
Oric Phoenix board
IO Programming information

The Phoenix board (labelled “Phoenix v2.0/r1/m1”) uses a HD64180 processor running at
6.144 MHz (half of the 12.288 MHz crystal), and 256 KB of ram in the first memory bank.
This Hitachi processor embeds a Z80 core with MMU and I/O peripherals: two Asynchronous
Serial  Communication  Interfaces  (ASCI),  two DMA channels,  two Programmable  Reload
Timers (PRT) and a Serial Clocked I/O channel (SCIO). Hitachi stopped production of this
processor when Zilog launched the Z180 which is upward compatible. The integrated MMU
allows access to 1 MB of physical memory, but the 64-pins PDIP version of the processor
(which is used on the Phoenix board) doesn’t have the A19 pin, so the address range of the
board is only 512 KB. Also, due to the multiplexing of some pins of the processor, some
integrated I/Os can not be used simultaneously.

The physical memory map is as follows:

00000-03FFF: 16 KB EPROM
00000-3FFFF: 256 KB DRAM from the first memory bank
40000-7FFFF: 256 KB DRAM from the second memory bank (if IC26-IC33 are populated
with 256Kx1 RAM chips)

Thus, 16 KB of RAM are overlaid by the EPROM.
On startup, the MMU of the 64180 processor maps the 64 KB logical address space to the
first 64 KB physical address space, so this gives:

0000-3FFF: EPROM
4000-FFFF: 48 KB RAM

The IC7 PAL chip is responsible for the physical memory map above: it uses A14-A18 as
inputs and /MREQ and E as expected, but also two signals coming from the big ULA (IC39),
so this memory map is affected by the ULA to give access to the overlaid RAM.

Some information about the 64180’s integrated I/Os:

Compatibility note 1: On the Z80 processor, dedicated input and output instructions exists,
thus the IO areas are usually not memory-mapped, but instead a separated 64 KB I/O space
exists. However, it’s very common that computers with Z80 processors don’t fully decode the
I/O addresses and thus enable access to I/O by only decoding the A0-A7 lines... This can hide
the fact that in the I/O instructions, the MSB of the IO address is given implicitly by register
B when register C is used for the LSB, and strangely by register A for immediate addresses!

The  IO  registers  of  the  HD64180  occupy  64  IO  addresses  and  their  addresses  are  fully
decoded, so care must be taken for the MSB of the addresses. On start-up and reset, the IO
registers  of  the  HD64180  are  located  at  IO  address  0.  See  the  HD64180  datasheet  for
information about the internal IOs of the processor, a sum-up is given below.

Addr:
00-09: ASCI registers
0A-0B: SCIO registers
0C-17: Timer registers



18: Free running counter
20-32: DMA registers
33-35: Interrupt controller registers
36: Refresh register
38-3A: MMU registers
3E-3F: IO control registers

DMA channel 0 can be used for memory to memory transfers, or for memory to/from I/O, or
even I/O to I/O. However, it is not used by peripherals on the board, but could be used by add-
ons  on  the  expansion  bus  (-DREQ0  is  present  on  the  bus,  but  not  –TEND0  which  is
multiplexed with CKA1 that goes on the keyboard connector). As the memory to memory
transfers and the memory to/from ASCI transfers do not need the –DREQ0 signal,  DMA
channel 0 can still be used on this board for memory to memory transfers (either in burst
mode blocking the cpu, or in cycle steal mode), or for memory to/from ASCI transfers… 

DMA channel  1  is  used  for  floppy  disc  transfers.  The  -DREQ1  signal  comes  from  an
inversion of the DRQ pin of the WD1772, but the -TEND1 output pin is not connected. Thus,
disk transfers can either use polling or DMA (in both case, note that the INTR output of the
WD1772 goes to IC39, not to the cpu.

The first ASCI (ASCI0) is fully used for the connection of a modem or terminal on the J2
connector. The processor implements all the standard signals (TxD, RxD, RTS, CTS, DCD)
with the exception of DSR and DTR. Thus ITL has connected the Transmit Data pin of the
SCIO channel to implement the DTR pin of the serial interface, which means that the SCIO
channel cannot be used. And the DSR state of the connected serial equipment can be read
through the  miscellaneous  input  port  of  the  board  (cf.  zone  “28”).  The frequency of  the
processor has been chosen so that standard baud rates can be precisely set (the processor
frequency is a multiple of standard baud rates like 9600 baud, 19200, 38400, etc.).

The second ASCI (ASCI1) is used for the connection of a keyboard on the J4 connector. Only
three signals are used (with TTL levels): RXA1, TXA1, CKA1. ASCI1 is configured at 19200
baud, no parity, 1 stop bit, and a clock rate of 307200 kHz (19200x16) is output on CKA1.

Four external interrupts can be used on the HD64180. 
–NMI is not used on the board but is present on the expansion bus,
–INT0 is not used on the board but is present on the expansion bus,
–INT1 receives the printer’s /ACK signal after bufferization.
–INT2 is not used (pulled up). This is strange because the rom waits INT2 interrupts from the
RTC chip receives the Real Time Clock interrupt.

