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A LOW POWER, LOW NOISE CHOPPER INSTRUMENTATION
AMPLIFIER USING BODY CONTROL DC-SERVO LOOP
AND LOW INPUT CAPACITANCE

BO KHUECH DAI CHOPPER CONG SUAT THAP, NHIEU THAP
SU DUNG VONG LAP DC SERVO VA TU DIEN DAU VAO NHO

ABSTRACT

This paper presents a proposed low power, low noise capacitively-coupled
chopper instrumentation amplifier (CCIA) using body control DC servo loop and
low input capacitance applied for biomedical recording. A DC servo loop using
body control (DSL-BC) is proposed to reduce the electrode offset and its noise
contribution. A T-bridge capacitance network is employed in the negative
feedback loop to save the chip area. Also, a positive feedback loop (PFL) is
utilized to improve input impedance. The proposed circuit is simulated in a
standard 0.18um CMOS technology. According to simulated results, the proposed
CCIA achieves the closed-loop gain of 40dB and the input-referred noise of
2.4uVrms over a bandwidth from 1 to 200Hz. The noise efficiency factor NEF of
6.6 is obtained while drawing current consumption of 1pA from a 1V supply. The
active chip area occupies only 0.083mm?”

Keywords: (CIA, capacitively-coupled chopper instrumentation amplifier, DC
servo loop.

TOM TAT

Bai bdo trinh bay mot dé xudt bo khuéch dai chopper cong sudt thap, nhiéu
thap st dung vong ldp DC servo va tu dién dau vao nhd tng dung trong y sinh.
Mat bo DC servo st dung dién ap diéu khién cuc bulk ca cap transistor dau vao
clia G, dugc dé xudt dé lam gidm khong chi electrode offset ma con giam su
dong gop nhiéu cia né. Mot mang T-bridge tu dién dugc dung trong vong ldp
nguoc dé tiét ki€m dugc dién tich chip. Hon nita, mdt vong lap tich cuc dugc ding
dé cai thién tré khdng dau vao. B dé xuét dugc md phdng trén cong nghé CMOS
0,18um. Theo nhu két qua mé phdng, bo dé xuat CCIA dat dugc hé s6 khuéch dai
40dB, input referred noise la 2,4uVrms qua bang thong tir 1 dén 200Hz. Hé so
hiéu qua tiéng on NEF la 6,6 trong khi cong suat tiéu thu dong dién la TpA tu
dién dp ngudn 1V. Dién tich ciia bo khuéch chopper chi chiém 0,083mm”

Tirkhéa: CCIA, bi khuéch dai chapper, vong Idp DCservo.
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1. INTRODUCTION

The neural signals such as electroencephalogram (EEG)
and electrocardiogram (ECG), which are from the brain and
the heart, are used not only for clinical purposes but also in
the brain-computer interfaces (BCls) [1]. The amplitude of
bio-potential signals is pretty small, around TmV for ECG
and 10 to 100uV for EEG. These signals occupy a frequency
range of from 0.5 to 150Hz [2]. The recording system often
includes an instrumentation amplifier (IA) to amplify the
low amplitude neural signals before processing. Nowadays,
CMOS technology has been developing very strongly, and
it helps electronic devices to be shrink. However, most
previous works [3-5] occupy a large chip area caused by
using the large input capacitor. Thus, this issue is to be
limited to multi-channel recording applications. The
electrode-tissue interface normally generates the electrode
offset voltage Vs [6], which can be up to 50mV due to the
electrochemical effects. Hence, Vi, can be to saturate the
amplifier.

In this work, we introduce a DC servo loop using body
control for reducing its noise contribution during blocking
the electrode offset. Besides, the T-bridge network
capacitance is applied to the negative feedback loop.
Hence, the input capacitance can be reduced, leading to
saving chip area and improving the input impedance.

