HD68450
Direct Memory Access Controller (NMOS)

HD68450-4

HD68450-6

Microprocessor implemented systems are becoming increas- HD68450-8
ingly complex, particularly with the advent of high-performance HD68450-10

16-bit MPU devices with large memory addressing capability. In
order to maintain high throughput, large blocks of data must be
moved within these systems in a quick, efficient manner with
minimum intervention by the MPU itself.

The HD68450 Direct Memory Access Controller (DMAC)
is designed specifically to complement the performance and
architectural capabilities of the HD68000 MPU by providing the
following features:

HD68000 Bus Compatible ngggzgg&g
4 independent DMA Channels HD68450Y-8
Memory-to-Memory, Memory-to-Device, Device-to-Memory HD68450Y-10
Transfers

MMU Compatible

Array-Chained and Linked-Array-Chained Operations
On-Chip Registers that allow Complete Software Control by
the System MPU

Interface Lines for Requesting, Acknowledging, and
Incidental Control of the Peripheral Devices

Variable System Bus Bandwidth Utilization

Programmable Channel Prioritization

2 Vectored interrupts for each Channel (PGA-68)
Auto-Request and External-Request Transfer Modes
+5 Volt Operation

The DMAC functions by transfering a series of operands (data) —
between memory and peripheral device; operand sizes can L
be byte, word, or long word. A block is a sequence of opera- frrot Mg
tions; the number of operands in a block is determined by a Conmn mo
transfer count. A singlechannel operation may involve the T
transfer of several blocks of data between memory and device. o
Channel
7 o Conwel Rugeer
} One Per DMAC Imtarret Vector
[ 2
I t Vector 4 Set:
Type No. Bus Timing Packaging "";‘ : Ot Par
HD68450-4 4HMz DC-64 Priorin Regw: Channel)
HD68450-6 6HMz DC-64 | Function Cooms __
HD68450-8 8HMz DC-64 =
HD68450-10 10HMz DC-64 - b O
HD68450Y-4 4HMz PGA-68 ot ondhiid
HD68450Y-6 6HMz PGA-68 r ww:_“""‘"
HD68450Y-8 8HMz PGA-68 P Po——
HD68450Y-10 10HMz PGA-68
Buse Addrass Ragoter
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:': Function zl: Function :': Function :': Function
1 N/IC 18 PCL, 35 | A/Dy | 52 | BGACK
2 A/Ds | 19 | DTACK | 36 | Ap/Dg | 53 (DS
3 Au/D; | 20 UDS 37 | Ai/D; | 54 Vgs
4 A0y | 21 AS 38 | Ap/Dy | 55 Vee
5 Ag/Dg 22 RIW 39 Ag/Dy 56 | DONE
6 Az 23 N/C 40 Vss 57 1RQ
7 Ag 24 [ 4 Vee 58 | ACK,
8 As 25 CLK 42 Ay 59 BEC,
9 Az 26 JACK 43 Ay 60 BEC,
10 N/C 27 | ACK; | 44 BG 61 FCq
" BR 28 | ACK, | 45 OWN | 62 | Ay/Dys
12 UAS 29 BEC; 46 | HIBYTE | 63 | Au/Dyo
13 | DBEN | 30 FCyp 47 DDIR | 64 | A/Dg
14 REQ; | 3t FC, 48 | REQ, | 65 | A4Dg
15 REQ, 32 | Ayg/Dys | 49 PCL, 66 A
16 | REQp | 33 | Ax/Dyy | 50 PCL, | 67 DTC
17 PCL; 34 | Ay/Dyp | 51 N/IC 68 ACK;
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HD68450

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee* -03~+70 v
Input Voltage Vin® -0.3~+7.0 v
Operating Temperature Range Tapr 0~ +70 °c
Storage Temperature Trg -55 ~ +150 °c

* With respect to Vgg (SYSTEM GND}

INOTE} Permanent LS| damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions.
I these conditions are exceeded, it could affect refiability of LSI.

» RECOMMENDED OPERATING CONDITIONS

Item Symbol min typ | max Unit
Supply Voltage Vee® 475 ; 5.0 5.25 \
* 20 —
Input Voltage Vi 5 % Vee v
ViL -0.3 . - 0.8 \
Operating Temperature Topr 0 | 25 70 °c
* With respect to Vgg (SYSTEM GND)
s ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vo =5V $5%, Vgg =0V, Ta=0~ +70°C, unless otherwise noted.)
Item Symbol Test Condition min typ meax | Unit
Input “High” Voltage Vin 2.0 - Vee v
Input “"Low" Voltage Viu Vgs-0.3 - 0.8 A
T3, TACK, BG, CLK, '
Input Leakage Current BECo ~ BEC, fin - - 10 uA
REQ, ~ REQ;
A ~Aq, D¢~ DIS/_AL:sAﬁl
AS, UDS, DS, RW, UAS,
Three State (Off State) | DTACK, BGACK, OWN, DTC, | trs: - - o | A
P HIBYTE, DDIR, DBEN,
FCo ~FC,
Open Drain (Off State) | ==
Input Current IRQ, DONE loon - - 20 uA
A}~ A;, D ~Ds/Ag ~ Ags,
AS, UDS, LDS, R/W, UAS,
gt DTACK, BGACK, 8R, OWN, - _ -
Output “High" Voltage DTC, HIBYTE, DDIR, DBEN, Vou ton = -400 A 24 v
ACK, ~ ACK;, PCL, ~PCL;,
FCo ~FC;
A, ~ As, FCo ~ FC, Vou oL=3.2mA - - 0.5
Do ~ D15/As ~ Agy, AS, UDS,
o LDS, R/W,DTACK, BR,
utput “Low’ Voltage | OWN, DTC. HIBYTE, DDIR, VoL oL =5.3mA - - 05 v
DBEN, ACK, ~ ACK;, UAS,
PCL, ~PCL;, BGACK
IRQ, DONE Vou lgL =8.9mA - - 05
Power Dissipation Py fl': E ;’:.::é'vm =50Vvi  _ 14 20 | W
5 Vin =0V, -
Capacitance Cin Tan= 25°C, £= 1 MHz - 15 pF
G HITACHI
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HD68450

LOAD A LOAD B LOAD C
+5V +5V +5V

Test 5000 111k% 7100
Point
130pF
130pF 152074 W
or
I Equivalent
. Da_~ Dis/As ~ Ayy, AS, UDS. LD
IRQ. DONE R/W.DYACK, BR. OWN, DTC.

A, ~ A, FC, ~ FC;
Figure 1 Test Loads

W AC ELECTRICAL SPECIFICATIONS (Voe =5V +5%, Vgg =0V, Ta=0 ~ +70°C)

4MHz 6MHz 8MHz 10MHz
No. Itern Symbol HD68450 HD68450 HD68450 HD68450 Unit 9
min. | max. | min. { max. | min. | max. | min max.
Frequency of Operation f 2 4 2 [ 2 8 2 10 MHz
1 | Clock Period toye 250 [ 500 | 167 | 500 | 126 | 500 | 100 | 500 ns
2 | Clock Width Low oL 15 [ 250 | 75 [ 250 [ 55 | 250 | 45 | 250 ns
3 | Clock Width High tcH 15 | 250 | 75 [ 250 | 55 { 250 | 45 [ 250 ns
4 | Clock Fall Time [ — 10 — 10 — 10 — 10 ns
5 | Clock Rise Time 1Cr — 10 — 10 — 10 — 10 ns
6 | Asynchronous Input Setup Time tAS| 30 — 25 — 20 — 15 — ns
7 | Data in to DBEN Low IDIDBL 0 — 0 — 0 — 0 — ns
8 | DTACK Low to Data Invalid tDTLDI 0 — 0 — 0 — 0 — ns
9 | Address in to AS in Low tAIASL 0 — 0 — 0 — 0 — ns
10 | AS, DS in High to Address in Invalid tSIHAIV 0 — 0 0 — 0 — ns
"10A| DS in High to CS High tpsHcsH] — | 10 | — | 10 | — | 10 | — [ 10 |ck per.
11 | Clock High to DDIR Low tCHDRL — 90 — 80 70 — 60 ns
12 | Clock High to DDIR High ICHDRH | — 90 — 80 — 70 — 60 ns
713 | D8 in High to DDIR High Impedance \DSHDRZ| — | 60 | — | 140 | — | 120 | — | 10 | ns
14 | Clock Low to DBEN Low 1CLDBL — 90 — 80 — 70 — 54 ns
15 | Clock Low to DBEN High tCLDBH — 90 — 80 — 70 — 60 ns
716 | DS in High to DBEN High Impedance tpsHDBZ | — 160 | — 140 | — 120 | — 110 ns
17 | Clock High to Data Out Valid (MPU read) tCHDVM — 290 — 230 — 180 — 160 ns
18 | DS in High to Data Out nvalid IDSHDZn| © — 0 — [} — 0 — ns
19 [DSin High to Data High Impedance tDSHDZ — 160 — 140 — 120 — 10 ns
0 | Clock Low to DTACK Low tCLDTL — 90 — 80 — 70 — 60 ns
21 | B3 in High to DTACK High IDSHDTH| — | 60 | — | 136 | — | 110 | — | 10 | ns
22 | DTACK Width High IDTH 10 — 10 — 10 — 10 — ns
23 | D5 in High to DTACK High Impedance DSHDTZ | — | 220 — 200 | — 180 — 160 ns
24 | BTACK Low to DS in High IDTLDSH| © — [ — 0 — [ - ns
"25 | REQ Width Low REQL 20 | — | 20 | — | 20 | — | 20 | — |cik per.
"26 | REQ Low o BA Low tRELBRL | 500 — 334 — 250 — 200 | — ns
27 | Clock High to BR Low tCHBRL — 90 - 80 — 70 — 60 ns
28 | Clock High to BR High tCHBRH | — 90 — 80 — 70 — 60 ns
"29 | BG Low 1o BGACK Low 1BGLBL | 45 | — | 45 | — | 45 | — | 45 | — |ck per
730 | BR Low to MPU Cycle End (AS in High) WRIASH] © | — | 0 | — ] 0 | = ] 0 | = |
31 | MPU Cycle End (AS in High) to BGACK Low tasHBL | 45 | 55 | a5 | 55 [ 45 | 55 | 45 | 55 |ck per
32 | REQ Low to BGACK Low \REQLBL | 120 | — | 120 | — | 120 | — | 125 | — |ck per.
33 | Clock High to BGACK Low (CHBL — 90 — 80 — 70 — 60 ns
34 | Clock High to BGACK High 1CHBH — 90 — 80 — 70 — 60 ns
35 | Clock Low to BGACK High Impedance 1ICLBZ — 120 — 100 — 80 — 70 ns
36 | Clock High to FC Valid tCHECY — 140 — 120 — 100 — 90 ns
37 | Clock High to Address Valid tCHAV — |0 | — 1] —Two] — T1o ns
38 | Clock High to A /Data High Imp {CHAZX — |0l — T2 — Two] — 10 ns
39 | Clock High to Address/FC/Data Invalid 1CHAZN 0 — 0 — 0 — 0 — ns
40 | Clock High to Address High Impedance ICLAZ — 140 — 120 — 100 — 90 ns
41 | Clock High to UAS Low ICHUL — 90 — 80 — 70 — 60 ns
42 | Clock High to UAS High tCHUH — 90 — 80 — 70 — 60 ns
43 | Clock Low to UAS High impedance tcLUZ — 120 [ — 100 | — 80 — 70 ns
44 | UAS High to Address Invalid tUHA) 50 — 40 — 30 — 20 — ns
45 | Clock High to AS, DS Low 1CHSL — 80 — 70 — 60 — 55 ns
46 | Clock Low to DS Low (write) tCLDSL — 80 — 70 — 60 — 55 ns
47 | Clock Low to AS, DS High 1CLSH — 90 — 80 — [0 | — 60 ns
G HITACHI
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HD68450

