1 | 2 3 | 4 [
5 7
LDAX x > Accu
LDAMX _ [M(X) -> Accu EHR € SR
LDAI X M(M(X)) -> Accu 1 ‘2 E
STAMX __ [Accu-> M(X) p -
- CLHR CL SR
STAI X Accu > M(M(X)) Clock j
ADD X Accu+X-> Accu A
< [ Clear-Phase of all written registers
ADDM X [Accu+M(X) -> Accu g
ADDI X Accu+M(M(X)) -> Accu =] IE-Phase of all written registers, longest phase
AND X Accu&X -> Accu Dateh clockkicad_sch Clear-Phase of state register, shortest
ANDM X |Accu&M(X) -> Accu atel: clock.kicad_sc onase
ANDI X Accu&M(M(X)) -> Accu [ IE-Phase of state register, short
ORX Accu|X > Accu
ORM X Accu|M(X) -> Accu
ORI X Accu| M(M(X)) -> Accu
NOT not(Accu) -> Accu
SHL shi(Accu) -> Accu
SHR shr(Accu) -> Accu
BAX X->PC
BN X NF? X-> PC
BCX CF?2X->PC R: 695 =
T HP_Relay_CPU "
BZX ZF2 X > PC - y— & Memory
BEX EF? X->PC =
CALLX PC+1-> SR, X -> PC 3
RET SR+1-> PC ©
D[0..15] 5D[0..15]
A[0..9] SA[0..9]
RD DRD
WR DWR
Datei: HP_Relay_CPU.kicad_sch Datei: memory.kicad_sch
Opcode
Typ LD 0001
4 ST 0010
MoP 0011
B 0100
CALL 0101
RET 0110
NOP 1111
Adr 00
2 X 01
M(X) 10
MM(X) 11
MoP ADD 0001
4 AND 0010
OR 0011
NOT 0101
SHR 0110
SHL 0111
B A 000 Immer
3 (e 001 Carry
N 010 Negativ
z 011 Zero Sheet: /
E 100 Gerade N . .
File: Relco.kicad_sch
vp Adr mop B Res Title: Relais—Computer Overview
4 2 3 000 -
= bo| All buses are countet: LSB == Size: A4 [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 1/151
1 | 2 3 [ 4 I
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IE_Accu
C_Accu
OE_Accu
IE_SR
C_SR
OE_SR
IE_ALU_ER
C_ALU_ER
OE_ALU_ER
IE_IR

C_IR
OE_IR
IE_AR
C_AR
IE_ABR
C_ABR
IE_PC
C_PC
QE_PC
IE_PC_HR
C_PC_HR
PC_SRC_MUX
ABR_SRC_MUX
DB_SW

StateMachineFunction Controlum_v_vwmv_vwvv_wmm_vw

88
DOpcode_Oer

OE_Accu
C_IR
C_Accu
RD

WR

OE_ALU_ER

IE_Accu
JE_ALU_ER
C_ALU_ER

IE_PC
IE_SR
IE_ABR
IE_PC_HR
QE_PC
OE_SR
C_PC
C_SR
C_ABR
C_PC_HR

IE_IR
ABR_SRC_MUX

TE_AR
ek
TCAR
D? Sw

DOpcode[0..3]

PC_SRC_MUX

DAdressingModes[0..1] Clock[0..3]

—>NextState[0..3] Opcode_Oer - o
o« u
=

uCommands[0..15]

P Steps[0..8] [ Y-
3

D SL_ABR_SRC_MUX
B SL_PC_SRC_MUX

DSL_RD
DSL_WR

Datei: controllineTiming.kicad_sch

Datei: stateMachineFunction.kicad_sch

uCommands
R: 22 R: 1 o

StateDecoder

D Steps[0..8]

3 ActualState[0..3] 7
Clock_3 @

SL_IE_PC
SLIESR

SL_IE_ABR

PC

IE_|
L_OE

SL_IE_ALU_ER

Datei: stateDecoder.kicad_sch uCommands[0..15]

= =©
o o

I

DBranch_F

StateRegister

Datei: uCommands.kicad_sch

k[O0..
Clock[0..3]D NextState[0..3] ActualState[0..3]
Opcode[0..3]D

AdressingModes[0..1]D-
Branch_FD———

Clock[0..3]

Datel: stateRegister.kicad_sch

Sheet: /HP_Relay_CPU/Control Unit/
File: ControlUnit.kicad_sch

Title: Control Unit

Size: Ak [ Date: Rev:

KiCad E.D.A. kicad (6.0.10) Id: 5/151
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1 | 3 4 I

A[0..9]D>

D[0..15]D
Accu AR
R: 49 R: 21
IE_AccuD> IE 0[0..15] D[0..9]
C_AccuD> C IE
OE_AccuD oE D_perm([0..15]4 ¢ D_perm([0..9]c—
IE_SRD: Datei: OE_Register.kicad_sch Datei: PermOE_register.kicad_sch
C_SRD- ABR_SRC_MUX
ALU .

