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DMAC (Direct Memory Access Controller)

The HD6844 Direct Memory Access Controller (DMAC)
performs the function of transferring data directly between
memory and peripheral device controllers. It controls the
address and data buses in place of the MPU in bus organized
systems such as the HMCS6800 Microprocessor System.

The bus interface of the HD6844 includes select, read/
write, interrupt, transfer request/grant, and bus interface logic
to allow the data transfer over an 8-bit bidirectional data bus.
The functional configuration of the DMAC is programmed via
the data bus. The internal structure provides for control and
handling of four individual channels, each of which is separately
configured. Programmable control registers provide control for
the transfer location and length, individual channel control and
transfer mode configuration, priority of servicing, data chaining,
and interrupt control. Status and control lines provide control
to the peripheral controllers.

The mode of transfer for each channel can be programmed as
cycle-stealing or a burst transfer mode.

Typical applications would be with the Floppy Disk Con-
troller (FDC), etc..

m FEATURES

e Four DMA Channels, Each Having a 16-Bit Address
Register and a 16-Bit Byte Count Register

e 1M Byte/Sec (HD6844), 1.5 M Byte/Sec (HD68A44),
2.0 M Byte/Sec (HD68B44)
Maximum Data Transfer Rate

« Selection of Fixed or Rotating Priority Service Control m PIN ARRANGEMENT
e Separate Control Bits for Each Channel
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* Address Increment or Decrement Update CS/TxAKB(T N REs
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m ABSOLUTE MAXIMUM RATINGS

Item
Supply Voltage
Input Voltage
Operating Temperature

Storage Temperature

Symbol
vce=
Vin*
T"Opl’

~stg

* With respect to Vgs (SYSTEM GNO)

(NOTE)

Value

-0.3 ~ +7.0
-0.3 ~ +7.0
-20 ~ +75

-55~ +150

under recommended operating conditions. If these conditions are exceeded, it could affect

reliability of LSI.

s RECOMMENDED OPERATING CONDITIONS

Item
Power Supply Voltage

Input Voltage

Operating Temperature

Symbol
vce*
V,L*
V,H*

"I"opr

*With respect to Vss (SYSTEM GND)

min
4.75
-0.3

2.0

-20

typ max
5.0 5.25

- 0.8

- Vo S
25 75

Unit

Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be

Unit
\

\
°C

m ELECTRICAL CHARACTERISTICS (VCC=5V+5%, Vss=0V, Ta=-20~+75°C, unless otherwise noted.)
« DC CHARACTERISTICS

Item

Input "High" Voltage

Input "Low " Voltage
Input Leakage Current
Three-State (off state)
Leakage Current
Output "High" Voltage
Output "Low" Voltage

Source Current
Power Dissipation

Input Capacitance

Output Capacitance

*Vcc=5.0V,Ta=25°C

TxRQO0~3, 02DMA,
RES, DGRNT

Ao~Als, Do~D7, R/W

D0O~D7
a0~a 15, r/w
All Other Outputs

CS/TxAKB

02DMA
Do~D7,CS, AqA4,
R/W

TxRQo~3, RES,
DGRNT

Symbol
V,H
V,L

lin

Itsi

VagH

VoL

less

Dput

Test Condition

Vin=0~5.25V

Vin=0.4~2.4V

loh=_205/KA
lo h =-145juA
loh=-100mA
lo1=1-6mA
Vin~0V, Fig. 10

Vin=0V, Ta=25°C
f=1.0MHz

Vin=0V, Ta=25°C, f=1MHz

min
2.0
-0.3

-2.5

-10

2.4
2.4
2.4

typ*

Voo

10

Unit

JUA

ma

mA
mw

PF

pF



AC CHARACTERISTICS (Load Condition Fig. 9)
1. CLOCK TIMING

HD6844
Item symbol TZ?:.
ondition min typ max
02DMA Cycle Time tcyco Fig. 2 1,000 - -
"High" Level PWOH Fig. 2 450 - -
<2DMA Pulse Width
"Low" Level PWOL Fig. 2 400 - -
02DMA Rise and Fall Time *0f Fig. 2 - - 25
2. DMA TIMING (Load Condition Fig. 9)
HD6844
Item Symbol COISiSttion .
min typ max
02 DMA Rising
120 - -
Edge tTQsl
TXxRQ Setup Time
02DMA Falling 17Qs2 210
Edge - :
Fig. 3
02DMA Rising 20
Edge *TQH1 B -
TxRQ Hold Time
02DMA Falling 20
Edge ITQH2 - -
DGRNT Setup Time  DGRNT ldgs 155 - -
Fig. 4
DGRNT Hold Time DGRNT tDGH 10 - -
Address Output ~a 1 wE .
. utpu a0~a 15 r/ |AD Fig. 6 . . 270
Delay Time TxSTB
Address Output AO0~AIS R/W Fig. 6 30 - -
Hold Time TXSTB tAHO Fig. 7 35 - -
Address Three-State .
~a 15, R/W Fig. 7 - - 270
Delay Time a»~al5 R/ tATSD 9
Address Three-State .
~ Fig. 7 - - 270
Recovery Time AO=AIS, RIW 1ATSR 9
Delay Time DRQH, DRQT tDQD Fig. 5 - - 375
02 DMA Rising .
Fig. 5 - -
Edge *TKD1 [s} 400
TxAK Delay Time
DGRNT Rising .
Fig. 8 - - 190
Edge 1TKD2 g
02DMA Falli .
ane tDED1 Fig. 6 - - 300
IRQ/DEND Delay Edge
Time DGRNT Risi
S, Fig. 8 . } 190
Edge
3. BUS TIMING
1) READ TIMING
HD6844
Item Symbol c Tz_stt_
ondition min typ max
Address Setup Time :SO~A4’ RIW, 1AS 140 - -
Address Input Hold al0—-ad,r/w, 10
Time cs TAHI - -
Data Delay Time D,~D, IDDR Fig. 2 - - 320
Data Access Time d0~d7 tACC - - 460
Data Output Hold
d,~d7 tDHR 10 B .

Time

min
666
280
230

120

210

10

10

125
10

20
35

140

10

10

HD6844,

HD68A44
typ

HD68A44

typ

HD68A44

HD68A44,
HD68B44
min typ
500 -
235 -
210 -
HD68B44
min typ
120 -
155 -
10 -
10 -
115 -
10 -
20 -
35 -
HD68B44
min typ
70 -
10 -
10 -

HD68B44
Unit
max
- ns
- ns
- ns
25 ns
Unit
max
ns
ns
) ns
160 ns
. ns
270 ns
270 ns
210 ns
250
ns
150
210
ns
125
Unit
max
- ns
- ns
180 ns
280 ns
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2) WRITE TIMING

Item

Address Setup Time
Address Input Hold
Time

Data Setup Time

Data Input Hold
Time

a 0~a 4, R/W,
Ccs

AO0~A4, R/W,
Ccs

D,~D7

d0~d7

R/W

Test
Symbol Condition
*AS
fAHI Fig. 2
IDSW
IDHW

Figure 1 Expanded Block Diagram

140

10

10

HD6844

typ

140

10

80

10

HD68A44

typ

70

10

60

10

HD68B44
typ

Unit

ns

ns

ns

ns
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Figure 2 Read/Write Sequence

Figure 3 Timing of TXRQ Input



HD6844, HD68A44, HD68B44
Set Up Timing

4,DMA

DGRNT

Hold Timing

tHDMA

DGRNT

Figure 4 Timing of DGRNT Input

Figure 5 Timing of DRQH, DRQT, TxAK Outputs
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Figure 6 Timing of Address and IRQ/DEND Outputs

Recovery Time of Address Three-state

Delay Time of Address Three-state
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DGRNT

CS/TxAKB (Output)

IRQ/DEND

Figure 8 Timing of Synchronous DGRNT Output

5.0V

Figure 10 Source Current Measurement Circuit for CS/TXAKB Terminal



m DEVICE OPERATION

The DMAC has fifteen addressable registers, eight of them
are sixteen bits in length. Each channel has a separate Address
Register and a Byte Count Register, each of which is sixteen
bits. There are also four Channel Control Registers. The three
General Control Registers common to all four channels are the
Priority Control Register, the Interrupt Control Register, and
the Data Chain Register.

