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Abstract

A low-voltage, low-power analog CMOS front-end for a cardiac pacemaker is proposed. The circuits include a 4th
order switched-capacitor (SC) filter with a passband of 80-120 Hz and a SC variable gain amplifier whose control range
is from 0 to 24-dB with 0.094 dB step. An inverter-based switched-capacitor circuit technique is used for low-voltage
operation and ultra-low power consumption, and correlated double sampling technique is used for reducing the finite gain
effect of an inverter. The proposed circuit has been designed in a 0.35-zm CMOS process, and it achieves 80-dB SFDR at
5-kHz sampling frequency. The power consumption is only 330 nW at 1-V power supply.

Keywords : Cardiac pacemaker, analog CMOS front-end, Switched-capacitor filter, Variable gain amplifier,

Correlated double sampling .

I.M B Z7] (instrument amplifier)?} &ngde AANEZE

A-Ne 95342 H (bandpass filter), 223 o] A

AW olA Y A ubEy 2AFAE AAIE oo T8 ZEINAA it 72 BEFE bW AY
2 A% RAdo] BAF A, ol& A} A %% 7] (variable gain amplifier: VGA), ©] obd21 A
A718QA AFE 7 43715 S HEde 93¢ 5 TE UAE Y2 v FE opd2a gAY #E

-
—

gz7)71elef o] A= AUl oA ¥y wE) 7] (analog-to-digital converter: ADC)$} o} A& E %

aEE] WA glo] T ALge] Jhsslol stz A & gAY A58 AAsta Jdste dAE A5 A

A8 A2A /o] a7,
a9 18 YHEY A o4y A% HEAY 4x AW obdea gAY Ml dsjel BE kF

=]

T
L
-

7] {digital signal processor) & TA=Ho] o} At

(sensing stage)d] E252 noZg™d g g

A (electrode) 2 FE ATE WolBolE AZF E" = ADC>-><DSP

THANY, T WA, AAURT A AT
(Department of Electrical and Electronic Eng., i
Yonsei University) Fig.

¢
Qo

Sensing stage of cardiac pacemaker.

Hadak 2008912410, AR Y 20099148Y

(45)



46
i
1
P, CS P, - )
\'/
=y :
a8 2 YutEQl AXE HEAE FE7|

Fig. 2. Typical switched capacitor amplifier.
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Table 1. Coefficient ratio of the filter.

Coefficient Ratio

Feedback 13
A 2
B 1.3
C 2
D 1
E 16
F 2.1
G 1.3
H 11
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Fig. 6. Bandpass filter schematic.
o L VGA, VGA;
w1
P o B P P }C‘r Pr o
P28 [+
CIELL | s
. 4
Pzp P ".C ‘; » P2 pox Py
; v r" (IS 7
Vip D— -A I l-A/ - - Vor
) 3 £ m,sz cH Pz ‘_E [
p:t P1.P2a CH Pz-[ [=T] '\
Viy D— -—J+t-ﬂ—[—!-A\ﬁ y I A —D V
" Pt €1 L PuL I/ 1\’1 on
Pz M,

a8 7. VGA BlE2&.
Fig. 7. VGA schematic,

(48)

HEE o



20001 18 MAZ3 =X X 462 SDEHA1 = 49

Lt MYolE =3 EE7] (VGA

a9 72 Ak Agtels 24 FF7] (VGAY 3

ZEE BY Fo AA VGAE 29 (2-stage) TXE ARy 24 %ﬂ%—%ﬂ-ﬂ@ﬂ A Agrle
o] Aok AR & (VGAD)S coarse °15 28E & ol g3t A&} 18 8
33, 4 @ (VGAYL fine 0|5 24 & @93y, 7} *374]%& At %3171«1 gojolzoz HA FH cored] W
7} 2 bit 9 6 bit Ao btk AR @ ZZ)= () He Immx25mm °|th. ¥ 9% A¢kd MEus g
oA 18 dB 74X 6 dB 7+ o ® zAstn, B4 & = Blo] Fuld EX ulgt T2E-Folo}: A|EH oA
Z7)% 09l 6 dB 7HA 0094 dB 7HA o2 24 272 noFEh Aotd "eE o 50dB/decade®] %
VGAIE C #% 1, 2, 4, 8 v} 2434 Adol5L & HE&E 7, oF 10dBY] SHUY o]5& 7zt Al
AA FEE & o) oldl HFA VGAE A™E 2 g7k SkHzY o BAA S Fa4E 80-120
Ao g AY|ES 73 FFH SR (exponential) 23 Hz2 A% AN&E At 233

