Metal Detector

Any "losses" (even
eddy-current losses

in all kinds of
f 1 1 metals) are
0 ~ T summarized by the
27T LC L symbol r!

Iron objecMeas

the magnetic field
and thus also L !

The parallel resonant ;
frequency is affected by
the coil losses. That’s
how hidden treasures are
found!

losses
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Metal Detector

A metal detector consists of an oscillator
(a transmitter) with an LC resonant circuit.
Metal objects that are within the magnetic
field of inductance affects the resonance
frequency so that the oscillator frequency
changes.

A microprocessor with a frequency measurement orogram
Indicates the frequency changes.

e Ahead of the lab, we now need to study
resonant circuits and amplifiers — oscillators.
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The calculations of the circuit is really quite complicated - but

we venture to us on a "guess’:
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R R N — 126 K H
R successful guess!

-160°
-180°
-200°
-220°
-240°
-260°

JOKHz 80KHz 90KHz 110KH=z 130KHz  150KHz 170KH=z
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Output voltage V;

Digital design — inverter
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’ t 1 Do you remember the
Input voltage V, CI_\/I_OS-inve_rter from
Digital Design?
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CMOS-Inverter

A Vdd
.
O xide
ﬂé _d p-channel
s N+ Bucket Contact d
n O— —O Vout
P Channel d ) |
n-channe
S =
s S J

We use an "old" chip?— and

P+ Bucket Contact

e need to choose simulation

inaly!
e Do you remember the CMOS-inverter parameters accordingly!
from Digital Design??
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( MOS-OId school )

Monolithic MOSFET - M1 x|

Madel Mame: [MP K. |
LengthiL: |5u— Cancel |
“widthfi]: [480u

Dirain ArealaD]: I—
Source ArealdS): I—
Dirain Perimeter[PD): I—
Source Perimeter[PS]: I—
Mo. Parallel Devices(]: I—

MP =50 w=480u

Monolithic MOSFET - M2 x|

Model Mame: [MN oK. |
LengthlL): |5u— Cancel |
“widthfi]: [124u

Dirain ArealaD]: I—
Source ArealsS): I—
Dirain Perimeter[PD): I—
Source Perimeter[PS]: I—
Mo. Parallel Devices(]: I—

MM =50 w=124u
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( MOS-OId school )

g
o
2
.include cmos_model.txt
} M1 ]
He—
J._,_MP
lin> out
}_
{ = M2
i MN
e NMQOS

Model Name: MN
Length (L): 5u
Width (W): 124u

Put the file cmos_model . txt
In your work folder. It containes

”scalable” models. Write the directive:
-Include cmos model .txt

{1111

il
e

e PMOS

Model Name: MP
Length (L): 5u
Width (W): 480u
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With these choices
the two
transistors will

get equal
strength!
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( CMOS-inverter)

LTspice I¥ - [cos_iny.asc]

-I: Eile Edit Hierarchy Miew Simulate Tools ‘Window Help

@ 0, R’

include cmos_modeltst . . . . .

Acvzospnol . 0 0 L

SR

M1

o

Simulate with dc- sweep :
.dc V2 0 5 0.01

Transistors with equal strength
will have the transition at 2,5V.
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g ) Ring-oscillator

Written exam|
In DigDes!
\_
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e A ring oscillator consisting of an odd number inverters

connected In feedback.

0" = (Q) 0 s, 5t
oo n.s. _1 < > < >
T T
1 0
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Ring-oscillator

Copy the inverter 5 times! (Vi have a chip with 6 inverters)

=101 x|

-l: File Edit Hierarchy Miew Simulate Tools Window Help _|5’|£|

| P2 EP £ aoeR | =l BT tbEMO8 L@ +3 DYoo ol

. include cros. model Bt
 tran2u

..... <j1
T

Righk click ko edit %1,

5 inverters in ’ring” + Buffer
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Ring-oscillator

Simulate with: .tran .2u

5

Z0ns 40ns 60ns 80ns 100ns 120ns 140ns 160ns 180ns 200ns

Propagation delay 35

of one inverter: PP 5 391

The ring oscillator can be used to indirectly measure the gate
delay of the logic circuits!
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B cmos_inv.ra

Amplifier

out

In Out

If feedback the output to the input U, = U;, on a inverter
then the voltage will the voltage end up between ”1” and
”0”. The slope Is steep, so an input voltage variation is
greatly enhanced. A positive input signal shift gives rise
to an enhanced negative output voltage change, so we
have 180° phase shift.
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Amgmmr

U.: 0,5V (top value)
sinusoidal voltage (at the
2,5V level)

U, 2,5V (top value)

out-

sinusoidal voltage with
opposite sign 180° phase

shift.
Amplification 0,5:2,5 1:5

—R1=1k R2=5k
(You guessed correctly, the
amplification is given by R2/R1)

0.0ms 0.6ms 1.2ms 1.8ms 2.dms J.0ms
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Can an amplifier become an oscillator?

A feedback amplifier f“ 1_) Amplifier phase shif?s
can begin to 180° signalen 180° (= opposite
"oscillate". w sign) o
N 'I |
U. "L U ey l | |
IN = ut  _ YAVR H lJ | li |
3) Then we get ~ PV
an ~copy c|>f the 4) If this "copy” is amplified,
Input signal. then the output signal will be
G — . :
Increased — foreverylapina
feedback loop.

% 2) If the feedback network
—180° / phase shifts the signal -180°
for some frequency ...
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Can an amplifier become an oscillator?

If the total phase shift in the blocks F and G is 0°
for some frequency, and at the same time there is a
net gain (>1) for that frequency — then the amplifier
will oscillate with that frequency!

This 1s known as the Nyquist
criterion for stability!

Harry Nyquist
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-A0°
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-120°

circuit has phase FESEEEN o

JOKHz 80KHz 90KHz 110KH=z 130KHz  150KHz 170KH=z
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Osclllator

o xi| 82 _ioix

|"||__ 1]

J0ps 60ps 90ps  120ps  150ps

Oscillator at lab. One Inverter has feedback from the resonance
filter. One extra inverter acts as a buffer to make the signal
digital.
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A counter chip

I e
T_‘D—D" R —r R R R
cLk 19 % = =T =T j—l—“_::T T}T T
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At lab we use a cheap counter chip. Oscillator frequency is
divided with up to 12 stages — to an audible signal. (You've
heard about this chip in the Digital Design Course).
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