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Hardware Description of the Workstation Ceres—3

Beat Heeb and Immo Noack

Abstract

Ceres-3 is a single user workstation based on the National Semiconductor 32-bit
microprocessor NS32GX32. The design concentrates, by using the latest technology, on
cost reduction and performance increase. Together with the programming language and
system 'Oberon’, Ceres—3 forms an ideal platform for student laboratories. This report
documents the hardware and the production of the Ceres—3 computer.
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1. Introduction

The main motivation for the conception of the computer family ‘Ceres’ was the creation
of an easy and simple basis for computer-systems, i.e. hard— and software.

The computer Ceres-1 was designed during the years 1984 — 1986 [11. In contrary to
the Lilith computer, a commercially available microprocessor (NS32032) was used. A
first series of 33 units was built 1986, a second one of 17 units during 1987. During
1988, Ceres—2 was developed [2] and has been built in a series of 30 units. Ceres—2
uses the N$32532 microprocessor which, compared to Ceres-1, has a five to seven
times increased performance. Memory size was doubled to a minimum of four
Megabytes.

The search for a replacement of the 10 years old Lilith computers in student
laboratories led to the design of a low-cost version of Ceres: Ceres~3.
The design was primarily guided by the desire for simplicity, usefulness, low power
consumption, noiselessness and cost-effectivity. '
The result is a diskless computer, with the same performance as Ceres-2, but with a
~ decreased chip count of 50 (154), reduced power consumption of 10W (67W)
(without monitor) and a reduction of the physical dimensions by a factor of 4. The
microprocessor used is the NS32GX32, i.e. essentially the NS32532 without MMU.
By using the hardware description language Debora [3], it was feasible to have the first
- prototype running after six months, the second one after another two months.
Thanks to the careful observance of the guidelines, it was possible to build a series of
100 units within four months with relatively little manpower, ie. one full time
technician and one part time student.

During the same project, the programming language and system Oberon was designed
and implemented by N. Wirth and J. Gutknecht. The language [4] is a successor of
Modula-2 [5] and adds facilities for object-oriented programming. The system [6, 7]
has its strength in its compactness, efficiency and extensibility.

This report is a technical manual which provides insight into design decisions, hardware
implementation and production of the Ceres—3 computer. The hardware designer will
be able to add his own extensions, while the system software designer will have better
knowledge of the underlying computer organization.
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2. Ceres—3 Architecture

2.1. Summary

Ceres—3 consists of a single printed circuit board which contains all the logic, 19-inch
landscape monitor, ASCII keyboard and a three-button mouse. To minimize power
consumption and avoid heat problems, CMOS technology was used almost exclusively.
The decision to put all the logic on one board made it possible to eliminate buffer
chips. Therefore, processor bus and system bus are one and the' same. Notice that the
power supply is built into the monitor-cabinet and only 5V is used througout the
whole machine. Because of the low power consumption and the absence of a
winchester drive, no fan is necessary, resulting in a completely quiet computer.

2.2. Hardware Structure

The hardware components of the Ceres—3 are shown in the following block diagram:

Address Bus (A) , 32

Data Bus (D) , 32

]32 132 423 132 418 18 48 4 132 |32
DRAM
FPU CPU RAM (4/8M8B) |- ROM Data (8) BUS
| L — & & Connector
NS32381 NS32GX32 Controller VRAM 8KB..512KB| |Address (4) 100 /101
(256KB) Buffer
18 8
19"
Display Monitor s |a
Controller 1024 x 800,
Pixels
1/0 Address Bus ICA) 4
4
1/0 Data Bus (Id),,s
18 1 48 14 18 1 18 12 18 13 18 I3 18
ICU - UART RTC ScC FLOPPY SCSI DIP-Switch
Keyboard ‘ Mouse  Floppy Drive ’
1.4 MB
RS-232C RS-485 SCSi

Fig. 2.1 Hardware structure of the Ceres—3 Computer



cPU

The CPU consists of a National Semiconductor NS32GX32 32-bit processor, clocked at
25 MHz and a National Semiconductor N532381 floating point unit. The processor has

a 4 GByte uniform address space, 512 Bytes instruction cache and 1024 Bytes data
cache, but no internal memory management unit.

RAM Controller

The RAM Controller is built with the National Semiconductor DP8421 RAM-Controller
and a multiplexer for the memory and video addresses.

DRAM

Dynamic Random—Access Memory (DRAM) is provided in four 1 MByte SIMMs and is
expandable to a total of 8 MByte.

VRAM

The Video-RAM is used to store two bitmaps and is implemented with eight 256Kbit
dual port DRAMs, which contain 256-bit shift registers. No expansion is possible.

ROM

The (EP-) ROM contains the basic system software. Its size can range from 8 KByte up
to 512 KByte.

Data and Address Buffer :

All Input/Output devices are connected through a data and address buffer to the
processor bus. ‘ ,

BUS Connector

Extensions are possible through two 96 pin DIN-connectors (I0 0 and 10 1).
Connector 10 0 is wired with all 32 address~ and data-bits to the processor bus, while
connector 10 1 is wired with 16 address— and 8 data-bits. Caution: connector signals
are not buffered!

Display Controller

The video timing (horizontal and vertical synchronisation), Video—-RAM addresses and
the video signal are generated here.

Monitor

The display is a high-resolution 19-inch landscape, black/white monitor. The
resolution is 1024 by 800 pixels, the refresh rate 67 Hz (noninterlaced).

UART

The two ports of a SC2692 Universal Asynchron Receiver Transmitter (UART) are used
for the standard ASCII keyboard (serial) and RS-232C interface.

RTC

A battery-backed Real-Time-Clock (M-3001) provides time and data information.
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Scc
The two channels of a Z85C30 Serial Communication Controller (SCC) are used for the
serial three button mouse and the RS-485 interface.

Floppy
To interface the 3 1/2" Floppy Drive with a formatted capacity of either 720 KBytes or
1.44 MBytes, a National Semiconductor DP8473 controller chip is used.

Scsi

To connect additional peripheral hardware, a Small Computer System Interface (SCSI)
using the National Semiconductor DP8490 chip is implemented.

ey
The Am9519A-1 interrupt control unit supports up to eight interrupt sources.

DIP-Switch ;
The DIP-Switch holds certain system configuration parameters and a network—number.
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3. Hardware Implementation

3.1. Processor

The processor part is built up from five units: NS32GX32 Central Processing Unit (CPU,
u9), NS32381 Floating Point Unit (FPU, u11), Processor Programmable Logic Device
(ProcPLD, u13), Page Protection Programmable Logic Device (PageProtPLD, u12) and a
50MHz Osciflator (u10).

The main features of the National Semiconductor CPU NS32GX32 [8] are:

- Clock rate is 25 MHz

- Full 32 bit architecture, i.e. a 32 bit data bus and a non-multiplexed 32 bit
address bus

- 512 byte instruction cache and 1024 byte data cache

-~ 4 GByte linear addressing space ,

~  Data bus size can be changed between 8, 16 and 32 bit (dynamic bus sizing)

The main difference to the NS32532 CPU used. in Ceres-2 is the missing Memory
Management Unit (MMU) and the price (four times cheaper). More details car be
found in [9]. :

Directly connected to the CPU is the NS32381 Floating Point Unit which supports
single (32 bit) and double precision (64 bit) data types as well as integer-to-float and
float-to-integer conversions. For more details see [9].

The Processor Programmable Logic Device (ProcPLD) [10] generates the Byte Enable
signals {BEO' ... BE3'} and the Write signal {WE'}, observing the following specifications:

—  During cacheable accesses the CPU always reads all the bytes in the double word,
whether or not they are needed to execute the instruction, and stores them into
the data cache. Therefore all four Byte Enable signals are active during read cycles.

- Refresh of the display memory happens 32 bit wide, i.e. all four Byte Enable
signals are active during display refresh.

-~ To comply with the exact Ram Controller timing requirements, the Byte Enable
signals are extended to the end of a bus cycle.

—  Byte Enable signals are disabled during addressing error and reset.

The Page Protection Programmable Logic Device (PageProtPLD) and part of the ProcPLD
allow protection against access to parts of the memory space. An addressing error
{AddrEn}, which generates a trap, occurs, if a protected field of the memory space is
addressed. For details see the RAM map, Fig. 3.9.

3.2. Bus Timing

In contrast to the bus management implemented in Ceres—1 or Ceres~2, no bus arbiter
exists in Ceres-3. The main data transfer always happens between the CPU and
memory, i.e. in Ceres—3 no other bus-masters can be added, and therefore no DMA is
possible. Input/Output data transfer requires additional wait states. Video memory
requests {VREQ'} are treated as normal memory requests. The data transfer within the
video memory (video memory data to video shift registers) is hidden to the processor
bus, simultaneous CPU accesses to the memory during those transfers are delayed.

Like in Ceres—2, the used processor can fetch or store an operand in two cycles,
whereas a memory access needs at least 6 cycles. Therefore four wait states must be
inserted. That leads to a ‘basic’ state machine with six states (idle, T0, .., T4). The
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sequence starts, if the processor asserts the signal {Conf'; Confirm bus cycle}, which
indicates that an initiated bus cycle is valid and terminates in T4 with signal {CPURdy'}
going low. As long as {CPURdy'} is inactive, the current bus cycle is extended. This
property is used to support slow devices. The signal {Conf'} must be synchronized
(74ACT74, u7), generating the signal {CPUREQ'}, because otherwise the setup timing
specifications of the Bus Control PLD (u8) would not be met.

For normal memory accesses to the video RAM, the signal {T'/Oe’; data
Transfer/Output enable} is held high during the first four states such that no video data
transfer happens during this phase. It is held low during the last two cycles of read
access, allowing to read out the data in the video memory.

Fig. 3.1 Bus control logic state diagram

Y S
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The state machine for the video memory accesses is basically the same (states: Idle, Td,
TOd, ..., T4d), the only differences are the insertion of an additional state (Td) which is
needed to switch the address multiplexors {signal DisplGnt} before the normal
memory timing for the video RAM take place and the activation of the signal {T'/Oe'}
for the video data transfer to the video shift registers. The sequence of the state
machine for the video memory accesses is entered if the signal {SDisplReq'} becomes
active, i.e. every eight lines of the displayed video signal. Fig. 3.1 shows the resulting bus
control logic state diagram which leads to the bus timing diagram in Fig. 3.2,

BCKL
CPUREQ'
Mstart
DS’
cPURdy'
T/OE

A

Din
(Read)

D out
(Write)
WRITE'

BER'

WAIT'

___40ns |
Idle TO ™ T2 T3 T4 Idle
I L] 1 1 I
> <9ns
L |
<35ns
[___
LI
<35ns
l_____
-+ <9ns
R >11ns t:
| L]
<32ns
<36ns _
—— —
>21ns|q |

Fig. 3.2 Bus signal timing
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Because of the faster Input/Output devices available today, only six additional wait
states (100..105, 106 is equal to T4) have to be inserted if the signal {IOEn’; 10 Enable}
is active. An unlimited number of extra wait states take place as long as {CWAIT';
continuous wait} is active. {CWAIT} is sampled during T3. Th.e signals {IORD'} and
{IOWR'} are generated to meet the setup and hold'tir'mng requirements of the slower
peripherals. They are decoded from {IOEn’} and {Write'} and depend on the state of the
state machine. .

To guarantee the correct data, {IOWR} is active until the end'of 105 (T3), whereas
{IORD'} is active until the end of T4. Fig. 3.3 shows the corresponding timing diagram,

40ns,

) WAIT
Idle | T0 T | T2 | T3 | 100|101 [ 102|103 ] 104|105 | 105 | 106 | Idle
70 ™M | T2 T3 {7173 (T3 | T3 |73 |T3 |73 [T3|T4

o | L L LI LU LT L LT

1

DS |

10Rd" | |

e

lowr' | NSRS DY S SRS U (U SIS, S ——

CWARF LT

Fig. 3.3 Bus signal 10 timing

3.3. RAM Controller

Two parts together are constituting the actual RAM Controller: The address multiplexor
and the NS DP8421 DRAM Controller/Driver (u22) [11]. The address multiplexor consists
of five 74ACT157 (u23..u27) [12] and multiplexes the addresses from the CPU and
video logic. The addresses are used by the DP8421 for the actual RAM addressing. The
DP8421 generates the required access control signals for the DRAM's and VRAM's. For
the block diagram see Fig. 3.5.

