ECE 255 ELECTRONIC ANALYSISAND DESIGN Fall 2009
Homework 5 Solutions

Drain Current (mA)

Problem 1
Select element values for the circuit shown belowaintain4 < I, < 6 mAfor A vdd vdd
2 2
transfer functions ranging froryy, = 20( 1+%) mA to I, = 7.2( 1+l/—f154j mA § R1 Rd
' +
assuming that yp = 16 V.
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Since the only requirement wéds< |, < 6 mA there are many possible solutions. My first gugss

represented by the soliéd line where \6 =4 V and Rs= 1 k. Another easy solution is given by
the broken which goes through the poig+£ 5 mA and és=-1V and has ¥=6 V.
AVgg _ 7V
Al,  5mA

blueline, can be determined from the extreme operatingtpevhich are ¥s= - 1.8091 V @ 6 mA
and Vss=-.3667 V @ 4 mA. The load line running throulgese points has an intercept ¥ 2.518 V
and slope corresponding tgdX= 721.2Q. To satisfy the design requirementg, &hd Rsmust be at
least as large (or larger) than the limiting values

For the orange lind&kgg =

=1.4kQ . The limiting load line, shown as the broken

Completing the design using thed load line: given that \bp = 16 V we can let R= 100 K2. Then
R; = 300 K2 to provide a gate voltage olk\= 4 V. Rsswas already assumed to be(l. KThe only
restriction on choosingdRis that it can not be so large as to put the F&d the ohmic region of
operation. Let B=1 kQ, then \bs > 6 V and either transistor will be safely in thé>BD. region.



Problem 2
Show your calculation to determine the largedtie of R that can be used in the circuit that you biased
in Problem 1 that will guarantee operation in tley@d-Pinch-Off region.

The limiting case is determined by the operatingipwith the highest current (assuming that this
operating point is also associated with the dewiitk the largest |M, which is almost always the case).

2
The gate-to-source voltage at the highest possibient is determined from 6 = 20( 1+%j :

therefore,Vgg = 4(—1 *, /2—60] = Ves=-1.809 or —6.191 V. Clearly the first valuesrect.

For the limiting case in Problem thé¢ blueline) to be in the B.P.O regiov|1\/GD| > |VP|;
consequentlyVpg = Vgg—V gp = -1.81+4 = 2.19V =\, - |, (Ry + Ryg)
andR, = VDD_IA/— Reg = ﬁig— 712.2= 158®

m

D

For the design represented by tld line, analysis yields a maximum value of drain currét,
2

determined from: I, = 20(1+%\E/’RSSJ mA where \6 =4 V and Rs= 1 kQ.

expanding: 161, = 20( 4+ 4 |,)° = .8}, = (4r 4 })" = P-16.84+ 64 |

16.8+ ,/16.8 - 256
2

Vps = VsV gp=-1.84+4=216V =\, - L (R, + Rs) = R, = 1.37R

Problem 3
Determine the maximum and minimum values of thestanductance,,g for the bias circuit that
you designed in Problem 1.

2
P dVesly, ~Vel  -Vp) -V,VK

The range of values of,dor the transistor with the smallerd\’s limited by the extreme points:
[Ves=-.1068V @ 6 mA]and [¥=-.3667V @ 4 mA]

_o2x72[4 _2x72[6 _
Ol —ama = m‘/Tz‘ 7.45ms  and Onh, —omn = m‘/7—.2_ 9.13m¢

The range of values of,dor the transistor with the largerdMs limited by the extreme points:
[Ves=-1.8091V @ 6 mA]and p6=—-2.2111V @ 4 mA]

_2x20 [ 4 _ _2x20 [6 _
Ol camn = 5" A47Tme and Ol —oma = = /%- 5.48mS

Your values will depend on your design but will fial the ranges
4.47TmMS< Gmin< S5.48m and 7.45MS< Gyman< 9.13m




Problem 4
For the circuit shown in Problem 1, se3 R 1 kQ and place a large capacitor, C, in parallel wigg R
(providing an a.c. short circuit ofsg. Determine the value of both the minimum and imasnm

Vo

V|

values of the voltage gajh;| =

Since|Ay| = |=*
i

theranges  4.47 < ‘ Avi(min)

=0, Rp the exact values will depend on your design vatieg, but will be in

< 9.13

< 5.48 and 7.45 <| Ayjna

Problem 5
Remove the large capacitor, C, and repeat the lesiloos 1‘or|AVi |

- gm RD
1+9, Rss

Vo

V.

In this case}AVi| = the exact values will depend on your design \&bfeg, and

selection of Rs

Problem 6
Design a four resistor bias circuit fopahannel depletion-mode MOSFET that will ensure

operation withl,| =4 + 0.5 mA and Vg, =7 + 1V for transistors having < |l,sd <10 mA
and3< V, <6 V. Assume that the larger pinch-off voltage is agged with the larger drain
saturation current. The only negative supply \g@tavailable is — 18 V.

A vdd =-18V vdd =-18 V
L . R1 Rd
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We can determine extreme operating points for eadhe limiting characteristics and find the

minimum acceptable value okRor just make a quick sketch and guess appropratees for \&
and Rs— either way, the important step is verifying fimal design.



