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Lógica Sequencial 

Lógica Combinacional
• Os sinais de saída são resultados de 

uma combinação lógica dos
• sinais de entrada atuais

Lógica Sequencial
• Os sinais de saída são resultados não apenas dos sinais de entrada 

atuais, mas também de sinais anteriores
• Flip Flops são elementos de memória que registram o estado do circuito
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Lógica Sequencial 

2 mecanismos de armazenamento
• positive feedback
• charge-based

Lógica 
Combinacional

Saídas

Próximo Estado
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Latch versus Registrador

q Latch
transparente em um nível 
do clk e depois mantém o 
dado
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q Registrador (Mestre-Escravo)
 armazenamento no momento 
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Latches

5

300 DESIGNING SEQUENTIAL LOGIC CIRCUITS Chapter 7

7.2 Static Latches and Registers

7.2.1 The Bistability Principle

Static memories use positive feedback to create a bistable circuit — a circuit having two
stable states that represent 0 and 1. The basic idea is shown in Figure 7.4a, which shows
two inverters connected in cascade along with a voltage-transfer characteristic typical of
such a circuit. Also plotted are the VTCs of the first inverter, that is, Vo1 versus Vi1, and the
second inverter (Vo2 versus Vo1). The latter plot is rotated to accentuate that Vi2 = Vo1.
Assume now that the output of the second inverter Vo2 is connected to the input of the first
Vi1, as shown by the dotted lines in Figure 7.4a. The resulting circuit has only three possi-
ble operation points (A, B, and C), as demonstrated on the combined VTC. The following
important conjecture is easily proven to be valid:
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Figure 7.3  Timing of positive and negative latches.
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• Memórias estáticas utilizam realimentação positiva para criar um circuito bistável (bistable) — um circuito 
com dois estados estáveis que representam 0 e 1

• Apenas os pontos A e B são estáveis para operação, enquanto o ponto C é um ponto de operação metaestável

• Característica que assegura que o circuito alterne de forma estável entre os estados que representam 0 e 1

• O ponto metaestável C é um estado não desejável, mas sua ocorrência é minimizada quando o ganho do 
inversor é adequadamente alto na região transitória Section 7.2 Static Latches and Registers 301

Under the condition that the gain of the inverter in the transient region is larger than 1, only A
and B are stable operation points, and C is a metastable operation point.

Suppose that the cross-coupled inverter pair is biased at point C. A small deviation from
this bias point, possibly caused by noise, is amplified and regenerated around the circuit
loop. This is a consequence of the gain around the loop being larger than 1. The effect is
demonstrated in Figure 7.5a. A small deviation δ is applied to Vi1 (biased in C). This devi-
ation is amplified by the gain of the inverter. The enlarged divergence is applied to the
second inverter and amplified once more. The bias point moves away from C until one of
the operation points A or B is reached. In conclusion, C is an unstable operation point.
Every deviation (even the smallest one) causes the operation point to run away from its
original bias. The chance is indeed very small that the cross-coupled inverter pair is biased
at C and stays there. Operation points with this property are termed metastable. 

On the other hand, A and B are stable operation points, as demonstrated in Figure
7.5b. In these points, the loop gain is much smaller than unity. Even a rather large devi-
ation from the operation point is reduced in size and disappears. 

Hence the cross-coupling of two inverters results in a bistable circuit, that is, a cir-
cuit with two stable states, each corresponding to a logic state. The circuit serves as a
memory, storing either a 1 or a 0 (corresponding to positions A and B). 

In order to change the stored value, we must be able to bring the circuit from state A
to B and vice-versa. Since the precondition for stability is that the loop gain G is smaller
than unity, we can achieve this by making A (or B) temporarily unstable by increasing G to
a value larger than 1. This is generally done by applying a trigger pulse at Vi1 or Vi2. For
instance, assume that the system is in position A (Vi1 = 0, Vi2 = 1). Forcing Vi1 to 1 causes
both inverters to be on simultaneously for a short time and the loop gain G to be larger
than 1. The positive feedback regenerates the effect of the trigger pulse, and the circuit
moves to the other state (B in this case). The width of the trigger pulse need be only a little
larger than the total propagation delay around the circuit loop, which is twice the average
propagation delay of the inverters. 

