










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































-----------------------HD68000,HD68000Y,HD68000Z 

Table 38 Miscellaneous Instruction Clock Periods 

Instruction Size Register Memory Register -+ Memory Memory -+ Register 

MOVE from SR - 6(1/0) 8(111) + - -

MOVE to CCR - 12(2/0) 12(2/0) + - -
MOVE to SR - 12(2/0) 12(2/0) + - -

Word - - 16(2/2) 16(4/0) 
MOVEP 

Long - - 24(2/4) 24(6/0) 

EXG - 6(110) - - -
Word 4(1/0) - - -

EXT 
Long 4(1/0) - - -

LINK - 16(2/2) - - -
MOVE from USP - 4(110) - - -
MOVE to USP - 4(1/0) - - -
NOP - 4(1/0) - - -
RESET - 132(1/0) - - -
RTE - 20(510) - - -
RTR - 20(5/0 - - -
RTS - 16(4/0) - - -
STOP - 4(010) - - -
SWAP - 4(1/0) - - -
UNLK - 12(3/0) - - -

+ add effective address calculation time 

Table 39 Exception Processing Clock Periods 

Exception Periods 

Reset 34(6/0) 

Address Error 50(4/7) 

Bus Error 50(4/7) 

Interrupt 44(5/3)' 

Illegal Instruction 34(4/3) 

Privileged Violation 34(4/3) 

Trace 34(4/3) 

* The interrupt acknowledge bus cycle is assumed to take 
four external clock periods . 

• APPENDIX 
• THE 680005 MASK SET 

We implement the specification for HD68000-10/-12 and 
two corrections on the 68000S mask set. One of these correc­
tions is the bus arbitration logic, and the other is a change to 
correct a RTE/RTR microcode problem. 
(I) Bus Arbitration Logic 

The problem occurs when bus grant acknowledge (BGACK) 
is asserted for only one clock cycle while bus request (BR) is 
negated. IF BR is asserted one clock cycle after BGACK is 
negated,_..!he processor asserts bus grant (BG) and address 
strobe (AS) at the same time (Refer to Figure 58). This, in 

turn, may cause external DMA logic to run a bus cycle at the 
same time as the processor cycle, only when those paticular 
timings are all satisfied. If the DMAC HD68450 is used, this 
problem can be avoided. Because the HD68450 negates BR 
by one clock after the assertion of BGACK. 

For the 68000S mask set, an internal hardware change is 
implemented and a timing specification (tBGKBR) is added. 

If BR and BGACK meet the asynchronous set-up time 
tASI #47, then tBGKBR can be ignored. If BR and BGACK 
are asserted asynchronously with..!espect to the clock, then 
BGACK has to be asserted before BR is negated. 
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Number 

@ 

662 

Table 40 tBGKBR Specification 

4MHz 6MHz 8M Hz 10MHz 
Version Version Version Version 

Item Symbol Test HD680004 HD68000-6 HD68000.a ~g:~y"UO Condition HD68000Y4 HD68000Y6 HD68000Y8 
HD68000Z4 HD68000Z6 HD6800QZ8 HD68000Z1C 

min I max min I max min I max min I max 
BGACK "low" to BR "High" tBGKBR Fig. 57 30 I - 25 I - 20 I - 20 J -

Strobes 
and R/W----------...J 

BGACK---t------------------,~~--~~ 

BG----------------~ 

elK 

Figure 57 AC Electrical Waveforms - Bus Arbitration 

I I 

~---------j., 
:\ !'. 
I I 

: I 
I I 

! j 
I 

12.5MHz 
Version 

HD68000-12 
HD68000Y12 
HD68000Z12 

min I max 
20 j -

~"-------1:---------.. I 
Bus Grant Error -.-J t 
Fix moves Bus Grant to here ______ --J. 

Figure 58 Bus Arbitration Timing Diagram Error Sequence 
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------------------------------------------------HD68000,HD68000Y,HD68000Z 

680005 Mask Set 

A = Bus Request Internal 
A == Bus Grant Acknowledge Internal 
G == Bus Grant 
T = Three State Control to Bus Control Logic 
X = Don't Care 

* State machine will not change state if bus is in SO. Refer to 
BUS ARBITRATION CONTROL for additional information. 

6BOOOR and 6BooO Mask Set 

RA 

A :::: Bus Request Internal 
A = Bus Grant Acknowledge Internal 
Go::: Bus Grant 
T = Three State Control to Bus Control Logic 
X = Don't Care 

* State machine will not change state if bus is in SO. Refer to 
BUS ARBITRATION CONTROL for additional information. 

Figure 59 State Diagram of HD6BOOO Bus Arbitration Unit 

To Avoid this problem on 68000R mask set, users are rec­
ommended to choose one of the followings. 

I) Negate BR more than one clock after the assertion of 
BGACK. 

2) Avoid the assertion of BGACK for one clock cycle. 
3) Reassert BR more than two clocks later than the nega­

tion of BGACK. 
4) Use HD68450 as DMA controllers. 

(2) RTE/RTR Microcode Problem 
The error in the microcode only affects the RTR and the 

RTE instructions. These two instructions execute correctly 
provided there is no bus error. 

If there is a bus error on the 2nd, 3rd, or 4th bus cycle of 
RTR or RTE, the program counter is lost. The program counter 
loads the stack pointer +2 which is the same address as the 
access. The results is the program counter containing the stack 
pointer. This problem can occur on all HD68000 mask sets 
previous to 68000S. 

The ftx inhibits the loading of the program counter during 
this instruction until the 4th bus cycle. 

Memory 

8usCycie ~ 
SP ~R 5P+2 peH 

SP+4 peL 

Mr;=r 
M+2 t;;l 

I I I • I , 

: : 5P+2 1 SP+4 : PCH'PCL : PCM'PCL+2 : 
I I I I I , " 

SP+2 l 5P+2 5P+2: PCH'PCL+2 1 
IM+2)" : IM+2JO IM+21°: I 

Conhln,ol 
Progrem Counlef" I 

M" 

Figure 60 RTE Instruction Bus Cycle 
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HD68450. HD68450 Y----
DMAC (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: 

• HMCS68000 Bus Compatible 
• 4 independent DMA Channels 
• Memory-to-Memory, Memory-to-Device, Device-to-Memory 

Transfers 
• MMU Compatible 
• Array-Chained and Linked-Array-Chained Operations 
• On-Ch ip Registers that allow Complete Software Control by 

the System MPU 
• Interface Lines for Requesting, Acknowledging, and 

Illcidental Control of the Peripheral Devices 
• Variable System Bus Bandwidth Utilization 
• Programmable Channel Prioritization 
• 2 Vectored interrupts for each Channel 
• Auto-Request and External-Request Transfer Modes 
• +5 Volt Operation 

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

• TYPE OF PRODUCTS 

Type No. Bus Timing Packaging 

HD68450-4 4MHz 

HD68450-6 6MHz 

HD68450-8 8MHz DC-64 

HD68450-10 10MHz 

HD68450Y4 4MHz 

HD68450Y6 6MHz 

HD68450Y8 8MHz PGA-68 

HD68450Y10 10MHz 

-The specifications for HD68450-10/-12 and HD68450Y10/Y12 
are preliminary.-

HD68450-4, HD68450-6, 
HD68450-8, HD68450·10, 

(DC-64) 

(PGA-68) 

• PROGRAMMING MODEL 

( CoI>I'OI Reg'SI&r °l} One Per DMAC 

" 

"y" stands for Pin Grid 
Array Pac kage. 

Status FI9g'~ler 

CDnnoiReglSter 
Operllllon 

ConlrolRegIII9' 

Sequ.nce 
ConlroiReglSter 

Channel 
CoouoIR.glst •• 

Normal 
Interrupt Vector 

Error 
Interrupt Vector 4 Sets 

f---"Ch", .. ::::,.,,--1 \ (One Set Per 
f-.:.:p,c:::;o:;;r~;;;:"R;;;:,,,,9"::::":...' -11 Channel) 

Function CodlB 

FunctlonCocI" 

I Memorv T,an"e. Countel' 

I BIoMTransferCounlar 

o..v,ce Addre .. Aeglo., 
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-------------------------------------------------------HD68450,HD68450Y 

• PACKAGING INFORMATION (Dimensions in mm) 
• DC-64 (SIDE-BRAZED CERAMIC DIP) 

.. 

"'\-___ /-'''''---1 

~ 
.... 3 

020-038 
_2286_ 

• PIN ARRANGEMENT 
• HD68450 

REO" © DDIR 
REO, DBEN 
REO, 3 HIBYTE 
REO. 4 , UAS 
PCl, 5 OWN 
PCl, • lil'f 
~' 1m 
PCl. 8 A, 

BGACK 9 A, 
~, A, 

DTACk" A. 
0l5S" As 
lOS, A. 

AS' 51 vce 
R/W' A, 
Vss' Vss 

CS' A./D. 
Vce' A,/D, 
elK' A,.ID, 

lACK AII/D, 
IRQ' A,,/D. 

DONE Au/D, 
ACK, A,.ID. 
Arr. ' A,,/D, 
~ A"ID. 
ACK. A,,/D, 
~ 7 Au/D,. 
BEC"; 7 A,,/D II 
BEC. A .. /D" 

FC. Au/D" 
FC, , A,,/D,. 
FC.-.. ______ ..r-A"/D,, 

(Top View) 

• PGA-68 (PIN GRID ARRAY PACKAGE) 

- . 

• HD68450Y 

(Bottom View) 

Pin I Function Pin Function Pin 
No.1 No. No. function ~~. Function 

-i----A~~~;- ~ ~-~: ~:;~~~_'-~_ B~~'_ 
3- - A'I/03 20 -- UDS 
-.f---A;-;;7D~- 2T - - AS--

:n AI5/0;- 54 - - vss 
38 A,;/D; 55 

5 .. - --A-;iD~ 22 - R/W 39 
-6-~· A; 23 -NIC 40 
-7-.-...-- -A---;'- 24 Cs 
"8 .... --·A5 - - 25- eLK - 42 
"9 +--~ - --" 26- lACK 43 

10-" -N7C--~7- - --ACK3 - 44 
11 .-- -- - iff -- - 28 -rcKQ-
12 -liAs- - 29 -- BEC,· 

4, 
46 

56 - DONE 
57 - 001 
58 
5-9 - -aEez 
60 

t:iiB-YTE 63-

FC, 

AZI/OU 

"\;;/0,0 
13 ""DBEN 30 -FC2 47 DDIR-~ -64-

~~~--14" ->---~ 3-'- --Fe-, 
'"5-+- Rro2 ~2 . -A;;iD~ 

48 

49 
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• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage Vee 
. -0.3-+7.0 V 

Input Voltage Vin 
. -0.3-+7.0 V 

Operating Temperature Range Topr 0-+70 °c 

Storage Temperature Tstg -55 -+150 °c 

• With respect to Vss (SYSTEM GND) 

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

• RECOMMENDED OPERATING CONDITIONS 

Item Symbol min typ max Unit 
Supply Voltage Vee · 4.75 5.0 5.25 V 

VIH · 2.0 - Vee V 
Input Voltage 

VIL · -0.3 0.8 V -
Operating Temperature Topr 0 25 70 °c 

• With respect to Vss (SYSTEM GND) 

• ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS (Vee m 5V ±5%, Vss = OV, Ta = O-+70°C, unless otherwise noted.) 

Item Symbol Test Condition min typ max Unit 

Input "High" Voltage VIH 2.0 - Vee V 

Input "Low" Voltage VIL Vss-0.3 - 0.8 V 

Input Leakage Current 
~ !.ACK,~, ClK, 
SEC.-BEC. lin - - 10 IJA 
REOo -RE03 

&. -A7''ibiDls/As-A.3, 

Three-5tate (Off State) AS, UDS, lD ,R!W, iJAS, 
DTACK, BGACK, OWN, DTC, ITS1 - - 10 IJA Input Current 
HIBYTE, DDIR, DBEN, 
FCo-FC. 

Open Drain (Off State) 
IREO,DONE 1001 - 20 IJA I nput Current -
AI - A7, Do - DIS/As - A.3, 
AS", (JOS, lOS, Rm, GAS, 

Output "High" Voltage DTACK, BGACK, BR, OWN, 
VOH 10H = -4001JA 2.4 - - V DTC, HIBYTE, l.5DTA, DBEN, 

ACKo - ACK3, PClo - PCl3, 
FCo -FC. 

AI - A7, FCo - FC. VOL 10L = 3.2 mA - - 0.5 

Do - Dis/As - A23, AS, UDS, 
LOS, Rm, DTACK BR, 

Output "low" Voltage OWN, DTC, HIBY~E, DDIR, VOL 10L =5.3mA - - 0.5 V 
DBEN, ACKo - A K3, GAS, 
PClo - PCl3, BGACK 

IRa, DONE VOL 10L =8.9mA - - 0.5 

Power Dissipation Po f = 8 MHz,Vee =5.0 V 
Ta = 25°C 

- 1.4 2.0 W 

Capacitance Cln 
V1n=OV, 
Ta = 25°C, f= 1 MHz - - 15 pF 
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LOAD A 
+5V 

Test 
POint 

5000 

r 130pF 

LOAD B 

+5V 

1 11kQ 
Test 
POint 

Figure 1 Test Loads 

LOAD C 

+5V 

60kQ 

7100 

lS2074 H 
0' 

EqUivalent 

• AC ELECTRICAL SPECIFICATIONS (Vee = 5V ±5%, VSS = OV, Ta = O---+70°C) 

No. Item 

Frequency of Operation 

Clock Period 

Clock Width Low 

Clock Width High 

Clock Fall rime 

Clock Rise Time 

Asynchronous Input Setup Time 

Data In to DBEN Low 

DTACK Low TO Data Invalid 

Address In to AS In Low 

10 'AS, OS In High to Address In Invalid 

11 Clock High to DOIR Low 

12 Clock High to DOIA High 

13 DS In High to DDtR High Impedance 

14 Clock Low to i5BE"I'J Low 

16 OS In High to DBEN High Impedance 

17 Clock High to Data Out Vdlrd (MPU read} 

18 OS In High to Data Out Invalid 

19 OS In High to Data High Impedance 

20 Clock low to OTACK Low 

21 OS In High to DTACK High 

22 OTACK Width High 

23 OS In High to OTACK High Impedance 

24 OTACK low to OS In Htgh 

2S REO Width Low 

26 REO Low to BA Low 

27 Clock High to Sf{ low 

78 Clock High to BA High 

19 BG low to BGACK Low 

30 BR low to MPU Cycle End (AS In H,ghl 

31 MPU Cycle End (AS In High) to BGACK I_ow 

32 REO Low to BGACK low 

33 Clock High to SGACK High 

34 Clock High to BGACK High 

35 Clock low to BGACK High Impedance 

36 Clock High to FC Valid 

37 Clock High 10 Address Valid 

38 Clock High to Address/FC/Data High Impedance 

39 Clock High to Address/FC/Data Invalid 

40 Clock Low to Address High Impedance 

41 Clock High to UAS Low 

42 Clock High to UAS High 

43 Clock Low 10 UASHtgh Impedance 

44 OAS' High to Address Invalid 

45 Clock High to AS, US low 

46 Clock low 10 OS Low (wrtte) 

47 Clock low to AS, ooHlgh 

48 Clock low to AS, OS High Impedance 

49 AS Width low 

51 AS, OS Width High 

62 Addr8"/FC Valid to AS". ~ Low 

53 AS, OS High to Address/FC/Data Invalid 

54 Clock High to R/VII low 

55 Clock High to R/W High 

* Preliminary 

Symbol 

tCL 

tct 

TOJDBL 

tOTLDI 

tSIHAIV 

tCHORL 

tCHORH 

TOSHDRZ 

tCLOBl 

tCLDBH 

tOSHDBZ 

tCHOVM 

tOSHi)Zn 

tCLOTL 

tOSHOTH 

tOTH 

tOSHOTZ 

tOTLOSH 

tAELBRl 

tCHBAl 

tCHBAH 

tBGLBl 

tBALASH 

tASHBl 

tREQLBL 

tCHBL 

tCHBH 

tCLBZ 

ICHFCV 

tCHAV 

tCHAZx 

tCHAZn 

tCLAZ 

tCHUL 

tCHUH 

tCLUZ 

tUHA.1 

tCHSL 

tCLOSL 

tCLSH 

tClSZ 

tOSL 

tSHAZ 

tCHRL 

tCHRH 

Fig 1 ~ 
Fig 8 

250 

115 

115 

30 

10 

20 

500 

45 

45 

120 

50 

545 

420 

285 

50 

50 

500 

250 

250 

10 

10 

90 

00 

160 

90 

90 

160 

290 

160 

90 

160 

220 

90 

90 

55 

90 

90 

120 

140 

160 

140 

140 

90 

90 

120 

80 

80 

90 

120 

90 

90 

$ HITACHI 

167 500 126 

75 250 55 

75 250 55 

10 

10 

25 20 

BO 

80 

140 

80 

80 

140 

230 

140 

80 

130 

10 10 

200 

2.0 2.0 

334 250 

BO 

80 

4.5 4.5 

45 55 4.5 

12.0 12.0 

80 

80 

100 

120 

140 

120 

120 

80 

80 

100 

40 30 

70 

70 

80 

100 

350 255 

265 190 

lBO 150 

40 30 

40 30 

80 

80 

Unit 

10 

500 100 500 

250 45 250 

250 45 250 

10 10 

10 10 

15 

70 60 

70 60 

120 110 

70 60 

70 60 

120 110 

lBO 160 

120 110 

70 60 

110 110 

10 

180 160 

2.0 elk. per. 

200 

70 60 

70 60 

45 elk per 

55 4.5 5.5 elk. per 

120 elk. per. 

70 60 

70 60 

80 70 

100 00 

120 110 

100 100 

100 00 

70 60 

70 60 

BO 70 

20 

60 55 

60 55 

70 60 

BO 70 

195 

145 

106 

20 

20 

70 60 

70 60 

(continued) 
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No Item 

56 Clock Low to R/W High Impedance 

57 Address/Fe Valid to R/w Low 

58 A/W Low to DS Low (write) 

59 em High to R/Vii High 

60 Clock Low to OWN Low 

61 Clock low to OWN High 

62 Clock High to OWN High Impedance 

63 OW~_Low to BGACK Low 

64 BGACK High to 'OWN High 

65 OWN Low to UAS Low 

66 Clock High to ACK Low 

67 Clock Low to ACK Low 

68 Clock High to AGK High 

69 ACK Low to OS Low 

70 DS High to AeK High 

71 Clock High 10 HIBYTE Low 

72 Clock Low to HIBYTE Low 

73 Clock High to HIBYTE High 

74 Clock Low to HIBYTE High Impedance 

75 Clock High to DTC Low 

76 Clock High to 5"fCHlgh 

77 Clock Low to DTC HI~h Impedance 

78 DTC Width Low 

79 OTt.;: Low 10 OS High 

80 Clock High 10 DONE Low 

81 Clock Low 10 DONE Low 

82 Clock High 10 DONE High 

83 Clock Low to DDIA High Impedance 

84 Clock Low to DBEN High Impedance 

85 DDIR Low 10 DBEN Low 

86 DBtN High to DDIA High 

S7 DBEN Low to Addless/Data High Impedance 

88 Clock Low to PCL Low (1/8 clock) 

S9 Clock Low to PCCHlgh (1/8 clock) 

90 pel Width Low (1/8 clock) 

91 oTACK Low to Data In (setup time) 

92 OS High to Data Invalid (hold time) 

93 OS High to OT'ACK High 

94 Data Out Valid to OS Low 

95 Data In 10 Clock Low (setup time) 

96 BEC Low to OT ACK Low 

97 BEC Width Low 

98 Clock High 10 IHQ Low 

99 Clock High to IAQ High 

100 Ff!;:A_D' In 10 0 CLaw (Readl 

101 ~E~o' In to DSLow (Wnte) 

102 OS High to READY High 

103 UUNt::. In Low 10 _U f At;K Low 

104 _U:S High to LJUNf:. In High 

105 Asynchronous Input Hold Time 

* Prellmmary 

668 

Symbol 

tCLRZ 

tSHRH 

tCLOL 

'CLOH 

tCHOZ 

tOLBL 

'BHOH 

tOLUL 

tCHACL 

tCLACL 

tCHACH 

tACLDSL 

'DSHACH 

tCHHIL 

tCLHIL 

tCHHIH 

tCLHIZ 

tCHOTL 

tCHDTH 

'CLOTZ 

IOTCL 

lOTLDH 

tCHDOL 

tCLDOL 

tCHDOH 

tCLORZ 

tCLDBZ 

tDRLOBL 

tOBHDRH 

tOBLAZ 

tCLPL 

ICLPH 

tOALDI 

tSHDI 

tSHDAH 

tDOSL 

tDICL 

tSECDAL 

tBECL 

tCHIRL 

ICHIRH 

tRALDSL 

tOSHRAH 

tOOLDAL 

'OSHDOH 

Fig, 1 -
Fig 8 

120 

100 40 

285 170 

60 50 

90 

90 

120 

50 40 

50 40 

50 40 

90 

90 

90 

230 140 

50 40 

90 

90 

90 
120 

90 

90 

120 

230 147 

95 50 

90 

90 

150 

120 

120 

50 40 

50 40 

17 

90 

90 

4.0 40 

- 320 

240 

30 25 

50 50 

20 2.0 

90 
150 

270 180 

395 240 

240 

50 50 

240 

15 15 

Figure 2 Input Clock Waveform 

eHITACHI 

Umt 

100 80 70 

20 10 

120 90 

40 20 

80 70 60 

80 70 60 

100 80 70 

30 20 

30 20 

30 20 

80 70 60 

80 70 60 

80 70 60 

100 80 

30 20 

80 70 60 

80 70 60 

80 70 60 

100 80 70 

80 70 60 

80 70 60 

100 80 70 

105 80 

30 20 

80 70 60 

80 70 60 

140 130 120 

100 80 70 

100 80 70 

30 20 

30 20 

17 17 17 

80 70 60 

80 70 60 

4.0 40 elk per 

200 150 115 

160 120 90 

15 15 

50 50 

20 2.0 elk per, 

80 70 so 
140 130 120 

145 120 

205 170 

160 120 90 

50 50 

160 120 90 

15 15 
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28 29 30 31 32 33 34 35 36 1 23 24 25 26 27 28 29 30 

ClK 

AS __ ~ __ ~------~,--t_l_--_r--------~=---~~~-------r-t-------1~r-~ CS 
R/W-------t+=======~~==t=~==~==========~----~ 

uDS ______ ~r_---------_t_i----t_--------1_----------======;;i~========~~==~~_ lDS 
DDIR ________ .:~J:.::.::.::.:;~==~;~==~~i===1===========::~~----------------.J 
DBEN ____________ ~ 

Data In 

DTACK--------------------~"--_t--------I_~---------+-1 

* Data are latched at the enct of clock 25. 

ClK 

REO 

(Failing Edge PIck-up) 

sF< 

Figure 3 AC Electrical Waveforms - MPU ReadlWrite 

,. 
BGACK-------t------------~t------------]M~~~-=-~~-----===~------------------i-~----~~----~ 

BUS cvcle-====tII====~M~P~U~C~v~c~le======:~==~~--------<iO--------_1=:J~~ _ , (~t) 

---------

I @ 

DTC ____ ~I======~~~~=-===--=--==--==~======================t---~--, 
ClK 

. REO IS sampled at the rlsmg edge of elK In cycle steal and Burst modes . 
.. m1 isn't asserted while a BEC exception condition eXists or DMAC IS accessed by MPU. 

Figure 4 AC Electrical Waveforms - Bus Arbitration 
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670 

Ae/Oo­
A23/D15 

UAS 

AS 

UDS 

LOS 

DBEN 

HIBYTE---________ .Jr-~ -1' 

DTACK _____ J / ~ . 
DTC H 

ACKo 

'" I r.':. I--.J 
." .. 

~ r- -,. --- -
~ . J'r----4-------#..1' ~'~ "''.. 

.':,,; 

1r-----I--\~ ,,1'----

f}."-1 I \ j 

~fJf.. L JQI'------ ,-, - r---t---::,-+-----++---~----
,,' 69, 8 

- • - '\ '''I 
~~~,~-_----_tr,_----­

