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" | Outline

" HOW to generate an oscillation?
= Linear Oscillator

" Non-linear Oscillator
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B | Recall: Dynamic Circuit

QUESTION: Find out the output Q with different input D. ¢ is a clock signal. The input
switches between V;; and GND

il !
D o—_L—Do—Do——o Q I
Q1 > t

Q> A(p

11
s .
¢

HOW to generate a CLOCK?
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= | Recall: Source free LC circuit

QUESTION: Find how the voltage on the capacitor and the current through the
inductor change after the switch is turned on.

_’_i(g/o_ Av(t)i
ot o8, NN /N
\VARVARN

RO

\i(t):\[%/lsin(a)ot+9) /\/w_/\ /\
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[ v(t) = Acos(wot + 6)




2 | Recall: zero-crossing detector

QUESTION: Find the output of the circuit. The op-amp is ideal.

Vin 0— -

_Vdd

If Vin >0 - Vy = _Vdd
If Vin <0 - Vy = Vdd
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" | How to generate a clock?

|—> Vin O—

Voltage
from
free LC

12/7/20

+
UO

MISSION COMPLETED?

A

Vin

Vo
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" | Recall: source free RLC circuit

QUESTION: Find how the voltage on the capacitor and the current through the

inductor change.
v.(t) = e $@ot[A; cos(wyt) + A, sin(wyt)]

Li®
_W_
+ Define DAMPING FACTOR Q= Z’iL
v(t) == g 1
- |¢ L Define RESONATE FREQUENCY  wg = ——
Define DAMPING RATIO (=2=21F
d?v(t) Rdv(t)_l_ 1 N =0 wo  2wol
a2 L de Ev()_ 0
1%
Solution:  v(t) = K,e51t + K,eS2t A o
Za)d

Where 51:_((,00‘}'(1)0\/(2_1 ® \\ ./
2T o Tt e

1 R \/ -
andwy=—,( = -
0 \/LC'q 2wl
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" | Source free RLC circuit

v(t) ——

v.(t) = K;e %t

cos(wyt + 64)

v(t) s R 0
a=—>
20,
\ @a e—at 2L
t
____: >
/z

. j”é - (aclvcl(m ~ i1, (0)

Crwgq

0, = tan™?! (
-
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aCyve, (0) —ig, (0)>
Ciwqve, (0)

j
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" | Negative Resistance

; R,—1
i, R, -, Where a = =
——W—M——
* RZO
V() == = Wi
_ C L ~L e
R,>1, [P A
p n \>}/ __:>A:E?FE >
Av(®
200
' . 2 R . . \/ /\ /\ > ¢
5 aCyve, (0) — iy, (0) p = Tn
K1 = Ucl (0) + C Y
1
_1 [aC1vc, (0) — i, (0) v(t) _-" o
b1 = tan Cogve )V K~ .
1Wavc, T
- R,<7, B /_/\
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v.(t) = Kje~% cos(wgyt + 0,)
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| Devices with negative resistance

[
= Tunnel Diode A Negative
\K -l resistance
’J
Positive

. resistance
= Gunn Diode

mﬁ@ ' ' > U

Positive

= Thyristor Al %sistance
4 Negative
. \( resistance
| 7/ R iy
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" | Outline

= HOW to generate an oscillation? | —M——

T 3,

o Negative resistance

o Devices with negative resistance

o Circuit features negative resistance
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= | Example 1

QUESTION: Calculate the equivalent impedance Z;,, of the circuit.

>

o = Step 1: perform DC analysis
Assume () is biased in saturation region
o 'I__) 0 | .
' 1 Z, according to DC analysis
Zin = Step 2: perform AC analysis
A

o Step 2.1: replace the transistor with the
= small-signal model

o Step 2.2: turn off DC sources
o SHORT all voltage sources

a OPEN all current sources

o Step 2.3: Calculate small-signal
model parameters
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= | Example 1

QUESTION: Calculate the equivalent impedance Z;,, of the circuit.

