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Abstract

There is a great demand for technoelogies that enable neuroscientists and
clinicians to observe the simultaneousyactivity, of large numbers of neurons in the
brain. Multi-electrode neural: recordings are ~ important development in basic
neuroscience research and knowledge gained from these studies is beginning to
enable clinical and neural prosthetic "applications. Recent advances in MEMS
(micro-electro-mechanical-system) technology enhancement, the advent of fully
implantable multi-electrode arrays that can observe more the simultaneous activity of
neurons has created the great need for fully integrated low power bio-amplifier. We
design a low-power and programmable gain neural recording amplifier which has
three kinds of work mode adjust the case of experiment. The low power bio-amplifier
uses the concept of Miller effect to realize the bandwidth of neural recording and can
greatly reduce the size of passive device which is too hard to be integrated on chip.
Simultaneously it could reject very large DC offsets from electrode—electrolyte
interface. The resulting amplifier built in a standard 0.35um 2p4m CMOS process *

programmable gain from 59 dB to 88 dB ~ pass signal from 161 Hz to 5.9 k Hz -
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power supply +1v and a power dissipation of 54.5 uW while consuming 1.58 mm *

1.906 mm of chip area.
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rR1 R2

Switch cap

HP ] LP

Switch cap

B 2. 13 Deborah S. Won 3t 85 /&2 ;i 42.(2002)

Device Value
R1 7,33 KQ
R2 1. 008 MQ2
R3 20 KQ
R4 160°KQ (+640 KQ)
C (&) 100 nF

% 2.2 Deborah S. Won # & ~ i &

Stage Gain (dB) f-3dB (Hz) Rolloft (dB/dec)
Input (BPF) 43 200 , 15k -20, -20
Switch Cap HPF -1.8 001 -19
Switch Cap LPF -0. 06 5. 3k -35. 8
Output 20 , 32 ~20k -20

4 2.3 & - migain BHEE
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J. Morizio ~ D. Won ~ I. Obeid ~ C. Bossetti ~ M. Nicolelis ~ P. Wolf = 2003

# EMBS conference paper * # 113% 16-channel 3% 3*[16] ° 1-channel & -

block 54 5 4B 2. 14 -

Pre-amp bandpass filier Swiich cap bandpass filier Output Buffer

nput

electrode b SC HP SCLP

—

Z1

200Hz [ SkHz || o> outl
*

Gain (dB)

T A—

selectable gain

1k
Frequency (Hz)

n L] 1k e 1Mk

B 2.14 J. Morizio & 22 e ék3x + B& 2H

Iyad Obeid ~ James C. Morizio ~ Karen A. Moxon,Miguel A. L. Nicolelis -

Patrick D. Wolf % 2003 # Biomedical engineering paper + [13] » % £ §d 7

4@ efic s B2 7 4B Ag A F 4% ok @ * switch-capacitor filter >

€ 4v » switchnoise ** & 2 LI FLP » U RATEFERET 2 WM FL TP

'riT’l

W2 BT A 4R 2,15 17 < #EE K 200 Hz ~ 7.5 k Hz» %< &

P
250 B2 500 % » T F *H4E 100 nF - B 2. 16 5 & 2 I EHLISE sorting

2
24
(B4

2
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R2a R2b

B 2.15 Iyad Obeid & # ®3c+ B

200
Amplitude(uV) 088

~200

—400 . . : -
02 0.4 065 0.8
Time{msec)

Bl 2.16 % 4 3L2u8 sorting 1 4 7
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224 A WMEFR~F

Haidong Guo ~ Corbin L. Champion - David M. Rector ~ George S. La Rue
% 2004 # conference paper ' [12] » ¥ #141* DAC 4r & MOS #1body + >
i'c')‘ﬂ"‘,f#d BT A4 o DC-offset > Bl 2.17 5 &K:in4e > Bl 2.18 &