Refreshes and accesses are arbitrated on chip. The signal {MCs'; memory chip
select} comes from the address decoder PLD (u6) and is true for the address range OH
... O3FFFFFFH. '

On the falling edge of {MStart'’; memory start}, the bank, row and column addresses are
latched. The signal {RAS'} is asserted and access of the memory can take place, if both
signals {MStart} and {AReq’; address request} are active. The negation of {AReq'}
terminates the access. Access by the processor to the RAM is delayed during a refresh
indicated by the insertion of the signal {Rfip'; Refresh in progress}.
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After power up, the DP8421 must first be programmed. This is done through the
address bus. Programming of the DP8421 is done in the following sequence: The reset
pulse {RST'} sets the boot flag {boot’} (u6), the first write operation programs the
controller and resets the boot flag. The exact programmed configuration can be found
on page (46).

Fig. 3.4 shows the timing diagram.

wr 12 === | RO.RO
| rD Qr I
WRITE' : K Q : Boot' {u,-
Lo _ ___ l
RST"
WRITE 1 |
Boot' ‘ ‘
RO..R9
%8;'&? | vaidpogamming 77777777
ECASO"

Fig. 3.4 RAM Controller programming

Note: The controller generated signal {We'; Write enable, u22} is only used for the
DRAM's and not for the VRAM's where the signal {VidWe'; Video Write enable, u3} is
used instead. Write enable has multiple functions for the VRAMs and therefore the
signal {Vidwe'} is different from the signal {We'}.

" The outputs of the RAM controller contain high capacitance drivers; to reduce both
overshoot and undershoot on these signal lines, external damping resistors (R6.R23)
are used.
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3.4. Memory

The Ceres-3 Memory is divided into two parts: The dynamic random access memory
(DRAMY) [13] and the video random access memory (VRAM) [13].

The configuration of the memory is shown in Fig. 3.5.

Ma0..Ma9 D0..D31

RAM Controller
BEQ'.BE3 ECASO'.ECAS3' |
Memory Arra
A10.A17, A20, A21 Rasy || 7
val0.vald RO..R9 ByteO I Byte1 l Byte2| Byte3 I | 256 KByte VRAM
. . | ’l
| |
L2090 MBATD RAST' 4 MByte DRAM
p €0.C9 RS ] By;eOl By;ﬂl Byte2 | Byte3 | |{ et
. ! |
o1 B0, B1 HRASC o ayteo | Bytet | ytez | Byte3 | |4 Mayte DRAM
K. SO UL, N, SR
CASO
DisplGnt' CASY'
CASY
CASY

Fig. 3.5 Memory configuration

Individual byte accessing is controlled by the Byte Enable signals {BEQ"..BE3'}. Whereby
reads from the memory always happen double-wordwise, writes can be done byte
wise. {A22} and {A25} are used as input for the intemal memoty page decoder of the
RAM controller generating the signals {Ras0" .. Ras2'}. Address lines {A2 .. A21} provide
a double word address.

The dynamic memory is .built with four 1 MByte Single~Inline-Memory—Modules
(SIMM) and expandable to a total of eight MByte. It is organized with a 32-bit wide
data bus resulting in two banks with four MBytes each. The memory is designed to
accept 120ns dynamic RAM chips which operate with the processor with four wait
states at 25MHz. The reason for these, at first sight, many wait states, lies in the fact
that the video memouy is treated in the same way as the dynamic memory and that the
used video memory is slower than dynamic memory. But no significant gain of
execution time would be achieved with fewer wait states (caches of the processor
enabled) [2].

R DY MU
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The display memory uses so-called video RAM devices which have been developed
specifically for video applications. The 256Kbit dual port memory is equipped with a
64K x 4 bit Dynamic RAM port, a 256 x 4 bit Serial Access Memory (SAM) port and the
necessary controls to transfer data between the RAM port and the SAM port. The SAM v
port is connected to an internal 1024 bit data register. ;
The SAM- and the RAM-port can be accessed simultaneously except during a data ;
transfer between the array and the register. Fig. 3.6 .

K‘f D 10D 10D 10D
Input Input’ Input Input
ouh ut OuEt) ut OuFt) ut OU‘t) ut
Buffer Buffer Buffer Buffer :
A2.A9 i 1 i i !
Column Address 6 4 x 256 Columns
Buffer * C-Decoder | C-Decoder | C-Decoder | C-Decoder i
A10.A17
+
Row Address val10.v17 R 64KB memory | 64KB memory | 64KB memory | 64KB memory ;
Buffer ‘ array array array array 3
256 bit 256 bit 256 bit 256 bit
Data Register | Data Register | Data Register | Data Register
Selector Selector Selector Selector
Serial Serial Serial Serial
Access Access Access Access
Memory Memory Memory Memory
SOD SoD SOD SoD

Fig. 3.6 256 Kbit multi port memory

The display memory is implemented with eight 256 KBit video RAM's and organized
with a 32-bit wide data bus as seen from the processor and a 1024 x 8 wide data bus
as seen from the display controller. The display memory accommodates two bitmaps
that can be displayed alternatively.
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‘ Since two different types of memory chips, i.e 1MBit DRAM and 256 KBit VRAM, are
addressed by the same controller, the following memory addressing scheme was
implemented:

1 MBit memory bit cell array

A21
A20
Column Decoder /A10..A17

A2.A9, A18, A19
C_—:i> A19

A18
L A2.A9

[ Row Decoder ]

2
% Video RAM bit cell array size /U\m 0..A17, A20, A21

Fig. 3.7 Memory addressing schema

The low order address bits {A2 .. A9} and {A18, A19} serve as column addresses and
the address bits {A10 .. A17} and {A20, A21} serve as row addresses. The video memory
arfay is addressed that way too, ie. it can be written or read just like the DRAM. To
address the desired row from the video memory array to transfer data from the video
memory array to the data register (which will be actually shifted out serially), row
addresses {va10 .. va17} are generated from the video control circuit.

Because the video memory column addresses for this operation (transfer from array
to data register) are used to set a pointer to a specific data register position, which in
our case is always position zero, the inputs of the address multiplexers are set to '0’ by
connecting the corresponding inputs to ground.



3.5. Memotry Map

Fig. 3.8 shows the reserved memory locations for the RAM, ROM and 10 devices.

4GB r____.[_
16MB 10 Devices
Byte Bus — FFOO0000H ~ ——
~ FAO00000 H
16MB~ 10 SEL1 L
F9000000 H
16MBL  IOSELO
e F8000000 H
Byte Bus — F1000000H

FO000000 H

64MB 04000000 H

02040000 H
02000000 H

00800000 H

00400000 H

00000000 H

s actually inserted

Fig. 3.8 Memory map

4KB

4KB

4KB

4KB

4KB

4KB

4KB

4KB

Int Ackn.

DiP-Switch

Mouse

UART and
Display Control

Floppy

RTC

ICU

SCst
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FFFFFO0O0 H

FFFFEQ00 H

FFFFDOOO H

FFFFC000 H

FFFFBO0O H

FFFFA000 H

FFFF9000 H

FFFF8000 H

FFO00000 H
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Figure 3.9 shows the RAM-part of the memory map with the different protected (in
user mode only) areas.

4MB 00400000 H

L RAM-Disk 3 Read/Write protected

2MB 00200000 H
WL RAM
16K8 00004000 H
Write protected
1KB 00000400 H
Read/Write protected
00000000 H

Fig. 3.9 RAM map

3.6. The Address Decoder

The Address Decoder PLD (u6) and the 3—to 8~line decoder (74ACT138, u5) provide the
enable signals for the different locations. During the boot process, the start address 0 is
mapped to the ROM address by enabling the signal {ROMSel'} instead of enabling the
RAM-array {MCs'} located at this address (done by the Address Decoder PLD).

For easy support of byte oriented IO-devices, a byte wide data bus is selected for
the address blocks: FOOO0000H .. F1000000H and FBOO00COH .. FFOOO000H.

3.7.The Boot/System ROM

The Boot/System ROM (u35) [13] holds the boot- and the system-programs. To avoid
the usage of four instead of a single chip, the dynamic bus sizing feature of the
processor is used. Through the processor input signal {Byte'; processor: BW1}, it is
possible to switch to an 8-bit wide data bus for each ROM access.

The size of the ROM can be chosen by jumpers. Currently used is a 1MB EPROM,
possible is 27C64 .. 27C4001; access—time shouldn't be slower than 200ns.
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3.8. Video Controller

In order to understand the display refresh controller, the display parameters of the high
resolution CRT-monitor are explained first. Fig. 3.10. ‘

. 1344 pixels .
1024 ol 320
o1
Pixels per line 1344
Lines per frame 826
Displayed pixels perline 1024
active Displayed lines 800
826 800 display
8 interval Frames per second €7.16
ines Pixel clock frequency 74.560 MHz
Pixel time 13.4ns
Data transfer rate 55 MBIit/s
26
Y

Fig. 3.10 Display parameters of the CRT-monitor

As can be seen from the illustration, the total frame time consists of the active display
interval, the horizontal blanking interval (horizontal retrace), and the vertical blanking
interval (vertical retrace). The pixel clock frequency is the product of pixels per line,
lines per frame and frames per second:

f (pixel) = 1344 x B26 x 67.16/s = 74.560 MHz

The structure of the display refresh controller is shown in Fig. 3.11. The following
components can be distinguished:

- the clock generator provides the clock signals for the video shifter and the
horizontal and vertical counter.

- the horizontal and vertical counters keep track of the position of the
displayed picture element (=pixel). Derived from the counter state, control
signals such as the ones for the synchronization of the display monitor
are generated; furthermore, the counters determine the memory array
address of those display lines which have to be refreshed next.

- the display memory, which is arranged as a 3—dimensional amay
of 8 memory devices organized as 256 lines of 256 bits..

- the video shift register transforms the data which is transmitted by
the VRAM:s as 32-bit entities into the bit-serial video data signal.
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Clock Dclk' (f)
Generator Sid' (£/8)
f=74.56 MHz
[cclk (f4)
\J Soed’'
Goe%:
Horiz. §oe0”
Counter ggltlh
]
Vcﬂr Cclk
Byte 3
Video " Bit24.31
Vert ya10.ya17, M:To,y | shift
Counter il Re islter
- Byte 2
Video " sitt6.23
> Memory Shift
Array Register
i »| Byte1
. Video Bit8..15
| Memory shift
Array ™| Register
Video . gﬁgg
| Memory Shift
Array *| Register

* Video
Shifter

| VIDEO

HSYNC',

VSYNC'

Fig. 3.11 Video controller block diagram

The clock generator circuit uses a hybrid 74560 MHz oscillator (u28). Its output
provides the pixel clock {Dclk'’}. A quad D-type Flip-Flop (74ACT175, u29) and a dual
D-type Flip-Flop (74ACT74, u30) act as divider and shifter of the pixel clock. It
produces the clock signal {Cclk’} for the horizontal and vertical counter and the load

signal {Sld'} for the video shift register.

The horizontal (u33) resp. vertical (u34) counter is made up of two PLDs.
Horizontally, the counter represents the pixel position divided by 8, while the vertical

counter state corresponds to the line position. The two PLDs generate the waveforms of

the horizontal and vertical control signals based on the counter state.

The following signals are provided:

- {HSYNC'} and {VSYNC'} are responsible for the line and frame synchronization
of the video beam. '

- {Blk'} deactivates the shift load input of the video shifter during the horizontal !
and vertical blanking interval.
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—  {Vclk} increases the vertical line counter by one at the end of each cycle of
the horizontal line counter.