4MHz 6MHz 8MHz 1OMHz
No Item Symbol HD68450 HD68450 HD68450 HD68450 Unit 2
min. | max. | min. | max. | min. | max. [ min. | max.
481 Clock Low to AS, DS High Impedance icLsz — 120 — 100 — 80 — 70 ns
49 | AS Width Low IASL 545 | — | 350 | — [255 | — [ 195 | — ns
50| D3 Width Low DSL 420 | — | 265 | — | 190 | — | 145 | — ns
51| AS, DS Width High 1SH 285 | — | 80 | — | 150 | — | 105 | — ns
52 | Address FC Valid to AS, DS Low tAVSL 50 — 40 — 30 — 20 — ns
53| AS, DS High to Address FC Data Invalid tSHAZ 50 — 40 — 30 — 20 — ns
54 | Clock High to R W Low tCHRL - 90 — 80 — 70 — 60 ns
55 | Clock High to R W High tCHRH — 90 — 80 — 70 — 60 ns
56 | Clock Low to R W High Impedance 1CLRZ — 120 — 100 — 80 — 70 ns
57 | Address FC Valid to R W Low tAVRL 100 — 40 — 20 — 10 — ns
R W Low to DS Low (write) 1RLSL 285 [ — 7o | — 120 | — 90 — ns
59 DS High to R W High (SHRH % | — | 50 | — | 4 | — | 20 | - ns
Clock Low 10 OWN Low 1CLOL — 90 — |80 | — 70 — 60 ns
61 | Clock Low to OWN High ICLOH — 90 — 80 — 70 — 60 ns
62 | Clock High to OWN High Impedance tCHOZ — 120 | — 00 [ — 80 — 70 ns
63 | OWN Low to BGACK Low 10LBL 50 — 40 — 30 — 20 — ns
64 | BGACK High to OWN High 1BHOH 50 | — | 9 | — |3 | — | 20 [ — ns
765 | OWN Low 10 UAS Low tOLUL 50 40 — 30 — 20 — ns
66 | Clock High to ACK Low tCHACL — 90 — 80 — 70 — 60 ns
67 | Clock Low to ACK Low ICLACL — 90 — 80 — 70 — | 660 ns
68 | Clock High to ACK High ICHACH | — 90 — 80 — 70 — 60 ns
_69] ACK Low to DS Low tACLDSL | 230 | — 140 — 100 — 80 — ns
70 { DS High to ACK High tDSHACH| 50 — 40 — 30 — 20 — ns
71 [ Clock High to HIBYTE Low ICHHIL — 90 — 80 — 70 — 60 ns
72| Clock Low to HIBYTE Low 1CLHIL - 90 — 80 — 70 — 60 ns
73 Clock High to RIBYTE High {CHHIH — 90 — 80 — 70 — 60 ns
74 | Clock Low to HIBYTE High Impedance {CLHIZ — 120 — 100 — 80 — 70 ns
75 | Clock High to DTC Low tCHDTL — 920 —_ 80 — 70 — 60 ns
76 | Clock High to DTC High ICHDTH | — 90 — 80 — 70 — 60 ns
77 | Clock Low to DTC High Impedance 1CLDTZ — 120 — 120 — 80 — 70 ns
78 | DTC Width Low tDTCL 230 | — {147 | — Jwos | — 80 — ns
79 | DTC Low to DS High tDTLDH 95 — 50 — 30 — 20 — ns
80 | Clock High to DONE Low {CHDOL — 90 - 80 — 70 — 60 ns
81| Clock Low to DONE Low 1CLDOL — 90 — 80 — 70 — 60 ns
82 | Clock High to DONE High tCHDOH | — 150 | — 140 [ — 130 | — 120 ns
83 | Clock Low to DDIR High Impedance tCLDRZ — 120 — 100 — 80 — 70 ns
84 | Clock Low to DBEN High Impedance tCLDBZ — 120 — 100 — 80 — 70 ns
"85 | DOIR Low to DBEN Low IDRLDBL | 50 - 40 — 30 — 20 - ns
"'86 | DBEN High to DDIR High IDBHDRH| 50 — 40 — |33 | - 20 — ns
87| DBEN Low 0 Address Data High Impedance 1DBLAZ — 17 — 17 — 17 — 17 ns
88 | Clock Low to PCL Low (1/8 clock) tCLPL - 90 — 80 — 70 —_ 60 ns
89 | Clock Low to PCL High (1/8 clock) CLPH - 90 — 80 — 70 — 60 ns
90| PCL Width Low (1/8 clock) tPCLL 20 | — | 40 | — | a0 | — | 40 | — [ck per
91| DTACK Low to Data in (setup time) TDALDI — 320 — 200 — 150 — 15 ns
92| DS High to Data Invalid (hold time) 1SHDI 0 — 0 — 0 — 0 — ns
93| D5 High to DIACK High 'SHDAH | © | 240 | 0 | 60 | 0 | 120 [ © %0 ns
94 { Data Out Valid to DS Low 1DOSL 0 — 0 — 0 — 0 — ns
95 | Data In to Clock Low {setup time) tDICL 30 — 25 — 15 - 15 — ns
96| BEC Low to DTACK Low 1BECDAL | 50 — 50 — 50 — 50 — ns
97| BEC Width Low 1BECL 20 | — | 20 | — | 20 | — | 20 | — ek per.
98 | Clock High to IRQ Low tCHIRL — 90 — 80 — 70 60 ns
99 | Clock High to IRQ High tCHIRH — 150 — 140 - 130 — 120 ns
7100 | READY In to DTC Low (Read) RALDTL | 270 | — | ®0 | — |15 | — | 120 | — ns
101 | READY In to DS Low (Write) IRALDSL | 395 | — | 240 | — | 205 | — | 170 | — ns
102 | DS High to READY High IDSHRAH| © | 240 | 0 | %0 | 0 | 120 | © 50 ns
103 | DONE In Low to DTACK Low tDoLDAL | 50 — 50 — 50 — 50 — ns
104 | DS High to DONE In High \DSHDOH| © | 240 | 0 | 160 [ 0 | 120 | © %0 ns
105 | Asynchronous Input Hold Time tASIH 15 — 15 — 15 — 15 — ns

Figure 2 [nput Clock Waveform
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M Eﬁ is picked up at the nsingﬁcg;e of CLK in cycle steal and Burst modes.
** BRisn't asserted while some BEC exception condition exists or DMAC is accessed by MPU

Figure 4 AC Electrical Waveforms — Bus Arbitration
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* DTACK is picked up at the rising edge of CLK. This is ditferent from HD68000.
** This timing is not related to DMA Read/Write (Single Cycle) sequence.

Figure 5 AC Electrical Waveforms — DMA Read/Write (Single Cycle)
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* Data are latched at the end of clock 7. This timing is the same as HD68000.
®* This timing is not related to DMA Read/Write (Dual Cycie) sequence. This timing is only applicabte when 1/8 clock puise mode is selected
This timing is sppticable when a bus exception occures.
**** it =6 s satisfied for both DTACK and Eﬁ, #96 may be Ons.
***** if the propagation delay of the external bidirectional buffer L5245 is less than 17nsec, the conflict may occur between the address output of the
DMAC and the system data bus. In this case, the output of DBEN must be delayed externally

Figure 6 AC Electrical Waveforms — DMA Read/Write (Duai Cycle)
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Figure 7 AC Electrical Wavetorms—DMA Read/Write (Single Cycle with ACK and PCL)
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falling edge of the clock. Setup time for BEC, ~ BEC,, REQ, ~ REQ,, PCL, ~ PCL,, DTACK, and DONE guarantees their
recognition at the next rising edge of the clock.

2) Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts.
3} These waveforms should only be referenced 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 diagrams
for device operation.
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HD68450

m SIGNAL DESCRIPTION

The following section identifies the signals used in the
DMAC. In the definitions, “MPU mode™ refers to the state
when the DMAC is chip sclected by MPU. The term “DMA
mode” refers to the state when the DMAC assumes ownership of
the bus. The DMAC is in the “IDLE mode™ at all other times.
Morcover, the DMA bus cycle refers to the bus cycle that is
exccuted by the DMAC in the “DMA mode™.

NOTE) In this data sheet, the state of the signals is
described with these words: active or assert, inactive
or negate.

This is done to avoid confusion when dealing with a mixture
of “active-low™ and “active-high™ signals. The term assert or
assertion is used to indicate that a signal is active or true inde-
pendent of whether that voltage is low or high. The term negate
or negation is used to indicate that a signal is inactive or false.

Veel2)  CLK
As~ Az : '1:
Do~ Dis ——— REQo
A-Ay = ———=ACKo
_ =————PClo
s —
_AS = __
DS = REQ,
UDS =—— ACK:
RW l—PCLs
DYACK =
BR—— REQ:
BG——— HD68450 ACK,
BGACK == |——PCL:
DMAC
TRG REQy
TACR ACK;
f——PCL;
OWN
UAS =
ABYTE——
OBEN——
DDIR le— DONE
BEC,
BEC,
BEC;—] B7c
FCo
FCs
FC2

1

Vss(2)

Figure 9 Input and Output Signals

@ Address/Data Bus {Ay /D, through A,,/D)s)

Input/Output Three-statable

Active-high

These lines are time multiplexed for address and data bus.
The lines DDIR, DBEN, UAS and OWN are used to control the

® Address Bus (A, through A,}

Input/Qutput Three-statable

Active-high

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

® Function Code (FC, through FC,)

Output Three-statable

Active-high

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. [See Atzen-
tion on Usage, Note (6).]

e Clock (CLK}

r Input J

This is the input clock to the HD68450, and should never be
terminated at any time. This clock can be different from the
MPU clock since HD68450 operates completely asynchronously.

