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Prologue

Design of neural recording interfaces.
[for biomedical measurements]

Generic structure of neural recording interfaces.
_ow-Noise Amplifier (LNA): A Key Element.

Design challenge.
'stringent noise-power-area trade-off |

Application domain of biomedical LNAs.
[ECG, EEG, EMG]
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Amplifier for Biomedical Data Acquisition

= Capacitive feedback network (CFN) topology.
= Prerequisites.

- low power, low input-referred noise and high CMRR
W of the CFN LNA: Preamplifier.

Table 1
Signal | Frequency (Hz) | Amplitude (V)
ECG | 0.05—250 5x10°—8x107
EEG 0.5—200 2x10° —200x10° wvdd
EMG | 0.01—10x10* |50x10°—10x10" T,
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Optimization Methodology

Orthogonal-Convex Optimization —

\

y

— All-Inversion Region MOS Model

\

y

Amalgamated Optimization Strategy

HOW IT WORKS ?

continued in next slide...
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...from previous slide

Set of device and circuit equations

L+

Set of operational scenarios

Set of scenario independent variables

Solve the equations concurrently
over the set of scenarios

No All ,
scenarios
checked

Feasible or infeasible solution

Figure 4 continued in next slide...
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...from previous slide

Orthogonal-Convex Optimization

= Objective & Constraint Based Optimization.

= Problem Formulation:

optimize f, (x)
subject to f;(x)<1,

I
g,.(x)=1, i= (1,...,p)
x, >0, [

= Monomial & Posynomial:
g =l f()= g (x)
» Logarithmic Transformation of Variables.

continued in next slide...
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...from previous slide

All-Inversion Region MOS Model

* |nversion Coefficient of MOSFET Optimization.

1
ICF =2 Inzzﬂﬂcﬂx‘?ﬁ
I,S

Weak Inversion: ICF < 0.1

Strong Inversion: ICF > 10

_Moderate Inversion: 0.1 < ICF <10

* Transconductance Efficiency.

8w _ 1 2
I, n¢, (1+VICF+1)
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Design Formulation

ODbjective: Minimize Power Dissipation

Constraints:

- gain-bandwidth, voltage gain, common-mode rejection
ratio, slew-rate, phase margin, noise spectral density

Upper and/or Lower Bounds on Design Parameters.

Example 1.
Open-loop Gain = Gain of 15t Stage x Gain of 2"d Stage

_ G2 Gim6
A\ Go2 T Goa J\ oo + Go7
gm I gmﬁ I )
(fnz ”"') (fm, 7

- fﬂ fm (!m. Im)
VAE + VAd VAE: + Vﬂ?
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= Example 2:

Nulling Active Resistor

= Desigh Summary:
[180-nm BSIM3 CMOS Model]

Rz

1
gmﬁ

_1
gmﬂ Iﬂﬁ

jrJl]‘rlﬁ.

Table 2

Transistor length
Device width

Supply voltage

Load capacitance
Oxide thickness
Open-loop voltage gain

Common-mode rejection ratio

Gain-bandwidth
Slew-rate

Phase margin

Input-referred noise
Power

0.18um <L < 1.8um
0.18um =W < 180.0pm
1.25V
1pF
4.1lnm
> 60dB
= 60dB
> IMHz
> 1V/uS
= 60r
< 450nVAHz
Minimize

EHOE

< 0
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Result Interpretation

= 2-Tier Process: Estimation and Verification.

Table 3
L=L, 1.8um
Transistor length LSEBL?SLS 1 4132];;1:1 _
Le 1.8um
W,=W, 180um
W3= W4 180[.11’11
Transistor width zz 5 0.:387(£}llhi£lnpm
W, 10.43707pum
Ws 1.43658um
Nulling active resistance Rz 420.7278kQ)
Compensation capacitance Cc 1.780275pF
Open-loop voltage gain G 80.0dB
Common-mode rejection ratio | CMRR 82.70868dB
Gain-bandwidth GBW 22.44995MHz
Slew-rate SR 1V/uS
Phase margin PM 78.07401°
Input-referred noise Sin(f) 319.6656nV/VHz
Power it 64.8477TuW continued in next slide...
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Frequency {Hz) Input Voltage (V)
Figure 5 Table 4 Figure 6
Parameter | This method | SPICE | Unit
G 80.0 67.363 | dB
CMRR 82.70868 94.124 | dB
GBW 22.44995 32.959 | MHz
SR 1 145 | V/uS
PM 78.07401 63 |degree
P 64.8477 64.8476| uW
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Epilogue

= Amalgamated Optimization Strategy:

effectiveness of Orthogonal-Convex Optimization
+

flexibility of All-Inversion MOSFET Model
= Pertains Prompt & Globally Optimal Solutions. @

= Increased Fidelity and Flexibility of Design. ¢
= Rigorous Initial Computation.
= Limited Function Handling Capability. @

@ "Further Accuracy is Achievable by Adopting Judicious Design Strategies" @
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DZIEKUJE

QUESTIONS / SUGGESTIONS