] [e]

=

2

oft
o
5
O
T 5
w
H
Ero

ﬂl

(ot
£

-

no o
il
oY,

= N
_l

o] 7he ok dh=d, olE ¥ 54 g o] 24} 7% 102 AU o] A3 101Hz FE 3} ¢
g FAL olgs) THo| A, A& tetRs AF 28 2AEYS HolEH A E
142 glo] X4 53 80dB2 SFDR (Spurious Free Dynamic
T @  Range)s 7HIE A T+ AU o= AY UE
. 2GR Ao FRE Aol Aljtd 4H
$E AN AAMNE CoF Ol VOAS T A g gasne v a@aagas 200 el #sbsi
3E AEYE T, FZ phasedl = VGAY &34 C, 29 118 AGelS 2AYAe o S9 AHAL o
9} & dZdt} oluf C.= negative =) AZE el 28k ] U admolch AlBeod
A%, o|9 WHE C& positive H=9-S FA4
gt} 23E VGAY Aol thaa} Zo] A
B HZ ¥¥d + vk

Cain C+C, 1+¢/C,
ain = c-—c-i-c/C (10)

ANAE CE 2 AT, CE HSAT|E dgo]
59 xAo] 753ttt ol H3iX C array JHIZE
TEAATL Tt AE AYAEHE AYs) 2dHAE
s = Lol sl o a7 8 Mot Ao Me[7|e & efolote
jﬁ;ﬂﬁ;]:]]; j:? 3252243}0;2'3 bits} kel Fig. 8. Chip layout of the proposed CMOS front-end.

Aetd VGA 3 Z+ 3-phase® T%35E dvte] ¥ o
Bl A ADCS dZ2& 1#3) p, phased Ewke
Z 28% ;ash pp phased AHEEIA T 7% CDS &
AAE AN FE7 e T4 T MEY A
HAE S &Y AFAEIE oz ), o]E Fo)Y
AaA old FF phasell A AHS-E ANAEHE AL
3 CuE charging stk ©|8A o)A ALE ArHE
& 7% phaseZt ERAA L 7]EF2 v 227t

Power Spectral Density [dB]
&
=2

AAe dAo| Jou ALEHE AMAEHY s & ] " o2 o
d Atk A VGAAAM AHE-H 5% E5L dWH ~ Frequency [Hz]
470019, ojuf AL8E AWMEE 1V ALAGANA 40 a2 9 W otEl BPFe| Zmid S
dB9 HAolE3 09 VY &8 W9 Jhxh Fig. 9. Frequency response of the proposed BPF.



50 dzus
-y of 4
] i
2 0l
% [ g0dB
S <of ;
(]
T -6o0}
k]
g o}
7]
S
g 00}
e
20}
<140 X
2
1 10 10 10
Frequency [Hz]
a8 10. M@iE o wE BPF 23 AHER,
Fig. 10. BPF output spectrum with sinusoidal input
signal,
1 1] i ‘!’
o~ 05
o :
« H
oo
z : ; ;
IV | R— caleulated ji--orrereem b e S
—e— simulated |; : i :
» 1 i 1 i i
o 50 100 150 200 250
2 1 fﬁ “f {
[} i ;
kA ;
wd 3
b4 { : H 5
0 4 caleutated [ oweees e
~——s— simuiated |: ; : H
2 T i 1 I L
0 50 100 150 200 250
Gain Control Signal
8 11, VGAS] 0|5 MEH.
Fig. 11, Gain linearity of VGA.
Vin=25mV,.,
o
A
2
H
2 .
E
£
2
[}
g_
3
o
10° 10 0
Frequency (Hz)
a2 12 Mol Yol mE VGA 53 AHEY
Fig. 12. VGA output spectrum with sinusoidal input

signal.

ZEIXE A& 1V OIL2Z CMOS %

(50)

M HE| HHEE 2

Iz

E 2 ol =23 M5 slu

Table 2. Performance comparison with prior arts.
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