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Abstract: Review basic MOS single-stage amplifier topologies and perform comparative DC analysis in order
to determine for each topology the pair: (maximum input voltage swing, amplification). The results will be used
in following works for the design of more advanced circuits such as differential amplifiers, current sources and
operational amplifiers.
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l. Introduction

The aim of the current work is to give a didactic review to the design of the most basic MOS single-stage
amplifiers [1,2]. The aim is on creating appropriate single-stage amplifier designs delivering maximum input
voltage swing and maximum amplification.
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Figure 1. MOS single stage topologies. (a) Common-source stage with resistive load, (b) Common-source stage

with diode-connected load, (c) Common-source stage with current-source load, (d) Common-source stage with

active load, () Common-source stage with triode load, (f) Common-source stage with source degeneration, (g)

Source follower, (h) Source-follower with nMOS as current source, (i) Common-gate stage, (j) Cascode-stage,
(k) Simple folded cascode, (I) Simple folded cascode with nMOS input.
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Figure 1 shows the topologies that will be studied, specifically the: (a) Common-source stage with
resistive load, (b) Common-source stage with diode-connected load, (c) Common-source stage with current-
source load, (d) Common-source (CS) stage with active load, (¢) Common-source stage with triode load, (f)
Common-source stage with source degeneration, (g) Source follower (CD), (h) Source-follower with nMOS as
current source, (i) Common-gate (CG) stage, (j) Cascode-stage, (k) Simple folded cascode, (I) Simple folded
cascode with nMOS input.

Figure 2 shows qualitatively the standard DC characteristic of common-source stage (with resistive
load), the common-drain stage (source-follower) and the common-gate stage. Section Il presents the basic
assumptions followed by all designs.

Section 1l presents the DC analysis results for the proper transistor sizing for all the topologies.
Section 1V presents the DC comparison of the standard (CS, CD, and CG) topologies, Section V presents the
DC comparison of all the CS topologies. Section VI presents the DC comparison of the CD topologies. Finally,
section VII presents the quantification of the CG topology DC curve.
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Figure 2. Basic topologies of single-stage amplifiers and corresponding DC characteristics. (@) Common-
source, (b) Common-drain (source-follower), (c) Common-gate. (V14 is the threshold voltage)

I1.  Design And Simulation Considerations
In the following simulations, enhancement MOSFETSs with 4 terminals are used. The simulation are
performed using TINA Pro 9 design suite [3]. The MOS model used is the built-in TINA’s BSIM3 version of
SPICE, with transistor parameters for nMOS and pMQOS shown in Table 1 and Table 2, respectively.In all
topologies the pMOSback-gate electrode is connected to Vppand thenMOS back-gate electrode in the ground.
The simple folded-cascode and simple folded-cascode with nMOS input, will use biasing current sources and
Fig. 3 shows appropriate biasing of nMOS and pMOS that can be used as current-sources for 10mA and 5mA.
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Figure 3. Appropriate bias and sizing to obtain approximately (a) 10mA and (b) 5mA constant current-sources
with a pMOS and annMOS. These are used to bias devices when necessary.
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Table 1. nMOS-BSIM3 SPICE parameters.
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I11.  DC Analysis For Transistor Sizing
The following subsections consider each topology in detail, simulating mainly the transistor width W
and the external resistances Rp and Rs, in order to get anappropriate DC Vip-V,,: curve, capable of allowing high
input- voltage swing and high amplification if the circuit is biased properly. In all cases, Vpp=5V,Vi,=0-5V,
L=0.35um.
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A. COMMON-SOURCE STAGE WITH RESISTIVE LOAD

Figure 4 considers the common-source stage topology for various Ws. The W=100umand
Rp=1kOhmare considered as acceptable values for this topology, for the overall stage comparison that will
follow.
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Figure 4.DC analysis of common-stage with resistive load amplifier for various Ws, and Rp=1kOhm.