N R: 217 — bap.o]  R10 o gjd—]
IE_ALU_ERD- — BBranch_f " A[0..15]d Select_A_eq_1 Z[0..9]G4—
C_ALU_ERD ClearCarry B[0..15] Datei: mux.kicad_sch

ABR
OE_ALU_ERD IE_Carry  BranchType[0..2] G— R 21
IE_IRD Math0p[0..3] d— IE b[0.91¢—
C_IRD-
0EIRD. Result[0..15] O— c D_perm[0..9]
- Datei: ALU.kicad_sch
IE_ARD- Datei: PermOE_register.kicad_sch
C_ARD ALU_ER PC_HR
R: R: 21

IE_ABRD: IE D_ALU[O..15] b 5070..9]

C_ABRD- C IE

IE_PCD> OF D[0..15] —Pp¢ D_perm[0..9] G—

C_PCD Datel: ALU_E_Register.kicad_sch Datei: PermOE_register.kicad_sch
0E_PCD SR
IE_PC_HRD £ R: 31 +1 Add
D[0..9] R: 27
C_PC_HRD L be Input[0..9] —
PC_SRC_MUXD- OF D_perm[0..9]
ABR_SRC_MUX | t+1[0..9] G—
-SRC_MUXD Datei: OE_Register.kicad_sch nput+1(0.91G
DB_SWD-
Datei: PCAdder.kicad_sch
Branch_FD- IR PC_SRC_MUX
0Opcode[0..3]D— IE R: 49 —— R: 10
AdressingModes[0..1] D[0..15] A[0..9] : B[0..9] G—
c Math0p[0..3] c— Select_A_eq_1 Z[0..9]G4—
OE BranchType[0..2] G— Datei: mux.kicad_sch
Opcode[0..3] pC
AdressingModes[0..1] OF R: 31 D[0..9]G—
Datel: IR_Register.kicad_sch \CE
L——D_perm[0..9]
Datei: OE_Register.kicad_sch
DB-SW
R: 10
Select_A_eq_1
A0..9] 2[0..9]<

Datei: mux.kicad_sch

Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/
File: ArithmeticLogicUnit.kicad_sch

Title: Arithmetic Logic Unit

Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 6/151
1 I 3 4 [




D[0..15]D
RegisterStorage
R: 33
[ED——PIE D[0..15]G—
(o————PC D_perm[0..15] G—

Datei: PermOE_register.kicad_sch

D_perm[0..15]C>

0ED RegisterOE
R: 16
PB[0..15] A[0..15] G+—
——PSelect A eq 1 Z[0..15]

Datei: mux.kicad_sch

Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/Accu/
File: OE_Register.kicad_sch

Title: Register with OE

Size: Ak [ Date: Rev:

KiCad E.D.A. kicad (6.0.10) Ild: 7/151
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1 | 2 | 3 L | 5
ALU4VBit 0..3
U U
R: 52
0.3 - £ :
SA[0..3] 5‘( g
B[0..15]D> .3 >8[0.3] Result[0..3] — 0.3
- ]
A[0..15]D> PMathGp[0..3] pa N
MathOp[0..3]D> = (&)
Datel: alu4bit.kicad_sch
BranchCalculation
BranchType[0..2]D—————DBranchType[0..2] R0 A[0.15]
Branch_FD—— P Branch_F C_in ALU4VBIt 4..7
Datel: branchCalc.kicad_sch 4.7 3 £ R: 52
: -Kicag = DA[0..3] 5‘( g
4] >B[0..3] Result[0..3]G— 4.7
- ]
CarryLogic D>MathQp[0..3] pa 3
<t
R: 3 Qa
ClearC D————PpCl C —
ear-amy pClear amyq Datel: alu4bit.kicad_sch
IE_CarryD——— PDIE C_InG
Datei: carrylogic.kicad_sch
ALU4VBIt 8..11
3 R: 52
8..11 - £ i
DA[0..3] 5‘( g
S..11 >B[0..3] Result[0..3]— 8..11
- ]
D>MathQp[0..3] pa 9
<t Q
fa
Datel: alu4bit.kicad_sch
ALU4VBit 12..15
3 R: 52
12..15 - £ i
DA[0..3] 5‘( g
1215 DB[0..3] Result[0..3]G— 12..15
- ]
D>MathQp[0..3] pa 9
<< o
fa fa)
Datel: alu4bit.kicad_sch
Result[0..15]D
Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/ALU/
File: ALU.kicad_sch
Title: ALU
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 8/151
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1 2 [ L | 5
D_ALU[0..15]D>
RegisterStorage
R: 33
(oo c D[0..15]G—
IED IE
D_perm[0..15] —
Datei: PermOE_register.kicad_sch
RegisterOE
R: 16
PB[0..15] A[0..15]+—
OED- Select A eq 1 Z[0..15]
Datei: mux.kicad_sch
D[0..15]D
Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/ALU_ER/
File: ALU_E_Register.kicad_sch
Title: ALU Result Register
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 9/151
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1 2 3 4 [ 5
D[0..15]D>
RegisterStoragel
: 33
IED————DIE D[0..15] G—
(D————PC D_perm[0..15] G—

