UNIT-5

SYNCHRONIZATIONAND
FREQUENCY DIVISION
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PULDE SYNCHRONIZATION OF
RELAXATION DEVICES




SHOWS THE SITUATION WHEN
SYNCHRONIZATION PULSES ARE APPLIED
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FREQUENCY DIVISION




ASTABLE RELAXATION CIRCUIT
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WAVEFORMS WHEN POSITIVE
PULSES ARE APPLIED TOBL1
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MONOSTABLE RELAXATION

CIRCUIT




WAVEFORM AT B2 WITH NO PULSE
OVERSHOOT AND WITH PULSE
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METHOD FOR ACHIEVING DIVISION
WITH PHASE JITTER
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WAVEFORMS WITHOUT PHASE
JITTER




SYNCHRONIZATION WITH SINE
WAVE

By
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FREQUENCY DIVISION WITH SYNC
SIGNAL
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REALIZATION OF LOGIC GATES
USING DIODES AND TRANSISTORS

* OR GATE
* OR GATE PERFORMS LOGICALADDITION.

« THE OR OPERATOR IS INDICATED BY APLUS (+)
SIGN.
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OR GATE USING DIODES

QPERATION:
»ASSUME THE

INPUT VOLTAGES

ARE EITHER 0V
(LOW) OR 5V

(HIGH).
BOTHAAND B ARE
L OW:

» THE DIODES ARE
OFF AND WE CAN
REPLACE THE




Contd.

« WHENAIS LOW THE CORRESPONDING DIODE WILL BE OFFAND,
B IS HIGH SO THE DIODE CORRESPONDS TO THE INPUT B WILL
BE ON.

« NOW WE CAN REPLACE THE ON DIODE BY THE SHORTCIRCUIT
EQUIVALENTAND THE OUTPUTC=5V.

« WHEN B IS LOW THE CORRESPONDING DIODE WILL BE OFFAND,
A 1S HIGH SO THE DIODE CORRESPONDS TO THE INPUT AWILL
BE ON.

« NOW WE CAN REPLACE THE ON DIODE BY THE SHORTCIRCUIT
EQUIVALENTAND THE OUTPUT C=3V.

« WHEN BOTH THE INPUTSARE HIGH BOTH THE DIODES WILL BE
ONAND THE OUTPUT C=5V



AND Gate

« THE AND GATE PERFORMS LOGICAL
MULTIPLICATION.

« THE AND OPERAIOR IS INDICATED BY USING ADOT
(.) SIGN OR BY NOT SHOWING ANY OPERATOR
SYMBOLATALL.

Inputs Output

B




. ASSUME THE INPUT VOLTAGES ARE EITHER 0V (LOW) OR5V
(HIGH).

o WHEN BOTHAAND BARE LOW BOTH THE DIODESARE
ON AND WE CAN REPLACE THE DIODES BY SHORT

CIRCUIT EQUINVALENT.

0 EE_I\(I)SE POINT X IS CONNECTED TO GROUND AND OUTPUT

o0 WHENAIS LOW THE CORRESPONDING DIODE WILL BE ON
AND, B IS HIGH SO THE DIODE CORRESPONDS TO THE INPUT

B WILL BE OFF.

o NOWWE CAN REPLACE THE ON DIODE BY THE SHORT
CIRCUIT EQUIVALENT; HENCE POINT X IS CONNECTED TO

GROUND AND THE OUTPUTC=0V.



Contd.

o WHEN B IS LOW THE CORRESPONDING DIODE
WILL BE ONAND, AIS HIGH SO THE DIODE
CORRESPONDS TO THE INPUT AWILL BE OFF

o NOW WE CAN REPLACE THE ON DIODE BY THE
SHORT CIRCUIT EQUIVALENT; HENCE POINT X
IS CONNECTED TO GROUND AND THE OUTPUT
C=0V.

0 BOTH THE DIODES WILL BE OFFAND THE
OUTPUT C=5V



NOT GATE (INVERTER)

« THE OUTPUT OFANOT GATE IS THECOMPLEMENT
OF THE INPUT.

« THE BUBBLE REPRESENTS INVERSION OR
COMPLEMENT.

| A B
AD—I>0—QEI' 0 1
1 0




REALIZATION OF NOT GATE
USING TRANSISTOR

AISHIGH:
0 When +5v is applied to a, the
transistor will be fully on. Vee
0So maximum  collector +aV
current WI|| flow and vcc
Sl BRI Y5 8" YRUAER &b R
Ioop kvl: ve=vcc-icr]. R
0 ALS LOW.

When Ov is _aFBhed to a, the
transistor will be cut-off.
Soic=0ma and vc or voltage

at point b is equal to vcc.



TTL (Transistor Transistor Logic) Integrated-circuit technology that uses
the bipolar transistor as the principal circuit element

CMOS (Complimentary Metal Oxide Semiconductor) Integrated-circuit
technology that uses the field-effect transistor as the principal circuit element

ECL (Emitter Coupled Logic) Integrated-circuit technology that uses the bipolar
transistors configured as a differential amplifier. This eliminates saturation and
improves speed but uses more power than other families



OTHER DIGITAL IC SPECIFICATIONS

 Drive Capabilities- sometimes referred to as fan-in or fan-out.

 Fan out- number of inputs of a logic family that can be driven
by a single output. The drive capability of outputs.

 Fan In- the load an input places on an output.

 Propagation delay- has to do with the “speed” of the logic
element. Lower propagation delays mean higher speed which
IS a desirable characteristic.