OP 7 1  Jpik BK-4-® 2.19 > 5 = F¥ butterworth filter » #7 % 1 Hz ~ T k

Hz -
_To Bulk of
input PFETS _ d.order Sample | Buffer
DC Offet DC Offet = butierworth fiter _ Hold
Adjust 1 Adjust 2 i Qutput
Channel ] } | S/ H C
Input -
X10
X10 " M~
s
X3
Gain | X1 "M\ Gain
Adjust 1 X1 | Adjust2
= e
B 2. 17 Haidong Guo 7 # HE3&sc+ E
Moo
Bias
Voltage | -J |
- I I
DC Offset
. 7 bit
Adjust 7B
__.J |_-__ Output
V- H\ /‘__—> V. _+
L="1u; W=70u; M=108 n

L=18u; W=22.4u; M=27

0
1

VWas
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o2.7p

B 2.19 4 F* butterworth filter

2.2.5 FEv iR

At i3 R A EAF R Bt bd SRR F 2 H
WTvHAE E®Duke ~ § ~ EREEEABEFE > FEAL 24 7%
SO ENT A WerpE o A A B R @R AL s SR A 2. 5.
He g d A FF R EA S A 1980 E f5 2w rF st A

EAET RS T B c A B s BE B D LR Nk

FREILGGPEDFEE > I h AR RAMSFE F 47 0 38 7 g s
H AR R R AR 0 b Aol ’l‘if@ﬁﬁ]?%}"i%é} ) & JE B3 975 ehrow data iF
it = 5 @i% spike potential ~ % 7 # B F * |+ low-power issue AX kK AXE & -
FORZFAALHAGT OB RPN L E T AEAE R L TRH

e
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Pedram Mohseni | Reid R.Harrison | Iyad Obeid Haidong Guo Roy H. Olsson
o , IIT, Michigan ,
Michigan , Utah , USA[31] | Duke, Washington ,US USA[36]
USA[27] USA[13] Al12]
Technology
AMI 1.5um AMI 1.5um AMI 0.5um TSMC 0.25um -
process
2p2m 2p2m 2p3m
Voltage +1.5V +-2.5V +25V +15V +1.5V
Gain(dB) 39.5 39.5 474 ~ 534 20~ 29~ 40 - 38.9
49.5 - 60
BW (Hz) 26 ~ 6.5k 0.025 ~ 7.2k 211 ~ 7.5k 1~7k Fl’;%f ~ 9.9k
Roll off -20/-20 -20/-20 -20/-20 -- /4 order -20/-20
(HP/LP)
OP architecture P-type OTA P-type OTA N-type OTA P-type OTA P-type OTA
133uW 80uW 950uW 520uW 68uW
Power
Die - 22*2.2 4.2*3.8 0.15*2 -
size(mm*mm) ‘

Output offset -- -- 37mV -- -45mV
PM. 75.5 52 == - -
Implementation Single chip Single.chip Discrete Discrete Single chip

Others 1. laser L. fU# 1. #d ~ 2 | 1. §1* DAC 4 | 1.* Reid
programmab | pseudo-resister T p3 % body + - R. Harrison
le V Rg# | %/&F HP pole C(100nF) %4 input T R
i PMOS % =3 offset
2. % 7 E 2. % kAo g B
peudo-resist ) ) _
k£33 40dB | 2. ¥ gain | 2. F kI TRAESE
er K 'F i< ]
£ gain sample and pseudo-resiste
HP :h pole
(20P : 0.2P) hold r BTt
2. F
_ 3. 7 power-line 3. 3 power-line
power-line
B e
3
4. ¥ gain
424 mEoRL
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Pedram Mohseni | Reid R. Iyad Obeid Haidong Guo Roy H. Olsson
Michigan , USA Hlarrison Duke, Washington ,USA H
Utah , USA[31] | USA[13] Michigan ,
[27] [12]
USA[36]
Paper
bublish 2002 2002 2003 2004 2005
R1 500 - 7.33k IM -
R2 50k - 1.008M IM -
R3 30k - 20k IM -
R4 - - 800k IM -
Cl 4p 0.2p 100nF 4% 16.1p 0.1p
C2 - 0.2p - 13.8p 0.1p
C3 - 20p - 39p 10p
C4 -- 20p = 5.7p 10p
R summary 80.5k+pseudo pseudo resister 1:827M 4M pseudo resister
resisiter
C summary 4p 40.4p LOONF # 3 74.6p 22.2p
BW(Hz) 26 ~ 6.5k 0.025 = 211 ~ 1 ~7k | #7#35 ~99
7.2k 7.5k
Roll off -20dB /-20 -20dB /-20 -20dB / -- / 4-order -20dB/-20
(HP/LP) dB dB -20dB dB

