Processamento de sinails em
miIcrossistemas
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Estrutura convencional de
Sistemas e Sensores
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Nova metodologia para
microssistemas
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Comparacao da metodologia
para microssistemas
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Exemplo de metodologia para
um acelerometro
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Sistemas de Compensacao

Characteristic Model
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Metodologia para compensacao
de sensores

Sensor Interface
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Sistemas Multisensor
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Exemplo de Sistemas
Multisensor (Incendio)

Sensor Feature Extraction  Pattern Recognition No Alarm
Responses



Vantagens da Miniaturizacao

p-System Technology

e

Nanotechnolo
9 Networking
Miniaturization Multi-Sensor Systems
Reduction of: Improvement of:
Costs Q \| Accuracy
Wireless in?rQY-
Communication Aulonomous
_F?.esponse Systems Reliability
ime

Wireless Systems

Figure 16: Future trends 1n sensor technology




Microssistema Multifuncional

Sensors Pattern Pattern
Extraction Classification

Sensor Array Microproecessor



Principios do Processamento de
Sinais



Sensores baseados em alteracao
da resisténcia

Sensor elements’ resistances can range from less than 100 Q to several hundred k€2,

depending on the sensor design =
and the physical environment to
be measured (See Figure 4.1.1).
For example, RTDs (resistance

temperature devices) are typical- m
ly 100 Q or 1000 Q. Thermistors
are typically 3500 Q or higher.

Strain Gages
Weigh-Scale Load Cells
Pressure Sensors

Relative Humidity

B Resistance Temperature Devices (RTDs)

Thermistors

1200, 3500, 35000
350Q) - 35000
3500 - 35000
100k0 - 10MO
10002 , 10000

100Q - 10MO




Ponte de Wheatstone
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Pontes com malis de um
elemento variando
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Melhora da resolucao da ponte
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Requisitos para um sistema de
condicionamento de sinal

baseado em ponte

Selecting Configuration (1, 2, 4 - Element Varying)
Selection of Voltage or Current Excitation
Stability of Excitation Voltage or Current

Bridge Sensitivity: FS Output / Excitation Voltage
1mV IV to 10mV i V Typical

Fullscale Bridge Outputs: 10mV - 100mV Typical
Precision, Low Noise Amplification !/ Conditioning
Techniques Required

M Linearization Techniques May Be Required

B Remote Sensors Present Challenges



Ponte com Amp-Op

A

F

SR

Figure 4.1.7: Using a single op amp as a bridge
amplifier for a single-element varying bridge.




Ponte com Amp-Op em
configuracao diferencial

- Z
R+AR “Vg*

* SEE TEXT REGARDING
<'7 SINGLE-SUPPLY OPERATION

Figure 4.1.8: Using an instrumentation amplifier

with a single-element varying bridge.




Linearizacao da ponte com
Amp-0p




Linearizacao da ponte com
Amp-0p




Linearizacao de ponte com dois
elementos sensivels

Ve

)

Fjurezif 1.11: Linearizing a two-element
H arying brdge method 1 (constant
voltage drive).

L V”gwm
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Linearizacao de ponte com dois
elementos sensivels

: E;*"ﬂ Figure 4.1.12: Linearizing a two-

‘) +
element varying bridge method 2
l l ‘ 4 ) ’ - .- ]
s RGS  IN AMP (constant voltage drive).
+ ~REF Vour
< R

‘( * SEE TEXT REGARDING
SINGLE-SUPPLY OPERATION




Erros observados em conexoes
de sensores

Hov 100 FEET, 30 GAGE COPPER WIRE = 10.50 @ 25°C

TC = 0.385%/°C
A ASSUME +10°C TEMPERATURE CHANGE
NUMBERS IN () ARE @ +35°C
3500 / \ (JARE @
\. .. RLEm 10.502 (10.90462)
éﬂ ' AYA
0> 23.45mV ; STRAIN GAGE
35,,“ (5 44mV  28.83mV) 'j ;’ 35001 —» 353.50 FS
Hcou;? LR eap10.50 (10904 |
1t L AN

