TABLE 1. Design Summary

Parameter Specification Calculated Simulated
Va NA 4.0 40
VB NA 3.7 37
|Avi >77.5dB 135.2dB 78.3dB
fa4p > 100 KHz 103.7 KHz 123 KHz
funity > 40 MHz 73.3 Mhz 41.7 MHz
Output Voltage >3V LAY 32V
Swing
T
Power Dissipation | < 100 uW C\ 8.84 uD 959 uW
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Chapter 2

Engineering Decisions

2.1 Drain Current 1d

Considering the maximum power dissipation was 100u)and the Vdd was 5 volts, we immediately knew that
the maximum drain current was 20uA. Id can be controlled in two ways.

e Increasing the width effectively increases the current.

o Decreasing the voltage (Va and Vb) increases the current.

There was a tradeoff involved, however. Increasing the current will increase the second-pole breakpoint
frequency f3db, but will decrease the gain. We want the gain to be as high as possible.

2.2 Choice of Va and Vb

It was clear from the start that the choice of Va and Vb were crucial because they would have major
implications as far as current, power, and frequency are concerned. The constraints, coupled with some
trial-and-error, helped us find the optimal choice. The process behind choosing Va and Vb is outlined below.

« As discussed in the previous section, the power constraint makes the maximum drain current 20 uA.
We begain by assuming that 1d1 {stage 1) and 1d2 (stage 2) were each 10 uA, yielding a total drain
current of 20 uA.

We assumed the minimum length {1.5 um) and minimum width (6 um) to begin with and using a
saturation current of 10 uA, calculated that Va and Vb both are 4.7 Volts. Using this as a starting
point, we kept lowering the voltages (keeping them equal) until Va = Vb = 4 Volts. At this point, we
noticed that the gain specification was met (well over 7500) but the 3 dB frequency was ee-too low
(by 50 percent).

In order to raise the 3 dB frequency, we had to adjust the open-circuit time constants associated
with the Miller Approximation. As shown in the Miller equivalent circuit following the report, f3db

is dependent on the capacitances Ca, Cb and Cc, which in turn are dependent on the gai and

Av2).

R



o In this configuration, Cc was significantly higher (by 3 orders of magnitude) than Ca and Cb. Clearly,
the time constant associated with Capacitor C was the dominant term. Since w(3dB) is the inverse
of the sum of the individual open-circuit time constants, decreasing the capacitance of C would effec-
tively increase the 3 dB frequency. Thus, as illustrated by the calculations accompanying the Miller
Approximation circuit, Av2 must decrease, thereby resulting in a decrease in Vb. Vb was set at 3.7
Volts. Keeping Va at 4 Volts was sufficient. T T

2.3 Lengths and Widths

The final adjustments involved the lengths and the widths of the 4 MOSFETS. For the PMOS transistors,
keeping the dimensions close to the minumum configurations seemed optimal. The widths were kept at their
minimum (6 um) and the length was chosen in such a way that there was a ratio of 3:1.

For the NMOS transistors, on the other hand, there was greater flexibility. We found that increasing the

width further increased the 3 dB frequency as well as the overall gain because increasing the width increases
Ca. As Ca increases, the time constants are closer in value, increasing ®{3dB).
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KA KA KKK KR IR KNI AA KA I ARNFRFAIAARAR KA K Kk h ko

xxxxkAxxxx Code for Projectl ***xxk*xxxx
ok ek KK H K Kk ok K ok Kk K K kR ok kK Wk ok ok ke e ok ke ok ok ke

.options post
.op

*rxkxx N and P MOS definitions ****x*

.MODEL NMOS NMOS LEVEL=1 VTO=0.7 T0X=1.7E-08 U0=250

+ LAMBDA=5E-02 GAMMA=0.6 CGSO=5E-10 CGDO=5E-10 CJ=1E-04
+ CJSW=5E-10 PB=0.95

.MOPEL PMOS PMOS LEVEL=1 VTO=-0.7 TOX=1.7E-08 UQ=125

+ LAMBDA=5E-02 GAMMA=0.6 CGSO=5E-10 CGDO=5E-10 CJ=3E-04
+ CJSW=3.5E-10 PB=0.9

**kxkx initial resistor *kxkkx
Resistor 1 in 1k

*kkkk*t firgt gate **xxx=x .
Minvl 2 1 0 0 NMOS L=1.5u W=10.5u pd=26u ps=26u ad=84p as=84p
MinvZ 2 3 4 4 PMOS L=1.5u W=4.5u pd=18u ps=18u ad=36p as=36p
KR KKK K Second gatre * kK k kK

