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Abstract

Technology development and continuous down scaling in CMOS fabrication makes Mixed Signal
Integrated Circuits (MSIC) more vulnerable to process variation. This paper presents a well de-
fined novel design methodology for process variability aware design by incorporating the major
challenge of statistical circuit performance relating the device and circuit level variation in an ac-
curate and efficient manner to improve the reliability, robustness and stability of the circuit. The
device sensitive parameters are identified and accurately quantified by continuous realistic as-
sessments using statistical methods. The modularity of the methodology can be validated by the
output performance obtained from the gain and phase response of OTA which is highly stable
when subjected to worst case process variation scenario. In the proposed optimization, the circuit
is strengthened by fixing the optimum aspect ratio without adding any additional compensation
devices complicating the circuit resulting in low power consumption of only 0.116 mW in standard
CMOS 0.18 pm technology with 1.8 V power supply.
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1. Introduction

Large demand of high performance CMOS mixed signal systems requires stable output performance indepen-
dent of power supply, process and temperature variations. With the technology development and supply voltage
reduction impact of process variation, parameters are more dominant in low power battery operated electronic
systems. Highly accurate and high precision stable OTA driving large capacitive loads are used as error amplifi-
ers in low-voltage low-drop-out (LDO) regulators [1]-[3]. Due to constraints on the minimization of design time
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and die area/cost, efficient circuit developments with design reuse and/or technology migration methodologies
have been developed for principle analog blocks, such as operational transconductance amplifiers (OTAs), com-
parators, LNASs and so on [4]. Despite its popularity, only uncompleted design procedures were proposed for this
OTA which arbitrarily reduced the degree of freedom in the design equations, hence precluding the possibility to
meet optimized performance. Indeed, the approach proposed in [5] sets arbitrarily the compensation capacitor
equal to the load capacitor, and that presented in [6] introduces constraints that require an onerous recursive
procedure. With the scaling down of device sizes and supply voltages, single-stage cascode or telescopic am-
plifiers are not suitable for high-gain wide-bandwidth amplifiers. A low-power low-area and frequency-com-
pensated multistage amplifier capable of driving large capacitive loads is a necessity. OTA [7]-[12] required a
robust frequency compensation scheme due to their potential closed-loop stability problems. In an OTA, the ra-
tio of transconductance to current consumption reflects the power efficiency. In order to obtain lower power, the
efficiency of the OTA must be improved. In addition with the scaling of the supply voltages, the reduction of the
threshold voltage is not aggressive, which limits signal swings. In recent years, the process variation parameters
of the MOSFET have become a dominant cause in variation affecting the stability of the circuit. Therefore,
OTAs generate large distortion when produced by the present manufacturing process. Many design methodolo-
gies have been developed to optimize the design of OTA’s. In this paper, a new methodology is adopted to de-
sign the OTA and hence satisfies the state of art design specification.

