycle

3
P
~

RTSO Flag )C

RTS0 Pin )(

Figure 48 (b) RTS, Timing

11.4 ASCI interrupts
Fig. 49 shows the ASCI interrupt request generation circuit.

DCDO —| IEF+
RDRFO —
OVRNO —D—‘
PEO — RIEO— ASCI0 Interrupt
‘ Request
FEO ——' TDREO—
TIEC ——
RDRF1
OVRN1 |
::;' RIE1 ] } ASCH Interrupt
Request
TDRE1 —
TET —

Figure 49 ASCtInterrupt Request Circuit Diagram
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11.6 ASClI <—> DMAC operation

Operation of the ASCI with the on-chip DMAC channel 0 re-
quires the DM AC be correctly configured to utilize the ASCI flags
as DM A request signals.

11.6 ASCIl and RESET

During RESET, the ASCI status and control registers are
initialized as defined in the individual register descriptions.

Intemal Clock

Baud Rate Selection

Receive and Transmit operations are stopped during RESET.
However, the contents of the transmit and receive data registers
(TDR and RDR) are not changed by RESET.

11.7 ASCI Clock
In external clock input mode, the external clock is directly input
to the sampling rate (< 16/+ 64) as shown in Fig. 50.

Prescaler Sampling Rate

¢— + 110 + 64

=+ 10/+ 30 + 16/+ 64

External Clock

fc < ¢ + 40

Figure 50 ASCI Clock Block Diagram

12 CLOCKED SERIAL 1/0 PORT (CSI/0O}

The HD64180 includes a simple, high speed clock synchronous
serial 1/O port. The CSI/O includes transmit/receive (half duplex),
fixed 8-bit data and internal or external data clock selection. High
speed operation (baud rate as high as 200k bits/second at fe =4
MHz) is provided. The CSI/O is ideal for implementing a multi-
processor communication link between the HD64180 and the
HMCS400 series (4-bit) and the HD6301 series (8-bit) single chip

controllers as well as additional HD64180s. These secondary de-
vices may typically perform a portion of the system [/O processing
such as keyboard scan/decode, LDC interface etc.

12.1 CSI/0 Block Diagram

The CSI/O block diagram is shown in Fig. 51. The CSI/0 con-
sists of two registers — the Transmit/Receive Data Register
(TRDR) and Control Register (CNTR).

intemal Address/Data Bus

o

TXS =-|CSI/O Transmit/Receive
Data Register:
RXS = TRDR (8}

CSI/O Control Register:

>

¢
|

Baud Rate
Generator

[+— CKS

CNTR (8)
l

Interrupt Request

Figure 51 CSI/0 Biock Diagram

12.2 CSI/0O Register Description

{1} CSI1/0O Transmit/Receive Data Register (TRDR: 1/O Ad-
dress = OBH)

TRDR is used for both CSI/O transmission and reception. Thus,
the system design must insure that the constrainis of half-duplex
operation are met (Transmit and receive operation can’t occur sim-
ultaneously). For example, if a CS1/0 transmission is attempted at
the same time that the CSI/O is receiving data, a CSI/O will not
work. Also note that TRDR is not buffered. Therefore, attempting
to perform a CSI/0 transmit while the previous transmit data is still
being shifted out causes the shift data to be immediately updated,
thereby corrupting the transmit operation in progress. Similarly,
reading TRDR while a transmit or receive is in progress should be
avoided.

{2) CSI/O Controi/Status Register (CNTR: 1/0 Address =
OAH)

CNTR is used to monitor CSI/O status, enable and disable the
CSI/O, enable and disable interrupt generation and select the data
clock speed and source.

CSi/0 Control Register (CNTR : I/O Address = OAH)

bit 7 ] 5 L 3 2 1 0
EF EE RE TE - $52 8§81 850
R R/W /W R/W A/W W R/wW

EF: End Flag (bit 7)
EF is set to 1 by the CSI/O to indicate completion of an 8-bit
data transmit or receive operation. If EIE (End Interrupt Enable)
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bit = 1 during the time EF = 1, a CPU interrupt request will be
generated. Program access of TRDR should only occur if EF = 1.
The CSI/O clears EF to 0 when TRDR is read or written. EF is
cleared to 0 dwing RESET and I0STOP mode.

EIE: End Interrupt Enable (bit 6}

EIE should be set to 1 to enable EF = 1 to generate a CPU inter-
rupt request. The interrupt request is inhibited if EIE is cleared to 0.
EIE is cleared to 0 during RESET.

RE: Receive Enable {bit 5}

A CSI/0 receive operation is started by setting RE to 1. When
RE is set to 1, the data clock is enabled. In internal clock mode, the
data clock is output from the CKS pin. In external clock mode, the
clock is input on the CKS pin. In either case, data is shifted in on the
RXS pin in synchronization with the (internal or external) data
clock. After receiving 8 bits of data, the CSI/O automatically clears
RE 100, EF is set to 1 and an interrupt (if enabled by EIE = 1) will
be generated. Note that RE and TE should never both be set to 1 at
the same time. RE is cleared to 0 during RESET and [OSTOP
mode.

Note that the RXS pin (pin 52) is multiplexed with CTS, mod-
em control input of ASCI channel 1. In order to enable the RXS
function, the CTSLE bit in CNTAI should be reset to 0.

TE: Transmit Enable (bit 4)

A CSI/O transmit operation is started by setting TE to 1. When
TE is set to 1, the data clock is enabled. In internal clock mode, the
data clock is output from the CKS pin. In external clock mode, the
clock is input on the CKS pin. In either case, data is shifted out on
the TXS pin synchronous with the (internal or external) data clock.
After transmitting 8 bits of data, the CSI/O automatically clears TE

IEF 1

" D—
EIE

to 0, EF is set to 1 and an interrupt (if enabled by EIE = 1) will be
generated. Note that TE and RE should never both be setto 1 at the
same time. TE is cleared to 0 during RESET and 10STOP mode.

§82, 1, 0: Speed Select 2, 1, O (bits 2-0)

§82, SS1 and S50 select the CSI/O transmit/receive clock source
and speed. $S2, SS1 and SS0 are all set to 1 during RESET. Table 13
shows CSI1/0 Baud Rate Selection.

Table 13 CSI/O Baud Rate Selecticn

Divide Baud
$82 S$51 S$S0 Ratio Rate
0 o 0 +20 (200000}
0 0 1 +40 {100000)
0 1 0 +80 {560000)
0 1 1 +160 (25000)
1 0 0 +320 {12500)
1 o} 1 +640 {6250)
1 1 (¢ +1280 {3125)
1 1 1 external Clock input
{less than + 20}

{ ) shows the baud rate (BPS) at ¢ = 4 MHz.

After RESET, the CKS pin is configured as an external clock
input (SS2, SS1, 8S0 = 1). Changing these values causes CKS to
become an output pin and the selected clock will be output when
transmit or receive operations are enabled.

12.3 CS1/0 Interrupts
The CSI/0 interrupt request circuit is shown in Fig. 52.

—37 Csl/0
Interrupt Request

Figure 52 CS1/0 Interrupt Circuit Diagram

12.4 CSI/O Operation
The CSI/O can be operated using status polling or interrupt
driven algorithms.

{1) Transmit — Polling

@ Poll the TE bit in CNTR until TE = 0.
@ Write the transmit data inio TRDR.

(3 Set the TE bit in CNTR to 1.

@ Repeat 1 to 3 for each transmit data byte.

{2) Transmit — Interrupts

(@ Poll the TE bit in CNTR until TE = 0.

(@ Write the first transmit data byte into TRDR.

(® Set the TE and EIE bits in CNTR to 1.

(& When the transmit interrupt occurs, write the next transmit data
byte into TRDR.

® Set the TE bit in CNTR to 1.

(8 Repeat 4 to 5 for each transmit data byte.

(3) Receive — Polling

@ Poll the RE bit in CNTR until RE = 0.
(@ Set the RE bit in CNTR to 1.

(® Poll the RE bit in CNTR until RE = 0.

(&) Read the receive data from TRDR.
(® Repeat 2 to 4 for each receive data byte.

{4) Receive — Interrupts

(D Poll the RE bit in CNTR until RE = 0.

(® Set the RE and EIE bits in CNTR to 1.

(3 When the receive interrupt occurs read the receive data from
TRDR.

(@ Set the RE bit in CNTR to 1.

(® Repeat 3 to 4 for each receive data byte.

12.6 CSI/0 Operation Timing Notes

(1) Note that transmitter clocking and receiver sampling timings
are different from internal and external clocking modes. Fig. 53
to Fig. 54 shows CSI/O Transmit/Receive Timing.

(2) The transmitter and receiver should be disabled (TE and RE
= () when initializing or changing the baud rate.

12.6 CS1/0 Operation Notes

(1) Disable the transmitter and receiver (TE and RE = 0) before
initializing or changing the baud rate. When changing the baud
rate after completion of transmission or reception, a delay of at
least one bit time is required before baud rate modification.
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(2) When RE or TE is cleared to 0 by software, a corresponding re- (3) Simultaneous transmission and reception is not possible, Thus,
ceive or transmit operation is immediately terminated. Nor- TE and RE should not both be 1 at the same time.
mally, TE or RE should only be cleared to 0 when EF = 1.

CKS _\___[—-l_l—"_\_f—l_]
:'_')( X MSB

TE ] B

r [ -
!

Read or write of CSI/Q
Transmit/Receive
Data Register

b b

{
|
I
TS X 1s8 X
I

Figure 53 Transmit Timing — Internal Clock

s T LML L]

]
1

XS LSB )
2.5¢- 2.5¢- 2.5¢- 2.5¢

1.5¢ 71.5¢ 7.5¢ 75¢

MSB

TE _I 1

e —
f

Read or write of CSI/O
Transmit/Receive
Data Register

Figure 54 Transmit Timing — External Clock
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s T [ L[ "L L

RXS LSB "“)( MSB

114 11¢ 11¢ 116

Sampling

RE | -
"17¢

€ .
}

Read or write of CSI/O

Transmit/Receive
Data Register

Figure 55 Receive Timing — internal Clock

RXS LSB ' g MSB
ool | e b | b
16.5¢ 16.5¢ 165¢ | 1654 _|
;;pling

EF I xl

Read or write of CSI/O
Transmit/Receive
Data Register

Figure 56 Receive Timing — External Clock

12.7 CSI/O and RESET CS1/0 transmit and receive operations in progress are aborted
During RESET each bit in the CNTR is initialized as defined in during RESET. However, the contents of TRDR are not changed.
the CNTR register description.
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13 PROGRAMMABLE RELOAD TIMER {PRT)

The HD641830 contains e two channel 16-bit Programmabie Re-
fosd Timer. Each PRT channel contains a 16-bit down counter and
2 16-bit relosd register. The down counter can be directly resd and
written and & down counter overflow interrupt can be programmab-
ly enabled or disabled. In addition, PRT channel 1 has a TOUT out-

generation.
13.1 PRT Biock Disgram

The PRT block disgram is shown in Fig. 57. The two channels
have separate timer data and reload regi and a common statue/

control register. The PRT input clock for both channels is oqual to

put pin (multiplexed with A,,) which can be set HIGH, LOW, or

the system clock (¢) divided by 20.

toggled. Thus PRT! can perform programmabie output waveform

< internal Address/Data Bus >
é + 20 ¢+ 20

¢ i

Timer Data  {Timer Data Timer Data  |Timer Data
IRegister OL [Register OH Timer Control | |Register 1L [Register 1H | TOUT
. TMDROL (8)}: TMDROH (8 pocister : TMDRIL (8): TMOR1H (8
Timer Reload | Timer Reload *TCRIB) T'morﬂoloLod Timerﬂo:o':d
Register OL 1 Register OH Register 1L |Register

: RLDROL 18) |: RLDROH (8) : TLDR1L (8) |: TLDR1H (8)

|— Interrupt Request

Figure 57 PRT Block Disgram

13.2 PAT Register Description

{1} Timer Data Rogister (TMODA: /O Address = CHO: ODM,

OCH CH1: 18H, 144)

PRTO and PRT1 each have 16-bit Timer Dets Registers
(TMDR). TMDRO and TMDRI are each accessed as low and high
byte registers (TMDROH, TMDROL and TMDRIH, TMDRIL).
During RESET, TMDRO and TMDRI1 are set to FFFFH.

TMDR is decremented once every tweaty ¢ clocks, When
TMDR counts down to 0, it is automatically relosded with the value
contained in the Reload Register (RLDR).

TMDR can be read and written by software using the following
procedures. The resd procedure uses 8 PRT internal temporary
storsge register 10 retum accurate deta without requiring the timer
to be stopped. The write procedure requires the PRT to be stopped.

For reading (without stopping the timer), TMDR must be read
in the order of lower byte — higher byte (TMDRaL, TMDRnH).
The lower byic read (TMDRnL) will store the higher byte value in
an internal regisier. The following higher byte read (TMDRoH) will
accees this internal register. This ure insures timer daia
wvalidity by eliminating the problem of potential 16-bit timer updat-
ing between each $-bit reed. Specifically, reading TMDR in higher
byte — lower byte order may resuk in invalid data. Note the im-
plications of TMDR higher byte internal storage for applications
which may read only the lower and/or higher bytes. In normal oper-
ation all TMDR read routines should access both the lower and
Ili(herhyta in that order.

For wriling, the TMDR down counting must be inhibited using
the TDE (Timer Down Count Enabie) bits in the TCR (Timer
Control Register), following which any or both higher and lower
bytes of TMDR can be freely written (and read) in any order.

(2) Timar Reload Register MMLDR: /O Address = CHO: OFN,

OFH CHY: 16M, 17H)

PRTO and PRT1 cach have 16-bit Timer Reload Registers
(RLDR). RLDRO and RLDR1 sre cach accossed as low and high
byt regisiors (RLDROH, RLDROL sad RLDRIH, RLDRIL).
During RESET RLDRO and RLDR1 are set to FFFFH.

Whea the TMDR counts down 10 0, it is automatically reloaded
with the contents of RLDR.

{3) Timer Control Register (TCR}

TCR monitors both channels (PRTO, PRT1) TMDR status and
controls ensbling and disabling of down counting and interrupts as
well as controlling the output pin (A,,/TOUT) for PRT 1.

Th.c-ﬂmm VOW' ‘ﬂ

[mimlmlmlmlwlwluj

TIF1: Timar nterrupt Flag 1 it 7)

When TMDR1 decremeats to 0, TIF1 is set to 1. This can gener-
ste an interrupt request if enabled by TIE1 = 1. TIF! is reset 10 0
whea TCR is read and the higher or lower byte of TMDRI1 are read.
During RESET, TIF! is cleared to 0.

TIFO: Timer Interrupt Flag 0 Bit §)

Whea TMDRO decremeats 10 0, TEFOis set to 1. This can goner-
ate an interrupt request if enabled by TIEO == 1, TIPO is reset t0 0
when TCR is read and the higher or lower byte of TMDRO are read.
During RESET, TIFO is cleared i0 0.
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TIE1: Timer Interrupt Enable 1 (bit 5)

When TIE] is set to 1, TIFi = | will generate a CPU interrupt
request. When TIE1 is reset to 0, the interrupt request is inhibited.
During RESET, TIEI is cleared to 0.

TIEQ: Timer Interrupt Enable 0 (bit 4)

When TIEO is set to 1, TIFO = 1 will generate a CPU interrupt
request. When TIEQ is reset to 0, the interrupt request is inhibited.
During RESET, TIEQ is cleared o 0.

TOC1, 0: Timer Qutput Control (bits 3, 2)

TOC!1 and TOCO control the output of PRTI1 using the multip-
lexed A, /TOUT pin as shown below. During RESET, TOCI and
TOCO are cleared to 0. This selects the address function for A,/
TOUT. By programming TOC1 and TOCO, the A, ,/TOUT pin can
be forced HIGH, LOW or toggled when TMDRI1 decrements to 0.

TOC1 | TOCO ouTPUT

0 o inhibited (A /TOUT pin is selected as
an address output function.)

0 1 toggled* o
} (A, /TOUT pinis selected

1 ? ? as a PRT1 output function.}
1

« When TMDR1 decrements to 0, TOUT levetl is reversed. This can provide
square wave with 50% duty to external devices without any software
support.

TDE1, 0: Timer Down Count Enable (bits 1, 0)

TDE! and TDEOQ enable and disable down counting for TMDR1
and TMDRO respectively. When TDEn (n = 0, 1) issetto 1, down
counting is executed for TMDRn. When TDEn is reset to 0, down
counting is stopped and TMDRn can be freely read or written.
TDE] and TDEO are cleared to 0 during RESET and TMDRn wili
not decrement until TDEn is set to 1.

Fig. 58 shows timer initialization, count down and reload timing.
Fig. 59 shows timer output (A ,/TOUT) timing.

Register

Timer Data Register o<t< 209')
write (0004H)
Reset _i 20 | 20¢ | 20¢ | 206 | 206 | 204 | 20¢ | 20¢ | 20¢
Timer Data FFEFH | 0004H E 0003H| 0002H | 00014 | 0000H |0003H| 0002H| 0001H | OOOOH|0003H
{
1

Timer Reload Register Wrrite (0003H)

Reload Reload

Timer Reload Register | FFFFH | OCO3H

 Write “1” to TDE

TDE Flag

TIF Flag

I

L

Timer data Register read

Timer Control
Register read

Figure 58 PRT Operation Timing

Timer Data

I 1 |

J L

Timer Data
Reg.=0001H | Reg.== 0000H
¢
LI
TOUT

Figure 59 PRT Output Timing
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IEF

TIF1

TIET —

TIFO —
TIEO —

D—— PRTO Interrupt

kﬁU

PRT1 Interrupt
Request

Request

Figure 60 PRT Interrupt Request Circuit Diagram

13.3 PRT interrupts

The PRT interrupt request circuit is shown in Fig. 60.

13.4 PRT and RESET

During RESET the bits in TCR are initialized as defined in the

TCR register description. Down counting is stopped and the TMDR
and RLDR registers are initialized to FFFFH. The A,,/TOUT pin
reverts to the address output function.

13.6 PRT Operation Notes

(1)

@

3

496

TMDR data can be accurately read without stopping down
counting by reading the lower (TMDRnL*) and higher
(TMDRnH?*) bytes in that order. Or, TMDR can be freely read
or written by stopping the down counting.

Care should be taken to insure that a timer reload does not oc-
cur during or between lower (RLDRnL*) and higher
(RLDRnH*) byte writes. This may be guaranteed by system
design/timing or by stopping down counting (with TMDR con-
taining a non-zero value} during the RLDR updating.
Similarly, in applications in which TMDR is written at each
TMDR overflow, the system/software design should guaran-
tee that RLDR can be updated before the next overflow occu-
rs. Otherwise, time base inaccuracy will occur.