® Chip Select (CS)

Input
Active low

This input signal is used to chip sclect the DMAC in “MPU™
mode. If the CS input is asserted during a bus cycle which is
gencrated by the DMAC, the DMAC internally terminates the
bus cycle and signals an address crror. This function protects
the DMAC from accessing its own register. {See Artention on Usage,
Note (5).]

® Address Strobe (AS)

Input/Output Three-statable

Active low

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 the 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

Active tow

This line is an output to latch the upper address lines on the
multiplexed data/address lines. 1t is three-stated except in the
“DMA mode".

demultiplexing of the data and address lines externally. De- ® Own (OWN)
multiplexing is explained in the later section. The bi-directional
data bus is used to transfer data between DMAC, MPU, memory 0“‘_P‘“ Three-statable
and 17O devices. Active low
Address lines are outputs to address memory and 1/0 devices.
@ HITACHI
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HD68450

This linc 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, DS, 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)

Outputs Three-statable

Active low (when datu direction is input to
the DMAC)

Active high (when the data direction is output
from the DMAC)

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

® Data Bus Enable (DBEN)

Qutput Three-statable

Active low

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

® High Byte (HIBYTE)

Output Three-statable

Active fow

This line is used when the operand size is byte in the single
addressing mode. 1t 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 cight bits. 1t is three-stated during
the “MPU mode™ and the “IDLE mode™

® Read/Write (R/W)

Input/Output Three-statable
Active low (write)

Active high (read)

This line is an input in the “MPU mode™ and an output
during the “"DMA mode™. It is three-stated during the “IDLE
mode™. 1t is used to contsol the direction of data flow,

® Upper Data Strobe (UDS), Lower Data Strobe (LDS)

Input/Qutput Three-statable

Active low

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
Ay in table 1.

® Data Transfer Acknowledge (DTACK)

Input/Output Three-statable

Active low

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 deter-
mine when a data transfer has completed. In the event that a
bus exception is requested, except for HALT, prior to or con-
current with DTACK, the DTACK response is ignored and the
bus cxception is honored. In the “IDLE mode™, this signal is
three-stated.

® Bus Exception Controls (BEC, through BEC;)

Input
Active low

These lines provide an encoded signal input indicating an
exceptional condition in the DMA bus cycle. Sec bus exception
section for details

® Bus Request (BR)

Output
Active jow

This output line is used to request ownership of the bus by the
DMAC. [Sec Antention on Usage, Notes (8}, 19).]

® Bus Grant {BG)

Input
Active low

This line is used to indicate to the DMAC that it is to be the
next bus mester. The DPMAC cannot assume bus ownership until
both AS and BGACK becomes inactive. Once the DMAC ac-
quires the bus, it does not continue to monitor the BG input.

® Bus Grant Acknowledge (BGACK)

Input/Output
Active low

Three-statable

Bus Grant Acknowledge (BGACK) is a bidirectional control
line. As an output, it is gencerated 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.
[See Anention on Usage, Notes (8), (9).]

® interrupt Request (IRQ}

Output
Active low

Open drain

This line is used to request an interrupt to the MPU.

® [nterrupt Acknowledge (IACK)

Input
Active low

This line is an input to the DMAC indicating that the current
bus cycle is an interrupt acknowledge cycle by the MPU. The
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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
Qi_lg). TACK is not serviced if the DMAC has not generated
IRQ.

® Channel Request (REQ, through REQ;)

Input
Active low or falling edge

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.

@ Channel Acknowledge (ACK, through ACK;)

Output
Active low

These lines indicate to the 1/O device requesting a transfer
that the request is acknowledged and the transfer is to be per-
formed. These lines may be used as a part of the enable circuit
for bus interface to the peripheral.

® Peripheral Control Line (PCL, through PCL;)

Input/Output Three-statable

Active low

The four lines (PFCL, ~ 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
STATUS input, or an INTERRUPT input. [See Attention on Usage,
Note (2).]

¢ Done (DONE)

Input/Qutput Open Drain

Active low

As an output, this line is asserted concurrently with the
ACKj timing to indicate the last data transfer 1o the peripheral
device. As an input, it allows the peripheral device to request a
normal termination of the DMA transfer. [See Artention on Usage.

Note (2).]
® Device Transfer Complete (DTC)

Output Three-statable

Active low

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.

® |INTERNAL ORGANIZATION

The DMAC has four independent DMA channels. Each chan-
nel has its own set of channel registers. These registers define
and control the activity of the DMAC in processing a channel
operation.

e |(CSRY
T )

b mepew | (CER):
Coral (DCR),

coa g {OCR)|
coes nagmer_|ISCR):
conver Rogew | (CCRY
inerrapt vecor | (NIV)
interrupt Voctor | (EIV)
peor Rsgmer | (CPR) P 07 ™! 5
Function Codes |(MFC)!
funcoon coom__|(DFC)

5 hecren o | (BFC)
Mamary Transber Coumer HMTC).

N Iﬁ:.—mc,
Shemory Addreus Regater (MAR)

Dwrce Aadrees Auguan (DAR)

(BAR|,

1 L]
L jioom —grver

Figure 10 Internal Registers

® Register Organization

The internal register addresses arc represented in Table i,
Address space not used within the address map is reserved for
future expansion. A rcad from an unuscd location in the map
results in a normal bus cycle with all ones for data. A write
to one of these locations results in 2 normal bus cycle but no
write occurss.

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

Table t Internal Register Addressing Assignments
Address Bits

z
g

Register

Channel Status Register
Channel Error Register
Device Control Register
Operation Control Register
Sequence Control Register
Channel Control Register
Memory Transfer Counter
Memory Address Register
Device Address Register
Base Transfer Counter
Base Address Register
Normal Interrupt Vector
Error Interrupt Vector
Channel Prionity Register
Memory Function Codes
Device Funcuon Codes
Base Function Codes
Genera! Controt Register

I LRI
sonnnanannananoRba0®
4" " 2200000000000
~~40000-=--00000000
4 e0=-=00=~0==000000W
~000===220==0—===00N
~0000~0" 4% ¥ «=~0000~
e E LR - - -]
PEEEEEEEEEEEEEEREE S
$$352EPESTEEEELS §

¢c.00-Channel £0.01-Channel z1.
10-Channel #2.11-Channel n3

ss 00-tigh-order, O1-upper middle.
10-lower rmiddle.11-low-order

b. O-tugh-order. 1-low-order

* see Channel Status Register Section

o Device Control Register (DCR)

The DCR is a device oriented control register. The XRM bits-
specifies whether the channel 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 2 HD6800 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 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 HD6800
device, or Device with ACK and READY, these definitions are ig-
nored. The XRM bits are ignored if an auto-request mode (REQG =
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00 or 01 in Operation Control Register) is selected.

7 6 5 4 3 2 1 [}

XRM oTYP DPS o] PCL

10 REQ line requests an operand transfer
11 Auto-request the first operand, external request for
subsequent operands
Bit 6 Not Used

® S 1ce Control Register (SCR)

XRM (EXTERNAL REQUEST MODE)
00  Burst Transfer Mode
01 (undefined. reserved)
10 Cycle Steal Mode without Hold
It Cycle Steal Mode with Hold
DTYP (DEVICE TYPE)
00 HD68000 compatible device, explicitly addressed
(dual addressing mode)
OF  HD6X00 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
PCL (PERIPHERAL CONTROL LINE)
00 Status Input
01 Status Input with Interrupt
10 Start Pulse
11 Abort Input
Bit 2 Not Used
® Operation Control Register (OCR}

The OCR is an operation control register. The DIR bit
defines the direction of the transfer. The SIZE bits define the
size of the operand. The CHAIN bits define the type of the
CHAIN mode. The REQG bits define how requests for transfers
are generated.

7 6 5 4 3 2 1 [¢]

DIR 0 SIZE CHAIN REQG

DIR  (DIRECTION)
0 Transfer from memory to device
(transfer from MAR address to DAR address)
1 Transfer from device to memory
(transfer from DAR address to MAR address)
SIZE (OPERAND SIZE)
00  Byte (8 bits)
[o]} Word (16 bits)
10 Long Word (32 bits)
11 See Note Below
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

NOTE: 1f the DMAC iy set to dual addressing mode. port size 8 bits. exiernal request
mode. and the data transfer is from peripheral device to memory., set SIZE = 1
in the Operation Control Register (OCR}

The SCR is used to define the sequencing of memory and
device addresses.

0 o] o] 0 MAC DAC

MAC (MEMORY ADDRESS COUNT)
00  Memory address register does not count

01 Memory address register counts up
10 Memory address register counts down
11 (undefined. reserved)

DAC (DEVICE ADDRESS COUNT)

00  Device address register does not count
01 Device address register counts up
10 Device addiess register counts down
Il (undefined, reserved)

Bits 7, 6, 5.4 Not Used

® Channel Control Register {CCR)

The CCR is used to start or terminate the operation of a
channel. This register also determines if an interrupt request is
to be generated. Setting the STR bit causes immediate activa-
tion of the channel. the channel will be ready to accept request
immediately. The STR and CNT bits of the register cannot
be 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 CNT. Setting the HLT bit wiil halt the channel opera-
tion, and clearing the HLT bit will resume the operation. Setting
start bit must be done by byte access. Otherwise, timing error
OCcurs.

STR CNT HLT SAB INT 0 0 0

STR  (START OPERATION)}
0 No operation is pending
1 Start operation
CNT (CONTINUE OPERATION)
0 No continuation is pending
1 Continue operation
HLT (HALT OPERATION)
0 Operation not halted
1 Operation halted
SAB (SOFTWARE ABORT)
0 Channel operation not aborted
1 Abort channel operation
INT (INTERRUPT ENABLE)
0 No interrupts enabled
1 Interrupts enabled
Bits 2, 1, 0 Not Used

® Channel Status Register {CSR)
The CSR s a register containing the status of the channel.
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7 6 5 4 3 2 1 0

coC | 8TC | NDT | ERR | ACT 0 PCT PCS

COC (CHANNEL OPERATION COMPLETE)
0 Channel operation incomplete
1 Channel operation complete
BTC (BLOCK TRANSFER COMPLETE)
0 Block transfer incomplete
| Block transfer complete
NDT (NORMAL DEVICE TERMINATION)
0 No normal device termination by DONE input
1 Device terminated operation normally by DONE input
ERR (ERRORBIT)
0 No errors
1 Error as coded in CER
ACT (CHANNEL ACTIVE)
0 Channel not active
1 Channel active
PCT (PCL TRANSITION)
0 NoPCL uansition occurred
1 PCL transition occurred
PCS (THE STATE OF THE PCL INPUT LINE)
0  PCL“Low”
1 PCL*“High"
Bit 2 Not Used

® 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
occurred. [See Attention on Usage, Note (3).]

