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Changing the inverter threshold can improve the circuit reliability.
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Inverter Noise Margin

e Determines the maximum noise voltage at input of inverter — or
logic gate - that does not affect the logic state at output.

* This margin — or noise immunity — is defined in terms of parameters
NM, (Low Noise-Margin) and NM,, (High Noise-Margin).

NML = | VOLmax % VILmaX |

NMH = | VOHmin % VIHmin |
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At condition = 3 one has:

NM,. =BV, -5V -3V /%8
NM, =(3Vyp+ 3V 5V )/ 8

—> Noise margins

a. Decrease with the magnitude of threshold voltage
b. decrease with VDD
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Ex:torVioe = e N =02V

NM, =NM,, =(3+1-0.6)V,,/8=0425V,

If V,,=25V—NM, =NM, =106V

Vo, = 1.5V —> NM, =NM,, =0.63V

—The inverter may be subject to swithcing noise at its input and
present a false output transistion
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Metastability.
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Noise sources in digital circuits:

e Most noise in a digital system i1s internally generated, and the noise value is
proportional to the signal swing (i.e., to VDD!)

Ex: capacitive and inductive cross talk and internally-generated power supply
noise

Inductive coupling Capacitive coupling Power and ground
noise
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e Switching noise from capacitive coupling

1) through interconnecting lines
11) introduced by power bus

Ref: “CMOS Digital Circuit Technology”, Shoji M., Prentice-Hall.
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1) noise coupling through interconnections
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metal-metal

Fo-
P o

1
vett) = Co+Ci Yo exp[— R(Co + C1)j

Worst-case: superposition of lines: C1 = C0O € VBpeak = 1/2Vbp

Assuming C1 + CO = 2pF (lcm) and R = 5K, spike duration is = 10ns!
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Ri {b) 'oly metal s

X (coordinare)

0.5
o Ci [(Co%— C1)L Ro }

Co+C Cm R.L

if C1 + CO = 2pF, (CO+C1)L/Cm =1 and RD/(R.L) = 1/7
= spike amplitude = 0.1VDD
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metal-poly

__>>7 (c) Metal-poly induced noise
Le I I 1T T

. %Iw}w—fbo

e e E e

topike = 1. IR (Co + C:1 Jx

If R = 4Q/[], tspike = 2.7ns for x = 2mm (narrow pulse)

J. A De Lima — Introducdo ao Projeto de CI’s de Sinais Mistos CMOS



poly-poly
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(d) Poly-poly induccd noise Vi Polyline 1

Spike amplitude ; 0.05VDD (not important!)
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11) Noise through Power Bus (VDD e GND)

« signal flow 1n the digital system is controlled by a clock, so that all
transitions become synchronized.

* in every transition at a CMOS gate, there’s a current flowing from
V5p € GND, besides the transient component due to load capacitance
charge/discharge.

— Great number of simultaneous transitions all over the digital
circuit leads to meaningful current spikes I, and I\
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e changes in V, e GND voltages due to distribuited resistance (R)
and inductance indutancia (L) in power buses

AV =RxI

AV. =L (dl/dt)

max

* As (dI/dt) . =k (1/T_ ), where T_  1s the switching time of a
logic gate and K is a constant, function of the waveform

=AV. ./AV._=k (L/R) (T, /)

wt

where L/R 1s the power line time constant (on-chip metallization +
Bond wirings + packaging + PCB tracks)
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e interconnect in IC packaging

Bonding wim: ¢hip-lo-subsiraie

Substrate

Bonding wire

Lead frame

Pin: substrate-io-boand
Bonding wires have inferior electrical properties:

* high individual inductance (+5 nH ) and mutual inductance with neighboring signals.