NOTE: *n = 0, ]

During RESET, the multiplexed A,,/TOUT pin reverts to the
address cutput,

By reprogramming the TOC!1 and TOCO bits, the timer output

function for PRT channel 1 can be selected. The following
shows the initial state of the TOUT pin after TOC1 and TOCO
are programmed to select the PRT channel 1 timer output
function.
(i) PRT (channel 1) has not counted down to 0.

If the PRT has not counted down to 0 (timed out), the
initial state of TOUT depends on the programmed value in
TOC1 and TOCO.

TOUT State After TOUT State After
Programming Next Timeout
TOC1 TOCO TOC1/TOCO
0 1 HIGH (1) LOW (0}
1 0 HIGH (1) Low (0}
1 1 HIGH (1) HIGH {1)

(ii)PRT (channel 1) has counted down to 0 at least once.

If the PRT has counted down to 0 (timed out) at least once,
the initial state of TOUT depends on the number of time outs
{even or odd) that have occurred.

Numbers of Timeouts TOUT State After
(even or odd) Programming TOC1/TQCQ
Even (2,4,6 ..} HIGH (1)
Odd (1,3,5.) LOW (0)
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14 INTERNAL |/O REGISTERS

The HD64180 internal I/0 Registers occupy 64 1/0 addresses
(including reserved addresses). These registers access the internal
1/0 modules (ASCI, CSI/O, PRT) and control functions (DMAC,
DRAM refresh, interrupts, wait state generator, MMU and 1/O re-
location).

To avoid address conflicts with external 1/0, the HD64180 inter-
nal 1/0 addresses can be relocated on 64 bytes boundaries within
the bottom 256 bytes of the 64k bytes I/0 address space.

14.1 1/O Control Register (ICR)
ICR allows relocating of the internal [/Q addresses. ICR also
controls enabling/disabling of the IOSTOP mode.

I/0 Controi Register {ICR : 1/Q Address = 3FH)
it 7 6 5 4 3 2 1 o

A7 I0AE IOSTP - - - - -
RW RW RW

I0A7,6: /O Address Relocation (bits 7-6)

10A7 and I0AS relocate internal 1/0 as shown in Fig. 61. Note
that the high-order 8 bits of 16-bit internal 1/0 addresses are always
0. I0OA7 and 10A6 are cleared to 0 during RESET.

IOA7 - IOAB=1 1—*

OOFFH

00COH

IOA7 - I0DA6=1 O

QO0BFH

CO80OH

IOA7 - I0AB=0 1—

O07FH

0040H

IOA7 : I0A6=0 0“—"l

0O03FH

OOOOH

Figure 81 Internal I/O Address Relocation

10STP: IOSTOP Mode (bit 6}

IOSTOP mode is enabled when IQOSTP is set to 1. Normal 1/0
operation resumes when [IOSTP is reset to 0. IOSTP is cleared to 0
during RESET.

14.2 Internal /O Registers Address Map

The internal 1/0 register addresses are shown in Table 14. These
addresses are relative to the 64 bytes boundary base address speci-
fied in ICR.
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Table 14 Internal I/0 Register Address Map (1)

Register Mnemonic - Address .
Binary Hexadecimal

ASCI Control Register ACh O CNTLAO XX000000 OOH

ASCI Control Register A Ch 1 CNTLA1 XX0000C1 O1H

ASCI Control Register BCh O CNTLBO XX000010 O2H

ASCI Control Register B Ch 1 CNTLB1 XX000011 03H

ASCI ASC1 Status Register Ch O STATO XX000100 04K
ASCI Status Register Ch 1 STATH XX000101 OGH

ASCI Transmit Data Register Ch O TDRO XX000110 06H

ASCI Transmit Data Register Ch 1 TDR1 XX000111 O7H

ASCI Receive Data Register Ch O RDRO XX001000 08H

ASCI Receive Data Register Ch 1 RDR1 XX001001 09H

CSI/0 Control Register CNTR XX001010 OAH

csvo CSI/0 Transmit/Receive Data Register TRDR XX001011 OBH
Timer Data Register Ch OL TMDROL XX001100 OCH

Timer Data Register Ch OH TMDROH XX001101 ODH

Reload Register Ch OL RLDROL. XX001110 OEH

Reload Register Ch OH RLDROH XX001111 OFH

Timer Control Register TCR XX010000 10H

Reserved XX010001% 11H

Timer S S
XX0100113 13H

Timer Data Register Ch 1L TMDRIL XX010100 14H

Timer Data Register Ch 1H TMDR1H XX010101 15H

Reload Register Ch 1L RLDR1L XX010110 16H

Reload Register Ch 1H RLDR1H XX010111 17H

Free Running Counter FRC XX011000 18H

Reserved XX011001% 19H

Others S

XX011111 1FH
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Table 14 Internal I/0 Register Address Map (2)

Register Mnemonic Address
Binary Hexadecimal
DMA Source Address Register Ch OL SAROL XX 100000 20H
DMA Source Address Register Ch OH SAROH XX100001 21H
DMA Source Address Register Ch OB SARCB XX100010 22H
DMA Destination Address Register Ch OL DAROL XX100011 23H
DMA Destination Address Register Ch OH DARQH XX100100 24H
DMA Destination Address Register Ch GB DAROB XX100101 25H
DMA Byte Count Register Ch OL BCROL XX100110 26H
DMA Byte Count Register Ch OH BCROH XX100111 27H
DMA Memory Address Ragister Ch 1L MAR1L XX101000 28H
DMA DMA Memory Address Register Ch 1H MAR1TH XX101001 29H
DMA Memory Address Register Ch 1B MAR1B XX101010 2AH
DMA |/Q Address Register Ch 1L IARTL XX101011 2BH
DMA |/Q Address Register Ch 1H IARTH XX101100 2CH
Reserved XX101101 2DH
DMA Byte Count Register Ch 1L BCR1L XX101110 2EH
DMA Byte Count Register Ch 1H BCR1H XX101111 2FH
DMA Status Register DSTAT XX110000 30H
DMA Mode Register DMODE XX110001 31H
DMA/WAIT Control Register DCNTL XX110010 32H
IL Register {Interrupt Vector Low Register) IL XX110011 33H
INT INT/TRAP Control Register ITC XX110100 34H
Reserved XX110101 35H
Refresh Control Register RCR XX110110 36H
Refresh
Reserved XX110111 37H
MMU Common Base Register CBR XX111000 38H
MMU MMU Bank Base Register BBR XX111001 39H
MMU Common/Bank Area Register CBAR XX111010 3AH
Reserved XX111011 3BH
IO
XX111110 3EH
1/0 Control Register ICR XX$11111 3FH

14.3 1/O Addressing Notes

The internal 1/O register addresses are located in the 1/0 address
space from 0000H to 00FFH (16-bit [/O addresses). Thus, to access
the internal 1/0 registers (using 1/0 instructions}, the high-order 8
bits of the 16-bit 1/0 address must be 0.

The conventional 1/0 instructions (OUT (m),A/ IN A,(m) /
OUTI / INI/ etc.) place the contents of a CPU register on the high-
order 8 bits of the address bus, and thus may be difficult to use for
accessing internal 1/O registers.

For efficient internal /O register access, a number of new in-
structions have been added, which force the high-order 8 bits of the
16-bit 1/O address to 0. These instructions are INO, OUTO, OTIM,

OTIMR, OTDM, OTDMR and TSTIO {See section 19 Instruction
Set).

Note that when writing to an internal 1/0 register, the same 70
write occurs on the external bus. However, the duplicate external I/
O write cycle will exhibit internal I/O write cycle timing. For exam-
pie, the WATT input and programmabie wait state generator are ig-
nored. Similarly, internal 1/O read cycles also cause a duplicate ex-
ternal [/0 read cycle — however, the external read data is ignored
by the HD64180.

Normally, external 1/O addresses should be chosen to avoid
overlap with internal I/0 addresses to avoid duplicate 170 accesses.
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16 E CLOCK OUTPUT TIMING — 6800 TYPE BUS INTER-

FACE

A large selection of 6800 type peripheral devices can be con-
nected to the HD64180, including the Hitachi 6300 CMOS series

(6321 PIA, 6350 ACIA, eic.) as well as 6500 family devices.

These devices require connection with the HD64180 syn-
chronous E clock output. The speed (access time) required for the
peripheral device are determined by the HD64180 clock rate. Table

15, Fig. 62 and Fig. 63 define E clock output timing.

Table 15 E Clock Timing in Each Condition

Condition Duration of E Clock Output “High"'

Op-code Fetch Cycle _ .

Memory Read/Write Cycle Tl = Tal (1.5¢ + ny - &)

1/O read Cycle 1st Tw] — T3l (0.5¢ + n, - )

170 Wirite Cycle 15t Tw] — Tsf (n,, - ¢}

NM Acknowledge 1st MC T2f — Taj (1.54)

[ 1NTo Acknowledge 1st MC TstTw| — Ta] 054 + n,, - ¢

BUS RELEASE mode

SLEEP mode ¢l — ¢| {2¢ or 14}

SYSTEM STOP mode

NOTE) n, : thenumber of wait states
MC : Machine Cycle
NV
OP-code Memory read/ acknowledge INTo acknowledge
fetch cycle write cycle | VO read cycle 170 write cycle 1stMC st MC
Ty Tz Ta [Tr T2 Ta i; T Tw Ta (T: T Tw T3 ITx T2 Ta —Lr'l Tz Tw* Tw' Ta
é
E I VO Y B W Y B /I [\ | |

W ") [ T [T
w T\ m r \ [
OF \ T\ I

NOTE) MC: Machine Cycle

* Two wait states are automatically inserted.

Figure 62 E Clock Timing (During Read/Write Cycle and
Interrupt Acknowledge Cycle}
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Last BUS RELEASE mode
state

BUSREQ |
BUSACK

{a) E Clock Timing in BUS RELEASE Mode

SLP
instruction
2nd op-code Op-code

| fetchcycle SLEEP mode or SYSTEM STOP mode fetch cycle

T T T o1 T, T,

T T Ty T2
e iniplginigininin¥pinigigisinlie

Do-D; j/:’\
76H
INT, NMi 4
/

{b) E Clock Timing in SLEEP Mode and SYSTEM STOP Mode

Figure 83 E Clock Timing
(in BUS RELEASE mode, SLEEP mode, SYSTEM STOP mode)

Wait states inserted in op-code fetch, memory read/write and 1/ 16.1 6800 Type Bus Interfacing Note

O read/write cycles extend the duration of E clock output HIGH.
Note that during 170 read/write cycles with no wait states (only oc-
curs during on-chip /O register accesses), E will not go HIGH.
The correspondence between the duration of E clock output
HIGH and standard peripheral device speed selections is as follows.

Required duration of

Device Speed Selection E clock output HIGH

1.0 MHz lex: HD6321P) 500 ns min.
1.6 MHz (ex: HD63A21P) 333 ns min.
2.0 MHz (ex: HD63B21P) 230 ns min.

When the HD64180 is connected to 6800 type periphera! LSIs
with E clock, the 6800 type peripheral LSIs should be located in 1/0
address space.

If the 6800 type peripheral LSIs are located in memory address
space, WR set-up time and WR hold time for E clock won’t be
guaranteed during memory read/write cycles and 6800 type periph-
eral LSIs can’t be connected correctly.
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16 ON-CHIP CLOCK GENERATOR

The HD64180 contains a crystal oscillator and system clock (¢}
generator. A crystal can be directly connected or an external clock
input can be provided. In either case, the system clock (¢) is equal
to one-half the input clock. For example, a crystal or external clock

input of 8 MHz corresponds with a system clock rate of ¢ = 4
MHz.

The following table shows the AT cut crystal characteristics (Co,
Rs) and the load capacitance (CL1, CL2) required for various fre-
quencies of HD64180 operaticn.

Table 16 Crystal Characteristics

Clock Frequency
4MHz 4MHz < f £ 12MHz 12MHz < f £ 18MHz
Item
Co <7pF <7pF <7pF
Rs < §01) <600 <600
CL,CtL, 10t0 22 pF £10% 10to 22 pF +10% 1010 22 pF £10%

If an external clock input is used instead of a crystal, the
waveform (twice the ¢ clock rate) should exhibit a 50% % 5% duty
cycle. Note that the minimum clock input HIGH voltage level is
Vee— 0.6V, The external clock input is connected to the EXTAL
pin, while the XTAL pin is left open. Fig. 64 shows external clock
interface.

EXTAL

JUUL extemal Clock input

XTAL) Open

Figure 84 External Clock Interface

Fig. 65 shows the HD64180 clock generator circuit while Fig. 66
and Fig. 67 specify circuit board design rules.

ci1
EXTAL

P

XTAL

Figure 65 Crystal interface

C. XTAL

””_:h SexTal
I

:,—

HD64180
must be avoided
A B
A, B: Signal
| |
Signal C : : —

| |

+ — {7 x1AL
[ s I |

fin | ——+———{"] exTAL
oo

. HD64180

|
! i

Figure 66 Note for Board Design of the Oscillation Circuit
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Signal line layout should
|-20 mm max-l avwreas marked with /////.

HD64180
{DP-64S)

(Top View)

Figure 87 Example of Board Design

Circuit Board design should observe the followings. (3) Similar to (2), Vo power lines should be separated from the
(1) To prevent induced noise, the crystal and load capacitors clock oscillator input circuitry.
should be physically located as close to the LSI as possible. (4) Resistivity between XTAL or EXTAL and the other pins
(2) Signal lines should not run parallel to the clock osciliator should be greater than 10M ohms.
inputs. In particular, the clock input circuitry and the system Signal line layout should avoid areas marked with /////.

clock ¢ output should be separated as much as possible.

O HITACHI
Hitachi Amenca Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy. * Brishane, CA 94005-1819 « (415) 589-8300 503

1M1 2 WIEeLl 9] CobALldpreq BA |2 HKe2becf| A6 |ABUNL ICLNLEL



12 nerell sl

HD64180R/Z

17 MISCELLANEOUS

Free Running Counter (I/0 Address = 18H)

Read only 8-bit free running counter without control registers
and status registers. The contents of the 8-bit free running counter
is counted down by 1 with an interval of 10 ¢ clock cycles. The free
running counter continues counting down without being affected by
the read operation.

If data is written into the free running counter, we can’t guaran-
tee the interval of DR AM refresh cycle and baud rates of ASCI and
CSl/0.

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

18 OPERATION NOTES
18.1 Precaution on Interfacing the 280" Family Peripheral
LSis to the HD64180
(1) Problem
In daisy chain, the Z80* family peripheral LSI (P10, DMA,
CTC, S10, or DART) resets interrupt circuit (i.e. [EO changes
from LOW to HIGH) by fetching the RETI op-code on the
data bus concurrently during the CPU fetches the RETI
Therefore, the followings should be noted for the RETI op-
code (EDH, 4DH) fetch timing in the Z80* peripheral LSI.
When the peripheral LSI fetches the first op-code of RET!
(EDH), TIR should be negated HIGH at the rising edge of
system clock ¢ as shown in Fig. 71, A. (This isn’t referred in
the manuals for the Z80* peripheral LSI.) So, LIR hold time
(LIR = HIGH) should be required as shown in Fig. 71.

Because LTR changes synchronously with the rising edge of
system clock ¢, LIR delay time is equal to LIR hold time of the
Z80* peripheral LSI, However, this LIR hold time may not be
sufficient for the Z80* peripheral LSI in some case and IEO
line may not be reset.

(2) An example of countermeasure
__Fig. 72 shows an example of circuit, while Fig. 73 shows the
LIR and LIR’ timing in the circuit.

v D a ! y—-—— R’ to Periphers! LSI

¢ - >06

LS75

figure 72 Circuit Example

* 780 is a registered trademark of Zilog, Inc.

T, Tz Ta Ty T2 Ts
e LI LML uIu
® I —
A R

Figure 73 LIR and LIR' Timing in the Circuit

LIR’, which is synchronized with the falling edge of system
clock ¢, is provided to the peripheral LSI. In this case, one-half
clock cycle duration is confirmed as the hold time.

Please carefully examine the circuit before you use it on
your application.
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18.6 Precaution on Interfacing HD64180 with 280°* CTC
(1) Problem

The following problem may happen when interfacing HD64180
with Z80* CTC (Z8430). Therefore, countermeasure shown in sec-
tion 2 should be taken, Fig. 8] illustrates Z80* CTC write timing
specified in Z80* CTC Data Sheet. Fig. 82 and Fig. 83 show Z280* I/
O write timing and HD64180 1/0 write timing respectively.

As shown above, IOE in HD64180 goes LOW by a half ¢ clock
cycle faster than EORQ in Z80. When interfacing 7280 with Z80*
CTC, data is written into Z80* CTC at the rising edge of Tw. By
contrast, when interfacing HD64180 with Z80" CTC, data is written
into Z80* CTC at the rising edge of T, In the latter case, data may
not be written inlo Z80* CTC if 10E set-up time for the rising edge
of T, is less than the set-up time specified in Z80* CTC.

¢ I L1 1 | S N N I
_ Set-up time
CE
1

— Set-up time

Set-up time | Hokd time

i i

Data IX ¥

Figure 81 280" CTC Write Timing®"*

T T2 Tw Ta

o L LI LT

om — —

Data ——< r
Write data

Figure 82 ZB80" I/O Write Timing

T T2 Tw Ta
b
ioF ——’7 —

Data ——( -
t
Wite data

Figure 83 HD64180 I/O Write Timing

* ZRBO0 is a registered trademark of Zilog, Inc.
** Copied from Z80* CTC Data Sheet (April, 1985)

{2) Countermeasure

To Avoid the problem, IOE in HD64180 shoutd be asserted
LOW at the rising edge of T, 1o assure the set-up time specified in
Z80* CTC. Fig. 84 (a) shows a circuit for delaying IOE by a half ¢
clock cycle.

