HD63450 Series

CMOS Direct Memory Access Controller

The HD63450 is a CMOS Direct Memory Access Controller
(DMAC). It is upwardly compatible with the NMOS DMAC
HD68450.

In addition to the NMOS DMAC HD68450 features, the
HD63450 performs one or several blocks of data transfer (Oper-
and; byte, word, or long word) between memory and peripheral
device at high speed. The block transfer restart operation is pro-
vided (Multi-Block Transfer with DONE Mode). The number of
operands in a block is determined by a transfer count.

Fabricated in CMOS for lower power dissipation.

W FEATURES
®HD68000 Bus Compatible
@4 independent DMA Channels with Programmable Priority
® Memory-to-Memory, Memory-to-Device, Device-to-Memory
Transfers
® Programmable 8-Bit or 16-Bit I/0 Device Types
©® Auto-Request and External-Request Transfer Modes
®interface Lines for Requesting, Acknowledging, and Incidental
Control of the Peripheral Devices

® Block Transfer Operation

In Single-Block: @ Unchaining Transfer

In Multi-Block : @ Continue Mode Transfer

® Array-Chaining and Linked-Array-
Chaining Transfers
® Multi-Block Transfer with DONE

@ 68000 Bus Exception Processing Support
@2 Vectored Interrupts for each Channel
@ Variable System Bus Bandwidth Rate Utilization
®Fast Transfer Rates: Up to 6.25 Mbytes/sec. at 12.5MHz
®CMOS +5 Volts Operation

B TYPE OF PRODUCTS

Type No. Bus Timing Packaging
HD63450-6 6MHz
HD63450-8 BMHz
HD63450-10 10MHz DC-64
HD63450-12 12.5MHz
HD63450Y-6 6MHz
HD63450Y-8 8MHz
HD63450Y-10 10MHz PGA-68
HD63450Y-12 12.5MHz
HD63450P-6 6MHz
HD63450P-8 8MHz
D
HD63450P-10 10MHz P84
HD63450P-12 12.5MHz
HD63450PS-6 6MHz
HD63450PS-8 8MHz
HD63450PS-10 10MHz DP-645
HD63450PS-12 12.5MHz
HD63450CP-6 6MHz
HD63450CP-8 8MHz CPss
HD63450CP-10 10MHz
HD63450CP-12 12.5MHz

HD63450-6,
HD63450-8,
HD63450-10,
HD63450-12

(DC-64)

HD63450Y-6,
HD63450Y-8,
HD63450Y-10,
HD83450Y-12

I
{PGA-68)

HD63450P-6,
HD63450P-8,
HD63450P-10,
HD63450P-12

(DP-64)

HD63450PS-86,
HD63450PS-8,
HD63450PS-10,
HD63450PS-12

(DP-84S)

HD863450CP-6,
HD63450CP-8,
HD63450CP-10,
HD®63450CP-12

(CP-68)
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HD63450 Series

B PIN ARRANGEMENT

© HD63450, HD63450P, HD63450PS @ HD63450Y
REGs DOIR
REQz 3 DBEN
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[ £3 BG
FCLo 8 E7 A
BGACK Eg A:
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UBs 3 As 51(9) () . BeE
oS 3 48
e v QPE o@@@o’ao'
RW 5 A, ©c o@“(@n@)@o'o ol
Vss [ 3 Vss = ~ )
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R——ACKZ = A1s/Ds 5 1 ao % | RW ) M/ % GoRE.
ACK, 23 Are/Ds 5 A | nC [ "0 Vs | & W
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14 RS 3 ) [ REQ 65 A14/Ds
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[
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DONE
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ACK:

(Top View)
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HD63450 Series

M ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee* ~0.3~+7.0 v
Input Voltage Vin* =-0.3~Vec+0.3 3
Operating Temperature Range Topr 0~+70 °C
Storage Temperature Tstg —55~+150 °C

*With respect to VS {(SYSTEM GND)

{NOTE} Permanent damage to the device may occur if maximum ratings are exceeded. Normal operation should be under

If these conditions are exceeded, it could affect refiability of the device.

I RECOMMENDED OPERATING CONDITIONS

ded operating

item ] Symbol | min typ 1T max Unit
Supply Voltage [ Veer | 475 50 | 525 v
: Vin® 2 | v v
Input Voitage b [ 0 ce
Vi* I -0.3 0.8 | v
Operating Temperature f Toor [ 0 25 70 [ °C
«With respect to Vss (SYSTEM GND)
l ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vcc =5V 5%, Vss=0V, T,=0~+70'C, unless otherwise noted.)
Item Symbol ] Test Condition min typﬁ max Unit
Input “‘High”’ Voltage I v L 20 Vee v
Input “Low" Voltage Vi ; Vss—0.3 0.8 v
TS, TACK, BG, CLK, { |
Input Leakage Current BECo~BEC: © 10 uh
REQ:~REQs , W
1 Aj~A7, Do~D1s/As~Azs, ‘ | |
AS, UDS, LDS, R/W, UA
T , UDS, , , UAS, !
e e (1 S1e) | BTACK BGACK OWN,DTC, | s 10, wh
pu FIBYTE, OOIR, DBEN, ;
FCo~FCa, PCLo~PCL3 I | |
Open Drain (Off State) BONE f B !
Input Current IRQ, DON . oo \ 20 l HA
A1~A7, Do~Dis/Ag~Auzs, l i
AS, UDS, LDS, R/W, UAS, |
P DTACK, BGACK, BR, OWN, . _
Output *'High'" Voltage OTC, FIBYTE. DDIR, OBEN, Vou | lon=—A400uA | 2.4 | v
ACKo~ACK;, PCLo~PCL;, ! !
FCo~FC2 |
Ai~Ay, FCo~FC; | Vo llo=32mA 05
Do~D15s/As~Az3, AS, UDS, T
D5, R/W, DTACK, BR, |
Output “Low"’ Voltage OWN, DTC, HIBYTE, DDIR, Vo loo=5.3mA . 05 v
DBEN, ACKo~ACKs, UAS, | \ |
PCLo~PCLs, BGACK | J
TRQ, DONE Vo [ lo.=8.9mA i 05
Power Dissipation po | 1=8MHz Veo=5.0v ] 250 | 400 | mW
Ta=25C !
. Vie=0V
Capacitance Cn T.=25C, f=1MHz JJ 15 pF
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HD63450 Series

LOAD & LOAD B

1 11kD
Test 5001 a
Point
1300F
152074%
o
Fauivalent
"%, BUNE
A~ As FCo~FCr Oc~D1s/As - A, AS. UDS, 108,
R/W. BTACR, BR. GWN. DTC.
HIBYTE. DDTR. OBEN. ATKG - KTK,.

Figure 1 Test Loads

® AC ELECTRICAL SPECIFICATIONS (Vce = 5V = 5%, Vss = OV, Ta = 0 ~ +70°C, unless otherwise noted.)

6MHz 8MHz 10MHz 12.5MHz
No. ltem Symbot Co::i?ttion Version Version Version Version Unit
min max min max min max min max

Frequency of Operation { 4 6 4.0 8.0 40 10.0 40 125 | MHz

1 Clock Period toye 167 250 125 250 100 250 80 250 ns
2 | Clock Width Low toL 75 | 125 | 55 | 125 | 45 [ 125 ] 35 | 125 | ns
3 | Clock Width High ton 75 | 1256 | 55 | 126 | 45 | 125 | 35 | 125 | ns
4 | Ciock Fall Time tei — 10 — 10 — 10 — 5 ns
5 Clock Rise Time tor — 10 —_ 10 — 10 — 5 ns
6 | Asynchronous Input Setup Time tas! 25 — 20 — 15 — 15 —_ ns
7 | Datainto DBEN Low toiDBL 0 — 0 — 0 — 0 — ns
8 | DTACK Low to Data Invalid tDTLD! [4 — 0 — 0 — 0 — ns
9 | Address in to AS in Low 1AIASL 0 - [ — 0 — [] — ns
10 | AS, DS in High to Address in tnvalid 1SIHAIV 0 - ] — 0 - ] - ns
10A | D3 in High to TS High IDSHCSH — 10 - 1.0 1.0 {apr | 10 ns
11 | Clock High to DDIR Low {CHDRL — 80 — 70 —_ 60 - 55 ns
12 | Clock High to DOIR High tCHDAH - 80 — 70 — 60 — 55 ns
13 | DS in High to DDIR High impedance DSHORZ - 140 - 120 — 110 — 110 ns
14 | Clock Low to DBEN Low tCLDBL — 80 — 70 — 80 — 55 ns
15 | Clock Low to DBEN High 1CLDBH — 80 — 70 — 60 - 55 ns
16 | DS in High to DBEN High Impedance 1CLDBH — 140 — 20 —_ 10 - 110 ns
77| Clock High to Data Out Valid (MPU read) CHOWM Figured ™~ [ 230 | — | 180 | — | 160 | — | 140 | ns
18 | DS in High to Data Out invalid 1DSHDZn ~ 0 — 0 — 0 — 0 — ns
19 | DS in High to Data High Impedance {DSHDZ Figure 8 —_ 140 — 120 — 110 — 10 ns
20 | Clock Low to DTACK Low tcLoTL - 80 - 70 — 80 - 55 ns
21 | DS in High to DTACK High tDSHDTH — 130 — 10 — 110 —- 10 ns
22 | DTACK width High OTH 10 — 10 - 10 — 10 —_ ns
23 | B3 in High to BTACK High Impedance tDSHDTZ - 200 - 180 — 180 - 160 ns
24 | DTACK Low to D3 in High 1OTLOSH 0 — [+] — 0 — 1] — ns
25 | REQ width Low tREQL 20 - 20 — 2.0 — | kpe | — ns
26 | FEQ Low 1o BA Low 1RELBAL 334 — 250 | — 200 | — 160 — ns
27 | Clock High to BR Low ICHBRL - 80 - 70 — 60 - 55 ns
28 | Clock High 10 BR High {CHBRH — 80 — 70 — 60 - 55 ns
20 | BG Low to BGACK Low tagLBL a5 | — |45 | — |45 | — |45 [ = | ns
30 | BR Low to MPU Cycle End (AS in High) 1BRLASH 0 - 4] —_ 0 - 0 - ns
31 | MPU Cycle End (AS in High) to BGACK Low TASHBL 45 | 55 | 45 | 55 | 45 | 55 | 45 | 55 | chpm
32 | REQ Low to BGACK Low tREQLBL 85 —_ 8.5 — 6.5 - 85 — | ke
33 | Ciock High to BGATK Low ACHBL — 80 — 70 - 80 — 55 ns
34 | Ctock High to BGACK High 1CHEH — 80 — 70 - 80 — 55 ns
35 | Clock Low to BGATK High impedance cLBz - 100 - 80 — 70 - 85 ns
36 | Clock High to FC Valid {CHFCY - 120 - 100 —_ 90 — 90 ns
37 | Clock High to Address Valid tcHaY — 40| — [0 ]| — [ 1m0]| — | 100]| ns
38 | Clock High to Address/FC/Data High impedance tCHAZX — 120 —_ 100 - 100 - 100 ns
39 | Clock High to Address/FC/Data Invalid tCHAZN [} — [} — 0 — o — ns
40 | Clock Low to Address High Impedance toLaz — 120 — 100 -— 20 —_ 80 ns
41 | Clock High to UAS Low tCHUL — 80 — 70 — 680 —_ 55 ns
42 | Clock High to UAS High tCHUH — 80 — 70 — 60 — 55 ns
43 | Clock Low to UAS High impedance tcLuz —_ 100 — 80 - 70 - 85 ns
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HD63450 Series

® AC ELECTRICAL SPECIFICATIONS (Voc = 5V = 5%, Vss = OV, Ta = 0 ~ +70°C, unless otherwise noted.) (Cont’d.)