OFFSET ERROR OVER TEMPERATURE = +23%FS

GAIN ERROR OVER TEMPERATURE = -0.26°%FS




Compensacao de erros de
conexao

+10V 100 FEET, 20 GAGE COPPER WIRE =10.5 @@ 25°C

TC = 0.385%/°C
ASSUME +10°C TEMPERATURE CHANGE

NUMBERS IN { ) ARE @ +35°C

\ RL[ADWS{I (10.90402)
YAYA /-
STRAIN GAGE
0—}24'15m‘u"\ : | =

3500 L (0 24.13mV) T N /{‘ 3500 —» 35350 FS
\ | Rypap 10.50 (10.9040)
v avA
NV OFFSET ERROR OVER TEMPERATURE = 0%FS

GAIN ERROR OVER TEMPERATURE = —0.08°%FS




Compensacao de erros de
conexao
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Figure 4.1.15: Kelvin (4-wire) sensing

minimizes errors due to lead resistance.




Compensacao de erros de
conexao

- | .": l"L .
A Figure 4.1.16: Constant current
; Fuman 3 \_ excitation minimizes wiring
' { resistance errors.
A -,
A >0
| — = ) FLEAD !




Compensacao de erros de
conexao

+FORCE N +5V +5VI+aV

; Ryieap: AVpp DVgp

6-LEAD | ,SENSE
BRIDGE i

A+ Ver

f : AD7730
Vo A ADC

WA 24BrTs

- Vrer

CSENSE:  an :
Figure 4.1.17: Driving remote bridge : .-'
using Kelvin (4-wire) sensing and Ypl GND
ratiometric connection to ADC. -~FORCE ' E8D/ '




Compensacao de offset termico
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Excitacao alternada

+ Vg E,g = SUM OF ALL OFFSET ERRORS

NORMAL
Eos

[
VOLTAGES N . -t +
/ ./ j
')\ Vo Va= Vg + Eqg

Va-Vg= (Vo *Egs) - (Vo * Egg) =2V,

|

REVERSE V
EOS

+
VOLTAGES - —.O + .
/\\ Vo Vg ==Vo +Eog

Figure 4.1.19: AC excitation minimizes offset errors.




Excitacao alternada

Vi —&—i (_3702

Viz  [@1,Q20N

Vig

Q3,Q4 ON

Q1,Q2 ON

Q3,Q4 ON

Figure 4.1.20: Simplified AC bridge drive circuit.




Requisitos para amplificadores de

sinal

Input Offset Voltage <100y
Input Offsaet Voltage Drift 4 [T
Input Bias Current <ZnA
Input Ofset Current <Z2nA

DC Open Loop Gain =>1,000,000

Unity Gain Bandwidth Product, f 500kHz - 5MHz
Always Chack Open Loop Gain at Signal Frequencyl

14 {0.1Hz 1o 10Hz) Noise <1pV p-p
Wideband Noise <10nV/vHz
CMR, PSR =10dB

B Single Supply Operation

B Power Dissipation



Medicao de voltagem de offset
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For OP17TA:
Vag = 10V maximum
v Vag DRIFT = 0.1pVPC maximum

Vag STABILITY = 0.2uV/month typical

Figure 4.2.2: Measuring input offset voltage.




Compensacao de corrente

UNCOMPENSATED COMPENSATED
|
: iy
| (1]
':: [ P
T, ‘:] Y F
Yin ‘ Vin |
C. — T |:} T
0 N
I"- :.-' l.-?'l
B MATCHED BIAS CURRENTS B LOW, UNMATCHEL BIAS CURRENTS
B SAME SIGN B AN HAVE DIFFERENT SIGNS
B 50nA - 10pA B J.5nA-10nA
B 50pA - 5nA (Super Beta) ® HIGHER CURRENT NOISE
® lorrser “<lgas B lorrerr *~ lpias




Circuito para medicao de nao
linearidade

10k0) Vi = 100001-Vg
I Vv - NONLINEAR
HOV
el Y,
i Vos IDEAL
uI
ANy
1 et L Avgg
i AvaY
~Vaer +Veer
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1) s 1)
DPEN LOOP GAIN
OFFSET ADJUST = NG
{Multi-Turn Film-Typs)  CL-OSED LOGP GAIN NONLINEARITY
NONLINEARITY . ”
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Exemplos de nao linearidade

VY :
50mV DIV, [~

VOS
(0.5uV / DIV.)
(RTI)

10V 0 +10v
Vy = OUTPUT VOLTAGE

AyoL (AVERAGE) = 8 million
AyoL max = 9.1 million, AyoL min = 5.7million

OPEN LOOP GAIN NONLINEARITY = 0.07ppm
CLOSED LOOP GAIN NONLINEARITY =~ NGx0.07ppm

Figure 4.2.8: OP177 gain nonlinearity.