7 6 5 4 3 2 1 [»]
o 0 0 ERROR CODE
Error Code
00000 No crror
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 Buserror in DAR
01011 Buserror in BAR
01101 Count error in MTC
01111 Count errorin 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 O is the highest and priority level 3 is the lowest
priority.

CP (CHANNEL PRIORITY)
00 Priority level O

Ol 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.

7 6 5 4 3 2 1 0

] 0 0 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 con-
trolled by these two bits. The number is 2(BT+4) (two to the BT +4
power).

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
2(BR+1 (two 1o the BR+ 1 power).

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

Bits 7 through 4 Not Used

® Address Registers (MAR, DAR, BAR)

Three 32-bit registers are utilized to implement the Memnory
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 adress-
ing mode. The content of the DAR is outputted when the
peripheral device is accessed. The contents of the BAR is out-
putted 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.

¢ Function Code Registers (MFC, DFC, BFC)

The DMAC has three function code registers 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.

7 6 5 4 3 2 1 0

o 0 0 0 o FC2 FC1 FCo

Bits 3 through 7 Not Used

7 6 5 4 3 2 1 0
® Transfer Count Registers (MTC, 8TC)
0 0 0 ) ) 0 cP Each channel has two 16-bit counters: the Memory Transfer
Counter (MTC) and the Base Transfer Counter (BTC). The MTC
G HITACHI

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

1021




HD68450

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 aiso used to set the number of
operands to transfer for the next data block in the Continue
Mode.

® 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 con-
tent of EIV is outputted, otherwise content of NIV is out-
putted.

m OPERATION DESCRIPTION

A DMAC channcl operation proceeds in three principal
phases. During the initialization phase, the MPU sets the channel
control registers, supply the initial addsess and the number of
transfer words, and starts the channel. During the transfer
phasc, the DMAC accepts requests for data operand transfers,
and provides addressing and bus controls for the transfers. The
termination phasc 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,
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 section.

CLK
1
A An 23456

® Read/Write of the DMAC Registers by MPU
The MPU reads and writes the DMAC internal registers and
controls the DMA transfer. Figure 11 indicates the timing dia-
gram when the MPU reads the contents of the DMAC register.
The MPU outputs A;-A,3, FCo-FC,, AS, R/W, UDS, and LDS,
and accesses the DMAC internal register. The specific internal
register is selected by A1-A7, LDS and UDS. The CS and IACK
lines are genecrated by the external circuit with Ag-A,; and
FCo-FC,. The DMAC outputs data on_the data_bus, together
with DDIR, DBEN and DTACK. The DDIR and DBEN contiol
the bidirectional buffer on the bus and the DTACK indicates
that the data has been sent or received by the DMAC. Read
Cycle is cighteen CLKs. Figure 12 shows the MPU write cycle.
Write cycle is fifteen CLKs.
Note the following points.
(1) The clock reference shown in this figure is the DMAC input
clock.
(2) The DDIR and the DBEN are three-stated at the beginning
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.
(5) During the MPU write cycle, the DMAC will latch the data
before  asserting DTACK. Then it will negate DBEN and
DDIR in the proper order.

(6) After the MPU cycle and the DS and the UDS are negated
by the MPU, the DMAC will put DBEN, DDIR and the
address data lines to a high impedance state.

(7) DTACK will once go “High™ and then to a high impedance

state after negating LDS and UDS.

2728 2930 31323334 35 36

FCo-Fes —K

-

&
[

/A

R W

uDs

Inn

LDS

DDIR

DBEN

Ag/Do~A23/D1s
XDo~XD1s

(External system data bus)

DTACK --

Figure 11 MPU Read from DMAC — Word
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DDIR
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XDo~XD1s
(External System Data Bus)

DTACK

Figure 12 MPU Write to DMAC — Word

® Bus Arbitration

The following is the description of the bus arbitration. The DMAC
must obtain the ownership of the bus in order to transfer.
data. Figure 13 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
MPU rccognizes 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.

min. 2 clocks

RE 1.5 ~ 3.6 clocks
8R 2~3.5 clocks*® » /
86 Y j«————
168000 output}
OWN A U——
BEAT B clock ~ TMPU Cycle e [ —
MPU C
BUS Cyele Y Cyde 45~ 55clocks -__-——>_—;“"”
DMA Cycle T
AcK max. 12.5 clocks + TMPU Cycle \ /
DTC e

* This case assumes that no exception condition exists and DMAC isn’t accessed by MPU

Figure 13 DMAC Bus Arbitration Timing
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® Device/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.

(1) Request (REQ)

The peripheral devices assert REQ to request data transfers.
Sec the "Requests™ section for details.

(2) 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 out-
putted during memory-to-memory transfer except for the auto-
request mode at a limited rate or at the maximum rate.

(3) Peripheral Controf 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 definition is ignored and the PCL
line is an Enable clock (E clock) input. If the DTYP bits are pro-
grammed to be a device with READY, the PCL definition as
ignored and the PCL line is a ready input.

PCL As a Status Input

The PCL linc 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 mini-
mum of wo clocks, the PCT bit of the CSR is set. This PCT
bit is cleared by resetting the DMAC or the writing 1" to the
PCT bit.

PCL As an Interrupt

The PCL line may be programmed to generate an interrupt
on a negative transition. This enables an interrupt which is re-
quested if the PCT bit of the CSR is set. When using this func-
tion, 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.

PCL As a Starting Pulse

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

PCL As an Abort Input

The PCL line may be programmed to be a negative transition
above input which terminates an operation by setting the ex-
ternal 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. [See
Attention on Usage, Note (2).]

PCL As an Enable Clock (E Clock} Input

If the DTYP bits are programmed to be a HD6800 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.

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.

{4) DONE (DONE)

This line is an active low Input/Output signal with an open
drain. It is asserted when the memory transfer count is ex-
hausted in a single block transfer. In the chaining operation,

DONE is asserted 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 coin-
cident 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 ope-
rand 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 outputied again for the retry exceptions bus cycles.

(5) Data Transfer Complete (DTC)

DTC is an active low signal which is asserted when the actual
data transfer is accomplished. 1t 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 TDS and UDS are negated, and negated one half
clock after TDS and UDS are negated.

® Requests

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 wait for the peripheral
device to request the following transfers.
{1) 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

Limited-rate Auto-request

TIME -
! Previous Current Next
i Sample Interval Sample Interval Sample Interval
; LRAR ‘ {
! Interval

Figure 14 DMAC Sample Intervals

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 portion of the
sample interval during which limited-rate auto-requests can be
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made (the limited-rate auto-request interval) are controlied by
the BT and BR bits in the GCR. The length in clock cycles of
the limited-rate auto-request interval is 2(BT +4) (2 raised to the BT +4
power). For example, if BT equals 2 and the DMA utiliza-
tion 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 controlied by the BR
bits. The ratio of the system bus utilization of the MPU to
other bus master devices including the DMAC is 2(BR +1) (2 raised to
the BR+ | 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 atlow
limited rate auto-request during the next sample interval.
Therefore, from the viewpoint of fong period, the ratio of the
system bus utilization of the MPU 10 /O devices including the
DMAC is about 16:1. The sample interval length is not a direct
parameter, but it is equal to 2(BT+BR+5) clock 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.

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 HD68000 compatible device is connected to a channel, the
ACK line is held inactive during an auto-request operation. Conse-
quently, any channel may be used for the memory-to-memory trans-
fer 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.

7 234656 7 8 910111213141516 181920 212223 24 2526 272829

FCo~FC2__YI] X

/.

a1 XL T
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b/ )11

Data In Address Out

Data Out Address Out Data In
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xoo—xou[ID—Q_______JID—@— _IID——@__TID—

(External System Data Bus)

W0/
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i\ —
—

-

R/W W

Y/
e s U ma— 7
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—
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/i
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.\ /S
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HIBYTE

DTACK “s lz’ “

N/ o

DTC

Wi
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Read One Word
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Write One Word
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Figure 15 Memory-to-Memory Transfer
Read-Write-Read Cycles
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{2) External Requests

If the REQG bits of the OCR indicate that the REQ line
gencrates requests, the transfer requests are generated exter-
nally. The request linc 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 deter-
mincd 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
consccutive 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.
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.

Relinquish the bus

MPU cycle e Idie

—=f=—— DMA cycle

—————  MPU cycle s nd DMA cycle —t— idle
or idie

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

Cycle Steal Request Recognition

In the cycle steal request mode, the peripheral device re-
quests 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 be-
fore 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 with-
out hold, the DMAC will relinquish the bus. If the XRM bits
specify cycle steal with hold, the DMAC will retain ownership.
The bus is not given up for arbitration until the channel opera-

tion terminates or until the device pauses. The device is deter-
mined to have paused if it does not make any requests during
the next full sample interval. The sample interval counter is free
running and is not resct or modified by this mode of operation.
The sample interval counter is the same counter that is used for
Limited Rate Auto Request and is programmed via the GCR.
Figure 18 shows the request timing in the cycle steal bus
hotd. 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 channels during this period. they are executed
normally.

ek UL UII"IJ'LHJWU'LHJULI' I'U'LIIJ'LI'LJ"U'TJ’

REQ \ ’

L/

BR \ / \ Hold the bus

‘Relmqunsh (he bus

B\

_f_—
17 max. 5 clocks A \"_"'—j—_

BGACK
BUS
CYCLEs:D—"“—( —
ACK ’ __J

ore — [ VM
i i nuuuuuy

micro cleanup

MPU cycle ——t=m Idle ~—

DMA cycle

MPU cycle
___-+._ o 1die ~}—— DMAcycle —_

Figure 17 Cycle Steal Mode Request Timing
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UL ULAMAIULL

REQ \ ’

BR —\__‘._.I

\ Hold the bus

8\ / Y ' max. 7.5 clocks !
BGACK max. 5 clocks :‘T"—’l
cvcuzs_-.:——"—'( ——_
ACK |\ JL ;
o YA Y

Figure 18 Cycle Steal Bus Hold Mode Request Timing

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
in the previous paragraphs. In the cycle steal request mode.
when there are two or more than transfers between the DMAC
and the peripheral device during one operand transfer, the re-
quest is not recognized until the last transfer between the
DMAC and the 1/0O device starts.
{3) Mixed Request Generation

A single channel can mix the two request generation
methods. By programming the REQG bits of the OCR to "1 17,
when the channel is started, the DMAC auto-requests the first
transfer. Subsequent requests arc then gencrated externally by
the device. The ACK and PCL lines perform their normal func-
tions in this operation.