Datei: PermOE_register.kicad_sch

D_perm[0..15]D>

RegisterOEL

Opcode[0..3]D>

AdressingModes[0..1]D-
Math0p[0..3]D>

OED
: 16
PB[0..15] A[0..15]
DSelect_A_eq_1 Z[0..15]
Datei: mux.kicad_sch
15..12
11..10,
9..
5..3

[
[
[
[

BranchType[0..2]0>

Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/IR/
File: IR_Register.kicad_sch

Title: Instruction Register

Size: A4 [ Date:

Rev:

KiCad E.D.A. kicad (6.0.10)

ld: 11/151
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A[0..15]D>

B[0..3]D

Select_A_eq_1D

Mux4Bit 15..12

2[0..15]>>

DSelect_A_eq_1 A[0..3]1G
PZ[0..3] B[0..3]G—
Datei: muxtbit.kicad_sch
Mux4Bit 11..8

&——DSelect A eq 1 Al0..3]1G
PZ[0..3] B[0..3]G—
Datei: muxtbit.kicad_sch
Mux4Bit 7.4

&——DSelect A eq 1 Al0..3]1G
PZ[0..3] B[0..3]G—
Datei: muxtbit.kicad_sch
Mux4Bit 3..0

&——DSelect Aeq 1 Al0..3]1G
PZ[0..3] B[0..3]G—

Datel: mux&bit.kicad_sch

1.5

P74

GND

Sheet: /HP_Relay_CPU/Arithmetic-Logic Unit/PC_SRC_MUX/
File: mux.kicad_sch

Title: MUX

Size: Ak [ Date: Rev:

KiCad E.D.A. kicad (6.0.10) Id: 13/151
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Input[0..15]D—
+24V
P d
A4
GND
0
6 5 4 3 2 1
1bitAdd 1bitAdd1 1bitAdd2 1bitAdd3 1bitAdd4 1bitAdd5
U U U U U U
<t <t <t <t <t <t
Cout Cingg DCout Cingg DCout Cingg DCout Cing DCout Cing DCout Cin
S DS S S S S
R: 3 R: 3 P R: 3 P R: 3 P R: 3 P R: 3
Datei: 1bitAdd.kicad_sch Datei: 1bitAdd.kicad_sch Datei: 1bitAdd.kicad_sch Datei: 1bitAdd.kicad_sch Datei: 1bitAdd.kicad_sch Datei: 1bitAdd.kicad_sch
6 5 4 3 2 1
12 11 10 9 8 7
1bitAdd6 1bitAdd8 1bitAdd7 1bitAdd9 1bitAdd11 1bitAdd10
U U U U U U
<t <t <t <t <t <t
DCout Cingg DCout Cingg DCout Cingg DCout Cing DCout Cinq PCout Cing
DS DS S S S S
R: 3 R: 3 P R: 3 P R: 3 P R: 3 P R: 3
Datei: 1bitAdd.kicad_sch Datei: 1bitAdd.kicad_sch Datei: 1bitAdd.kicad_sch Datei: 1bitAdd.kicad_sch Datei: 1bitAdd.kicad_sch Datei: 1bitAdd.kicad_sch
12 11 10 9 8 7
+24V 15 14 13
/I\ 1bitAdd12 1bitAdd13
U U
<t <t
| L[>cm cindg DCout Cin
S S
2 |'---- 2 |'---- P R: 3 P R: 3
Datei: 1bitAdd.kicad_sch Datei: 1bitAdd.kicad_sch
A4 A4
GND GND 15 14 13

Input+1[0..15]D

Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/+1 Add/

File: PCAdder.kicad_sch

Title: Add 1

Size: Ak [ Date: Rev:

KiCad E.D.A. kicad (6.0.10) Id: 14/151
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D_perm[0..15]C>