In summary, a bistable circuit has two stable states. In absence of any triggering, the
circuit remains in a single state (assuming that the power supply remains applied to the
circuit), and hence remembers a value. A trigger pulse must be applied to change the state

Figure 7.5 Metastability. 
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Ganho alto evita 
metaestabilidade
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O SNM (static noise margin) é definido como a quantidade máxima de 
tensão de ruído que pode ser introduzida nas entradas dos inversores 
de forma que a célula retenha seus dados.

O SNM é definido como o comprimento do lado do maior quadrado que 
pode ser inserido dentro dos lóbulos do curva de borboleta. 
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Latches - implementações
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Tempo de setup: duração necessária para que os dados de entrada devam estar 
estáveis antes da borda do clock. Se os dados mudarem dentro dessa janela de tempo 
de configuração, os dados de entrada podem ser perdidos e não armazenados na 
latch/MS.
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CK

D

Q1à TG
Q2 à xtor P

Saída Q2: depende de
um transistor P em modo transparente

Mais lento no tempo de descida (0 ruim em 01, 02 lento para subir, Q2 
desce mais lentamente)
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Tri-state buffer
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Integra o TG ao inversor
Reduz sensibilidade de propagação de ruído entre a saída e a entrada
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Latches – com buffer tri-state

13

Amplamente utilizado em standard-cells

Robustez: saída Q é gerada usando um buffer 
separado, o que elimina problemas com 
backdriving (informação da saída propagada
para a entrada)

A saída Q é mantida pelo loop que inclui o buffer tristate

L Os inversores de entrada e saída aumentam a área do circuito
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Latches – com buffer tri-state
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𝑐𝑙𝑘
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𝑐𝑙𝑘

XY ZX1

.subckt inv in out  vcc
MP1 out in vcc vcc psvtgp w=wp l=0.06
MM2 out in 0    0     nsvtgp w=wn l=0.06
.ends inv

.subckt inv_tg in ck nck out  vcc
MP1 1   in  vcc vcc psvtgp w=wp l=0.06
MP2 out nck 1    vcc psvtgp w=wp l=0.06
MM1 out ck 2    0     nsvtgp w=wn l=0.06
MM2 2   in  0    0     nsvtgp w=wn l=0.06
.ends inv_tg

.subckt tg a b nb out vcc
MP1 a  nb out vcc psvtgp w=wp l=0.06
MN1 a   b out 0     nsvtgp w=wn l=0.06
.ends tg

.subckt latch D Q ck nck vcc
X1 D Y vcc inv
X2 Y ck nck X vcc tg
X3 X Z vcc inv
X4 Z nck ck X vcc inv_tg
X5 X Q vcc inv
.ends latch
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Mux-based latches  
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transparent - that is, the D input is copied to the Q output. During this phase, the feedback
loop is open since the top transmission gate is off. Unlike the SR FF, the feedback does not
have to be overridden to write the memory and hence sizing of transistors is not critical for
realizing correct functionality. The number of transistors that the clock touches is impor-
tant since it has an activity factor of 1. This particular latch implementation is not particu-
larly efficient from this metric as it presents a load of 4 transistors to the CLK signal. 

It is possible to reduce the clock load to two transistors by using implement multi-
plexers using NMOS only pass transistor as shown in Figure 7.13. The advantage of this
approach is the reduced clock load of only two NMOS devices. When CLK is high, the
latch samples the D input, while a low clock-signal enables the feedback-loop, and puts
the latch in the hold mode. While attractive for its simplicity, the use of NMOS only pass
transistors results in the passing of a degraded high voltage of VDD-VTn to the input of the
first inverter. This impacts both noise margin and the switching performance, especially in
the case of low values of VDD and high values of VTn. It also causes static power dissipa-
tion in first inverter, as already pointed out in Chapter 6. Since the maximum input-volt-
age to the inverter equals VDD-VTn, the PMOS device of the inverter is never turned off,
resulting is a static current flow. 

