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APPENDIX C

COMPONENT LAYOUT
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APPENDIX D

LIST OF COMPONENTS

INTEGRATED CIRCUITS

Ul 68450

u2,03 745244, AS244, F244
U4 74LS373

U5, uUb 74L8645-1

U7,us8 74ALS645A

U9,uUlo0 74L8373

Ull-Ul3 74LS688, AMD2521
ul4 745244, AS244, F244
Ul5s PAL16L8A-2

Ul6 IFL82S153

ul7 74F74

Uls8 XTAL Oscillator (optional)
Ul9 AM29821, 74AS821
U20,U21 PAL16R6A-2

u22 PAL16R4A-2

u23 74LS138

U24,025 74LS641-1

u26,u027 74LS244, ALS244

u28 74LS74

uz29 PAL20L8A-2

U30 74538

U3l 74LS273

U32-U34 74LS645

U35 74LS04

U36 74L8273

u37 74LS645

U38 TMS9914A

U39 XTAL Oscillator (10 Mc)
U4l 75LS160A

u4z2 75LS162A

u43 74532

u4d4 74LS04

u4s 74L5688

U446 74LS74

u49 PAL16L8BA-2

us0 7415244, ALS244

U551 741814

us2 74L5164

Us3 74F244

RESISTOR NETWORKS

RN3-RN8 3.9 K 10-Pin SIP

Appendix CC91 D-1
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MISCELLANEOQUS

R1,R2 Resistor 330 Ohm

Cl Elco 47uF 16V

C5 Capacitor 220 pF

06-060 Decoupling Capacitor 0.1 uF
S1-s54 Binary Coded Hex Switch

S5 Dil Switch

Pl 96-Pin DIN41612 Connector
P2 96-Pin DIN41612 Connector
P3 24-Pin IEEE-488 Connector
P4 25-Pin IEC-625 Connector
JB1 2-Pin Jumper Block (1 X 2)
JB2 4-Pin Jumper Block (1 X 4)
JB3 6-Pin Jumper Block (2 X 3)
JB5S 4-Pin Jumper Block (2 X 2)
JB6 4-Pin Jumper Block (2 X 2)
JB7 4-Pin Jumper Block (2 X 2)

NOTE: Some parts may have been replaced by their equivalent types.
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NUMBER

Appendix CC91l

APPENDIX E

CONNECTOR PIN ASSIGNMENTS

Pin Assignments P1

ROW A
SIGNAL
MNEMONIC

GND
SYSCLK
GND
DS1%*
DSO*
WRITE*
GND
DTACK*
GND
AS*
GND
IACK*
IACKIN*
IACKOUT*
AM4
AQ7
AQ6
AO5
AQ4
AQ3
AO2
A0l

+5 Volts

Cccoal

ROW B
SIGNAL
MNEMONIC

BGOIN*
BGOOUT*
BG1IN*
BG1OUT*
BG2IN¥*
BG20UT*
BG3IN*
BG30UT*
BRO*
BR1%*
BR2*
BR3%*
AMO

AM1

AM2

AM3

GND

GND

IRQ7*
IRQ6*
IRQ5*
IRQ4*
IRQ3*
IRQ2*
IRQ1*

+5 Volts

ROW C
SIGNAL
MNEMONIC

BERR¥*
SYSRESET*

AMS
AZ3
A22
A21
A20
Al9
Al8
Al7
Alb
AlS
Al4
Al3
Al2
All
Al0
AQ9
AO8

+5 Volts

March 1988




Pin Assignments P2 CC91

PIN
NUMBER

SIGNAL
MNEMONIC

+5 Volts
EREQ2%*
EACK2%*
EPCL2*
EDONE*
GND

ROW B
SIGNAL
MNEMONIC

GND
+5 Volts

GND

GND
+5 Volts

GND

+5 wvolts
EREQ3*%*
EACK3*
EPCL3*
EDTC*
GND

Appendix CC91

March

1988



PIN
NUMBER

PIN
NUMBER

Appendix CC91l

Pin Assignments P3 CC91
IEEE-488 Connector

SIGNAL
MNEMONIC

Pin Assignments P4

IEC-625 Connector

SIGNAL
MNEMONIC

PIN
NUMBER

SIGNAL
MNEMONIC

SIGNAL
MNEMONIC

March 1988







APPENDIX F

MEMORY MAP

All addresses are offset from the hardware installed base address
of the CC91 module.

$000

SOFF
$100
S11F
$120
S12F

$130
S13F

$140
S15F

$160
S16F

$170
S17F

$180
S19F

S1A0
S1AF

S1BO
S1BF

$1CO
$1DF

S1EO
S1EF

S1FO
S1FF

Appendix CC91

DMA CONTROLLER
REGISTERS

GPIB CONTROLLER
REGISTERS

GPIB CONTROLLER
REGISTERS

GPIB CONTROLLER
REGISTERS

GPIB CONTROLLER
REGISTERS

one 8-bit register,
16 times duplicated
at odd addresses.

one 8-bit register,
8 times duplicated
at odd addresses.

eight 8-bit registers
at odd addresses.

March 1988






APPENDIX G

DMA CONTROLLER REGISTERS

$00 sO01
CHANNEL O

S3E S3F

$40 $41
CHANNEL 1

S7E $7F

$80 $81
CHANNEL 2

SBE SBF

$CO $C1
CHANNEL 3

SFE 1 GCR SFF

Note: The General Control Register only resides at address SFF

The following table shows the register arrangement of channel O.
Each register can be accessed by byte or word. However when the STR
bit in the CCR is set, only byte access is possible.

high low
$00 ~ csR0 | cERO $01
so2 | $03
s04 "~ bcRO | ocRO $05
$06 ~ scko0 | cerO 507
so8 | $09
son | wrc o $08

Table continued on next page
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socC
SOE
$10
$12
$14
$16
$18
S1A
sic
S1E
$20
$22
$24
$26
$28
S2A
S$2C
S2E
S$30
$32
$34
$36
$38
$3A
$3C

S3E

Appendix CC91

DMAC Register Table continued

MAR O (H)

$OD
SOF
S11
$13
$15
S17
$19
$S1B
$1D
S1F
$21
$23
$25
$27
$29
$2B
$2D
S2F
$31
$33
$35
$37
$39
$3B
$3D

S3F

March 1988



DMA CONTROLLER REGISTER DEFINITIONS

CSR
CER
DCR
OCR
SCR
CCR
NIV
EIV
CPR
MFC
DFC
BFC
MTC
BTC
MAR
DAR
BAR
GCR

Appendix CC91

Channel Status Register
Channel Error Register
Device Control Register
Operation Control Register
Sequence Control Register
Channel Control Register
Normal Interrupt Vector
Error Interrupt vector
Channel Priority Register
Memory Function Codes
Device Function Codes
Base Function Codes
Memory Transfer Counter
Base Transfer Counter
Memory Address Register
Device Address Register
Base Address Register
General Control Register

March 1988






APPENDIX H

GPIB CONTROLLER REGISTERS

All addresses are offset from the base address of the CC91 module.

READ REGISTERS

$130 Int Status O $131
‘Int status 1 $133
‘Addr Status $135
‘Bus Status $137
“Addr Switch 5139
_______________ S13B
“Cmd Pass Thru $13D
‘pata In $13F

$130 Int Mask O $131
Int Mask 1 5133
_______________ $135
Auxiliary Cmd 5137
“Address $139
‘Serial Poll 5138
“parallel Poll 513D
‘pata out $13F

Appendix CC91 H-1 March 1988






$101

Appendix CC91

APPENDIX I

CONTROL REGISTER

CONTROL REGISTER (bit)

IRQLVO
IRQLV1
IRQLV2Z
ENIRQ

REQLVO
REQLV1

IRQ LEVEL
IRQ ENABLE
REQUEST LEVEL

GPIB CONTR RESET

March 1988






APPENDIX J

CC91 PROGRAM EXAMPLE
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**%* PROGRAM TO BE SUPPLIED *%%
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APPENDIX K

DATA SHEET 68450 DMAC
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Hitachi Microcomputer Device Technical Information
September, 1982

Revision of HD68450 Data Sheet

Content

Page . .
1 Replace the mnemonic for pin 21, “IREQ™ with “IRQ™.
2 Revise the value of “Power Dissipation™.

Before: Revised:
1.0W typ.. 1.75W max. 1.4W typ.. 2.0W max.
at Ta = 25 degrees C and Ve = 5.0V
3 Revise the following items of **AC Electrical Specification™.

No. 94 and 95 are newly added.

N : f Revised Value {ns)
- fem . Symbol MMz 1 6MHz | 8MHz
. min | max = min ; max | min | max

16 DS In “High" to DDIR . tDSHDRZ | 160 | 140 | . 120
' *High” Impedance . i ! i

17 DS In “High" to DBEN ' 1 DSHDBZ 160 ! 140 | - 120
" *"High’' Impedance i 5 l !

18 ' Clock “High" to Data . 1CHDVM 240 L 170 . 130
' Out Valid (MPU Read) é ': | | |

21 DS In “High” to DTACK t DSHDTH 140 | 130 | L 110
- “High” . l : i | !

34  Clock "High” to | 1CHAV . 160 ; {140 | © 120
* Address/FC Valid : i i :

35  Clock “High” to Address/FC/! t CHAZx | 140 | | 120 i 100
" Data “High” Impedance . i | : :

94 . Address Into AS | tAIASL 0! .0 0
in “Low” ; : l ! g

95 . AS, DS In “High” to | tSIHAIV 0 0 l 0 |
'~ Address Invalid 3 '; ] i

Ignore indices “91" and **92" in “Figure 3, AC Electrical Waveforms-MPU Read/Write™.
Replace index “25™ with 23" in “Figure 3, AC Electrical_szefom'ls-MPU Read/Write™.
14  Delete the following sentente from the paragraph titled “PCL AS AN ABORT INPUT™:
When this function has been programmed, the PCL line is only active after the channel has been
started.
35  Add the following comment to *Figure 37, Bus Exception Flow Diagram™:
When the DMAC is in “IDLE MODE WAITING FOR BEC CLEAR", (BER or RTY is asserted
in this state) the MPU cannot access the DMAC registers. BER or RTY must be negated before
the MPU accesses the DMAC. The MPU can access the DMAC registers while HLT or RRT is
asserted.
40  Add the following sentence after the 6th line from the top of the right column (ending with*. ..
and is restarted.™):
In order to detect an external abort of the above kind, the user is advised to examine the PCT
bit of the channel status register (CSR) along with the ERR bit. If the PCT bit is set and ERR bit
is reset, then he can conclude that an external abort has occured in the DONE cycle and take an
appropreate action.

v W

HITACHI reserves the right to make changes to any products herein to improve functioning or design. Although the informa-
tion in this document has been carefully reviewed and is believed to be reliable, HITACHI does not assume any liability arising

out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights
nor the rights or others.




40 Replace the content of the section titled *“MULTIPLE ERRORS" with the following sentence:
The DMAC dectects and services multiple errors. however the content of CER (channel error

register) retains the first error that the channel has encountered regardless of what type of
errors occur after the first one.

41 The following change has to be made on

Devices in 6800 Mode™
The AND gate input to OE of 74LS373 should be changed to a NAND gate.
Change “Ag~ A" 10 "A, ~ An”
Change *Dg ~ D" to “Dy ~ Dy
42  Replace HD 68450 with HD 68000

MPU

(Lower left block of page)
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HITACHI MICROCOMPUTER SYSTEM

HD68450-4, HD68450-6, HD68450-8

S

DMACmi

DIRECT MEMORY ACCESS CONTROLLER

Microprocessor implemented systems are becoming increas-
ingly complex, particularly with the advent of high-performance
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: .

o HMCS68000 Bus Compatible

® 4 independent DMA Channels

® Memory-to-Memory, Memory-to-Device, Device-to-Memory
Transfers

e MMU Compatible

Array-Chained and Linked-Array-Chained Operations

@ On-Chip Registers that allow Complete Software Control by

the System MPU

Interface Lines that Provide for Requesting, Acknowledging,

and Incidental Control of the Peripheral Devices

Transfers to/from HMCS68000 or HMCSE800 Peripherals

Variable System Bus Bandwidth Utilization

Programmable Channel Prioritization

2 Vectored interrupts for each Channel

Auto-Request and External-Request Transfer Modes

Up to 4 Megabytes/Second Transfer Rates

+5 Volt Operation

The DMAC functions by transferring a series of operands
(data) between memory and device; operand sizes can be byte,
word, or long word. A block is a sequence of operations; the
number of operands in a block i determined by a transfer
count. A single<hannel operation may involve the transfer of
several blocks of data between memory and device.

s DMAC ACCESSIBLE REGISTERS

I
:
;

i

l

L

i
i

!

i
i

|
!
i

I
|
i

|
|
{

e

B e S

rect Memory Access Controller)

® HITACHI

a

HD684504, HD68450-6,
HDB684508.

