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1.

Research Background
Characteristics of adaptive feedback networks

Analysis of Behaviors of High-order Systems
Operating regions of high-order systems

Ringing Test for Feedback Amplifiers
Stability test for shunt-shunt feedback amplifiers
Stability test for unity-gain and inverting amplifiers

Ringing test for High-order Systems
Stability test for passive and active RLC circuits
Stability test for Tow-Thomas low-pass filters

Conclusions
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|I&PET Effects of Ringing on Circuits
..ef

Performance of a system Performance of a device

' i ' Output SNR
Signal to ESNR _ Signal power] Figure of { F— utpu J

Noise Ratio: Noise power Merit: Input SNR

Common types of noise:
« Electronic noise, thermal noise, intermodulation noise,
cross-talk, flicker noise, thermal noise...

Ringing does the following things: Unstable system

« Causes EMI noise, ‘

* Increases current flow,

* Decreases the performance, and STABILITY TEST

Damages the devices.
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IC",-PE."I" Objectives of Study
®e°

ﬂ)erivation of self-loop function based on\
t

he proposed comparison measurement

* Investigation of operating region of high-
order systems

* Observation of phase margin at unity gain
on the Nichols chart

- Over-damping (high delay in rising time)
- Critical damping (max power propagation)

- Under-damping (overshoot and ringing)
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|C;-PE."|" Achievements of Study

(fs:e.\.r
Q®e°

Comparison measurement Transfer function

A
* Shunt-shunt amplifiers H(w) = (@)
i £ 1+ L(w)
* Inverting amplifiers |
 Unity-gain amplifiers Self-loop function
« 2"-order low-pass filters L(w) = A(w)
H(w)

2nd.order Tow-Thomas LPF Implemented circuit

Y

(o R4
R2 c2
—\/\— —s
R1 R3
Tn>—AN + 2 “ 9
A(w)
ITn>—AN - 4
M R3
V'V —
R2 c2
Ll
C1 R4
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® . ] s ;‘j::
|ICsPET Definition of Self-loop Function ({&} ij>\
..&: : - i

Linear system

Input Output V. (@), V. (w): periodic signals
— H(0) — with angular frequency variable
Vi (@) Vi ()

Simplified model for linear systems

(0) A(o) A(®) : Numerator function

ou (
H ((D) — mt ((D) 1+ 7 ((D) H(w) : Transfer function

L(®): Self-loop function
o Polar chart - Nyquist chart

o Magnitude-frequency plot
o Angular-frequency plot

o Magnitude-angular diagram - Nichols diagram

Bode plots
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|C;-PE."|" Comparison Measurement

®e°®
Linear system Sequence of steps:
Input Output (i) Measurement of numerator
—{ H(w) — function A(w),
V. (o) Vo (@)

(ii) Measurement of transfer
function H(w), and
Model of a linear system unet (w)

(iii) Derivation of self-loop
by(jo)" +...+b _(jo)+b,

H(w) = function.
a,(jo)" +..+a, (jo)+a,
~ Self-loop function
Transfer function - ~
A _ A(w)
H((D) — I/out ((D) _ ((D) |:> L((D) = m —
V(o) 1+ L(o) . )
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|C;-PE.“|" Alternating Current Conservation

®e°

Transfer function

V
H((D) — out ((D) — 1
I/in ((D) 1_|_ Zin
out
/.
:{L(@) = ;}
Zout
Zin

Simplified linear system

Self-loop function

4 V V 7
inc _ __ _ trans — L((D) — _ __inc _ in
Zin Zout I/trans out
10 mH
inductance
Incident Balun transformer Transmitted
current M UallalL) current

Viran

Zin I Zout
inc ltran

= AC source —

Vinc

Derivation of self-loop function
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|(,PE"|" Adaptive Feedback Network

®e”
Block diagram of a typical adaptive feedback system
DC input |
DC voltage I_—I_I
Comparator Error VOItage PWM SIQnaI

Reference

voltage Pulse Width Modulation |
DC voltage (Switching controller) > LPF

DC output
DC voltage DC voltage
Feedback voltage DC output sensing + Ripple voltage

(Feedback system)

- Adaptive feedback is used to control the output source
along with the decision source (DC-DC Buck converter).

* Transfer function of an adaptive feedback network is
significantly different from transfer function of a linear
negative feedback network.