If this circuit is externally connected between HD64180 and
Z80* CTC, I0E’ will be pulied LOW at the rising edge of T, only in
IVO read/write cycle as shown in Fig. 84 (b). While in INT,
acknowledge cycle, IOE and IOE’ are asserted LOW at the timing
shown in Fig. 84 (c). In INT, acknowledge cycle, IOE’ delays be-
cause of propagation time of TTL gates of the countermeasure cir-
cuit and the vector access time is shortened. If vector access time
for HD64180 is not assured duting INT, acknowledge cycle, wait
states should be inserted by programming IWIQ and [WII bits of
DMA/W AIT Control Register. However, note that wait states in-
sertion by software should be inhibited during Z80* CTC read/write
cycles, because more than one wait state can not be allowed in the
case of Z80* CTC. (Please see Z80* CTC Data Sheet. One wait state
is automatically inserted during the cycles.) Refer to “‘Fig. 85 Z80*
CTC Access Flow™ for details.

foF J_D?—’)» o

LR G

b LS75

{a) Countermeasure Circuit

T T2 Tw Ta T4
¢
- W
OF Fixed to HIGH
e { .
iOE'
|- I
(b) VO Read/Write Timing
Ta T2 Tw Tw Ta Ta
é
LIR
1 —
e
OF Vector access time

=+~ t+— Propagation time of TTL gates

{c) INT o Acknowledge Cycle Timing

Figure 84 Countermeasure Circuit and Timings in the Circuit
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-y

|

Program DMA/WAIT Control
Register to insert wait states

|

Disabie INT o

Disable programmable wait states

insertion for I/0 access (One wait state | +1

is automatically inserted during Z80*
CTC read/write cycles.)

Access Z80* CTC

Enable programmable wait states
insertion for I/O access

EnableiNTo

*1 More than one wait state can not be
s allowed during Z80° CTC read/write
cycles.

Figure 85 280* CTC Access Flow
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18.6 Notes on HD64180 INT, Mode 0
(1) Problem

In INT, Mode 0, the CPU executes an instruction which is
placed on the data bus during the interrupt acknowledge cycle.
Usually, RST (1-byte instruction) or CALL (3-byte instruction) is
placed on the data bus. Then, the CPU pushes the Program Coun-
ter (PC) onto the stack and jumps to the interrupt service routine.
In the case of RST instruction, the correct return address is pushed
onto the stack. However, in the case of CALL instruction, the
pushed return address is equal to the correct return address + 2.

{2) Explanation of operation
During the 1st op-code fetch cycle in the interrupt acknowledge

cycle, the CPU stops incrementing the PC. At this time, the PC
contains the return address. After the 1st op-code is feiched, the
CPU restarts incrementing the PC. Therefore, is RST (1-byte in-
struction) is executed in the interrupt acknowledge cycle, the cor-
rect return address is pushed onto the stack and the CPU can return
from the interrupt service routine correctly. While, if CALL (3-byte
instruction) is execuled in the interrupt acknowledge cycle, the PC
is incremented twice during the operand read cycle of the 2 bytes
after the 1st op-code is fetched. Therefore, the return address + 2
in the PC is pushed onto the stack. So, when RETI is executed at
the end of the interrupt service routine, the CPU can not return
from the interrupt correctly. L
Fig. 86 shows the CALL execution timing in INT, Mode 0.

Last INT,Mode O interrupt
Machine acknowledge service
Cycle cycle CALL instruction execution routine

T I TeTeTwTw TatTaT2Ts T1T2Ta Ti Ti1Te TsT1 T2Ta|T1T2Ta

UL

Starting
Address
Ao—Ai1s PC PCH+1 SP-1 SP-2
R ] ]
WE L A
[s]
s LM L
J—_— Starting | Starting \ ,
WR CALL Addrest | Address L]
instruction {Low {Hig
De )7 corl—n }—?E}—{__PC“ pc+2 B
p (High) | # (Low)
7, rt
:’," ,/’r’
/ / / /
‘¢ an
d e d e ——— - — -

[ ————— ot o

| The return address+ 2 in the PC is pushed onto the stack. '

Figure 86 The CALL Execution Timing in INT ,Mode 0
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(3) Countermsasure
The following explains the countermeasure of the problem in

Table 18 Stack Contents Adjustment

INT, Mode 0. Instruction Stack Contents Adjustment
@ RsT _ ) RST No
When RST is executed, the correct return address in the PC
is pushed onto the stack. CALL Decrement the stack contents by two
@ CALL Other No
When CALL is executed, the stack contents must be decre- instructions {The PC is not stacked.}
mented by two in the interrupt service routine to return from

the interrupt correctly.

Table 18 summarizes how to adjust the stack contents depend-

The TNT, Mode 0 sequences when executing RST and CALL
ing on the instruction to be executed.

are shown in Fig. 87,

Main Routine

Interrupt setvice routine
[l RST / PC (High) — (SP—1)
| PC (Low) — (SP—2)
! SP—2 —SP
Address :
PC—1L] E
NTs —— ;
pc(] El
|| RETl / PC {Low) — (SP)
PC (High) — (SP+1)
SP — SP+2
(@) INToMode O Sequence when executing RST
Main Routine
Interrupt service routine
RST PC+ 2 (High) — (SP—1)

PC+2 (Low) — (SP—2)
SP—2 — SP

( )

Address POP BC
pc—1 U DEC BC | Decrements the stack
0 — _ DEC BC [ contents by two
PC. PUSH BC
El

g

AN

PC (Low) — (SP)
PC (High} — (SP+ 1)
SP —SP+2

N )

(b) INToMode O Sequence when executing CALL
NOTE) PC: PC indicates the return address

508
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t9 INSTRUCTION SET
19.1 instruction set overview

The HD64180 is object code compatible with standard 8-bit op-
erating system and application software. The instruction set also
contains a number of new instructions to improve system and soft-
ware performance, reliability and efficiency.

New Instructions

QOperation

SLP
MLT
INO g, (m)

OUT0 (m), g
OTIM
OTIMR
OTDM
OTDMR
TSTIO m
TST g
TSTm

TST (HL)

Enter SLEEP mode

8-bit multiply with 16-bit result

Input contents of immediate I/O address into
register

Output register contents to immediate 1/0 ad-
dress

Block output — increment

Block output — increment and repeat

Block output — decrement

Block output — decrement and repeat
Non-destructive AND, 1/0 port and accumula-
tor

Non-destructive AND, register and accumula-
tor

Non-destructive AND, immediate data and ac-
cumulator

Non-destructive AND, memory data and ac-
cumulator

(1) SLP — Sleep

The SLP instruction causes the HD64180 to enter SLEEP low
power consumption mode. See section 5 for a complete description
of the SLEEP state.

{(2) MLT — Multiply
The MLT performs unsigned multiplication on two 8 bit num-
bers yielding & 16 bit result. MLT may specify BC, DE, HL or SP

registers. In all cases, the 8-bit operands are loaded inwo each haif of
the 16-bit register and the 16-bit result is returned in that register,

{3) INO g, {m} — Input, Inmediate 1/O address

The contents of immediately specified 8-bit I/O address are
input into the specified register. When 1/0 is accessed, 00H is out-
put in high-order bits of address automatically.

{4) OUTO (m), g ~ Output, immediate 1/O address

The contents of the specified register are output to the immedia-
tely specified 8-bit 1/0 address. When 170 is accessed, 00H is output
in high-order bits of address automatically.

{6} OTIM, OTIMR, OTDM, OTDMR — Block 1/0

The contents of memory pointed to by HL is output to the I/O
address in (C). The memory address (HL) and 170 address (C) are
incremented in OTIM and OTIMR and decremented in OTDM and
OTDMR respectively. B register is decremented. The OTIMR and
OTDMR variants repeat the above sequence until register B is de-
cremented to 0. Since the 1/O address (C) is automatically incre-
mented or decremented, these instructions are useful for block 1/0
(such as HD64180 on-chip 1/0) initialization. When I/O is ac-
cessed, 00H is output in high-order bits of address automatically.

(6) TSTIO m — Test /O Port

The contents of the 170 port addressed by C are ANDed with 8-
bit immediate data and the status flags are updated. The 1/O port
contents are not written {non-destructive AND}. When /O is ac-
cessed, O0H is output in higher bits of address automatically.

(7) TST g — Test Register

The contents of the specified register are ANDed with the ac-
cumulator (A) and the status flags are updated. The accumulator
and specified register are not changed (non-destructive AND).

G HITACHI
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{8) TST m — Test Immediate .
The 8-bit immediate data is ANDed with the accumulator (A) f Condition

and the status flags are updated. The accumulator is not changed 000 | NZ non zero

(non-destructive AND}. 001 Z zero

{9 TST (HL) — Test Memory 010 | NC non carry
The contents of memory pointed to by HL are ANDed with the 011 C carry

accumulator (A) and the status flags are updated. The memory 100 | PO parity odd

contents and accumutiator are not changed (non-destructive AND).

101 | PE parity even
110 | P sign plus
111 M sign minus

19.2 Instruction set summary
The followings explain the symbols in instruction set, and the
following tables summarize the operation of each instruction.

(1) Register (#) Restart Address
9 ) , , v specifies a restart address. The following table shows the cor-
8, 8, Ww, XX, yy, and 2z specify a register to be used. g and g respondence between v and restart addresses
specify an 8-bit register, ww, xx, yy, and zz specify a pair of 16-bit )
registers. The following tables show the correspondence between

symbols and registers. v Addrcssl
000 | OOH
2,8’ |Reg. || ww |Reg. || xx |Reg.|| vy |Reg.{| zz |[Reg. 001 | o8H
000 | B 00 |BC [] 00 |BC |i 00 |BC |] 00 | BC 010 | 10H
001 | C 01 {DE || 01 {DE|| 01 (DE || 01 |DE o11 | 18H
010 | D 10 | HL 10 | IX 10 | 1Y 10 | HL 100 | 20H
011 | E 11 | SP 11 } SP 11 | SP 11 | AF 101 | 28H
100 | H 110 | 30H
101 | L 111 § 38H
111 ] A
{5) Flag
NOTE: Suffixed H and L to ww,xx,yy,zz {ex.wwH,IXL) indicate The following symbols show the flag conditions.
upper and lower 8-bit of the 16-bit register respectively. * : not affected
1 : affected
(2) Bit X : undefined
b specifies a bit to be manipulated in the bit manipulation in- $ : settol
struction. The following table shows the correspondenge between b R : res?t o0
and bits. P . parity
V : overflow
b | Bit {6) Miscellansous
C I . data in the memory address
000 0 « ) : datain the 170 address
001 | 1 morn : 8-bitdata
010 2 mn . 16-bit data
r : 8-bit register
011 | 3 R : 16-bit register
100 | 4 b( )y : acontentofbit bin the memory address
TR b-gr : acontent of bit bin the register gr
dor) : 8-bit signed displacement
110 | 6 S ;. source addressing mode
D : destination addressing mode
111 | 7 .
AND operation
+ :  OR operation
{3) Condition ® . EXCLUSIVE OR operation
f specifies the condition in program control instructions. The fol-
lowing shows the correspondence between f and conditions.
O HITACHI
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Data Manipulation Instructions

Arithmetic and Logical Instructions (8-bit}

Fisg
Operstion Addressing
MNEMONICS. OF-code Bytes States Operstion 7 6 4 2 1 0
. WMED | EXT | NO | REG | REGH | WP | REL S Z HP¥ N C
ADD ADD Ag 10000 g 5 0 1 4 A+ gr—Ar 1 11 ¥ R |
ADD A, U 10 000 110 s |2} 1 (] Art HUM— A | T S R |
ADD Am 11000 110 s D 2 [ Ar+ m—Ar 111 v R
< m >
ADD A, X+ d) 11 011 10t H] +] 3 14 Art X+ dy—Ar t 11 v R
10006 110
< d >
ADD A Y+ d T 101 s o 3 14 Art 8Y + dha— Ar 1t v R
10000 110
< -] >
ADC ADC Ag 10001 g S D 1 4 Art grt c—Ar 1 1 1 v R |
ADC A HU 10007 110 s D 1 ] Art Hidut c—AF 1 11 v R
ADC A 11 001 110 S D 2 8 Art m+c—ar t 1 Y R
< m >
ADC A, X+ d 11011 100 S D 3 14 Art X+ diygt+ oA 1 11 v R
10001 110
< d >
ADC A v+ di 11111101 s [ 3 1 Art @Y + ghy + A P11 vy R
10001 110
< d >
AND AND g 10100 ¢ s [+] 1 4 Ar - gr—As 11 $ # AR
AND i} 10100 110 S s} 1 8 Ar - HUy— A 1 1 s P AR
AND m 11100 110 S 2} 2 [} A m— A { 1 S PR R
< m >
ANO X+ d) 11011 1 s [+ 3 14 Ar - X+ d—As 1 | $ P R R
10100 110
< d >
AND (Y + o) 1 111 101 s 1] k] 14 A B+ di— A t 1 S PRR
10 100 110
< ¢ >
Compare CcPg Wi g s o 1 4 Ar—gr t 1t v st
CP ) 10111 110 S D 1 L} Ar— Hw 1 1 5 v s
cPm 1 110 H D 2 L Ar=m 11 1 v s |
< m >
CP X+ &) 11011 10 s D 3 14 Ar=— DX+ dhy P11 v s
10 111 110
< 4 >
cPaY+a 11111 10 S D 3 14 Ar— GY + dhy 1 1 1 v s 1
10111 10 *
< a4 >
COMPLEMENT | CPL 00 101 111 s 1 3 A - - 8 - 8
DEC OEC g g A[s2] s/ 1 4 o= 1—gr 1 1 1t v 8§
DEC 4L 00 110 101 50 1 10 i~ 1—Hy 1 11 v S5
DEC 4X+d) 1011 101 s 3 18 O+ dh— 1— {1 1t v s
00 110 101 W+ dhy
< d >
DEC Y+ d} 111 1m S/ 3 18 OY + dhyg— 1 — 1 1 1 v s
00 110 101 1Y+ dha
< d >
nNC NC g 0Cg 100 S0 1 4 grt t—gr 1 11 v R
NC MU 00 110 10 s 1 10 {Htha+ 1— MU 1 1 1 ¥ R
INC OX+d) 11011 1N S0 3 18 X+ diy+ 1— I 1 1t v R
00 110 160 X+l

{to be continued)
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) Flag
Operyeon MNEMONICS OP-code fomre Swuws Openation 7 6 4 2 1 0
i EXT REG | REGH | WP | REL § Z HPV N C
INC < ¢ >
INC Y+ " 18 B+ g+ 1— 1 1 1 VR
00 119 100 oY + s
< 4 >
MY MLT ww 1 10 10% S 17 Wl X wwd.r— wen
01 wwl 100
NEGATE NEG 11101 101 SO [ 0— Ar—Ar 11t v s |
01 000 100
on ORg 10110 ¢ s ] 4 AT+ gr—Ar 1 {1 R P R R
OR MU 10 110 110 s D [} Act HUy—Ar 1 § R P R R
ORm 11110 110 D [} Ardm—Ar 1 1 R P AR
< m >
OR DX+ dt 1o 1o o 14 Art X+ dy—Ar 1 4 R P AR
10 110 110
< d >
ORI+ 11 10 [ 14 ArtiY s dy— A 1 1 R P AR
10 110 110
< d >
sue SuB g WMo g s [+] 4 Ar— gr—=Ar I 11 v s 1
suB H) 10010 110 S [+] 8 Ar— v A It v s g
SUB m 11010 110 D 8 ar—m—Ar 11 v s
< m >
SUB &KX+ 11011 10t 2] 14 Ar— X+ dhy— Ar fr v s
16010 110
< d >
SuB §Y+d) 1M1 10 o 14 A Y+ dhy—Ar 111 v § t
10 010 110
< ad >
susc S8C Ag 10011 g s o 4 Ar—gr—c—=Ar 1t 11 v s |
SBC A MU 10011 110 s 1] 8 Ar— U — A 1t 11 v s |
58C Am 11011 1o ] ] Ar—m— c—Ar 111 v s |
< m >
SBC A X+ 1101 100 |+ ] 14 Ar— O+ gy~ c— A 1 11 v § 1
1001 110
< d >
SBC A Fr+d 11111 D 14 Ar— 0¥+ dly—c—Ar t 1L v s
10 011 110
< d >
TEST TSTg 1101 101 s 7 Arcogr [ 1 S P R R
00g 100
TST MU 11100 1 S 10 Ar e MHUm I 1] 8§ P R R
00 110 100
TSTm 1401 101 9 Ar-m {1 I S P R A
©1 100 100
< m >
XOR XOR g 10101 ¢ s o 4 ArD gr—ir | | R # R R
XOR MU 10101 110 s o ] Ar D HU— A 1 1t R P R R
XOR m 11 101 110 o ] Ar P m—Ar { +t R P R R
< m >
XOR 0+ & o D 14 A B D+ dhy~—Ar 1 1 R P R R
10 101 110
< d >
XOR §Y+d) 1N o ] 14 A B Y+ diy- A 1 I R P A R
10 10t 110
< d >
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Rotate and Shift Instructions

Fag
op'::m MNEMONICS OP-code Byws Stawe Operation 7 6 4 2 1+ 0
waveED| ExT | NO | REG | REGI | MP | REL S 2 WPV N C
Rotate ALA 00 010 111 s 1 3 .« R - At
and Rg 11001 O11 sD 2 7 ¢ amm— I 1 R P 1
Shift 00010 g
Dats AL MU 11 001 oM s 2 13 1 1 AR P R |
00010 110
A X+ d) 1o ok D 4 19 {1 | R P R |
11 001 Ot
< d >
0 010 110
RL OV+d) 11111 100 s 4 19 1 1 R P R |
11 001 011
< d >
00 010 110
ALCA 00000 113 S 1 3 - - R + R 1
fLCg 11 001 o1 S0 2 ? € vea———n i 1 R P R |
00000 g
RLC U 1001 0N s 2 13 1 1 R P R |
00 000 110
ALC X+ 11011 10 s/0 4 19 1 1 R P R |
11001 011
< d >
00 000 110
RLC OY+d} 1111110 D 4 19 I 1 R PR |
11001 011
< d >
G0 000 110 COOOTTID A
RLD 17101 101 ) 2 18 = :E,M_,_ {1 1 R P R
»? -
01101 11
ARA 00 011 111 sD 1 3 -« R + R |
RRg 11001 0N ] 2 ? Elassn s BN i1 | R P R |
[ o X RIN]
RR HU 11001 oM sD 2 13 I 1 R P R |
00 011 110
RA X+ 11011 101 S/ 4 9 1 1 R P R |
11000 O1%
< d >
Q0 011 110
AR v+ d LAIRB R ()} s 4 19 1 1 A P R |
11007 011
< d >
00011 110
RRCA 00 001 111 S0 1 a . . R - R
RRC g 11001 01 SO 2 ? w—=w% ¢ |} | R P R |
Qo g
RAC WL 11 00t 011 ~ S0 2 13 {t t R P R
00001 110
RAC X+ d} 1011 1 ] ) 19 1 1 R P R |
11 001 01t
< d >
00 001 110
RRC ¥+ 1111101 sD 4 19 1 1 R P R |
11001 014
< d >
00 001 110

{to be continued)
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MNEMONICS OF-code Bytes Opsration