>

+ O —> lrest = According to KCL
VUtest
_ 0O 'e) ltest = ImVgs T 1z,
+ ImVys ZZ
Vtest T Vgs
Zin Vgs = gmvgs + g
Zy _ Z,

—2 Vtest — letest

_gmzlitest + Zz

Vtest
» Zy,=- =721+ 72, + gmiqiZ,
ltest

12/7/20 Milin Zhang, Dept of EE, Tsinghua University
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= | Example 1

QUESTION: Calculate the equivalent impedance Z;,, of the circuit.

>

L+ O = lest " |fZ, and Z, are inductors
v es
o Vtest
- 0O O Zin = - == Zl + Zz + gmzlzz
n YmVgs L, Ltest
Zin % vgs % . . 2
Ly _ =jwl; +jwl; — gmwLiL,
= L L,
Vtest ©
Zin =~ =721+ 2y + gmZqZ, +
‘test V; —Tn — _gm(UZLlLZ
(o
Zin
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= | Example 1

QUESTION: Calculate the equivalent impedance Z;,, of the circuit.

>

i
N o =P Ltest
Vtest
- O O Gt
+ m©vgs Cz
Zin == Vg —
Ci _
O
Vtest
Zin =~ =721+ 2y + gmZqZ,
ltest

12/7/20 Milin Zhang,

If Z, and Z, are capacitors

v
Lin = o5 = 1+ Zy+ gmiiZ,
ltest
B 1 N 1 1
](UCl ](UCZ gm C()ZClCZ
C
—_— 1 2
I I
O | |
_l_
Vin —Tn= "9m
o
Zin

Dept of EE, Tsinghua University
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" | Outline

i(t)_) R, -Ta
_ NV AW
= HOW to generate an oscillation? |
v()
o Negative resistance - ¢ T
o Devices with negative resistance S > e

Negativi

o Circuit features negative resistance

= Linear Oscillator

ttttt

o LC Oscillator
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2 | Example 2: Colpitts Oscillator

QUESTION: Find the functionality of the following circuit.

Vaa Vaa
coupling
g / capacitor
Ly
Re | “ O v ¢ = (, is coupling capacitors
'|:> - G4 R = (3 is bypass capacitor
L
G = (3 and C, IDEALLY are short
C__ ) = circuit @DC
3 Re, T ==
RS CZ
Bypass
capacitor
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2 | Example 2: Colpitts Oscillator

QUESTION: Find the functionality of the following circuit.

Vaa Vaa
4
ipl What is C; used for?
L1 vp T T 1 Vout T
Rg O . .
b ] Vout o Ifthereisanincrease @ Vyy; vour 1
3] = (4 _ A
ves L |2 vs 1 C, R o The voltage increase @ source
E— - O Vsg decrease correspondingly

|
O

, [p decreases, causing an
v
decreasing of vp Vout 1

C <
3 RGZ T RS

POSITIVE FEEDBACK is observed
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2 | Example 2: Colpitts Oscillator

QUESTION: Find the functionality of the following circuit.

Vaa Vaa
coupling = Step 1: perform DC analysis
g /capacitor
L, i’ = Step 2: perform AC analysis
Re | 1 O Vout
||:) = (4 o Step 2.1: turn off DC sources
Cq Ry o Step 2.2: Calculate small-signal
— = model parameters, g,
C3 \ R¢» TRS ==C o Step 2.3: replace the transistor
2 with the small-signal model
= \ o Step 2.4: Analyze the resulting
Bypas.s circuit
capacitor
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2 | Example 2: Colpitts Oscillator

QUESTION: Find the functionality of the following circuit.

12/7/20

1
EHRS

Sél + (3(1]2 [IRs ) -

If Rg » —
2
1

SC; G
1 + 1 vout - Cl + CZ vout
SCl SCZ _p

Q<€

= p_ to keep a same power

=
<
My
I
1

O
— +

Vout

(o
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2 | Example 2: Colpitts Oscillator

QUESTION: Find the functionality of the following circuit.

Ly
—O O Vout
. — S
v
ﬁs ImVys Cy RL || p_Z
o

12/7/20 Milin Zhang, Dept of EE, Tsinghua University
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" | Recall: MOSFET Small-Signal Model

SIMPLIFIED HYBRID-t MODEL SIMPLIFIED T MODEL

D
G o——0 D
+ gmvgs
Ugs
ImVys
s G o N
} 3
9m
S —
S

HYBRID-t MODEL and T MODEL are equivalent
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2 | Example 2: Colpitts Oscillator

QUESTION: Find the functionality of the following circuit.

