E R ARIEIR 2014 4F 4524 % 451 #].104 ~ 110

doi;10.3772/j. issn. 1002-0470.2014.01. 016

RINiES &R E CMOS 2 =2 s A S0

HAERED K a® x) G

R jhik

(PEAFRFFEALTERCLTFEXELKSLRE L 100083)

i ® HMEREERE - e AR

WERETHA RN BRI A R R

BB G T EIT — 2 16 MR AE T R AR, U R I KR AAE
ATARHBRNE X GREIEN, ERIEREFRERANAAATR TR TN E
R SN I 3 40.6dB, i # 3 0 dB, H - 3dB H AL S E N
SkHz, & M A& E M E T U AL E T RGO Me Ematahft, AftdmEN
+ 165V LT, % | A0 5% % 318 7 36 37 L AL (LFPs) B, )\ 1Hz 2| 10kHz 97 & 4R 15
BB NS FE K 4.99 WVrms, BB 34 19.8uW, K B EH ¥ 2062. 5pm x
525.7 wm,F¥4 3% 0.02 mm?, § 0.35-um CMOS N-well 2PAM T % 523, # T4
M Hg CMOS #2125k &, %t E &R E R L 5,

Kty WAREERARTARARGAL, GERE, M, Kb #

0 7l

-

IO TR 2L LA S X RIF S A 2 40 T A BB
FIGTT M2 PG A T B X BRI A H 2%
ZFENRIEY B MEMS HAR 4 % JE 1M ok %
b 28 TR B 4 50 T 2230 T 2R I SRR
g e AR 25 I B R A AE — A R
BRS040 L P 7 A 1 7 e L e A
FREE (1 M 75 £ S AR 5 5 15 T 1 25 L A 5
B BT I EER TR M T, i R
BN )5 O N T E DA BT G e T3 RN (1
RO R Z PN AE S SO RERKEEY
FE IR A 9 R ) — T sk BSR4 A
(19 I R R A TR /N D RE A PB4 5
A B EAE S AR IS OLH 2L TE MR, 5530
Bl ELARATUSR 23 22 , il 8 i vl B 19 188 R SR ARG
W R IABAN , 8 SR AL A Fi PR AR R L AR
fIRAE100 1971 4F, Wise %5 AW B0 T 45— 38 A
(TR, T 45 A8 RIS T X 5 A 400488 1 % R Al T
TEETTES 2 ), Herison'© 42 1 TR

PG — BRSO R B, 7 S P i H
HUAS T ARGF AR > S R g b LA T i AR
ERLAR L, I P e 730 45 R R TR . 7ErL
S — AR SRR 1, T8 30T Fi B T Yt
I HLBEL 2 46 SR JE T B i B 4 . {H
ey FL A L2 e A TR, - B ERE A S AR,
BEX I — ], ABEFE BT T — Pl LA S A S
=T B HL 2 P28 St A 28 OR AR o B AR AR A
(R AR AR LT MR BERS IR B g M 45, DN T AT
AT U8 7 T AR, 48 g iy AL BEL, DI04 R £
ASSCNBRB AR b A3 FIA 40 T IZBORAR  HL  45
FFIRARSE BT 30, I b T R B B A IR LR
WERRRIE, 25 T A RS A IR AR

1 B EEM

KL 25 THORASRIAEHE o AR50 LI B 5t 45
PR 1 (a) B, H R 45 i 25 He ok
SE BRI A RS o BEXTIEAP SO0, F Tt T
Wl 1(b) MR . Horp, piAE A S R A 5
R iR a2 i € (2pF) AT AL

@ 973 %1 (2011CB933203 ) ,863 1141l (2012 AA030308 ) 1 [H 5 [ SR B4 24> (61076023 ,61178051 ) W BITH H o
Q@ A4, 1988 AEA: A ST T 1) M5 S R A BR AR 145 ; E-mail ; duzhichao@ semi. ac. cn