D[0..15]D

IED

D

1.5
24V Register4Bit 15..12

—>D[0..3]
§ —1—DPDIE
Hold

Stored[0..3]<0—4

| GND Datei: register4bit.kicad_sch

-

Register4Bit 11..8

b—D[0..3]
—1—DIE

~ Hold

Stored[0..3]<0—4

GND Datei: register4bit.kicad_sch

Register4Bit 7..4

—>D[0..3]
—1——DIE
Hold

Stored[0..3]<0—4

Datel: register4bit.kicad_sch

Register4Bit 3..0

—>D[0..3]
—DIE
Hold

Stored[0..3] G~

Datel: register4bit.kicad_sch

1.5
N
GND
Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/AR/
File: PermOE_register.kicad_sch
Title: Register with permenent OE
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 15/151
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D[0..3]D
IED
h\ h\ h\ h\ d
< < < ;i;
GND GND GND
1,5K 1,5K 1.5k 1.5
| | | |
N N N N
(A (A A (A
GND GND GND GND
< < < <
GND GND GND GND
HoldD

Stored[0..3]D>

Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/AR/Register4Bit 15..12/
File: register4bit.kicad_sch

Title: Register Storage for 4 bit

Size: Ak [ Date: Rev:

KiCad E.D.A. kicad (6.0.10) Id: 30/151
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A[0..3]D

8[0..3]D>

Select_A_eq_1D-

|Z|_____

GND

|Z|_____

GND

|Z|_____

GND

2[0..3]>>

Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/PC_SRC_MUX/Mux4Bit 15..12/

File: mux4bit.kicad_sch

Title: MUX 4 bit

Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 62/151
1 [ [ 4 I




AD
CinD-

2

+24V

GND

CoutD

SD-

-

GND

2

GND

Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/+1 Add/1bitAdd/
File: 1bitAdd.kicad_sch

Title: +1 one bit

Size: A4 [ Date:

Rev:

KiCad E.D.A. kicad (6.0.10)

Id: 94/151
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o Yvvyvvvvvvvyvyvyvy

l\ d
P ™
Even T ‘
A4 Negative d
GND Izz‘ __}\
C_inD>-
" Carry
B hType[0..2]D>
ranchlype(0..2] 1 0N Always 0
+24V ~
GND
T [ Zero
d

GND GND

|Z|_____

GND

|Z|_____

~
GND

Branch_fD——m—

Sheet: /HP_Relay_CPU/Arithmetic—-Logic Unit/ALU/BranchCalculation/
File: branchCalc.kicad_sch

Title: Branch Calculation

Size: Ak [ Date: Rev:

KiCad E.D.A. kicad (6.0.10) Id: 108/151
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T T 3 [ T 5
A[0..3]D
B[0..3]D> ALU1BItO
¥ Y 13
A J !
<
DB Rd
MathOp[0..3]D D Math0p(0..3] ?,I ¥ 0 NE3 R
R =X Anminead E A @ RO
Datei: aluibit.kicad_sch Mo [= \i%
M2 [ il
ALU1BitL Y= ]
U U 3 A1 E L
P4 3 :
A J !
< 1
i R4 i
D MathOp[0..3] E 7 1 i
1 c B2 [=
[8) < A2 [
A A
An—10 Datei: aluibit.kicad_sch
c_inb———
 outD——— ALU1BIt2 5 5 e
c -~ 13 A3 =
An+1D—— DA J L
< Anplus1 [}
DB R
D Math0p([0..3] ?,I 7 2
p
X 7\ ' Cout
Datei: alulbit.kicad_sch
ALU1Bit3
4 M 13
A J !
<
DB R
D MathOp[0..3] E 7 3
J &
D faY
Datei: alulbit.kicad_sch |
Result[0..3]D>
Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/ALU/ALU4VBIit 0..3/
File: alu4bit.kicad_sch
Title: ALU 4 bit
Size: A4 [ Date: Rev:
KiCad E.D.A. 8.0.0 Id: 109/152
T I 3 [ T 5




C_InD

IED

~
CleartD—— +24V GND
T | |
IZI \ d IZI \
\ \

CarryD-
Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/ALU/CarryLogic/
File: carrylLogic.kicad_sch
Title: Carry Logic
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) ld: 113/151
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2 3 [ I 5
XOR XOR
BD 11 E e : Ni ‘”1‘ ’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ !
I
AD * . . : !
Ind +24V ! n| +24V ;
! | ! |
! | ! |
! | ! |
! | ! |
| T | ! | | T | !
1 d ; 1 d !
! _—— _—— | _—— _—— ! _—— _—— |
LT L+ | LT L+ LT L+ |
! | ! |
! | ! |
i | i |
I I
I V4 <~ V4 ~ R N < !
LoJOND . GND | | GND GND LoJOND . GND | !
Out Qut
C_outD A+B
CinD> 24V
| |
L} \ L} \ d L}
A&B AlB not A ISHX A
~ ~ ~
GND GND GND