7.2.4 Master-Slave Edge-Triggered Register

The most common approach for constructing an edge-triggered register is to use a master-
slave configuration, as shown in Figure 7.14. The register consists of cascading a negative
latch (master stage) with a positive latch (slave stage). A multiplexer-based latch is used in
this particular implementation, although any latch could be used. On the low phase of the
clock, the master stage is transparent, and the D input is passed to the master stage output,
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Figure 7.11 Negative and positive 
latches based on multiplexers.
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Figure 7.12 Positive latch built using 
transmission gates.
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• A realimentação não precisa ser sobrescrita para gravar na latch
• Maior velocidade, maior área



SR - Flip Flop (latch)
Elementos de Memória 

Diagrama Esquemático   Símbolo Lógico
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Cross-Coupled NAND

Cross-coupled NANDs Added clock

CLK=0 à não muda de estado
• M1-M2 inversor e M3-M4 inversor
• logo, 2 inversores realimentados
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Cross-Coupled NAND

Considere o caso em que Q é alto e um pulso R é aplicado (CLK=1): 
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• M4, M8 e M7 à curto (ra#oned inverter)

• Para o circuito operar:  maior ganho (W) em 
M5, M6, M7 e M8.



Latch tem problema de race (corrida)
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- A natureza transparente da latch causa o problema de ‘race’

- A latch é transparente quando f = 1
- Uma solução ao problema de race são os FF mestre-escravo
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Flip Flop Mestre Escravo Estático
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Utilizando buffer tristate
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Flip Flop Mestre Escravo Estático
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Reset

uma dada entrada em ’0’ saída em 1.
uma dada entrada em ’1’ comporta-se como um inversor.

10
0 1



Flip Flop Mestre Escravo Estático
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Flip-flop com set/reset  assíncrono



Sobreposição do sinal do relógio pode causar
• Sinais indefinidos na entrada e saída
• Condições de ‘Race’ (High por um período longo)

Race em Mestre-Escravo
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Q is a function of whether the input D arrives at node X before or after the falling
edge of CLK. If node X is sampled in the metastable state, the output will switch to a
value determined by noise in the system.

• The primary advantage of the multiplexer-based register is that the feedback loop is
open during the sampling period, and therefore sizing of devices is not critical to
functionality. However, if there is clock overlap between CLK and CLK, node A can
be driven by both D and B, resulting in an undefined state. 

Those problems can be avoided by using two non-overlapping clocks PHI1 and PHI2
instead (Figure 7.21), and by keeping the nonoverlap time tnon_overlap between the clocks
large enough such that no overlap occurs even in the presence of clock-routing delays.
During the nonoverlap time, the FF is in the high-impedance state—the feedback loop is
open, the loop gain is zero, and the input is disconnected. Leakage will destroy the state if
this condition holds for too long a time. Hence the name pseudo-static: the register
employs a combination of static and dynamic storage approaches depending upon the state
of the clock. 

Problem 7.4 Generating non-overlapping clocks

Figure 7.22 shows one possible implementation of the clock generation circuitry for generat-
ing a two-phase non-overlapping clocks. Assuming that each gate has a unit gate delay, derive
the timing relationship between the input clock and the two output clocks. What is the non-
overlap period? How can this period be increased if needed? 

7.2.5 Low-Voltage Static Latches

The scaling of supply voltages is critical for low power operation. Unfortunately,
certain latch structures don’t function at reduced supply voltages. For example, without
the scaling of device thresholds, NMOS only pass transistors (e.g., Figure 7.21) don’t
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(b) Overlapping clock pairs

Figure 7.20  Master-slave register based
on NMOS-only pass transistors.
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scale well with supply voltage due to its inherent threshold drop. At very low power sup-
ply voltages, the input to the inverter cannot be raised above the switching threshold,
resulting in incorrect evaluation. Even with the use of transmission gates, performance
degrades significantly at reduced supply voltages. 

Scaling to low supply voltages hence requires the use of reduced threshold devices.
However, this has the negative effect of exponentially increasing the sub-threshold leak-
age power as discussed in Chapter 6. When the registers are constantly accessed, the leak-
age energy is typically insignificant compared to the switching power. However, with the
use of conditional clocks, it is possible that registers are idle for extended periods and the
leakage energy expended by registers can be quite significant. 

Many solutions are being explored to address the problem of high leakage during
idle periods. One approach for this involves the use of Multiple Threshold devices as
shown in Figure 7.23 [Mutoh95]. Only the negative latch is shown here. The shaded
inverters and transmission gates are implemented in low-threshold devices. The low-
threshold inverters are gated using high threshold devices to eliminate leakage. 