INPUT VOLTAGE NOISE NV / vHz 0.1Hz to 10Hz VOLTAGE NOISE
30

Ve (WHITE)

0.1 1 10 100 TIME - 1sec/DIV.
FREQUENCY (Hz)

u Vn.ﬂ'll:(FH‘ FL:' = Viu .I’IFL'. |n[IF:h] + l.FH - F|_1
\ L

B For F =0.1Hz, F, = 10Hz, v, = 10nV/vHz, F, =0.7Hz:
& Vo =360V
® Vo =66 x36nV=238nV

Figure 4.2.9: Input voltage noise for OP177/AD707.

Fo.=07Hz 200nV




Modelo de ruido em Op-amp

GAIN FROM o
“A"TO OUTPUT

NOISE GAIN

NG= 14+
R

LODP BW
= foL

GAINFROM _ _ R2
"B" TO QUTPUT R1

_ 2
+ 4KTR3 . mﬂmfﬂ;

B RTI NOISE = \(gy » 2 ] ;
-|-|,,,,_=|=t:-r #l, 2 [:;;E} . aKTRZ| i ]

B RTONOISE = NG« RTI NOISE H BW=15T1



Exemplo de ruido em Op-amp

Voltage Noise = 3nV /  Hz COH."F:'::"DN
Current Noise = 1pA / v Hz
T=25°C
AMPLIFIER
VOLTAGE NOISE
S
+
‘\ AMPLIFIER
> OP27 3 CURRENT NOISE
>R /f‘ FLOWING IN R
- - JOHNSON
t A NOISE OF R
R2
5 R1
RTINOISE (nV ! ¥ Hz)
Neglect R1 and R2 Dominant Noise Source is Highlighted

Noise Contribution

Figure 4.2.11: Different noise sources dominate
at different source impedance.




Técnicas de desacoplamento de
Amp-op

+ ||:3
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o ~ f,,f"/ LOW INDUCTANCE
//Q CERAMIC, 0.1pF
< 10em * | [ %
{ ?7 SHARED LF
e 4 ’ + ¢3. c4: DECOUPLING,
| ELECTROLYTIC,
Vg -ooeomcnan-d \/ 10 TO 50uF




Requisitos para amplificadores
em Mmicrossistemas

B Single Supply Offers:
+ Lower Power
+ Battery Operated Portable Equipment
+ Requires Only One Voltage

B Design Tradeoffs:

+ Reduced Signal Swing Increases Sensitivity to Errors
Caused by Offset Voltage, Bias Cumrent, Finite Open-
Loop Gain, Noise, etc.

# Must Usually Share Noisy Digital Supply

+ Rail-to-Rail Input and Output Needed to Increase Signal
Swing

+ Precizion Less than the best Dual Supply Op Amps
but not Required for All Applications

+ Many Op Amps Specified for Single Supply, but do not
have Rail-to-Rail Inputs or Qutputs



Estagios de amplificacao

Fiqure 4.2.19: PNP or N-channel JFET stages

allow input signal to go to the negative rall.




Comparacao de estagios de

amplificacao

BIPCLAR (NPN-BEASED): This is Where it All Startedl!
COMPLEMENTARY BIPOLAR {CE): Rail-to-Rail, Precision, High Speed
BIPCGLAR + JFET (BIFET): High Input Impedance, High Speed

COMPLEMENTARY BIPOLAR + JFET (CBFET): High Input Impedance,
Rail-to-Rail Cutput, High Speed

COMPLEMENTARY MOSFET (CMOS): Low Cost, Nen-Critical Op Amps
BIPOLAR + CMOS {BiCMOS): Bipolar Input Stage adds Linearity,
Low Pawer, Rail-to-Rail QOutput

COMPLEMENTARY BIPOLAR + CMOS (CBCMOS): Rail-to-Rail Inputs,
Rail-to-Rail Outputs, Good Linearnty, Low Power