® Data Transfers

All DMAC data transfers are 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 chan-
nel can communicate using any of the following protocols.

DTYP Device Type
00  HD68000 compatible device

01  HD6800 compatible device
10 Device with ACK
11 Device with ACK and READY

} Dual Addressing

} Single Addressing

{1) Dual Addressing

HD68000 and HD6800 compatible devices may be explicitly 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 transfer-
red to/from the memory because the memory also requires address-
ing. 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 explicitly addressed, this protocol is calied dual-addressed.

HD68000 Compatibie 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. Figure 21 and 24 show the operation when
the memory is the source and the peripheral device is the desti-
nation. 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.
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DMAC HD88000 Device

Address Device
1) Set R/W to Read
2) Place Addresson A; ~ A,
3) Place Function Codes on
FCo ~FCy
4) Assert Address Strobe (AS)
6) Assert Upper Data Strobe
(UDS) and Lower Dats
Strobs (LDB)

6) Assert Acknowledge (ATK)
L

Prn:i't Data
1) Decode Address
2) Place Dateon Dy ~ D
3) Assert Date Transfer
AcknowiodT (DTACK)

Acquire Data

1) Losd Data into Holding
Register

2) Assert Davice Transfer
Complete (DTC)

3} Negate UDS and LDS

4) Negate AS, ACTK and DTC

L

Tuminn’o Cycle

1) Remove Data from O, ~ D,
2) Negate

Start Next Cycle
Figure 18 Word Read Cycle Flowchart HD68000 Type Device

DMAC HDB8000 Device

Address Device
1} Place Address on A, ~ A,
2) Place Function Codes on
FCo ~FCy
3) Assert Address Strobe (AS)
4) Set R/W to Write
6} Place Dataon Dy ~ Dy,

6) Assert Acknowledge (ACTK)
7) Assert Upper Data Strobe
(UDS) and Lower Data

Strobe HI.DS)

Aceog! Data
1) Decode Address
2) Store Dataon Dy ~ D,
3) Assert Data Transter
Acknowiedge (DTACK)
J

Terminate Output Transfer
1) Assert Device Transfer

Complete (DTT)
2) Negate UDS and LOS
3) Negate AS, ACK and DTC
4} Remove Data from Dy ~ D
5} Set R/W 1o Read

L

Terminate Cycie

1) Negate DTACK
]

Start Na'xt Cycle

Figure 20 Word Write Cycle Flowchart HD68000 Type Device
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1 3 5 ? 9 11121314 151617 18 19 212223
FCo~FC2 X1 /18 I
Ar—Ar !" ﬂz’ ‘zz!
Address Out __ Data in__Address Out Data Out
As/Do
~A23/D1s
Extornal Systar R0l — DD
xternal System Data Bus M w
UAS W_r
& _ W /. ] \
RW A\ m—_‘
OWN
HIBYTE
DYACK ﬂ; m H; m m
BTC I |/ A
ACK I\ U/ S
CLK
1 3 56 7 9 10111213141516 1718 19 2122 23
———=—+=— Read One Word ———  Write One Word ————
From Memory To Device
The Last Transfer
Figure 21 Dual Addressing Mode, Read/Write Cycle,
Destination = 16-bit Device, Word Operand
CLK
1 34 56 7 9 111213141516 1718 19 2122
FCo~FC2 X1 nﬂ ﬂn
Ar-Ar y il ml 1}
Ag/Do Address Out Data In __ Address Out Data Qut
~A23/D1s
Eornn oo X520 ——ID— D
xternal System Data Bus|
oas WMl LT

ATBYTE
DTACK 1 o © [
oe T 0

DONE “3 ﬂ;
12 3456 78 9101112137415161718 19202122

— = Read One Word ——t=—— Write One Word ——+—
From Device To Memory
The Last Transfer

Figure 22 Dual Addressing Mode, Read/Write Cycle,
Source = 16-bit Device, Word Operand
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e 1 3 5 7 9 111213141516 171819 20 21 23 25 27 29
FCo~FC2 Xif NI NiL Xl
U /[ NI /] D/ -
As/Do Address Out Data In_ Address Out _ Data In__Address Out Data Out
~A23/Dys

XDo~XDss  —JIH—[ T m—ar—— " p—
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e e i\ i)

cLKk

12 34 586 78 910117213741516 177181920 2122 2324 252627 28 29 30
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From Device From Device To Memory

Figure 23 Dual Addressing Mode, Read/Write Cycle
Source = 8-bit Device, Word Operand

123 456 78 1071121314 151617 18 1920 212223 24 2526 27 28 29 30 31

Feo-FC: NI X ) /1
P ] I ) /i . '/
As/Do Address Out__ Data In__ Address Out Data Qut Adress Out Data Out
~A23/D1s /- /] E
External Syster 20 23 e _____Ip——@r I
vas Wl W7 W7 .
oSN
w Wy W 7 W
RW W I Jiij
OWN
R W T
DBEN T I T 1/ _r
HIBYTE
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T 23 456 7 89 101112131415 1617 181920 212223 24 25 26 27 28 29 30 31

—=t=—— Read One Word ——=——  Write One Byte ———p—— Write One Byte
From Memory To Device To Device

|

Figure 24 Dual Addressing Mode, Read/Write Cycle,
Destination = 8-bit Device, Word Operand
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HD6800 Compatible Device Transfers

When a channel is programmed to perform HD6800 compatible illustrates this protocol. Refer to Figure 26 for the read cycle timing
transfers. the PCL line for that channel is defined as an Enable clock and Figure 27 for the write cycle timing. In Figure 26, the DMAC
input. The DMAC performs data transfers between itself and the latches the data at the falling edge of clock 19. so a latch to hold the

peripheral device using the HD680O bus protocol, with the ACK data is necessary as shown in Figure 47.

output providing the VMA (valid memory address) signal. Figure 25

DMAC (MASTER) HD6800 Device

initiate Cycle
Start a normal Read or Write
Cycle
2) Monitor Enable until it is low
3) Assert Acknowledge (ACK)

Transfer 3".
1) Wait until Enable is active
2) Transfer the Data

_1
Terminate Cycle
1) The master waits until Enable
goes low.
2) Assert Device Transfer Complete
(BTC)  (On a Read cycle the
data is latched as clock goes low
when DTC is asserted.)
3) Negate AS, UDS, LDS, ACK
and
‘Start Next Cycle
Figure 26 HD6800 Cycle Flowchart
CLK
1 13 14 1 9 1
FCo-FC2 __ W N
a8 X X
As/Do Address Out Data In
~Az3/D1s O e N
XDo- XDrs —_—_—C
{External System Data Bus)
UAS N/ W
B\ 5
s _[ N _0
RW
OWN
DOIR | J/j
(511 // A\ 7
HIBYTE
DTACK ”’
DYT \W/j

PCL(E Clock) 1 1 r
10 11121314151817 1 122
.

-ﬁSvnc, on € Clock ' Read One Byte From 6800 Device i

Figure 26 Dual Addressing Mode, HD6800 Compatible
Device, Read Cycle
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12 3 465 6 7 8 91011121314151617181932021 22 2324 2526 2728
FCo~FC: X
Ar-Ay )
As/Do Address Out

X
O0-x01e QI D—C

X
{Externa! System Data Bus)
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\w/j
AS I/

Data OQut

1
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Figure 27 Dual Addressing Mode, HD6800 Compatibte

Device, Write Cycle

(2) 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
protocol. Such peripherals require only one bus cycle to transfer
data. and the DMAC internal holding register is not used. Be-
causc only the memory is addressed during a data transfer and a
transfer done in only on bus cycle, this protocol is called
single-address.
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.
When a request is generated using the request method pro-
grammed in the control registers, the DMAC obtains the bus and
responds with acknowledge. The DMAC asserts all HD6800O bus
control signals needed for the transfer. When the DMAC
accepts DTACK from memory, it asserts DTC and informs the

peripheral device of the transfer termination. Figure 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 vaiid until the data
strobes are negated. The assertion of DTC from the DMAC may
be used to latch the data.

When the transfer is from device to memory, data must be valid on
the HD6800O 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 tri-state of the
OWN line is cancelled a half clock earlier than other control lines. If
the DMA Cycle terminates and the DMAC relinquishes the bus. ali
the control signals get tri-stated a half clock before OWN. The DDIR
and DBEN lines are not asserted in the single addressing mode. Four
clocks cycle is the smallest bus cycle for the transfer from memory to
device. Five clocks cycle is the smallest bus cycle for the transfer
from device to memory. If the device port size is 8-bit. either LDS or
UDS is asserted. In the single addressing mode. A,-A.. are outputted
for only one and a half clock from the beginning of the DMA bus
cycle. Therefore A, through A., needs to be latched externally just
like in the dual addressing mode.
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:
i

OMAC Memory

Address Memory
1) Set R/W to Read
2) Place Address on A, ~ Ajy
3} Place Function Codes on FC, ~ FC;
4) Assert Address Strobe (AS)
5} Assert Upper Data Strobe (UDS)
and Lower Data Strobe (LDS)
6) Assert Acknow!e:ige (ACTK)

w
1) Decode Address
2) Place Dataon Do ~ D5
3) Assert Data Transfer Acknowledge
(DTACK)

Acqui’c Data
1) Load Data
']

X N
Terminate Transfer

1) Assert Device Transfer Complete
{DTC)
2) Negate UDS and (8213

3) Negate AS, ACK and DTC
L

Terminate Cycle
1) Negate DTACK
J

Start Next !ycle

Figure 28 Word from Memory to Device with ACK

DMAC Memory ACK Device

Address Memory
1) Place Address on A, ~ A,;
2) Place Function Codes on FCq ~ FC,
3} Assert Address Strobe (AS)
4) Set RWto Writ§
5) Assert Acknowl:dge {ACK)

Present Data
1) Place Dataon D, ~ D

Enable D'ata
1} Assert Upper Data Strobe (JDS)
and Lower Data IStrobe (LDS)

