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MyCPU23 Technical Details

8-bit processor, 8-bit internal and external data bus

16 address lines, 64kb addressable RAM and 64kb addressable ROM memory, 128kb
addressable memory total

Architecture similar to Harvard (separate code and data memory, but only one
common address and data bus)

Maximum processor core speed is around 10 MHz when 74ACxxx gates and fast
EPROM’s are used, but 8 MHz is guaranteed, and at least 4 MHz can be reached with
the cheaper 74HCxxx gates. Save operation is still possible with 74HCxxx gates and a
20MHz oscillator (core frequency approx. 6,7 MHz).

1 maskable hardware interrupt (IRQ)

5 x 8-bit general purpose register

lookup-table based ALU for maximum speed

61 integrated circuits (55 logic gate IC’s and 6 EPROM’s)

User definable microcode, the microcode for a 6502 like CPU is provided
Voltage operating range is 4.75V — 5.25V

Power consumption is max. 150mA at 5V = 0.75W

up to 20% faster than MyCPU22

MyCPU23 Microcode Details

The instruction set is similar to that one of the 6502, but is not binary compatible
256 OP-Codes

14 Addressing Modes: immediate 16-bit, immediate 8-bit, immediate zeropage, direct
absolute, direct zeropage, direct absolute plus index, indirect absolute, indirect
zeropage, indirect absolute plus index, indirect zeropage plus index, indirect plus
index absolute, absolute pointer 16-bit, absolute pointer 8-bit, immediate registers

1 Software Interrupt
256 byte call stack, 8-bit stack pointer

3 8-bit general purpose registers: accu, x- and y- index-register. The x- and y- register
can be put together to a 16-bit data pointer register.

User performance index: 6.9 core clock cycles per OP-Code in average, resulting in a
speed of 1.16 MIPS at 8 MHz processor core frequency.
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IMPORTANT INFORMATION
about stability issues

The design uses several 74ACxxx - gates. For a proper operation it is recommended to
replace all 74ACxxx - parts through 74HCxxx - parts. This modification reduces the
maximum operation frequency, but it increases the system stability. With this
configuration you should be able to reach at least 5.7 MHz. Please see chapter 1.5.4.4
for details. Note: If you encounter stability problems, it is always a good idea to try
other settings for JP4.

WARNING
For a successful reproduction of a MyCPU it is very important to use the
right type of 10nF and 100nF capacitors:

USE ceramic capacitors only: DO NOT USE foil or film capacitors:

UPGRADE INFORMATION

If you have a MyCPU v2.1 or v2.2 you can upgrade to MyCPU v2.3. Please upgrade
the boards "Interface and Registers" and "Microcode Control". The other boards do not
have changed, thus the ALU, the Program Counter and the Decoder Board can be re-
used. But on the Decoder and on the Program Counter Board the population has
changed, several 74ACxxx parts where replaced by 74HCxxx types.

Important: The content of the microcode EPROM's on the Microcode Control Board
has changed. You need to re-program the EPROM's IC1, IC2 and IC3.
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Boards

1 Boards

1.1 Arithmetic Logic Unit (ALU)
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1.1.1 Description

The Arithmetic Logic Unit is the part of the Microprocessor that does all the mathematics
calculations. The ALU is based on lookup-tables to keep the design as simple as possible. The
unit supports 16 arithmetic operations, where eight operations take two 8-bit-operands and
eight operations take only one operand. The result of every operation is also 8-bit wide. The
ALU supports three flags: Carry, Sign and Overflow. Since the ALU is table-based, the
slowest operation takes only three clock cycles: Two clock cycles are needed to load both
operands, and one more cycle is used to store the result in the destination register.

1.1.2 Placement of Components

After you have soldered all Via’s, you can continue with the integrated circuits. I suggest you
not to use sockets for the IC’s, except for the EPROM’s. If you wish to use sockets for all
IC’s, you must use precision sockets. Only the high quality sockets allow you to solder the
pads on the top side of the board. I strongly recommend you to follow the placement order I
have noted in the placeplan below (see blue numbers, and start with the IC that has the blue
number 1). When all IC’s are placed and soldered, you can continue to place the capacitors. In
the last round the board connectors are placed and soldered.
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Boards

ATTENTION!

Please be careful, and don’t forget to solder a pad on the top side of the board. I have
marked all critical pads with red colour in the placeplan below. Please check if you have
really soldered these pads!
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Fig. 2: Arithmetic Logic Unit - Placeplan

1.1.3 Partlist

74HCO00 IC48

T4HC04 1C47

74HC74 1C49, IC50

7T4AC157 IC56

T4HC541 IC51, I1C53

T4HCS574 I1C52, IC54, IC55, 1C60, I1C61

27C64 -or- 27C256, 100ns  1C59
27C801 -or- 27C080, 100ns  IC57, IC58
100nF ceramic capacitor C47, C48, C49, C50, C51, C52, C53, C54, C55, C56, C57, C58,

C59, Co60, Co1
10 pin header VA, VB, VC
16 pin header Vo
20 pin header V5

Note: If you are using the fast 100ns EPROM's and you will not clock the CPU core higher
than 8 MHz, the 74AC157 can be replaced by the slower 74HC157.
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Boards

1.2 Microcode Control
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Fig. 3: Microcode Control Board

1.2.1 Description

The control board is the core of the CPU. It contains the big state-machine the controls all
components of the CPU. The state machine is implemented as a lookup-table with feedback
lines. The lookup-table is built with three 128kb*8 EPROM’s. The 8 bits of the OP-code, five
counter lines, the three flag lines and the interrupt line are the inputs for the lookup table. The
24 output lines of the EPROM’s steer the several components of the CPU. Commonly said,
the three EPROM’s contain the microcode of the CPU. The microcode can be seen as an
interpreter for the OP-code. A microcode can have a depth of 32 micro instructions, but in
common only 10 micro instructions are required to interpret an OP-code.

1.2.2 Placement of Components

After you have soldered all Via’s, you can continue with the integrated circuits. I suggest you
not to use sockets for the IC’s, except for the EPROM’s. If you wish to use sockets for all
IC’s, you must use precision sockets. Only the high quality sockets allow you to solder the
pads on the top side of the board. I strongly recommend you to follow the placement order |
have noted in the placeplan below (see blue numbers, and start with the IC that has the blue
number 1). When all IC’s are placed and soldered, you can continue to place the capacitors
and resistors. In the last round the jumper block and the board connectors are placed and
soldered.
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Boards

ATTENTION!

Please be careful, and don’t forget to solder a pad on the top side of the board. I have
marked all critical pads with red colour in the placeplan below. Please check if you have
really soldered these pads! DO NOT USE SOCKETS FOR 1C9-1C16 !

[1] \ 20 -

'T1 1 TR EEEEEEGEGE

EEEEE2 HEEEEEEE
°

[+]

B BR
EEEREE@E?2

q
=) R2 R3
© aK7 47
] [+]

°0 ° o[_Jo
o

o © R4 47
[-]

=
B
6¢
=5
[

27C010-60
27C010-60
27C010-60

IC3

IC2
IC1

1 5 IC12
4HC74

(=)

hd
cs 83
vA 1%y 3 °
ZEEEEE Jumper ZEEEEEA
o [EEFFHIIfC mnazzads /O
Fig. 4: Microcode Control — Placeplan
1.2.3 Partlist
74AC00 IC10
74ACO08 IC16
74HCO08 IC9 Must be a 74HC08
74AC32 IC11
T4AC74 IC14,1C15
74HC74 IC12,1C13
74HC161 IC6, 1C7
T4AC574 IC4, 1C5, IC8
27C010 -or- 27C1001, 60ns IC1,IC2, IC3
100nF ceramic capacitor Cl, C2,C3, (4, C5, Co, C7, C8, C9, C10,C11, C12,C13,
Cl14, C15,Cl16
10pF / 16V, tantalum C104
47 Ohm R1,R2, R3,R4, R5
470 Ohm R6
4.7 kOhm R29
10 pin header VA, VB, VC
14 pin header Vi
16 pin header Vo, V4
20 pin header V5

2*4 pin jumper block + jumper JP4
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Boards

1.2.4 Jumper Settings

The Jumper JP4 is used to change the runtime compensation of the EPROM delay. This is
required if the CPU shall run on high clock frequencies (6 MHz and above). Usually the
jumper can be set to position 1 (like shown in the figures). But if you observe instabilities or
crashes, you may try other jumper positions (2 trough 4) to fix a possible problem with the
EPROM delay time.

