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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

M14A ||'Z :" M14B

Vgs,lA. ) M16,A M16,8 ) Vgs,lB
I_
M13A | ,\lmA | | Mlsv,lg El M13,8

VX
IB3 1B3 (L J M17 ) 183 flm

ol 0aisS kel (all)
o e ()
=
T |
|7 Vbiase m Ioo=lp1

| Rpias
| QFG Coomp Tl|— _——

VX

el 0l > g 3855 ()
29l o SIS (F) S
Figure (3): QFG technique a) Current adapter circuit, b) Realization of adaptive current source

o 55 ML (sl 5155 55 g 8C Sy el jio e (5 Jim oy aals 45 35 (38 51 gl oo
ac 3y aymie MI6 sloygtun 5l 5o o 8C by ol jao 525 MIB sloygtw 515 25 5l s)me 8C Ly g 0o
5 gl Jlasl (V) UG Jlaw asie b, 51 Lol \aiS sod adgs (JUKes (7)) S5 Jlae g 09 o0 VX 0,5 10 ja0 il p
Al oo Lials M16,A L > 5 0L M16,B (L > il VES,1B 5l i VOS, 1A 51008 o s M16 sla gt 33l 5
e 4 b B wgd oo M17 (6000 Jlail cawls o)lg M16 (slo gt 5515 795 by Egemme aomad ;o .Sl o

aw J.:..).,u VX= (IDMle,A+IDM15,B)/gm
sk 0 ,Slas U ogd Jlasl (V) IS5 jlae ;0 IBL bl )b > 4 ol g el e b2 asalo b caslice VX 5l a5l
oalaiwl cawl oals ools Las (V) U jo a8 jalidiacs ooF SaST 5l 0l sl 0 pdy Boow Sodas iol381 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
baysn 35 o5 Ol bl ol Coon G315 Gk 5l e 5y (RIBTL 0 oo Jlesl &5 4 Ceop 31 G2 sk
A K o o Sy Sl oanS edats o cdalol jo il oo iol3dl e JiSew aisls b sl 55 (V) S M2 4 M1

QRAD)



395 Cmaldaste - Gl ) dedeste s - oolicdgs soge - SBsie &L{I Ao2ts [ 0y SO (S 5lwdnds g b

Jbb e polis ) oslinul s K psd ol oolyrig Jlan slo s 5l 058 ce oy ool 0 ools i (F) USC
el 43155l )l polie cai by

oS e JLis Vb B b 1) e ay Jleel 505 MIE Lo jsos 5 955 co Jlasl MLt & a5 1N (6355 JUiSis jhe 01l o
s 5115 o ygmm S 5y «dg e Vvl 25,5 Vs (2,8 b o jlai (651081 il hie SGuud jls e Jdsay o7 JI>
Jsb 5 e L s W emsSas eltl ol I oF) alaly 5 eal (F) bl sy i BB il 05 )5 005 bl
ol ailiw] g 4l o et Jole M g olo)S 50y Vi cailiw] 5Ly Vin ¢y g 3515 JUIS

sub

W/ L I
Sgase bl (F) bl SIMIL gty 515 oy g8 515 o8 )T 0055 it ol 2 1Dsuy o(F) UK bl 52 5 (F) alas] 50 5
Slade 5l (o0 48T 358 o0 Slom] DC2 5Ly alews a2 OUL (25,5 Cgllae 5Ly calive (h9,a0 09300 5,35 oL DCL &5

Vog = nVy|In + Vi, )

DC sebas Gi=lia/le ojn s s deets o 055 o INZOUL 5y 5 035 DC1=DC2 csly it=ity 51 a5 slassSay el DC2

poo aiel 1o (B) JSs Gillao iy S50 Ol55 033l 45 T sl 05800 Ky o ploa b (9,5 0l liee (i34
e JI5 (SNl s dzgi b ogd il 90 Koo po 098 oo el jlislo ol 5l oolainl 0gd o oolatwl AB WS sl

IDy; = \% M5 Is,Ms

W .
Ity L M2t Tz [IDMl+ e ] N Vinn1~ Vaeriet Vinvze Vinws

hV.
It \% M1 IS*MI \% Milt IS,Mlt T

S5 n il (F) alaly &gy (0) ala, oF T il s ,F30Ss b by 515 den Is gVip S

A
M2+ ity

—L|[IDyy, + i ] *)
W [ ][ M1 c
A M1t :

Looyls | G=I/IE G pae ©)got (S 2SI s pdupelas Sl S35 oS 0po (hyr a5 05 (0 (e () dolee
ol Gl 0gb e glrgel Al Cael g ond i (29 layga il AC by JiKw anels K jlads ol
Ol xS age L (F) S Bllae cnlplo Cosl e 55 Wbk Gl 4 Cens B0 JUSew ansls (53l cldeds gl el
(Slbos 00T Cu gl STy (ghie S LSl 5l s T o 9 &7 e lyed (699)9 AFLE L ] Agliie § (g5 4 LS o
G0 paised &5 ol (gl aiS o S Caaglin Sy wiile gyl 5 4 o Maaw sl g 515 a5 oo Sl (St

S pdy ioS (V) alal) b wsd plodl (fwj0a (29,5 5 (699)9 laasll o

5o Lol (0) alal, SIMB sy 5il5 ol AB LIS e 5 K lake oo i

@)

IDy; =

M5 L w5 V\/
L

L
M1

D, R, = ID R, )
I
In
2] [MLt
QOut

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 (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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Table (1): Numerical comparison of indicators with K=101 to create capacitor C,,=101 pF
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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
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Figure (11): Monte Carlo analysis of the proposed circuit with K=204 a: frequency response b: equivalent capacitor value

YY)



VeY-MANEY Gl fcuads o lods o0 3L Jlo /5 Catuo [0 Jioiisr sla g, a5 i

210 \ T T T \ T T
| I I I I I
205 | | | | | |
| | | | | |
I I \ I I I
200 . . I I L : :
I I I I | | I
M I I I I \ I
195 T i i T T T T
[ [ [ [ \
|| e C = I I I I
190 ‘ Ceq=204pF ‘ ‘ ‘ ‘ N
I I I I I
185 | i i i | i i
0 10 20 30 40 50 60 70 80
Temp(C )
ol 5 il az 3 Ae - Lo ol yss (&)
205 . : : T : T : T
I I I I I I I I I
I I I I I [
204 f f f f T f f
I | | I I I I
| | | | | | |
203 T T T T T T T T T
v I I I I I I I I I
I I I I I I I I I
202 T T T T T T
I I I I I I
201 } m— Ceq=204pF } } } } }
I T T T I I I I I
200 I | I | I | I | I
07 072 074 076 078 08 08 084 08 088 09

VDD(V)

a0l gG o/ pal it g yuol g3l Byl y9 itl (131 dsdid @ado ol puadd 9 Lod ol yuds b Kyl &l kS (gaw g 9 :(VY) S

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

Table (2): Effects of temperature changes, power supply, process corners and Monte Carlo analysis on the K index (C,=1pF)
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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
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Figure (16): Harmonic distortion of the output current in two states according to different K coefficients
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Table (3): Comparison of the proposed circuit with the designs done in the past
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