ENEE 303H Fall 2009 HW3  YHC 10/08/09
1.
(a)assume VDS is big enough to make NMOS 4007 work in saturation region,
IDn =(KPn/2)*(Wn/Ln)*(VGSn-VTOn)^2*(1+lambda*VDS)
ignore channel length modulation effect,
IDn=2mA=20.54u/2*(144u/8u)*(VGS-1.3)^2, VGS=4.59 (V), 
see the whole OTA circuit for the implementation of this tail current.
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Let VG1=7V,

NAME         M_M4        M_M1        M_M2        M_M3        M_M5      

MODEL        M4007P      M4007N      M4007N      M4007N      M4007P    

ID          -4.03E-03    2.29E-03   -1.56E-03    3.84E-03   -3.84E-03 

VGS         -5.60E+00    4.59E+00   -6.68E-01    6.33E+00   -5.60E+00 

VDS         -9.00E+00    9.67E+00   -6.68E-01    2.73E+00   -5.60E+00 

VBS          0.00E+00    0.00E+00    0.00E+00    0.00E+00    0.00E+00 

VTH         -1.50E+00    1.30E+00    1.30E+00    1.30E+00   -1.50E+00
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It’s found that for M2, body to source is forward biased (check lecture notes 10/01/09), so IB(M2) becomes large.
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I(M2,B)+I(M2,D)+I(M2,S)=0
To use CA3600E,
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2.
(a)
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(b)
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(c) 
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From this definition, we know that i1=g·v2, i2=-g·v1, so v1·i1=g·v1·v2, v2·i2=-g·v1·v2, the port power into the gyrator = v1·i1+v2·i2 = 0

branch power calculation:
 left g:(g·v1) ·v1=g·v1^2,
right g:(g·v2) ·v2=g·v2^2, 
–g: i=(v2-v1)·(-g) so i·v = (v2-v1)^2·(-g)
=-v1^2·g-v2^2·g+2g·v1·v2
controlled current source:(-2g·v1)·v2
(sum of branch power = 0 = the port power into the gyrator
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