During normal mode of operation, the sleep devices are tuned on. When clock is
low, the D input is sampled and propagates to the output. When clock is high, the latch is
in the hold mode. The feedback transmission gate conducts and the cross-coupled feed-
back is enabled. Note there is an extra inverter, needed for storage of state when the latch
is in the sleep state. During idle mode, the high threshold devices in series with the low
threshold inverter are turned off (the SLEEP signal is high), eliminating leakage. It is
assumed that clock is in the high state when the latch is in the sleep state. The feedback

Figure 7.21 Pseudo-static 
two-phase D register.
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(b) Two-phase non-overlapping clocks
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Figure 7.22 Circuitry for generating 
a two-phase non-overlapping clock.
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Fases não sobrepostas
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• A maioria dos projetos digitais são 
síncronos e construídos com elementos 
sequenciais
- o projeto síncrono elimina condições de corrida
- a técnica de pipeline aumenta a vazão

• Assumiremos que todos os elementos sequenciais 
são sensíveis à borda, utilizando flip-flops tipo D como registradores

• Os flip-flops tipo D possuem três parâmetros de temporização críticos:
- tcq – tempo de clock para saída: atraso de propagação

- tsetup – tempo que os dados precisam chegar antes do clock

- thold – tempo que os dados precisam permanecer estáveis após o clock

Conceitos de temporização

26



Parâmetro tcq

• tcq é o tempo desde a borda do clock até os dados aparecerem na saída
• tcq possui tempos de propagação de subida e descida diferente

D

Q

clk

tcqLH tcqLH
tcqHL
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• tsetup (setup time) é o tempo que os dados precisam chegar antes da borda de 
clock para garantir uma amostragem correta

BAD!Good!

tsu tsu tsu

D

clk

Q

Good!

transição dos dados durante o tsu
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Parâmetro tsetup



• thold (hold time) é o tempo que os dados precisam permanecer estáveis após o 
clock para garantir uma amostragem correta

• thold muito afetado por estágios muitos rápidos e skew do clock

transição dos dados durante o 
thold

BAD!Good!

thold

D

clk

Q

Good!

thold thold
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Parâmetro thold
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ing that the set-up and hold-times are met, the data at the D input is copied to the Q output
after a worst-case propagation delay (with reference to the clock edge) denoted by tc-q. 

Given the timing information for the registers and the combination logic, some sys-
tem-level timing constraints can be derived. Assume that the worst-case propagation
delay of the logic equals tplogic, while its minimum delay (also called the contamination
delay) is tcd. The minimum clock period T, required for proper operation of the sequential
circuit is given by 

(7.1)

The hold time of the register imposes an extra constraint for proper operation,

(7.2)

where tcdregister is the minimum propagation delay (or contamination delay) of the register. 
As seen from Eq. (7.1), it is important to minimize the values of the timing parame-

ters associated with the register, as these directly affect the rate at which a sequential cir-
cuit can be clocked. In fact, modern high-performance systems are characterized by a
very-low logic depth, and the register propagation delay and set-up times account for a
significant portion of the clock period. For example, the DEC Alpha EV6 microprocessor
[Gieseke97] has a maximum logic depth of 12 gates, and the register overhead stands for
approximately 15% of the clock period. In general, the requirement of Eq. (7.2) is not hard
to meet, although it becomes an issue when there is little or no logic between registers.1

7.1.2 Classification of Memory Elements

Foreground versus Background Memory

At a high level, memory is classified into background and foreground memory. Memory
that is embedded into logic is foreground memory, and is most often organized as individ-
ual registers of register banks. Large amounts of centralized memory core are referred to
as background memory. Background memory, discussed later in this book, achieves

1 (or when the clocks at different registers are somewhat out of phase due to clock
skew, as will be discussed in a later Chapter)

DATA
STABLE

DATA
STABLE

D

Q

t

t

t

tsu thold

tc-q
Figure 7.2 Definition of set-up 
time, hold time, and propagation 
delay of a synchronous register.
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• Tempo de set-up (tsu):  tempo que as entradas de dados (D) devem ser válidas antes 
da transição do relógio (0à1 para um registrador disparado por borda positiva)

• O tempo de hold (thold): tempo que a entrada de dados deve permanecer válida após 
a transição do clock

• Atraso do registrador (tc-q): supondo que tsu e thold sejam atendidos, os dados na 
entrada D são copiados para a saída Q após tc-q

Unindo os conceitos



𝑻 ≥ 𝒕𝒄𝒒 + 𝒕𝒑𝒅 +𝒕𝒔𝒖

T

D

Q

tc-q tpd tsu

tcq: tempo de propagação do flip-flop
tpd: tempo de propagação da lógica combinacional
tsu: tempo de setup do flip-flop