Accept!)ala
1} Decode Address
2} Load Data
3} Assert Data Transfer Acknowiedge
(DTACK}

Terminate Transfer
1) Assert Device Transfer Complete (DTC)
2) Negate UDS and LDS
3) Negate A5, ACK and DTC
|

Terminate Cycle
1} Negate DTACK
)

Start Next Cycle

Figure 29 Word from Device with ACK 1o Memory
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e nlnlngEnEnEpEnEnEnERER
12 3456 78 9 101112131416161771819370 21
i

FCo-FC2 ”H Ilﬂ
A-a —XIT XX N—
Ap/Do~Az3/Ds ﬂn s 4l ) ——
{External System Data Bus)
Bl TR [ W
L/ I W /A
RW A\ m
OWN Low
O0R  Wign
DBEN High
HIBYTE  Hign
DTACK /” ‘“ l" “s t”

t 234 56 78 910111213141516171819 pal

—=t—Memory to Device ——+—— Device to Memory ———=—+——
Channel 0 Channel 1

Figure 30 Single Addressing Mode with 16-Bit Devices as
Source and Destination {Read-Write Cycles)

CLK
1 3 5 7 9 111213 15 17 19 212223 25
BGACK  — e | —
FCo-FC; (T I >
R — i —
Ag/Do~A23/Drs D D
{External Svsten?\(%oa;axgt::) ——(lll[ m_q”] )—
s ———0 W7 —
AS —/W m w_\_
uos 7 )\ W
p—— W s W
R —— 0 n—
TWN ——_ -
DDIR ——S N——
DBEN e —

i — W 0 W
ACK, m—m_
CLK

1 34 5 7 9 111213141516171819 2122232425

—— Idle —=— Memory to Device ————— Device to Memory ——+— Idle ~——-
Channel 0 Channel 1

Figure 31 Single Addressing Mode with B-Bit Device as
Source and Destination (Read-Write Cycles)
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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/READY 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 (PCL 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 trans-
fer. Refer to Figures 33 and 34 for the flowcharts of the data
transfer between memory and the device with ACK and
READY. Refer to Figure 35 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 DS 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

OMAC

Address Memory
1} Set R/W to Read
2) Place Address on A, ~ Ay
3} Place Function Codes on FCo ~ FC3
4) Assert Address Strobe (A5)____
6) Assert Upper Data Strobe (UDS)
and Lower Data Strobe (LDS)
6) Assert Acknowlc:dge {ACK)

asserts LDS and UDS. After asserting LDS and UDS, the DMAC
terminates the cycle when DTACK signal from the memory is
detected.

When Array Chain or Link Array Chain is set in Device with
ACK and READY Transfer mode, READY input is also neces-
sary during DMA bus cycles for reading the chain information
from memory. The circuit as shown in Figure 32 may be used
in order to generate READY input when reading the chain
information from memory.

R/W 1 R/W
_As I AS
ACKx D_Q_Q—Ctﬂ ACKx
PCLx READY

HD68450

Figure 32 READY Circuit When Array or Link Array
Chain is set for Device with ACK and READY

Memory ACK and READY Device

Pvesent‘)ata

1) Decode Address
2) Place Data on Do ~ Dys
3) Assert Data Transfer

Acknowledge (DTACK)
l

Acqunre—‘Dala

1} Load Data
2} Assert READY
J

]
_Terminate Transfer,
1) Assert Device Transfer Complete
(DTC}
2) Negate UDS and TDS
3) Negate AS, A'E‘xlmd BTC

1
Terminate Cycle

1) Negate DTACK
J

—
Start Next Cycle

Figure 33 Word from Memory to Device with ACK and READY
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DMAC Memory ACK and READY Device

Address Memory
1} Place Address on A, ~ A,y
2} Place Function Codes on FC, ~ FC,
3) Assert Address Strobe {AS)
4) Set R/W to Write
5) Assert Acknowleldge {ACR)

Pvelm Data

1) Place Data on Dy ~ D,
2) Assert READY
]

Enable Data

1) Assert Upper Data Strobe (UDS}
and Lower Data Strobe {LDS)

Accep“ Data
1) Decode Address
2} Load Data
3) Assert Data Transfer
Acknowledge (DTACK)
J

Terminate Transfer
1) Assert Device Transfer Complete
(DTC)
2) Negate UDS and L
3) Negate A5, ACK and DTC
L

Terminate (!ycle
Negate DTACK
)

Start Next Gycie

Figure 34 Word from Device with ACK and READY to Memory

12 3 5 7 9 1011 1213141516 1718192021 22 23 2425 26 27 28

FCo~FC: — YT Y
Aar NI XL

UAS

U - W

RW Jij e

OWN Low

DOk High

DBER High

HIBYTE High Y o
FIEERY W W m

pTe W7 QW

e W[y

AcK, J\Y i

1 34656 7 9 10111213 141516 17 18 19 20 21 22 23 2425 26 27 28
_—

—=t+——Memory to Device ————+—————— Device to Memory
Channet 0 Channel 1

Figure 35 Single Addressing Mode with 8-Bit Devices as Source and
Destination with PCL Used as a READY input (Read-Write Cycles)

G HITACHI
1036  Hitachi America, Ltd. e Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300



HD68450

Operands and Addressing
Three factors enter into how the actual data is handled:
port size, operand size and address sequencing.

Port Size
The DCR is used to program the device port size.

DPS  Device Port Size
0 8 bit port
I 16 bit port

The port size is the number of bits of data which the device
can transfer in a single bus cycle. During a DMAC bus cycle,
a 16-bit port transfers 16 bits of data on Dy ~ D5, while an
8-bit port transfers 8 bits of data, either on Do ~ D; or on Dg
~ D, ;. The memory is always assumed to have a port size of 16.

Operand Size
OCR is used to program the operand size.

SIZE Operand Size
00 Byte
01 Word
10 Long word
11 (undefined, reserved)

The operand size is the number of bits of data to be trans-
ferred to honor a single request. Multiple bus cycles may be
required to transfer the operand through the device port. A
byte operand consists of 8 bits of data, a word operand consists
of 16 bits of data, a long word operand consists of 32 bits of
data. The transfer counter counts the number of operands
transferred.

Table 2 indicates the combinations supported by the DMAC
about the peripheral devices with different port size and
operand sizes in the single and dual addressing mode. 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.

Table 2 Operation Combinations

) ) Operand REQG bits

Addressing Device Type Port Byte Word Long Word of OCR

Dual 68000, 6800 8 O O O 00, 01,10, 11

Dual 68000, 6800 16 O O O 00, 01

Dual 68000, 6800 16 X [®) o] 10, 11

Single with ACTK or 8 o X X 00,01,10, 11
ACK & READY 16 X O X 00, 01,10, 11

O ;enable X :disable

{3) Address Sequencing
The sequence of addresses generated depends upon the port
size, operand size, whether the addresses are to count up, down
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).
(i) Single addressing mode
In the single addressing mode, memory address sequenc-

ing is shown in Table 3. 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.

If the memory address counts up, the increment is
added to the memory address; if the memory address
counts down, the increment is subtracted from the
memory address. The memory address is changed after
the operand is transferred.

Table 3 Single Address Sequencing

. . Memory Address Increment
Port Size Operand Size -
+ (increment} = {unchanged) - {(decrement)
8 Byte +1 0 -1
16 Word +2 [ -2
@ HITACHI
Hitachi America, Ltd.  Hitachi Plaza ® 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 « (415) 589-8300 1037




HD68450

(ii) 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 parts 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.

If the port size is 16 bits, the operand size is byte, and the

request generation method is auto request or auto request at
a limited rate, the DMAC packs consecutive transfers. This
means that word transfers are made from the associated address
with an address increment of two (2). If the initial source ad-
dress location contains a single byte, the first transfer is a byte
transfer to the internal DMAC holding register, and subsequent
transfers from the source are word transfers. If the initial
destination location contains a single byte, the first transfer is
a byte transfer from the internal DMAC holding register, and
any remaining byte remains in the holding register. Likewise,
if either the final source or destination location contains a single
byte, only a byte transfer is done. Packing is not performed
if the address does not count; each byte is transferred by a
separate access 1o the same location. The dual address sequenc-
ing is shown in Table 4. [See Attention on Usage, Note (4).]

Table 4 Dual Address Sequencing

Port Size Operand Size Part Size ! Operand Part Address Increment
: Address + = -
8 i Byte Byte A +2 0 -2
8 . Word Byte A, A+2 +4 0 -4
8 Long Byte A, A+2, A+4, A+6 +8 0 -8
16 ‘ Byte Pack A +P 0 -P
16 \ Word Word A +2 0 -2
16 ‘ Long Word A, A¥2 +4 0 -4

P = 1if packing is not done Pack = byte if packing is not done
= 2 i packing is done = word if packing is done

An Example of a Dual Address Transfer

This scction contains an example of a dual address transfer
using Table 4 of Dual-Address Sequencing. The table is repro-
duced here as Table 5. The transfer mode of this exampic is the
following:
. Device Port size = 8 bits
. Operand size = Long Word (32 bits)
. Memory to Device Transfer
. Source (Memory) Counts up. Destination (Device) Counts

Down

5. Memory Transfer Counter = 2

Bt —

In this mode, a data transfer from the source (memory) is
done according to the 6th row of Table 5. since the port size
of the memory is always 16 bits. A data transfer to the destina-
tion (device) is done according to the 3rd row of Table 5.

Table 6 shows the data transfer sequence.

The memory map of this example is shown in Table 7. The
operand consists of BYTE A through BYTE D in memory
of Table 7. Prior to the transfer, MAR and DAR are set to
00000012 and 00000108 respectively. The operand is trans-
ferred to the 8 bit port device according to the order of transfer
number in Table 6.

Table 5 Dual-Address Sequencing (Table 4)

t
Row No. Port Size Operand Size S::(;hd Operand Part Addresses Address Incremen
ize + = -
1 8 BYTE BYTE A +2 [¢] -2
2 8 WORD BYTE A, A+2 +4 [
@ 8 LONG BYTE A, A+2, A+4, A+6 +8 0 -8
*q *3 5 "7 '8 *10
4 16 BYTE PACK (BYTE A +P 0 -
or WORD)**
5 16 WORD WORD A +2 0 -2
@ 16 LONG WORD A, A+2 +4 0 -4
i "2 ‘1 *6 ‘9
* Numbers in Table 5 correspond to ones in Table 6 and 7.
** Refer to Address Sequencing on Operand Part Size and PACK,
@ HITACH!
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Table 6 An Example of a Data Transfer for One Operand
SRC: Source {Memory), DST Destination {Device), HR: Holding Register (DMAC Internal Reg.)