To prepare a channel for DMA, the Address Registers must
be loaded with the starting memory address and the Byte Count
Register loaded with the number of bytes to be transferred. The
bits in the Channel Control Register establish the direction of
the transfer, the mode, and the address increment or decrement
after each cycle. Each channel can be set for one of three
transfer modes: Three-State Control (TSC) Steal, Halt Steal, or
Halt Burst. Two read-only status bits in the Channel Control
Register indicate when the channel is busy transferring data and
when the DMA transfer is completed.

The Priority Control Register enables the transfer requests
from the peripheral controllers and establishes either a fixed
priority or rotating priority scheme of servicing these requests.

When the DMA transfer for a channel is complete (the Byte
Count Register is zero), a DMA End signal is directed to the
peripheral controller and an IRQ goes to the MPU. Enabling of
these interrupts is done in the interrupt Control Register. The
IRQ flag bit is read from this register.

Chaining of data transfers is controlled by the Data Chain
Register. When enabled, the contents of the Address and Byte
Count Registers for channel #3 are put into the registers of the
channel selected for chaining when its Byte Count Register
becomes zero. This allows for repetitively reading or writing a
block of memory.

During the DMA mode, the DMAC controls the address bus
and data bus for the system as well as providing the R/W
line and a signal to be used as VMA. When a peripheral
device controller desires a DMA transfer, it is requested by a
Transfer Request. Assuming this request is enabled and meets
the test of highest priority, the DMAC will issue a DMA
Request. When the DMAC receives the DMA Grant, it gives a
Transfer Acknowledge to the peripheral device controller, at
which time the data is transferred. When the channel's Byte
Count Register equals zero, the transfer is complete and a DMA
End is given to the peripheral device controller, and an IRQ is
given to the MPU.

= Initialization

During a power-on sequence, the DMAC is reset via the RES
input. All registers, with the exception of the Address and Byte
Count Registers, are set to a logic “0” state. This disables all
requests and the Data Chain function while masking all
interrupts. The Address, Byte Count, and Channel Control
Registers must be programmed before the respective transfer
request bit is enabled in the Priority Control Register.«

= Transfer Modes

There are three ways in which a DMA transfer may be done.
The one used is determined by the data transfer rate required,
the number of channels attached, and the hardware complexity
allowable. Refer to Figures 12, 16 and 17.

Two of the modes, TSC Steal and Halt Steal, are done by
cycle-stealing from the MPU. The Three-State Control (T SC)
Steal mode is initiated by the DMAC bringing the DRQT line
“Low” . This line goes to the system clock driver which returns a
“High” on DGRNT on the rising edge of the system Oi clock.
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The DGRNT signal must cause the address control and data
lines to go to the high impedance state. The DMAC now
supplies the address from the Address Register of the channel
requesting. It also supplies the R/W signal as determined from
the Channel Control Register. After one byte is transferred,
control is returned to the MPU. This method stretches the §\
and 02 clocks while the DMAC uses the memory.

The second method of cycle-stealing is the Halt Steal mode.
This method actually halts the MPU instead of stretching the Oi
clock for the transfer period. This mode is initiated by the
DMAC bringing the DRQH line “Low” . This line connects to
the MPU HALT input. The MPU Bus Available (BA) line is the
DGRNT input to the DMAC. While the MPU is halted, its
Address Bus, Data Bus, and R/W are in the high impedance
state. The DMAC now supplies the address and R/W line. After
one byte is transferred, the HAUT line is returned “High” and
the MPU regains control. In this mode, the MPU stops internal
activity and is removed from the system while the DMAC uses
the memory.

The third mode of transfer is the Halt Burst mode. This
mode is similar to the Halt Steal mode, except that the transfer
does not stop with one byte. The MPU is halted while an entire
block of data is transferred. When the channel's Byte Count
Register equals zero, the transfer is complete and control is
returned to the MPU. This mode gives the highest data transfer
rate, at the expense of the MPU being inactive during the
transfer period.

m INPUT/OUTPUT FUNCTIONS

< DMAC Interface Signals for the MPU

The DMAC interfaces with the HMCS6800 MPU through the
eight-bit bidirectional data bus, the CS line, five address lines,
an IRQ line, the Read/Write line, and the RES line. These sig-
nals, in conjunction with the HMCS6800 VM A output, permit
the MPU to have access to the DMAC. Four other lines as-
sociated with the MPU and the clock driver are the DRQT,
DRQH, DGRNT, and the 02 DMA.

Bidirectional Data (DO~D7)

The Bidirectional Data lines (D 0~D 7)allow for data transfer
between the DMAC and the MPU. The data bus output drivers
are three-state devices that remain in the high impedance state
except when the MPU performs DMAC read operations.

Chip Select/Transfer Acknowledge B (CS/T x AKB)

This line is multiplexed, serving both as an input and an
output. CS/TxXAKB is an output in the four-channel mode
during the DMA transfer. At all other times, it is a high
impedance TTL compatible input used to address the DMAC.
The DMAC is selected when CS/TxAKB is “Low”. VMA must
be used in generating this input to insure that false selects will
not occur. Transfers of data to and from the DMAC are then
performed under the control of the 02 DMA, Read/Write, and
AO~ A4 address lines. In the four-channel mode when TxAKB is
needed, the CS gate must have an open-collector output (a
pull-up resistor should not be used). In the two-channel mode,
CS/TxAKB is always an input.

Address Lines AO~A4 (A0O—~A4)

Address lines AO~A 4 are both input and output lines. In the
MPU mode, these are high impedance inputs used to address the
DMAC registers. In the DMA mode, these lines are outputs
which are set to the contents of the Address Register of the
channel being processed.
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Interrupt Request/DMA End (IRQ/DEND)

IRQ/DEND is a TTL compatible, active “Low” output that
is used to interrupt the MPU and to signal the peripheral
controller that the data block transfer has ended. If the
Interrupt has been enabled, the IRQ/DEND line will go “Low”
after the last DMA cycle of a transfer. An open collector gate
must be connected to DGRNT and IRQ/DEND to prevent false
interrupts from the DEND signal when interrupts are not
enabled. Refer to the section of “DMA End Control” .

Read/Write (R/W)

Read/Write isa TTL compatible line that is a high impedance
input in the MPU mode and an output in the DMA mode. In the
MPU mode, it is used to control the direction of data flow
through the DMAC'’s input/output data bus interface. When
Read/Write is “High” (MPU read cycle) and the chip is selected,
DMAC data output buffers are turned on and a selected register
is read. When it is “Low”, the DMAC output drivers are turned
off and the MPU writes into a selected register.

In the DMA mode, Read/Write is an output to drive the
memory and peripheral controllers. Its state is determined by
bit 0 of the Channel Control Register for the channel being
serviced. When Read/Write is “High”, the memory is read and
the data from the memory is written into the peripheral
controller. When it is “Low”, the peripheral controller is read
and its data stored in the memory. In the DMA mode, the
DMAC data buffers are off.

Reset (RES)

The RES input provides a means of resetting the DMAC from
an external source. In the “Low” state, the RES input causes all
registers, with the exception of the Address and Byte Count
Registers, to be reset to the logic “0” state. This disables all
transfer requests, masks all interrupts, disables the data chain
function, and puts each Channel Control Register into the
condition of memory write, Halt Steal transfer mode, and
address increment.