{DC-64)

= PIN ARRANGEMENT

(Top View)
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HD68450-4 HD68450-6 HD68450-8

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee! | -0.3~+70 \"
Input Voltage v,.* 03~+7.0 v
Operating Temperature Range | Toor 0~ +70 °C
Storage Temperature ] Teo -55 ~ +150 °c

* With respect to Vgg (SYSTEM GND)

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

8 RECOMMENDED OPERATING CONDITIONS

Item | Symbol min : typ max Unit
Supply Voltage | Vee! 4,75 5.0 5.25 \Y
Vi * 2.0 i - Vee v
Input Volt '
put Voltage Vi 03 | Z 038 v
Operating Temperature Toor | 0 ] 25 70 °c
* With respect 10 Vgg ISYSTEM GND)
® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vg =5V £5%, Vgg = 0V, Ta = 0~ +70°C, unless otherwise noted.)
Item | Symbol Test Condition min | typ | max |Unit
Input ““High” Voltage | Vin 20 - Vee v
Input “"Low" Voltage Vi Vss-0.3 | - 0.8 v
CS, 1ACK, BG, CLK,
Input Leakage Current BECQ BEC, lin - 10 HA
REQ, ~ REQ,
A ~A,, D ~Dys/Ag ~ Aq,,
AS, UDS, LDS, R/W, UAS,
e Sute (Off State) | HTACK. a_gﬂx OWN, DTC. | Irs - 10 | pA
Py HIBYTE, DDIR, DBEN,
FCD -~ FC;
Open Drain (Off State)
Input Current IREQ, DONE looi - 20 uA
A, ~ A5, Do ~Dys/Ag ~ Ags,
_S U_'§ “‘S wa UAS,
A DTACK, BGACK, BR, OWN, _ _
Output “High™ Voltage | 5y Hi5vTE. DBIR. DBEN, | YoH | 'ow=-400uA - v
ACK, ~ACK,, PCL, ~PCL;,
FCo ~ FC,
A] -~ A1 FCQ ~ FC] VoL L= 3.2mA - 0.5
Do ~ D)s/Ag ~ Ay, AS, UDS,
LDS, R/W, DTACK, BR.
Output “Low” Voltage | OWN, DTC. HIBYTE, DDIR, VoL loL =5.3mA - 0.5 v
DBEN, ACK, ~ ACK,, UAS,
PCL, ~PCL,;, BGACK,
IREQ, DONE VoL loL =8.9mA - 0.5
Power Dissination I Po f=8MHz 10 | 175 | W
. | V., =0V,
Capacitance i Cin T;= 25°C. =1 MHz - 15 I pF
2 ® HITACHI



LOAD A
+5vV

iREQ, DONE

1 ~ Ay, FC ~FG

LOAD B
+5V

Test 5000 Test 1.11kQ
Point Point
130pF
:I: 1sopFI 6.0kQ
A

130pF

Test
Point

*

Figure 1 Test Loads

HD68450-4 HD8B450-6 HDBB4EO-8

LOAD C
+BV
7100

6.0k0 152074 @
Equ:ﬂmt
Dy ~ Dys/As ~ Aqy, AS, UDS. 53,
RAN, DTACK, BR, OWN, DTC,
RIBYTE, DDIR, DBEN, ACTK, ~ ACK,,

e AC ELECTRICAL SPECIFICATION (Vcg = 5.0V 5%, Vgg =0V, Ta=0 ~+70°C)

UAS, FEL, ~ PCL,;, BGACK

No. Item Symbol Test 4 MRz 5 MHz 8 MHz Unit
Condition [ min | max | min | max | min | max
Frequency of Operation f 2 4 2 6 2 8 MHz
1 Clock Period teye 250 500 167 500 128 500 ns
2 | Clock Width “Low" teL 15 | 250 75 | 280 55 | 250 ns
3 | Clock Width “High™ teH 15 | 250 75 | 250 55 | 250 ns
4 | Clock Fall Time tof - 10 - 10 - 10 ns
5 | Clock Rise Time ter - 10 - 10 - 10 ns
6 | Asynchronous Input Setup Time tas] 0 - 25 - 20 - ns
7 | Dstain 10 DS In “Low” o1oSL ] - 0 - 0 - m
8 Dsta In to Clock “Low”* (Setup Time) picL 20 - 25 - 15 - ns
9 DSin ""High'" to Data In Valid tpsHDI 0 - 0 - 0 - ns
10 | Clock “High” 1o DDIR *High™ Impedance Off tcHDRZO - 120 - 100 - 80 ns
11 | Clock ““High"* to DBEN “"High"* Impedance Otf tcHDBZO - 120 - 100 - 80 ns
12 | Clock “High” w DDIR "Low" (MPU Write) tCHDRLM - 90 - 80 - 70 ns
13 | Clock “High" 1o DDIR "High’* (MPU Writs) tCHDRHM - 90 - 80 - 70 ns
14 | Clock "Low" to DBEN "Low (MPU Cycle) tcLDBLM - 90 - 80 - 70 ns
15 | Clock “"Low" to DBEN “High™ (MPU Cycle) CLDBHM - 90 - 80 - 70 ns
—= 16 | DS In *High” to DOTR “High" Impedance tOSHDRZ - 120 - 100 - 80 ns
—— 17 | DS In “High" to DBEN ""High" Impedance tDSHDBZ - 120 - 100 - 80 ns
—~ 18 | Clock “High" to Data Out Valid (MPU Read) tcHDVM - 140 - 120 - 100 s
19 | DS In “High” to Data “High" Impedance tpsHpz | Fig.2~6| - 160 - 140 - 120 ns
20 | Clock “Low™ to DTACK “Low” teLDTL - 90 - 80 - 70 ns
=— 21 | DS In “High" 1o DTACK “‘High"” tOSHDTH - 90 - 80 - 70 ns
22 | DS In "High” to DTACK “High” Impedance tDSHDTZ - 20 - 200 - 180 ns
23 | DTACK “Low" to DS In "High" 1DTLOSH ] - 0 - o - ns
24 | REQ Width "Low" tREQL 20 - 20 - 2.0 — | Clk.Per.
25 | Clock “High” 10 BR “Low" tCHBRL - 90 - 80 - 70 ns
26 | Clock “High” to BR “High” | tCHBAH - 90 - 80 - 70 s
27 | BR “Low"” 10 BG “Low" 1BRLBGL ] - 0 - o - s
28 | BR “Low" to MPU Cydle End {AS In “High™) tgRLASH 0 - 0 - 0 - ns
29 | MPU Cycle End (AS In “"High") to BGACK “Low" tASHBL 45 55 45 5.5 45 6.5 | Cik.Per.
30 | Ciock "High* to BGACK "Low" teHBL - 90 - 80 - 70 n
31 | Clock “High™ to BGACK “High” teHBH - S0 - 80 - 70 ns
32 | REQ “Low" to BGACK “Low" tREQLBL 12.0 - | 120 - 12.0 — | Cik.Per
33 | Clock “Low" 1o BGACK "High" Impedanca teLez - 120 - 100 - 80 na
~— 34 | Clock “High” w Address/FC Valid tCHAV - 140 - 120 - 120 ns
— 35 | Clock “High” to Address/FC/Dsta "“High” Impedance | tcnazx - 120 - 100 - 80 ns
36 Clock ""High™ to Address/FC/ Dsta Invalid tCHAZN 0 - o - 0 - ns
37 | Clock “Low" to Address ““High* Impedancs teLaz - 120 - 100 - 80 ns
38 | UAS “High” o Address Invalid tUHAI 50 - 40 - 30 - ns
(to be continued)
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HD68450-4 HDB8450-8 HD68450-8

No Itorm Symbol Test 4 MHz 8 MHz 8 MHz Unn
’ Condition | min I max min max min max

3 | AS, B3 “Migh” 10 Addrems/FC/Dats Invalid \$HAZ 50 | - 40 - 0| - m
40 | Address/FC Valid to AS, 0% “Low" (Read) tavsL 50 | - w | - | - ns
41 | Clock “High™ to UAS "Low" teHUL - 90 - 80 - 70 m
42 | Clock “High” 1 UAS “High* tCHUH - 90 - 80 - 7 ns
43 | Clock “Low" to UAS “High* Impedsoce teLuz - 120 - 100 - 80 ns

— 44 | Clock “High™ to AS, BS “Low" teHsL - 80 - 70 - 60 ns
45 | Clock “Low" to AS, B “"High" teLsH - 90 - 80 - 70 ns
48 | Clock “Low™ 1o A3, BS "High" Impedance tcLsz - 120 - 100 - 80 ns
47 | Ciock “Low" to DS “Low" (Write) tcLosL - 80 - 70 - 60 ns
48 | 'AS Width "Low” tasL 545 - 350 - 255 - m
49 | DI width “Low” tosL 420 - 265 - 190 - ns
50 | TS “High” © R/W “High" ISHRH 60 - 50 - 40 - ns
51 | Clock “High" to R/W “Low" tCHAL - 90 - 80 - 70 ns
52 | Clock "High" to R/W “High” teHAH - 90 - 80 - 70 ns
63 | Clock “Low™ to R/W “High" Impedancs teLAz - 120 ~ 100 - 80 ns
54 | Address/FC Valid to R/W “Low" tavRL 110 - 50 - 25 - ns
55 RM “Low" 10 TS “Low" (Write) tALSL 285 - 170 - 120 - ns
58 | Clock “Low" to GWN "Low" teLoL - % | - B0 | = | 70| m
57 | Clock “"Low™ to OWN "High" teLOH - 90 - 80 - 70 ns
58 | Clock “High" to DWN "High” Impedance tchoz - 120 - 100 - 80 ns
58 | Ciock “High to DDIR “Low" (Read) CHDRL - 90 - 80 - 70 ns
80 | Clock “High” to DDIR “High" teHDAH - 90 - 80 - 70 ns
61 | Clock “Low" to DDIR "High" Impedance tcLDRZ - 120 - 100 - 80 s
62 | Clock "Low" to DBEN “Low" tcLpsL - 90 - 80 - 70 s
63 | Clock "Low" to DBEN "High" teLbeH - 90 - 80 - 70 ns
64 | Clock “Low” to DBEN “High” Impedance cLoez |Fig.2~6 | - 120 - 100 - 80 ns
65 | Clock “High” to HIBYTE “Low" CHHIL - 90 - 80 - 70 n
68 | Clock “High" to HIBYTE "“High" CHHIH - 90 - 80 - 70 ns
67 | Clock “Low" to HIBYTE “Low" teLHIL - 90 - 80 - 70 ns
68 | Clock “Low’” 10 HIBYTE "High" Impedance teLHIzZ - 120 - 100 - 80 ns
69 | Clock “High™ to ACK “Low’ teHACL - 90 - 80 - 70 ns
70 | Clock “High" to ACK *High” tCHACH - 90 - 80 - 70 ns
71 | Clock "Low’ to ACK “Low” teLaCL - 90 - 80 - 70 ns
75 | Clock “High” to DTC “Low" CHDTL - 90 - 80 - 70 ns
76 | Clock “High” w DTC "High” tCHDTH - 90 - 80 - 70 ns
77 | Clock “Low™ to DTC "High" Impedance teLpTZ - 120 - 100 - 80 ns
78 | DTC Width “Low" toTeL 1.0 - 1.0 - 1.0 ~ | CIk. Per.
81 | Clock “Low" to PCL “Low" (1/8 Clock) teLpL - 90 - 80 - 70 ns
82 | Clock “Low” to PCL "High” (1/8 Clock) eLPH - 90 - 80 - 70 ns
B3 | PCL Width “Low" {1/8 Clock) treLL 4.0 - 4.0 - 40 — | Clk.Per.
84 | DTACK “Low” to Data In (Setup Time) toALDI - 180 - 120 - 90 ns
85 Data In 1o Clock “Low™ {Setup Time) toicL 30 - 25 - 15 - ns
88 | DS “High” to Data Invalid (Hold Time) tsHDI 0 - (] - () - ns
B7 | DS “High” 1 DTACK "High” SHDAH 0| 240 0| 160 0| 120 ns
88 .aE—C"LOW" bm “Low"* TBECDAL 50 - 50 - 50 - ns
89 | BEC Width "Low” tgecL 20 - 20 - 20 — | Clk.Per.
90 | OWN “Low" to UAS “Low" 50 - 40 ~ 30 - n
91 | DDIR “Low" 1o DBEN “Low" 50 - 40 - 0 - ns
92 | DBEN "High" to DDIR “High" 50 - 40 - 30 - ns
83 | DTACK Width "High" 1OTH 10 - 10 - 10 - ns

[
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HDB8450-4 HDE8450-8,HD68450-8
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Figure 2 Input Clock Waveform
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{(NOTES)
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1) Setup time for the asynchronous inputs BG, BGACK, BECy ~BEC, CS,1ACK, AS,_UDS, LDS, and Hn‘N_waramees their recognition
5&.

at the next falling edge of the clock. Setup time for
at the next rising edgs of the clock.

Timing measurements for Input pins are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts.

Timing measurements for Output pins are referenced to and from a low vojtage of 0.5 volts and a high voltage of 2.4 voluts.
These waveforms should only be referenced in regard 1o the edge-to-2dge 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.

~ REQ,, ~PCL;, DTACK, and DONE guarantees their recognition

Figure 4 AC Electrical Waveforms — Bus Arbitration
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® GENERAL DESCRIPTION

This document defines the HD68450, a four channel DMA
Controller. The operation of esch channel is independent of the
other channels. The controller supports tingle-address or dual-
address transfers. The controller supports unchained, array
chained, or link chained operations. The device interface in-
cludes lines for requesting, acknowledging, and providing in-
cidental control for the device.

The DMAC functions by transferring a series of operands
between memory and device; operand sizes can be byte, word,
or Jong word. A block is a sequence of operands; the number of
operands in a block is determined by the transfer count. A
single channel operation may involve the transfer of several
blocks of data between memory and device.

NOTE:

Throughout the specification, signals are discussed using the

terms active and inactive or asserted or negated independent

of whether the signal is active in the logic one state or the logic
zero state.

