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SHORT DESCRIPTION 1.

The IOM501 is connected to two RC350x I/0O channels either on
the same RC350x or on two RC350x.

The two I/O interfaces in IOM501 are totally independent of each

other.

‘The block diagram for one I/O interface is shown on fig. 1.0.

Physically the IOM501 is placed inside the RC85x cabinet and
powered fram the RC85x power supply.
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Fig.

ONLY CHANNEL 1 IS SHOWN, CHANNEL 2 HAS THE SAME LOGIC LAYQUT

BLOCKDIAGRAM FOR THE RC 3502 I/O CHANNEL INTERFACE.

1OM 501

Blockdiagram



2. PROGRAMMING SPECIFICATION FROM RC350x
The following section describes the possible I/0O instructions
seen fraom the RC350x programmer's point of view.
The Z80 device numbers mentioned in brackets refer to I/0
CHANNEL 2.
2.1 WRITE CONTROL
From RC350x to IOMS501.
8 15
L | wee
This command sets an 8-bits register with the information sent
out.
This command interrupts Z80 (refer to section 3.4) and Z80 reads
the contents of WCC by IN 38H (3CH) .
Z80 BUS (7:0) := WCC (8:15).
2.2 READ STATUS

From ICOMS501 to RC350x.

8 15

[ | rsc

This command transfers the contents of an 8-bits register in
IOM501 to RC350x.

This register is set fram Z80 by OUT 38H (3CH) .

RSC (8:15) := 780 BUS (7:0).

2.1

2.2



2.3

WRITE BLOCK OF BYTES

2.4

From RC350x to RC350x.

15

8
L |

This comnand is used to transfer a block of bytes fram RC350x
to the Z80 memory using DMA channel 1 (3) to the RC850 controller
(refer to RCSL: 31-D594, RC850 Controller Reference Manual) .

Before starting this command, the Z80 has to be commanded to
set up the DMA channel for input to the 780 memory.

READ BIOCK CF BYTES

This cammand transfers a block of bytes fram the Z80 memory to
RC350x using DMA channel 1 (3).

2.3

2.4



The following description contains the specification of the
hardware in IOM501 seen from the 280 in RC850. Only CHANNEL 1
is described, but the device numbers for CHANNEL 2 are mentioned

This paper is written as an extension of the RC850 Controller

3. PROGRAMMING SPECIFICATION FROM Z80
in brackets.
Reference Manual, RCSL: 31-D594.
3.1 Read WCC
N 38H Reads the contents of WCC I/O channel 1
IN 3CH Reads the contents of WCC I/O channel 2
3.2 SET RSC
ouT 38H Writes into RSC I/0 channel 1
ouT 3CH Writes into RSC I/Q channel 2
3.3 GENERATE INTERRUPT TO RC350x

The following situations generate interrupts on I/O channel 1:
1) ot 3BH Sends interrupt.

2) QoUr 3AH Sends interrupt, requesting first data byte
in a write block of bytes.

3) When the DMA channel 1 has a byte ready in a "read block
of bytes" or is ready to accept a byte in "write block of
bytes".

3.1

3.2

3.3



3.4

I/0 channel 2 interrupt:

1) ouT 3FH
2) ouT 3EH

3) DMA channel 3 in RC850

INTERRUPT TO 780

A Z80~CIC Timer/Counter circuit is used to generate interrupt
vectors to Z80 whenever a "write control comand" is decoded on
I/0 channel 1 or 2 fram RC350x.

WCC fram channel 1 is connected to Timer 2 (device 42H) of the

CIC and channel 2 to Timer 3 (device 43H) . The CTC should be

initialized as follows:

TIMO 40

LDA MCTC ; & := mode register contents

H

TIM2 =
T™TM3 = 43H ;
CHINT = ? :
MIC = D7H ;
; Begin

LDA CHINT 3 a =

ouT TIMO'

ouT TIM2

ouT TIM3
; end

For details about the CTC refer to Appendix A.

42H ; Device number Timer 2
Device number Timer 3
Base interrupt vector from CTC

Mode to CIC

3.4



3.5

DMA Use

I/0 channel 1 is connected to RC850 DMA chan 1 and I/O channel
2 to DMA chan 3.