6MHz 8MHz 10MHz 12.5MHz
No. ltem Symbol Comion Version Vergion Version Version Unit
min max min max min max min max
44 | UAS High to Address Invalid fUHAL 15 - 30 — 20 - 15 —_ ns
45 | Clock High to AS, DS Low 1CHSL — 70 — 60 — 55 — 55 ns
46 | Clock Low to DS Low (Writs) tcLDSL — 70 - 60 — 55 — 55 ns
47 | Clock Low to AS, BS High 1CLSH - 80 — 70 — 60 - 60 ns
48 | Clock Low to AS, DS High impedance toLsz — 100 — 80 - 70 - 65 ns
49 | AS Width Low tasL 350 - 255 — 185 — 160 - ns
50 | D5 Width Low tpSL 265 - 190 | — 145 — 120 — ns
51 | AS, DS width High tsH 180 - 150 — 105 — 65 — ns
52 | Address/FC Valid to AS, DS Low tavsL 40 - 30 — 20 - 0 - ns
53 | AS, DS High to Address/FC/Data Invalid tSHAZ 40 — 30 — 20 — 15 — ns
54 | Clock High to RAW Low teHAL - 80 — 70 — 60 — 55 ns
55 | Clock High to RAW High tGHAN — 80 - 70 — 60 — 55 ns
56 | Clock Low to R/AW High Impedance tCLRZ — 100 - 80 — 70 — 65 ns
57 | Address/FC Valid io R/W Low tavAL 40 — 20 — 10 — 0 — ns
58 | RW Low to DS Low (Write) tRLSL w | — | 120 | — 90 — 70 — ns
59 | D3 High 1o R/W High 1SHRH 50 — 40 - 20 — 15 - ns
60 | Clock Low to OWN Low toLoL — 80 — 70 — 60 - 55 ns
61 | Clock Low to OWN High 1CLOH - 80 - 70 - 80 — 55 ns
62 | Clock High to DWN High tmpedance tcHOZ — 100 - 20 — 70 — 65 ns
63 | OWN Low to BGACK Low toLeL 40 — 30 - 20 — 15 - ns
64 | BGACK High to OWN High 1BHOH 40 - 30 — 20 - 15 — ns
65 | OWN Low to UAS Low toLuL 40 — 30 — 20 - 15 — ns
66 | Clock High to ACK Low tCHACL — 80 — 70 - 60 — 55 ns
67 | Clock Low to ATK Low toLACL — 80 — 70 - 60 - 55 ns
68 | Clock High to ACK High tCHACH — 80 — 70 — 80 — 55 ns
69 | ACK Low to DS Low tACLDSL 140 | — 100 | — 80 - 60 — ns
70 | DS High to ACK High tDSHACH 40 — 30 - 20 — 15 - ns
71 | Clock High to AIBYTE Low 1CHHIL — 80 - 70 — 60 - 55 ns
72 | Clock Low to AIBYTE Low 1CLHIL — 80 — 70 - 60 - 55 ns
73 | Clock High to HIBYTE High 1CHHIH Figure 1 - 80 — 70 - 80 — 55 ns
74 | Clock Low to HIBYTE High Impsdance tCLHIZ - 100 - 80 - 70 — 65 ns
75 | Clock High to DTG Low tcHoTL - ~— |8 | = [70 | — |60 | — | 55 | ns
76 | Clock High to DTC High 1CHDTH Figure8 [ __ 80 - 70 - 60 — 55 ns
77 | Clock Low 1o DTC High Impedance tcLDTZ — 100 — 80 - 70 - 65 ns
78 | DTC Width Low oToL 147 — 105 — 80 — 60 — ns
79 | DTC Low to DS High toTLOR 50 - 30 — 20 - 15 — ns
80 | Clock High to DONE Low tCHDOL — 80 — 70 - 60 — 55 ns
81 | Clock Low to DONE Low toLooL —~ 80 - 70 — 60 — 55 ns
82 | Clock High to DONE High 1CHDOH — 140 — 130 - 120 — 120 ns
83 | Clock Low to DDIR High impedance tcLoRZ - 100 — 80 - 70 — 65 ns
84 | Clock Low to DBEN High Impedancs tcLDBZ — 100 | — 80 — 70 — 65 ns
85 | DDIR Low to DBEN Low ORLDBL 40 — 30 - 20 — 15 — ns
86 | DBEN High to DDIR High {DBHORH 40 — 30 - 20 — 15 — ns
87 | DBEN Low to Address/Data High Impedance toLAZ - 17 - 17 — 7 - 17 ns
88 | Clock Low to PCL Low (1/8 Clock) toLpL — 80 — 70 — 80 - 55 ns
89 | Clock Low to PCL Migh (1/8 Ciock) toLpH — 80 — 70 - 80 - 55 ns
90 | PCL Width Low (1/8 Clock) tPCLL 40 — 4.0 - 4.0 - 40 — | ohoper
91 | DTACK Low to Data in (Setup Time) DALD! — l200 [ - 150 | — ns — 85 ns
92 | DS High to Data invalid (Hoid Time) SHDI [ — [ - 0 — 0 - ns
93 | D3 High to DTACK High tSHDAM 0 160 0 120 0 90 o 70 ns
94 | Data Out Valid to DS Low tposL o — 0 — [} — 0 - ns
85 | Data In to Clock Low (Setup Time} toicL 25 — 15 — 15 - 15 - ns
96 | BEC Low to DTACK Low tBECDAL 50 — 50 — 50 — 50 — ns
97 | BEC width Low toEcL 20 [ — JT2o [ = T20 [ = T20 [ 1 ns
98 | Clock High to TRQ Low tCHIAL — 80 — 70 — 60 — 55 ns
99 | Clock High to iRQ High tCHIRH — 140 — 130 — 120 — 120 ns
100 | READY In to DTC Low (Read) tRALDTL 180 — 145 — 120 - 100 — ns
101 | READY In to DS Low (Write) tRALDSL 240 | — | 205 [ — 170 [ — 140 | — ns
102 | D3 High to READY High tDSHRAH [ 160 0 120 0 90 0 70 ns
103 | DONE In Low to DTATK Low 1DOLDAL 50 — 50 — 50 — 50 — ns
104 | DS High to DONE In High 1DSHDOH [ 160 [} 120 0 90 0 70 ns
105 | Asynchronous Input Hold Time tAgIH 15 — 15 —_ 15 - 15 -— ns
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HD63450 Series

Figure 2 tnput Clock Waveform
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»Data are latched at the end of clock 25.

Figure 3 AC Electrical Waveforms-MPU Read/Write
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*«REQ is picked up at the rising edge of CLK in cycle steal and burst modes.

Figure 4 AC Electrical Waveforms-Bus Arbitration
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HD63450 Series
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+«DTACK 1s picked up at the rising edge of CLK. This 1s different from HD68000.
* »This timing is not related to DMA Read/Write (Single Cycle) sequence.

968

Figure 5 AC Electrical Waveforms-DMA Read/Write (Single Cycle)
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HD63450 Series
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*=Data are latched at the end of clock 7. This timing 1s the same as HD6800Q.
*xThis timing is not related to DMA Read/Write (Duai Cycle) sequence. This timing is only applicable when 1/8 clock pulse mode is selected.
* * xThis timing is applicable when a bus exception occurs.

Figure 6 AC Electrical Waveforms-DMA Read/Wrife (Dual Cycle)
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HD63450 Series
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Figure 7 AC Electrical Waveforms-DMA Read/Write (Single Cycle with ACK and READY)
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HD63450 Series

1 2 3 4 5 6 7 8 1 2 3 4 5 ] 7 8 9 10 .
- 8 clocks
A A ) ¢ ——— —

Ny

oWR Low
—— -
HIBYTE &
High s
- N L
DTACK / /
[ L] " . " l—d

DONE IN A\ "

Figure 8 AC Electrical Waveforms-DONE Input

(NOTES for Figure 3 through 8)
1) Setup time for the asynchronous inputs BG, BGACK, TS, IACK, AS, UDS, LDS, and R/W guarantees their recogmtion at the next faliing edge of the clock.
Setup time for BECo~BECz, REQo~REQ3, PCLo~PCL3, DTACK. and DONE guarantees therr recognition at the next rising edge of the clock.
2) Timing measurements are referred to and from a low voltage of 0.8 volts and a high voltage of 2.0 voits.
3) These waveforms should only be referred in regard to the edge-to-edge measurement of the timing specifications. They are not intended as a functional
description of the input and output signals. Refer to other functional descriptions and their related dragrams for device operation.
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HD63450 Series

H INTRODUCTION

The main purpose of a direct memory access (DMA) controller is
to perform memory-to-memory, device-to-memory, and memory-
to-device data transfers at high speed. The DMAC is required in
any system including the device for data input/output like a
floppy disk, a hard disk. a display terminal etc..

Figure § illustrates a typical system configuration using the
DMAC. In this figure, the DMAC transfers blocks of data
between the HDC and memory in a quick and efficient manner.
Memory-to-memory data transfer is also provided by using data
registers in the DMAC. Both 8-bit and 16-bit 1/0 devices are
supportable. 8-/16-/32-bit data can be accessed in the DMA data
transfer.

B OPERATION MODES
The HD63450 DMAC operates through the MPU’s writing
operation into the internal control registers, then the DMAC will
be in one of three operating modes:
1) MPU mode
This is the state that the DMAC is chip-selected by another
bus master in the system (MPU etc.), or that it is asserting
the vector number during the interrupt acknowledge cycle.
2) DMA mode
This is the state that the DMAC is acting as a bus master to
perform an operand transfer. The DMA bus cycle refers to
the bus cycle that is executed by the DMAC in the DMA
mode.
3) IDLE mode
This is the state that the DMAC is reset by an external
device. The DMAC is waiting for an access by MPU or an
operand transfer request from a peripheral. Many of the bus
contro! signals are three-stated.

HD68000 MPU
A D
Py
cs Address A——
Decoder [N
CS
A1 ~A7 < >
2 HD63484
As/Do~ 15373
Az3/Dis Latch — 6348
UAS
HD63450 ;?640
DMAC >
: directional K=o
DBEN Buffer
DBEN LS245
——_—-'\V Bi-
DDIR directional < »
Buffer
REQo _
ACKo 1 i
7 7
A D
Memory

Figure 9 Typical System Configuration
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HD63450 Series

 SIGNAL DESCRIPTION

In this data sheet, the state of the signals is described with
“active/inactive” or “assert/negate”.

Figure 10 illustrates the input and output signals. Each function
is described in the following.

Vee(2)  CLK
Ag~Aza/
Do~Drs e RE Q0
A|~A7<|_'_='|> f———==ACKo
fr———a= PCio
[
A —d
(DS f——REQ:
[V — |———ACK:
/W e PCL.
DTACK =]
BR le———REQ:
BG HD63450 —— ATK:
BEATK ~a———man DMAC f——= FCL;
TR0 ————] ——REGs
JACK == ACKs
je————=PCL3
OWN =
HIBYTE ="
DBEN
DDIR ~—] |o———a- DONE
BECo ———
BEC, —
BEC: — et BT
FC o mmmmme]
[T —
T |
Vss(2)

Figure 10 Input and Output Signals

® Address/Data Bus (As/Do through A23/Dis)
Input/QOutput Three-statable

These lines are time multiplexed for address and data bus. The
lines DDIR, DBEN, UAS and OWN are used to control the
demultiplexing of the data and address lines externally.
Demultiplexing is explained in the later section. The bi-
directional data bus is used to transfer data between DMAC,
MPU, memory and 1/0 devices.

Address lines are outputs to address memory and I/O devices.

@ Address Bus (A1 through A7)
Input/Output Three-statable

In the MPU mode, the DMAC internal registers are accessed
with these lines and IDS, UDS. The address map for these
registers is shown in Table 1. During a DM A bus cycle, A;-A, are
outputs containing the low order address bits of the location
being accessed.

e Function Code (FCo through FC2)
Output Three-statable

These output signals provide the function codes during DMA
bus cycles. They are three-stated except in the DMA bus cycles.
They are used to control the HD68000 memories.

@ Clock (CLK)
Input ]
This is the input clock to the HD63450, and should never be

terminated at any time. This clock can be different from the
MPU clock since HD63450 operates completely asynchronously.

#Chip Select (CS)
Input
This input signal is used to chip select the DMAC in “MPU"
mode. If the CS input is asserted during a bus cycle which is
generated by the DMAC, the DMAC internally terminates the bus
cycle and signals an address error. This function protects the
DMAC from accessing its own register.

® Address Strobe (AS)
Input/Qutput

Three-statable

In the “MPU mode”, this line is an input indicating valid
address input, and during the DMA bus cycle it is an output
indicating valid address output from the DMAC on the address
bus.

The DMAC monitors these input lines during bus arbitration to
determine the completion of the bus cycle by the MPU or other
bus masters.

@ Upper Address Strobe (UAS)
Output

Three-statable

This line is an output to latch the upper address lines on the
multiplexed data/address lines. It is three-stated except in the
“DMA mode”.

e Own (OWN)
Qutput Three-statable

This line is asserted by the DMAC during DMA mode, and is
used to control the output of the address line latch. This line may
also be used to control the direction of bi-directional buffers
when loads on AS, LDS, UDS, R/W and other signals exceed the
drive capability. It is three-stated in the “MPU mode” and the
“IDLE mode”.

@ Data Direction (DDIR)
Output Three-statable

This line controls the direction of data through the bi-di-
rectional buffer which is used to demultiplex the data/address
lines. It is three-stated during the “IDLE mode”.

e Data Bus Enable (DBEN)

Output Three-statable I

This line controls the output enable line of bi-directional
buffers on the multiplexed data/address lines. It is three-stated
during the “IDLE mode”.

e High Byte (HIBYTE)
QOutput

Three-statable

This line is used when the operand size is byte in the single
addressing mode. It is asserted when data is present on the upper
eight bits of the data bus. It is used to control the output of
bidirectional buffers which connects the upper eight bits of the
data bus with the lower eight bits. It is three-stated during the
“MPU mode” and the “IDLE mode”.
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@ Read/Write (R/W)
Input/Output

Three-statable J

This line is an input during the “MPU mode” and an output
during the “DMA mode”. It is three-stated during the “IDLE
mode”, It is used to control the direction of data flow.