2. Challenges in Statistical Optimized Design Methodology

The major challenge of statistical circuit performance analysis is how to relate the device-level variation to the
circuit-level variation in an accurate and efficient manner. Two conventional approaches for simulating the im-
pact of device variation on circuit performance are as follows: 1) corner-model method and 2) Monte Carlo (MC)
SPICE simulation [14]. The corner method is simple, computationally efficient, and thus widely adopted by cir-
cuit designers. However, the corner approach usually gives overly pessimistic or optimistic performance predic-
tion due to insufficient attention to the quantitative correlations between the corner models and the circuit per-
formance variations. The MC SPICE provides more accurate prediction using statistical information but is
computationally expensive for complex VLSI circuits. In addition, the accuracy of the MC approach depends on
the accuracy of the variations of the SPICE model parameters. The latter accuracy can be improved with greater
attention paid to the ET variation data [15]. Principal component analysis (PCA) was introduced to capture the
complex correlations of device parameters [16]. PCA transforms the correlated device parameters into uncorre-
lated variable (principal component). Each device parameter is a linear or nonlinear combination of the principal
components. There is no physical interpretation of these principal components. However, the accuracy of PCA
can be problematic in nanoscale CMOS technology due to highly nonlinear device characteristics and hetero-
geneity of device parameter [17]. To overcome this issue, an ET-based direct sampling methodology (DSM) ex-
tracts device model parameters for all test sites and preserves the existing complex nature of parameter correla-
tions [17] [18]. DSM can predict more accurate distribution of circuit performance due to stochastic process
variations. However, the accuracy of the DSM relies on the number of generated device parameter sets. The
more generated parameter sets lead to more accurate predicted results. The efficiency of the device parameter
extraction for significant number of test sites could be problematic due to a more complex process introduced in
the advanced CMOS technology. Backward propagation of variance approach was introduced to model the
process variations based on physical process parameters and the propagation of the variance. The model is effi-
cient and general for all kinds of variability studies. However, the model requires a very accurate nominal
SPICE model card with correct sensitivities to different process parameters. In addition, the model does not ac-
count for nonlinearities of the sensitivity, which could lead to inaccurate results when variations are large. The
improved set of model parameter variations will directly improve the accuracy of MC circuit simulations. Fur-
thermore this paper proposes a systematic optimized methodology that correlates the corner model approach and
montecarlo simulation. This paper presents a methodology to develop a variability aware computationally com-
pact parameter set for the parameters that impact on the sensitivity of the device parameter.

3. The Principle of Approach

Process variations can be incorporated in the design of OTA by considering the worst case condition as shown
in Table 1 under a desired level of confidence. Instead of choosing a minimal or the nominal value, optimal
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Table 1. Worst case corner conditions for typical, slow and fast transistors [M5].

Parameters Typical Slow Fast
Threshold Voltage Vi, (mV) 499.9 590.88 408.92
Temperature (°C) 27 -40 125
Supply Voltage Va4 (V) 18 16 2
On current I, (LA) 243.862 207.287 279.45
Off current Iy (UA) 12.9356 3.8806 51.74
Width W (um) 3.25 3.84 2.65
Length L (nm) 500 480 570

values have to be chosen by incorporating various methodologies. In this paper an OTA is designed considering
the process sensitive parameter in the design. The proposed optimization design flow is shown in Figure 1. The
optimal value of the process sensitive parameter is chosen such that the values are not allowed to be greater than
the worst case value (i.e. the degradation in performance is allowed to be greater than the maximum acceptable).
For simplicity threshold voltage variation and drain current variation is described in this paper. Initially to model
circuit process variability is modeled by worst case corner models for OTA as shown in Table 1 are generated
from slow nMOS and slow pMOS (SS) to model the worst-case delay (WS), and from fast nMOS and fast
pMOS (FF) to model the worst-case power (WP); whereas, the corner models for digital applications are gener-
ated from fast nMOS and slow pMOS (FS) to model the worst-case “1”, (WO) and from slow nMOS and fast
pMOS (SF) to model the worst-case “0” (WZ). A standard set of model parameters {e.g. Vi, W, L, Tox, Heft, ¥» Ros
Cov, Cj} is used to account for process variability and model the worst-case corner performance of devices and
circuits.

Threshold Voltage Mismatch (VTH)

The threshold voltage Vy, is mainly determined by process variation dependent sensitive parameters {Vi, W, L,
Tox et 74 Rosy Covs Ci}, Whose effect strongly dominates over the intrinsic imbalance at nominal conditions. This
clearly shows that variations are very critical in ULP/ULV mixed signal standard CMQOS circuits. Since the per-
formance of the device changes drastically with PVT associated parameters. To model the threshold voltage Vi,
the standard deviation () limits are preset to include any process variability over a wide range. The worst case
corner models are generated by offsetting the selected compact model parameter (P) of the typical (TT) compact
model by +dp = no to account for a window of process variability, where n is the number of ¢ for P so that it is
selected to set the upper and lower limits. The corner models of BSIM4 TT model parameter Vi is defined as

