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Introduction

16-bit machine code,
multicycle microprocessor
circuit via FPGA
Implementation
31 accessible registers
o 2 utilized for specific
purposes
o 1 indexed (Register 1
address 0x01)
Included program and data
memories (using
blockRAM)
Four basic machine code
categories

OPCODE | OffsetBits7to2 |  SourceB | Offsetditsito0 | Function |

PC = PC + Offset (Signed)
if SourceB<0

A a4 A Lo R o = S R |

Stack 07

Stack OP | Outcome |
00 [sp-sped
_ Store B on Stack, SP + 1
B=b-

Pull data from stack
onto B, SP-1
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Block Overview ’

1
! In_Ram_Gen
| (Program Storage) Adder
] Combined with PC
1
1

FsM pointer

e 4 Basic Blocks:

Register {in_ram_gen)

o Program Counter

o Serializer | Regiter Result
e 2 Finite State Machines Memarv

o Program Counter |

o Data Path

e Inherent FSM and blockRAM reads
cause delays
o Multi-cycle Processor as a

reSU It ; FSM Instruction Resi 200
e User input is machine code .txt file — — T
. . | egister30 Out, even Seg
e Output is displayed on seven | — !

segment displays | we wrsel spe
o Register 30 (Address Ox1E) |
reserved for output data

Text File

Block
Overview



Data Path

Register Memory:
e 31 Registers, my rege
ALU:

e Takes instructions directly from machine code
e Ability to perform arithmetic, logic, and branch

checking operations
o Emits asynchronous “branch_check” signal based upon
current instruction (check for negative or zero)
o Made up of adders, logic statements, and a bit-shifter
o Purely combinatorial circuit, i.e. all possible outcomes

calculated each cycle
o Calculations asynchronous at cost of extra hardware

Finite State Machine:

e Controls register enables and write signals
e Controls stack data memory signals
e Multicycle, but simplifies instruction decoding

Data Path Program
Counter




Data Path - Data
Memory

e “Stack” like system

o User can pull data, push data, increment or

Stack
WE
decrement pointer
o Unlike traditional stack, fills top up

o 16-bit width, same as onboard registers 'StackOP | Outcome |
00  [SP=sP+1 |
o1 fseeser
10  [sStoreBonStack,SP+1 |
o Utlllzmg the onboard blockRAM _
Creates a time delay as reading takes extra onto B, 5P -1
cycles

o Very large space relative to what can be
accomplished with a ram emulator

o Shares blockRAM with the program file stack: in RAMgen generic map(nrows => €553&, ncols => 1, FILE IMG => "myinival.txt®, INIT VALT
0 0 ort map{clock => clock, inRam idata =»> RLU B,
o To prevent data overwrites, begins at address o em ot m b, toRem v o> we. taem em > 11,

0X2 00 0 inFREM odata => outram);

Data Path Program
Counter



Program Counter

Block Diagram

e “Max_Size” is number of stored
Instruction
e Utilizes blockRAM
e Block grows to fit instructions
o Max_Size changes NA width
o NA affects RAM allocation
o NA affects ram_address width

jimp_offsel_invert_plus

NA = [ log2 Max_Size |

Program
Counter



Program Counter

Finite State Machine

e “stop_error’ end of instruction
indicator
e S3initializes processor

_-"'/ ] -\\-_

trua—{:ra m_address = max-1 :>

ram_address = ram_address + 1

an
53

ready_out == 1

Program
Counter



Name Value

18 clock
18 resetn
18 call
14 jmp
18 jmp_dir
18 ready_out
» W jmp_offset{3:0]

instruction_out[15:0]

> wau['i 0)[3:0]
> W sel[0:0]
By
> W ram_direct_out[15:0]

Block Data Path OAKLAN D
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i F

if funcsma = "00"

e resetn
e clock

W result[15:0]

W op[1:0]

W inst{15:0]

e branch_check

@ sig_jmp

B jmp

W jmp_offset_sig[6:0]
& jmp_offset[6:0]

ready_out
w call
oY

¥ PC_RAM_address[11:0]