- O
— . +
N o Y vow
& %
+ \/ Rout R % c, B
vgs 1 N _S
i c, R, | 2 O
C, o
_— C +
— Re 1 L .
Rl = — out
S p2 g
C, -
O
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2 | Example 2: Colpitts Oscillator

QUESTION: Find the functionality of the following circuit.

Zeq —
| |
ImVgs Liest L
- - O
\/ ~ Vout
+ —— Rg
. Rzl
Vtest O— L
Vgs —
_ + C,
O—1T—0—
LT— 1 —1— C.C, Rs
PIm Cl+C2 Ll RL”F”ngm

Milin Zhang, Dept of EE, Tsinghua University

According to KVL

C; + G,
Vtest = _SCZUgs sC, C,
Cy + G,
= — Cl Vys
1/p
7 — Utest 1
eq i -
test P9m

24



2 | Example 2: Colpitts Oscillator

QUESTION: Find the functionality of the following circuit.

Vaa Via
g 9)) ..
L1 | | A POSItlve
Re1 1] O Vout .
! 1 tance
! l; Ca R 0.03} resis
el ! ‘ = 0.025} Negative
Rg2 < R .
s TCZ resistance

0.02f

0.01

R ! 1
p? P%gm

-4
Rl 0.005}

AA
IVV
=
Q| =
3
[®)
Ry
'
ﬁN
N
~
o
AA
v

-0.005
0 0.5 1 1.5 2
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2 | Example 2: Colpitts Oscillator

QUESTION: Find the functionality of the following circuit.

J_ ! = QOscillation can be expected when
1 GG, 2 R o1
| GG bRl e, 21
— 2
= ImD > P°9m T Ro + R
S L
g/
lf: Positive L
resistance ,
| gL
Negative . >
resistance gm 2
p—p
"
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" | Example 3

QUESTION: Find the functionality of the following circuit. Assume Q4 and @, are

matched.
Vaa
T 5 = Step 1: perform DC analysis
I
o = Step 2: perform AC analysis
|
o Step 2.1: turn off DC sources
— o Step 2.2: Calculate small-signal
L II:) (—_“ l model parameters, g,
Vi1 o 0, Vin2 o Step 2.3: replace the transistor
1%
- with the small-signal model
J L, — o Step 2.4: Analyze the resulting
C
g circuit
—Vss
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" | Example 3

QUESTION: Find the functionality of the following circuit. Assume Q4 and @, are

matched.
1 .
L= = Since 4 and Q, are matched
1
1C1 Im1 = 9m2 = Im
|
— To1 = To2 = To
©
3 + Imi1Vgs1 8 Im2Vgs2 + 8
v 1%
gs1 gs2
1 I 22 1
Imi1 — Im2
12/7/20 Milin Zhang, Dept of EE, Tsinghua University 28



" | Example 3

QUESTION: Find the functionality of the following circuit. Assume Q4 and @, are

matched. —1_
L . . -
M = According to KCL & resistor characteristic
=
7, | 7, _ 1
_W_ . _
' Zeq (itest — 9m1Ves1 + GmaVes2) =7 = Vgs2
m2
i <>+ Vgest — () ¢l 1
test 2 .
—  — (—itest — Gm2Vesz2 + m1Ves1) _gml = Vgs1
AN _
NV Vgs1 — Vgs2 = Vtest
1 1 gmves: Imves2 T X =
v 1%
1 GS1 GS2 1 2
—| _ _ |= Vtest
= ltest Im
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" | Example 3

QUESTION: Find the functionality of the following circuit. Assume Q4 and @, are

matched.
=
L, = QOscillation can be expected when
1
LD :
|| ! Im S
: 2 7 2r,
To1 To2
—W=——AW\— 1
» Im>
o
"2
9m

12/7/20 Milin Zhang, Dept of EE, Tsinghua University
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" | Outline

" HOW to generate an oscillation?

o Negative resistance

o Devices with negative resistance

o Circuit features negative resistance

= | inear Oscillator
o LC Oscillator
o Crystal Oscillator
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2 | Crystal Oscillators