Note that the WD1772’s INTR signal does not go to the cpu, but instead to the logic chip
IC39.

Some information about I/O peripherals on the board:

Note:  The  mysterious  IC39  seems  to  be  a  Programmable  Array  Logic  chip  (PAL)  or
Uncommited Logic Array (ULA) that is among other things responsible of the IO address
decoding (along with the more common IC7 PAL20L10 chip). It gives access to two IO zones



named below “Zone 29” and “Zone 28”, following the pin number that enables those zones.
The MSB of the IO address is not decoded, so any value for the MSB can be used.
It also interprets some internal I/O addresses : these ones are used in the rom...

$50: select side 0? (TBC)
$51: select side 1? (TBC)
$52 (read) : bit 6 : -INTRQ from FDC WD1772 ? (TBC)
$53 : disable rom so as to give access to ram in #0000-#3fff
$54 : enable rom in the #0000-#3fff range
$5A (write) : bit 7 : drive A/B select ? (TBC)

Zone 29:  $60-$7F

Addr:
$60 : (Read) WD1772 Status Register

(Write) WD1772 Command Register
$61: (R/W) WD1772 Track Register
$62: (R/W) WD1172 Sector Register
$63: (R/W) WD1772 Data Register
$64: (Write) Parallel Port with automatic Strobe

A write latches the data into the parallel port and activates Strobe.
Writing to this port also clears the interrupt signal arriving on INT1.

$65: (Write) Strobe Clear
Strobe returns to the idle state (high)
Also clears the interrupt signal arriving on INT1.

$66,$67: Same as $64 and $65.
$68-$7F: not used.

Zone 28: $40-$47
(also $48-4F since A3 is not decoded)

Addr:
$40: (Read) Miscellaneous input port. Provides 3 bits:

bit 7: DSR state from the Serial Port
bit 6: Floppy drive pin 34 status (i.e. Disk Change Detect if it is an IBM-PC floppy

drive, or Drive Ready if it is a standard Shugart)
bit 4: CKOUT from the Real-Time Clock chip

$41: (Read) Read currently selected RTC register
$42: (Write) Write currently selected RTC register
$43: (Write) Select a RTC register
$44: (Write) Select a VDP register
$45: (Read) Read currently selected VDP register
$46: (Write) Write currently selected VDP register
$47: not used.



Appendix A: IC reference

IC1: MC1489 (4 EIA RS232 receivers for the serial port)
IC2: MC1488 (4 EIA RS232 line drivers for the serial port)
IC3: 74LS374 (eight flip-flops acting as the parallel port register)
IC4: 74LS74 (two flip-flops handling the /STROBE and /ACK state)
IC5: 74LS244 (line drivers for video signals (RGBS) and J4 signals (RXA1,TXA1, CLKA1)
IC6: no IC6 ?
IC7: PAL20L10CNS (address decoding)
IC8: HD64B180ROP (cpu)
IC9: 74LS74 (two flip-flops for the generation of /CAS signals for the two DRAM banks)
IC10: (27128 eprom 16Kx8)
IC11: 74LS138 (3-to-8 line decoder for the IO area “28”)
IC12: 74LS138 (3-to-8 line decoder for the IO area “29”)
IC13: 74LS257 (8 multiplexers for the DRAM row/column addresses, A8 handled elsewhere)
IC14: 74LS257 (8 multiplexers for the DRAM row/column addresses, A8 handled elsewhere)
IC15: 74LS240 (four 3-state inverters used to access the misc. IO port, and 4 for other logic)
IC16: 74LS38 (4 open-collector output nand gates driven by the NE555 output)
IC17: NE555 (monostable to prevent spurious commands entering VDP during initialization) 
IC18-25: HM50256P-15 (256Kx1 DRAM chips)
IC26-33: (256Kx1 DRAM chips)
IC34: HD146818 (RTC)
IC35?: EF9345 (VDP)
IC36: 74LS373 (eight flip-flops buffering the LSB of the video memory address)
IC37: HM6264 (8Kx8 SRAM)
IC38: 74LS240 (8 inverters around the IC39 logic)
IC39: PAL/ULA ?
IC40: WD1772 (FDC)
IC41: 74LS38 (4 o.c output nand gates driving disk signals: DS0,DS1,MO,DIRC)
IC42: 74LS38 (4 o.c output nand gates driving disk signals: SIDE1,WG,WD,STEP)
IC43: 74LS240 (inverters used in the memory access logic)



Appendix B: some pin-outs

1) PAL20L10 chip (IC7):

This chip is responsible of the main address-decode stage. It is purely combinatorial (no 
registered outputs), with 12 inputs, 2 outputs, and 8 I/O pins that can serve as either inputs or 
outputs. The 20 possible inputs are entries to the AND array. The 8 possible outputs are active
low.