Aside: An extremely small timing

Block

Overview

then

"1'" then

400.000 n=s

450,000 ns EO0. 000 ns

p = "10"

if func

EED. 000 ns=

o resetn

a clock

W result[15:0]

T — W op[1:0]

| — B inst[15:0]
@ branch_check
o Sig_jmp

W Jmp

W jmp_offset_sig[6:0]

I W jmp_offset[6:0]

ready_out

w call

a Y
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3] s05d beti begs betZ
oz Yy 03 7e

I "" I I

oz Y 03 v 7c

W PC_RAM_address[11:0]

Data Path

error

Program
Counter

/- Seg
Serializer

Program

op, funcsma, branch check)

then
sma = "00"

400.000 n=s

450,000 ns=s

500.000 n=s

QO0E

R—— p
00 Yooo4

[
oooo

Demo




“branch_check” flips
once after 520 ns

ent and clo

if call = '1'" then

Flip last for infinitely {2 3mp = '1' then
short period of time :

PC_RRM address - conv_std leogic vector (unsigned(jmp_offset_invert_plus),Ni-1);

eras;()l\le}cj k))/ Ei(j(jlr]SJ BC_RAM address <= PC_RIM address + conv_std legic wector (unsigned(jmp_cffset),NR-1);
clock event check ena i

PC BREM address PC_BRM address + conv_std legic wector (1,NR-1);
end if;
end if;
end if;

Program
Counter



Original program counter failed

In post-synthesis timing
o Unmapped synthesized ram signals
o Possibly result of using two in_RAMgen

Revised PC uses LUT - .

o Loads from text file

Program
Counter



Serializer S
Pv:;ue)g to-7seg

decoder

Takes constant output from

register 29, the “output” register -

Basic parametric code, important to the real life
applications of our microprocessor

7- Seg
Serializer



Bit: 1 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0| Instruction
Logic: 0 0| Destination Register/ Register A Register B Function Op Code
0 0 X 0 0 O|A=NotA
0 0 X 0 0 1|B=NotB
0 0 X 0 1 0|A=AandB
0 0 X 0 1 1A=AorB
0 0 X 1 0 0|/A=AnpandB
0 0 X 1 0 1|A=Anorb
0 0 X 1 1 0|A=AxorB
0 0 X 1 1 1|A=AxnorB
0 0
Arithmatic: 0 1| Destination Register/ Register A Register B Function Op Code
0 1 0 0 0 flaA=A+1
0 1 0 0 0 11B=B+1
0 1 0 0 1 OlA=A-1
0 1 0 0 1 11B=B-1
0 1 0 1 0 0|A=A+B
0 1 0 1 0 1|A=A-B
0 1 0 1 1 11B=A4A
0 1
0 1
Move/Stack: 1 0 Offset High Bits Offset Low | OP
1 Ofdir off(5) off(4) off(3) off(2) off(1) off(0) 0 0(JMP
1 Ofdir offf5) off(4) off(3) off(2) off(1) off(0) 1 0|BRNifB=0
1 0fdir off(5) off(4) off(3) off(2) off(1) off(0) 1 1|BRNifB is -
1 0]x X X X X 0 0 0 1|SP=5P +1
1 0)x X X X X 0 1 ] 1|5F =5P -1
1 0]x X X X X 1 0 ] 1|Push to stack
1 0]x X X X X 1 1 0 1| Pull from stack
1 0
Load IM{R30) 1 1 Load Value




Name
18 resstn
18 clock

> WAN[T:0)
ur
> W PC_RAM_address[11:0]
) WR2
> MR3
> MR29

Name

18 resetn
18 clock

18 stop_¢
> W segs(B:0]
» W AN[T:0]
Ut
> W PC_RAM_address{11:0]
> WR2
> WR3
> WR29

10000 ps
07
0002
0002

aool

Block Data Path
Overview

Program
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http://www.youtube.com/watch?v=DOc6HEfDoSk
https://www.youtube.com/watch?v=DOc6HEfDoSk