@  #INFEE, E-mail ; zhangxu@ semi. ac. cn
(H A 447:2013-04-02)

— 104 —



FEAE R A AR FE 5 BRI CMOS B2 (5 5 iR A%

Req
C2=0.2 pF
| |
1T
~ I X
C1=20pF [
i b5
~u / o Vo

L VA

(a) A AC TR & HLA R B AR S5 1

Gnd ic"

I (JI ] 14 'Cj I3

_| V,"

" —1— Vi
Y Y

I
-rf_—o Vi Gna
_|C 2 C3

(,-‘ndICd
(o) “ WA - T B AL A W4 R i et v B 1A
1

I3 PRI R 200 2L 20 42 Al P, BEL 7 2 %) B I L R i
=

TE R A i 5 U h 28 H R B e A L 1
i O e R A A B BE A S R s B OK AR
(OTA) LR 1, 5320 1, F1 L, ARG . Ry
& @ A AL 2 AR RN A (MOSFET ) M, il
M, FELBHAR K, ATk ] 10" Q, BT LA 1, AR T
LAR/N AT 2008 B 1, 2956 F 1, MR L it i
25 C,(0.2pF) FEH ] B i sV, , 1 [R] s L 1,
Wit C, (1. 6pF) 74 8 A5 T L, iy, IR 5 K
Hiiit £ dlad C, (0. 2pF) , P IE i m i i L s V, o
BRI N 1 (c) Fim. BERAEZED
S50 T > 8 R I ) S AR A - T AL A )
R O B . S T o A L B I R RE R
HAMI G R ALY SR (CMOS) Sy R4S HE— 20
£k B E BE A TR &l 1 (d) s, o, %
IV B OTA B FFIRYE 85 T095 K, I 1%
B BZ i/ IME 5 A% i pR R
1 G, G,

H(s) =- [SRWCI (G +C 4Gy

17 (D

Req
o
| |
:IT: Cq
Vi I | _
Ci1 OTA >——¢—0 ‘Vo
Vier | | + I CL
Ci =
CZ_—L Cy
rZ HE
Cs =

(d) “ZeUiBA — T BU e 728 P 25% S s oA o A 2

MKEREH

WG R, FRISENE | 0 S O 2 ) et 1 25 K
G (G +C +C) 2)

! G, G

FRL IR £ T A LR IRy (RABTRY — 3dB £350) ANy

=®

A

1
f‘HP = 21TquCeq (3)
fiow  Hd s s 25 C, a0 N R
C G, 6 (4)

“ T C, + C +C,
AL B A R A A, FRATTIACA OTA S #AH
B ASORE A, AR I B0, i K & Y R R
(= 3dABARIE MY A f1p 1T BL 55 TR R A A7 908, 1E e
T OTA JFIAHY 4 55 R A4 P A1 25 19 1L LS. OTA
AIATER AR, HA AT
fLP = I:jf()L = 2?2'1(:(2]0 (5)
B ATAS 6 T 45 18 B PRI IR 2, TR A 1) v A
BB Y E T OTA B3 g, LA K G th BT C, ,
G, RIETHERBE C, MR EHFERE C,.
— 105 —




BRI 2014451 H 24 % 551 1

2

RN P A A5 S R 7 BRI — A4
KHEREAR . AT S 5 - T 2 L 4 R 4%
Bt TR A B e 75 A 15 1 8 B8 o 28 TR 48
AR, T2 2 A S A i O i B AT g A |
OTA %y AWM R DL I 1/E Wi Sl ok, FRATIAG
TR AR 1) B R 7 SR AN ] 2 BT