Amplificador de Instrumentacao

Rs’Z  ARg
VTV Y ‘ Rg
COMMON -\,
MODE /: Vei “:_\
VOLTAGE \_/T
Vom * IN-AMP ™ o
N GAIN 7 \
£ 'f )i P Vrer Vour
o, N |
N : * O
A~ )
Rg/2

\ :
COMMON MODE ERROR (RTl) = _'CM_
CMRR




Subtrator para instrumentacao

R1 R2
vy O A T AN
- ,H\\
~ Vour
-~ - ll & iz
P R1
A j/f CMR = 20 log
R1" l " Rz
Va O Vi Yava Where Kr = Total Fractional
Misrmateh of R1 - R2
) R2 N
B Vour = (V2-V4) g4
R2 R2'
] R1 = Ry CRITICAL FOR HIGH CMR
O EXTREMELY SENSITIVE TO SOURCE IMPEDANCE IMBALANCE
B 0.1% TOTAL MISMATCH YIELDS ~ 66dB CMR FOR R1 = R2




Amplificador de dois estagios

Voo X
o
- ™~ Vaur
vy o——— N A2 > $ 0
\\\"'\-\._ ]-.f‘ ___,-“'
Al /;;-—-L—*“-v-"\v—u— e
Vv, // R1'
L~ R1 Vs
.\ AYAY : /. AvAY
Rz!
lhl [}
i
— Vv
i Rg G- g, R2 2R2
c §R2 = T*R1 Y Rg
- R2 2R2
N B Vour = (Va-Vy) |14y + R | +Veer
VREF
R2 _ R2'
W7 Re
GAIN * 100
B CMR< 20log Ls MISMATCHW




Chip de amplificacao comercial

Ra
AvAY
e 25k 25k1) 100k
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™~ T Vour
A1 T, '1.\_‘:' :
-___4_,.#‘", AZ ..___-"'- .
§ 1 * ".f. i
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Vg ’ Vg
1 200k
}
G=58+—_
< o < Re
":F l VE | -
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B Vour =GV~ V) + Vper

. . g
O Veee v,

Figure 4.2.30: AD627 in-amp architecture.



Estagio de amplificacao com trés
Amp-op

L "h
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Ve ! 0
U"v
Your

Ad ;;-l 0
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v +‘_ll-" '
7 g
v SR -) P VReF
T VAV A% D
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o * ¥ = Vg s B7 i E1 +
L~ . QUT = R2| ' + Ro BEF
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= 9 | % MISMATCH ‘ Rg



Estagio de amplificacao com trés
Amp-op

[+ L
+5v L T
-
v TS 0.224F
= 1
— 1opF | S0 9.1pF : | | NE.H;E
_‘_ | %7 = 7 | FILTER
! Y <L ATk r Vv
- ~ < ma 75,0k
> 24,9602 R3
< | avszo > AR Vour
“ Bg "1 e
s ‘__,-T REF A2 /’"‘_“_D

-

- T, 10mV TO 4.98V

\V4

YreF

L]

At AZ =102 ADEZZ
+2.5¥

vV \V4
Figure 4.2.35: A precision single-supply

composite in-amp with rail-to-rail output.




Modelo de offset para Amp-op

Rgl2 ARy YOS f:G
I WA t"-"_k - \\"a
( ""\,1 Yao - ™~ Voso
2
N L IN-AMP £ Vaur
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- M
{ - v_ﬂﬁ -‘_,df'/{
— 2 lB— S
.f; A —- ’,.-'j
L Yom) W .
o Ry’ 4 Vegr
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Modelo de ruido em Amp-op

v R
Re/2 f,Ji'\l . ‘\J?x_,—
Ayv— ~ —
Py \_/ NG
v - ~
- 2 N+ IN-AMP A VYour
GaN=6 > -
f’r ~ ' Ysic : i
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v Y
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B NOISE (RTI) =|,rew-‘|';$ T %
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B Bw - 1.57 x IN-AMP Bandwidth @ Gain = G