Please keep the jumper JP4 in mind when you have taken MyCPU extension boards into

service and you observe instabilities. The more components are connected to MyCPU, the less
stable the MyCPU may work. You can try to compensate this with JP4.
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Boards

1.3 Signal Decoder
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Fig. 5: Signal Decoder Board (Prototype, R30+R31 missing)

1.3.1 Description

The signal decoder board belongs to the CPU microcode control board. The eight output lines
of EPROM IC1 are demultiplexed on this board. This board generates 16 read- and 16 write-
control-lines. These lines are used to read data from and write data to registers.

1.3.2 Placement of Components

After you have soldered all Via’s, you can continue with the integrated circuits. I strongly
recommend you to follow the placement order I have noted in the placeplan below (see blue
numbers, and start with the IC that has the blue number 1). When all IC’s are placed and
soldered, you can continue to place the capacitors and resistors. In the last round the board
connectors are placed and soldered.
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Boards

ATTENTION!

Please be careful, and don’t forget to solder a pad on the top side of the board. I have

marked all critical pads

with red colour in the placeplan below. Please check if you have

really soldered these pads!
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1.3.3 Partlist

74HC138

47 Ohm

470 Ohm

100nF ceramic capacitor
10 pin header

14 pin header

16 pin header

20 pin header

Fig. 6: Signal Decoder — Placeplan

IC17,1C18,1C19, IC20, IC21
R28, R30, R31

R27

C17, C18, C19, C20, C21
VA, VB

V1, V2, V3

V4

Vs
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1.4 Program Counter
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1.4.1 Description

The board contains the program counter (PC) and the rest of the address line logic. The
program counter is a 16-bit wide counter that is built with four 4-bit counters (74HC161). The
counters can be loaded with a new initial address and the actual counter state can also be read
back. Further more there is a logic that allows the CPU to access random addresses.

1.4.2 Placement of Components

After you have soldered all Via’s, you can continue with the integrated circuits. I strongly
recommend you to follow the placement order I have noted in the placeplan below (see blue
numbers, and start with the IC that has the blue number 1). When all IC’s are placed and
soldered, you can continue to place the capacitors and resistors. In the last round the board
connectors are placed and soldered.
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Boards

ATTENTION!

Please be careful, and don’t forget to solder a pad on the top side of the board. I have
marked all critical pads with red colour in the placeplan below. Please check if you have
really soldered these pads!
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Fig. 8: Program Counter — Placeplan

1.4.3 Partlist

74HC74 1C34

74HC161 IC35, 1C37, IC39, I1C41

74HC541 IC36, IC38, IC44, IC46

74HC574 1C40, IC42, 1C43, 1C45

100nF ceramic capacitor C34, C35, C36, C37, C38, C39, C40, C41, C42, C43, C44, C45,

C46

470 Ohm R25, R26

10 pin header VA, VB

14 pin header V1, V2, V3

16 pin header Vo0, V6

Page 9



Boards

1.5 Interface and Registers
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Fig. 9: Interface and Register Board

1.5.1 Description

The board contains the core-registers ACCU / X-Reg / Y-Reg, the stack pointer register and a
temporary register, the bus interface driver, a clock generating- and control-circuit, and the
reset logic.

The board has two sockets for two different oscillators, whereas only one oscillator is required
and the second one is optional. For possible oscillator frequencies and jumper settings please
see chapter 1.5.4.

1.5.2 Placement of Components

After you have soldered all Via’s, you can continue with the integrated circuits. I strongly
recommend you to follow the placement order I have noted in the placeplan below (see blue
numbers, and start with the IC that has the blue number 1). When all IC’s are placed and
soldered, you can continue to place the capacitors and resistors. In the last round the board
connectors and jumpers are placed and soldered.
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Boards

ATTENTION!

Please be careful, and don’t forget to solder a pad on the top side of the board. I have
marked all critical pads with red colour in the placeplan below. Please check if you have
really soldered these pads!
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1.5.3 Partlist

74AC00

74ACO08

T4AC74

74HC74

74HC245

74HC393

74HC541

74HC574

LM393

10nF ceramic capacitor
100nF ceramic capacitor
2.2uF / 16V, tantalum
10uF / 16V, tantalum
10 Ohm

47 Ohm

100 Ohm

470 Ohm

1 kOhm

2.2 kOhm

4.7 kOhm

10 kOhm

22 kOhm

47 kOhm

Fig. 10: Interface and Register — Placeplan

IC63

1C29, 1C32, IC62

IC31

ICo4

IC22

IC30

1C28, 1C65

1C23, IC24, IC25, 1C26, 1C27
IC33

C105

C22 - C33, C62 - C65, C100, C101
C103

C102

R13

R8, R9, R23

R18

R10,R11, R22

R31, R32, R33, R34, R35, R36, R37, R38
R12

R19, R21

R20, R30, R14

R16

R15
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Boards

220 kOhm R17
SIL 8 x 4,7 kOhm R7

SIL 8 x 10 kOhm R24

D1 I1N4148
Crystal Oscillator Q1,Q2
3 pin jumper JP1,JP2, JP3, JP5
2 pin connector (with cable) J2

DIN 41612 Connector I

10 pin header VA, VB
14 pin header V1, V2
16 pin header VO, V6

1.5.4 CPU Frequency Jumper Settings

The figure below describes the various jumpers on the interface board:

T -
) O
—f— 4MHz Clock Generator Input Source for the Bus -

— (Input Clock is selected with JP2) 4 F;WH 7 Generator l Waitstates l slow internal
— [0 JP2 £CLL) noWaitst. | [E£CTL) olock cycles
—— L ‘_- Divide Input Clock by 2 EZTS) Select Q1
—— . u l l fast internal
— | - . JP2 _ _
= %2 Divide Input Clock by 4 CE3 Select Q2 E 1 Waitstate ﬂﬂ clock cycles

o] |8

Fig. 11: Clock Control - Jumper Settings

Default jumper settings: JP1:[1-2], JP2:[2-3], JP3:[2-3], JPS5:[2-3]
Default oscillator population: Q1: not populated, Q2: populated with 16MHz oscillator
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1.5.4.1 Oscillator population

Q1 and Q2 shall be placed with a socket. You should use a precision DIL socket (14 pins) for
the oscillators. Before soldering the sockets, the pins 4 and 11 should be removed (cut with a
knife). This enables you to fix the oscillator in the socket with a cable strip.

Q1 must be populated when Q2 has an other frequency than 8.0000 MHz or 16.0000 MHz.
Then Q1 must be populated with either 8.0000 MHz (set JP1 to 2-3) or 16.0000 MHz (set JP1
to 1-2). Don’t forget to set JP2 to position 1-2.

If Q1 is not populated, Q2 must have a frequency of either 8.0000 MHz or 16.0000 MHz, and
JP2 must be set to position 2-3, and JP1 to 2-3 for an 8 MHz oscillator or to 1-2 for a 16 MHz
oscillator.

If Q1 is populated, Q2 can have any frequency.

Summary:
* JPI sets the clock divider for the 4.000 MHz bus clock
* JP2 chooses the clock source for the 4.000 MHz bus clock (either Q1 or Q2)

For the first run please use always the default configuration (see red box on previous
page). When you got your MyCPU running with this configuration, you can start tweaking
your MyCPU according to chapter 1.5.4.4.

1.5.4.2 Bus Wait States

Jumper JP5 can be used to disable bus wait states. Note that bus wait states are enabled by
default. You may disable bus wait states to tune the MyCPU, but this requires really fast
periphery like fast memories and a short backplane bus. With VGA-Unit or IDE-Controller
attached you should always leave bus wait states enabled.

1.5.4.3 Fast internal clock cycles

By default MyCPU uses faster (that means shorter) clock cycles for internal register-to-
register transfers. If you are using very slow EPROM's for the Microcode or you could not
procure 74ACxxx-chips, it may be necessary to disable fast clock cycles. To slow down the
internal clock, please set JP3 to position 1-2.
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1.5.4.4 Tuning the MyCPU clock frequency

You can try to increase the CPU core clock frequency by using other jumper settings and by
increasing the oscillator frequency. The following flowcharts will help you. You should use
the first flow chart if you could not obtain all the required 74ACxxx parts. Use the second
flowchart when you have populated the boards with 74ACxxx chips where they are required.

Use this flowchart to tweak you MyCPU if you have a pure 74HCxxx design or if you failed
to procure all the required 74 ACxxx parts:

Step 1:
» Start with a single 16MHz oscillator at Q2.
SetJP1=1-2, JP2=2-3, IP3=2-3, JP5=2-3.

CPU works
correctly

Set JP5=1-2
(disable wait states)

|

CPU works
correctly

Set JP3=1-2
(disable fast cy cks)

CPU works
correctly

Please try a different setting for
JP4 and repeat with step 1.

You may try different settings for settings for JP4.