B2 RKRRE RS SRR

2.1 MOSFET {4 fE 2 SThE s

MOSFET £ H BH 2. 5T h A 30 [ X fi 119 P
WA 4R E ALY SR (PMOS) 4 B B4 B, & B
S OTA (P4 AT s FR AL T ELU S, 5 Rt LA
—[RIPE TR S HORAS BB E R . T
3 Ao O L BEL A ST FL AR /N, B R 1/1 B S AT L 22
W, DR FRAT T HAF RO — A 2B TC IR 2 R,
BRI RE (1)) 43 e s S5 R 7R 1) % B
P, 15 21 N RS SRR TR A5 pR RS

227fR,,C,

H(f) = 1+ 2nfR.C., (6)

PRI FE YR Req [] S 15 38 % 10 R 25 X 28 166, T
AN EHCR C, 5 C, RG-S C; 1K, 4
I K R R AR RSO I L BEL R, DT R Y i
M 1)y 3R B R AT 3ROR R

2 1 2

Vo = 1+ (ZWfReqC’)z " Vg

4KTR,
"1+ (2afR,C)’
G (G, +Cy)

T C +C +C, (8)

Vo s M 7 T g B R AR (X (7) ) 5 AR
AU A R R (2 (1) ) AHER , rTAS-3) R, AAME 7S BT 51
— 106 —

(7)

C!

BRI A S B W TS 155
vii,R = ‘H(f) ‘72 . ”io,R
__Kr__1+QuR.C,)’ (9)
©fR,C 1+ (2mR,C)*
Wt A S5 e P DA GE AT ) RO LA
S (3) BRI LA /1,20 (5) AT ALY, Ik
W fup < <fip, FTAFE R, 105585000 A W D)2 40 s

=K

5 KT C
E[”i;,}e] = L”iz,Rdf: -

2 2
mR,,C

L
C/Z f
. KT | 1 L
mR,CI 12aR.C* f
_ 8KT C,
S 3mC C”

Sup

(10)

FIs

K (10) KW, R, TEE 77 A8 1Y 45 850 A A
FUIEE R, WA ICOC, B hn R, AT AR A =
W TS G (L[] B A AT T 3 A ) AR Lk A
2 fop , IR0 B0 AH 37 K, S5 00 e 7 T 8
R I — A EEE . 5] AR R A, W SERL
IR () iy A W75 Ty 5] 6RO 8KTC,,/ (3mALC™)
JU/N R, RIS R SRR A, . Ji5h,C,
M C” EEGHARE C, I3, HIb— HLREE T H
HagEIE TS - T B H A 4% R A =0 OR A%
1 B P R PR S S e A RS TE G o

W C =nC,,C,=C;,C,=mC,,n(2+m) =A,,
iy AT T 0] 3R Ry
o 2KT 4(m +2)
E[ v, ¢] :T&%m (11)

5 C, BEBUEMIE, W 2% m > 1, “ TG -
T AYHL 7 2% S A4t 27 OR3P MR
R TAE G A G - A Rt X7 il
Kaso MEH m AO(ERIC, RPR 5 B (] 1 0 21 s
HLZSEDBRR, |y O H BHL R, BT AR A A I 75 Iy 5 gl
%o ARl R A 09 A PR 3 25 181 22 3t 40 dB,
C, WA E N 0.2 pF,n BUE N 10, m BUE N 8,
W) T 7Y H 25 X % 2 At X0 R % 1 S A5 3 1 O Ha B
R, (1) #4753y A g A5 G AL 1/6, B 0. 22
(wVrms)® o 249K, QIR m AHUE— P K, e £
IR, ARG SES i T AR S5 3G, 508/ aes B T AR A i
THHUHAST
2.2 OTA pREES1T

SR HITEL 2 v (%) B i S AR | 2355 75 LB i AR
HHA C) R C, .C;.C, LIS OTA 155



FEAE R A AR FE 5 BRI CMOS B2 (5 5 iR A%

WAL C, W52, v LUK OTA X BB K #%
By NS W () STk N

E[Uii,PRE} =
C, +C, +C, (05 v
in v d
| C, C,(Cy +Cy + c4)] J, el

(12)
XH €, R OTA B Al B A7 E LA . HIEE]
B ESEPREETT R €3/ Cy (€, + Gy + C) AMEAR S
TBOR AR PRI £ BOEEIE, TN, B CnT 3R 5 —
JROR o W 75 Al 1 BEAARTR] B, 2 R U

