M6t s6 mach khuéch dai dac biét

FETEL 2021



Instrumentation Amplifiers

Khuéch dai may do

Khuéch dai may do instrumentation amplifier (IA) khuéch dai
khéac biét dién thé gitra hai ngd vao.

Wu diém cuda IA:
Input 1o

o Ultra-high input impedance
o Very-high CMRR

Gain set ©

o Output

o Low output offset

Gain set ©

o Low output impedance
Input 20




ApplIcgogung cua IA
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=y Difference amplifier
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Output sensor signal
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1 S dung htru hiéu khi can két ndi sensor (nhiét do, 4p suat,...) & khoang céch
xa > day dan dai = nhiéu (tin hiéu ché dé chung, common-mode voltage)
xuat hién trén dwong day.

o IA dwoc dat & & cudi dwdng day dé khuéch dai tin hiéu vi sai (sai biét dién thé
gitra hai day) va loai bo tin hiéu chung (nhiéu)



Khuéch dai may do (mach co ban)




stage #2

Mach trw

Uy O
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Mach trir (nhac lai)




stage #1 stage #2

non-inverting
op amp (A,)

difference op

VOut = (1 T RZ/RI)VIn amp (A )
3

Vout = (R4/R3)Vdfi

Vo, = il (1+i)(vi2 —Vv,)

out ~ m
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non-inverting
op amp-(A,)



Mach cai tién

Ly do can cai tién:
O mach co ban d6 Igi tin hiéu chung va tin hiéu vi sai bang nhau >tin hiéu ra & A1/A2 va A3
l&n c6 thé la co6 thé lam cho Opamp bao hoa, ngoai ra tang thr hai phai c6 CMRR I&n néu
mudn CMRR toan thé 16n.

Céc dién tré va OPAMP & tang 1 phai déi xtrng > rat kho dé thwce hién.
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(vp — upy)
= Uy
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U O

(U — vp)
= U
_|_
vOut
Up
VOut T R
Vour —A =—4|1+ 2i
v, R, 2R
11

solution
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Output

o REF

(Output signal
common)

R 2R
A=—"1+—2=
R, 2R,
Néu R, = R,
VaR; =R¢
Thi:
R
A=1+—-=2
RG

Trong AD622, R
dwoc chon theo
cong thurc:

50,5 kQ

R. =
G A -1
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Output

o REF

(Output signal
common)

R bang bao nhiéu dé gain
= 357

50.5kQ 505 kQ

R, =
A-1  35-1
= 1.5 kQ




VD: Hay tim bang théng cua OPAMP

+15V

-15V
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50.5 k)
Iﬂg —
A, — 1
A _ 1= 305K
Rg
A, = 209K 00
Y5100 B

BW = 60 kHz
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Bai tap: hay giai thich hoat dbng cua cac mach

sau

N

Constant-current source

Vin°_+

_ g w R,
1@&

Voltage-to-current converter

FETEL 2021

Vin 0—@7
Photoconductive —0 Vo
cell

Peak detector



_

Dung ghép ndi dién cam, dién dung hay
guang gitra tang ngo vao va tang ngo ra.
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Capacitor-Coupled Isolation Amplifier

+V -V +V -V
Input stage Output stage
— Op-amp Modulator % |> Demodulator Op-amp
Oscillator

% Isolation barrier with J_

capacitive coupling —

Tuy cau triic bén trong kha phirc tap nhwng co ban thi day [a mot

FETEL 2021 b8 khuéch dai voi ngd vao va ngd ra cach ly dién thé vei nhau.



Tai sao can d

Original
input
signal

iéu ch

modulation

oy
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Pulse-width
modulation

(a)
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(b)

Input stage

LTI

Pulse-width
modulation
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Capacitive
isolation
barrier

Output stage
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Vi du

(15)
Input signal 0———

(16)
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I1SO124

,/”(1)
@ ]
1 uF
[ 2 L ]
1 uF
(@] (@]
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o o
+I15V 15V

Output signal

A, =1 (cb dinh);
Dung PWM c6 f = 500 kHz




1ISO 124

6.1 Absolute Maximum Ratings

Vin @

Vour

Vg4

_VS1

NVF Package
16-Pin PDIP
Top View

o ~

16 | Gnd 1
15| Vi

10| —Vg,
9 | +Vg,

over operating free-air temperature range (unless otherwise noted) ("

+Vg

DVA Package

28-Pin SOIC
Top View

IIO

28 | Gnd 1
27 | Vi

MIN MAX UNIT

Supply voltage +18 \%
Analog input voltage, V |y 100 \%
Continuous isolation voltage 1500 Vrms
Junction temperature 125 °C
Output short to common Continuous

Storage temperature, Tg -40 125 °C
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