DONE 't 
~a··---------------~-1======~=~~l-t-J1 

,,'l 

. DTACK 15 sampled at the rising edge of eLK This IS different from HD68000 
.. This timing IS not related to DMA Read/Write (Single Cycle) sequence 

Figure 5 AC Electrical Waveforms - DMA ReadlWrite (Single Cycle) 
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4 7' 8 4 10 

~~ 1~rJ"'cr~U'W\-
h 

CLK 

FCo-FC2 Read Cycle X Write Cycle 

", 
-' 

* It** * 

~ -----< .. _- f- - " 

~ ~ 
~ ~- f-- h 

Data In 

UDS ~ !\ ," f-- h 

lOs ~ 1\ f-- h 

Ih 
~ "I- ~ 

~ h 
- " '151 

t • 
-"", " 

DBEN 

HIBYTE 

~ 
/ I \ I 

DTC "-----1 ~ 
ACK _AAI-- I ~ .. ~ 

r 
~ .... 

j -. .. "' l-

PCl 

BEC 

• Data IS latched at the end of clock 7 This timing IS the same as HD68000 
•• ThiS timing IS not related to DMA Read/Write (Dual Cycle) sequence ThiS tlmmg IS only applicable when 1/8 clock pulse mode IS selected 

••• ThiS tlmmg IS applicable when a bus exception oct:urs 
•••• If #6 IS sattslfed for both ~ and ~, #96 may be Ons 

..... If the propagation delay of the external bidirectional buffer LS245 IS less than 17nsec, a conflict may occur between the address output of the DMAC and 
the system data bus In thiS case, the output of ~ must be delayed externally 

Figure 6 AC Electrical Waveforms - DMA Read/Write (Dual Cycle) 
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Figure 7 AC Electrical Waveforms - DMA Read/Write (Single Cycle with PCl) 
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2 3 4 5 6 7 8 9 10 

• If #6 is satisfied for both DTACK and DONE, #103 may be Ons. 

Figure 8 AC Electrical Waveforms - DONE Input 

(NOTES for Figure 3 through 8) 

1) Setup time for the asynchronous inputs BG. BGACK, CS, lACK, AS, UDS, LOS, and ANi guarantees their recognition at the next 
falling edge of the clock. Setup time for BEC" - BEC,. REO. - RECi,. PCl. - PCl,. DTACK. and oom; guarantees their 
recognition at the next rising edge of the clock. 

2) Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts. 
3) These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are not 

intended as a functional description of the input and output signals. Refer to other functional descriptions and their related diagrams 
for device operation. 
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• SIGNAL DESCRIPTION 

The following section identifies the signals used in the 
DMAC. In the definitions, "MPU mode" refers to the state 
when the DMAC is chip selected by MPU. TIle term "DMA 
mode" refers to the state when the DMAC assumes ownership of 
the bus. TIle DMAC is in the "IDLE mode" at all other times. 
Moreover, the DMA bus cycle refers to the bus cycle that is 
executed by the DMAC in the "DMA mode". 

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

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

As-A" 
00-015 
A,-A, 

CS 
AS 

lOS 
UDS 
RW 

OTACK 

BR 
BG HD68450 

BGACK 
OMAC 

rna 
lACK 

OWN 
UAS 

HIBYTE 
OBEN 
OOIR 

BECo 
BEG, 
BEC, 

FCo 
FC, 
FC, 

Vssl2) 

Figure 9 Input and Output Signals 

• Address/Data Bus (A8/Do through A23 /D,s) 

Input/Output 
Active-high 

Three-statable 

REoo 
ACKo 
PClo 

Am; 
ACK, 
PCl, 

REO, 
ACK, 
PCl, 

REO, 
~ 
PCl, 

DONE 

OTC 

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

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

• Address Bus (A I through A7) 

Input/Output 
Active-high 

Three-statable 

In the MPU mode, the DMAC internal registers arc accessed 
with these lines and LDS, UDS. TIle address map for these 
registers is shown in Table I. During a DMA bus cycle, AI-A7 
arc outputs containing the low order address bits of the location 
being accessed. 

• Function Code (FCo through FC2 ) 

Output 
Active-high 

Three-statable 

These output signals provide the function codes during 
DMA bus cycles. TIley arc three-stated except in the DMA bus 
cycles. They arc used to control the HMCS68000 memories. 

• Clock (ClK) 

Input 

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

• Chip Select (CS) 

Input 
Active low 

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

• Address Strobe (AS) 

Input/Output 
Active low 

Three-statable 

In the "M PU mode," this line is an input indicating valid 
address input, and during the DMA bus cycle it is an output 
indicating a valid address output from the DMAC on the address 
bus. 

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

• Upper Address Strobe (liAS) 

Output 
Active low 

Three-statable 

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

• Own (OWN) 

Output 
Active low 

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

• Data Direction (ODiR) 

Outputs Three-statable 
Active low (when data direction is input to 

the DMAC) 
Active high (when the data direction is ou tput 

from the DMAC) 

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

• Data Bus Enable (DBEN) 

Output 
Active low 

Three-statable 

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

• High Byte (HiBYTE) 

Output 
Active low 

Three-statable 

This line is used when the operand size is a byte in the single 
addressing mode. It is asserted when data is present on the upper 
eight bits of the data bus. It is used to control the output of the 
bidirectional buffers which connect the upper eight bits of the 
data bus with the lower eight bits. It is three-stated during the 
"MPU mode" and the "IDLE mode." 

• Read/Write (R/W) 

Input/Output 
Active low (write) 
Active high (read) 

Three-statahle 

This line is an input in the "MPU mode" and an output 
during the "DMA mode". It is three-statcd during the "IDLE 
modc". It is uscd to control the direction of data flow. 

• Upper Data Strobe (iJDS), Lower Data Strobe (lOS) 

Input/Output 
Active low 

Thrcc-statable 

Thesc lincs arc extensions of the address lines indicating 
which byte or hytes of data of the addressed word arc heing 
addressed. These lines combined corresponds to address line 
Ao in table I. 

• Data Transfer Acknowledge (5TACi<) 

Input/Output 
Active low 

TInee-statabie 

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

In the "DMA mode", the DMAC monitors this line to deter­
mine whcn a data transfer has completed. In the event that a 
bus exception is requested, except for HALT, prior to or con­
current with DTACK, the DTACK response is ignored and the 
bus exception is honored. In the "IDLE mode", this signal is 
three-stated. 

• Bus Exception Controls (BEe;; through ~) 

Input 
Activc low 

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

• Bus Request (BR) 

Output 
Active low 

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

• Bus Grant (BG) 

Input 
Active low 

This line is used to indicate to the DMAC that it is to be the 
next bus master. The DMAC cannot assume bus ownership until 
hath AS and BGACK becomcs inactive. Once the DMAC ac­
quires the bus, it docs not continue to monitor the BG input. 

• Bus Grant Acknowledge (BGACK) 

Input/Output 
Active low 

Three-statable 

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

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

• Interrupt Request (lRO) 

Output 
Active low 

Open drain 

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

• Interrupt Acknowledge (lACK) 

Input 
Active low 

TIlis line is an input to the DMAC indicating that the current 
bus cycle is an interrupt acknowledge cycle by the MPU. The 
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DMAC responds the interrupt vector of the channel with the 
highest priority requesting an interrupt. There are two kinds of 
the interrupt vectors for each channel: normal (NIV) or error 
(EIV). lACK is not serviced if the DMAC has not generated 
IRQ. 

• Channel Request (REO;; through 1'iE<l;) 

Input 
Active low or falling edge 

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

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

• Channel Acknowledge (ACK;;" through ACi<;) 

Output 
Active low 

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

• Peripheral Control Line (PeL;; through PCi:;) 

Input/Output 
Active low 

Three-statable 

TIle four lines (pCLo - PCl3 ) are multi-purpose lines which 
may be individually programmed to be a SlART output, an 
Enable Clock input, a READY input, an ABORT input, a 
STATUS input, or an INTERRUPT input. 

• Done (DONE) 

Input/Output 
Active low 

Open Drain 

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

• Device Transfer Complete (0Te) 

Output 
Active low 

Tluee-statable 

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

• INTERNAL ORGANIZATION 

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

St.I~~~:'51C!f (eSR) 
E"~~~18r leER) i 

conl~\Il~'$II!' (OCR)' 
C,,~r;ler (OCR)i 
ConltoiRegISI8' (SeR) 
cO,;:'o. ... ~ler (eCR) 

Interrup';tector (NIV) 
IEIV) 
(CPR) ~ One set per 

(MFC) channel 

1-"""";::='''-11 DFC) . 

r---::--::-L.!='-"'~ IBFC) 
Memory Transfer Counter (MTC) 
S- T"nsle' COURier (BTC) I 

Mem".y Address FIeogfSter (MAR)' 
f-_____ O'VI~ Add .... Ragllter (DAR) 

Base Address RegISler (BARl j 

C<>"I~tR~~'<le, I(GCR) - ~~e:;r 
Figure 10 Internal Registers 

• Register Organization 
The' internal register addresses arc represented in Table I. 

Address space not used within the address map is reserved for 
future expansion. A rcad from an unused location in the map 
results in a normal bus cycle with all ones for data. A write 
to onc of these locations results in a normal bus cycle but no 
write occurs. 

Unused bits of the dct1ned registers in Table I read as zeros. 

Table 1 Internal Register Addressing Assignments 

Address Bits 
Register 7 6 5 4 3 2 1 0 Mode 
Channel Status Register 0 0 0 0 0 0 R w* 
Channel Error Register 0 0 0 0 0 1 R 
Device Control Register c c 0 0 0 1 0 0 R W 
Operation Control Register c c 0 0 0 1 0 1 R W 
Sequence Control Register c c 0 0 0 1 1 0 R W 
Channel Control Register c 0 0 0 1 1 1 R W 
Memory Transfer Counter c 0 0 1 0 1 b R W 
Memory Address Register c c 0 0 1 1 s s R W 
DeVice Address Register c 0 1 0 1 s R W 
Base Transfer Counter c 0 1 1 0 b R W 
Base Address Register c c 0 1 1 1 s R W 
Normal Interrupt Vector c c 1 0 0 1 0 R W 
Error Interrupt Vector c c 1 0 0 1 1 R W 
Channel Priority Register c c 1 0 1 1 0 R W 
Memory Function Codes c c 1 0 1 0 0 R W 
DeVice Function Codes c c 1 1 0 0 0 R W 
Base Function Codes 1 1 1 0 0 R W 
General Control Register 1 1 1 1 1 R W 

cc.OO·Channel :;O.Ol·Channel ~ 1. 
10-Channel ±" 2, 11-Channel ;'3. 

55 'OO-high-order, 01-upper middle. 
10-lower mlddle,11-low-order 

b O-high-order. l-Iow-order * see Channel Status Register Section 

• Device Control Register (OCR) 
The OCR 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 b<u!.llMCS6800 
device, the PCL definition is ignored and the PCL line is an 
Enable clock input. If the DTVP bits are programmed to be a 
device with READY, the PCL definition is ignored and the PCL 
line is a READY input. The DPS bit defines the port size (eight 
or sixteen bits) of the peripheral device. (A port size is the largest 
data which the peripheral device can transfer du~ DMA bus 
cycle.) The PCL bits define the function of the PCL line. If the 
DTVP bits are programmed to be HMCS6800 device, or Device 
with ACK and READY, these definitions are ignored. The XRM 
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bits arc ignored if an auto-request mode (REQG = 00 or 0 I in 
Operation Control Register) is selected. 

6 5 4 3 2 

XRM DTYP DPS o PCL 

XRM (EXTERNAL REQUEST MODE) 
00 Burs t T ransfe r Mode 
o I (undefined, reserved) 
10 Cycle Steal Mode without Hold 
I I Cycle Steal Mode with Hold 

DTYP (DEVICE TYPE) 
00 HD6KOOO compatible device, explicitly addressed 

(dual addressing mode) 
01 HD6KOO compatible device, explicitly addressed 

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

(single addressing mode) 

o 

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

DPS (DEVICE PORT SIZE) 
o K bit port 
I 16 bit port 

PCL (PERIPHERAL CONTROL LINE) 
00 Status Input 
o I Status Input with Interrupt 
10 Start Pulse 
I I Abort Input 

Bit 2 Not Used 

• Operation Control Register (OCR) 
The OCR is an operation control register. The D1R bit 

defines the direction of the transfer. The SIZE bits define the 
size of the operand. The CHAIN bits define the type of the 
CHAIN mode. The REQG bits denne how requests for transfers 
arc generated. 

