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.lib opamp.sub

.tran 250ms

.model analog_sw SW(Ron=300 Roff=1000Meg Vt=0.5)

.param
+ t_sample =    1ms
+ t_sample_by2 =  t_sample / 2
+ t_sample_by4 =  t_sample / 4
+ t_guard2   =    t_sample_by2 / 2
 
+ t_guard   =    t_sample / 100000
+ delay2   =      t_sample + t_guard
+ delay3   = 2 * (t_sample + t_guard)
+ delay4   = 3 * (t_sample + t_guard)
+ t_period = 4 * (t_sample + t_guard)

power supply unit, simplified
(only batteries or DCDC converter
allowed. Else parts of the 
EEG circuit will malfunction)

EEG test subject simulator (internal parts index: tss)

.ac dec 100 1m 10meg
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INA stage
G=100

LTSPICE simulation control

Author of simulation:
Joerg Hansmann, 5-2007

1:16 voltage divider
ca. 18k source resistance

ca. 1:150 divider

patient_gnd_or_DRL

common_ref 
(e.g. electrodes
on A1and/or A2)

common gnd
of mains powered 
function generators
(and oscilloscopes)

4  : 1 Multiplexer

simulation gnd

line hum
amplitude = 200mV (400mVp-p)
normally

JFET or CMOS input stage INA required here.
 
super beta bipolar input stage types like INA114 / Ad620 / LT1168 type will not 
give good results:
 
1) due to high noise current through input side HP filter
 
2) LT1168 input bias current * R_hp 
gives 1mV input referred offset voltage.
* G of 100 gives 100mV output referred offset voltage,
that is converted by the input side chopper into 
100mVp-p ac overdriving the 2nd gain stage 
 
The 2 buffers added before the LT1168 is a work around to fix this.

AtmegaXX

Warning!
 
Do _not_ connect 
"mains_gnd"
with "AGND" or "V-"
 
In other words: Do not connect an 
oscilloscope GND or power supply 
GND with AGND
 
This would disable the 
benchmark test simulators 
common mode source
(V_ac_line_hum)

* short R_tss_asym out 
 to get perfect electrode balance
* let R_tss_asym as it is 
 for some imbalance challenge
 (more realistic)

2 bit mux control address line

software demux and s&h

intentionally _no_ hp filter capacitor here,
beacuse DC coupling is required for 
amplifier(s) bias return path(s)

R_hp
part of DC 
rejection hp
 
effectively 
multiplied
by the mux ratio 
(e.g. x4 )
for calculation 
of fc_hp
 
also bias current
return path for 
INA input

DRL circuit

2nd gain stage, ca. G=-80,
AC coupled, high bandwidth 
(ca. number of channels * bw_channel)

passive 2nd order
anti alias LP filter

guard, <= ca. 20cm

guard

LP / HP filter symmetry
components tolerances, 
resulting CMRR ???

charge injection ?

Feature requests:
 
* auto-calibration
* electrode / skin - impedance monitoring
* charge injection spike masking (e.g. guard interval, sample dropping)

Features implemented:
 
* INA baseband 1/f noise elimination
* input HF rejection
* input ESD protection 
* input guard driver
* guard HF rejection
* guard ESD protection

european power grid
230V 50Hz
amplitude = 230V * sqrt(2)
= 325V

VGND = 
copper plane on pcb

guard, <= ca. 20cm

guard

VGND = 
copper plane on pcb

ESD
protection

op setting

guard, <= ca. 20cm

guard

VGND = 
copper plane on pcb

DRL uses
only ch1 and common_ref
to calculate
the common mode
signal

passive 2nd order
anti alias LP filter

Channel 3..n
simplified for reduced 
simulation time demand
only

DC rejection
hp filter capacitor

is this bandwidth 
limiter (lp filter)
required?

chopper stage

hp filter

enable
mux control line

channel cross talk?
 
ADC input range?

timing control unit for muxing, demuxing, chopping

2 bit mux control
address lines

same as chopper

limit bandwidth
to reasonable high
frequency
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