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Chapter 3 Problem Set

Chapter 3
PROBLEMS

For all problems, use the device parameters provided in Chapter 3 (Tables 3.2 and 3.5) and the inside
back book cover, unless otherwise mentioned. Also assume T = 300 K by default.

1. [E,SPICE3.2.2]
a. Consider the circuit of Figure 0.1. Using the simple model, with V= 0.7 V, solve for I,
b. Find I, and ¥}, using the ideal diode equation. Use Z,= 1071 A and T=300 K.
¢. Solve for Vp,, Vp,, and I, using SPICE.
d. Repeat parts b and c using Iy= 1076 A T'=300K, and I;=10"A, T=350 K.

Ry =2kQ

Figure 0.1 Resistor diode circuit.

2. [M, None, 3.2.3] For the circuit in Figure 0.2, ¥, = 3.3 V. Assume 4, =12 um?, ¢, =0.65V,
and m=0.5. N,=2.5E16 and N, =5 E15.

a. Find I, and V).
b. Is the diode forward- or reverse-biased?

¢. Find the depletion region width, #,, of the diode.

d. Use the parallel-plate model to find the junction capacitance, C;.

e. Set ¥, = 1.5 V. Again using the parallel-plate model, explain qualitatively why C;
increases.

Figure 0.2 Series diode circuit

3. [E, None, 3.3.2] Figure 0.3 shows NMOS and PMOS devices with drains, source, and gate
ports annotated. Determine the mode of operation (saturation, linear, or cutoff) and drain cur-
rent I, for each of the biasing configurations given below. Verify with SPICE. Use the follow-
ing transistor data: NMOS: k, = 115pA/V2, ¥V = 043 V, A = 0.06 V!, PMOS: k, =30
BA/VZ, Vi =-0.4 V, A =-0.1 V™. Assume (W/L) = 1. Assume Vpgur ,=0.63V, Vpgur ,=1.0V.
a. NMOS: V=25V, Vpg=2.5 V.PMOS: Vgg=—0.5V, Vps=-1.25V.

b. NMOS: Vgg=33V, Vpg=2.2 V. PMOS: Vgg=-2.5V, Vps=—-1.8 V.
¢. NMOS: V=06V, Vpg=0.1 V.PMOS: Vgg=-2.5V, Vpg=-0.7 V.
4. [E, SPICE, 3.3.2] Using SPICE plot the I-V characteristics for the following devices.
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a. NMOS W=12pum, L=0.25um
b. NMOS W=4.8um, L =0.5um
¢. PMOS =12 pm, L=0.25 pm
d. PMOS W=4.8 pm, L=0.5 pm
5. [E, SPICE, 3.3.2] Indicate on the plots from problem 4.
a. the regions of operation.
b. the effects of channel length modulation.
¢. Which of the devices are in velocity saturation? Explain how this can be observed on the I-
V plots.
6. [M, None, 3.3.2] Given the data in Table 0.1 for a short channel NMOS transistor with
Vpsar = 0.6 V and K =100 pA/V?, calculate Vpy, ¥, A, 2|9, and W/ L:

Figure 0.3 NMOS and PMOS devices.

Table 0.1 Measured NMOS transistor data

Ves Vps Vs I, mA)
1 2.5 1.8 0 1812
2 2 1.8 0 1297
3 2 25 0 1361
4 2 1.8 -1 1146
5 2 1.8 -2 1039

7. [E, None, 3.3.2] Given Table 0.2 ,the goal is to derive the important device parameters from
these data points. As the measured transistor is processed in a deep-submciron technology, the
‘unified model’ holds. From the material constants, we also could determine that the satura-
tion voltage ¥,y €quals -1V. You may also assume that -2®g =-0.6V.

NOTE: The parameter values on Table 3.3 do NOT hold for this problem.

a. Is the measured transistor a PMOS or an NMOS device? Explain your answer.
b. Determine the value of V.

c. Determine y.

d. Determine A.
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e. Given the obtained answers, determine for each of the measurements the operation region
of the transistor (choose from cutoff; resistive, saturated, and velocity saturated). Annotate

your finding in the right-most column of the above.

