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1 Hand Calculations

We calculate the constant K = uC,, for the 3 different MOSFET devices.
Figure 1 shows the S,y = K x (W/L) values. Using this we calculate the

Kyppat = 311.TuA/V?
Koo = 247.5p0A/V?
Ky ot = 201.8uA/V?
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Figure 1: B.¢s values for NAT nMOS, LVT nMOS, and LVT pMOS.

We know that the noise characteristics of a 2-stage OTA are given as:

[ 16kT e
VI = (1 4 Ims)
3 X Gm, Imy
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Assuming g, < gm,, the required noise characteristics give us the following

inequality:
16T 1

X
3 " 80nV/vHz

The unity-gain frequency is given by:

fuar = Iy
v 27TCC

Since we want fygr > 7T0M H z, we get the following inequality:
Cc > 0.008pF

Say we use Cc = 0.1pF. The current Igg is given by

d‘/out

Isg = Ce 7

= C¢ x (Slew Rate) > TuA
Using this, we get the following inequality for Ipgs:

C
loss > Iss(1+ =2) > TTpA
Ce
Say we use Igs = 26.23uA, Ipss = 151.28uA, and ¢,,,, = 84uS. Using this
we calculate the (W/L) for M1 as follows:

2
Im,

W/L) = —Jm
( / )1 Kn,nat X [SS

= 0.86

Using the above values, we get fygr = 133MHz. The phase margin is ap-
proximately given by

P-M =90° — tan’l(fUGF)
fnp

Therefore we get
Ime

= > 230MH
fND 27TCL - z
This gives us g, > 1.445mS. Say we choose ¢,,, = 2m.S,
g2
(W/L)¢ = L =65

2 X Kp ot X loss
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The value of the resistor is given by

1 Cp
1+ —=) = 5.5k
gmﬁ( o)

R, =

To obtain a voltage swing of 0.6V, therefore Visu, = Visar, = 300mV

21oss
Visate = 4| ——————— = 150mV
et =\ Ky (W/L)s
21pss
W/L)y; = —2-—— =16
( / )7 Kp,lvt X ‘/;leat7
For zero systemic offset,
Iss B
(W/L)34 = 57 (W/L)s =3
0S8

The gain of the OTA is given by:

\/spr,m X K nat X(W/L)1x(W/L)g
Issxloss

(An,nat + )\p,lvt)()\n,lvt + )\p,lvt)

AU - Av1 ' Avg -

Using Ay nat = Ap ot = Anjor, We get

84.2
>

4—)\2_250

Therefore, we get A < 0.29. Suppose we take Ay nat = Ap ot = Anjwr = 0.05.
Using the relation A - L = constant, and the given A values, we get the
following lengths:

Ly pat = 4.2um
L, 1ot = 600nm
Ly, 1t = 400nm

Table 1 summarizes the final component parameters used. Figure 2 shows
the schematic of the OTA along with component parameter annotations.



MOS Device Parameters | Width (in gm) | Height (in pm)
NM1 3 4.2
NM2 3 4.2
PM3 4 0.4
PM4 4 0.4
NM5 2 0.6
NM6 24 0.4
NM7 9 0.6
NM3 0.7 0.6
Passive Components Value

RO 6.4k
Co 0.1pF

Table 1: Component parameters used for the 2-stage OTA.
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Schematic with component parameter annotations.



2 DC Operating point

Figure 3 shows the DC Operating point values for all the MOSFETs used.
Here, we can see that all the MOSFETSs are in region 2, i.e., saturation.

