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1. INTRODUCTION

This project presents the design and layout of a two-stage operational amplifier (op amp)
with a buffer stage that meets the given specifications. Op amps are commonly used in the
electronic industry for their versatility [1]. They can offer high gain, high input impedance and
low output impedance [2]. There can be many factors to consider in op amp design and it can
be complicated for certain applications. Layout is especially an important stage in the design

and can present its own unique challenges.
2. CIRCUIT DIAGRAM AND OPERATION
2.1 Circuit diagram
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Figure 1: Circuit diagram of op amp
Table 1: Op amp component parameters
Component | Size (WXL in um) Component Value
M1 30, .6 M9 60,.6
M2 10,.6 M10 120,.6
M3 10,.6 M11 30,.6
M4 30,.6 M12 135,.6
M5 30,.6 Rp 4.1k ohms
M6 10,.6 Cp 1.8p
M7 60,.6 Rs 499 ohms
M8 10,.6




Table 2: Op amp DC bias values

Bias voltage Value Bias voltage Value
Vvdd 1.8V Vb 1.25V
Vin- (dc portion) 1.5V Vin+ (dc portion) 1.5V

2.2 Circuit operation

The op amp in figure 1 is composed of 4 key components. The first stage is a single
ended differential amplifier composed of M6, M7, M8, and M9. The purpose of this stage is to
provide the majority of the overall amplification for the differential signal while also significantly
attenuating the common mode signal. The current mirror load was chosen as it allows the
differential amplifier to output a single ended signal while maintaining a high gain.

The differential amplifier stage outputs into a common source amplifier composed of
M11, acting as a current source, and M10 acting as an amplifier. This stage provides the
remaining amplification while allowing for a wide output swing.

The output stage located on the far right is a common drain amplifier and consists of
M12 acting as an amplifier with a resistor load. The purpose of this stage is to serve as a buffer,
lowering the output impedance and increasing the drivability while providing unity gain.

M1 M2 M3 M4 and M5 serve as a biasing stage and form a current mirror where the
current in M5 and M4 is approximately three times the current on the left, M2 M3, side. Rp and
Cp are needed as part of miller compensation, these components determine the pole locations
in the frequency response [3].

2.3 Bias Points

The DC operating points of each transistor are given in table 3. To ensure linearity, each
transistor operates in the saturation region.

Table 3: DC operating parameters

Component Id (UA) Vds (V) Power (UW)
M1 21.1 -.558 11.8
M2 21.1 .691 14.6
M3 21.1 .55 11.6
M4 62.1 .545 33.8
M5 62.1 191 11.9
M6 31.08 534 16.6
M7 31.08 -.529 16.4
M8 31.08 534 16.6
M9 31.08 -.529 16.4
M10 -64.2 -.899 57.7
M11 64.2 .9 57.8
M12 -420 1.59 667.8




3. LAYOUT
3.1 Layout

The complete layout of the entire op amp has an area of 24960 um? and is shown in
figure 2. The layout consists of three major blocks. The first block is the current mirror consisting
of M1, M2, M3, M4 and M5. This block is shown in figure 3 and has an area of 1386 um?. The
next block is the differential amplifier consisting of M6, M7, M8, and M9. This block is shown in
figure 4 and has an overall area of 1027 um?. The miller compensation circuit consisting of Cp
and Rp is also shown in figure 4. Due to the large capacitance of Cp, two capacitors in parallel,
both with a width and length of 30um, are used to achieve the necessary capacitance value. The
final block is shown in figure 5 and consists of M10 and M11 which make up the common source
amplifier in addition to M12 and Rs which make up the common drain amplifier. The total area for
this block is 3841 um?.

During the layout process, special care was taken to make the differential amplifier as
symmetric as possible to maximize CMRR. The lengths of the interconnects were kept to a
minimum to reduce parasitics and long interconnections had relatively large widths to reduce their
resistance. Furthermore, the layering of different metals was generally avoided to reduce parasitic
capacitances.

Figure 2: Layout of op amp



Figure 3: Layout of current mirror

Figure 4: Layout of differential amplifier stage



Figure 5: Layout of common source and common drain stage

3.2 Layout Issues

The layout was sufficient in that all project specifications were met. However, the
layout is still not optimal. It could be much more compact, and this will likely minimize parasitics
and lower the cost of the circuit if it were to be manufactured. Transistor fingers could have also
been used to lower parasitic effects.