#® Upper Data Strobe (UDS), Lower Data Strobe (LDS)
Input/Output Three-statable

These lines are extensions of the address lines indicating which
byte or bytes of data of the addressed word are being addressed.
These lines combined corresponds to address line A, in table 1.

®Data Transfer Acknowledge (DTACK)
Input/Output Three-statable J

In the “MPU mode”, this line is an output indicating the
completion of Read/Write bus cycle by the MPU.

In the “DMA mode”, the DMAC monitors this line to determine
when a data transfer has completed. In the event that a bus
exception is requested, except for HALT, prior to or concurrent
with DTACK, the DTACK response is ignored and the bus
exception is honored. In the “IDLE mode”, this signal is three-
stated.

@ Bus Exception Controls (BECo through BEC2)
Input

These lines provide an encoded signal input indicating an
exceptional condition in the DMA bus cycle. See bus exception
section for details.
®Bus Request (BR)

Output I

This output line is used to request ownership of the bus by the
DMAC.

¢Bus Grant (BG)
Input ’

This line is used to indicate to the DMAC that it is to be the
next bus master. The DMAC cannot assume bus ownership until
both AS and BGACK become inactive. Once the DMAC acquires
the bus, it dose not continue to monitor the BG input.

®Bus Grant Acknowledge (BGACK)
Three-statable T

Bus Grant Acknowledge (BGACK) is a bi-directional control
line. As an output, it is generated by the DMAC to indicate that
it is the bus master.

As an input, BGACK is monitored by the DMAC, in limited
rate auto-request mode, to determine whether or not the current
bus master is a DMA device or not. BGACK is also monitored
during bus arbitration in order to assume bus ownership.

Input/Qutput

@ Interrupt Request (IRQ)
Output Open drain ]
This line is used to request an interrupt to the MPU.

o Interrupt Acknowledge (TACK)

l Input l

This line is an input to the DMAC indicating that the current
bus cycle is an interrupt acknowledge cycle by the MPU. The

DMAC responds the interrupt vector of the channel with the
highest priority requesting an interrupt. There are two kinds of
the interrupt vectors for each channel: normal (NIV) or error
(EIV). TACK is not serviced if the DMAC has not generated IRQ.

@ Channel Request (REQo through REQ3)
Input

These lines are the DMA transfer request inputs from the
peripheral devices.

These lines are falling edge sensitive inputs when the request
mode is cycle steal. They are low-level sensitive when the request
mode is burst.

o Channel Acknowledge (ACKo through ACKs)
Output

‘These lines indicate to the I/0 device requesting a transfer that
the request is acknowledged and the transfer is to be performed.
These lines may be used as a part of the enable circuit for bus
interface to the peripheral.

® Peripheral Control Line (PCLo through PCL3)
Input/Output Three-statable

The four lines (PCL,~PCL;) are multi-purpose lines which
may be individually programmed to be a START output, an
Enable Clock input, a READY input, an ABORT input, a
STATLUS input, or an INTERRUPT input.

REQx, ACKj;, and PCL; are provided for each channel.

®Done (DONE)
Input/Output

Open Drain

As an output, this line is asserted concurrently with the ACK,
timing to indicate the last data transfer to the peripheral device,
As an input, it allows the peripheral device to request a normal
termination of the DMA transfer.

@ Device Transfer Complete (DTC)

Output Three-statable

This line is asserted when the DMA bus cycle has terminated
normally with no exceptions. It may be used to supply the data
latch timing to the peripheral device. In this case, data is valid at
the falling edge of DTC.
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Wl INTERNAL ORGANIZATION

The DMAC has four independent DMA channels. Each channel
has its own set of channel registers. These registers define and
control the activity of the DMAC in processing a channel
operation.
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Figure 11 Internal Registers

® Register Organization

The internal register addresses are represented in Table 1.
Address space not used within the address map is reserved for
future expansion. A read from an unused location in the map
results in a normal bus cycle with all ones for data. A write to
one of these locations results in a normal bus cycle but no write
oceurs.

Unused bits of the defined registers in Table 1 are read as zeros.

Table 1 Internal Register Addressing Assignments

o Device Control Register (DCR)

The DCR is a device oriented control register. The XRM bits
specify whether the channe! is in burst or cycle steal request
mode. The DTYP bits define what type of device is on the
channel. If the DTYP bits are programmed to be a HMCS86300
device, the PCL definition is ignored and the PCL line is an
Enable clock input. If the DTYP bits are programmed to be a
device with READY, the PCL definition is ignored and the PCL
line is a READY input. The DPS bit defines the port size (eight
or sixteen bits) of the peripheral device. (A port size is the largest
data which the peripheral device can transfer during a DMA bus
cycle.) The PCL bits define the function of the PCL line. If the
DTYP bits are programmed to be HMCS6800 device, or Device
with ACK and READY, these definitions are ignored. The XRM
bits are ignored if an auto-request mode (REQG=00 or 01 in
Operation Control Register) is selected.

7 6 5 4 3 2 1 0
XRM pTYP Iopsj oi PCL J

XRM (EXTERNAL REQUEST MODE)
00 Burst Transfer Mode
01 (undefined, reserved)
10  Cycle Steal Mode without Hold
11 Cycle Steal Mode with Hold

DTYP (DEVICE TYPE)

00 HD68000 compatible device, explicitly addressed
(dual addressing mode)

01 HD6800 compatible device, explicitly addressed
(dual addressing mode)

10 Device with ACK, implicitly addressed
(single addressing mode)

11  Device with ACK and READY, implicitly addressed
(single addressing mode)

DPS (DEVICE PORT SIZE)
0 8 bit port
1 16 bit port

T PCL (PERIPHERAL CONTROL LINE)
Register 7 ngr:sg gntls o | Mode 00 Status Input

Channel Status Register cc000000 |R/W* 01 Status Input with Interrupt
Channel Error Register cc000001 |R 10 1/8 Start Pulse
Device Control Register cc000100 |R/W 11 Abort Input
Operation Control Register ¢cc000101 |R/W .
Sequence Control Register cc000110 |R/W Bit 2 Not Used
Channel Control Register cc000111 |R/W ® Operation Control Register (OCR)
Memory Transfer Counter ¢c00101b|R/W The OCR is an operation control register. The DIR bit defines the
Memory Address Register cc0011ss |R/W direction of the transfer. The BTD bit defines the execution of
Device Address Register cc0101ss |R/W the multi-block transfer with DONE. The SIZE bits define the
Base Transfer Counter ¢cc01101b |R/W size of the operand. The CHAIN bits define the type of the
Base Address Register ccO11llss |R/W CHAIN mode. The REQG bits define how requests for transfers
Normal interrupt Vector ccl00101 |R/W are generated.
Error interrupt Vector ccl100111 |R/W
Channel Priority Register ccl101101 |R/W 7 6 5 a 3 2 1 0
Memory Function Codes ccl101001 |R/W
Device Function Codes cc110001 R/W ‘ DIR l 8TD I SIZE l CHAIN l REQG l
Base Function Codes ccl111001 ! R/W
General Control Register 11111111 [R/W
- o o DIR (DIRECTION)

00-Channel #0 00-High-order 0-High-order 0 Transfer from memory to device

01-Channet 1 01-Upper middle 1.Low-order (transfer from MAR address to DAR address)

10-Channel #2 10-Lower middie 1 Transfer from device to memory

11-Channel #3 11-Low-order (transfer from DAR address to MAR address)

*see Channel Status Register section in page 17
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BTD (MULTI BLOCK TRANSFER WITH DONE MODE)
0  Terminates channel operation after the current DMA
bus cycle completion
1 Restarts next block transfer after the current DMA bus
cycle completion
See Page 1006 Note 2 for details

SIZE (OPERAND SIZE)
00 Byte (8 bits)
01  Word (16 bits)
10 Long Word (32 bits)
11 Byte Transfer without Packing
(Port size: 8 bits)

CHAIN (CHAINING OPERATION)
00 Chain operation is disabled
01  (undefined, reserved)
10 Array Chaining
11 Linked Array Chaining

REQG (DMA REQUEST GENERATION METHOD)
00  Auto-request at transfer rate limited by General Control
Register (Limited Rate Auto-Request)
01  Auto-request at maximum rate
10 REQ line requests an operand transfer
11 Auto-request the first operand, external request for
subsequent operands

See Page 1006 Note 2 for details

® Sequence Control Register (SCR)
The SCR is used to define the sequencing of memory and device
addresses.

7 6 5 4 3 2 1 0
TO!D‘O{O!MAC

e |

(START OPERATION)
No operation is pending
Start operation

(CONTINUE OPERATION)
No continuation is pending
Continue operation

(HALT OPERATION)
Operation not halted
Operation halted

(SOFTWARE ABORT)
Channel operation not aborted
Abort channel operation

(INTERRUPT ENABLE)
No interrupts enabled
Interrupts enabled

Bits 2, 1, 0 Not Used

® Channel Status Register (CSR)
The CSR is a register containing the status of the channel.

7

1 o

i coc l 8TC rNDT { ERR ] ACT l DIT l PCT l PCS |

(CHANNEL OPERATION COMPLETE)
Channel operation incomplete
Channel operation complete

(BLOCK TRANSFER COMPLETE)
Block transfer incompiete

1 Block transfer complete
MAC (MEMORY ADDRESS COUNT) }
00 Memory address register does not count NDT “}IORMAL DEVICE TERMINATION)
01 Memory address register counts up 0 No normal device termination by DONE input
10 Memory address register counts down 1 Device terminated operation normally by DONE input
11 (undefined, reserved)
ERR (ERROR BIT)
DAC (DEVICE ADDRESS COUNT) 0 Noerors
00 Device address register does not count 1 Error as coded in CER
01 Device address register counts up
10 Device address register counts down ACT (CHANNEL ACTIVE)
11 (undefined, reserved) 0 Channel not active
1 Channel active
Bits 7, 6, 5. 4 Not Used [
DIT (DONE INPUT TRANSITION)
@ Channe! Control Register (CCR) 0  No DONE input transition occurred
The CCR is used to start or terminate the operation of a channel. 1 DONE input transition occurred when BTD bit is set
This register also determines if an interrupt request is to be
generated. Setting the STR bit causes immediate activation of BCT (PCL TRANSITION)
the channel: the channel will be ready to accept request 0 No PCL transition occurred
immediately. The STR and CNT bits of the register cannot be 1 PCL transition occurred
reset by a write to the register. The SAB bit is used to terminate
the operation forcedly. Setting the SAB bit will reset STR and PCS (THE STATE OF THE PCL INPUT LINE)
CNT. Setting the HLT bit will halt the channel operation, and 0 m“L‘?W".
clearing the HLT bit will resume the operation. Setting start bit 1 PCL “High’
must be done by byte access. Otherwise, timing error occurs.
7 6 5 4 3 2 1 0
[STﬂCNTlHLTISABI lNTL 0 1 0 l 0 J
GO HITACHI
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@ Channel Error Register (CER)

The CER is an error condition status register. The ERR bit of
CSR indicates if there is an error or not. Bits 0-4 indicate what
type of error has occurred.

7 6 5 4 3 2 1 0
l 0 l 0 l OI ERROR CODE

Error Code
00000 No error
00001 Configuration error
00010 Operation timing error
00101 Address error in MAR
00110 Address error in DAR
00111 Address error in BAR
01001 Bus error in MAR
01010 Bus error in DAR
01011 Bus error in BAR
01101 Count error in MTC
01111 Count error in BTC
10000  External abort
10001 Software abort

Bits 7, 6, 5 Not Used

® Channel Priority Register (CPR)

The CPR is used to define the priority level of the channel.
Priority level 0 is the highest and priority level 3 is the lowest
priority.

G To e [olo o o |

CP (CHANNEL PRIORITY)
00 Priority level 0
01 Priority level 1
10 Priority level 2
11 Priority level 3

Bit 7 through 2 Not Used

® General Control Register (GCR)

The GCR is used to define what portion of the bus cycles is
available to the DMAC for limited rate auto-request generation.
GCR is also used to specify the hold time for cycle steal mode
with hold.

6 5 4 3 2 1
l 0 | ¢ l 0 I 0 ‘ BT BR
BT (BURST TIME)

The number of DMA clock cycles per burst that the DMAC
allows in the auto-request at a limited rate of transfer is
controlled by these two bits. The number is 2874 (two to the BT
+4 power).

©oBT Clock Cycle

00 16 Clocks

01 32 Clocks

10 i 64 Clocks
1 128 Clocks |

BR (BANDWIDTH RATIO)

The amount of the bandwidth utilized by the auto-request at a
limited rate transfer is controlled by these two bits. The ratio is
2R+ (two to the BR+1 power).

" BR Bandwidth Ratio
00 50.00%
o1 | 25.00%
10 12.509%
11 6.25%

The hold time for cycle steal mode with hold is defined to be
minimum of 1 sample interval and maximum of 2 sample
intervals. A sample interval is defined to be 2®7+B*+% (two to the
BT+ BR+5 power) clock cycles.