Table 0.2 Measurements taken from the MOS device, at different terminal voltages.

Measurement | VGS VDS VSB ID (uA) Ope!'ation
number W) (\%)] \%)] Region?
1 =25 -2.5 0 -84.375
2 1 1 0 0.0
3 -0.7 -0.8 0 -1.04
4 -2.0 2.5 0 -56.25
5 -2.5 -2.5 -1 -72.0
6 -2.5 -1.5 0 -80.625
7 2.5 -0.8 0 -66.56
8.

[M, None, 3.3.2] An NMOS device is plugged into the test configuration shown below in Fig-
ure 0.4. The input ¥,, =2V. The current source draws a constant current of 50 pA. R is a vari-
able resistor that can assume values between 10kQ2 and 30 kQ Transistor M1 experiences
short channel effects and has following transistor parameters: k¥’
and Vpgar = 0.6V. The transistor has a W/L = 2.5u/0.25. For simplicity body effect and
channel length modulation can be neglected. i.e A=0, y=0. .

Vop = 2.5V

I=50pA

WI/L =2.50/0.251

a. When R =10k find the operation region, Vp, and V.

b. When R= 30kQ again determine the operation region Vp, Vg
c. For the case of R = 10kQ), would Vy increase or decrease if A # 0. Explain qualitatively

=110*10° V/A%, V; =04,

Figure 0.4 Test configuration for the NMOS device.

9. [M, None, 3.3.2] Consider the circuit configuration of Figure 0.5.
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Write down the equations (and only those) which are needed to determine the voltage at
node X. Do NOT plug in any values yet. Neglect short channel effects and assume that A,
=0.

. Draw the (approximative) load lines for both MOS transistor and resistor. Mark some of

the significant points.
Determine the required width of the transistor (for L = 0.25pum) such that X equals 1.5 V.

d. We have, so far, assumed that M, is a long-channel device. Redraw the load lines assum-

ing that M, is velocity-saturated. Will the voltage at X rise or fall?

25V

,l R, =20kQ
X
in5

Figure 0.5 MOS circuit.

[M, None, 3.3.2] The circuit of Figure 0.6 is known as a source-follower configuration. It
achieves a DC level shift between the input and output. The value of this shift is determined
by the current I, Assume y=0.4, 2|64 = 0.6 V, Vo= 0.43 V, ¥ = 115 pA/V?, and A = 0. The
NMOS device has W/L = 5.4/1.2p such that the short channel effects are not observed.

b.

Derive an expression giving ¥; as a function of ¥, and V¢(V,). If we neglect body effect,
what is the nominal value of the level shift performed by this circuit.

The NMOS transistor experiences a shift in ¥ due to the body effect. Find Vras a function
of ¥, for ¥, ranging from 0 to 1.5V with 0.25 V intervals. Plot Vp vs. V.

Plot ¥, vs. ¥, as ¥, varies from 0 to 1.5V with 0.25V intervals. Plot two curves: one
neglecting the body effect and one accounting for it. How does the body effect influence
the operation of the level converter? At ¥, (body effect) = 1.5V, find ¥, (ideal) and, thus,
determine the maximum error introduced by body effect.

Vpp=25V

v, _| 5.4uw/1.2p
v,

o

I,=35pA

el Figure 0.6 Source-follower level converter.

[M, SPICE, 3.3.2] Problem 11 uses the MOS circuit of Figure 0.7.

a.
b.
c.

Plot ¥,,, vs. V,,, with ¥, varying from 0 to 2.5 volts (use steps of 0.5V). Vpp=2.5 V.
Repeat a using SPICE.

Repeat @ and b using a MOS transistor with (#/ L) = 4/ 1. Is the discrepancy between
manual and computer analysis larger or smaller. Explain why.
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Vop=2.5V

8kQ
v,

out

Vi Ml
n - 1W/0.25u
— Figure 0.7 MOS circuit.