8 SIGNAL DESCRIPTION

The following section identifies the signals used in connect-
ing to the HMCS68000 bus and peripherals using the DMA

Veel2) CLOCK
As—Aza/ C:>
Do~Dss - REQo
Av~A; —> KCCLK:
P
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AS — —_
LDS REQ;
UDS = ACK,
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-
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|

)
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N
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DTC

1

GND(2)

Figure 7 Input and Output Signals

controller. Each signal has a basic definition of its use, s detailed
description of the operation of esch signal is contained in sub-
sequent sections. Specific timing information is also contained
in subsequent sections.

In the foBowing definitions, “MPU mode" refers to the state
when the DMAC is chip selected. 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.

® ADDRESS DATA BUS (A/D, through A;;/D,)

Input/Output
Active high

Three-statable

These lines are time multiplexed for data and address leads.
The lines DDIR, DBEN, UAS and OWN are used to control the
demultiplexing of the data/address lines with external gating.
This is explamed in a later section.

The bidirectional data lines (Do ~ D) are used to transfer
data between the MPU, DMAC, memory and peripheral devices.

Address lines are outputs to address memory and peripheral
devices.

® ADDRESS BUS (A, through A,)

Input/Output
Active high

Three-statable

In the MPU mode, the low order seven address lines specify
which of the internal registers is accessed. The address map for
these registers is shown in Table 1. During a DMA bus cycle,
A, ~ A, are outputs containing the low order address bits of
the location being accessed.

® FUNCTION CODES (FC, through FC,)

Output
Active high

Threestatable

These output signals provide the function codes during DMA
bus cycles. They are three-stated while in MPU mode or IDLE
mode.

® CLOCK (CLK)
Input

This is the HMCS68000 system clock and must not be gated
off at any time. Transferring to or from the DMAC registers,
sampling of channel request lines, and gating of all control
lines are done internally in conjunction with the CLK input.

® CHIP SELECT (CS)

Input
Active low

This input signal is used to select the DMAC for programmed
transfers to and from the DMAC. The DMAC is deselected when
the CS input is inactive. If the CS input is asserted during a bus
cycle which is generated by the DMAC, the DMAC internally
terminates the bus cycle, signals an address error, but does not
perform an operation. This protects DMAC registers during
bus cycles which are generated by itself. However, bus cycles
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generated by any other bus masters, including other DMACs.
may sddress and change the DMAC's internal registers and.
consequently, the operation of the DMAC.

e ADDRESS STROBE (AS)

Input/Output
Active low

Three-ststable

In the MPU or IDLE modes, this signal is monitored by the
DMAC if it is requesting, and has been granted, permission to
become bus master. In the DMA mode, this signal is an output
indicating that the DMAC has placed a valid address on the bus.

e UPPER ADDRESS STROBE (UAS)

Output
Active low

Three-statable

This line is an output to latch the upper address bits on the
multiplexed data/address lines. Further explanation is given in
later sections and diagrams. It is three-stated during the MPU
mode and the IDLE mode.

e OWN (OWN)

Output

Active low

Three-statable

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

e DATA DIRECTION (DDIR)

Output Three-statable

This line controls the direction of data through a bidirec-
tional buffer on the data bus. It is threestated during the IDLE
mode.

e DATA BUS ENABLE (DBEN)

Output
Active low

Threestatable

This line controls the output of bidirectional buffers on the
multiplexed data/address bus. It is three-stated during the IDLE
mode.

e HIGH BYTE (HIBYTE)

Output
Active low

Three-statable

This line is used when the operand size is byte in the implicit
addressing operation. It is asserted when data is present on the
upper eight bits of the data bus. It is three-stated during the
MPU mode and the IDLE mode.

HD68450-4 HDBB8450-6 HDBB450-8

e READ/WRITE (R/W)

Input/Output
Active low

Three4tatable

Read/Write (R/W) is an input in the MPU mode and an out-
put during the DMA mode. In the MPU mode, it is used to
control the direction of data flow through the DMAC's input/
output data bus interface. In the DMA mode, R/W is an output
to memory and 1/O controllers. It is held three-stated during
IDLE mode.

e UPPER DATA STROBE (UDS)

Input/Output Three-statable

Active low
e LOWER DATA STROBE (LDS)

Input/Output
Active low

Thres-statable

These lines are =xtensions of the address lines indicating
which byte or bytes of data (LSB, MSB) of the addressed word
are being addressed

e DATA TRANSFER ACKNOWLEDGE (DTACK)

1nput/Output Three-statable

Active low

In the MPU mode DTACK is an output indicating that the
DMAC has completed the requested data transfer (read or
write).

In the DMA mode, the DMAC monitors DTACK to deter-
mine when a data transfer has completed. In the event that 2
preemptory bus exception occurs prior to or concurmrent with
DTACK, the DTACK response is ignored and the bus exception
honored. In the IDLE mode, this signal is held in three-state.

e BUS EXCEPTION CONTROLS (BEC, through BEC;)

lnput
Active low

These lines provide an encoded signal indicating some excep-
tional bus condition. See Page 35 for details on bus exceptions.

e BUS REQUEST (BR)

Output
Active low

The Bus Request (BR) output is generated by the DMAC to
request ownership of the bus.

e BUS GRANT (BG)

Input
Active low

The Bus Grant (BG) input indicates to the DMAC that it
is to be the pext bus master. This signal is originated by the
MPU and propagated via a daisy chain or other arbitration
mechanism. The DMAC cannot assume ownership until both
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the bus, it does not continue to monitor the BG input.

® BUS GRANT ACKNOWLEDGE (BBACK)

Input/Output
Active low

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

As an input, BGACK is monitored by the DMAC in order
to determine whether or not the current bus master is a DMA
device or not. BGACK must be inactive before the DMAC may
assume ownership of the bus.

Threestatable

® INTERRUPT REQUEST (TRQ)

Output
Active low

Open drain

Interrupt Request (IRQ) is used to interrupt the MPU.
® INTERRUPT ACKNOWLEDGE (TACK)

Input
Active low

Interrupt acknowledge (TACK) is an input to the DMAC
indicating that the current bus cycle is an interrupt acknowl-
edge cycle. By the MPU, the DMAC responds with the contents
of the normal or exception interrupt vector register of the
highest priority channel requesting an interrupt. JACK i not
serviced if the DMAC has not generated IRQ.

® CHANNEL REQUEST (REQ, through REQ;)

input
Falling edge or active low .
The four REQx inputs (REQ, ~REQ3) are falling edge sen-
sitive inputs when the request mode is cycle steal. The REQx
inputs are low level sensitive when the request mode is burst.

® CHANNEL ACKNOWLEDGE (ACK, through ACKj;)

Output
Active low

Non-three-statable

The four ACKx lines (ACK, ~ ACK,) indicate to a request-
ing peripheral device that the bus has been acquired and that
the requested bus cycle is beginning. The ACKX line may be
used as part of the enable circuit for bus interface to the pe-

ripheral.
® PERIPHERAL CONTROL (PCL, through PCL;)

Input/Output Three-statable

Active low

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

® DONE (DONE)

Input/Output
Active low

Open drain

The one DONE output is normally high and goes low concur-
rent with ACKX if that channel's operation is completed as 3
result of that transfer. As an input, it allows the device to indi-
cate a pormal termination of the operation.

® DEVICE TRANSFER COMPLETE (DTC)

Output
Active low

The single device transfer complete output is normally high
and goes low 1o signal to the device that the data transfer
complete. On a write to memory operation, it indicates that
the data has been successfully stored. On 1 read from memory
operation, it indicates that the data is present at the device and
thould be latched.

8 INTERNAL ORGANIZATION

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

e e | (CSR)

t— (CER)
{DCR)
[ (SCR)
o np] (CCR)
e v (N1V)

s ] (E 1V}

One Set Per Channel [rrarme repee| {CPR)

P e | (MFC)
P e | (DFC)
(MTC)
(BTC)
(MAR)
{DAR)
(BAR)

One Por DMAC —+ -EE! (GCR)

Figure 8 Internal Registers

® REGISTER ORGANIZATION

The internal accessible register organization is represented in
Table 1. Address space not used within the address map is
reserved for future expansion. A read from a reserved location
in the map results in a read from the “null register”. The null
register returns all ones for data and results in a normal bus
cycle. A write to one of these locations results in a normal bus
cycle but no write occurs. Unused bits of a defined register read
as zeros.
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Teble 1 DMAC Register Addressing Assignments
Addrem Bits

Rogiter 766 4 3 2 10 Mode
Channel Status Register ¢c ¢ 000DO0OO RW
Channel Error Register c e 00O0O0O0 1 R
Device Control Register cc 000100 RW
Operation Control Register c e O0O00 11 01 RW
Sequence Control Register cc 000110 RMW
Channel Control Register ce 000111 RW
Memory Transter Counter cc00101b RW
Memory Address Register cc 00113 s RW
Devics Address Register cc 01018 s RM
Bass Transfer Countar cec01101b RW
Base Address Register cec 01114 s RW
Normal Interrupt Vector cc1 00101 RW
Error Interrupt Vector c ¢ 00111 RW
Channe! Priority Register ce¢c 101101 RMW
Memory Function Codes ce 101001 RMW
Device Function Codes ce¢c 110001 RW
Base Function Codes ce 111001 RW
General Control Register 11111111 RW

cc: 00 — Channel #0, 01 — Channel #1
10 — Channel #2, 11 — Channel #3

m: 00 — High-order, 01 — Upper middle,
10 — Lower middle, 11 — Low-order

b: 0 — High-order, 1 — Low-order

* See Channel Status Register on Page 31.

e 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 HMCS6800
device the PCL definition is ignored and the PCL line is an
Enable clock imput. If the DTYP bits are programmed to be 2
device with READY, the PCL definition is ignored and the PCL
line is a ready input (active low). The DPS bit defines what
port size the device has. The PCL bits define the function of
the PCL line. When the content of the DTYP bits_implies
HMCS6800 compatible device, or Device with ACK and
READY, the content of the PCL bits is disregarded. The XRM
bits are ignored if an auto request mode in the OCR is selected.

7 8 5 4 3 2 1 o

XRM DTYP DPS| O PCL
XRM  External Request Mode
00 Burst Transfer Mode
01 (undefined, reserved)
10 Cycle Steal Mode without Hold
11 Cycle Steal Mode with Hold
DTYP Devics Type
00 HMCS68000 compatible device, explicitly addressed
01 HMCS6800 compatible device, explicitly addressed
10 Device with ACK, implicitly addressed
11 Device with ACK and READY, implicitly address
DPS Devics Port Size
0 8 Bit Port
1 16 Bit Port
PCL Peripheral Control Line

00 Status Input (can be read by reading CSR)

HD688450-4, HD68450-8 HDB8450-8

01 Status Input with Interrupt
10 Start Pulse, Negative 1/8 CLK
11 Abort Input

o Bit 2 Not Used

® OPERATION CONTROL REGISTER (OCR)

The OCR is an operation oriented register. The DIR bit
defines the direction of the transfer, to or from memory. The
SIZE bits define the size of the operand and how the transfer
count and sddress registers are to be handled. The CHAIN bits
tells the DMAC if any or what type of chaining is to be per-
formed. The REQG bits define how requests for transfers are
genenated. Chaining and requests are discussed in a later section.

7 6 5 4 3 2 1 0
DIR}] O SIZE CHAIN REQG

DIR Direction
0 Transfer from memory to device
1  Transfer from device to memory

0 Bit 6 Unussd
SIZE  Operation Size
00 Byte
01 Word
10 Long word

11 (undefined, reserved)

CHAIN Chaining Operation
00 Chain operation is disabled
01 (undefined, reserved)
10 Armay chaining
11 Linked chaining
DMA Request Generation Method
00 Auto-request at rate limited by General Control
Register (GCR)
01 Auto-request at maximum rate
. 10 REQ line initiates an operand transfer
11 Auto-request the first operand, external request
for subsequent operands

REQG

® SEQUENCE CONTROL REGISTER (SCR)
The SCR is used to define the sequencing of memory device
addresses. :

0 o] MAC DAC
(] Bits7,6,5, 4 Not Used _
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  Devics Address Register Count

00 Device address register does not count
01 Device address register counts up

10 Device address register counts down
11 (undefined, reserved)
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® CHANNEL CONTROL REGISTER (CCR)

The CCR is used to start or terminate the operation of a
channel. The register also determines if an interrupt is to be
generated at the termination of an operation (normal or error
termination). Setting the STR bit causes immediate activation
of the channel; the channel will be ready to accept requests
immediately. The STR and CNT bits of the register may not
be reset by a write 1o the register. The software abort bit
(SAB) may be used to terminate the operation. Setting the SAB
bit will reset STR and CNT. Setting the HLT bit will halt the
channel, and resetting the HLT bit will resume the operation.

7 6 5 4 3 2 1 0
STR|CNT| HLT|SAB| INT| © 0 o]

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

0 Bits 2, 1, 0 Not Used

® CHANNEL STATUS REGISTER (CSR)
The CSR is a register containing the status of the channel.

7 6 5 4 3 2 1 0
COC|BTC[NDT|ERR| ACT| O {PCT|PCS

CcOoC Channel Operation Complete
0 Channel operation incomplete
I Channel operation complete
B8TC Block Transfer Complete

0  Block transfer incomplete
1 Block transfer complete

NDT Normal Devics Termination

0 No normal device termination

1 Device terminated operation normally
ERR Error Bit

0 No errors
1 Error as coded in CER

ACT Channel Active
0 Channel not active
1 Channel active

PCT  PCL Transition
0 No PCL transition occurred
1 PCL transition occurred
PCS The State of the PCL Input Line
0 L low

|

3

1 PCLhigh
0 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.

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

0 Bits 7, 6, 5 Not Used

ERROR CODE
00000 No error
00001 Configuration error
00010 Operation timing error
00011 (undefined, reserved)
001rr  Address error
010rr  Buserror
Ollrr Count error
10000 External abort
10001 Software abort

IT  register or counter code
01 Memory address or memory counter
10 Device address
11 Base address or base counter

® CHANNEL PRIORITY REGISTER (CPR)
The CPR is used to define the priority level for each channel.