- {DisplReq'} causes the VRAM shift register to be reloaded with a new bitmap
block every 8 display lines, thereby allowing the counter output signals
{va10.va16} to be used as the bitmap block address. The bitmap block
address {va17} switches between the two bitmaps which can be displayed
and is provided by the UART (OP6).

- {DisplGnt'} clears the display request signal {DisplReq'}.

- {DisplEn'} (UART, OP5) set to O prevents any display request. The display
is still refreshed with the content of the VRAM shifters which no longer
will be loaded. The shifter input signal {SI} now defines the video data signal.
In order to guarantee a blank screen, {SI} is connected to {Inv.}. In the inverse
mode, {Sl} is setto 1 in order to get an inverted video signal of 0.

The horizontal ‘counter controls the clock signals {Sclkh'} and {Sclkl'} as well as the
output enable signals {Soe0'..Soe3'} of the VRAM shift registers.

The timing relationship of the different signals can be seen in Fig. 3.12.

310 7|8 15116 23|24 31

octe JI[INAMMANATARTLTRANY AR
cak [ ] I 1 |

sid'_ 4 4 L U

Sclkl' |

Sclkh' _|

Soe0'

Soe?’

Soe2'

Soe3'

Fig. 3.12 Clocki.ig signals of the display refresh controller

The video shift register is realized with a 74F166 8-bit shift register (u31) {14]. its
output, the serialized video data, is EXOR'ed (74AS1000, u32) [15] with the signal {Inv}
(u38, OP7), which inverts the {video} signal. The output serial resistor R27(33 ohms) is
used for the adjustment between the TTL-level signal of the controller and the ECL
input of the monitor.
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3.9. Extensions

Extensions are possible through two DIN41612 connectors with 3x32 pins. Card size is
that of a single eurocard (100 x 160 mm). Signals are not buffered, i.e. there is direct
access to the processor bus. If more than one load is applied, buffers have to be
provided on the extension cards. Connector 10 0 is fully wired for 32 data- and
address-bits operations, whereas connector 10 1 is wired for 8 data and 16 address bits

only.

3.10. Input/Output Devices

The following Input/Output devices are built in: Interrupt Control Unit (ICU), Universal
Asynchronous Receiver Transmitter (UART), Real Time Clock (RTC), Serial Communication
Controller (SCC), Floppy Drive Interface, Small Computer System Interface (SCSI) and a
DIP-Switch. Fig. 2.1

Since all 10 devices are using a 8-bit wide data bus {Id0.1d7}, they are connected
through one transceiver chip (74BCT245, u4) to the processor data bus {D0..D7}. As
long as one of the IO devices is selected, the transceiver chip is selected too {loDatSel’;
Input Output Data Select}. Part of the address space (FBOO0000H .. FFOO0000) is
assigned to the different devices (memory mapped 10).

An address decoder (74ACT138, u5) provides the appropriate select signals.
Additional 10 signals, i.e. addresses 2.5 {loA2.10A5}, read {IORD’}, write {IOWR, are
supplied through a buffer chip (74ALS541, u3). Device register addresses are
double—word addresses. Therefore address bits A0 and A1 are ignored.

3.101.1CU

The ICU (Am9519A~1, u36) [16] accepts up to eight maskable interrupt request inputs,
resolves priorities and supplies programmable response bytes for each interrupt. The
latter feature allows the CPU to acknowledge interrupt requests in the vectored mode,
interpreting the ICU's response byte as a vector value. The group interrupt output {Int}
is synchronized with {BCLK} (u1), generating the signal {Cpulnt’}. The ICU inputs the
following interrupt signals (listed in descending priority):

— INTO'": counter/timer (Timerint’)

-~ INT1": RS—485 and mouse channel (SCCInt’)

-~ INT2': RS-232 interface (UartInt)

~  INT3': SCSl-controller (SCSlint)

~  INT4" keyboard (KBInt')

~  INT5": floppy drive (FlpyInt)

- INT6" reserved for further IO device expansions (IOINTO')
~ INT7": reserved for further 10 device expansions (I0INT1")

The 10 address decoder generates the signal {IntAck’} which is used to get the interrupt
vector.

e b
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3.10.2. UART

The UART (5C2692, u38) [17] provides two independent, full-duplex asynchronous
receiver/transmitter channels with a programmable baud rate for each receiver and
transmitter selectable from 50 Baud up to 38.4 KBaud; multi-function 7 bit input port;
multi—function 8 bit output port, and a programmable 16 bit timer/counter. One
channel (channel A) is used for the keyboard {RxDA, TxDA}. Bit 4 (OP4) of the UART
output port is used for the keyboard interrupt signal {KBInt'}. A RS 232-C intetface is
implemented with the other channel (B). In addition to the two data lines, {TxDB;
Transmit Data} and {RxDB; Receive Data}, the most common control signals, {CTS;
Clear to Send} (IP1), {DTR; Data Terminal Ready} (OP1) and {RTS; Request to Send} are
provided. For correct voltage levels (+/-12V) within the interface, a level shifter
(DS1228, u39) is used. Other used bits of the output port are: bit 3 (OP3) as timer
interrupt; bit 5 (OP5) to enable or disable the display; bit 6 (OP6) to change between
the two memory pages which can be displayed; bit 7 (OP7) to change to inverse video
mode. The UART's crystal oscillator requires an external 3.6864 MHz crystal. A buffered
version {UCIk} of this clock {UartX} is used by the SCC.

1PO: OPO: .
IP1: Clear to Send (RS232-C) OP1: Data Terminal Ready (R5232-C)
1P2: OP2:

IP3: OP3: Timer Interrupt'

IP4: OP4: Keyboard Interrupt’

1P5: OP5: Display Enable’

IP6: OP6:va17

1P7: OP7: Invers video

3.10.3. RTC

The RTC (M3001, u44) [18] contains a time of day clock and a calendar. The address
and data registers are multiplexed over eight data lines. Time information is stored in 7
15 by 8 bit RAM. Write—in and read—out are performed as in a conventional RAA
External components include a 32.768KHz crystal for the on-chip oscillator and .
Lithium cell battery to keep time and date when no external power is supplied.

3.104. SCC

The SCC (Z85C30, u42) [19] is a dual channel, multiprotocol data communication
peripheral. The SCC functions as a serial-to-parallel, parallel~to-serial
converter/controller. It can handle asynchronous and synchronous formats including
Synchronous Data-link Control (SDLC) which is a specialized IBM~protocol with minor
modifications to the High—level Data-Llink Control (HDLC) standard protocol.
Synchronous data rates up to 1 Mbps are possible (X2 inserted, UClk interrupted), but
because of compatibility reasons with Ceres-1 and ~2, only data rates up to 230.4Kbps
are actually used. :

Channel A constitutes an RS-485 serial line interface using a high-speed
differential 3-state line transceiver (DS3695, u43). The SCC's "request to send” output
{RTSA'} defines the data transmission direction, output "Data Terminal Ready” {DTRA}
disables the receiver input during sending.
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The SCC requires an external clock {PCLK}, which is derived from the processor clock
{BCLK} (u1, 12.5MHz), an additional 3.6864 MHz clock {UClk; UART-clock} is used for
the receiver/transmitter channels.

Channel B is used to implement the serial mouse interface. The interface keeps
track of the relative mouse position and holds the state of the three mouse buttons. |
The communication format is asynchronous and halfduplex (RS-232). To fulfill the -
polarity requirements of the SCC, an inverter (74ACT14, u0) is used.

3.10.5. Floppy Drive Interface

The Floppy Drive Interface (DP8473, u41) [20] connects the 3.5" Floppy Drive with the
system bus. The controller incorporates a precision analog data seperator which
includes a self timming delay fine and VCO. Also included is an address decoder for
the {loA2.loA4} address lines, the motor/drive select registers {DRIVE SELO', DRIVE
SEL1', MOTOR ONO'}, Disk Changed status {DSK CHG} and interrupt logic. The DP8473
is set to work with a MFM data rate of 250kb/s by setting the appropriate values for the
filter capacitors/resistors (C12 .. C15, R32, R33) of the data separator. Other extemal
components include a 24 MHz crystal (X1) and five pull-up resistors (4K7, RA2) for the
drive output signals. Also, the drive offers a 2MByte storage capacity, only the 1MByte
mode is used because of compatibility reasons (Ceres-1 and -2).

3:10.6. SCSI

The SCSI (DP8490, u40) [20] is an Enhanced Asynchronous Small Computer System
Interface (EAS! SCSI). It can act as both Initiator and Target. The system bus interface
consists of non-multiplexed address {l0A2 .. l0A4} and data busses {IdO .. Id7} with
associated control signal. The address lines {loA2 .. loA4} select the register for system
bus accesses. No DMA data transfer is implemented. The SCSI data bus signals are
terminated with 220 ohms (Vcc) and 330 ohms (GND).

3.10.7. DIP-switch

\ DIP-switch (s1), which is buffered (74ACT541, u37), holds 8 bit of information (read
nly). Bits 0.5 (s1..56) are used to specify a network number, bit 7 (s8) distinguishes
petween cold ('0) and warm ("1") start of a system boot. The off position corresponds
to a logical "1". ‘

3.11. Miscellaneous Devices

3.11.1. Mouse

The Mouse [21] works opto-mechanically, i.e. if the user moves the mouse over a
surface, the ball underneath is rotating. The ball movement is translated into X and Y
movements by two perpendicular shafts activated by the ball. The motion of a shaft,
sensed by optical decoders, causes the two output bits for that direction to form waves |
in quadrature. Frequency is determined by the speed; phase (+/- 90 degrees) by the
direction of travel. The resolution is 200 dots per inch.
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The used mouse can handle different transmission protocols, the underlying protocol is
the standard RS-232 protocol with one input and one output data line (MSTXD,
MSRXD). Data is transferred in the so called '"MM Series Data Format’, i.e. data is an
uninterrupted flow of reports. Each report contains three bytes, byte~format is nine bit,
where eight bits are data bits and one is an odd parity bit. The first byte contains the
key data and X and Y direction, second (X) and third byte (Y) the distance travelled
since the last report (relative movements). '

Data format (MM-Format) and baud rate (4800 baud) are set by jumpers in the
mouse (JO: 1;J1: 0;J2: 1;)3: 0; J4: 1) and not by software. Request to Send (RTS) and
Data Terminal Ready (DTR) signals are interally (within the mouse) linked together,

connected with Vcc and used as supply voltage for the mouse. This version of the
mouse uses five volts only.

3.11.2. Keyboard

The Keyboard [22] is VI-100 compatible with minor changes to the key code table
which is stored in an EPROM. 1t has a full duplex serial output/input with a data rate of
300 baud. The format of a databyte is 1 start bit, 8 data bits and 1 stop bit, positive
logic. Programmable devices are the LEDs and the beeper. See page (47) for complete
key code table..

3.11.3. Monitor

The Monitor [23] is a 19-inch CRT black/white model. Input scan frequencies can be
adjusted internally within a range of 32 KHz to 128KHz for the horizontal and from
49Hz to 120Hz for the vertical frequency. Input Voltage range is from 180 VAC to 264
VAC, the power consumption is 64W. The two synchronisation signals have TTL levels,
whereas the video signal is ECL differential. '

3.11.4. Power supply

The Power Supply [24] is built into the monitor. This is done for heating and safety
reasons. It is a universal input switching mode power supply with a maximum power
output of 40W. Input voltage can range between 85 VAC and 264 VAC, input frequency
range is 47 Hz to 440 Hz. Output voltage is 5 VDC. Its mechanical dimensions are 127
x 76.2 x 30.5 mm.

3.12. Physical values
The following values are additionally noteworthy:

The physical dimensions of the Ceres-3 enclosure are 335 x 337 x 63 mm.
Total chip—count comes to 50.
Total power consumption: 74W; (10W for logic, 64W for monitor).
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4. Design decisions

The following points show how the ideas and experience gained from other projects
led to the implemented solutions. :

~  As few mechanically moving parts as possible. Moving parts are always noisy and
need to be replaced sooner or later. Therefore, no winchester disk and no fan is
built in. The only device with moving parts is a floppy drive.