12. [E, None, 3.3.2]Below in Figure 0.8 is an I-V transfer curve for an NMOS transistor. In this
problem, the objective is to use this I-V curve to obtain information about the transistor. The
transistor has (W/L)=(1y/1). It may also be assumed that velocity saturation does not play a

role in this example. Also assume -2®g = 0.6V. Using Figure 0.8 determine the following
parameters: device Vo, ¥, A.

LX flin}

e i ERRERIRLLED

Vgo=15V, Vbe=0.0V

Vgo=1.5V, Vbe=-1.0V

Vgo=1.0V, Vbex0.0V
Vgos1.0V, Vben-1.0V

1 12 1.4 w1 2 22 24 20
Voitage X (tin) (VOLTS)

Figure 0.8 I-V curves
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13. [E, None, 3.3.2]The curves below in Figure 0.9 represent the gate voltage(Vgg) vs. drain cur-
rent (Ipg) of two NMOS devices which are on the same die and operate in subthreshold

region. Due to process variations on the same die the curves do not overlap.
lpg V8 Vgg In weak inversion

Figure 0.9 Subthreshold
current curves. Difference is
due to process variations

il
1rpnm

g b 1 L e
LS

e
®

Also assume that the transistors are within the same circuit configurations as Figure 0.10
in If the in put voltages are both V;; = 0.2V. What would be the respective durations to dis-
charge the load of C; = 1pF attached to the drains of these devices.

C.=IpF
M1 I Figure 0.10 The circuit for testing the time to
— discharge the load capacitance through a device
operating in subthreshold region.

14. [M, None, 3.3.2] Short-channel effects:

a. Use the fact that current can be expressed as the product of the carrier charge per unit
length and the velocity of carriers (I3 = Qv) to derive Ig as a function of W, C,,, Vs— Vr
and carrier velocity v.

b. For a long-channel device, the carrier velocity is the mobility times the applied electric
field. The electrical field, which has dimensions of V/m, is simply (Vgg— V7) / 2L. Derive
I for a long-channel device.

¢. From the equation derived in a, find I, for a short-channel device in terms of the maxi-
mum carrier velocity, v,,,.

Based on the results of 4 and ¢ describe the most important differences between short-
channel and long-channel devices.
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15. [C, None, 3.3.2] Another equation, which models the velocity-saturated drain current of an
MOS transistor is given by

_ 1 {uocox Z 2
Lisat = T Woe= Yy B\ 2 }L(V“ ')

Using this equation it is possible to see that velocity saturation can be modeled by a MOS

device with a source-degeneration resistor (see Figure 0.11).

a. Find the value of Ry such that Ipg,{(Vs, Vpg) for the composite transistor in the figure
matches the above velocity-saturated drain current equation. Hint: the voltage drop across
Ry is typically small.

b. Given E,,,= 1.5 V/um and k' = poC,, = 20 pA/V, what value of Ry is required to model
velocity saturation. How does this value depend on # and L?

Vb
V""l WL
Vs
Ry
Figure 0.11 Source-degeneration model of
Vs velocity saturation.

16. [E, None, 3.3.2] The equivalent resistances of two different devices need to be computed.
a. First, consider the fictive device whose I-V characteristic is given in Figure 0.12. Constant
k has the dimension of S (or1/Q). V, is a voltage characteristic to the device. Calculate the
equivalent resistance for an output voltage transition from 0 to 2V, by integrating the
resistance as a function of the voltage.

ﬂ‘ N 1 +
(A I=k*v+eVYy)
A\
Figure 0.12 Fictive device
whose equivalent resistance is to
_ v be calculated.

b. Next, obtain the resistance equation 3.43 using the Figure 0.13. Assuming the Vg is kept
at Vpp, Calculate the Req as output (V) transitions from Vp, to Vpp/2.(Figure 0.13).



17.

18.
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Hint: Make sure you use the Short channel Unified MOS Model equations. Hint: You
will need to use the expansion. In(I+x) ~x - x*/2 + x°/3

Vo —-)Vuﬂ
Vm‘l o Figure 0.13  The equivalent resistance is to
T be computed for the H—L transition.