= Transfer Signals to the MPU

Two DMA request output lines and a DMA Grant input line,
together with the system clock, synchronize the DMAC with the
MPU system.

DMA Request Three-State Control Steal (DRQT)

This active “Low” output requests a DMA transfer for a
channel configured for the TSC Steal transfer mode. This line is
connected to the system clock driver, requesting a Oi clock
stretch. It will remain in the “Low” state until the transfer has
begun.

DMA Request Halt (DRQH)

This active “Low” output requests a DMA transfer for a
channel programmed for the Halt Steal or Halt Burst mode
transfer. This line is connected directly to the MPU HALT input
and remains “Low” until the last byte has begun to be
transferred.

DMA Grant (DGRNT)

This is a high impedance input to the DMAC, giving it
control of the system busses. For the TSC Steal mode, the signal
comes from the system clock drive circuit (DMA Grant),
indicating that the clock is being stretched. For either of the
Halt modes, this signal is the Bus Available from the MPU,

indicating that the MPU has halted and turned control of its
busses over to the DMAC. For a design involving TSC Steal and
Halt mode transfers, this input must be the OR of the clock
driven DMA Grant and the MPU BA.

02DMA

Transferring in and out of the DMAC registers, sampling
of channel request lines and gating of other control signals to
the system is done internally in conjunction with the 02 DMA
high impedance input. This input must be the system memo-
ry clock (non-stretched 02 clock).

= Transfer Signals From the Peripheral Controller

Transfer Request (TxRQo~TxRQ3)

Each of the four channels has its own high impedance input
request for transfer line. The peripheral controller requests a
transfer by setting its TxRQ line “High” (a logic “ 1"). The lines
are sampled according to the priority and enabling established in
the Priority Control Register. In the Steal mode and the first
byte of the Halt Burst mode, the TXRQ signals are tested on the
positive edge of 02 DMA and the highest priority channel is
strobed. Once strobed, the TxRQs are not tested until that
channel’s data transfer is finished. In the succeeding bytes of the
Halt Burst mode transfer, the TxRQ is tested on the negative
edge of 02 DMA, and data is transferred on the next 02 DMA
cycle if TXRQ is “High”.

« Transfer Signals to the Peripheral Controller

Two encoded lines select the channel to be serviced. A strobe
line acknowledges the request and performs the transfer. The
DEND line signals to the peripheral controller that the DMA
transfer is completed.

Transfer Acknowledge A (T x AKA)

The Transfer Acknowledge A (TXAKA) isaTTL compatible
output used in conjunction with the CS/TxAKB line to select
the channel to be strobed for transfer and to give the DMA End
Signal. In the two-channel mode, only TxAKA isused to select
channel 0 or channel 1, and CS/TxAKB is always an input.

Chip Select/Transfer Acknowledge B (CS/TxAKB)

In the DMA mode, this dual purpose line is encoded together
with TXAKA to select the channel being serviced. Table 1 shows
the encoding order.

Table 1 Encoding Order

CS/TxAKB TxAKA Channel #
0 0 0
0 1 n 1
1 0 2
1 1 3

TransferStrobe (TxSTB)

The TxSTB causes acknowledgement to be given to the
peripheral controller and transfers the data to or from the
memory. This line is also intended to be the VMA signal for the
system in the DMA mode. In a one-channel system, TxSTB may
be inverted and run to the peripheral controller’'s Acknowledge
input. In a two or four-channel system, TxSTB enables the
decode of TxAKA and CS/TxAKB to select the device
controller to be acknowledged.



Interrupt Request/DMA End (IRQ/DEND)

In the DMA mode, this dual purpose line is “Low” for the
last byte of transfer, indicating a DMA End. This occurs when
the Byte Count register decrements to zero.

This line, through the decode of TXxAKA and CS/TxAKB,
can be used to strobe a DMA End to each device controller.

* Address Lines to the Memory

Address Lines (AO~Ai5)

These output lines are in the high impedance state during the
MPU mode. In the DMA mode, these lines are outputs which are
set to the contents of the Address Register of the channel being
processed.

m THE DMAC REGISTERS

The HD6844 (DMAC) has Address Register (ADR), Byte
Count Register (BCR), Channel Control Register (CHCR), and
General Control Register (GCR).

General Control Register (GCR) is composed of Priority
Control Register (PCR) that controls priority among the chan-
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nels, Interrupt Control Register (ICR) that controls interrupt
and Data Chain Control Register (DCR) that controls data chain
function. Refer to Table 2 and Figure 1.

These are Read/Write registers and MPU can exchange the
data with DMAC when CS is at “Low” level. AO~A 4 specifies
the address of the registers. How to specify the registers is
shown in Table 2.

2-byte ADR and BCR can be read or written by one instruc-
tion, using 2-byte instruction of the MPU.

* Function of Internal Registers
ADR (Address Register)

Each channel has 16-bit Address Register. Initial address of
memory used for DMA transfer is programmed to this register.
The contents of ADR are output to address bus (A O~ A 15)
during DMA transfer operation. When 1-byte transfer has com-
pleted, the 16-bit address is incremented or decremented by

one.
The address which the MPU reads out is the renewed one,

that is, the memory address for the next transfer. When 1-block
transfer has completed, final memory address +1 is read out.

Table 2 Internal Registers of the DMAC

Register Name Symbol Channel
. ADRH 0
Address Register ADRL 0
Byte Count Register BCRH 0
BCRL 0
Add Regist ADRH 1
ress Register ADRL 1
Byte Count Register BCRH L
yie Lount Reg! BCRL 1
Add Redist ADRH 2
ress Register ADRL 5
. BCRH 2
Byte Count Register BCRL 2
. ADRH 3
Address Register ADRL 3
Byte Count Register BCRH 3
Y 9 BCRL 3
CHCR 0
. CHCR 1
Channel Control Register CHCR 2
CHCR 3
Priority Control Register PCR -
Interrupt Control Register ICR -
Data Chain Control Register DCR -

(NOTE)

[
N

A P P PRPRPRr OO OO OO OO OO OO OO OO

Address Bus Signal Address

(Hexadecimal)

o
w

A2

>
>
o

o

00
01

02
03

04
05

06
07

08
09

0A
0B

ocC
0D

0E
OF

10
11
12
13

14
15
16

©O O O OO0OO0OO0O RBrp PP PR BPRL OO OO OO OO
P P B OO0OO0O0O RPp RR OO0 OO RR RBRL OO0 O

r O O PP OO pp OO pp OO ppRp OO ppRrp OO
©O b O PORO PO PO PO PO RO PO RO o

1) All the registers can be accessed by R/W operation. Unused bit of the register is read out "0".

2) H/L of ADR and BCR means the higher (H) 8 bits/the lower (L) 8 bits of a 16-bit register.
3) 16-bit ADR and BCR can be read or written by one instruction, using MPU's 2-byte LOAD/STORE instruction.

Register Address
eg.LDX $ ocC
Address of DMAC

........... T(ADRH 3 ) (Index Register H)1
L<ad r I 3>—(Index Register L) J
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BCR (Byte Count Register)

Each channel has a 16-bit Byte Count Register. Number of
DMA transfer words is programmed into this register. The con-
tent of the Byte Count Register isdecremented by one everytime
one-byte transfer has completed. When it becomes “0”, DEND
output goes “Low” level and informs 1/0 controller of the end
of one-block DMA transfer. When IRQ is not masked, IRQ out-
put goes “Low” level and MPU is interrupted to be informed of
the end of DMA transfer. Moreover, IRQ and DEND signals are
output, multiplexed with IRQ/DEND pin.

