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Edge Triggered D FlipFlop (2)
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Master-Slave D FlipFlop - Falling Edge
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Master-Slave D FlipFlop - Rising Edge
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D Latch & D FlipFlop
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Data Path
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CPU and MEM
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Memory

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Memory Data Register
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Memory Access Operations

Memory CPU Memory CPU

WR |RD1

8-bit Data 8-bit Data

8-bit Address 8-bit Address
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Memory Write Cycle - Synchronous
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address

Input n-bit word
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Memory Read Cycle - Asynchronous

k-bit
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Input n-bit word
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Waveform Viewer Timing (1)

* timing figures without delay (Ideal case)

RTL functional simulation

* timing figures with delay

Gate level simulation
with SDF annotation
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Waveform Viewer Timing (2)

Sync WRITE Sync READ
clk /N N\ VA Y A S

R
- MAR ( )' ( )' timing figures
Reg MDR  ( » (VMEM =» ) >~ without delay
Ideal case
FSM =  \WE I EXG L ] MEM RD: l_ | ( )
Reg & MAR  ( ) { )
Reg = MDR | ( o) CEVIEID
FSM = WE | MEM_WR : | | MEM_RD: |
unintended MEM_RD :
write cycle! One cycle ahead
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Waveform Viewer Timing (3)

Sync READ Async READ
Clk /N N\ VA Y A S

Reg MAR ( ). ( ) timing figures
(MEM = ) (VMEM = »  without delay
ESM (Ideal case)
= WE Jwewmcro: [ ] memro: [ /
Reg MAR ( ° ) ¢ )
. timing figures
FSM (MEM = ) (MEM = ) "~ with delay
= WE II\/IEM_RD: | II\/IEM_RD: |

_/

unintended MEM_RD :
write cycle! One cycle ahead
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Instruction Set Architecture

8-bit 8-bit
OP code M: Operand Address
ADD 001 M
STR 010 M
CLA 011
JNZ 101 M
RST 111

Variable Length

ADD $M
STR $M
CLA
JNZ $M
RST

. ACC < ACC +[M]

[M] « ACC

;, ACC < 0
, PC « M if Z=0
, PC <0

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Instruction Cycles

cl
c2
c3

c4
(033}
c6
c7
c8

c4

c4

common cycles

MAR < PC; MEM_RD;
MDR - MEM; PC < PC+1,;

IR — MDR
ADD specific cycles

MAR < PC; MEM_RD
MDR -~ MEM; PC «~ PC+1

MAR < MDR; MEM_RD
MDR < MEM;

ACC —~ ACC + MDR;

CLA specific cycles
ACC < “00”

RST specific cycles
PC ~ “00”

FSM Example (2A)

c4
(03}
c6
c7

c4
ch
c6

Opcode RD
Operand_RD

STR specific cycles

MAR <« PC; MEM_RD

MDR < MEM,;

PC - PC+1

MAR < MDR;
MEM_WR;

MDR - ACC

JNZ specific cycles

MAR < PC; MEM_RD;

MDR < MEM;

PC -« PC+1

If (Z=='0") PC < MDR;

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Clock Cycle Counts

Cl C2 C3 C4 C5 C6 C7 C8
Opcode_RD Opcode_RD Data_RD
MDR < MEM MDR < MEM MDR < MEM
ADD SM
STR SM
Data WR CLA
I MEM —~ MDR

Z=1 (branch not taken) JNZ $SM

Z=0 (branch taken) JNZ $M

RST

. MEM_RD MEM_RD MEM_RD | \
\ | MEM_WR \

MDR — MEM MDR < MEM
Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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IF (S1,52,S3)

S1 S2 S3 S1 MAR < PC; MEM _RD;

CK_I_l_I_l_I- S2 MDR < MEM: PC < PC+1;
S3 IR « MDR

PC (WA
MAR A IR[7:5]
Wr RD ADD 001

MEM - STR 010

MDR - CLA 011

P (. N o

RST 111
R B
mmx, mdil, irl
mal pcinc,

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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ADD (54,55,56,57,58)

S4

S5

S6

S7

S8

S4

ILrrruru o
CK S6

SR s7
S8

MAR c ¢ M
Wr RD RD

vem CM ) (EE

MDR ™M T F

mmx, mdil, mal mdil accl

mal pcinc,

FSM Example (2A)

MAR < PC; MEM_RD

MDR < MEM; PC « PC+1
MAR < MDR; MEM_RD
MDR < MEM,;

ACC <« ACC + MDR;

ADD $M ; ACC —~ ACC + [M]

PC 1001

M [M]

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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STR (54,55,56,57)