When a transfer to or fram the display is wanted, the following

should be performed:

. set mode register as follows:
select channel 1 (3)

. set base address

(OUT  3A, (3EH)

. set base word count
(OUT 39, (3D
OUT 3BH (3FH)

as follows:

LDA ...

ot rEy

ouT FCH

IDA 'LOW BYTE

OouT F2,, (Féy)

IDA ' high BYTE

ouT FZH (F6H)

(QUT  3n,; (3E)

ouT  FCy

LDA 'LOW BYTE'

ouT

read or write transfer (read means read from)

single mode

Address increment
Autoinitialize disable

FBH (F7H)

~e

(280 memory)

if write block of bytes)

if read block of bytes)

set register A to mode contents

output to mode register

clear internal Flip/Flop

set base address

if write
clear internal Flip/Flop
set byte count

3.5



'HIGH BYTE'
F3H (F7H)
39H (3DH) ; if read
3BH (3FH) if read

~e



4, 780 DEVICE NUMBERS USED IN IOMS501

o FUNCTTON
(Hex) INPUT OUTPUT
38 | WRITE CONTROL REG SET STATUS REG (RSC)
(WCC) FROM RC3502 RO RC3502 CHANNEL 1
CHANNEL 1
39 | puvy RESET FOR INPUT (READ
Block of Bytes) to
RC3502 CHANNEL 1
3 | DMy RESET FOR OUTPUT (Write
Block of Bytes) fram
RC3502 CHANNEL 1
3B | DUMMY SEND INTERRUPT ON
RC3502 CHANNEL 1
3C | WRITE CONTROL REG SET STATUS REG (RSC)
(WCC) FROM RC3502 TO RC3502 CHANNEL 2
CHANNEL 2
3p | puamy RESET FOR INPUT
CHANNEL, 2
3E | DMy RESET FOR OUTBUT
CHANNEL 2
3F | povMy SEND INTERRUPT ON
CHANNEL, 2
40 | COUNT/TIME 2780A-CIC TIMER 0
41 | COUNT/TDME Z80A-CTC TIMER 1 | “OT USED
42 | COUNT/TIME Z80A-CTC TIMER 2 INTR CHANNEL 1
43 | COUNT/TIME Z80A-CTC TIMER 3 INTR CHANNEL 2
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A.

- Z80~CTC PROGRAMMING

SELECTING AN OPERATING MODE

When selecting a channel’s operating mode, bit @ is set to

1 to indicate this word is to be stored in the channel control

register.

L/

" ™ m n "y ™

INTERRUPT]
ENABLE

MO

LOAD
Tivit
CONSTANT

R ANGE SLOPY TRIGGER RESE |

Bit7=0
Bit 7=1

Bit6=0

Bit6=1
Bit5=9
Bit5=1

Bit4=0

Bitd =1

Bit3=0

Bit 3="1

N

TSN
UMER SODE DN

SN
FEMER MOIE ON Y

Channel interrupts disabled.

Channel interrupts enabled to occur every
time Down Counter reaches a count of zero.
Setting Bit 7 does not let a preceding count
of zero cause an interrupt.

Timer Mode — Down counter is clocked by
the prescaler. The period of the counter is:
tc « P o TC
te = system clock period
P = prescale of 16 or 256
TC = 8 bit binary programmable time
constant (256 max)

_ Counter Mode — Down Counter is clocked

by external clock. The prescaler is not used.

Timer Mode Only-System clock @ is divided
by 16 in prescaler.

Timer Mode Only-System clock ®is divided
by 256 in prescaler.

Timer Mode — negative edge trigger starts
timer operation.

Counter Mode — negative edge decrements
the down counter.

Timer Mode — positive edge trigger starts
timer operation.

Counter Mode — positive edge decrements
the down counter.

Timer Mode Only — Timer begins operation
on the rising edge of T, of the machine
cycle following the one that loads the time
constant.

Timer Mode Only — External trigger is valid
for starting timer operation after rising edge
of T of the machine cycle following the
one that loads the time constant. The Pre-
scaler is decremented 2 clock cycles later if
the setup time is met, otherwise 3 clock
cycles.

11

A.

No time constant will follow the channel
control word. One time constant must be
written to the channel to initiate operation.

Bit2=¢

The time constant for the Down Counter
will be the next word written to the selected
channel. If a time constant is loaded while a
channel is counting, the present count will
be completed before the new time constant
is loaded into the Down Counter.

Bit2=1

Bit1=0 Channel continues counting.

Stop operation. If Bit 2 =1 channel will
resume operation after loading a time
constant, otherwise a new control word
must be loaded.

Biti=1

LOADING A TIME CONSTANT

An 8-bit time constant is loaded into the Time Constant
register following a channel control word with bit 2 set. All
zeros indicate a time constant of 256.