~  No winchester drive. Winchester drives have to be cleared and loaded when used by
' different student groups. Therefore the RAM—disk technique was implemented with
the welcome side effect that file access becomes very fast.

— The Ceres-3 enclosure should be small but without need of a cooling fan. An ideal
solution was found in a cabinet fitting under the monitor stand.

—  As few connectors as possible. Connectors usually require the use of drivers and
are mechanical parts with all their advantages (flexibility) and disadvantages
(voltage drops, reflections, unreliable connections). Therefore, necessary connectors
were mounted directly on the board.

— To save ICs and space and to gain speed, no driver chips were used for the data~
and address bus.

- Cables are always toilsome, most of the time they seem to be in the way. Therefore,
they should be as few as possible and be as short as possible. We put the video
signal and the voltage supply wires into the same cable. By putting the power
supply into the monitor cabinet we needed only one short power cord. ’

— Expansions: Since Ceres—3 was specially designed for student use, expansions are
needed only in a limited way.

— Monitor: We decided to take a 19-inch monitor. Ideal refresh rate should be
70 Hertz or more, which we slightly missed (67.16 Hz).

- To save ICs, a serial mouse (which uses a channel of the SCC) was chosen
instead of the parallel mouse used by Ceres-1 and -2.

- The Processor N532GX32 was chosen because it is compatible with the N532532
processor which is used in Ceres—2. The missing MMU function of memory
protection in supervisor mode was achived by the addition of a single PLD.
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5. Ceres-3 Production

After completion of the second prototype the following time schedule was proposed:

Feb. March April May
|1||||||||||||||| 1990

L Spring break )

0 .0.0.06 & |
@

June July August Sept. Oct.
T S T ST N T S R T I B T

| Summer break i

L ® . e ® , ® , ®
L ® L ® ., B, ®,

Fig. 5.1 Ceres-3 Production: Time schedule

Completion of second prototype

Ordering of parts

Completion of documentation

Holidays

Preparation of parts

Preparation of monitors for additional power supply
Board stuffing and soldering (done by a company)
Assembly of power supply into monitor

Assembly of computer board into cabinet
Assembly of computer board into cabinet ,,
. Assembly of power supply into monitor i
. Testing (Bum-in)

Installation of the Ceres-3 Lab at the ETH main-building (60 units)
Removal of Liliths from the Lab at the IFW building
Installation of the Ceres-3 Lab at the IFW building (25 units) v
Removal of Macs from the Lab at the ETH main~building
Exchange fumiture at the ETH main-building

. Time reserve

LN~ WN =

T N U . W [ W,
PNOOPWN=2O
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In spite of opposition "why don't you just buy another workstation?” and resistance "we
have other things to do” for this project, the succesful production of 100 Ceres-3
workstations shows, that it is possible at this university not just to design a prototype,
but to build a complete series of professional quality at substantial savings. Several
points are essential for succesful production: experience, knowledge, and contacts
gained from earlier projects, and confidence and freedom granted.

Essential for a succesful processing is the exact accordance with the proposed time
schedule. Suppliers have to be checked over and over again for on-time deliveries.
Since this was a more than unusual project and the time schedule was rather tight, it
was necessary to do a lot of things by ourselves, just to make sure they were completed
on time.

Difficulties appeared already when parts were ordered. Small quantities never seem
to be a problem, but some companies were having troubles to deliver bigger quantities
in time. Often it was awful what kind of excuses were used to justify delays. Typical
ones are: "It's in the mail’, "holidays", "strike of the third party supplier” and so on.
Remarkably enough, deliveries were always possible after threating with financial
consequences.

To save money, some parts were ordered directly in the US. This was done when
the money saved justified the troubles and risk not to have a sales representantive
nearby. Therefore, most ICs were ordered in the US but no delicate parts like monitors.
Additionally, we bargained hard for every part orderd. Both actions lead to savings of
around 25 to 30% compared to the official price. Concret figures are sFr. 7°000.— as
estamited and sFr. 5'000.- as finally paid price per station at the mentioned quantities.

After the receipt of the parts, they were sorted and prepared for the subsequent
treatment which included the stuffing and soldering of the boards as well as the cabinet
manufacturing. During the design phase special care was given to minimize mechanical
work, therefore, cost of farmed-out labor was small.

The assembly was done in a basement-room of the Informatik-building. One of
the first tasks was the additional installation of the power supplies into monitor

_ cabinets, followed by a thorough test of the units.
~ In the meantime, the assembled boards had been received and the last few items
were installed. Thereafter, a first test phase of the workstations took place. The first test
was done with a simple test program stored in the EPROM. It included the testing of
the processor, DRAM and VRAM, but none of the 10 functions. Thanks to a clever test
procedure all of the defects, mostly solderbridges, were located very quickly. The second
test included all the 10 devices like UART, SCC, SCS!, Floppy and RTC.

During those test phases it was discovered that the specification of the
RAM-—Controller used in the prototype and the one used in the series had slightly
changed, resulting in a deadlock of the workstation after a warm-start. The problem
was solved by replacing the BusPLD. This solution sounds easy, but the search for the
problem was rather nervous because there has never been a notice about the change of
specifications. ‘

After those initial tests, a one week bum-in took place with very few failures.
During the same time, some specific changes on mouse and keyboard became
necessary. In time for the sommer break all of the machines were ready to be installed.

The first thing done during the summer break was the clearing of the old Lilith-
and Mac laboratories to make room for Ceres-3, followed by putting in new fumiture

- ) r
e
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and the installation of the electrical power and the network. Because of the simple
structure of the network and the small power requirements, this was done quickly,
especially since no additional air conditioning was necessary and the existing power
lines were sufficient. '

Then the workstations and the server were installed and secured against theft by a
simple mechanical protection.

After one year of use the solutions chosen have proven to be right, i.e. both necessary
and sufficient for the specified purpose.
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6. Conclusions

Ceres—3 Is the latest member in the family of Ceres workstations. The design clearly
shows, that even today it is possible to develop, by using the latest technology, a
powerful and simple workstation by concentrating on the essential.

it also shows that even a very small team is capable of designing such a computer and
to build a series of 100 units.

The experience and inside knowledge gained, the fact, that every detail of Ceres-3 is
well understood, is much appreciated.

A further accomplishment of the Ceres-3 design is a reduced chipcount which
increases the reliability and allows for minimal power consumption, which makes it
unnecessary to install additional air-conditioning in the student labs.
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A.2 Memory (DRAM), Video—-Memory (VRAM)
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A.3 Memory Controller
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A4 ICU, DSW, KBD, UART
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KD RO D1 |22 d¢
OWR_8lwg  ps (18— 1d5
atsel' 351 cor D6 j22— 16
(19 1d7.
L ;) RESET D7
33 ;]2 INT |1 Uartint’
0pF FC5
X0 S 3.6864MH2
!22pF T4 T Uartx
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A5 Video-Controller

N
0]
S5
3
3

u28
Oscillator

CLK

DK

KCL CE

13

74.56MHz

u33
1 0e3'
.13 0e2"
Horiz, 0el
PLD oe()f
Scikh'
Sclkl'
2 HSYNC—vip.3
15
uld
. $ VSYNC!
Hole 47} Vet 5 Bik’ VID.2
velk —14] PO |7 vall
1 8 T}
] ¥a
110 i
13 yal14
3 | 16 ya:
1z YA
§ DisplReq’

vID5




A.6 SCC, Mouse, RTC, Boot-EPROM

2o neT6r
o5 NET.3+5
NET4

785C30-16
PCLK ——2pcik
Uk 6. o—12RTxCA' RxDA|
U ? xDA
23] .
(147456 MHz) | x2 () T [SYNCE
Jg|SYNCA'  DCDA
sccq———33]RIXCE CTSA
IORD' 36 gg, &&of:y
OWR' E v Ttl’\xcw
A/B TRA
INT TRXCB
Yoo ———dhina  reap
HIEl
2iE0 TxDB
d7 RTSE’
Id6 37127 DTRB!
d5 D6
ldd 35105 RxDB
r E—
D3 5
—1
[T — vee
|00 GND
Vee
] »
D1 ¥ BATB5 TEnT
Zive  puLse (23
5.40pF == 17 o|'E BUSY 2 o
+ [1uF 21 xin g; rd
C16 T 32.768KHz gﬁ‘ X3 s :
D4
Xout 2[1
Blﬁv Lves D3
£1yNC' DA ; i
v Bl D :
OWR 10 g/E\'N ral2!
0A2 11| A5 VDD 24 Vee
vss 11__j

27C64 | 27¢256 | 27¢1001 | 27400
1] vp V) Vpp A8
e DR | e
27C64 A
Q ;i A0 370256 YRy A6 A12 A12
T A1 27C1001 5| A5 A5 A7 A7
4 g 27caot Tl | A ol o
& A4 8 | a2 A2 A A4
g AS 9 | Al Al A3 A3
& b{ns Qo2 10 | A0 A0 A2 A2
a A7 al 11 | Qo Q0 Al Al
418 o[15 12 | O Q1 AQ
& 5 Q3 131 Q2 Q2 Qo Qo
& Hato e 4 14 | GND | GND Qt Q1
au A1 S[19 5 15| Q3 Q3 Q2 Q2
8L a2 Qélae 6 16 | Q4 Q4 GND | GND
S AR, O ile g |8 |8
Z-OjAT4 )
M-oﬂw o A15/Vpp 19 | Q7 Q7 Q5 Qs
Xe Wppbo— N 20 | ce CE/PGM| Q6 Qs
A flae| &7 & | &
A17 A17/Vee ! 3 3 !
e o] | 2 v 23 | Al Al A0 A10
A18/Vpp Ve U1 A A3 OF' OF'
(PGM' GND 5| As A8 A1l A1
2% | NC A13 A N
27§ paw | Pom
R29 2 24 28 | Ve Vee A3 A13
: 29 A4 Al4
30 NC A17
3 PGM | WE
32 Vee Vee
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A.7 Bus Controll, 1/0 Decoder

ut
Vee (a8} '
2 —4]5% 88 2 RST
arllik L7705 DispiReq’ 51pq g} %.___‘melﬂnq'
RSTI' Sense . It 12ipy 8; }%,_.___Cnulﬂ.l'._
6 [0 13 15 PCLK
f D3 Q3
Shes Vref RSTO . 1K Qi
Ct  RSTO' cK Cl
o c1 4 ’I
otuf| [1uF
) P
Conf . 2 ’
D q - .
A7c;r SDisplReq”. 2} gus 0
Write' 11} Controll {5 MWin'
Bl Cals ro 71 [ —
R Rlig" 17 7 CPURdY'
T 9 ORd’
10 OW?
w7 |10 15 isplGnt’
MWait 12 0°q Walt! 3 q'
AT loobns SOWATT 4
W ol BCLK 34 Res 228
Ty R O heae
560E 1K
270E
us
°l1 CSlSel
At ol S CUSel
S4 qril TCSef
A13 2l aft Elpysel’
52 qail !
m____‘_L y uﬁﬂl .
s1 Q%[ Dawse
Q7 2 IntAckl
EEE
4 sls
- Vee
- ub
YWRITE
v ecoder 3
! o PN
Q 3 1 QFn'
9 2 19 g
ot 14 20 Q3T 100,b10
A% 92 1QDec > 101.610
[ 1
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A.8 SCSI, Floppy, 1/0
u3 ud
_ ALS541 . BCNR45
A2 2ipo  yo [i& 042 0 A BofE
a3 o1 iz 2 1
Ad D2 Y2 A4 ﬁ) 51 s
A5 D3 v3 [l 9Ag 3 s B 3
oBd D4 Y4 [ QD i00b6/101bs 144 A4 Bafl :
oW D5 Y5 <D100.8/101b8 A5 BsfL
UatX &l v i Clic 7 YT
] N d7 T 7
Go ot | A9 3E T o
1] 19 ‘ T 19
foDataSel
ud0 ud1
DPBAS0 DFga73
220¢( || 3308 —T1 OIRZ—DIRECTIONIN' —, oo
B8 owop iMooy gt Ao o
LA v 8 v L.
—2m oBY [E——REL-oscsian 4103 woare = WRIERN & rp3y
—1p5 DBY BEL-Ooscsi i 2154 WDATA WRITE DAIX = £y
lad D4 Dby [E—H—REX S5ciiio  ide 273 DRO DMJHL_D FD6
8 2105 DB T rOsosla 1z 280° DR B Fp1p
D6 DBS 5. L —MOTORONT S £p46
dz 47 oBs F——H—RBE - Sscsiny 1082 120 MR [£) 042
loA? 30| D87 T TRERC - —T1 e RPA/LC FD14
A0 TN o
o821 D8P’ 5C51.20 ; . .
cstsel 21| RS 13 By e d g8n |5 inoex PR o ros
v Cs' BSY' [1 SELTosCsle WR'_14]\p: DSKCHG/RGETITJrig— = D2
: RD' SEL' H OS5CsI19  Bst FET M TRKO < £D26
DUE—Lhwe  ack fHE——AE-oscsis o RESET wwerper |12 WRIFROT S (525
< RESET ATN' TOSCsL17 INT RDATA FD30
SCSlint 23] INT REQY 2 H REQ X
2 Aol AL TTo =S FILTER P& 560 33nF 150F
sora 4 T TR DAK
Mok S e T
27|REAL
EOP vee p—Ys¢ 05C1 FGND250H0— l
GND FGND5 10nF
SETCUR S 5Re n
F
osc2 vle 117 Vee
$C51.7/9/14/16/18/24 => GND Savive GNOA
pUMP/PRENSNDE
GND