* Typically 1 nH/mm, while the inductance per package pin 7 - 40 nH (per pin)
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Tape-automated bonding (TAB) places bare ICs onto PCB by
attaching them to a polyamide film (ex: LCD display driver

circuits)

ONONONONOHONONONONONONO)
Film + Pattern

Polyimid carrier /SDMH bump

Substrate

Die attachment using solder bumps

] \ Test pads

Punching
windows

OO0OO0O0O0O00000O0O0
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copper foil

TAR ({Taps Auntomated Bonding)

film etching the foi
ocoooopoooo0o

glue

ooooopooo

unchin luing foil to film
E'indnwg giing terminal finishing
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Sprocketed

Cut line polyimide film

Inner bond leads Outer bond leads
(to chip) (to PCB)

H

Bumped IC chip

Tape Automated Bonding
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e Ball Grid Array (BGA)
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Typical capacitance and inductance values of package and bonding styles

Capacitance Inductance
Package Tvype (pE) (nH)
68-pin plastic DIP 4 35
68-pin ceramic DIP 7 20
256-pin grid array 1-5 2-15
Wire bond 0.5-1 1-2
Solder bump 0.1-0.5 0.01-0.1
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Condutors L (nH/cm) R (©QQ/cm) L/R (ns)
Aluminum 7.37 0.58 12.80
Wire (1 mil)
Vpp Line 7.42 2.82 2.63
(100pm)
Vp Line e 7.06 1.30
(40pm)
Vp Line 10.59 14.12 0.75
(20pm)
Vp Line 13.36 56.4 0.24
(5um)
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Inverter Switching Caracteristics
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(b}

1)  rising time: swing from 10% to 90% of final value
1)  fall time: swing from 90% to 10% of final value
ii1) delay time: 50% of input transition to 50% of output transition

J. A De Lima — Introducdo ao Projeto de CI’s de Sinais Mistos CMOS



CMOS Inverter Fall Time

Ids
IlIIl|:I:'| = '\rﬂ... - II'Ill
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Assuming Voo =03V o S E=a 0 (B V)
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Transicdo Negativa a Saida

VDD VDD
MOSFET P
X t=0 o
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VSS
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— CL Vout

VDD
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CMOS Inverter Rise Time

« CMOS inverter simmetry = similar approximation can be used
to evaluate the rise time

forVTHP = =02 VDD9:>tr24CL/(BpVDD)

Imposing 3= Bp cor g (Wb TR (W/L)p,
=t.=t
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tp{nnrmallzed}

Propagation delay of CMOS inverter as a function of supply voltage

normalized with respect to the delavat 2.5 V
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Power Consumption
P

wtal = Ps T Pp (static + dynamic)

Static Power Dissipation

« leakage current (Ij) in reversely-biased substrate junctions
* subthreshold current (Ist)

Fop n
—_— Ps = Z (Ii + Ist) Vbp
_(;1 Voo ]
—1 F"_"’ = Voo e [j doubles at every 10°C-variation
L {, Drein Leakage Ex: InA@25°C = 1pA@125°C
_I l L Current
1 Subthreshold current
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I¢r characteristic

. 1m
= Interoept:
3 tm 171.720 pA
5w |
10u
—  RGT1
lu
— | O.CGT2
100 n
— 0-CGM
W0n
= 1in
=
m
5 10 p
Wp
1p Intercept: 785546 mV
> 0m 0 10m Mm M m W m
V=102 V=06 Ves Vgate V) 100 m fdiv

S = 88mV/dec (weak inversion slope)

If AVTH = 300mV = IST is increased by a factor of 2567!!!
AVTH =400mV = IST i1s increased by a factor of 35112!!!
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Dynamic Power Dissipation

e during transitions 0 — 1 or 1 — 0, both transistors are turned on for a
short time

— DC path between Vo € Voo !!!

Vpp— V7
Vin
Vr
ekt g
Tohort
y
tr(f)
Short-circuit currents during transients. PSC = tcsteakVDDfsw e
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* dynamic power can be estimated by assuming transients much
shorts than switching period T = 1/ of a square wave V|

T /2 T,
B )] Ipg, (1) Vo dt + (UT) [ Ing (O (Vpp - V) dt
0 T /2

For a voltage-step at input and I,((t) = C, (dV_, / dt),

0
P o (C /T ) JD out out (CL/ Tp) I (VDD out ) dV. out
0 VDD

=8 O V. - fp
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Energy-Dalay (norm)

0.5 1 1.5 2 25

Normalized delay, energy.

and energy-delay plots for CMOS mverter in
0.25 um CMOS technology.
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CMOS Buffers

 Whenever an inverter — or logic gate — has a large fan-out,
insertion of buffers becomes mandatory to optimize the product
dissipation power x delay time.