Your My CPU runs with 4.5 MHz. Please try different
JP4 and repeat with step 1. L

v
Set JP5 backto 2-3 (emable wait (
no es ;
states). Y our My CPU runs now ¢ CPU works b p| Your MyCPU runs with 6.7 MHz. ]
. correctly
with 5.7 MHz. J

A

Now youmay try this:

Enable wait states again (JP5=2-3),

Populate Q1 with 16 MHz and Q2
¢ with 20 MHz and set JP2=1-2.

Play with JP3 and JP4 to get the

CPU running stable.

CPU works

[ Your MyCPU runs with 7.1 MHz.
correctly

Your My CPU runs with 5.9 MHz.
You should change y our set-up
backto a single 16 MHz oscillator
to get 6.7 MHz CPU clock (repeat
with step 1).
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Use this flowchart if you have populated 74ACxxx parts where they are required:

Start

Step 1:
Start with two oscillators: Q1=16MHz, Q2=20MHz.
SetJP1=1-2, JP2=1-2, P3=1-2, IP5=2-3.

Try other settings | no CPU works
for JP4 correctly

yes

CPU works

Your MyCPU runs with 5.9 MHz.
correctly

N

Set JP3=2-3 (enabk fast cycls)
and try different settings for J4

Your My CPU hasa major
problem. Decrease the
frequency of Q2 to 16MHz.
Continue with the flowchart
for a pure 74HC set-up.

IsIC31a
74HC74?

A
CPU works

correctly

Your My CPU runs with 7.1 MHz. ]

Replace IC32 by a 74HC74 and
try other settings for P4

Set JP3 backto position 1-2
(disable fast cy cles again)

no CPU works

correctly

A 4

(Your My U runs with 5.9 MHz
You should continue with the

flowchart fora 74HC set-up. With
Q2=16MHzyoucanreacha CPU

You may now try other values
for oscillator Q2. Try different
settings for JP4 to get My CPU
run stable. Here isa list of some
CPU core frequercies for
different values of Q2:

Q2=22.0 MHz: core= 7.8 MHz
Q2=23.4 MHz: core= 8.3 MHz
Q2=24.0 MHz: core= 8.5 MHz

\core frequency up to 7.1 MHz
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Overall Part List

2 Overall Part List

2.1 Detailed list of required parts

2x  T74AC00 IC10, IC63

1x  74HCO00 I1C48

1x  74HCO04 1C47

4x  74ACO08 IC16, IC29, IC32, IC62

1x  74HCOS8 1C9

1x  74AC32 IC11

5x  T74AC74 IC14, IC15, IC30, IC31, IC64

5x  74HC74 IC12,IC13, IC49, IC50, IC34

5x  74HC138 IC17, IC18, IC19, IC20, IC21

1x  74ACI157 IC56

6x  T4HCI161 IC6, 1C7, IC35, IC37, IC39, IC41

1x  74HC245 1C22

8x  74HC541 1C28, IC36, IC38, 1C44, 1C46, IC51, IC53, 1C65

3x  74AC574 IC4, 1C5, IC8

14x 74HC574 IC23, 1C24, IC25, 1C26, IC27, 1C40, IC42, 1C43, 1C45,
IC52, IC54, IC55, 1C60, IC61

3x  27C010 or 27C1001, 60ns IC1, 1C2, IC3

1x 27C64 or27C256, 100ns IC59

2x  27C801 or 27C080, 100ns IC57, IC58

lx LM393 IC33

1x  10nF ceramic capacitor (no foil !) C105

67 x 100nF ceramic capacitor (no foil !) CI1 - C65, C100, C101

1x  22pF/16V, tantalum C103

2x 10pF / 16V, tantalum C102, C104

I1x 10 Ohm R13

11x 47 Ohm R1, R2, R3, R4, R5, R8, R9, R23, R28, R30, R31

1x 100 Ohm R18

7x 470 Ohm R6, R10, R11, R22, R25, R26, R27

8x 1kOhm R31, R32, R33, R34, R35, R36, R37, R38

1x  2.2kOhm R12

3x  4.7kOhm R19, R21,R29

3x 10 kOhm R14, R20, R30

1x  22kOhm R16

1x 47 kOhm R15

1x 220 kOhm R17

1x  SIL 8 x4,7kOhm R7

1x  SIL 8x 10 kOhm R24

1x DI IN4148

2x  Crystal Oscillator Q1,Q2

4x 3 pin jumper JP1, JP2, JP3, JP5

1x  2*4 pin jumper block + jumper JP4

1x  DIN 41612 Connector I

1 x 2 pin connector (with cable) 2

12x 10 pin header 5x VA, 5xVB, 2xVC

9x 14 pin header 4x V1, 3xV2, 2xV3

8 x 16 pin header 4xV0, 2xV4, 2xV6

3x 20 pin header 3x V5

5x  printed circuit board, 100x160mm

16 x distance husk with screw
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3 Board Stack

3.1 Stacking the Boards

The CPU consists of 5 printed boards. If wire-wrap connectors with long pins are used for VO
- V6 and VA - VC, the boards can simply put together. The stacking order is as follows:

Arithmetic Logic
Unit (ALU)

...........

Microcode i W & srzz: : T NCNEE —
Control Board -

Signal Decoder \ I ]
Board T HER S R ———

Program Counter - . - . TR :
Board 3 S il _ 7 ‘

Bus Interface
and Registers

Note 1:

I am using wire-wrap connectors with
long  pins.  Unfortunately  these
connectors are no more available (I
bought them at www.conrad.com), so
you have to find your own alternative.
For example you could solder sockets
onto the top side, and then solder
headers on the bottom side to the same
solder pads. The picture at the right
shows how I have done it at the memory
extension unit (see also the Memory
Unit Selfbuild Guide).

Note 2:

Alternatively you can use ribbon cable with board connectors between the boards. Ribbon
cable is much cheaper than the wire-wrap connectors, but it does not look so good, and it must
be kept very short to ensure proper CPU operation.

Page 17



Signals on Board Connectors

4 Signals on Board Connectors

This chapter describes the board connectors. Legend:

An arrow from the signal name to the connector pin describes an input signal.

An arrow from the connector pin to the signal name describes an output signal.

A double-arrow describes a bidirectional signal, in this design it is only the data bus.
All signal names beginning with a ,, T are edge-triggered, that means the condition
0 — ,, 1 triggers the event. These signals are inactive ,,1, but are ,,0° for one bus
clock cycle to generate the rising edge.

Page 18



Signals on Board Connectors

4.1 ALU

O

ALU

'O

= m w
GND B B3| +5V +5v |H H| GND
GND B B +5V +5V B H| GND
GND (B B +5V +5v |l B| GND
GND (B B| +5V +5V [0 B| GND
GND @ @ | +5Vv +5V |H H| GND
< ALU control =
> | FSEL = Flag Select (IN) CSEL = Carry Select (IN) el
+ 0: internal ALU flags, e.g. result of op Select source for carry flag (see .. ﬁ
\ 1: external flags provided by the bus, FSEL) T
' e.g. restore flags from stack TALU: Write ALU Out Reg. (IN) FSEL —» |H B| € CSEL
! OEBPALU = Output Enable Bypassing 1: 1oad result from table lookup in OEBPALU =p |H H| 4 TALU
i ALU output register (IN) ALU output register AMDO —» | H| €= AMD1
e i e oL~ Oukade LU AVOZ —» |8 B <= ANDS
: 130 B ¥ 1: output ALU content on internal bus TAR1—p | B B| €= TAR2
:AI\[D 2.0 LDFVZ: Load & fl IN,
+ ALU ctrl. lines driven by microcode ctrl - e Zerc? andzgr:rﬂo::ilra g‘:"j‘;]( ) CEFLS—» H H| <+ (OiﬁgLU
| TAR1/2: Write Argument 12 (IN) ALU flags output register GND e LDFVZ
1 1: loading argument register 1/2 from FL_C: carry flag (OUT) LDFC = |H H| <+
; internal bus FL_V: overflow flag (OUT) FLC4 BR—FLZ
| OEFLS = Output Enable FLAGS (IN)  FL_Z: zero flag (OUT) FLV<+ EE n.c.
* 1: outpu flags to intemal bus Micro code engine has no access to TN =
. LDEC: Load carry (IN) internal data bus thus C, V, Z flags ’
E 1 load carry in ALU flags output reg. are communicated using these pins -
E Remark: The overflow bit has a . .
g second function - in *most cases* it .
E acts as a sign bit. H
0
3
o
]
el
©
(]
©
c
=
[}
-—
£
<
o
=N
GND |@ B GND
GND |@ B| GND
DO« |E B *ID1
D2« B @ «ID3
ID4 < @ @ @ ID5
ID6 @ |@ @ @ D7
+5Vv (B @] +5V
+5Vv |E Bl +5V
hhdda
CCC <L
< 2EEHEEBEE
O aesae
OOO6O0
ZZZZZ
OoDoOoOoQ
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Signals on Board Connectors