Transfer Address DataSize | DMAC Registers after Transfer
No. Data Transfer Output on Bus DAR Comment
0 - — - 00000012 00000108 initial Register Setting
00000012 WORD 00000014 00000108 Higher order 16 bits of operand is
! SRC~ HR 1 *2 fetched.
2 HR - DST 0000010§ BYTE. 00000014 0000010A
3 4 Higher order 16 bits of operand is
3 HR —DST | 0000010A BYTE 00000014 0000010C transferred.
5 *4 *10
00000014 WORD 00000016 0000010C Lower order 16 bits of operand is
4 SRC~HR *6 *2 *9 fetched
5 HR - DST 00000109 BYTE. 00000016 0000010E
7 4 Lower order 16 bits of operand is
0000010E BYTE 00000016 00000110 transferred.
6 HR - DST " “10
& _ _ _ 00000016 00000110 MAR, DAR are pointing the next
operand addresses when the
transfer is complete.

Mode: Port size = 8, Operand size = Long Word, Memory to Device, Source (Memory) Counts Up, Destination {Device) Counts Down

Table 7 Memory Map for the Example of the Data Transfer

ADDRESS | ADDRESS

00000010 I 00000011

00000012 [ BYTE A [BYTEE | 00000013

00000014 [ BVTE ¢ [ BYTE D | 00000015

00000016 | 00000017
1

Source (Memory}

® |Initiation and Control of Channel Operation
{1} 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 config-
uration 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
operation or BTC is set to zero in the array chaining mode, then
the count error is signaled and the channel is not activated. The
channe! cannot be started if any of the ACT, COC, BTC, NDT
or ERR bits is set in the CSR. In this case, the channel signals
the operation timing error.
(2) Operation Continuation (Continue Mode)

ADDRESS '
00000106 I 00000107
00000108 [ BYTE A | 00000109
0000010A BYTE .g l 00000108
0000010C ™ BYTEC | 00000100
0000010€ BYTE .lg l 0000010F
00000110 ] 00000111
L

Destination (Device)

The continue bit (CNT) allows muitiple blocks to be trans-
ferred in unchained operations. The CNT bit is set in order
to continue the current channel operation. If an attempt is
made to continue a chained operation, a configuration error
is signaled. The base address register and base transfer counter
should have been previously initialized.

The continue bit may be set as the channel is started or while
the channel is still active. The operation timing error bit is
signaled if a continuation is otherwise attempted.

When the memory transfer counter is exhausted and the con-
tinue bit of the CCR is set, the DMAC performs a continuation
of the channe! operation. The base address, base function code,
and base transfer count registers are copied into the memory
address, memory function code, and memory transfer count
registers. The block transfer complete (BTC) bit of the CSR
is set, the continue bit is reset, and the channel begins a new
block transfer. If the memory transfer counter is loaded with
a terminal count, the count error is signaled.

{3) Operation Halting (Halt)
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The CCR has a halt bit which allows suspension of the opera-
tion 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 serv-
ices 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.

(4) Operation Abort by Software (Software Abort)

Setting the softwarce 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).

{5) Interrupt Enable

The CCR has an interrupt enable bit (INT) which allows the
channel to request interrupts. If INT is set, the channe! can
request interrupts, If it is clear, the channel will not request
interrupts.

® Channel 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 trans-
ferred 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.

{1) Channel Status Register (CSR)

The channel status register contains the status of the channel.
The register, except for ACT and PCS bits, is cleared by writing
a one (1) into each bit of the register to be cleared. Those bits
positions which contain a zero (0) in the write data remain un-
affected. ACT and PCS bits are unaffected by the write opera-
tion.
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 PCB 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, ifa_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 occuss. 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 acknowl-
edged. The NDT bit is cleared by writing a one to this bit or re-
setting 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 occurred is set in the CER. The ERR bit is cleared 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 is remains set
until the channel operation is terminated. The ACT bit is un-
affected by write operations. This bit is cleared by the termi-
nation of the channel or resetting the DMAC.

(2) iInterrupts

The DMAC can signal the termination of the channel opera-
tion by generating an interrupt request. The INT bit of the CCR
determines if an interrupt can be generated. The interrupt
request is generated by the following condition.

T INT=1

and
® COC=1o0rBTC=1orERR=10rNDT =1 orPCT=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 IACK 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 TACK from the MPU is called the
interrupt acknowledge cycle. The interrupt vector retumed to
the MPU comes from either the normal 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 Do~ D,, 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 $OF (binary 00001111), the value of the
uninitialized interrupt vector. The timing of the interrupt
acknowledge cycle is shown in Figure 36. The HD68000O MPU
outputs the interrupt level into A, -A; and A,-A, is held “high™
during the interrupt acknowledge cycle, but the HD68450
DMAC ignores these signals.
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Figure 36 MPU 1ACK Cycle to DMAC

(3) 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 containes
if the continue bit (CNT) of the CCR is set. The DMAC provides
the initialization of the memory address register and the
memory transfer counter in these cases so that the DMAC can
transfer the multiple blocks.
Continued Operation

The continued operation is described in the Initiation and
the Control of the Channel Qperation 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 informa-
tion 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 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 37. The array must start at an even address, or the
entry fetch results is an address error. If a terminal count is
loaded into the memory transfer counter or the base transfer
counter, the count error is signaled. Since the base registers may
be read by the MPU, appropriate error recovery information is
available should the DMAC encounter an error anywhere in the
chain. Contents of the BFC is outputted as the function code
when the DMAC is accessing the memory using the base address
register. The value of the function code registers are unchanged
in the array chaining operation.
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Array table —

HD68450
DMAC
HD68000

MPU MAR *

DAR {peripheral device address

:> BAR |top address of the table
MTC *
number of blocks
87C being transfered

* to be loaded from the array table

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

memory
Bit 15/\——/‘&( 0
r f
‘(:2 ‘a:;!';ess or memory address A(H)
memory address A(L)
transfer count A
memory address BiH)
memory address B(L}
transfer count B
memory address C{H)
memory address C{L}
transfer count C
[nemory_|
address C
transfer
block C count C
<:> memory |
address A, transfer
block A count A
A
memory
address B
transfer
block 8 count B
L
peripherat device T ———
addre:
b peripheral device
or
memory

Figure 37 Transfer Example of the Array Chaining Mode

Linked 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 register. The channel then begins a new block transfer.
As each chaining entry is fetched, the update base address
register is examined for the terminal link which has all 32 bits
equal to zero. When the new base address is the terminal ad.
dress, the chain is exhausted, and the entry just fetched deter-
mines the last block of the channel operation.

An example of the linked array chaining mode operation and
the memory format for supporting it is shown is Figure 38.

In Figure 38, the DMAC transfers data blocks in the order of
Block A, Block B, and Block C. In the linked array chaining
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linked array table —

HDE8000
MPU

MAR
DAR
BAR
MTC
BTC

HD68450
DMAC

*

peripheral device address

top address of the table

*

(not used)

* to be loaded from the linked array table

Bit

tink address X —

link address Y —

top address of

memory
15 Bit 0

memory address B(H}

memory address 8{L)

transfer count B
link address Y (H)
link address Y (L)

memory address C{H)

memory address C(L)

transfer count C

Al 0 terminator

“All 0" terminator

the table —| memory address A{H}
memory address A{L)
transfer count A
link address X (H)
link address X (L)
L T~
T t——
memory
address_é
block C
<:>} memory |
address A
btock A
E- 3
memory
addressg block B

peripheral

device address —

/_\-_’
T —

peripheral device
or memory

e~

Figure 38 Transfer Example of the Linked Array Chaining Mode
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mode, the BTC is not used. When the DMAC refers to the linked
array table, the value of the BFC is outputted as the function
code. The values of the function code registers are unchanged
by the linked array chaining operation.

This type of chaining allows entries to be easily removed or
inserted without having to reorganize data within the chain.
Since the end of the chain is indicated by a terminal link. the
number of entries in the array need not be specified to the
DMAC.

The linked array table must start at an even address in the
linked array chaining mode. Starting the table at an odd address
results in an address error, If “‘0” is initially loaded to the
MTC. the count error is signaled. Because the MPU can read
all of the DMAC registers, all necessary error recovery informa-
tion is available to the operating system.

The comparision of both chaining modes is shown in Table 8.

Table 8 Chaining Mode Address/Count information

Base Address
Register

Base Transfer Completed

Chaining Mode Counter When

number of data

address of the Base Transfer

Array Chaining blocks being -
array table transferred Count =0
. ddress of the .
Linked Array . 3 Linked
Chaining j l'vanbklzd array {unused) Address = 0

{4} Bus Exception Conditions

The DMAC has three lines for inputting bus exception condi-
tions called BEC,, BEC,, and BEC,. The priority encoder can
be used to gencrate these signals externally. These lines are
cncoded as shown in Table 9.

Table 9

Exception Condition

No exception condition
Halt

Bus error

Retry

Relinquish bus and retry
{undefined, reserved)
(undefined, reserved)
Reset

4
co0ooo - = - =T
N

R

oo~ ~00 =T
]

— —_ p— m
o o o O—‘Q

In order to guarantee, reliable decoding, the DMAC verifies that
the incoming code has been statable 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 un-
defined 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 asserted if the BEC,-
BEC, is not set to no exception condition.

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 immediate-
ly. Here coincident means meeting the same set up require-
ments for the same sampling edge of the clock. If 2 bus excep-
tion 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 hait is shown in Figure 39. 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
halt exception is negated, the DMAC acquires the bus again and
proceeds the DMA operation. In order to insure a halt excep-
tion operation, the BEC lines must be set to halt at least until
the assertion of DTC.

If 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 39 Halt Operation

Bus Error

The bus error exception is generated by external circuitry
to indicate the current transfer cannot be successfully com-
pleted and is to be aborted. The recognition of this exception
during a DMAC bus cycle signals the internal bus error con-
dition for the channel for which the current bus cycle is being
run. 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. 25 clocks are
required for the error recovery cycle in the single addressing
mode and in the read cycle of the dual addressing mode. 29
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 relin-
quishes the bus.
The diagram of the bus error timing is shown in Figure 40.

G HITACHI

Hitachi America, Ltd.  Hitachi Plaza « 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 o (415) 589-8300

10456




HD68450

x

CL
12 3 4 5 6 72 8 910111213 141516171819 3) 32 33 34 35 36 37
A/D BUS X —
W A W

MU UL LU U
——

i

aaﬂ
.

