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241 TERM PROJECT

The project is the design of a special-purpose micropower NMOS depletion
mode operational amplifier for use in a switched-capacitor filter. The

amplifier drives capacitive loads only. The following are the target
specifications

. Supply Voltage +5V &
+ Maximum power dissipation 1mW A "
. Output swing within .5 volts of supply ) LY
. Maximum capacitive load 20pF !

. Input common mode range: +1 volt ’

. Must settle to within 1mV of final value within Selms Zyuvd\
in test ckt below (+,-)
. Input equivalent noise 200 nV per root hertz at 1 kHz (maximum)
. PSRR 60 dB min
. Gain greater than 1000 with a %3 volt swing

Settling time test circuit:- PP R I A ,(;;/“

N

1 ’,‘(, ] Vo

:_ ”' A
"{" \ /T \ v ;
jov H ‘ %v(n) ol -[-_n-',,r 1\4, :

Use the following device parameters:

Enhancement V,, (zero substrate bias) .7V
Depletion V., “(zero substrate bias) -3.0V

A Enh, Depletion .02v-1

Substrate Doping 51(10*14/cm

U0 600 cm2/V-sec
1.0x 10™%m

X 2u

La 77

Drain, source stripe width 14y

Minimum channel length w5

Kg - FLicune anisz  COARA §x70

Use the level two model in SPICE. You will be given a sub-account with
$75.00 in it, and you may work in groups of two. FExceeding the limit of
$75.00 per person will result in a lower final grade.\

The final report is due the last day of class, and should include the
following:

1. Description of circuit operation and a complete schematic showing all
device sizes.

2. Computer output showing DC transfer characteristic.

3. Computer run showing settling time.

4. Noise analysis tomputer output,

5. PSRR simulation results. PRG/bjf

6. A table showing all specs. achieved. 10/13/78
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ALL  SPECS WERE ACHIEVED

TEST SPEC
TEST CONDITIONS SPEC ACHIEVED
MAXIMUM POWER tsv <) MW G76 mW
OUTPUT SWING r5y t 4.5V 4-"1/—4.8 V
OPEN LOOP GAIN @13V 7 1000 /1160
(19-3 % &o.1)
EQUIV. INPUT NOISE | KHz < 200 7.\//@ 186
PSRR. Vpp E.5V Y60 4B 8.4 dB
Vss t .5V 64.1 dB
CMRR Viap & 4 ¥ > 50 dB 76.3 48
Viw = -1V 76.7 dB
SETTLING TIME - See Fig, 2,3 2 s
@ OUTPUT RISING g [.7 45
OUTPUT FALLING (.17 oF S 1.0 us
FiwA)l VALVE (DRJFT <3
| Y s
‘ Vos - - A MY
o uwty emv BW - - J.o MHs
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Device Z (pm) L (pm) gQ_LgﬂEl AS
M1 (Depl.) 5 42 70 70
M2 5 137 70 70
M3 6 17 8Y 8L
My 6 17 84 84
M5 250 15 1000 1000

. M6 250 15 1000 1000
M7 (Depl.) 50 395 700 700
M8 (Depl.) 50 395 700 700
M9 12 17 168 168
M10 6 17 84 84
M11 6 17 8l 8l
M12 5 137 70 70
M13 5 137 70 70
Mil4 (Depl.) 20 29 280 280
M15 19 9 266 266
M16 6 17 8k 84
M17 5 . 55 70 70
CCOMP - .4 pf

Fig. 0 - Circuit Diagram and Device Sizes
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Parameter
Power Dissipation

Output Swing

Common Mode Range

CMRR

1% Settling Time
Input Equivalent Noise

PSRR

Gain (+3 V swing)

Y RN

Value
Realized

0.92 mW

within 5V
of supply

at least 1 V

77 dB (+ direction)
94 dB (- direction)

1.65 usec
196.8 nV/ hz

.5 dB (+ supply)
.8 dB (- supply)

Value

Specified

1 mW

same

same

50 dB

2 usec
200 nV/ hz

60 dB

1000
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*Does not include capacitive feedthrough effects.

Table 1. Specification Summary
Specification Target Achieved Conditions
Power Dissipation 1 W .97 mW VDD= 5V; VSS:FS V3 V0u€=0 v
" Common Mode Rejection 50 dB 84 dB +1 Volt CM range
Power Supply Rejection 60 dB 75 dB Change VOD and VSS by .5V
independently.
Settling Time 2 us 1.65 us to 0.1% rising output
1.10 us to 0.1% falling output
Input Equivalent 200 nV 182 nV at 1 KHz
Noise Hz Hz
Gain 1000 2350 at vV +3 V
out —
Qutput Swing (=4.5,4.5) (4.7 55.0) Volts
Unity Gain Bandwidth < 4.5 MHz
Phase Margin - 38 At unity gain.
- 31 Lowest value before unity
gain.
*
Slew Rate - 2.3 V/us positive slew
*
= 5.5V/us negative slew
Input Offset Voltage - -2.5 mV
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