Rotate ARD 11107 101 SO 2 8 Al 1 R P
snd 01 100 111 MU
Shift SLA g 11000 014 s 2 b p— { I R P
Data 00 100 g HIIITIIT e
SLA HU 11001 o1 SO 2 13 1 1 R P
00 100 110
StA 8X+d) 11011 1 50 4 19 ! 1 A P
11001 01
< da >
Q0 100 110
SLA O+ d) 171111 10t S 4 19 I} R P
1001 oh
< 4 >
00 100 110
SRA g 11001 0N S 2 7 — R P
o1 5 Yoy
SRA HL) 11001 oM S0 2 13 t 1 R P
00 101 110
SRA X+ d) 11011 101 sD 4 19 {1 R P
1100t 011
< d >
00 101 110
SRA Y +d) 1M1 10 s 4 19 . I
11 001 Ot
< g >
00 101 110 [

Shg 11001 011 50 2 7 ~IIOIITH] | ;& e

00 111 g
s~{TITTTTT)

SAL HU 1001 on S 2 13 v “ 1 1 AR P
00111 110
SRL X+ d) 101t 101 s 4 18 1 1 R P
11001 011
< d >
00111 110
SRL Y+ d) 1M 01 S0 4 19 I + R P
11 00t o011
< 4 >
00 t1t 110
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Bit Manipulation Instructions

MNEMONICS OP code Bysss | Ststes Operstion 7 6 4 2 1 0

WMED | EXT | NO | REG [ PEGI | WP | REL § Z HPY N C

Bit Set SET bg 11 001 01 50 2 7 t—b-gr
11b [']
SET b, HU 11001 Ot S 2 13 1= - iy
ARN 110
SET b, IX+d} 1011 10 ST 4 19 1—b - X+ iy
15 001 011
< d >
1Mk 110
SET b, v+ dl 11111 101 s 4 19 Yl - BY+
11 00 01
< d >
Mb 110

Bit Reset RES by 11 001 011 Sm 2 ? O—b-gr
10b g
RES b, HU 11 001 01t S 2 13 0—b - il
100 110
RES b, DX+ d} 11011 10 S0 4 19 O—b * DX+ dhy
11 001 011
< d >
10k 110
RES b, BY+d) M o S 4 19 0—~b - IY+diy
11001 O
< d >
10b 110
B Toat o be 1001 011 | 3 2 s |59 X185 XA
<L ]
BT b, HU 11001 011 s 2 9 B W1 X | § X R
o1b 110
BT b, X+ d 1101 10 H 4 15 FTBF Ay X t s x R
11001 011
< d >
ovp 110

BT b, fy+d LRI R R I Lo} E) 4 1 b W dy—z X I 8 X R
11001 01t

< a >

o b 110
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Arithmetic Instructions (16-bit)

Flag
Operstion Addressing
MNEMONICS OP code States Operstion 7 6 &4 2 t+ O
npme
EXT NO REG | REG | WP REL § Z HP¥Y N C
ADD ADD HLww 00 wwt 001 13 *] 7 Hip+ wws—Hia R
ADD X, xx 11011 10t s D 10 X+ s — Xy R 1
00 xx1 001
ADD I¥.vy 111110 S o 10 ot yyn—Tn X R !
00 yyt 001
ADC ADC HLww 110t 101 3 [+] 10 Mg+ Wi+ c—HLn t I x v R |
01 wwi 010
DEC DEC ww 00 wwi O11 SD 4 g — 1—wwn
DEC IX mo 1 S0 T Xa— 1—1Xn
00 101 O
DECIY 1o S0 7 Ya— 1—fYy
00 101 O
INC INC wiw 00 wwO 011 $/0 4 wwe+ 1w
NC X 1017 101 s 7 X+ 1=y
00100 0N
NC Y 11111 SO 7 Na+ 1—0¥a
00 100 01
sec SBC HLww 11107 101 s D 10 Hip— wwy— c—Hlp 1 I x v § |
01 wv) 010

@ HITACHI
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Data Transfer Instructions

8-Bit Load
Operation Adddressing
MNEMONICS OP-code Bywe Staws Operstion 7 6 4 2 1 0
nems
EXT | ND | REG | REG | IMP | REL $ 2 HP¥Y N C
Load A 11101 10t S0 2 L] —Ar 1 1| RE:R
8-bit 01 01 11
Dwtn LD AR 11101 108 SO 2 -] Ar—Ar { { R EF:R
o101y 1M
LD A, BC} 00 001 010 s o 1 [ BOw—Ar
D A DB 00011 010 ] ] 1 [} DEw— M
LD A o 00 111 010 s [+] 3 12 Imnly— Ar
< n > =

Lo LA 11 101 101 $D 2 L] AR
01000 111

LD RA 11107 10t S0 2 6 Ar—fr
01001 11

D BCLA Q0 000 010 ] s 1 7 Ar— BChy

D DELA 00 010 010 ] S 1 7 Ar— DEhy

LD imnlA 00 110 010 o S 3 13 Ar— iy
< n >
< m >

e ovg ¢ 5D A 4 [ i 4

LD g Clg 10 ] s 1 L] Hi—gr

LD gm o0 g 110 s D 2 8 m—
< m >

\Dg X+d 1101t 10Y s o 3 14 X+ dha—g
o1g 10
< d >

WDy +d 1M1 ;M S o 3 14 W+ du—gr
o1g 110
< g >

LD HUm 00110 110 S ] 2 9 m—HUy
< m >

LD D0+ dlm 1o 1 s D P 15 X+ e
00110 10
< d >

D Y+ dim 11111 ;1 $ [+ 4 16 m—Y+ S

D HUg o110 g s D 1 7 o~
LD o+ dig 11011 10 D $ 3 15 X+ O

LD Wr+dg 11 1N -} s 3 "% gr—IY+du
01110 g
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16-Bit Load
Addras: =
o::‘:n MNEMONICS OP-code o States Opersson 7 6 4 2 1 0
EXT | ND | REG | REGI | MP | REL 8§ Z HP¥Y N C
Load LD ww, mn 00 wwO 001 [} 9 TN~ Wiig
18-bit < n >
Dsts < m >
LD X, rn 1Mo 0 0 12 mn—iXy
00 100 001
< n >
< m >
LD I¥, rmn LRLIRD R )] +] 12 mn—IY¥y
00 100 001
< n bd
< m
LD SP. HL RRIRRR N o] S0 4 HLa— 5Py
1D SP. X 1Mo 101 sD 7 Xa—SPa
11111 003
D 3P, IY 1111 101 S/0 7 Na—SPa
11111 001
LD ww, imnl 11101 101 s ] 18 fn+ thy—wewhir
01 ww! 017 (b= wewlr
< n >
< m >
LD ML imn) 00101 010 s o] 15 ima+ 1y—Hr
< n > imnly—Ls
< m >
LD X, imn) 11011 101 $ D 18 (mn+ Vhe— DiHr
00 10% 010 (mndy—1xLr
< n >
< m >
LD IY. imn) e 1 s ] 8 imn+ Vy—YHe
00 1¢1 0t0 imeds—IYLr
< n >
< m >
LD imn),ww 11101 108 b S 19 wwHe— imn+ 1y
01 wwO 011 wali— ke
< n >
< m >
LD fmnd HL 00 100 010 v} $ 18 He—imn+ 1hy
< n > Lr—imnly
< m >
LD . IX 1naon ] s 19 DXHr—(mn+ 1hy
00 100 010 DXL ik,
< n >
< m >
LD ime), ¥ LA RR (1] D s 19 TYHe—Imn+ 1hy
Q0 100 010 IYLr—{mnly,
< n >
< m >
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Block Transfer

Flag
o"ﬂ: MINEMONICS OP-code Byws Staves Operation 7 86 4 2 1 0
savED | EXT | ND | REG | REGI | WP | REL $ 2 WPV N C
Block ® o
Traruter cPD 11101 101 s s 2 12 A= HU 1 111 s
Search 10 107 001 BCa— 1—BCp
Do Mo~ 1—Ha ®@ ©
CrOR 11101 101 s s 2 14 BCa®0 Ark HUy [ 2 T T T
10111 001 12 BCa=0 or Ar=HUy
N U
o[sc..—t—-ac.
Hip— 1—Hia
Repest Q umi
Ar= MUy, of BCa=0 @ o
Ch 11101 101 s s b4 12 Ar— Hw | S S S -1
10100 001 BCa— 1—BCq
Hia+ 1—HLa @ @
CPR e 101 s s 2 4 BCa# 0 Ars ! 1 s
10110 001 12 BCa=0 or Ar=HUn
A~ Hy
o[ec.—'—nc.
Hiat+ 1—~Ha
Papest G ual
Ar=HUy or BCp=0 (0]
o 11101 101 SO 2 12 U — 06w -+ R | R
10 10Y 00O #Ca— 1—BCr
DEp— 1-~Dn
Ha~ 1—HLa
LDOR 11101 100 $D 2 14BCa+0 HUw— DEy - - R AN
10 111 000 128Ca=01 | Q| BCa— 1—BCy
DEn— 1—Dén
Hia— 1—Hlp
Repest G urad
BCa=0 (0]
un 11101 101 S 2 12 Huu— DB - - A 1 R
10 100 000 BCa~ 1—BCh
DEn+ 1—DEn
Hia+ 1—Hla
LOR 11101 101 sD 2 $4BC+ 0 Ll DEly -« A R R
10 110 000 12BCe=01 | Q] BCa—- 1—BCa
DEnt+ 1—DEn
Higt+ 1—HLn
Repsst Q@ ud
BCr=0
@ pV=0 BCr—1=0
PN=1: BCp— t#0
@ 2=1: =Ml
Z=0: Aty
@ HITACHI
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Stack and Exchange

520

1pre nereLl s

Flag
Oparaton MNEMONICS OP-code States Operaton 7 68 4 2 1 0
. EXT N REG | REGI | WP REL § Z HPY N C
PUSH PUSH zz 1220 101 £ D 11 2 r—{SP— 2y
2IH— (5P — 1y
SPa— 2—SPy
PUSH IX 11011 10 S0 14 IXLr—{SP— 2},
11100 101 IXHr—ISP— Ty
SPy— 2—5Py
PUSH IY [ERRERT-T S0 14 IYL—(SP~ 2h
11100 101 IYHe— 8P~ Thy
SPp—2—8Pn
POP POP 2z 10 0N o] S 9 (SP+ 1hy—zrir
(SPhy—22lr
SPp+2—SPy
POP IX 11 0t1 101 S/D 12 (SP+ thy—DGHr
11100 o {SPh—XLr
SPp+2—SPy
POP IY 11111 1 5D 12 (SP+ Vhy—1¥Hr
11 100 001 {SP—IYLr
SPat 2—SPa
Exchange EX AF.AF' 00 001 000 S 4 AFp—— AFp’
EX DEHL 17 10t o1 SD 3 DEx~—HLa
EXX 11 011 001 S0 3 BCa~—BCx’
Ofp-—Dén’
Ha—Hly'
EX (SPLHL 11100 O S0 18 Hr—{SP+ 1)y,
Lr— (5Phy
EX {SPYIX 11011 101 S 19 IXHe— ISP+ 1)y
11100 011 XLr— (5P
EX (SPLIY 11100 $0 19 YHr— (SP+ Thy
11100 o1 IYLr—(5Phs
@ HITACHI
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Program Control Instructions

Fimg
Addressing
Operwion MNEMONICS OP-code By Stowe Operation 7 8 4 2 1 0
neme
VD | EXT | WD | REG | REG | WP | REL S Z HP¥Y N C
Col CALL mn 11 001 O 2] 3 i6 PCH— 8P~ Ty
< n > PCL—{SP— 2k
< m > mr—PCy
SPy— 2—5Pn
CALL £, mn "t 100 [+} 3 8it : teletl | contrwe:f is felee
< n > 164 - wuel | CALL mniis vrum
< m >
Jump DNZ | 00 010 000 [ 2 9 Ot
< j2 > 2 780l
Br— 1—fr
continug:Br= 0
PCp+ [—PCaBreQ
Ptmn nt 010 o 3 6 i toloed
< n > 3 9t wusl _
< m > m—PCy.f it trus
cominue:{ is false
JFmn 11 000 O1% '] 3 9 mn—PCg
< n >
< m >
JP L) 11100 00 D 1 3 Ha—PCy
>} 1oy o 2 ] Xa—PCa
11 103 00%
»m 1111 1 V] 2 ] Ma—PCa
11100 001
M 00 011 000 1] 2 8 PCa+ —~PCn
< 2 >
JRCJ 00 111 000 4] 2 [} continue: C=0
< 2 > 2 8 PCp+ —PCq: C=
JA NG 00 110 000 D 2 ] continue: C=1
< 2 > 2 ] PCa+j—PCp: C=0
HAZj 00 107 000 +] 2 & corinue. 2=0
< 2 > 2 s PCat--PCa: Z=1
JR NZ§ 00 100 Q00 o 2 [} comntinue: 2=1
< p2 > 2 [} PCp+ ~PCq: Z=0
[ PET 11 001 001 [ 1 [ (5P —PCLr
{SP+ 1y—PChr
SPy+ 2—SPy
RET ¢ nt 000 D 1 500 -fuleal continue f is falne
1 104 wusl PET: 1 is trus
RETV 11107 10 o 2 12 {SPhy—PCLs
01001 11 5P+ 1)y—PCHr
SPp+ 2—SPn
RETN 1101 101 o z 12 5Phy—PCLr
01000 10% 18P+ Th—PCHr
SPy+ 2—SPn
EF—EF,
(to be continued)

@ HITACHI
Hitachi America, Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 » (415) 589-8300 521

1M1 2 WIIeLl 9] CobALldpreq BA |2 Ke2becf| A6 |ABUNL ICLNLEL l



HD64180R/Z2

EXT

Strwe

Opargtion

7

s 4 2 1 0

Z HP¥Y¥ N C

PCHr— (5P — 1
PCLr—{SP— 2hy
0—PCHr
v—PClLr

$Pp— 2—8Pp

1/0 instructions

REG | REG | WP | 10O

States

Oparytion

INPUT N Am) 11001

< m

N 11 101
Mg

NO g.im) 110
009

< m

ND 11101
10101

INDR 11100

1011

N 11 11

10 100

NR 11.10%
10 119

o1

N

m

101
e

010

plo)
010

o010

12

1480}
128r=0}

148 0)
1208r=00

Amly—As
m—Ao—As
Ar—Aa—Ars
[
9=110. Only the
fags will
<hange.
Cr—Ap—A;
Br—As—As
O0mi—gr
g= 110: Only the
flogs wil
change.
m—Ao—Az
00— Ay—As
BCHh— HUn
Hin~ 1 —Ha
Br—1—Br
Cr—Ags—Ar
Br—Aa—Aus
BCy— M
Q| Ha— 1—Ha
Br— 1—Br
Repsat Q umd
B=0
Cr—Ao—~As
Br—As—Ass

BC—Hun
Hat 1—Hla
Br—1—Br
Cr—As—As
Br—As—-As
80— Hlw
a [uu.+ 1—Hia
Br— 1—Br
Repast Q urtil
Br=0
Cr—Ag— A7
Br—As—As

X

$ X X | x

522

12 nerell sl

@ HITACHI

(to be continued)

@251:

=0

@ N=1:

N=0:

=1=0
W= 1%0
M58 of Deta=1
MSB of Dete™= 0
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OP-code

NO | REG

States

Fisg

7 6 4 2 Vv O

§ £L HPVHN C

ouTPUT OUT Iml.A

ouT iClg

QUTO imlg

OTDM

OTDMA

OTDR

OTR

TSTO

11 010

<

[

11101

O1g

1

o0¢
<

m

11101
10 001

1101
1001

1101
1011

111

10 100

110

10 110

10

011
<

10

m

on

10

o

0
001

101
ou

"
o1

o

(3R]

101
on

16(Br+00
148r=0)

1480
12(r=00

1480}
1268 0

Ar—{Am)
m—Ae—Ar
Ar—Ag~—Ars
gr—BC)
Cr—Ag—Ar
Br—Ag—Ars
g 100m)
m—ho~Ar
00—As—Ass
{HUM—100Ch
Hig— Y —~Ha
Cr—1—Cr
Br~ 1B
Cr—Ao—Ar
00 —As—Ars
U~ 00CK
Q| Ha—1—Ha
Cr—t—Cr
Be— 1—Br
Repest Q unti
=0
Cr—Ag—Ar
00— As—~A1s

Huy—®Ch
Q| Wy~ 1—H,
Br— 1—Br
Repest Q until
Br=0
Cr—As—Ar
Br—As~A1s
Huy— BC),
Hiat 1—Ha
Br— 1—Br
Cr—Ao~—~A7
Br—As—-Ars
HUp—BC)
Q| Hat1—Ha
Be— 1—Br
Repest Q untl
Br=0
Cr—As—Ar
Br—As—Ais
00Ck ' m
Cr—Ap~Ar
00—As—Ars

AS RS | R

G HITACHI

{to be continued)
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Fisg
Opmaton MNEMONICS OF-code R Bytes Stakee Operation 7 6 4 2 10
- EXT | N0 | PEG [PEG | MP | 0 S Z HPNN C
OUTPUT o™ 11100 10 s D 2 4 Hn— 00C) 1 ? 1 e ®! j
10 000 011 Mat+ 1—Hia
Cr+1—Cr
Br— 1-+Br
Cr—Ao—Ar
00—As—As @
OTMR 11 101 101 s [} 2 168r=0l HUy— 100CH R § A S | R
10010 011 1e=0 | a| Hat1—Ha
Cr+ t—Cr
B 1B
Repest Q untd
=0
Cr~Ao—~Ar
00—As—~Ars
ouTo 11101 104 s [} 2 12 HUu—BCh (o) @
10 101 011 M 1M X1 X x 1 x
Br— ) ~Br
Cr—Ao—A;
r—As—As
@ z=1 &-1=0
=0t 120
@ N=1 . MSB of Dew=1
N=0: MSB of Dets=0
Special Control Instructions
) Fag
Opersion MNEMONICS OP-code hodrmen Bvies St Operstion 7 8 4 2 1 0
.- e | ExT | W0 | REG | REGI | mP | REL S Z HPN N C
Spaciel DAA 00 100 141 S0 1 4 Decimal [ S LA
Function Adjust
Accumulator
Carry CCF 00 111 111 1 3 E=c R R
Conwol SCF €0 110 111 1 k] 1—¢ A R S
cm ] 11110 o1 9 3 O—EFs, 0—EF1 (©
Corrol L} oo 1 3 1—1EF,, 1—EF: B
HALT 01 110 110 1 a CPU heid
MO 11101 101 2 ] memupt
01000 110 mode O
™M1 11 101 101 2 [ ntempt
01010 110 mode 1
™2 1101 100 2 ) Intermpt
01011 110 mode 2
NOP 00 000 000 1 3 No operation
SLP 11301 101 2 ] Sieep
©1 110 110

® Interrupts are not sampled at the end of Dl or El.