[M, None, 3.3.3] Compute the gate and diffusion capacitances for transistor M1 of Figure 0.7.
Assume that drain and source areas are rectangular, and are 1 um wide and 0.5 pm long. Use
the parameters of Example 3.5 to determine the capacitance values. Assume m; = 0.5 and
myq, = 0.44. Also compute the total charge stored at node In, for the following initial condi-
tions:

a. V,=25V,¥,=25V,05V,and0 V.

b. V,=0V,¥,,=25V,0.5V,and0 V.

[E, None, 3.3.3]Consider a CMOS process with the following capacitive parameters for the
NMOS transistor: Cgso, Capos Coxs Ci» 1, Cisws Misyo and PB, with the lateral diffusion equal
to Lp. The MOS transistor M1 is characterized by the following parameters: W, L, AD, PD,
AS, PS.

Vop=Vr

Vg
——| Ml Figure 0.14  Circuit to measure total input

capacitance
n —_— CT

a. Consider the configuration of Figure 0.14. Vp, is equal to V (the threshold voltage of the
transistor) Assume that the initial value of V, equals 0. A current source with value I;; is
applied at time 0. Assuming that all the capacitance at the gate node can be lumped into a
single, grounded, linear capacitance Cr, derive an expression for the time it will take for
Vgtoreach2 V¢

b. The obvious question is now how to compute C. Among, Cg,, Cgp Cgss Cyas Cgp which of
these parasatic capacitances of the MOS transistor contribute to Cy. For those that contrib-
ute to C; write down the expression that determines the value of the contribution. Use only
the parameters given above. If the transistor goes through different operation regions and
this impacts the value of the capacitor, determine the expression of the contribution for
each region (and indicate the region).
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! ! 2
k,=115LA/V? k, =—30LA/V
Vg, =0.43V Vo, =—0.4V

NMOS; | Von =043 PMOS:4 ' L
2,=0.06V ™" A, =—0.IV
Visam = 0.63V Vpsar, =—1.0V

VTn =VTOn
Assume no body effect =
VTp =VT0p

L=O.25um,WT:1

a) NMOS

Vi =25V, V, =25V
V=V, -V, =2.5-043=2.07V, V

Vi = (Vi Vish Vosar|) = min(2.07,2.5,0.63) = 0.63v
V... =Vpsar = NMOS region of operation is: Velocity Saturation

o > 0 = Transistor is on

Iy = krlm WTVmin O\/gt‘ - Vl%j(l + ﬂ“vds)

I, =115-10"° -1-0.63(2.07 —%)(1 +0.06-2.5) =146 A

PMOS
V,, =—0.5V, V, =125V
Vg =V, —V; ==0.5-(-04)=-0.1vV , V

Vi = min(V Voo Vosar )= min(0.1,1.25,1.0) = 0.1v
V. = Mt‘ = PMOS region of operation is: Saturation

o < 0= Transistor is on

min

Id = kr'1 WTVmin O\/gt‘ - Vmej(l + ﬂ’vds)

l,=-30-10"° ~1~o.1(o.1—%j(1 +(=0.1)-(-1.25)) = -169nA

Timmy Sundstrom



b)
V,,
V,

NMOS

=33V, V=22V
VgS -V; =33~ 043 2.8V, V, 2 0= Transistor is on

=min(2.87,2.2,0.63) = 0.63V
V DSAT = NMOS region of operation is: Velocity Saturation

Id = kr'1 mm(’\/g’[‘ min j 1 + ﬂvds

,=115-107°1- 063[2 87—%}(”006 2.2)=2104A

PMOS
V, =-2.5V,V, =18V
Vy =V, -V, =-2.5-(-0.4)=-2.V , V, <0 = Transistor is on
V,., =min(V,| )= min(2.1,1.8,1.0) = 1.0V
Vi = [\/DSAT| => PMOS region of operation is: Velocity Saturation

ly =k, WTme ngt‘ B V;in ](1 + ﬂ’vds)