— c,+C, +C, -
E[U?zi,PREJ = ( : CZ )ZJ;} szzi,OTAdf (13)
1

AR (10) 530 (13) Bear, 9 G 1 o
OTA Y481 ASih, - ETHOA B30 2560 A 2% W
Py ARAF

e a— C C C.
E[U?zi,PREJ = 2(%

Cl 5 ) 2L<Uii,0TAJh
16KT _ C.,
3nC; C”

4%7‘5&( 14) ':F' E/‘J vii,()TAJ/f i ’Uzzli,()TAJh %%/j? j‘jE/E\‘
A FL IS S5, T T DA B 3 (R i A\ S 25 1 s )R
v/ (1l

E[Uzzzi,PREJ = 2(

+ ”ii,oTA_l//) df + (14)

C, +C,+C, , 4KT
L ) [,

C, 83,4
AK, P c
Mln&] + 16[{?. “(15)
Cingrn3,4 HP 3’1TC] C

1E(15) 1, C,, TR At B4 R X0l R %, 188
WAL €, T L METORER A A S B W . 1l
a5 Bl 15 B i AR IR BT € e » A
T AR AT B R B A A 2B e, 18] 3 (a) B 7s o
B 3(b) T B R0 4 55 2 49 it 2 S Bt R i 1) HL R
AN, AT LA IR R P o AR L 5 194 i A T
FRE KRR

— R, AN 22 B O Fi EL G B P 22
W R RS, SRR A - T B 2 K
28 S A5 OR AR 14 o MR MR P 2 i TR e 52
TG — B A S O, BIANTET 3 (b) Frs o
T DR A i A TR AR A/ N 2 i 1/ R LE A S 1
LS SR UE S B R e AN N RN N f A a
DU SRR - T R H A R 26 S it R 1/
WP R RERE A BTl st , YR AR AR (el ) Lk
AT B FTAR 22 B PN, ARSI A T B L 25
P28 S e S A AL B R P M RERE A AT BEAL T A%
Gl

4.1

4 2

39
38 x
3.7 \

N

35
0.5

i
‘lk

B A S7% B R MR (U V rms/rtl —Hz)

1 s 2
HARRETRLWLWL)

(a) “2Zuikl A - T R A ML RN HOR S R Bt ik

\J

Hii A S 1 MRS (U rms/rtl—Hz)

AL I 2% S 15t
LA S 15
10! 102 10° 10*
A MG TR

(b) WA BCCHS A B AL L
B3 HIWNERTHRAELL

3 MR R

AT T AT 16 A4~ T8 (1 b 2845 5 KR i
%, 70 0. 35um [ 2P4M CMOS #57fE T 255280, s
Fr BT AL A 2062 S x 525. 7 pm (4235 R 48 4% A1
R Al FE A — AN iE 0. 02 mm®, JFURLE A1
BEGIE 4 FiR .
g 2kt R YT LI Al
g, e .
o FEmrmsae s sas e mes
)2 3T MO N,

B4 FHIT16 BEMMIZESHRAFERRE

3.1 SEImA AN
S HLIRAE L R 1,65V, Hi S R B
ML R €, =2.3 pF,C, =0.2 pF,C, =0.2
pF,C, =1.6 pF i iitig 25 41. 2dB, i T T. 2
P22, SEigh Srp Ay 8 25 0 40. 6 B, Wi B R A%
ARAT 5 A (R AR e ) PR 32 O Hi BH B oo g o], HE
— 107 —