A Z Crystal

Equivalent circuit

© High frequency

© High stability

® High Q factor

@ Cannot integrate on chip
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" | Outline

" HOW to generate an oscillation?

o Negative resistance

o Devices with negative resistance

o Circuit features negative resistance

= | inear Oscillator
o LC Oscillator

o Crystal Oscillator
o Op-Amp-RC Oscillator
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" | Recall: Example of Positive Feedback

1 Preset temp. x

= The output x, is related to the input x;

" The output x,, is fed to a feedback network to generate x;

= The input of the system turns into Xi = Xs + Xy

!

The output is fed-back to input, to
THIS IS A POSITIVE FEEDBACK INCREASE intensity of input signal

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 34



N | Recall: general pos. feedback structure

/ A - Open-loop gain

X; X
Source x, : Z/ - > Load
<
b
P - Feedback factor

" The output x, is related to the input x; X, = Ax;

" The output is fed to a feedback network X = Bx,

" The input of the amplifier turns into Xi = Xs + Xr

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 35



" | Recall: Op-Amp w/ positive feedback

2
INPUT 1: v, vp ! ?f the Qp-Amp s biased
Noninverting input 3 () ! in the linear region
17 , OUTPUT: 7,

A
> - 1v,17 v, = Alv, — v
INPUT 2: v, / ’ o = Alvp =)

Inverting input

How to decide if there is a positive feedback

= If thereis anincrease @ v, v, T €

: o i ) POSITIVE FEEDBACK
= The inverting input v, increases correspondingly

" |f the op-amp is biased in the linear region, v, = A(vp — vn) increases Vo T

An unstable system “oscillates” between V ;4 and —V 4,4

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 36



" | Recall: positive feedback w/o input

/ A - Open-loop gain

WE WILL DISCUSS THIS NEXT SEMESTER

Vi —)/ Vo
= What if there is no A < > Load
input in the system?
= What gonna happen if
there is a disturbance? b

vf \
P - Feedback factor
" The output x, is related to the input x; v, = Av;
* The output is fed to a feedback network vy = Bv, = APy,

What if A > 1 at the very beginning, but decreases to Af = 1 later?

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 37



¥ | Positive feedback w/o input

Vi i Vo

A >

;3_ ) @AL > 1
Vr Amplitude increases

AVAVA
»
A small disturb @ x;
@Af =1
Amplitude keeps

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 38



" | Example 4: the Wien-Bridge Oscillator

QUESTION: Find the functionality of the following circuit with R; = R, =R ,(; = C, = C.

Amplification
- /
Vo
Recall: op-amp w/

> O
/ positive feedback
Vi

L

il
§,E°

Vo

—
A

B

Vy
>

C

Feedback loop

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 39



= | Recall: The noninverting configuration

QUESTION: Find the functionality of the following circuit with R; = R, =R ,(; = C, = C.

~ v‘l’l vln
lp. = — —
R R
< i _ Vo — Un _ Vo Vin
2 R, R,
lRl = lRZ
-
IDEAL OP-AMP with NEGATIVE
FEEDBACK enables linear region R, +R,
biasing D v = R in
1

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 40



" | Example 4: the Wien-Bridge Oscillator

QUESTION: Find the functionality of the following circuit with R; = R, =R ,(; = C, = C.

Amplification

R, \ = For the amplification system, the gain
= A A As - Uy
- ® o v, R,+ R
+ A = — =
V; / Vi Ry

v " For the feedback loop
& U TR .
: y Rsll <
Cy >R3 ﬁ _ _f _ SCl
— v 1 1
j 0 R4 + E + R3 | | S_Cvl
= Feedback loop 1
B 1
3+ sRC + m

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 41



" | Example 4: the Wien-Bridge Oscillator

QUESTION: Find the functionality of the following circuit with R; = R, =R ,(; = C, = C.