6 5 4 3 2 

DIR o SIZE CHAIN 

D1R (DIRECTION) 
o Transfer from memory to device 

(transfer from MAR address to DAR address) 
Transfer from device to memory 
(transfer from DAR address to MAR address) 

SIZE (OPERAND SIZE) 
00 Byte (8 bits) 
o I Word (16 bits) 
10 Long Word (32 bits) 
II (undenned, reserved) 

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

REQG (DMA REQUEST GENERATION METHOD) 

o 

REQG 

00 Auto-request at transfer rate limited by General Control 
Register (Limited Rate Auto-Request) 

01 Auto-request at maximum rate 

10 REQ line requests an operand transfer 
II Auto-request the first operand, external request for 

subsequent operands 
Bit 6 Not Used 

• Sequence Control Register (SCR) 
The SCR is used to define the sequencing of memory and 

device addresses. 

6 5 4 3 2 o 

o o o o MAC DAC 

MAC (MEMORY ADDRESS COUNT) 
00 Memory address register does not count 
o I Memory address register counts up 
10 Memory address register counts down 
II (undefined, reserved) 

DAC (DEVICE ADDRESS COUNT) 
00 Device address register does not count 
o I Device address register counts up 
10 Device address register counts down 
II (undefined, reserved) 

Bits 7, 6, 5, 4 Not Used 

• Channel Control Register (CCR) 
TIle CCR is used to start or terminate the operation of a 

channel. This register also determines if an interrupt request is 
to be generated. Setting the STR bit causes immediate activa­
tion of the channel; the channel will be ready to accept request 
immediately. The STR and CNT bits of the register cannot 
be reset by a write to the register. The SAB bit is used to 
terminate the operation forcedly. Setting the SAB bit will reset 
STR and CNT. Setting the HLT bit will halt the channel opera­
tion, and clearing the H LT bit wil resume the operation. Setting 
the start bit must be done by a byte access. Otherwise, a timing 
error occurs. 

6 5 4 3 2 o 

STR CNT HLT SAB INT o o o 

STR (START OPERATION) 
o No operation is pending 
I Start operation 

CNT (CONTINUE OPERATION) 
o No continuation is pending 
I Continue operation 

HLT (HALT OPERATION) 
'0 Operation not halted 
I Operation halted 

SAB (SOFTWARE ABORT) 
o Channel operation not aborted 
I Abort channel operation 

INT (INTERRUPT ENABLE) 
o No interrupts enabled 
I Interrupts enabled 

Bits 2, 1,0 Not Used 

• Channel Status Register (CSR) 
The CSR is a register containing the status of the channel. 
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6 5 4 3 2 o 

COC I BTC NOT ERR ACT I 0 PCT PCS 

COC (CHANNEL OPERATION COMPLETE) 
o Channel operation incomplete 
I Channel operation complete 

BTC (BLOCK TRANSFER COMPLETE) 
o Block transfer incomplete 
I Block transfer complete 

NDT (NORMAL DEVICE TERMINATION) 
o No normal device termination by DONE input 
I Device terminated operation normally by DONE input 

ERR (ERROR BIT) 
o No errors 
I Error as coded in CER 

ACT (CHANNEL ACTIVE) 
o Channel not active 
I Channel active 

PCT (pcL TRANSITION) 
o No PCl transition occurred 
I PCl transi tion occurred 

PCS (THE STATE OF THE PCl INPUT LINE) 
o PCl "low" 
I Pel "High" 

Bit 2 Not Used 

• Channel Error Register (CE R) 
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 

o o o 

Error Code 
00000 No error 
0000 I Configuration error 
000 I a Operation timing error 
00 IO I Address error in MAR 
00 I 10 Address error in DAR 
00 I I I Address error in BAR 
01001 Bus error in MAR 
01010 Bus error in DAR 
a 10 I I Bus error in BAR 
a I 10 I Count error in MTC 
a I I I I Count error in BTC 
10000 External abort 
1000 I Software abort 

Bits 7,6, 5 Not Used 

• Channel Priority Register (CPR) 

3 2 o 

ERROR CODE 

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

7 6 5 4 3 2 o 

CP (CHANNEL PRIORITY) 
00 Priority level a 
a I Priority level I 
10 Priority level 2 
I I Priority level 3 
Bit 7 through 2 Not Used 

• General Control Register (GCR) 
The GCR is used to define what portion of the bus cycles is 

available to the DMAC for limited rate auto-request generation. 
GCR is also used to specify the hold time for cycle steal mode 
with hold. 

6 5 4 3 2 o 

o o o o BT BR 

BT (BURST TIME) 
The number of DMA clock cycles per burst that the DMAC 

allows in the auto-request at a limited rate of transfer is con­
trolled by these two bits. The number is 2(BT +4) (two to the 
BT+4 power). 
BR (BANDWIDTH RATIO) 

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

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

Bits 7 through 4 Not Used 

• Address Registers (MAR, DAR, BAR) 
Three 32-bit registers are utilized to implement the Memory 

Address Register, Device Address Register, and the Base Address 
Register. Only the least significant twenty-four bits are con­
nected to the address output pins. The content of the MAR is 
outputted when the memory is accessed in single or dual adress­
ing mode. The content of the DAR is outputted when the 
peripheral device is accessed. 111e contents of the BAR is out­
putted when reading chain information from memory in the 
Array Chaining Mode or the Linked Array Chaining Mode. It is 
also used to set the top address of the next block transfer in 
Continue mode. 

• Function Code Registers (MFC, DFC, BFC) 
The DMAC has three function code registers per channel: 

the Memory Function Code Register (MFC), Device Function 
Code Register (DFC), and the Base Function Code Register 
(BFC). The contents of these registers arc outputted from FCo 
through FC 2 lines when an address is outputted from MAR. 
DAR, or BAR, respectively. The BFC is also used to set the 
MFC for the transfer of the next data block in the Continue 
mode. 

7 6 5 4 3 2 o 

o o o o o FC2 Fe1 FCO 

Bits 3 through 7 Not Used 

• Transfer Count Registers (MTC, BTC) 
o o o o o o CP Each channel has two 16-bit counters: the Memory Transfer 

Counter (MTC) and the Base Transfer Counter (BTC). The MTC 
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counts the number of transfer words in one block, and is de­
creased by one for every operand transfer. 

111e BTC is used to count the number of data blocks in the 
Array Chaining Mode. BTC is also used to set the number of 
operands to transfer for the next data block in the Continue 
Mode. 

• Interrupt Vector Registers (NIV, EIV) 
Each channel has a Normal Interrupt Vector register and an 

Error Interrupt Vector register. 
When an interrupt acknowledge cycle occurs. an interrupt 

vector is outputted from one of these registers. If the error bit 
(CSR) is set for the channel with interrupt pending, then con­
tent of EIV is outputted. otherwise content of NIV is out­
putted. 

• OPERATION DESCRIPTION 

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

This section describes DMAC operations. A description of 
the MPU/DMAC communication is given tlrsl. Next, the transfer 
phase is covered. including how the DMAC recognizes requests 
and how the DMAC arranges for data transfer. FollOWing this, 
the initialization phase is described. The termination phase is 
covered. introducing chaining, error signaling, and bus excep­
tions. A description of the channel priority scheme rounds out 
the section. 

ClK 

• ReadIWrite of the DMAC Registers by MPU 
1110 MPU reads and writes the DMAC internal registers and 

controls the DMA transfer. Figure II indicates the timing dia­
gram when the MPU reads the contents of the DMAC register. 
The MPU outputs A I-A 23 • FCo-FC 2 , AS, R/W, UDS. and lDS, 
and accesses the DMAC internal register. The specitlc internal 
register is selected by AI ·A7, lDS and UDS. The CS and lACK 
lines are generated by the external circuit with As-An and 
FC o-FC 2 . The DMAC outputs data on the data bus, together 
with DDIR, DB EN and DTACK. The DDIR and DBEN control 
the ~idirectional buffer on the bus and the DTACK indicates 
that the data has been sen t or received by the DMAC. Read 
Cycle is eighteen ClKs. Figure 12 shows the MPU write cycle. 
Write cycle is fifteen ClKs. 

Note the following points. 
(I) The clock reference shown in this tlgure is the DMAC input 

clock. 
(2) The DDIR and the DB EN are three-stated at the beginning 

which detects CS and the ending of the cycle. 
(3) During the MPU read cycle, the DTACK is asserted after 

the data is valid on the system bus. 
(4) During the MPU write cycle, the DDIR line will be driven 

low to direct the data buffers toward to DMAC before the 
buffers are enabled. 

(5) During the MPU ",rite cycle, the DMAC will latch the data 
before asserting DT ACK. Then it will negate DB EN and 
DDIR in the proper order. 

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

(7) DTACK will once go "High" and then to a high impedance 
state after negating lDS and UDS. 

AS ~ •••• _____ --lJI/l7 \\\ 

CS ~ •••• _____ --lJI~~ __ 

RW 

UDS ~ _________ .JIIur--w.w. __ 
lOS ~.___ ~""--__ 

DDIR ---r-·--·-------L __ ~~ 

DBEN 

AB/Do-A23/D'5 

XDo-XD,5 
(External system data bus) 

DTACK 

_ __ ....J~n---Tn\\.~\\\ ___ _'IJr--~~ u.. II/ 

----.-- ---(I({{«===J:»~> ---
-----------<l({«===:>!D»----

----~"L\ ____ ~DT'~-----

Figure 11 MPU Read from DMAC - Word 
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A,-An 
FCo-FC, 

AS 

CS 

RIN 

UDS 

LDS 

DDIR 

DBEN 

XDo-XD,5 
(External System Data Bus) 

• Bus Arbitration 

---, ~ 

\\\ 01 ,~\ 
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~\ [Il \\\ 

~\ III \\\ 
IIr' _____ -'r-- U

- \\\w ______ _ ,-
_________ ---J~ ---

-----------<i~«=:.:J»~~ ------
---C-u=====»>)})--({C 
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Figure 12 MPU Write to DMAC - Word 

The DMAC must obtain ownership of the bus in order to transfer 
data. Figure 13 indicates the DMAC bus arbitration timing. It is 
completely compatible with that of HD68000 MPU. The D MAC 
asserts the Bus Request (BR) to request the bus mastership. The 
MPU recognizes the request and asserts BG, then it grants the 
ownership in the next bus cycle. After the end of the current cycle 

(AS is negated), the MPU relinquishes the bus to the DMAC. 
The DMAC asserts the bus grant acknowledge (BGACK) to 
indicate that it has the bus ownership. A half clock before 
BGACK is asserted, the DMAC asserts OWN. OWN is kept 
asserted for a half clock after BGACK is negated at the end of the 
DMA cycle. BR is negated one clock after BGACK is asserted. 
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* This case assumes that no exception condition exists and DMAC isn't accessed by MPU. 

Figure 13 DMAC Bus Arbitration Timing 
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• Device/DMAC Communication 
Communication between peripheral devices and the DMAC is 

accomodated by five signal lines. Each channel has REQ, ACK 
and PCL, and the last two lines thc DONE and DTC lines, are 
shared among the four channels. 
(1) Request (REO) 

The peripheral devices assert REQ to request data transfers. 
See the "Requests" section for details. 
(2) Acknowledge (ACK) 

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

The function of this line is quite flexible and is determined 
by the OCR (Device Control Register). 

The DTYP bits of the OCR 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 (f': clock) input. If the DTYP bits are pro­
grammed to be a device with READY, the PCl definition as 
ignored and the peL line is a ready input. 
PCl As a Status Input 

The PCL line may be programmed as a status input. The 
status level of this line can be determined by the PCS bit in the 
CSR. regardless of the PCL function determined by the OCR. 
If a negative transition occurs and remains stable for a mini· 
mum of two clocks. the PCT bit of the CSR is set. This PCT 
bit is cleared by resetting the DMAC or the writing "I" to the 
PCTbit. 
PCl As an Interrupt 

The peL line may be programmed to generate an interrupt 
on a negative transition. This enables an interrupt which is re­
quested if thc peT bit of tlle C'SR is set. When using this func­
tion. it is necessary to reset the PCT bit in the CSR before the 
PCl bit in the DCR is set to interrupt. in order to avoid 
assertion of IRQ line at this timc. 
PeL As a Starting Pu lsa 

TIle peL line may be programmed to output a starting pulse. 
This active low starting pulse is outputted when a channel is 
activated. and is "low" for a period of four clock cycles. 
PCl As an Abort Input 

The PCL line may be programmed to be a negative transition 
above input which terminates an operation by setting the ex­
ternal abort error in CER. It is necessary to reset the peT bit in 
the CSR before activating the channel (Setting the ACT bit of 
CCR) so that the channel operation is not immediately aborted. 
PCl As an Enable Clock (E Clock) Input 

If the DTYP bits are programmed to be a HMCS6800 device, 
the PCL definition is ignored and the PCL line is an Enable 
Clock input. The Enable clock downtime must be as long as five 
clock cycles, and must be high for a minimum of three DMAC 
clock cycles, but need not be synchronous with the DMAC's 
clock. 
PCl As a READY Input 

If the DTYP bits arc programmed to be a~ice with 
READY, the PCL definition is ignored and me PCL line is a 
READY input. The READY is an active low input. 
(4) DONE (DONE) 

This line is an active low Input/Output signal wim an open 
drain. It is asserted when the memory transfer count is ex­
hausted in a single block transfer. In the chaining operation, 
DONE is asserted only at me last transfer to the peripheral 

device of the last data block. In the continue mode. DONE is 
asserted for each data block. It is asserted and negated in coin­
cident with the ACK line for the last data transfer to the 
peripheral device. It is also outputted in coincident with the 
ACK line of the last bus cycle, in which the address is outputted 
from the DAR, in the memory-to-memory transfer (dual 
addressing mode) that uses the ACK line. 

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

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

• Requests 
Requests may be externally generated by circuitry in the 

peripheral device, or internally generated by the auto-request 
mechanism. The REQG bits of the OCR determine these modes. 
The DMAC also supports an operation in which the DMAC 
auto-requests the first transfer and then waits for the peripheral 
device to request the following transfers. 
(1) Auto·request Transfers 

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

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

limited·rate Auto-request 

Previous 
Sampte tnterval 

TIME~ 

Next 
Sampte tntervat 

Figure 14 DMAC Sample Intervals 

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

The length of the sample interval, and the portion of the 
sample interval during which limited-rate auto-requests can be 
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made (the limited-rate auto-request interval) arc controlled by 
the BT and BR bits in the GCR. The length in clock cycles of 
the limited-rate auto-request interval is 2(BT+4) (2 raised to the 
BT+4 power). For example, if BT equals 2 and the DMA utiliza­
tion of the bus was low' during the previous sample interval, 
then the DMAC generates the auto-request transfers during the 
first 64 clock cycles. 

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

For example, if BR equals 3, then at most one ou't of 16 
clock cycles during a sample interval can be used by the DMAC 
and other bus master devices, and still the DMAC would allow 
limited rate auto-request during the next sample interval. 
TIlCrefore, from the viewpoint of long period, the ratio of the 
system bus utilization of the MPU to I/O devices including the 
DMAC is about 16: I. The sample interval length is not a direct 
parameter, but it is equal to 2(BT+BR+5) clock cycles. Thus, 
the sample intelval can be programmed between 32 and 2048 

CLK 
1 2 3 

clock cycles. 
The DMAC uses the BGACK to differentiate between the 

MPU bus cycle and DMAC or other bus master devices. If 
BGACK is active, then the DMAC assumes that the bus is used 
by a DMAC or other bus master devices. If it is inactive. then 
the DMAC assumes that it is used by the MPU. 
Maximum-rate Auto-request 

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

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

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

FCO-FC2::Jl!:;"=====~Xl~tJ=======~XI~1l~====~'I/Jr=. 
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Figure 15 Memory-to-Memory Transfer 
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(2) External Requests 
If the REQG bits of the OCR indicate that the REQ line 

generates requests, the transfer requests arc 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 OCR, which allows both burst 
and cycle steal request modes. The burst request mode allows a 
channel to request the transfer of multiple operands using 
consecutive bus cycles. The cycle steal request mode allows 
a channel to request the transfer of a single operand. The 

following is the description of the burst and the cycle steal 
modes. 
Burst Request Recognition 

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

MPU cvcle -+- Idle -+- DMA cycle -+ MPU cycle -r- DMA cycle -r-- Idle 
or Idle 

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

Cycle Steal Request Recognition 
In the cycle steal request mode. the peripheral device re­

quests the DMA transfer by generating an falling edge at the 
REQ line. TIle REQ line needs to be held "low" for at least 2 
clock cycles. In the cycle steal mode, if the REQ line changes 
from "High" to "Low" between ACK output and one clock be­
fore the clock that outputs DTC, then the next DMA transfer 
is performed without relinquishing the bus. If the bus is not 
relinquished, then maximum of 5 idle clocks is inserted between 
bus cycles. Refer to Figure 17 for the request timing of the 
cycle steal mode. If the XRM bits specify cycle steal with· 
out hold, the DMAC will relinquish the bus. If the XRM bits 
specify cycle steal with hold, the DMAC will retain ownership. 
The bus is not given up for arbitration until the channel opera-

tion terminates or until the device pauses. The device is deter­
mined to have paused if it docs 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 coun ter is the same counter that is used for 
Limited Rate Auto Request and is programmed via the GCR. 
Figure 18 shows the request timing in the cycle steal bus 
hold. If the REQ is inputted during the hold time, the ACK 
is outputted after a maximum of 7.5 clock cycles from the 
picked-up clock. On the cycle steal with hold mode, the DMAC 
will hold the bus even when the transfer count is exhausted and 
the last data has been transferred. If DMA transfer is requested 
from other channels during this period, they are executed 
normally. 