4.2 Control Unit

Microcode Control

O

(o)

] m
GND |B @) +5V +5V |H H| GND
GND |@ @ +5v +5V |H B| GND
GND |B 8| +5v +5V |H B| GND
GND |8 8| +5V +5V |H B| GND
GND +V * GND
.: ALU control v '.!!
» ! FSEL - Flag Select (OUT) CSEL = Carry Select (OUT) .
¢ O: internal ALU flags, e.g. result of op Sowrce for cany flag (see FSEL) teee é
: 1: external flags provided by the bus, TALU: Write ALU Out. (O S
E e.g. restore flags from stack 1 Toad ms:]lt‘zrum tabl;liocl}k?jp En un FSEL 4+— |H B —» CSEL
 AMDO..3: ALU Microctr] (OUT) ALU output register n.c. H B — TALU
i ALU control lines driving ALU LDEVZ: Load zero & ovilw (OUT) ANDOD 4= (EH H|=» AMD1
: LDFC: Load Flag Carry (OUT) 1: store zero and overflow flags in AMD2 4— H H|=» AMD3
+ 1: store carry in ALU flags output reg. ALU flags output register ne ER n.c.
{FL C, FL V,FL Z (IN): nec. ER n.c.
+ Carry, zero, and overflow from ALU
s T IR ALY ... GND |EE| GND
: LDFC <%= |H B|=» LDFVZ
tFLC=» |[H B 4+FLZ
CFLY=> @R nc
e
Signal decoder <
L S N
= Mi ASEL = Address Sel 0 S
§ ?g%%vm Microcode Output Enable  ASFL - Address ect (OUT) MOE2 «— |5 B = MOE3
E Data transfer, select destination TIPC = Increment PC (OUT) MOED «— | B|=—» MOE1
! MCK0/1/2/3 = Micr... Cirl. (OUT) 0: increment PC MCK2 <= |H B|—» MCK3
+ Data transfer, select source /RES.PC = Reset PC (OUT) MCKD «=| & B|=—» MCK1
! LDPC = Load PC (OUT) Reset PCto 0 LDPC #— | E B | =» ASEL
: Load program counter TCLI = Clear Enable Irp. (IN) JBUSCLK? «— | B B | =+ TIPC
E /BUSCLK2 (OUT) *) 0: disable interrupts BUSCLK2 %— | B H| =» /RES.PC
¢ Inverted internal bus block TSEI = Set Enable Interrupts (IN} TSEl—» |0 B| < TCLI
| BUSCLK2 (ouT) 0:enable inerrups T =
fdntermalbusblock LT
1]
= *) Remark: Because of
a1 propagation delays some
_'g Flip-Flops must be clocked
© on the falling clock edge
0O to ensure the required
— set-up time, so this signal
g was introduced.
E Bus & register control
c e ..
- : C_01,C_02 (OUT) TOP = Write Opcode (IN)
< ! Constant Register control 0: Load new opcode in IC8 “.‘
=] | /INT.RES (OUT) /RESET (IN)
] + Reset signal on external bus Reset signal from bus interface o=
GND |8 8| GND | /gyscLK1 (OUT) %) OECOD = Output Enable Code (OUT) el
GND |B B| GND ! Inverted internal bus clock Internal name for RDCODE. c_02 4+ HH — C_01
D0 @ |8 B ®ID1 | 1RQ= Interrupt Request (y) 0 1e2d code from ROM and /INT.RES «— | El H|4—TOP
D2« |8 B| @ ID3 : L Extemalintrupt SYSCLK [BUSCLK1 «— | B Bl| 4= /RESET
D4« |B B D5 | FAST(OUT) el IRQ = | Bl B| GND
DG @ |8 B| @ D7 : Festslowbuscyce {FAST «— B B| GND
* BUSCLK1 (OUT) RDCODE (OUT)
+5v |E B +5V ' Internal busclock. Read code from external BUSCLK1 #— | H H|—» CECOD
+5v |B B +5V ROM & Insert wait state RDCODE +— H B| 4= SYSCLK
""""""""""""""""""""""""""""""" FEEFEERE S

O

A
- n

o on On

A
A
A

B R AS
aND |8 B | AS

ans |B =

(o)

aNS
aNo (= =
aNo |= =
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Signals on Board Connectors

4.3 Decoder

O

GND
GND
GND
GND
GND

Internal Data Bus

ViBEEBEEE

GND
GND
n.c.
n.c.
n.c.
n.c.
+5V
+5Y

EREERREE| OA
EEEEREEAEF

O

Signal Decoder

T TILLLIN

e

o2)
+5V +5V |H B | GND
+5Y +5v |B B| GND
*5V +5Y |H H| GND
*5V Al U control +5v |H H| GND
BV . +5V | B GND
. OEBPALU = Output Enable Bypassing OEFLS = Output Enable FLAGS (IN) “.\ M=
. ALU output register (IN) 1: output flags to internal bus Ta
1 1: write result directly in target register OEALU = Ou o=
' R = Output Enable ALU (IN) R
| (optimization to save 1 cycle) 1: output ALU content on internal bus N
! TAR1/2: Write Argument 172 (TN) n.c. ER n.c.
i 1: loading argument register 1/2 from OEBPALU+— E E n.c.
\ internal bus n.c. EE n.c.
........................................................... N
n.c. ER n.c.
. TAR1 «—|H B = TAR2
“‘ OEFLS %= |H E|—» OEALU
. GND ER GND
Microcode control v he  HE nc
RGN - . ne ER n.c.
E MOE®/1/2/3 = Microcode Output ASEL = Address Select (IN) L N ER n.c.
; Enable (IN) o Address select PC or user ! T N =
E Data transfer, select destination TIPC = Increment PC (IN) ! ~.~.\ <
' MCK(/1/%/3 = Micr. Cul. (IN) low: increment PC | ICNEE
E Data transfer, select source /RES.PC (IN) ! MOE2 —» | Bl B| %= MOE3
: LDPC = Load PC (IN) Reset PC 10 0 ; MOED = | B K | 4— MOE1
E Load program counter TSEI = Set Enable Interrupts (OUT) | MCK2 —» | B Bl | %= MCK3
: /BUSCLK2 (IN) *) low: enable interrupts !
+ Inverted internal bus block _ | MCKO = | Bl K| <— MCK1
! TCLI = Clear Enable Irp. (OUT) LDPC —p |H B | %— ASEL
» BUSCLK2 (IN) low: disable interrupts : —p | H H| <= TIPC
+ Internal bus block ' /BUSCLK2
------------------------------------------------------------- ' BUSCLK2 = | H B < /RES.PC
*) Remark: see Micro code control M. TSEl 4— B B|—» TCLI
T =
PC control <
T T e e e w
! TPCL, TPCH = Write PC (OUT)

) ! Load PC low/high n.c HE n.c.
Register control | TADL, TADH = Write Address (oun)_ -6 | Bl | = /BUSCL
gremsssssesessssessscsescoscscocsn 0 Load address data low/high TPCL <= H H|=» ASEL
i TDAT = Write Data (OUT) ! TIPC = Increment PC (QUT) TADL «— | B |=» OEPCL
: 0: write data to external bus ! i 0 increment PC TIPC <= |E H|=» /RES.PC
: DDIR =~ Data ISR (OUT) ! | LDPC = Load PC (OUT) LDPC «— B B|—» TPCH
: Switch data bus direction i+ Load PC OEPCH #— | B |—» TADH
! TRX, TAC, TRY, TSP, TRP '| OEPCL, OEPCH =
;= Write Register (OUT) | = Output Enable PC (OUT)

: Load register \ ¢ Read PC low/high K

! OEDAT = Out. Enable Data (OUT) | /RES.PC (OUT) K
GND . Read data from external bus ' Reset PC 100 ~ E

i OEAC, OERX, OERY, OESP, OERP ! aET - Address Select (O S
GND : - Qutput Enable Register (OUT) b bcormse oun /o /ne /EE|ne
M.C. | Readregisters [ BUSCLE? (OUT) = . s nc |HHE/=»TOP

[ ! i 4
N.C. * OECON = Out. Enable Constant (OUT),* | o mmgmllj,;?s E)lmk ' ; nc. | HEH n.c.
ne J TR SESSEESSSSSERSSESesnnenas / nc |HB n.c.
ne. . ,,oa  Buscontrol / ne|mE ne
+5V i Fl % 3 g )J: g :D’ s E TOP = Write Opcode (OUT) n.c. |E B =» 0OECOD
+5V v 9 = ; 1 0: fetch new opcode in IC8 nc. HEH n.c.