Amplification
AWAV R
R, : = The transfer function
S Wh \ Vo
- $———o° 14+ R
R4
Vi / H(S) = A:8 — 1
3+ sRC + W
ot e R
7 1 wy—" » H(s) is a real number, when
C R,
— . 1 1
RC+—=0 Wy = —
j SRE+SRC B @ =%c
= Feedback loop

The oscillation frequency

g v, R;+ R4 s U . ”
A=—"= wy is “determined” by the
Vi R1
< 1 feedback loop
ﬂ =
3 +SRC+L

p SRC " . o
12/7/20 Milin Zhang, Dept of EE, Tsinghua University 42



" | Example 4: the Wien-Bridge Oscillator

QUESTION: Find the functionality of the following circuit with R; = R, =R ,(; = C, = C.

Amplification

Uy

Feedback loop

”A_vo R, + R,
Vi Ry

1
< b= 1

3+SRC+W

N~

1

H(s) = AB isreal @ w, =

R
= AB =1when —2-=2
R,

Positive feedback is observed

= QOscillation is triggered when % > 2
1

= The gain with feedback can be calculated as

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 43



" | Example 5: the Phase-Shift Oscillator

QUESTION: Find the functionality of the following

Ry " For the amplification system, the gain

e
—— \ U, v,
i _|_—/ &

Feedback loop Amplification = For the feedback loop
[
_ I
p= o,

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 44



¥ | Recall: T parameters

1 —_ L - iz 2
+ O —0 + :
Two port " vy, are dependent
1 network va . .
_ o———— o _ " ,, I, areindependent
«— I —> I
1, 2!
12 _
-> T parameters A= o wheni, =0
2
Vg = sz — Blz (21
i, = Cv, — Di, B——E when v, = 0
or i
C=- wheni, =0
— 2 —
] =12 o)l v
1 C Dil—l; i
1
D=—— whenv, =0
L2

T Parameters are also called as ABCD parameters

12/7/20 Milin Zhang, Dept of EE, Tsinghua University
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¥ | Recall: T parameters

QUESTION: find the T parameters of the circuit below

1 _)ll: | e 2 2
+ O ; O +
! ! 1
SR I O B 11 B A 3
| : L1711 1|l-i,
. ! R
_c — l Q_
l1 1 !
1,(_- 1. ______________ :_)2 2’
1 11: : 2 2
—-_ ! C | €=
+ 0 . , o +
a— |
| | 1
S T B T L [
; : il = sc|l-i,
N ! | 0 1
_ ~! ; —0 -
1,<_ 1: ______________ :-_)2 2’
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" | Example 5: the Phase-Shift Oscillator

QUESTION: Find the functionality of the following

‘Nva
Cyr Cq Cidrl |
_l = [— - Vo
O
R 1R
IR S

Amplification

v 17111 O , 1111 O ,
o o _
[iolz sc||L 1 l sc||1 1”
0 11LR 0 11LR 0
1\ 4 1|y
_ — ) +—+3|—=| [
=" [(sRC) +SRC+ ]SC [if]
* X

12/7/20

Milin Zhang, Dept of EE, Tsinghua University

®  For the amplification system, the gain

vO
A = — = —R
i f
" For the feedback loop ﬁ:i_f
vO
1]
sG]
1 f
if sC
D b= =",
o
(skc) *src+3

47



" | Example 5: the Phase-Shift Oscillator

QUESTION: Find the functionality of the following

Wy R —~ v,
Cir € Cidrel | A—-__—_Rf
—| |—> N go < .L
R TR . g = ¥ _ sC
= = _=r - Vo ( 1 )2 n 4 13
Feedback loop Amplification SRC SRC
R .
* The transfer function H(s) = AB = — " ; fC4 — |]—](]'w)|31<.0(w)
SRC) + SRC +3
3
-~ |}1(j“u))| _ }?f?(CUI?(:)

12/7/20

where

~ 2

Milin Zhang, Dept of EE, Tsinghua University

T
¢(w) == — arctan

R\/1+ 10(wRC)? + 9(wRC)*

4wRc
1 —3w?2R?%(C?
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" | Example 5: the Phase-Shift Oscillator

QUESTION: Find the functionality of the following

i) \ Vo ﬁ:l—f: st
o) < v, 1 2 4
RE _|_—/ (sre) *+src*3

SRC SRC
Feedback loop Amplification H(s) = AlB(jw)|el?(@)
-
H(s) is a real number 1
= Positive feedback is observed when P wo=—
H(s) > 1 V3RC