Vg1 High-side analog supply voltage (Vg1 to GND1) 4.5 +15 V

Vso Low-side analog supply voltage (£Vso to GND2) 4.5 +15 * V

Vin Analog input voltage 10 V

Ta Operating temperature -25 85 °C




ransformer-Coupled Isolation Amplifier

Texas Instruments (Burr-Brown) 3656KG
Ay c0 thé thay do1 thong qua cac dién tro

Transformer
isolation

s ‘\;:;\’ 7 barrier
\ i
B o | Ay = R, + 1
M i :
(6) : R
npu ! / 2
. a Ap =+ 1
i | (16) R
: (12)
= : /(19) —
14(20)
3 p—
s g Av(tot) Alev2
) —_— [e]
+Vpe

FETEL 2021



VD: tim do loi dién thé ciia mach

- \

(10)

(6)
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Input

V

R i2

10 kQ)

M

47 kQ)

[ |
\ (14)
15
Outpu»—)o_o o

(16)
A2
(19) == 0.47 uF
1 —_—
(20) 0.47
uF




Rp 22 kQ)

Ay = -] = F1=10+1=11
R; 2.2 kQ
R 47 kQ)

Ay = -1 = 1 =47+ 1=157
R 10 kQ)

Av(tot) — Alev2 — (11)(57) = 62.7
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Optically-Coupled Linear
ISOLATION AMPLIFIERS

1 8
o \\L\\\\\\\\\ -
2 : N 7
VN O + : Vour+
3 - 6
Vin-O — : Vour-
v
4 /T////// : |
GND, & R 5 GND,

FETEL 2021

1SO130

-/




ELECTRICAL CHARACTERISTICS

ISOLATION SPECIFICATIONS
At Vt+, Viy— = 0V, T = 25°C, Vg4, Vg, = 5.0V, unless otherwise noted.

ISO130P, ISO130PB
ISO130U, ISO130UP

PARAMETER CONDITIONS MIN TYP MAX UNITS
ISOLATION
Input-Output Surge Withstand Voltage 8 9), t = 1yn RH < 50%

(In accordance with UL1577) 3750 Vrms
Barrier Impedance(®

Resistance Viso = 500VDC 1013 Q

Capacitance f=1MHz 0.7 pF
Isolation Mode Voltage Errors

Rising Edge Transient Immunity Vim = 1kV, 9 Vgt < 50mV 10 25 kV/us

Falling Edge Transient Immunity Vim = 1kV, 9 Vgyt < 50mV 10 15 kV/us
Isolation Mode Rejection Ratio(2) > 140 dB
Noise 0.1Hz to 100kHz 300 uVrms
Input Voltage Range —200 200 mV
Maximum Input Voltage Range before Output Clipping +300 mV
Initial Input Bias Current(3) —670 nA

vs Temperature 3 nA/°C
Input Resistance(® 530 kQ

vs Temperature 0.38 %/°C
Common-Mode Rejection Ratio(*) 72 dB
GAIN()
Initial Gain

ISO130P/ISO130U —200mV < V+ < 200mV 7.61 8.00 8.40 VIV

ISO130PB/ISO130UB —200mV < V+ < 200mV 7.85 7.93 8.01 VIV
Gain vs Temperature 10 ppm/°C
Gain vs Vg4 2.1 ppm/mV
Gain vs Vg, -0.6 ppm/mV
Gain Nonlinearity

for —200mV < V+ < 200mV 0.2 0.35 %
for —100mV < Vi + < 100mV 0.1 0.25 %

vs Temperature(® —200mV < V+ < 200mV -0.001 % pts/°C

vs Vg€ —200mV < Vy+ < 200mV —-0.005 % pts/V

vs Vg, 6 —200mV < V+ < 200mV —-0.007 % pts/V




Vi du: 3652 Used in Patient Monitoring Application
(ECG, EMG Amplifier).

Isolated DC/DC Converter

108 C P+
Vour = BoK &5 7 20e, 7.‘; %
Input Common 722 1.3k
+Vg V+
8 E

Vo V—
11 14 .
12 +15VDC
26 -
-15VDC
20 23
3652 =
Vour
To Monitor
17
-~
12
10
-— +5kV—=| OQutput
° Common

Input
Common
ST




BURR - BROWN®@ 3650
==lj 3652
Optically-Coupled Linear
FEATURES APPLICATIONS
® BALANCED INPUT ® INDUSTRIAL PROCESS CONTROL
® LARGE COMMON-MODE VOLTAGES: @ DATA ACQUISITION
12000V Continuous ® INTERFACE ELEMENT
. :J“LOT":ARL%?E‘AKAGE @ BIOMEDICAL MEASUREMENTS
0.350A max at 240V/60Hz @® PATIENT MONITORING
1.8pF Leakage Capacitance ® TEST EQUIPMENT
@ EXCELLENT GAIN ACCURACY: @ CURRENT SHUNT MEASUREMENT
0.05% Linearity ® GROUND-LOOP ELIMINATION
0.05%/1000 Hrs Stability ® SCR CONTROLS
@ WIDE BANDWIDTH:
15kHz +3dB 1.6MQ
1.2V/us Slew Rate
Ra1
4 8 S 11
O ¢ A, -V
—
Light 23
g R||\| A3 Flux O
Coupling
3 RGZ 10 — T
O ° - = AR - -
1 1.6MQ
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M6t s6 trng dung

Transmitter : » Isolation Amplifier — » A/D Logic
temperature | A A A
pressure
location v v vV Vv
speed .
flux p Power processor
humidity bc/be Managemen 4% (gg. MCU)
acousto-optic A A A
identification

\ 4 \ 4 4
Display/Signal output € Isolation Amplifier € D/A <« Interface
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Khuéch dai logarit (logarithmic
(log) amplifier)

B6 khuéch dai logarit (logarithmic (log) amplifier) cho ngd ra ti t& voi
logarit cua tin hiéu vao.