B. COMMON-SOURCE STAGE WITH DIODE-CONNECTED LOAD

Figure 5 considers the common-source stage with diode-connected load topology for various Ws for transistor
M3. The W3=1umand W,=5umare considered as acceptable values for this topology, for the overall stage
comparison that will follow.
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Figure 5. DC analysis for the common-source stage with diode-connected load, for various values of Ws. In all
cases, W,=5um.

C. COMMON-SOURCE STAGE WITH CURRENT-SOURCE LOAD

Figure 6 shows the simulation results for the common-source stage with current-source load topology, for
W,=1um, Vp,=-2V and various W;. The W5=100umwill be used for the for the overall stage comparison that will
follow.
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Figure 6.DC analysis for common-source stage with current-source load topology for various values of Ws. In
all cases, Wy=1um and Vp,=-2V.
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D. COMMON-SOURCE STAGE WITH ACTIVE LOAD
Figure 7 shows the DC analysis of the common-source stage with active load topology, for We=5um and various
W>. The W,=Ws=5um is selected as the appropriate value for the following comparison of all stages.
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Figure 7. DC analysis for the common-source stage with active load for various W-. In all cases Wg=5um. The
curve remains practically unaffected if W;=W;.

E. COMMON-SOURCE STAGE WITH TRIODE LOAD
Figure 8 shows the DC analysis for the common-source stage with triode load topology for various
combinations of Wg and Ws. The finally used values are the Wg=5zmand Wy=1xm. In all cases Vp,=-2V.
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Figure 8. DC analysis of the common-source stage with triode load topology, for various values of Wg and Ws.
In all cases V,,=-2V.

F. COMMON-SOURCE STAGE WITH SOURCE DEGENERATION

Figure 9 shows the various simulation scenarios with the common-source stage with source degeneration
topology. Finally, Ro=1kOhm, Rs=1000hm and W=60umare the appropriate values that are used in the all stage
comparisons in the following section.
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Figure 9. DC analysis of the common-source stage with source regeneration. (a) Testing various Ws for
Rp=Rs=1kOhm. (b) Testing various Rps for W=5umandRs=1000hm. (c)Testing various Rps for W= 5umand
Rs=1kOhm. (d)Testing various Ws for Rpb=1kOhm and Rs=1000hm.

G. SOURCE-FOLLOWER
Figure 10 shows the DC analysis for the source-follower topology. The selected values are Rs=1000hm and

W=500um.
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Figure 10.DC analysis of source-follower topology for W=500umand various Rs values and for Rs=1000hm
and various W values.

H. SOURCE-FOLLOWER WITH NMOS AS CURRENT SOURCE
Figure 11 shows the DC analysis for the source-follower with nMOS as current-source topology. The selected

values W13=500um and Wy,=1um.
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Figure 11.DC analysis of source-follower with nMOS as current-source topology for W;3=500um, and various
Wi,. In all case V,=2V.

I. COMMON-GATE STAGE
Figure 12 shows the DC analysis of the common-gate stage topology. Selected values are W;,=100umand

RD=10kOhm
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Figure 12.DC analysis of common-gate stage topology for Rpb=1kOhm and various Ws and then for Wy,=100xm
and Rp=10kOhm.

J. CASCODE STAGE
Figure 13 shows the DC analysis of the cascode-stage topology and the appropriate values obtained after various

simulations: Rp=5kOhm, W1s=W;5=100um.
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Figure 13.DC analysis of cascode-stage topology for various Rps, WisS, Wies.

K. SIMPLE FOLDED CASCODE STAGE
Figure 14 shows the DC analysis for the simple-cascode stage and the simple folded-cascode stage with nMOS

input, for Rp=1kOhm, Whmos=11um and Wymos=118um.
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Figure 14. DC analysis for the simple-cascode stage and the simple folded-cascode stage with nMOS input, for
RD:lkOhm, WnMos:Wﬂ:ng:ll,um and WpMos=W13=W20:118,um.
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IV. DC Comparison Of Standard Topologies

The DC Vi,-Voyt curves of the basic topologies (CS, CD, and CG) with the design values obtained from the
previous section, are compared in Fig. 15. The appropriate device and bias values are seen the figure.
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Figure 15. Common simulation of the three basic topologies: of the common-source, common-drain, and
common-gate for the device parameters selected in the previous section.