The oscillation frequency wg is “determined” by the feedback loop

R
= Oscillation is triggered when AB(jwy) >1 B é > 1

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 49



" | Outline

" HOW to generate an oscillation?

o Negative resistance
o Devices with negative resistance

o Circuit features negative resistance

® Linear Oscillator

o LC Oscillator
o Crystal Oscillator
o Op-Amp-RC Oscillator

= Non-linear Oscillator

o Bistable Circuit

12/7/20 Milin Zhang, Dept of EE, Tsinghua University



¥ | Example 6: Schmitt Trigger

QUESTION: Find the functionality of the following circuit.

2 —W

R, v, T
= AINV 2 \ ’UO
- O
o— - 1 v T
Vin

3 (vp _vn) T

THIS IS A POSITIVE FEEDBACK
The op-amp biased @ saturation region

If there is an increase @ v,

The noninverting input v,

increases correspondingly

If the op-amp is biased in
the linear region, v, =

A(vp — vn) increases

12/7/20 Milin Zhang, Dept of EE, Tsinghua University

v, T

A
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¥ | Example 6: Schmitt Trigger

QUESTION: Find the functionality of the following circuit.

R
= va

12/7/20

> Vin

If v;;, is very small

The op-amp is biased in positive

saturation region, v, = V¢,

According to KVL
R4

TR, +R,

When v;,, > v, the op-amp flips

Uy Vsat

into the negative saturation region,
Vo = —Vsat
According to KVL

R4

=——1
v+ R1 +R2 sat

Milin Zhang, Dept of EE, Tsinghua University 52



¥ | Example 6: Schmitt Trigger

QUESTION: Find the functionality of the following circuit.

R
* Ale \

12/7/20

> Vin

If v;,, is very large

The op-amp is biased in negative

saturation region, v, = =V, ¢

According to KVL
Ry

R, +R,

When v;,, < v, the op-amp flips

VSClt

v, =

into the positive saturation region,
Vo = Vsat
According to KVL
R4
Vy = mvsat

Milin Zhang, Dept of EE, Tsinghua University 53



¥ | Example 6: Schmitt Trigger

QUESTION: Find the functionality of the following circuit.

vin
increases
from a small
value

vin
decreases
from a large
value

12/7/20

Milin Zhang, Dept of EE, Tsinghua University
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¥ | Example 6: Schmitt Trigger

QUESTION: Find the functionality of the following circuit.

o_ —_
Vin VrL Vru

’ L_

Schmitt Trigger
= Two possible levels: L, L_

= Two thresholds: VTHI VTL

12/7/20 Milin Zhang, Dept of EE, Tsinghua University



2 | Recall: zero-crossing detector

QUESTION: Find the output of the circuit. The op-amp is ideal.

Vin 0— -

If Vin >0 - Vy = _Vdd
If Vin <0 - Vy = Vdd

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 56



¥ | Example 6: Schmitt Trigger

QUESTION: Find the output of the circuit. The op-amp is ideal.

MWy
R,

_:r‘vv‘v + Vo
Sanb
Vo
A
< - >
> Ui A better tolerance to noise
2 Ne—

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 57



2| Outline

= HOW to generate an oscillation?

o Negative resistance

o Devices with negative resistance

o Circuit features negative resistance

= Linear Oscillator
o LC Oscillator

o Crystal Oscillator

o Op-Amp-RC Oscillator

= Non-linear Oscillator -D_\

o Bistable Circuit

o Astable Multibibrators

12/7/20
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= | Example 7

QUESTION: Find the functionality of the following circuit.

W o If Av,> Av_
Vour T causing an increasing of v,,,;
What are R; and R3 used for? T POSITIVE FEEDBACK is observed
o If thereis anincrease @ v,,; §
o Theinput voltages v, and v_ increase o IfAv, < Av-

v : :
Voue 1 Causing an decreasing of v,

NEGATIVE FEEDBACK is observed
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¥ | Recall: Schmitt Trigger

QUESTION: Find the functionality of the following circuit.

o_ —
Vin VrL Vru

’ L_

Schmitt Trigger
= Two possible levels: L, L_

= Two thresholds: VTHI VTL
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= | Example 7

QUESTION: Find the functionality of the following circuit.

