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Outline of lecture 6

» Memory — the SR latch

» Transparency

» Clocked master-slave flip-flop
» D-type latch

» Edge triggered D-type flip-flop
» Shift register

» Asynchronous counter

» D-type flip-flop with reset




Creating a memory: a simple latch

A B A+B
. 0 O 0
A > 0 1 1
O
B 1 0 1
OR gate with feedback 1 1 1
...................... > t
B changing depends on A The feedback allows us to record an event
(A changing from 0 to 1) ...
but we can't set B back to 0!
.......................................................................................... > {

Timing diagram showing edge dependence




S-R latch

S R Qn—l—l
._— Stay same
T B l 00 Qn
T
o — — BO (1) é 2 S Record a 0
SET
RESET <R

Not allowed!

\ Record a 1
Bni1 = B, + RESET +SET \

« 2 NOR gates o )&> 0 Q
* inputs: Set and Reset

e outputs: Q and NOT Q

Qi1 = Q,.RESET + SET

Qui1 = (Q, + RESET) + SET SET

Ol

SR latch is TRANSPARENT - outputs change (almost) immediately




Clocked latches

Transparent latches are useful, but have a drawback:

> the outputs change as soon as the inputs vary

> if the two inputs are coming from different parts of a system, they may not
both change simultaneously

> need a method to synchronize transitions to a clock

Clock i L
S > R Qnp
X 0 0 Q,
R i 0 1 0
9 + 1 0 1
S o
Q I

time ——— Not allowed!




Clocked master-slave design RESET ?
o— g Q, q L 0Q, To decouple the input and output changes
we could try linking two latches: Rl Q

one to store the bit, one to control changes

o— R Q, 0—o0Q, Butwe need synchronisation

Now inputs of both latches only change
when a clock pulse arrives

Q | ° tes added, with a 'clock' signal
O_D__ < 1 } ] Q, Gates added, with a 'clock' signa
D-

Output Q, only changes on a clock edge




How it works.... Clock __|

S
o—— IS
1o Q R I
o—— Cl1 Ql
o— IR Tp—Q Q,
time ——>
set 1 Q
o— \ 1 1
S : S —O Q2
. | 1 .
- Transitions are now
1 synchronised
o e p—FA R |
o _ _
0 Q, 0 O—o Q,

CLOCK | I > Complicated to implement as we need
both the S and R signals




NAND SR latch

NAND SR latch Same topology as NOR SR latch, but
..!"'S \"\‘ NAND SR latch has different truth table:
i i 0 0 X
; _ 0 1 1
: Qi 1 0 0
L R 1 1 Q
4 N
5 S R Qn—I—l
Compare RESET Q 0 0 Q.
NOR SR latch: 0 1 0
1 O 1
SET ' 0O
° ! 1 1 X

o /




D-type latch

NAND SR latc

-------------------- ny

X4

S \
Qi D C S R S R Quu
: 0 0 1 1 0 0 X
L0 1 1 00 40 1 1
o) ] 1 0 1 1 1 0 0
= | 1 1 0 1 1 1 Q,
'l

A\
1 —

The D type latch is
transparent when the
clock is high,

holds previous value if
clock is low




The clock pulse

Pulse width
«—

] h
0

Positive edge Negative edge
(symbol =T) (symbol = )

> We can build circuits with both positive and negative clock edge triggering
> The output changes shortly after the appropriate clock transition

> Edges are not infinitely steep hence slight delays always present




Edge triggered D-type flip-flop

D C Qn—l—l
o—1ID QF—o X 0 Q, We only get a
X 1 Q, transition in the
(%C 0 1 0 output when 2 positive
11 1 clock edge arrives
D latch is a clocked device Note the difference. ..

* transparent when clock is high Latch  — output changes when any input
D-type flip-flop is also clocked changes (after propagation delay)
* only changes on clock edge Flip-flop — output only changes when the

x both can store 1 bit of data clock changes



D-type flip-flop timing

D C Qi1
o—D QF—o° X 0 Qn
o—>C 0 7 0

1 71 1

Data from
outside
>

R A I
G

)




Inside a D-type flip-flop Quis
X
1

0
Qn,

_ Input stage
Actually 3 SR latches - NAND version g ———— .

