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The project is the design of a special-purpose micropowcr NMOS depletion
mode operational amplifier for use in a switched-capacltor filter. The
amplifier drives capacitive loads only. The following are the target
specifications

. Supply Voltage +5V ^ *v '

. Maximum power dissipation lmW v / ,

. Output swing within .5 volts of supply , *

. Maximum capacitive load 20pF ?

. Input common mode range: +1 volt

. Must settle to within lmV of final value within 5flflns 2yu^k,
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:

i°<\
-/0

Use the following device parameters:

Enhancement V_ (zero substrate bias)
Depletion V (zero substrate bias)
X Enh, Depletion
Substrate Doping
U0

'ox

a
Drain, source stripe width
Minimum channel length

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. Exceeding 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 computer output.
5. PSRR simulation results. PRG/bjf
6. A table showing all specs, achieved. 10/13/78
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WERE ACHIEVED

TEST SPEC

TEST Comditiokjs SPEC /4CH1EVFD

MArtlMUM P0W6R. ^5V ^ / mW .976 *W

output 5WW5- 15-v t ^.5"V 4.^/-« V

0?EtJ LOOP GAJAJ £> r 3V > I COO //6c0

(/9-3X 60.1}

e^UiV. ;mPvjt /V£is£" 1 kHz <ZOO tf/fiii 186

PSRR. Vdd £.sV >Go cLB !M ciB

V55 t ,5"V 6*. J d.6

CMRR. VyA, - / V > ib J8 76.3 d.6

V/>u s -J v 76.7 d8

SETTL/^6- T/M£ - 5oc F/^.2^3 Z^5
output kis/ajgt

OfTpur F^i-LiA.^6-
1

/.7 /c5
/. O ^5

W//*s )

VoS — — . / <*V

1

-
-

/. 0 Mfa

! Ptf/St M/f^6-^ — —~

7tf. 0
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SPECIF |C AXIOMS

Poujer 0^s\9a4\on

(Jr\i +y qAih 8W, pK«se **qtn

3.

Conwan Mode Rejection

JL ^\/ kji'+K Te^i cirkt.
f set pto4)

I
C see compo"h?r et)+pu4)

PS R«

\ju l+*ge ^a.'n 4^ ""3 ^Ifi

Vol-V4 3e 3&\ v\

OU.-T

<*\ 0 volts
Out

, GO ^vJ

uj i 4-hirt .1 vol-h ei+W rA»(

-3 naK* , CS*° C^fPW)
6 d b C2.0 pP U*<<)

Cg) t 1 vol* ; -S6 «U.

0 +0 1 vol+ - 1.^ *s

/fir.

/> 2oo

3, ^"o

4-j 0(3<3
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***** 30 IIUV 7:.: ihmim SPKC 2E.2 (L^SEPre) ******** 19:40:15 *****

nmos opf.ration ftupl I f i ee

INPUT LISTING lEIiPERATURE 27.600 DEG C

:».h;!:.i:l'M:M^:.r..l"-::>:.":"!.. i r !**•!'*****!;*•:^ <-.•!"': • ' -l Ki i. I r i.T:.V I'*.!.****** : s: !• -i*S:!:v'**********

. [lOi'LL ni. I!!ii.i,:;»'vto-ii.;' no-gou ihiir-Mt -:\.w: \r\ w\ •-•';•[[] <-\ to:-:--j .of-.- x.j«jf-s ld[=0.77
lLEVLL=2 I i:bL~2. f.tJl>-'2.L-E-!0 f'.'R •."•• .01: - H..D

.MODEL MD NM0S»:VT0e-3 LAMBDA^LU,.1 UU-60^ IU»lE-7 XJ=1E~0 LD=0.77 N°>UB=
+LEVEL-2 LF-bF-27 Ci;D=2.bE-10 CiV>2.6L' iO)