s =-30-107°1- 10(2 1—%j(l+(—0.1)-(—1.8)):—56.5yA

C) NMOS
Vi =0.6V, Vy =0.1V
Vg =V —V; =0.6-043=0.17V, V,, > 0 = Transistor is on
Vi = (Voo Mach Mosar| )= min(0.17,0.1,0.63) = 0.1v
V.. =Vds = NMOS region of operation is: Linear
mm (’Vgt‘ min j 1 + ﬂ“vds
6 0.1
I, =115-10°-1-0.1 017-=- (1+0.06-0.1)=1.39 LA
PMOS
Vg =-2.5V, Vi =—0.7V
Vg =V =V =-2.5- (-0.4)=-2.1v , Vg £0 = Transistor is on
V, = min(V,, Mo Vosar|) = min(2.1,0.7,1.0) = 0.7v
Vi = [\/ds| = PMOS region of operation is: Linear

L R

=-30-10"°-1- 07(2 1—0—27j(1+( 0.1)-(-0.7))=-39.3 LA

Timmy Sundstrom



3.6

Given the data in table 0.1 for a short channel NMOS transistor with Vg, =0.6V ,

k' =1004A/V ?, calculate V;, A, v, 2|¢F| and V%

Eq Vgs Vds Vbs Id [/’lA]
1 2.5 1.8 0 1812
2 2 1.8 0 1297

3 2 2.5 0 1361

4 2 1.8 -1 1146

5 2 1.8 -2 1039
Unified MOS model:

2
Iy =k, V%((Vgs -V )\/min _\%J(l +/1Vds)

Viin = min((Vgs -V )’Vds sVosar )

- First, determine the region of operation
- To have a transistor in saturation region for any of these given data, Vr should be:
Vosar >V Ve = Vo>V —Vpgr = V;>20-06 = V;>14

For this process a threshold voltage of > 1.4V is high so we can assume that all data are taken
in velocity saturation. We can always assume a region of operation as long as it is verified
afterwards. (Note here that Eq.1 sets an even higher constraint on Vr)

Use Eq.1 & Eq.2 to find Vro:

V.. =Vogr =0.6V

min

L=k W[ (25-v )06—0'62 (1+41.8)=1812 0.6°
a1 = S To V- 5 0)= 1812_(2.5—VT0)0.6— 5

2 = - 2
k,;v%((z.O—Vm)()ﬁ—O'; j(l+/11.8)=1297 1297 (2.O—VT0)O.6—0'6

Id,2

2
0.6
18122.0-V, .6 18127 0.6
- =(2.5-V;, 0.6 -
1297 1297
. . . 2 2
_1812:0.6:20 1812:0.6:V;, 181206 :2.5_0.6_0‘6.\&0_0.26

1297 1297 2-1297
= 0.105011=0.238242V;,

=V, = 0.44V

Check our assumption that the transistor was in velocity saturation:
V;, =0.44 <V; <1.4 so in equations 1,2 and 3 the transistor is in velocity saturation.

Timmy Sundstrom



Use Eq.2 and Eq.3 to find A

1297  (1+41.8)

2
ly, = k;WT[(2.0—0.44)0.6— 0'26 j(1+/11.8):1297
W 0.6
I, =k —|(2.0- 1+12.5)=1361
d,3 n L (( 2 j( + )
=1297(1+ 12.5)=1361(1+ 11.8) = 792.71 = 64
= A ~0.08V "

To find Vr for Eq.4 and Eq.5, use Eq.2 as reference:

1361 (1+42.5)

Eq.2 and Eq.4
W 0.6 0.6
I, =k —|(2.0- 1+0.08-1.8)=1297 _ _0
a2 =K, L[( ; J( ) 197 (20-044)0.6-=
2 - 2
ld,4=k;Wf((- -V, , ). 0'26 j(1+0.08.1.8)=1146 1146 (2.0—VT,4)0.6—0'6
0.6 1146 0.6
=|12.0-V. .6— = 2.0-0.44)0.6 —
(2o-v, o2 1297(( no-28 ]
1146 (( 0.6” J_ 0.6’
1297 2
=V, ,=2.0-
’ 0.6
=V, , ~0.587V
Eq.2 and Eq.5
W 0.6 0.6°
=k, —| (2.0-0.44)0.6 - 1+0.08-1.8)=1297 _ _9
a2 =k, L(( J0.6-=> J( ) 297 (200440677