FD.1/3/5/7/9/11/13/15 «> GND
FDA7/19/21/23/25/27/29/31 => GND
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Always Front-view
L{a]
131211109 8 7 6 5 4 3 21

9pol D-Sub (female)

VIDEO/POWER

5
833883

6789
0000

9pol D-Sub (male)

RI11 (4/4)

B.1 Extemal Connectors

Pin Direction Mnemonic

1 1/0
2 1/0
3 1/0
4 170
5 170
6 110
7

8 110
9

10 /O
11 /O
12 1/0
13 1/0

REQ'
MSC'
1/0'
RST'
ACK'
BSY'
GND
DBO'
GND
DB3'
DB5'
D86’
DB7'

Pin Direction Mnemonic

|
0
o}

W=

nc (DCD)
RxD'
TxD'
DTR
GND

Pin Direction Mnemonic

0

UB N =

o
0O
O

Vee
VSYNC'
HSYNC'
GND
VIDEO

Pin Direction Mnemonic

1
2
3 1710
4

nc
nc
D-
GND

Pin Direction Mnemonic

1
2 (0]
3 I
4

GND
TxD
RxD
Vec

Pin Direction Mnemonic

1

2 0
3 |
4

GND
TxD
RxD
Vee

Pin Direction Mnemonic

14
15
16
17
18
19
20
21
22
23
24
25

170
170

1/10
1710
1/0
170
1/0

GND
c/D
GND’
ATN'
GND
SEL'
DBP'
D81’
DB2'
DB4'
GND
nc

Pin Direction Mnemonic

6
7
8
9

0]
o]
l

nc (DSR)

‘RTS

CTs
ne

Pin Direction Mnemonic

6
7
8
9

0]

0
0

Vee

GND
GND
GND

Pin Direction Mnemonic

5
6
7
8

110
170

1/0

D-
D+
nc

D+



Always Front-view

Pin

100 a1

100 a2

100 a3

100 a4

100 a5

100 a6

100 a7

100 a8

100 a9

100 a0
100 a11
100 a12
100 a13
100 a14
100 a15
100 a16
100 a17
|00 a18
100 a19
100 a20
100 a21
100 a22
100 a23
100 a24
100 a25
100 a26
100 a27
100 a28
100 a29
100 a30
100 a31
100 a32

101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101

B.2 Intemal Connectors 1

12345 3132
LC OOOOOOOOOOOODOOOOOOOOOOOOOOOOOOO C
bﬁ OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOEb
a OOOOOQOOOOODOOOOOOOOOOOOOOOOOOOO a
Direct. | Mnic Pin Direct. Mnic Pin
170 | AO 100b1 101 +5V 100ct 101
170 .| A 100b2 101 +5V 100c2 101
/0 | A2 100b3 101 GND 1003 101
1/0 | A3 100 b4 (o} CPUREQ' {100 ¢4 101
1/0 | A4 100 b5 JO1 GND 100c5 101
1/0 | A5 I00.b6 101 0 IORD' I00¢c6 101
1710 | A6 I00b7 101 GND I00c7 101
1/0 | A7 I00b8 101 (e} IOWR {00 c8 101
10 | A8 100b9 101 GND 100 ¢9
1/0 | A9 100 b10 101 0 JOSELO'(1)] 1O 0 c10
1/0 | A0 | 100 b11 101 GND 100 ci1
170 [ A11 {100b12 101 (¢} PCLK 100 e12
1/0 [ A2 }iI0O0b13 101 GND 100 13
1/0 | A13 }100 bi4 o} BCLK 100 c14
1/0 | A4 JI00Db15 101 GND 100 c15
1/0 | A5 ]100b16 101 e} RST' 100 c16
1/0 | A16 |100Db17 101 GND 100 17
I/0 | A17 J100b18 101 | CWAIT' 100 c18
10 | A18 |100b19 101 GND 100 c19
/0 | A19 |100b20 101 | IOINTO'(1)} 100 20
I/0 | A20 |100b21 101 CND 100 c21
170 | A21 |100b22 101 o} WRITE' 100 €22
110 | A22 |100b23 101 GND 100 c23
1/0 | A23 100 b24 (o} DS 100 24
1/0 | A24 1100 b25 101 GND 100 25
110 | A25 100 b26 o} BEO' 100 c26
110 | A26 | 100 b27 e} BE1' 100 27
110 | A27 |100b28 0 BE2' 100 c28
110 | A28 |100 b29 o BE3’ 100 29
170 | A29 1100 b30 101 GND 100 c30
1/0 | A30 |100Db31101 +5V 100 31
110 | A31 |100b32 101 +5V 100 32

Direct.

170
1/0
1/0
1/0
170
170
1710
/0
170
1/0
170
1710
170
170
170
170
170
170
1/0
170
170
170
170
170
1/0
1/0
110
1/0
170
170
/0
i’70

Mnic

Do
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12

- D13

D14
D15
D16
D17
D18
D19
D20
D21
D22
D23
D24
D25
D26
D27
D28
D29
D30
D31

43
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B.3 Internal Connectors 2

Always Front-view

FLOPPY Connectors

246 34 4321
[00966000000000009

T35 33 PCB

1 CND 2 DISK CHANGE/ OPEN 1 Ve

3 GND 4 INUSE 2 GND

5 GND 6 DRIVESELECT3 3 GND

7 GND 8 INDEX 4 nc

9 GND 10 DRIVE SELECTO

11 GND 12 DRIVE SELECT1

13 GND 14 DRIVESELECT2
15 GND 16 MOTORON

17 GND 18 DIRECTION SELECT

19 GND 20 STEP

21 GND 22 WRITE DATA
23 GND 24 WRITE GATE
25 GND 26 TRACKOO

27 GND 28 WARITE PROTECT

29 GND 30 READ DATA

31 GND 32 SIDE ONE SELECT

33 _GND 34 READY/ DISK CHANGE/ OPEN

B.4 Monitor Connectors

VIDEO

4pol Mini-Sub Serie 712
(fermale)

AW

Mnemonic Pin

ECLVIDEO
nc

HSYNC'
VSYNC'

nc

Mnemonic

GND
GND
Vee
Vee

FLOPPY Jumpers

DS3 DS2
MM o

o o o

DSo Ds1

Mnemonic

GND (ECL VIDEO")
CND

GND

nc



B.5 Monitor Cable

Cable between Ceres-3 and Monitor

Ve

Ceres-3 Connector

9pol D-Sub (female)

Disk
Diskette

IcU

Clock
Mouse
UART

SCC

Color Cursor
Color Palette
Color Mode
Display Control
Clear Boot
Switches
Clear Parity
IntAckn.

Display
Color Display
ROM
Expansion O
Expansion 1

C.1 Device Addresses for Ceres—1, Ceres-2 and Ceres—3

Ceres—1

FFFCOO
FFFCOO
FFFEQ8
FFFC80
FFFDOO
FFFD40
FFFD80
FFFOO0
FFF200
FFF400
FFFAQO

; I VSYNC'
3 — r - HSYNC'
‘;’ @ VIDEQ
6 \Y/olo

Z GND

9 GND

ONON—_AWRWUN

Monitor Connector
9pol D-~Sub (female)

1

Ceres—-2

FFFF8000
FFFF8000
FFFFO000
FFFFACOO
FFFFBOOO
FFFFCO00
FFFFDO0O
FFFFFO00
FFFFF200
FFFFF400
FFFFFAQO

FFFDCO (W) FFFFFBOO (R)
FFFDCO (R) FFFFFCOO (R) FFFFEQ0O (R)

FFFC40
FFFEQO

EQ0CO0
EB0000
F80000

FFFFFDOO (R)
FFFFFECO

FEEOQOCO
FEES8O000
FEF80000

2
3
4

Monitor Connector

4pol Mini-Sub Serie 712

(male)

Ceres-3

FFFF8000 (SCSI)
FFFFBOOO
FFFF9000
FFFFAQOO

FFFFDOQO (Port B of SCC)

FFFFC000
FFFFDOO0

FFFFCO00 (OP5 - 7)

FFFFFEOQ
02000000

FOOC0000
F8000000
F9000000
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C.2 RAM Controller: Programmed Configuration

- Extend CAS'/Refresh Request Select (ECASO'):

- Access Mode Select (B1):

— Address Latch Mode (BO):

- Delay CAS' during Write Accesses (C9):

- Row Address Hold Time (C8):

— Column Address Setup Time (C7):

- RAS' and CAS' Configuration Modes (C6, C5, C4):
— Refresh Clock Fine Tune Divisor (C3):

- Delay Line/Refresh Clock Divisor Select (C2, C1, CO):
- Refresh Mode Select (R9):

~ Address Pipelining Select (R8):

- WAIT or DTACK' Select (R7):

—  Add Wait States to the Current Access (R6):

-~ WAIT'/DTACK' during Burst (R5, R4):

~ WAIT'/DTACK' Delay Times (R3, R2):

— RAS' Low and RAS' Precharge Time (R1, RO):

=
o

=
o

00000020, 000=00
Qo

C.3 Keytop Layout

fw] 00000000 L_JI_JL_JLJ leleeallesee

18 19 20

el g L 2 g A I Mo e L M s L

23 34

Lo Jla ol I Lo I s ML o e dL 0 [l Le s e

56 57 58

gzl e gle Ll L AL L) )
@mmuuuuuguuuuuim1L;u
| , |
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C.4 Key Code Table