VI 1 0 DC 5 ...
V2 2 0 DC -5

V3 3 0 DC -5
Ml 6 4 8 3 HE U-300U L=20U AD=420UP |Y>42O0P
1-12 7 5 S 3 HE U=300U I »20U AD=4200P A8^420CP
115 1 b b 3 MD U=45U L=267U AD-bOT AS-630P
M4 17 7 3 III' U=4jU I =20711 HD*b30P AS-030P
IT5 8 112 3 ME U=3bU L=iOU AEI-.--252P AS-*25JP
H3 16 9 2 3 ME l.=4."'il 1.1 =211.1 AD=2S0P AS-2S0P
IV 9 9 2 3 IC L.= liU l,J=5U AD:-70P hS = i'OP
KG 1 10 10 3 MD I. •••1191.1 U*5U AD=70P AS-70P
My 1 10 9 3 HE U---5U i -i4;HJ AD=70P AS-TOP
1110 11 9 2 3 ML U-13U L----7IJ: iWMtt-T' HSM82P
Mil 12 9 2 3 HE U-'lSiJ L=7U AD-1P.2P AS«lfi2P
Mi 2 1 b 11 3 IIP UMAU L--73U AD-UiOP AS-140P
1113 1 7 12 3 ME Ui luU L=73U fifl=MOP •AS«i40P •
Ml 4 1 13 13 3 ilf' iJ-'l-U L= 10U AD-70P AWOP
.1115 13 12 ? 3 IU i.i-4V.U L.=7U AD^OOOP OSm-OOP
lilb 7 1 14 3 111. v.-V.iU.l.—l-'jU AD--.'OP hS-,'OP
VC ii 9 DC C .

Cf US 1 .f5P

Ci i3 O 2np

C3 13 4 20P

C4 4 lb 2P

Rl 4 0 lis

VIN IS 0 PULSE 0 -Hi 0.2U O O 4U
.OPI'IONS ARSTOL-IF-Q VNT0L?lE-5
.PLOI TRAII VC13> VIN

UARN1NG: UMRLUjUHIlYULE OUTPUT VARIABLE OH ABOVE LIME

5E14

.TRAIT .O. UI OU

.END
;i.**:: *****:! -i-> i'Tl IK" 7P. -.i:^-1 •••:•.! i i-j i. :!•:'•*':•!••«'i:rrrH: SPICE 2E.2 <2ESEP78> *********

\ * V, W I
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Device

Ml (Depl.) 5

M2 5

M3 6

M4 6

M5 250

. M6 250

M? (Depl.) 50

M8 (Depl.) 50

M9 12

M10 6

Mil 6

Ml 2 5

Ml 3 5

Ml4 (Depl.) 20

Ml 5 19

Ml 6 6

Ml 7 5

CCOMP - .4 p.f

L (]um)

42

137

17

17

15

15

395

395

17

17

17

137

137

29

9

17

55

dp'1

MIS'

AD (unr) AS (unr)

70 70

70 70

84 84

84 84

1000 1000

1000 1000

700 700

700 700

168 168

84 84

84 84

70 7P

70 70

280 280

266 266

84 84

70 70 -

Fig. 0 - Circuit Diagram and Device Sizes
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_.^-.^r^n—v,— —p^~^w^^)ifSffMi<j«iV ij'iiiiili)<iiMMMi>iBirf^^^

Parameter

Power Dissipation

Output Swing

Common Mode Range

CMRR

.Ifo Settling Time

Input Equivalent Noise

PSRR

Gain (13 V swing)

Value

Realized

0.92 mW

within .5 V
of supply

at least ±1 V

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

1.65 usee

196.8 nV/ hz

95.5 dB (+ supply)
64.8 dB (- supply)

1292

Value

Specified

1 mW

same

same

50 dB

2 usee

200 nV/ hz

60 dB

1000

!
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7C0P 43s

700P &S =
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MICRO P0\a)£R

OP aaaP
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SUPPU VOLT^t * S^r

\AM. PCNtR *>\S<,\pATi°v4 0ft^8 >«W

ObTV^f ^^ -4.1W iot'V.0^

(A&* Cl\9. lo/^ ^opF

nq de>

StllLlN^ Ts^At
RHWl^ |,1 JLA
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***** 30 ndv fo ******** ,->ICL 2h .2 (26SEP7c2) ******** 04:10:50 **•

CQMPLLTd Mm j^ t T .jPlN AT lUNAL AMPLUICk

INPUT LI bl i AS

***********<• '.• * * * t * fc t-****** * ****** t * »*»»»»**»*»*»***»»***»»*»»»*»****=

fE.vPERATUHti = 27.000 DEG C

.UPT ItiNb A2b 1 uL - 1 L - 3 Vf>lT<;l - 1 L- .;.
VT Ito 0 AJL'iUU
VDO 1 0 i)C 5
VSS 0 2 OC t>
VCJFF 21 OXjO

'-"U 0 100N3 lOONb 3U-5 *>JS)

CI 12 1* b:;-12
C2 16 13 2L-1?
C 3 1 5 13 2:- I 1
C4 lb OJL-11
.11 13 0 I'd 1
Ml 13 3 2 MujI
M3 1 3 4 2 -1U:>2
M4 3 4 b 2 Mi 0 2