Amplificador com Chopper

CHOPPER
SWITCH
ORIVER S = 5AMPLE
L=AUTO-ZEROQ
Vi Rt RZ g c2 h G3 5 R3 Vour
O\ =0 O Al )
Fro |- {ame > |0
FALG RN i OZ h
—'-_,—"r :j-;."' HL
C1 Cd
& L L L 4



Amplificador com Chopper

ANC

+IN & .

s
o
e

T

Fd
-
™

S = SAMPLE
L=AUTO-ZERO

Figure 4.2.47: Chopper stabalized amplifier




Comparacao de ruido em
amplificador bipolar versus
chooper

INPUT VOLTAGE NCISE, nV / vHz

30 g0
Bipolar: OP1TTIADTOT Chopper: ADBS51/52/ 54
Fe =0.THz
15 50
f M HITE
10 oo M g (W ) 40 |-
5 : 30
0.1 1 10 100 .01 0.1 1 10
FREQUENCY (Hz) FREQUENCY {Hz)
NOISE BW BIPOLAR (OP177/AD707) | CHOPPER (AD8551/52/54)
0.1Hz to 10Hz 0.238V p-p 1.04 pV p-p
0.01Hz to 1Hz 0.135uV p-p 0.33pV p-p
0.001Hz to 0.1Hz 0.120uV p-p 0.104uV p-p
0.0001Hz to 0.01Hz 0.118uV p-p 0.033uV p-p




Uso de amplificadores de
Isolacao

B Sensoris at a High Potential Relative to Other Circuitry
(or may become so under Fault Conditions)

B Sensor May Not Carry Dangerous Voltages, Irrespective
of Faults in Other Circuitry
(e.g. Patient Monitoring and Intrinsically Safe Equipment
for use with Explosive Gases)

B To Break Ground Loops



Amplificador comercial de
Isolacao

FBEE INPUT

N 0} T
et B

leom

MOD

OUTPUT

*Vmst}_.IHFUT

FOWER
OSCILLATOR

Fam'

"

T3

— = | outPut —_
POWER
|| suPPLY

j +1IJ'¢:|5_-5

“Voss

./

PWR

L —

PWR COM

Figure 4.2.51. AD210 3-port isolation amplifier.




Requisitos do amplificador de
Isolacao

Transformer Coupled

High Common Mode Voltage Isolation: Figure 4.2.52: AD210 isolation
¢ 2500V RMS Continuous ) amplitier key features.
¢ 3500V Peak Continuous

Wide Bandwidth: 20kHz (Full Power)

0.012% Maximum Linearity Error

Input Amplifier: Gain 1 to 100

Isolated Input and Qutput Power Supplies, $15Y, t5mA




Aplicacao do amplificador de
Isolacao

HizH YOLAGE
AC INPUT < 2500V RMS

16
*—NT - A —— oUTRUT
M . MCo | | :I:Fu_rm } Vi
P, - Rg< |A -

i
] ¥

R | teow | | L ocon

Tt %

—v"{}—mn:[ n 'm“" — fil:umm—{}ﬂm

Nga POV ER
£ SUPPLY | n BUPPLY g
M | Eaﬁ::ﬁm ADZ0 nm::lLl.A'run
PWH i annuu
oy

Figure 4.2.53: Motor control currrent sensing.




Sensores nao resistivos



Conversor Analdgico-Digital

B Typical Supply Veltages: £5V, +5V, +5/43V, +3V

Lower Signal Swings Increase Sensitivity to
all Types of Noise (Device, Power Supply, Logic, etc.)

Device Moise Increases at Low Currents
Common Mode Input Veltage Restrictions
Input Buffer Amplifier Selection Critical

Auto-Calibration Modes Desirable at High Resolutions

]
DC de

]

s ) e ag ‘.-lar,--ll,.-na.-
S LOW 'l:.-"-_-} ¥ v'l?'.'},- TV

Igh issues.