4 2.5 bt esr
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=+ v AR
w2 7 ) Y )‘J.
% N %: =
i CMOS 2+ B%2
SR AL RAAHT RIS N EF FhT B 20 Bkt R
WRlE Y EERIFS E

AmTEARTARAF R AR ETE > TRN=FFd @ * F13457
o b i (3 8 ehad (R0 > 3 B 4 BT

SR 31T TR p i (B
3.2) % buffer ;% (B 3.3) -

Vdd
Vinl
E\rl\;P High Pass Filter |+ Jl;o(\gv Pass Fiter | Outl
Reference | an
V/ss
B 3.1 #5:1w
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Vinl

High Pass Filter

Low Pass Filter Outl
+ Gain
Reference High Pass Filter
B 3.2 Je5¥2-TivBimik
Vin Pre-AMP . .
(Buffer) —| High Pass Filter
Low Pass Filter | Outl
| +Gain _
Reference Pre-AMP . .
(Buffer) —| High Pass Filter

B 3.3 tic:' 3 buffer
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FoANS e YR EAHTAEREF Y L EF AR

PP €7 THRERIERF 2 X 100 mV 5 DC-offset[25] » 4o % gt i

A SE B2 AT 2 E 4 Vo HABICE A A 3 F 1 e A o 7
ﬂ'L?‘;Q ‘L’::\':‘_%éj}’-g—; ’ I‘Qm}%,rj ,F“')Bl —ﬁ ;E‘!_ 1m?§‘;’%r€3~

Tk o (fHE R 1232 Fantfir 4ok 3.1 977

AT g B
Fr R AmAgAE ] > BF H10uV B g R E gk >

[ AT R P50 F) 5 LREME A BRI 0 ST T R etk B

fulg

2Lty - .&ﬁ%ﬂ’.?&é«ﬁﬂswing FRALZEE S TARTREZFITARS

et B E G TEEE L RBFTEF§ A wG o TRAERR 34
B.#2: X7 gt
FRAGER LR E 0 R e A Rk B S R e

ok BRI o SEB IS A F ok ol HR R B BE S R, large DC-offset 0 3 i 12
€3 MELE R G o 50 PR G SLELEERE R Peni e A 4 o RN 2
> 3 AT o TR AR 3.5
C. 3% 3 : buffer

BL RN ] RN 2 A 0 B AN J o SN e - W B K
A B T AMT A EAREEGE A 0 AR f RO A e

T L ABLIE R TR o R F AR 3.6

st 1 st 2 st 3
iR TR AT B ) f# 4 DC-offset i 4% | ICMR »* #7538 1 4 »
BEHZER OV
JRABEN 2 2 55 g
35 8k ICMR % 3] input DC | § 5L % R & B L2404
offset *¥4] (-0. 14~
0.12)

Z 3.1 #Hv |
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l__o vout

i —F
By

B 3.6 3N 3 T
AT R A IR E s B S SRR o BN 1 B 2

BRIEYER EFENL W3V AR Z BIA (FI3.3)e %- MAK

T4

i@ - Bopreampo X EPFo L T PR AT A gain gk B
ﬂé i buffer % » % =34 » § - BRI A=
B DN g F

Mr FHT AR Fn 3 AR ER D FI L EFN E AT
3EH 0 F ORI PIAS KA S e A MEL 0 ,T*,ﬁiér\iér\; ALY o
Ged B RS h A Mk BE R AT R 0 AL B R 2B

2 .
PR S BT

‘_,._

R AT IR aRRE c Lt AR AR AL

#
=t g E AL

P-4

A H

E’ 34
=
=

ABE > TRERSART €4 & * power supply @ TIR& R H A

A-

R KR FP M F g e B AT T4 Eisdk
ﬁjFFB’EEO
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* miller »2 s frif 548 1 2 54 o 2T ] &AM RGKG ITRLP -