BRI 2014451 H 24 % 551 1

BEAEDRFFEMEE Ve 48802t S S YR 2 (&
A AR ) PR A 1 Ha I A B B i A
Wi SO A, A 6 I 7 110 4 o 2 T IRT S TR Y

327 A
ﬁ$¢¢ r/jiFo
45 : . T . : 120
40t
1425 o
35
& %
= 30+ {0 g
ﬁ o
- i =
25+ 2
-60
20}
15 L Py ' L L -120
10! 10° 10! 102 10° 10* 10°
ik (Hz)

BS BIEMAISRITERRE

AP 3 7 S e AR LR TR R OR B AE—
NGF NI EEHER R TE o (EIIFEN 6 A (FLSZH
IR 3 wA) i, AT S 5 kHzo [ROAE R Y
HEE LU DIRETE AR T LA 2R AR BT 3L =2, BT LA
TETTEE R IIAE I E A A G5 S A v i i ) 2
FE , X BLFRAT TR FH AR 75 2K, 78 R 2% B OR A 1 2
FEMS, HATFE N 19.8 wW,

3.2 MRFSMERE

6 S Hi B OR & B d A S B R IR, th
A BRYHICR v i 1 PR P T P BR LA S A9 R AU
M2 o eI Iy, FRATY R T BE R
R AR RS IR MR A A S 5 W T AT
L A RIRER SR 1 PR, A 1 - 10 kHz ]
30 LA T A B ) i A 22 W A T O, DU MR P 2
T NEF 2y 6. 65, HoM s PR il i Bt 2R .

10-°

RIRE T

=
3

¥

i AW 75 LR (V /rt—Hiz)
3

sl : :
10° 10! 102 10° 10 10°
B (Hz)
E6 BEMKIBHANSEREZEIL

— 108 —

®1 TERAMERGRXANSERE

BUNERE  WASEWRE  BUNEE  BWASHRS

(Hz) (Vims) (Hz) (pVrms)
1 -5k 4.63 10 -5k 2.60
1 -10k 4.99 10 - 10k 3.19
1 -50k 6.98 10 - 50k 5.84

TE:10 kHz S #2230 s 19 B KA AR 5 B A3, 50
kHz Syl AR BRATR

PR T MR FR AT AR I T R AR R 7
TR 4 FL B R Al B P, L P TR ) L N L AR
A3 A 1 42dB A1 52dB, 78 1kHz 40 3457
1% S35 2 B3R (THD) 4 10. 17mV, %7 57. 5dB
(1) Bh A
3.3 EHTENR

AT EAR SIS, FRATH 16 @A MK AR S
MEMS fit 25 i F B 4R BT [R]— 4] IS L, #4141 7
JIi7R o

7 HIT16 BiEMZICREMG

PRI 5250 L B AR 4 15 £
HERHE RIS B Wistar K AP0 1 J2 st
AR RO 5 S A (CHI) . e i 2k
IKIREAE ST AR SRR 1 53 4h— 3, R
TERAGE S o BUOR G B 5 H R ARy 2 MSps B7R
Wes B e i 8 s, b e =N S $ir

0 10v/ 100/ @ 1ov/ @ 100/ ¥ -32197 10008/ Stop £ [  950¢

Spikes train input (CH1)

Noise level of reference node (CH1 & CH2)

Response of spikes train (CH1)

a ﬁ:
OQutput noise with short circuit input (CH2)

8 MIKIF[/ITEFE Wistar KERHZ(ES
BA S22 Bk e e 2




FEAE R A AR FE 5 BRI CMOS B2 (5 5 iR A%

T )b i FE B 22 b P

T XFFRATTBE Y 16 G T RS A — DA
PEREROTPEHT , AT B I A i AR S H S LA I
TR SC RO 5 B AR B R AT kAT
PO, 2RI 20 N IRATTAT LA, 3T
B AHOR AR RS  DIAE A L BELALES T AR L
HA—EmILE

®2 KSR EEMERSHXTLL

S¥ ATt ok ok soek o Somk ScEk
Sh [1e] [17] [18] [19] [20]

