
T

�1MHz (measured), enabling up-modulation

of signals beyond a 1/f corner of 5kHz (as in the biasing of Fig. 16.4.2 for white-

noise floor of 140nV/�Hz). Regarding power-efficiency, the metric of interest for

instrumentation amplifiers is transconductance efficiency (g

m

/I

D

). Generally, circuit

functions are implemented in Si CMOS ICs wherever possible, due to the orders-

o f - m a g n i t u d e  s u p e r i o r  t r a n s i s t o r  p a r a m e t e r s  ( m o b i l i t y ,  e x t r i n s i c  c a p a c i t a n c e s ) .

H o w e v e r ,  f o r  r o b u s t  a c q u i s i t i o n ,  T F T - i m p l e m e n t e d  i n s t r u m e n t a t i o n :  ( 1 )  i s

necessary, to be close to distributed sensors; and (2) achieves reasonable levels

of transconductance efficiency, since both g

m

and I

D

are similarly affected by the

transistor parameters. As shown in Fig. 16.4.3 (based on a-Si TFT measurements

and 130nm Si transistor simulations), g

m

/I

D

exhibits relationship with f

T

, as the

gate-overdrive is varied. Thus, the up-modulation needed in chopper stabilization

a f f e c t s  p o w e r  e f f i c i e n c y  s o m e w h a t ;  b u t ,  a s  a n  e x a m p l e ,  f o r  5 k H z  c h o p p i n g

frequency, requiring TFT f

T

greater than ~50kHz, g

m

/I

D

within a factor of 20 of Si

transistors is possible. Further improvement is expected as we move to other TFT

technologies (e.g. metal oxides). 

The implementation employs a 5kHz digital chopping signal CHOP distributed to

a l l  a m p l i f i e r s ,  f r o m  a  c o n v e n t i o n a l  C M O S  I C  t h r o u g h  a  T F T  l e v e l  c o n v e r t e r  [ 4 ] .

The TFT sizes, stage biasing currents, and load resistances are as shown in Fig.

1 6 . 4 . 3 ,  y i e l d i n g  a  s t a g e  g a i n  > 1 0 .   F o l l o w i n g  t h e  o u t p u t  m o d u l a t o r ,  a  s i n g l e - p o l e

passive low-pass filter with cut-off frequency of 500Hz is implemented. 

F o l l o w i n g  a m p l i f i c a t i o n ,  s i g n a l s  a r e  m u l t i p l e x e d  f o r  s u b s e q u e n t  r e a d o u t  a n d

processing by a conventional CMOS IC. This reduces the number of bonds to the

IC, which significantly benefits assembly cost and reliability on flexible substrates.

Multiplexing is achieved using the TFT scanning circuit presented in [4], whereby

channels are sequentially selected by enabling analog TFT switches. As is typical,

the speed of the TFT scanning circuit is limited to ~10kHz. Given their frequency

content following single-pole filtering, Nyquist sampling would limit the number

of channels in the system to <5. However, as EEG is known to be sparse in the

Gabor basis, the scanning implementation shown in Fig. 16.4.4 is used, employing

an architecture that exploits compressive sensing [5]. The architecture consists

o f  m o d u l a t i o n  ( u s i n g  T F T  s w i t c h e s )  w i t h  a  5 0 0 H z  p s e u d o r a n d o m  ± 1  d i g i t a l

chipping sequence CHIP (distributed to all channels from a conventional CMOS

IC through a TFT level converter [4]), followed by low-pass filtering with cutoff

frequency <0.03Hz, to approximate integration. For demonstration, patient EEG

from the CHB-MIT dataset, sampled at 256Hz, is replayed through the system by

appropriately scaling the output of a 16b DAC. Figure 16.4.4 shows waveforms

reconstructed from samples acquired by the system at 1-to-8× below the Nyquist

rate.

Though the original EEG can be obtained in this way, full sparse reconstruction is

c o m p u t a t i o n a l l y  i n t e n s i v e .  I n  m a n y  a p p l i c a t i o n s ,  e x t r a c t i n g  s p e c t r a l - e n e r g y

features is the primary interest. We present an approach, extending our previous

algorithmic work [6], to obtain these efficiently from the compressed signals. As

Temperature Amorphous Silicon, Organic, and Zinc Oxide Thin-film Transistors,Ž

Int’l Thin-Film Transistor Conf., Feb. 2015. 
[4] T. Moy et al., “Thin-Film Circuits for Scalable Interfacing Between Large-Area
Electronics and CMOS ICs,” Device Research Conf., pp. 271, June 2014. 
[5] S. Kirolos et al., “Analog-to-Information Conversion via Random
Demodulation,” IEEE Dallas Circuits and Systems Work., pp. 71-74, Oct. 2006.
[6] M. Shoaib, N.K. Jha, N. Verma, “Signal Processing With Direct Computations
on Compressively Sensed Data,” IEEE Trans. VLSI Systems, vol. 23, no.1, pp. 30-
43, Jan. 2015.
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Figure 16.4.1: System architecture enhancing current passive flex EEG
electrode arrays [1], by introducing TFT amplifiers and acquisition circuits on
flex, and a spectral feature-extraction algorithm.

Figure 16.4.2: Measured 1/f-limited noise PSD of an a-Si TFT amplifier, and
TFT W, L sizing effect on 1/f noise and gate dielectric reliability.

Figure 16.4.3: Chopper-stabilized a-Si TFT low-noise amplifier and gm/ID

analysis, showing fT required for up-modulation.

Figure 16.4.5: Spectral feature extraction from compressed signals (top);
comparison of derived features from different compression levels (middle); and
seizure detection results (bottom).

Figure 16.4.6: Measured performance summary and EEG acquisition of α wave
from subject using Ag/AgCl electrodes.

Figure 16.4.4: TFT-based compressive-sensing scanning acquisition, and
reconstructed waveforms measured by analog replay of EEG from CHB-MIT
dataset through the prototype.
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