7 6 5 4 3 2 1 0
0 0 o o] 0 cp

CP  Channel Priority

These two bits determine the priority (0-3) of the
channel.

0 Bits 7, 6,5, 4, 3, 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.

7 6 5 4 3 2 1 0
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 controlled by these two bits. The number
is 2°* (BT+4) (two to the BT+4 power).

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

0 Bits 7, 6, 5, 4 Not Used
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® ADDRESS REGISTERS

Three 32-bit registers are utilized to implement the Memory
Address Register, Device Address Register, and the Base Address

Register. Due to packaging limitations, only the least significant
twenty-four bits are connected to the address output pins.

® FUNCTION CODE REGISTERS

Each address register has a function code register amsociated
with it. The function code registers are three bits wide and are
loaded via the lowest three bits of the data bus.

® TRANSFER COUNT REGISTERS

Two sixteen bit counters per channel are provided to imple-
ment the Memory Transfer Counter and the Base Transfer

Counter.

® INTERRUPT VECTOR REGISTERS

Each channel has an interrupt vector register and an error

interrupt vector register, each consisting of eight bits.

® OPERATION DESCRIPTION
® GENERAL DESCRIPTION

A DMAC channel operation proceeds in three principal
phases. During the initialization phase, the MPU configures the
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Figure 9 MPU Read from DMAC — Word

(NOTES)

1) The TS equation includes data strobe.

2) De ~Dys represent the multiplexed address/data pins which are
used for data only during MPU mode.

3) XDe ~ XDy is the external or 68000 system data bus, is. on the

side of the data buffers.

4) Cycle lengths reflect the response of the current HD68000 MPU.

5) In the MPU read from DMAC mode, the DMAC will not give
BTACE until the dsta is guaranteed valid on the system data bus for
one half dock. .

8) During the_MPU read, the DMAC must remove signals within one
dock after is negated.

7) The DMAC will negsts DTACR within one clock after AS i ne-

gated.
8) During the MPU write to DMAC, the DDIR line will be driven low
to direct the data buffers toward 10 DMAC before the buffers are

enabled.

9) Tha DMAC will latch the dasta (MPU writs to DMAC) befors assert-
ing DTACK. Onca the data is latched the DMAC will negats
and DOIR in the proper order.

10) &= will be removed within one clock sfter AS is negated.

11) Note thet DDIR end must drive out of tristats when CS is
detectsd and then must be re-tristated st the end of the cyde.

12) The clock reference shown in this disgram is the CPU dock.

Do-D1s .-

XDo~ XDy g
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channel control registers, sets initial addresses, and starts the
channel. During the transfer phase, the DMAC accepts requests
for data operand transfers, and provides addresing and bus
controls for the transfers. The termination phase occurs after
the operation is completed when the DMAC reports the status
of the opention. Refer to Figure 9 through Figure 11 for MPU/
DMAC communication timings.

This section describes DMAC operation. A brief dexription
of the device/DMAC communication i given first. Next, the
transfer phase i covered, including how the DMAC recognizes
requests and how the DMAC arranges for data transfer. Follow-
ing this, the initialization phase is described. The termination
phase is covered, introducing chaining, error signaling, and bus
exceptions. A description of the channel priority scheme rounds
out the section.

The MPU reads and writes the DMAC internal registers to
control the operations. Figure 9 indicates the timing diagram
when the MPU reads the contents of the DMAC internal regis-
ter. the MPU outputs A, ~ Az, AS, R/W, UDS, and IDS and
accesses the internal register. The DMAC outputs data on the
bus, the buffer control signals (DDIR and DBER), and DTACK.
Read cycle consists of sixteen clocks. Figure 10 shows the timing
of the MPU writes to the DMAC. Write cycle consists of thirteen
clocks.

CLK
12345678 ___181920212223242526

A-a
A\

A\
w T L
s T W
s T W

ol

DTACK -

ex AN A i
12346878 181920212223242528

Figure 10 MPU Write to DMAC — Word

Figure 11 indicates the DMAC bus arbitration timing. The
DMAC_asserts BR to request the bus mastership. The MPU
issues BG to grant the ownership in the next bus cycle. After
the end of the current cycle, the DMAC starts its own bus cycle
accompanied with the dead cycles.
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(NOTES) 1) Nots the timing of the OWN signal. It will drive active one half dock prior 1o the start of the first DMAC cycle. It will drive Inactive one

half clock stter the end
OWN signal will tristats.

of the last DMAC cych. At this sams time, all other control signals will tristats. One half clock sfter this, the

2) CONTROL BUS refers to the controf pins such as DBEN, AS, ACK, stc. on the DMAC.

3) B signal will be negated one dlock after signal is asse

rted.

Figure 11 DMAC Bus Arbitration Timing

® DEVICE/DMAC COMMUNICATION

Communication between peripheral devices and the DMAC
is accommodated by five signal lines. Each channel has a request
(REQ), an acknowledge (ACK), and a peripheral control line
(PCL). The last two lines, the DONE and DTC lines, are shared
among the four channels.

(1) REQUEST (REQ)
A channel can make 2 request for service by asserting the
individual channel request line.

(2) ACKNOWLEDGE (ACK)

Each channe] has an acknowledge line which is activated
during transfers to or from the device. This line is used to
implicitly address the device which is transferring the data.
It may also be used to control the buffering circuits between
the device and the HMCS68000 bus.

(3) PERIPHERAL CONTROL LINE {PCL)

Each channel has a periphenal control line. The function of
this line is quite flexible, and is determined by the programmed
state of DCR.

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 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 PCL line is active at all times when the PCL line is pro-
grammed as a Status input, Interrupt input, a Ready input, or
an Enable input. When programmed to be an Abort input it is
only active after the channel has been started.

PCL AS A STATUS INPUT

The PCL line may be programmed as a status input. The
status level can be determined by reading the PCS bit in the
CSR. If a negative transition occurs and remains stable for two
DMAC dock cycles on the PCL line, the PCT bit of the CSR
is set. This bit is cleared by resetting the DMAC or writing to

14

the PCT bit of the Channel Status Register.

PCL AS AN INTERRUPT

The PCL line may also be programmed to generate an inter-
rupt on a negative transition. This enables an interrupt which
is requested if the PCT bit of the CSR is set.

PCL AS A STARTING CLOCK PULSE

The PCL line may be programmed to output a single pulse.
The duration of the active low pulse is eight clock cydes, and
starts when the channel is activated.

PCL AS AN ABORT INPUT
The PCL line may be programmed to be an negative transi
tion abort inpyt which terminates an operation by signaling the
abort error. n this function has been programmed,
line is only active after the channel has been start

negative transition mmst remain stable in a low level for a
minimum of two DMAC dock cycles.

PCL AS AN ENABLE INPUT

If the DTYP bits are programmed to be a HMCS6800 device,
the PCL definition is ignored and the PCL line is an Enable
clock input. The Enable clock downtime must be as long as
five clock cycles, and must be high for 2 minimum of three
DMAC clock cycles, but need not be synchronous with the
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 is an active low signal which is asserted when the
memory transfer count is exhausted, and there are no more
links to pick up in a chaining operation or the continue bit is
not set. It is asserted and negated coincident with the acknowl-
edge signal of the last operand part.
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The DMAC also monitors the state of the DONE line while
acknowledging a device. If the device asmserts DONE, the DMAC
will terminate the operation afier the transfer of the current
operand. The DMAC terminates the operation by clearning the
ACT bit of the CSR, and setting the COC and NDT bits of the
CSR. If both the DMAC and the device amerts DONE, the
device termination is not recognized, but the channel operation
does terminate.

(6) DATA TRANSFER COMPLETE

DTC is an active low signal which is asserted when the actual
data transfer is accomplished. If data is being transferred from
the device, DTC is asserted to indicate that the data is valid at
the device, and should be latched. If a preemptory bus excep-
tion terminates the bus cycle, DTC is not asserted. DTC is an
active signal whenever the DMAC is a bus master. It is asserted
for both memory and peripheral DMAC initiated transfers.
® REQUESTS

Requests activate the DMAC to transfer an operand. The
REQG bits of the OCR determine the manner in which requests
are generated. Requests may be externally generated by cir-
cuitry in the device, or internally generated by the auto-request
mechanism. Usually a single operation uses only one method
of request generation, but an operation can auto-request the
first transfer and then wait for the device to request further
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, so that the channel always has a
request pending, or limited-rate. The kimited rate auto-request
feature functions by monitoring the bus utilization.

AUTO-REQUEST BUS UTILIZATION

The DMAC monitors bus utilization to control the limited-
rate auto-request (LRAR) feature. This monitoring is also used
to determine when an external request device has paused.

The DMAC divides time into equal length sample intervals
by counting clock cycles. The end of one sample interval marks
the beginning of the next. During a sample interval, the DMAC
notes bus and channel activity. At the end of the interval,
decisions are made which affect channel openations during the
next sample interval, as shown in Figure 12.

TIME -
Previous Current Next
Sample Intervel Sample Interval Sampile Interval
I | LRAR | !
Interval

Figure 12 DMAC Sample Intervals

Based on the DMA activity during a 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 made are controlled by the BT and
BR parameters in the GCR. The length in clock cycles of the
subinterval during which the DMAC allows limited-rate auto-
requests is controlled by the BT. The number is 2** (BT+4).
For example, if BT equals TWO and the DMA utilization of
the bus was low during the previous sample interval, then the

HD88450-4 HDE68450-6 HDB8450-8

DMAC generates as many suto-request transfers as is possible
during the first 64 dock cycles of the current sample interval.
The ratio of the length of the mmple interval to the kength
of the limited-rate suto-request interval is controlled by the
BR bits. This same parameter is used to determine the level
of DMA bus utilization during the sampie interval. If the frac-
tion of DMA clock cycles during a sample interval exceeds
the programmed utilization level, the DMAC will not allow
limited-rate suto-requests during the next sample interval
Either ratio is 2*°* (BR+1) (2 raised to the BR+1 power). For
example, if BR equals THREE, then at most one out of 16
clock cycles during a sample interval can be a DMA cycle, and
still the DMAC would allow limited-rate auto-requests du:-_gﬁ'
the next smample interval. The DMAC monitors
during each clock cycle to determine whether or not that clock
cycle is used by a DMA device. If the BGACK input is active,
the DMAC assumes that that dock cycle is for 2 DMA device.
If it is inactive, the DMAC assumes that it is not 2 DMA cyde.
The sample interval length is not a direct parameter, but 5
equal to 2*°* (BT+BR+5) clock cycles. Thus the sample interval
can vary from 32 10 2048 clock cycles.

AUTO-REQUEST

If the REQG bits in the OCR indicate auto-request at the
maximum rate, the DMAC acquires the bus after the operation
is started and transfers data until channel termination. The
DMAC does not relinquish the bus until termination. If a
request is made by another channel of equal or higher priority,
the DMAC services that channel and then resumes the auto-
request sequence.

If the REQG bits indicate auto-request at a limited rate,
the channel generates requests only during the limited rate
auto-request interval and then only when the bus utilization
was below the required threshould during the previous sample
interval. As a consequence, if an auto-request at maximum rate
transfer is started, no limited rate auto-requests are generated
before the termination of the maximum rate auto-request
operation. .

The ACK, PCL and DTC lines are held inactive during an
auto-request operation if the device type is HMCS68000 com-
patible. Consequently, any channel may be used for the auto-
request function in addition to its normal application without
disturbing any peripheral devices connected to that channel.

Refer to Figure 13 for more specific timing diagrams.

(2) EXTERNAL REQUESTS

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

BURST REQUEST RECOGNITION
In the burst request mode, the REQ line is an active low

input. The device requests an operand transfer by asserting

REQ. The DMAC services the request by arbitrating for the
HMCS68000 bus, obtaining the bus, and notifying the peripher-
al by asserting the acknowledge line. If the request line is active
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when the DMAC asserts scknowledge, and remains sctive at
least until the DMAC asserts device transfer complete, the
DMAC recognizes a valid request for another operand, which
will be transferred during the next bus cycle if the channel has
priority. If the request line is negated before the DMAC asserts
device complete, the DMAC determines there is no valid request
for an operand transfer, and no transfers are generated for that
channel. Channels of the same or higher priority within the
same DMA Controller may have DMA operand transfer requests
serviced during this mode.

If the request is negated before the first
started, the cycle
bus.

Refer to Figure 14 for more specific timing diagrams.

transfer cycle has
will terminate with the DMAC returning the

CYCLE STEAL REQUEST RECOGNITION

In the cycle steal request mode, the device requests an
operand transfer by generating a falling edge on the REQ line.
The DMAC services a request by arbitrating for the bus, obtain-
ing the bus and notifying the peripheral by asserting the ac-
knowledge line.

After an request edge has been asserted it must remain at
the assertion level at least two clock cycles. The request line
must be inactive at least one clock cycle before a request is
made. If another request from the channel is received before
the first operand part of a former request is acknowledged,
the second request is not recognized.