'~PU cycle -+- Idle 

micro cleanup 

DMAcycle ·1 M:~ 1~~~le +- DMA cycle 

Figure 17 Cycle Steal Mode Request Timing 
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CLKJlfL 

REa'\..J jffi--, 
BG--- _~\,... ___ .. " __ ---J 

Figure 18 Cycle Steal Bus Hold Mode Request Timing 

Request Recognition in Dual-address Transfers 
In the following section dual-address transfers is defined. 

Dual address transfer is an exception to the request recognition 
rules in the previous paragraphs. In the cycle steal request mode. 
when there are two or more than transfers between the DMAC 
and the peripheral device during one operand transfer, the re­
quest is not recognized until the last transfer between the 
DMAC and the I/O device starts. 
(3) Mixed Request Generation 

A single channel can mix the two request generation 
methods. By programming the REQG bits of the OCR to "II", 
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 func­
tions in this operation. 

• Data Transfers 
All DMAC data transfers are assumed to be between memory 

and the peripheral device. The word "memory" means a 16-bit 
HMCS68000 bus compatible device. By programming the OCR, 
the characteristics of the peripheral device may be assigned. 
Each channel can communicate using any of the following 
protocols. 

DTYP 
00 

01 
10 
II 

Device Type 
HMCS68000 compatible deViCe} 
HMCS6800 compatible device 
Device wi th ACK } 
Device with ACK and READY 

Dual Addressing 

Single Addressing 

(1) 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 called dual­
addressed. 
HMCS68000 Compatible Device Transfers 

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

Address Device 
I) Set R/W to Read 
2) Place Address on A, - A" 
3) Place Function Codes on 

FC. - FC, 
4) Assert Address Strobe lAS) 
5) Assert Upper Data Strobe 

IUDS) and Lower Data 
Strobe (LOS) 

6) Assert Acknowledge lACK) 
I 

f 
Acquire Data 

I) Load Data into Holding 
Register 

2) Assert Device Transfer 
Complete (DTC) 

3) Negate ODS and LOS 
4) Negate AS, ACK and DTC 

t 
Start Next Cycle 

HMCS68000 Dovice 

PreseJt Data 
I) Decode Address 
2) Place Data on D. - 0" 
3) Assert Data Transfer 

Acknowledge (DT ACK) 
I 

Terminate Cycle 

I) Remove Data from O. - 0 .. 
2) Negate"'I:5'fACK 

I 

Figure 19 Word Read Cycle Flowchart HMCS68000 Type Device 

DMAC 

Addres. Device 
I) Place Address on A, - A" 
2) Place Function Codes on 

FC. -FC, 
3) Assert Addre.s Strobe (AS) 
4) Set RNVto Write 
5) Place Data on D. - 0 .. 
6) Assert Acknowledge (ACK) 
7) Assert Upper Data Strobe 

f0i5S) and Lower Data 
Strobe ([OS) 

HMCS88000 Device 

'~---------------------------------" 

. , 
Terminate Output Transfer 

1) Assert Device Transfer 
Complete (OTC) 

2) Negate""Oi5S" and LOS 
3) Negate AS, ACK and OTC 
4) Remove Data from O. - 0" 
5) Set RIW to Read 

I 

f 
Start Next Cycle 

Accept Data 
I) Decode Address 
2) Store Data on D. - 0 .. 
3) Assert Data Transfer 

Acknowledge (OTACK) 
I 

T . ct ermmate ycls 
1) Negate OTACK 

I 

Figure 20 Word Write Cycle Flowchart HMCS68000 Type Device 
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HMCS6800 Compatible Device Transfers address) signal. Figure 25 illustrates this protocol. Refer to 
Figure 26 for the read cycle timing and Figure 27 for the write 
cycle timing. In Figure 26, the DMAC latches the data at the 
falling edge of clock 19, so a latch to hold the data is necessary 
as shown in Figure 47. 

When a channel is programmed to perform HMCS6800 com­
patible transfers. the PCL line for that channel is defined as an 
Enable clock input. The DMAC performs data transfers between 
itself and the peripheral device using the HMCS6800 bus proto­
col. with the ACK output providing the VMA (valid memory 

688 

DMAC (MASTERI 

Initiate Cycle 
11 Start a normal Read or Write 

Cycle 
2) Monitor Enable until it is low 
31 As .. rt Acknowledge (ACKI 
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21 Assert Device Transfer Complete 
(D'i'C1 (On a Read cycle the 
data is latched as clock goes low 
when D'i'C is asserted. I 

31 Negate~, UDS, LOS. ACK 
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Start Next Cycle 
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Figure 25 HMCS6800 Cycle Flowchart 

Address Out Data In 

-=:JCJJIM/lmmlWlWlIlIII/IIOOIIIl 
<MUlOl 

HMCS6800 Device 

T raoster tata 
1) Wait until Enable is active 
21 Transfer the Data 

I 

0--

DffiR -----n~,_----------------------~u--------
i5liEN -1IJU n 

HIBYTE 

D~CK --1U~r---------------------------------­

ACK 
m'e 

PeLlE Clock) 

ClK 

__________ ~\~\============~~u----
~ 

_ '"==-=-="",..........Jr 

Figure 26 Dual Addressing Mode, HMCS6800 Compatible 
Device, Read Cycle 
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Figure 27 Dual Addressing Mode, HMCS6800 Compatible 
Device, Write Cycle 

(21 Single Addressing Mode 
Implicitly addressed devices are peripheral devices selected 

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

Under this protocol, the communication between peripheral 
device and the DMAC is performed with a two signal REQ/ ACK 
handshake. When a request is generated using the request 
method programmed in the DMAC's internal control registers, 
the DMAC obtains the bus and responds with ACK. The DMAC 
asserts all the bus control signals required for the memory access. 
Refer to Figure 28 for the flowchart of the data transfer from 
memory to the device with ACK. Figure 29 shows the flowchart 
of the data transfer from the device with ACK to memory. 
When a request is generated using the request method prC}­
grammed in the control registers, the DMAC obtains the bus and 
responds with acknowledge. The DMAC asserts all HMCS68000 
bus control signals needed for the transfer. When the DMAC 
accepts DTACK from memory, it asserts DTC and informs the 

peripheral device of the transfer termination. Figure 30 and 31 
show the transfer timings of the device With ACK: the port size 
for the former figure is 8-bit and the latter is l6-bit respectively. 

When the transfer is from memory to a deVice, data is valid 
when DT ACK 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. 

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. When the DMAC obtains the bus and starts a 
DMA cycle, the tri-state of the OWN line is cancelled a half 
clock earlier than other control lines. If the DMA Cycle ter­
minates and the DMAC relinquishes the bus, all the control 
signals get tri-stated a half clock before OWN. The DDIR and 
DBEN lines are not asserted in the single addressing mode. Four 
clocks cycle is the smallest bus cycle for the transfer from 
memory to device. Five clocks cycle is the smallest bus cycle for 
the transfer from device to memory. If the device port size is 8-
bit. either LDS or UDS is asserted. In the single adressing mode, 
As-An are outputted for only one and a half clock from the 
beginning of the DMA bus cycle. Therefore, As througl1 A23 

needs to be latched externally just like in the dual addressing 
mode. 
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DMAC 

Address Memory 
11 Set R/W'"to Read 
2) Place Address on AI - A" 
3) Place Function Codes on FC. - FC, 
4) Assert Address Strobe (~) 
5) Assert Upper Data Strobe (oom 

and Lower Data Strobe (Ii5S) 
6) Assert Acknowledge (ACK) 

Memory 

I~--------------~ 
present'Data 

Terminate T'anSfer 
1) Assert Device Transfer Complete 

(DTCI 
21 Negate TIi5S and LOS 
31 Negate AS, ACK and DTC 

I 

Start Next ~vcle 

11 Decode Address 
2) Place Data on D. - DIS 
31 f~~~~~ita Transfer Acknowledge 

I 

TerminatJcvcle 
11 Negate DTACK 

! 

Figure 28 Word from Memory to Device with ACK 

DMAC 

Address Memory 

11 Place Address on AI - A" 
2) Place Function Codes on FC. - FC, 
31 Assert Address Strobe (ASI 
41 Set R/W to Write 
51 Assert Acknowledge (ACKI 

Memorv 

ACKDevice 

Acqui'e Data 
11 Load Data 

ACK Device 

.'------------------------------------------------------------, f 

f 
Enable Data 

11 Assert Upper Data Strobe (UDSI 
and Lower Data Strobe ([i5S) 

I 

T . T* ermmate ransfer 
11 Assert Device Transfer Complete (DTC) 
2) Negate UDS and LOS 
31 Negate~. ACK and i5TC 

I 

Start Next tvcle 

Accapt tata 
11 Decode Address 
2) Loed Data 
3) Assert Data Transfer Acknowledge 

(i5TACi() 

. , 
Terminate Cycle 

11 Negate DTACK 

I 

Figure 29 Word from Device with ACK to Memory 
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Figure 30 Single Addressing Mode with l6-Bit Devices as 
Source and Destination (Read-Write Cycles) 
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Figure 31 Single Addressing Mode with 8-Bit Device as 
Source and Destination (Read-Write Cycles) 
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Device with ACK and READY Transfers 
Under this protocol, the communication between peripheral 

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

When the DMAC accepts both signals, it terminates the trans­
fer. Refer to Figures 33 and 34 for the flowcharts of the data 
transfer between memory and the device with ACK and 
READY. Refer to Figure 35 for the transfer timing of the 8-bit 
device. When the data transfer is from memory to a device, data 
is valid from the assertion of DT ACK to the negation of LOS 
and UDS. DTC is asserted a half clock before LDS and UDS are 
negated, so this line may be used for latching the data by the 
peripheral device. In this case, READY (pCL input) indicates 
that the device has received the data. Both DTACK and READY 
(pCL input) signals are needed for terminating the DMA cycle. 

When the data transfer is from the device to memory, data 
must be valid on the bus before the DMAC asserts LOS and 
UDS. Therefore, READY (pCL input) is used as the signal to 
indicate that the peripheral device has outputted the data on the 
bus. When the DMAC detects PCL (READY input), then it 

DMAC 

Address Memory 
1) Set RIW to Read 
2) Place Address on A. - A" 
3) Place Function Codes on FC. - FC, 
4) Assert Address Strobe lAS) 
5) Assert Upper Data Strobe IUDS) 

and Lower Data Strobe I LOS) 
6) Assert Acknowledge lACK) 

I 

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

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

ACK~-----------~--.-ACK 

AI 
PPCC[L~---(_r~~CJ~~;t=---~/DTACK 

HD68450 
DMAC 

L-----------_</READY 

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

Memory ACK and 'iiE'.ii'i)Y Device 

Present bata 
1) Decode Address 

692 

Terminate Ttansfer 
1) Assert Device Transfer Complete 

IDTC) 
2) Negate ~ and iJSS 
3) Negate AS, ACK and DTC 

2) Place Data on D. - 0 .. 
3) Assert Data Transfer 

Acknowledge lOT ACk) 
I 

LI--------------------------~t 
Terminate Cycle 

1) Negate DTACK 
I 

t 
Start Next Cycle 

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

Address Memory 

1) Place Address on AI - Au 
2) Place Function Codes on FCo .... FC2 

3) Assert Address Strobe (AS) 
4) Set RM to Write 
5) Assert Acknowledge (ACK) L' ______________________________________________________ --, 

preJnt Data 

• Enable Data 
1) Assert Upper Data Strobe (UDS) 

and Lower Data Strobe (['i)S) 

I 

t 
Terminate Transfer 

11 Assert Device Transfer Complete 
(DTC) 

2) Negate iJOSand LOS 
3) Negate AS, ACK and DTC 

I 

f 
Start Next Cycle 

Accept Data 

1) Decode Address 
2) Load Data 
3) Assert Data Transfer 

Acknowledge (iSTACK) 

I 

Terminate lYCle 
1) Negate DTACK 

1) Place Data on D. - DIS 
2) Assert READY 

I 

Figure 34 Word from Device with ACK and READY to Memory 
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Figure 35 Single Addressing Mode with a-Bit Devices as Source and 
Destination with PCl Used as a READY Input (Read-Write Cycles) 
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Operands and Addressing 
Three factors enter into how the actual data is handled: 

port size, operand size and address sequencing. 

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

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

The port size is the number of bits of data which the device 
can transfer in a single bus cycle. During a DMAC bus cycle, 
a 16-bit port transfers 16 bits of data on Do - DIS, while an 
8-bit port transfers 8 bits of data, either on Do - D7 or on D8 
- D, s. The memory is always assumed to have a port size of 16. 

Operand Size 
OCR is used to program the operand size. 

SIZE Operand Size 
00 Byte 
01 Word 
iO Long word 
II (undefined, reserved) 

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

Table 2 indicates the combinations supported by the DMAC 
about the peripheral devices with different port size and 
operand sizes in the single and dual addressing mode. In the 
single addressing mode, port size and operand size must be the 
same. In the dual addressing mode, byte operand cannot be used 
when the port size is sixteen and the REQG bit is 10 or II. 

Table 2 Operation Combinations 

Addressing Device Type Port 

Dual 68000,6800 8 
Dual 68000,6800 16 
Dual 68000,6800 16 
Single with ACK or 8 

A1!i<& FIDm'7 16 

o ; enable X ; disable 

(3) Address Sequencing 
The sequence of addresses generated depends upon the port 

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

(i) Single addressing mode 
In the single addressing mode, memory address sequenc-

Byte 

0 
0 
X 

0 
X 

Operand REQG bits 
Word Long Word of OCR 

0 0 00,01,10,11 
0 0 00,01 
0 0 10.11 
X X 00,01,10,11 
0 X 00,01,10,11 

ing is shown in Table 3. If the operand size is byte, the 
memory address increment is one (I). 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 chal1ged after 
the operand is transferred. 

Table 3 Single Address Sequencing 

Port Size Operand Size 
Memory Address Increment 

+ (increment) = (unchanged) - (decrement) 

8 Byte +1 0 -1 
16 Word +2 0 -2 
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(ii) Dual addressing mode 
In the dual addressing mode, the operand size need not 
match the port size. Thus the transfer of an operand 
may require several DMA bus cycles. Each DMA bus 
cycle, between memory and DMAC and between DMAC 
and the device, is called the operand part and transfers a 
portion or all of the operand. The addresses of the 
operand parts are in a linear increasing sequence. The 
step between the addresses of the operand is two. The 
size of the operand parts is the minimum of the port size 
and the operand size. The number of the operand part 
is the operand size divided by the port size. In the dual 
addressing mode, memory is regarded as a device whose 
port size is l6-bits. 
I f the port size is 16 bits. the operand size is byte. and the 

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

Table 4 Dual Address Sequencing 

, 
Operand Part Address Increment 

Port Size Operand Size Part Size Address + - -
S Byte Byte A +2 0 -2 
S Word Byte A,A+2 +4 0 -4 
S Long Byte A, A+2, A+4, A+6 +S 0 -S 

16 Byte Pack A 
16 Word Word A 
16 Long Word A,A+2 

P = 1 If packing IS not done 
= 2 if packing is done 

Pack = byte if packing is not done 
= word if packing is done 

An Example of a Dual Address Transfer 
This scction contains an example of a dual address transfer 

using Table 4 of Dual-Address Sequencing. The table is repro­
duced here as Table 5. The transfer mode of this example is the 
following: 

I. 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 

+P 0 -P 

+2 0 -2 
+4 0 -4 

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

The memory map of this example is shown in Table 7. The 
operand consists of BYTE A through BYTE D in memory 
of Table 7. Prior to the transfer, MAR and DAR arc set to 
00000012 and 00000 I 08 respectively. The opetand is trans­
ferred to the 8 bit port device according to the order of transfer 
number in Table 6. 

Table 5 Dual-Address Sequencing (Table 4) 

Row No. Port Size Operand Size 
Operand 

Operand Part Addresses 
Address Increment 

Part Size + = -
1 S BYTE BYTE A +2 0 -2 

2 S WORD BYTE A,A+2 +4 0 -4 

@ S LONG BYTE A, A+2, A+4, A+6 +S 0 -8 
*4 *3 *5 *7 *S '10 

4 16 SYTE PACK (BYTE 
orWOROI** 

A +P 0 -P 

5 16 WORD WORD A +2 0 -2 

® 16 LONG WORD A,A+2 +4 0 -4 
*2 *1 *6 *9 

.. Numbers in Table 5 correspond to ones in Table 6 and 7. 
** Refer to Address Sequencing on Operand Part Size and PACK . 
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Table 6 An Example of a Data Transfer for One Operand 

SRC: Source (Memory), DST Destination (Device), HR: Holding Register (DMAC Internal Reg.) 

Transfer Address Data Size DMAC Registers after Transfer 
Comment 

No. Data Transfer Output on Bus MAR DAR 

0 
00000012 00000108 Initial Register Setting - - -

1 SRC .... HR 00000012 WORD 00000014 00000108 Higher order 16 bits of operand is 
*1 *2 fetched. 

2 HR .... DST 00000108 BYTE 00000014 0000010A 
*3 *4 Higher order 16 bits of operand is 

0000010A BYTE 00000014 OOOOO10C transferred. 
3 HR .... DST *5 *4 *10 

4 SRC .... HR 00000014 WORD 00000016 OOOOO10C Lower order 16 bits of operand is 
*6 *2 *9 fetched 

5 HR .... DST 0000010C BYTE 00000016 0000010E 
*7 *4 Lower order 16 bits of operand is 

00OOO10E BYTE 00000016 00000110 transferred. 
6 HR .... DST *8 *4 *10 

6' 
00000016 00000110' MAR, DAR are pointing the next - - - operand addresses when the 

transfer is complete. 