- cPME L opmeslvit - 0 - pmoste_lvt
2

d=—12.1767u .12 e . |
FZQ.T?AHT\ 828.764m|

vgs=—376.236m
T2
825 784 FBE.27Bm

de—12.4220 .
vqs=—376.236m
1s=s T

vidg=—376.236m vds==4(4.724m

.o . . gm=221.485u am=225423u pravetv_ vt L PME -
16145 4, - . . region=2 region==2 1.2M0= - 147.3570
ygs=—414.724m
1.2
resnsnpaly | RE
785.276m T r26.4606.375m g vds =~ 52 5.528m
nmas lv_nat B nmeslvonat - © segW—p@fn o - | 9M=207582m
. BEOTEAmM TId=12.0768u. , . . id=12.422507E5.276m - B e e
& 75| =357.118 =366, 7 43 k] =3.2p E
MINN s m - . F—-WF%}PTEM B & our -
539 257 L da=598:507m we=546.019m [5g o57rn 3 F—I—ll
oo .. Tam=BETFI5Tu . . . gm=B1.5193y L . BTN M- . Lo
reqion=2 TETUTT—. T .:l:\l‘t
.o g A T - : T igne
Lof
w
Ed
. R B S .o
[ELLST Tt s fe=tet E NG s b lvt s MM7
d=%.98988) 923, 289 e . . EID25Im [ig=24.5987u , . . L. JBHEETSmid="147.3F
" vgs=573.209 29m 523,208rm| [ y1lgs=523.209m 523,209m| [ —vgs=523
e [ [
vdz=523.289m wdg=238.257m vdg=58G6.375m
gr=81 5560u lra=188.3570 m=1.15663m
ragien=2 regre =2 . : : : . | regron=2
Py
GND

Figure 3: Schematic with DC operating point annotations.
The power consumption can be given by

Power = VDD X (IBIAS + [SS + [()55) =12V x 182/LA =0.218mW

3 Stability Analysis

Figure 4 shows the Bode plot for Gain and Phase. Here, we can observe a
DC Gain of 50.4dB, a 3dB frequency of around 355kHz, a unity gain
frequency of 116 MHz, and a phase margin of around 68.5°. Figure 5
shows the summary of the stability analysis.
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Figure 4: Bode Plots for Gain and Phase.
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Figure 5: Stability summary.



4 AC Analysis: Differential gain

Figure 6 shows the plot for closed-loop gain and phase. We can observe the
closed-loop gain of around -7mdB and a 3dB frequency of around
174MHz. Figure 7 shows an input referred systematic offset of 3.208m.
Figure 8 shows the DC Operating point values for all the MOSFETSs used.
Here, we can see that all the MOSFETSs are still in saturation.
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Figure 6: Bode Plots for Closed-loop Gain and Phase.

Test Output |  Nominal | Spec |  Weight | Pass/Fai
EE618_CP1_200070008 TBAC_DM | dB2O(VR™VOUTT) | L=

EEG18_CP1_200070008 TB_AC_DM: | phase(VF("VOUTY) | |
EE618_CP1_200070008 TB_AC_DM:1 | Input reffered offset 3.208m

Figure 7: Input referred systematic offset.
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Figure 8: Schematic with DC operating point annotations.



5 DC Analysis: Common mode gain

Figure 9 shows the Bode plot for open-loop common-mode gain and phase.
Figure 10 shows that the OTA has common-mode gain Acy g = —18.6dB
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Figure 9: Bode Plots for Open-loop Common-mode Gain and Phase.

Test | Output | Mominal Spe |  Weight | Pass/Fail

EE618_CP1_200070008 TB_AC_CM:1 | dBZO(VECAVOUTT) | 12
EE618_CP1_200070008 TB_AC_CM:1 | phase(VF("VOUTT) | L=
EE618_CP1_200070008 TB_AC_CM:1 | ACM (in dB) 186

Figure 10: Common-Mode Gain.
The CMRR of the OTA is given by

CMRR = Apyrap — Acaras = 50.4dB — (—18.6dB) = 69dB
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6 Transient Analysis: Sinusoidal input

Figure 13 shows the plot for the input and output waveforms for the OTA.
Figure 12 shows that the peak-to-peak voltage for the output waveform is
around 596mV.
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Figure 11: Plots for input and output transient waveforms.

Test Cutput | Nominal Spec |  Weight | Pass/Fail
EE618_CP1_200070008:TB_TRAN_SIN:1 | /VOUT L
EE618_CP1_20007 0008 TB_TRAN_SIN:1 | /VINP L
EE618_CP1_20007 0008 TB_TRAN_SIN:1 | VOUT (peak-peak) 596.1m
EE618_CP1_20007 0008 TB_TRAN_SIN:1 | VIN (peak-peak) 600m

Figure 12: Peak-to-peak voltage for input and output waveforms.
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7 Transient Analysis: Step input

Figure 13 shows the plot for the input and output waveforms for the OTA
to observe slewing. The slew rate is given by the following:

AV 14.36mV
At 0.083ns

Slew Rate = =173V /us

The settling time can be observed to be around 5.06ns.
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Figure 13: Plots for input and output transient waveforms to observe slewing.