Ro
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~» Let’s consider a buffer with M stages, source resistance R |

and load capacitance C; :

= = Ci + 1
-y ke - %
i=0 i=0 Ci

where T corresponds to total propagation time and C,,,, = C,.

* To minimize delay along the chain, one should have t. =t =t,.
Supposing a constant scaling factor g between subsequent (W/L),

T=t1M+1)g

—
C, =g M+1 C,
where C, =1 /R,
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= T=1(M+1)(C, /C,) V™D

Optimizing with respect to M yields
S g=e=273
= M+1=In(C, /C,)

— = et lh(C I C )
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Output Buffers

| Dp

VNI
—‘ | [eMNa4
|
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0 | E—MNE
v

—_—

C,

| T
| E—M:\'A _| EMN.‘!

V
a4 Vv

Bootstrapping

J. A De Lima — Introducdo ao Projeto de CI’s de Sinais Mistos CMOS



VoD VoD,
| ove .
1.8V —=
== MN4
lm =z
4 out
c2 2ap
] 0.
M=4 .
[
in -
w1 ‘ ' WING MNS
o ... ™

J. A De Lima — Introdu¢ao ao Projeto de CI’s de Sinais Mistos CMOS



Charge Sharing

Linha de dados
+ TS Vchave
VB —— CB I_
- +
e
Qp =Cy Vi Qp=Cy Vg (5 Vg
Qg =Cg Vg Cr=Cg+(Cy
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* when switch Ts turns on, equilibrium voltage is

V,, = Qp/Cy =(Cy Vg +C4 V) / (Cy+Cy)
= AV=V4-V, =(Vg- V) Cy/ (Cy+Cy)

— transfer to Cq of data stored in Cj 1s more efficient as oy
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« However, the reverse situation in which data stored in Cg should
be transferred to data line, - to capacitor C, — 1s much more critical.
The voltage change across Cg, after the transfer, 1s

AV = Vg -V, = (Vg - V5) Cg/ ( Cy + Co)

= reduction of original voltage difference (V; - V¢ ) by factor
CorlCo 0 ascommonly Co == Co

= need for sense amplifiers coupled to data line
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— o—{ Wi+ Wo)L
Q; Qs Qeq

e two transistors of same channel length L in parallel are
equivalent to a single transistor of channel width equal to the
sum of individual widths.
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Q, o
— WL, Qeq
— o—T WilLy +L2)
— Wil |
(4
Q

e two transistors of same channel width W 1n series are
equivalent to a single transistor of channel length equal to the
sum of individual lengths.
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Transmission Gate

Vin VDD Vout

|

=2 R Gl

==
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Vin Vout

Vin '—|_| ‘ Vout

= 1 fully pass; but not 0 (GND + |V yp ).
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Vin VDD Vout

| C
| L
|
|
0
=

= 0 and 1 fully pass
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Resistance, ohms

0K

20K

10K

Vﬂlu‘fl v

20

Simulated equivalent resistance of transmission gate
(for (WIL), = (WIL), = 0.5um/0.25um).
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Clock Boosting Switch

VDDA C2 Cl
_LC: ——————O T -
C 211D
_ N
f‘l |-~
Ll ™ -
o oy o7 ) ¥ \\ N y
[, a
u—:!\\"c dw "‘K \\ /_, n
_— 2
= \\\ /’
in L out
> ¥l =
switch =
(a) The schematic of the clock boosting circuits. (b) The driving waveform of the

switch transistor.