3.2 TRK3

BAF-MEEF - B ERAFT AR AT F ARG AE NG
MR PE T OEF buffer B 2 T E E RGBT NAKAGT R
gain> B] 3.7 5 & A%< Bkt o B 3%+ BhOP R BEH - 5% L Hc
* “iﬁ’ﬁﬁj %3 PMOS & NMOS%%@:{#&’%ﬂckernmse ELEkA 3 o PMOS
Hep o NMOS {4 sipse it it ATIIIEQ](10] + ¥4 5548 PMOS § it

difference input pair % f’t‘ﬁs?] » & (flicker noise 4" i 4§ 3.8 ) °

1

).

P Bk BT R fedc Bl 3.9 T 129 dB fhgain (528 B ) -

Gl E R L T E T buffer ¥ o AR E~28 BT A A B o
PFEOEETREL IV BEFEFLERT I 6uA T &t overdrive &R 0.1V
~0.2V SR E 1S 0 A WL gt g Rl ElamA i 5 B
corner (FF~TT~SS~FS~SF)}5% & ¥ 1 {Fo & TT erffiw T > ICMR % -0. 14V

~ 0.12 Ve
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R2
AW
Rl
M——N\
_0
V |
A=-R2/R1

vinl

F13.7 #E%* BAETLH
N
Hlog(¥nt2)
nmaos
mos
b N
7
lag()

B 3.8 flicker noise #f 3§ 4 i
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Vout
Vss
Bl 3.9 &b Bk =
3.2.2 B LRAXBERY
/f,ﬁ/ﬁ»ﬁ-'_-‘ﬁ”ﬁ 1 ?ﬂﬁ”/,&/ﬁ»% ~2 4@7&1&%5 3.5C //,%/ﬁ»gg_:fﬁéfg’f#ﬁ

1. dhdeipl B Ahds A2 RLC 2 > e £ g3 T 4 WAL d £ o
2. Adhk Bd RCE OP ' » § 4 » & i OP 4 ¥ inoise -
3. SC gt % ¢ # switch noise 31 » T 2 M5 > § FHEFHIFF &R

R A mag[l13] -

2

PR EH1E AR E T T ARARSE FRF L RUERD

i R
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APk B *}#‘% ;0 3 E 4&f2~ band-pass filter > » 5 §1* HP+LP
L R e B ANT A IR R 4% B 4 band-pass filter 5 FF #cix
G ¢ BRI Aok kMg A 0 7 b B - B peak &0 FFHcH Ak
Bl 5 Bt > MERU RS - AE S B o STIUER® F HPHLP
s A o

AR ABOAPZTE- B OP &t‘*i&i;{{%— B 2stage #rx B
fe in,T*u#?b flicker noise @ % > £ # * PMOS input pair> B] 3. 10 5 2 stage OTA

$ﬁé¢ﬁ%¢o UNE R - ¥R - % PMOS 0T it 5 6 uA~3uAMOS over
drive % & 0. 1V~0.2V> @345 » @5 WL st > 3 § ez @ ¥

T opliRd AR 0 5 B corner (FF ~TT ~SS~FS~SF)& # 1 iF o gtz

A

*®E 25 60 dB e gain -

B RRT R LA Fo L R A RE SRR FIT RS TR
Z 4 % 100 mV DC-offset 2ok i ip 3e2n o R+ g 4 32 a0 5[ 13]
E 100 - 400 Hz 4= > 23 3uk = 10k Hz 5 b o “7ip § ek
AED R RS U S ADCES 17 SN e & che il