1 f f f 1 1‘ 1‘ i OECOD = Out. Enable Code (OUT) Pl
+ Internal name for /RDCODE. e

iEEEEEEHE

0: read code from ROM and L,
i nsertwaitstate ... ¢ o

000088

NOD30
dd30
d$30
AH3I0
X¥30
ov30

1va3o
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Signals on Board Connectors

4.4 Program Counter

O

GND
GND
GND
GND
GND

EEEEA|l

VAIRRERAEZ

|; oA Internal Data Bus

GND
GND
DO &
D2 &
D4 &
DE
+5V

+5V

o

+5V
+5V
+5V
+5V
+5V

GND
GND
D1
D3
D5
& D7
+5Y
+5Y

9A
[}
=
[}
[}
B
=
[}

us

Program Counter

PC control

TPCL, TPCH = Write PC (IN)
Write PC low/high

TADL, TADH = Write Address (IN)
Load address data low/high

i
'
H
| TIPC = Increment PC (IN)

i 0: increment PC

| LDPC = Load PC (IN)

. Load PC

| OEPCL, OEPCH = Output Enable PC (IN)
i Read PC low/high

| /RES.PC (IN)

i ResetPCto0

| ASEL = Address Select (IN)

. PC or user

/BUSCLK2 (IN) *)
Inverted internal bus clock

*) Remark: see Micro code control

+5Y
+5Y
+5Y
+5V
+5V

n.c.

n.c.
TPCL ==p
TADL —p
TIPC =
LDPC =»
OEPCH =p

-

n.c.
n.c.
n.c.
n.c.
n.c.
n.c,
n.c.

e,

GND
GND
GND
GND
GND

EET T
|IjIEEE®

n.c.
“— [BUSCLK
“— ASEL
“— OEPCL
+— [RES.PC
“— TPCH

“— TADH

e EEEE|EA
-0 0-0-0-0-0-)

n.c.
n.c.
n.c.
n.c.
n.c.
n.c,

|iEEEEEEE

n.c.

e mEmm| A

O
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Signals on Board Connectors

4.5 Interface Board

Bus interface & registers

L]

| I | .

O]

- B
GND [ ] +6v
GND [m m| +5v
GND [ @/ +6v
GND (B @/ +6V
GND B B +sv
>

)
3
oM
]
+
©
o
©
c
P
Q
-
£
s
GND ; GND
GND GND
DO - D1
D2 & 103
D4 - ID5
D |07
+5Y +5V
+5Y +5V

31’

W

LY
ey
SkY

Vi

\AA

IRIING)

+5V
+5V
+5V

ettt

+5V

HEE L ED
{E

3333344

External Address Bus

(= A

Bus control

1
C_01,C_02 (IN)
Constant Register control !
/INT.RES (OUT)
Reset signal on external bus !
/BUSCLK1 (OUT) %)
Inverted internal bus clock '
IRQ (IN) i
Extemal interrupt |
/FAST (OUT) :
Fast/slow bus cycle !
BUSCLK1 (OUT)
Bus clock !
RDCODE (OUT)
Read code from external EPROM !
and Insert wait state !
TOP = Write Opcode (IN) ;
Low: fetch new opcode in IC8 !
/RESET (OUT) :
Reset signal to bus interface '
OECOD (IN) :
Internal name for RDCODE. !

)

0: read data from ROM and Insert
wait state

Register control

TDAT = Write Data (IN)

0: write data to external bus
DDIR = Data Direction (IN)
Switch data bus direction
TRX, TAC, TRY, TSP, TRP
= Write Register (OUT)
Load register

OEDAT = Out. Enable Data (IN)
Read data from external bus

. SYSCLK (OUT) '

System clock .

*_*<¥) Remark: see Micro code control . «Z
. T

LYY

LY
LYY

Y

c_02 —»

OEAC, OERX, OERY, OESP, OERP ' “.
= Output Enable Register (IN) RS /INT.RES =—»
Read registers o * BUSCLK =
N, IRQ *—
S {FAST =9

. BUSCLK1 =»

GND
GND
GND
GND
GND

<= C_D1
«— TOP
—» /RESET
GND

GND

+— OECOD
—» SYSCLK
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CPU Bus Connector

5 CPU Bus Connector

5.1 Layout of the Bus Connector

CPU Bus Connector (DIN41612 / IEC603-2) A1 _|GND C1_|GND
A2 | GND C2 |GND
J1 A3 +5V C3 [+5V
Al c1 A4 | D1 C4 |DO
A2 c2 \SNB A5 |D3 C5 |[D2
ﬁ gi <\ A6 |D5 C6 | D4
A5 o8 Bg > A7 | D7 C7 |D6
A6 oo B ; A8 |+5V C8 | +5V
AT c7 D5 5 A9 |/RDC(code)  C9 |/RD (data)
£ = //Est | A10 |[reserved | C10 |[/WR (data)
A11 |BUSCLK C11 |IRQ
e A A
A12 €12 20 A13 |A3 C13 |A2
S _— A14 | A5 C14 |A4
AT5 15 A15 |A7 C15 | A6
A16 c16 A16 | A9 C16 | A8
ﬂ; g; A17 |A11 C17 |A10
YT =5 A18 |A13 C18 |A12
A0 o0 — A19 |A15 C19 |A14
A21 C21 A20 | GND C20 |GND
ﬁgg ggg A21 [ (+12V) C21 | (+12V)
o =, A22 [(-12v) 22 (-1
ADE Cos A23 [(IRQ1) C23 | (IRQO)
A26 26 A24 |(IRQ3) C24 |(IRQ2)
igg gg; A25 [(IRQ5) C25 [(IRQ4)
o9 =9 % A26 [(IRQ7) | C26 [(IRQ6)
%( A30 30 —— A27 [(NOEN2) [ C27 [(/IOEN1)
GRD S A31 a1 CCND A28 [(/IOEN3) | C28 [4.000MHz
GND > ASZ L3z CGND A29 |/HALT C29 [/INT.RES
A30 | +5V C30 [+5V
A31 [GND C31 [GND
Fig. 13: CPU Bus Connector A31 | GND C32 |GND
5.2 Bus Signal Description
Pin Direction Active Level | Description
A1 GND
A2 GND
A3 +5V
A4 | bidirectional high D1
Bidirectional data bus line
A5 | bidirectional high D3
Bidirectional data bus line
A6 | bidirectional high D5
Bidirectional data bus line
A7 | bidirectional high D7
Bidirectional data bus line
A8 +5V
A9 output low /RDC
Read code memory (max. 64 kByte). If this line is low, the CPU
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reads data from the code memory (ROM). The address lines are
valid at least one half CPU clock cycle before this line is
asserted. The exact timing of this signal depends on the CPU
microcode.

A10 Reserved
A11 output high BUSCLK
Bus clock, has the same frequency like CPU core frequency and
is phase synchronous to the /RDC, /RD and /WR lines.
A12 output high A1
Address bus line
A13 output high A3
Address bus line
A14 output high A5
Address bus line
A15 output high A7
Address bus line
A16 output high A9
Address bus line
A17 output high A11
Address bus line
A18 output high A13
Address bus line
A19 output high A15
Address bus line
A20 GND
A21 ( reserved for +12V supply on backplane )
A22 ( reserved for -12V supply on backplane )
A23 ( reserved for IRQ1 input line to interrupt controller board )
A24 ( reserved for IRQ3 input line to interrupt controller board )
A25 ( reserved for IRQS5 input line to interrupt controller board )
A26 ( reserved for IRQY input line to interrupt controller board )
A27 ( reserved for /IOEN2 output line of memory board )
A28 ( reserved for /IOEN3 output line of memory board )
A29 input low /HALT
Input with internal pull-up. If asserted the CPU is halted (the
internal clock is switched off). When the CPU is halted, the
signal BUSCLK is low, but the 4.000MHz-line is still working.
The /HALT-signal can be used by slow 1/0O-devices to lengthen
the current I/O-access.
A30 +5V
A31 GND
A31 GND
C1 GND
Cc2 GND
C3 +5V
C4 | bidirectional high DO
Bidirectional data bus line
C5 | bidirectional high D2
Bidirectional data bus line
C6 | bidirectional high D4
Bidirectional data bus line
C7 | bidirectional high D6
Bidirectional data bus line
C8 +5V
C9 output low /RD