CHCR (Channel Control Register)
Each channel has Channel Control Register. This register is

used to program the control information of its corresponding
channel. Structure of CHCR is shown in Table 3.
(1) R/W Control (specifies the direction of transfer)
Bit - CHCR BitO
This bit controls the direction of DMA transfer. When it
is at “1", R/W signal of DMAC goes “High” level during
DMA transfer operation. This means to read out memory
and write into 1/0 controller, that is, data is transferred
from memory to I/0 controller.
When it is at “0” , R/ZW output goes “Low” level and
data is transferred from 170 controller to memory.

Table 3 Bit Structure of CHCR (Channel Control Register)

Bit Name RAW Function

No. nyn "o
Transfer from memory Transfer from 1/0

0 R/W R/W to 1/0 controller controller to memory
(R/W output ="High") (R/W output ="Low")

1 Burst/Cycle Steal R/W Burst Mode Cycle Steal Mode*

2 TSC/HALT R/W TSC Mode HALT Mode*

3 Address down/up R/W Address: -1 Address: +1

4 Not used - -

5 Not used - -

6 Busy/Ready Flag R (DMA TraB:sS%/er Operation) (No DMAR'?'?grilsfer Operation)

7 DEND Flag R DMA End & Interrupt No Interrupt

* Burst-TSC mode is prohibited.

_Note that during DMA tranfer operation, the function of
R/W signal is accommodated to the memory Read/Write
operation. Therefore, on the side of 1/0 device during DMA
transfer operation, R/W input should be interpreted in
inverse of the_MPU Read/Write. That is, data should be out-
put when R/W input is at “Low” level (In the case of
MPU'’s read operation, 1/0 device outputs the data when it
is at “High” level).

This arises from that during DMA transfer operation,
I/0 side performs data transfer independently instead of
MPU. Moreover, such family LSl as HD6843 (FDC), etc.
has this function and R/W signal is automatically inter-
preted inversely.

(2) Burst/Cycle Steal Bit - CHCR Bit 1

This bit is used to decide that DMA transfer should
be performed in burst mode or cycle steal mode. When it
is at “ 1”7, it specifies burst mode. That is, once DMA trans-
fer is performed, MPU remains stopped until one-block data
transfer is completed.

When this bit is “0”, it specifies cycle steal mode. That
is, everytime one-byte transfer has completed, MPU takes
back the bus control, and DMA transfer and MPU operation
are performed in time sharing.

(NOTE) Only in the case of HALT mode, burst mode can
be specified. When TSC mode is specified, burst
mode cannot be specified.

(3) TSC/HALT Mode Bit - CHCR Bit 2

This bit is used to decide that DMA transfer should be
performed by using MPU’s TSC function or HALT func-
tion. When itisat “0”, DRQH output of DMAC is connect-
ed to HALT input of MPU and DMA transfer is performed
by using MPU’'s HALT function.

When it is at “ 1", DMA transfer is performed by using
MPU’s TSC function. That is, DRQT output is connected to
HD26501 (CPG) and MPU’s clock 9% is extended. Then
MPU’s TSC input becomes “High” level and the bus gets
into high impedance state to perform DMA transfer.

(4) Address down/up Bit - CHCR Bit 3

This bit is used to decide that the address of memory
region used for DMA transfer should be renewed up (incre-
ment of address) or down (decrement of address). When it
is at “ 17, the address is decremented by one after one-byte
transfer. When it is at “0”, the address is incremented by
one.

(5) Busy/Ready Flag Bit —CHCR Bit 6

This bit is a status flag to indicate whether its corres-
ponding channel is performing DMA transfer or not.
(READ only)

When it receives the first TxRQ of its corresponding
channel, it goes to “1”. When one-block transfer is com-
pleted and BCR becomes “0”, it is reset to “0” .

(6) DEND Flag Bit - CHCR Bit 7

This bit is an interrupt flag to indicate that one-block

DMA transfer of its corresponding channel has completed.



(READ only).

When one-block transfer of its corresponding channel is
completed and BCR becomes “0”, it goes to “ 1”. As soon
as this flag is read out, i.,e. CHCR of this channel is read
out, it is reset to “0” .

Moreover, this bit is connected to IRQ output. When it
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later) is at “ 1”7, IRQ output goes “Low” level.

PCR (Priority Control Register)

Priority Control Register is a 5-bit register to decide the
operation mode of priority control circuit. Structure of PCR is
shown in Table 4.

Table 4 Bit Structure of PCR (Priority Control Register)

is at “1” and IRQ enable bit (within ICR register described
Bit Name R/W
No.

0 TxRQ Enable #0 (TXENO) R/W
1 TxRQ Enable #1 (TXEN,) R/W
2 TXRQ Enable #2 (TXEN2) R/W
3 TXRQ Enable #3 (TXEN3) R/W
4 -

5 - Not used

6 -

7 Rotate Control R/W

(1) TxRQ Enable Bit (TXENO~TXEN3) - PCR Bit 0~3

Each channel has this TxRQ Enable bit. When it is at
“ 1", TXRQ input of its corresponding channel is accepted
to perform DMA transfer. When it goes to “0”, TxRQ of its
corresponding channel is masked not to be received and
TxAK is not output. During DMA transfer operation, when
this bit goes to “0” before BCR becomes “0”, following
TxRQ input is not accepted and DMA transfer is inter-
rupted. Then contents of ADR and BCR remain unchanged.
When it rises to “ 1" again, DMA transfer is reopened.
Therefore, in the case of cycle steal DMA, it is possible for
the program to change the priority of the specific channel
temporarily by manipulating this bit.

(2) Rotate Control Bit —PCR Bit 7

When this bit is at “0”, the order of priority among
DMA channels is fixed at numerical order. That is, Channel
0 is given a first priority and then is followed by Channel
1 2-m3.

When this bit is at “ 17, priority control is due to rotate
mode. That is, the channel that ended in the first time is
given a first priority and the channel ended in the last time
is controlled to be given alast priority.

ICR (Interrupt Control Register) _
Interrupt Control Register is a 5-bit register to control IRQ
output. Its structure is shown in Table 5.
(1) IRQ Enable Bit - ICR Bit0~3
Each channel has IRQ Enable Bit. When this bit is at “ 1”
and DEND Flag of its corresponding channel is set to “ 1",
IRQ output goes “Low” level. But when it is at “0”, IRQ
output is masked not to be output even if DEND Flag is set
to “1".
These bits enable to control to output only a necessary
channel to IRQ.
(2) IRQ Flag - ICR Bit 7

TxRQ of Channel 0 is accepted.
TxRQ of Channel 1 is accepted.
TxRQ of Channel 2 is accepted.
TxRQ of Channel 3 is accepted.

Rotate Mode

Function
wyn ngn
TxRQ of Channel 0 is not accepted.
TxRQ of Channel 1 is not accepted.
TxRQ of Channel 2 is not accepted.
TxRQ of Channel 3 is not accepted.

The order of priority is fixed at
numerical order.

This is a read-only bit and the status of IRQ output is
directly reflected on it. That is, when IRQ output goes to
“Low” level, it becomes “1”.

IRQ output of DMAC is output as logical OR of 4-
channel DEND Flag according to the following equation.
IRQ = (DENDg-IRQ Enable0) + (DEND! -IRQ

Enable,) + (DEND2-IRQ Enable2) +
(DEND3-IRQ Enable3)

DCR (Data Chain Control Register)

Data Chain Control Register is a 4-bit register and three of
those bits are used to control data chain function. Remaining
one bit is used to specify 2-channel/4-channel mode.

Structure of DCR is shown in Table 6.