After the DMAC completes the transfer, it may service
another channel, relinquish the bus, or hold the bus and wait
for another request. If there are pending requests from other
channels, one of the requesting channels is serviced. If there
are no requests, the XRM bits determine whether the DMAC

will relinquish the bus, or retain ownerthip.

Il the XRM bits specify cycle steal with hold, the DMAC will
retain ownership. The bus is not given up for arbitration until
the channel operation terminates or until the device pauses.
The device is determined 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 reset 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.

If the XRM bits specify cycle steal without hold, the DMAC
will relinquish the bus. If the device generates a request before
DMAC asserts DTC for the last operand part, the DMAC will
retain ownership of the bus, and that request will be serviced
before the DMAC relinquishes the bus.

Refer to Figure 15 and Figure 16 for more specific timing

REQUEST RECOGNITION
FERS

In a following section dual-address transfers are defined. Dual
address transfer is an exception to the request recognition
rules in the previous paragraphs. Refer to the Explicitly Ad-
dressed Device section for information.

IN DUAL-ADDRESS TRANS-

(3) MIXED REQUEST GENERATION

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

12 34567 8 910111213147516 181820 212223 24 25 26 27 28 29

FCo~FC2 Y . . /i) X
Ay~ Ay H“ u[l m X
ADDRESS OUT DATA IN ADDRESS OUT DATA ouT ADDRESS OUT DATA IN
Do X TN
X0~ X0 [T II—IT Im—{___m—
AT/ W7 /7 N
AW 7 W — W /!

uDs m u’

W

7  —
LSTTW W W
RW

A\

yilj

OWN

DDIR “s ul

L\

e Y/ a— | /R )/
HIBYTE
DTACK L\ // A—— I/ N/
bic I\ /| W7 W/

ACK

5 6 7 839 10111213 141516 17 1819 20 12223242526 272829

CLK
12 4

= Read t Write Read ™
from Memory to Memory from Memory
(NOTE) 1) Note that ACK, DONE, DTC, and HIBYTE are always inactive in this mode. For comments on the other signals, see notes on the dual
addrexsing mode with 8 bit device 23 source.
Figure 13 DMAC Auto Request Read — Write — Read Cycles
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REQ\ [\ e
gR \ J \ U |
86\ f N ]
BGACK A [T -
VeLes o X —(>r—-— r—
ACK /\ M T W
oTC — N[ \J_ 7

-Non DMAC —+—Dead —+———DMAC Cycles ———Other Master ~—=—DMAC——— Idie —
and Rearbitration Cycles
(NOTE) 1) Nots thst in the disgrams showing request timing it is assumed that only one channe is active.

Figure 14 DMAC Burst Mode Request Timing

c UL LN UUuuiuuuy ryuuuuuy
REa\___J I | |
BR™ \ f ) | W B
B\  —— AU
BGACK \ RO T
vaess—__ —= — —Cr—C — >—
ACK ~\_J .\ 7
bTC g /A ||/ LW/}
c JULN LUyl nuuuuuy
Micro Cleanup
-Non DMAC ——Dead — DMAC Cycles——=f— Other Master —=———DMAC Cycles ——

and Rearbitration

(NOTES) 1) In this mode the device must re-assert REQ one clock before the assertion edge of DTC of the last bus cycle or lose the bus.
The REQ signal is edge triggered.
2) The time labeled “micro cleanup” is the time it takes for the internal sequencer to start another bus cycle if no other channel has
requests pending.

Figure 15 DMAC Cycle Steal Mode Request Timing

REQ \ [ ] N
R\ "
BG  \ | #

BGACK il T\ [

BUS —- ?

CYCLES L r— ——__ — —
ACK—- N7 W7 71
oic - / Y/ \W/j \W/j

DONE - Ve $ \\___ﬂ—_
cek [N
-Non DMAC—— Dead —— DMAC Cycles :
- Last Cycle—
(xfer cnt=0)

Figure 16 DMAC Cycle Steal-Hold Mode Request Timing
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® DATA TRANSFERS
(1) DEVICE PROTOCOLS
All DMAC data transfers are assumed to be between mem-
ory and another device. The word “memory”™ means a 16-bit
HMCS68000 bus compatible device. By programming the DCR,
the characteristics of the device may be assigned. Each channel
Qn communicate using any of the following protocols.
DTYP Device Type
00 HMCS68000 compatible dcvice} .
01 HMCS6800 compatible device | Dval Addressing
10 Device with . .
1 Device with ACK and READY | Single Addressing

DUAL ADDRESSING

HMCS68000 and HMCS6800 compatible devices may be
explicitly addressed. This means that before the peripheral
transfers data, a data register within the device must be address-
ed. Because the address bus is used to address the peripheral,
the data cannot be directly transferred to/from the memory
because the memory also requires addressing. Instead, the data
is transferred from the source to the DMAC and held in an
internal DMAC holding register. A second bus transfer between
the DMAC and the destination is then required to complete
the operation. Because both the source and destination of the
transfer are explicitly addressed, this protocol is also called
dual-addressed.

Request Recognition in Dual-Address Transfers

The request recognition protocols defined in a previous sec-
tion apply to dual-address operations. Requests are recognized
during the transfer to/from the DMAC holding register and the

DMAC

Address Device

1) Set RW to Read

2) PloeoAddrulonA. "An

3) Place Function Codes on
FCe ~FCy

4) Assert Address Strobe (AS)

5) Assert Upper Dsta Strobe
(UD3) snd Lower Data
Strobe (LD3)

6) Assert Acknowtedge (ACK)

L

peripheral as described in the request protocol section. This

tocol requires the request to be asserted before the rignal

is asserted, to have request recognition for the next cycle.

During the portion of the operation when the operand or
operand part is trangferred between the DMAC holding register
and memory, requests are also recognized. During the transfer
between memory and the holding register, DTC is not asserted,
%0 it may not be used as reference point for request recognition
during this portion of the operation. However, requests will be
recognized if they are amerted prior to the portion of the cycle
where DTC would hsve been asserted. This point is one half
clock cycle before the upper and lower data strobes are negated.

HMCS88000 Compatible Device Transfers

In this operation, when a request is received, the bus is
obtained and the transfer completed using the HMCS68000 bus
protocol as shown in Figures 17 and 18. Refer to Figures 19
through 22 for timing information.
HMCS6800 Compatible Devics Transfers

When a channel it programmed to perform HMCS6800
compatible transfers, the PCL line for that channel is defined
as an Enable clock input. The DMAC performs data transfers
between itself and the device using the HMCS6800 bus protocol,
with the ACK output providing the valid memory address
signal. This operation is necessary since the HMCS6800 bus
s synchronous and the HMCS68000 bus is asynchronous.
Figure 23 illustrates this protocol. This operation provides
DMAC compatibility with existing HMCS6800 and other
synchronous devices. Refer to Figures 24 and 25 for timing
information. Figure 44 illustrates a sample circuit diagram of
a two-6800 device system.

HMCS 68000 Device

1
FPresent Data.
1) Decods Address
2) PbaDmonD. "Du
3} Assert Data Transfer
A-dmowﬁodT {DTACK)

|
Acquire Dsta
1} Losd Data into Holding
Register
2) Assert Devics Transfer

3) Negats Uﬁi_ur_d [
4) Negate AS, ACK and DTC
L

L
Terminsts Cycle
1) Remowve Data from D, ~ Dy

2) Negate
J

]

Start Next Cycle
—_—

Figure 17 Word Read Cycle Flowchart HMCS68000 Type Device
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DMAC ' HMCS 88000 Dovice

Addrems Device
1) Place Address on A, ~ Ay,
2) Placa Function Codes on
FCe ~FC,
3) Assert Address Strobe (AS)
4) Set R/W to Write
5) Place Dstaon Dy ~Dys
6) Assert Acknowiedge (ATK) «—
7) Assert Upper Data Strobe
(UDS) and Lower Data

Strobe t:x.T:'é)
1
Accept Dats
1) Decode Address
2) Stors Dataon Dy ~ Dy
3) Assert Data Transfer
Acknowledge (DTACK)
r J

Terminate Output Transfer

1) Assert Device Transfer
Complets (BTC)
2) Negate UBS and LDS_
3) Negate AS, ACK and DTC
4) Remove Data from Dg ~ Dy
5) Set R/W to Read
1

1
Terminate Cycie
1) Negam DTACK

r—
Start Next Cycle

Figure 18 Word Write Cycle Flowchart HMCS68000 Type Device

cu{l[‘“\[][']]\[]]"'][_]r‘]m]_]r
1 734 586 7 8 91011121314151617181920 212223
) (/18

FCo~FCz ) '/} X
Ar=As Xl . '/ /1
As—Azz. ADDRESS OUT DATA IN_ADDRESS OU}[ DATA OUT
Do~D1s M X1 X -/
XDo~XD1s IID—f HIHID
UAS W_4/f W7 W__I
TR/ S—/ R\ v/
ws [ W[l Y/ g Y
L W Y/
RW J\}
OWN
ooR — W m
ey W] W [
HIBYTE
DYACK /. oY I
oTc \\// W
ACK W 1]}
BoNE T N
cLx 1 34 56 7 9 7011121314 1516 1718 1920 2122 23
T Read T Wrrte -
from Memory to Device

(lest xfer ; xfer cnt=0)

{NOTE) 1) This mode is identical 1o the dual address with B bit devics as destination except that the device has a 16 bit port;

i.0. both data strobes are asserted and data is on both hatves of the bus. See the notes on the dual addressing mode
with B bit device as source.

Figure 19 Dual Addressing Mode with 16 Bit Device as Destination (Read-Write Cycles)
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CLK
\ 3 1] 7 L] 1171213 11 V7 9 n
S R—i I
a-a TN Y
Ag - Agy/ ADDRESS OUT  DATA N ADDRESS QUT  DATA OUT
oe-on ___ NI NI ) /- )/
XDg~XD1s I—r By
s W0 N
5 [ W 17—\ !/
s _ W@ W@
ws _ W W {f
R W Y [
OWH
BDR m 1]
L WY/ —\ N/
HIBYTE
DTACK ﬂ}'  \! ﬂ] 1\ [Z]
ore Wy -
Ak ™ W\ 7
o —— W
CLK
12 345 7 ] 117213731518 1718 1820 21
— Read - Writs —
from Dewcs o Memory

31 xfer | xter ent=0

(NOTE) 1) This mode is identical to the dual address with 8 bit device a3 source except that the device has 8 16 bit port;

i.e. both dats strobes are asserted and dats is on both halves of the bus. See the notes on the dua! addressing mode
with 8 bit device as source.

Figure 20 Dual Addressing Mode with 16 Bit Device as Source (Read-Write Cycles)

CLK
1 3 5 7 9 111213141516 171819 21222324 25 2728 29
FCo~FC; NI X NI M
Ar—A; X X ) /// N
As—Aga/ ADDRESS OUT DATA IN_ADDRESS OUT DATA IN ADDRESS OUT DATA OUT
Do-D1s [ NI
XDo—XD1s m] HiD—r HiH— Upr—

AT W /78— \Y /R /R
e I\ S/ A\

OWN

om0\ I T

DBEN /1R 7 ! m | /1]
HIBEYTE

bTCc 7 L\ // \//j

R T [\ i)

CLK

1 2 3 4 5 6 7 9 10111213141516 171819 2122232425 27 2930
t Read 3 Read e Write -
from Dewice from Device 10 Memory

(NOTES) 1) In this mode the device is the source and memory is the destination.
2) In the dual addressing mode HIBY TE is not used since the DMAC will put the dsta on_the correct half of the data bus.
3) The ACK timing is similar to the single addressing mode ACK. The Read from Device ACK is asserted one dlock into the cydle,
and negated during the first CLK after the cycle has terminatsd. The Write to Devica ACK is asserted one and one half clocks into
the cycia (to svoid buffer conflicts) and removed the first CLK after the cycle has terminated. (See Figure 22)
4) Note that where Data Out is shown (clock 22) the data must be valid on the external data bus by the end of clock 23.
General Notes on Dual Addressing Mods

1) D‘é‘!‘l»";’f-gf_gb_lﬁ are used in this mode with DEEN slweys changing on falling sdge of CLK and DDIR slweys changing on rising
sdge .

2) Note that for consecutive reads from devics or memory, DDIR need not be returned to the inactive (high) state between cycles.
3) Data In should be latched on the last CLK in the cycle (17 above).

Figure 21 Dual Addressing Mode with 8 Bit Device as Source (Read-Write Cycles)
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12 4 [} 8 101112 141616171819 20 2122 24 28 27 28 ko]

FCo-FC: L )/ )/ - /.
ST B/ /- X
. ADDRESS OUT DATA IN ADDRESS OUT DATA OUT _ ADORESS OUT DATA QUT
DB—D:
xDo-x0w  _IIH—UI TD—T m—ar 1
ukss W W_{f W/ I\
LN/ B\ I 0 I W /.
ws T W
SN I\ C— |\ |\ W/
RW A\ 1 A\ m
OwWN
1557 S |\ 1]
DBEN m m A\ I\ T
HIBYTE
N Y WY S W— |
oTC W7 W W0
AC JW\Y JIij ! i
CLK
72 4 6 8 10711213 14151617 18 1920 212223 2425262728 2930
Read - Write —+ Write +
from Memory to Device to Device

(NOTES) 1) These cycies are similar to the dual addressing mode B bit devica as sourcs with the excaption that the devics is now the destinstion
See the comments that refer to the dua! mode 8 bit source.

2) Shown above in the Write to Device, the data strobes are not asserted until dlock 415 {snd A25) to allow data sstup and travel tims.