Vin =Vino + thh 1)

where dv,, is used to set the fixed UL and LL of the models. The variation of threshold voltage AVy, due to
global and local mismatch is calculated and the variance o, is determined.

oy =C '(4 NN )L{Wﬁ] (2)
eff —eff

where C is a constant and is given by 0.8165 [19] or 0.7071 [20] with or without the dopant variation along the
depth of the channel region, respectively; g is the electronic charge, es; and &o4 are the permittivity of silicon and

0o

silicon-dioxide (SiO,), respectively; ¢, = 2kBT|n[ CH ] is the bulk potential of the channel region of MOS-
n;

FETs with kg, T, and n; are the Boltzmann constant, absolute temperature, and intrinsic carrier concentration,
respectively. Wes and L represent the effective dimension of W and L, respectively. The impact of vy, on device
scaling as shown in Figure 2.
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Application Device Statistical Sensitive Model Parameter
e i Characteristics
Specification Circuit Topology
Vg, Temperature, N Parameter list Vin, W, L, Tox, Mefr, ¥, Rbs, Cov, Cj
Open loop gain, 2 Stage Miller (P)
Phase margin Y| Compensated OTA gn/lp, Mismatch (A)

due to local and AV in, AW, AL AT o, Allerr, AY,ARps, ACoy, AC;j

,PSSR,Settling gm/gds, global Variation
time,Dynamic range . . 1
Design Equation T.'D/W
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Analytical and Process Variability aware Simulation based Optimization.
Fix the sixe of the Transistor(W/L) and biasing region of the device

Figure 1. Proposed design optimization flow for OTA considering Worst case (PVT) scenario.
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Figure 2. Estimated Vy, variation for variation in width W = 3.25 pm and 4.2 pum.

x An/\/V—VL [20]-[22]. A, is the technology depen-
dent constant of AM. Thus for threshold voltage model Vi, the variance of AV,, between two transistor is

givenby oy, ~A, / JWL , where A, isanarea dependant constant of AV,,, depends on AXW, AXL, AToy,
AU, and AK;. Now for a single device we get

Normal distribution N(O,O’AM , Where o,

mismatch ) mismatch

_ L oAM=

Ay
[V —— N 2 WWL @

where o, - isthe variance of AM due to process variability. Thus the variance of AV, is given by

1 A,
O-VthOmismalch ZE\WhL (4)
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Thus the model parameter M including both local and global process variability components is given by
M = |VIO + GM mismatch + nGM global (5)

Equation (5) is the generalized compact model of the target technology for process variability aware analysis.
Thus for compact model parameter Vy, is given by

Vin =Vino + 0Vino mismatch T NOvino,global ©)

This Equation (6) is used to build a statistical corner model for threshold voltage Vy, realistic analysis of
process variability. Similar method is adopted for all the sensitive parameters in the design. Montecarlo simula-
tions are made for 200 runs and the histogram of Vy, for Ms is shown in Figure 3. The mean and standard devia-
tion of the parameter is observed, compared with the value and scattered plot is obtained as shown in Figure 4.
The optimized value is validated with Equation (6) and optimized.

4. Proposed Optimized Ota Design Flow Considering the Worst Case Scenario

General methodology adopted for process variation insensitive design

1) Select transistor gate length from intrinsic gain plat, so that the designed OTA satisfies the required gain.

2) Determine the transconductance g,, to realize the OTA’s required frequency response. Analytical expression
for the transfer function and settling behavior must be derived for a specific topology.
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Figure 4. Scatter plot representing G, and Vy, over all corners.
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3) Optimize gn/lps to meet the required specification. Once gy/lps (intrinsic gain) is determined, Fr, Cyq and the
associated parasitic capacitors can be obtained from the statistical variation sensitive model parameter loo-
kup table developed.

4) Determine Ips from g, and g./Ips.

5) The mismatch in the relative drain current Alpg/lps is calculated. The variance of the relative drain current
including global and local mismatch is derived.