Mod.: Port size = 8, Operand size = Long Word, Memory to Device, Source IMemory) Counts Up, Destination (Device) Counts Down 

Table 7 Memory Map for the Example of the Data Transfer 

ADDRESS 

00000010 

00000012 

00000014 

00000016 

I 
I 

BYTE A I BYTE B 
*1 *1 

BYTE C I BYTE 0 
*6 *6 

I 
I 

Source (Memory) 

• I nitiation and Control of Channel Operation 
(1) Operation Initiation 

ADDRESS 

00000011 

00000013 

00000015 

00000017 

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

ADDRESS 

00000106 

00000108 

000OO10A 

0000010C 

0000010E 

00000110 

I 
I 

BYTE A I *3 
BYTE B I *5 
BYTE C I *7 
BYTE 0 I *8 

I 

Destination (Device) 

00000107 

00000109 

0000010B 

00000100 

000001 OF 

00000111 

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. 

When the memory transfer counter is exhausted and the con· 
tinue bit of the CCR is set, the OMAC 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. 
(3) Operation Halting (Halt) 
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The CCR has a halt bit which allows suspension of the opera­
tion of the channel. If this bit is set, a request may still be 
generated and recognized, but the DMAC does not attempt to 
acquire the bus or to make transfers for the halted channel. 
When this bit is reset, the channel resumes operation and serv­
ices any request that may have been received while the channel 
was halted. However, in the burst request mode, the transfer 
request should be kept asserted until the initiation of the first 
transfer after clearing the halt bit. 
(4) Operation Abort by Software (Software Abort) 

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

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

• Channel Operation Termination 
As part of the transfer of an operand. the DMAC decrements 

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

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

The occurrence of errors. such as the bus error, during 
the DMA bus cycle also terminates the channel operation. In 
this case, the ACT bit in the CSR is cleared. the ERR and the 
COC bits arc set. and a t the same time the code corresponding 
to the error that occurred is set in the CER. 
(1) Channel Status Register (CSR) 

The channel status register contains the status of the channel. 
The register, except for ACT and PeS bits, is cleared by writing 
a one (I) into each bit of the register to be cleared. Those bits 
positions which contain a zero (0) in the write data remain un­
affected. ACT and PCS bits arc unaffected by the write opera­
tion. 
COC 

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

The peripheral status (PeS) bit reflects the level of the PCL 
line regardless of its programmed function. If PCL is at "High" 
level, the PeB bit reads as one. If 'PC[ is at "Low" level, the 
PeS bit reads as zero. The PeS bit is unaffected by writing to 
the CSR. 
PCT 

The peripheral control transition (PCT) bit is set. if a falling 
edge transition has occurred on the PeL line. (The PCL line 
must remain at "low" level for at least two clock cycles.) The 
PeT bit is cleared by writing a one to this bit or resetting the 
DMAC. 
8TC 

Block transfer complete (BTC) bit is set when the continue 
(CNT) bit of CCR is set and the memory transfer counter 
(MTC) is exhausted. The BTC bit must be cleared before the 
another continuation is attempted (namely, setting the CNT bit 
again), otherwise an operation timing error occurs. The BTC bit 
is cleared by writing a one to this bit or resetting the DMAC. 
NOT 

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

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

The active (ACT) bit is asserted after the STR bit has been 
set and the channel operation has started. 111is bit is remains set 
until the channel operation is terminated. The ACT bit is un­
affected by write operations. This bit is cleared by the termi­
nation of the channel or resetting the DMAC'. 
(2) Interrupts 

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

a) INT= I 
and 

® COC = I or BTC = I or ERR = I or NDT = I or PCT = I 
(the PCL line is an interrupt input) 

This may be represented as 
IRQ = INT· (COC + BTC + ERR + NDT + PCT*) 

(·PCL line is programmed as an interrupt input.) 
When the IRQ line is asserted, changing the INT bit from one 
to zero to one will cause the IRQ output to change from "low" 
to "high" to "low" again. The IRO should be negated by 
clearing the COC. the BTC, the ERR. the NDT and the PCT 
bits. 

If the DMAC receives lACK from the MPU during asserting 
the IRQ. the DMAC provides an interrupt vector. If multiple 
channels have interrupt requests. the determination of which 
channel presents its interrupt vector is made using the same 
priority scheme defined for the channel operations. 

The bus cycle in which the DMAC provides the interrupt 
vector when receiving an lACK from the MPU is called the 
interrupt acknowledge cycle. 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 DT ACK is asserted to indicate that the 
vector is on the data bus. If a reset occurs, all interrupt vector 
registers are set to $OF (binary 0000 1111), the value of the 
uninitialized interrupt vector. The timing of the interrupt 
acknowledge cycle is shown in Figure 36. The HD68000 MPU 
outputs the interrupt level into AI-A3 and A4-A, is held "high" 
during the interrupt acknowledge cycle, but .the HD68450 
DMAC ignores these signals. 
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Figure 36 MPU lACK Cycle to DMAC 

(3) Multiple Data Block Transfer Operation 
When the memory transfer counter (MTC) is exhausted. the 

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

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

This type of chaining uses an array in memory consisting of 
memory addresses and transfer counts. Each entry in the array 
is six bytes long and, consists of four bytes of address followed 
by two bytes of transfer count. The beginning address of this 
array is in the base address register, and the number of entries in 
the array is in the base transfer counter. Before starting any 
block transfers, the DMAC fetches the entry currently pointed 

to by the base address register. The address information is 
placed in the memory address register, and the count informa­
tion is placed in the memory transfer counter. As each chaining 
entry is fetched, the base transfer counter is decremented by 
one. After the chaining entry is fetched, the base address 
register is incremented to point the next entry. When the 
base transfer counter reaches a terminal count of zero, the chain 
is exhausted, and the entry just fetched determines the last 
block of the channel operation. 

An example of the array chaining mode operation and the 
memory format for supporting for array chaining is shown 
in Figure 37. The array must start at an even address. or the 
entry fetch results is an address error. If a terminal count is 
loaded into the memory transfer counter or the base transfer 
counter, the count error is signaled. Since the base registers may 
be read by the MPU, appropriate error recovery information is 
available should the DMAC encounter an error anywhere in the 
chain. Contents of the BFC is outputted as the function code 
when the DMAC is accessing the memory using the base address 
register. The value of the function code registers are unchanged 
in the array chaining operation . 
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Figure 37 Transfer Example of the Array Chaining Mode 

Linked Array Chaining 
This type of chaining uses a list in memory consisting of 

memory address, transfer counts, and link addresses. Each entry 
in the chain list is ten bytes long, and consists of four bytes of 
memory address, two bytes of transfer count and four bytes of 
link address. The address of the first entry in the list is in the 
base address register, and the base transfer counter is unused. 
Before starting any block transfers, the DMAC fetches the 
entry currently pointed to by the base address register. The 
address information is placed in the memory address register, 
the count information is placed in the memory transfer counter, 

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

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

In Figure 38, the DMAC transfers data blocks in the order of 
Block A, Block B, and Block C. In the linked array chaining 
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mode, the BTC is not used. When the DMAC refers to the linked 
array table, the value of the BFC is outputted as the function 
code. The values of the function code registers are unchanged 
by the linked array chaining operation. 

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

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

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

Table 8 Chaining Mode Address/Count Information 

Chaining Mode Base Address Base Transfer Completed 
Register Counter When 

address of the number of data Base Transfer 
Array Chaining array table 

blocks being Count = 0 
transferred 

Linked Array address of the linked 
Chaining linked array (unusedl Address = 0 

table 

(4) Bus Exception Conditions 
The DMAC has three lines for inputting bus exception condi­

tions called BECo, BEC I , and BEC 2. 111e priority encoder can 
be used to generate these signals externally. These lines are 
encoded as shown in Table 9. 

Table 9 

BEC 2 BEC, BECo Exception Condition 

1 1 1 No exception condition 

1 1 0 Halt 

1 0 1 Bus error 

1 0 0 Retry 

0 1 1 Relinquish bus and retry 

0 1 0 (undefined, reserved) 

0 0 1 (undefined, reserved) 

0 0 0 Reset 

In order to guarantee, reliable decoding, the DMAC verifies that 
the incoming code has been statable for two DMAC clock cycles 
before acting on it. The DMAC picks up BECo-BEC 2 at the 
rising edge of the clock. If BECo-BEC 2 is asserted to the un­
defined code, the operation of the DMAC does not proceed. 
For example, when the DMAC is waiting for DTACK, inputting 
DTACK does not result in the termination of the cycle if BECo-
BEC 2 is asserted to the undefined code. In addition, when the 
transfer request is received, BR is not asserted if the BECo-
BEC~ is not set to no exception condition. 

If exception condition, except for HALT, is inputted during 
the DMA bus cycle prior to, or in coincidence with DTACK, 
the DMAC terminates the current channel operation immediate­
ly. Here coincident means meeting the same set up require­
ments for the same sampling edge of the clock. If a bus excep­
tion condition exists, the DMAC does not generate any bus 
cycles until it is removed. However, the DMAC still recognizes 
requests. 

Halt 
The tlmmg diagram of halt is shown in Figure 39. This 

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

If the DMAC has the bus, but is not executing any bus 
cycle, the DMAC relinquishes the bus as soon as halt exception 
is asserted. 
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Figure 39 Halt Operation 

The bus error exception is generated by external circuitry 
to indicate the current transfer cannot be successfully com­
pleted and is to be aborted. The recognition of this exception 
during a DMAC bus cycle signals the internal bus error con­
dition for the channel for which the curren t bus cycle is being 
run. As soon as the DMAC recognizes the bus error exception, 
the DMAC immediately terminates the bus cycle and proceeds 
to the error recovery cycle. In this cycle, the DMAC adjusts the 

values of the MAR, the DAR, the MTC and the BTC to the 
values when the bus error exception occurred. 25 clocks are 
required for the error recovery cycle in the single addressing 
mode and in the read cycle of the dual addressing mode. 29 
clocks are required in the write cycle of the dual addressing 
mode. If the DMAC does not have any transfer request in the 
other channels after the error recovery cycle, the DMAC relin­
quishes the bus. 

The diagram of the bus error timing is shown in Figure 40. 
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_. In the single addressing mode and in the read cvcle of the dual addressing mode: 25 clocks 

In the write cvcle of the dual addressing mode: 29 clocks 
..... The DMAC keeps the bus because the other channels have requests pending. If other channels 

do not have requests, the DMAC relinquishes the bus after the error recovery cycle. 

Figure 40 Bus Error Operation 

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

moved, and thus will not honor any requests until it is removed. 
However, the DMAC still recognizes requests. The retry timing 
is shown in Figure 41. 

eHITACHI 703 



HD68450,HD68450Y-------------------------------------------------------

ClK. 

AID BUS 

iJAS~ '&.Jl 'ID-1II 
0/ \\I 01 \11 AS J 1\\ 

om; J 
~ ~~~------~----------~~----------~----~~---

\\\ 0/ '" 0/ 
m ill m 111 m R W \w\\~ _________ 1U \\\ ro--

OWN Low 

DrnR =;H~i9=h=========================:=============================== 
llliEN -""----mill m \\\ ro-­

HIBYTE ~H~i97h---~==================~~----2~==========~~---
DTACK =---lU==~~ ___ ~\I~\I~I\~\\I~\\~I\~\\~"~\\I~\\~\~\\~\\~\\~\\~\\~\\~\V~/~/ ____ ~"=\==~~-ar---~ 

DTC ~ 

ACK \W"~-Jm~mmr=====~a~I------~m~=========ar---~---(mIT:o-~.------~~-=~~~~~ 
ClK 

• BEC,·BEC, = (001) 

171819202122232425262728293031 

----+1-- Write Cycle Retry --1-1 --

Figure 41 Retry Operation 

Relinquish and Retry (R&R) the previous operation. 
The relinquish and retry exception causes the DMAC to 

relinquish the bus and three·state all bus master controls and 
when the exception is removed, rearbitrate for the bus to retry 

The diagram of the relinquish and retry timing is shown in 
Figure 42. 
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Figure 42 Relinquish and Retry Operation 

Reset (iii) DTYP specifies a dual addressing mode, DPS is 16 
The reset provides a means of resetting and initializing the bits, SIZE is 8 bits and REQG is "10" or "II". 

DMAC. If the DMAC is bus master when the reset is asserted, (iv) an undefined configuration is set in the registers. 
the DMAC relinquishes the bus. Reset clears GeR, OCR, OCR, The undefined configurations are: XRM = 01, MAC 
SCR, CCR, CSR, CPR, and CER for all channels. The NIV and = II, DAC = II, CHAIN = 0 I, and SIZE = II. 
the EIV are all set to (OF)", which is the uninitialized interrupt (b) Operation Timing Error - An operation timing error 
vector number for the HD68000 MPU. MTC. MAR, DAR, BTC, occurs in the following cases: 
BAR, MFC, DFC, and BFC are not affected. In order to insure a (i) when the CNT bit is set after the ACT bit has been 
reset, BECo - BEC. must be kept at "Low" level for at least set by the DMAC in the chaining mode, or when 
ten clocks. the STR and the ACT bits are not set. 
(5) Error Conditions (ii) the STR bit is set when ACT, COC, BTC, NDT or 

When an error is signaled on a channel, all activity on that ERR is set. 
channel is stopped. The ACT bit of the CSR is cleared, and the (iii) an attempt to write to the OCR, OCR, SCR, MAR, 
COC bit is set. The ERR bit of the CSR is set, and the error DAR, MTC, MFC, or DFC is made when the STR 
code is indicated in the CER. All pending operations are cleared, bit or the ACT bit is set. 
so that both the STR and CNT bits of CCR are cleared. (iv) an attempt to set the CNT bit is made when the 

Enumerated below are the error signals and their sources. BTC and the ACT bits are set. 
(a) Configuration Error - This error occurs if the STR bit is (c) Address Error - An address error occurs in the following 

set in the following cases. cases: 
(i) the CNT bit is set at the same time STR bit in the (i) an odd address is set for word or long word 

chaining mode. operands. 
(ii) DTYP specifies a single addressing mode, and the (ii) CS or lACK is asserted during the DMA bus cycle. 

device port size is not the same as the operand size. (d) Bus Error - Bus error occurs when a bus error excep-
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tion is signaled during a DMA bus cycle. 
(e) Count Error - A count error occurs in the following 

cases: 
(i) The STR bit is set when zero is set in the MTC 

and the MTC and the chaining mode is not used. 
(ii) the STR bit is set when zero is set in BTC for the 

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

in the chaining modes or the continue mode. 
(f) External Abort - External abort occurs if an abort is 

asserted by the external circuitry when the PCL line is 
configured as an abort input and the STR or the ACT 
bit is set. 

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

Error Recovery Procedures 
If an error occurs during a DMA transfer, appropriate infor­

mation is available to the operating ,system (OS) to allow a 
software failure recovery operation. The operating system must 
be able to determine how much data was transferred, where the 
data was transferred to, an what type of error occurred. 

The information available to the operating system consists of 
the present value of the Memory Address, Device Address and 
Base Address Registers, the Memory Transfer and Base Transfer 
Counters, the channel status register, the channel error register, 

l ANYSTATE~ 
RESETTING sl 

---JALL CHANNELS 

NON 
HLT. BER. RTY. RRT 

and the channel control register. After the successful comple­
tion of any transfer, the memory and device address registers 
points to the location of the nex t operand to be transferred and 
the memory transfer counter contains the number of operands 
yet to be transferred. If an error occurs dUring a transfer, that 
transfer has not completed and the registers contain the values 
they had before the transfer was attempted. If the channel 
operation uses chaining, the Base Address Register points to the 
next chain entry to be serviced, unless the termination occurred 
while attempting to fetch an entry in the chain. In that case, 
the Base Address Register points to the entry being fetched. 
However, in the case of external abort. there are cases in which 
the previous values are not recovered. 

Bus Exception Operating Flow 
The bus exception operating flow in the case of mUltiple 

exception conditions occurring continuously in sequence is 
shown in Figure 43. Note that the DMAC can receive and exe­
cute the next exception condition. For example, if the retry 
exception occurs, and next the relinquish and retry exception 
occurs while the DMAC is waiting f ot the retry condi tion to be 
cleared, the DMAC relinquishes the bus and waits for the 
exception condition to be cleared. If a bus error occurs during 
this period, the DMAC executes the bus error exception 
operation. 

The flow diagram of the normal operation without exception 
operation or errors is shown in Figure 44. 

-jIOLE MODE L ---jIDLE MODE 
DfAei( & HLT ernl 

,J 
NON WAITING FOR I BER IDLE MODE gre CLEAR 

WAITING FOR ~ 
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I- --------- - ------------'---
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REO "''' t:1 -."" RRT. HLT 

l DMA MODE DMA MODE BER DMA MODE 
NO ACTIVE NON WAITING FORI WAITING FOR 
CYCLE BEC CLEAR BEC CLEAR 

I BER. RTY I 
TO RETRY 

BER NON 
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DTACK & NON DMA MODE 
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BUS CYCLE ACTIV 

D'i'ACK & HL T eDTCI 

Figure 43 Bus Exception Flow Diagram 
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Bus Cycle Start 
r------------, 
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r-------------~ r------~ 

DMA Mode Waiting for 

Bus Cycle to Start 

Figure 44 Flow of Normal Operation Without Exception 
or Error Condition 

• Channel Priorities 
Each channel has a priority level, which is determined by the 

contents of the Channel Priority Register (CPR). The priority 
of a channel is a number from 0 to 3, with 0 being the highest 
priority level. When multiple requests are pending at the OMAC, 
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 OMAC does operand transfers in rotation. 

Resetting the OMAC puts the priority level of all channels 
to "0". the highest priority level. 

+ 5V 9 --~ :> ~ :> 
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• APPLICATIONS INFORMATION 

Examples of how to interface H068450 to a H068000 based 
system are shown in Figure 45 and Figure 46. 

Figure 45 shows an example of how to demultiplex the 
address/data bus. OWN and UAS are used to control 74LS373 
for latching the address. OBEN and ODIR are used to control 
the bi-directional buffer 74LS245. 

Figure 46 shows an example of inter-device connection in 
the HMCS68000 system. 

1 1 
G OE 

G OE 

16 
0 Or+-- As - A23 (Address Bus! 

74LS373 

X2 
-

74LS245 
BrJ-. 

(Data Bus! 

74LS245 8 
B~ Ds-D'5 

Figure 45 An Example of the Demultiplexed Address Data Bus 
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Figure 46 An Example of Inter-device Connection in 
the HMCS68000 System 
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• ATTENTION ON USAGE 

(I) How to interface various 6800 type peripheral devices to 
the DMAC based system. 

