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10. Summary:
CMOS-circuit types for combinatorial circuits
10.1 Advantages and disadvantages of static logics
10.2 Advantages and disadvantages of dynamic logics

Kap 10 - 14



Dynamic Logics

: : VDD
Up to now: Static Logics ‘J
= Logic level at the output is changing —
with changing inputs |_| 7 — ATB + C[( D+ E)

= Pseudo NMOS ideal for
chip size, speed & A _

l—
dynamic power dissipation :I ':|
but  due to switched on
|1_

p-channel transistor there is tooB
much static power dissipation
at low-output

Dynamic Logics

—Switch the p-channel ,,smartly*
(within one clock) on and off to save
the static power dissipation

# Register, Flip-Flop
but combinatorial functions
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Precharge / Evaluate (P/E) Logics

VDD

i
¢+:|

A_LJ_ C_||<_ ]
B_|.:|_ D_lgj, E
] [

GND

Dynamic Logics Circuit

Clock : ¢

Precharge

/=1
charged

So that no
current flows
—

Inputs
all =0!

— But

Outputs
all =1!

Evaluate

/=f(A,B,...)
= Inputs
can be active

if path to
GND exists:
= /=0

if not:
= /=1

capacitivly
stored
(charged)

»Leakage
current
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Improved Dynamic Logic Circuit

Clock: ¢ | Precharge

VDD
‘J Vp-Path
o _| — /=1
|_| charged
Z
‘J Tn blocks:
—k— ¢ _||‘_ Current
:I ,_:I_\ does not
flow =
~— D —| f— — |—E Inputs are
'—l '—l r arbitrary!

Evaluate

GND-Path

/=f(A,B,...)
evaluated

Tn conducts:

if path to
GND exists
= /=0

if not:
= /=1

capacitivly
stored
(charged)

»Leakage
current

Kap 10 - 14



Advantages of Dynamic Circuit Technology

1. Low area requirements
(1 Transistor per input)

2. Low capacitive load
(1 Transistor per input)

(n+2 1nstead 2n Transistors)

3. No static power loss
Disadvantages of Dynamic Circuit Technology

1. Clock for each gate

2. High-level only stored capacitivly
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Overview of Combinatorial Logics

Standard Logic Pseudo NMOS Dynarplc Clocked CMOS
Logic Logic
precharge/evaluate
VQD VIC?D

)

-Part

VDD VDD
- P
T 5
- 0.
P-Part ‘—{ oOUT 4{
o N-Part l—o OUT

—oOUT —oOUT !

N-Part N-Part (I)

4
| |

7

F{ L

=

4

VSS VSS VSS VSS
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Comparison static/dynamic logic

Static Dynamic

Standard- Caskade Precharge/Evalute-
CMOS Logic Clocked
CMOS
Transmission Pseudo- Domino- NORA-
gate NMOS Logic Logic
Static Dynamic
- 2n Transistors - Layout and dimensioning
- Large area is more difficult
- High load capacity - Clock supply is needed
» High power loss

- A ¢‘1” is only stored capacitivly,

> Long delay clock must always be refreshed
+ good noise margin + low load capacity
+ power loss depends on » small delay
frequency up to and » low power loss

including 0 Hz
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11. Sequential Circuits

. Realization of Registers

(Latches, Flip-Flops)

1. Dynamic Registers
2. Static Registers

. Pipeline
. Clock Distribution — Clock Networks

. Clock Generation
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Limits of combinatorial Logics

Up to now we only considered the design of pure combinatorial
logics.

The outputs of a gate network are only depending on the inputs
applied at this time. Effects in time are only considered with regard
to signal propagation from input to output (delay). Previous input
assignments have no effect on circuit output (no storage; no
memory)

Schaltungseingiinge Schaltungsausgiinge
X "] — ° Y1 (Xps ooy X5 Xy)
X=(X, eery Xy X,) X2 DT Riickknpplung.sfreie : Y=(Y, s coes ¥po ¥y)
n>1 | Schaltfunktion i m>1
L 0 Y= 8(Xys s Xg5 X;)

Advantage: Simple structure, easy to understand and to design
Disadvantage: All input information has to be given simultaneously!
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Sequential Circuits

A safer and more calculable design of a feedback structure by using
of storage elements in the feedback loop as memory

Control of the storage elements by external system clock

Synchronous switching: Synchronous sequential circuit
(temporally decoupled)

Schaltungseingiinge Schaltungsausgiinge
X, O/ 0 ¥ =1 (X ceesXgs X5¥p eees¥ )
X=(Xyy ooy Xps Xp) 2 Riickkopplungsfreie YW s Y2 V)
n>1 ) Schaltfunktion g |2 !,
n Y M
o—e— : Y =E(X sy )
S e
T m
T ym=fm{xn*"'5ym]

Synchronization prevents Race and Oscillations.
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8-bit Adder

Registe

Clock |'L]) T

Accumulator / Incrementer
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Finite State Machine, FSM

In

— ' Combina-|___,
torial
" Logics
Register |
State Q

Mealy-Machine
out=f(in,Q)