Bit 7 through 4 Not Used

@ Address Registers (MAR, DAR, BAR)

Three 32-bit registers are utilized to implement the Memory
Address Register, Device Address Register, and the Base Address
Register. Only the least significant twenty-four bits are con-
nected to the address output pins. The content of the MAR is
outputted when the memory is accessed in single or dual ad-
dressing mode. The content of the DAR is outputted when the
peripheral device is accessed. The contents of the BAR is
outputted when reading chain information from memory in the
Array Chaining Mode or the Linked Array Chaining Mode. It is
also used to set the top address of the next block transfer in
Continue mode.

o Function Code Registers (MFC, DFC, BFC)

The DMAC has three function code register per channel: the
Memory Function Code Register (MFC), Device Function Code
Register (DFC), and the Base Function Code Register (BFC). The
contents of these registers are outputted from FC, through FC,
lines when an address is outputted from MAR. DAR, or BAR,
respectively. The BFC is also used to set the MFC for the
transfer of the next data block in the Continue mode.

6 5 4 3 2 1 0
o To o] oo [reefrei]ro0]

Bit 3 through 7 Not Used

®Transfer Count Registers (MTC, BTC)

Each channel has two 16-bit counters: the Memory Transfer
Counter (MTC) and the Base Transfer Counter (BTC). The MTC
counts the number of transfer words in one block, and is de-
creased by one for every operand transfer.

The BTC is used to count the number of data blocks in the Array
Chaining Mode. BTC is also used to set the number of operands
to transfer for the next data block in the Continue Mode.

The specifiable number is up to “2'%-1".

@ Interrupt Vector Registers (NIV, EIV)

Each channel has a Normal Interrupt Vector register and an
Error Interrupt Vector register.

When an interrupt acknowledge cycle occurs, an interrupt vector
is outputted from one of those registers. If the error bit (CSR) is
set for the channel with interrupt pending, then content of EIV is
outputted, otherwise content of NIV is outputted.
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B OPERATION DESCRIPTION

A DMAC channel operation proceeds in three principal phases.
During the initialization phase, the MPU sets the channel control
registers, supplies the initial address and the number of transfer
words, and starts the channel. During the tranfer phase. the
DMAC accepts requests for data operand transfers, and provides
addressing and bus controls for the trasnfers. The termination
phase occurs after the operation is completed.

This section describes DMAC operations. A description of the
MPU/DMAC communication is given first. Next, the transfer
phase is covered, including how the DMAC recognizes requests
and how the DMAC arranges for data transfer. Following this,

section.

WREAD/WRITE OF THE DMAC REGISTERS BY MPU
The MPU reads and writes the DMAC internal registers and
controls the DMA transfer.

Figure 12 indicates the timing diagram when the MPU reads the
contents of the DMAC register. The MPU outputs A,-A;;, FCo-
FC., AS, R/W, UDS, and LDS, and accesses the DMAC internal
register. The specific internal register is selected by A;-A,, LDS
and UDS. The CS and TACK lines are generated by the external
circuit with A,;-A;; and FC,-FC,. The DMAC outputs data on the
data bus, together with DDIR, DBEN and DTACK. The DDIR
and DBEN control the bi-directional buffer on the bus and the

the initialization phase is described. The termination phase is
covered, introducing chaining, error signaling, and bus excep-
tions. A description of the channel priority scheme rounds out the

DTACK indicates that the data has been sent or received by the
DMAC. Read Cycle is eighteen CLKs.

27 282930 313233343536

—
1
1

Ag/Do~ Az3/D1s

XDo~XD1s
(External system data bus)

DTACK ..

Figure 12 MPU Read from DMAC-Word
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CLK
12 3 4 58678 -2223 24 25 26 27 2829 30
A1~ Az3 i

Ag/Do~A23/D1s - m
XDo~XD1s @—-"‘ » _«
{External System Data Bus) b
DTACK . w [

Figure 13 MPU Write to DMAC-Word

Figure 13 shows the MPU write cycle. Write cycle is fifteen (5) During the MPU write cycle, the DMAC will latch the data

CLKs. before asserting DTACK. Then it will negate DBEN and
DDIR in the proper order.
Note the following points. (6) After the MPU cycle and the LDS and the UDS are negated

by the MPU, the DMAC will put DBEN, DDIR and the
(1) The clock reference shown in this figure is the DMAC input address data lines to a high impedance state.
clock. (7) DTACK will once go “High” and then to a high impedance
(2) The DDIR and the DBEN are three-stated at the beginning state after negating LDS and UDS.
which detects CS and the ending of the cycle.

(3) During the MPU read cycle, the DTACK is asserted after the
data is valid on the system bus.

(4) During the MPU write cycle, the DDIR line will be driven
low to direct the data buffers toward to DMAC before the
buffers are enabled.

WBUS ARBITRATION

The followings are the description of the bus arbitration. The
DMAC must obtain the ownership of the bus in order to transfer
data. Figure 14 indicates the DMAC bus arbitration timing. It is
completely compatible with that of HD68000 MPU. The DMAC
asserts the Bus Grant (BG) to request the bus mastership. The

!

,o_——

CLK
min 2 clocks
REG 1.6 ~3.5 clocks *
BR 2-35 c|ockg -
(68000 outg\i) R

OWN —
BGACK 0 clock ~ TMPU Cycle
MPU Cycl
BUS Cycle e 4555 clocks AEY
TR — DMA Cycle cle
max 12.5 clocks+ 1MPU Cycle
DTC 4+

Figure 14 DMAC Bus Arbitration Timing
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MPU recognizes the request and asserts BG, then it grants the
ownership in the next bus cycle. After the end of the current cycle
(AS is negated), the MPU relinquishes the bus to the DMAC. The
DMAC asserts the bus grant acknowledge (BGACK) to indicate
that it has the bus ownership. A half clock before BGACK is
asserted, the DMAC asserts OWN. OWN is kept asserted for a
half clock after BGACK is negated at the end of the DMA cycle.
BR is negated one clock after BGACK is asserted.

HDEVICE/DMAC COMMUNICATION

Communication between peripheral devices and the DMAC is
accomodated by five signal lines. Each channel has REQ, ACK
and PCL, and the last two lines, the DONE and DTC lines, are
shared among the four channels.

® Request (REQ)
The peripheral devices assert REQ to request data transfers. See
the “Requests” section for details.

® Acknowledge (ACK)

This line is used to implicitly address the device which is
transferring the data (This device is not selected by address
lines). It is also asserted when the content of DAR is outputted
during memory-to-memory transfer except for the auto-request
mode at a limited rate or at the maximum rate.

@ Peripheral Control Line (PCL)
The function of this line is quite flexible and is determined by the
DCR (Device Control Register)

The DTYP bits of the DCR define what type of device is on the
channel. If the DTYP bits are programmed to be a HMCS6800
device, the PCL difinition is ignord and the PCL line is an Enable
clock (E clock) input. If the DTYP bits are programmed to be a
device with READY, the PCL definition is ignored and the PCL
line is a ready input.

(1) PCL as a Status Input

The PCL line may be programmed as a status input. The status
level of this line can be determined by the PCS bit in the CSR,
regardless of the PCL function determined by the DCR. If a
negative transition occurs and remains stable for a minimum of
two clocks, the PCT bit of the CSR is set. This PCT bit is cleared
by resetting the DMAC or writing “1” to the PCT bit.

(2) PCL as an Interrupt

The PCL line may be programmed to generate an interrupt on a
negative transition. This enables an interrupt which is requested
if the PCT bit of the CSR is set. When using this function, it is
necessary to reset the PCT bit in the CSR before the PCL bit in
the DCR is set to interrupt, in order to avoid assertion of IRQ line
at this time.

(3) PCL as a 1/8 Starting Pulse

The PCL line may be programmed to output a 1/8 starting pulse.
This active low starting pulse is outputted when a channel is
activated, and is “Low" for a period of four clock cycles.

(4) PCL as an Abort Input

The PCL line may be programmed to be a negative transition
abort input which terminates an operation by setting the external
abort error in CER. It is necessary to reset the PCT bit in the
CSR before activating the channel (Setting the ACT bit of CCR)
so that the channel operation is not immediately aborted.

(5) 'PCL as an Enable Clock (E Clock) Input

If the DTYP bits are programmed to be a HMCS6800 device, the
PCL definition is ignored and the PCL line is an Enable Clock
input. The Enable clock downtime must be as long as five clock
cycles, and must be high for a minimum of three DMAC clock

cycles, but need not be synchronous with the DMAC's clock.

(6) PCL as a READY Input

If the DTYP bits are programmed to be a device with READY,
the PCL definition is ignored and the PCL line is a READY input.
The READY is an active low input.

® DONE (DONE)

This line is an active low Input/Output signal with an open drain.
It is asserted when the memory transfer count is exhausted in a
single block transfer. In the chaining operation, DONE is as-
serted only at the last transfer to the peripheral device of the last
data block. In the continue mode, DONE is asserted for each data
block. It is asserted and negated in coincident with the ACK line
for the last data transfer to the peripheral device. It is also
outputted in coincident with the ACK line of the last bus cycle, in
which the address is outputted from the DAR, in the memory-to-
memory transfer (dual addressing mode) that uses the ACK line.

The DMAC also monitors the state of the DONE line during the
DMA bus cycle. If the device asserts DONE during ACK active,
the DMAC will terminate the operation after the transfer of the
current operand. If DONE is asserted on the first byte of 2-byte
operation or the first word of long word operation, the DMAC
does not terminate the operation before the whole operand
transfer is completed. If DONE is asserted, then the DMAC
terminates the operation by clearing the ACT bit of the CSR, and
setting the COC and NDT bits of the CSR. If both the DMAC and
the device assert DONE, the device termination is not recognized,
but the channel operation does terminate. DONE is outputted
again for the retry exceptions bus cycles.

The case that the multi-block transfer with DONE mode is set is
described later.

@ Data Transfer Complete (DTC)

DTC is an active low signal which is asserted when the actual
data transfer is accomplished. It is also asserted in the bus cycle
which read a chain information from memory in the Chaining
mode. However, if exceptions are generated and the DMA bus
cycle terminates, DTC is not asserted. DTC is asserted one half
clock before LDS and UDS are negated, and negated one half
clock after LDS and UDS are negated.

WREQUESTS

Requests may be externally generated by circuitry in the
peripheral device, or internally generated by the auto-request
mechanism. The REQG bits of the OCR determine these modes.
The DMAC also supports an operation in which the DMAC auto-
requests the first transfer and then waits for the peripheral
device to request the following transfers.

® Auto-request Transfers

The auto-request mechanism provides generation of requests
within the DMAC. These requests can be generated at either of
two rates : maximum-rate and limited-rate. In the former case,
the channel always has a request pending.

The limited rate auto-request functions by monitoring the bus
utilization.

(1) Limited-rate Auto-request

TIME — ‘

Previous | Current Next ‘
Sample Interval | Sample Interval Sample Interval |
| LRAR |

| Interval !
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In the limited-rate auto-request, the DMAC devides time into
equal length sample intervals by counting clock cycles. The end
of one sample interval makes the beginning of the next. During a
sample interval, the DMAC monitors, by means of BGACK pin,
the system bus activity of the DMAC and other bus master
devices. At the end of the sample interval, decision is made
whether or not to perform the channel's data transfer during the
next sample interval. Namely. based on the activity of the DMAC
or other bus master devices during the current sample interval,
the DMAC allows limited-rate auto-requests for some initial
portion of the next sample interval.

The length of the sample interval, and the lenght of the limited-
rate auto-request generation period (the limited-rate auto-request
interval) are controlled by the BT and BR bits in the GCR. The
length in clock cycles of the limited-rate auto-request interval is
2BT+4 (2 raised to the BT +4 power). For example, if BT equals
2 and the DMA utilization of the bus was low during the previous
sample interval, then the DMAC generates the auto-request
transfers during the first 64 clock cycles.

The ratio of the length of the sample interval to the length of the
limited-rate auto-request interval is controlled by the BR bits.
The ratio of the system bus utilization of the MPU to other bus
master devices including the DMAC is 2®%? (2 raised to the BR
+1 power). If the fraction of DMA clock cycles during the
sample interval exceeds the programmed utilization level. the
DMAC will not allow limited-rate auto-requests during the next
sample interval.

For example, if BR equals 3, then at most one out of 16 clock
cycles during a sample interval can be used by the DMAC and
other bus master devices, and still the DMAC would allow

limited rate auto-request during the next sample interval.
Therefore, from the viewpoint of long period, the ratio of the
system bus utilization of the MPU to I/O devices including the
DMAC is about 16: 1. The sample interval length is not a direct
parameter, but it is equal to 28T*B%+% ¢lock cycles. Thus, the
sample interval can be programmed between 32 and 2048 clock
cycles.

The DMAC uses the BGACK to differentiate between the MPU
bus cycle and DMAC or other bus master devices. If BGACK is
active, then the DMAC assumes that the bus is used by a DMAC
or other bus master devices. If it is inactive, then the DMAC
assumes that it is used by the MPU.

(2) Maximum-rate Auto-request

If the REQG bits in the OCR indicate auto-request at the
maximum rate, the DMAC acquires the bus after the start bit is
set and keeps it until the data transfer is completed.