6) Relative drain current mismatch Alps/lps is calculated by including the variation sensitive compact model
parameter set {Vino, W, L, Cox, Merr, 7, Ros, Covs Ci}-

7) The process variability sensitive model parameter is included and optimized Ips is calculated.

8) Determine the transistor gate widths W from the calculated IDS and current density plot.

OTA Design Optimization Flow

1) Determine the value of the total capacitance including the global and local variability sensitive compact
model parameter, with overlap capacitance C,, {CGSO, CGDO, CGSL AND CGDLY}; {CJS, CJD} defining
the source to drain junction area capacitance; and {CJSWS, CISWD, CISWGS, CISWGD} defines the
source to drain junction sidewall capacitance.

2) Determine the variance of the model parameter and add it to the mean value to analyze the change in value
of the parameter.

3) Determine the gate length from the DC requirements and optimize g./lps for the output of the optimized
OTA design.

4) Optimize the circuit parameters [Vin, W, L, Toy, Hefir 71 Rosy Covs Cj] O the OTA with an iteration loop until the
variation in output is tolerable to the change in variation sensitive parameter.

5) Optimize the bias currents and fix the region of transistor to satisfy the reqired design specification.

6) Determine the gate width (W) of the transistor to be used in amplifier design.

7) Repeat the above process for each transistor in the design.

5. Design Approach

Generally the design of OTA can be divided into two distinct design related activities that are most port inde-
pendent of one another. The tail current transistor for the differential amplifier will only consume voltage thus
reducing the output swing. The first of these activities involves choosing or creating basic structure for the
op-amp. Once the structure has been selected, the designer must select dc current and begin to size the transis-
tors and design the compensating circuit. Most of the work involved in completing a design is the second activi-
ty of the design process. Note that the devices must be properly scaled in order to meet all the ac and dc re-
quirements imposed on the top. Before designing the OTA one must sort out all the requirements and boundary
conditions that will be required to guide the design flow.

5.1. Analysis and Design of DC Gain
The overall gain of the OTA is given by

A=Ay 7 )
(1+ Sj£1+ SJ
Py P,

Ao (DC gain) = g (oo 11a) ][ Gme (o6 11 To7) ] 8)

where Ay is the DC gain of the OTA, g, is the trans conductance of the MOS, r is the effective output imped-
ance. The design procedure begins by choosing a device length to be used throughout the circuit. In general in
designing analog circuit we normally avoid channel-length modulation. Therefore the chosen length L > L, .
From the minimum value for the compensation capacitor C_, such that placing the output pole p, 2.2 times
higher than the GB permitted a 60° phasemargin. Therefore the pole and zero placements results in the following
requirement for the minimum value for C, > 0.22C, . Next determine the minimum value for tail currents I,
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known as bias current. Based on slew rate (SR) requirements the value of |, is determined to be I, =SRxC,.
The requirement of the transconductance of the input transistor can be determined from the quantified value of
C. and GB. The transconductance g,,, can be calculated using the following. g,,, =GBxC_. The range of
input value needed such that the transistors are designed to be in saturation. The two limitations on the input
range are.

CMR +V|n (max) _VDD -

IVT3| max ) TL(mln (9)
#Cox ( 3 l

|
5W +VT1(min) +VD85(sat) (10)
o \

CMR -V,

in(max)

=V —

5.2. Tuning of Aspect Ratio

L 1,Col

o0x "5
aspect ratio of M, and M, are found from the positive CMRR 'V, ..., suchthat M, to be in saturation.

X

2
The aspect ratio of the transistor M,, M, is [WT) is directly obtained from g, (VlJ _Gma . The
1,2 12

"
34 /upcox|: n [VT3| (max) Tl(mln :|

If the value determined for (—j is less than one, then it should be increased to a value that minimizes the
34

product of W and L. This gate capacitance contributes to the mirror pole which may cause degradation in phase
margin. From the datas available calculate the saturation voltage of transistor M,. Using the negative ICMR

equation, calculate V.. using the following relationship.