G HITACHI
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20 INSTRUCTION SUMMARY IN ALPHABETICAL ORDER

MNEMONICS Bytes Machine Cycles States
ADC Am 2 2 6
ADC Ag 1 2 4
ADC A, H) 1 2 6
ADC A, 0X+d) 3 6 14
ADC A, IY+d) 3 6 14
ADD Am 2 2
ADD Ag 1 2
ADD A, (HL) 1 2
ADD A, IX+d) 3 6 14
ADD A, {IiY+d) 3 6 14
ADC HLww 2 6 10
ADD HLww 1 5 7
ADD D xx 2 6 10
ADD IY.yy 2 6 10
AND m 2 2
AND g 1 2
AND (HL) 1 2 6
AND IX+d 3 6 14
AND dY+d} 3 6 14
BIT b, HL) 2 3 9
BIT b, X+d) 4 5 15
BIT b, §Y+d) 4 5 15
BT b.g 2 2 6
CALL f.mn 3 2 6

{if condition is false)
3 6 16
(if condition is true)

{to be continued)
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MNEMONICS Bytes Machine Cycles States
CALL mn 3 6 16
CCF 1 1 3
CcPD 2 6 12
CPDR 2 8 14
(tf BCa#0 and Ar¥{HUW
2 6 12
{if BCa=0 or Ar=HL)m
CP (HL 1 6
CPI 12
CPIR 2 14
(f BCa#0 and Ar¥ (HUw
2 6 12
i BCp=0 or Ar={HUw
CP (IX+d} 3 6 14
CP (iv+d) 3 8 14
CPL 1 1
CPm 2 2 6
CPg 1 2
DAA 1 2
DEC (HL) 1 4 10
DEC IX 2 3 7
DEC IY 2 3
DEC UX+d) 3 8 18
DEC GY+d) 3 8 18
DECg 1 2 4
DEC ww 1 2
DI 1 1 3
{to be continued)
@ HITACHI
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MNEMONICS Bytes Machine Cycles States

DJNZ j 2 5 9 (if Br£0)
2 3 7 (f Br=0)

El 1 1 3

EX AF.AF 1 2 4

EX DEHL 1 1 3

EX (SP),HL 1 6 16

EX (SP).IX 2 7 19

EX (SP)IY 2 7 19

EXX 1 1 3

HALT 1 1 3

MO 2 2 6

M1 2 2 6

M 2 2 2 6

INC g 1 2 4

INC (HL) 1 4 10

INC OX+d) 3 8 18

WNC 0Y+d) 3 8 18

INC ww 1 2 4

INC IX 2 3 7

INC IY 2 3 7

IN A, (m) 2 3 9

IN g.(C) 2 3 9

NI 2 4 12

iNIR 2 6 14 {if Br¥0)
2 4 12 (f Br=0)

IND 2 4 12

INDR 2 6 14 {if Br+0)

{to be continued)
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528

MNEMONICS Bytes Machine Cycles States
INDR 2 4 12 (f Br=0)
INO g.im) 3 4 12
JP f.mn 3 2 6

(if £ is faise)
3 3 9
0f f is true)
JP (HL) 1 1 3
JP 0 2 2 6
JP OY) 2 2 6
JP mn 3 3 9
JRj 2 4 8
JRCj 2 2 6
{if condition is false)
2 4 8
(f condition is true)
JR NC,j 2 2 8
0f condition is false)
2 4 8
{#f condition is true)
JR Z,j 2 2 6
f condition is faise)
2 4 8
@if condition is true)
JR NZj 2 2 6
0f condition is faise)
2 4 8
(if condition is true)
(to be continued)
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MNEMONICS Bytes Machine Cycles States

LD A, (BC) 1 2

LD A, (DE) 1 2

LD Al 2 2 6

LD A, (mn) 3 4 12

LD AR 2 2 6

LD (BC)LA 1 3 7

LDD 2 4 12

LD {DE)L.A 1 3 7

LD ww,mn 3 3 9

LD ww,(mn) 4 6 18

LDDR 2 6 14 (f BCr#0)
2 4 12 (f BCr=0)

LD (HU,m 2 3 9

LD HL,(mn) 3 5 15

LD HU.g 1 3 7

LDI 2 4 12

LD LA 2 2 6

LDIR 2 6 14 (if BCa#0)
2 4 12 (if BCp=0)

LD X,mn 4 4 12

LD IX.lmn} 4 6 18

LD (X+d)..m 4 5 15

LD 0X+d).g 3 7 15

LD IY,mn 4 4 12

LD IY.{mn) 4 6 18

LD (fy+d.m 4 5 16

LD Gy+d).g 3 7 15

{to be continued)
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MNEMONICS Bytes Machine Cycles States

LD (mn),A 3 5 13

LD (mn)ww 4 7 19

LD {mn),HL 3 6 16

LD (mn),IX 4 7 19

LD (mn)ly 4 7 19

LD RA 2 2 6

LD g.(HL) 1 2 6

LD g.(X+d) 3 6 14

LD g.0Y+d) 3 6 14

LD g.m 2 2 6

LD g.g' 1 2 4

LD SPHL 1 2 4

LD SP.IX 2 3 7

LD SP.IY 2 3 7

MLT ww 2 13 17

NEG 2 2 6

NOP 1 1 3

OR (HU) 1 2 6

OR (IX+d) 3 6 14

OR (Y+d) 3 6 14

OR m 2 2 6

ORg 1 2

OTDM 2 6 14

OTDMR 2 8 16 (if Br+0)
2 6 14 (f Br=0}

OTDR 2 8 14 {f Br#0)
2 4 12 0f Br=0)

(to be continued)
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MNEMONICS Bytes Machine Cycles States
OTIM 2 6 14
OTMR 2 8 18 0f Br£0)
2 6 14 (if Br=0)
OTIR 2 6 14 (f Br#0)
2 4 12 (f Br=0)
OuUTD 2 4 12
ouT! 2 4 12
OUT (m)A 2 4 10
oUT (O).g 2 4 10
OUTO iml.g 3 5 13
POP IX 2 4 12
POP I¥ 2 4 12
POP zz 1 3 9
PUSH IX 2 8 14
PUSH I¥ 2 8 14
PUSH zz 1 5 11
RES b,{HU 2 5 13
RES b,0X+d) 4 7 19
RES b,0Y+d) 4 7 19
RES b.g 2 3 7
RET 1 3 9
RET f 1 3 5
0f condition is false)
1 4 10
0f condition is true}
RET! 2 12
RETN 4 12
{to be continued)
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MNEMONICS Bytes Machine Cycles States
RLA 1 1 3
RLCA 1 1 3
ALC HU) 2 5 13
RLC (X+d) 4 7 19
RLC (Y+d) 4 7 19
RLC g 2 3 7
RLD 2 8 16
RL (HL) 2 5 13
AL UX+d) 4 7 19
RL 0Y+d) 4 7 19
RL g 2 3 7
RRA 1 1 3
RRCA 1 1 3
RRC {HL) 2 5 13
RRC (IX+d) 4 7 19
RRC (IY+d) 4 7 19
RRC g 2 3 7
RRD 2 8 16
RR (HL 2 5 13
RR (IX+d) 4 7 19
RR {Iy+d} 4 7 19
RR g 2 3 7
RST v 1 5 1
SBC A,(HL) 1 2 8
SBC A,0X+d) 3 6 14
SBC A0Y+d) 3 8 14
SBC Am 2 2 8

{to be continued}
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MNEMONICS Bytes Machine Cycles States
SBC Ag 1 2 4
SBC HLww 2 6 10
SCF 1 1 3
SET b, (HL) 2 5 13
SET b,iX+d) 4 7 19
SET b,0Y+d) 4 7 19
SET b.g 2 3 7
SLA (HL) 2 5 13
SLA (IX+d) 4 7 19
SLA Y+d) 4 7 19
SLA g 2 3 7
SLP 2 2 8
SRA (HL 2 b 13
SRA (X+d) 4 7 19
SRA (Y+d) 4 7 19
SRA g 2 3 7
SAL (HU 2 5 13
SRL (IX+d) 4 7 19
SAL (¥Y+d) 4 7 19
SRL g 2 3
SUB (HU) 1 2 6
suB Ix+d) 3 6 14
susB (iy+d) 3 6 14
SUB m 2 2 6
SUB g 1 2
TSTIO m 3 4 12
TST g 3 7

{to be continued}
@G HITACHI
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MNEMONICS Bytes Machine Cycles States
TSTm 3 3 9
TST (HL) 2 4 10
XOR (HL) 1 2 6
XOR (X+ d} 3 8 14
XOR (IY+d) 3 ] 14
XOR m 2 2 6
XOR g 1 2
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22 BUS AND CONTROL SIGNAL CONDITION IN EACH MACHINE CYCLE

1M1 2 IABf eu 9|

CObALI dpreq BA

|12 peebect | A6 |\BUNL 9CI

* {(ADDRESS) : invald
Z DATA) : high impedance.
Machine _— f — | — —_— | — | —
instruction Cycle States ADDRESS DATA RO { WR | ME | 10E | UR |HALT | ST
1st op-code 1st
ADD HLww MC1 | T1T2Ta Address op-code 0 1 (o] 1 [+] 1 O
MC:
~MCs | TITiTiTi * z 1 1 1 1 1 1 1
1st op-code ist
MC1 | TiT2Ta Addross op-code 0 1 0 1 0 1 (o]
ADD X, xx 2nd op-code 2nd
ADD IY.yy MCz | T:T:Ts Address op-code 0 1 0 1 0 1 1
MCs
~MCe | TITiTiTi - 4 1 1 1 1 1 1 1
18t op-code 1st
MC: | T:T2Ta Address op-code [+] 1 0 1 0 1 o]
ADC HLww 2nd op-code ond
$BC HLww MC2 | T1T:Ta Address op-code 0 1 [4] 1 o 1 1
MC,
~MCe | TITiTiTi * z 1 1 1 1 1 1 1
ADD Ag
ADC Ag 1st op-code 1st
SuB g MC: | TiT2Ta Address op-code 0 1 0 1 c 1 0
SBC Ag
AND g
OR g
XOR g MC2 | Ti * F4 1 1 1 1 1 1 1
CPg
ADD Am
ADC Am 1st op-code 1st
SUB m MC1 | T1T2Ta Address op-code 0 1 0 1 0 1 [+
SBC Am
AND m
OR m 1st operand
XOR m MC: | T1T2Ts Address m [+] 1 ] 1 1 1 1
CPm
ADD A, HL)
ADC A, HL) 1st op-code 1st
SUB L) MCi | T1T2Ts Addross op-code [ 1 0 1 0 1 0
SBC A, (HU)
AND (HL)
OR (HL)
XOR HU) MC2 | T1T2Ta HL DATA [¢] 1 o] 1 1 1 1
CP HU
ADD A, IX+d) 1st op-code st
ADD A, OIY+d) MCi | T1T:Ts Address op~code 0 1 0 1 4] 1 0
ADC A, IX+-d)
ADC A, IY+d
SUB X+ d) 2nd op-code 2nd
SUB ay+dl MC2 | T1T2Ts Address op-code V] 1 o) 1 0 1 1
SBC A, IX+d)
fto be continued)
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Machine — | —_ | —= | e | — | ——=
Instruction Cycle States ADDRESS DATA RD WR ME 10€ UR |HALT | ST
SBC A, (¥+d) 15t operand
AND {IX+ d} MCs | TiT2Ts' Address d o} 1 0 1 1 1 1
AND (Y +d)
OR (X+d) MC.4
OR (Y +d) ~MCs | TiTi . z 1 1 1 1 1 1 1
XOR (X+d)
XOR {IY +d)
CP (IX+d) X+d
CP liy+d) MCe | T1T2Ts Y+d DATA 0 1 4} 1 1 1 1
st op-code 1st
MCy | T4T2Ta Address op-code 0 1 0 1 0 1 o]
BIT b,g
2nd op-code 2nd
MC:2 | T1T2Ts Address op-code 0 1 o] 3 0 1 1
1st op-code 1st
MC. | T4T:Ts Address op-code o) 1 o] 1 0 1 0
2nd op-code 2nd
BIT b, {HL}
MC2 | T1T2Ta Address op-code 0 1 4] 1 0 1 1
MCa | T1T:Ta HL DATA 0 1 0 1 1 1 1
1st op-code 1st
MC: | T4T:Ts Address op-code 4] 1 ) 1 0 1 ¢
2nd op-code 2nd
MC2 | TaT2Ta Address op-code 0 1 0 1 o] 1 1
BIT b, (IX+dl 1st operand
BIT b, tY+d) MCs | T1TeTa Address d 0 1 0 1 1 1 1
3rd op-code 3rd
MCa | T1TeTs Address op-code 0 1 0 1 4] 1 1
IX+d
MCs | T1T:Ts IY+d DATA 0 1 0 1 1 1 1
1st op-code 1st
MC, | T4T2Ts Address op-code o) 1 o] 1 4] 1 0
1st operand
MC2 | TiT2Ts Address n o] 1 4] 1 1 1 1
2nd operand
MC3 | TiT2Ta Address m 4] 1 4] 1 1 1 1
CALL mn
MC4 | Ti * 4 1 1 1 1 1 1 1
MCs | T:T=Ta sP—1 PCH 1 (o} 0 1 1 1 1
MCe | T1T2Ta SP—-2 PCL 1 0 0 1 1 1 1
1st op-code 1st
CALL f.mn MC: | T4T2Ts Address op-code 0 1 0 1 0 1 0
(i condition
is false) 1st operand
MC:z | T4TzTs Address n ¢ 1 0 1 1 1 1
{to be continued)
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Machine e e | —— | == |—
Instruction Cycle States ADDRESS DATA RD | WR | ME | 10E | LR |HALT | ST
1st op—code 1st
MC, | T:T2Ta Address op-code 4] 1 (4] 1 0 1 o
1st operand
MC:2 | T+T2Ta Address n 0 1 o] 1 1 1 1
2nd operand
CALL f.mn MC3 | T1TeTs Address m 0 1 0 1 1 1 1
{f condition
i truel MC. | Ti . z 1 1 i 1 1 1 1
MCs | T1T2Ta SP—1 PCH 1 0 4] 1 1 1 1
MCe | T1T2Ta SP—2 PCL 1 0 0 1 1 1 1
1st op-code 1st
CCF MC, | T1TaTa Address op-code (4] 1 4] 1 ] 1 o]
1st op-code 1st
MCi | TT2Ta Address op-code 0 1 0 1 0 1 o}
2nd op-code 2nd
CPI MC: | T1T2Ts Address op-code 0 1 0 1 0 1 1
cPO MC: | T4TaTs HL DATA 0 1 1 1 1
MC.
~MCe | TiTiTi * z 1 1 1 1 1 1 1
1st op-code st
MC. | TT:Ts Address op-code o) 1 o) 1 (o] 1 [+]
CPR 2nd op-code 2nd
CPDR MCz | T1T2Ta Address op-code 0 1 0 1 0 1 1
u’ BCR*O and
Ar¥E HLy MCa | T9TaTa HL DATA 0 1 0 1 1 1 1
MC.
~MC. | TITiTiTiTi * Z 1 1 1 1 1 1 1
1st op-code st
MCy | T1T2Ta Address op-code 0 1 o] 1 0 1 ]
CPR 2nd op-code 2nd
CPDR MCz | T'T2Ta Address op-code 0 1 0 1 o 1 1
af BCr=0 or
Ar= Hiha) MCs | TiTeTs HL DATA 0 1 o] 1 1 1 1
MC.
~MCs | TiTiTi * z 1 1 1 1 1 1 1
chL 1st op-code ist
MC. | T T2Ts Address op-code [s) 1 (4] 1 0 1 1]
1st op-code 1st
MC: | T1T2Ta Address op-code 4] 1 4] 1 o] 1 0
DAA
MC2 | Ti * z 1 1 1 1 1 1 1
ol 1st op-code 1st
MC: | T4T2Ts Address op-code 0 1 o] 1 0 1 0
{to ba continued)
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P12 peretl g

*1 DMA, REFRESH, or BUS RELEASE cannot be executed after this state. {Request is ignored)