(1) Data Chain Enable Bit —DCR Bit 0

When this bit is at “ 1”7, data chain function of DMAC
is enabled. That is, when DMA transfer of a specified chan-
nel has completed and BCR goes to “0”, the contents of
ADR and BCR of Channel #3 are automatically transferred
to ADR and BCR of the specified channel.

(2) Data Chain Channel Bit —DCR Bit 1~2

These bits are used to specify which channel should
be used for the data chain. How to specify the channel is
shown in Table 7. Data Chain Channel bit specifies the
channel to which data should be transfered from Channel
#3. Channel #3 contains the data for replacement. Channel
#3 is fixed and cannot be changed.

(3) 2/4-channel Mode Bit —DCR Bit 3

This bit has no relation to the data chain fupction.

It is used to specify whether CS/TxAKB is used for only
input pin or 1I/0 pin. When this bit is “0”, CS/TxAKB be-
comes CS input pin in 2-channel mode since TXAKB output
is not necessary for application up to 2-channel.

When this bit is “1”, CS/TxAKB becomes I/0 pin in
4-channel mode (See Fig. 11).
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Table 5
Name R/W
IRQ Enable #0 R/W
IRQ Enable #1 R/W
IRQ Enable #2 R/W
IRQ Enable #3 R/W
Not used -
IRQ Flag R
Table 6
Name R/W
Data Chain Enable R/W
R/W
Data Chain Channel

R/W
2/4-Channel Mode R/W

Not used

ICR (Interrupt Control Register)

Function

K

IRQ of Channel 0 is able to be output.
IRQ of Channel 1 is able to be output.
IRQ of Channel 2 is able to be output.
IRQ of Channel 3 is able to be output.

IRQ output "Low"

ngn
IRQ output of Channel 0 is masked.
IRQ output of Channel 1 is masked.
IRQ output of Channel 2 is masked.
IRQ output of Channel 3 is masked.

IRQ output "High" (off state)

Bit Structure of DCR (Data Chain Control Register)

DCR
Bit 1

Function

wyn
Data Chain is performed.

w

Data Chain is not performed.

The channel which performs Data Chain is specified.
(The channel where contents of ADR and BCR of Channel

#3 are loaded.)
4-Channel Mode (CS/TxAKB is
1/0 pin.)

Table 7 How to specify Data

P O

Chain Channel

DCR Specified

Bit 2 Channel
0 Channel #0
0 Channel #1
1 Channel #2
1 -

2-Channel Mode (CS/TxAKB is
designated to only input pin.)

or

DGRNT
(BA of MPU)

¢\_-*l— CS Input

3-state buffer

In CS input mode T1 turns ON and T2 turns OFF. T1 functions as pull-up resistance.

Figure 11 How to Use CS/TxAKB Pin



m OPERATION OF THE DMAC

e Transfer Mode of the DMAC

There are three DMA transfer modes such as HALT Cycle
Steal, HALT Burst and TSC Cycle Steal. Operation
mode is explained in the following.

HALT Cycle Steal Mode

This is a basic DMA transfer mode. In this mode, everytime
1-byte transfer has completed, MPL1takes back the bus control
and executes Instruction cycle. That is, DMA transfer and MPU
operation are performed in time sharing.

Timing chart is shown in Fig. 12 and flow chart is shown in
Fig. 13. Procedure of transfer operation is the following. (No.
© ~ © in Fig. 12 correspond to the following items.)
© TxRQO~TxRQ3 input is checked at the rising edge of

02DMA. When it is at “High” level, it gets into the following

operation.

® DRQH=“Low”
operation.

© TxAKA isdriven (Level output).

(4 MPU stops its operation and DMAC waits until DGRNT goes
to “High” level.

(D When DGRNT goes to “High” level, DMAC drives TXAKB,

Aqg~Ais and R/W lines.
© TxSTB is given to perform DMA transfer.
® Address is incremented by one and number of transfer words

is decremented by one.

in each

is output and MPU is requested to stop its
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© When DRQH rises to “High” level, MPU gets into Instruction
Cycle again.

® TxRQ falls to “Low” level.

@) AO~A 5 and R/W get into high impedance state again.

@ DGRNT falls to “Low™” level.

[Note] TxRQO~TxRQ3 input is, in principle as shown in Fig.
12, set to “High” on account of I/0 request. When
TxSTB of the DMAC is driven, it is reset to “Low”.
Take care not to be against this principle, or the follow-
ing states may happen.

(1) In the case where TxRQ becomes “High”, but it
is reset to “Low” before DGRNT becomes “High” .
In this case, the DMAC is in the wait state without
sending out TxSTB until TXRQ rises to “High”
again. As DRQH remains “Low” the MPU is forced
to be stopped, and the system is in dead lock state
until TxRQ rises to “High” again (Fig. 14).

(2) In the case where TxRQ is not reset to “Low”
though TxSTB has been driven.
In this case, unless TXRQ returns to “Low” by the
timeO2DMA rises after TXxSTB has risen to “High”,
it is considered as a new I/0 request, which leads
the above-mentioned operation © ,© —» .
If TXRQ falls to “Low” immediately after that, the
same state as (1) happens (Fig. 15).

* IRQ of another channel
or its own IRQ (remaining)
** Its own IRQ (output) or
its own IRQ (remaining)
or IRQ of another channel
*** This is the last cycle
of transfer

Figure 12 HALT Cycle Steal Mode
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Figure 13 Flow Chart of DMAC Operation
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TXRQ

DGRNT

TXSTB

DRQH

02DMA

TxXRQ

DGRNT

“TXSTB

DRQH
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DMA

Figure 14 Extraordinary TxRQ Input (1)

[ Inthe case where TxRQ is reset to \

\, "Low" before the transfer

Figure 15 Extraordinary TXRQ Input (2)

In the case where TxRQ doesn't fall to "Low " after
the transfer has been completed.
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HALT Burst Mode
In the case of cycle steal mode, MPU gets into Instruction
Cycle everytime 1-byte transfer has completed. But in the case
of burst mode, MPU remains stopped until 1-block transfer is
finished. That is, DRQH continues to be output “Low” level
until BCR becomes “0”.
Its timing chart and flow chart are shown in Fig. 16 and Fig.
13 respectively. Procedure of transfer is the following (No. ©
~ @ in Fig. 16 correspond to the following items).
©TxRQ input is checked at the rising edge of 02DMA. When
it is at “High” level, it gest into the following operation.
@ DRQH="Low"” level is given and MPU is requested to stop its
operation.
@ TxAKA isdriven.
© MPU stops and DMAC waits for DGRNT rising “High” level.
©When DGRNT_rises “High” level, DMAC drives TXAKB, AO
~ A 15, and R/W lines.
© TxSTB is sent out to perform DMA transfer.
(7) Address is incremented by one and number of transfer
words is decremented by one.
® TxRQ falls to “Low” level.
® When number of transfer words is 0, from © to ®
operations are performed.

First-byte

TSC Cycle Steal Mode

In the above-mentioned modes, DMA is performed by using
the HALT function of the MPU. In TSC cycle steal mode, DMA
is performed by using the TSC function of the MPU.

Its timing chart and flow chart are shown in Fig. 17 and
Fig. 13 respectively.

Basic operation of the DMAC is the same as that in HALT
cycle steal mode, but the detailed timing is different. The differ-
encejs~explained in the following,

(1) DRQT is used instead of DRQH.

(2) DRQT is connected to the CPG instead of the MPU. When
DRQT goes to “Low”, MPU (0 j, 02) clock gets into an ex-
tended state.

® When BCR is not “0”, TxRQ is checked at the falling edge
of 02DMA.When TxRQ is at “High” level, DMA transfer is
performed through © ~ ® again. When TxRQ is not at
“High” level, DMAC waits for becoming “High” level.

© IRQ/DEND output goes to “Low” level.