V., (12)

—J ~ VT1min)
3

If the value of V. is less than about 100 mV, then the possibility of a large (WTJ may result. This may

5

Viss =V,

in(min)

_VSS —

not be acceptable if the value for V... is less than zero, then the ICMR specification may not be too stringent.

increased. The aspect Ratio of (V%j is given by

To solve this problem, 1, can be reduced or (VTVJ
5

1

(V—VJ = LZ . At this point; the design of the first stage of the op-amp is complete.
L 5 /uncox [VDSS

For a phase margin 60°, the location of the output pole was assumed to be placed at 2.2 times GB. Based on
CL
C_c .

generally, for reasonable phase margin, the value of g, is approximately ten times the input stage transcon-

WY (W) Gms
(o)t &

this assumption and the relationship for pole 2. The transconductance g, can be found g,,=2.29,,,

ductance g,
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Knowing the g,, and (WT] will be defined the dc current

6

2
gmG

ly = ——m (14)
Z,upCOX (L)
6

Noting that one must now check to make sure ha the maximum output voltage specification is satisfied. Fi-

nally the device size of M, can be determined from the balance equation (V%j :(V%j :—6 The first-cut
7 4 5

design of all WT ratios is now complete.

5.3. Small Signal Analysis of OTA

In analog circuit designs, the small signal model is widely used to analyze the behavior of analog circuits. To
ensure the accuracy of the model, we must verify the small signal model with CMQOS circuit. In order to achieve
simplicity without losing of accuracy, the intrinsic part of complete small signal equivalent circuit of CMOS
transistor, has been applied in the small signal model. The verification of the small signal model is illustrated by
a CMOS two-stage OTA shown in Figure 1. The conventional small signal model of CMOS amplifier is widely
used based on the hybrid-pi model of CMOS transistor shown in Figure 5. In the hybrid-pi model, the Gate-
Source capacitor (Cys) and Gate-Drain capacitor (Cyq) have not been considered. The capacitor Cy can be neg-
lected while the voltage Vgs is an ideal voltage source. In the two stage OTA, the input voltage V;, connects to
M; and M, is generally assumed to be the ideal voltage source in the small signal model. Thus, the Gate-Source
capacitor of M, can be ignored in the small signal model. The Gate-Drain capacitor Cyq; of NMOS input diffe-
rential pair M; and M is connected to input voltage V;, and cannot be ignored.

The Gate-Source capacitor of M, Cy, must be considered in the small signal model since Vgsg is not an ideal
voltage source. The Gate-Drain capacitor of Mg, Cyqg, is connected to the output node V.. Thus, capacitor Cygs
will affect the circuit performance of the two-stage OTA and cannot be ignored in the small signal model. The
complete small signal equivalent circuit of CMOS transistor has been discussed in [6]. In order to achieve sim-
plicity without losing of accuracy, the intrinsic part of complete small signal equivalent circuit of CMOS tran-
sistor, has been applied in the modified model. Therefore, the modified small signal model of the two-stage
OTA can be obtained as shown in Figure 6. The modified model contains three parasitic capacitors Cyq;, Cgss,
and Cygs compared to the conventional model. In order to achieve simplicity without losing of accuracy, the in-
trinsic part of complete small signal equivalent circuit of CMOS transistor, has been applied in the small signal
model. The nominal value of the parasitic capacitors Cgqr, Cgss, and Cygs, Can be obtained from the SPICE simu-
lations of the two stage OTA shown in Table 2.

Table 2. Optimized parameters of transistor.

Device Wi/L Gm pA/NV
My 1.4/0.5 67.25
M, 1.4/0.5 67.25
Ms 4.5/0.5 52.10
My 4.5/0.5 52.10
Ms 3.25/0.5 157.10
Ms 55.5/0.5 596.32
My 10/0.5 840.36
Ms 3.25/0.5 157.10
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Figure 6. Schematic of OTA.