Conversor Analdgico-Digital

B Successive Approximation
+ Resolutions to 16-bits Fr'gure 43 2
+ Minimal Throughput Delay Time ADCs for signal conditioning.
4+ Used in Multiplexed Data Acquisition Systems
B Sigma-Delta
+ Resolutions to 24-bits
+ Excellent Differential Linearity
4+ Internal Digital Filter, Excellent AC Line Rejection
+ Long Throughput Delay Time

+ Difficult to Multiplex Inputs Due to Digital Filter
Settling Time

B High Speed Architectures:
4+ Flash Converter
+ Subranging or Pipelined



Conversor Analdgico-Digital

CONVERT
START
TIMING
AMALOG .
IME'UT COMPARATOR | )
J_ OR BLISY
- SUCCESSIVE
APPROEIMATICHN
REGISTER
ISAR]

DAC T
OUTPUT



Conversor baseado em
capacitores

=) -
BIT1 BIT2 BIT3 O
II'~1E\'E'|

. .\‘..‘
' = ‘
A\ ~.
| A [ .
o )| N,
- - - -~ . ™~ f ) ' ' B i I{-’
Crom: =20 ! C o Ce a4 Cia p
.
—
.t.
L
- - P
g1 9 s2 g2 @ 349 AV
'I ." _ J "r
RS | O - ] ~ O O ~ O

SWITCHES SHOWN IN TRACK (SAMPLE) MODE




Conversor AD de dois estagios

ANALOG [~
INPUT SHA™_ SHA ™.
SAMPLING | \ ’ 1
CLOCK 6-BIT 6-BIT 7-BIT
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Vin

AN+ : +2.6V TO +0.1¥

Conversor AD comercial

+ W TO +5V O 1uF
|

P IV TO +18Y

0.1pF

Ve = +1.30V

= AP0kHE

|
i
S0Ck /| 12503

II%'

EIJTﬂFF r-------l-- -ﬂt----- O

AVpp CVgg

ADT858/59

Figure 4.3.9: Driving switched capacitor inputs
of AD7858/59 12-bit, 200 kSPS ADC.



Conversor AD
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10V 3000 - OV TO +2.5V
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THIN FILM RESISTORS

Figure 4.3.10: Driving single-supply ADCs with scaled inputs.




Conversor AD com multiplex
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Conversor AD- Mux comercial

AINY 5— ™ AD7858/ 0 DVeo
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Conversor AD Sigma-Delta

Sigma-Delta (£A) Measurement ADCs

Sigma-delta analog-digital converters (XA ADCs) have been known for nearly thirty
years, but only recently has the technology (high-density digital VLSI) existed to
manufacture them as mexpensive monolithic integrated circuits. They are now used
in many applications where a low-cost, low-bandwidth. low-power, high-resolution
ADC is required.




Conversor AD Sigma-Delta

B Low Cost, High Resclution {to 24-bits) Excellent DNL,
B Low Power, but Limited Bandwidth
B Koy Concepts are Simple, but Math is Complex
+ Oversampling
+ Quantization Noise Shaping
+ Digital Filtering
* [Decimation
B ldeal for Sensor Signal Conditioning
+ High Resolution

+ Self, System, and Auto Calibration Modes




Comparacao de conversores AD
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Sensores de alta impedancia



Sensores de Alta Impedancia

B Photodiode Preamplifiers

Piczoclectric Sensors

¢ Accelerometers
¢ Hydrophones

Humidity Monitors
pH Moniters
Chemical Sensors

Smoke Detectors

Charge Coupled Devices and

Contact Image Sensors for Imaging



Aplicacoes de Fotodiodos

Optical® Light Meters, Auto-Focus, Flash Controls

Medical: CAT Scanners (X-Ray Detection), Blood Particle Analyzers
Automotive: Headlight Dimmers, Twilight Detectors
Communications: Fiber Optic Receivers

Industrial: Bar Code Scanners, Position Sensors, Laser Printers



Circuito equivalente dos
fotodiodos

L . L L
INGIDENT
LIGHT
N . |
AN * ] PHOTO < Rg T} ——
£ CURRENT < C,

DICDE 100G0

] L ] ]

MOTE: Ry HALVES EVERY 10°C TEMPERATURE RISE



Operacao dos fotodiodos

-
.|

. .