(¢) TCs T8 T 03 e ey o

LOADING AN INTERRUPT VECTOR

The Z80-CPU requires that an 8-bit interrupt vector be
supplied by the interrupting channel. The CPU forms the
address for the interrupt service routine of the channel
using this vector. During an interrupt acknowledge cycle
the vector is placed on the Z80 Data Bus by the highest
priority channel requesting service at that time. The desired
interrupt vector is loaded into the CTC by writing into
channel @ with a zero in D@. D7-D3 contain the stored in-
terrupt vector, D7 and D| are not used in loading the vector.
When the CTC responds to an interrupt acknowledge, these
two bits contain the binary code of the highest priority
channel which requested the interrupt and Dg contains a
zero since the address of the interrupt service routine starts
at an even byte. Channel @ is the highest priority channel.

Ve Ve Ve va AX) X X o




B.

AM9517A DMA PROGRAMMING

Command Register: This 8-bit register controis the operation
of the Ama517A. It is programmed by the microprocessor in the
Program Condition and is cleared by Reset. The following table
lists the function of the command bits. See Figure 4 for address
coding.

7 6 5§ 4 3 2 1

L 111

0 <=~ Bit Number

[ |

i eainl

A4
Y

0 M
1™

g

¥
ol
24

Channel 0 address hold disable
Channel 0 address hold enabi
Hbit0=0

X - O

[~

Controller enabie
Controller disable

-

Normal timing
Compressed timing
Hhito=1

0 Fixed Priority
1 Rotating Priority

| [T

O Late write seiection
1 Extended write selection
X ifbit3=1

O DREQ sense active high
1 DREQ sense active low

DACK sense active low
DACK sense active high

,.-aL
- O

Mode Register: Each channel has a 6-bit Mode register as-
sociated with it. When the register is being written 1o by the
microprocessor in the Program Condition, bits 0 and 1 deter-
mine which channel Mode register it to be written.

7 6 § 4 3 2 1 0 -=——Pit Number

HEEERERE
T“ ‘7_' 00 Channel D seiect

01 Channel 1 select
10 Channel 2 seiect
11 Channei 3 select

00 Verity transter
01 Write transfer
10 Reasd transter

11 Hiegal
XX Mbits6and 7 =11

Autoinitialize disable
1 Autoinitiaiize enabte

Q0 Address increment select
Address decrement select

i

00 Demand mode select

01 Singie mode salect

( 10 Block mode salect
11 Cascade mode select

12

Request Register: The Am9517A can respond to requests for

DMA service which are initiated by software as well as by a
DREQ. Each channel has a request bit associated with it in the
4-bit Request register. These are nonmaskable and subject to
prioritization by the Priority Encoder network. Each register bit is
set or reset separately under software control or is cleared upon
generation of a TC or external EOP. The entire register is
Cleared by a Reset. To set or reset a bit, the software loads the
proper form of the data word. See Figure 4 for address coding.

aannsnsnl

01 Select channel 1
10 Seiect channel 2
11 Select channel 3

—

Software requests will be serviced only if the channel is in Block
mode. When initiating a memory-to-memory transfer, the
software request for channel 0 shouid be set.

Reset request bit
Set request bit

Mask Register: Each channel has associated with it a mask bit
which can be set to disable the incoming DREQ. Each mask bit
is set when its associated channel produces an EOP if the
channel is not programmed for Autoinitialize. Each bit of the 4-bit
Mask register may aiso be set or cleared separately under
software control. The entire register is aiso set by a Reset. This
disables all DMA requests until a ciear Mask register instruction
alilows them to occur. The instruction to separately set or clear
the mask bits is similar in form to that used with the Request
register. See Figure 4 for instruction addressing.

7 6 5 4 3 2 1 0 = Bit Number
HEREREER
Don't Care 00 Select channel O mask bit

01 Select channel 1 mask bit
10 Setect channel 2 mask bit
11 Selest channel 3 mask bit

—

All four bits of the Mask Register may aiso be written with a
singie command.

Clear mask bit
Set mask bit

Q ~=—8it Number

Don't Care ? Clear Channel O mask bit

Set Channei O mask bit

O Clear Channel 1 mask bit
1 Set Channel 1 mask bit

0 Clear Channel 2 mask bit
1 Set Channei 2 mask bit

0 Clesr Channet 3 mask bit
1 Set Channe! 3 mask bit
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Status Register: The Status registers may be read out of the
Amg517A by the microprocessor. it indicates which channeis
have reached a terminal count and which channeis have pend-
ing DMA requests. Bits 0-3 are set each time a TC is reached by
that channel, including after each Autoinitialization. These bits
are cleared by Reset and each Status Read. Bits 4-7 are set
whenever their corresponding channel is requesting service.