5.4. Miller Compensation Technique

This technique is applied by connecting a capacitor from the output to the input of the second transconductance
stage g@,,,- Two result came from adding the compensation capacitor C,. First, the effective capacitance

shunting R, is increased by the additive amount of approximately g,,,,R;,C.. This moves B, closer to the
origin of complex frequency plane by a significant amount. Second, P, is moved away from the origin of the
complex frequency plane, resulting from the negative feedback reducing the output resistance of the second

stage.
From the simplified model

1

v{s[cH +C,]

The overall transfer function that results

V. = VoSCch — gmlRivin
~ 1+SR[C,+C,]

}:v1 [sC,

1
+—
2

_gmll]

-]
Vo _ (9o ReJ[ 91 Re] Oma
Vi,  $*[RR,(CC,, +C,C, +C,,C.) ] +5[ R, (C, +Cyy) + R (C, +C,) +C.9,RR, | +1

n

From the standard second order system
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(16)

where Ay =9, R, -9,,R, isthe DC gain of OTA, R =(ry, IITy,) R, =(lys Il Ti; ). For the stability rea-
sonthe pole P, > P,
1

P = (17)
' Rz (Cc +C11)+R1(Cc +C1)+chm11R1Rz
: . . . 1
Since C.g,,,R R, is very large value Equation (17) is reduced to P, =——— and
chmllRlRZ
P, = Ceny since C,,C,>C,C,&C,C, thepole P, = Omi gng 7 9mu
Clcll + Clcc + CllCc Cll Cc

5.5. Phase Margin (PM)

This Phase Margin will define the stability of an amplifier. Higher value of PM will allow the output signal to
achieve steady state without much ringing. Lower values will cause ringing at the output. The value of phase
margin depends on the application. For most or well defined PM of 60° is needed

&

V
V_O = Ao —o (18)
in [1 + j (1 + J
Py P,
< Vo __ tan™ (ﬂJ —tan™ (ﬂJ —tan™ (ﬂj
Vin z P, p,
PM =84.29 — tan " [GB—W] (19)
P,

For stability of OTA the phase margin PM > 60° then P, >2.2GBW for PM > 5° then P, >1.22GBW
Z >10GBW , where the Gain Bandwidth (GBW) is given by GBW =g, /C, . Based in the expressions the pole

1
p,=9mi > 226BW, C, >022C,.

P,and P,isgivenby B =—"-—,
' chmllRlRZ Cll

6. Simulation Results

The OTA is designed using conventional and proposed optimization methodology as shown in Figure 6 is de-
signed and simulated in CADENCE spectre in 180nm CMOS technology. The supply voltage of the OTA is 1.8
V. The size of the transistors is optimized and the transistor parameter together with transconductance is shown
in Table 3.

All significant variation sensitive process parameters are varied by the optimum percentage value from their
nominal values and Monte Carlo simulations for the two-stage OTA and corner analysis is made with the varia-
tion range of each circuit parameter and results are obtained model can be obtained as shown in Table 4. The
circuit parameters are varied up to its maximum allowable value from their nominal values. By consider the
variation range of each circuit parameter, the performance bounds can be evaluated by the proposed approach. It
is observed that the aspect ratios of the transistors are as minimum as possible demonstrating to give stabilized
response as shown in Figure 7(c). Table 4 shows a summary of the performance parameters of OTA under typ-
ical conditions. The frequency and phase response of the OTA designed with conventional and proposed me-
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Figure 7. Frequency response of OTA (a) Conventional design with W5 variation; (b) Conventional design with temperature
variation; (c) Proposed design with W5 variation.
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Table 3. Optimal value of small signal parameters obtained from montecarlo analysis 200 runs.

Parameters Value Parameter Value
Cya (fF) 391.39 Oms (HA/V) 157.10
C. (fF) 800 Cu(pF) 2
Cyas (fF) 1.28 Om (LA/V) 67.25
Cyss (fF) 9.72 - )
Ro1 (KQ) 752.8 Co1 (pF) 2.35 pF

Table 4. Simulated performance of OTA with proposed design methodology.