V.  DC Comparison Of Common-Source Topologies

Figure 16, shows the design for the simulation of all the CS topologies studied in the current work and their
corresponding DC V;,-Vou curves. From each these curves, in Fig. 17, the appropriate DC bias voltage is
determined along with the maximum allowed input-voltage swing and the corresponding amplification. Table 3
lists all the quantifiable results.
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Figure 16.DC analysis of all the common-source topologies.
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Figure 17. Quantification of Vi, pias and gain A,=4V,/4Vi, in the saturation region of the IV-characteristics. The
values in parenthesis are: (left voltage edgeVin, right voltage edgeVinr, 4Vin, 4Vour)-

Table3. Common-sourcetopology DC analysis results.
Topology (i) (ii) (iii) (iv) (v) (vi) (vii) (viii) (ix)
Vini (V) 0.6 0.7 0.7 1.7 1.0 0.7 0.8 3.6 0.8
Vinr(V) 15 1.8 1.1 2.3 2.1 2.0 17 4.4 37
AVin(V) 0.9 1.1 0.4 0.6 1.1 13 0.9 0.8 2.9
Vin,pias(V) 11 13 0.9 2.0 1.6 1.4 1.3 4.0 2.2
AVou(V) 4.4 4.3 4.3 0.8 3.0 3.7 3.9 47 3.8
A 49 3.9 10.8 13 2.7 2.9 43 5.7 13
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VI.  DC Comparison Of Common-Drain Topologies
Figure 18, shows the design for the simulation of all the CD topologies studied in the current work and
their corresponding DC V;,-Vg,: curves. From each these curves, in Fig. 18, the appropriate DC bias voltage is
determined along with the maximum allowed input-voltage swing and the corresponding amplification. Table 4
lists all the quantifiable results.
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Figure 18.DC analysis of all the source-follower topologies and quantifications for maximum input voltage
swing and amplification. The values in parenthesis are: (left voltage edgeVin ., right voltage edgeVin g.4Vin,

Avout)-
Table4.Source-followertopology DC analysis results.
Topology (i) (i)
Vin (V) 0.6 0.6
Vln,R(V) 54 54
AVin(V) 44 4.4
Vln,blas(v) 28 28
Avoul(v) 37 38
A 0.8 0.9
VII.  DC Results Of Common-Gate Topology

Finally, Fig. 19 shows the analysis of the CG DC for determination of maximum input voltage swing
and amplification and Table 5 lists the analysis data.
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Figure 19. Analysis of common-gate DC curve for determination of maximum input voltage swing and
amplification. The values in parenthesis are: (left voltage edge Vi, right voltage edge Ving,4Vin, 4Vour).

Table5. Common-gatetopology DC analysis results.

Topology (i)
Vini (V) 0.6
Vinr(V) 14
AVin(V) 0.6
Vinpias(V) 0.9
AVou(V) 3.6
A 6.0
VIII. Conclusions

The overall comparison is seen in Table 6. The interest is on the input voltage swing (4Vj,) and on the
amplification (A,). Red color marks the lower value, and green the maximum value. Orange color marks
intermediate “good” results, i.e., with both high input-voltage swing and amplification. The CS stage with
current-source load has the highest amplification but the lower input-voltage swing, while the CD stage the
maximum input voltage swing with the lowest amplification. Intermediate “good” choices are the CS stage with
source degeneration and simple folded cascode stage with nMOS input. The results of the current analysis will
be used in following works related to the design of more advanced circuits such as differential amplifiers,

current sources and operational amplifiers.

Table 6. Overall comparison for determination of maximum input voltage swing and amplification.

AVin(V) A
0] 0.9 4.9
(i) 11 3.9
(i) O 10.8
(iv) 0.6 1.3
CS (v) 1.1 2.7
(vi) 13 2.9
(vii) 0.9 43
(viii) 08 5.7
(ix) 2.9 13
(i) 4.4 0.8
5F (ii) 44 —
CG (i) 0.6 6.0
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