- Loop gain is independent of frequency variable (referent
voltage, feedback voltage, and error voltage are DC voltages).
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|C;-PE.“|" Loop Gain in Feedback Systems

®e" . —
Adaptive feedback system Inverting amplifier
Input Output Vin Vout
_L@__> G (_l P 5 ——)@-) A >
L F L B

Transfer function G Transfer function A 1
ek - S g4 1
GF : loop gain 1+ GF AP : loop gain 1+ A3 P
Nichols plot of loop gain Gain reduction
. 100g8. —— Inverting op amp 1 Inverting op amp 2 ——Inverting op amp 3
30 e LOOpgam %048 A
25 sl e goas | |
20 70dB | :
= 15| " 6008 | : !
S 10 ¢ «= 1 Loop Gain
s 0 =
£ 0| S 208
@ 5 || 10dB_
= .10 \-I-;'I- [ 7 0dB
-15 i S -10d8
20 [l “5  BW =100 Hz 10 MHz
360 -3008 ° ®

10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz 100MHz
Frequency (Hz)

Phase (deg)
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|(,PE T Outline

Analysis of Behaviors of High-order Systems

Operating regions of high-order systems

11
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|Q',-PE.“|“ 2"d.Order Transfer Function

®e®

Second-order transfer function: /()=

1

1+a0(j(x))2 +a,jo

Case Over-damping Critical damping Under-damping
Delta 2 : :
i{iJ SAza-40,50 | Lo| A saza?odq, =0 | L[] SAa=a? 44, <0
(A) a() 2610 a() 2 a() a() 2a0
Module B (S E—
a Y 1 , | oa 1 0 2 &
| | R |l

Angular w m " KR w el I o )
arctan a — retan : - _2 —arctan o —arctan 5
0(©) R CE N B " e
0) :i H <2a0 ‘H(U\) )‘: 2aO e( )__E H 2a0 T
cut 26[0 ‘ ((D(m )‘ a e((’ocut ) > —— cut a, ®..)= 5 ‘ ((D( ‘ )‘ > a_l e(())cw ) < ——

12

2020 International Conference on Promising Electronic Technologies — ICPET 2020

12/8/2020




|Q',-PE.“|“ 2"d-Order Self-loop Function '.

®e®

4
‘0, W

Second-order self-loop function: L(®) = jo|a,jo+a,]

Case Over-damping Critical damping Under-damping
Delta (A) A=a’—4a,>0 A=a’—4a,=0 A=a’—4a,<0
L(w) oy(4,0) +a oy(a,0) +a’ oy(a,0) +a
0(o) g + arctan % g + arctan % g + arctan as_loa
mlzi; J5-2 [\L(ml)\>1 7:—9(0)1)>76.3”r L(w)|=1 n_e(ml)%% [ L(w)] <1 n—9(®1)<76,3j
0 1 )
0, =2%0 L(,)|>~5 | ™7 00> 0347 [L(w,)|= G| m00,) =634 | |L(o,)| <5 | n-00,)<634°
0; = % L(0)|> 42 | m=6(w,)>45" | |L(o,)|=4v2 | m—0(c,)=45 (o)< 42 | n=0(w;) <45°
0
13 2020 International Conference on Promising Electronic Technologies — ICPET 2020 12/8/2020



CPET
®a®

Operating Regions of 2"d-Order
System

eUnder-damping: H (0)= 1

L(o)=(jo) + jo;

1

(jm)2+jo)+1’

eCritical damping: H,(®) =

L ()= (joo)2 +2jw;

1

(jm)2+2jo)+1’

Amplitude (V)

eOver-damping: Hy(0) =

L(w)= (jo))2 +3jw;

Bode plot of transfer function
5dB — Under-damping Critical damping — Over-damping

0dB 0dB
S -6dB

-10dB |

-15dB

o -12dB
2548

-30dB .

3548 |

408

Magnitude (dB)

10mHz 100mHz 1Hz 10Hz
Frequency (Hz)

(jco)2+3jco+1,

-0.5.|

Transient response

Under-damping Critical damping — Over-damping
3.5

3.0
2.5 |
2.0 |
15 |
1.0 |

05 |
0.0

0 5 10 15 ' 20 ‘ 25
Time (s)

Nichols plot of self-loop function

Over-damping Critical damping — Under-damping
50
401 Phase
| Phase .
= 30 ] margin
T I margin
g 20 & 76.3°
£ 10
g
S 0] Phase
-10 | L
margin
-20 |
0] 52°
95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170