Math0p[0..3]D>

An-1D-
An+1D-

RD-

|Z|_____

GND

|Z|_____

GND

|Z|_____

GND

|Z|_____

GND

Sheet: /HP_Relay_CPU/Arithmetic—Logic Unit/ALU/ALU4VBIit 0..3 /ALU1BIt0/
File: alulbit.kicad_sch

Title: ALU 1 bit

Size: A4

[ Date:

Rev:

KiCad E.D.A.

kicad (6.0.10)

Id: 114/151
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CommandDecoder

Opcode[0..3]D————0pcode[0..3]

AdressingModes[0..1]D-

Opcode_OerD-

AdressingModes[0..1]

Command[0..12]

uProgramm

D>Command[0..12]

— P> 0Opcode_Oer

Datei: commandDecoder.kicad_sch

Steps[0..15]C>

NextState[0..3]D>

uCommands[0..15]0>

D Steps[0..15]

—P NextState[0..3]

R: 65

uCommands[0..15]]

Datei: uProgramm.kicad_sch

Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/
File: stateMachineFunction.kicad_sch

Title: State Machine Function

Size: A4 [ Date:

Rev:

KiCad E.D.A. kicad (6.0.10)

ld: 130/151
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Branch_FD-

uCommands[0..15]0

BranchSwitch

SL_IE_IRD-

10 11 12 13

14

SL_IE_ABRD

e

e

SL_IE_PC_HRD

SL_PC_SRC_MUXD-

SL_IE_PCD-

&

i
i
&

SL_IE_ARD-

SL_IE_SRD

SL_IE_ALU_ERD-

&

SL_IE_Accul>

&

SL_ABR_SRC_MUXD-

SL_WRD

SL_RDD-

SL_DB_SWD-

i
e

ol
e

e

SLOE_PCD-

SL_OE_SRD-

SL_OE_ALU_ERD-

SL_OE_AccuD>

IE_ABR;IE_PC_HR
IE_PC;IE_Accu;RD; DB_SW

IE_IR; IE_PC;RD; DB_SW

IE_AR; RD ; DB_SW

IE_ABR ; ABR_SRC_MUX

IE_PC; WR; DB SW; OE_Accu
IE_PC;IE_ALU ER;RD ;DB SW
IE_ABR; IE_PC_HR ;IE_Accu; OE_ALU_ER
IE_ALU_ER

PC_SRC_MUX; IE_PC ; RD ; DB_SW
IE_ABR ; ABR_SRC_MUX; IE_SR; OE_PC
PC_SRC_MUX; IE_PC; OE_SR

13 IE_PC

L Branch_F Branfh_f ==0:E_PC; Brand‘;_F ==1:10

W 0 N O U W

o
=
N RO

Sheet: /HP_Relay_CPU/Control Unit/uCommands/
File: uCommands.kicad_sch

Title: uCommands

Size: A4 [ Date:

Rev:

KiCad E.D.A. kicad (6.0.10)

Id: 131/151
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ActualState[0..3]D

NextState0..3] D——————

Clock[0..3]D
StateRegisterState
2
DClear
D StateOut[0..3] I
3 <
— DIE <
a
k]
&
fa)
Datel: stateRegisterSW.kicad_sch
State Register HR
v
=
0 =
— DClear =]
(<]
&
D Stateln[0..3] k]
w
i
DIE
Datel: stateRegisterSW.kicad_sch
Sheet: /HP_Relay_CPU/Control Unit/StateRegister/
File: stateRegister.kicad_sch
Title: Control Unit State Register
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 132/151
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1

WN RO

ActualState[O..S]DJ

TY

TY

TY

Clock_3D-

B

B

B

Ty

Steps[0..8]D

A% A% A% A% A% A% A% A%
GND GND GND GND GND GND GND {— GND
?J \ ?J \ ?J \ -
1 2 ~ 3 4 ~ 5 ~ 6 ~ J 8
GND
GND GND GND
|
L1 \ d
~ 7|
GND
| |
L1 L1 L1 L1 L1 L1 L1 d L1 d
A% A% A% A% A% A% A% A%
GND GND GND GND GND GND GND GND
7 8
Sheet: /HP_Relay_CPU/Control Unit/StateDecoder/
File: stateDecoder.kicad_sch
Title: State Decoder
Size: A4 Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 133/151