BRFANBF B pA T o HiREBET g FF ARE AT

2N

g% Rk n[6][13][16] -
B S E o B R R < O % W Duke + £ [6][13][16]
g% by F 100nF kiE= 3 flmfgﬁe‘ Mo %P %R EHR D ok @ * Switch
capacitor filter #-¢ & 24 L 5 4c » switch noise H+ 3 o £ WEFH + §
[12] > 73535 - B DAC » #-i5 i i § 38 # ey fl 2 4 v U sl ang su st
dezE E*“ﬁﬁl » e body > i@ F DI R 4 gL DC offset > # iE AT
A TEAE O RIR o LA A FRNMAEIEL > X F B T AR o AT gkt
HrFasie s - <~ F% - WM v Y~ F[5][22][23][32][33]
[34][35][36] » 41 * PMOS % 3* 5 diode-connection =1 3% » if 3|25 =
pseudo-resister 3% 0 F]P T EF L P~ FI R X enT IR E 0 R BRI
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AT FWELAHEDLR KR TR T EET 20pr AP LR
% Miller chprd > 4B 3. 11> f1* OP csf 5 > kg F4kd ~ 2 goi o
B 3.12 % 3.13 AX3 T LW -

Bk B ik BeriEB b 200 Hzo Pldek i@ * Ak dipik B0 AT
FIRCeES 1LO9E-3 Mk AME XL FECS Ip> AIRELES 1.59E9
(LS9 G)> ZRTIEHE RS kR FRTFCH 10K > RrmE 10
RIT7 10 p & T 159 N> T2 MA X F R UFHIBEFR @

Switch-Capacitor filter » £ d # & Duke * ¥ Iyad Obeid #% 1! » 32/ 7 % %

7o T 4 B4 ~ switch noise o TR F AHE > A Bt B

kv w3 ML o 4~ Miller s kA T F avCE

Vdd

I"""'| |

vinl °'| I:J L:I |_0 vin2 | Vout
JHE

Vss

B 3.10 2-stage ¥ B2 1)
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[ |
| Miller Effect

C1=AC C2=CIA

B 3.11 Miller effect

vin -
l | 'Iv’mlt

gnd

F3.12 Fdihit B2 47 LF
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vm_il 4t:_“_Tjh?d

R FIHII—”I:

vout

Bl 3. 13 Rl i B 1)

o as 3l lp 2 ISR
woF Ly £ o PFE N T

AC- H ¥

»k

¥ Miller >c g 22 » ¥ 8%
AHE ~CITF
F=1/2*pi*RAC

RCOPRAC H = AR
#e§ A=60 dB( 1000 ¥ )
## R=1mega - F=150Hz
¥®CH 1pF
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3.2.3 M mik B

FoFRA LR A M gk B A& A0 wgrd] o FIE
AERREE A B I E R ALY A4S BR G BRITORL
- AR 2 R TEOETAR 0 B BHHR - B D
[EECI B = ﬁriﬁ?'lq* TR AL OFERE D] R g Bk o AN
Rt eeg o B 3.14 5 R #a oMl gk B AR o

FI* v B4 € %A X closed loop Fstability » 4% 3K 37 2 »
% % % 2 unstable system o T .7 > B3 7 % 7= dominate pole > # i &K
PR A e r - F T (B 3.14)0 4 Sdomain + X i - B zero %
pole-zero cancellation - » # % ,% ¢ phase margin » # i 4 $73%% 3¢ + L
T g zero =¥ > % 6 mega B o FEHEA P R Baoa i&EE 6 k 4P

% 1000 & » ® ¢ & stable system > e T3 5 PM > 4cx - T2 > R PM

B 58 RT3 E 2 T4eN o B 315 5 e A R R (52 AR

¥ 5 2 phase margin # % ¥| 85 & o

F=1/2*pi*RC
=2>F=6 mega, C=1p
2R % 25k
WEF > BR=24k
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Bl 3.14 Eiex iy ﬁjiﬁi/&/ﬁ‘»%

Design Panels Window  Measure Configuration Tools Help
. 15 Y i
MEEEEEEEEEE Ry
FREK fast HHEE
I = e = S i
MD0AZvibtont - | § o Il o UUNIS 2
BD0:42:ppivout) mo :L “““ J: “““ 1: “““ !‘ “““ :L‘ g {------ :L “““ 100 g
e e T S N ;
= i i i i i i i i e
| | —— Lo [ loooooo Lecoooo Loo—oo [T 1 L% 0 =
"""" e T e
I T T T T T T T T 1
- > 1 10 100 1k 10k 100k I 10 100
100 Frequency log) (HERTZ)
HRAK fagt HHHE
im0 o
BD0:ASwdbloont - || § 40 === e T e R Tt e e 150 &
BD0:43:ppvout) e | — _E ______ ;: ______ i_ ______ i_ _____ R J:.___ R J: ______ g
% i ::::::q'::::::;':::::::':::::::';:::::j:: _____ I+"::::L:__"j::::::: IDDE
= i i i i i i i T e
'2[' ______ [ Lo | | I [ [ R | [N =
i i i i i ! i i o
T T T T T T T T 1
- > 1 10 100 1k 10k 100k 1x  10x 100x
100 Frequency {log) (HERTZ)