Phase (deg)
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|(,PE T Outline

3. Ringing Test for Feedback Amplifiers
Stability test for shunt-shunt feedback amplifiers
Stability test for unity-gain and inverting amplifiers
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I&PET Shunt-shunt Feedback Amplifier

Shunt-shunt feedback amplifier Small signal model

RFWV
| |
Rs Cp‘I ! Vout
Vi AWy I o o i o—o
Cx Vr I gmvn %ro ]E: % Re
T- “

Apply superpositi_on at the nodes V_ and V_, we have

1 1 1 1 1 v. V. . 1 1 I 1 1 1
V|—+—+ + + =—+—= ¥V . + +—t— =V | =—+—-g, |
R n, Z., R, Z, R Z. Zew Zees Re 7 Z R

Transfer function and self-loop function

H((D): I/out — bO.](D_l_bl

V. ao(j(o)2 +a1joo+l’

<
3

L(w) = joo[aojco+ al]

Where, b, =R, C;p; b =—R,g,5a, = R¢R, (CGDICGSI + Cop Cpp + CDBICGSI);
a, =R, (CGDl +Cpp ) + R (CGSI +Copy ) +RsR, 2,,.Copis
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Characteristics of Shunt-Shunt

u .n |
L(JP‘E | Feedback Amplifier

Shunt-shunt feedback amplifier Bode plot of transfer function
.g Ve 20 Magnitude of transfer function
R 16 ]
R - _ 12
—-=0 Vout = 4 :
Vin s % 0 ;
= -4
Q4 % re
-12 ]
— 25-16 1
- -20
R;=1kQ, R¢ =10 kQ, Rg =950 Q. 1 MHz 10MHz 100 MHz 1GHz
T . t Frequency (Hz)
ransient response . .
p. Nichols plot of self-loop function
< 13823 Sl s 40 — Self-loop function
g 8omv. 35
S eomv | 30
T 40mV | 25
£ 20mv| @ 20
0 T.157
0 6us 12us18us 24us30us 36us 42usd48us 54us 0310—
Out;:\rli.lrtn:tt(asp) signal E 9]
_ 2] §i%; Phase
M =151 margin 86
= T -20
£ oov] 2. degrees
° 0 6us 12us 18us24pus 30us 36usd2usaBusbaus 90 95 100105110115120125130 135 140 145 150 155 160

Time (s)

Phase (deg)
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ICsPET Op Amp without Miller’s Capacitor ({a

2
STk . l;; @
D 3 N i
! G5 ynN® %
- “‘;I
®e° ]

\ Small signal model of 2"d-stage

CGD
|1

) 1 Vouls

6pen-loop function

by (jo) +b, (jo) +b,jo+b,

4,,(w) =

a, (jw)4 +a1(joo)3 +a, (joo)2 ta,jo+1

Self-loop function

(Op(m) =a, (j(o)4 +a, (joo)3 +a, (j(o)2 + cgjoo)

Transfer function

b,jw + b
. . H(w)= N 1 ;
Without frequency compensation a, (jco) +a, jo+1
J W Voo } Self-loop function
Vb ¢—1 : | M . 2 .
: [t : L(®w)=a, (]co) +a,jo
vin *— 1 ™1 Mz I—I T Where, a, =R,Cop; @, =—Rpg,;
® | N ) Vout : 5
“:Iﬂ'. .... bo :RDRS |:(CGD +CDB)(CGS +CGD)_CGD:|
M3 |-l-.|%w|4 \_”iMS b, :[RD(CGD+CDB)+RS(CGS+CGD)+RDRngCGD];

LN o
.............................
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me--  Unity-Gain Amplifier without
ICPE | Miller’s Capacitor
Q®e° :

Unity-Gain Amplifier Bode plot of transfer function
—— Vdd . — Magnitude of transfer function
L — ;—I 12
= e - 15
5 6 dB
L= =< E 3]
P WS ~. 1
/ STYIRN =
] { | ‘ -3
— — ! -6
M7 -1|->|=-|—L| M1 e J'A‘QAZ ||<.4{ M6 ,,I o A 4
C [ il — i L7 10 MHz 100 MHz 1 GHz 10 GHz
= Frequency (Hz)
_ Nichols plot of self-loop function
TranS|ent response . — Self-loop function
16 P M n M 4,_
E 14 1 %‘ 2|
% 1:0 n l ‘ § 0;
< 08 /" -5 _2; ]
- = ] Phase margin =13
0z | o] degrees
0 s 20ms 30 ns 4005 50ns 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180
Time (s)

