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Abstract—A fast settling multipath CMOS OTA for high speed The DC voltage gain of the op-amp is obtained amtgn

switched capacitor applications is presented hefith the basic (1) where, G, is total transconductance of the amplifier.
topology similar to folded-cascode, bandwidth an@ Bain of the

OTA are enhanced by adding extra paths for sigrahfinput to Av = Gm-Rout @
output. Designed circuit is simulated with HSPIC&ng level 49
parameters (BSIM 3v3) in 0.8& standard CMOS technology. DC r 2

. . . . . . . G - [0) 2
gain achieved is 56.7dB and Unity Gain BandwidtiGR) obtained m = Im1- 1 2
is 1.15GHz. These results confirm that adding egtitins for signal gm3 + r02

can improve DC gain and UGB of folded-cascode Sianitly.

Rout = (97370302 I"Taa M1 (9maloalfos llTeg)) 3
Keywords—OTA (Operational Transconductance Amplifier), DC Unity gain bandwidth of the op-amp is in the eqomti
gain, Unity Gain Bandwidth (UGBW) below

|. INTRODUCTION Gm

N design of most closed loop systems, design ofQé& M
is most challenging unit from design perspectiténds to 02
achieve high DC gain and low thermal and flickeisepalso ~ Where G is output capacitance and is equal to equation
high band width required for systems with high freqgcy (5)
clock, especially in switched capacitor applicasion Cwt =C43+C4, +C, %)
Additionally, power consumption of the OTA is orfecaitical Phase margin of the op-amp mostly correspondsetditst
issues for applications with low power consumptianget. and second poles of the op-amp which are calculéted
Slew-rate and input common mode range are otheoritat discussed folded-cascode as equations (6) and-if&}. pole

aspects of the OTA [1]. Telescopic and folded-céeco |ocated at the output node and second pole loctéde CS
structures are two common structures for singl@estap- node.

0% | o2 @)

Cout  Cout gr;éﬂ

amps. Two main drawback of first one are low inputmon 1

mode range and large voltage headroom in outputnaaic Wp1 Dﬁ 6
drawbacks of folded one is higher power consumptod out ~out

lower UGBW. In this work to benefit high input corom WD 9m3 @)
mode range of folded-cascode and also having higegain p2 Cy1+Cqa *Ca3

and UGBW, total transconductance of the amplifier
increased adding extra paths for signal from inpubutput
[2]. Other techniques for increasing DC gain of tpamp
such as using positive feedback or gain boostiegoased on  A. Basic topology

increasing output resistance of the op-amp andrép DC Main idea is to increase DC gain and UGBW of theAOT
gain of the op-amp increases with these technicaed by increasing its total transconductance, in ordedo this
UGBW remains constant [3]-[4]. This paper is diddimto extra paths for signal from input to output is pd=d. Basic
flowing parts. A brief review for conventional fad-cascode fully differential topology of the designed OTA shown in
OTA is given in section 2, in section 3 proposedtipaths Fig. 2. Two extra paths are provided in addition the
OTA is analyzed. Simulation results are indicatedéction 4 conventional folded-cascode. The first path is toesed by

Ill. DESIGN OF AFAST SETTLING OP-AMP

and section 5 concludes paper. m3:m5 current mirrors (1: M) and the second one is
constructed by m3:m4 current mirrors (1: N). Comnnoode
Il. FOLED—CASCODEOTA feedback is applied to p-type transistors of m9chtare not

Fig. 1 shows schematic of a folded-cascode ampiiiiche located on signal path. Having extra paths for alignakes
differential mode. Because of wide applications tbfs extra poles in transfer function of the amplifi@apacitance
topology its analysis is performed in many refeenis]-[6]. of C. are devised for neutralizing effect of criticall@avhich

is closer to origin and so preparing feed forwasthpensation

(6].
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Fig. 1 Conventional foldedascode OT.
B. Small signal Analysis

The voltage gain transfer function of the-amp is obtained
as

AW) = Gry(W) Zoe(w) ®)
Where the total transconductance of th-amp denoted by

Gn(w) and achieved by adding transconductance of al
existing signal paths.