BERHLE(V) +1.65 £1.65 5 3 3.0 3.0
FE(pW)  19.8 51.5 - 75 549 -
Haz5(dB)  40.6 34 60 59.5 33 38.1
MaFS (WVrms) 4.99 5.5 5 8  6.08 6.72
i (kHz) 5 109 5 91 5 5
HMAHRZ(pF) 2.3 - 20 - 45 1.6
AW (mm?) 0.02 0.12 0.16 0.072 0.02 0.056
T4 (um)  0.35 0.35 0.6 0.5 0.35 0.35

4 % i

BEXT LA A 245 5 R & 00 /7 K A
25, RIS e T AR e DR A e 5, AR SCBe i T — 3K 16
WIE ARG - T AU A4 S " A 2O
B, JF 0.35-wm CMOS FRifE T. 22508, il
KA £ 7 SkHz 47 56 0 th 3t R 47 2 40. 6dB, H.
ARCATB LE A% T LA 3 455 ) MOSFET (1 4l vy [ 4%
i H O LB ML o It i B A A =25 W
TF 1Hz — 10kHz J5 %0 B = A(E 4. 9uVims, Ky
SRt b, FRATTHT s il 1) K B 245 5 AR S AR A1 38
BRI R I F AR B KB R N AR IR T
WO R AR RE S SE BRSO AN 25 5 1 ThRE . Itk
SO A 1 e 2B U801 0 b TR T 4
AR RCRE , T LA n] LA SE BI 22 3 18 5 A [ A Y B
P2 5 AL Sk 2 R A 5 1Y RE

S E 3k

[ 1] Hochberg L. R,Serruya M D, Friehs G M, et al. Neuronal
ensemble control of prosthetic devices by a human with
tetraplegia. Nature,2006,442(7099) :164-171

[ 2] Nicolelis M. Brain-machine interface ; past, present and fu-

ture. Trends in Neurosciences ,2006 ,29 :536-545

[12]

[13]

[15]

Bai Q,Wise K, Anderson R. A high-yield micro-assembly
structure for three-dimensional electrode arrays. [EEE
Transactions on Biomedical Engineering, 2000, 47 281-
289

Nordhausen C, Maynard E, Normann R. Single unit record-
ing capabilities of a 100-microelectrode array. Brain Re-
view ,1996,726:129-140

Jochum T, Denison T, Wolf P. Integrated circuit amplifiers
for multi-electrode intracortical recording. Journal of Neu-
ral Engineering ,2009,6:1-26

Harrison R, Charles C. A low-power low-noise CMOS am-
plifier for neural recording applications. I[EEE Journal of
Solid-State Circuits ,2003 ,38 :958-965

Najafi K, Wise K. An implantable multielectrode array
with on-chip signal processing. IEEE Journal of Solid-
State Circuits ,1986,21:1035-1044

Olsson R, Wise K. A three-dimensional neural recording
microsystem with implantable data compression circuitry.
IEEE Journal of Solid-State Circuits ,2005 ,40:2796-2804
Aziz J ,Genov R, Derchansky M, et al. 256-channel neural
recording microsystem with on-chip 3D electrodes. In: Di-
gest of Technical Papers of IEEE International Solid-State
Circuits Conference ,San Francisco,USA ,2007. 160-161
Harrison R, Greger B, Solzbacher F. A low-power integrat-
ed circuit for a wireless 100-electrode neural recording
system. IEEE Journal of Solid-State Circuits, 2007 ,42 .
123-133

Sodagar A, Wise K, Najafi K. A fully integrated mixed-sig-
nal neural processor for implantable multichannel cortical
recording. IEEE Transactions on Biomedical Engineering,
2007,54:1075-1088

