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Instruction Decoder (ID)

PCL

2k

J67:
To be used without 555

Manual Clock
(debouncing circuit)

Buffer ROM to DataBus / DataBus to REGIN

Clock Generator

J66:
To be used without 555

Generation of INxOE signal for the execution of INA, INB, INC and IND

Disable_ID

J28:
1-2 = 555
2-3 = Pierce
open = external CLK (pin 2)

PCM

Input Ports

Selects between Auto and Manual Clock.
(bistable)

Enables reading from RAM and directs ALU input B to receive
the value from RAM in Arithmetic/Logic operations that use RAM.

Generation of the ACCTOREGIN Signal

Timing for Jump Control

RAM 2k X 4

Test - Hack

Programming the ROM via Arduino (RESET)

Delay Line

FLAGS Register

Cap is optional

Arithmetic and Logic Unit (ALU)

Generation of OUTx signal

Debug LED

Generation of JPC and JPZ signal

Generation of RE and WE Signals (RAM)
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Astable
Adjustable Freq.: 0.717Hz to 206Hz
Dutty cycle: 43% (3k) and 50% (1M)

Control Unit (UC)

To verify program recording with Arduino, connect
OEROM to GND!

Generation of ARITH_NAND signal

4k

Generation of CLOCKACCEN signal

RC

Generation of ROMOE signal

Reset Circuit

Pierce Oscillator
(Precise Time Base)

Pierce Out

1

2

Cap is optional

Wired AND gate

Clock Control Circuit

J64:
Selects CLK with or without Delay line
1-2 closed => without delay
2-3 closed => with delay

Delay Line

Freq. Enable RSTPC_A (comes from Arduino)
GND (comes from Arduino)

Generation of ACCTOALU signal

Test - Hack

Test - Hack

Test - Hack Test - Hack

Test - Hack

Note: when establishing the power supply, the RSTPC
signal must briefly go low level to perform the reset.

Arithmetic Operation

It is initially assumed that the CLK clock signal is in logic 0 state.
In this state, the code to be executed is read from program memory and all
control signals are generated.

It is important that all control signals are generated before the clock pulse
transition occurs.

In addition, it is important that all the data needed to execute the instruction
is also available before the clock pulse occurs.

The program counter (PC) must be the last to be incremented.
The PC (74161) is incremented on the falling edge of the clock signal.
Therefore, the Clock signal used on the PC is CLKN.
So, only after executing the first instruction the PC will be incremented.

CPU Phases:
           _____________
CLK ______|           |_______
       ph1    ph2     ph3

Phase 1 (ph1): the word code (HiNB, Opcode, MAddr and operand) is read
from the program memory and the respective control signals are generated.

Phase 2 (ph2): On the rising edge of the CLK clock signal the instruction is
executed.

Phase 3 (ph3): On the falling edge of the CLK clock signal the program
counter is incremented.

CLKN => Fetch of Instruction/decode
CLK => execute

Battery

Note: The DATATOREG, SOURCEB, and LDW signals disable the ACCTOREGIN signal.

It generates the signals for the
execution of the LDI, LDR and LDA

Generation of the ENDATABUSTOREGIN signal.

Note: The ACCTOREGIN signal is also used to execute the 'OUTx ACC' instruction.

The bit AMODE, selects the Addressing Mode.
The adderssing modes are valid for data addressing
and jumps.

If AMODE=0, Register Indirect + immediate addressing mode
if AMODE=1, Register Indirect addressing mode

Register indirect + Immediate => Address=[RC:MAddr:LAddr]
Register indirect => Address=[RC:RB:RA]

Note:
LAddr (Low Address) = OPR (Operand), so the names are
interchangeable.
Sometimes it can be called LAddr and other times OPR.

BUFFER

U7 (74157):
If S = 0, ALU input B receives RAM[Addr]
If S = 1, ALU input B receives DataBus

Allows use of NAND, CMP, SUB and ADD instructions
between ACC and memory.

MUX

Decoding of MDx and INxOE signals for the
execution of Instructions, LDI/LDA/LDR, NAND,
SUB/ADD/CMP, OUTx or INx.

