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Abstract

Employing capacitance multipliers in low-frequency integrated circuits has a significant effect on
reducing the chip size area. The main idea behind the proposed circuit in this paper is to use a folded
current follower (FCF) structure to effectively reduce the equivalent series resistance (ESR) in the input
stage. Furthermore, using an auxiliary circuit to adapt the bias current of the transistors and applying the
necessary signals by the quasi-floating gate technique (QFG), are other approaches employed to reduce
the static power consumption while properly increasing the linearity of the proposed circuit, which can
be considered as other benefits of the proposed approach. On the other hand, to improve the linearity,
negative feedback is used and necessary voltage is applied to the gate of the transistors in the current
sampler. The “K” coefficient can be adjusted by the active method. Low input resistance and high output
resistance as well as the reduced occupied silicon area are achieved based on the simulation results of
the proposed circuit. The simulation results in 0.18 um technology show that, with a 0.8 V power supply
and base capacitor (C,=1 pF), for 850 nW power consumption, a capacitor equivalent to 204 pF is
achieved in the proposed approach. As another example, to realize the 101 pF capacitor with the supply
as mentioned above and base capacitor, the proposed multiplier requires 6.3 times less area and 23 times
more bandwidth than FCF, which shows the increased accuracy of the proposed design. In the proposed
circuit, in the presence of a current adaptive circuit with an input signal range of 7 nA, the output current
range is obtained as 1510 nA, While the output bias current is 100nA and the harmonic distortion value
is obtained as 3.6%. The proposed circuit has the highest figure of merit 42.823 MHz/uW, which shows
superiority in overall performance in comparison with other reported designs.
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Figure (1): Current-capacitance impedance multipliers are folded current-follower type [3]
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Figure (2): The input section of the proposed capacitance multiplier circuit

M14,A “: :" M14,B

VgsslAl ] M16,A M16,8 ) Vgs,lB
M13A | r\|/|15, A | | Mls’,lg E"Ia,s

VX
IB3 1B3 (L R e L) 183 fl&?

Ol 0uS Gaday lae (A1)

-
= |
Vbiase e |

| Rbias m
Caap ||_ — _

| QFG l‘lx'J

el 0l > g 3855 ()
spliband Cof ST (1) U5
Figure (3): QFG technique a) Current adapter circuit, b) Realization of adaptive current source

o 5 ML (sl 55 515 35 oy S 20 313 bl o e (5 S ol 4iels o 355 25 1l o
8C 5y asoxie M16 (slo gy 5 53 5o 8C (s ol 5o 523 MIB (sl 55 255 5l (5908 BC Oy 5 00
5 gl Jlasl (V) USS Jlaw asic b ya 51 Ll aiS cod ades (JUKews (7)) K3 o g 058 g0 VX 0,5 10 20 il
Al oo Lol M16,A L > 5 0L M16,B (L > il VES,1B 5l i VOS, 1A 5108 o s M16 slajgis 33l 5
s 4 by B wisd g0 M17 (so40 Jlasl cawle o,lg M16 slajgin 33l 5 z95 b,> Egemme ases jo . Sl

aw J.:..).,u VX= (|DM15,A+|DM16,B)/gm
sk 0, Slas U ogd Jlasl (V) S5 jlae 0 IBL bl )b > 45 ol g cewl e b o assalo b caslizie VX 5l a5l
oalaiwl cawl oals ools Las (V) UK jo a8 jalidiacs ooF SaST 5l 0l sl 0 pdy Boow  Sodas il381 L ol e
VX UK g 00,5 ol M2X g 3l 0 1) IBL b b ;> Viias 43335 aoce 9 Rbias Cosglio « S0aST () )0 105 o0
laysn 35 o5 Obr bl ol Coop o3l Gk 5l e85y (IBIL 09t oo Jlasl &5 4 Coap 31> 25k
A K o o Sy Sl oanS edats [l caalol jo il oo iol3dl e JiSew aisls b sl 55 (V) S M2 4 M1

QRAD)



395 Cmaldaste — Sl dedeste s - olicdgs soge - SBsis LS{L'éi Aot [ 0 S (G5ldds g b

Jud e yolic sl oslitul (e K ois colils csolpiing e sla Shg 5l 09 oo (o2 ol 00l ols olis (F) S
Sl all g, polie cuail

33 AS oo JLis YL cBa b1 euF 4y el kg ML Lo jsm 5 958500 Jloc! MLt CuS 4 I (585,5 UK o )lae ol 5o
s 515 o ygmm S 5y «idg e Vv 5l 2555 Vs (2,8 Lo jlai (65108 T e SGuu sl Jdoas o7 Jl>
Jdsb s 2o L g W ugSae ledil Ly Is «(F) alal) jo ol (F) alal) 4 co,® BB abiwl )y amb po oad ol
ol bl 4l 5o o Jale g ale) 5l Vi il 5Lg Vin gt 315 JUIS

D,
Vos =nVp|In—=2— 1+ V,, 4p)

W/ L I

5 DCL 5ty S ol Out g In oy 5Ly S| 5 ledy ool M2t o jgumcaS 505 Jlode o L3065t oL,
DC zlaws Gi=luflt o)ljme yis b aeil )0 098 o0 IN=0UL 5L g 009 DC1=DC2 caisly it=ity 5145 glaisSas cowl DC2
el 5y Liali8l ol sl co Jlos! pgo dids oS 4 oulioln| DC 5Ly GBS ] aiS o pdd (29,5 5 (6999 O
poo aiel 1o (B) JSs Gillao iy S50 55 033l 45 T sl 098 00 Ky o oo b (9,5 0l liee (38!
e JI5 (Sl s azgi L ogd ol 90 Kooy 098 oo el jlislo ol 5l oolainl 0gd o oolawl AB S sl

5o Lol (0) alal, JIMB sty 5il5 ol > AB LIS e 5 K laie 00ins yeeis

IDy; = V% M5 IS,MS

W .