4. POST LAYOUT SIMULATIONS
4.1 Post-layout simulation results

The plots for each specification are shown in figures 6 and 7. Figure 6 shows the DC gain,
unity gain bandwidth, phase margin, CMRR, PSRR, input impedance, and output impedance of
the circuit. Meanwhile the swing can be calculated to be .837 V and the phase margin can be
calculated to be 20.1V/us from figure 7 and the below equation. Lasty, the DC analysis of the
circuit showed that its power supply had a current output of 468.6UA.
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Due to the special considerations made during layout, the post-layout simulations met the
requirements and no modifications to the circuit or layout were needed.
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Figure 6: Post layout gain, CMRR, PSRR, phase, input impedance, and output impedance plots
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Figure 7: Post layout swing and slew rate plots

4.2 Post-layout simulation issues

Fortunately, no design adjustments or technical issues were faced generating the post
layout results. Performing LVS resulted in a warning about ambiguity points related to the
capacitors but on further inspection, they had been resolved correctly.



5. PERFORMANCE

5.1 Performance summary

Table 4 summarizes the pre-layout and post-layout simulation results.

Table 4: Pre and post layout performance summary

Post layout
ltem Specification Circuit level Post layout simu. meets
P simulation simulation specification
(Yes or No)
DC gain > 50 dB or 316
VoulVir (must meet.) 70.8dB 71.0dB Yes
Unity-gain | > 20 MHz (must
bandwidth: | meet) 30.5 MHz 23.7MHz Yes
Power <2 mW (must .843mwW
S 1.02mwW

dissipation: | meet.) (568uA,1.8V) (1423.)6UA at Yes
Phase > 90°at the unity- | 108.2 degrees (- | 101.9 degrees (- Yes
margin: gain frequency 71.8+180) 78.1 +180)
Slew rate*: | > 20 V/usec for

low-to-high 22.5V/us 20.1V/us Yes

change
CMRR: 1 290dBat100 1415 08 102.0dB Yes
PSRR: > 90 dBat100 |74 748 71.2dB Yes
Input >50 MQ at 1 kHz
impedance 614.1Mohms at 1.2 Gohms Yes
7. 1KHz

n -

Output <500 Qat 1 kHz
impedance 189.9 ohms 245.4 ohms Yes
Zout:
Ou.tput > 400 mV peak- .846 V peak to .837 V peak to
swing to-peak cak cak Yes
voltage: P P

5.2 Possible improvements

All the specifications were met however the layout could be redone to achieve a closer
phase margin to the schematic results. Since all of the performance requirements were met, the
design could have been improved through a smaller layout area. This could have been achieved
through better placements of the circuit components as well modifications to the components
parameters. Namely the size of Cp, M12, and M10 could have been reduced to reduce the overall
area of the layout while sacrificing some of the performance of the op amp.

6. SUMMARY

In summary, the op amp layout and schematic made all the specified criteria. This
project allowed us to gain a better understanding of the tradeoffs and important factors in analog



design as well as practice using the Cadence design environment. A possible future
recommendation would be to give students a choice in the project topic. They could design an
op amp, or a different type of circuit such as an analog multiplier, oscillator, or OTA. This would
give students the opportunity to learn about other types of circuits that we didn’t get a chance to
deeply study.

7. References

[1] D. Neamen, Microelectronics Circuit Analysis and Design, 3rd ed.
[2] B. Razavi, Design of Analog CMOS Integrated Circuits
[3] lowa State University, Design of two stage op amp with miller compensation

8. Appendix



#® Calibre - RVEv2017.3_38.30: opamp.drc.results

File ¥iew Highlight

BT =

Tools Window  Setup

e

Search

‘?Shuw Unresolved ™| 8 opamp, 13 Results (in 12 of 2246 Checks)

g Check / Cell R [z 1
Check POR4
Check POR3
Check M1R 1
Check M2.R.1
Check M3.R.1

HEHE

Check M3.R1
Check UTM40K.R.1
Check DRM.R1

HEHEHEE

Check POR.S

Check ODR.3
Check MOMR.2

z
I
1
I
1
Check M4.R A1 I
1
I
1
I
1
1

HEHEB

FO.R.4 §£ B It iz prohibited for Floating Gate if the effective source/drain is not connected together
Float_GATE_check IMTERACT HSDw > 1 BY MET
Float_GATE_check IMTERACT PSDu > 1 BY MET