@ HITACHI

Machine _— RN | =
Instruction Cycle States ADDRESS DATA RO WR ME I0E LR [HALT | ST
1st op-code 1st
MC,y | T:T2Ta Address op-code 0 1 0 1 0 1 0
DINZ j MC: [ Ti"? . 2z 1 1 1 1 1 ] 1
{if Br+0) 1st operand
MCa | T:T2Ts Address i2 0 1 o 1 1 1 1
MC.
~MCs | TiTi * z 1 1 1 1 1 1 1
1st op-code 1st
MC. | TiT2T» Address op-code 0 1 0 1 o] 1 0
DJNZ }
{if 8r=0) MCz | Ti 11 . z 1 1 1 1 1 1 1
1st operand
MC3 | T1T=Ta Address F2 0 1 0 1 1 1 1
B 1st op-code 1st
MC: | T4T:Ts Address op-code 0 1 0 1 [v] 1 0
EX DE, HL tst op-code 1st
EXX MC: | T:T=Ts Address op-code 0 1 o] 1 0] 1 0
1st op-code 1st
MC: | TiT2Ta Address op-code o 1 4] 1 o) 1 0
EX AF, AF
MC:z | Ti * P4 1 1 1 1 1 1 1
1st op-code 1st
MC: | T4T2Ta Address op-code 0 1 4] 1 4] 1 0
MC:2 | T4T:Ta SP DATA 0 1 0 1 1 1 1
MCs | TiT:Ta sP+1 DATA [v] 1 0 1 1 1 1
EX (SP), HL
MC. | Ti - 2 1 1 1 1 1 1 1
MCs | TyT2Ta SP+1 H i 0 o] 1 1 1 1
MCe | T1T2Ta sP L 1 o [o] 1 1 1 1
1st op-code 1st
MC: | T1T2Ta Addrass op-code 0 1 4] 1 0 1 0
2nd op-code 2nd
MC2 | T4T2Ta Address op-code 0 1 4] 1 0 1 1
EX {SP),IX
EX (SP)LIY MC3z | T1T2Ta SP DATA 0 1 0 1 1 1 1
MCs | TT:Ta SP+1 DATA 0 1 [} 1 1 1 1
MCs | Ti . F4 1 1 1 1 1 1 1
{to be continued)
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Machine — | | e [ =
Instruction Cyclo States ADDRESS DATA /D WR ME 10E HALT | ST
IXH
EX {SP), IX MCe | T1T2Ta SP+1 IYH 1 o] 0 1 1 1
EX ISP), ¥ L
MC; | T1T:Ta SP YL 1 ] 0 1 1 1
1st op-code 1st
MC, | T'T2Ts Address op-code 0 1 0 1 1 4]
HALT
— Next op-code Next
Address op-code 0 1 0 1 0 0
1st op-code 1st
: ‘1’ MC: | T+TzTa Address op-code 0 1 ) 1 1 o
w2 2nd op-code 2nd
MC: | T1T2Ta Address op-code 0 1 0 1 1 1
1st op-code 1st
NCg MC, | T4T2Ts Address op-code 0 1 0 1 1 0
DEC g
MC: | Ti * Zz 1 1 1 1 1 1
1st op-code 1st
MCy | TiT:Ts Address op-code ] A o} 1 1 0
INC HU MC2 | T1T2Ta HL DATA 0 1 0 1 1 1
DEC (HL)
MCa | Ti ¢ z 1 1 1 1 1 1
MCa | TaTeTs HL DATA 1 0 0 1 1 1
1st op-code 1st
MCy | T1T:Ts Address op-code 0 1 4] 1 1 0
2nd op-code 2nd
MC: | T:T2Ts Address op-code 0 1 0 1 1 1
18t operand
INC (X+d) MC;3 | T T:Ta Address d v} 1 o] 1 1 1
NC gv+d
MC.
DEC {X+d} ~MCs | TiTi . z 1 1 1 1 1 1
DEC (Ivy+d) Kt g
MCe | T1T2Ta IY+d DATA o) 1 [} 1 1 1
MC7 | Ti ° Z 1 1 1 1 1 1
xX+d
MCs | T1T2Ta Y+d DATA 1 0 0 1 1 ]
1st op-code 13t
INC ww MCi | T:T2Ts Address op-code 0 1 0 1 1 0
DEC ww
MC: | Ti M z 1 1 1 i 1 1
1st op-code 1st
NG X MCy | T4T2Ts Address op-dode 0 ] o 1 1 0
INC TY 2nd op-code 2nd
DEC IX MC:z [ T4T2Ts Address op-code o 1 0 1 1 1
DEC I¥Y
MCy | Ti ° F4 1 1 1 1 1 1
fto be continued)
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Machine — _— | — _— | ——_——
Instruction Cycle States ADDRESS DATA RD WR ME I0E LIR |HALT | ST
1st op-code 1st
MC.: | T:T2Ts Address op-code o] 1 [¢] )] 0 1 o]
15t operand
N Afml MC: | TiT:Ta Address m 0 1 0 1 1 1 1
mto Ao—Ar
MC3 | T1T2Ta A to Ag—A1s DATA 0 1 1 4] 1 1 1
1st op-code 1st
MC, | T1TeTs Address op-code 0 1 0 1 o) 1 4]
N el 2nd op-code 2nd
L MC: | TiT2Ts Address op-code o 1 0 1 0 1 1
MCo | T1T2Ta BC DATA 0 1 1 o] 1 ] 1
1st op-code 1st
MC.: | TaT2Ts Address op-code 0 1 0 1 0 1 o}
2nd op-code 2nd
MC: | T1T:Ta Address op-code 0 1 0 1 o] 1 1
INO g.im)
1st operand
MCs | TT2Ta Address m 0 1 4] 1 1 1 1
m to Ao—Ar
MC. | TiTeTs OOH to As—~Ais | DATA 8] 1 1 4] 1 1 1
1st op-code ist
MC: | T.T2Ta Address op-code o] 1 0 1 0 1 0
2nd op-code 2nd
it MCz | T1T2Ts Adkiress op-code 4] 1 4] 1 0 1 1
IND
MCs | ThTaTa BC DATA 0 1 1 0 1 1 1
MC, | TiT2Ts HL DATA 1 o] 4] 1 1 1 1
1st op-code ist
MC1 | T1T2Ts Address op-code 0 1 0 1 0 1 0
2nd op-code 2nd
MCz | T1T2Ta Address op-code 0 1 0 1 0 1 1
INIR
INDR
f Br#0) MCa | TaT:Ts BC DATA 0 1 1 0 1 1 1
MC« | T1T2Ts HL DATA 1 0 0 1 1 1 1
MCs
~MCs | TiTi * 2 1 1 1 1 1 1 1
1st op-code st
MC. | T:T2Ta Address op-code o} 1 0 1 4] 1 0
2nd op-code 2nd
INR MCz | T:T2Ta Address op-code 0 1 0 1 0 1 1
INDR
{if Br=0)
MCa | T1T2Ta BC DATA 0 1 1 0 1 1 1
MC.d | TiT2Ta ML DATA 1 0 o} 1 1 1 1
fto be continued)
@ HITACHI
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Machine _ e | — ] —— } — | —
Instruction Cycle States ADDRESS DATA RD WR ME I0E UR |HALY | ST
1st opcode 1st
MCy | T1T2Ta Address. op-code o] 1 [v] 1 o] 1 Q
P 1st operand
mn MC: | TiT2Ts Address n 0 1 0 1 1 1 1
2nd operand
MCa | T4T2Ts Address m 0 1 0 1 1 1 1
1st op-code st
JP f,mn MC.: | TiT2Ts Address op-code o} 1 0 1 o] 1 0
(f f is faise) 1st operand
MCz | T:T2Ts Address n o 1 ] 1 1 1 1
1st op-code 1st
MC: | T:T.Ts Address op-code o] 1 L ¢] 1 Q 1 0]
JP f.mn 1st operand
¥ f is true) MC2 | T T2Ta Address n [} 1 0 1 1 1 1
2nd operand
MCa | TiT2Ts Address m 0 1 0 1 1 1 1
P HU 1st op-code 1st
MCy | TiT:Ts Address op-code o) 1 4] 1 0 1 0
1st op-code 1st
JP O MC1 | T:T2Ts Address op-code 0 1 0 1 0 1 0
Je ay) 2nd op-code 2nd
MC2 | TiT2Ts Address op-code 0 1 0 1 0 1 1
1st op-code st
MC: | T T2Ta Address op-code 0 1 (o} 1 0 1 0
JRj 1st operand
! MC: | T:T:Ta Address 2 0 1 0 1 1 1 1
MCa
~MCa4 | TiTi * Z 1 1 1 1 1 1 i
JR C,j JRNCj 1st op-code 1st
JR Zj JRNZ; MC.: | T1T:Ta Address op-code 0] 1 0 1 [¥] 1 0
{f condition st operand
is falea) MCz | T4T2Ta Address 2 0 1 0 1 1 1 1
1st op-code 1st
JR Cj JRNC, MC1 | T1T2Ts Address op-code ] 1 0 1 0 1 0
JRZj JRNZj 1st operand
0f condition MC: | T4T2Ta Address 2 0 1 0 1 1 1 1
s truel MCs
~MC.+ | TiTi * z 1 1 1 1 1 1 1
1st op-code 1st
MC, | T1T:Ta Address op-code o 1 4] 1 Q 1 o]
LD g9’
MCz| Ti * z 1 1 1 1 1 1 1
1st op-code st
MC. | T1T:Ta Address op-code 0 1 0 1 o] 1 o]
iD gm
1st operand
MC: | TiT:Ta Address m o] 1 o) 1 1 1 1
{to be cominued)
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Machine — — — —_—
Instruction Cycte States ADDRESS DATA RD |WR | ME | OE | UR |HALT | ST
1st op-code st
MC: | T1T2Ta Address op-code 0 1 [} 1 0 1 0
LD g, (HU)
MCz | T1T2Ts HL DATA 4] 1 0 1 1 1 1
1st op-code 1st
MC: | T4T:Ts Address op-code 0 1 0 1 o] 1 [+]
2nd op-code 2nd
MCz | T:T2Ta Address op-code 0 1 [¢] 1 [¢] 1 1
LD g, (IX+d) 1st operand
LD g (Iv+d MCs | T1T2Ts Address d v} 1 o} 1 k] 1 1
MC.
~MCs | TiTi * z 1 1 ] 1 1 1 1
xX+d
MCe | T1T2Ts Y+d DATA 0 1 [} 1 1 1 1
1st op-code 1st
MC: | TaT2Ta Address op-code 0 1 0 1 0 1 0
LD HLl.g MC: | Ti . z 1 1 1 1 1 1 1
MC3 | T:T2Ts HL g 1 0 o] 1 1 1 1
1st op-code 1st
MC: | T1T2Ts Address op-code 0 1 0 1 0 1 o]
2nd op-code 2nd
MC: | T T:Ts Address op-code 0 1 ] 1 o) i 1
LD {IX+ d\.g 1st operand
LD (iv+dl.g MCs | T1T2Ta Address d [¢] 1 0 1 1 1 1
MC.
~ MCs | TiTiTi * z 1 1 1 1 1 1 1
X+d
MC7 | TiT2Ta IY+d g 1 o] ¢} 1 1 1 1
1st op-code 1st
MC: | T1T.Ts Address op-code o] 1 0 1 4] 1 0
1st operand
LD ¢Lhm MC: | T+T2Ts Address m 0 1 0 1 1 1 1
MCs | TaTeTs HL DATA 1 0 0 1 1 1 1
1st op-code 1st
MC, | T:T.Ta Address op-code 0 1 0 1 0 1 0
2nd op-code 2nd
MCz | TT2Ts Address op-code Q 1 o] 3 0 1 1
LD X+ d}.m 1st operand
LD {I¥+d)m MC3 | T1T2Ta Address d o] 1 0 1 1 1 1
2nd operand
MCa | TiT2Ta Address m 4] 1 o] 1 1 1 1
IX+d
MCs | T-T2Ta Y+d DATA 1 0 0 1 1 1 1
LD A, (BC) 1st op-code 1st
LD A, (DE) MCt | T1T:Ts Address op-code 0 1 o 1 0 1 [¢]
{to be continued)
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Machine —
Instruction Cycle States ADDRESS DATA RD WR | ME TR |HALT | sT
LD A, (BC) BC
LD A, (DE) MC2 | TiT2Ta DE DATA 0 1 0 1 1 1
1st op-code 1st
MC: | ThT2Ts Address op-code o] 1 0 0 1 0
1st operand
MC: | T:T:Ta Address n [} 1 o 1 1 1
LD A, (mn}
2nd operand
MC3 | T:T:Ts Address m 0 1 0 1 1 1
MC4 | TiT2Ta mn DATA 0 1 o] 1 1 1
1st op-code 1st
MC: | T:T:Ts Address op-code 0 1 0 0 1 0
LD (BC).A
LD (DE}A MC2 | Ti * 2 1 1 1 1 1 1
BC
MCs | T4T:Ta DE A 1 0 0 1 1 1
1st op-code 1st
MC,y | T4T2Ta Address op-code 0 1 0 0] 1 0
1st operand
MCz | T1T2Ts Address n 0 1 [¢] 1 1 1
2nd operand
LD {mn).A MCs | T1T2Ta Address m 0 1 0 1 1 1
MC4 | Ti * z 1 1 1 1 1 1
MCs | T4T2Ts mn A 1 4} 0 1 1 1
LD A 15t op-code 1st
LD AR MC: | T1ToTs Address op-code 0 1 0 o} 1 0
LD LA 2nd op-code 2nd
LDRA MC: | T:1T2Ts Address op-code o] 1 0 0 1 1
1st op-code 1st
MCy | T1TeTa Address op-code [¢] 1 0 o] 1 0
LD ww. mn 1st operand
' MC2 | T1T2Ta Address n 0 1 0 1 1 i
2nd operand
MC3 | TiT2Ta Address m 0 1 0 1 1 1
1st op-code 1st
MC | ThT2Ta Address op-code o} 1 4] 4] 1 0
2nd opcode 2nd
LD D,mn MC2 | T4T2Ts Address op-code 0 1 0 0 1 1
LD I¥.mn 1st operand
MCs | T:T2Ta Address n 0 1 o] 1 1 1
2nd operand
MC.« | TaT2Ts Address m s} 1 o] 1 1 1
1st op-code 1st
MC. | TiT:Ta Address op-code 0 1 0 o] 1 o]
LD Ht, {mn)
1st operand
MC2 | TiT2Ta Address n ] 1 0 1 1 1
to be continued)
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Machine
instruction Cycle | States ADDRESS DATA 5 |WR | WE | OF | TR |HACT | ST
2nd operand
MC3 | T\ T.Ta Address m 0 1 o] 1 1 1 1
LD HL. {mn) MC. | T.T2Ts mn DATA 0 1 0 1 1 1 1
MCs | TaTaTa mnt 1 DATA o 1 0 1 1 1 1
1st op-code 1st
MCy | TiTaTa Address op-code 0 1 0 1 [+] 1 0
2nd op-code 2nd
MC:z | T:T:Ts Address op-code 0 1 4] 1 0 1 1
1st operand
MCa | T1T2Ta Address n 0 1 0 1 1 1 1
LD ww,{mn}
2nd operand
MCa | ThT2Ta Address m 0 1 0 1 1 1 1
MCs | T1T2Ta mn DATA o] 1 0 1 1 1 1
MCs | T:TTa mnt+ 4 DATA [s) 1 [+] 1 1 1 1
1st op-code 1st
MC: | T:T.Ta Address op-code 0 1 0 1 0 1 0
2nd op-code 2nd
MC: | T+T:Ta Address. op-code o] 1 o) 1 0 1 1
13t operand
LD X, {mn) MCs | T4T2Ts Address n 0 1 0 1 1 1 1
LD IY,{imn) 2nd operand
MC4 | TiT.Ts Address m Q 1 0 1 1 1 1
MCs | T1T2Ta mn DATA 0 1 [+] 1 1 1 1
MCs | T1T2Ta m+ 1 DATA 0 1 0 1 1 1 1
1st op-code 1st
MC: | T4T2Ta Address op-code o 1 [s] 1 0 1 [+)
1st operand
MC: | T1T2Ta Address n 0 1 0 1 1 1 1
2nd operand
MCs | T4T.Ts Address m 4] 1 4] 1 1 1 1
LD {mn},HL
MC4 | Ti * Z 1 1 1 1 1 1 1
MCs | TT2Ta mn L 1 0 ] 1 1 1 1
MCs | T4T:Ta mn+1 H 1 [+] 0 1 1 1 1
{0 be continuad)
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Machine J— J—
instruction Cycle | Omotes ADDRESS DATA A0 | WR | M | 1OF | UR |HALT | ST
1st op-code 1st
MCi | T:T2Ta Address op-code 0] 1 0 1 0 1 4]
2nd op-code 2nd
MC: | ThT2Ta Address op-code 0 1 0 1 0 1 1
1st operand
MCs | T:T:Ta Address n o] 1 [¢) 1 1 1 1
2nd operand
LO ). ww MC. | T/T:Ts Address m 0 1 0 1 1 1 1
MCs | Ti * 2 1 1 L] 1 1 1 1
MCs | T\ T:Ta mn wwl 1 o] Q 1 1 1 1
MC7 | TaT.Ts mn+ 1 wwH 1 Q [s] 1 1 1 1
1st op-code 1st
MC: | T+T2Ts Address op-code 0 1 o] 1 o] 1 0
2nd op-code 2nd
MC2z | TiT2Ta Address op-code 0 1 4] 1 4] 1 1
1st operand
MCz | T4T273 Address n o] 1 0 1 1 1 1
1D imn) X 2nd opetand
LD (mn))Y MC4 | T T:Ts Address m 0 1 0 1 1 1 1
MCs | Ti * 4 1 1 1 1 1 1 3
IXL
MCes | T1T:Ta mn IYL 1 0 0 1 1 1 1
IXH
MCr | T/T2Ta mn+ 1 IYH 1 0 o] 1 1 1 1
1st op-code 15t
MCs § TaT2Ta Address op-code 0 1 0 1 o] 1 o]
LD SP, HL
MCz2 | Ti M z 1 1 1 1 1 1 1
15t op-code 1st
MC1 | T1T2Ta Address | op-code 0 1 ] 1 [o] 1 O
LD SP.IX 2nd op-code 2nd
LD SPIY MC: | T\ T:Ta Address op-code ] 1 0 1 0 1 1
MCa | Ti * z 1 1 1 1 1 1 1
1st op-code 1st
MC1 | T:T2Ts Address op-code 0 1 0 1 o] 1 0
2nd op-code 2nd
LDI MC: | T1T:Ts Address op-code 0 L o] 1 4] 1 1
LDD
MCs | TyTeTa HL DATA o ] 0 1 1 1 1
MC. | TiT2Ts DE DATA 1 o] ] 1 1 1 1
{to be continued)
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Machine
Instruction Cyoe | SO ADDRESS DATA ™ |wWK | WE | OF | TR [RALT| ST
st op-code 1st
MC: | T1T:Ta Address op-code 0 1 [+] 1 0 1 0
2nd op-code 2nd
MC2 | TiT2T2 Address op-code 0 1 [+] 1 0 1 1
LDIR
LDDR
MCa | T/T2T HL DATA 4] 1 1 1 1 1
f BCA#0) 3 1T2Ta 4]
MC.4 | T1T2Ta DE DATA 1 0 4] 1 1 1 1
MCs
~MCe | TiTi ® 4 1 1 1 1 1 1 1
1st op-code st
MC1 | T1TeTs Address op-code Q 1 o) 1 o) 1 (4]
2nd op-code 2nd
LDR MCz | TiT2Ta Addrass op-code 0 1 o 1 0 1 1
LDDR
¥ BCp=0}
MC3 | T1T2Ts HL DATA 0 1 o} 1 1 1 1
MCq | T1T2Ts DE DATA 1 o 0 1 1 1 1
1st op-code st
MC: | TiT:Ta Address op-code O 1 (] 1 0 1 [v]
2nd op-code 2nd
MLT ww MC2 | T:T2T> Address op-code 0 1 0 1 0 1 ]
TiTiTiTi
MCa | TiTiTiTi * z 1 1 1 1 1 1 1
~MC 13} TiTiTi
1st op-code 1st
NEG MCy | TaT2Ts Address op-code o] 1 4] 1 0 1 [v]
2nd op-code 2nd
MC: | TiT2Ta Address op-code 0 1 [} 1 0 1 1
NOP 1st op-cade 1st
MC: | TTzTs Address op-code [+] 1 0 1 ] 1 o]
18t op-code 1st
MC+ | T1T2Ts Address op-code [+] 1 ] 1 0 1 0
1st operand
MC2 | T1T2Ta Address m ] 1 0 1 1 1 1
QuT (m).A
MCa | Ti . F4 1 1 1 1 1 1 1
m to Ao—A7
MC. | T1T2Ta Ato Ae—Ais A 1 4] 1 0 1 1 1
fto be continued)
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Instruction Mg:::‘ States ADDRESS DATA RO | WR | ME | OF | TR |RALT| sT
1st op-code 1st
MCi | T1TaT> Address op-code 0 1 0 1 o] 1 o}
2nd op-code 2nd
MC2 | TiT2Ts Address op-code 0 1 0 1 o] 1 1
OUT (Cl.g
MCa| Ti . r4 1 1 1 1 1 1 1
MC«| TiT2Ta BC g 1 0 ¥ 0 1 1 1
1st op-code 1st
MCi | T:TeTa Address op-coda 0 1 0 1 0 1 0
2nd op-code 2nd
MC:z [ T1T2Ta Addrass op-code 0 1 0 1 0 1 1
18t operand
OUTO (m).g MC3 | TyTaT, Address m 0 1 0 1 1 1 1
MC.| Ti M F4 1 1 1 1 1 1 1
mto Ao—~A7
MCs | T1T:2Ts O0H to As~Ais | g 1 0 1 0 1 1 1
1st op-code 1st
MC: | TT:Ts Address op-code 0 1 0 1 o] 1 0
2nd op-code 2nd
MCz| T:T:Ta Address op-code 0 1 4] 1 0 1 1
OTM MCs| Ti . z 1 1 1 1 1 1 1
OTDM
MCs| TiT2Ts HL DATA 4] 1 0 1 1 1 1
C to Ao~A-;
MCs | TaTeTs OOH to A.—~Ays | DATA 1 4] 1 4] 1 1 1
MCea | Ti * r4 i 1 1 1 1 1 1
1st op-code 1st
MC:| T.T.Ta Address op-code 0 1 0 1 o} ¥ 0
2nd op-code 2nd
MC2 | T1T:Ta Address op-code o 1 4] 1 0 1 1
OTMR MCs | Ti . z 1 1 1 1 1 1 1
OTDMR
f Br#0)
MCa | T9T2T3 HL DATA 0 1 0 1 1 1 1
C to Ac—~A7
MCs | TiT2Ta 00H to As—Ai1s | DATA 1 o] 1 0 1 1 1
MCoe
~MC. | TiTiTi * F4 1 1 1 1 1 1 1
{to be continuad)
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. Machine —
Instruction Cycle States ADDRESS DATA R6 | WR | ME | O | DR |WHALT | sT
1st op-code 1st
MC | T1T2Ts Address op-code 0 1 0 1 o] 1 0
2nd op-code 2nd
MC2 | TT=Ts Address op-code o] 1 0 1 0 1 1
OTMR MCs | Ti . z 1 1 1 1 1 1 1
OTDMR
{f Br=0)
MCq | TiT2Ta HL DATA [¢] 1 0 1 1 1 1
C to Ao—~Ar
MCs | T1T2Ta OOH to As—Ais | DATA 1 o] 1 0 1 1 1
MCs | Ti * z 1 1 1 1 1 1 1
1st op-code st
MCs | T:TzTs Address op-code [+} 1 0 t ] 1 0
2nd op-code 2nd
ouT! MC:z | T1T2Ts Address. op-code 0 1 o) 1 o] 1 1
ouUTD
MCs | TaT2Ts HL DATA o] 1 0 1 1 1 1
MCs | T1T2Ts BC DATA 1 4] 1 0 1 1 1
1st op-code 1st
MC: | T1T2Ta Address op-code (4] 1 ) 1 0 1 0
2nd op-code 2nd
MC2 | T1T2Ta Address op-code ¢} 1 0 1 0 1 1
OTR
OTOR
MCa | TT2T HL ATA 0 1 1 1 1
of Br£0) a 1T2Ta D 0 1
MCa | T1T2Ts BC DATA 1 0 1 [»] 1 1 1
MCs
~MCs | TiTi ¢ r4 1 1 1 1 1 1 1
1st op-code 18t
MC+ | T1TeTa Address op-code 0 1 0 1 0 1 L]
2nd op-code 2nd
OTR MC: | T:iTaTs Address op-code 0 1 0 1 0 1 1
OTDR
¥ Br="0)
MCa | T1T:Ta HL DATA 0 1 0 1 1 1 1
MC.4 | T4T2Ta B8C DATA 1 4] 1 [¢] 1 1 1
1st op-code 1st
MC { T1T2Ts Address op-code 0 1 4] 1 0 1 0
POP zz
MC2 | T1T2Ts SP DATA 0 1 0 1 1 1 1
MC> [ T1T2Ta SP+1 DATA 4] 1 4] 1 1 1 1
POP IX 1st op-code 1st
POP IY MC: | T1T2Ta Address op-code 4] 1 0 1 0 1 o]
o be continued)
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552