Switch Shift/ Switch Shift/
Loc. |Unshift| Shift |Control{Control loc. |Unshift] Shift |Control|Control
1 A4 A5 A6 A7 53 5D 7D 1D aD
12 1 1 a 1 55 7F 7F 7F FF
13 C2 c2 C2 c2 56" 34 34 34 34
14 c4 C4 Cc4 c4 57 35 35 35 35
15 c3 C3 Cc3 c3 58 36 | 36 36 36
17 F1 F1 F1 F1 59 2C 2C 2C 2C
18 F2 F2 F2 F2 60 Control
19 F3 F3 F3 F3 61 ‘ CAPS LOCK
20 F4 F4 F4 F4 62 61 41 01 81
21 18 1B 1B 1B 63 73 53 13 93
22 31 21 31 21 64 64 44 04 84
23 | 32 40 32 40 65 66 46 06 86
24 33 23 E5 | E5 66 67 47 07 87
25 34 24 34 24 67 68 48 08 88
26 35 25 35 25 68 6A 4A 0A 8A
27 36 5E 1E SE 69 6B 4B 0B 8B
28 37 26 37 26 70 6C 4C 0C 8C
29 38 2A 38 2A 71 3B 3A 3B | 3A
30 39 28 39 28 72 27 22 27 22
31 30 29 30 29 73 oD oD oD ED
32 2D 5F 1F SF 74 5C 7C 1C 9C
33 3D 2B 3D 2B 75 31 31 31 31
34 60 7E 60 7E 76 32 32 32. 32
35 08 08 08 E8 77 33 33 33 33
36 AC AO AE AF 78 91 91 93 93
37 37 37 37 37 79 SHIFT
38 38 38 38 38 80 7A 5A 1A 9A
39 39 39 39 39 81 78 58 18 98
40 20 20 20 20 82 63 43 93 83
41 09 09 09 E9 83 76 56 16 96
42 71 51 11 91 84 62 42 02 82
43 77 57 17 97 85 6E 4E OE 8E
44 65 45 05 85 86 6D 4D (0]] 8D
45 72 52 12 92 87 2C 3C 2C 3C
46 74 54 14 94 88 2E 3E 2k 3E
47 79 59 19 99 89 2F 3F 2F 3F
48 75 55 15 95 90 SHIFT
49 69 49 09 89 91 0A 0A 0A EA
50 6F 4F OF 8F 92 30 30 30 30
51 70 50 10 90 93 2E 2E 2E 2E
52 5B 7B 1B 9B 94 cD cD cD CcD




item

sz/ws Monitor
Keyboard
Mouse

3.5" Floppy
Cabinet
Power Supply
Board

CPU

FPU

Flp.Cntr.
SCSI.Cntr.
RAM.Cntr.
Driver

SCC

[&V) .
RS-232 IF
UART

RAM

V-RAM

EPLD

RTC

EPROM

Shift Reg.
BUSTransc.
BUS Drv. Ninv.
BUS Drv. Ninv.
Nand Buffer
Vltg.Comp./ RST
HEX Inverter
Quad D-FF

3 to 8 Decoder
Dual D-FF
Quad 2 Inp.Mux.

175 Pin Socket
68 Pin Socket

24 Pin ZP-Socket
8 Pin Socket

68 Pin Socket
SIMM-Socket

8 Pin Socket

14 Pin Socket
16Pin Socket

16 Pin Socket

20 Pin Socket

24 Pin Socket 0.3"
24 Pin Socket

28 Pin Socket

32 Pin Socket

40 Pin Socket

40 Pin Socket

48 Pin Socket
Osc. Socket

D. Ceres-3 Part list

Description

Moniterm, 19", VIK-2-F-72 AG
Pendar, CEC 8397 Q40, VT 100
CC-93-9F, W/4 Nr. 811040-00
Chinon, F-FX 357 b, 2 MByte
Bopla, FS 812

Computer Products, NFS40-7605
Ceres-3

NS 320X32-U25 MHz
NS 32381-U25 MHz
National DP 8473 N
National DP 8490 N
National DP 8421 V-25
DS3695 N

AMD 85C30-16 PC
AMD 9519A-1 PC
Dallas DS1228

SCC 2692 AC1 N4O
1M x 8, SIMM, 100ns

Supplier ~Comments
CPI AG
Seyffer+CO
Logitech SA  serial version
Datacare AG
ARP

Kontron AG
Photochemie

Fenner AG
Fenner AG
Fenner AG
Fenner AG
Fenner AG
Fenner AG
Kontron AG
Kontron AG
Kontron AG
Philips

Div.

small socket

spec. treatment necessary

Hitachi, HM 53461 ZP-12 (64K x 4) Div.

Altera £P 610 PC-25 (or DC-25)
uM M3001 (M3011)

1MB

N74F166N

SN74BCT245N '
SN74BCT541N
SN74ALS541AN
SN74AS1000AN

TL7705ACP

RCA CD74ACT14E

RCA CD74ACT175E

RCA CD74ACT138E

RCA CD74ACT74E

RCA CD74ACT157E

UX-1616-175 G71 PGA
UX-1111-068T72 PGA
21P=024TLA 30
UCO-0100-308T (incl. C)
68P Sockel HPT (0-821574-1)
30P SIMM Sockel (0-643930-1)
BU 08 0Z-075

BU 14 OZ-CA (incl. C)

BU 16 OZ—CA (incl. C)

BU 16 0Z-075

BU 20 OZ—CA (incl. C)

BU 241 OZ-CA (incl. C)

BU 24 OZ-CA (incl. C)

BU 28 OZ-CA (incl. C)

BU 32 OZ-075

BU 40 0Z-075

BU 40 OZ—CA (incl. C)

BU 48 0Z-075

DIL 4 ORG

Stolz AG
Moor AG
Moor AG
Philips
Fabrimex AG
Fabrimex AG
Fabrimex AG
Fabrimex AG
Fabrimex AG
Basixs AG
Basixs AG
Basixs AG
Basixs AG
Basixs AG

Compona AG
Compona AG
Compona AG
Compona AG
AMP AG
AMP AG
Astrel AG
Astrel A
Astrel AG
Astrel AG
Astrel AG
Astrel AG
Astrel AG
Astrel AG
Astrel AG
Astrel AG
Astrel AG
Astrel AG
Astrel AG
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~

NNN =20V DD

Distanzrollen
Buchsenleiste
Buchsenleiste
Buchsenleiste
Stiftleiste
Stiftleiste
Codierbriicken
Verbinder

ELCO Federleiste
Printbuchse 4/4
Printbuchse 4/6
Kabelstecker 4/4
Kabelstecker 4/6
Stiftleiste 9 Pol
Buchsenleiste
Buchsenleiste
D-Sub 9Pol F
Bef.schrauben
Met. Haube

Ver. Schraube
Kabelstecker
Geritedose
Printbuchse
Turbo Phone Net
P.S. Stecker

P.S. Stecker
Contacts

Battery
Dip-Switch
RST-Switch
HF-Coaxcabel
Diodenkabel ws
Schrumpfschl.
Flechtschlauch
Litze 1.00 mm?2
Litze 0.25 mm2
Steuerkabel
Unterlagscheiben
Ringkabelschuh
Flachstecker
Schraube
Distanzrolle
Schrauben
Schrauben
Muttern
Unterlagscheiben
Schrauben
Muttern
Unterlagscheiben
Universalschr.
Unterlagscheiben
Federringe
Befestigung
Zugentlastung
Mono Cap

Ceramic C
Ceramic C

DR 85 Kunststoff
BL634 G

Bl834 G

BL7 4G
SL2/5314G
SL2/5302G
CAB 05G 2
MK7G/4

20-8457-096-001-001

SS-6444FLS
55-6446FLS
937-5P3044
937-5SP3046

F-09P5K49-218 (9 Pol)
F-0955K49-218 (9 Pol)
F-2555K49-218 (25 Pol)

T-09S
F-~GSCH15AM3
F-KH1A2

F-440
09-0409-00-04
09-0412-00-04

MD 8P F Printbuchse

TN-770 (D10278)

Molex 09-50-3031 (Power)
Molex 09-50-3061 (5V, GND)
Molex Crimp Connector Serie 2478
Varta 6126 ER/1 (54033)

DTS-8 (41531)

318121 SD9 AV2GE

75 Ohm, RG187 A/U, 75¢cm

2 x 0.15 mm2 (015-460 029)
Durchm. 12mm (500433), 20cm
EXPT 12 (500037), 75cm
(510085) gb-gn, 40cm
(521300) 4—adrig, 80cm
{530020) 40 cm, 0.5mm?2

M4 Polyamid (340381 100Stk.)

V14.302 gelb
V32.148 gelb

M3 x 6 mit Federring
Metall M6 Rundmutter

M3 x 8, Zylinder

M3 x 10, Zylinder -

M3, Sechskant

M3

M2.5 x 8, Zylinder
M2.5

M2.5

SPAX, 3.9 x 12 Pan Head, Pozidriv

M4
M4

Befestigungswinkel fiir Speisegerat
Befestigungswinkel fiir Appletalk

100nF/50V (9932 313 00330)

10pF (2222 680 10109)
15pF (2222 680 10159)

Astrel AG
Astrel AG
Astrel AG
Astrel AG
Astrel AG
Astrel AG
Astrel AG
Astrel AG
Ineltro AG
Compona AG
Compona AG
Compona AG
Compona AG
Compona AG
Compona AG
Compona AG
Compona AG
Compona AG
Compona AG
Compona AG
Compona AG
Compona AG
Rotronic AG
Mattern AG
EM Egli AG
EM Egli AG
EM Egli AG
ESD

ESD

Sibalco

Huber + Suhner
Seyffer+Co.AG
Distrelec
Distrelec
Distrelec
Distrelec
Distrelec
Distrelec

Egli Fischer Co.
Egli Fischer Co.
Bossart AG
Kiener+Wittlin
Kiener+Wittlin
Kiener+Wittlin
Kiener+Wittlin
Kiener+Wittlin
Kiener+Wittlin
Kiener+Wittlin
Kiener+Wittlin
Kiener+Wittlin
Kiener+Wittlin
Kiener+Wittlin
Paul Burtscher AG
Paul Burtscher AG
Philips

Philips

Philips
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Ceramic C
Ceramic C
Alu.Elektr.Cap.
Alu.Elektr.Cap.
Ceramic C
Ceramic C
Ceramic C
Tantal.Cap.
Tantal.Cap.
Tantal.Cap.
Alu.Elektr.Cap.

Diode
Schottky Diode

10 ohms Resistor
22 ohms Resistor
27 ohms Resistor
33 ohms Resistor
39 ohms Resistor
100 ohms Resistor
270 ohms Resistor
560 ohms Resistor
1K Resistor

4K7 Resistor

5K6 Resistor

10K Resistor

4K7 R-Array
220/330 R-Array *

Oscillator
Oscillator
Crystal
Crystal
Crystal

22pF (2222 680 10229)

470pF (2222 680 70471)
470uF/ 16V (2222 035 55471)
220uF/ 16V (2222 035 55221)
10nF 63V (13185)

15nF 63V (13186)

33nF 63V (13194)

1uF/ 35V (810356)

22uF/ 16V (810330)

47uF/ 16V (810332)

330uF/ 16V (800478)

1N914
BAT 85 (603047)

1/3 W SFR (2322 181 53109}
1/3 W SFR (2322 181 53229)
1/3 W SFR (2322 181 53279)
1/3 W SFR (2322 181 53339)
1/3 W SFR (2322 181 53399)
1/3 W SFR (2322181 53101)
1/3 W SFR (2322 181 53271)
1/3 W SFR (2322 181 53561)
1/3 W SFR (2322 181 53102)
1/3 W SFR (2322 181 53472)
1/3 W SFR (2322 181 53562)
1/3 W SFR (2322 181 53103)
4609X-101-472
4608X-104-221/331

50MHz MCO 1425 TTL
74,560 MHz MCO 1425 TTL
32.768 KHz 3x8mm

3.6864 MHz .

24 MHz (small cabinet)

Philips
Philips
Philips *
Philips
ESD

ESD

ESD
Distrelec
Distrelec
Distrelec
Distrelec
Philips
Distrelec
Philips
Philips
Philips
Philips
Philips
Philips
Philips
Philips
Philips
Philips
Philips
Philips
Eljapex
Eljapex
Quarz AG
Quarz AG
Quarz AG
Quarz AG
Quarz AG



E. Ceres—3 Debora Specification

MODULE Ceres3; (% bh10.1.90 %)
IMPORT Library, Connectors;

STRUCTURE Ceres3;

UNIT
Inv: Library.HexInverter;
Synch: Library.QuadDFFN;
ResGen: Library.ResetCont;
ResSwitch: Connectors.Reset;
CDriv: Library.Driver8;
DDriv: Library.BusDriver8;

SIGNAL On, on—, Off, off-, A[32], Reset, reset—, BClk, PClk, writé—, busActive-, dsplTrfer—;