FF
’s

LOGIC

tpd

D Q

Clk
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Máxima Frequência de Clock



• Slack Time é o tempo disponível entre o momento em que um evento é requerido e 
o momento em que ele ocorre

• No contexto de projeto digital, representa a margem de segurança entre os atrasos 
reais de sinal e os atrasos máximos permitidos para cumprir os requisitos de 
temporização

• Slack positivo: significa que o projeto tem tempo suficiente para o sinal atingir o 
próximo registrador, indicando que as restrições de temporização foram cumpridas

• Slack negativo: indica que o sinal não consegue atingir o próximo registrador dentro 
do tempo requerido, resultando em falhas de temporização. Isso pode ocorrer 
devido a:

• Atrasos excessivos em lógica combinacional
• Ciclos de clock muito curtos 
• Falta de otimização no projeto

32

Slack time
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D Q Comb. 
Logic

D Q

clk

tsu

tpd
tc-q

(1) Determina o tempo de slack
tc-q= 200 ps
tsu = 100 ps
tpd = 300 ps
T = 1000 ps

𝑡"#$%& = 1000 − 600 = 400 𝑝𝑠

(2) Qual o período mínimo?
𝑇'() = 600 𝑝𝑠

Exemplo 



• Considere o circuito abaixo, composto por 2 entradas de 48 bits (A e B), e duas saídas 
(soma_out de 48 bits, e carry_out). 

– Os flip-flops (FFs – mestre-escravo, sensíveis à borda de subida) possuem um tempo de 
propagação CàQ igual a 0,8 ns e o tempo de setup igual a 0,2 ns. 

– Um somador tem tempo de propagação igual a 10,4 ns
Determine a frequência máxima de operação do circuito. 

34

0,8 ns

10.4 ns

0,2 ns
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@genus:root: 15> report timing 

Path 1: MET (544 ps) Setup Check with Pin EA_reg[1]/CP->D
Group: Bus2IP_Clkv – 2000 ps

Startpoint: (R) address_reg[2]/CP
Clock: (R) Bus2IP_Clk

Endpoint: (R) EA_reg[1]/D
Clock: (R) Bus2IP_Clk

... 
Setup:- 72

Required Time:= 1928 
Launch Clock:- 0 

Data Path:- 1383 
Slack:= 544

#-------------------------------------------------------------------------------------------------
# Timing Point Flags Arc Edge Cell Fanout Load Trans Delay Arrival Instance
# (fF) (ps) (ps) (ps) Location
#-------------------------------------------------------------------------------------------------
address_reg[2]/CP - - R (arrival) 116 - 0 - 0 (-,-)
address_reg[2]/Q - CP->Q R HS65_GS_DFPRQX9 20 72.0 165 133 133 (-,-)
g21671/Z - A->Z F HS65_GS_IVX9 19 70.0 118 122 255 (-,-)
g21598/Z - A->Z F HS65_GS_AND2X4 10 42.3 107 128 383 (-,-)
g21539/Z - B->Z R HS65_GS_NAND2X7 7 24.8 78 77 460 (-,-)
g21301/Z - B->Z F HS65_GS_CBI4I6X5 1 5.8 44 41 502 (-,-)
g21245/Z - E->Z R HS65_GS_AOI311X4 1 4.5 60 48 550 (-,-)
g21168/Z - B->Z R HS65_GS_NOR4ABX2 1 6.1 113 102 652 (-,-)
g21037/Z - B->Z F HS65_GS_OAI212X5 1 5.2 59 50 701 (-,-)
g21027/Z - D->Z R HS65_GS_NOR4ABX2 1 4.8 98 75 776 (-,-)
g21012/Z - B->Z R HS65_GS_AND2X4 12 58.3 260 181 958 (-,-)
g20979/Z - B->Z F HS65_GSS_XOR2X6 1 6.1 68 127 1084 (-,-)
g20956/Z - E->Z R HS65_GS_OAI212X5 1 5.8 68 40 1125 (-,-)
g20946/Z - E->Z F HS65_GS_AOI212X4 1 4.5 56 37 1162 (-,-)
g20938/Z - B->Z F HS65_GS_NOR4ABX2 1 4.8 39 60 1222 (-,-)
g20927/Z - B->Z R HS65_GS_AOI12X2 1 4.5 84 60 1282 (-,-)
g20922/Z - B->Z R HS65_GS_NOR4ABX2 1 5.0 98 101 1383 (-,-)
EA_reg[1]/D <<< - R HS65_GS_DFPRQX9 1 - - 0 1383 (-,-)