@ Check PO.RA

Figure A: Screenshot of DRC results

[ !
Eile ¥iew Highlight Tools

Ol R &)| ¢

Window  Setup

Search Tép

w5

=t Navigatar k]

Results

HpExraction Results
(&9 Comparison Results
ERC

= ERC Results

ERC Summary
Reports

Extraction Report
L¥S Report

Rules

i | Rules File
View

O Info

% Finder

r Schematics
Setup

4 Options

&8 Comparison Results x

Source Cell MNets
opamp 3L, 135

E Layout Cell / Type
@ opamp £

Instances
15L, 155

Parts
6L, BS

Cell opamp Summary (Clean)
CELL COMPARISOM RESULTS { TOP LEVEL 3

# #HEHHS R AR RR Y — —
# # # P
# # # CORRECT # |
& 4 # # N
# R R

Warning: Ambiguity points were found and resclved arbitrarily,
LAYOUT CELL MAME: oparip
[SOURCE CELL MAME: opamg

INITIAL NUMBERS OF OBJECTS

Layout. Source Conpornent. Type

Figure B: Screenshot of LVS results




#® Calibre Interactive - PEX v2017.3_38.30 *
Eile Transcript Setup Help
Aules --- WRITING TO FDE,,. g
— --- NETWORK REDUCTION COMPLETE: CPU TIME = 0 REAL TIME = O LVHEAF = 7&/78/78 MALLOC = 84/84/84
Inputs
Outputs - PDE MET SUMMARY -
pdb file name = svdb/opange . pdb
FEX Options root cell name = opanp
totsl nets = 14
Run Control top-level nets = 14
non-top-level nets = Q
Transcript degenerate nets = Q
merged nets = Q
error nets = a
Run PEX
CALIBRE «RC WARMNING / ERROR Summary
Start RVE
*RC Harnings = 2
*xRC Errors = 0
--- CALIBRE xRC::FORMATTER COMPLETED - Sat Dec 12 12:50:05 2020
--- TOTAL CPU TIME = 0 REAL TIME = 0 LVHEAP = 12/14/78 MALLOC = 84/84/84 ELAPSED TIME = 3
O
]
33 Warnings ]
Layer 3 contains unmapped ohjects and is the source layer of LAYER MaAP == 5 DATATYPE o
Layer 13 contains unmapped objects and is the source layer of LAYER MA 13 DATATYPE == 1.
Layer 13 containg unmapped objects and is the source layer of LAYER MA 13 DATATYPE == 4.
Layer 16 contains unmapped ohjects and is the source layer of LAYER k4 168 DATATYPE == 1
Layer 18 contains unmapped objects and is the source layer of LAYER MAP == 16 DATATYPE == 2.
Layer 18 containg unmapped objects and is the source layer of LAYER MA 18 DATATYPE == 1.
Layer 18 confains unmapped objects and is the source layer of LAYER MA& 18 DATATYPE == 2
Layer 23 contains unmapped objects and is the source layer of LAYER MA 28 DATATYPE == 1.
Layer 28 containg unmapped objects and is the source layer of LAYER MA 28 DATATYPE == 2.
Layer 31 confains unmapped objects and is the source layer of LAYER MA& 31 DATATYPE == 1
Layer 31 containg unmapped objects and is the source layer of LAYER MA 31 DATATYPE == 2.
Layer 33 contains unmapped objects and is the source layer of LAYER MA 33 DATATYPE == 1.
Laver 33 contains unmanned ohiects and is the source laver of LAYER MAP == 33 DATATYPE == 2
I [
Figure C: Screenshot of PEX results
™ Calibre Info@ssh >

Calibre View generation completed with 20 WaRMINGs and 0 ERRORs. Please consult the CIW transcript for messages.

Figure D: Screenshot of Calibre view generation




	1. INTRODUCTION
	2. CIRCUIT DIAGRAM AND OPERATION
	3. LAYOUT
	4. POST LAYOUT SIMULATIONS
	5. PERFORMANCE
	6. SUMMARY
	7. References
	8. Appendix

