
1 2 3 4 5 6

1 2 3 4 5 6

A

B

C

D

A

B

C

D

Date: 2021-08-01
KiCad E.D.A.  kicad 5.1.10

Rev: ASize: A4
Id: 1/11

Title: 8-bit computer v2
File: 8-bit.sch
Sheet: /

License (http://creativecommons.org/licenses/by-sa/4.0/).
This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International

© 2021 Kyle Holland

Sheet: decode low

File: decode_low.sch

I[0..7]

EN

RH,RL_IN
RH,D_IN

FLAGS_IN

RH,RL(I)_IN
IPE_IN
RE_IN
C_IN

A_IN
B_IN
RH_IN

RL_IN

BR_IN
IPL_IN
IPH_IN

IO_IN

RCLK

D[0..7]

IO_IN_CLK0
IO_IN_CLK1
IO_IN_CLK2
IO_IN_CLK3
IO_IN_CLK4
IO_IN_CLK5
IO_IN_CLK6
IO_IN_CLK7
IO_IN_CLK8
IO_IN_CLK9

IO_IN_CLK10
IO_IN_CLK11
IO_IN_CLK12
IO_IN_CLK13
IO_IN_CLK14
IO_IN_CLK15

Sheet: decode high

File: decode_high.sch

I[0..7]

EN

D_OUT
A_OUT
B_OUT
RH,RL_OUT
RH,D_OUT
RH,RL(I)_OUT
FLAGS_OUT
AND_OUT
OR_OUT
XOR_OUT
ADD_OUT
BSR_OUT
A<B_OUT
A=B_OUT
A>B_OUT

D[0..7]

IO_OUT0
IO_OUT1
IO_OUT2
IO_OUT3
IO_OUT4
IO_OUT5
IO_OUT6
IO_OUT7

Sheet: alu

File: alu.sch

A_OUT

A_IN

RCLK
B_OUT

B_IN
B[0..7]

A<B_OUT
A=B_OUT
A>B_OUT

ADD_OUT

AND_OUT
OR_OUT

XOR_OUT

BSR_OUT

FLAGS_OUT

FLAGS_IN

Sheet: clock

File: clock.sch

RCLK
PCLK

RST

HALT_EXT

FE

Sheet: memory

File: memory.sch

B[0..7]

DIR_D

A[0..19] I[0..7]
D[0..7]

M_BD
M_BI

DIR_I

M_WI
M_WD

PCLK SEG_IN_CLK

CTL_SEGLOAD
RST

Sheet: memory address

File: memory address.sch

B[0..7]

RCLK

RE_IN
RH_IN
RL_IN

D[0..7]
A[0..19]

RH,RL_IN
RH,D_IN

RH,RL(I)_IN

RH,RL_OUT

RH,RL(I)_OUT
RH,D_OUT

CTL_WL_EN
CTL_WH_EN

DIR_I
DIR_D

CTL_RH

M_BI

CTL_RL

M_BD

CTL_WL

M_WD

CTL_WH

M_WI

Sheet: program counter

File: program_counter.sch

FE

RST

PCLK

A[0..19]B[0..7]

BR_IN

IPH_IN
IPL_INRCLK

IPE_IN

CTL_IPH
CTL_IPL

CTL_IPE LOAD

V
C

C

GND

V
C

C
V

C
C

V
C

C
V

C
C

V
C

C
V

C
C

8
9

U4D
74HC04

VCC

11
12

13

U1D
74HC32

A->B 1G
N

D
10

B711

B612

B513

B414

B315

B216

B117

B018

CE 19

A0 2

V
C

C
20

A1 3
A2 4
A3 5
A4 6
A5 7
A6 8
A7 9

U3
74HC245

1 10 11
1213141516171819

2
202122

3 4 5 6 7 8 9

RN2
10K

1

10
11 12

13
14
15
16
17
18
19

2
20
21
22

3
4
5
6
7
8
9

RN3
2.2K

1

10
11

2
3
4
5
6
7
8
9

J5
Prog. Interface

1

J4
Conn_01x01

1
2
3
4
5
6
7

J3
IO Input Ctrl

1

10
11
12
13
14
15

2
3
4
5
6
7
8
9

J2
IO Output Ctrl

PWR_FLAG

GND

PWR_FLAG

VCC

1
2

J1
5V Power In

V
C

C

VCC

VCC

GND

VCC

GND

R1
10K

SW1
Reset

1
2
3
4
5
6
7
8

J6
Main Data Bus

G
N

D
G

N
D

OE1

G
N

D
10

Cp11

O4 12D413

D514 O5 15

O6 16D617

D718 O7 19

O0 2
V

C
C

20
D03

D14 O1 5

O2 6D27

D38 O3 9

U2
74HC374

V
C

C

B7

B4
B5
B6

D5
D6
D7

B0
B1

B3
B2
B1
B0

B2

D0
D1
D2
D3
D4

B7

CTL_WL_EN

I[0..7]