If a request is made by another channel of higher priority, the
DMAC services that channel and then resumes the auto-request
sequence. If two or more channels are set to equal priority level
and maximum rate auto-request, then the channels will rotate in
a “round robbin” fashion.

If the HMCS68000 compatible device is connected to a channel,
the ACK line is held inactive during an auto-request operation.
Consequently, any channel may be used for the memory-to-
memory transfer with the auto-request function in addition to the
operation of data transfer between memory and peripheral
device with using the REQ pin. Refer to Figure 15 for the timing
of the memory-to-memory transfer. In this mode, the ACK,
HIBYTE and DONE outputs are always inactive.

CLK

123 45 67 8 91011121314151617181920212223242526272829

FCo-FC2__ YT X

Av-Ar__ YT I

W
Xar—

Address Out

I

As/Do~ Data In  Address Qut Data Out Address Qut  Data in
8/Do
Az23/D1s m W
XDo~XD1s
UASTW_IT W7 W7
AS

7

7E

HIBYTE

DTACK m l" “ ﬂ’ “& a’

DTC \n lﬂ

W7

ACK
CLK
1 .2 3456 78 91011121314151617181920212223242526272829
Read One Word ! Write One Word ™ Read One Word t
From Memory to Memory From Memory

Figure 15 Memory-to-Memory Transfer Read-Write-Read Cycles
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Relinquish the bus

MPU cycle == |dle ——=f=>——DMC cycle ———+—MPU cycle—=t=DMA cycle==——1Idle

or ldle

Figure 16 Burst Mode Request Timing (Only one channel is active)

o External Requests

If the REQG bits of the OCR indicate that the REQ line generates
requests, the transfer requests are generated externally, The
request line associated with each channel allows the device to
externally generate requests for DMA transfers. When the device
wants an operand transferred, it makes a request by asserting the
request line. The external request mode is determined by the
XRM bits of the DCR, which allows both burst and cycle steal
request modes. The burst request mode allows a channel to
request the transfer of multiple operands using consecutive bus
cycles. The cycle steal request mode allows a channel to request
the transfer of a single operand. The followings are the
description of the burst and the cycle steal modes.

(1) Burst Request Recognition

In the burst request mode, the REQ line is an active low input.
The level sampled at the rising edge of the clock. Once the burst
request is asserted, it needs to be held low until the first DMA bus
cycle starts in order to insure at least one data transfer
operation. In order to stop the burst mode transfer after the
current bus cycle, the REQ line has to be negated one clock
before the DTC output clock of this cycle. Refer to Figure 16 or
the burst mode timing.

(2) Cycle Steal Request Recognition
In the cycle steal request mode, the peripheral device requests the

DMA transfer by generating an falling edge at the REQ line. The
REQ line needs to be held “low” for at least 2 clock cycles. In the
cycle steal mode, if the REQ line changes from “High” to “Low”
between ACK output and one clock before the clock that outputs
DTC. then the next DMA transfer is performed without
relinquishing the bus. If the bus is not relinquished, then
maximum of 5 idle clocks is inserted between bus cycles.

Refer to Figure 17 for the request timing of the cycle steal mode.
If the XRM bits specify cycle steal without hold, the DMAC will
relinquish the bus. If the XRM bits specify cycle steal with hold,
the DMAC will hold the bus and wait for the next REQ input for
at least 1 sample interval after the current bus cycle completion.
The allowable hold time is up to 2 sample intervals.

Figure 18 shows the request timing in the cycle steal bus hold. If
the REQ is inputted during the hold time, the ACK is outputted
after a maximum of 7.5 clock cycles from the picked-up clock.On
the cycle steal with hold mode, the DMAC will hold the bus even
when the transfer count is exhausted and the last data has been
transferred, If DMA transfer is requested from other channel
during this period, they are executed normally.

(3) Request Recognition in Dual-address Transfers
In a following section, dual-address transfers are defined. Dual
address transfer is an exception to the request recognition rules

CLK

l'Lﬂ.I'U'U'Lﬂ.FU'

GRS

T_\_._I piold the bus  EIDQUIST\__ ---___./

N—

—Cr—C  — —
_“_”_

REQ \_J \—J
B_ 5 clock:
BGACK R max. CIOCKS
BUS v
CYCLES =
ACK u
DT

L
e TUUL MANUUUTVUUUUY TUULrUuy

MPU cycle —e— idle —~——DMA cycle ———=t— MPU cycle ~t=——DMA cycle

or Idle

Figure 17 Cycle Steai Mode Request Timing
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CLK
MPU cycle —efo—|dle —=f= DMA cycle

l-the last cycle_-i-

Figure 18 Cycle Steal Bus Hold Mode Request Timing

in the previous paragraphs. In the cycle steal request mode, when
there are two or more transfers between the DMAC and the
peripheral device during one operand transfer, the request is not
recognized until the last transfer between the DMAC and the 1/
O device starts.

& Mixed Request Generation

A single channel can mix two request generation methods. By
programming the REQG bits of the OCR to “11". when the
channel is started, the DMAC auto-requests the first transfer.
Subsequent requests are then generated externally by the device.
The ACK and PCL lines perform their normal functions in this
operation.

WDATA TRANSFERS

ANl DMAC data transfers arec assumed to be between memory and
the peripheral device. The word “memory” means a 16-bit
HD68000 bus compatible device. By programming the DCR, the
characteristics of the peripheral device may be assigned. Each
channel can communicate using any of the following protocols.

Device Type

00 HD68000 compatible device
01  HD6800 compatible device
10 Device with ACK }S' le Addressi
11 Device with ACK and READY | VIng'¢ Addressing

} Dual Addressing

® Dual Addressing
HD68000 and HD6800 compatible devices may be explicity ad-
dressed. This means that before the peripheral transfers data,

a data register within the device must be addressed. Because the
address bus is used to address the peripheral, the data cannot be
directly transferred to/from the memory because the memory
also requires addressing. Instead, the data is transferred from the
source to the DMAC and held in an internal DMAC holding
register. A second bus transfer between the DMAC and the
destination is then required to complete the operation. Because
both the source and destination of the transfer are explicitey
addressed, this protocol is called dual addressing.

(1) HD680O0 Compatible Device Transfers

In this operation, when a request is received, the bus is obtained
and the transfer is completed using the protocol as shown in
Figures 19 and 20. Figures 21 through 24 show the transfer
timings. Figures 21 and 24 show the operation when the memory
is the source and the peripheral device is the destination. Figures
22 and 23 show the transfer in the opposite direction. The
peripheral device is a 16-bit device in Figures 21 and 22, and a 8-
bit device in Figures 23 and 24,

(2) HD6800 Compatible Device Transfers

When a channel is programmed to perform HD6800 compatible
transfers, the PCL line for that channel is defined as an Enable
clock input. The DMAC performs data transfers between itself
and the peripheral device using the HD6800 bus protocol, with the
ACK output providing the VMA (valid memory address) signal.
Figure 25 illustrates this protocol. Refer to Figure 26 for the read
cycle timing and Figure 27 for the write cycle timing. In Figure
26, the DMAC latches the data at the falling edge of clock 19, so0a
latch to hold the data is necessary as shown in the figure.
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DMAC HD68000 Device
Address Device

1) Set R/W to Read
2) Place Address on A1~Az3
3) Place Function Codes on FCo~FC>
4) Assert Address Strobe (AS3)
5) Assert Upper Data Strobe (UDS)
and Lower Data Strobe (LD3)
6) Assert Acknowledge (ACK)
[ S—
1) Decode address
2) Place Data on Do~Dis
3) Assert Data Transfer
Acknowledg? (DTACK)
Acguire' Data
1) Load Data into Holding Reg:
ister
2) Assert Device Transfer Com-
piete (DTC)
3) Negate UDS and LDS
4) Negate AS, KICKand DTC
Termingte Cycle
1} Remove Data from Do~D1s
2) Negate DTACK
e
Start Next Cycle
Figure 19 Word Read Cycle Flowchart HD68000 Type Device
DMAC HD68000 Device
Address Device
1) Place Address on Aj~A23
2) Place Function Codes on FCo~FC2
3) Assert Address Strobe (AS)
4) Set R/W to write
5) Place Data on Do~D:s
6) Assert Acknowledge (ACK)
7) Assert Upper Data Strobe (UDS)
and Lower Data Strobe (LDS)
: '
Accept Data
1) Decode Address
2) Store Data on Do~Dis
3) Assert Data Transfer
Acknowledg? (DTACK)
Terminate Ouzgut Transfer
1) Assert Device Transfer Com-
plete (DTT)
2) Negate UDS and [DS
3) Negate AS, ACK and DTC
4) Remove Data from Do~Dis
5) SetR/Wto R‘ead

Termingte Cylce
1) Negate EIAFK

Start Ne;t Cycle

Figure 20 Word Write Cycle Flowchart HD68000 Type Device
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Figure 21 Dual Addressing Mode, Read/Write Cycle,
Destination=16-bit Device, Word Operand
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Figure 22 Dual Addressing Mode, Read/Write Cycle,
Source=16-bit Device, Word Operand
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Figure 23 Dual Addressing Mode, Read/Write Cycle,
Source=8-bit Device, Word Operand
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1)
2)

3

)

2)
3

<

DMAC (MASTER)

Initiate Cycle
Start a normal Read or Write
Cycle
Monitor Enable until it is low
Assert Ackn?wledge (ACK)

HD6800 Device

Transfe?r Data
1) Wait until Enable is active
2) Transfer the Data
R}

Terminate‘iycle
The master waits until Enable
goes low. (On a Read cycle the
data is latched as clock goes
low when DTC is asserted.)
Assert Device Transfer Com-
plete (DTC)
Negate AS, UDS, LDS, ACK
and DTC

Start Next Cycle

Figure 25 HD680O0 Cycle Flowchart
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Figure 26 Dual Addressing Mode, HD6800 Compatible Device,
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Figure 27 Dual Addressing Mode, HD6800 Compatible Device,

Write Cycle

(3) An Example of a Dual Address Transfer
This scetion contains an example of a dual address transfer using
Table 2 of Dual-Address Sequencing. The transfer mode of this
example is the following.

1. Device Port size=8 bits

2. Operand size=Long Word (32 bits)

3. Memory to Device Transfer

4. Source (Memory) Counts up, Destination (Device) Counts

Down

In this mode, a data transfer from the source (memory) is done
according to the 6th row of Table 2, since the port size of the
memory is always 16 bits. A data transfer to the destination

(device) is done according to the 3rd row of Table 2. Table 3
shows the data transfer sequence.

The port size in Table 2 is not related to the DPS bit of the DCR.
The DPS defines the port size of the device only. The DPS is set
to “0” in this example as the device port size is 8 bits,

The memory map of this example is shown in Table 4. The
operand consists of BYTE A through BYTE D in memory of
Table 4. Prior to the transfer, MAR and DAR are set to 00000012
and 00000108 respectively. The operand is transferred to the 8-bit
port device according to the order of transfer number in Table 3.

Table 2 Dual-Address Sequencing

T

T
A | t
Row No. Port Size Operand Size Operaqd (\ Operand Part Addresses ddress Incremen
' Part Size + | = [ -
1 8 T BYTE BYTE A +2 0 | -2
2 8 | WORD BYTE [ A A+2 L +4 10 -4
' BYTE | A A+2 A+4, A+ ! | I -8
LONG T | TR 0
PACK (BYTE I |
BYTE . or WORD)"* A +P ‘ 0 -P
5 ' 16 WORD WORD | A 42 0 -2
1 I A, i
\ WORD A A+2 +4 !
& \ . _
® \ 16 LONG o | e l N o | -a
*Numbers in Table 2 correspond to ones in Tables 3 and 4.
* »Refer to Address Sequencing on Operand Part Size and PACK
G HITACHI
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Table 3 An Example of a Data Transfer for One Operand
SRC: Source (Memory), DST Destination (Device), HR: Holding Register (DMAC Internal Reg.)

Transfer Address Data Size  DMAC Registers after Transfer
No. ] Data Transfer 1 Output on Bus VAR T DAR Comment
0 \ - i - ! - 00000012 ! 00000108 Initial Register Setting
L . SRC.HR | 00000012 WORD | 00000014 ' 00000108 | Higher order 16 bits of operand is
3 : *1 J 2 : I fetched.
2 HR —DST 00000108 ‘ BYTE 00000014 0000010A
| 1 '3 ‘ 4 | Higher order 16 bits of operand is
N " transferred.
3 | nR psT  0000010A [ BYTE ~* 00000014 | 0000010C
_{ i 5 4 10
4 | SRO-HR 0000001,46 | WORD, °°°°°°}§ 0000010C | | ;yver order 16 bits of operand is fetched.
L. L :
5 | HR —-DST ‘ 000001097 BYTE " 00000016 Q0000010E . .
S | ] : Lower order 16 bits of operand is
transferred.
6 | HR —psT | O0000010E | BYTE 00000016 - 00000110 | tran
i . 8 *4 10
d ; — _ . _ MAR, DAR are pointing the next operand
6 ) | 1 00000016 00000110 " addresses when the transfer is complete.