Mohseni P, Najafi K. A battery-powered 8-channel wire-
less FM IC for biopotential recording applications. In; Di-
gest of Technical Papers of IEEE International Solid-State
Circuits Conference ,San Francisco, USA ,2005. 560-561
Wattanapanitch W, Fee M, Sarpeshkar R. An energy-effi-
cient micropower neural recording amplifier. [EEE Trans-
actions on Biomedical Circuits and Systems,2007,1:136-
147

Farshchi S, Judy J. Low-noise amplifier circuit for embed-
ded elecrophysiological recording with adjustable gain and
high-pass filtering. In: Proceedings of 16th Biennial Uni-
versity/ Government/ Industry Microelectronics  Symposi-
um, San Jose, USA ,2006. 105-108

Chen D, Harris J G, Principe J C. A bio-amplifier with
pulse output. In: Proceedings of 26th Annual International
Conference of the IEEE Engineering in Medicine and Bi-
ology Society,San Francisco,USA,2004. 2 .4071-4074

— 109 —



PO 2014 4E 1 H 524 3 1

[16] Chae M,Liu W, Sivaprakasam M. Design optimization for ing and stimulation interface. IEEE Transactions on Bio-
integrated neural recording systems. [EEE Journal of Sol- medical Circuits and Systems,2010,4(3) :149-161
id-State Circuits ,2008,43(9) :1931-1939 [20] Ng K A,Xu Y P. A compact,low input capacitance neural

[17] Harrison R R,Kier R J, Chestek C A, et al. Wireless neu- recording amplifier with C in/Gain of 20fF. V/V. In: Pro-
ral recording with single low-power integrated circuit. ceedings of IEEE Biomedical Circuits and Systems Con-
IEEE Transactions on Neural Systems and Rehabilitation ference , Hsinchu , China ,2012. 328-331
Engineering , 2009,17(4) :322-329 [21] Zhang X,Pei W H,Huang B J, et al. A low-noise fully-dif-

[ 18] Sodagar A M, Perlin G E,Yao Y, et al. An implantable 64- ferential CMOS preamplifier for neural recording applica-
channel wireless microsystem for single-unit neural re- tions. Science China Information Sciences,2012,55(2) :
cording. IEEE Journal of Solid-State Circuits, 2009, 44 441452
(9) :2591-2604 [22] Zhang X,Pei W H,Huang B J, et al. Low power CMOS

[19] Shahrokhi F, Abdelhalim K, Serletis D, et al. The 128- preamplifier for neural recording applications. Journal of
channel fully differential digital integrated neural record- Semiconductors ,2010,31(4) .045002

A low-power area-efficient CMOS amplifier
for neural recording applications

Du Zhichao ,Zhang Xu, Liu Ming,Chen Hongda
(Institute of Semiconductors,Chinese Academy of Sciences,Beijing 100083 )
Abstract

Aiming at traditional integrated neur-signal amplifiers with capacitive-couple and capacitive-feedback topology
may result in overlarge chip area and relative low input impedance ,a bandpass 16-channel CMOS amplifier for ex-
tracellular neural recording was designed and implemented. The amplifier adopts a novel AC-coupled and T-type ca-
pacitive-feedback network topology to reduce its chip area while guaranteeing its low noise and high input imped-
ance. Each channel of the amplifier has a mid-band gain of 40.6 dB and a DC gain of OdB. The-3 dB upper cut-off
frequency of the amplifier is 5 kHz. The lower cut-off frequency can be adjusted for amplifying the field or action po-
tentials located in different bands. Under the supply of +1.65V it has an input-referred noise of 4. 99 pwVrms inte-
grated from 1 Hz to 10 kHz for recording the local field potentials( LFPs) and the mixed neural spikes with a power
dissipation of 19.8 wW per channel. The 2062. 5um x 525.7 wm prototype chip(about 0. 02 mm® per channel ) was
designed and fabricated in the 0. 35-pm N-well CMOS 2P4M process , which increases the area-efficient and decrea-
ses the power.

Key words :neural signal amplifier, T-type capacitive-feedback , area-efficient, input impedance ,low-power
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