A. M. Abo and P. R. Gray, “A 1.5-V, 10-bit, 14.3-MS/s CMOS pipeline analog-to-digital converter”,
IEEE Journal of Solid-State Circuits, 34(5):599-606, May 1999.
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C1—= c2——= C3=_— M43 '
% i o |
]

During off phase (hold) @ is low:

—>M7 and M 10 discharge gate of M11 to GND
= VDD is applied across C3 by M3 and M12
— M8 and M9 isolate C3 from gate of M 11

During on phase (sample) @ is high:

—> M5 pulls down gate of M8

—> C3 charge is transferred onto gate M11

—> M9 turns on, so gate G tracks input shifted by VDD
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M1 E] M2 [%

M3

Cl—— Ce—— C3=

o U(uin) = U{vour)

2.

BU

8.5ms 1.8ms 1.5ms 2.8ms 2.5ms 3.8ns 3.5ms 4. 8ns 4. 5ns 5. 8ns

o u(ph1)

J. A De Lima — Introdu¢ao ao Projeto de CI’s de Sinais Mistos CMOS



oY

Dy oL f T '
Dg o 5|
D5o—:ﬁ- W [t
D4 o T
Dj n—ﬁ [ T It
B, o it
D, o——-ﬁ- It
L]

J. A De Lima — Introducdo ao Projeto de CI’s de Sinais Mistos CMOS



— 6/1

J. A De Lima — Introducdo ao Projeto de CI’s de Sinais Mistos CMOS



Qs :
b
a1 { o a1
Vg2

J. A De Lima — Introducdo ao Projeto de CI’s de Sinais Mistos CMOS



Tristate Inverter

Vin

CKn_GI

CK

— dfw

SRR AR )

|:MP2

Vout
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Y GND

CKn

CK
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T VDD

G=D+E

| e ke

Y GND

;L GND
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Transistor Ordering

5
[}
[

Iny —

_J In; -

Ing I, L
© iy M. 2“2
C; Iny M, =T Cs

(a) (b)

Influence of transistor ordering on delay. Signal In4 is the critical signal.
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Transistor Ordering

BAD GOOD

Iny — 3&02 Iny, ~|Ms =T Cz

—J In; - ]_

M, == C ins | [n; === Cz

(a) - (b)

Influence of transistor ordering on delay. Signal In4 is the critical signal.

BAD : CL, C2 and C1 only discharged after assertion of IN1

GOOD : C2 and C3 already discharged before assertion of IN1
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2-input NOR
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Logic Restructuring

>

DDG—:>D

Logic restructuring can reduce the gate tan-in.
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Complex Gates

Voo
I 4 l
Inz PUN pull-up: make a connection from Vpp, to Fwhen

FlingIn. . In,) =1

———0 F (In,In, . In,)

pull-down: make a connection from Vp to V. when

L FlingIn, . In,)=0

T T

1

ll"'lrS 3

Complementary logic gate as a combination of a PUN (pull-up network) and a
FPON (pull-down network).
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XOR / XNOR

U>

vs)

e > =
. G ~—,r

[

n—tn—too>
il =l Bl (=l Ny
(el Rl el =0 o 5!

’_"—OOD;
ol =N Bl k== Hyo)
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Ratioed Logic

* reduces the number of transistors implementing a logic function
(N+1 x 2N for complementary CMOYS)

* less robustness and extra power dissipation

* Vo = VDD, but V5, # GND (fight between load and PDN)

Voo Voo

-

| FMOS
load l: load
1—0»: | S

In. o—1 PDN In, o—1 PDN
.rﬂ‘.-j 0 jna o—
—L_ (@) generic L (b) pseudo-NMOS

Ratioed logic gate.
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oxW, o
Vbias 0—] L=z LVeft

—OVour = | = "p

J. A De Lima — Introducdo ao Projeto de CI’s de Sinais Mistos CMOS



Assuming V. pp = Vpp/2

2
Ip2 = Pr (VDD o |VTHP|j
9 2

o= Bjn (V TR IP — VTHN)2

. [m(W/L), (VDD _ vaHpD
Vis(W/L), {2 )

= 1mposing Vipp = Vpp/2, one has (W/L),/(W/L),.
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30 T

Performance of a pseudo-NMOS inverter.