Mcde: Port size=8, operand size=tLong Word, Memory to Device, Source (Memory) Counts Up, Destination (Device) Counts Dawn

Table 4 Memory Map for the Example of the Data Transfer

ADDRESS ADDRESS ADDRESS
00000010 00000011 00000106 00000107
00000012 BYTE A BYTE B 00000013 00000108 BYTE A 00000109
*1 *1 *3
00000014 BYTEC BYTE D 00000015 0000010A BYTE B 00000108
*6 *6 *5
00000016 00000017 0000010C BYTE C 0000010D
*7
0000010E BYTE D 0000010F
Source {(Memory) *8
00000110 00000111

@ Single Addressing Mode

Implicitly addressed devices are peripheral devices selected not
by address but by ACK. They do not require addressing of data
register during data transfer. Transfers between memory and
these devices are controlled by the request/acknowledge pro-
tocol. Such peripherals require only one bus cycle to transfer
data, and the DMAC internal holding register is not used.
Because only the memory is addressed during a data transfer and
a transfer is done in only one bus cycle, this protocol is called
single-addressing.

(1) Device with ACK Transfers

Under this protocol, the communication between peripheral
device and the DMAC is performed with a two signal REQ/ACK
handshake. When a request is generated using the request
method programmed in the DMAC’s internal control registers,
the DMAC obtains the bus and responds with ACK. The DMAC
asserts all the bus control signals required for the memory
access. Refer to Figure 28 for the flowchart of the data transfer
from memory to the device with ACK. Figure 29 shows the
flowchart of the data transfer from the device with ACK to
memory. Receiving the transfer request, the DMAC obtains the
bus. Then the DMAC outputs the memory address and asserts

Destination (Device)

ACK to inform the /O device that the transfer request has been
acknowledged. When the DMAC accepts DTACK from memory,
it asserts DTC and informs the peripheral device of the transfer
termination,

Figures 30 and 31 show the transfer timings of the device with
ACK : the port size for the former figure is 8-bit and the latter is
16-bit respectively.

When the transfer is from memory to a device, data is valid when
DTACK is asserted and remains valid until the data strobes are
negated. The assertion of DTC from the DMAC may be used to
latch the data as data strobes are not negated half clock period
after the assertion of DTC.

When the transfer is from device to memory, data must be valid on
the HD68000 bus before the DMAC asserts the data
strobes. The data strobes are asserted one clock period after
ACK is asserted. When the DMAC obtains the bus and starts a
DMA cycle, the three-state of the OWN line is cancelled a half
clock earlier than other control lines. If the DMA Cycle ter-
minates and the DMAC relinquishes the bus, all the control
signals get three-stated a half clock before OWN. The DDIR and
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DBEN lines are not asserted in the single addressing mode. Four-
clock cycle is the smallest bus cycle for the transfer from
memory to device, Five-clock cycle is the smallest bus cycle for
the transfer from device to memory. If the device port size is
8bits, either LDS or UDS is asserted. In the single addressing

mode, Ag/Dy~A,3/D; are outputted for only one and a half clock
from the beginning of the DMA bus cycle. Therefore, As/Ds
through A;;/D;;s need to be latched externally just like in the dual
addressing mode.

DMAC
Address Memory

1) Set R/W to Read
2) Place Address on Aj~A23
3) Place Function Codes on FCo~FC2
4) Assert Address Strobe (AS)
5) Assert Upper Data Strobe (UDS) and

Lower Data Strobe (LDS)
6) Assert Acknowledge (ACK)

Memory ACK Device

1)
3)

Presezt Data
Decode Address
Place Data on Do~D1s
Assert Data Transfer Acknowledge
(BTACK) |

Acguir!z Data
1) LoadIData

Termina'te Transfer
1) Assert Device Transfer Complete (DTC)
2) Negate UDS and DS
3) Negate AS, FC'.Kand DTC

D

Myc_le
Negatjl) TACK

4
Start Next Cycle

Figure 28 Word from Memory to Device with ACK

DMAC
Address Memory
1) Place Address on A1~A23
2) Place Function Codes on FCo~FC2
3) Assert Address Strobe (AS)
4) Set R/W to Write
5) Assert Acknowl&ige (ACK)

Memory ACK Device

Presest Bata
1) Place DataJon Do~D1s

]
Enable Data
1) Assert Upper Data Strobe (UDS) and
Lower Data Strobe (LDS)
L

Acceg'! Data

1) Decode address
2) Load Data
3) Assert Data Transfer Acknowledge
(DTACK) ]
Termma’te Transfer
1) Assert Device Transfer Complete
©
2) Negate UDS and LDS
3) Negate AS, PTCKand DTC
Termin'ate Cycle
1) Negatﬁ DTACK

Start Ktext Cycle

Figure 29 Word from Device with ACK to Memory
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Figure 30 Single Addressing Mode with 8-Bit Devices as
Source and Destination (Read-Write Cycles)
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Figue 31 Single Addressing Mode with 16-bit Devices as
Source and Destination (Read-Write Cycles)
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(2) Device with ACK and READY Transfers

Under this protocol, the communication between peripheral
device and the DMAC is performed using a three signal REQ/
ACK/ handshake. The READY input to the DMAC is
provided by the PCL line. The READY line is active low. When
a request is generated using the request method programmed in
the control registers, the DMAC obtains the bus and asserts ACK
to notify the device that the transfer is to take place. The DMAC
waits for READY ( input), which is a response from the
device, in addition to DTACK which is a response from memory.

When the DMAC accepts both signals, it terminates the transfer.
Refer to Figures 34 and 35 for the flowcharts of the data transfer
between memory and the device with ACK and READY. Refer to
Figure 36 for the transfer timing of the 8-bit device. When the
data transfer is from memory to a device, data is valid from the
assertion of DTACK to the negation of LDS and UDS. DTC is
asserted a half clock before LDS and UDS are negated, so this
line may be used for latching the data by the peripheral device.
In this case, READY (PCL input) indicates that the device has
received the data. Both DTACK and READY (PCL input) signals
are needed for terminating the DMA cycle.

When the data transfer is from the device to memory, data must
be valid on the bus before the DMAC asserts LDS and UDS.

Therefore, READY (PCL input) is used as the signal to indicate
that the peripheral device has outputted the data on the bus.
When the DMAC detects PCL (READY input), then it asserts
IDS and UDS. After asserting LDS and UDS, the DMAC
terminates the cycle when DTACK signal from the memory is
detected.

As mentioned above, the 1/0 device and the DMAC communicate
each other through three handshake signals in Figure 32.

REQ
ACK
READY

DMAC 1/0

Figure 32 Device with ACK and READY,
and DMAC transfer protocol

Figure 33 shows the timing of transfers between the memory and
the device with ACK and READY. The detail is as Follows.

123456 WWWW7 8|1

CLK
g

2 34 WWWWG5 6 78 WW 910

\|\_|

i
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- — ——
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SPVER-ER Y SEE———

SSN N

DTACK ——— _\
iy 2 a3 Ly 2
READY—/ \—’—¢—/
sre— D W
ACKo _—\
Aek—

\

Read cycle, channel 0

Write cycle, channel 1

*Channel 0 and 1 are connected to the device with ACK and READY whose port size is 8 bits

Figure 33 Device with ACK and READY Mode Timing
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(i ) Data transfer from the memory to the /0O device
(read cycle)

The DMAC samples both DTACK and READY signals at the
rising edge of CLK 5 (Figure 33 D).

Until both signals are asserted, the DMAC repeats wait cycles
and samples those signals at each rising edge of the clock : the
DMAC does not proceed to CLK 7 and 8 (Figure 33 @).

When both DTACK and READY signals are asserted (Figure 33
3), the DMAC proceeds to CLK 7 and 8, asserts DTC at the
rising edge of CLK 7 (Figure 33 @), and terminates the bus cycle.
The bus cycle is 4-clock long when there is no wait cycles.

(ii) Data transfer from the /O device to the memory
(write cycle)

The DMAC samples READY signal at the rising edge of CLK 3
(Figure 33 (D). Until READY signal is asserted, the DMAC
repeats wait cycles and samples the signal at each rising edge of
the clock : the DMAC does not proceed to CLK 5 and 6 (Figure
33@)

When READY signal is asserted (Figure 33 @), the DMAC
proceeds to CLK 5~8, and asserts DS at the falling edge of CLK
5 (Figure 33 ®).

Table 5 indicates the combinations of port size and operand size
of the peripheral devices supported by the DMAC in the single
and dual addressing modes. In the single addressing mode, port
size and operand size must be the same. In the dual addressing
mode, byte operand cannot be used when the port size is sixteen
and the REQG bit is 10 or 11.

DMAC
Address Memory
1) Set R/W to Read
2) Place Address on A1~Az3
3) Place Function Codes on FCo~FC2

4) Assert Address Strobe (AS)
5) Assert Upper Data Strobe (UDS) and
Lower Data Strobe (LDS)

6) Assert Acknowledge (ACK)
L

Memory

ACK and READY Device

(DTACK)

Presex\t Data
1) Decode Address
2) Place Data on Do~Dis
3) Assert Data Transfer Acknowledge

Acguirg Data
1} Load Data
2) Assert !;'{EADY

Terminat’e Transfer
1) Assert Device Transfer Complete (DTC)
2) Negate UDS and LDS
3) Negate AS, KC—KTand pTC

Y
Terminate Cycle
1) Negate IDTACK

Start I\Ygx_( Cycle

Figure 34 Word from Memory to Device with ACK and READY
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DMAC Memory ACK and READY Device
Address Memory
1) Piace Address on A1~Az3
2) Place Function Codes on FCo~FC:
3) Assert Address Strobe (AS)
4) Set R/W to Write
5) Assert Acknowlledge (ACK)

Er_egn't’DaLa
1) Place Data on Do~Dis
2) Assest READY

E@ﬁ!&egﬂg

1) Assert Upper Data Strobe (UDS) and
Lower Data Str?be (LDS)

Agc_egt' Data
1) Decode address
2) Load Data
3) Assert Data Transfer Acknowledge

(DTACK) |

Terminate Transfer
1) Assert Device Transfer Complete (DTC)
2) Negate UDS and LDS
3) Negate AS, KCIT and DTC

Termlnggg(gpLg
1) Negate DTACK
H

Start K(ext Cycle

Figure 35 Word from Device with ACK and READY to Memory

CLK
12 34 5 6 7 8 91011 1213141516 171819 202122 232425 262728
FCo- FC2 X T
N I
{External Syslerr)\(g:;aXBDu‘:) w w_
TAS W 7 0

i

R/ i J\\)

OWN Low
DOIR High
DBEN oo
RIBYTE Tiah T

CLK
.

123 45 6 7 8 9 1011121314 1516 17 18 1920 21 22 23 24 252627128
———af——— Memory to Device ————=f—————— Device to Memory =
Channel 0 Channel 1

Figure 36 Single Addressing Mode with 8-bit Device as Source and
Destination with PCL Used as a READY tnput (Read-Write Cycles)
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Table 5 Operation Combinations

Operand
Addressi Device T Port REQG bits of OCR

ressing evice Type o Byte i Word Long Word Q

Dual 68000, 6800 8 ) : o) 0 00, 01, 10, 11

Dual 68000, 6800 16 0 o o) 00, 01

Dual 68000, 6800 16 X ) o) 10, 11

Singl with ACK or 8 0 X X 00, 01, 10, 11
ingle ACK & READY 16 X ) X 00, 01, 10, 11

O : supported X : not supported

00: Auto request at a limited rate
REQG 01: Auto request at a maximum rate
10: REQ line requests the operand transfer
11: First operand is auto requested, and subsequent operands
are externally requested.

©® Address Sequencing

The sequence of addresses generated depends upon the port size.
whether the addresses are to count up, dewn or not change and
whether the transfer is executed in the single addressing mode or
the dual addressing mode. The memory address count method
and the peripheral device address count method is programmed
using the Memory address count (MAC) bit and the Device
address count (DAC) bit in the Sequence Control Register (SCR).

part is the minimum of the port size and the operand size.
The number of the operand part is the operand size divided
by the port size.

In the dual addressing mode, memory is regarded as a
device whose port size is 16 bits and the operand size is a
byte or a word. When the operand is transferred to the
memory from the I/0 device whose port size is 8 bits and
the operand size is byte, the DMAC reads 2-byte operand

(i) Single addressing mode one byte at a time from the 1/0 device and writes 2 bytes

In the single addressing mode, memory address sequencing
is shown in Table 6. If the operand size is byte, the memory
address increment is one (1). If the operand size is word,
the memory address increment is two (2). If the memory
address register does not count, the memory address is
unchanged after the transfer.