©DRQH output rises to “High” level and MPU gets into

Instruction Cycle again.
® AO~Ai5and R/W get into high impedance state.
© DGRNT falls to “Low” level.

The transfer of the first byte (® ~ © ) is performed in the
same way as that in cycle steal mode. But in the second-byte
and subsequent transfer, TXRQ is checked at the falling edge of
02DMA and if TxRQ is at “High” level, DMA transfer is per-
formed at the following cycle. Therefore, a high-speed response
which is not exceeding 2-clock-cycle is feasible.

In burst mode, TxRQ should be also, in principle, set to
“High” when 170 request is asserted, and reset to “Low” when
TxSTB goes to “Low”. If TXRQ is asserted as level input with-
out being reset, DMA transfer is performed at all cycles of
02DMA since TXxRQ is always at “High” level at the falling edge
of 02DMA. Its example is shown in the second-byte and the
third-byte transfer in Fig. 16.

Second-byte Final-byte

(3) DGRNT is connected to DGRNT of the CPG. DGRNT
timing is different from that in HALT mode. (DGRNT is
connected to BA ofthe MPU.) (The response time is quick.
It is set at half-clock before BA and is reset at 1-clock
before BA.)

More detailed timing of DGRNT of the CPG shall be shown
in the manual of the CPG.

In TSC mode, there isn't a burst mode. Because the MPU
clock cannot be extended for along time. When TSC mode is
specified, DRQT returns to “High” and the MPU gets into the
Instruction Cycle everytime 1-byte transfer has finished.



-MPU-

02MPU

= Priority Control
Basic priority Control

There are two kinds of the DMAC priority control function.
One is to mask TxRQ on each channel by TxRQ Enable bit.
The other is priority-order-determining-circuit which the DMAC
has as a hardware.

Moreover, the priority-order-determining-circuit has two
operation modes (the rotate mode and the normal mode).

Structure of the priority control circuit is shown in Fig. 18.
As shown in Fig. 18, TxRQ of the channel whose TxRQ Enable
bit is at “ 1” level becomes an input of the priority-order-deter-
mining-circuit. Then it is checked whether TXxRQ is at “High”
level or not.

-Dead
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DMA Dead MPU

(Note) In this case, ZERO flag needs to be at “ 1" level. ZERO
flag will be described later.

If one of TXRQO~TxRQ3 is at “High” level, its channel is
selected, being given a first priority. Then it is latched by an
executing-channel-number-latch-circuit to perform DMA trans-
fer. Once an executing channel is determined and latched, it is
unchanged until its DMA transfer has been completed. That is,
the channel number strobe signal doesn’'t go to “ 1" and the
contents of the channel-number-latch-circuit are unchanged. In
the cycle steal mode, the channel is fixed until 1-byte transfer
has completed. In the burst mode, it is fixed until BCR becomes

.0
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TXxRQ Enable Bit of PCR

TXRQO
TXRQ,
TXRQ2

TxRQ3

(From ZERO Flag)

Rotate Mode Bit

Latch-Circuit

Figure 18 Structure of Priority Control Circuit

Therefore, once a long-period DMA transfer of a channel is
performed in the burst mode, other channels need to wait until
it has completed even if they have higher priority than the chan-
nel. Take much care to this point in designing response time to
TxRQ of DMA channel.

(Note) As explained above, TXxRQ input is latched internally. So

MPU

0,DMA

TXRQ ~TxRQ,

TxSTB

Strobe

Grant signal

of executing

channel !

Strobe
possible

Strobe

prohibited

once it is accepted and latched, the channel number cannot be
changed even though it returns to “Low” . But as explained in
HALT Cycle Steal Mode, DMA transfer is not performed unless
TxRQ rises to “High” again.

Strobe timing of executing-channel-number-latch-circuit is
shown in Fig. 19.

DMA MPU

LN _ruu~L

Strobe
possible

(Channel cannot
be changed.)

-------Strobe possible
(But channel under executing
DMA transfer is prohibited.)

Figure 19 Strobe Timing of Executing-Channel-Number-Latch-Circuit (the cycle steal mode)

But, as shown in Fig. 19, only the channel under executing
DMA transfer is prohibited to accept TxRQ during DMA trans-
fer operation, in order that one more byte transfer may not be

performed when the reset timing of TxRQ is delayed. Strobe
timing in the burst mode is shown in Fig. 20.
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MPU H h MPU
_ryTJdigninjTjrm _ruxnjrxrLri_
TXRQ ~TxRQ _j i LAJ“I_ n _ r U i

TXSTB eeememem——— \ n / ___________
IRQ/DEND W
Strobe rr]
Grant signal

of executing
channel

Strobe Strobe prohibited Strope
possible possible

Strobe possible

(But channel under
executing DMA transfer
is prohibited.)

Figure 20 Strobe Timing of Executing-Channel-Number-Latch-Circuit (the burst mode)

Rotate Mode which DMA was executed in the last sequence, is given a first

There are two operation modes in priority-order-determining priority and the channel in the last sequence is given a last
circuit. These are Normal Mode and Rotate Mode. In the normal priority. But immediately after it gets into the reset state, the
mode, the order of priority is fixed at numerical order. (Channel order of priority is the following: Channel 0 -> 1-+ 2 * 3.

0 is given a first priority and then is followed by Channel 1->2 An example of the rotate mode is shown in Fig. 21.

-* 3.) In the rotate mode, the channel next to the channel with

Channel Number #0 #1 #2 #3

Order of Priority 1 > 2 —3 —p
in the reset state

1
DMA transfer

2. Order of Priority These numerals
; . show the
immediately after
order of
Channel #1 has riorit:
performed DMA 1 p y.
transfer DMA transfer
3. Order of Priority CI —2
immediately after
Channel #0 has
performed DMA
transfer
Figure 21 Example of Operation in the Rotate Mode
Next, Fig. 22 shows an example of the difference between Moreover, BCR=2 and TxXxEN=Il are assumed. As-a transfer
the operation in the rotate mode and that in the normal mode. mode, HALT cycle steal mode is used.

In this example, TXRQ of all channels is always at “High” level.



HD6844, HD68A44, HO68B44

DMA Switching of Channel

DMA

J*
TXRQ, ~TxRQ T T T T T T T T T T T T T T T T T T T T T T T T T T T T e

TxSTB

[Executing j 80 | | #11] | #0 | | =1
2 Channel
"3
E IIRQ/DEND e 1_J |
Executing | *0 1 I »1 1 I *2 i I »3
5 channel
-4
5 iRQ/DEND I —
[s9)

[Note] Suppose that TxRQO~TxRQ3 ="High", BCR =2 and TxENO~TxEN3
="1". All channels are assumed to be in HALT cycle steal mode.

Figure 22 Difference between the operation in the rotate

mode and that in the normal mode

The reason why the order of priority is not #0 -* #0 “m#1
e #1 - in the normal mode is that during DMA transfer
operation, TxRQ of an executing channel is prohibited fron.
being accepted.

DMA Operation Timing with priority control

When more than 2 channels perform DMA transfer in paral-
lel, the abovementioned priority-order-determining-circuit is
used to determine the priority. The channel with lower priority
waits until the channel with higher priority completes the
transfer. Then it gets into DMA transfer operation. In this case,
The following combinations of transfer modes are conceivable.
(1) From HALT mode to HALT mode (Fig. 23)

(2) From TSC mode to TSC mode (Fig. 24)
(3) From HALT mode to TSC model ~p.
(4) From TSC mode to HALT modeJ ~ g* }

In changing from HALT mode to HALT mode, only one
dead cycle is intervened. That is, even in the cycle steal mode,
DMA transfer of the next channel is performed without return-
ing the bus control to the MPU (DRQH remains “Low”).