Read data memory (max. 64 kByte). If this line is low, the CPU
reads data from the data memory (RAM) or an I/O-device. The
address lines are valid at least one half CPU clock cycle before
this line is asserted. The exact timing of this signal depends on
the CPU microcode.
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C10 output low /WR
Write data memory (max. 64 kByte). If this line is low, the CPU
writes data to the data memory (RAM) or to an 1/0O-device. The
address lines are valid at least one half CPU clock cycle before
this line is asserted. The exact timing of this signal depends on
the CPU microcode.
C11 input high IRQ
Input with internal pull-down. Maskable Interrupt Input. If this line
is asserted, the CPU leaves the normal program execution and
executes an interrupt service routine.
C12 output high A0
Address bus line
C13 output high A2
Address bus line
C14 output high A4
Address bus line
C15 output high A6
Address bus line
C16 output high A8
Address bus line
c17 output high A10
Address bus line
C18 output high A12
Address bus line
C19 output high A14
Address bus line
C20 GND
C21 (reserved for +12V supply on backplane )
Cc22 ( reserved for -12V supply on backplane )
C23 ( reserved for IRQQ input line to interrupt controller board )
C24 ( reserved for IRQ2 input line to interrupt controller board )
C25 ( reserved for IRQ4 input line to interrupt controller board )
C26 ( reserved for IRQ6 input line to interrupt controller board )
c27 ( reserved for /IOEN1 output line of memory board )
Cc28 output high 4.000 MHz Clock
This clock is not synchronous to the CPU core frequency. It
remains active when the /HALT-signal is asserted. This clock
can be used by hardware devices for bus delay timing.
C29 output low /INT.RES
Synchronous reset output. On power-on, this line is low for
several 100 milliseconds. It can be used to reset external
hardware devices.
C30 +5V
C31 GND
C32 GND

Tab. 1: CPU Bus Signals
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6 CPU Reset And Interrupt Sequence

6.1 Reset Behaviour

On power-up, IC33 generates a reset pulse with a duration of 100ms. This is enough time for
the crystal oscillators to start swinging. The CPU logic needs 3 core clock cycles (= 12-16
crystal clocks) for the reset to take effect. That means, when the reset is asserted, the crystal
has to swing 12-16 times until all the internal CPU logic is initialized. While the reset signal
is asserted, the CPU fetches the OP-code at address 0000h again and again.

After IC33 has finished the reset the CPU executes the OP-code fetched from address 0000h.
In most cases a jump command is stored at address 0000h that points to the reset routine in
the ROM.

After the reset the interrupt is masked (disabled), and all registers have undefined values.

6.2 Hardware Interrupt

The hardware interrupt is microcode-dependent. With the MyCPU23-microcode the CPU
executes the code at address 0003h when the interrupt line is asserted (= set high).

But before the CPU starts executing the code at address 0003h, the current program counter
and the flags register are saved to the stack. Also all further interrupts are disabled by masking
the interrupt line. When the CPU executes the RTI (=return from interrupt) -instruction, the
interrupt line is automatically enabled again, the flags are restored from stack and the
processor continues execution of the main program.

Note: If the interrupt line is asserted while the CPU executes the RTI command, the CPU will
immediately jump to address 0003h again, without executing any OP-code from the main
program stream.

6.3 Software Interrupt

The MyCPU23-microcode provides one software interrupt. The software interrupt is executed
when the CPU fetches a BRK (=break program flow) -instruction. The CPU then continues
program execution at ROM address 0006h. At this point the CPU has stored the old program
counter and the flags to stack memory to be able to return to the interrupted program after the
software interrupt has been serviced. The difference to the hardware interrupt is that the
hardware interrupt line is not automatically masked when the software interrupt is raised.
Because of this there exists a different instruction for finishing the software interrupt: RTB
(=return from break interrupt).

Address Type of interrupt
(Interrupt Vector)
0000h Hardware Reset
0003h Hardware Interrupt
0006h Software Interrupt

Tab. 2: CPU Interrupt Vectors
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7 Backplane

7.1 Backplane Cable

The backplane consists of 0.35 meters of a 64 wire ribbon cable and 9 DIN 41612 connectors:

Fig. 14: MyCPU Backplane Cable

8 Schematics

8.1 List of all Schematics

Fig. 15: ALU, Control and Registers

Fig. 16:  ALU, Look-up Tables

Fig. 17:  Microcode and common steering

Fig. 18:  Program Counter, lower 8 address lines
Fig. 19:  Program Counter, upper 8 address lines
Fig. 20:  General Purpose Registers

Fig. 21:  Clock-generation and —control

Fig. 22:  Reset Generator

Fig. 23:  Bus Interface

8.2 Schematics sorted by Boards
Board 1, Arithmetic Logic Unit Fig. 15, Fig. 16

Board 2, Microcode Control Fig. 17
Board 3, Signal Decode Fig. 17
Board 4, Program Counter Fig. 18, Fig. 19

Board 5, Register and Interface Fig. 20, Fig. 21, Fig. 22, Fig. 23

Page 28



T/T 593Ys| 22:85:T¢ S@02°50°20 ==1=(0

L°¢ s1a1s1621 pUE [0JJU0D - (Y Aot
N3 Huawnoog

LSTONRL 10 GWWO

NLG | DYL

nie 37111

LY EVED)

NdDAN 108loid

|aYasnmy siuuag
274
VGG
> ebou M
FLSOHPL L
a0 pIGOHPL OND
L
ke Aog—7
zr 5 T
£l ] [ azuy_cl B
. 1 . N EGE ¥l 7 3 qzuy Sl 3
=1 © 51 ° = Pory 5T g i Qzaw B1 7 ca
g05D| S Sl 128y Sl g
[ ED Tzuw_ O g
- Tz Il azuvy Il ¥
B o s =] [azuy__El B
GG 0dzuy 6F T
| 7901
e | FOOHFL[ T ) ==
WLiPOl
Z 1 Zend L
L 7GOHPL 5 FLSOHPL FLGOHYL d %
- w0s2l
" )H.m_ ] EREE[s] 3 L
iy T AN It
an NS .
al bb | 8 I ] by ¢ 5 La
sa o | o g T LOHY. i v 8 oa
Gl €l A L 7l - £ v L §a
(SIS e 5 I El v g ¥Q
£al Gk p.; c P . S v = £a
za g9 | = T A F ¥ Y2 ¥ za
a2t | © £ 7 1 9 . EI B Wy Bl £
oa & LA o e I ey z v BT z
7501 ZGal
O ¢ > sngql
X 112 MY
> 1.Bed MY

4 Bed iy

Page 29

ALU, Control and Registers

Fig. 15




T/T 0193yg|

8@:20:EC SBBC°GA'TE =91E(

i

l°¢C sa|qeL - NV
N3 fLuswnooQ g~ o[~ o > o[~ o[~ o > ° >
VAR 30T al upol ol upgl ohoupol gbuggl ol ugQl ot ugQl ol uggl
i d18321 _.wO" d0921 om.O“ d9531 mmO“ dS553| mmO" dr53al va“ dESDl mmO" dZ531 NmO“
UBLLISD) . 5 5 5 5 5 5 5
[auosny| siuuag Dn_OhS_ .wow.—o.hn_ olz oz o mH mm m% w% Aot
o
ol uggl al upol ol upgl ol upol stbuggl St ugQlL Shougol Sl ugol
dlGD| = d0SD| == dBFDl = dSPOl = diFOI == dBS0l == di50| == de8sdl ==
= bSO = 082 = 6FD = 8P =) LFPD =1 BSD =1 LSO = 850
Bl 8l Blr 8l 3= 8 8l 8l
FanY
u - =
* | opop MY
anD
SUQOL $90LE SUQQLLO2DLE o8 SUQOLLO2DLE amNo
ddA (ddAh3o ddAN30 =
I ano ¥C ¥Z__ednv AW
o 33 30
IT A n_v < [#4
EG)
7z | canal A
ol v wﬁ T zany MH T zaiv
_ & Ly [E_anv Ly [T _anv
LLy mm T G+ Siy mm un__un .M oLy mm uo.un .N\
oy oY NS Gy fe—ook N 2
o W7 oy TQzdv oLy Tazay
gy |7C_0div ey |6 _sdzdv ™ ery |—oC S02dv N
] 2 0 EEREe Ol e — Al i
] 0w N I A e
anw o | 70 Y [ vaw 8 5% ey N 5% o aew N
cany__S SN R RETETAN S WA 8 |7z _oazav
zany et | 9 BT e o N = el N\ ; = I
5w Ly o o L0y Tanty o ov 1Ly
L/ lan1y_© o o FE—aew Anant | o oy |_sonv e AR ERETETA
banty  F OF ookay N Zianly 6 O PRI sanly__6 e PRI
e L/ oAny 2L o oy |2 rdlyy l/ ranty @ 0 o palyy \|
7 o v |5 _saawN canw L | oo 27 £y
AZJNTY S o Pozanw N Zanly__S o [z
|/ zzanw ¥ 00 o L akey Lanty ¥ et ov [T
224Ny £ IATRTEYEAN oAty € Th odldy
WiED ¥850
4 t=__| | Bou v
=__] zBou Ny