2. AMPLIFIER ARCHITECURE

The schematic of the proposed CCIA using body control
DSL (DSL-BC) is shown in Fig. 1. The main path of CCIA
comprises a two-stage amplifier to achieve high DC gain [7,
8]. The input stage, labeled G,,;, employs a folded cascode
(FC) amplifier, while the output stage, G, utilizes a
common source (CS) amplifier to achieve a rail to rail
output swing. The Miller capacitors C,, are added to G,
for the amplifier stability. At 1V supply, the current
consumption of G, including its common-mode feedback
(CMFB), and G,, is 800 and 180nA, respectively. The
proposed CCIA uses three feedback loops to define a

Website: https://jst-haui.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

closed-loop gain, realize electrode offset removal, and
improve the input impedance.
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Figure 1. Schematic of the proposed CCIA using body control-DSL

As shown in Fig. 1, the DSL is used to realize a
connection from the output to G,,,. The DSL is employed to
filter out and amplifies output offset. The DSL's output
voltage (Vo) is converted to Vi, s by chopper CHyg . As
we know, the body, such as a second gate, can control the
current through the channel [9]. Thus, a proposed DSL uses
the differential input CMOS transistors' body instead of the
capacitance Cy, [10] to prevent Vi, The op-amp in the
DSL-BC consumes 30nA from the supply voltage of 1V.
When DSL-BC is enabled, the high pass corner is calculated
as:

fhp :nifugb M

Cfbeq

where N = gyp/9m1 With g, and g.;, are the
transconductance of the buck and gate of the input pair
CMOS transistors of the input stage. f,g, = 1/(21mRp5 Cpgy) is
the unity gain frequency of the DSL's integrator.

Because the closed-loop gain A, of the amplifier is
defined by the ratio of the input and negative feedback
capacitances C;,/Cq. To obtain a large A,, either the
feedback capacitance Cg;, must be reduced, or the input
capacitance C,, has to increase. Increasing input
capacitance C,, leads to reduce the input impedance Z,
and increase the chip area while reducing the negative
feedback capacitance Cg, is restricted by the mismatch,
parasitic capacitance and the constraint of the process
technology [11]. Thus, the T-bridge capacitance network
[11] is utilized in this work. The closed-loop gain of the
amplifier can be rewritten as:

Vou o Cin _ MXCy oyt 2)

Vin Cfbeq CU /2(N+1)
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In this work, C;, = 200fF, C,, = M x C; = 10 x 200fF = 2pF
and N = 4. Therefore, the input capacitance C,, can be
significantly reduced from 20pF [5] to 2pF in our work.
Moreover, reducing input capacitance, C, also helps
improving input impedance Z,,.

Due to chopping V,, the input impedance Z, is
reduced, leading to electrode-tissue damaged [10]. A
positive feedback loop (PFL) [6] is used to improve the
input impedance. The PFL includes a chopper CH, and
capacitors Cy ,. In our work, Cr, , of 100fF is realized with a
chopping frequency of 10kHz. Owing to the mismatch
process during chip implementation, the G, is associated
with an intrinsic offset Vi, as shown in Fig. 1. Vyg is
chopped to chopping frequency by CH,,, then created the
output ripple, which is filtered out by the off-chip post low
pass filter.

The proposed CCIA is realized using a 180nm CMOS
process. The layout of the proposed CCIA is shown in Fig. 2.
It occupies the active silicon area of 0.22 x 0.38mm?
Therefore, this design can be used for the implantable
applications to record neural signal. According to the post-
layout simulation, the closed-loop gain shown in Fig. 3 (a)
achieves 40 dB with its bandwidth up to 2.5kHz. When DSL-
BC is enabled, the high pass corner is successfully created
at low frequency. As shown in Fig. 3 (b), the integrated
input-referred noise (IRN) over a bandwidth of BW = 1 -
200Hz is 2.4uV,,,, with a noise density of 172nV/y/Hz and a
1/f corner of 2Hz. The power consumption of this work is
only 1uW. Therefore, the noise efficiency factor NEF,
introduced in [12], is calculated as:

2|
NEF=V, |[—2 <66 (3)
’ nv,,, 4kTxBW
where V,; s is input-referred noise, I is the amplifier's
total current consumption, V,, is the thermal voltage, and
BW is the amplifier's bandwidth.
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Figure 2. The layout of the proposed CCIA
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Figure 3. Post layout simulated results of the proposed CCIA:
(a) The closed-loop gain; (b) The input-referred noise
3. CONCLUSION

The paper presents the proposed CCIA using DSL-BC
and low input capacitance for the bio-medical application.
The CCIA is implemented by 180nm CMOS technology. This
chip consumes only 1pA from 1V supply to achieve an IRN
of 2.4uV,,, over the bandwidth of 200Hz. Therefore, the
NEF of 6.6 of the proposed CCIA is achieved. The Vi is
successfully addressed by DSL-BC. Moreover, the T-bridge
network capacitance is utilized in the negative feedback
loop; hence, using the low input capacitance can
significantly save the silicon area.
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