Clock[0..3]D—

UWUN [ [o

<ASL_IE_Accu
JSL_IE_SR
~ ~ ~ ~ ~ ~ ~ ~
GND GND GND GND GND GND GND GND
C_AccuD>
IE_AccuD>
C_SRD-
IE_SRD-
JSL_IE_ALU_ER
C_ALU_ERD CQSL_IE_IR
IE_ALU_ERD-
C_IRD-
IE_IRD-
SL_IE_AR
JSL_IE_ABR
~ ~ ~ ~ ~ ~ ~ ~
CARD GND GND GND GND GND GND GND GND
IE_ARD-
C_ABRD-
IE_ABRD-
JSL_IE_PC
C_PCD <JSL_IE_PC_HR
IE_PCD
C_PC_HRD
IE_PC_HRD
OE_Accul- <QSL_OE_Accu
0E_SRD <JSL_OE_SR
OE_ALU_ERD <JSL_OE_ALU_ER
QE_PCD <QSL_OE_PC
PC_SRC_MUXD- JSL_PC_SRC_MUX
ABR_SRC_MUXD- <JSL_ABR_SRC_MUX
DB_SWD- <JSL_DB_SW
RDD- <JSL_RD
JSL_WR
WRD Clock_0 |
IE_OE_Logic
OE_IRD DE_IR IZ"""
Clock_3 Opcode_Oer waeet: /HP,R’elay’,C’PU/(‘ZontroL Unit/ControlLineTiming/
File: controllLineTiming.kicad_sch
CL_IR
~ Title: Control Line Timing
Datel: IE_OE_Logic.kicad_sch GND Size: AL [ Date: Rev:
Opcode_OerD> KiCad E.D.A. kicad (6.0.10) Id: 134/151
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Stateln[0..3]D>

IED-

ClearD———

+24V

GND

StateQut[0..3]D>

Sheet: /HP_Relay_CPU/Control Unit/StateRegister/StateRegisterState/
File: stateRegisterSW.kicad_sch

Title: State Register Storage

Size: Ak [ Date: Rev:

KiCad E.D.A. kicad (6.0.10) Id: 135/151
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Opcode_OerD

CL_IRD-

Clock_3D-

OE_IRD

P d
| 7
< p
A%
GND

K?
RT314A24

AL

12

14

|Z|_____

(2] A2
z <

K?
RT314A24

K?
IZ""" RT314A24

Sheet: /HP_Relay_CPU/Control Unit/ControlLineTiming/IE_OE_Logic/
File: IE_OE_Logic.kicad_sch

Title: Instruction Register OE Timing

Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 137/151
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T T 3 5 T 5
Command[0..12]0> CALL__RET BC NOP
Opcodel0. 31D 3210 (LSB) N AdvessTngModes[O..i]D—| + (h5B)
Nf 0 (LSB) | | |
[Ey | |
2| | |2 -\ 22| (22
M(M(X))
<7 GND N <7 GND CALL SEND M(X) SEND X SEND
’ | | }
d d
4 - Z|_____
| | |
RET
Lo Lo -\ -\ -\
» MOP_M(M(X))
1 J SEND SEND SEND MOP X
IZ_-.\ MOP_M(X)
) ’ 7 GND & ‘ ‘ ‘
» 1 | | } | } IZZ‘ "}\ IZZ' "}\ IZZ‘ "}\
d d
’ --- }---A }---A LD M(M(X))
SEND SEND SEND LD X
Ni NoP LD M(x)
SEND SEND SEND
b
< | * *
-\ | | e -\ -\
ST M(M(X))
MQP
SEND ~END SEND SEND
} | ST M(X)
Py
LD
N SEND
' |
d Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/CommandDecoder/
=== File: commandDecoder.kicad_sch
Title: Command Decoder
- Size: Ak [ Date: Rev:
SEND KiCad E.D.A. kicad (6.0.10) Id: 138/151
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uCommands[0..15]C>
NextState[0..3]D>
Steps[0..15]D>
Opcode_OerD
Command[0..12]C>
AN 23 2
XX > SERES S|l 2l &
== =5 Ei SI= Zxl3
%= e LDX EEEE STMMX Branch
E b Dtepsfo.15] R & 515 [3] | §—Dstepsto.15) R 8 b Dtepsfo.15] R &
- NextState[0..3]G—e |2 - NextState[0..3] G—d pelO. NextState[0..3] G—d
Opcode_Qer DOpcode_Qer Opcode_Qer
Activate uCommands[0..15] NActivate uCommands[0..15] Activate uCommands[0..15]
Datei: commandLDX.kicad_sch Datel: commandSTMMX.kicad_sch Datei: commandBRANCH.kicad_sch
LDMX MQPX CALL
b—Dsteps0..15] < © b Dsteps[0..15] R 4 b Dsteps[0..15] R 4
NextState[0..3] G—d - NextState[0..3] G—9 - NextState[0..3] G—d
Opcode_Qer DOpcode_Qer Opcode_Qer
Activate uCommands[0..15] NActivate uCommands[0..15] Activate uCommands[0..15]
Datei: commandLDMX.kicad_sch Datei: commandMOPX.kicad_sch Datei: commandCALL.kicad_sch
LDMMX MQPMX RET
b—Dsteps0..15] < 8 b Dsteps[0..15] < © b Dsteps[0..15]  ® 3
NextState[0..3] G—d - NextState[0..3] G—9 - NextState[0..3] G—d
Opcode_Qer DOpcode_Qer Opcode_Qer
Activate uCommands[0..15] NActivate uCommands[0..15] Activate uCommands[0..15]
Datei: commandLDMMX.kicad_sch Datei: commandMOPMX.kicad_sch Datei: commandRET.kicad_sch
STMX MOPMMX NOP
L bstepso..15] R 6 L bstepsfo.15] R 8 L bstepsfo..15] R 2
NextState[0..3] G— - NextState[0..3] G— - NextState[0..3] G—
Opcode_Qer L——PD0pcode_Qer Opcode_Qer
Activate uCommands[0..15] G—- NActivate uCommands[0..15] Activate uCommands[0..15] ¢—-
Datei: commandSTMX.kicad_sch Datei: commandMOPMMX kicad_sch Datei: commandNOP.kicad_sch
Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/
File: uProgramm.kicad_sch
Note: All Relays are switched using the Activate .
It becacss ot cpend. Title: uProgramms Overview
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 139/151
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Steps[0..15]D
ActivateD-