Figure 22 Dual Addressing Mode with 8 Bit Device as Destination (Read-Write Cycles)

DMAC (MASTER) HMCSE300 Device

Initiste Cycle
1) Swtart a normal Read or Write
Cycle
2) Monitor Enable until it is low

3) Assert Acknowiedge (ACK)

Transter bra

1) Whait until Ensble is active
2) Transfer the Data

]

Terminate Cycle

1) The master waits until Enable
goes low.

2) Assart Device Transfer Complete
(DTC)  (On a Read cycle the
data is latched as clock goes low
when DTC is asserted.)

3) Negate AS, UDS, LDS, ACK

Start Next Cycie

Figure 23 HMCSE800 Cycle Flowchart
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CcLK
1

X X
IYEY VD ' X

Ao Az ADD OUT DATA IN ADD OUT
(ST (I ///111111114/11111411111111// 1/ A, A

UAs Y/ Y
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ACK 3\ o
ore Y
Plmer _ [ [ L__ I

CLK
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el i

Sync on PCL Read
-t ' from 6800 Dewice

(NOTES) 1) The DMAC should latch the data during clock 19,
2) The logic should sllow back to back operations on successive E pulses is possible.
3) The low to E high time should be at least 250 ns worst case.
4) The clock reference shown above is the DMAC clock.
S} The E dock duty cycle shown above is an exampile. A 40% duty cycle is acceptable (4 up, 6 down like HD68000).
The E clock must be low for a minimum of 5 clock cycles.

Figure 24 6800 Compatible Dual Addressing Mode (Read Cycle}
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S on PCL Write
! e ! 10 6800 Dewvice !

Figure 25 6800 Compatible Dual Addressing Mode {Write Cycle)
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An Example of a Dual Address Transfer

This section contains an example of a dual address transfer
using Table 7 of Dual-Address Sequencing. The table is repro-
duced here as Table 2. The transfer mode of this example is the
following:

1. Device Port size = 8 bits

2. Operand size = Long Word (32 bits)

3. Memory to Device Transfer

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

Down
5. Memory Transfer Counter = 2

HD68450-4 HD68450-6, HD68450-8

In this mode, a data transfer from the source (memory) is
done sccording to the 6th row of Table 2, 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 2.

Table 3 shows the data transfer sequence.

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

Table 2 Dual-Address Sequencing (Table 7)

Address | t
Row No. Port Size Operand Size Part Size Operand Part Addresses 1 " ress Incremen
1 8 BYTE BYTE A +2 0 2
2 8 WORD BYTE A, A+2 +4 0 -2
@ 8 LONG BYTE A, A+2, A+4, A+ +8 0 -8
*4 3 °5 °*7 '8 *10
4 16 BYTE PACK A +P 0 £
5 16 WORD WORD A +2 0 -2
O 16 LONG WORD A, A+2 +4 0 -4
'2 - ‘ Ia .9
Table 3 An Example of a Data Transfer for One Operand
SRC: Source (Memory), DST Destination (Device), HR: Holding Register (DMAC Internal Reg.)
Transfer | oo Transfer Address Data Size | DMAC Registers after Transfer Comment
No. | Output on Bus MAR ' DAR
0 - - - - 00000012 00000108 Initial Register Setting
00000012 WORD 00000014 00000108 Higher order 16 bits of operand is
1 SRC -+ HR “ * fetched.
00000108 BYTE 00000014 0000010A
2 HR ~DST ‘3 ‘4 Higher order 16 bits of operand is
transferred.
3 HR - DST 00@01055 BYTE . 00000014 0000010910
o 00000014 WORD 00000016 0000010C Lower order 16 bits of operand is
4 SRC —+ HR 6 *2 °9 fetched
5 HR - DST 0000010C BYTE 00000016 0000010E
7 ‘4 Lower order 16 bits of operand is
transferred.
6 HR - DST OOCOOIOEB BYTE " 00000016 00(1)011?10
. 00000016 00000110 MAR, DAR are pointing the next
6 | - - - 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
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Table 4 Memory Map for the Example of the Data Transfer

ADDRESS | ADDRESS

00000010 T 00000011

00000012 BYTE .ﬁ: [ 8vTE 8 00000013

00000014 BYTE ps [ BYTE .% 00000015

00000016 l 00000017
1

Source (Memory)

SINGLE ADDRESSING MODE

Implicitly addressed devices do not require addressing of
data register before data may be transferred. Transfers between
memory and these devices are controlled by the request/ac-
knowledge protocol. Such peripherals require only one bus
cycle to transfer data between themselves and memory, and the
DMAC internal holding register is not used. Because only the
memory is addressed during a data transfer, this protocol is
also called single-address.

Devics with ACK Transfers

Under this protocol, the device is not explicitly addressed and
communication is performed with a two signal request/acknowl-
edge handshake. When a request is generated using the request

DMAC

Address Memory
1) Set RAW to Read
2) Placs Addremon A, ~ A,,
3) Place Function Codes on FC, ~ FC,
4) Assert Address Strobe (A3)
5) Assert Upper Data Strobe (UD3)
and Lower Data Strobe (TD3)
6) Assert Acknowledge (ACK)
|

Memory

ADDRESS

00000106 I 00000107
00000108 BYTE 'g I 00000109
0000010A BYTE.E ] 00000108
0000010C BYTE.(72 T 0000010D
0000010E BYTE'g ] 0000010F
00000110 | 00000111

L

Destination (Device)

method programmed in the control registers, the DMAC obtains
the bus and responds with acknowledge. The DMAC asserts
all HMCS68000 bus control signa's needed for the transfer.

When the transfer is from memory to a device, data is valid
when DTACK is asserted and remains valid until the data
strobes are negated. The assertion of DTC from the DMAC may
be used to latch the data, as the data strobes are not removed
until 1/2 clock after the assertion of DTC.

When the transfer is from device to memory, data must be
valid on the HMCS68000 bus before the DMAC asserts the data
strobes. The data strobes are asserted one clock period after
ACK is asserted. Further definition of this protocol is explained
in Figures 26, 27 and timing diagrams in Figures 28 and 29.

ACK Device

|
Present Data.

1) Decode Address

2) Place Data on Dy ~ Du
3) Assert Data Transfer Acknowledge

(DTACK)

1
Acquire Data
1) Load Dama
[ ]

L
Terminste Transfer
1) Assert Device Transfer Complete
(DTC)
2) Negate UDS and TD3_
3) Negate AS, ACK and DTC
|

Terminats Cycle

1} Negate DTACK
"

Start Next !ycu

Figure 26 Word from Memory to Device with ACK
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DMAC Memory ACK Device

Addres Memory
1) Plocs Addrem on A, ~ Ay
2) Plsce Function Codes on FCy ~ FC,
3) Assert Address Strobe (AS)
4) Set R/N to Write
§) Amert Acknowledge (ACK)

Present Osta
. 1) Place Dstaon Dy ~ Dy

—
Ensble Dot

1) Assart Upper Data Strobe (UDS)
and Lower Data ftrob- (TDS)

Ampt—‘)lu
1) Decode Address
2) Load Data
3) Assert Data Transfer Acknowiedge
(DTACK)

Terminate Transfer
1) Assert Device Transfar Complete (DTC)
2) Negate UDS and TDS.
3) Negats A5, ACK and DTC
1

Terminate Cycle
1) Negate BTA%K
|

Start Next Cycle

Figure 27 Word from Device with ACK to Memory

CLKl'I‘]i‘

12 3 456 7 9 70111213141516171 19 21

FCo—FCa — X1 I _NII
Ay~ A7 B (] N N
Ag~Azs nu }7 E {

XDo~XD1s T—I TI—U m—

UAS m m )\ m ||\ V-
& N 1
A . \ W—

RW A\ [
OWN

GOIR

BBEN
FIBYTE -

DTACK lu ii\ m
ACKA L\ N/

ACKB A\ 1/
BT W/} W

92021

1.2 3 4 58789\0111213141515171 1
————— Memory 1o Device —f——— Dewvice 10 Memory ——=+——
Channel A Channel B
4 Cycle Word Transfer 5 Cycle Word Transfer

(NOTES) 1) These cycles are identical to tha 8 bit transfers with the exception that all transfers are 16 bits {word) so that both dats strobes are
always ssserted and HIBYTE is always inactive. Ses the commants on single addressing mode with B bit devices,
2) The A and B on the ACK signals are there 10 distinguish two different channels. The actual channel numbers could be any of 0 to 3

Figure 28 Single Addressing Mode with 16 Bit Devices as Sources and Destinations (Read-Write Cycles)
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CLK
1 3 5 7 9 11121314 15 17 19 212223 25

BGACK [ N [—
FCo-FC: (T Nl —
YRV S— NI —L
Mt Y ———( i
x0o-xDvs  [IIIIH—I fp—an )
TJ_'"A_S_ S/ W/ N~
AS /e o ——-
UbsS 7 W____ [
tos — 1\ 1]  —
RW ———ox W g—-—-
own __ [N [N —

DDR — ~
DBEN — f ~
HIBYTE __________f “\ lﬂ\—.
DTACK [l - [ J\ iy
pbTC S W/
ACKA 0 ]

ACKB ™ m

12 3 4 56 7 910111213 1415161718 1920 21222324 25

1 . . | s
Idle —— Memory to Device ——~———— Device to Memory i Idle +— Next Master
' ‘ Channel A Channel B
Byte from Do~D>y Byte to Ds~D1s
4 Cycle 5 Cycle

INOTES) 1) Any signal change shown before clock 4 is due 10 the previous master (MPU or other DMAC).
2) All signals l;_.éln OWN tristate during the clock 2 after the end of the last DMAC cycle. OWN tristates one half clock later,
3) ODIR and DBEN remain in the inactive state during single address mode cycles.
4) A four (4) cycle transfer is the minimum cycie length for a Memory to Device transfer.
5) A five (5) cycle transfer is the minimum cycle length for a Device to Memory transfer.
6) HIBYTE (when used as fold signal) is used 1o gats the high bus data to the low bus during a Memory 1o Devics transier, and
low bus data to the high bus during » Devices to Memory transfer.
7) Note that if the transfer is B bits wide, only one data strobe (and possibly HIBYTE) is asserted.
8) Address bits 8 through 23 are shown in tristate beginning clock 8 {and 16). In this mode only they can be driven similar to A,
through Ay if need be.
The followings are notes on the Memory to Device transfer.
9) ACK is not asserted until one clock into the cycle (cbock 7) due to the fact that it may have just been negated (clock 5).
It must remain negated for st least one clock.
10) DTC is asserted one clock before the end of the cycle to signal the peripheral that the data is valid and should be latched at
this time. It also indicates that a successful transfer is being completed (no Berr, Retry, etc.).
The followings are notes on the Device to Memory transfer. _
11) ACK cannot be asserted until one and one half clocks into the cycle (dock 16) 10 allow the R/W signal to settle in the write
mode (clock 15). R/W cannot be asserted until one clock into the cycle [clock 15) because of buffer collisions,
12} The data strobes cannot be asserted until clock 18 to allow the data to become valid at the memory (data setup).
13} The A and B on the ACK signals are there t0 distinguish two different channels. The actual channel numbers could be any of 0 1o 3.

Figure 29 Single Addressing Mode with 8 Bit Devices as Sources and Destinations
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Device with ACR and READY Transfens

Under this protocol, the device is not explicitly sddressed
and communication is performed using a three signal request/
scknowledge/ready handshake. The ready input to the DMAC
is provided by the PCL line, the use of this protocol forces it
to be an active low input. When a request is generated using
the request method programmed in the control registers, the
DMAC obtains the bus and asserts acknowledge to notify the
device that the transfer is to take place. The DMAC asserts all
HMCS68000 bus control signals needed for the transfer and
holds them until the device responds with READY. After

DMAC

Address Memory
1) Set R/N to Read
2) Place Address on A; ~ Ajy
3) Place Function Codes on FCy ~ FC;
4) Assert Address Strobe (AS)
5) Assert Upper Data Svo&_@)
and Lower Data Strobe (LDS) -

6) Assart Acknowledge (ACK)
L

Momory

HD68450-4 HDB8450-6 HDE8B450-8

READY is received the bus cycle terminates normally.

When the transfer i3 from memory to a device, data is valid
when DTACK i asserted and is valid until the data strobes
are negated. The assertion of DTC from the DMAC may be used
to latch the data, as the data strobes are pot removed unti
172 dock after the assertion of DTC.

When the transfer is device to memory, dsta must be vakid
on the HMCS68000 bus before the DMAC amerts the data
strobes. The data strobes are held asseried until the device
asserts READY. Further definition of this protocol is explained
in Figures 30, 31 and the timing diagrams in Figure 32.