DMAC latches the data when DTC is asserted and not at the 
falling edge of E clock. The 74lS373 need to be provided ex­
ternally as shown in Figure 47 so that the data from the 6800 
device can be held on the bus for a large period of time until 
the DMAC can latch the correct data. When the DMAC is reading data from the 6800 device, the 

'---
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1~----------~D~0--~D~7------------~Do-D7 \,-________ -.....::..:...-=...;...... __________ ....... 1 6800 Type 

~~:;; r--"' CS Device 

U r-- FrS ~------------------~~~~ ~----~ 
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~-----------D-o---D~7----------~' Do-D7 
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~~-8 .,,0 
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OE !p HD68450 
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8D 8Q~ .3 .~t 

v 
74LS373 I' 'I As/Do 

~ ~~ -A23/D,s 

As-A23 

0+ V 
u 
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Figure 47 An Example of Connection with 6800 type Peripheral Devices 
(channel 2 and 3 are used) 

(2) When"external abort"is inputted during the DONE input cycle 
When the transfer direction is from the peripheral device to 

memory and Pel signal is set to the ex ternal abort inpu t mode 
in the dual addressing mode, the ex ternal abort will be ignored 
during the subsequent write cycle from the DMAC's internal 
holding register to memory if DONE is inpu tted during the read 
cycle from the peripheral device to the DMAC's internal holding 
register. 

inputted at the timing described above. If PeT = I, ERR = 0, 
and NDT = I. then an external abort has occurred. 

In this case, the channel status register (CSR) and the 
channel error register (CER) show the normal termination 
caused by DONE Input. The user is able to examine the PeT 
bit and the ERR bit in order to detect the external abort 

(3) Multiple Errors 
The DMAC will log the first error encoun tered 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. 
Even though the second error is not logged in the CER, it will 
still be recognized internally and the channel will not start. 
(4) The use of thick wiring is recommended between Vss of the 
HD68450 and the ground of the circuit board. When a socket is 
used to install the DMAC on the board, please make sure that 
the contact of the Vss pins are made well. 
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PRECAUTIONS: 

1. Extra Data Transfer in the Burst Mode 
In certain conditions when two or more channels are active "­

and the REQ signal for the channel which is transferring in burst 
mode has negated, the transfer operation will terminate one data 
transfer later than specified in the data sheet. The condition on 
which this occurs is shown in Figure 2. Problems may occur in 
applications that need to control exact data transfer count using 
the trnQ line in the burst mode. 

(Countermeasure) 
When switching the channel of operation using the burst 

request signals, negate the REQ signal within the period 
bounded by (3) and (4) in Figure 48. (DTC falling edge may be 
used for obtaining the timing for the negation of REQ.) 

Caution must be taken when this countermeasure is used since 
this external circuit will not be compatible with the next mask 
version which will have this anomaly fixed. 

NOTE I: If transfer request is asserted in channel I, before (I) 
which is 1 clock before DTC assertion of channel 0, the next bus 
cycle should be the bus cycle for channell according to the data 
sheet. However, the current DMAC transfers one more data for 
channel 0 from 13th clock as shown above, before it changes to 
channell. 

NOTE 2: If channel I has higher priority than channel 0, then 
NO extra data is transferred even if request for channel I is 
asserted before (2). In this case, data transfer for channell starts 
from the 13th clock as specified in the data sheet. 

·The timing in which one extra data is transferred in the burst 
mode (the case for changing from channel 0 to channel I). 

2. One byte of transfer data Is left in the DMAC 
When the DMAC is set to dual addressing mode, port size 8 

bits, external request mode, and data transfer from peripheral 
device to memory, the last byte of the transfer may be left inside 
the D MA Cs internal register without being transferred to 
memory if the transfer is stopped before the transfer count is 
exhausted. The last byte that is left inside the DMAC becomes 
inaccessible by the MPU. 

In this mode, the DMAC transfers data repeating the fol­
lowing bus cycles: 
(I) READ BYTE 

(Byte is read from the peripheral device to DMAC) 
(2) READ BYTE 

(Byte is read from the peripheral device to DMAC) 
(3) WRITE WORD 

(Word is written to memory from DMAC) 

If the transfer is terminated after (I) READ BYTE (see 
NOTE"), then the byte data that was ready by (I) READ BYTE 
bus cycle is not written to memory and is left inside the D MACs 
internal holding register. The DMACs internal holding register 
cannot be accessed by the MPU, so that it becomes "lost." 

This will not occur when single addressing mode is used. So, 
please use the single addressing mode when the transfer needs to 
be terminated before the transfer is exhausted. 

Note:"The methods to terminate the transfer operation before 
the transfer counter becomes zero are (l) assert external 
abort using the PCL, (2) set the SAB bit to cause software 
abort. 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 

DTC ___ ...,. 

o NOTE 2 Q) NOTE I 

Figure 48. Extra Data Transfer in the Burst Mode" 
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HOC (Hard Disk Controller) 

The Hard Disk Controller (HDC) is a CMOS VLSI micro­
computer peripheral device capable of controlling Winchester 
type hard disk drives. The HDC is also a new generation hard 
disk controller that controls several types of disk drive classified 

-ADVANCE INFORMATION-

as follows. 
(a) Interface type; Floppy-like interface (Seagate interface) 

SMD interface (Storage Module Device 
interface) 

(b) Media Format; Hard sectored 
Soft sectored 

The control functions are greatly enhanced by the presence 
of powerful high level command and internal two Data Buffers. 
Therefore, the HDC can be applied to many applications with 
less CPU software overhead and it enhances system throughput. 

• FEATURES 
• Internal data buffer; 512 bytes (256 bytes x 2) 
• High level commands; RECALIBRATE, SEEK, READ 

DATA, READ 10, READ ERRONE· 
OUS DATA, CHECK DATA, WRITE 
DATA, WRITE FORMAT SCAN, 
MEM to BUFFER, BUFFER TO MEM 
etc. 

• I nterfaceable drives 
HOD interface 
Sector 
Serial data code 

• Track format 

: Floppy-like, SMD 
: Soft·sector, hard-sector 
: MFM, NRZ 

Tracks per side : Max. 8192 tracks 
Sectors per track : Max. 255 sectors 
Bytes per sector : 256,512,1024,2048,4096 bytes 

• Error check & correction 
16 bit CRC 
32 bit fire code : Automatic error correction 

• Multiple sector/Multiple track data transfer capability 
• Parallel seek/Normal seek operation 
• Control up to ; 4 drives with 8 heads (Floppy-like) 

8 drives with 32 heads (SMDI 
• DMA interface 
• Diagnostic capability: Set high impedance state 
• CMOS +5 V single power supply 

• SYSTEM CONFIGURATION 

SYSTEM BUS 

HARD 
DISK 

DRIVE 

• 

HD63463-4, HD63463-6, 
HD63463-8 

(DC-48) 

PIN ARRANGEMENT 

vcc 
RES 

DREO , 
IRO 

DONE 

cs 
liACK , 
D. 
D, 

D, 

elK 

vss 
D, 

D. 

D, 

D. 
D, 

D, 

D .. 

D" 

(Top View) 

• TYPE OF PRODUCTS 

Floppy-like 

ROY 
SEEK 
HSL, 
HSL, 
HSL. 
US, 
US. 
USLO 
SCP 
IOX/TRL; 
LCT/OIR 
WFL 
PLlSTP 
PE/RGT 
WGT 
Vss 
SYNC 
RCLK 
WCLK 
RWOT 

0" 
D .. 

D" 

D" 

HOC Clock Frequency (CLK) 

HD63463-4 
HD63463-6 
HD63463-8 

4MHz 
6MHz 
8MHz 

• HITACHI 

SMO 

BUSLiFI 
BUSRM 
TAG, 
UTAG 
TAG, 
TAG, 
TAG, 
USLO 
SEC 
lOX 
BUS 4/9 
BUS 3/8 
BUS 2/7 
BUS 1/6 
BUS 0/5 

SKEO 
RCLK 
WCLK 
RWOT 
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H 063484-4, H 063484-6 ,--­
H063484-8 
ACRTC/(Advanced CRT Controller) 

-ADVANCE INFORMATION-
The Advanced CRT Controller (ACRTC) is a CMOS VLSI 

microcomputer peripheral device capable of controlling raster 
scan type CRTs to display both graphics and characters. The 
ACRTC is also a new generation CRT controller that is based 
on a bit-mapped technology and has more display control 
functions than those of an HD6845S (CRTC). 

The ACRTC prepares the mechanisms to use at one of three 
modes; character only, graphic only and multiplexed character! 
graphic modes. Therefore, the ACRTC can be applied to many 
applications, from character only display devices to large 
full-graphic systems, as the key devices. 

The ACRTC can reduce a CPU software overhead and en­
hance system throughput. 

• FEATURES 
• High speed graphic drawings 

• Drawing rate : Maximum 500 n¥pixel (Color drawing) 
• Drawn graphics : Dot, Line, Rectangle, Poly-line, Poly­

gon, Circle, Ellipse, Paint, Copy, etc. 
• Drawn colors : 16-bit/word 

1-, 2-, 4-, 8-, 16-bit/pixel (5 types) 
monochrome to max. 64k colors. 

• Large frame memory space 
• Maximum 2M bytes graphic memory 

128k bytes character memory 
separated from the MPU memory 

• Available to maximum 4096 x 4096 high·resolution CRT 
(1 bit/pixel mode) 

• Various CRT display controls 
• Split screens (3 displays and 1 window) 
• Zooming up (1 to 16 times) 
• Scroll (Vertical and horizontal) 

• External synchronization 
• Synchronization between ACRTCs or between the ACRTC 

and external device (ex. TV system or other controller) 
• DMA interface 
• Two programmable cursors 
• Three scan modes 

• Non·interlace, Interlace Sync. and Interlace Sync. & 
Video modes 

• Interrupt request to MPU 
• 256 characters/line, 32 rasters/line, 4096 rasters/screen 
• Maximum clock frequency 8 MHz 
• CMOS, +5V single power supply 

• TYPE OF PRODUCTS 

ACRTC 

HD63464-4 
HD63464-6 
HD63464·8 

Clock Frequency (2CLK) 

4MHz 
6MHz 
8MHz 

• 

HD63484·4, HD63484·6, 
HD63484·8 

(DC-64) . 

PIN ARRANGEMENT 

CUi5'". , 0 
CiJi5; 
Riw 
"CS 
RS 

RES 
DoNE 
iiiffii 
DACK 
i5'fAci( , 
rna 
HSYNC 

iiSvNc 
Vee 

El<S'(NC , 

VSS HD63484 
o· 
0, 
D. 

0, 
D. 

0, 
D. 

0, 
D. 
D. 

0" 
On 
On 

On 
0 .. 
On 

(Top View) 
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, -_._ .. 

lPSTB 

i5i'SP7 
'6i"SP7 

1 MAOo 

MAD. 
MAO, 

MAOa 

MAD4 
CHR 

MRD 

i3RAW 
~ 
MCYC 

Vee 
MADs 

1 MAD, 

MAD, 
4 MAO. 

MAO, 

MADII'! 

MAO u 

MAD!l 

MAO u 

MAO IS 

7 MA,,/RA4 

MA.,/RA. 

3 MAl. IRA, 

3 MAli/RAJ 
RA. 



----------------------HD63484-4.HD63484-6.HD63484-8 

• SYSTEM CONFIGURATION 

68000 
(MPUI MAXIMUM 

2M BYTES 

~ 
I. 

-" r-r---
rv-- r--- r-- FRAME 

I-- MEMORY 

HD63484 ~ 
k= ~ 

ACRTC 
I-- jf> jL 68450 I+-
~ (DMACI f'r I- " SZ 
~ PARALLE,L:!'':'-J 

SERIAL CONV. 
VIDEO SIGNAL iJL r--- ~ IV- r---

c:J 
MAIN 

f-

~ 
MEMORY 

f-

~ 
SYSTEM BUS 
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INTRODUCTION OF 
RELATED 
DEVICES 

• 8-bit Single-chip Microcomputers 
• 4-bit Single-chip Microcomputer 

HMCS40 Series 
• 4-bit Single-chip Microcomputer 

H MCS400 Series 
• IC Memories 
• Gate Array 
• LCD Driver Series 
• LSI for Speech Synthesizer System 
• CODEC/Filter Combo LSI 
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8-BIT SINGLE-CHIP MICROCOMPUTERS 
• NMOS 8·BIT SINGLE·CHIP MICROCOMPUTER HD6801 SERIES 

Type No. HD6801S0 HD6801VO HD6803 
HD6801S5 HD6801V5 HD6803·1 

Bus Timing (MHz) 1.0/1.25 1.0/1.25 1.0/1.25 

lSI Supply Voltage (V) 5.0 5.0 5.0 
Characteristics Operating Temperature' (oC) 0-+70 0-+70 0-+70 

Package t DP·40 DP-40 DP·40 

Memory ROM (k byte) 2 4 -
RAM (byte) 128 128 128 

I/O Port 29 29 13 

External 2 2 2 
----

Interrupt Soft 1 1 1 

Timer 3 3 3 

Functions Serial 1 1 1 

• Free running counter 16·bit xl 
Timer • Output compare register 16-bit xl 

• Input capture register 16-bit x 1 

SCI Full double step·stop type 

• Address/data non·multiple mode • Address/data 
External Memory Expansion (256 bytes) multiple mode • Address/data multiple mode 

Clock Pulse Generator 

Built-in RAM Holding 

EPROM on the Package Type" 

Compatibility 

* Wide Temperature Range (-40"" +85° C) version is available . 
•• H D68PO 1 MO and H D68PO 1 MO·1 are useable. 

t DP; Plastic DIP 

(65k bytes) 

HD68P01V07 
HD68P01V07-1 

MC6801 
MC680,., 

_HITACHI 

(65k bytes) 

Built-in (External clock useable) 

Yes (64 bytes) 

HD68P01V07 
HD68P01V07·1 -

MC6803 - MC6803-1 
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S-SIT SINGLE-CHIP MICROCOMPUTERS ------------------

• NMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6805 SERIES 

Type No. 

Clock Frequency (MHz) 

LSI Supply Voltage (V) 

Characteristics Operating Temperature *** ( ·C) 

Package t 

Memory 
ROM (k byte) 

RAM (byte) 

1/0 Port 

110 Port Input Port 

Output Port 

Nesting 

External 

Interrupt Soft 

Timer 

Serial 

Functions Timer 

SCI 

Clock Pulse Generator 

Low-voltage Automatic Reset (LVI) 

Self-check Mode 

External Memory Expansion 

Other Features 

EPROM on the Package Type 
- --- ---

Compatibility 

.. Preliminary .... Under development 

**. Wide Temperature Range (-40 ...... +85°t) version is available. 
t DP; Plastic DIP 

HD6805S1 

1.0 

5.25 

0-+70 

DP·28 

1.1 

64 

20 

20 -
-

6 

1 

1 

1 

-

-

Yes 

Available 

-

-
MC6805P2 

718 • HITACHI 

HD6805S6* HD6805U1 

1.0 1.0 

5.25 5.25 

0-+70 0-+70 ,,-
DP-28 DP-40 

1.8 2 

64 96 

20 24 

20 - 32 8 

- -
6 6 

1 1 

1 1 

1 1 

- -

• 8-bit timer with 7 -bit prescaler 
• Event counter 

- -
• Resistor 
• Crystal 

Yes Yes 

Available Available 

- -

- HD68P05V07 

MC6805P6 -

-----------



------------------ B-BIT SINGLE-CHIP MICROCOMPUTERS 

HD6805Vl HD6805T2** HD6805Wl* 

1.0 1.0 1.0 

5.25 5.25 5.25 

0-+70 0-+70 0-+70 

Dp·40 DP·28 DP·40 

4 2.5 4 

96 64 96 

24 19 23 

32 8 19 - 29 6 

- - -
6 6 12 

1 1 2 

1 1 1 

1 1 4 

- - -
• 8·bit timer 

with 7·bit 
prescaler 

• Event counter 
·8·bit 

comparator 

- - -

I • Crystal 

Yes Yes Yes 

Available Available Available 

- - -
PLL logic • 8·bit x 
for RF 4·channel 
synthesizer internal 

AID converter 
• 8 bytes of 

standby RAM 

HD68P05V07 - HD68P05WO' 

- MC6805T2 -
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S-SIT SINGLE-CHIP MICROCOMPUTERS -----------------­

• CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6301 SERIES 

HD6301V1 
Type No. HD63A01V1 

HD63B01V1 

1.0 (HD6301V1) 
Bus Timing (MHz) 1.5 (HD63A01V1) 

2.0 (HD63B01V1) 
LSI 

Supply Voltage (V) 5.0 Characteristics 
Operating Temperature-(oC) 0-+70 

Package t DP40, FP·54, CG40 

Memory ROM (k byte) 4 

RAM (byte) 128 

I/O Port 29 

I/O Port Input Port 29 -
Output Port -
External 2 

Interrupt Soft 2 

Timer 3 
Functions Serial 1 

16-bit x 1 
( Free running counter x 1 ) 

Output compare register x 1 
Timer I nput capture register x 1 

SCI Asynchronous 

External Memory Expansion 65k bytes 

eError detection 

Other Features -Low power consumption 
modes (sleep and standby) 

HD63P01M1 
EPROM on the Package Type HD63PA01M1 * 

HD63PB01M1* 

• Preliminary •• Under development ••• Wide Temperature Range (-40 - +85°C) version is available. 
tOP; Plestic OIP. FP; Plestic Flat Package, CG; GI .. s ...... led Ceramic Leadles. Chip Carrier 

720 _HITACHI 

HD6301XO* 
HD63A01XO* 
HD63B01XO* 

1.0 (HD6301XO) 
1.5 (HD63A01XO) 
2.0 (HD63B01XO) 

5.0 

0-+70 

Dp·64S, Fp·80 

4 

192 

24 

53 8 

21 

3 

2 

4 

1 

16-bit x 1 
( Free running counter x 1 ) 

Output compare register x2 
Input capture register x1 

8·bit x 1 
( 8·bit up counter x 1 ) 