XY
i
|
0
i
|
0
i

'I

= =) O Ol W;m
_ O = O|X

Input stage processes clock and D signals to ensure

correct signals at SR stage Output stage

’ IIIIIIIIIIII ~\

0 O -

Q’--u--u-- -
(™ S 0 v o ——

If clock low, both input stage outputs are high:
output maintains its last value _'f—(.,‘,(

XY

On clock positive transition only one of the Input
stage outputs change (depending on the value of D)

¢’- I -

o

) -
s.-u---u---u- I -

D = 0: output is set b - R
. . A B AB
D = 1: output is reset o 1 m - 0o o0 1
0 1 1
Output latch is only there to store state between 1 0 1
clock transitions 1 1 0




The origins of programming

Babbage's analytical engine:
* mechanical general purpose computer
* prototype for many of the features of modern computing

* ALU, controller, conditional branching, loops

) 7o .
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The origins of programming

The first computer programs

x Ada Lovelace (1815-1852) published an article In 1843 in-
cluding an algorithm for calculating Bernoulli numbers

* First realisation that computers could go beyond simple arith-
metic

https://commons.wikimedia.org/wiki/File:Ada_Lovelace_portrait.jpg

l)mgrnm for !he compuhtlon by the Engine of the Numbers of Bernoull,  Sce Note G. (page 722 ef :eg,

T e = 5 Data Werking Variables =5 " Retk Variablcs.

-é H l w, vy |y [ e, oewg | ev, | ov, |oev, | ew, | oy, o ‘ Vi Y, “C-)" O _'—(")s 'é-:-
iyl R L R KA S O 1
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https://commons.wikimedia.org/wiki/File:Diagram_for_the computation_of Bernoulli_numbers.jpg
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Correspondence between Ada Lovelace and Augustus De Morgan (Bodleian Library)



D-type flip-flop in action: Shift register

(o] o

Ql Q2

Data in Q3
[o]

(D @ @ Out

> C Q [o0—o }C Q lb—o —o>C Q o—o
Clock l

A 3-bit shift register with D-type flip-flops

Qn—l—l

N

N

UO?OO

N




D-type flip-flop in action: Shift register
QII in

Data in ‘ l Q3
° b Q : D Q - b ob—o _ _
O @ @ | Negative edge triggered
op C Qlo—o —op C QP—o —oD C Q—o
~_RARRRRN

\ 4

Clock
A 3-bit shift register with D-type flip-flops poain | 7 | / )

'
n T

Y

N

Q3 I I

Out I I

000 001 010 100 000 000 t

|

N

X — O~ O|T
— R R O Ol
U,OSO,OO

N

Y




Counting with flip-flops

D C Qn—|—1

g & &£ g g
OO oA
O O ™ v <

O — O — X

| <

O <




Asynchronous

(ripple) % o ®, b3
counter
D Q D Q D Q D Q
1 2 3 4
Cocun'rer pulsesc>C 3 S ¢ 9 S0 3 S0 ob—
/ A 4-bit ripple counter implemented with D-type flip-flops
oo [NNDNNDANDANDANDANDANDANDANNANNAANAANG
by
b1 w-Czt-CD
DO¥ D
b, SEES




Asynchronous counter

bo by by bs
b ol o o g
Cke—a>  QF —a QF “—> QF —> Qf
70 1 2 3 4 5 6 7 8 10 11 12 13 14 15
CLK_| || |
bo—__| L
b1 |
by |
b3 L

What if we don't want to
count up to 157

We need a way to reset the system
when a lower number is reached

To count only from 0 to 9
we must activate reset

when b3 b2 blb() = 1010 = 1010

I.e. when bg.gg.bl.go =1




D-type with (synchronous) reset

S R Qn—|—1
0 O X
0 1 1
D C Reset Qi1 1 0 0
X 1 Q. 1 1 Q
X 1 1 Q,,
0 1 0 S
1 1 1 DC o <
X/ X 0 0
CLK —¢
i N ), 0
J J v
o D Q o
>C Qs p—ip
{Seset ? Reset




0 1 2 3 4 5 6 7 8 91 o 1 2 3 4 )
Modulo 10 counter Sapipipipipinipinipiiyinininininigh
I T S S B I
Modulo 10 =0,1,2,...,8,9.0,1,... bho— —
Sp D S I

Logic is needed to detect when bs | | |
we reach 1079 = 10105 and reset bs T
counter to zero ]

bo bl bg bg

o o ? o

Logic function giving 1 Clke—> QH — QF —d QF > QF
when b3b2 bl bO — 1010 reset reset reset reset
é@ | ! ] I
1t = b3.b2.b1.00 Asynchronous feedback
= R =bs+by+ by + b Causes timing issues:

glitches or “runt pulses”
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