ACK snd READY Device i

1
Present Data
1) Decode Address
2) Place Dataon Dy ~ Dys
3) Assert Data Transfer
Acknowledge (DTACR)
|

Acquire Dsta
1) Load Data

2) Assert READY
_J

Terminate Transfer
1) Assert Devica Transfer Complets
(DTC)
2) Negate UDS and LDS.
3) Negate AS, A_C'Rland oic

Terminste

1) Negsts DTACK
|

I
Start Next Cycle

Figure 30 Word from Memory to Device with ACK and READY
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DMAC Memory ACK snd READY Device
Address Mom

1) Place Addresson A, ~ A,,

2) Plsce Function Codes on FC, ~ FC,
3) Assert Address Strobe (AS)

4) Set R/W 10 Write

5) Assert Ackmod&lml

Present Data
1) Place Dsta on D, ~ D,
2) Assert READY
J

Enable Data

1) Assert Upper Data Strobe (UD3)
and Lower Dats Strobe (LD3)

L
Accept Data
1) Decode Address
2) Load Data
3} Assert Data Transfer
Acknowledge IDTACK)

r
Jerminate Transfer
1) Assert Devics Transfer Complete
(67C)
2) Negate UDS and LDS
3) Negate AS, ACK and DTC

L
B
Terminate Cycle
1) Negate DTACK
J
I
Start Next Cycle  Figyre 31 Word from Device with ACK and READY to Memory
CLK
1234 5 7 91 111213141516 17 1819 20 21 22 23 2425 36 27 28
FCo~FCa XL X /.
Ar—As /I I X —
As-Az X1 > —— —
XDo~XDws T TIIN—{] Hh—m 1D~
UAS W7 I\ //j \
L // B\ i} ! il
UDS {lf u
D% 1] \\ MY
RW il W i
OWN
DDIR
DBEN
HIB m 7
DTATR 1 il |\ S
FCL (READY) m 17
UIC_ L/ J\\//f
1 2 3 4556 78 910111213‘.41516171819202122232425262728
+ Memory to Dewce - Dewice to Memory
Byte from Do~ D> Byte from Dsy-Dis

(NOTES) 1) With the exception of the notes below, these cycles are identical to the normal single addressing mode cycles. See the comments on
the 8 bit single addressing mode transfer.,
2) In the Memory to Device transfer only, the READY (FCL) line is used as 8 “second DTACK” i.e. both READY and DTACK are
required to terminate the cycle.
3} In the Device to Memory transfer the READY input is used to delay the assertion of the data strobes. Once READY is detected,

the data strobes are asserted and ﬁTAEK 13 sampled 10 terminate the cycle. AS is asserted a1 the beginning of the cycle as usual,

Figure 32 Single Addressing Mode with 8 Bit Devices as Sources and Destinations with PCL Used as a READY Input (Read-Write Cycles)
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{2) OPERANDS AND ADDRESSING

HD68450-4 HD68450-6, HDBB450-8

SIZE Operand Size

Three factors enter into how the actual data is handled: 00 Byte
port size, operand size and address sequencing. 01 Word
10 Long word

PORT SIZE
The DCR is used to program the device port size

DPS  Device Port Size

0 8 bit port

1 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 16bit port transfers 16 bits of data on D¢ ~D,s, while an
8-bit port transfers 8 bits of data, either on Do ~ D, oron Dy
~ Dy s. The memory is always assumed to have a port size of 16.
OPERAND SIZE

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.

For single-address operations, the port size and the operand
size must be the same. 68000 and 6800 type devices may pot
use byte operands when the port size is 16 bits and the request

OCR is used to pro the operand size. generation method is the request pin. (REQG = 100r11)

Table 5 Operation Combinations

. . Operand
Addressing Device Ty Port °
pe Byte Word Lw REQG
Dual 68000, 6800 8 Yes Yes Yes 00, 01,10, 11
Dual 68000, 6800 16 Yes Yes Yes 00, 01
Dual 68000, 6800 16 No Yes Yes 10, 11
Single with ACK or 8 Yes No No 00,01,10, 1
ACK & READY 16 No Yes No 00, 01,10, 11
*Refer to Page 11.
ONLY DEVICE BUS CYCLES ARE SHOWN IN THESE TIMING DIAGRAMS
BUS CYCLES —m8m Y X Y X —
REQ A\ L 2 W A S | __f
ACK \ M\ 1\ I\ f
DONE \ [
DTC
o] Operasz-Bmd—\FJm SZI-BU U
Operand Size = 16 and Port Size = 16
jnrnple for New Reguests during This Period
e UUUUNUUUUU U DUy g
BUS CYCLES —{ X ~ X A _—
REQ S JUVINAUAAVNA O
ACK M\ Y W W
DONE \ [
6T T\
mlws-n'lsmﬁaﬂ:&n-l
Operand Sum = 32 and Port Sus = 16
4 wrarﬁ-ﬂn-ﬂ”lﬂ'n-?--ﬂ -
BUS CYCLES ~ ) O X ) § —<
REQ \ f
ACK \ M\ I\ I\ /
DONE \_.._J'
prC Y J |

lc) Operand Size = 32 and Port Size= 8

INOTES) 1) The above cycles reflect both dual and single addressing mode.

2) In the dusl addressing case, the memory references are not shown sbove, only the devica referances. Therefore all cycles have
ACK asserted

3) Note that when the operand size sxceeds the port size, the DMAC should sample the request pins (new priority check) until the
of the last bus cycle has occurred.

Figure 33 Request and Acknowledge Generation vs. Operand Size
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ADDRESS SEQUENCING

The sequence of addresses generated depends upon the port
tize, operand size, whether the addresses are to count up. down,
or not change and whether the transfer is explicitly or implicitly
addressed. The Sequence Control Register is used to program
the memory address count method and the device address count
method

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)

Device address register count

00 Device address register does not count
01 Device address register counts up

10 Device address register counts down
11 (undefined, reserved)

Single-Address Transfers

Single-address transfers require the device port size and the
operand size to be equal. Address sequencing is determined
by the port size and the sequence control register as shown
in Table 6. If the operand size is byte, the memory address
increment is one (1). If the operand size is word, the memory
address increment is two (2). If the memory address register
does not count, the memory address is unchanged after the
transfer. 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.

DAC

Table 6 Single Address Sequencing

Memory Address Increment

Dual-Address Tranefers

In dual-sddress operations, the operand size nesd no match
the port size: Thus the transfer of an operand may require
scveral trangers between device and memory. Each pair of
transfers, between memory and DMAC and between DMAC and
device, transfers a portion of the operand, called the operand
part

The addreses of the operand parts are in a linear increasing
sequence. The step between the addresses of parts is two (2).
T'be:izeofthepumismeminimumofthepon:izzmd
operand size. The number of parts is the operand size divided
by the port size. The address increment is added or subtracted
after the operand is transferred.

If the port size s 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 s abyte
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 to the same location.

(3) ADDRESS REGISTER OPERATION

The DMAC has three 32-bit address registers per chanpel:
the memory address register (MAR), the device address register
(DAR), and the base address register (BAR).

The MAR is used in all operations because of the assumption

Port Size | Operand Size , | - , _ that all operations are between memory and a device. The MAR
: » is sequenced as previously described. This register is either
8 Byte | # 0 - injtialized before the channel operation is started, or s loaded
16 Word I +2 0 -2
Table 7 Dual-Address Sequencing
. . . Operand Part Address Increment

Port Size Operand Size Part Size Address " - -

8 Byte Byte A +2 0 -2

8 Word Byte A, A+2 +4 0 -4

8 Long Byte A, A+2, AH4, 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 packingis not done
= 2if packing is done

during chaining or continue operations which are defined in a
later section.

The DAR is used to address devices or memory in dual-
address operations. It is initiated before starting the channel
operation, and is sequenced as previously described.

The BAR register is used only in chaining or continue opera-
tions. It is sequenced only in regard to chaining operations.

(4) FUNCTION CODE REGISTER OPERATIONS
There are three function code registers per channel: the

memory function code register, the device function code regis-
ter, and the base function code register. The function code
registers correspond to the address registers and are output on
FCo ~ FC; when the corresponding address register provides
the address for a DMA bus cycle.

(5) TRANSFER COUNT REGISTER OPERATION

The DMAC has two 16-bit transfer counter registers per
channel: the memory transfer counter, and the base transfer
counter.

The memory transfer counter is used in all operations to
count the number of operands transferred in a block. The mem.-
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ory transfer counter i decremented by one a3 each operand is
transferred. This register is sither initialized before the channel
operation is started, or is loaded during chaining or continue
operations.

Both the memory transfer counter and the base transfer
counter have a terminal count of zero (0). If either register is
initialized or loaded with a terminal count when the channel s
cmfguredtouxthstnﬂﬂu.twuntm‘nn‘pﬂed.

e INITIATION AND CONTROL OF CHANNEL OPERATION

The Channel Control Regster provides mechanisms for
starting, continuing, halting, or aborting an operation. It also
controls the enabling of interrupts from a channel.

(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 cleaning 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 operation is dual-address,
the device address register should have been previously initial-
ized. The channel cannot be started if any of the ACT, COC,
BTC, NDT or ERR bits is set in the CSR. In this case, the chan-
nel signals the operation timing error.

If the operation is unchained, the memory address register
and the memory transfer counter should have been previously

If the operation is chained, the base address register, and the
base transfer counter should have been previously initialized.

(2) OPERATION CONTINUATION

The continue bit (CNT) allows multiple 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.

(3) HALT

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.

(4) SOFTWARE ABORT

The CCR has a software abort bit (SAB) which allows the
current operation of the channel to be aborted. The writing
of a one (1) into the SAB bit causes a channel abort error to

be signaled. 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

HD68450-4 HDEB450-8 HDBB450-8

channel to request interrupts on the completion of block trans-
fers or on the termination of channel operations. If INT is set,
the channel can request interrupts. If it is clear, the channel
may not request interrupts.

® BLOCK TERMINATION

As part of the transfer of an operand, the DMAC decrements
the memory transfer counter. If this counter is decremented to
the terminal count, the transfer counter is exhsusted and the
operand is the lsst operand of the block. The channel operation
is complete if the operation is unchained and there is no con-
tinuation, or if the operation is chained and the chain is ex-
haused. The DMAC notifies the device of channel completion
via the DONE output. When the transfer has been completed,
the ACT bit of the CSR is cleared, and the COC bit is set.

The occurrence of a bus exception during a bus cycle being
run for a channel, or the occurrence of some error in the chan-
nel terminates the block transfer and the channel operation.
The bit of the CER corresponding to the error being signal is
set. The ACT of the CSR is cleared and the COC and ERR bits
are set.

(1) CHANNEL STATUS REGISTER

The channel status register contains the status of the channel.
The register is cleared by writing a one (1) into each bit of the
register to be cleared. Those bits positions which contain 2
zero (0) in the write data remain unaffected.
coC

The channel operation complete bit is set if the DMA trans-
fer has completed. The COC bit is set following the termination,
whether successful or not, of any DMA operation. This bit must
be cleared in order to start another channel operation. This bit
is cleared only by writing the channel status register or resetting
the DMAC.
PCS

The peripheral status bit reflects the state of the PCL 1/O line
regardless of its programmed function. This bit is unaffected
by write operations.
PCT

The peripheral control transition bit is set if an falling edge
transition has occurred on the PCL line. This bit is cleard only
by writing the, channel status register or resctting the DMAC.
BTC

Block transfer complete is set when the memory transfer
count is exhausted, the operation is unchained, and the con-
tinue bit is set. This bit must be cleared before another continu-
ation is attempted, otherwise an operation timing error is signal-
ed. This bit is cleared only by writing the channel status register
or resetting the DMAC.
NDT

Normal device termination is set when the device terminates
the channel operation by asserting the DONE line while the
device was being acknowledged. This bit is cleared only by
writing the channel status register or resetting the DMAC.

ERR

This bit is used to report the occurrence of error conditions.
It is set if any errors have been signaled. This bit is cleared only
by writing the channel status register or resetting the DMAC.
ACT

This is the channel active bit. It is asserted after the channel
has been started. The bit remains set until the channel operation
terminates. This bit is unaffected by write operations.
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{2) INTERRUPTS

The INT bit of the CCR determines if an interrupt can be
generated. The interrupt request Is generated if INT i3 set and
the bits COC or BTC are set in the CSR or the PCT bit s set
and the PCL Line is programmed to be an interrupt input.

If a channel has an interrupt request, the DMAC makes an
interrupt request by asserting the output. If the DMAC
has an interrupt request pending, and receives an [ACK from
the MPU the DMAC provides an interrupt vector. If multiple
channels have interrupt requests pending, the determination
of which channel presents its interrupt vector is made using

the same priority scheme defined for channel operations.

The interrupt vector returned 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 bus exception occurs, all interrupt vector
registers are set to SOF (binary 00001111), the value of the
uninitialized interrupt vector.

CLK
1 2 3 4 56 23 24 25 26 27 28 29 30 31 32
O — -
T /-
e\ o
R/W -
A\ —- /]|
poR —— | W
DBEN —d 0T ‘\\ a—
De~Dis D= e
Do~D- - H—
XDo~XD1s -=- « n—
DTACK —— W‘\
CLK e

1 2 3 4 586

* MPX A, ~A,,/D,~D,, pins
Interrupt Vector Register is Output.

(NOTES)

3) The clock referenced above is the CPU clock.

23 24 25 26 27 28 29 30 31 32

1) This cycle is similar to the chip select cycle except it is triggered by |ACK. See the notes on the chip select cyde.

2) TACK will be negated within one clock after AS is negated.

Figure 34 MPU IACK Cycle to DMAC
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(3) MULTIPLE BLOCK OPERATION

When the memory transfer counter is exhausted, there are
further blocks to be transferred if the channel is chained and the
chain is not exhausted. The DMAC provides the reinitialization
of the memory address register and the memory transfer count-
er in these cases.

CONTINUED OPERATIONS

When the memory transfer counter is exhausted and the con-
tinue bit of the CCR is set, the DMAC performs a continuation
of the channel 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.

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, the chain is
exhausted, and the entry just fetched determines the last block
of the channel operation.

The memory format for supporting the Array Chaining is
shown in Figure 35. 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, 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.

HD88450-4 HDBB450-6 HDEB450-8

LINKED 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 Jong, 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 channe] 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.