In changing from TSC mode to TSC mode, DMA transfer

of the next channel is performed, after returning the bus control
to MPU for one cycle.

In the case of HALT “mHALT, it doesn’t return the bus con-
trol to MPU in order not to increase the response time of DMA
transfer and dead cycles of the system.

On the other hand, in the case of TSC -> TSC mode, same
mean cannot be applicable because MPU clock cannot remain
stopped for along time as in the case of HALT mode.

Both in the case of HALT “mTSC mode and in the case of
TSC -m HALT mode, DMA operation timing is based on the
same idea as the above two kinds of mode change. (In detail,
see Fig. 25).

The timing in the case where the next byte is transfered with-
out changing the channel is shown in Fig. 26. This is the case of
HALT “m HALT mode. In this case, the bus control returns to
MPU, before the next byte is transfered. In the case of TSC “m
TSC mode, its timing is almost the same as than in Fig. 24, that
is, after 1-byte transfer has completed, MPU executes the
Instruction Cycle for one clock and then DMAC executes 1-byte
transfer again.
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~* Dead f— T "

02 DMA
TxRQa
T xR Q/i
drghT
DGRNT
(MPU BA)

TxSTB

TxAKB
TxAKB
(output)

CS (input)

Ao~A,5.R/W
(output)

Ao~ A.5.R/W
Unput)

IRQ/DEND "XTzzTZ7"

Figure 23 Channel Change (HALT Mode “mHALT Mode)

02MPU
02 DMA
TxRQa

TXRQtf

DRQT

DGRNT
(DGRNT output of CPG)"
TxSTB

TXAKB _

(output) CHa aw

CS (input) 7" P7-

. t*TSD
Ao-Ais.R/W
(output)
Ao~A«, R/W :
(input) tDEDI tpKOI
tt: Xnrzrz-

Figure 24 Channel Change (TSC Mode “mTSC Mode)
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HALT Tsc MPU one instruction cycle HALT
Dead * DMA i Dead Dead K DMA-H Dead k- MPU------1 Dead - DMA—| Dead
#2 DMA

*2 MPU
TxRQo rrrrr

DRQH
DRQT
DGRNT
(BA+CPG DGRNT)

TxSTB CPG DGRNT XMPU BA
\__ / u\

TxAKA CHq X, CHs J |

TXAKB CHo i \CHo

CS(input)

Ao—Ais, R/W #r eTSh
(outputv) e

Ao~A,. R/W
(input)
IRQ DEND

Figure 25 Channel Change (HALT Mode -» TSC Mode ->HALT Mode)

#2 DMA

o £

DRW

o J-—--—-L Jommmmmev Y

T e\ L. T

* Executing Period of One Instruction

Figure 26 Successive 2-byte Transfer of One Channel (HALT Cycle Steal Mode)
HALT ->HALT (by one channel)



« Status Flag

DMAC has BUSY Flag, DEND Flag and ZERO Flag on each
channel. The former two of these flags can be read out by
MPU, but ZERO Flag cannot be read out. Set and reset timing
of each flag are shown in Fig. 27.

BUSY/READY Flag

This flag is set to “1” when it accepts the first-byte TxRQ
of its corresponding channel. After 1-block transfer has com-
pleted and BCR becomes “0”, it is reset to “0”. Therefore,
while this flag is “ 1", that is, its corresponding channel is being
used, the next block transfer cannot be performed.

CHCR
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DEND Flag

This is the interrupt flag to indicate the end of DMA trans-
fer of its corresponding channel. After 1-block transfer has com-
pleted and BCR becomes “ 0", this flag is set to “ 1" . This flag is
reset to “0” immediately after the Channel Control Register
having this flag is read out.

ZERO Flag
This is the internal flag to indicate whether the data stored in
the BCR is “0” or not (It cannot be read out).

CHCR that has the flag
is read out.

Figure 27 Timing of Status Flag (Suppose that BCR is 2 in the initial state)

When BCR is “0”, ZERO Flag is “0”.When BCR is not “0”,
itis“1”.

In the reset state, this flag is “0” . If data that is not “0” is
written into BCR, this flag is set to “ 1”. When BCR becomes
“0” after 1-block data transfer has completed, or MPU writes
“0” into BCR, this flag is reset to “0”

The function of ZERO Flag is to prohibit accepting TXRQ
of its corresponding channel while this flag is “0” (that is, BCR
is “0”) (See Fig. 18). While ZERO Flag is “0”, TxRQ is not
accepted even if TxEN is “ 1". This function avoids an false
operation even if “High” input is provided to TXRQ before the
initialization of the register.

When RES pin goes to “Low”, this flag becomes “0”, but the
number in BCR is not reset to “0”. Therefore, the state of this
flag and BCR are not the same. In this case new data should be
written into BCR (Then ZERO Flag becomes “ 17).«

< DMA End Control

Function of IRQ/DEND Pin
DMAC has IRQ output and DEND output to perform

DMA End Control. These are multiplexed outputs to IRQ/

DEND pin.

The function of DEND output is to inform 1/0 controller of
the end of 1-block transfer. After 1-block transfer has been
completed and BCR becomes “0”, DEND output provides
“Low” pulse whose cycle is one clock, being synchronous with
the final 1-byte data transfer. 4 channels have only one DEND
output in common, so each channel determines whether DEND
output is its own output or not, combining with TxAK signal.
When TxAK of the channel is “Low” and DEND is “Low”,
it shows that the cycle is the last one of DMA (See Fig. 29 and
30). -

The function of IRQ output is to inform MPU of the end of
1-block transfer by interrupting it. As shown in Fig. 28, IRQ
output is logical AND-OR of the interrupt flag (DEND Flag)
and IRQ Enable bitofeachc h a n n e I.

IRQ and DEND outputs are multiplexed. IRQ/DEND pin is
used as DEND output during DMAC cycle and IRQ output
during MPU cycle. Moreover, DGRNT signal separates DEND
and IRQ by its “High” or “Low”. In detail, see Fig. 29 and
Fig. 30.




HD6844, HD68A44, HD68B44

DEND Flag < IRQ Output
(CHCR Bit 7)

IRQ Enable Bit (PCR Bit 0~3)

Figure 28 Logic of IRQ Output

Figure 29 Timing of IRQ/DEND Output
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Channel Number

|
# 0j
DEND
#1j

#0|
TxAK
# 13

Figure 30 How to Use IRQ/DEND Output Signal

Unusual DMA End
Following section describes how to terminate or change
normal sequence of DMA transfer.
(1) When “0” iswritten into BCR
When “0” is written into BCR before it becomes “0”,
subsequent TxRQ are not accepted and this causes the ter-
mination of the DMA transfer since the internal ZERO
Flag is reset to “0”. In this case, note that DEND pulse is
not provided.
(2) When “ 17 is written into BCR
When “ 17, instead of “0”, is written into BCR, only the
next TXxRQ is accepted and 1-byte DMA transfer is per-
formed. In this case, DEND pulse is provided, being syn-
chronous with the last transfer.
(3) When another value is written into ADR & BCR during the
transfer
When the data in ADR & BCR are changed during the trans-
fer, the following transfer is performed according to the
change of the data.
(4) When “0” iswritten into TXRQ Enable bit
When TxEN is reset to “0” during the transfer, this causes
TxRQ comes not to be accepted and the transfer halts. But
the state is different from that in the case (1), the number
in BCR remains unchanged. Therefore, when TxEN is set to
“ 1”7 again, the transfer is performed again.
(5) When RES pin is set to “ Low”
When RES is provided during the transfer, the transfer
stops.
Then all of the control registers and their internal flags are
reset to “0” . But the data in ADR & BCR are not reset.

