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( Multi-Channel Analog Front-End for Auditory Nerve Signal Detection )
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Abstract

In case of sensorineural hearing loss, auditory perception can be activated by electrical stimulation of the nervous
system via electrode implanted into the cochlea or auditory nerve. Since the tonotopic map of the human auditory nerve
has not been definitively identified, the recording of auditory nerve signal with microelectrode ‘is ‘desirable for determining
the tonotopic map. This paper proposes the multi-channel analog front-end for audltory nerve signal detection. A channel
of the proposed analog front-end consists of an AC coupling circuit, a low-power tti-order Gm-C IPF, and a
single~slope ADC. The AC coupling circuit transfers only AC signal while it blocks DC signal level. Considering the
bandwidth of the auditory signal, the Gm-C LPF is designed with OTAs adepting floating-gate technique. For the
channel-parallel ADC structure, the single-slope ADC is used because it occupiés the small silicon area. Experimental
results shows that the AC coupling circuit and LPF have the bandwidth of 100 Hz - 695 kHz and the ADC has the
effective resolution of 7.7 bits. The power consumption per a channel is 12 zW, the power supply is 3.0 V, and the core
area is 26 mm x 37 mm. The proposed analog front-end was fabricated in a 1-poly 4-metal 0.35-zm CMOS process.

Keywords : Analog front-end, auditory nerve, electrode, floating-gate, Gm-C filter.
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Fig. 1. {(a) Action potential graph of the auditory nerve
for a mouse® and (o) block diagram of the
conventional muttichannel measurement system
for the auditory nerve signal,
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Fig. 3. AC coupling circuit.
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Fig. 4. Block diagram of the proposed 4" Gm-C LPF
with a 10x amplifier.

(63)

& 3 WA 24 LPRlE #2714 A welg 2
= gNANES 257 A% 109, F 20 dBY A
PolBE 2= AF 2B/t LElY @ FELE Fh
9 72z gPgoed Y BS0E 749 9 2y
5 Qe BEad A% A% % AYE ¥4 2%
g A28 3E2 9o

(2) 2% Gm—C LPF

a3 5= 4% Gm-C LPFY 715554l 23 Gm-C
LPFY 32% 2 AZHMEE HIFT 23 Gm—C
LPFE 3709 EdxAAYH2E  ZE  operational

transconductance amplifier (OTA) AEZE o|Fof %
TEE 5101%“3} 1:&9_}:0“ gm2 = 8m3 gmo]:l—’— G = C‘Z
= Co BAE U2 o ANY AZHAZZHE T3
7 2z LPFY (D3 2.

o} Fll=l= 2=

g ges 74

L4

gmlgm
Virls) h M
vils) 29, g
s° + s RE

c}714, 23 LPFe] F3hS ALolS5e Ay = gm /
gno 2 THAL, AT FHAEE £ = gn / (2C) Hz

2 FaZ
Vi +
_Qm J-
Cy
I !
@
~dme O3
V, o ggﬂ @ gga 1/§C2 oVip
(b)
a8 5 TEE 2% Gm-C LPFe| (@) 32 2 (b) &
sME
Fig. 5. (a) Schematic diagram and (b) signal flow graph

of the 2 Gm-C LPF.

(3) 4% Gm—-C LPF 7#

a3 68 B =89 A1gH 4% Gm-C LPFE AA
I 52 Uehd Aot 43 FEE oA AT 2
i} Gm-C LPF 5 712 Axdjol=2 A7zt TH3}



Hx o

64 HHUZNE 245 X8 CiEAY o2 ZEENE
1* stage 2™ stage
WV Qo + - [ L3 - G
- .I. ch -2 C_I_ lyc::
c
I h-J I v
a8l 6. PHE 4% Gn-C LPFe 3B %
Fig. 6. Schematic diagram of the 4" Gm-C LPF.
E 1. 4% Gm-C LPFe| mjajn|g ey
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Fig. 9. Schematic of the OTA using floating gate
technigue.
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Fig. 10. Layout and microphotograph of the prototype
chip for the proposed analog front~end.
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Fig. 11. Photograph of the test board for the prototype
chip.
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