Inputs:
1 – E
2 – A18
3 – A17
4 – A16
5 – A15
6 – A14
7 – /RFSH
8 – /MREQ
9 – /IORQ
10 – comes from IC39 pin 31
11 – comes from IC39 pin 27
13 – not used (grounded)

Outputs:
14 – not used
23 – not used

Inputs/Outputs:
15 – (output) not used
16 – (output) not used
17 – (output) to flip-flop D input for /CAS generation of DRAM bank 1
18 – (output) to flip-flop D input for /CAS generation of DRAM bank 0
19 – (output) to EPROM /E pin (rom select)
20 – (output) goes to S1-2 and S2-2 (a solder wire is present between S1-2 and S1-1, and S1-1
goes to A8 on the ram chips. I.e. those jumpers allow to accept memory banks with either 64K
or 256K ram chips)
21 – (input or output ?) linked with IC39 pin 37
22 – (input or output ?) linked with IC39 pin 36

2) IC39 chip:

This 40-pin chip provides some floppy signals to the Shugart connector: this means it must be
addressable in the I/O space, so that the values for these signals can be programmed (only 3 
data lines come to the chip, just enough to set the drive selection and side selection bits: bits 
7, 6 and 0). It is also responsible of further IO address decoding, enabling IO areas “28” and 
“29” (named after the pin numbers).

1 A4 40 A5
2 A3 39 -A6



3 A2 38 A7
4 A1 37 Linked with IC7 pin 21
5 A0 36 Linked with IC7 pin 22
6 E 35 +5V
7 D0 34 Not connected ?
8 +5V via 470 ohms 33 -IORQ
9 D7 32 Floppy Side 1 Select
10 -INTRQ coming from WD1772 31 Linked with IC7 pin 10
11 D6 30 Not connected
12 Pulled up through R22 29 Enable I/O area 29 ($60-$7F), active low
13 Disk Select 0 28 Enable I/O area 28 ($40-$47), active low
14 Disk Select 1 27 Linked with IC7 pin 11
15 -RESET 26 Grounded
16 Grounded 25 XTAL2 (8 MHz crystal)
17 Grounded 24 XTAL1 (8 MHz crystal)
18 Not connected 23 Grounded
19 Grounded 22 Grounded
20 Not connected 21 Grounded



Appendix C : Connector Information

J2 : Serial Port

All the pins use standard EIA levels, use a 20-pin flat cable to connect to a DB25 connector.
 

DB25 pinout J2 pins Z180 pins (*)
2:  TxD 3 TXA0
3:  RxD 5 RXA0
4:  -RTS 7 -RTS0
5:  -CTS 9 -CTS0
6:  -DSR 11 none (**)
7:  GND 13 none
8:  -DCD 15 -DCD0
20: -DTR 14 TXS (***)
(*) after level conversion with the MC1488/MC1489 drivers
(**) DSR is readable through the misc. IO port.
(***) There is no DTR pin on the Z180, so the Transmit Data pin of the Serial Clocked IO is 
used instead.

J3: Parallel Port

Use a 20-pins flat cable (not a 26-pins cable) to connect to a DB25 connector or a 26-pin 
Centronics connector. 

DB25 pinout J3 pins
1:  -STROBE 1
2:  D0 3
3:  D1 5
4:  D2 7
5:  D3 9
6:  D4 11
7:  D5 13
8:  D6 15
9:  D7 17
10: -ACK 19
14-25: GND 2-24 (even pins)
All others pins are not connected.
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J5: RGB Output

Red, Green, Blue, and Sync signals have 75 ohm impedance.

J6 and J8: floppy drive power connectors

J6 and J8 are male connectors intended to power two floppy drives. 
Pinout: 
1: +5V
2: GND
3: GND
4: +12V

J7: Floppy drive connector

J7 is a standard Shugart connector. Just connect to floppy drive(s).
Pin 34 status is available through the misc. IO port, but not used in the ROM...
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J9:

J9 is the power plug for the board.
DC must be at least 7.5 V (up to 15V), with a power no more than 30W. It is regulated by a 
LM323 in order to provide the +5V for the whole board.
P1 and P2 are not used on the board, they are just forwarded to the J4 connector.
I’ve connected P2 to +5V and P1 with GND on the board in order to power both the board 
and the keyboard.

J4:

J4 is a clocked serial port. 
The three TTL signals (TX, RX and CLK) are connected to TXA1, RXA1 and CKA1 on the 
Z180.
P1 and P2 come from the J9 connector, and are not used on the board.
My guess is that J4 was intended for the connection of a keyboard, with a power switch on it 
connected to P1 and P2. Or, P1 and P2 simply provide the keyboard with GND and +5V...

J1A, J1B:
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J1 is a 64-pins connector. It’s the extension bus. I’ve not fully identified the pinout yet, but as 
J1A32 and J1B32 are Ground and J1A31 and J2B31 are +12V, it’s not an Europe Card Bus 
(ECB-Bus), nor an STE-Bus...


