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Digital systems: from bits to
microcontrollers

- Introduction to digital systems fundamentals
- Combinatorial digital systems

- Sequential digital systems

- Introduction to advanced implementation platforms

LUIS GOMES, 2014,15, 16,17

Revisiting registers

Sometimes is necessary that one register performs different functions along the
time.

As the flip-flop structure is the same for all functions, the different functions are
implemented through different flip-flop input functions.

Q,

CLK |
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Revisiting registers
Sometimes is necessary that one register performs different functions along the
time.

As the flip-flop structure is the same for all functions, the different functions are
implemented through different flip-flop input functions.
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Left-right shift-register

SEL
Din
0 DO Q & 0§ Dl Q Ql Ldose DZ Q QZ
2 D D 2 D
5> /Q 12 /Q —— 12 /Q ————

If (SEL = 0) then shift left
else shift right

CLK '

LUIS GOMES, 2014,15, 16,17




15/11/2017

Register with parallel load control

D, D, Do

LOAD

CLK

o

Q, Q

If (LOAD = 1) then load data inputs
else freeze outputs

Register with parallel load control

CLK I l

° al| ° ol

/Q

If (LOAD = 1) then load data inputs
else freeze outputs
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Register with parallel load control and clear

D, D, Dy

LOAD
CLEAR

CLK

o

Q, Q

If (LOAD = 1) then load data inputs
else if (CLEAR = 1) then clear outputs
else freeze outputs

Register with parallel load control and clear

Loap |P2 D, Do
0—:g§_D Q—J O—J:Zé__D Q 0—:2;0_0 Q4
- /Q — /Q — /Q
LK I 1 I
Q, Q, Q,

If (LOAD = 1) then load data inputs
else if (CLEAR = 1) then clear outputs
else freeze outputs
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Register with parallel load control and clear

Loap [P D, D,
CLEAR L ‘_ L
0 2§0—D aH 0 250—0 Qi 0 21’5?__0 Q-
00— P 0o—J2 " W = "
- I I I
Q, Q, Q,

If (CLEAR = 1) then clear outputs
else if (LOAD = 1) then load data inputs
else freeze outputs

LUIS GOMES, 2014,15, 16,17

Coping with data processing dominated
systems > FSM with Datapaths

Finite State Machine < “Control-dominated”

Finite State Machine < “Data-processing-dominated”
cooperative with data
processing architecture

—> Partitioning the system
@ @ into control part
and datapath
Control part > Datapath
(FSM) < ——{register transfer level

LUIS GOMES, 2014,15, 16,17
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A simple multiplier

Goal: to implement one
multiplier of one number (with
N bits) by 3.

Strategy: Result=0+A+A+A

Multiplier
by 3

OK C

J /\J\HZ bits

LUIS GOMES, 2014,15, 16,
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A 3*A multiplier (C = O+A+A+A)

GO A
J %\l bits
Control

Part s Datapath

10AD_C

1 )

CLK

N+2 bits

oK c
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A 3*A multiplier (C = O+A+A+A)

¥/

CLEAR_C
GO A P_RC LOAD
J %\l bits
Control
Part asarc Datapath
10AD_C
1 i)
CLK N+2 bits
0K C

LUIS GOMES, 2014,15, 16,17

A 3*A multiplier (C = O+A+A+A)

GO A

J %\l bits
Control
Part s Datapath
LOAD_C
1 T
CLK N+2 bits
oK C

jade
Lisho:
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A 3*A multiplier (C = O+A+A+A)

GO A Si LOAD_C
CLEAR_C
N bits
0
Control
Part asarc Datapath o | b Q
10AD_C
1 i) Ux
CLK N+2 bits
oK c RCi

FACULDADE DE
CIENCIAS E TECNOLOG!

LUIS GOMES, 2014,15, 16,17

A 3*A multiplier (C = O+A+A+A)

Go A si LOAD_C
CLEAR_C
N bits
0
- wait for GO=1
- Clear RC Control Data - b a
path v
- AddA Part | oo
- Add A
t t ux
- AddA CLK N+2 bits
- Wait for GO=0 RCi
oK C

FACULDADE DE

7

s
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A 3*A multiplier (C = O+A+A+A)

ﬁ/ =
GO-l i GO

A si LOAD_C
CLEAR_C
N bits
0
- wait for GO=1
- Clear RC Contro' Datapath o D Q
- Add A Part  —omec ]
- Add A
i i x

- AddA CLK N+2 bits
- Wait for GO=0 [ Rai

oK C

0
CTS - Ceontre of lec ks anc Syslem: .
ﬂy«uu\!g\.{émwmkm ’ LUIS GOMES, 2014,15, 16,17

Exercise: multiplier of two numbers

Goal: to implement one multiplier of two numbers
(with N bits each).

LUIS GOMES, 2014,15, 16,17
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One multiplier (1)

Goal: to implement one multiplier of two numbers (with N bits each),
using successive additions algorithm.

GO A B
C=AxB
N bits N bits

LoAD_A ‘
a0 |
Control CLEAR B |
ontro INC_B g C=0+A+A+..+A
Part CLEAR_C » Datapath
A c |
o« TP B times
CLOCK SIGNAL 2N bits
A,

LUIS GOMES, 2014,15, 16,17

One multiplier (I1)

mmm=) Successive additions,
using add-and-

accummulate register to |:>
store partial additions as

well as final result

s
FACULDADE DE ﬁ
e, COE B o @lnnova
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One multiplier (I1)

m==) Successive additions,
using add-and-

accummulate register to |:>
store partial additions as

well as final result

==) \What about B times counter?

FACULDADE DE
CIENCIAS E TECNOLOG!

LUIS GOMES, 2014,15, 16,17

One multiplier (I11)

Datapath: counting B times:

Option 1 - using an up-
counter

CLEAR_B

INC_B

FACULDADE DE

s
B oo Blnnova (N

LUIS GOSMESN2BIAPDIA} 6517
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One multiplier (1V)

Datapath: counting B times

Option 2 - using a down-
counter

FACULDADE DE
CIENCIAS E TECNOLOG!

LUIS GOMES, 2014,15, 16,17

One multiplier (V)

Control part

FACULDADE DE

.
CIENCIAS E TECNOLOGIA WUNlNOVA . 3 TS Cantre of Tck olngy anc Systems
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FSM with Datapath

C=AxB
LOAD_A
LOAD_B - ‘
Control CLEAR_B -
ontro INC_B
Part CLEAR_C ¢ Datapath C=0+A+A+..+A
LOAD_C
sToP
T '|- B times
CLOCK SIGNAL 2N bits
v
OK C

‘ P
:@ e e B R0 5 .
o Arnoat LUIS GOMES, 2014,15, 16,17