The memory format for this type of chaining is shown in
Figure 36. 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. All entries in the array must start at even address,
or the entry fetch results in an address error. If a terminal count
is loaded into the memory transfer counter, the count error is
signaled. Becaused the MPU can read all of the DMAC registers,
all necessary error recovery information is available to the
operating system.

Table 8 Chaining Mode Address/Count Information

.. Base Addr. Completed
Chaining Mode Register Base TC When
No. of
Array Chaining | BA of Array | Entries | D2 Transfer
In Array Counter — 0
Linked Chaining | BA of Array - Pointer =0
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{4) BUS EXCEPTION CONDITIONS

The DMAC has three lines for bus exception conditions.
A priority encoder can be used to generate these signals In
order to guarantee relisble decoding, the DMAC verifies that
the incoming code has been stable for two DMAC dock cycles
before acting on it. The lines are encoded in the following
manner (0 = active).

BEC

0
1 — No exception condition
0 — Hai
1 — Buseror
0 — Retry
1 — Relinquish bus and retry
0 — (undefined, reserved)
1 — (undefined, reserved)
0 — Reset

These signals indicate the presence of bus exceptions. All
bus exceptions except halt are preemptory. The occurrence
of a preemptory bus exception during a DMAC bus cycle forces
the DMAC to terminate the bus cycle in an orderly manner.
The preemptory bus exception must arrive prior to or in coin-
cidence with DTACK in order to be recognized as an abnormal
bus termination. Here coincident means meeting the same set
up requirements for the same sampling edge of the clock. The
DMAC does not generate any bus cycles if a bus exception

©
21
11
11
10
10
01
01
00
00

ANY STATE [RsT

HD68450-4,HDBB450-6 HDE8450-8

condition exists, and thus will not honor aay requests until
it is removed. However, the DMAC still recognizes requests.
The reserved bus exceptions are not used by the DMAC, they
should not be amerted during DMAC operations, as the reault
may be unpredictable.

HALT -
The halt exception causes the DMAC to complete the opera-
tion in progress and threetate the bus. It does ot rearbitrate
for the bus until this exception is removed. When halt s ne-
gated, the DMAC resumes normal operation.
Refer to Figure 38 for more specific timing diagram.

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 8 DMAC bus cycle signals the internal bus error con-
dition for the channel for which the current bus cycle is being
run.
Refer to Figure 39 for more specific timing diagram.

RETRY
The retry exception causes the DMAC to terminate the
present operation and retry that operation when retry is re-

RESETTING
ALL CHANNELS
NON
HLT, BER. RTY, RRT
DTACK & HLT (DTC)
| |1DLE MODE IDLE M%DE .
WAITING FO
NON LEAR BER __I\pLE MODE
BEC c WAITING FOR :g:
BEC CLEAR
TO RETRY
DMAC YIELDS BUS
DMAC OWNS BUS
REQ | REQN ‘ HLT, RRT RRT, HLT RRT, HLT
DMA MODE DMA MODE BER DMA MODE
NO ACTIVE NON [WAITINGFOR] WAITING FOR
CYCLE BEC CLEAR BEC CLEAR
TO RETRY
BER, RTY
BER NON
START
RTY
NON
DTACK & NON OMA MODE
US CYCLE ACTIV
{BTT)
DTACK & HLT (DTO)
)( Figure 37 Bus Exception Flow Diagram
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moved. The bus s not relinquished for rearbitration and the
operation is reinitiated when retry is removed.

Refer to Figure 40 for more specific timing diagram.

RELINQUISH AND RETRY
The relinquish and retry exception causes the DMAC to
threestate all bus master controls and when the exception is
removed, rearbitrate for the bus to retry the previous operation.
Refer to Figure 41 for more specific timing diagram

RESET

The reset exception provides a means of resetting and ini-
tializing the DMAC from an external source. If the DMAC is
bus master when the reset is received, the DMAC relinquishes
the bus. Reset clears GCR, DCR. OCR, SCR, CCR, CSR, CPR,
and CER for all channels. This resets STR, CNT, ACT and the
interrupt generation bits and clears the status and error registers.
The interrupt vector registers are set to SOF, the HD68000
uninitialized interrupt vector number.

LK LML L
H '334567llwuulsulswnmm;
A'D BUS D¢/ >— T /]
VRS~ g —— 7 N7
/A \ F~—"""3\___ 7/
U g I ———""%_
s _f 1 ——"""\__ g —
RW T —— W\ Y/ %
OWR _MN--—
ODIR — W\ e
DBEN ——\ ﬂ]‘“'\_.-__/u
HIBYTE A —
DTACK  _ T W I N 7
bTe L\ A\
ACK L\ N g
—__ HALT /4 )
(BECo—BEC;)*
BGACK - —
BR 7
8G T\ g———

123458 78 910111213141571617 1819 2122232425726 27 28 29 30 31 32 33

'Other Master ,

! Read Write {
K from Device iﬂeart?irt‘:'jation I to Memo_ry I
Halt Asserted - DMA = Continue

Halted

* BECy ~ BEC; = Halt Code

(NOTES) The following notes refer 1o ail bus exceptions.

1} The Bus Exception will be acted upon if it is detected

2) The Bus Exception pins m
but are not stable, and a
before terminating the cycle. If the BET pins resotve 10 an
normal mode, the DMAC will terminate if a DTACK
NOTE: As long as the BEC
If possible, the DMAC shou
finished terminating.

3)

4)

detected on the BEC pins.

i3 received and will continue normal o
pins are moving the DMAC will not start another cycle.
id allow exceptions 1o be honored if they are asserted after DTACK is asserted but before the cycle has

I a cycle is not running, the Retry and Berr excaptions will be

exception code, the DMAC will a

ignored except that no bus cycles are started as long as anything is

Tha following rafer to the Halt exception only.
5) 1f halt is received during a cycle, it does not terminate the operstion. DTACK is still required.
6) If halt is received when no bus cycle is running, the DMAC will simply give up the bus if it owns it.

7) The DMAC will not

Figure 38

36 ©OH

sTtampt 1o re-acquire the bus until HALT has been nepated.

Halt Operation
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CLK

A D BUS D!

0111213141518 171819 n 2 FMEIR Y

2

)
N

TS

HIBYTE 4

DTACK __ ff VLR 2

57C "

ACK — W\ o

serr TNIININN /7 —
CLK 1234586 7 8 910111213141516171819 £l323334$53537
e ocoven™ i

Cycle

* BEC, ~ BEC; = Bus Error Code
** Single and Dual Cycle Source Address Error — 24 clocks
Dual Cycle Destination Address Error — 28 clocks

(NOTES) 1) In the case of preemptory bus exception, the bus cycle will atways terminate immedistely, but normally ; i.e. it will ssquence off as if
a DTACR had been recsived. DTC will not be asserted.

2) In the case of a Berr, the DMAC will not terminate the cycie mﬁlmmﬂnhmmminh&nmmnmmm
even if a DTACK is also received.

3) See the bus exception comments below the Halt diagram.

Figure 39 Berr Operation

© HITACHI 37



HD684650-4 HD68450-6 HD6B460-8

R T /— o
OWN
DDIR
DBEN
_ |\ /i W i,
oTRCR ___ [ g pu! o
pTc A\ ./
ACK J1\ 1 A\ a

X
m
-
X
R

CLK
12 34 5 686 7 91011 121314151617 19 21 23 24 25 2627 29 30 31
1 . .
e = \gx‘a -1 Bus Idle ———— Write Retry -t
Retry Asserted
(NOTES) 1) Inthecaseof a mptory bus exception, the bus cyde should always terminstes immedistely, but normally; i.e. it should sequence
off sifa had been received.
2) Inthecase of 8 , the DMAC should not terminats the cycle until the BECT pins have been stable in the Retry cods for st least
one clock, even if 8 Is also received.

3) See the bus exception comments below the Halt diagram.

Figure 40 Retry Operation
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CLK
1 3 1] b 4 90N 13 18 17 19 2021 22 28 7 b ] n

A/D BUS Y& i ) |
7 3 W 4 7 7
Y A\ " u
s _ %\ F—"1____F u
s _F % F—""%____ §F 1
R/W ~~—

OWN I e
ODIR |\ H—n /R
DBEN — .y —\___§F

HIBYTE e/

OTACK ___ /LTI ) WY s
DTC \ WY A
AR 1 i A U A W

RLING* TIINN 47

BGACK y—F--—_

BR Y /
BG T\ W |
CLK
1 2 3 4 6 6 7 8 2101112131416 161718192021 222324 25 26272829300
t —Read ~—Other l— Read Retry —t—
Relinquish and Retry Master and
Asserted Rearbitration

* BEC, ~BEC, = Relinquish and Retry Code

(NOTES) 1) Inunmﬁwmm,mwwmummmmw,mmw;u.umwm
offmifa had been received. . )
2) Inﬂuc-oluﬂo!inquhh-wdMy.ﬂuDMACd‘midnotunnhluﬁncydounﬁlﬂnEE'Cp'tuth-thduﬁolhquﬂa
and Retry code for st least two clocks, even if a DTACTK is sbso recsived.
3) See the bus exception comments below the Halt diagram.

Figure 41 Relinquish and Retry Operation
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BEC CONTROLS

If the BEC controls are asserted 10 a state that is undefined/
reserved, this version of the DMAC will enter a wait state and
resume operation when the exception is removed.

(3) 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 indicated in the CER All pending operations are cleared,
30 that both the STR and CNT bits of CCR are cleared.

SOURCES OF ERRORS

Enumerated below are the error signals and their sources.
Coafiguration Error

A configuration error is signaled if chaining is programmed
and the continue bit is also set. Configuration error is signaled
if DTYP specifies a single-address transfer, and the device port
size s not the same as the operand size. Configuration error is
signaled if DTYP is 68000 or 6800, DPS is 16 bits, SIZE is 8
bits, and REQG is 10 or 11 (request pin). Setting an undefined
configuration will signal a configuration error. The undefined
configurations are: XPM =01, MAC = 11, DAC = 11, CHAIN =
01, SIZE=11.

Operation Timing Error

An operation timing error is signaled if an attempt is made
to continue an operation without STR being simultaneously
set or if the channel is not active. Operation timing error is
signaled if an attempt to set STR is made with ACT, COocC,
BTC, NPT, or ERR asserted. Operation timing error is signaled
if an attempt to write to the DCR, OCR, SCR, GCR, MAR,
DAR or MTC is made with STR or ACT asserted. Operation
timing error is signaled if an attempt to assert CNT is made
when CHAIN is 10 or 11 (chaining modes). Operation timing
error is signaled if an attempt to assert CNT is made when BTC
and ACT are asserted.

Address Error

Address error is signaled if an odd address operation is at-
tempted with word or long word operands or if CS or [ACK is
asserted while the DMAC is bus master. The address error is
asserted after the odd address is encountered, this is consistent
with the processor operation.
Bus Error

A Bus error occurred during the last bus cycle generated by
the channel.

Count Error
A count error is signaled if the memory or base transfer
count registers are initialized with terminal count. A count
error is signaled if a terminal count is encountered during con-
tinue or chain processing.
Abort
An abort error is signaled if the PCL line was configured as
an abort input and made an active transition, or if the channel
operation was aborted by the SAB bit of the CCR.
Note: When the PCL line is used 2s an abort input, the PCT
bit should be cleared prior to starting the channel. If the
PCT bit is set prior to the channel being started, the
DMAC will recognize this as an external abort when the
channel is started.
When the transfer mode is set to dual addressing
mode, the transfer direction is set to I/O device to mem-
ory, and PCL signal is set to external about input mode,

the external abort for that channel will be ignored sfter
2 DONE input from the I/O device is received during the
channel's 1/0 device-to-memory data transfer cycle.
After the DONE input, the channel will accept external
abort when the channel is properly reinitialized and is
restarted. __x__

ERROR RECOVERY PROCEDURES

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

The information available to the operating system consists of
the present values of the Memory Address, Device Address and
Base Address Registers, the Memory Transfer and Base Trans-
fer Counters, and control, status, and error registers. After the
successful completion 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 reg-
isters contain the values they had before the transfer was
attempted. If the channel operation uses chaining, the Base
Address Register points to the next chain entry to be serviced,
unless the termination occurred while attempting to fetch an
entry in the chain. In that case, the Base Address Register points
to the entry being fetched.

MULTIPLE ERRORS X

The DMAC will log the first error encountered in the channel
error resister. If an error is pending in the error register and
another error is encountered the second error will not be logged.
This is true in the case of an error pending and an attempt is
made to set the STR bit. In this case the Operation timing error
is not logged in the error register but the error is recognized
internally and the channel is not started.

® CHANNEL PRIORITIES

Each channel has a priority level, determined by the contents
of the Channel Priority Register (CPR). The priority of a chan-
nel is a number from 0 to 3, with 0 being the highest priority
level. When multiple requests are pending at the DMAC, the
channel with the highest priority receives first service. The
priority of a channel is independent of the device protocol or
the request mechanism for that channel. If there are several
requesting channels at the highest priority level, a round-robin
resolution is used, that is, as long as these channels continue to
have requests, the DMAC does operand transfers in rotation.

8 APPLICATIONS INFORMATION

This section contains examples of how to interface various
I/O devices to a HMCS68000/DMAC based system.

Figure 42 shows an example of how to demultiplex the ad-
dress/data bus.

Figure 43 indicates the example of how to latch the data,
when the DMAC has two channels which operate in 6800 mode.

Figure 44 indicates the example of inter-device connection
in the HMCS68000 system.
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Figure 42 Required Multiplexed Data/Address Hardware for the Bus Control Logic
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