3
=

o
s
2

|t
]
|

HIBYTE o
OTACK __ g\
D'—-E 44

.
ACK 1 /i ’

(BECo~ BEC2)"
(TS I U I 0 6 U I % I Iy Oy
12 3466 78 91011121316415761778197 31 37 33 34 35 36 37

. Error
-———+— Berr on Write to Device —P——-P-— Other Channels**®*
Recovery Cycle**®

* BEC, -BEC, = (101)
** In the single addressing mode and in the read cycle of the dual addressing mode: 25 clocks
In the write cycle of the duat addressing mode: 29 clocks
*** The DMAC keeps the bus because the other channels have requests pending. If other channels
do not have requests, the DMAC relinquishes the bus after the error recovery cycle.

Figure 40 Bus Error Operation

Retry moved, and thus will not honor any requests until it is removed.
The retry exception causes the DMAC to terminate the However, the DMAC still recognizes requests. The retry timing
present operation and retry that operation when retry is re- is shown in Figure 41.
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Figure 41 Retry Operation

Relinquish and Retry (R&R) the previous operation.
The relinquish and retry exception causes the DMAC to The diagram of the relinquish and retry timing is shown in
relinquish the bus and three-state all bus master controls and Figure 42,

when the exception is removed, rearbitrate for the bus to retry
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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 )4, which is the uninitialized interrupt
vector number for the HD68000 MPU. MTC, MAR, DAR BTC,
BAR, MFC, DFC, and BFC are not affected. in order to insure a
reset, BEC, ~ BEC, must be kept at “*‘Low™ level for at least
ten clocks.
(5) 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.
(ii) DTYP specifies a single addressing mode. and the
device port size is not the same as the operand size.

(iii) DTYP specifies a dual addressing mode, DPS is 16
bits, SIZE is 8 bits and REQG is 10 or 117,

(iv) an undefined configuration is set in the registers.
The undefined configurations are: XRM =01, MAC
=11, DAC =11,CHAIN =01, and SIZE = 1 1.

(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.

(iii) 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.

(ii) CS or TACK is asserted during the DMA bus cycle.
(d) Bus Error - Bus error occurs when a bus error excep-
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tion is signaled during a DMA bus cycle.

Count Error — A count error occurs in the following

cases:

(i) The STR bit is set when zero is set in the MTC
and the MTC and the chaining mode is not used.

(ii) the STR bit is set when zero is set in BTC for the
array chaining mode.

(iii) zero is loaded from memory to the BTC or the MTC
in the chaining modes or the continue mode.

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.

Software abort — Software abort occurs if the SAB bit

is set when the STR or the ACT bit is set.

(e)

-

&

Error Recovery Procedures

If an error occurs during a DMA transfer, appropriate infor-
mation is available to the operating system (OS) to allow 2
software failure recovery operation. The operating system must
be able to determine how much data was transferred, where the
data was transferred to, an 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 Registers, the Memory Transfer and Base Transfer
Counters, the channel status register, the channel error register,

ANY STATE

RESETTING
ALL CHANNELS

and the channel control register. Atter the successtul comple-
tion of any transfer, the memory and device address registers
points 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 occusred
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 43. Note that the DMAC can receive and exe-
cute the next exception condition. 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 44,

NON
HLT. BER, RTY. RRT
DYATK & HLT (BTC)
_I IDLE MODE IDLE MODE
WAITING FOR
NON BER
IDLE MODE
,_T BEC CLeAR WAITING FORRO
BEC CLEAR
TO RETRY
DMAC YIELDS BUS
— | — - - - — ——— —— f—
DMAC OWNS BUS
REQ | REQN HLT, RRT RRT. HLT RRT, HLT
DMA MODE DMA MODE BER DMA MODE
NO ACTIVE | NON [WAITINGFOR) BAITING FOR
CYCLE BEC CLEAR S cLEAR
RST : reset
BER. RTY NON  : no exception
BER NON HLT : halt
BER : bus error
START RTY : retry
RTY RRT : relinquish and retry
REQ  : external request
NON REQN : no sxternal request
DTACK & NON D\TSAC“:gEEE ACTIV START : bus cycle start
BTC) DTACK : DTACK signal asserted
BTACK & KT BT DTC : DTC signal asserted

Figure 43 Bus Exception Flow Diagram
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® Channel Priorities

Each channel has a priority level, which is determined by the
contents of the Channel Priority Register (CPR). The priority
of a channe! is a number from 0 1o 3, with 0 being the highest
priority level. When multiple requests are pending at the DMAC,
the channe! 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 highest priority level, a round-robin

DMA Mode Bus
Cycle Active

No Transfer

EXCEPTION Request

DMA Mode Waiting for

»-

Bus Cycle to Start

to 0", the highest priority level.

Idle Mode

Figure 44 Flow of Normal Operation Without Exception
or Error Condition

8 APPLICATIONS INFORMATION

Examples of how to interface HD68450 to a HD6800O0 based
system are shown in Figure 45 and Figure 46.
Figure 45 shows an example of how to demuitiplex the
address/data bus. OWN and UAS are used to control 7418373
for latching the address. DBEN and DDIR are used to control
the bi-directional buffer 741.8245.
Figure 46 shows an example of inter-device connection in the

(Address Bus)

> {Data Bus)

resolution is used, that is, as long as thesc channels continue to HD68000 system.
have requests, the DMAC does operand transfers in rotation.
Resetting the DMAC puts the priority level of all channels
+5V
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Figure 45 An Example of the Demultiplexed Address Data Bus
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The address bus and the system control bus in each device
are omitted in this Figure.

Figure 46 An Example of Inter-device Connection in
the HD68000 System
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& ATTENTION ON USAGE

{1) How to interface various 6800 type peripheral devices to
the DMAC based system.
When the DMAC is reading data from the 6800 device. the

DMAC latches the data when DTC is asserted and not at the
falling edge of E clock. The 74LS373 need to be provided ex-
ternally as shown in Figure 47 so that the data from the 6800
device can be held on the bus for a large period of time until
the DMAC can latch the correct data.
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Figure 47 An Example of Connection with 6800 type Peripheral Devices
{channel 2 and 3 are used)

{2) When "‘external abort’ is inputted during the DONE input
cycle

When the transfer direction is from the peripheral device to
memory and PCL signal is set to the external abort input mode
in the dual addressing mode, the external abort will be ignored
during the subsequent write cycle from the DMAC's intemal
holding register to memory if DONE is inputted during the read
cycle from the peripheral device to the DMAC s internal holding
register.

In this case, the channel status register (CSR) and the
channel error register (CER) show the normal termination
caused by DONE Input. The user is able to examine the PCT
bit and the ERR bit in order to detect the external abort
inputted at the timing described above. 1f PCT = I, ERR = 0,
and NDT = . then an external abort has occurred.

{3) Multiple Errors

The DMAC will log the first error encountered in the channel
error register (CER). If an error is pending in the error register and
another error is encountered the second error will not be logged.
Even though the second error is not logged in the CER, it will
still be recognized internally and the channel will not start.
{4} Relinquish & Retry Exception During Dual Address Mode

Operation

When the following two conditions occur simultaneously,
incorrect data is outputted by the DMAC at the write cycle
immediately following the negation of the relinquish & retry
(R&R) exception.

(a) R&R is asserted at the write cycle in the dual address mode.

(b) MPU access to the DMAC's internal register is done after the

DMAC relinquishes the bus due to R&R exception.
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When the R&R exception occurs during the write cycle of the dual
addressing mode, and the MPU accesses the DMAC's register, then
the DMAC's proper operation sequence should be the folliwing (refer
to the Fig. 48):

(3) R&R Exception

¥

DMAC

Internal Register

(5) MPU — (4) Relinquish bus

access

(2),(6)
Data write (1) Data read

M Periphera! Device
emory or Memory

(1) Data is read by the DMAC during the read cycle

(2) Data read at (1) is outputted at the write cycle

(3) R&R exception is asserted during the write cycle

(4) DMAC relinquishes the bus

(5) MPU accesses the DMAC and it is completed normally

(6) When R&R exception is negated, the DMAC obtains
the bus and write cycle is done to output the data
read at (1).

But instead, incorrect data is outputted at (6). This is
because the data read at (1), which is held internally by the
DMAC, is destroyed at (5) when the MPU accesses the DMAC.
Avoid occurance of the above condition. For example:

(1) Assert R&R exception only during the read cycle when

using dual addressing mode.

(2) If the R&R exception occurred at the write cycle of
the dual addressing mode, avoid accessing the DMAC’s
registers.

(3) Use HALT exception instead of R&R exception to
access the DMAC's internal registers.

(5) TS Negation Timing

When the LDS, UDS high to CS high timing (chip select
negation delay) is over 1 clock and the MPU access is long
word (32-bit data), then the data stored in the lower word of
the register accessed is destroyed and becomes all zeros. In
other words, the data in the lower word of the read access is
lost and cleated to all zeros. This does not always occur, but
on occasional basis due to the asynchronous input timing of
the CS signal.

Please observe the timing specification shown in Fig. 49.

w /0 /.
53,058 ¥

& /

Fig. 48

max. 1 ¢lk

l B35 in “high to TS ""high” g 1 clock ]

Fig. 49

{8) Unused Function Code (FC,—FC,) Lines

When the FC,, FC,, and FC, lines are not used, please keep
these lines “high” by using a pull-up resistor. If these lines
are left unconnected, the HD68450 DMAC may not operate

properly.
(7} Vss Wiring

The use of thick wiring is recommended between Vss of the
HD68450 and the ground of the circuit board. When a socket is used
to install the DMAC on the board, please make sure that the contact of
the Vss pins are made well.
(8) Bus arbitration — BR Negation on MPU’s TS.

If the MPU asserts DMAC's CS when the DMAC has its BR
asserted, then the DMAC negates its BR. This is shown as
follows:

BR asserted and negated without taking the bus

B8R is reasserted and normat
- B bus arbitration is done.

BR: i
8 Wy gy -
. Looooo 4
& OO
p— | el =
86 gy N 1T

/‘\. P

BGACK 7 1

1# HDB80OO is used, BG is issued but no
bus contention will occur

(9} BR negation before BGATK assertion

When the MPU sets the START bit of the DMAC, and a different
channel is already active in the limited-rate auto-request mode. the
the following bus arbitration timing may occur.

BR negated before

BGACK assertion!
ﬁﬁ—————————__1____fi_______

BG g SR
BGACK l—

e
MPU sets DMAC’s START bit during

this chip select cycle.

In this timing, the BR is negated too early, e.g. before the
BGACK is asserted. This will cause bus contention between
the DMAC and the MPU. For the description of these problems,
please contact the sales office.
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