M
Cm(s) = 1+ S gr:1+ S
( %"py)( %"px)

N )
+ Im2 + 9m1
(1+f ) (1+f )(1+f )
Wpy Wpz Wpx
cmiam;m;--" mE| rﬂm| Vbpt mi LT:E?SN.FB
[ T 1 i
Fig. 2 Topologyof designed OT.
Where
Wpy U .
P RxCx
(10)
Im3
(Cd1 +Cd3 +C93 +Cg4 +C95)
1
W gmG (ll)

py O =
RCy  (Cy+Cys +Cyy)

W, O 1 = 97 (12)
RZCZ (Cds + Cd4 + Cs7)
arethe poles associated withe nodes X, Y, and Z. In the

equation (9) zeros due gate-drain capacitance of m1-m5 is
neglected since they are located on higher fredes Using
the feed forward capacitance C, a left-hand zero is appeared
on current mirror signal paths of m3:m4 and m3:miciv
equals to

w. :_gml

zc C

Cc
Proper selection of &according to (14 w,. can cancel the
effect of thew,, out and Gobtained as equation (1

C.= (g_mlj
gm3
'(Cdl + CdS + CgS + Cg4 + CgS)

Omitting wy, from equation (9) and doing some algeb
efforts equation (9) could be simplified as equai{jb5)

Gm(s) =
+(M +N 1+ S
(G + (M + NG ) %vzph)

(13)

(14)

(15)
(1+%pr)(1+%vpz)
+(M +N
SR R
(gm2 + Mgm]_)(Wpy) + Ngrm_WpZ

Finally Z,, as an output impedance of the OTA can
obtained with

Zout = ot an
1+ RoutCouts
Where
Cout =Cq7*Cyp *CL (18)

Rout = (gmGroG(roS I roz)) I (gm7ro7(r08 I r04)) (19)
From above calculations DC gain and UGBW of the C
achieves as equations (20) and (21), respect

A = (G *+ (M +N)gg)-Row)
_ Im2 +(M + N)gm]_

Wy (21)
COUt

(20)

IV. SIMULATION RESULTS

Threepath OTA and folde-cascode OTA have been
designed in 0.35m standard CMOS technology and simule
with HSPICE software. To have a fair comparisonnaen
folded-cascode and thrgatth OTA aspects load capacitanc
size of input transistors and power consumptionehbeer
selected the same for both OTA. F3 shows layout of three-
path OTA which occurs aria about 3( um?
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Fig. 3 Layout of thre@ath OT#

Table | lists specifications of foldezhscode and Thr-path
OTAs. In this table for both OTAs load capacitane€elpF,
input transistors size is equal W/L=14Cum/350nm and
power consumption is 12.1 mw.

Variations of designed thrgeth OTA with proces
variations is shown in Fig. Which shows reduction abo
%22 in DC gain in FF corner and %15 in UGBW in S&ner
also OTA shows slight variations in Sand FS corners.
Output voltage swing of thrgeath OTA is 3 \,., for proposed
OTA.

A routine setup is used as shown in F4 to evaluate the
settling time of the OTAs. A step voltage with v amplitude
is applied to the input in differential mode. Stesponses of
OTAs and closed look at step responses are showgirs
and this figure is a clear evidence for fasterligetttime of
designed OTA compared with folc-cascode. To test
distortion of thregeath OTA FFT analysis is done to out]
voltage in f=1 kHz and ¥.=3v, output voltage spectrum
indicated in Fig. 6.
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Fig. 4 Close-loop configuratioior settling time testin

V.CONCLUSION

In this paper providing extra paths for input siigimaoutput
with the aim of increasing total transconductantéhe OTA
in fully differential mode has been done by addiwg current
mirror paths additional to cascode path. Consedyewith
the samdnput transistors and same power consumption
load capacitance, DC gain and UGBW of the ampl
improved by three and two times, respecti

Fig.
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Fig. 6 THD in f=1kHz and \4,~=3v
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TABLE |
SPECIFICATIONS OF FODED-CASCODE AND THREEPATH OTAS
Parameter Folded-cascode Three-path
DC gain (dB) 47.4 56.7
UGBW (GHz) 574 1.15
Phase margin (°) 75 63
THD ( f=1K,Vog.p=3,) (dB) -63 -65
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Fig. 7 Open loofBode plo showingvariationsof three-pattOTA with process corners (TT, Fand SS)
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