(it} Dual addressing mode

In the dual addressing mode, the operand size need not
match the port size. Thus the transfer of an operand may
require several DMA bus cycles. Each DMA bus cycle,
between memory and DMAC and between DMAC and the
device, is called the operand part and transfers a portion
or all of the operand. The addresses of the operand parts
are in a linear increasing sequence. The step between the
addresses of the operand is two. The size of the operand

at the same time to the memory, or reads one byte from
the 1/0 device and writes one byte to the memory. Thus,
when the port size is 8 bits and the operand size is byte,
two-operand transfer which is performed at the same time
is called PACK. Utilizing the PACK, the DMAC may
improve the DMA bus efficiency. However, packing is not
performed if the address does not count. When the port
size is 8 bits and the operand size is byte (port size : § bits,
without PACK) with the DMAC in the dual addressing
mode, the DMAC repeats the following cycles :
@ READ BYTE (reads data from the I/O device or the
memory)
@ WRITE BYTE (writes data to the 1/O device or the
memory)
Table 7 shows the dual addressing sequencing

Table 6 Single Address Sequencing

. : Memory Address Increment
Port Size Operand Size -
+{increment) ={(unchanged) ‘ —(decrement)
8 Byte +1 ; 0 X -1
16 Word +2 | 0 | -2
Table 7 Dual Address Sequencing
T T
. . ) i Operand Part | Address Increment
Port Size Operand Size Part Size . Address ‘ " — —
8 Byte Byte A +2 0 -2
8 Word Byte A A+2 i +4 0 -4
8 Long Byte . AA+2A+4 A+6 | +8 0 -8
16 Byte Pack i A +P o] -P
16 Word Word A +2 0 -2
16 ! Long Word | A A+2 +4 0 -4
P =1 if packing is not done Pack =byte if packing 15 not done
=2 if packing is done =word if packing is done
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WINITIATION AND CONTROL OF CHANNEL OPERATION

® Operation Initiation

To initiate the operation of a channel, the STR bit of the CCR is
set to start the operation. Setting the STR bit causes the
immediate activation of the channel, the channel will be ready to
accept requests immediately. The channel initiates the operation
by resetting the STR bit and setting the channel active bit in the
CSR. Any pending requests are cleared, and the channel is then
ready to receive requests for the new operation. If the channel is
configured for an illegal operation, the configuration error is
signaled, and no channel operation is run. The illegal operations
include the selection of any of the options marked “(undefined,
reserved)”. If the MTC is set to zero in any mode other than the
chaining mode, or BTC is set to zero in the array chaining mode,
then the count error is signaled and the channel is not activated.
The channel cannot be started if any of the ACT, COC, BTC,
NDT or ERR bit is set in the CSR. In this case, the channel
signals the operation timing error.

@ Operation Continuation (Continue Mode)

When the STR bit or the ACT bit in the CSR is set, setting the
CNT (Continue) bit in the CCR allows multiple blocks to be
transferred as in the chaining modes. The CNT bit is set in order
to continue the current channel operation. To set the CNT bit,
the initial address of the next block to be transferred, the
corresponding function code, and the number of words to be
transferred must be previously set to the BAR, BFC and BTC. If
the CNT bit is set when either the STR or the ACT bit is not set,
the operation timing error is signaled. The configuration error is
signaled when the CNT bit is set in the chaining modes.

® Operation Halting (Halt)

The CCR has a halt bit which allows suspension of the operation
of the channel. If this bit is set, a request may still be generated
and recognized, but the DMAC does not attempt to acquire the
bus or to make transfers for the halted channel. When this bit is
reset, the channel resumes operation and services any request
that may have been received while the channel was halted.
However, in the burst request mode, the transfer request should
be kept asserted until the initiation of the first transfer after
clearing the halt bit.

@ Operation Abort by Software (Software Abort)

Setting the software abort bit (SAB) in the CCR allows the
current operation of the channel to be aborted. In this case, the
ERR bit and the COC bit in the CSR are set and the ACT bit is
reset. The error code for the software abort is set in the CER.
The SAB bit is designed to be reset if the ERR bit is reset. When
the CCR is read, the SAB always reads as zero(0).

HECHANNEL OPERATION TERMINATION

As part of the transfer of an operand, the DMAC decrements the
memory transfer counter(MTC). If the chaining mode is not used
and the CNT bit is not set or the last block is transferred in the
chaining mode, the operation of the channel is complete when the
last operand transfer is completed and the MTC is zero. The
DMAC notifies the peripheral device of the channel completion
via the DONE output.

However, in the continue mode, DONE is outputted at the
termination of every data block transfer. When the channel
operation has been completed, the ACT bit of the CSR is cleared,
and the COC bit of the CSR is set.

The occurrence of errors, such as the bus error, during the DMA
bus cycle also terminates the channel operation. In this case, the
ACT bit in the CSR is cleared, the ERR and the COC bits are set,
and at the same time the code corresponding to the error that
occurred is set in the CER.

® Channel Status Register (CSR)

The channel status register contains the status of the channel at
the channel operation termination. The register is cleared by
writing a one (1) into each bit of the register to be cleared.

coc

The channel operation complete (COC) bit is set if the channel
operation has completed. The COC bit must be cleared in order
to start another channel operation. The COC bit is cleared only
by writing a one to this bit or resetting the DMAC.

PCS

The peripheral status (PCS) bit reflects the level of the PCL line
regardless of its programmed function. If PCL is at “High” level,
the PCS bit reads as one. If PCL is at “Low” level, the PCS bit
reads as zero. The PCS bit is unaffected by writing to the CSR.

PCT

The peripheral control transition (PCT) bit is set, if a falling edge
transition has occurred on the PCL line. (The PCL line must
remain at “low” level for at least two clock cycles.) The PCT bit
is cleared by writing a one to this bit or resetting the DMAC.

BTC

Block transfer complete (BTC) bit is set when the continue
(CNT) bit of CCR is set and the memory transfer counter (MTC)
is exhausted. The BTC bit must be cleared before the another
continuation is attempted (namely, setting the CNT bit again),
otherwise an operation timing error occurs. The BTC bit is
cleared by writing a one to this bit or resetting the DMAC.

NDT

Normal device termination (NDT) bit is set when the peripheral
device terminates the channel operation by asserting the DONE
line while the peripheral device was being acknowledged. The
NDT bit is cleared by writing a one to this bit or resetting the
DMAC.

ERR

Error (ERR) bit is set if any errors have been signaled, When the
ERR bit is set, the code corresponding to the kind of the error
that occured is set in the CER. The ERR bit is clered by writing
a one to this bit or resetting the DMAC.

ACT

The active (ACT) bit is asserted after the STR bit has been set
and the channel operation has started. This bit remains set until
the channel operation is terminated. The ACT bit is unaffected
by write operations, This bit is cleared by the termination of the
channel or resetting the DMAC.

DIT

Done input transition (DIT) bit is set if the DONE input is
generated while the multiple block transfer mode with DONE is
being set. The DIT bit is cleared by writing a one to this bit or
resetting the DMAC.
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@ Interrupts
The DMAC can signal the termination of the channel operation
by generating an interrupt request. The interrupt request is
generated by the following condition.
@ INT=1
and
@ COC=1or BTC=1 or ERR=1 or NDT=1 or PCT=1
(the PCL line is an interrupt input)
This may be represented as
IRQ=INT + (COC+BTC+ERR+NDT+PCT")
(*PCL line is programmed as an interrupt input.)

When the TRQ line is asserted, changing the INT bit from one to
zero to one will cause the IRQ output to change from “low” to
“high” to “low" again. The TRQ should be negated by clearing the
COC, the BTC, the ERR, the NDT and the PCT bits.

If the DMAC receives TACK from the MPU during asserting the
TRQ, the DMAC provides an interrupt vector. If multiple channels

have interrupt requests, the determination of which channel
presents its interrupt vector is made using the same priority
scheme defined for the channel operations.

The bus cycle in which the DMAC provides the interrupt vector
when receiving an IACK from the MPU is called the interrupt
acknowledge cycle. The interrupt vector returned to the MPU
comes from either the nomal or the error interrupt vector
register. The normal interrupt register is used unless the ERR bit
of CSR is set, in which case the error interrupt vector register is
used. The content of the interrupt vector register is placed on A,/
Do~ A.s/Ds, and DTACK is asserted to indicate that the vector is
on the data bus. If a reset occurs, all interrupt vector registers are
set to (00001111),, the value of the uninitialized interrupt vector
of the HD68000 MPU. The timing of the interrupt acknowledge
cycle is shown in Figure 36. The HD68000 MPU outputs the
interrupt level into A-A; and “1” into A.-A, during the interrupt
acknowledge cycle, but the HD63450 DMAC ignores these
signals.
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Figure 37 MPU TACK Cycle to DMAC

® Multiple Data Block Transfer Operation

When the memory transfer counter {(MTC) is exhausted, the
channel operation still continues if the channel is set to the array
chaining mode or the linked array chaining mode, and the chain
is not exhausted. The channel operation also continues if the
continue bit (CNT) of the CCR is set. The DMAC provides the
initjalization of the memory address register and the memory
transfer counter in these cases so that the DMAC can transfer the
muitiple blocks.

Continued Operation
The continued operation is described in the Initiation and the
Control of the Channel Operation section.

Array Chaining

This type of chaining uses an array in memory consisting of
memory addresses and transfer counts. Each entry in the array is
six bytes long and, consists of four bytes of address followed by
two bytes of transfer count. The beginning address of this array
is in the base address register, and the number of entries in the
array is in the base transfer counter. Before starting any block
transfers, the DMAC fetches the entry currently pointed to by the
base address register. The address information is placed in the
memory address register, and the count information is placed in
the memory transfer counter. As each chaining entry is fetched,
the base transfer counter is decremented by one. After the
chaining entry is fetched, the base address register is incremented
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Array table —

HD63450
DMAC
HD68000
MPU MAR *

DAR |peripheral device address

» BAR| top address of the table

MTC *

[~ number of blocks
BTC being transfered

*to be loaded from the array tabie

Note : The number of data blocks being
transferred in this example is 3.

) memory
Bit 15 Bit
/\"
- top address of
the table ~+Imemory address A{H)
memory address A(L)
transfer count A
memory address B{H)
memory address B(L)
transfer count B
memory address C{H)
memory address C(L)
transfer count C
L —
/—\_4
_memory
address C 7
block C transfer
count C
¢>< memory
address A transfer
block A count A
memory
address B |
transfer
block B count B
N
/—\_—
peripheral "~
device
address  —|  peripheral device
or
memory
/—\_4

Figure 38 Transfer Example of the Array Chaining Mode

to point the next entry. When the base transfer counter reaches
a terminal count of zero, the chain is exhausted, and the entry
just fetched determines the last block of the channel operation

An example of the array chaining mode operation and the
memory format for supporting for array chaining is shown in
Figure 38. The array must start at an even address, or the entry
fetch results in an address error. If a terminal count is loaded into
the memory transfer counter or the base transfer counter, the
count error is signaled.

tinked Array Chaining

This type of chaining uses a list in memory consisting of memory
address, transfer counts, and link addresses. Each entry in the
chain list is ten bytes long, and consists of four bytes of memory
address, two bytes of transfer count and four bytes of link
address. The address of the first entry in the list is in the base
address register, and the base transfer counter is unused. Before
starting any block transfers, the DMAC fetches the entry
currently pointed to by the base address register. The address
information is placed in the memory address register, the count
information is placed in the memory transfer counter, and the
link address replaces the current contents of the base address
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register. The channel then begins a new block transfer. As each DMAC.

chaining entry is fetched, the update base address register is

examined for the terminal link which has all 32 bits equal to zero. The linked array table must start at an even address in the linked

When the new base address is the terminal address, the chain is array chaining mode. Starting the table at an odd address results

exhausted, and the entry just fetched determines the last block of in an address error. If “0” is initially loaded to the MTC, the

the channel operation. count error is signaled. Because the MPU can read all of the
DMAC registers, all necessary error recovery information is

An example of the linked array chaining mode operation and the available to the operating system.

memory format for supporting it is shown is Figure 39. The comparison of both chaining modes is shown in Table 8.

In Figure 39, the DMAC transfers data blocks in the order of

Table 8 Chaining M i
Block A, Block B, and Block C. In the linked array chaining aining Mode Address/Count Information

mode, the BTC is not used. When the DMAC refers to the linked Chaining Mode Base Address Base Transfer Completed
array table, the value of the BFC is outputted as the function ; Register Counter When
code. The values of the function code registers are unchanged by } number of data
X I . ddress of the . Base Transfer

the linked array chaining operation. Array Chaining | @ . blocks being

| array table transferred Count=0
This type of chaining allows entries to be easily removed or iaddress i
inserted without having to reorganize data within the chain. Linked Array :Iinked . ot the + used Linked
Since the end of the chain is indicated by a terminal link. the Chaining bl rray (ot used) Address=0
number of entries in the array need not be specified to the

memory
Bt 1§ Bit O
e ——

hnk

address X — | memory address B(H}

memory address Bil)
transfer count 8
link address Y{H)
link address YiL)

linked array table — gg:;rsss Y — | memory address C{H)
memory address C(L)
transfer count C
Al 0" terminator
“Al O terminator

top address of
the table —~|memory address A{H]
memory sddress A{L}
transier count A
[k address XiH)_|
Jink address X(L)

/q\_
HD68450
DMAC N —
memary
HD68000 address ¢ ™
MPU MAR] * block C :sn::eé
DAR [perioheral device sddress o
:> BAR | top address of the table
MTC *
N | s A
a transfer
block A count A
“10 be loaded from the hnked array table
mamory
address B |
biock B transfer
count B
L
pengheral
device
address -

penpheral device
or memory

Figure 39 Transfer Example of the Linked Array Chaining Mode
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Multi-Block Transfer with DONE Mode

The multi-block transfer with DONE mode is set by setting BTD
bit of the OCR. In this mode, data block transfer continues even
if the DONE signal is inputted during the DMA bus cycle. If
DONE is inputted during the DMA bus cycle when the multi-
block transfer is not performed, the DMAC resets ACT bit of the
CSR, sets NDT and COC bits, and terminates the DMA
operation.