#-------------------------------------------------------------------------------------------------

Relatório de síntese - exemplo 



LIB file – setup and hold
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...
timing(){

intrinsic_fall : 0.075;
intrinsic_rise : 0.055;
related_pin : "CP";
sdf_edges : "both_edges";
timing_label : "D_CP_SETUP";
timing_type : setup_rising;
fall_constraint(table_44){
values("0.075000, 0.115000, 0.155000",\

"0.040000, 0.080000, 0.125000",\
"0.020000, 0.060000, 0.100000");

}
rise_constraint(table_44){
values("0.055010, 0.095010, 0.125010",\

"0.040010, 0.075010, 0.105010",\
"0.030010, 0.070010, 0.095010");

}
}

timing(){
intrinsic_fall : -0.04;
intrinsic_rise : -0.035;
related_pin : "CP";
sdf_edges : "both_edges";
timing_label : "D_CP_HOLD";
timing_type : hold_rising;
fall_constraint(table_43){
values("-0.040000, -0.015000, 0.000000",\

"-0.080000, -0.060000, -0.040000",\
"-0.120000, -0.095000, -0.075000");

}
rise_constraint(table_43){
values("-0.034990, -0.019990, -0.014990",\

"-0.074990, -0.059990, -0.054990",\
"-0.104990, -0.089990, -0.079990");

}
}

intrinsic_fall : 0.075;
Este parâmetro define o atraso intrínseco 
(independente da carga) para transições 
de fall (queda) no pino monitorado, medido em 
nanosegundos

intrinsic_rise : 0.055;
Define o atraso intrínseco para transições 
de rise (subida) no pino monitorado, também em 
nanosegundos.

tabela:   fast/typical/worst para diferentes 
rampas



Existem dois problemas principais que podem surgir na lógica 
síncrona:
§ Atraso Máximo (Max Delay): Os dados não têm tempo suficiente 

para passar de um registrador ao próximo antes da próxima borda 
do clock

– As violações Max Delay são resultado de um caminho de dados lento, incluindo 
o tsetup dos registradores

§ Atraso Mínimo (Min Delay):  lógica combinacional muito rápida
– As violações Min Delay são resultado de um caminho de dados rápido, fazendo com que os dados 

mudem antes de o thold ser atingido 
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Problemas de atraso entre registradores
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DQ

DQ

DQ

Comb.
Logic

(Internal)

Comb.
Logic
(Output)

Comb.
Logic
(Input)

Register-Register 
Timing Paths

Input 
Timing Paths

Output 
Timing Paths

• Assume-se um sistema síncrono baseado em clock
• Restrições de tempo entre os registradores (período)
• Restrições de tempo especificadas pelo usuário em entradas e saídas

in2reg
reg2reg reg2out
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Restrições em Projeto Digital



Métodos de sincronização
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10.2      Sequencing Static Circuits 377

Flip-flop-based systems use one flip-flop on each cycle boundary. Tokens advance
from one cycle to the next on the rising edge. If a token arrives too early, it waits at the
flip-flop until the next cycle. Recall that the flip-flop can be viewed as a pair of back-to-
back latches using clk and its complement, as shown in Figure 10.3. If we separate the
latches, we can divide the full cycle of combinational logic into two phases, sometimes
called half-cycles. The two latch clocks are often called K1 and K2. They may correspond to
clk and its complement clk or may be nonoverlapping (tnonoverlap > 0). At any given time, at
least one clock is low and the corresponding latch is opaque, preventing one token from
catching up with another. The two latches behave in much the same manner as two water-
tight gates in a canal lock [Mead80]. Pulsed latch systems eliminate one of the latches
from each cycle and apply a brief pulse to the remaining latch. If the pulse is shorter than
the delay through the combinational logic, we can still expect that a token will only
advance through one clock cycle on each pulse. 

Table 10.1 defines the delays and timing constraints of the combinational logic and
sequencing elements. These delays may differ significantly for rising and falling transitions
and can be distinguished with an r or f suffix. For brevity, we will use the overall maximum
and minimum.  
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FIGURE 10.2  Static sequencing methods
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