2
|d,5=kgwr((2.0—vm)o.6—0'26 ](1+0.08-1.8)=1039 1039

0.6 1039 0.6
2.0-V; 5)0.6-
= rs) 2 1297 (( 2 ]
2 2
1039( 5 0 _0.44)0.6- 6" |06
1297 2 2
=>V;;=2.0-
’ 0.6
=V, 5 ~0.691V

), Eq.4 and Eq.5 gives:

Vi =Vq, +7(\/[VSB|+2|¢F| _\/2|¢F

2
(2.0-V;  J.6- 0‘26

{0.587= 0.44+y(\/1+2{¢F\ 1/2\@\%} _,0587-044 _ V12 =24

0.691= 044+ V(J2+2{¢F\ 2]

0691-044 2424|244

Timmy Sundstrom



0.587-0.44
0.691-0.44

A:%: A2+ X = AVX =1+ X =X = AV2+ X =1+ X = (A-INX
= A22+X)+(1+X)-2AJ2+ X )1+ X)=(A-1) X
= 2A7 + APX +1+ X — (A7 = 2A+1)X =2AJ(2+ X 1+ X
= 2A7+1+ X (A7 +1- A7+ 2A—1)=2AJ2+ X 1+ X)
= (2A% +1)+2AX =2AJ2+ X Y1+ X
= (247 1] +4AX (2A% +1)+4A2X> =447 (2+ X Y1+ X)
= 4A" +4AT +1+4AX +8AX +4AX > =8A +12A*X +4A%X?
= 4A*+4A> +1-8A7 =12 A>X —4AX —8A’X
= 4A* +4A> +1-8A = X (12A7 —4A-8A’)
4A* +4A° +1-8A

12A7 —4A—8A’
4A* +4A° +1-8A’

12A7 —4A—8A’
= 2|g |~ 0.6V

Eq.4: 0.587 =044+ 7(\1+0.6 /0.6

_,_0.587-0.44 _,
J1+0.6 -40.6
1

= y~0.3V2

= A and 2|¢F| = X gives:

=X =

:>2|¢F|:

Use Eq.1 to find W/L:

2
0‘26 j(1+0.08-1.8):1812-10‘6

ly, = 100-10‘6WT((2.5—0.44)0.6—

w 1812
T 0.6’
) ](1+0.08-1.8)

100((2.5 ~0.44)0.6 -

:>sz5
L

Timmy Sundstrom



3.8

An NMOS device is plugged into the test configuration shown below in figure 0.4. The input
Vin = 2V. The current source draws a constant current of 50 pA. R is a variable resistor that
can assume values between 10 kQ and 30 kQ. The transistor M1 experiences short channel

effects and as the following parameters: k' =1104A/V?*, V; =0.4V and Vg, = 0.6V

The transistor has ﬂ = 2.54m
L 0.25um

can be neglected (A=0, y=0)

. For simplicity, body effect and channel length modulation

a)

When R = 10 kQ, find the operation region, Vp and V.

_ Vdd=2.5V
V, =Vdd —R-1=25-10-10°-50-10° =2.5-0.5= 2.0V
R
Assume the device is in saturation, this assumption will be Y
verified afterwards. We need to assume one region to calculate W o
the current and V=2V —| T =2.5p/0.25p
k. v
W
I :?ni(vgs _VT)2 =504A I=50pA

2-50
2.5

110 ——
0.25

V=V, -V, =07=V, =V, -0.7=2-0.7=13V

+0.4=0.7015~ 0.7V =

Now verify that the assumption about saturation region was correct?