S4 S5 S6 S7 S4

I LI LI r >

CK S6
Pc (ICHIN =D s7

Wr RD WR

MEM (M)
MDR M F

mmx, mdil, mal, mem_w
mal pcinc mdol

MAR < PC; MEM_RD
MDR <« MEM; PC -« PC +1

MAR < MDR; MDR < ACC

MEM_WR:
STR  $M - [M] = ACC
PC 010
M
M [M]

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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CLA (54)

S4 sS4 ACC < “00"

CLA ; ACC < 0

PC 1011

cla

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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JNZ (54,55,56)

S4

S5 S6 S4 MAR < PC; MEM_RD;
S5 MDR < MEM; PC « PC +1
S6 If (Z=='0") PC — MDR;

MAR INZ $M  : PC - [M] ifZ=0
WIr RD

MEM| M PC 101

MDR M i

mmx, mdil, pcl M [M]

mal pcinc

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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RST (S4)

84 84 PC - uoon;

e LT

RST , PC <0

PC 111

intrs

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Instruction Decoder

IR [7] [6] I[5]

gj | ADD :::
Z_) | STR :,::
CA) | CLA RST
oj | NZ
D | RST

8-bit

OP code

001

010

011

101

111

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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FSM I

R R

| CLAor|_RST
| JNZ & Z=1 9
| INZ & Z=0 @
| STR

S7
|_ADD

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Control Signal - IF

- S1 MAR < PC; MEM_RD;
<Sl> S2 MDR < MEM; PC « PC+1;

S3 IR « MDR

|

. PC
pcinc | >
intrs A MAR
| * r mdi
l mdil MDR

f

mdol —_—
Add/Sub > {nee
-] mem_w -
z ) J \ J
Acc IR

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Control Signal - ADD

S4 MAR <« PC; MEM_RD

Sanon

T S5 MDR « MEM; PC « PC+1
S6 MAR < MDR; MEM_RD
S7 MDR < MEM;

S8 ACC < ACC + MDR,;

S6 ADD

mmxX mal

pcinc
intrs A MAR
< mdi

|

. «
| l mdil MDR
mdol —_—
Add/Sub > {mdo
S8 Abp .

mem_w

e

4—
= Y v

Acc IR

!

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Control Signal - STR

sS4 MAR < PC; MEM_RD
s5 MDR < MEM; PC - PC +1

S6 MAR < MDR; MDR < ACC
S7 MEM_WR;

/U)\
o |
B

mmxX mal

. PC
pcinc
intrs A MAR
< mdi

—l l el MDR

|

00

f

mdol —_—
Add/Sub - imde
P E— mem_w -
z Y \ 4
Acc IR

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Control Signal - CLA

@ cla

accl
cla

!

FSM Example (2A)

sS4 ACC < “00”
mmX mal
. PC
pcinc
intrs A B MAR  |—»
— £ Mdi | g—
l l mdil MDR
mdol —_—
Add/Sub e
«—— mem_w -
\ / \ J
Acc irl IR

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Control Signal - JNZ

/\ S4 MAR < PC; MEM_RD;
’\§4JNZ/ S5 MDR <« MEM:; PC « PC+1
T S6 If (Z=='0") PC ~ MDR;

=0
Y
- S1
\;,\77;’// mmxX mal
. PC
pcinc
intrs 4 MAR
< mdi

—l l el MDR

mdol

|

f

—
Add/Sub > me
mem_w -
z \ Y
Acc IR

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Control Signal - RST

@ intrs

accl
cla

!
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s4 PC < “00”
mmX mal
. PC
pcinc
intrs A B MAR  |—»
$ mdi fg—
| l mdil MDR
mdol —_—
Add/Sub e
P E— mem_w -
\ J \ J
Acc irl IR

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Addr. Machine Codes

00 60 CLA ;Clear Acc and then adding the operand is
01 2078 ADD $ONE ;equivalent to move the operand to Acc
03 40 FF STR $FF

05 A0O01 JNZ $01

06 EO RST

78 01 ONE: DAT 0000 0001 ;Constant 1

FSM Example (2A) 37 Young Won Lim

5/4/16



References

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

http://en.wikipedia.org/
https://en.wikiversity.org/wiki/The _necessities in_SOC _Design
https://en.wikiversity.org/wiki/The_necessities in_Digital Design
https://en.wikiversity.org/wiki/The_necessities in_Computer _Design
https://en.wikiversity.org/wiki/The_ nece55|t|es in_Computer_Architecture
https://en.wikiversity.org/wiki/The_necessities in_Computer _Organization
https://en.wikiversity.org/wiki/Understanding Embedded_Software

Digital Systems, Hill, Peterson, 1987

http://en.wikipedia.org/

[10] http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf

Young Won Lim
5/4/16


http://en.wikipedia.org/
https://en.wikiversity.org/wiki/The_necessities_in_Computer_Organization
http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38