50




3.2.4 wmBK
B ts jf;,;}’;‘agf—"—l,éb@‘_’h" 5\2 ’ a‘,;,;’*” 2B PMOS e = » @3 16;» @*#@[11][25]

[27][401[411[42] = 383 o R % BEJR 0 % Sm B 4 o IR ML TiB 3 5 22

RE AT RE P E > REA0. 13V R TR AR RFREG S

PR iRt > £ 2 RIS W AEMAS S8k (FF >SS~ TT ~FS~SF)>

©FE R kBRI ﬁ‘lx?y,?]ﬁ‘,gf’fﬁ' BT BT R ATEH 2K e

vdd

E

I~
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Vb

Bl 3.16 &R T E

1R S BREESKEASE . TH 317 JEMER 5 -
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Vinl | preAlp

Bufe) [ High Pass Filter  — ﬁ/\

+ Gain [

Referencd ~ Pre-AMP . .
1 (Bufer —| High Pass Filter

w38, I

i
e

% 1

DA Rt BmA

T RRIEASIEGFETET RS I RBIFELRAE T €T
MBFRFE I ERBNT L ILAEEF F LenP

~

foflenn o $ 3 gain A AoTEH > U R R

Lk B ooow Bk B oKt

FRetena g Sd hEEF IR E R2/RL ) EHAF A B FE1~28 8
g F 4B 318 W Bk BRIGFTEFHE T AR RS T EHE
4ol 3. 19 #75F o

EEM Mega a5 1 > F]E R feenf® 41 o
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B 3. 180 F edpeas B ¥
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TR 4 MY WA AR TN AT AP FRIAE
FEReE o RAaug TRG AT E 0 3 T RGOS > &4 > Dummy cell
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KRiFEELE A2 BdFs AP e admP BIA @ % R 1k (Guard ring) #-4 #

KFHE =T 5 0.00pF 45 B &8 (B 4.2) F1* B3 3 82977
T % » 4t > DUMMY CELL » i * & i contact 5 guard ring Bl 5. (8] 4.3) °

XKFHERrl ko @ * Diffusion (Bl 4.4) fI* B =R ¥ 977 2
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Gardring

DUMMY DUMMY DUMMY
CELL CELL CELL
DUMMY C DUMMY
CELL CELL
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Gardring

# 4.3
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Gardring
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T 5 R

CKTname : NR chip

Technoloy : TSMC 2P4M 0.35um
Package : SB40

Chip Size  : 1906 um * 1580 um

Power Dissipation :  54.5uW ( 1-channel > HSPICE Results )
%] 4-channel ¥ 71 1 channel ¥ (TRl HE* » b'“r."liie?] PSR ﬁi;*] a1 e g
SREYPA 4 20pin 0 B ST - L e o 2 BRI BH 6 3B

channel # * mirror = ;% » #%rix 3 ¥ Lg > 4rd 8-

IO_PAD + ESD
Channel Channel Channel Channel
1 2 3 4
IO_PAD + ESD

B 4.7 layout 5+ %, B

60



layout = M

B4, 8

Vi

s ity -
!