Time constant register x 1 

Asynchronous/Synchronous 

65k bytes 

-Error detection 
-Low power consumption 

modes (sleep and standby) 
-Slow memory interface 
-Halt 

HD63701XO** 
(EPROM on-chip) 



------------------- 8-BIT SINGLE-CHIP MICROCOMPUTERS 

HD6301YO** HD6303R HD6303X' HD6303Y" 
HD63A01YO** HD63A03R HD63A03X* HD63A03Y" 
HD63B01YO** HD63B03R HD63B03X' HD63B03Y'* 

1.0 (HD6301YO) 1.0 (HD6303R) 1.0 (H D6303X) 1.0 (HD6303Y) 
1.5 (HD63A01Y0) 1.5 (HD63A03R) 1.5 (HD63A03X) 1.5 (H D63A03Y) 
2.0 (HD63B01Y0) 2.0 (HD63B03R) 2.0 (HD63B03X) 2.0 (HD63B03Y) 

5.0 5.0 5.0 5.0 

0-+70 0-+70 0-+70 0-+70 

DP·64S, FP·64 DP·40, FP·54, CG·40 Dp·64S, FP·80 DP·64S, FP·64 

16 - - -
256 128 192 256 

48 13 16 24 

53 - ·13 - 24 8 24 -
5 - - -

3 2 3 3 

2 2 2 2 

4 3 4 4 

1 1 1 1 

16·bit x 1 16·bit xl 16·bit xl 16·bit x 1 
(Free runn ing counter Xl) (Free running counter x 1 ) (Free running counter x 1 ) (Free running counter Xl) 

Output compare register x 2 Output compare register x 1 Output compare register x 2 Output compare register x 2 
Input captu re register x 1 Input capture register x 1 Input capture register x 1 Input capture register x 1 

8·bit xl 8·bit xl 8·bit xl 
(8.bit up counter x 1 ) ( 8·bit up counter Xl) (8.bit up counter x 1 ) 

Time constant register x 1 Time constant register x 1 Time constant register x 1 

Asynchronous/Synchronous Asynchronous Asynchronous/Synchronous Asynchronous/Synchronous 

65k bytes 65k bytes 65k bytes 65k bytes 

-Error detection -Error detection - Error detection -Error detection 
-Low power consumption -Low power consumption -Low power consumption -Low power consumption 

modes (sleep and standby) modes (sleep and standby) modes (sleep and standby) modes (sleep and standby) 
-Slow memory interface -Slow memory interface -Slow memory interface 
-Halt -Halt -Halt 

• HITACHI 721 



8-BIT SINGLE-CHIP MICROCOMPUTERS -------------------

• CMOS 8·BIT SINGLE·CHIP MICROCOMPUTER HD6305 SERIES 

HD6305UO** HD6305VO** 
Type No. HD63A05UO** HD63A05VO** 

HD63B05UO** HD63B05VO** 

1.0 (HD6305UO) 1.0 (H D6305VO) 
Clock Frequency (MHz) 1.5 (HD63A05UO) 1.5 (HD63A05VO) 

LSI 
2.0 (HD63B05UO) 2.0 (HD63B05VO) 

Characteristics Supply Voltage (V) 5.0 5.0 

Operating Temperature *** (oC) 0~+70 0-+70 

Package t DP-40 DP·40 

Memory ROM (k byte) 2 4 

RAM (byte) 128 192 

I/O Port 31 31 

I/O Port Input Port 31 - 31 -
Output Port - -
External 2 2 

Interrupt Soft 1 1 

Timer 2 2 

Serial 1 1 
Functions 

Timer 

SCI 

External Memory Expansion - -

Other Features 

EPROM on the Package Type - -

Evaluation Ch ip - -

* Preliminary ** Under development *** Wide Temperature Range (-40 - +8SoC) version is available. 
t DP; Plastic DIP, FP; Plastic Flat Package 
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HD6305XO* 
HD63A05XO* 
HD63B05XO* 

1.0 (HD6305XO) 
1.5 (HD63A05XO) 
2.0 (H D63B05XO) 

5.0 

0-+70 

DP·64S, FP·64 

4 

128 

32 

55 7 

16 

2 

1 

2 

1 

-

HD63P05YO** 
HD63PA05YO** 
HD63PB05YO** 

-



------------------ S-SIT SINGLE-CHIP MICROCOMPUTERS 

HD6305Xl*. HD6305X2* HD6305YO* HD6305Yl* HD6305Y2* 
HD63A05Xl* HD63A05X2* HD63A05YO* HD63A05Yl* HD63A05Y2* HD63L05Fl 
HD63B05Xl* HD63B05X2* HD63B05YO* HD63B05Yl* HD63B05Y2* 

1.0 (H D6305X 1 ) 1.0 (HD6305X2) 1.0 (HD6305YO) 1.0 (HD6305Yl) 1.0 (HD6305Y2) 
1.5 (HD63A05Xl) 1.5 (HD63A05X2) 1.5 (HD63A05YO) 1.5 (HD63A05Yl) 1.5 (HD63A05Y2) 0.1 
2.0 (HD63B05Xl) 2.0 (HD63B05X2) 2.0 (HD63B05YO) 2.0 (HD63B05Yl) 2.0 (HD63B05Y2) 

5.0 5.0 5.0 5.0 5.0 3.0 

0-+70 0-+70 0-+70 0-+70 0-+70 -20-+75 

DP·64S, Fp·64 DP·64S, Fp·64 DP·64S, Fp·64 DP·64S, Fp·64 DP·64S, Fp·64 DP·64S, Fp·80 

4 - 8 8 - 4 

128 128 256 256 256 96 

24 24 32 24 24 20 

31 7 31 7 55 7 31 7 31 7 20 -
- - 16 - - (19) 

2 2 2 2 2 1 

1 1 1 1 1 1 

2 2 2 2 2 1 

1 1 1 1 1 -
- 8·bit )( 1 (with 7·bit prescaler) -8·bit x 1 (with 
- 15·bit x 1 (combined with SCI) 7·bit prescaler) 

Synchronous -
12k bytes 16k bytes - 8 k bytes 16k bytes -

- Low power consumption modes - 8·bit AID converter 
(Wait, stop and standby) -LCD driver 

(6 X 7 segment) 
_ Low power con· 

sumption modes 
(Standby and halt) 

HD63P05YO*' 
- - HD63PA05YO** - - -

HD63PB05YO*' 

- - - - - HD63L05EO 

• HITACHI 723 



8-BIT SINGLE-CHIP MICROCOMPUTERS ------------------

• NMOS 8·BIT SINGLE·CHIP MICROCOMPUTER EPROM ON- PACKAGE TYPE 

Type No. HD68P01V07 

LSI 1 Supply Voltage (V) 

Characteristics I Operating Temperature**(OC} 

I Package t 

Equivalent Device HD6801VO 

Mountable EPROM HN482732A·30 

* Preliminary 
** Wide Temperature Range (-40 - +85°C) version is available. 
t DC; Ceramic DIP (EPROM on tho package type) 

HD68P01V07-1* HD68P01MO 1 HD68P01MO·l* 

5.0 

0-+70 

DC·40P 

HD6801V5 - -

HN482732A·30 HN482764·3 HN482764-3 

• CMOS 8·BIT SINGLE·CHIP MICROCOMPUTER EPROM ON-PACKAGE TYPE 

HD68P05V07 HD68P05WO* 

S.O S.O 

0-+70 0-+70 

DC·40P DC·40P 

HD680SUl HD680SWl HD680SVl 

H N482732A·30 H N482732A·30 
HN482764·3 

Type No. HD63P01Ml HD63PA01Ml' HD63P801Ml* H D63P05YO* *1 H D63PAOSYO' *1 H D63PB05YO' * 

LSI I Supply Voltage (V) 

Characteristics IOperating Temperature*** (oe) 

IPackage t 

Equivalent Device HD6301Vl 

HN482732A·30 
Mou"table EPROM HN482764-3 

HN27C64-30 

* Preliminary 
** Under Development 

*** Wide Temperature Range (-40 - +8SoC) version is available. 
t DC; Ceramic DIP (EPROM on the package type) 
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S.O 

0-+70 

DC-40P 

HD63A01Vl HD63B01Vl 

HN482732A·30 HN482732A·25 
HN482764·3 HN482764 
HN27C64.30 HN27C64.'25 

• HITACHI 

5.0 

0-+70 

DP·64SP 

HD6305XO HD63A05XO HD63B05XO 
HD6305YO HD63A05YO HD63B05YO 

HN482732A·30 HN482732A-30 HN482732A-25 
HN482764·3 HN482764-3 HN4B2764 
HN27C64-30 HN27C64-30 HN27C84·26 



------------------- 8-BIT SINGLE-CHIP MICROCOMPUTERS 

• CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER EPROM ON-CHIP TYPE 

Type No. HD63701XO' 

Bus Timing (MHz) 1.0 

LSI Supply Voltage (V) 5.0 
Characteristics 

Operating Temperature (C) 0-+70 

Package t DC·64S 

ROM (k byte) 4 (EPROM) 
Memory 

RAM (byte) 192 

I/O Port 24 

I/O Port Input Port 53 8 

Output Port 21 

External 3 

Functions 
Interrupt 

Soft 2 

Timer 4 

Serial 1 

16-bit xl 

) ( Free running counter x 1 
Output compare register x 2 

Timer Input capture register x 1 
8-bit xl 

( 8·bit up counter Xl) 
Time constant register x 1 

SCI Asynchronous/Synchronous 

External Memory Expansion 65k bytes 

• Error detection 

Other Features • Low power consumption modes (sleep and standby) 
• Slow memory interface 
• Halt 

Equivalent Device HD6301XO 

* Under development 
t DC; Ceramic DIP (Shrink type) 
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4-BIT SINGLE-CHIP MICROCOMPUTER HMCS40 SERIES 

The HMCS40 Series are high performance, low cost 4-Bit 
Single-Chip Microcomputers designed for dedicated applications. 

The HMCS40 Series Instruction Set provides convenient chip 

FEATURES 
• Full Line-Up: CMOS 

2 ~ 4k Words ROM 
160 ~ 256 Words RAM 
32 ~ 44 I/O Lines 

• All Instructions (except Pattern Generation Instruction) 
are Single cycle. 

• Pattern Generation Instruction (Table Reference Capability). 
• Powerful Interrupt Function . 

selection and system expansion. 
LCD-lll/IVare LCD driver on chip microcomputers designed 

for applications which need an LCD display device. 

• 3 Interrupt Sources .r2 External Interrupt Line 
L1 Timer/Counter 

• Low Power Dissipation (2mW): CMOS. 
• Low Operating Voltage Version (3V): CMOS. 
• BUilt-in Clock Pulse Generator (Resistor or Ceramic Filter). 
• Built-in Power-on Reset Circuitry. 
• I/O Options (User Selectable at Each Pin). 

CMOS: Pull up Resistor/Open Drain/CMOS Output 
• Built-in LCD drive circuit: LCD-III/IV. 

• HMCS40 SERIES PRODUCT CHARACTERISTICS 

Il 
.~ 

·c 
!l 
~ 
'" .<: 
U 

iii 
oJ 

~ 
c 
0 

"E 
c 
~ 

u. 

Family Name HMCS44CL 
(HD44608) 
HMCS44C !Type Name) IHD44800) 

Process Technology CMOS 

Supply Voltage (VCC) IV) 3/5 

Power Dissipation (Typ,) ImW) 0.32/2 

Max. I/O Terminal Voltage (V) VCC + 0.3 
Operating Temperature Range ,01 1°C) -20 - +75 

Package DP42. DP42S 

ROM (bits) 2,048 x 10 
128x 10" Memory 

RAM (bits) 160x 4 

Registers 8 

Stack Registers 4 -
4-Bit Data Input -
Discrete Input -

I/O Port, 4·8it Data Output 
32 

-
Discrete Output -
4·8it Data Input/Output 4x4 

Discrete Input/Output 1 x 16 

Interrupts 
External 2 

Timer/Counter 1 

Instruc- Number of Instructions 71 

tions Cycle Time II") 20/10 
8uilt·in Clock Pul,e Generator 

Power on Reset No/Ve. 
8attery Back-up Halt 

Evaluation Chip HD44850E 
HD44867E 

*1 Wide Temperature Range (-40"" +8SoC) version is available. 
*2 Pattern Memory 
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HMCS45CL HMCS46CL 
(HD44828) (HD44848) 
HMCS45C HMCS46C 
IHD44820) IHD44840) 

CMOS CMOS 

3/5 3/5 -
0.32/2 0.32/4 

VCC +0.3 VCC + 0.3 

-20 - +75 -20 - +75 

FP·54, DP-64S DP42. DP42S 

2.048 x 10 4,096 x 10 128 x 10" 

160 x 4 256 x 4 

6 8 

4 4 

- -
- -

44 4 xl 32 
-

- -
4x6 4x4 

1 x 16 1 x 16 

2 2 

1 1 

71 71 

20/10 20/5 

No/Ves No/Ve, 

Halt Halt 

HD44850E HD44857E HD44857E 
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HMCS47CL LCD·1I1 ., 
(HD44868) LCD· 
HMCS47C 

(HD44795. IHD613 
IHD44660) HD44790) 

CMOS CMOS CMOS 

3/5 3/5 3/5 

0.32/4 0.36/2.4 0.9/5.( 

VCC + 0.3 VCC + 0.3 VCC + 

-20-+75 -20 - +75 -20 -. 

FP·54. DP-64S FP·80 FP·80 

4.096 x 10 2,048 x 10 4.096 > 128 x 10" 

256 x4 160 x 4 256 x 4 

6 6 6 

4 4 4 

- 4 xl ~ 
- -

~ 44 4 xl 32 
4 xl 32 -

- - ..:: 
4x6 4x2 ~ 
1 x 16 1 x 16 1 

2 2 2 

1 1 1 

71 71 71 

20/5 20/10 20/5 

No/Ve, Ves No 

Halt Halt Halt 

HD44857E HD44797E HD447~ 

*3 LCD DRIVE FUNCTION 

Common 4 

LCD Segment 32 
Drive Duty Static, 1/2, 1/3, 11 

Bias 1/2,1/3 

Display Capability 4x32 Matrix 11/4 DL 

Expandable using the LCD Driver HD44100H 





14-BIT SINGLE-CHIP MICROCOMPUTER HMCS400 SERIES 

The new CMOS 4·bit HMCS400 microcomputer series comes 
satisfying the growing needs for microcomputer systems with 
large program capacity and high function for advanced applica· 
tions. The HMCS400 series strengthens the proven capabilities 
of the HMCS40 series, offering high software productive archi· 
tecture, enhanced peripheral functions and high speed instruc· 
tion execution. 

• FEATURES 
• Architectual Compatible with the HMCS40 Series for Easy 

Replacement 

• 16 Subroutine Stack Level s 
• 98 Instructions Including Logic Arithmetic Operating In· 

struction, BCD Arithmetic Operating Instruction and Pattern 
Generating Instruction 

• Frve Interrupt Levels (External: 2, Timer/Counter: 2, Serial 
Interface: 1) 

• 8·bit Serial Interface (Clock Synchronous Type) 
• Two Timer/Counters:8·bit Free Running Timer and 8·bit 

Reload Timer/Event Counter 
• 58 I/O Lines (26 High Voltage 40V I/O Lines) 
• High Speed Instruction Execution: 2 /lS at Vcc 5V, High 

Speed Version (1.3/ls) Available • One Cycle per Instruction Execution Utilizing 10·bit per 
Instruction • EPROM on the Package Type Available for System Emulation 

• Powerful ROM and RAM Addressing Capability 

.HMCS400 SERIES PRODUCT CHARACTERISTICS 

Family Name HMCS404CL* HMCS404C' HM'CS404AC* 

:i Process Technology CMOS CMOS CMOS 

Supply Voltage (V) 2.5- 6.0 4-6 4.5-5.5 
fj Power Dissipation (max.) (mW) 9 18 27 u 
t!! Max. I/O Terminal Voltage (V) VCC -40 VCC -40 VCC -40 .. 