NextState[0..3] D——

uCommands[0..15]

o /N SO S

IE_ABR
IE_PC_HR

IE_PC
RD
DB_SW
IE_Accu

<

IE_ABR
IE_PC_HR

w e NS

<

IE_IR
IE_PC

DB_SW

Opcode_OerD-

Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/LDX/
File: commandLDX.kicad_sch

Title: uProgramm LDX

Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 140/151
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Steps[0..15]D>
ActivateD-

NextState[0..3] D——

uCommands[0..15]

o /N /=N SSOo NS SO e

IE_ABR
IE_PC_HR

IE_AR
DB_SW

<

IE_ABR
ABR_SRC_MUX

IE_PC
RD
DB_SW
IE_Accu

IE_ABR
IE_PC_HR

W/ NS S S

IE_IR
IE_PC

DB_SW

Opcode_OerD-

Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/LDMX/
File: commandLDMX.kicad_sch

Title: uProgramm LDMX

Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 141/151
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Steps[0..15]D>
ActivateD-

NextState[0..3]D>

uCommands[0..15] D———

2

2

2

2

2

|| e

GND

GND

GND

GND

GND

GND GND GND

<

< <l

o /NN SO /NS NSO NS SO e

<

IE_ABR
IE_PC_HR

IE_AR
DB_SW

<

IE_ABR
ABR_SRC_MUX

IE_AR
DB_SW

<

IE_ABR IE_PC IE_ABR IE_IR

tABR_SRC_MUX RD IE_PC_HR IE_PC
DB_SW RD
IE_Accu DB_SW

W/ NS S S oSS

Opcode_OerD-

Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/LDMMX/
File: commandLDMMX kicad_sch

Title: uProgramm LDMMX

Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 142/151
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Steps[0..15]D>
ActivateD-

NextState[0..3] D——
~ ~ ~ ~ ~ ~
GND GND GND GND GND GND
1
0
1 < ¢
> ,
0
: < ¢
B\ ,
: < ¢
° ¢
IE_ABR IE_AR IE_ABR IE_PC IE_ABR IE_IR
IE_PC_HR RD IABR_SRC_MUX WR IE_PC_HR IE_PC
DB_SW DB_SW RD
. OE_Accu DB_SW
uCommands[0..15] 4
4
: <
6
1 <
; < <
Opcode_OerD-
Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/STMX/
File: commandSTMX.kicad_sch
Title: uProgramm STMX
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 143/151
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Steps[0..15]C>

ActivateD-

NextState[0..3] D——

uCommands[0..15] D——

Opcode_OerD-

o /U NS SO N S NSO NS SO e

W/ oSS S S S

~ ~ ~ ~ ~ ~ ~ ~
GND GND GND GND GND GND GND GND
IE_ABR £ AR IE_ABR £ AR IE_ABR IE_PC IE_ABR IE_IR
IE_PC_HR RD IABR_SRC_MUX RD IABR_SRC_MUX WR IE_PC_HR IE_PC
DB_SW DB_SW DB_SW RD
0E_Accu DB_SW

Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/STMMX/
File: commandSTMMX.kicad_sch

Title: uProgramm STMMX

Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 144/151
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Steps[0..15]D>
ActivateD-