Vi = min((Vy, —V; )V Vosar )= min((0.7 - 0.4), (2.0 ~1.3),0.6) = min(0.3,0.7,0.6) = 0.3

Voin =Vg = NMOS region of operation is: Saturation

Answer: Vp =2V, Vs = 1.3V, Mode of operation: Saturation
b)
When R = 30 kQ, again find the operation region, Vp and Vs.

V, =Vdd —R-1=2.5-30-10°-50-10° =2.5-1.5=1.0V

Timmy Sundstrom



Assume the device is in linear region since VD <Vg —VT )

2
Id = k;lWT£(Vgs _VT ds _\%J = SOIUA

6 2.5 v, -Vv.) _
110-10° == (v, =V, -V, |V, =V, )—~4—"=L | =50-10"°
025(( g S TX d s) 2 j

1 100((2 -V, —0.4)1 —vs)—wj =50

1.6-2.6V, +V2 —0.5+V, ~0.52 = >
1100

v52—3.2vs+2.2—%=0

1
V, = 1.6i\/1.62 —(2.2—ﬁ] =1.6+0.6715
Vs=0.93V or Vs = 2.27V (unrealistic since higher than drain voltage).
Check region of operation:

V. = min((Vy, —V; )V, Vosar )= min((2 - 0.93 - 0.4), (1 - 0.93),0.6) = min(0.67,0.07,0.6) = 0.07
V... =V4& = NMOS region of operation is: Linear region

Answer: Vp =1V, Vs=0.93V, Mode of operation: Linear

c)
For the case of R = 10 kQ, would Vg increase or decrease if A#0. Explain qualitatively.
It would increase! Vp is fixed due to the fixed current. (1+ AV4) would try to increase the

current to more than the available 50 pA, thus V4 must decrease to compensate for this and
keep the current constant. Since V, is fixed Vs will increase.

Timmy Sundstrom
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3.10

The circuit of figure 0.6 is known as a source-follower configuration. It achieves a DC-level
shift between the input and ouput. The value of this shift is determined by the current I,.

Assume: y =04, k' =1154A/V?, 2¢e|=0.6V, 1 =0, V;, =0.43V

and V% = f;l,u (no short channel effects).

oH Vpp=25V
a)

7 _| 5.4u/1.2p
Derive an expression giving V; as a function of V, and V1(V,). v,
If we neglect body effect, what is the nominal value of the level shift
performed by this circuit? I;=35 pA
Assume saturated device: e
k W
ly = ?nf(vi -V, —V; )2 =1,

IO

V= K W +Vio 4V, , Where the first two terms is the level shift (LS).
2L
-6
= 33 1?6 +0.43=0.7977 = 0.8V
115-10 ﬁ
2 1.2
b)

The NMOS transistor experiences a shift in V1 due to the body effect. Find Vr as a function
of V, for V, ranging from 0 to 1.5V with 0.25V intervals. Plot V vs V,.

Timmy Sundstrom



Vi =V, +7(\/[VSB|+2|¢F| _\/2|¢|=|)
Vs = Vo =V, =043+0.4(V,[+0.6 - 0.6

Vo[V] Vi[V]
0 0.43
0.25 0.489
0.5 0.540
0.75 0.585
1.00 0.626
1.25 0.664
1.5 0.700
c)

0,75
0,7 1
0,65

VT[V]

0,6
0,55

0,5
0,45
0,4

Plot V, vs Vjas V, varies from 0 to 1.5 with 0.25V intervals. Plot two curves, one neglecting
the body effect, and one accounting for it. How does the body effect influence the operation
of the level converter? At V,(body effect) = 1.5V, find V,(ideal) and thus determine the
maximum error introduced by the body effect.

25
23 1
21 1 ©
1,9 Pl -

Vo [V] Vi,ideal Vi body 17 ~

0 0,798 0,798 15 1 ¢ -

0.25 1,048 1,107 1,3 = >

0,5 1,298 1,408 1.1 z

0,75 1,548 1,793 0.0 /

1,00 1,798 1.994 07 |

125 2,048 2,282 05

1> 2,298 2,568 0 02 05 075 1 1,25

Maximum error is 0.27 V for V,=1.5V

Timmy Sundstrom
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