7 8 5 4 3 2

LIT T 111

1 0 -w—Bit Number

1]

Channel O has reached TC
Ch { 1 has reached TC
Channel 2 has reached TC
Ch 1 3 has reached TC

- . o -

Channel 0 request
Channel 1 request
Channel 2 request
Channel 3 request

Temporary Register: The Temporary register is used to hold
data during memory-to-memory transfers. Following the com-
pletion of the transfers, the last word moved can be read by the
microprocessor in the Program Condition. The Temporary reg-
ister aiways contains the last byte transferred in the previous
memory-to-memory operation, unless cleared by a Reset.

Software Commands: There are two special softwara com-
mands which can be executed in the Program Condition. They
do not depend on any specific bit pattem on the data bus. The
two software commands are:

Clear First/Last Flip/Flop: This command may be issued prior
to writing or reading Am9517A address or word count infor-
mation. This initializes the flip/flop to a known state so that
subsequent accesses to register contents by the micro-
processor will address lower and upper bytes in the correct
sequence. :

Master Clear: This software instruction has the same effect
as the hardware Reset. The Command, Status, Request,
Temporary and Intemal FirstLast Flip/Flop registers are
cleared and the Mask register is set. The Am9517A will enter
the idle cycle.

Figure 4 lists the address codes for the software commands.

Device No. Interface Signais
A3 | A2 | A1 | A0 | IOR | 1OW Operation
F8 { 1 | 0] 0| 0 | 0| 1 | ReadStatus Register
1 0 0 0 1 0 Write Command Register
F9 { 1 0 0 1 ()] 1 Megal
1 0 0 1 1 0 Write Request Register
FA { 1 0 1 0 ) 1 egal
1 0 1 0 1 0 write Single Mask Register Bit
FB { 1 0 1 1 0 1 Wegal
1 0 1 1 1 0 Wirite Mode Register
FC { 1 1 0 ) 0 1 lllegal
1 1 0 0 1 0 Clear Byte Pointer Flip/Flop
FD { 1 1 0 1 0 1 Read Temporary Register
1 1 0 1 1 0 Master Clear
FE { 1 1 1 0 ] 1 iegal
1 1 1 0 1 0 iflegal
FF { 1 1 1 1 0 1 itegal
1 1 1 1 1 o} Write All Mask Register Bits

Figure 4. Register and Function Addressing.
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. . Signais Internal Data Bus
Chaeanel Registar Operation TS 1OR 10W A3 A2 A1 AO Flip/Fiop pso-p87 |DeviceNo.
0 Base & Current Write 0 * 0 00 00 0 AC-A7
Address 0 1 0 0 0 0 O 1 A8-A15
Current Read 0 0 1 0 0 0 O 0 AQ-A7
Address 6 0 1 0 0 0 O 1 AB-A15
Base & Current Write 0 1 0o 0 0 0 1 0 wWOo-w?
Word Count 0 1 0 0 0 0 1 1 W8-W15
Current Read 0 0 1 0 0 ¢ 1 0 WO-W7
Word Count ® 00 1 00 0 1 1 We-W15
Base & Current . o 1 0 0 0 1 O 0 AQ-A7
Wi
! Address rite 01 0 00 1 0 1 AS8-A15 F2
I/0 Current Read 000 1 0 0 1 0 0 AO-A7
channel 1 Address 060 1 0 0 1t O 1 AB-A15
Base & Current Write 0 1 0o 0 0 1 1 0 WOo-w7 F3
Word Count 0 1 0 0 0 1 1 1 W8-W15
Current Read 0 0 1 0 ¢ 1t 1 Q WO-W7
Word Count ea 00 1 0 0 1 1 1 W8-W15
Base & Current . o 1 0 0o 1 ¢ 0 0 AQ-A7
2 Write
Address v o c 0 1 0 0 1 AB-A15
Current Read 0 o 1 0 1 0 O 0 AQ-A7
Address 0 0 1 0 1 0 O 1 A8-A15
Base & Current Write 0o 1 0 0 1 0 1 0 wWOo-w7
Word Count 0 8 0 v 0 1 i W8-W15
Current Aead 0 0 10 1 0 1 0 WO-W7
Word Count 0 0 1 0 1 0 1 1 w8-w15
3 Base & Current Write o 0 o1 1 0 0 AD-A7 _F6
Address 0 1 0 0 1 1 Q0 1 AB-A15
-A7
I / 0 Current Read [+ I ] 1 o 1 1 0 0 AO-A
channel 2 Address 0 0 1 ¢ 1 1 0o 1 A8-A15
Base & Current Write [ o o0 1 1 1 0 WO-w?7
Word Count 6t 0 0 1t 1 1 1 WR-W1S } ¥7
Current Read 0 ¢ 1 o 1 1 1 0 WO-W7
Word Count o 6 0 1 0 1 1 1 1 W8-W15

Fig. " 5 Word Count and Address Register Command Codes.
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