12 nerell sl

Machine —
Instruction Cycle States ADDRESS DATA RD TR |HALT | sT
2nd op-code 2nd .
MC2 | T:T2Ts Address op-code 8] 0 1 1
POP X
POP fY MCs | T:T2Ta SP DATA 0 1 1 1
MCqs | T4T2Ty SP+1 DATA 0 1 1 1
1st op-code 1st
MC1 | TiT2Ts Address op-code 0 o] 1 o]
MC2
—~MCi | TiTi ¢ Zz 1 1 1 1
PUSH zz
MC4 | T4ToTa SP—1 2zH 1 1 1 1
MCs | T1T2Ts SP—2 zzL 1 1 1 1
1st op-code 1st
MC1y | TT2Ts Address op-code 4] o] 1 0
2nd op-code 2nd
MC2 | ThT2Ts Address op-code 0 o] 1 1
PUSH X MCs
PUSH IY ~MCa | TiTi * r4 1 1 1 1
IXH
MCs | T1T2Ta SP—1 IYH 1 1 1 1
IXL
MCes | T4T2Ta SP—2 IYL 1 1 1 1
1st op-code 1st
MC | T1T2Ts Address op-code 0 0 1 0
RET
MCz | T:T2Ts SP DATA 0 1 1 1
MCa | ThTaTa SP+1 DATA o] 1 1 1
1st op-code 1st
RET ¢ MC: | T+T2Ta Address op-code 0 0 1 0
{ condition
is faise) MCo
~MCa | TiTi * 4 1 1 1 1
1st op-code 1st
MC: [ T:T2Ts Address op-code o} 0 1 0
RET § MC: | Ti . 2 1 1 1 1
{if condition
is true)
MCs | T:T2Ts SP DATA 0 1 1 1
MC« | T4T2Ta SP+1 DATA 0 1 1 1
1st op-code 1st
RETI MC, | T1T:Ta Address op-code o} [+] 1 o
RETN 2nd op-code 2nd
MC: | T1T2Ta Address op-code 0 4] 1 1
{to be continued)
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Machi
Instruction p w:' States ADDRESS DATA wm|we | v | o | TR |RAIT| ST
RETI MCs | TT2Ts spP DATA 0 1 0 1 1 1 1
RETN
MCa | TiT2Ts SP+1 DATA o 1 0 1 1 1 1
RLCA
RLA 1st op-code 1st
RRCA MC1 | T+T2Ta Address op-code 0 1 0 1 0 1 0
RRA
RLCg 1st op-code 15t
RLg MC: | TiTeTs Address op-code 0 1 0 1 o 1 o
::C 9 2nd op-code 2nd
g MC, | TiT2Ts Address op-code 0 1 o 1 0 1 1
SLA g
SRA g
SRL g MCs | Ti . z 1 1 1 1 1 1 1
1st op-code 1st
MC1 | T1T2Ta Address op-code 0 1 0 1 0 1 0
RLC (HL} 2nd op-code 2nd
RL (HL) MC: | T1T2Ts Address op-code o 1 0 1 0 1 1
RRC (HL)
RR (HL}
MC3 | TiTeT HL DATA 1 1 1
SLA (HU Ca 1T2Ts ¢ [¢] 1 1
SRA (HU
SRL (HU) MC. | Ti . z 1 1 1 1 1 1 1
MCs | TiT2Ta HL DATA 1 0 0 1 1 1 1
1st op-code 1st
RLC {IX+d} MC | T1T2Ts Address op-code [} 1 0 1 0 1 4]
RLC IV+d) 700 op-code 2nd
RL OX-+d) MCz | T4T2Ts Address op-code 0 1 o 1 0 1 1
AL Y +d)
RRC X+ d} 15t operand
RRC (Iv-+ d} MCz | T1T2T3 Address d 0 1 0 1 1 1 1
RR X+ d) 3rd op-code 3rd
RR v +d MC4 | T1T2T3 Address op-code 0 1 (V] 1 0 1 1
SLA IX+d) XFd
SLA vt MCs [ T/TeTs | v+d DATA o | v o | v v ]
SRA (X+d)
SRA (Y+d)
SRL X+ MCe | Ti . z 1 1 1 1 i 1 1
SRL (Y +d} X+d
MCr | TiT2Ts Y+d DATA 1 o 0 1 1 1 1
1t op-code 1st
MC | TiT2Ta Address op-code 0 1 0 1 0 1 0
RLD 2nd op-code 2nd
RRD MC:2 | T1T2Ts Address op-code 0 1 0 1 0 1 1
MCs | T.TeTs HL DATA 0 1 0 1 1 1 1
{to be continued)
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564

12 nerell sl

Machine —
Instruction Cycle | OStates ADDRESS DATA ME HALT | sT
MC.
RLD ~MC; | TiTiTiTi . 2 1 1 1
RRD
MCs | T1T2Ts HL DATA 0 1 1
1st op-code 18t
MCy | T1T2Ta Address op-code [¢] 1 0
MC:
~MCs | TiTi * F4 1 1 1
RST v
MCs | T1TaTs SP—1 PCH 0 1 1
MCs | T1T2Ta sSP—2 PCL 4] 1 1
SCF 1st op-code 1st
MC, | T1T2Ts Address op-code 0 1 [s]
15t op-code 1st
MC: | TT.Ta Address op-code Q0 1 0
SET bg 2nd op-code 2nd
RES b.g MCz | T:T2Ts Address op-code ] 1 1
MCs | Ti . Z 1 1 1
1st op—code 1st
MC1 | T1T2Ts Address op-code 0 1 o]
2nd op-code 2nd
MC: | T1T2Ts Address op-cote 4] 1 1
SET b, (HU)
RES b, (HU) MCa | T:TeTs HL DATA 0 1 1
MCa | Ti . z 1 1 1
MCs | T1T2Ta HL DATA 0 1 1
1st op-code 1st
MC: | T4TaTs Address op-code 0 1 0
2nd op-code 2nd
MC: | T1TzT, Address op-code 0 1 1
13t operand
SET b, IX+d) MCa | T1T2Ts Address d 0 1 1
SET b, OY+d) 3rd op-code 3rd
RES b, (IX+d) MC« | TiT:Ta Address op-code o]} 1 1
RES b, Yy +d) X+a
MCs | T:1T:Ta Y+d DATA 0 1 1
MCa | Ti . z 1 1 1
X+d
MC7 | T:T2Ts Y+d DATA 0 1 1
fto be continued)
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Machine
Instruction Cyole | S ADDRESS DATA R6 | WK | ME | OF | TR |HALT| ST
1st op-code 1st
st MC: | T4T2Ts Address op-code 0 1 o] 1 0 1 o]
P .
2nd op-code 2nd
MC: | T1T2Ta Address op-code o} 1 ] 1 0 1 1
—_— FFFFFH Z 1 1 1 1 1 0 1
1st op-code 1st
MCs | TT.Ta Address op-code 4] 1 o] 1 o 1 o
2nd op-code 2nd
MC:2 | TsT2Ts Address op-code 0 1 0 1 o] 3 1
TSTIO m
1st operand
MCa | TiT2Ta Address m ¢] 1 [3) 1 1 1 1
C to Ao—~Ay
MC4 | TaT2Ts OCH to Ax~A1s | DATA 0 1 1 4] 1 1 1
1st op-code 1st
MC, | T/ToTs Address op-code 4] 1 0 1 ] 1 0
15T g 2nd op-code 2nd
MC: | T4T:2Ts Address op-code 0 1 0 1 0 1 1
MCs | Ti * z 1 1 1 1 1 1 1
1st op-code 1st
MC: | TiT2Ta Address op-code [+] 1 0 1 o) 1 o]
2nd op-code 2nd
TSTm
MC:z | T1T=Ts Address op-code 0 1 o] 1 o] 1 1
1st operand
MCs | T1T:Ta Address m 0 1 0 1 1 1 1
1st op-code 1st
MC. | TiT2Ta Address op-code 0 1 0 1 0 1 o]
2nd op-code 2nd
MC> | T4T:Ts Address op-code o 1 o) 1 o] 1 1
TST (HU)
MCs | Ti * 4 1 1 1 1 1 1 1
MC« | ThTaTs HL DATA o] 1 0 1 1 1 1
INTERRUPT
Next op-code
MCi | TaT2Ta Address (PC) 0 1 0 1 o] 1 o]
MC2
~MCs | TiTi * Fd 1 1 1 1 1 1 1
NMI
MC« | T\ T:Ts SP—1 PCH 1 Q 0 1 1 1 1
MCs | T3T2T3 SP—2 PCL 1 ¢ [} 1 1 1 1
TiT:Tw Next op-code 1st
iNTo MODE O MCi | TwTa Addrass (PC) op-code 1 1 1 0 (o] 1 0
(RST INSERTED) MC:
~MC3 | TiTi . 4 1 1 1 1 1 1 1
{to be continued}
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Machine — —_— —_—

Instruction Cycle States ADDRESS DATA AD | WR | ME | IGE | OR |HALT | ST
NT. MODE O MC.+ | ThT2Ta SP—1 PCH 1 0 0 1 1 1 1
(RST INSERTED)

MCs | T:T2Ta SP—2 PCL 1 0 0 1 1 1 1
TiToTy Next op-code 1st
MCi | TuTa Address (PC) op-code 1 1 1 8] o] 1 0
MC: | TaT:Ts PC n o] 1 0 1 1 1 1
iNTo MODE O MCs | TaT2Ts PC+1 m Q 1 0 1 1 1 1
{CALL
INSERTED) MC. | Ti . z 1 1 1 1 1 1 1
MCs | TaT2Ts SP—1 PC+2{H) 1 0 0 1 1 1 1
MCs | T:T2T3 SP—2 PC+2{) 1 [¢] o] 1 1 1 1
TiT2Tyw Next op-code
MC: | TuTs Address (PC) 1 1 1 o] 0 1 0
NTo MODE 1
MC2 | T:T2Ta SP—1 PCH 1 [8) o] 1 1 1 1
MCa | T+T.Ta SP—2 PCL 1 0 0 1 1 1 1
T3T2Tw Next op-code
MC: | TyTa Address (PC) Vector 1 1 1 0 o) 1 4]
MC: | Ti - z 1 1 1 1 1 1 1
INTo MODE 2 MC3 | T4T2Ta SP—1 PCH 1 8] 0 1 1 1 1
MCs | TaT2Ta SP—2 PCL 1 0 0 1 1 1 1
MCs | T1T2Ts |, Vector DATA 0 1 o] 1 % 1 1
MCe | T1T2T3 I, Vector+ 1 DATA 0 1 ] 1 1 1 1
TiTeTw Next op-code
MC: | TaTa Address (PC) 1 1 1 1 1 1 4]
MC: | Ti . 4 1 1 1 1 1 1 1
INT
NT: MCs | T/T.Ts SP-1 PCH 1 8] 0 1 1 1 1
Internal Interrupts
MC. | TaT2Ta spP—2 PCL 1 0 0 1 1 1 1
MCs | T4TTa I, Vector DATA 0 1 0 1 1 1 L]
MCs | T1T2Ts I, Vector+ 1 DATA 0 1 0 1 1 1 1
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23 REQUEST ACCEPTANCES IN EACH OPERATING MODE

8pAD suOEW DN
aAoqe 8y} se swes | |

‘asuas @A) U St Jsanbay YNNG uaym ejqeidadde jou 1, (310N
‘uonoNns
-U Ixau 3yl
Bunnoexa Jaye
‘wonesado | [ paidaooe S| NN | ! |
{euLcu 0} PO ‘sapecesd 8jdAd
dOL1S WALSAS 'sdojs | abpejmouroe
WwoJ} wnjay 3oAd YING dnuRyy
ajqeidacoy ajgeldanoy | eyqeidadsoe 0N AN
dnuay|
| t | | | | t 0/
ajqeldaocoe 10N fewsaiuy
‘uoyesedo ‘uonessedo
|eW4ou 0} 3pow [euuou 0} uonoaNgsw "UOLONSU
d04S WILSAS spow 43371S wuauno waund
woyy wnjay woiy WNdy sy} Bunnoaxe ay) Bunnoaxa ZIN
ejqeideddy aqeidasoy | eqeidesde JoN | eiqeidasde JON aiqeidecoe JoN | aigeidasoe JoN | Jeye paydeddy 19)e paydasoy "IN LN dnuaiu
‘apow W ON N
3Svanad sng Jo pua ayl e 10 pue ay} e JO puad ay) je
sjqeydenay ageydanoy anuguon | paseasas 1 sng | pesesjas s sng | 2iqeIdadoe JoN | djqeidedde JoN pasesj 1 sng 034YsNa
‘oW N
auo 40 pue BU0 JO pUd
auyy je suibaqg ‘sjiejap 40} ay 1e suibaq
8joA2 WING ,Jeljonuoy O j0 pue 89A2 YNQ
‘999Ad ISV YWQ 6Z.. | @ e subeq ‘sapadesd O j0 pua “JW j0 pue
SNQ eyy | o) sejey | opAD WG | MPAO USBURH . [ ey ie swBeq a1 e suboq 'DIKA
sjqeidenoe 0N | eiqeidacde JON afyeIuBLLY aiqeydeday a|qeldaddy ajgqeydedoy PAY YING 2)9A2 YING oDIHA
oW pel ) (tegou0] ysalIy
JO pue ap 40 pua ayl "IN 4O pu9 ayl diya-uo a8y Ag ysaiey
e subeq e swbeq ye suiBaq JO }sanbay)
ejqeldaoe 10N | ajgeidecoe JON | ejqeidadde JON 89j9A0 ysauyey 99A2 ysaupey | @igeidedde JON | 8iqeidesde JON 3joAD ysayey 1senbey ysasay
eiqeydaose JoN | ajqeidedce JON | ejqeidesde 10N aqe1desdy ajqeideody | qeidadoe 10N ajqe1dadoy atqeIdecoy 1IvM
apow spow 04D {epow JOLSON 1senbey
epow 43318 82AD YNQ sBpapmouydy | 910AD ysayey aweg LIvM (epow NdI) smeg
d0OLS W3ISAS ISVI3H SNa \dnueyuy uoneiedp [euuon | Juaung

@G HITACHI

chi America, Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 ¢ {415} 589-8300

567

[I A6 |NBUNLICLNL6EL

| 2 gs2bsc

HitaeOL AR

CObAL]

1M1 2 L6l 9|



HDG64180R/Z

24 REQUEST PRIORITY
The HD64180 has the following three types of requests.
Type 1.

To be accepted in specified state........... WAIT
Type 2,
To be accepted in each machine cycle...... Refresh Req.
DMA Reg.
Bus Req.
Type 3.
To be accepted in each instruction......... Interrupt Req.

