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APPENDI X B.

DESIGN OF THE TWO-STAGE CMOS OPERATIONAL

AMPLIFIER

B.1 GENERAL BACK GROUND [68, 69]

The configuration of a two-stage CMOS Miller Operational Transconductance
Amplifier (OTA) is shown in Fig.B.1. The first stage consists of the differentia input
stage with p-channel MOS transistors (M1 ), the biasing current mirror (M7g) and the
NMOST (M34) active load. The second stage is made up of Mg as the current driver and

Ms as the active load.
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Fig. B.1. Two-stage Miller OTA configuration.

The small signal equivaent circuit isillustrated in Fig. B.2.
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Fig B.2. Small signal equivaent circuit of the amplifier Fig. B.1.

where  gm the transconductance of thefirst stage (My).
Omi  thetransconduwctance of the secondstage (Me).
Cw  the eguivaent parasitic cgadtor at noce 6.
C.7  the euivaent parasitic cgpadtor at node 7.
Oné the equivalent condwctance d node 6 ( ggs +Qq2).

On7 the equivalent condictance d node 7 (ggs +Jgs )-

The basic equations for pales, zero and gain-bandwidth can be written as:

f . - gml (Bl) f ) = gmll (BZ)
" 2nACc 1 o

fz - gmll (B-3) GB: gml (B.4)
2nCc 2nCc

The DC open loopgain A, isgiven by

A = omimn (B.5)
gn6gn7

Theratio C/C. can be gproximated as:

Ce Dfitg(go"—PM)—l (B.6)
C. GB

where PM is the phase margin.



The small circuit parameters (gm, gmi, Cc) are fully defined if Cc/C. and f,,/GB are
chosen. From the MOS transistor model [22], the asped ratio (W/L) can be cdculated
as.
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when gms iS urce transcondwctance More details abou the op-amp design

methoddogy are presented in [68, 69

B.2OP-AMP DESIGN AND SIMULATION

In the SI tedhnique [21] employed here, the load cgpadtor of the op-amp is the
haolding cgpaator (Cy) and the parasitic cgpadators attadched to the output node (C,7). The
parasitic cgpadtors are the gate-drain, owerlap and the drain-bulk cgpaators of the MOS
transistor. The load capadtor is approximated by 2pF. For the sampled-hald circuit

designed in chapter 4, the op-amp spedficaions are presented in Table B.1.

Table B.1: Op-amp spedfications.

Parameters of OTA Values Dimension

Suppyvoltage ..........covevennnn. 3(#+1.5) |V

Transcondwtance gm )....vvvve... ~55 mA/V

GB(Gain Bandwidth ProdLct)... ... ~100 MHz

Phase Margin .............cc.vvvnen. >50°

Load resistance (MOST W=6um

andL=5um).......ccoeeiiiiininn, (10 kQ

Load cgpadtance (Cy). 20 pF
-Design steps

- Seled (Pz/GB):5 - gm|=630 UA/V, gm||=6.3 mA/V and CC zlpf .

- Seled y=0.5.



The geometry of transistors and the simulation results are given in Table B.2. The

frequency response and DC transfer function are shown in Fig. B.3.

Table B.2. Design parameters of the op-amp and simulated specifications.
ite 300
if1 176
W of M1,2 165 pm
W of M3,4 32 pm
W of M7,8 32 pm
W of M5 300 pm
W of Mg 600 um
Total Current 4 mA
IBais 350 U.A
GB 100 MHz
Phase margin 64°
Ao 65 dB
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Fig. B.3. The frequency response and the DC transfer characteristic of the op-amp.
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To measure the settling time, the op-amp is connected as shown in Fig. B.4. In the

simulation result shown in Fig. B.5, the 1% settling time is around 9n sec.
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Fig. B.4. Unity gain configuration for measuring the settling time.
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Fig. B.5. The step response of the circuit in Fig. B.4.