Phase (deq)
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— ] ] -
IGPET Op Amp with Miller’s Capacitor
..&:
ﬂ)pen-loop function \ Small signal model of 2"d-stage

by (o) +b, (jo) +b, (jo) +b,(jo) +b,jo+b,

a, (jco)6+al (jco)5 +a, (jco)4+a3(jo))3 +a, (jo))2 +a5joo+1’

4, (0)=

Vout ()

Self-loop function

L, (0)=a, (joo)6 +a, (jm)5 +a, (joo)4 +a, (jco)3 +a, (jco)2 +a5jy

With Miller’s capacitor and resistor Transfer function

ey - (jo) +b,(jo) +b,jo+b,

a, (joo)4+a1(j0))3+a2 (j(x))2 +a3jm+1’

Self-loop function

L(w)=aqa, (jo))4 +a, (j(:o)3 +a, (j(o)2 +a,jO
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I Unity-Gain Amplifier with
ICPE] Miller’s Capacitor
®e”
Unity-gain amplifier with Miller’s capacitor Simplified model
Vdd
—— -
e [=is e
- 3 ] -
o Aw) Nout
—|+=-IM3 M4 & @— f
© —t
.R1 C1
M7 de| | | M1 ey = M2 = M6 Under-damping:
C . | 4|'_|
T R1=2kQ, C1=1 pF

_ _ Critical damping:
Transfer function and self-loop function
i R1=3.5kQ, C1=0.2pF

H(CO) = ~ 1, L((D) = Tm); Over-damping:
R1=3.5kQ, C1=0.8pF
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|C;-PE.“|" Behaviors of Unity-Gain Amplifier
®e°

Model of unity gain amplifier

Simulated transient response

Under-damping Critical damping Over-damping

18
1.2
== 97
S 10
8 091
2 08]
- o
A(w) vout p * os]
0.4 ]
Vin >— +
0.2 1 . . | . : |
0 20ns 40ns 60 ns 80 ns 100ns 120ns 140ns
Time (s)
Bode plot of transfer function Nichols plot of self-loop function
10 — Over-damping — Critical damping = Under-damping 6 —Under-damping — Critical damping —— Over-damping
5 5d8| -
3 211 ] PM
- — 0)
8 5| 9d 2. o 30
3 £ (0]
£ -10] 2 £iyt:50 1500
& -15 ‘g 8 PM
= 20 ] -15dB g 8] 101°
225 ] = .10
_30 1 _12_
GE - 14
RS mNeE Teames | 1 GH 60 70 80 90 100 110 120 130 140 150 160 170 180

Frequency (Hz) Phase (deg)
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CPE.'T' Inverting Amplifier with Miller’s
I Capacitor
®e° -
Inverting amplifier Simplified model
Vdd
R2
— -
il T e PR
a l_l ] Aw) vout D
© [} W
- Ly—(Vbiag +
_]Fv-ﬂ'ms M4 Wi -
@ '\/\/ | ' —_
R3 C1 -
Wm M1 4t =i M2 b M6 Under-damping:
e .. ping
- L - R3=2kQ, C1=1pF
] i Critical damping:
Transfer function and self-loop function R3=3.5kQ, C1=0.2pF
R Over-damping:

R R 1 R
O e~ R ) A(@)[mj’
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|C;-PE."|" Behaviors of Inverting Amplifier
®e°

Model of inverting amplifier Simulated transient response
R2 0.02 — Under-damping —. Critical damping . Over-damping
0.00
R1 = -0.02’
S -0.06 |
Alw) vout E s
+ 010
-0.12 T R \ T ' 1 '
—1 0 5ns ns 1%5ns 20ns 25ns 30ns
— Time (s)
Bode plot of transfer function Nichols plot of self-loop function
24 — Under-damping __ Critical damping — Over-damping 20 — Under-damping ——Critical damping — Over-damping
i RO '
= 12] i PM
Z 4] T4
3 5 £ 106
A = 0
E N PN
X g 5
-16 1 410
-20 | | i | 10 1L, . | . | . | .
10 MHz 100 MHz 1 GHz 10 GHz 100 110 120 130 140 150 160 170 180
Frequency (Hz) Phase (deg)
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|(_,PE T Outline

Ringing test for High-order Systems
Stability test for passive and active RLC circuits
Stability test for Tow-Thomas low-pass filters

25
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. ~.2... Analysis of 2"9-Order Passive
ICPE | RLC LPF

®e°

Passive RLC Low-pass Filter Transfer function
V 1
e H(0) = 22 = —— ;
Vin ) 0 —vout_» Vi a, (j(o) +a,jo+1