ADD=0 and CMP=1, ADDITION Operation
SUB=0 and CMP=1, SUBTRACTION Operation
SUB=1 and CMP=0, COMPARISON Operation

The PC (74161) is incremented in the transition
from 0 to 1.

The LD input works synchronously with the
clock input.

It allows the LD signal to be kept
active for a longer time in the jump
instructions so that the data
containing the address can be loaded.
After loading, the LOADADDRC or
JPI signal (stored in Latch 7474)
returns to "1".
Data loading is synchronized with the
clock signal.

Note: FF must be started with Q=1.

Conditional jump (short, JPC and JPZ):
Modify only PCM and PCL
PC <= MA[7:4]:LA[3:0]
PCH = PCH (is not modified)
(Jumps only to addresses in
the current memory page)

Unconditional jump (long, JPI):
PC = RC:MA[7:4]:LA[3:0]
PCH <= RC
(all memory addresses)

Register Buffer

MUX

Register Buffer

MUX

J3 Sets the size of the ROM memory:
1-2 => ROM of 4k
2-3 => ROM of 2k

The Program memory is implemented with two RAM memories
to facilitate programming. In this way, it is possible to use a
manual programmer or an Arduino Mega 2560 board connected
directly to MikroLeo.

Logic Operation

LDI RA,n

Buffer

Signals to modify the source of data in the LDA / LDR Instructions,
NAND / SUB / ADD / CMP, or the data destination in the LDI
instruction:LDA RC

LDA RB

LDA RA

LDR RC

LDR RB

LDR RA

GND (comes from Arduino)

LDI RC,n

LDI RB,n

LAddr[3:0]

WE_A (comes from Arduino)

Signals Generation for execution of ADD, SUB, NAND and CMP

Wired AND

Wired AND

Note: During addressing transitions, WE or CS must be
kept to High level. This condition is guaranteed by the
PRG signal coming from the Clock circuit. WE only
goes to "0" when CLK goes from "0" to "1".

The 2-position switch (JP) allows disabling the
instruction decoder when closed in the pull-up
resistor position (1-2).

Note: When the ROM is put into program write
mode, the Instruction Decoder must be disabled.

It would be interesting to use a switch to disable
the instruction decoder and at the same time
select the program record mode.

Program Memory  (ROM) - 2k x 16 or 4k x 16

Wired OR

Generation of LOADADDRC signal
(short conditional jumps - Modify PCM and PCL)

J7:
Sets the ROM operating mode:
1-2 closed => Run Program from ROM
2-3 closed => Write Program to ROM

Note: for programming via Arduino, keep J7 opened.

RA

Detector of ZERO

Generation of signals for execution of instructions
OUTA, OUTB, OUTC e OUTD

Ib=210 uA

Ic=0.98 mA

Delay line

OUTD

Allows use of battery backup
data retention mode.

Enables the Program Memory
(CS=0) when the power is
turned on (Vce=20 mV).

When the power is turned off,
the CS signal is held high,
putting the memory into battery 
backup data retention mode.

Allows to use 2

RB

Buffer

ROML

Supercapacitor

Complement of B input

OUTA

OUTB

ROMH

PCH

Pull-Down Resistor:

Rmax = (V_ILmax - 0) / I_IL

V_ILmax = Low-level input voltage = 0,8 V
V_IL = Low-level input voltage
I_IL = low-level input current = 400uA (for 74LS), 1uA (for 74HCT)

Rmax(74LS) = (0.8V - 0) / 400uA
Rmax(74LS) = 2 kohms

Rmax(74HCT) = (0.8V - 0) / 1uA
Rmax(74HCT) = 800 kohms

Pierce oscillator doesn't have an 50% of duty cycle.

SW at position 3 => STEP (AUTO=0)
SW at posição 1 => AUTO (AUTO=1)

Program Counter (PC)

RAM memory

Delay line

Addressing Modes

INx signals are required because the
instructions INx are not decoded into the ID.

Programming the ROM via Arduino
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OUTC

Cap is optional

AND gate with diode

Power Supervisory Circuit

Note:
All integrated circuits 74 are HCT

GND (comes from Arduino)

LDI ACC,n

ADDER

MUX

Decoupling Capacitors (ceramic)

ACC

STEP_A (comes from Arduino)

AND


