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Why an EEG

- Neat Applications

e sleep analysis
 medical diagnosis

e computer human interface

- Hard to measure

 1-100pV signals from .1 to 40 Hz

* very high source impedance



Medical EEG
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Design Goals

- Battery operated
- Reusable, dry electrodes

- 40dB signal to noise ratio

+ Drive a computer



System Overview
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~ront End Design

Close Physical Proxmimity
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Noise Considerations

« Amplifiers must be selected carefully selected to minimize low
frequency noise

* 1/t noise dominates the .1 - 40 Hz range (EEG signal range)

e pboth voltage and current noise must be considered
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SPICE Noise Simulation
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Differential Amplifier

e Signal on the order of
100-1000uV

 60dB SNR with
jellybean
iInstrumentation amp

e Common mode
feedback boosts
CMMRR

AD620

ADG20A AD6208 AD620S'
Paramaeter Conditions = Min Typ Max Min Typ Max Min Typ Max Unit
Common-Mode Rejection
Ratio DC 10 60 He with
1 k) Source imbalance | Vo, «0Vio £ 10V
G« 3 2 80 90 73 20 a8
G=10 93 110 100 1m0 93 110 ds
G=100 10 130 120 130 110 130 L]
G = 1000 110 130 120 130 110 130 ds
OUTPUT
Output Swing R=10kD
Viw 223V Vie W12 Ver L) W 02 Yer L) W12 v
wzs5V 1.1
Overterperature Vie 14 W=13 Ve 14 We-13 Vit 16 W13 |V
Vim 25V Vit 12 W14 Ve l2 W14 Vie 12 W14 |V
w18V
Overtermperature Vit 16 WS Vis 16 Wi 15 Ve 23 W15 |V
Shon Grecuit Cument =18 218 =18 mA
DYNAMIC RESPONSE |
Sl Signal -3 dB Bandwidth
G=1 1000 1000 1000 Kz
G=10 800 800 800 Kz
G= 100 120 120 120 e
G = 1000 12 12 12 Kz
Slew Rate Q75 12 Q75 12 075 12 Vs
Setting Time to 0.01% 10V Step
G«1100 15 15 15 M
G = 1000 150 150 150 s
NOISE ’
Voltage Nolse, 1 iz Todal RYI Noise = Jie's ) + (e /G)
rput, Voltage Nobe, o 9 13 9 13 9 13 nVAMz
Output, Voltage Nolse e 72 100 2 100 72 100 oV
ATLO Mzo 10 M
Gm) 30 30 &0 0 60 WwWpe
G=10 055 0S5 08 055 08 WwWee
G« 100-1000 028 028 04 028 04 WwWee
Currert Noise =)z 100 100 100 Ve
0.1 Hz 0 V0O Hz 10 10 10 pA p-p




Linear Isolator Design
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AM Modulation

Prevent Overmodulation

Opamp
Input and JFET

Clamp Mixer

Local
Oscilator

o Simple very low bandwidth AM modulation

 Reverse biased JFET as voltage controlled resistor to modulate
amplitier gain.

e Linearity crucial. Why hit 40dB SNR if the EEG signal is ruined
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