Pap &ng tan so

Sw 6n dinh va ky thuat bu trong mach
OPAMP
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Tai sao cac thong sbé ky thuat (VD do loi) cia OPAMP khéng phai 14 hang s6?

- Khali niém: 10
Gian d6 Bode : Bode plot
Dap ng tan s6 : frequency response  ©
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Hé sb khuéch dai (d6 loi) A, = v /v, € chl yéu déy dén bién do. Néu quan tam dén ca
pha cua tin hiéu > Dung vector pha (c6 ca thdng tin vé dd Ién va pha) > Biéu dién
trong toa d6 cuc.

VD: d6 1&on |Z.|=1/(Cw) = Néu quan tam dén pha: Z. = 1/(jCw) (Z. la s6 phirc). Toéng
quat ding bién s=jw = khi d6 Z.= 1/(Cs) , Ham H(s) goi la ham truyén.

H(s) : Ham truyén > nghiém cuda t
sb: zero (khéng), nghiém ctia mau sbé
la cwe (pole).

H(jw): dap rng tan sb

Dap wng bién dé va bap wng pha

V, . "
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a J1 + (wCR)? e/actan(@/D /H( jw) = —arctan(wCK) = —arctan “
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Ham truyén (transfer function), gidn do
Bode (Bode plot)
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D6 dbc -20 dB/decade
-6dB/octave
Tai ts nay hién do gidm 3dB -> tan so cat (ts t¢i han) -3 dB.
(bién d6é con ~ 70% so vai gia tri & vung tan so thap)
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dB

Decade va Octave

)
decade = log,, —=
)

octave = log,

@,
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Remarks

Tan sb cuc
Pap wrng bién d6 va dap wng pha
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Quy tac phac hoa gidn do Bode

Khi di qua mét zero, w,;, bién dé clia gidn do Bode téng véi d6 doc
+20dB/dec. Khi dung mét cwc (pole), wy;,bién do cua gian do Bode
giam v¢&i do doc -20dB/dec

Pha ctia ham truyén (transfer function, TF) bat dau gidm (hay tang)
tai tan s6 khoang 1/10 tan sb pole (zero), thay ddi mét lvong
khoang -450° (+450 )tai tan s6 pole (zero), dat thay déi khoang -90°
(+90°) & 10 lan tan so pole (zero).

[HSJ[HS)..
H (S) _ Ao a)zl sz

S S
1+— |1+ —
@y @,

Thay s 2jw: |[H(jw)| 1a dap tng bién do; LH(jw) la dap ung pha
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Q: DBap &ng bién dé c6 dang nhw trong hinh, hay vé dap wng pha

20log|H| A

ol TN

Wp1 O Wp2 o (log scale)

-
o (log scale)

(b)

As it can be seen, the phase of H(jw) starts to dro%lat 1/10 of the pole, hits -45°
at the pole, and approdchiesd gos 4t To times the pole.



Vi du: Hé thdng 3 cuc

ZOKxﬂFH‘

0 ] ] ] -
Wp1 Op (Dps\ o (log scale)
®
0 — 1 =
~90° M (log scale)
-180°
~270°

/H y
For a three-pole system, a finite frequency produces a phase of -180°,

which means an input signal that operates at this frequency will have its
output inverted.
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|[A] (dB)
A

, ’ A X > 4,—> 100 -
Dap ng tan s6 cua Opamp 7|

Bang thong gidi han .

—20 dB/decade

or
/ —6 dB/octave

40
Ao (1B) /— Midrange or
Po lgi vong ho = 06 AN
Do loi vi sai vong hé clia Opamp fT f%
ARV o 751 ¢
khong I&n vo han (not infinite). 20 dBldecade roll-off
Do loi giam theo tan sé. 01

Do loi co gia tri Ion & dc va bat dau | -
giam nhanh & tan s6 10 Hz.

Unity-gain frequency (fr)
Critical frequency

f(Hz)

T T T T T
1 10 100 1k 10k 100k M

D6 lgi vong kin =

Open-loop gain

 Tan s t&i han (tan sb cét) trong o
vong kin I&n hon trong vong hé |-

Bang thong
foen = feon(X + BAgmia))

vs. do loi

/ Closed-loop gain

« Dé bd chinh cho Opamp thuwdng [
dung hé thurc:
A fc(cl) = Ay fc(ol)'
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Nhac lai
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Bang thong = tan so cat cao — ts cat thap
Vo&i OPAMP: ts catthap =0



Vi du

Phwong trinh A ooy = Aq fc(ol) cho thay la tich s6 do loi va
bang thong la mot hang so. Tich sO nay cling bang véi tan
s6 do loi don vi (unity gain frequency). fr = A f ).

Vidy frcuambtIC Opamp 741C la 1
MHz. Bang théng vong kin cua
mach bén la bao nhiéu?