UNIT Decoder;
INPUT iolnh—;
OUTPUT floppy-, icu-, rtc—, scsi-, uart-, scc~, dsw-, intack-, ram-, rom-,
iodata—, io-[2], byte—, ioen—, ioDec—, boot—;
UNIT dec: Library.Decoder8;

UNIT AdrCont;
SIGNAL a[32}];
BEGIN
a[0..23] =0;
a[24..28] = A[24..28];
a[29..31] =A[31];
ram .= (a < $04000000 | dsplTrfer) & ~boot;
rom .= ~write & (a = $FO000000 | a < $FO000000 & boot) & ~dsp!Trfer;
joDec .= a>= $F8000000 & ~dspliTrfer;
joen .= ioDec & ~iolnh;
jodata .= ioen & busActive & a = $FFO00000;
io[0] .= ioen & busActive & a = $F8000000;
io[1] .= ioen & busActive & a = $F9000000;
byte .= a >= $F8000000 & a < $FFO00000 | rom;
boot .= reset | boot & ~(busActive & write & ~dsplTrfer)
END AdrCont;

BEGIN
scsi .= dec.q[0]; (%  $FFxxOxxx )
icu .=decq[1]; (% $FFxxixxx %)
ric .= dec.q2); (¢ $FPxx2xxx %)
floppy = dec.g[3]; (% $FFxx3xxx  x)
uart =dec.q[4); (% $FFxxdxxx %)
scc.=decq(5]; (% $FPxx5xxx %)
dsw .=decql6]; (% $FFxx6xxx x)
intack .=dec.q[7]; (% $FFxx7xxx %)
dec.Sel[0..2] = A[12..14];
dec.En0 .= On;
dec.en1 .= iodata;
dec.en2 = iodata

END Decoder;
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UNIT BusCont;
INPUT dspIReq-, cpuReq-, wait—, cwait-, rfip—;
QUTPUT req~, RamStart, ramReq-, vramWrite—, cpuRdy-, dtOe-, ioRd-, ioWr—;

UNIT ff: Library.DualDFFN;
SIGNAL synchDsplReq~, synchWait-;

UNIT BusCont;
STATE(BCIk) S[9];
CONST (x Start ioWr ioRd Rdy RamReq Display %)
0.

Idle = ]
TO = $100 +0;
= $10 +1;
T2 = $10 +3;
T3= $10 +2;
T4 = $20 +$10 +6;
Rf= $40 - +$10 +0;
Rl= $40 +$10 +5;
Re = $40 +$20 +$10 +5;
Wf = $80 +$10 +0;
Wi = $80 +$10 - +5;
We = $20 +$10 +5;
Td = $8 +0;
Tod = $100 +38 +0;
Tid= - $10 +$8 +1;
T2d = $10 +%$8 +3;
T3d = $10 +%8 +2;
T4d = $10 +%8 +6;
BEGIN
IF S =Idle THEN
IF synchDsplReq THEN § :=Td
ELSE .
IF req THEN S := TO ELSE S == Idle END
END
END;
IFS=TO THEN S :=T1 END;
IFS=T1THEN S:=T2 END;
IFS=T2 THEN S:=T3 END;
IFS=T3 THEN
IF Decoder.ioen THEN
IFwrite THEN S := WF ELSE S := Rf END
ELSE
IF synchWait | cwait THEN 5 := T3 ELSE S := T4 END

END

END;
IFS=Td THEN S := T0d END; .
IES =Tod THEN S := T1d END;
IFS=T1d THEN S := T2d END;
IFS=T2d THEN S := T3d END;
IFS=T3d THEN .

IF synchWait THEN S := T3d ELSE S := T4d END
END; i
IFS>=Rf&S<R|S>=WFf&S<WITHEN S :=5+1 END;
IFS =R THEN

IF cwait THEN S := Rl ELSE S := Re END
END;

IFS=WITHEN

IF cwait THEN S := WI ELSE S := We END

END;

IFS=Re|S=We|[S=T4|S=T4d THEN S := Idle END;
dsplTrfer .= S{3];

busActive .= S[4] & ~S[3];

ramReq .= S[4];

vramWrite .= S[4] & ~S[3] & write & ~synchWait;



cpuRdy .= S[5];
RamStart .= S[8]; )
dtOe .= (S =T3S =T4) & ~synchWait & ~rfip & ~write |
(S=T0d|S=T1d|S=T2d|S=T3d) & ~rfip;
ioRd .= S[6];
iowr = S[7};
END BusCont;

BEGIN
synchDsplReq .= Synch.q[1]; Synch.d[1] .= dsplReq;
req .= ff.q[0}; ff.d[0] .= ¢ uRec{; e
nchwait = ff.q[11; ff.d[1] .= wait;
.Clk[0] .= BClk; ff.pres[0] .= off; ff.res[0] .= busActive;
f.CIk[1] .= BCIk; ff.pres[1] .= off; ff.res[1] .= off
END BusCont;

UNIT Processor;

INPUT int—;

OQUTPUT be-[4];

INOUT D[32];

UNIT
cpu: Library NS32GX32;
osc: Library.Oscillator50;

PART up: RES3, R, "10k";

UNIT Slave;
UNIT fpu: Library.N$32381;

BEGIN

fpu.Clk .= BClk;
fpu.ddin .= cpu.ddin;
fpu.spc .= cpu.spc;
fpu.St .= cpu.St;
fpu.rst .= reset;
fpu.D .= cpu.D;
cpu.sdn .= fpu.sdn;
cpu.fssr = fpu.fssr;

END Slave;

UNIT Protect;
OUTPUT error—;
SIGNAL a[26];
BEGIN
al0.8] =0;
a[9..25] .= A[9..25};
error .= a < $400 | a < $4000 & ~cpu.ddin | a >= $200000 & a < $400000; (% ramdisk %)
(% error.=a< $400 | a < $4000 & ~cpu.ddin; ¥) (% disk %)
END Protect;

UNIT ProcCont;
SIGNAL err;

BEGIN
err .= Protect.error & cpu.Us & ~dsplTrfer & ~A[26] & ~A[27] & ~A[28] & ~A[31];
be[0] .= ~reset & ~err & ((cpu.be[0] | cpu.ddin | dspiTrer) & ~busActive | be[0] & busActive);
be[1] .= ~reset & ~err & ((cpu.be[1] | cpu.ddin | dsplTrfer) & ~busActive | be[1] & busActive);
be[2] .= ~reset & ~err & ((cpu.be[2] | cpu.ddin | dsplTrfer) & ~busActive | be[2] & busActive);
be{3] .= ~reset & ~err & {{cpu.be[3] | cpu.ddin | dsplTrfer) & ~busActive | be[3] & busActive);
write .= ~cpu.ddin;
cpu.ber .= err & busActive;

END ProcCont;

BEGIN
cpu.Clk .= osc.Clk; cpu.sync .= off; cpu.hold .= off; cpu.rst .= reset;
cpu.int = Synch‘q[zﬁ’; Synch.d(2] =int;
cpu.nmi .= off; cpu.dbg .= off; cpu.Clin .= Off;
cpu.ioDec .= Decoder.ioDec; cpu.bin = off;



cpu.rdy .= BusCont.cpuRdy; cpu.brt .= off;
cpu.BWI0] .= On; cpu.BW[1] .= ~Decoder.byte;
Decoder.iolnh = cpu.iolnh; BusCont.cpuReq .= cpu.conf;
BClk .= cpu.BClk;
A.=cpuA;
D .=cpu.D;
up.a = Protect.error; up.b .= VCC
END Processor;

UNIT Memory;
INPUT VA[8], sOe~[4], SCIkH, SCIkL;
INOUT SD[8];

UNIT Ram;
INPUT A[10], ras—[3], cas-[4], we—, we-, dtOe-;
INOUT D[32};
UNIT
ram[8]: Library. RAM1M9;
vram{8]: Library VRAM64k4,;
BEGIN
ram{0..3].ras .= ras[0];
ram[4..7].ras .= ras[1];
ram[0..3].cas .= cas[0..3];
ram[4..7].cas .= cas[0..3];
ram[0..7].casp .= off;
ram[0..7].we .= we;
ram[0LA .= A; ram[1].A .= A; ram[2].A .= A, ram[3] A = A;
ram[4].A .= A; ram[5].A = A; ram[6].A .= A; ram[7] A = A;
ram[0..7].Dp .= Off;
ram([0..3].D .=D;
ram{4..7).D =D;
vram[0..7]).ras .= ras[2];
vram[0..1].cas .= cas[0];
vram([2..3).cas .= cas[1];
vram([4..5].cas .= cas[2];
vram[6..7}.cas .= cas[3];
vram[0..7].we .= wve;
vram[0..7].dtOe .= dtQOe;
vram[0..1].5s0e = sOe[0};
vram[2..3).50e .= sOe[1];
vram[4..5].50e .= sOe(2);
vram([6..7].s0e .= sOe[3];
vram[0..3].5Clk .= SCIkL;
vram[4..7].5Clk .= SCIkH;
vram[0].A .= A[0..7]; viam[1].A .= A[0..7]; vram[2].A .= A[0..7]; viam[3].A .= A[0..7];
vram[4].A .= A[0..7]; vrcam[5].A = A[0..7]; vram[6].A .= A[0..7]; vram[7].A .= A[0..7];
vram([0..7}.D .= D;
vram([0].5D .= SD[0..3]; vram[1].5D .= SD[4..7];
vram{2].5D .= SD[0..3}; vram[3].5D .= SD[4..7];
vram{4].5D .= SD[0..3]; vram[5].SD .= SD[4..7];
vram([6].SD .= §D[0..3]; vvam[7].5D .= SD[4..7];
END Ram;

UNIT
cont: Library. DRAMCont;
cmux[2], rmux[2], smux: Library.QuadMux2;
PART resa[10], resr{3], resc[4], resw, resvw, resd: RES3, R, "10 .. 50%;

BEGIN .
cont.C[0..7] .= cmux.Q; cmux.A .= Off, cmux.B .= A[2.9];
cont.C[8..9] .= A[18..19]; o
cont.R[0..7] .= rmux.Q; rmux.A .= VA[0..7]; rmux.B .= A[10..17];
cont.R[8..9] .= A[20..21];
cont.B{0..1] .= smux.Q[2..3]; smux.A[2..3] .= Off; smux.B[2] .= A[22]; smux.B[3] .= A[25];
cont.ecas .= Processor.be;



cont.win .= write;

cont.Colinc .= Off;

cont.ml .= Decoder.boot;

cont.rfsh .= off;

cont.disrfsh .= reset;

cont.Ale .= BusCont.RamStart;

cont.cs .= Decoder.ram;

cont.areq .= BusCont.ramReq;

cont.waitin .= off;

cont.Clk .= BClk;

cont.DelClk .= PClk;

Ram.A .= resa.a; resa.b .= cont.Q;

Ram.ras .= resr.a; resr.b .= cont.ras[0..2];

Ram.cas .= resc.a; resc.b .= cont.cas;

Ram.we .= resw.a; resw.b .= contwe;

Ram.vwe .= resvw.a; resvw.b .= CDriv.Q[7]); CDriv.D[7] .= ~BusContvramWrite;

Ram.dtOe .= resd.a; resd.b .= BusCont.dtOe;

Ram.D .= Processor.D;

BusCont.wait .= cont.wait;

BusCont.rfip .= cont.rfip;

rmux[0..1].5B .= ~dsplTrfer;

rmux[0..1].en .=on;

cmux{0..1].5B .= ~dsplTrfer;

cmux{0..1].en .=on;

smux.SB .= ~dsplTrfer;

smux.en .= on;

smux.A{0..1] .= NOCON;

smux.B[0..1] .= NOCON
END Memory;
UNIT Video; )
INPUT Disable, Invert;
UNIT

osc: Library.Oscillator70;

cnt: Library.QuadDFF;

ff: Library.DualDFF;

sr: Library PISOShiftReg8;

buf: Library.NandBuffer;

conn: Connectors.Video;
PART ru: RES3, R, "100.. "; rs: RES3, R, "0..100";
SIGNAL CClk;

CONST .

