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Sequential Elements - Outline

B Background
B Timing, terminology, classification

M Static Flipflops B Much of this material has
B Latches already been covered in CS1
(v Genderen), Lecture 4(?),
B Registers Katz Section 6.1

B Here we will add transistor-
level implementation,

(h4.1) Edge-triggered D flipflop: principe

Principe edge-triggered D flip flop: combinatie van gated RS latches:

B Non-bistable elements
B Schmitt Trigger Vi o e e e

_____________

CLK ‘ latch 1 latch 2 opmerking:
) )

Q
Q= D™ D' = D tijdens neg CLK edge
Q"= p™ Q,*! = Q tijdens pos CLK edge

. 0
[Sorin Cotofana] b
ET1.405 Digitale Systermen 5.0 Cotofang & AJ.C van Gemund]
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FSM with Positive Edge Triggered

Registers

Inputs ——»

COMBINATIONAL

LOGIC

—— Outputs

Current State

Registers
o D
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Next State

O\
f CLK

M Flip-flops provide memory/state

B VLS| uses predominantly D-type
flip-flops
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Memory elements

B Store atemporary value, remember a state
M Typically controlled by clock.
B May have load signal, etc.
B In CMOS, memory is created by:
M capacitance (dynamic);
B feedback (static).

B Also see http://len.wikipedia.org/wiki/Flip-flop_(electronics)
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Variations in memory elements

B Form of required clock signal.

B How behavior of data input around clock affects
the stored value.

B When the stored value is presented to the output.

B Whether there is ever a combinational path from
Input to output.
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Timing Metrics Reminder

/ \ Register

f

ty it " —> D —p
< ’<}wl‘d’§ o

’ ' E3 4 i
’ B
t.q :delay from clock (edge) to Q
t,, :setuptime
tog : hold time
thiogic - WOrst case propagation delay of logic
t.q . best case propagation delay
| (contamlr?atlon delay) T>to g+ togic + L.
T - clock perlod tcdregister + 1:cdlogic 2 1:hold
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Nomenclature
Beware for confusion

Katz (CS1) Rabaey
Level sensitive Level sensitive
Latch

storage element storage element

Register Group of Edge triggered
storage elements storage element
Flin Flo Edge triggered Bistable element
P P storage element using feedback

CLK = CK=¢
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Latches vs. Registers

Latch Register
Level-sensitive Edge-triggered
Transparent when clock Input and output isolated
IS active

Sampling on 0 —» 1 clock:
Clock active high: positive edge triggered

LI Sampling on 1 — 0 clock:

Clock active low: negative edge triggered

negative latch Safer

Faster, smaller
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Static vs. Dynamic Memory Elements

Static Dynamic

Operate through positive Store charge on
feedback (parasitic) capacitor
Preserve state as long as Charge leaks away (in
power Is on milliseconds)

Can work when clock is Clock must be kept
off running (for periodic

More robust refresh)

Faster, smaller

Rabaey: bistable elements are called Flip Flops
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Static Latches and Registers
M| atches = can be gated or not

M Registers
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Positive Feedback: Bi-Stability

Vo1=Vi2

\@1[: [: Vo2

ﬁ M Loop-gain in A,B <<1

m A B: stable points

Vi1 Vo2
\,f’ A 4/ ~ HEloop-gaininC>>1
> B C: meta-stable point

Var
Vio= Va
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SR-Latch

S R|Q Q

— o o O Q 6

|- =L 1 0 |1 0

Q 0 1 |0 1 .

1 1 o0 0 <«— forbidden

S R|Q Q

Q— 1 1| 0 0

Bl e I
0 O 1 1<+— forbidden
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Clocked SR-Latch

S B Katz: gated latch
Q B Positive latch (active on CK high)
B Naive implementation

CK—

- M 16 transistors
E. H Q ® D latch requires 9xN, 9xP
R -
M Larger area, cost, power

S ® Construction of D-latch
D—'—;R B D-latch, D-register most common in

VLSI
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CMOS Clocked SR-Latch
\ P4 DD

CK e o —
: a Q "’_I |v|1|— —|M3MEEI_¢
72': E 543 tmgn

\/ \ — 1 ¢:CK

W Save 6 (incl. 4 large) PMOS transistors and 2 NMOS
M D-latch requires 7 x N, 3 x P (instead of 9xN, 9xP)

Q: Isthis aratioed design or not?
Does it consume static power?
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Multiplexer-Based Latches

/

Negative Latch

—
L _['\:]_ a D
o s B 1 e e

IN Restoration
. _@' \ /

CLK

\I\/Iultlplexep

Recirculating latch

e Mux-based latches much more common in modern dig. IC’s
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Recirculating latch

@
O
¢1 7
i
o
9>

B Quasi-static, static on one phase
Feedback restores value
B Requires 4x N, 4 x P, minimum size
(compare 7 x N, 3 x P, non-minimum size)
B ¢, and ¢, inverse but should be non-overlapping

B Can suffer from charge sharing (when ¢ not non-overlapping)
C,, and C,,,4, form communicating vessels when Output connected
directly to input
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Insensitive for Charge Sharing

-5

| o e {>o_
2 5 >0—__ - 0
T p—>0—

T

CLK

Uni-directionality of this inverter

B Non ratioed prevents coupling between Q and D

M High load to CLK
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Recirculating NMOS Latch.

g ] -

D __'|—r_._[>o__[>o_._ 0.,
d 1
L
CLK

M Degraded 1 at X
B Lower noise margin, higher delay, power
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Latch Designs can Suffer from
Race Problems

AN
~Do—o . * \

S gn al can race around durin g (I) =1
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Registers

B Not transparent—use multiple storage elements
to isolate output from input.