‘When DONE is inputted from the 1/0 device during the DMA bus
cycle in which ACK is outputted, the DMAC terminates the
operand transfer and then the current block transfer. Then,
maintaining the bus. the DMAC sets DIT bit of the CSR and
reads the data block transfer information from the memory.
After that, the DMAC transfers the next block as required.

In the continue mode, if DONE is inputted from the 1/0 device
during the DMA bus cycle in which ACK is outputted, the DMAC
terminates the operand transfer and terminates the current block
transfer. Then the DMAC shifts the data in BAR, BFC and BTC
to MAR, MFC and MTC, waits for the transfer request, and
transfers the next block. If the value of BAR, BFC and BTC is
the same as that of MAR, MFC and MTC, the DMAC repeats
transferring the same block.

As stated above, the multi-block transfer with DONE mode
realizes termination (stops the current block transfer) and restart
-(starts transferring the next block) of the multi-block transfer in
the high-speed data transfer system without MPU interposition.

® Bus Exception Conditions

The DMAC has three lines for inputting bus exception conditions
called BEC,, BEC,, and BEC,. The priority encoder can be used
to generate these signals externally. These lines are encoded as
shown in Table 9.

Table 9 BEC Bus Exception Condition
BEG; |

Exception Condition

1 - No exception condition
0 | Halt

1 ' Bus error

0 | Retry

1 Relinquish bus and retry
0 (undefined, reserved)

1 (undefined, reserved)

0 Reset

OO0~

In order to guarantee reliable decoding, the DMAC verifies that
the incoming code has been stable for two DMAC clock cycles
before acting on it. The DMAC picks up BEC,-BEC, at the rising
edge of the clock. If BEC,-BEC, is asserted to the undefined code,
the operation of the DMAC does not proceed. For example, when
the DMAC is waiting for DTACK, inputting DTACK does not
result in the termination of the cycle if BEC,-BEC, is asserted to
the undefined code. In addition. when the transfer request is
received, BR is not output if the BEC,-BEC, is not set ta code
(111).

If exception condition, except for HALT, is inputted during the
DMA bus cycle prior to, or in coincidence with DTACK, the
DMAC terminates the current channel operation immediately.
Here coincident means meeting the same set up requirements for
the same sampling edge of the clock. BEC,~BEC, is ignored in
the current DMA bus cycle if it is input after DTACK. If a bus
exception condition exists, the DMAC does not generate any bus
cycles until it is removed. However, the DMAC still recognizes
requests.

Halt

The timing diagram of halt is shown in Figure 40. This diagram
shows halt being generated during a read cycle from the 68000
compatible device in the dual addressing mode. If the halt
exception is asserted during a DMA bus cycle, the DMAC does
not terminate the bus cycle immediately. The DMAC waits for
the assertion of DTACK before terminating the bus cycle so that
the bus cycle is completed normally. In the halted state, the
DMAC puts all the control signals to high impedance and
relinquishes the bus to the MPU. The DMAC does not output the
BR until halt exception is negated. When hait exception is
negated, the DMAC acquires the bus again and proceeds the
DMA operation. In order to insure a halt exception operation, the
BEC lines must be set to halt at least until the assertion of DTC.

If the halt is asserted when the DMAC has the bus but is not
executing any bus cycle, the DMAC relinquishes the bus as soon
as halt exception is-asserted.
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Figure 40 Halt Operation
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Bus Error

The bus error exception is generated by external circuitry to
indicate the current transfer cannot be successfully completed
and is to be aborted. As soon as the DMAC recognizes the bus
error exception, the DMAC immediately terminates the bus cycle
and proceeds to the error recovery cycle. In this cycle, the DMAC
adjusts the values of the MAR, the DAR, the MTC and the BTC
to the values when the bus error exception occurred. 24 clocks
are required for the error recovery cycle in the single addressing
mode and in the read cycle of the dual addressing mode. 28 clocks
are required in the write cycle of the dual addressing mode. If the
DMAC does not have any transfer request in the other channels
after the error recovery cycle, the DMAC relinquishes the bus.

The diagram of the bus error timing is shown in Figure 41.

thus will not honor any requests until it is removed. waever, the
DMAC still recognizes requests. The retry timing is shown in
Figure 42,

Relinquish and Retry (R &R)

The relinquish and retry exception causes the DMAC to
relinquish the bus and three-state all bus master controls and
when the exception is removed, rearbitrate for the bus to retry
the previous operation.

The diagram of the relinquish and retry timing is shown in
Figure 43.
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Figure 41 Bus Error Operation

Retry
The retry exception causes the DMAC to terminate the present
operation and retry that operation when retry is removed. and
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Figure 42 Retry Operation

Figure 43 Relinquish and Retry Operation

Reset

The reset provides a means of resetting and initializing the
DMAC. If the DMAC is bus master when the reset is asserted, the
DMAC relinquishes the bus. Reset clears GCR, DCR, OCR, SCR,
CCR, CSR. CPR, and CER for all channels. The NIV and the EIV
are all set to (OF),,, which is the uninitialized interrupt vector
number for the HD68000 MPU. MTC, MAR, DAR, BTC, BAR,
MFC, DFC, and BFC are not affected (see Table 10).

In order to insure a reset, BEC,~BEC, must be kept at “Low”
level for at least ten clocks.
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Table 10 The Value after Resetting

Register \ Value f Comments
MAR | XXXXXXXX |
DAR XXXXKXXXX
BAR XXXXXKXX |
MFC X
DFC X
BFC x
MTC XX XX
BTC X X X X
NIV 0 F | uninitialized vector
EIV 0 F | uninitialized vector
CPR 00
DCR ; 00
OCR 00
SCR | 00| -
CCR | 00 ’
CSR . 00o0r0 1 | depending on PCL
CER 00
GCR 00

X —indefinite value, or the value before resetting

® Error Conditions

When an error is signaled on a channel, all activity on that
channel is stopped. The ACT bit of the CSR is cleared, and the
COC bit is set. The ERR bit of the CSR is set, and the error code
is indicated in the CER. All pending operations are cleared, so
that both the STR and CNT bits of CCR are cleared.

Enumerated below are the error signals and their sources.

{a) Configuration Error—This error occurs if the STR bit is
set in the following cases.
(i) The CNT bit is set at the same time STR bit in the
chaining mode.
(i) DTYP specifies a single addressing mode, and the device
port size is not the same as the operand size.
(iiiy DTYP specifies a dual addressing mode, DPS is 16 bits,
SIZE is 8 bits and REQG is “10” or “11".
An undefined configuration is set in the registers. The
undefined configuraions are : XRM =01, MAC=11, DAC
=11, CHAIN =01, and SIZE=11.
When the port size is 8 bits. SIZE=11 is not an error in
the dual addressing mode.

{iv

(b) Operation Timing Error—An operation timing error
occurs in the following cases:

(i) When the CNT bit is set after the ACT bit has been set
by the DMAC in the chaining mode, or when the STR
and the ACT bits are not set.

(i) The STR bit is set when ACT, COC, BTC, NDT or ERR
is set.

(i) An attempt to write to the DCR, OCR, SCR, MAR, DAR.
MTC, MFC, or DFC is made when the STR bit or the
ACT bit is set.

(iv) An attempt to set the CNT bit is made when the BTC
and the ACT bits are set.

(c) Address Error—An address error occurs in the following
cases :

(i) An odd address is set for word or long word operands.
ity CS or IACK is asserted during the DMA bus cycle.

(d) Bus Error—Bus error occurs when a bus error exception is
signaled during a DMA bus cycle.

() Count Error—A count error occurs in the following cases :
(1) The STR bit is set when zero is set in the MTC and the
chaining mode is not used.
(i) The STR bit is set when zero is set in BTC for the array
chaining mode.
(iti} Zero is loaded from memory or the BTC to the MTC in
the chaining modes or the continue mode.

{(f) External Abort—External abort occurs if an abort is
asserted by the external circuitry when the PCL line is
configured as an abort input and the STR or the ACT bit
is set.

(g) Software Abort—Software abort occurs if the SAB bit is
set when the STR or the ACT bit is set.

Error Recovery Procedures

If an error occurs during a DMA transfer, appropriate infor-
mation is available to the operating system (OS) to allow a
software failure recovery operation. The operating system must
be able to determine how much data was transferred, where the
data was transferred to, and what type of error occurred.

The information available to the operating system consists of the
present value of the Memory Address, Device Address and Base
Address Register, the Memory Transfer and Base Transfer
Counters, the channel status register, the channel error register.
After the successful completion of any transfer, the memory and
device address registers point to the location of the next operand
to be transferred and the memory transfer counter contains the
number of operands yet to be transferred. If an error occurs
during a transfer, that transfer has not completed and the
registers contain the values they had before the transfer was
attempted. If the channel operation uses chaining, the Base
Address Register points to the next chain entry to be serviced.
unless the termination occurred while attempting to fetch an
entry in the chain. In that case, the Base Address Register points
to the entry being fetched. However, in the case of external
abort, there are cases in which the previous values are not
recovered.

Bus Exception Operating Flow

The bus exception operating flow in the case of multiple
exception conditions occurring continuously in sequence is shown
in Figure 44. Note that the DMAC can receive and execute the
next exception condition before completing the current exception
operation. For example, if the retry exception occurs, and next
the relinquish and retry exception occurs while the DMAC is
waiting for the retry condition to be cleared, the DMAC
relinquishes the bus and waits for the exception condition to be
cleared. If a bus error occurs during this period. the DMAC
executes the bus error exception operation.

The flow diagram of the normal operation without exception
operation or errors is shown in Figure 45.
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Figure 44 Bus Exception Flow Diagram
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Figure 45 Flow of Normal Operation Without Exception
or Error Condition
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MCHANNEL PRIORITIES

Each channel has a priority level, which is determined by the
contents of the Channel Priority Register (CPR). The priority of
a channel is set by writing one of values (00), through (11);, to
CPR, (00); being the highest priority level. When multiple
requests are pending at the DMAC, the channel with the highest
priority receives first service. The priority of a channel is
independent of the device protocol or the request mechanism for

that channel. If there are several requesting channels at the same
priority level, a round-robin resolution is used, that is the DMAC
does operand transfers in rotation starting form the channel of
the lowest address.

Resetting the DMAC sets the priority level of all channels to
“(00);”, the highest priority level.
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Figure 46 An Example of the Demultiplexed Address Data Bus
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@ APPLICATIONS directional buffer 74L5245. These signals are three-stated at
Examples of how to interface HD63450 to an HD68000 based active low, which requires pull-up resistors.
system are shown in Figures 46 and 47.

Figure 17 shows an example of inter-device connection in the
Figure 46 shows an example of how to demultiplex the address/ HD68000 system. REQ. ACK, PCL, DTC, and DONE are used to

data bus. OWN and UAS are used to control 74L.S373 for latching control /O devices.
the address. DBEN and DDIR are used to control the bi-
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The address bus and the system control bus in each device are omitted in this Figure

Figure 47 An Example of Inter-Device Connection in
the HD68000 System
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I NOTES FOR USING HD63450

{11 1/O device connection in HDB800 mode.

When the DMAC is reading data from the HD6800 type periph-
eral device, the data is to be latched not at the falling edge of E
clock but at that of CLK of DTC assertion. As shown in the figure
below, the 7415373 is externally required to keep this data on the
bus of the DMAC.

(2) External abort during the DONE input cycle

In case of /O device-to-Memory transfer under the dual ad-
dressing mode, the DONE input occurs during the read cycle of 1/
O device-to-DMAC registers.

The external abort (PCL is configured as an external abort
input.) will be ignored during the write cycle which subsequently
starts after the DMAC enters the DONE input cycle.

In this case, the registers CSR and CER indicate the normal
transfer termination informed by the DONE input. When PCT =
“17. ERR = “0", and NDT = “1” are set in CSR, an external
abort has occurred.

(3) Multiple errors in one channel

In case of the sequential multiple errors in one channel, the
DMAC indicates only the first one. The error code once set in
CER is reserved until the ERR bit is reset.

(4) Attention for mounting the DMAC
The thick wiring is recommended to be used to connect the Vs
pin of the DMAC to the ground of the circuit board.

When using a socket, note that the Vg pin should make a good
contact with the socket.
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Figure 48  An Exampte of Connection with HD680O type Peripheral Devices

(channel 2 and 3 are used)
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