8 Noise Analysis

Figure 14 shows the plot for the noise waveform. We can observe that for
1MHz, we have V,,;, = 34.5nV/vHz and V,,;, = 30.8nV/v/Hz for 10MHz
frequency. Figure 15 shows the summary of the noise analysis.
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Figure 14: Plots for noise waveform.
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Device Param Noise Contribution % Of Total
/10/PH4 id 6.39832¢-08 36.49
/18/PM3 id 6.18559¢e-88 29.89
718/ NM1 id 2.5215e-88 12.81
/18/MM2 id 2.29677e-88 18.94
/18/WM3 id 1.23621e-088 5.86
/18/PME id 2.98426e-89 1.42
18.R8.RA.r1 thermal_noise  1.84428e-89 0.88
10.R0.RO.r2 thermal_noise 1.84197e-09 9.88
10.RO.RO.r3 thermal_noise 1.83967e-89 .88
18.R6.RA.r4 thermal_noise  1.83737e-89 8.88

Integrated Noise Summary (in V2) Sorted By Moise Contributors
Total Summarized Noise 2.89871e-87

Total Input Referred Noise = 4.81976e-87

The above noise summary info is for noise data

b
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Figure 15: Noise summary.
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Q. No. Parameters Value
2 Power Consumption 0.218mW
DC Gain 50.4dB
5 f-3dB 355kHz
Unity gain frequency 116MHz
Phase Margin 68.5°
Closed loop Gain -TmdB
4 f-3dB 174MHz
Input referred offset 3.208m
. Common mode gain -18.6dB
CMRR 69dB
6 Output Swing 596mV
- Slew rate 173V /us
Settling time 5.06ns
Input referred spot noise (at 1MHz) | 34.5nV/v/Hz
< Input referred spot noise (at 10MHz) | 30.8nV/v/Hz
Total summarized noise 2.1 x 1077
Total input referred noise 4.02 x 1077

Table 2: Summary of the OTA specifications.
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9 Layout

Figure 16 shows the final layout of the designed OTA.
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Figure 16: Layout of the designed OTA.

The layout dimensions are 33um x 17um, leading to a total area of 561um?.
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10 DRC, LVS, and QRC

Figure 17 shows that the OTA layout passes all DRC checks.
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Figure 17: DRC checks for the OTA layout.

Figure 18 shows that the OTA layout passes all LVS checks with a few warn-
ings.

Figure 19 shows that the Quantus Run was successful.

Figure 20 shows the OTA layout after parasitic extraction.
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Figure 18: LVS checks for the OTA layout.
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Figure 19: Quantus Run for the OTA layout.
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Figure 20: Layout of the OTA after parasitic extraction.
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11 Layout - DC Operating point

Figure 21 shows the DC Operating point values for all the MOSFETSs used
after parasitic extraction. Here, we can see that all the MOSFETSs are in
region 2, i.e., saturation.
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Figure 21: Schematic with DC operating point annotations after parasitic
extraction.
The power consumption can be given by

Power = VDD X (IBIAS + ISS -+ Ioss) =12V x 25,&14 = 0.03mW

12 Layout - Stability Analysis

Figure 22 shows the Bode plot for Gain and Phase. Here, we can observe a
DC Gain of 50.4dB, a 3dB frequency of around 323kHz, a unity gain
frequency of 108 MHz, and a phase margin of around 70.4°. Figure 23
shows the summary of the stability analysis.
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Figure 22: Bode Plots for Gain and Phase after parasitic extraction.
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Figure 23: Stability summary after parasitic extraction.
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13 Layout - AC Analysis: Differential gain

Figure 24 shows the plot for closed-loop gain and phase. We can observe the
closed-loop gain of around -7mdB and a 3dB frequency of around
162MHz. Figure 25 shows an input referred systematic offset of 8.101m.
Figure 26 shows the DC Operating point values for all the MOSFETSs used.
Here, we can see that all the MOSFETSs are still in saturation.
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Figure 24: Bode Plots for Closed-loop Gain and Phase after parasitic extrac-

tion.

Test | Cutput | MNominal |  Spec | Weight | Pass/Fal

EEG18_CP1_20007 0008:TB_AC_DM:1 | dB2O(VR"/VOUT")) =
EES18_CP1_20007 0008:TE_AC_DM:1 | phase(VF"~vouUTY) | L=
EEG18_CP1_20007 0008 TB_AC_DM:1 | Input reffered offset 8.107m

Figure 25: Input referred systematic offset after parasitic extraction.
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Figure 26: Schematic with DC operating point annotations after parasitic

extraction.
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14 Layout - DC Analysis: Common mode
gain

Figure 27 shows the Bode plot for open-loop common-mode gain and phase.
Figure 28 shows that the OTA has common-mode gain Acyqp = —18.75dB

phase(VF("/vOUT")) Wed Nov 15 18:04:11 1
hene "

s [ E— "3

B g & &

F

bk

freq (1)

Figure 27: Bode Plots for Open-loop Common-mode Gain and Phase after
parasitic extraction.