PARAMETERS Simulated values
Load pF 2 pF 5 pF
DC Gain (dB) 64.11 66.43
Gain Bandwidth (MHz) 21.61 16.95
Phase Margin 58.07 50.88
Slew Rate (V/us)+ 12.56 10.58
Slew Rate (V/us)— 11.03 9.10
CMRR(dB) 68.78 65.78
PSRR (dB) 79.83 63.40
Power Dissipation 0.116 mwW 0.193 mwW
FOM; MHz.pF/mW 1.25 0.65
FOM_ V/ps.pF/mwW 216.55 274.09
IFOM; MHz.pF/mW 4.32 5.29
IFOM_ 2.512 3.30

()
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thodology is shown in Figure 7. Simulated results show that the DC gain of the OTA with conventional metho-
dology for a load of 2 pF and 5 pF is 64.11 dB and 66.43 respectively. The slewrate of the OTA is observed
from the simulated response obtained from the step input as shown in Figure 8. Figure 9 shows the variation of
gain and phase margin of the OTA with conventional and proposed design methodology with varying width (W
um), temperature representing PVT variations. It is observed that the frequency of the OTA designed with opti-
mized methodology is more stable than the conventionally designed. The both the OTA is simulated for the
worst case corner models with the constraints as shown in Table 1 and it is observed that the gain and phase
variation more in conventionally designed OTA.

To study robustness to mismatch and process variations, montecarlo analysis with over 200 runs were performed.
The results are shown in Table 1. Figure 9(a) shows the variation in gain for OTA with the conventional and pro-
posed design methodology over all process corners. It is observed that the deviation in gain is more in convention-
ally designed OTA. Figure 9(c) shows the change in gain for the conventional and optimized OTA with varying
loads. Figure 10 shows the layout of the optimized OTA is implemented in CADENCE 0.18 um CMOS technol-
ogy thus proving the enhancement in stability of the frequency responses even under worst case mismatches and
process variations. Figure 11 depicts the comparative analysis of the power consumption by different OTA’s.
Table 5 depicts the performance summary of conventionally designed OTA’s with the proposed design metho-
dology.
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Figure 11. Power comparison of proposed optimized OTA.

Table 5. Performance summary of the OTA and comparison with recently published work.

Parameters DL ooy meep D A GrAD GTAT meP piREe whren
Technology (um) 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Supply Voltage (V) 1.0 18 0.9 09 15 3 3 3 3 18 18
DC gain (dB) 42 50.1 48.5 67 60 48.5 59 53.3 64.1 66.43 64.11
Phase margin 52° 67.2° 64° 62° - 89.5° 86.3 86.2 83.2 50.88 58.07
Load C. 20pF 2nF - - - 30 pF 30 pF 30 pF 30 pF 5 pF 2 pF
Power Dissipaton (mW)  1.26  1.525 155 17 2.7 - - - - 0.193 0.116

7. Conclusion

This paper presents a simple and efficient design methodology to stabilize the gain and phase margin of a con-
ventional OTA in 180 nm CMOS process subjected to process variation. An efficient methodology to evaluate
the performance of the circuit considering the PVT variations is modeled. By considering the worst case design
scenarios in the design a combination of analytical and simulation based circuit optimization is performed. A
significant improvement in stability of the device process sensitive parameters is observed in all stages in the
design. From the comparative analysis, it is identified that the OTA designed by proposed optimized methodol-
ogy consumes only 23 percent of the average power consumed by different other OTA’s designed by conven-
tional methodology. The circuit simulation results confirm that the frequency response of OTA is more stabi-
lized and this proves the superiority of the proposed design approach over all the conventional approach. From
the performance metrics observed a series of comparison is made confirming the technical merits of reliability,
robustness and performance enhanced characteristics using the proposed design approach.
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