28 OPERATION MODE TRANSITION

NCTE *1 NORMAL: CPU it ions fly in NORMAL mode.
*2  DMA request: DMAunquuudhhfolowmgcuu

{1} DREQo, ORET: = O imemory <—> (rmmowmappod)VODMAmftr)

Type 1, Type 2, and Type 3 requests priority is shown as follows.

highest priority Type 1 > Type 2 > Type 3 lowest priority
Bach request priority in Type 2 is shown as follows.

highest pricrity Bus Req. > Refresh Req. > DMA Req, lowest

priority

(NOTE) If Bus Req. and Refresh Req. occurs simultaneously, Bus

Req. is accepiled but Refresh Req. is cleered.
Refer 10 ‘2.7 Interrupts’* for each request priority in Type 3.

REFRESH

Other operation mode transitions

The following operation mode transition s are siso possible.

2) DEC = 1 imemory €—> y DMA 1oHAT T
‘3 DMA end: WAﬂ\dlmlhclolowmcuu REFRESH
(1) DREQ., DREG: = 1 Umemory <—> (memory mapped) /0 DMA transtfer} BUS RELEASE

{2) BCRO, BCR1 = OOOOH (all DMA transfors)
13) NMI = O (sl DMA transfers)

o2 {o ] — A
REFRESH
'S RELEASE

2. SLEEP """ BUS RELEASE

SYSTEM STOP _—~ BUS RELEASE
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26 STATUS SIGNALS
The following table shows pin outputs in each operating mode.

Mode . Address | Data
LR | ME | IOE | RD | WR | REF |HALT |BUSACK| ST BUS [BUS
Op-code Feich
(15t op-code) 0 o 1 o] 1 1 1 1 0 A IN
Op-code Fetch
{except 1st ) 0 1 0 1 1 1 1 1 A N
op-code}
CPU
operation Memory Read 1 0 1 0 1 1 1 1 1 A N
Memory Write 1 0 1 1 0 1 1 1 1 A ouT
/O Read 1 1 0 0 1 1 1 1 1 A N
I/O Write 1 1 o} 1 0 1 1 1 1 A ouTt
intemnal
Operstion 1 1 1 1 1 1 1 1 1 A N
Refresh 1 ol 1|11 ]o] 1 . A N
Interrupt NMI 0 0 1 0 1 1 1 1 o A N
Acknowledger sae o |1 o |1 |1 11 3 0 A N
ICycle )
{1st machine| INT1, INT2
L vele intemal Interupts 1 1 1 1 1 1 1 1 0 A N
BUS RELEASE vz lzlzlz|1]3 0 . 2 N
HALT 0 0 ] 0 1 1 0 1 0 A N
SLEEP 1 1 1 1 1 1 0 1 1 1 N
Memory Read 1 (o] 1 0 1 1 1 1 0 A N
Intemal Memory Write 1 0 1 1 o 1 1 1 0 A ouT
DMA /O Read 1 1 0 0 1 1 1 1 0 A N
/O Wirite 1 1 c 1 o] 1 1 1 o] A ouT
RESET 1 1 1 1 1 1 1 1 1 z N
NOTE) 1 : HIGH
0 . LOW
A . Prograrmmable
Z . High impedance
IN . Input
OUT : Output
. : Invalid
GO HITACH!
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27 PIN 8TATUS DURING RESET AND LOW POWER OPERATION MODES

560

12 nerell sl

Pin status in sach operstion made
Pin No. 8ymbol Pin function RESET SLEEP YOSTOP SYSTEM 8TOP
4 |WAT - NN NN N NN
5 - 1 ouT ouT ouT
8 [BUBRES - NN N Al N (Al NQA
7 - 0 IN (A) N (A) N (A)
8 - N (N} IN (A) N (A) IN (A)
] ] - N (N N (A} N (A) IN (A}
0 [N - NN N A Y N (A4
TRl - NN N Al N A N A
12 |8T - 1 1 ouT 1
13~30 [ Ao~Arr - z 1 A 1
31 [A)/TOUT Avq F3 1 A 1
TOUT F3 ouT 7] H
34~41 |Do~Dr - 2 z A z
42 |RT8e - 1 H ouT H
43 o - NN N (a) N N) N (N)
a4 | OB: - NN N ) NN ]
46 | TXAo - [ ouT H H
48 RAXAo - N (N) N {A) N N N (N}
47 | cKA«/DREGS CKAo 2z ouT z 2z
{intemat clock mode)
CKAo z IN (A) NN IN (N)
{external clock mode)
DREG. 2 NN NA NN
48 | TXA, - 1 out H H
49 RXA - N (N IN (A} IN (N) INN)
60 | CKA//TENDo CKA, z ouTt z 2
lintemal clock mode}
CKA 2 N (A) N {N) N (N}
{external clock mode)
TENDo 2 1 ouT 1
§1 |Txs - 1 ouTt H H
52 |RXS/CTS: RXS NN N {A) N (N} N (N
TS5, N (N) N (A} N (N} IN (N)
53 |CKS CKS z ouT 1 1
{internal clock mode}
CKS Z N (A z Z
(axtemnal clock mode)
54 |DREQ, - NN NN N (A) NN
55 | TEND» - 1 1 ouT 1
56 |HALT - 1 0 out 0
57 |REF - 1 1 out 1
58 |10 - 1 1 ouTt 1
58 | ME - 1 1 out 1
80 E - 0 E clock output - -
g1 |IR - 1 1 out 1
62 |WR - 1 1 ouT 1
63 |RD - 1 1 ouT 1
64 ¢ - ¢ clock output — — —
1:HIGH O:LOW A: Programmable Z: High impedance
IN (A): input (Active] IN (N): Input (Not active} OUT: Output
H: Hokds the previous state
«—: same as the left
@& HITACHI
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28 INTERNAL /O REGISTERS ternat /O register addresses are relocatable within ranges from
By programming IOA7 and I0A6 in the /O control register, in- 0000H to 00OFFH in the 1/0 address space.
REGISTER MNEMONICS | ADDRESS REMARKS
ASC! Control Register A Channel O 0o MPBR/
: CNTLAO bit MPE RE Te | RTS0 EFR MOD2 |MOD1 |MODO
during RESET o) o] 0 1 invaid ] 0 0
AW RW |R'W | AW | 'W | R'W | RW | AW | R'W
l L MODE Selaction
Mutti Processor Bit Receive/
Error Flag Reset

Transmit Enable
Receive Enable
Muiti Processor Enable

ASCI Controt Register A Channel 1 01
: CNTLA1
bit mpe | RE | TE feka1D|VEm IMOD2 [MOD1 |MODO
during RESET o] 0 o} 1 invalid 0 o] 4]
R'W RW |R'W |R'W | R'W | R'W | R'W | R'W | RAW
[ [MODE Selaction
Multi Processor Bit Receive/
Error Flag Reset
CKA1 Disable
Transmit Enable
Receive Enable
Multi Processor Enable
MOD2,1, 0
000 Start+ 7 bit Data + 1 Stop
001 Start + 7 bit Data + 2 Stop
010 Stat + 7 bit Data + Party + 1 Stop
011 Start + 7 bit Data + Parity + 2 Stop
100 Start + 8 bit Data + 1 Stop
101 Start + 8 bit Data + 2 Stop
110 Start + B bit Data + Parity + 1 Stop
111 Start + 8 bit Data + Parity + 2 Stop
ASCI Control Register B Chf"&“,:'TSBO 2 it MPET | MP C:g’ PEC | DR | S52 | 581 | S0
during RESET |invaid | © . o] o] 1 1 1
RW RW |RW [ R'W [ R'W | R'W | RW | W | R/W
Clock Source and
Speed Select
Divide Ratio

Panty Even or Odd
Clear To Send/Prescale
Multi Processor
Mutti Processor Bit Transmit

, CTS : Depending on the condition of CTS Pin.
PS : Cleared to 0.

{to be continued)
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REGISTER l MNEMONICS | ADDRESS REMARKS
ASCI Control istar B Channel 1 03 T3/
SCI Control Regis S ONTLB vt |mpeT| me |S°7| pEo | DR | ss2 | 881 | SS0
during RESET Jinvelid | O 0 ¢} 0 1 1 1
R/W AW |RW | RW | R'W | RW | R'W | R'W | RW
Clock Source and
Speed Select
Divide Ratio
Parity Even or Odd
Clear To Send/Prescale
Multi Processor
Mutti Processor Bit Transmit
General PS=0 PS=1
divide ratio {divide ratio= 10} {divide ratio= 30)
$82,1.0 DR=0 (X 16) | DR=1 (x 64)| DR=0 (X 16}| DR=1 (X 684)
000 ¢+ 160 ¢+ 640 o+ 480 |o+ 1920
001 + 320 + 1280 + 960 + 3840
010 + 640 + 2560 + 1920 + 7680
011 + 1280 + 5120 + 3840 + 156360
100 + 2580 + 10240 + 7680 + 30720
101 + 5120 + 20480 + 15360 + 61440
110 + 10240 + 40960 + 30720 + 122880
111 Extemal clock (frequency < & =+ 40)
ASCI Status Register Channel 0 o 4 bit RDRF |OVRN | PE FE RE |DCDO| TORE | TE
: STATO during RESET 0 0 [} 0 o] - o 0
RW R R R R R/W R R RAW
I
Trangmit
Interrupt
Enable
Transmit Data
Register Empty
Data Carrier Detect
Receive interrupt Enable
L— Framing Emor
L \— Parity Error «« €T80 Pin| TORE
Over Run Error L 1
L— Receive Data Register Full
* 5CB, : Depending on the condition of BCDo Pin. H 0
IASCI Status Register Channel 1 065 bit RDRF |OVRN | PE FE RIE |CTS1E| TDRE TE
: STATY during RESET 0 0 0 [+] 0 0 1 0
R/W R R R R R/W | R'W R R/W
Transmit
Interrupt
Ensable
Transmit Data
Register Empty
CTS1 Enable
L Receive interrupt Enable
Framing Emor
L— Parity Error
L. Over Run Emor
Receive Data Register Ful
fto be continued)
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REGISTER l MNEMONICS.| ADDRESS REMARKS

ASCI Transmit Data Register Channet 0 86
o]
: TDRO

ASCI Transmit Data Register Channel 07
1

. TDR1
ASCI Recsive Data Register Channel 08
(o}

. TSRO

ASCI Receive Data Register Channel 09
1

: TSR1
CSIO Control Register . eNTR 0 A bit EF EE RE TE - 8§82 | 881 | SSO
‘ GuingRESETf 0 | © | 0 | © 1 1 1 1
RAW R |rW | RW | RW Amw | RW | rW
[ Speed Select
Transmit Enable
Receive Enable
End Interrupt Enable
End Flag
5210 | BaudRate | 5210 | Beudpae
000 ¢+ 20 100 o+ 320
001 + 40 101 + 640
010 + 80 110 +1280
011 + 180 111 Extemnal
{fraquency < + 20)
CSVO Transmit/Receive Data 0B
Register
: TRDR
Timer Doata Register Channel OL 0o C
: TMDROL
Timer Data Register Channel OH oD
: TMDROH
Timer Reload Register Channel OL O E
: RLDROL
Timer Reload Register Channel OH 0OF
. RLDROH
Timer Control Register . TeR 10 bit TF1 | /0 | TE1 | €O |TOCY [ TOCO | TDEY | TDEO
’ during RESET | 0O 0 0 0 0 0 0 0
RW R R |rw |rwW |AW | AW | RW | AW
LT'nw Down
Count Enable 1,0

Timer Output Control 1,0
Timer Interrupt Eneble 1,0 |

L Timer intarrupt sy 1.0
10010 | AwToOUT

00 inhibited

o1 Toggle

10 0

" 1

fto be continued)
G HITACHI

Hitachi America, Ltd. e Hitachi Piaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300 563

1M1 2 WIIeLl 9] CobALldpreq BA |2 Ke2becf| A6 |ABUNL ICLNLEL



HD64180R/Z

H
- IARTH

REGISTER l MNEMONICS | ADDRESS REMARKS
Timer Data Register Channel 1L 14
: TMDR1L
Tiner Data Register Channel 1H 15
: TMDR1H
Timer Reload Register Channel 1L 16
: RLORIL
Timer Reload Register Channel 1TH 17
: RLDRTH
Free Running Counter 18 read onty
. FRC
DMA Source Address Register 20
Chennel OL.
: SARQOL
DMA Source Address Register 21
Channel OH
: SAROH
DMA Source Address Register 22 Bits O-2 are used for SAROB.
Channel 0B . SAROB A, Air, Ass DMA Transfer Request
’ X 0 0 TREU. (axtemall
X 0 1 RDRO (ASCIO)
x 1 0 RDR1 (ASCI)
DMA Destination Address Register 23 X 1 1 Not Used
Channel OL
- DAROL
DMA Destination Address Register 2 4
Channel OH
: DAROH
DMA Destination Address Register 25 Bits 0-2 are used for DAROB.
Channel 08 , Ats, Air, A | DM Trenster Request
: DAROB X 0 0 “BAED: fextomal
X 0 1 TDRO (ASCIO)
X 1 o, TDR1 {ASCI1)
DMA Byte Count Register Channel 2 6 X 1 1 Not Used
oL
. BCROL
DMA B8yte Count Register Channal 27
OH
: BCROH
DMA Memory Address Register 2 8
Channel 1L
: MARIL
DMA Memory Address Register 29
Channel 1H
. MARTH
DMA Memory Address Register zZ A Bits 0-2 are used for MAR1B.
Channel 1B
: MAR1B
DMA /O Address Register Channel 2B
1
: IARTL
DMA VO Address Register Channel 2C

564
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REGISTER MNEMONICS | ADDRESS REMARKS
DMA Byts Count Register Channel 2 E
n
: BCRIL
DMA By Count Register Channel 2F
1H
: BCR1H
DMA Status Register oSTAT 30 bit DEY | DEO |DWE1 |DWEC| DE1 | DIEO | - | DME
' during RESET | © 0 1 1 o 0 1 0
R/W AW [RW | W | W |RW |RW R
Mastor
Enable
interrupt Enable 1,0
\—DMA Ensble Bit Write Enable 1,0
L DMA Enable ¢h 1,0
DMA Mode Registar 31
: DMODE bit — [ - [omt [omo| sm [ smo pamop| -
during RESET | 1 1 ) 0 o ) [+ 1
R/W AW [ RW [ARW | RW | RW
LMunuv
MODE
Select
Ch O Source
Mode 1,0
Ch O Destination
Mode 1, 0
DMt, OlDosmamnl Address su1,o|Soun=0| Address
o0 Y DARO+ 1 00| M | SARO+H1
o1 ™ DARO— 1 o1l M SARO—1
10 M DARO fixed 10| M SARO fixed
11 vo DARO fixed 11| YO | SARO fixed
MMOD | Mode
0 Cycle Steal Mode
1 Burst Mode

{10 be continued)
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REGISTER MNEMONICS | ADDRESS REMARKS
DMA/WAIT Control Register 3 2 bit MWt (Mwio | a1 | 0 [DMS1 [DMSO | M1 | DIMO
: DCNTL during RESET | 1 1 1 1 0 [} 0 )
W AW [RW [RW [ RW [ AW | AW | AW | rw
[DMA Ch1
YO Memory
Mode Select

— DREGH Select, i = 1,0
— VO Wait insertion

L.— Memory Wait insartion
The number of The number of
MWI1.0 wait states w0 wait states
00 o] 00 o
01 b} 01 2
10 2 10 3
11 3 11 4
DMSi |  sense
1 Edge sense
o Level sense
DM1,0 |Tmnsfer Mode| Address Increment/Decrement
00 M—l0 MAR1+ 1 AR fixed
01 M—V0 MAR1—1 1AR1 fixed
10 Vo—Mm IAR1 fixed MAR1+1
1 VO—Mm AR fixed MART—1
Interrupt Vector Low Register 33 bit L7 Le Ls _ _ _ _ _
'L
during RESET | O 0 (o} 0 0 0 ] 0
R/W RW | RW | R'W
Lhn'mm Vector Low
INT/TRAP Control Register 34 bit TRAP | UFO | — - - | MmE2 | ME1 | fTEO
+fre duing RESET | © ) 1 1 1 0 [} 1
R/W RW R RW | RW | R'W
NT Eneble 2.1.0
Undefined Fetch Object
TRAP
Refresh Control Register nc 3e bit REFE |REFW | — - - - |cyet |cyco
' during RESET 1 1 1 1 1 1 [+ [+
R/W RW | R'W RW | AW
] Cycle Select
h Woait State
L Refresh Enable
cYC1.0 | tnterval of Retresh Cyce
00 10 States
01 20
10 40
11 80
fto be continued)
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REGISTER MNEMONICS | ADDRESS REMARKS
MMU Common Bese Register | 2 ° bit — Jcee | ces | cea | c83 [ ce2 [ cer | coo
during RESET | O 0 o o l'o 0 0 0
RW  [rRW [RwW |RW [RW [RW | RW AW [ RW
L MMU Common Base Register
MMU Bork Base Regiter | *° bit — | oee | ess | ses | 883 | BB2 | BR1 | BRO
duingRESET{ 0 | 0 | 0 | 0 |0 |0 |0 | 0O
RW | RW [RW [RW [RW |RW |RW [RW [RW
L MMU Bank Base Register
MMU Common/Bank Area Regienr (| 3 A bit ca3 | caz [ cat | cao | Ba3 | Baz [ A1 | BAO
dugRESET| 1 | 1 | 1 | 1 | o [o [o ] o
pw  [rw [rRw [rw [rw [rw [rw [rw [rw
| T
Ares Register
MMU Common oo
Area Reagister
VO Control Register 3F
IR bt [wa7fioasfose] - 1 - | - | - [ -
duingRESET 0 | 0 | 0 | 1 { 1 | 1 [ ]
rw | ew [aw [RW
L l-vo Stop
VO Address
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