N AN )

FHOTOVOLTAIC

Zura Bias
Mo “"Dark” Current
Linear

Low Noise [Johnson)
Precision Applications

-
L
ay
+ .
L L
N igan
FPHOTOCONDUCTIVE

Reverse Bias

Has "Cark” Current

Manlinear

Higher Noise (Johnson + Shot)
High Speed Applications




Caracteristicas dos fotodiodos

ENVIRONMENT ILLUMINATION (fc)  SHORT CIRCUIT CURRENT
Direct Sunhght 1000 J0pA
Overcast Day 100 JuA
Twilight 1 0.03pA
Full Moonht Night 0.1 J000pA
Clear Night/ No Moon

0.001 J0pA




Conversor para fotodiodo

R = 1000M0
g~ = 30pA
?E:DN fc) Vv
|
&
‘-\ Vaut = 30mV
NN
_ Sensitivity: 1mV { pA

Figure 4.4.7: Current-to-voltage converter
(simplified).



Estagio de pré-amplificacao
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Circuito comercial de
pre-amplificacao

cz/,. ~ 0.8pF

Cp = 4pF, G, = 1.8pF -
C1=Cp+Cy=58pF | 3320 332k0 33.2k0
'-’—""-‘fr"-,/—p'.‘.‘ﬁ'\r—‘ﬁn_f'n'u'—‘ R2 = 160k
e
T +15V
Y K“‘L
b -
e N
10V D1 N ™.
— Cl  |ADB22 >—e—o
5.8pF w
D2 e
SEEE— » ;;/( D1, D2: HP-5082-4204
~15V
0.1uF < 100K

LOW LEAKAGE ‘ <
POLYPROPYLENE 4l

Figure 4.4.27: 2 MHz bandwidth photodiode
preamp with dark current compensation.




Sensores capacitivos



Amplificador para sensores
capacitivos

N N V. AC

B FOR CAPACITIVE SENSORS: AVour= S,

, -AQ

Bl FOR CHARGE-EMITTING SENSORS: AVoyr=
1

B UPPER CUTOFF FREQUENCY = f,= ——
1

B LOWER CUTOFF FREQUENCY = = >—/-r




Compensacao de ruidos em
sensores capacitivos

CHARGE (FUTPUT MUODE VOLTAGE DUTPUT MOCOE
J ' . AN
A & { R2
SOURCE l — VVR J l |Cal
e, oY e,
e 1 AN AN
L8 \-"\-\. L Rﬂ. e
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- SRe AD7TAE "o < R1 ADTAS
‘.’f L -“__.-'
< ‘J? - ] SOURCE |, -
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J ] FOR
R il \I : L R3 =» R4, R2
_ UNBALANCED
RTE g | AN b
NOISE , BALANCED
v
Vig 19 p
0 !
10 100 1600
INPUT CAPACITANCE (pF)
Figure 4.4.30: Balancing source impedances minimizes
effects of bias currents and reduces .-"!?I{_)l'_!f noise.




Sensores piezoelétricos



Amplificadores para sensores
piezoelétricos

R2, 10k(}
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AV v N

. +5V Power Supplies Reduce
Ig for 0°C 1o +85°C Operation, Pp = B0mW
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Sensor de PH



Amplificador para sensor de PH

Vg
GUARD vﬂg ADJUST
\ x{" “ 100k
3
q . OUTPUT
pH PROBE ] AD?QS u
v ' , '_ﬁ_,.- 1V { pH UNIT
S0mV i pH /_//'__..r/n d\;:;
TC = +3500ppm | °C . = 196k0
Output Impedance: Vs
1M to 160 L ]
RT
., 1kO
5 +3500ppm / °C
Procision Resistor Co, Inc.
#PT14¢6
V4
Figure 4.4.33: A pH probe buffer amplifier with a

gain of 20 using the AD795 prec

ision BIFET op amp.




Sensores de Imagem



Sistema para Imagens
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CCD

LIGHT (PHOTONS)
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CCD Arrays

PHOTOSETES (PIXELS] LINEAR CCD CONFIGURATION
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Estagio de saida de CCDs

T Vrer +Vg
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S

Ruidos em CCDs

vH:EF
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2 | 27 RonCs 4 RoyCs
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WHILE RESET SWITCH IS OPEN



Amplificacao por redundancias

REFERENCE + NOISE

SHA 1
cen * L '
QUTPUT REFERENCE CLOCK OUTPUT
) & .
*— VIDED CLOCK /—"

SHA 2

VIDED + NOISE OUTPUT = AV =
REFERENCE - VIDEQ




Sistema de Chaveamento em
CCDs

LINE
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Circuito comercial para controle
de CCDs
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