Static Power
PMOS [W."L} VoL Dissipation tp]h

4 0.693V 564pW l4ps

= 2 0273V 298uW S6ps

E 1 33V 160pW 123ps
=

0.5 0.064W 80pW 268ps

0.25 0.031V 41pW 569ps

Vi, V

Vaoltage-transfer curves of
the pseudo-NMOS inverter as a

function of the PMOS size.
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e static dissipation limits the use pseudo-NMOS logic
» somewhat useful 1n large fan-in circuits

F -
A—ll:IIB—| c—|l:]‘£:—|l:‘l iCL m A
== i
(a) NOR ny — :
e A7 by NAND

Four-input pseudo-NMOS NOR and NAND gates.
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-
. Xy Xp
(a

)
VDD=3.3 V VDD=3.3 V

8/0.6 8/0.6
Vbias=1 BoH vV O—I Vhias=1 Bav O—l

Qy Q7 <. x
4/0.6 4/0.6 P
Xy X ane —— ——f 806
Q; Qg Qy Qs
: = 806
Qg

(b) =

J. A De Lima — Introducdo ao Projeto de CI’s de Sinais Mistos CMOS



Differential Cascode Voltage Switch Logic (DCVSL)

e ratioed logic with no static dissipation and rail-to-rail swing

e differential logic + positive feedback

Voo Voo

Vop

M, :I I:M;,
MP1 MP2
Out Out _
f f

EO_D PDN1 PDN2 A— NMOS —A

B— L ogic — B

B 0— E— J SWI Aray SW2| b—q
| | U U -

- - v

(a) Basic principle

DCVSL logic gate.

e PDN1 and PDN2: mutually exclusive. PDN1 (on), PDN (off). and vice-versa
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(b) XOR-XNOR gate
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Complementary pass-transistor logic (CPL)

e inputs drive gate terminals as well as source/drain terminals
e fewer transistors

AND/NAND

% 1 Pass-Transistor
B Network
B —

ll

] FPass-Transistor
8 — Network

A~ Inverse [ 0

{a) Basic concept

B B B B
2 It o T
F=ARE B__.J::E F=A+8 A F:E F=A& B
F-AB g_.:I:I‘_ F-A+B A—-J:r— F=A®&B
OR/NOR XOR/NXOR
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B
1 F=AE

Fass-transistor

implementation of an AND gate.



* NMOS device 1s effective at passing a 0, but poor at pulling a node to VDD
« VOH = VDD - VTH (VBS)

30
. In
N

1 1.5um/0.25um 5 207
Voo X f:’;
0.5um/0 25um [> O Out 3

0.5um/0 25um S L oh

005 05 — _‘i 15 5

Time, ns

Transient response of charging up a node using an N device. Notice the slow tail
after an initial quick response.

V

= Vop— (Vewo + 1((J1204 = V) = J]200)
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e pass-transistor gates cannot be cascaded by connecting the
output of a pass gate to the gate input of another pass transistor

B
= . .
TT c
" _l_| JJ_I x |J_| 4
A
T y i ", M, DC Out
Mz P u-t

Swing on Y = Vpp- V
Swingon Y = Voo V- Vs oom Vint

@) (b)

Fass transistor output (Drain/Source) terminal should not drive other gate terminals to
avold multiple threshold drops
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Performance of Pass-Transistor and Transmission Gate Logic

® pass-transistor is not an ideal switch: series resistance.

25 25 25 2.5
o | ¢ o ¢ o T¢ Tc¢ o T ©
{a) A chain of fransmission gates
R R R R
/T AAAAT ==« —AAAATANATLL - T AAAR
(b) Equivalent RC network
ki
_ _ nin—~—1) . ; . 7
(V) = 0.69 Y CRyk = 0.69CR,;————  => |propagation delay is proportional to 1’
k=0
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= 0.69-CR, ”{”TJ’” = 0.69 - (3.5}??}(3;:{:}['@) ~2.Tns

f
r q

3.0 '
Out1 Out2

Time (ns)

Transient response of 16
transmission gates cascaded in series.
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~ -A- i
Req Reg R Req
In = =
Ic Icv I° © I°° If
Breaking up long transmission gate chains by inserting buffers.
Mopt = 3
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Logica CMOS Dinamica