« Power Dissipation- generally, as propagation delays decrease,
power consumption and heat generation increase. CMOS is
noted for low power consumption.



Logic families: fanout

Fanout: the maximum number of logic inputs (of the same
logic family) that an output can drive reliably
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Logic families: propagation
delav

- TP?HL - TP_D‘}:ELH
Tpp HL— INput-to-output propagation delay from HI to LO output
Tep L1 — INput-to-output propagation delay from LO to HIl output

Speed-power product: Tpp x Pgyq
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Logic families: noise margin

Vee

Output

Logic 1

Abnormal
Operation

Logic O

Vce

Input

Logic 1

Indetermined
Range

Logic O

HI state noise margin:
Vr= Vou(min) — Vy(min)

LO state noise margin:
VL= Vi(max) — Vo (max)

Noise margin:
V= min(Vyu, V)
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TOTEM POLE NAND GATE

 First introduced by In
1964 (Texas
Instruments)

« TTL has shaped
digital technology in
many ways

 Standard TTL family
(e.g. 7400) is obsolete

- Newer TTL families
still

32

TEM

OP(Y;)

used (eg Circuit diagram
74ALS00) Figure 9.1 TTL NAND gate.



Open collector gate

« An open collector is a common type of output found on many integrated
circuits (1C).

« Instead of outputting a signal of a specific voltage or current, the output
signal is applied to the base of an internal NPN transistor whose collector
Is externalized (open) on a pin of the IC. The emitter of the transistor is

connected internally to the ground pin. If the output deviceis
a MOSFET the output is called open drain and it functions in asimilar

way

I + VC(‘ I + V(.(.

{external)

oP

(a) Open-collector inverter (b) Open-collector inverter with the external resistor

Figure 9.2 Circuit diagram of open-collector inverter.


http://en.wikipedia.org/wiki/Integrated_circuits
http://en.wikipedia.org/wiki/Integrated_circuits
http://en.wikipedia.org/wiki/Bipolar_junction_transistor
http://en.wikipedia.org/wiki/Transistor
http://en.wikipedia.org/wiki/MOSFET

Tristate TTL

* Tristate means a state of logic other than ,1 and ,0*
In which there is a high impedance state and there Is
no Isource or Isink at the output stage transistor (or
MOSFET). Agate canable of beina in 1% ()"and

tristate 1s know




Direct-coupled transistor
logic (DCTL)

 Direct-coupled transistor logic (DCTL) is similar to resistor—
transistor logi RTL? but the input tranSJﬁtor bases are connected
O[I'IFCF?Y_(O_qT% collector outputs— without any base resistors.
Consequenitly, (I]Il)CTL_ ates have fewer components, are more
TPl 00 {53 AP0 s, Sl iearl e
levels, has more susceptibility to ground noise, and requires
matched transistor characteristics. The transistors are also heavily

overdriven; that is a good feature in that it reduces the saturation
voltage of the output transistors, but it also slows the circuit down

due %o a high sttored charge inththet base.{lflrngte fan-otltjt IS Iilmited
ye to "current hogging"; If the transistor pase-emitter voltages
?VEH:S) atre not welli]nj’ (;r[]fged tt[\e me%ase-eml.tter unctign otfaﬁne
ransistor may conduct mast of the input drive current at such a
low base-emitter voltage that other input transistors fail to turn on



http://en.wikipedia.org/wiki/Resistor%E2%80%93transistor_logic
http://en.wikipedia.org/wiki/Resistor%E2%80%93transistor_logic
http://en.wikipedia.org/wiki/Transistor
http://en.wikipedia.org/wiki/Resistor
http://en.wikipedia.org/wiki/Gate
http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Direct-coupled_transistor_logic
http://en.wikipedia.org/wiki/Fan-out

ECL

Emitter-Coupled Logic (ECL)

*PROS: Fastest logic family available (~1ns)

« CONS: low noise margin and high power dissipation
«Operated in emitter coupled geometry (recall
differential amplifier or emitter-follower), transistors
are biased and operate near their Q-point (never near
saturation!)

« Logic levels. “0: -1.7V. “1”: —-0.8V

Such strange logic levels require extra effort when
Interfacing to TTL/CMOS logic families.

« Open LTspice example: ECL inverter...

154



ECL
EMITTER COUPLED LOGIC

Emitter-

follower Vour1=A+B

Emitter-

follower Voura =A+8

A Qs B Q, Q, 1.3V
5.2V
(a)
A® — ®A+B
{b)

Figure 8-30 (a) ECL NOR/OR circuit; (b) logic symbol.



LOGIC FAMILIES AND
INTRODUCTION

« WE HVE SEEN THAT DIFFERENT DEVICES USE
DIFFERENT VOLTAGES RANGES FOR THEIR LOGIC
LEVELS.

« THEYALSO DIFFER IN OTHER CHARACTERISTICE

* IN ORDER TOASSURE CORRECT OPERATION WHEN
GATESARE INTERCONNECTED THEY ARE
NORMALLYPRODUCED IN LOGIC FAMILIES

« THE MOSTLY WIDELY USED FAMILIESARE
— COMPLEMENTARY METAL OXIDE (CMOS)
— TRANSISTOR- TRANSISTOR LOGIC (TTL)
— EMITTER COUPLED LOGIG (ECL)



COPARISON OF LOGIC FAMILIES

Parameter CMOS TTL ECL
Basic gate NAND/NOR NAND OR/NOR
Fan-out >90 10 29
Power per gate (mW) 1@ 1 MHz 1-22 4-35
Noise Immunity Excellent Very good Good

top (NS) 1-200 15-33 1-4