B& khuéch dai log va antilog dwoc diing trong nhirng (rng dung

- Nén di¥ liéu analog.

- Tuyén tinh héa cac cdm bién/bd chuyén dbi (transducers) cé ngd ra la ham md.

- Thwe hién phép nhan hay chia tin hiéu analog. This portion of the signal
may be lost when compressed
to a very small amplitude.

Linear
signal compression

llgsare reduced
JI oltag

Logarithmic
signal compression
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Thuwc hién log amplifier

ID K: hang so6 (=kT/q), ~ 25 mV & 25 °C
— lz: dong b&o hoa ngwoc (dong ro ngworc)

I (mA) I (mA)
8.0 10
7.0
6.0 1.0
5.0
4.0 0.1
3.0

2.0 0.01

1.0
0.001
0 0.1 02 03 04 05 06 07 08 0 0.1 02 03 04 05 06 07 08

(a) Linear plot (b) Logarithmic plot
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Vp (V)

Vp (V)




xT Vi
V. = — — |In —
e ( E) (IRR])

Vin
Vo = —(0.025V) ln( )
IRR;
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Whatis V,,? (Assume I = 50 nA.)

in

+11V
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What is V,,;? (Assume Iz = 50 nA.)

V.. =—(0.025 V)In Vi

R

11V
(50 nA) (1.0 kQ)

V. =—(0.025 V)In

=-307 mV
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Khuéch dai log dung BJT

Iin IC
Vin o—\M\—o 57
Ry Q +VBE
OVINL —
Vout
IC: MAX4206 V.
V,.. = —(0.025 V)ln( = )
IgBoR]
FETEL 2021

15, emitter-to-base leakage current



Vin oW\

0V
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oV

out

o

Vout =? Vin=3 V, R1 = 68 kQ?
Gia s /EBO =40 nA




Solution
B e

V.
vV .= —(00.025 V)l
our = ) n(lEBOR1>

Vin 3V
= —(0.025 V)1 = —(0.025 V)l
Vour ( ) n(IEBORl) ( ) 1’1((40 nA)(68 kQ))

= —(0.025 V)In(1103) = —=0.175V
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Antilog

Dinh nghia: If log x =y, then antilog y = x.

Mach khuéch dai antilog tao ra dién thé & ngd ra ti 1& v&i lhy thira
cua dién thé ngd vao. No la ham dao cua ham log.

x = el™ > x= antilog, (In x) Diode:
I
te . Vp = Kln(D>
VinO@ MN IR
Vo \ R
= f Ir = Iggo
= lovps
v
Op-amp Vou Vin = —-K ln< out )
N _T_ IERORE
) V. m/K
V. =-R.l_g.antilog, —" Vour leBoRre

out

25 mV



Vi du

QZ-‘&&J'IEL LA-8048, LA-8049

Monolithic Log Amplifier
"ﬂ"_-. Monolithic Antilog Amplifier

Cho mach antilog amplifier trong hinh, tim output voltage. Gia str:
leso = 40 nA.

0, Ry

+175 mV MA

68 k()

Vour




Solution

+175 mV W\'

D>

V.
VOUT = —IEBoRFantlloge( 75 ;:IV) — _(40 nA)(68 kﬂ)antlloge(

= —(40nA)(68 k(2)(1100) = =3V

0.175 V)
25 mV
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Bai tap: Tim V,

41
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R = Rl — R2 - Rﬁ.
R,=R, =R




Log amplifier 1

7
inl

Summing amplifier
Rs

Antilog amplifier

Rg

Inverting amplifier

V

inl

V

"in2

K;

7 7
"inl V in2

'V
K;ln

V.
V()ut( sum) Kiln K

|

inl

In V] + In Vz - IH(V] Vz)
antilog, [In(V;V,)] = V|V,

Vom‘(logl) —

Vi
Vour(log2) - _Klln( [glz )

K'l = 0.025 V, K2 — RIEBO’

R:R1:R2:R6.

K ln( Vinl Vin2 )
| K%




/]
inl

Vo

ms

Log amplifier 1

Summing amplifier

Rs
2 My
V.V,
R4 - Klln( m]l'?m_)
V.V
. ( ) Klll’l( mIl<2m2>
. out(sum . )
Vom(amilog) = —Kzant110g€<) = —Kzantlloge %
1 1

_ ( Viﬂ] VinZ) . Vinl sz
= K| "5 ) =
K3 K,

Inverting amplifier

V.,V

inl

K’)

Vin1Vina
out K2

Vout - Vinl Vin2

in2

* - ViV,

inl ¥ in2

|||—‘