(Supplement)

It isonly in the cycle steal mode that DMAC registers such as
BCR and ADR can be read or written during the transfer. In the
burst mode, it is usually impossible (But special external circuits
enable it).e

« Data Chain Function

The data chain function of DMAC is to transfer the contents
of ADR & BCR of Channel #3 to ADR & BCR of a specified
channel automatically and renew the data of them after the
channel has completed 1-block transfer.

ADR BCR

of Channel #3 are
transferee).

Figure 31 Data Chain Operation

Its detailed timing is shown in Fig. 32 and Fig. 33. As shown
in these figures the contents of ADR & BCR of Channel #3
are transfered to the channel during the clock cycle next to the
last one of 1-block transfer (which provides DEND pulse). Then
DRQH or DRQT provides “Low” output for one more clock
cycle than in the normal case. Therefore, MPU takes back the
bus control again 1-clock later than in the normal case, that is,
after the data renewal of the specified channel by the data
chain from Channel #3.

In the TSC mode, the stretching period of clocks
than in the normal case.

The contents of ADR & BCR of Channel #3 remain un-
changed as long as new data are not written by MPU, even if
the data chain is executed.

As for DEND output, DEND Flag and BUSY Flag in the case
of data chain execution, they function in the same way as in the
normal case. They provide DEND pulse everytime 1-block trans-
fer has completed, and then DEND Flag is set to “ 1". There-
fore, in the case where more than 3-block data chain is needed,
DEND Flag is used for the execution. Its sequence is shown in
Fig. 34. First, DEND Flag="1" that shows the end of the first-
block data chain is read out. Next, the data of ADR & BCR for
the third-block data chain need to be written into Channel #3,
in parallel with the execution of the second-block data chain.
(This data chain is feasible only in the cycle steal mode.)

is longer
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Cycle under the execution of

Data Chain
--------------- MPU —H i— DMA B b=M P U —eeeeeeeen
fZDMA __i— i — — i — i — i r— 1_ r
' .
<<TTTTT- AN\NA\NN\
TxRQo —_— e e —
DRQH X
DGRNT / \
(MPU BA)
TxSTB \ /"
*

TXAKA / \

TXAKB

(output) T aro 1 7

Cs - y y
(input)
Ao~A,s, R/W
(output) \
Ao~ A4 R/W
(input)
tDED2 —

*RQ/DEND DV \
The contents of ADR & BCR
of Channel #3 are transfered
to Channel a.

Figure 32 Data Chain Operation (HALT Mode)

Cycle under the execution of

Data Chain
TxRQo
DRQT
DGRNT
(CPG DGRNT)
TxSTB
TXAKA z X
TxAKB CHo 7
CS(input) X | Vv sc
Ao-A5, R/W >  am
(output)
A,~A4 R /w X i C \

(input)

IRQ/ DEND \

The contents of ADR 8t BCR of
Channel #3 are transfered
to Channel a.

Figure 33 Data Chain Operation (TSC Mode)
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JUUL.... L
DEND IT

TxAK

Specified Channel

JUb... -JUUI

HD6844. HD68A44, HD68B44

-Third Block-

JUL—

-Second Block-

Figure 34 Sequence of More than 3-block Data Chain

s DMAC PROGRAMMING

Preparation of a channel for a DMA transfer requires:

1) Load the starting address into the Address Register.

2) Load the number of bytes into the Byte Count Register.

3) Program the Channel Control Register for the transfer
characteristics: direction (bit 0), mode (bits 1 and 2), and
the address update (bit 3).

The channel is now configured. To enable the transfer

request, set the appropriate enable bit (bits 0~3) of the Priority
Control Register, as well as the Rotate Control bit.

If an interrupt on DMA End is desired, the enable bit (bits
0~3) of the Interrupt Control Register must be set.

If data chaining for the channel is necessary, it is pro-
grammed into the Data Chain Register and the appropriate
data must be written into the Address and Byte Count Registers
for channel #3.

Table 8 DMAC Programming Model

Register Content

: Address
Register
(Hex) Bit 7 Bit 6 Bit 5

Channel 1x* DMA End Busy/Ready Not Used
Control Flag Flag

(DEND)
Priority 14 Rotate Not Used Not Used
Control Control
Interrupt 15 IRQ Not Used Not Used
Control Flag
Data Chain 16 Not Used Not Used Not Used

* The x represents the binary equivalent of the channel desired.

Bit 4 Bit 3 Bit 2 Bit 1 Bit 2
Not Used Address TSC/ Burst/ Read/Write
Up/Down Halt Steal (R/W)
Not Used TXxRQ TxRQ TxRQ TxRQ
Enable #3 Enable #2 Enable #1 Enable #0
(TXEN3) (TXEN2) (TXEN1) (TXENO)
Not Used IRQ IRQ IRQ IRQ
Enable #3 Enable #2 Enable #1 Enable #0
(IE3) (IE2) (IE1) (IE0)
Not Used Two/Four Data Chain Data Chain Data Chain
Channel Channel Channel Enable
Select (2/4) Select B Select A

A comparison of the response times and maximum transfer
rates is shown in Table 9. The data are shown for a system
clock rate of 1 MHz.

The two 8-bit bytes that form the registers in Table 10 are
placed in consecutive memory locations, making it very easy to
use the MPU index register in programming them.

Fig. 38 shows an example of its minimum structure (1
channel, HALT mode, combination with FDC). Fig. 39 shows
an example of its maximum structure, (but only one DMAC is
used.)
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Table 9 Maximum Transfer Speed & Response Time of the DMAC when tcycO equals 1 /nsec.

Maximum Transfer

Mode Speed (/nsec/byte)

(executing time of

HALT Cycle Steal one instruction) + 3

first byte
HALT ) 1
Burst since second

byte
TSC Cycle Steal 4

IRQ (Open Collector)

IRQ (Open Collector)

DENDO

DEND,

TxAKp

TxAK,

Response Time (/nsec)

maximum minimum
(executing time
of one instruction) 3.5 + t-fQsi
+3.5 —tTQHI
2- tTQH2 1+fTQS2
3-5 —tTQm 2.5 + t-j-QH1

Table 10 Address and Byte Count Registers

Register Channel

Address High
Address Low
Byte Count High
Byte Count Low

Address High
Address Low
Byte Count High
Byte Count Low

Address High
Address Low
Byte Count High
Byte Count Low

Address High
Address Low
Byte Count High
Byte Count Low

WWWWw DR PP, P, O00O0

IRQ (Open Collector)

Figure 37 Four-Channel

Address
(Hex)

0

TMOO @W>» ©0 N~ wWN -
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Figure 38 Example of DMA System Structure (1) (minimum)
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HD6800
(MPU)

02
TSC BA

0LMPU

02MPU

HD26501
(CPG)

DRQ

HD68B44

Ao—Ais5

VMA

IRQ
HALT

OMEM
MRDY

HRQ

RGRNT

DGRNT

DMAEND

TxAK

R/W 170
cs DEVICE

DB CONTROLLER

TXRQ

Figure 39 Example of DMA System Structure (2) (maximum)
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m APPENDIX

Contents of the DMAC Registers

(1) ADRO ~ ADR3 (Address Register) (1 ADR on each channel)
1 H ] L i 16bit x4
(2) BCRO ~ BCR3 (Byte Count Register) (1 BCR on each channel)
| H | L 16 bit x 4
(3) CHCRO ~ CHCR3 (Channel Control Register) (1 CHCR on each channel) (6 bit x 4)
7 o
wyw wgn
I
Transfer T T
Direction Read / Write
Transfer Burst Cycle steal .
Mode tsc ! HaALT Control bit
Address
up/down 1 R
B/R Busy / Ready
Status flag
DEND DMA END /NOT END

(4) PCR (Priority Control Register) (5 bit x 1)