Tt, L M2t T iz [IDMH— fe ] n Vioni~ Vet Vinnvzes Vinws ©
It V% M1 Is i \% M1t I s hVy
D9 g (el (F) alaly &0 (B) abul, o5 T ardl plp SouS b o jgtas 515 den Is Vi 51
W/ i
_ M2 1 .
R Lo LS
L w1 L Mie

Looyls | G=I/IE G pae &)got (S 2SI s pdupelas Sl S35 oS 0ro (hyz o5 08 (0 (e () dolee
Gl ol 3phin Zlogel Il 5 oad b (g S slaygie T A0 Gl JUSew anels K jlade aal3d
Ol xS ages b (P) S Bllae cnlplo sl jn 35 Wbl Gl > 0 Cens 8C JUSow aisls (a3l Clets gl el
((Sllos oS Ly gl SoS'y (ghie S Lo 5l 6 S0 9 a2 10 Olyieds (699)9 4FLE L ] dliie g (29> 4 LE o
Gl pised &8 ol (gl aiS o Joe Caaglin Sy wiile gyl 5 4 o Maaw sl g 515 a5 oo SRl (St

S pdy ioS (V) abal) b sd plodl (Swj00 (29,5 5 (699)9 laaslls o

ID,,,R, = ID; R, )
b
In
) [t
Out

o A

G=ity/it

K <o o é.us).oﬁ‘_c.\.;ry.‘a.u Hlowe :(F) S

Figure (4): K coefficient electronic tunable circuit
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Figure (7): Proposed capacitance multiplier
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Figure (8): Frequency analysis, a) Circuit model of capacitance multiplier considering interference elements [10], b) Circuit model for
frequency analysis of the proposed circuit
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Figure (9): Amplitude and phase of the equivalent capacitive impedance for the FCF circuit and the proposed circuit
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Figure (10): Impedance size and phase of the proposed capacitance multiplier with the theoretical value of K=3, 201

IS5 ape Ve b ise Juloo 5l colo anyTd Olyis ply jo g0l e (iS5 (uilagal sl 25 s
5 oL lagSiy Y FIY aSile o o35S Vo) oyl e b Jobee o5l 3o sl Yo ply K (glilay s ool
s Judo w50 golpiinn Jlae a5 sas o ylad (V)) S el .ol odel Cawoas ol )5S0 ¥/ ) Lae Sl il
sl (V) S jo il oo ools Lid (VY) JS jo 40855 5 Les a4 s (solpiion o Ol o) o5 s)lk
Sly Jdoas Slynms b sl VYl AK Jlade oo 5 il azp0 Arl +) ples &S 5 elgil 00 ply it
olasly w93 Gulal aS el Vol AK Jlads o(dg /AL /1Y) 43055 aie Ol pesd gl e el Los 4y UL IS
oslizl (1) U8 il e 51 (Kinbd Gl g (bt Sk 5 0l o255 anbd a1 gy sl 303
7957 Ol g 00ges Jlosl (53959 0,5 41 005 e () SsS JUSKw sz Byxe &5 (cwgin 0l > gie 9h

owkso d.....wL?us s)‘d.o

250 T T T

0 0 T 100
K=204 C_=204pF it =50nA
Zg f = L pso
= .. ! : 3
] i | Fi &
g 150 \ T 0=
L} 1
z i i | E
2 S0 =
g — -
-] § -100
50 Impdance - -~ - Phase H
12 10° 10 10"
Freqency(Hz)

1558 gl ()

Sigma=3.0123 pF

Mean=204.2341 pF
iteration=100
Il|:50|lA
€, =204pF

Iteration
I\J
(=]

5

=)

195 200 205 210 215

eq

Joleo o35 jlade ()

Yof wlpKlado b GOlpsdiny Hlow gl 9 of g0 e 1 (1Y) Sl
Figure (11): Monte Carlo analysis of the proposed circuit with K=204 a: frequency response b: equivalent capacitor value
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Figure (12): Examination of K value changes with temperature changes and power supply changes based on it1=50 nA and it=0.5 nA, a)
Temperature changes 0~80°C, b) Power supply changes 0.7V~0.9V
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Figure (13): Test circuit to check the current adapter circuit and linearity increase
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Figure (14): The amplified current of the proposed circuit for different input ranges with K=100 and the use, a) non-use, b) of the matching
circuit and the linearity increasing circuit
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Figure (15): Adapted current source and voltage applied to it, a) Gate-source voltage difference of M, oand M1,B transistors, b) Nodal AC
signal VX to apply to Ccoup: Capacitors, ¢) Amount of adapted current flow with increasing amplitude, d) Output current

5
[ l—K=2 —K=101 —K=201J,7,4
" B 1,
—_ | | | | | A=
© 10| line=mode | PPl 0
2 | | | | | | | ‘ bk 32
g 8 L ‘ | | L et | g
A dash line=mode ll | | _—=— |.-°T | L, a
[ [ [ [ -
s - T
= o4 =
1
2
- P
1 2 3 4 5 6 7
: 9
1in(A) x10

Cilizo K Gl ps (sl Sl 93 53 (29,5 ol (Saige b glogel :(05) JSi
Figure (16): Harmonic distortion of the output current in two states according to different K coefficients

o)



395 Cmaldaste — Sl dedeste s - olicdgs soge - SBsis Ls{l.'éi Aot [ 0 S (G5ldds g b

Table (3): Comparison of the proposed circuit with the designs done in the past
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