.<: 
1°C) <J Operating Temperature Range -20 - +75 -20 - +75 -20 - +75 

in Package FP·64, Dp·64S FP-64, DP-64S FP-64, DP·64S ..J 

Memory ROM (bits) 4096 x 10 4096 x 10 4096 x 10 

RAM (bits) 256 x 4 256 x 4 256 x 4 

Registers 7 7 7 

Subroutine Stack Levels 16 16 16 

4·Bit Input 
4xl 4 xl 4 xl 
2 x 1 2 xl 2 xl 

~ I/O Ports 
4·Bit Output 4x4 4x4 4x4 

I:: 4·Bit Input/Output 58 4x5 58 4x5 58 4x5 0 
'fi I·Bit Input/Output 1 x 16 1 x 16 1 x 16 I:: 

" LL External 2 2 2 

Interrupts Timer/Counter 2 2 2 

Serial Interface 1 1 1 --(--_. .. 
Instruction 

Number of Instructions 99 99 99 

Cycle Time (I's) 4 2 1.33 

Clock Pu Ise Generator Built·in (External drive is possible) 

Others Power Saving Mode (Stop mode, Stand·by mode) 
EPROM on the Package Type HD614P080S* 

*Prellmlnary 
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Ie MEMORIES 

• MOS RAM 

Total 
Organiza- Access Cycle Supply Power Package t 

Mode 
Bit 

Type No. Process tion Time Time Voltage Dissipation 
(word x bit) (ns) max Ins) min (VI (WI Pin No. CG G P FP SP 

HM6116-2 120 120 0.lm/0.2 • • • 
HM6116~ 150 150 • • • 
HM6116-4 200 200 

0.lm/0.18 • • • 
HM6116L-2 120 120 20"ll/0.18 • • 
HM6116L-3 150 150 • • 
'HM6116L-4 200 200 

20"llIO.16 • • 
HM61~ 120 120 • 

HM6116A-15 150 150 0.lm/15m • 
HM6116A·20 2048.8 200 200 24 • 
HM6116AL-12 120 120 • 
HM6116AL-15 150 150 5,,/10m • 
HM6116AL-20 200 200 • 
HM6117-3 150 150 

0.lm/0.2 • • 
HM6117-4 200 200 • • 
HM6117L-3 150 150 • • 
HM6117L-4 200 200 

10,,/0.18 • • 
HM6168H-45 45 45 • • 

Static 16k-hit 
HM6168H-55 55 55 +5 0.lm/0.25 • • 
HM6168H-70 

CMOS 
70 70 • • 

HM6168HL-45 
4096 x 4 

45 45 
20 • 

HM6168HL-55 55 55 
5,,/0.25 • 

HM6168HL-70 70 70 5,,/0.25 • 
HM6167 70 70 • • 
HM6167-6 85 85 0.lm/0.15 • • 
HM6167-8 100 100 • • 
HM6167L 70 70 • 
HM6167L-6 85 85 5,,/0.15 • 
HM6167L-8 100 100 • 
HM6167H-45 

16384 x 1 
45 45 • • • 

HM6167H-55 55 55 
0.lm/0.2 20 • • • 

HM6167HL-45 45 45 • 
HM6167HL-55 55 55 

5,,/0.2 • 
HM6267-35 35 35 • 
HM6267-45 45 45 

0.lm/0.25 I • 
HM6264-10 100 100 • 
HM6264-12 120 120 0.lm/0.2 • • 

64k-hit 
HM6264-15 150 150 • • 
HM6264L-l0 

8192 x 8 
100 100 

28 • 
HM6264L-12 120 120 10,,/0.2 • • 
HM6264L-15 150 150 • • 

(Continued) 
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Ie MEMORIES-----------------------------

Total 
Organiza- Access Cycle Supply Power Package 

Mode 
Bit 

Type No. Process tion Time Time Voltage Dissipation 
(word x bitl (nsl max (nsl min (VI (WI Pin No. CG G 

HM48416A·12 120 230 
HM48416A-15 16384 x 4 150 260 20m/0.3 18 
HM48416A-20 200 330 

64k-bit 
HM4864-2 150 _270 

20m/0.33 • 
HM4864-3 200 335 • 
HM4864A-12 65536 xl 120 220 • • 
HM4864A-15 150 260 +5 20m/0.26 • • 

Dynamic HM4864A-20 NMOS 200 330 16 • • 
HM50256-12 120 220 • 
HM50256-15 ISO 260 20m/0.35 • 

256k-bit 
HMS0256-20 

262144 x 1 
200 330 • 

HMS02S7-12 120 220 • 
HM50257-15 150 260 20m/0.36 • 
HM50257-20 200 330 • 

b. HM6116LP/LFP Series: 10 J1-W 
t The package'codes of eG, G, P, FP and SP are applied to the package materials as follows. 

CG: Glass-sealed Ceramic Leadless Chip Carrier, G: Cerdip, P: Plastic DIP, FP: Plastic Flat Package (SOPI, SP: Skinny Type Plastic DIP 

• MOS ROM 

Total Organization 
Access 

Mode Type No. Process Time 
Bit (word x bitl 

(nsl max 
HN61364 250 

64k-bit HN6136S 8192 x 8 250 
HN61366 2S0 

Mask 128k-bit HN613128 CMOS 16384 x 8 2S0 
32768x8 or 

256k-bit 
HN61256 

65536 x 4 
3500 

HN613256 32768 x 8 250 
1M-bit HN62301 • 131072 x 8 350 

HN482732A-20 200 
32k-bit HN482732A-25 4096 x 8 250 

HN482732A-30 300 
HN482764 

NMOS 
250 

HN482764-2 200 
HN482764-3 300 

U.V. Erasable 
64k-bit HN27C64-15 8192 x 8 150 

& Electrically 
HN27C64-20 200 
HN27C64-25 

CMOS 
2S0 

HN27C64-30 300 
HN4827128-25 250 

128k-bit HN4827128-30 16384 x 8 300 
HN482712845 

NMOS 450 
HN27256-20 200 

256k-bit HN27256-25 32768 x 8 250 
HN27256-30 300 

On Time 64k-bit HN482764-3 
NMOS 

8192 x 8 300 
Electrically 128k-bit HN4827128-30' 16348 x 8 300 

HN58064-25 250 
Electrically 

64k-bit HN58064-30 NMOS 8192 x 8 300 
Erasable & 
Programmable HN58064-45 450 

... Preliminary 
t The package codes of C, G, P and FP are applied to the package material as follows. 
C: Side-brazed Ceramic DIP, G: Cerdip, P: Plastic DIP, FP: Plastic Flat Package 
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Supply Power 
Voltage Dissipation 

(VI (WI 

SJ1-/50m 

+5 SJ1-/S0m 

5J1-/7.5m 

5J1-/50m 
2m/75m 

0.18/0.8 

0.18/0.55 

+5 

0.55m/0.l 

0.18/0.53 

0.22/0.55 

+5 
0.18/0.55 

0_18/0.53 

+5 0.22/0.55 

----_ .. _-_. 

Package t 

Pin No. C G 
28 

24 

28 

• 
24 • • • • • • • 28 • 

• · · • 
• 
• 
• 

28 

28 

t 

P FP SP 

P FP 

• • • • • • • • • • 
• 

-- -
• • • • • 



------------------------------------------------------------IC MEMORIES 

• BIPOLAR RAM 

Total Organization 
Access 

Level Type No. Output Time 
Bit (word x bit) 

(ns) max 

256 
HM10414 

256 xl 
10 

HM10414-1 8 
HM2110 35 
HM2110-1 25 

lk HM2112 
1024 xl 

10 
HM2112-1 8 
HM10422 10 
HM10422-7 

256 x 4 
7 

HM10470 25 
HM10470-1 15 

ECl 
HM10470-25 

4096 xl 
25 

10k 
HM2142 10 

4k 
HM10474 25 
HM 1 0474-8* 

1024 x 4 
8 

HM10474-10* 10 
HM10480 Open 25 
HM10480-15* 16384 x 1 Emitter 15 

16k HM 1 0480-20* 20 
HM10484-15* 

4096 x 4 
15 

HM 1 0484-20* 20 

lk 
HM100415 1024 x 1 10 
HM100422 256 x 4 10 
HM100470 4096 xl 25 

ECl 4k HM100474 1024 x 4 25 

lOOk HM100480 25 
HM100480-15* 16384 xl 15 

16k HM100480-20* 20 
HM100484-15* 

4096 x 4 
15 

HM100484-20* 20 

* Under development 

t The package codes of F. G, P and CC are applied to the package materials as follows, 
F: Flat Package, G: Cerdip, P: Plastic DIP, CC: Ceramic Leadless Chip Carrier. 

$ HITACHI 

Supply Power Package t 
Voltage Dissipation 

(V) (mW/bit) Pin No. F G P CC 

2.8 • • 
0.5 16 • • • 0.8 • 
0.8 • • 
1.0 

24 • • • 
0.2 18 • • -5.2 
0.3 20 • 
0.2 • 
0.3 24 • • 
0.05 • • 
0.06 

20 • • 
0.06 28 • • 
0.6 16 • • 
0.8 24 • • • 
0.2 18 • 

-4.5 0.2 24 • • 
0.05 • • 

20 • 0.06 • 
0.06 28 • • 
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I GATE ARRAY 

CMOS Gate Array HD61J/HD61K/HD61L/HD61MM Series 

• FEATURES 
• Fast operation 

Internal gate (2-input NAND, FO=3, AL=3mm) __ 3_5ns typ 
Input buffer (FO=3, AL = 3mm) _____________ 9ns typ 
Output buffer (CL =50pF) ___________ . . . . .. 20ns typ 
Memory access time (HD61MM) ............ _ .. 60ns typ 

• Low power dissipation 
At 10MHz operation (Internal gate) ...... 130/lW/gate typ 

• Abundant input and output configuration 
Allocation of all pins except power supply pins to input/ 
output/input-output 
Output can be CMOS/open drain/3-state 

• LINE UP 

HD61J 
Gate count 504 
I/O pin count 50 
RAM on chip -

DP28 0 
DP42 0 
DP64 -
FP54 0 
FP80 -

Package 
FP100 -
DC28 0 
DC40 0 
PGA72 -
PGA120 -

Power supply pin 

* Preliminary 

• Memory on-chip (HD61MM) 
Flexibility of memory capacity and word organization 
Selection of single port/dual port memory 

• Wide operation temperature range 
-20 to +75'C 

• Wide package selection 
Especially plastic packages with high pin 
count .......... DILP64/FPP100 

• Powerful design support 
User-Defined-Macro 
Test pattern evaluation with fault simulator 
Design support at local Design Center 

• Quick turn around time and reasonable development cost 

HD61K HD61L HD61MM* 
1080 1584 2496 

68 68 104 
- - available 
0 0 -
0 0 -
0 0 0 
- - -
0 0 -
- - 0* 

0 0 0 
0 0 0 
- 0 -
- - 0* 

4 4 8* 

Bi-CMOS Gate Array HD27K/HD27L/HD27P/HD27Q Series 

• FEATURES 
• High speed with super low power dissipation 

• Internal gate: 4.0ns (Fan out=3) 
@0.05mW 

• Input buffer: 5.0ns (Fan out=3) 
@2.6mW 

• Output buffer: 8.0ns (CL =15pF) 
@2.6mW 

• LS TTL compatible input/output ...... _ ...•........ 
• Selectable totem-pole/3-state/open collector output 
• IOL =8mA: Capable of driving 20 LS TTL's 

• Output buffer can construct logic functions. 
• Saves gate stages. 

• A variety of macrocell library 
• Internal gate: 44 
• Output buffer: 9 

• A variety of reliable package 
• Plastic DIP 16 to 64 pins 
• Plastic FP 60 to 100 pins (under development) 

• A variety of DA ·system support 
• Only logic diagrams and test patterns needed as an interface 

with the user. 
• Short development time 
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----------------------------------------------------------GATEARRAY 

Number of gates Number Package 

Internal gate Input Output of Vee DIP Fp· 
(2-input NAND) buffer buffer and GND (Plastic) (Plastic) pins 

HD27K 200 18 18 2 16,20,28, -42 pins 

HD27L 528 30 30 4 28,42,64 60,80 pins pins 

HD27P 966 40 40 4 28,42,64 60,80,100 
pins pins 

HD27Q 1530 50 50 4 28,42,64 60,80,100 
pins pins 

*Under development 
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• 

LCD DRIVER SERIES 

• LCD DRIVER SERIES CHARACTERISTICS 

Type General 

.2 Type Number HD44100H HD61100 

·f Process CMOS CMOS 

i Supply Voltage (V) S*, S*, 

.c Operating Temperature ('C) -20 - +75 -20 - +7S 
0 

Package FP-60 iii FP·l00 
oJ Power Dissipation (mW) S.O S.O 

ADM (bits) - -
Memory 

AAM (bits) - -
Interface (CPU) S 8 

I/O Interface (Driver Ie) 2 2 
I! Interface 0 

'fi IE.ternal ADM, AAM) - -
c 

Number of Instruction ~ - -"-
Common 

40 SO 
LCD Driver Segment 

Duty Free(N) Free IN) 

N .40 N .80 
Display Capability Matrix Matrix 

(liN Duty) 111N Duty) 

Comment SA type SA type 

*,: Except Power Supply for LCD. 
*2: -40 - +85'C (Special Request). Plea .. contact Hitachi Agents. 
*3: CG; Character Generator . 

734 _HITACHI 

Segment Display 

HD61602 HD61603 HD44780 
(LCD·II) 

CMOS CMOS CMOS 
3- 5*1 3-5*1 S*· 

-20- +7S -20- +7S -20 - +75*1 

FP-80 FP-80 FP·SO 
O.S (SV) 0.5 (SV) 1.7S 

7200 - - (CG)" 

Sl.4 64.1 6O.S/64 
x 8(CG)*" 

14 10 11 

- - 4 

- - -
4 4 11 

4 1 16 

Sl 64 40 

Static, 1/2, Static 
liS, 1/11, 

1/3,1/4 1116 
204 16 Digits 
Segment 64 Segment (S.7 Dots 
11/4 Duty) 1116 Duty) 

Expandable 
to 80 Digits 
using 
HD44100H 



----------------------------LCD DRIVER SERIES 

Character Display Graphic Display 

HD44101H HD43160AH HD44l02CH HD44l03CH HD4410SH HD61830 HD61102 . HD61103 

CMOS CMOS CMOS CMOS CMOS CMOS CMOS CMOS 

5" 5" 5" 5" 5" 5" 5" 5" 

-20- +75 -20 - +75 -20 - +75 -20 - +75 -20- +75 -20 - +75 -20 - +75 -20 - +75 

~ FP-54 FP-80 FP-60 FP-60 FP-60 FP-l00 FP-loo 

1.75 10.0 2.5 4.0 4.0 30.0 3.0 5.0 

6720 6240 7360 
(CG)" (CG)" - - -

(CG)" - -

32 x8 80x8 2oox8 - - (external 512 x 8 -65536 x 8) 

12 21 21 6 6 13 21 6 
4 5 - 5 5 9 - 5 

- 18 - - - 33 - -
8 6 6 , - 12 7 -
15 - - 20 32 - - 64 

40 - 50 - - - 64 -
117,1/14 1/8,1/12, 1/8,1/12,1/16, 118,1/12,1/16, 1/8,1/12,1/16,1/24, Static, -1/64 1148,1/64 

1/16 1/24,1/32 1/24,1/32 1/32, 1148, 1/64 1/1-11128 1/96,1/128 

16 Digits 32 x 50 64 x 64 
(5x7 Dots - Dots - - - Dots -1/14 DutV) (1/32 DutV) (1/64 duty) 

Expandable Display to Display to 
to 32 Digits 80 Digits Segment Common Common 524288 Segment Common 
using using Driver Driver Driver Dots using Driver Driver 
HD44100H H044l00H HD44l00H 
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LSI FOR SPEECH SYNTHESIZER SYSTEM 

PMOS 3-chip System 

• OUTLINE OF BASIC DEVICE 

Type name Function Explanation of function Outline 

HD38880B Speech Synthesizes speech by reading out a prescribed c~aracteristic parameter DC-2B 
synthesizer from the ROM chip according to the command from the microcomputer. DP-28 

HD38884P 
12Bk-bit Analyzes the speech which should be synthesized in advance and stores the 

DP-28 ROM extracted characteristic parameter. 

HD38882P EPROM Capable of 1M-bit connection when using EPROM. DP-42 interface 

HMCS40' Controller Performs overall control to synthesize special speech under suitable . 
Series conditions. 

·See 4-bit microcomputer item. 

• System Features 
• High speech quality • Long-period voice capacity 

Since a PARCOR system is employed and the bit rate can be 
taken up to 2400-9600 bits/sec, excellent tone quality is 
made possible. 

A maximum of 16 ROMs can be connected without an inter­
face circuit. Vocal sound of 50-100 seconds (2400 bit/sec) 
can be synthesized with 1 ROM. 

• Synthesizing woman's voice 
In addition to a man's voice, synthesizing woman's voice is 
possible with the adoption of the voca I tract loss effect. 

• Variation of speaking speed 
Speech can be spoken slowly or rapidly by microcomputer 
control. 

• Vocalization with accurate scale 
By producing voice pitch through external synchronization, 
accurately scaled singing is possible. 

• BASIC SYSTEM COMPOSITION EXAMPLES 

• Case of using mask ROM 

HMCS40 Series 

(Controllerl 

Ceramic 
Oscillator 

HO,.... 
l128kbit ROMI 

x 16max 

Analog Output '\ 

t:::=:::::::::=:o'l iL 
'/ 

• Speaker direct drive 
The speaker is directly driven by the built-in 0/ A converter and 
speaker driving circuit. Excellent tone quality and power is 
possible by providing an external 0/ A converter and speaker 
driving circuit utilizing the digital output. 

• Case of using EPROM 

I' 

HMCS40 
Series 

190ntrollerl 

HN482764 
x 16 max 

Ceramic 
Oscillator 
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LSI FOR SPEECH SYNTHESIZER SYSTEM---------------------

• BASIC SYSTEM COMPOSITION EXAMPLES 

• Key Input 

Ceramic 
Oscillator 

r-- --- ---, 
I I 
I I 
I I 
I I 
I I 
I I 
I : 
I HD44881 I 

: (128k--bit ROM x 16maxl : 

I I 
I I L __________________ J 

• Microcomputer Control 

Vee 

H MCS40 Series 

(Controller) 

,--- -- - ---..., 
I I 
I I 
I ~ I 
I " I I I 
I I 
I I 
I I 
I I 
I HD44881 I 

I : 
I I 
I , 
I I L _____________________ J 
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• Code Input 

eHITACHI 

r-- -- - --, 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I HD44881 I 
I I 
I I 

: ! L _________________ ~ 



I CODECjF I L TER COMBO LSI 

• LINE UP 

Power 
Series Type No. Compo Dissipation Law ImWI 

HD44211A A 
HD44210 150 

HD44212A # 

HD44220 HD44222 # 40 

HD44231B A 

HD44232B # 
60 

HD44233B A 

HD44234B # 
HD44230 

HD44236 A 

HD44236 # 
50 

HD44237 A 

HD44238 # 

HD44231C A 

HD44232C # 

HD44233C A 

HD44234C # 
HD44230C 60 

HD44235C A 

HD44236C # 

HD44237C A 

HD44238C # 

HD44240C HD44240C # 60 

A·law; Europe & International Telephone. 
,,·Iaw ; U.S.A., Canada & Japan 

CR 
Filter 

-

-

0 

0 

0 

0 

Clock 

Voltage Internal Sync.! PCM Bit Reference Clock Async. Clock Required 

External 
- 128 kHz req. Both 64 - 2048kHz 

External PLL Both 64 - 2048kHz 

Sync. 

0 Divider - 1536/1544/2048kHz 

Both 

Sync. 

0 PLL - 64 - 2048kHz 

Both 

Sync. 

Divider - 1536/1544/2048kHz 

Both 

0 

Sync. 
PLL - 64- 2048kHz 

Both 

0 PLL Both 64 - 2048kHz 

_HITACHI 

Signaling Package 

- DC·24 

Decoder Shift DC·16 

-

Decoder Shift 

-
Decoder Shift DG·16 

-

-
Decoder Shift 

Decoder Shift 

AlB Data I/o DG·20 
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