Out

\ 4

v

Logic. Register Logic
R g g g Out

State Q

Moore-Machine

out=Ff(Q)
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CMOS Inverter for simple Latch

VDD
=
VDD
ol oo
(- L F
in I out —> in 4[ ]_r out
| - 2 |
e T —
-] j— fe—
e T 71 T
- GND
fe—
(-
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Inverting Latch

VDD
i; o
-~ ik
in out
L3
||:— . L
ST
GND
)
in 15 / I out
;

)
in __\I_ 1 b 1 out
T
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Function of Latch

() Switch closedSwitch open
0 I
S ; 1b Out In
Out
Dynamic Latch Timing of the Signals

¢ = 1: transparent (load), In is mapped directly on Out

¢ = 0: hold (storage), last state of Out is frozen
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In

edge controlled

Clock

\\thﬂi)p with two Latches

Dynamic Fliptlop

Master

Slave

2

9]

o Sy N

— Out

¢

1 ¢ 0
In
B
Out
Timing of the Signals

<l &

1! o
—> — — e

Not overlapping

Two-phase clock
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Implementation of dynamic Fliptlop

Master Slave
In { P { Tp Out
Register with tow Latches
: ; B
1 1 1r7 X
1 {4 b7 | In Ly J
In Out _(II)_

Register with two-phase clock

and N-Transistor as Switch

Out

Register with one-phase clock
and N- & P-Transistor as Switch

Kap 10 - 14 17



Transmission-Gate dynamic Fliptlop

In

In

Master Slave
<y L |
Register with two Latches
0 0
0 0

Register with two Latches and
Transmission-Gate as Switch

& Transistors

Kap 10 - 14
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Static Latch (with Transmission Gate)

@ 1

Hold

In

¢

4

— Out

/ Static Latch
Pd=0

Multiplexer

Static Latch
b =1

Out
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Static Master-Slave Flip-Flop (with Transmission Gate)

¢ 0
In ¢/| 1 L Out In /| 1 ] 1 — Out
P\, N o\
1 1 1
Static Latch Static Master-Slave Flip-Flop

16 Transistors
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(@)

& p

same function

RS-Latch

Truth table of RS-Latch

Q
R S Q P
0 1 1 0
P 1 O 0 1
| | T—0— 0|
0 0 Q1) | P(t-1)
? Storage
P

Kap 10 - 14
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O
\®

1 pP—& C D Q P
>1 Q1 1 0
=—— 1o oo

& >1 p 0 X Q(t-1)  P(t-1)

CLK —D Ql——

Clocked D-Latch |
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CLK

In

CLK

D-Flip-Flop

%%:
>1

Q

P

Clocked D-Latch

@

1

@

a'
T

Out

Master-Slave-Flip-Flop with two clocked D-Latches
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Truth table of D-Flipflop

m —{D Q D Q Out
C C

CLK 1ib
IN CLK OUT
X 0 OUT(t-1)
X ] OUT(t-1)
0 k2 0
1 kS 1

Input data 1s only passed with (falling) edges.

Kap 10 - 14
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Gate-Implementation of Master-Slave-Flip-Flop

In —D Q D Q Out
C C
CLK 1p
D 1p
& 21 P
& 21
CLK Cﬁ(

Master-Slave-Flip-Flop of two clocked D-Latches
44 Transistors
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25



(2]

>1 P

44 Transistors

26 Transistors
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Summary of terms

Flipflop: bistable flipflop, basis of all sequential circuits

Level controlled: Latch
Edge controlled (transition of level): Flipflop in a narrow sense

= 1-Bit-memory
Register: an Array of FlipFlops.
A 16- bit Register is also an Array of 16 D-Flip-Flops

with common clock
with common Clear, Enable, etc.

In- and outputs are combined to Busses (Data, Addresses)

Kap 10 - 14
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11. Sequential Circuits

2. Pipeline
3. Clock Distribution — Clock Networks

4. Clock Generation
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Pipeline

* Pipelining = Consecutive processing of a task.
Single steps are finished in one clock each

e Registers are needed for several steps/stages with logics inbetween

e The result is only available after a long Latency (counted in clocks).

Processing : Out =log ‘a + b‘

0 II —p log —DEI—PG‘M'

h i

L)
i

|| 4.@_' log A;E|—N}ur

Pipelined version

Non-pipehined version
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Pipeline for Out=10g ‘a + b‘

Pipelined version

Clock Adder Absolute

Logarithm
Period Value

S
S
1 o ] o
s i
i i
ey i
i Hld
bttt
R

oo

e ]

SRXHHKL i RSt

az+ S e

e EEEEEEEEE

Hanhdudd

e
e
e e
e i Wik
a3+ a2+ 2o i
(e St kg
S SR

4 ad+b4 la3+b3l log(la2+b2l)

5 a5+b5s lad+b4l log(la3+b3l)
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Pipeline-Implementation

1) Fliptlops, one phase

2) Latches, two phases
(not overlapping)

i

PHI

q Latch

CK1
CK2

‘ Logik

!

—> T

‘ Logik

:

‘ Latch

Yy
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