NextState[0..3] D——

~ ~ ~ ~
GND GND GND GND
1
0
1 < "
> ,
o < <
IE_ABR IE_PC IE_ABR IE_IR
IE_PC_HR RD IE_PC_HR IE_PC
DB_SW IE_Accu RD
IE_ALU_ER OE_ALU_ER DB_SW
uCommands[0..15] 4
7
: <
3 < <
Opcode_OerD-
Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/MOPX/
File: commandMOPX.kicad_sch
Title: uProgramm MOPX
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 145/151
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Steps[0..15]D>
ActivateD-

NextState[0..3] D——

uCommands[0..15]

o /N /=N SSOo NS SO e

IE_ABR
IE_PC_HR

IE_AR
DB_SW

<

IE_ABR
ABR_SRC_MUX

IE_PC
RD

DB_SW
IE_ALU_ER

IE_ABR
IE_PC_HR
IE_Accu
OE_ALU_ER

W0 NSO S

IE_IR
IE_PC

DB_SW

Opcode_OerD-

Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/MOPMX/
File: commandMOPMX.kicad_sch

Title: uProgramm MOPMX

Size: A4 [ Date:

Rev:

KiCad E.D.A. kicad (6.0.10)

Id: 146/151
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Steps[0..15]D

ActivateD-

NextState[0..3] D——

uCommands[0..15] D———

Opcode_OerD-

0

0

0

0

0

0

0

-

GND

GND

GND

GND

GND

GND

GND

<

< <l

o /NN SO /NS NSO NS SO e

<

GND

IE_ABR
IE_PC_HR

IE_AR
DB_SW

<

IE_ABR
ABR_SRC_MUX

IE_AR
DB_SW

IE_ABR
ABR_SRC_MUX

IE_PC

RD
DB_SW
IE_ALU_ER

<

IE_ABR
IE_PC_HR
IE_Accu
OE_ALU_ER

W/ NS S S oSS

IE_IR
IE_PC

DB_SW

Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/MOPMMX/
File: commandMOPMMX.kicad_sch

Title: uProgramm MOPMMX

Size: A4 [ Date:

Rev:

KiCad E.D.A. kicad (6.0.10)

Id: 147/151
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Steps[0..15]D>
ActivateD-

NextState[0..3] D——

v v v v
GND GND GND GND
1
0
: < ¢
> ,
° l <
IE_ABR IE_PC IE_ABR IE_IR
IE_PC_HR RD IE_PC_HR IE_PC
DB_SW RD
PC_SRC_MUX DB_SW
1
10
1 <
: <

Opcode_OerD-

Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/Branch/

File: commandBRANCH.kicad_sch

Title: uProgramm Branch

Size: Ak [ Date: Rev:
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Steps[0..15]D>
ActivateD-

NextState[0..3] D——

o /N SO S

IE_ABR
IE_SR

OE_PC
ABR_SRC_MUX

11
10 N

IE_PC
RD

DB_SW
PC_SRC_MUX

<

IE_ABR
IE_PC_HR

<

IE_IR
IE_PC

DB_SW

Opcode_OerD-

Note: CALL ist using the Branch Control

uCommand (10), so the Branch Mode should be 000.

Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/CALL/
File: commandCALL.kicad_sch

Title: uProgramm CALL

Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 149/151
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Steps[0..15]D-

ActivateD-

NextState[0..3] D——

uCommands[0..15]

Opcode_OerD-

v v v v v
GND GND GND GND GND

1

0

; <

> N .

0 <

2

d 1 <
IE_PC IE_ABR IE_PC IE_ABR IE_IR
OE_SR IE_PC_HR IE_PC_HR IE_PC
PC_SRC_MUX gg_sw

12

1

13 N

1 <

3

Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/RET/
File: commandRET.kicad_sch

Title: uProgramm RET

Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 150/151
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T 2 I 4 [
Steps[0..15]D> 1 >
ActivateD-
| |
L7 \ L7 \ d
NextState[0..3]
~ ~
GND GND
IE_ABR IE_IR
IE_PC_HR IE_PC
RD
DB_SW
uCommands[0..15]
Opcode_OerD-

Sheet: /HP_Relay_CPU/Control Unit/StateMachineFunction/uProgramm/NOP/
File: commandNOP.kicad_sch

Title: uProgramm NOP

Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) ld: 151/151
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D[0..15]D

A[0..9]D

RDD

WRD

The memory system will be realised using an Arduino.

Sheet: /Memory/
File: memory.kicad_sch

Title: Memory

Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (6.0.10) Id: 3/151
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Clock[0..3]D

The Clack system, which delivers 4 clock signals, will not be realised using relays.
An Arduino system will be used, the clock frequency and the intervalls between the 4
signals will be find out by experiment.

Sheet: /Clock/
File: clock.kicad_sch

Title: Clock

Size: A4 [ Date:

Rev:

KiCad E.D.A. kicad (6.0.10)

Id: 4/151
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