Self-loop function

L(w) = a, (j(o)2 +a, jo;

where, a,=LC;a, = RC;
Derivation of self-loop function

Balun transformer 10 mH Implemented circuit
Vinc L1 o Vitran
:I\MJ | 3“\ :
L Py =cC 0 B St
- L2
®. V

~,

R _@_ \\
AC _source ' m
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CPET

Measurement Results for
2"d.Order Passive RLC LPF

Bode plot of transfer function

Under-damping

e

Critical damping Over-damping

Transient responses

Over-damping

Zd_B 1.0
i OdB 0.5
-10 —
= 00
-15 W
g 20 E 0.5
‘§ -25
£ 20 E 1.0
= 35 ! !
) 0.0003 0.0002 0.0001 0.0000 0.0001 0.0002 0.0003
-40 Time (s)
43 Critical damping
=0 1.0 |
-55 . — L R 1 E
10 kHz 100 kHz 1 MHz 10 MHz _3 0.5
Frequency (Hz) 3
£ 00
Nichols plot of self-loop function % 05
Over-damping Critical damping —— Under-damping 10 |
20 |
15 -0.0003  -0.0002 -0.0001 00000 00001 00002 00003
| Tima (5)
10 PM
i Under-damping
5 B R © 1 © e e e Sl s et o
& 0. 1.
g o 1220 0 — B
§ 5 _| = 05
g7 L
= 5. =
] E 05
-20 | - | 1.0 l—
-25
-30 ] g T T T T T T T — f )
85 90 95 100 105 110 115 120 125 130 -0.0003  -0.0002 -0.0001 0.0000 0.0001 0.0002 0.0003
Phase (deg) Time (%)
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Analysis of Active 3rd-Order

®
ICPE | Ladder LPF
Q9"

Passive 3"9-order ladder LPF Transfer function & self-loop function
R1 R2 L2 V 1

Vout

Vin Va H((D) — _out _ . - : . . ,
CD Vi  a,(jo) +a,(jo) +a,jo+1
C1 c2 . . .
I I L(w)= joa[azo(‘]oo)2 +a1]m+a2}

where,  =L,C,; b =R,C,;
@ a,=RC,L,C,; a, =RCR,C,+LC,;

a, =R1(C1 +C2)+R2C2;

Active 3d-order ladder LPF

R1 =100 Q, R2 = 50 kQ,

S R3=R4=50kQ,C1=5nF, C2=10
CglI nF, C3 = 3.18 nF, at f, = 100 kHz.

« Over-damping (R5 = 0.5 kQ),
* Critical damping (R5 =1 kQ), and
General impedance converter * Under-damping (R5 = 2 kQ).
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I(.P ET

Measurement Set Up for
®e”

3rd-Order Ladder LPF

Measurement of self-loop function

R5

Balun transformer 10 mH
-~ ~
/\/\/ Vinc ,/ 3

U4
LM358 R4

\Vsran
/ \
I \
'.\ ::=
<& i
R3 '\:
AC source ‘\‘
C2 \“
- LI:M%B Balun transformer
(10 mH inductance)
R1 C1
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Measurement Results of

o
K:'PE I 3rd.order Ladder LPF
Qe®

Bode plot of transfer function Nichols plot of self-loop function

—_Over-damping Critical damping _ Under-damping

— Over-damping — Critical damping — Under-damping 9
] 6]
o 1dB 4 b
% 5] -3dB % 0
g -l 6 dB Ele
g .15 ,géouj_g_l
_20_7 -12]
] 511/ | 5
i T 95 100 105 110 115 120 125 130 135 140 145 150
Frequency (Hz) Phase (deg)
Tra'n5|en“t response | Over-damping:
s —>Phase margin is 77 degrees.

:T..J | Critical damping:

§ .50 —Phase margin is 70 degrees.
o] Under-damping:
o —>Phase margin is 64 degrees.

Time (s)
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Analysis of 2nd-Order

K': ET Tow-Thomas LPF

Single ended Tow-Thomas LPF Transfer function & self-loop function

s % N H(o)= 2b0

1 ao(joo) +a1j(0+1’
b —
R2 L((D):Clo (joa)2+a1j(,0;
—\\— c2
7 R.R
TD>AA— > AA— where, b, = —+=¢;
E2e T RR
Fully differential Tow-Thomas LPF a, = RRRG G ;a, = RRRG, ;
I\FQ’ RS R2R5
e Component parameters
AR <t G GBW = 10MHz, Ao = 100000,

(TS AN ok A ol v fo = 25kHz, C1 =1 nF, C2 = 100 pF,
D “ ETED R1= R4 = R5 = 1kQ, R3 = 100 kQ, R6 = 5 kQ.