i > eeany
i > sBemy

ALU, Look-up Tables

Fig. 16

Page 30



/L eeus |

¢1:65:61 600¢'¢0'L0 -9ked

Buipooa@-leublg ‘apon-omolp ‘|0U0D-400[D

e a B ano ano
. . ——— & mo WU|¢_m N DS DS
AT JJaguInp Juswinooq —— = [Nt 2 wad wed |z wod |7
N30 m» Sl =N Amn___w | adn
MPNDO  T1LIL ETENE, B o [ @ ] s e
Ausulen y30 d ° = e ‘  her
. A a kY =
Jauashy] siuued NdoAw osloid ano 920 2y on v R i 2 oy DRI
2 o)
. 9CTORFL 120 o 5 7 e zie
= [A)
a 5 a M N npssovrs @ F )
wv B — @~ =0 I = Ll 20 EASFIIN
T Al 2 3 ] o w9 m &Y 215 g —— ow« EANGE
=q @ v P A o 1o 300 oy 12 %z
S e o LR NOOIQ oA 9 | i oy |25
g Iy g H2d30 o AS GIETIEA I 0 A0 SR T smon e | 2 A s e}
Lyar = e A+ S I 9 Fe=om yﬂ%mmw b 5 m \mmumﬁ 09 oo M © s [ 5
29 % i Eem SN AETTIN i A = V=—13 < 5 el o
iy m» m TR Ir ey n® ¥ T oaom l” sear ] € EE) b/ £auy’ oy v L A nw
5 VORI Ly 0ed 9CTOMPL 020 PEETITRETEN (=GR o Ve | 28 % 5 %@ T Iorzad0
8510RP2 B0 o] 9 E s ] 8 T 0w
_ il H1osng ane o e oo oy o} |/ oaniv 6 o o € 0o ov Mﬁ” nw
n o =0 05 - GLO0. 05 - DLUDLE 05 - 0L 00
an wze £uY. o wo o €0l <ol 2el8
2 A B - [ETTRNEYS By nd A,
% HOdL O A " ESTNIG ey 9 exonl
e oA s
= Hae zA 2 o 2 ° [=oom
40, -n LA =] o, LA =] IR
z e v as. Ok Y T oon Sosnas
. 4 9E1ONVL 810 9ETONPL 210 NZEYPL
3 - [N\TLLo
mo-ssaippy <, i < -
- G
I
oesibey <__# 2 2
= =3
\ \ \ \ J > jonuog
mornty < A
— ® |z :
Ao+ ®|_ | = = = 4 %10sN8 HV cng-ql
a
Ny/OHy. N/ OHy. N N8QOWhL NP/SOVY.
o y12 o y12 h g9l
= 20
- PBE: : RS 2 o soromps AR
a a o = 004 10
T ar:iej 2 as
o 3ud _|m o 3w OF a1 WM Mm
ado
ES) K] B R
00 or ar
o] DE CE - oo
a5 bz 0z = 2o
NSOOHFL NEOOHFL NSOOHYL TS0 oL aL = =o
NOOOVFL 8 N
ES] [
NS+ . S NFLSOYY
ic] e i 24
NELOVY. goloNd T o G 20
o e & Easla I8 004 10
5 al
3104 T og Qs 1NZ
. NOOOVYL 5T oLooa 424 =
12 NEODYL Do Qe 104
1svy <0 = Lot LN g &
GFI0 0 \_ z = or  ar oo o 4 nee
_ € G Wm ag = o0 2 =1
iz az aoc a8 =
b
o VLol s m ol a w oo
H ES) ExR]
< 1esoyy
n__mm N80V L
NzLOHY HELOHY \_ T
00DV L 1) a a
wooEe P o w10 Por—
¢ P ¢ o _ B aera\J T NeeowrL
H ]
a b a ool & g o)
—— o sua pi4 o 3w S groNd ¥ 3|
5 or . T G p =
L0 - VEr N+ -
M NG+ 5 E yioshs
i 2 = NEedVrL
I @ ul z
T

VOIS

Page 31

ing

de and common steer

I1ICroco

M

Fig. 17




T/T $199Ug|

92:£0:0C 6B0C°CB 20 =1e(0

€

(0]) Jaunon weiboid

h _ sng-dl

N3y fuawnoog
DHIPEJOUD\H_ HE RN
[EINEDR) a ane
AN 1080l
[BUasny siuuag NdOAN -1o8i0ld
= i) ar A
SR L%
M1DSnEs
MNELOHE L ML OHPL
3 e} H12 v|_. ] ) 410 [ u|m_.
9= S5 GE 9=
) x,_u...\, = R , 10<] T
5 1L° Sl S Saavol 7 0 3 POy
YrEQI (& areol ®
NG+ NG+
A LgSEGh
N
LFSOHPL LFSOHFS
L9LDHR. .
gl ooy ¥ B s Jn 5]
L odayr | N oudy ED e = = T
]
I Tr 5 [ n T 6
R L m 7z DAg+ [ 2
[ £l Z T 8 7
il 7l E] T ]
[ 5L < E] 2107 N Gl 5
v ED ¥ S 3107 ™ El 7
Ly Il B 7 5107 N Ll B
il 2l 4 € P07 N £ [
pigoHr. AN
L9LDHR. —
-, iy b
=T °T
/] 5
] cl 3] sy 0l Cl 5 sl
R EL E] oal /| L Tl g 5d
G ¥l i 5l /] < ¥l L [l
[l Sl E] ¥al /] Sl g [ial
=] Sl < £dl /] ] S S [l
v Ll ¥ 2dl 1 S Ll i Zd
L gl £ Lal 7 gl 3 Xl
o B 4 odl T Bl T od
sng sseIpPy AT

< _ 10 ssedppy

4 | 1onuogn

mes

Program Counter, lower 8 address li

Fig. 18

Page 32



T/7T zmwcm_ PO:E0:0C 600Z°2R" <O =21 o_%u
e (1Y) Jeunoo weiboid ;
N3y fjuswnog o B o B ol mT 9 > o ec .
1y 1unoobad H ol ugolL =l upolL = upolL =l ugoL @b upoL o ocl.l
m— i EFaE dorOl IR dovol S aprol S asvol = dzol  SE dwol | =E
a5y Iy ) < < < = < =
‘108fol 8 g ls g g 8l
Jayosny siuueq NdOAIN :Joslold 1 8|y 8l 8l Sl 8l nox
¥
ol ol NE ale ST ol ale
5l ugor 5l uool 5l ugoL 5l ugol 5l uool 5l uooL 5l ugot
dorol == d6e0l == 4960l == d/g0l == d9g0l == dSe0l == dpedl ==
<1 O0FD =1 BED <) BED <1 LED =] 9ED <] SED =1 FED
8. 8y 8y iL % 8, 8ly
=y (=] (=] (= (=] o (=] __;m-m.
i
¢ * &
LPSOHPL LpSOHP .
29 - L9 LOHY/ 20 o
o Wr u__%ﬁ | O m% D7 = S
8 | /]
2A 8y N3 A 8
s P = a5 P e I
A v 110 A av SHod
el el GA oy L GHD Z Sadl cl Sh oy A SHDd
v L \ W 9 vHOA AN ao a Gl [ o oy g yHDd /]
LY D aA o E EH2d ./.k.IUn_ L} Bate) 3 E] AHOT £al Sl - oy S EHDd
V18 Gl ZA Py [ ZHD .610& Cl an q 5 OHO1 =dl £ ZA v 7 ZHDd S
57 Ll & LHDd ./wIUn_ £l I3 SHOT L3l Ll B HDd
e A ood | Yred L Y I PHOT ommnrm B T
8EDL ZED 940
> > A _ sng-q|
P/GOHL p/GOHy, O %
L9 Lo/
vmwAg ooy W10 meh L
B G n BL T
-5 A
o8 Qg 1N oe a8
Gl cl ol az 5] pia]| aNT al LHTOT Ll 0L as [ SO
vy EF o as 2 [ia]] A10<] L aHO1 &b oo a8 2 ERly
el L og as £ Sl Z SHOT rl oS ac L Sal
Ly Gl oy s 9 Foell - ao a Py FHOT B ob oo g 0l
LY gl o ae F] £dl NEHDd Ll a0 5 E] EHOT EHO1 ol o as 5 £al
0Ly Ll oz az [ zdl NeHod 2l a0 a G ZHOT ZHa1 Ll oz az & zdl
By gl oL a © Ll NGHDd £ WO W 3 LHOT LHa1 El ol ar £ Lal
D z oal oHod Pl T . |35 ora [EERED T odi ol
2ol 7] S (A2 %] 32
L el (=}
0 |glolo el
SN $50.pPY _ [e— —— | 0 sseippy
™,