Test Output | Nominal Spec |  Weight | Pass/Fai

EE618_CP1_200070008 TBAC_CM:1 | dB2OVEVOUT™) | 1=
EE618_CP1_200070008 TB_AC_CM:1 | phase(VE"VOUTT) | L=
EE618_CP1_200070008:TB_AC_CM:1 | ACM (in dB) -18.75

Figure 28: Common-Mode Gain after parasitic extraction.

The CMRR of the OTA is given by

CMRR = Apyras — Acarap = 50.4dB — (—18.75dB) = 69.15dB
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15 Layout - Transient Analysis: Sinusoidal
input
Figure 31 shows the plot for the input and output waveforms for the OTA

after parasitic extraction. Figure 30 shows that the peak-to-peak voltage for
the output waveform is around 596mV.

Transient Response Wed Nov 15 18:14:48 1
fuame. vs varr =
. /VINP @ .. 95003
= Aour .
[ e 27| ol
.
dy:596.5446mV dy:599.9994mV
Sono 3
e
time (us)

Figure 29: Plots for input and output transient waveforms after parasitic
extraction.

Test Output | Nominal Spec |  Weight | Pass/Fail
EE618_CP1_200070008:TB TRAN SIN:1 | /VOUT L

EE618_CP1_20007 0008:TB_TRAN_ SIN:1 | /VINP k=

EE618_CP1_20007 0008 TB_TRAN SIN:1 | VOUT (peak-peak) 596m

EE618_CP1_20007 0008 TB_TRAN SIN:1 | VIN (peak-peak) 600m

Figure 30: Peak-to-peak voltage for input and output waveforms after para-
sitic extraction.
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16 Layout - Transient Analysis: Step input

Figure 31 shows the plot for the input and output waveforms for the OTA
to observe slewing. The slew rate is given by the following:

AV 14.15mV
At 0.0867ns

Slew Rate = = 163V /us

The settling time can be observed to be around 6.84ns.
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Figure 31: Plots for input and output transient waveforms to observe slewing
after parasitic extraction.

17 Layout - Noise Analysis

Figure 32 shows the plot for the noise waveform. We can observe that for
1MHz, we have V,,;, = 34.5nV/vHz and V,,;, = 30.8nV/v/Hz for 10MHz

frequency. Figure 33 shows the summary of the noise analysis.
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input noise; V / sqrt(Hz)

Wed Nov 15 19:51:51
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Figure 32: Plots for noise waveform after parasitic extraction.

Figure 33: Noise summary after parasitic extraction.

Results Display Window (on vlsi77.ee.iitb.ac.in)

Window Expressiors  Info

Help

cadence

Total Summarized Noise = 1.98854e-87
Total Input Referred Noise = 4.12783e-87
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Q. No. Parameters Schematic Layout
2 Power Consumption 0.218mW 0.03mW
DC Gain 50.4dB 50.4dB
5 f-3dB 355kHz 323kHz
Unity gain frequency 116MHz 108 MHz
Phase Margin 68.5° 70.4°
Closed loop Gain -TmdB -TmdB
4 f-3dB 174MHz 162MHz
Input referred offset 3.208m 8.101m
. Common mode gain -18.6dB -18.75dB
CMRR 69dB 69.15dB
6 Output Swing 596mV 596mV
- Slew rate 173V /us 163V/us
Settling time 5.06ns 6.84ns
Input referred spot noise (at 1IMHz) | 34.5nV/+v/Hz | 34.5nV/v/Hz
< Input referred spot noise (at 10MHz) | 30.8nV/vHz | 30.8nV/v/Hz
Total summarized noise 2.1 x 1077 1.99 x 1077
Total input referred noise 4.02 x 1077 | 4.13 x 1077

Table 3: Summary of the OTA specifications.
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18 Observations

Below are my observations and comments regarding the differences between
the schematic and post-layout simulation results:

e Smaller bias currents (and reduced power consumption) due to the IR
voltage drop.

e Slight reduction in the 3dB frequency and the unity-gain frequency
due to the extra non-dominant poles introduced by the parasitic ca-
pacitance.

e Slight increase in the phase margin due to a smaller unity-gain fre-
quency.

e Increased input-referred offset voltage due to MOSFET mismatches.
e Reduction in the slew rate due to parasitic capacitance.

e Increase in the settling time due to a larger time constant (proportional
to R x C).

e The noise contribution from resistive elements has increased.
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