* A logica estatica CMOS requer 2N transistores para N entradas
 Diferentes técnicas de projeto, como pseudo-NMOS, logica a
transistor de passagem (transmission-gate logic),

e excelente alternativa € a 16gica dinamica, a qual apresenta
resultados semelhantes a 16gica pseudo-NMOS, mas sem a
consumacao estatica

* CondiCionada a um clock, a operagao desta logica compreende
duas fases: pré-carga (precharge) e avaliacao (evaluation).
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cLK — | M,
Out
L
f— CL
Iny |
In,—4 PDN -
Ing —

cLk — | M,
-

(a) n-type network

=

(b) Example
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e. Durante a pré-carga (CLK = 0)
- C, pré-carregada a Vi, pelo transistor M
- M, esta cortado, o que impede a descarga de C;
—> nenhuma dissipacao estdtica ocorre

* Durante a avaliacao (CLK=1)

- a saida condicionalmente descarregada

- se PDN on, havera um caminho entre a saida e GND

- se PDN off, a saida ndo sera descarregada, mantendo-se a V5
= uma unica transicao a saida e possivel: 1 =0

 Caso PDN off, a saida permanece em alta impedancia durante a
avaliacao
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- Principais propriedades

* A fungao logica € implementada pelo circuito PDN utilizando
NMOS.

* N° transistores = N + 2 ( contra 2N na logica CMOS estatica)
* Nao ha necessidade de razao entre (W/L)’s (nonratioed).
» Apenas dissipa poténcia dinamica

* Transi¢oes mais rapidas podem ocorrer pela diminuigao do niumero
de transistores, € conseqiientemente, das capacitancias envolvidas.
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In; —| Our

|
Voltage
—
Ln

|

05

—— ""'U,S |
0

Time, ns
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Integridade do Sinal em Logica CMOS Dinamica

 Correntes de Fuga (Charge Leakage)

e Se o circuito PDN off durante a avaliacdo, a saida deve
permanecer com a tensao de pré-carga Vo,

* C, ¢ gradualmente descarregado pelas correntes de fuga das
juncgoes fonte/substrato dos transistores M e M,

= nivel 16gico degradado
= eventualmente, um funcionamento erratico.

J. A De Lima — Introducdo ao Projeto de CI’s de Sinais Mistos CMOS



CLK

VERY

v 4  Precharge Evaluate

'
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Voltage, V

—> Circuitos dinamicos requerem uma frequii€ncia minima de

g
o

10
CCLK
| S
0.0 10 20 30

Time, ms

clock, tipicamente da ordem de alguns KHz.
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...
Mw_ &
‘ T _{ Oui

M,
L L
(a) (b)
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CLK —

,:F

B 0—]

CLK —

MF

] Chit
—L s ]

Cy

. I

_;‘L

M, | C

Easi

M, [ f
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SCHMITT TRIGGER

Vnur t V ol
iR Oui
v,
(a) Voltage-transter characteristic {b) Schematic symbol
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e converter um sinal de entrada ruidoso e/ou lentamente variando no
tempo em um sinal digital “limpo” e de transi¢cao abrupta

#3214

f[_]‘?‘r !
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q| Lc| M,

V;'n X i_' _Vf*i‘{i'

M, M,

|

—> as tensoes de comutac¢do dependem de f3_/ Bp entre os transistores
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* Supondo V. = 0 inicialmente, tem-se, também, V_ . =0

out

A malha de realimentag@do polariza M, de modo a conduzir,
enquanto M; permanece cortado

* O sinal de entrada € entao conectado, efetivamente, a dois PMOS
pull-up em paralelo (M, e M,) € a apenas um NMOS pull-down

=Bui/(ByvotByyg) alterada, aumentando a tensdao de comutagdo do ST em relagado ao
valor do inversor (By,/By,)

— Quando o circuito comuta, a realimentagio corta M, ativando M;, o qual, em
paralelo com M,, acelera a transicao