] lonuon

mes

Program Counter, upper 8 address li

Fig. 19

Page 33



T/T H03ug|

YOFTT0C 6002°28°20 Rie(

€¢

N3y

s1a)sibay

suawnoog

daysibas 137171

IYEINEDR)

[ayosny siuuag

Nd2AN 108loid

Qﬁ.@

d8e0l

upol

820

dS¢

upo L

"
[/
@
o
Q

ugolL gl ugoL
dtcdl =
) 4 €20

®3

FLGOHFL

e 10 L0l
o g 30 VA
P L 5d /" cal
. g [ |/ val
e S £0 L/ cai
S [~ai
. ,_\ B a L/ 1ai

= o0 \ aal

9201

ar el o Zal ar et
8a ol an 5d| gdl el
Fal " P I ] ER
va Sl o el bl Gl
£a al e 5 =l zdl 9l
Zal Ll i zdl aal LL
ST s ar £ [XT] Lar 8l
od Gl = < adl oar 6l

2201

FLSOHPL
¢l a !
c0l sl 30 I
Fa a Tl
va Sl cl
el 9l ]
Zal il il
ST = a al
oar 6k |- C L

GZ0I

MIFSOHEL

)

8201

+201

_ 5 [T 7T
o g T P
o sl N E
i S ol N
p B B
X 7 cal NV

_ i = [T
C odl SNV O

FPLGOHPL

[al:] -
(o) =
ag n
[al] =
(el —
o £l
de

(a1 =
0l =

£201

> wmsa

General Purpose Registers

Fig. 20

Page 34



T/T #99ys|

¥ZiyT:0¢ 6002°20° 20 *91ed

0§
N3y

|0.IUOY 320D
SA9QUNN 1USWND0Q

149312 f37LIL

Aueuwen)
[ayosnyy siuusq

Nd3AN 1osloid

suggL U | suos

I~ I~

L |

:(g-z sod) peso| = Gdr ‘Selels Jem Yl 81240 30019 SNq [euIspg

SuoQl uw suog

4 L

:(g-1 sod) usdo = G4 ‘se1Es Jem Jnoym 81240 3009 SN [BLISIKT

Suook Suos

L

p

:uonesado Aue ‘(g-| sod) uado = gdp ‘ajaka yoojo [BUIA|

suoot Suog

L

L

4L

‘uonesado [eusjul Mojs ‘(g-z sod) pasoja = ¢dr ‘ajaAa dood [euiaiy|

sUQS sUQS

[

‘A4 L1 |

ZHINOZ=ZD UNM YI0sAS [eubis 1oy ssidwex3 Buiwi

sisuel-12)s|Bel-0)-ie)isBa (g-7 sod) pasoja = ¢dr '9jaka ool [EuIsY|

°F

ugL
S010
NG+
hvr g
NFLOHF.
Ty o} NeOOYFL
] NOGOVFL
a o%o_\ aceol <] LlvaL
MO = T o
— o = P = —~ 300002
W0l
sdp NEOOVFL Lyaao
apegsites sng seuo esul [ _JIE acedl
ojels)iem snq ou m = L
veoo! z ® As+ NEBEOHYL
NOOOWFL 7 Mw W10 -
| =8
ol 0 =
oey * s} v [ mw
18vdf 202 m
. Ny LOHES
sejoko [eweiisey [ _JIE s M.G el AG+
w o
So[0A0 [ewalul O[S . NOOOYb2 gzs80l
oL s ) 2£90 NBOOYL NgOOWPL
wry S B 0z€2 ¥
El=s] 3 3
B B
oF _.\
A+
NELOYP, NP LIV,
= © ¥R Pg — © ¥ P \_ T & LHS
9= o= T ol
sod— wod— B gl s
-1 o 38 Oy —=1 & 3 Oy N8OOYFL
10 ) Vil @ deeol
NS+ NG+
i+
wosts <1 AS
hk4%e]
N80JVF.L
ps GumE g
G+ ZHINDOO'9L
1no an: 7
ugoL
T = =
% 1010
[ ST k) 2
zoeunos [ZIE 0
LB 8oInos C [€
zdr* A+
ai
- X AU a ZHINO0O 91 _Mm
HIAl 000" ] NEBEDHPL % 10 ad -
—1 ®© ¥ uook
i B T w05
&0
A TS 22
VOEO! (jeuondo) 1O ¢
AS+

d —control

10N an

Clock-generati

Fig. 21

Page 35



T/T 195ys|

9E:6E:GT

S0BC+B'FC 2180

L

N3y

Jolelauan) 1959}y
suswnoog

CEEV =R

LOEINER)
[ayosmy| siuuaq

NdOAW 108lold

13834/ < _

U0l L
€80
a anNe a
o o
w0
T D |
YOl Jriz'e = o
NEBEINT Domm €010 3
VEe| =
2z 00l
- -+ I 1
Ted —_
gLy gL
noee arLENL
— E__% Sy ”_ 1a
L1 2 iy ¥
W'y _””_
6l
®

Ir

Reset Generator

Fig. 22

Page 36



T/T ufwmcm_ r1:8T:02 6802°20°Z0 =1.(
|y aoBLB] Shg -
N3y suswnoog _Mw
493UTIsNg  371T1 _ _
\ﬂ s m =3 m ~ m =3
ueuwaD Aiv 198l sl upol 5! ugol sl ugol
[8YOSNY SIUUA( NdOAN -108l0id dgenl == J870l == dzzol | ==
5 590 5 62D 5 E20
(] W o Murr (o] W
UN2JID UONEUILLIS)-SNg puE ploy-Sndg @
NG+
NLPSOHPL  ANY
9
Bl
[43] T Qﬂmv
ML ey T % % |3 pial o =1
ML LY T — A A B 70 R )
L ggd o = o | * [T =N FeT .,_ ang ang
ML Sed [ ST AR s vd S IOV
ML Fed ™ — i IR I Ta a9
ML ogsd O T AT I z0 a1 B 258 ]
ML zed O T IR I g a9 = [i50) TE7
AL led m—= 1 % Y= ] o0 6 (158} 0EY
Ton Vg-F ] a] Dl I > L
. | fire] g
4 ZHN 000y > o =Ty
ol oY
o] Dy
e ol oo
46030 Ju Dl 624 % [~ T mm
Wuo 0/ Ll Bl e STy
= vaao Tvar  — i) 02Y
(i ] B Si7
zr ¥iaa W40 021 OLY ZiY [e] EIx £y
EEhE] 0l I Ty I
v Ele) EIE 7
WHO 04 2cd v o] EE ]
Sosnar ] ] Py ]
SHZOHYL o (] Ty o7
o 0% f5e] Dy KX K]
L ol %) K]
0 [ Ivar ols Sjow
CRER) 0] 57 E[eR)
2 ww wu G s ¥ ] L
2 A I 50 50 pio] ey W5 70
7 50 TvaL g v i) EEd 50
@ 8 I3 [ Za = oy &0
0 mw mu 5 o 00 75 T 10
N s = Z0 rot @ < [5e] [
P T 1a & T NG+ ] i e
e AN o [5s] v a
720 W108Nd T LS psr@ =
sng-dl _ >
sng sseippy [ > >
|onuoD _ > > >

Page 37

Bus Interface

Fig. 23




Change Log

9 Change Log

9.1 Changes in the MyCPU design

Date Name Chapter | Description
2006-12-16 | D.Kuschel 1.4 |IC36, IC38 replaced by 74HC541
1C40, 1C42 replaced by 74HC574
Information on page IV inserted.
4 Chapter “Signal on Board Connectors” added
2007-01-13 | D.Kuschel 1.5 Interface Board replaced by new version, chapter
reworked.
8 Schematics of Bus-Interface and Clock-Control
updated
2.1 Table updated
2008-09-24 | D.Kuschel 1.5 Layout of Interface Board changed (bug fixed)
1.5.3 | Values of R8 and R13 changed to 10 Ohm
8.2 Figure 21 and 23 updated
2009-02-08 | D.Kuschel all Updated to MyCPU v2.3
2015-07-23 | D.Kuschel 3,4 | Chapters revised
2015-07-23 | D.Kuschel Added a warning about the use of film capacitors
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