Minv3 out 2 0 0 NMOS L=1.5u W=4.5u pd=18u ps=18u ad=36p as=3p
Minvd out 5 4 4 PMOS L=1.5u W=4.5u pd=18u ps=18u ad=36p as=36p

*xxkxk* Capacitor at end of circuit ***¥*x*
Capacitor out 0 1p

xxxx¥xk Yogltages *ERAFEF

Vin in 0 ac 1 de 1
vdd 4 0 dc 5

Va 3 0 dc 4
Vb 5 0 dc 3.7

.ac dec 40 1 40g
.dc vin 0.5 1 0.0001

ExAAAE Measurements *rkkokk

.MEASURE AC VMAX MAX V(out)

.MEASURE AC F3DB WHEN V{out)='VMAX*.707' FALL=1
.MEASURE AC funity when v(out)='vmax/vmax’ fall=1
.print ac mag=par (’20*logl0{v(out))’)

.end



I —

total voltage source power dissipation= 95.9353u watts

***************k***********************

xx+x*%x ac analysis tnom= 25.000 temp= 25.000
Kk kR kK
vmax= 8.2192E+03 at= 1.0000E+00
from= 1.0000E+00 to= 4.2170E+10

£3db= 1.2320E+05
funity= 4.1737E+07

xxxkx Job concluded

«xx%xxk  Srar-HSPICE - 2000.2 (20000615) 00:08:04 12/08/2000 solaris

ek FK
**********x****************************

xxkx*x*  job statistics summary tnom= 25.000 temp= 25.000
* ok ok kK H
total memory used 198 kbytes
# nodes = 8 # elements= 10
# diodes= 0 # bjts = 0 ¥ jfets = 0 # mosfets = 4
analysis time # points tot. iter conv.iter
op point 0.02 1 11
dc sweep 2.03 5001 10036
ac analysis 0.07 426 426
readin 0.04
errchk 0.01
setup 0.00
output 0.02
total cpu time 2.20 seconds

job started at 00:08:04 12/08/2000
job ended at 00:08:07 12/08/2000

lic: Release hspice token(s)



Formula Sheet

These formulas were inputed to an Excel Spreadsheet, allowing for us o calculate all the parameters in par-
allel. The excel spreadsheet with the final values for all parameters is included.

1

Wiy =

L S Nma> Nes- N7
- [
Ya = Caks = 0838779
= 613 ¥
Yo = stnof\
\Iswu\j; Nimax ~ NemoA

Ye = Co Noov s

2.3 - 0.\®
\

LIS .5
Reuty = Creane 2oy 3w o {4@“, ca \39& )L,\A
{ 7
3
% . [ - - ) 1.% R
S [EPRUE A ;\}Tu'v.ﬂ. Tow \/m»vy- &

s = e

kY
CJM; - 3 Wa, s Lon ¥ waslov
Cgan- wa, Cov

Capyr ~ Wiy Cov

Cavor - L»ﬂv\\.evblu v LLsd ) Comp
Conme & W LY * Ldas ¥ LLed) Cyren
” .IL"— c A} (&

Lasre 5 3 Walenw Gax ru eV

Cginn v W Cov
L= \P!

Cébhu & L ‘V’A\.‘\_d»‘\ Cn)l\ 4 k—""”“\-‘ L\-é.-‘\ QSJ*‘"
CJ“" [ Wiw Cov

{ .
N ) g YLt l\.t\.i\ Cyswf
Civpr = Loyt 3 o

Qsc\n\. RRRVERS Lcnu

6.012 Design Project 2 December 8, 2000 m