—> Alto ganho de malha (realimentagao positiva) durante a comutagao
causa uma transi¢do abrupta.
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20 —
z >
" SN o A
[,
-] =3 -
N _
k=4
. J . I
1.0 L.5 2.0 2.5 040 0.5 1.0 1.5 2.0 2.5
V:'n {VJ V.En {VJ
{a) Voltage-transfer characteristics with hysteresis. {b) The effect of varying the ratio of the

PMOS device My The width 1s & > 0.5 pm.
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Finite State Machine (FSM)

Inpurs ———Pp| —> Qutpiits
) COMBINATIONAL
LOGIC
Current State Nexrt State

Registers

0 D |4
AN
+ CLK
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3"1 Y1 _

| Next state logic =

Clock
Reset
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NOR-based Set-Reset Latch

= s R Q o
Q
0 0 o o
1 0 1 0
0 1 0 1
a 1 1 0 0
S

Forbidden State

Ve

CMOS clocked SR
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NAND-based Set-Reset Latch

S S R o rol
S Q Q 5
0 0 0 o j Q
1 0 1 0 oLk
0 1 0 1
= \1 1 0 0| Q
R < : D’

Forbidden State

Voo

4dlﬁw# EF wdﬁ{ 5%&W
-

° | l |
| - | ]JﬂE |

| |
| |
s —>—{ [E LKk 4 ik
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-

@O-—Q

D —T, {>C

Reduced load clock load static master-s/ave register

Q
P
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JK Flip-Flop

Master Slave
Q
1 TG7 a 1 TG3 _
{ ooyl Dot Do
& [ &
T /G2 TL
L T o1
B — = Il
F— - - *
clock | | |
] 171 [
K1 | pm_u_} L
Q T T [T
Q S
T =toggle
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 improves the behavior of the SR flip-flop (J=Set, K=Reset) by interpreting the
S = R =1 condition as a "flip" or toggle command

Qnert = J@ + EQ

J| K Qnext Comment
00| Qgrey| hold state
0(1] 0 reset
1(0f 1 set
111/ Quey| toggle




Example: Pattern Recognizer

Pattern Clockeycle: t; &, & & to t2 tz t 13 13 ty,
W > Recognizer > 7z W-0 1 011 01 11 0 1
: Z 00 000 10 041 1 0
CLK ———
Problem:

¢ Circuit has input, W, and output, Z.
% All changes in the circuit occur at positive edge of the clock.

& The output Z is equal to 1 if
2 During two immediately preceding clock cycles, the input W was equal to 1

2 Otherwise, the value of Z is equal to 0

% It is evident that the output Z cannot depend solely on the present value of W.
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Synchronizers—Concept and Implementation

/L

fr:?r

Synchronous system

wAWAWA

Asynchronous

system

Synchronization

Asynchronous-synchronous interface
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When a flip-flop is in a metastable state, its output oscillates between 0 and 1
as shown. (The flip-flop output settles down to 0.)
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II"'i:l:a'l

Va

Ve = Vy _ A
}D
(a) ;'?

Two cascaded inverters (a) and their VTCs (b)

J. A De Lima — Introducao ao Projeto de CI’s de Sinais Mistos CMOS

Vit =Va



Metastability.
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A simple synchronizer.

o 100 200 300
time, ps

Simulated trajectory tor a
simple flip-flop synchronizer
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To build a perfect synchronizer that always delivers a
legal answer is impossible!

In 0, O, Out

Cascading synchronizers reduces the main time-to-failure.
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CIRCUITOS MONO-ESTAVEIS

e Um circuito mono-estavel gera um pulso de largura pré-determinada
sob a a¢do de um disparo, como por exemplo, uma transi¢ao de sinal.

e In DELAY _/T_\_
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CIRCUITOS ASTAVEIS

e circuito astavel ndo possui estados estaveis
* saida oscila entre dois estados quasi-estaveis

» periodo determinado pela topologia e parametros do circuito,
como atraso de propagacao, tensao de alimentacao
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oscilador em anel (ring oscillator)

Do

N inversores (N impar)

30—

|

{

2.5
20
1.5

Volts

1.0

! _J__._!._.—-L-I'"{":-

e —

(.3

1.0

—05 ] l
0.0 0.5 1.0 1.5
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