CTL_IPL

B7

B3

B6

CTL_IPH

B4
B5

CTL_IPE

B6

CTL_WL_EN

HALT_EXT

B3

CTL_SEG

B0
B1

CTL_WH_EN

B2
B3
B4
B5

CTL_RH
CTL_RL

CTL_WH
CTL_WL

A[0..19]

B4
B5
B6
B7

B0
B1
B2

HALT_EXT
CTL_SEG
CTL_IPE
CTL_RH

CTL_WH_EN
CTL_IPL
CTL_IPH

B[0..7]

CTL_WL
CTL_WH

D[0..7]

CTL_RL

register C

D (immediate value) to bus

note for v3: remove this interface and
use ZIF sockets for the flash chips

20 bits

enable instruction decode
only during execute cycle

IO_IN means in from the bus,
or out to the IO device

8 bit main data bus

8 bit immediate value
8 bit instruction for decoding

IO_OUT means out to the bus,
or in from the IO device

memory address



1 2 3 4 5 6

1 2 3 4 5 6

A

B

C

D

A

B

C

D

Date: 2021-08-01
KiCad E.D.A.  kicad 5.1.10

Rev: ASize: A4
Id: 2/11

Title: 8-bit computer v2
File: clock.sch
Sheet: /clock/

License (http://creativecommons.org/licenses/by-sa/4.0/).
This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International

© 2021 Kyle Holland

GND

GND

D4
LED

D3
LED

R7
680

R6
680

11
12

13

U7D
74HC00

1

2
3

U7A
74HC00

VCC

GND

VCC

GND

D1
LEDR4

680

R
1

J2

K3
C4

S
5

Q 6

Q 7

U8A
74HC109

4

5
6

U7B
74HC00

10
8

9

U7C
74HC00

SW2
CLK Stop

JP3
3 MHz

JP2
6 MHz

JP4
1.5 MHz

JP5
750 kHz

JP1
12 MHz GND

D2
LEDR5

680
3 4

U6B
74HC04

Q10

S
11

C 12
K 13

J 14

R
15

Q9

U8B
74HC109

GNDNC1

G
N

D
4

OUT 5

V
cc

8

X1
ECS-2100X

1011

U6E
74HC04

4

5
6

U9B
74HC32

89

U6D
74HC04

5 6

U6C
74HC04

R3
10K

CLR1

ENT10

Q3 11
Q2 12
Q1 13
Q0 14

RCO 15

V
C

C
16

CLK2

D03

D14

D25

D36

ENP7
G

N
D

8
LOAD9

U5
74AC161

VCC

VCC

SW3
CLK Start

VCC

GND

GND

R2
10K

VCC VCC

VCC

GND

GND

HALT_EXT

RCLK

PCLK

RST

FE

must switch to fetch mode for
reset or external programming

slight delay to avoid timing issues

this cpu is not pipelined,
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program counter:
20 bits with preset
and clear

register IPH: bits 8-15
of jump address

register IPL: bits
0-7 of jump
addressregister IPE: bits 16-19

of jump address

count up at the
same time as
storing the
fetched instruction

put program counter on bus
only during fetch cycle

combine control signals for setting
IPE, IPH, and IPL with RCLK
and OR with external CTL_*

branch if low bit on bus is set,
or when externally setting IPL
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D (immediate value)

note for v3: simplify this logic and
always have re+rh enabled in execute mode

bus
connect
direction

edge trigger for RCLK
(AS6C4008 memory chip does
not use edge trigger for write enable,
so it must be done externally)

connect low
byte to bus

connect high
byte to bus

write enable low byte

write enable high byte

low byte write

high byte write

bus connect direction
high = mem -> bus
low = bus -> mem

register RL

address using RE, RH,
and either RL or D
(immediate value)

(I) modes use high
byte, others use
low byte

IN modes write to
memory
('in' from bus)

low byte

high
byte

memory is two bytes
wide; high byte is H/I
and low byte is L/D

RL addr

D addr

D and not RL addr

register RH
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512K x 16
SRAM (2 of 512K x 8)

when RST is pulsed, segment
register output is disabled
and segment 00000000
is jumped to

register I

register D

output disable chips in write mode

output disable chips
in bus -> mem (write) mode

address bit 19
low = flash
high = ram

512K x 16
flash memory
(2 of 512K x 8)

second register is the equivalent
of jumping for the segment register

memory segment register:
offset the memory address
in increments of 2^12
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decode the top 4 bits of the instruction:
what will output onto the bus?

multiplexed
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register A
register B

registers A and B are wired as the
operands of each ALU operation
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note for v3: combine these three operations
into a single output and use a bitmask for
conditional branch
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BSR is actually ROR (rotate right)
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register FLAGS

write carry out to flags during add operation,
or write to flags directly from bus (FLAGS_IN)

FLAGS_IN OR
add operation

carry bit saved to
flags will always be
used in add operations
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note for v3: use OR gates to combine control
signals with RCLK instead of NOT + AND

decode bottom 4 bits of instruction:
what will read from the bus?

combine enable with RCLK
here to avoid having to do it for
each multiplexed output