L=45«5J W =
L=3 3 0U W=5

L= 7 J W=140

,M5 b b 2 2 >1uJ2
Mo 4 1 4 2 2 M--» 3
M7 1 O O 2 -hi J I

M8 1 1 ) 1 vL_ii_MJ

L = / J w = b d •

:: l = jou a =3

i_ =;J j j j a = 7

;1 L-J'j'J'J a'

M^ 6 13 7
M1J 10 2 1 ? 2 -M
Mil 7 0 2 2 i-iiij
Ml? 1 6 o 2 -iCJ

.1uJ "' L= I b«J ^ = 2
j.;2 c=lbU 4
.' L=/J *=30
.-> L.-J3JJ k =

Ml 3 L S? o -i -lu.i
Ml 4 H S 2 2 y.tl.)
MI b 11 14 " 2 1
M16 1 10 11 2 A
M17 10 11 12
M10 12 b 2 2
M 19 n 14 2 2
M2 ) 1 U 1 4
M21 14 14 ;••»
M22 1 lb I i
M23 lb 12 2
M24 19 2 2 2

MU

.-lu

<1

2 L- iOJ W =<>

^.J2 L-OOU w

i, J 2 L ~ 3 o 0 J

L - /u"7f
2 J U .V -

ri -

.v;U2

-J2 L

.)..' I.-.jO«.J

iKJl L- Is-(1U
.««»_.') 2 L-.LjU W
••ttiUl L = 1 1 • n

•1o.)l L-1J0U A

J > 3 i_- fO V* =

?i( Li; via. =2

5 J Ai)=7
U AS -i\y

J A!^ =2 0

0i> AS
•3 A3-

OoP A
lo,' A
(K)P A

0 J2 A

- I JO^

3 00 OP

0 0 0 P

JP A3
0 j .;.'
i'> = 3 J J
-:. )JP

=_MP

A C = 3 f i

-''DTP

- •:. j j o

1J AJ = «.J
J J A )=h

VJ Ai> = fi

U_±J_ _AU
bOU Ai3 =
-23UU A

0 J A J = 4

•:; j a . > = 7

)(j A 0=2
♦ L» b J A

= . JU AD

v_=Jj--J__ A. >
'= 1 **"'JU A
2 •» 8 • 1'jl I
<> 0 U AJ>-

.* = i'J
= .T}'J a "7
'.J A--1U

>'iJU AD

- biu _

•TL--3«

= 7 OP
70 P

SagQODP
'J->3 1t;P
3=40 0P
'3=6 OOP

AS=300P
AS=3 0COP

OP AS=^00JP
AS=4000P
= 7 OP
AS = 2 0 0 ,P
OP AS = -*30JP

AS = tJ0 JP

AD=70P
OP AS~="2 0 0 0P
00^ AS=35oO:3

A S = cJ 0 0 P

A3=4 00P

1 A5=L'-.J'JP

AS = ti0"0PH2b I 15 1J 2 M
.MCDCL MCJ1 NML

»LAMHUA= .02 I J x - i • o l: - i' n .iLjf _br I i* XJ= lE-t LP- .77 UQ = o00 )
Vt.i = o.V"•MdDKL MUJ2 KM«

•»• Kr=oii-:7
+ LAMHl)A= .02 T^
.TkAN li)J,N.-J oU3
.PLCT IRAN V(l^
. CliMO

^{ L.-Vr.L-2

X- t-Ot -7 «N )H- b!. 1 '♦ X J IL-C Li)= .^7 Ju = tOO )
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Table 1. Specification Summary

Specification Target

Power Dissipation 1 mW

r Common Mode Rejection 50 dB

Power Supply Rejection 60 dB

Settling Time 2 ys

Input Equivalent 200 nV_
Noise Hz

Gain 1000

Output Swing (-4.5,4.5)

Unity Gain Bandwidth

Phase Margin

Slew Rate

Input Offset Voltage

Achieved

.97 mW

84 dB

75 dB

1.65 ys

1.10 ys

182 nV

Hz

2350

(4.7 ,5.0)

4.5 MHz

38

31

2.3 V/ys

5.5V/ys

-2.5 mV

*Does not include capacitive feedthrough effects

Conditions

V =5V V —5 V; V =0 V
VDD ' SS ' out

fl Volt CM range

Change VQD and Vgs by .5 V
independently.

to 0.1% rising output

to 0.1% falling output

at 1 KHz

at V +3 V
out —

Volts

At unity gain.

Lowest value before unity
gain.

positive slew

i

negative slew
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