Schmitt Trigger A

R
W \

Vout

C
|

= Assume v,,; flipped to L, due to
unexpected disturb
= According to KVL
Ry
"R, +R,

= () ischargedto Vry

Uy Ly =PL,
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= | Example 7

QUESTION: Find the functionality of the following circuit.

Schmitt Trigger MA Vout
W 7 ) A
Ry ¥
W + Vout S S
- ® O
/ L.
Uy
el | R 4
——1 W BL
V,oyut flipped to L_ due to the increasing 8L
of the v_
V_
= According to KVL A
Vry
B BL
v,=—""7"L_=[L_
T R, +R,
= (; isdischarged to V| VL
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= | Example 7

QUESTION: Find the functionality of the following circuit.

r If the op-amp is biased in linear region
— va \ Vout
O

- C >._Jrest ¢ Approximately v, = v_
B = According to KVL

Vtest

_ W2 r
L
— 1
Zeq = Vy =V_ = Vout
R{ + R,
A N i _ Vtest = Vout
) : test —
Recall: Op—Amp R;
characteristics
v ' Vig = Vp— Vp eq - i _ i - _R_R3
Slope szvp_"vn \ test test 2
Linear region

.

Saturation region
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= | Example 7

QUESTION: Find the functionality of the following circuit.

r Ry = |f the op-amp is biased in saturation region
, \
=W ) + Vout
= c > _Ltest ¢ O " ey = Vs (04 Kv2)
_1_—1”-—0 -
= + = According to KVL
Vtest R,
_ MN—
7 - i _ Vtest — Vout _ Viest T Vsat
eq test R3 R3
Vsat “vn vtest _ 1
| | Zeqg =~ — I3 %
Recall: Op-Amp ltest 1 4 —sat
characteristics | Vtest
S| __ % T " Tokeep vpy = —Vsqe
Linear region 5 i R
5 _V'sat 1
| | Vo>V =~ Viar
Saturation reg/ion Rl + RZ
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= | Example 7

QUESTION: Find the functionality of the following circuit.

ANV
r Ry = |f the op-amp is biased in saturation region
_L_ ENV ] \ vout
= > liest O —
C1.||' > / 1l " T our = Vsar
— + .
Viest R, = According to KVL
_ MN—
Z,y — . _ Vtest — Vout __ Vtest — Vsat
a ltest = R = R <0
3 3
Vsar ¢ | _ Vtest  _ R 1
. i Zeq - — 13 V.
Recall: Op-Amp ltest 1 — Zsat
characteristics | Viest
o " Tokeepv,yr = Vsar
Slope szvp—vn \
Linear region : : R
5 _V'sat 1
i : V- <V = o5 Vsat
Saturation reg/ion Rl + R2
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= | Example 7

QUESTION: Find the functionality of the following circuit.

Ry
W + Vout
O

= C Q_itest @
—= R : :
+ L 7,, = ——R; Negative resistance
Vtest R; q R,
_ AMN—
- R
VA — —1V5at
eq Ry + R,
> VUtest
_Vsat R1 v Vsat
Viat 4 g Ry +R, °%
Recall: Op-Amp |

characteristics

v Vig =Vp — Vp

Slope 4, = 0
p v — \\

Linear region

_Vkat

A

Saturation region !
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" | Outline

= HOW to generate an oscillation?
o Negative resistance
o Devices with negative resistance

o Circuit features negative resistance

® | inear Oscillator

o LC Oscillator
o Crystal Oscillator
o Op-Amp-RC Oscillator

= Non-linear Oscillator
o Bistable Circuit
o Astable Multibibrators
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" | Reading tasks & learning goals

= Reading tasks

o Microelectronic Circuits, 6™ edition

* Chapter17.1-17.6

= Learning goals
o Well understand the concept of negative resistance

o Well understand how to calculate the specification of a linear
oscillation circuit

o Well understand how to analyze a circuit consisting of op-amp with
positive feedback

o Well understand how to calculate the specification of a non-linear
oscillation circuit

12/7/20 Milin Zhang, Dept of EE, Tsinghua University 68