R1 R3
—/\ —— Under-damping: R2 = 10 kQ,
R2 Cc2
| —T— Critical damping: R2 =3.5 kQ,
“ AA Over-damping: R2 = 10 kQ
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N - Measurement set up for
ﬁ‘f@E | Tow-Thomas LPF

Schematic of Tow-Thomas LPF

System Under Test

Signal generator Buffer Device Under Tost

Buffer Oscilloscope

In Out
@cm In @Out Input Output @ CH1 @
+ + L 1
Analog Discovery || Hantek 6074BC
Digilent (1 kHz ~ 10 kHz) L
Network Analyzer
CH1 CH2
Analog Discovery Il
T Digilent (1 kHz ~10 kHz)
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Measurement Results of

@
|CPE | Tow-Thomas LPF
Q®e®

Bode plot of transfer function Nichols plot of self-loop function
0 Over-damping  —— Critical damping = Under-damping 10 — Over-damping —. Critical damping — Under-damping
10 | 15 dB 8-
5 o 6]
g B 0dB S 4
g -10] 2 [2){
g -10 dB 5 2]
= .30 S 4]
] -6 ]
-40 | -8 ]
50 | T I B B R -10 —% T T F ] ¥ L * | N A TR
1 kHz 10 kHz 100 kHz 1 MHz 60 70 80 90 100 110 120 130 140 150 160
Frequency (Hz) Phase (deg)
Transient response .
| S | Over-damping:
15 — Over-damping —— Critical-damping === Under-damping
2, w&. p‘k aﬂt Lﬂh —>Phase margin is 95 degrees.
3 5] [- [‘ [— f Critical damping:
= b
£ o3 L L L L L L —>Phase margin is 77 degrees.
-0.6 |
g b\r; V‘F bw:ﬂ va: bﬁﬁ bﬁvﬁ Under-damping:

1.5 — :

0 5ms 10 ms T15ms YZOmIs r25ms ' 30ms ephase margin is 40 degrees.

Time (s)
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IGPET Outline
.. o
1.

5. Conclusions
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ICPET Limitations of Existing Methods
..&:

o Middlebrook’s measurement of loop gain
- Applying only in feedback systems (DC-DC converters).

o Replica measurement of loop gain

- Using two identical networks (not real measurement).

o Nyquist’s stability condition

- Theoretical analysis for feedback systems (Lab tool).

o Nichols chart of loop gain
- Only used in feedback control theory (Lab tool).
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Comparison Alternating Replica Middlebrook’s
Features current
measurement . measurement method
conservation
: N Self-loop Self-loop . .
Main objective function function Loop gain Loop gain
Transfer function Yes Yes No No
accuracy
Breaking
feedback loop No Yes Yes Yes
Operating region Yes Yes No No
accuracy
Phase margin Yes Yes No No
accuracy
Passive Yes Yes No No
networks

12/8/2020




Limitations of Loop Gain on

.. .n |
ICPE Nichols Chart

®e°®
o Loop gain is independent of frequency variable.
->Loop gain in adaptive feedback network is significantly
different from self-loop function in linear negative
feedback network.

Nichols chart isn’t used widely in
practical measurements
(only used in control theory).

Nichols chart is only used
in MATLAB simulation.

Nichols Chart

o.zsasUdB ' : . - ; |—| ———

) o I g aao

5 20 1.dB 448 : j \ 5 ogo D
i 18 aasa g 5
g 1 o = 3dB ;.-‘ i g - |j ﬁ |j 4
8 ~GE 6. ] 2 =i
g N 58| g o ao e R,
S i/ g O 00 oodg

: e e i "

SZ:SWL@.;;IaSE (deg)

https://www.mathworks.com/help/control/ref/nichols.html

» (Technology limitations)
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This work:

o Proposal of comparison measurement for deriving self-
loop function in a transfer function

- Observation of self-loop function can help us
optimize the behavior of a high-order system.

o Implementation of circuit and measurements of self-
loop functions for high-order networks.

- Theoretical concepts of stability test are verified by
laboratory simulations and practical experiments.
Future work:

o Stability test for parasitic components in transmission
lines, printed circuit boards, physical layout layers
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