.,..u.-iiH.liHHH.L_v

Bl 4.9 F5E

61



4.2 % Rt iR E %
BRI INERAIEY o F - i - BEkEOBAL) G E RS E
k4Bl o B 4. 11 % % buffer & # ﬁﬂﬁ“}"ﬂ’iﬁi@ﬁiﬁ)‘ﬂ?fu’ﬁ 0.5V = DC offset
F 700 uwV el k Hz € 232350 > ¥ U g ﬂ.ﬁ%lﬂ',%%%gi# fadF 700 uV gk
tg o Bl 4.12 5 = Feex B OTA sl 4L B » 4% & #-37 60 dB ¢ gain - [ 4. 13
PR B R o A4S A 161 Hzo B 4.14 5 &3+ #5020 i3l
Jak B AR A A5 9k Hze B 4.15 5 &- B jpt B2
AT HEN880 ey s - #FF & 161 Hz42 5.9 k Hz 2k » &1 %
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4.3 e VR

Pedram Mohseni | Reid R.Harrison | Iyad Obeid Haidong Guo Proposed
Michigan , Utah , USA[31] | Duke, Washington ,US | Design
USA[27] USA[13] Af12]
Technology
AMI 1.5um AMI 1.5um AMI 0.5um TSMC 0.25um TSMC 0.35um
process
2p2m 2p2m 2p3m IpSm 2p4m
Voltage +15V +-2.5V +25V +15V +1V
Gain(dB) 39.5 39.5 474 ~ 534 20~ 29~ 40 - 59dB ~ 88dB
49.5~ 60
BW (Hz) 26 ~6.5k 0.025~7.2k 211~7.5k 1~7k 161 ~59k Hz
Roll off -20/-20 -20/-20 -20/-20 -- /4 order -20/-20
(HP/LP)
OP architecture P-type OTA P-type OTA N-type OTA P-type OTA P-type OTA
133 uW 80.uW 950 uW 520 uW 54.5 uW
Power/channel
Die -- 2, R 4.2*3.8 0.15%2 1.906 * 1.58
size(mm*mm) (6 channel) (16 channel) (1 channel) (4 channel)
Output offset -- -- 37mV -- 5.2mV
PM. 75.5 52 -- -- 85
Implementation Single chip Single chip Discrete Discrete Single chip
Others 1. laser LA 1. 4 =~ & | 1. §1* DAC 4 | 1. 1 * miller
programmab pseudo-resiste TF A body Fofz | kit
le 2 Rg # r k& HP /- input offset | HP filter
. . C(100nF)
& PMOS # pole .
: e 2. F &3 2 HHE A 1
peudo-resist e e and N
o WP sample an TG
er k" 4 ~ v 2. ¥ gain P i} i
B kE g hold 3+ LPfilter
HP & pole )
40dB 7 gain . )
3. 7 power-line | 3.¥ 3 gain
2. (20P : 0.2P) )
a2
power-line . '
3. 7 power-line
3 4. ¥ # gain
e
4.1 FEVRZE
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Pedram Mohseni | Reid R. Harrison | Iyad Obeid Haidong Guo Proposed
Michigan , USA | Utah, USA Duke , USA Washington ,USA | Design
[27] [31] [13] [12]
Paper
_ 2002 2002 2003 2004 -
publish
R1 500 -- 7.33k M IM
R2 50k -- 1.008M M IM
R3 30k -- 20k IM --
R4 -- -- 800k M --
Cl 4p 0.2p 100nF *F 3% 16.1p Ip
C2 -- 0.2p -- 13.8p Ip
C3 -- 20p -- 39 Ip
C4 -- 20p -- 5.7p --
R summary 80.5k+pseudo pseudo resister 1.827M 4M 2M
resister
C summary 4p 40.4p 100nE 7} 3% 74.6p 3p
BW(Hz) 26~6.5k 0.025 ~7.2k 211 ~175k 1 ~ 7k 161 ~59k
Roll off -20dB/-20dB | -20dB/#:20.dB | -20dB./-20dB -- / 4-order -20dB /-20dB
(HP/LP)
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e
Process Technology TSMC 0.35um 2p4m
Supply voltage +1 Volt
channel 4
Gain 59dB~88dB
Bandwidth 161~59k Hz
UGF 0.3~5.13 mega
Temperature range 5~85 &
Output offset 5.2mV
Phase margin 85 &
Roll off (HP/LP) -20dB/-20dB
Power consumption 54.5 uW / channel
ICMR (] 5.1/8] 5.3) -0.14~0.12 / - infinite~1infinite
Die size 1.906 mm * 1.58 mm
Output loading 1G
Package SB40
% 4.3 FEFRR
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