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A Review of Methods of Reducing Power on Neural Recording Amplifiers
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Implantable multi-channel neural recording microsystems comprise a large number of neural amplifiers, which are among
the critical blocks that can significantly affect the overall power consumption and chip area of the analog part of the system.
Since the amplitude of neural signals is very small and the electrodes are easily interfered by external noise sources so
power, noise, size and DC offset are the main challenges faced by designers. Ideally the output of the op amp should be at
zero volts when the inputs are grounded. In reality the input terminals are at slightly different DC potentials. The input
offset voltage is defined as the voltage that must be applied between the two input terminals of the op amp to obtain zero
volts at the output. Amplifier must have capability to reject this DC offset. First method that uses a capacitor feedback
network with ac coupling of input devices to reject the offset is very popular in designs. The MOS-bipolar pseudo-resistor
component in parallel with a capacitor feedback provides the very small low-cutoff frequency. The second method employs
a closed-loop resistive feedback and electrode capacitance to form a highpass filter. Moreover, The third method adopts the
symmetric floating resistor the feedback path of low noise amplifier to achieve low-frequency cutoff and rejects DC offset
voltage. power supply voltage can be reduced to decrease the power consumption. Thus current-mode circuits can achieve
low noise under low power consumption. In some application we can use folded cascade topology that have wide swing at
the output. The telescopic topology is a good candidate in terms of providing large gain, unity-gain bandwidth, and phase
margin while dissipating small power. the cortical VLSI neuron model reducing power consumption of circuits by adjusting
the duty cycle of the pulses and using the various modes of operation of the cortical neuron circuit.The wireless power link
achieves a maximum overall power efficiency by utilizing an optimal load transformation technique. It is clear that
wireless power transmission is easier when power consumption is less. Power distribution is the best way to reduce power,
noise and silicon area. The total power consumption of the amplifier array is reduced by applying the partial OTA sharing
technique. The silicon area is reduced as a benefit of sharing the bulky capacitor.

Index Terms: Neural-recording amplifier, low power, low noise, noise efficiency factor, subthreshold operation, weak
inversion.
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Fig. (2): Fully differential telescopic OTA [7]
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Fig. (5): Telescopic OTA used in neural amplifier[8]
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Table (1): Comparison of telescopic OTA characteristics
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Table (2): Comparison of the power distribution topologies to
reduce power consumption
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Fig. (9): Schematic of neurobiological recording amplifier [11]
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Fig. (8): Schematic of the proposed bioamplifier [10]
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Table (3): Comparison of folded cascode amplifier

characteristics
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Fig. (12): Telescopic-cascode closed-loop amplifier [12]

04 45|)‘ b.l}iw.l) 9 caslaSLS )b.‘;Lujb LgLﬁo»)‘é 5(‘:) Jjé} L

VWAD 5l - o g oy ojleds = pid Jloo = G0 Curio ;0 wiadign (Slods,

6395 bwy Jie jsb o4 Lo JUS e plply o
@97adre (Brae 535 )3 5 b, b (il CHANNEL-ON
WY) S5 0 AMPL o aid) IS 4 Sldos 0aiuS o gy .0ed oo

el 00l sols uLwJ

R3

REF A1 U M5

CHANNEL_ON

e

M10

o&{m ")

AMP1_OUT
i el
N

CVN” A

REF_A1D

M3 " REF_A1_SF
CHANNEL_ON M1t
" R2 CHANNEL_ON

Vss

9 43d) IS & oanli meeaSS Sl Slles sunS oy (V) JSS
[V1\] AMP1 il

Fig. (11): Folded cascode operational amplifier used in the
AMPI stage [11]

lp S (o0 Joe 0l g Olgie @ My s My slaygi il 5
Sy 35 L Me My (slo a5l 5058 e Oogramlie LB
oS 0gd melats Mg -My (6l (5505 sl by b Mo s My
P webes Sllee oanSiagis J Jil colae 2alS 4 e
sl aniy bl Slles sanSegen Jiul ool a5 b
ainge DC 5y My g Mig) (29,5 S s (0,0 sl g 5l 5
GBSy oaiS CugB ey (295 Cenglie g pelis AMPL (ol
G35 G slagysls sl abl wly (sl (50 S og0mme (gl il o0
5 (AMP2) g5 2il lons 45 NMOS (sls gy 515 Lasss
&y a5 ol s AMPL alie Shloe suiiSysis (ol
b oamlio )5 aib (pl Olg Srae 5 g il pl pg b8
el @il 2lS/Y UV (55 4 AMPL

ol USS oaiS el 90 S SRy om awlie () Jeox
dis 5y b [NV ] sanscgsi b anglio o [V ] saiscgss ool
NEF (pizen cenl ool als goe BB jlade 1) ol oS
el G195 9 29 (e 0315 oaims (LS aS 51 (65855

V)



5 olas 38 5 ool (Sojslser soms slasbe slacellis (siloh
@l 4538 50 6,500 alie slayls VY] sjls as 2 ales SO
Hindmarsh- _cae Jow oS oo JLis 1y (g, cpl a5 ol ons
Fitzhmarsh- _cac Joo Ival Volterra P Vf] rose
Ja s [\l Lear-Morries  cae Jow V¢l Nagum
sy 35 Yol i e opl @lylae 55T [VA] Oregonster
i boaz STl 55,05 o5 Oy ook e By Wl
L sles ol iladoe cds Ol 655555 oyl
S go ewd 5l (Sislse slogsys b avalie o
Oy ol Cus Sgm olacl sl VLSI glas,ls [Val o
S o Jlos |y Izhikevichy oeas Jow a5 Cosl oals al)) 8 pao
5500 Sl 4 b 0 Jlesl DC Lolss suusScnsds S 4 g
e GO siSEsgi s ol e alS (gl war B
WS s Sa ) Gl B I oS5 L &S S
o9y Oley Dde Ay Comd IS g igels le) Dok a5 s
Ol Sl b oo 28l g U5 Ol Bras il (I3 (09
Chule Jolee glagjls (o adss 5 5L Job yo by Gl olals
ol Q‘t‘j) ‘_J..ALL\ od.uSwsja B Cawle a5 LS'LA) DB 0 é)
1398 o0 drmlons (V) aba) 5l Sgo ()3l (o) jlade
2e A

C =
2 tox
ST Y Caalestyy ¢ S aSUl g0 cob € wolue A dxu] o

M

ol 0500 8ez g o jo canle il Jgese Lyl yo
4e A

Ceff = ™
tox
el (F) & y90 @ L..se, QI,S Slab
e A
Pi=f.=——(Va+Vy)’ )
tox

i 4% 5le Vi g Cude 45 5ldg Vg (uilS,8 filo] (o
s

cle 4 a5 ol bduls 285 oz 5l 256 bl olg Sl
A g a5 bl Olg i il 09z s Glaisgs Jlow]
Dl oo Caws &0 Okl 5 B pae caule

Pis = Ipias(Vaa+ Vi) )
oby2) ..\;56.@ y9e8 Cawle )‘l aS Cwl s’b)’ u;)wl o] o
(el

Slp IS Olg Brae Glgce oyl chule Lid Hlaw a5 bl
ol canle b b gole bylps o sl sauScgsds S

gl () O 90

€A
Pn,total = 6|:fZ»R(Vdd*'vss)2+IBIAS(Vdd+VSS):| *)

PY-00 .o comas oaiiS Cugd jo ole als sl g, » (5 9

Table (4): Comparison of folded cascode and telescopic

amplifiers
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Table (5): Comparison of folded cascode and power distribution
management topologies to reduce power consumption
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