(% width =1024 DIV 32; twidth = 1344 DIV 32; hSynCh =1088 DIV 32; hsw = 64 DIV 32;
height = 800; theight = 838; vsynch = 801; vsw=5; %)
width = 1024 DIV 32; twidth = 1344 DIV 32; hsynch = 1024 DIV 32; hsw = 64 DIV 32;
height = 800; theight = 826; vsynch = 800; vsw = 3;

UNIT HorCount;
OUTPUT dspiReq-, blank-, end—;
STATE(CCIk) H[6), E[4];
BEGIN
IF E[3] THEN
IFH =twidth -1 THEN H:=0ELSEH :=H + 1 END
ELSEH :=H
END;
E[0] := ~E[0] & ~E[1] & ~E[2]; E[1..3] := E[0..2];
Memory.sOe = E;
Memory.SCIkL .= ~((E[0] | E[1]) & (H <width = 1] H = twidth - 1));
Memory.SCIkH .= ~((E[2] | E[3]) & (H < width — 1| H = twidth - 1));
conn.hSynch .= (H >= hsynch & H < hsynch + hsw);
dsplReq .= H = width & E[0];
blank .= H >= width;
end .= H = twidth - 2 & E[3]
END HorCount;
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UNIT VerCount;
QUTPUT blank-;
STATE(CClk) V[10], Active;
BEGIN
IF HorCount.end THEN
IFV ='the'lght ~1 THENV :=0 ELSEV:=V + 1 END;
Active := V < height;
ELSE V := \: Active := Active
END;
blank .= HorCount.blank | Disable | ~Active;
conn.vSynch .= (V>= vsynch +1 &V < vsynch + vsw + 1);
BusCont.dsplReq .= ~Disable & V([0.2] =0 &V < height &
. (HorCount.dsplReq | BusCont.dsplReq & ~dsplTrfer);
Memory.VA[0..6] .= V[3.9);
END VerCount;

BEGIN
cnt.Clk = osc.Clk; cnt.res .= reset; ent.D[0..2] .= ent.Q[1..3]; cnt.D[3] = ~cnt.q[0];
#.CIk[0] .= osc.Clk; ff.pres{0] .= off; ff.res[0] .= cnt.q[0]; ff.D[0] .= ~cnt.ql3); CClk .= ent.QI1];
#.CIk[1] .= osc.Clk; ff.pres[1] .= off; ffres(1] .= VerCount.blank; ff.D{1] .= f£.Q[0];
sr.D[0] .= Memory.SD[7}; sr.D[1] .= Memory.SD[6]; sr.D[2] .= Memory.SD[5]; st.D[3] =
Memory.SD[4];
sr.D[4] .= Memory.SD[3]; sr.D[5) .= Memory.SD[2]; sr.D[6] .= Memory.SD[1]; sr.D[7] =
Memory.SD[0];
sr.Serln .= Invert; st.load .= ff.q[1]; st.Clk .= osc.Clk; sr.res = off; sr.en .= on;
buf.A[0] .= sr.Q7; buf.B[0] .= sr.Q7; bufA[1] .= sr.Q7; buf.B[1] .= Inv.Q[0]; Inv.D[0] .= Invert;
buf.A[2] .= buf.Q[0]; buf.B[2] .= Invert; bufA[3] .= buf.Q[1]; buf.B[3] .= buf.Ql2];
conn.Video .= rs.a; rs.b .= buf.Q[3]; ru.a .= sr.Q7; ru.b .= VCC
END Video;

UNIT Rom;

UNIT rom: Library.ROM32;
BEGIN

rom.A .= A[0..18]; rom.cs .= Decoder.rom; rom.oce .= Decoder.rom; rom.D .= Processor.D[0..7]
END Rom;

UNITIO;
SIGNAL IOA[4], 10D[8}, ioRd—, ioWr-, uclk;

UNIT Interrupt;
INPUT int—[8};
UNIT cont: Library.ICU;
BEGIN
cont.cs .= Decoder.icu; cont.rd = ioRd; cont.wr .= loWr; cont.Cd .= I0A[0];
cont.intack .= Decoder.intack; cont.ir .= int; cont.El .= NOCON; cont.D .= 10D;
Processor.int .= cont.gint
END Interrupt;
UNIT DIPSwitch;
UNIT
driv: Library.Driver8;
sw: Library.DIPSwitch;
PART c: CAP3, C, “100uF ?"; d: CAP2, D, "DUS";
BEGIN
driv.D .= sw.Q; 10D .= driv.Q; driv.en0 .= Decoder.dsw; driv.en1 .= ioRd;
cp =sw.Ql7};cm =GND;d.p .= sw.Q[7); d.m =VCC
END DIPSwitch;

UNIT Uart;
QUTPUT X;
UNIT
uart: Library. DUART;
driv: Library.V24Driver;
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kb: Connectors.Keyboard;
v24: Connectors.V24;
BEGIN
uart.cs .= Decoder.uart; uart-wr .= ioWr; uart.rd .= ioRd; uart.A .= IOA[0..3]; uart.Res .= Reset;
uart.rxda .= kb.rxd; kb.txd .= vart.txda;
vart.rxdb .= driv.rxd; driv.RXD .= v24.RXD; uart.ip[1] .= driv.cts; driv.CTS .= v24.CTS;
v24.TXD .= driv.TXD; driv.txd .= uart.txdb; v24.RTS .= driv.RTS; driv.rts .= vart.op[1];
v24.DTR .= driv.RTS; (% v24.P12 .= driv.VP; v24.M12 = driv.VM; )
uart.ip[0] .= NOCON; uart.ip[Z..G] .= NOCON; uart.D .= IOD;
X .= uart.X2; '
Video.Disable .= ~uart.op[5]; Video.Invert .= ~uart.op(7]; Memory.VA[7] .= ~uart.op[6};
Interrupt.int[0] .= vart.op(3]; Interrupt.int[2] .= uart.int; Interrupt.int(4] .= uart.op[4]
END Uart;

UNIT SCSI;
UNIT .
. cont: Library.SCSICont;
conn: Connectors.SCSI;
BEGIN
cont.cs .= Decoder.scsi; cont.rd .= ioRd; cont.wr .= ioWr; contA .= I0A[0..2];
cont.res .= reset; cont.D .= 10D;
Interrupt.int{3] .= ~inv.Q[1}; Inv.D[1] .= cont.int;
cont.DB .= conn.DB; cont.DBP .= conn.DBP; cont.RST .= conn.RST; cont.BSY .= conn.BSY;
cont.SEL .= conn.SEL; cont.ACK .= conn.ACK; cont.ATN .= conn.ATN; cont.REQ .= conn.REQ;
cont.lO .= conn.iO; cont.CD .= conn.CD; cont.MSG .= conn.MSG
END SCS};

UNIT Floppy;
UNIT
cont: Library.FloppyCont;
conn: Connectors.Floppy;
BEGIN
cont.cs .= Decoder.floppy; cont.rd .= ioRd; cont.wr .= ioWT; cont.Res .= Reset;
cont.A .= IOA[0..2]; cont.D .= I0OD;
contindex .= conn.index; cont.dskChg .= conn.dskChg; cont.trkO .= conn.track0;
cont.wrtProt .= conn.wrprot; cont.rdata .= conn.rddata;
conn.sel{0] .= cont.dr0; conn.sel[1] .= cont.dr!; conn.sel[2] .= NOCON; conn.sel[3] .= NOCON;
conn.moton .= cont.mtr0; conn.dirin .= cont.dir; conn.step .= cont.step;
conn.wrdata .= contwdata; conn.wrgate .= contwgate; conn.sidesel .= cont.hdSel;
Interrupt.int{5] .= ~Inv.Q[2]; Inv.D[2] .= cont.Int :
END Floppy;: ’

UNIT SCC;
UNIT
scc: Library.SCC;
driv: Library.NetDriver;
net: Connectors.Network;
ms: Connectors.Mouse;
PART x: RES2, X, "14.7456MHz"; j: RES1, JUCIk, "Jumper”;
BEGIN
sce.cs .= Decoder.scc; sce.rd .= ioRd; scc.wr.= ioWT; scc.Ab .= I0A[1 1; scc.Dc .= 10A[O];
scc.PClk .= PClk; scc.IEl .= On; scc.intack .= off; scc.D .= 10D;
scerxda = driv.out: scc.rtxca .= ~x.a; x.b .= ~scc.synca; scc.ctsa .= NOCON; scc.deda .= NOCON;
driv.in .= scc.txda; driv.Ten .= Inv.Q[3]; Inv.D[3] .= ~scc.rtsa; driv.ren .= scc.dtra;
net.DP .= driv.DP; net.DM .= driv.DM;
(% mouse %) .
scc.rxdb .= ~Inv.Q[5); Inv.D[5] .= ms.Rxd;
ms.Txd .= Inv.Q[4]; Inv.D[4] .= ~scc.txdb;
sce.rtxeb .= ~UCHk; scc.ctsb .= NOCON; scc.dedb .= NOCON;
Interrupt.int[1] .= scc.int;
j.a = scc.rtxca; j.b .= UCKk;
~ END SCC;

UNIT Clock;
UNIT rtc: Library.RTC;
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BEGIN -
rte.cs .= Decoder.rtc; rte.rd .= ioRd; rtc.wr .= loWr; rtc. AD = 10AI0];
rtc.D =10D

END Clock;

UNIT Extension;
UNIT ex[2]: Connectors.Expansion;
PART r: RES3, R, "1k";
BEGIN
ex[0].A =A; ‘
ex[1].A[0..15] .= A[0..15];
ex[1].A[16..31] .= NOCON;
ex{0].D .= Processor.D;
ex[11.D[0..7] .= Processor.D[0..7];
ex[0..1).iord .= ioRd;
ex[0..1].iowr .= ioWr; .
ex[0..1].sel .= Decader.io[0..13;
ex[0..1].Rw .= ~write;
ex[0..1].PClk .= PClk;
ex[0..1].reset = reset;
ex[0].BClk .= BClk;
ex[1].BClk .= NOCON;
ex[0].ds .= busActive;
ex[1].ds .= NOCON;
exf0].req .= BusCont.req;
ex[1].req .= NOCON;
ex[0].be .= Processor.be;
ex[1].be .= NOCON;
Interrupt.int[6] .= ex{0].int;
Interrupt.int{7] .= ex{1].int;
ex{0..1].cwait .= BusCont.cwait; BusCont.cwait .= ~r.a; rb.=VCC
END Extension; .

BEGIN (%10 %) !
10D .= DDriv.A; DDriv.B .= Processor.D{0..7];
DDriv.AB .= ~write; DDriv.en .= Decoder.iodata;
JOA .= CDriv.Q[0..3]; CDriv.D[0..3] =Al[2..5];
joRd .= ~CDriv.Q[4]; CDriv.D[4] .= ~BusCont.ioRd;
ioWr .= ~CDriv.Q[5]; CDriv.D[5] .= ~BusCont.ioWr;
uclk .= CDriv.Q[6]); CDriv.D(6] .= Uart.X;
CDriv.en0 .= on; CDriv.en1 .= on

ENDIO;

UNIT Decoupling;

PART bc[4]: CAP2, C, "220uF";.c[18]: RES1, C, "100nF";
BEGIN

be.p .= VCC; be.m .= GND;

c.a.=VCC; cb.=GND
END Decoupling;

UNIT Termination;

PART termup: RES3, R, "2207; termdn: RES3, R, 330"
BEGIN

termup.a .= BClk; termup.b .= VCC; termdn.a .= BClk; termdn.b .= GND
END Termination; i

BEGIN
Off .= GND; On .= VCC; off .= ~On; on .= ~Off;
ResGen.in .= ResSwitch.res; Synch.d[0] .= ResGen.out; Reset .= Synch.Q[O]; reset .= Synch.q[0];
Syncch.CIk = BClk; Synch.pres .= off; Synch.d[3] .= ~Synch.Q[3]; PClk .= ~Synch.q[3];

END Ceres3;

END Ceres3.



