EE 105 Midterm-1 Solution

Prof. Ming C. Wu Spring 2007
q:= 1610 ¢ ni = 10°%m =3 Vith = 0.026V
¢0 = 8.854.10 ¥ 65 = 11.7-60 60X = 3.9:50
cm

(1)(@) There are 5 PN junctions

Va Vg Ve Vb Vo Ve

N+ Poly P+ Poly
(P ) T 2 JEZEND
N-type Well (N=101"cm-3)

P-type Substrate (P= 1016 cm-3)

(b) V, should be connected to the most negative voltage, or -2V, and V¢ should be connected to
the most positive voltage, or 2V, so that the N-well is reverse-biased

@ @ \g.- 10%0m3 Na:= Nd
on = 60mV-Iog(N—fjj op = —60mV~Iog(N—_aj
ni ni
obi == ¢n — dp obi = 0.72V
(b) O )
xd(vd) = |20V [ 11 xd(0) = 0.432 um
q Na Nd
© "
Emax = 2801 Emax = 3.335 x 10°
xd(0) m

(d) The capacitance is inversely proportional to the depletion width:

xd(~10V)

C_ratio :=
xd(0)

C_ratio = 3.859



16 -3

(3) ed:=20-€0 td := 1nm Nd = 10""-cm
(@ ¢ _pp:=-550mVv ¢ n:= 60mV~Iog(N—Fij ¢ n=036V
ni
V_FB:= (¢ pp - ¢.n) V_FB =091V

®) i max = [ZES200) Xd_max = 0.305 um
g-Nd

Qb_max := g-Nd-Xd_max
Cd = =
td
Qb_max

V.TH:=V_ FB-2¢.n-
cd

V_TH = 0.187 V

(c)
Charge Density
A

3.31x106 C/cm?2

1.6x103 C/cm3

t i
=t » Position, x
Xd,max
= 3x10° cm
-3.36x10% C/cm?2
(d) Since OV <V_TH, the PMOS is in inversion
Qb := Qb_max Qb= 4885 10 85 D103 S
2 Xd_max 3
cm - cm
-6 C
Qc:= —(0 — V_TH)-Cd Qc=13316x 10 ——
cm2
-6 C
Qg := —(Qb + Qc) Qg = -3.365 x 10 —2
cm

(d) oV is in inversion, so the capacitance is equal to the capacitance of the dielectric

5

Cd=1771x 10 F
2

cm



A A - -
(4 unCox := 100-£2 upCox := 50-£2 =005V 1 ap:= 0.01V
2 2
V V
V.THn:=1V V. THp:=-1V  Vdd:=5V W_over L := 10
(@) 1d:= 100pA
VX = 4V
Given
Cox
Id = %~W_over_L-[(Vdd —Vx) = (|V_THp| )12
Vb := Find(Vx)
Vb = 3.368 V
Vy = 2V
Given
nCox
1d = 20O\ over L-(Vy — V_THn)?
Vg := Find(Vy) Vg = 1447V
b 41
(b) g_m1 := y/2-upCox-W_over_L-Id g_ml = 3.162 x 10 42
9)
1
01:=— 0.1=1x10°%0
Ap-1d
41
g_m2 := y/2-unCox-W_over_L-Id g_m2 = 4.472 x 10 42
9)

r0_2:=

an-1d

-1
() Av:= —g_m2~(r0_1_ 1, 02 1)

(d) R_in is infinity

1

_ —1\ 1
R_out := (rO_l +10_2 )

0.2=2x10°0

Av = —74.536

R_out = 1.667 x 1059

(e) Maximum output voltage is reached when M, is at the edge of saturation

Vout_max := Vb + |V_THp|

Vout_max = 4.368 V

Minimum output voltage is reached when M, is at the edge of saturation

Vout_min := Vg — V_THn

Vout_min = 0.447V

(f) The impedance looking into M; becomes

R L:= (g_ml +r10 1 1)_ '

R_L = 3.152 x 1039

1



-1 gt
Av ;= —g_m2-(R_L +10_2 ) Av = -1.388
MWW

-1
102 Y Rout = 3.103 x 10°Q

Rout := (R_L_
@ Vx;=25Vv
Given
%COX-W_over_L[(Vdd — V) = (IV_THpI*[2 + Ap-(Veld — V)] = %COX'W—OVM—L'(Vy -
Vout := Find(Vx)

Vout = 2.518 V



V_THMZ(1 + an-vx)