B Master-slave, edge triggered principle

latches

masterW \\ slave

D—1D Q D QIL—0

VAN /N
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Master-slave operation

latches

PN v\ ¢ = 0:

D—|° S o) B master latch is disabled;
A A M slave latch Is enabled,
A o B but master latch output is
stable,
M so output does not change.
¢ =1:

B master latch is enabled,

M [oading value from input;

M slave latch is disabled,

B maintaining old output value.
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ﬁ CMOS Flip-Flop Construction - Microsoft Internet Ezplorer
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CMOS Flip-Flop Construction

CMOSE technology allows a very different approach to fip-flop design and construction. Instead of using logic gates to
connect the clock signal to the master and slave sections of the fip-flop, a CWOS flip-flop uses érarsmission gates to control
the data connections. {See the CWOE gate electronics page for a closer look at the transmission gate itself)

The result 15 that a controllable flip-flop can be butt with only mverters and transmizsion gates — a very small and simple
structure for an IC.

The basic CWOE D flip-flop 15 shown below.
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Transistor Level Master Slave
Positive Edge Triggered Register

>c

Iy

HEJhIET-

>0

Om

>c
>c

&
T,
—
<
T

P

B Robust Design

{%\Q

B Can eliminate I, and I,, however, they make design
more robust (avoid charge sharing, robust input)

B High Clock Load (8 x)
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Set-up Time Simulation
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0.5
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0 0.2 0.4 0.6 0.8 1
time (ns)

Slightly smaller delay
between D and CLK
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Ratioed Reduced Clock Load
Register
N

e
o ot

s
= b

Y
[SER

>0

12:]
® |, and |, are small, even long
® Lower clock load

B [ncreased design complexity
B Reduced robustness (reverse conduction)

DO——Q

I

__ﬂQ:F_

HET-S
3[4
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Non-bistable Elements

B Schmitt Trigger

B2 Adobe Acrobat Professional - [schmitt_trigger_20070410[1].pdf]

?_:I File Edit ‘iew Document Tools Advanced Window Help

BEE

=l=lx|

QOpen [ [-:| Save [ Print QEmaiI ﬁSearch

%m Creste PDF = ‘f"_: Review & Comment - ﬁ Secure - ZS\gn - mAdvancedEdﬂing -
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2007/10/04 P-LAB Robot Project Kaichouhi, A

Bookmarks\q Pages\q Layers\‘ Signatures

Elektronische Schakelingen Exercise 6
ET1505-D2, 2007

The CMOS Standard and Schmitt-trigger Logic Inverters

! Comments

Al 215.9 % 279,

Objectives:
- Measuring characteristics of a Schmitt-trigger inverter and a standard CMOS logic inverter.
- Understanding why hysteresis of the Schmitt-trigger is useful when interfacing sensors to digital

electronic circuits.
o |Was discussed in P-lab ‘
1e first section of this exercise is an introducti

Schmitt-trigger variant of this inverter. Concepts - il
gam logic levels, and noise margins are ev{plamed, and will be chal 'm‘renzed e‘{pemnemalh A photo- <

victar avnarimant 1o iead ta tact tha hahatrinnre af hath ctandard and Snhmitt lamis insrartar timac
4 mm 1 I »

[0 4 10514 PP O] IER=RT:
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Schmitt Trigger

| : Vout Von
In Out

B VTC with hysteresis VoL ,

M Restores signal slopes /
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Noise Suppression using
Schmitt Trigger

A A
Vih, & Vout

t0+tp t
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CMOS Schmitt Trigger

] Vour

—_ Moves switching threshold
of first inverter
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Schmitt Trigger Simulated VTC

5.0 —T ; - - 6.0
40 % :
4.0F ‘/
3.0 S ] Ve
S " 3 - #
X 20t l > J e I
; 2.0 ‘ ; i
107 ] P Vum-
’ / |
OO T t T t T i T 1 T OO T 1 t T .—'-'."’J + T
0.0 1.0 2.0 3.0 4.0 5.0 0.0 1.0 2.0 3.0 4.0 5.0
Vin (V) Vin (V)
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CMOS Schmitt Trigger (2)

2 ———
:I.il_MSI'_| Voo
M1
AN IS
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Summary

® Background
B Timing, terminology, classification

M Static Flipflops
M Latches
B Registers

B Non-bistable elements
B Schmitt Trigger
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