BW, ?
R; 82 kO
A :1+?i =1+ 33KQ 25.8
BW, — ;\T: 12'\222 _ 38.8 kHz
| .
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Sw 6n dinh va ky thuat bo
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Pat van dé

LM 741, tu C,

On-chip capacitor
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LM101A, tU Cl off-chip capacitor

Cac tu nay co nhiém vu gi?
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Mach hoi tiép am

Thay jw vao vi tri s. V&i mét gia tri wy, fH(jw,) tien t6i -1,hé so
khuéch dai vong kin sé vo cung lon. Dieu d6 co nghta la voi mot
gia tri vao rat nho tai w,, tin hiéu ra rat lén.=» Hé thong khong 6
dinh (roi vao trang thai dao déng)
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Piéu kién dao ddong theo chuan Barkhausen
“Barkhausen’s Criteria”

| AH(Jo) =1
ZBH (jo,) =—180°j
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Osclillation Example

A

20log|p H (w)]

0 R — >
Wi O3 \ o (log scale)
®
0 — L =
~90° o (log scale)
-180°
-270°
[BH(®) Yy

This system oscillates, since there’s a finite frequency at which the
phase is -180° and the gain is greater than unity. In fact, this system
exceeds the minimum oscillation requirement.
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Condition for Oscillation

Unstable

Stable
| 4 : | A
20log|BH ()] Excessive 20log|BH ()]
0 : - - 0 -
N o (log scale) T \ o (log scale)

0

0

- -
o (log scale) ; 0 (log scale)
~180° ) IO ’

i}

H 3H
& (©) Ex::ssive L ()
Phase

et}

Although for both systems above, the frequencies at which |gH|=1
and £ H=-180° are different, the system on the left is still unstable

because at /pH=-180°, |[fH|>1. Whereas the system on the right is
stable because at £fH=-180°, |pH|<1.

Analog Electronics - FETEL 2021



Example: Multipole Systems

o (log scale)

20log|B H (m)] 4
Gain
i\, Crossover

-
o (log scale)
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Condltlnn fAr Ctahilits

20|og|ﬁH|‘

0 .
6}
0 .
(6}
-180°
/ BHY

‘C‘)Gx < C‘)Px‘

Wpy, (‘phase crossover”’), is the frequency at which ZpBH=-180°.
Wex, (‘gain crossover”), is the frequency at which |BH|=1.
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Phase Margin (Lé pha)

o

A
20log|KH| 20loglkH |} 20log|KH|

0

0

0

0

-180° -180°

Phase Margin = ZH(wgy)+180
Lé pha cang I&én, hé thong cang 6n dinh
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Phase Margin Example
20Iog|H|‘

0 (log scale)

[
o (log scale)

PM =45
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B chinh tan so

Bd chinh tan sé la mang cwe wu thé (dominant pole) vé phia gbc toa do
dé dap wng bién do giam moét lwgng thich hop.

20log B H ()| A 20log|B H (®)] A
Modified
0 - 0 Design -
\ logw \ logw
I log® log ®
0 — - 0 . : -
-180° -180°
[BH() Y M\c}dified /BH(®) ¥
Design
Giai phap 1 Giai phap 2
Modify £BH(S) Modify |BH(s)|
—Poles | = Stages | = Gain | — Reduces bandwidth
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Vi du: bd chinh tan so

Bb chinh dé 1é pha dat 459 .

20log|B H (m)]

-
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Quy trinh thwe hién bd chinh

20log| gH|

[T

1) We identify a PM, then -180°+PM gives us the new wgy, or wpy.

2) On the magnitude plot at wpy, we extrapolate up with a slope of
+20dB/de¢ until we hit the fow frequency gain then we look "down”
and the frequency we see is our new dominant pole, wp'.
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Bo chinh tan so trong IC OPAMP

Pbatthém tu C v:ao \(i tri thigh hqp dé tao ra cwc (la tich sb gilra C va tr& khang R tai
vi tri d6) wu thé (vé phia tan soé thap).

Trong chip Ngoai chip
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SV sé dwoc hoc ki hon vé héi tiép va bd chinh tan sb trong nhirng mén hoc khéc.
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Miller’s Theorem

If A, is the voltage gain from node 1 to 2, then a floating impedance
Z- can be converted to two grounded impedances Z, and Z,:

VVo Vo, g M
ZF Zl 2
OREL @
+ +
V1 Vs
L n
Vl_V2 Vz
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VIHD_L Ay Vout - Vine

1-A 1A jel-A)

Miller Multiplication

Applying Miller’s theorem, we can convert a floating capacitance
between the input and output nodes of an amplifier into two
grounded capacitances.

The capacitance at the input node is larger than the original
floating capacitance.

Miller’s theorem is useful in cases where the impedance Z appears
In parallel with main signal.
% o, 1

- RO g

out

Ce(1-A,) C (1—1—)
R R il
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