-10

For the transistor with the largeyskwe havel, = %(VGS -V )’ =-45= ?(V ss6)

P

ThereforeVg = 6{11 /%Jv =6(1+.670§ V= \ig = 1.9751\

2

For the transistor with the smallgisswe havel, = %(VGS ~V,)’=-35= ;—f(v ss~3)
P

ThereforeVg = 3(11 /%Jv = 3(1+.8367) V= 5= 0.490\

2

The minimum value for the source resistor and gatige are then found to be:
AVgs _ (1.975F 0.49) V

=1.4851 10
Alg (4.5-3.5 mA
and Vg(min) = 0.490V- (1.4851 K )(3.5 mAy - 4.708

Rgs(min) =

The limiting load-line is shown as a brokeie line in the plot above.

Firsttry: Let\Ve=-6V and Bs= 1.8 K2 as shown by theed line in the plot above. This load-
line satisfies the conditiohD| =4 + 0.5 mA, but does it work with the condition orgy?

. . . | I
To find the operating points we solvg = \‘;—SZS(VGS ~V ) = VL?[(V cRkJV F]z for Ip
P 3

using the Quadratic Formula.

For the device with the smalleysk, the operating point i I= — 3.588 mA.
We want to have ¥, = 8 V (its maximum value) when the smaller currisritowing.
Therefore,R, :ﬂ—ls = 2.78F 1.8 .987R

3.588

For the device with the largasds, the operating point i |= — 4.444 mA
At this operating poinVg, =18~ (1.8+.98% 4.444 18 2.787(4.444) 5.61! oops

We are below the lower limit for §4.

Let’s try again — this time reducing the range i&idl current.
LetVg=-8V and Bs= 2.4 K2 as shown by the in the plot above.

For the device with the smalleysk, the operating point i l= — 3.533 mA.
We want to have ¥, < 8 V when the smaller current is flowing.
Therefore,R :@—2.4 = 2.83Fk 2.& 431

3.533

For the device with the largasds, the operating point i$|= — 4.211 mA
At this operating poinVg, = 18— (2.4+ .43} 4.21% 18 2.831(4.214) 6.07¢ OK — but close

. ) 100
Finish by selectin nd R. Let R =100 I, thenV. = -8 =
y g Rand R R G 100+ R,

(-18) = R, =125k



Problem 7
Determine the maximum and minimum values of thestanductance,g for the bias circuit that you
designed in Problem 6.

i | 2 dl | 2% | 2% | I
if Ip=-28(Vg-V,) mA then g,=—L| = DSS (V/s=Vp) = DSS( D j
VFZ, ) dVGS‘Q VFZ’ Ve I pss

The range of values of,dor the transistor with the smallerd\is limited by the extreme points:
[Ves=.154V @ —4.5mA]and {6=.490V @ —3.5 mA]

2><5 /35 _2x5 /45
gm|| =-35mA 3 5 2.79m and gm|| =—45mA 3 ?_ 3.16m

The range of values of,dor the transistor with the largergMs limited by the extreme points:
[Ves=1.975V @ —-4.5mA]and p6=2.450 V@ -3.5 mA]

2x10 [35_ 2x10 [4.5_
gm||D—_35mA _6 E =1.97m and gm|ID——45mA T E— 2.24m¢

Your values will depend on your design but will al the ranges
1.97mS< Qi< 2.24m and 2.79MS< Gyman< 3.16m

Problem 8
For the circuit designed in Problem 6, place adargpacitor, C, in parallel withsR(providing an a.c.
short circuit of Rg. Determine the value of both the minimum and imaxn values of the voltage gain

V
|AVi|= V2

Since|A;| = ‘%‘ =g, R, the exact values will depend on your design vatifeg, and R.

Using R, = .43 K2 85 <|A,,

i(min)

< 1.36

< .96 and 1.12 < | Aynan
{Not a great amplifier!}

Problem 9
An FET in an electronic kit is to be biased ashia tircuit shown below with the specified

component values. The FET is characterized/py=3 V, K =9 mA, and a Beyond-Pinch-Off

2
Vge _1j AVdd = 24v vdd = 24V

characteristic given by, = K(

.
§ 270 kohm 4.7 kohm

Find I and \bs at the planned operating point.

2
Ve Rl
270 24=12V and |D:K{M_1}

VG -
270+ 270 V7 2.7 kohm

270 kohm

.

Ip = 2.72 mA, \§s = 466V, and Ys = 3.87V



Problem 10

In constructing the kit discussed in Problem 9,upper end of the bias resistor, Rhe end that
should be connected tayy), is mistakenly connected to the drain of the FStead of the voltage
source, Vp. Find the operating point.

Vdd = 24V
V 2 R 4.7 kohm
Where to start? I, = K| =28 -1 Vg = 2_v, 270 kohm
VT R1+ Rz
Ves =Vg-R d Vo =V R +_Vo 5 ™
GS G ss' b D DD D|'D R, +R,
§27O kohm 2.7 kohm
Well, we now have four equations in four unknowas Vp, Vg, and \s.

Let's make it a bit easier. We know the bias aurraust be small compared & |
Vop _(RD +2Rss) lp
2

or Vgg =

2
o[ Voo ~(Ro+2Rsg) 1y =9(24—1O.b< X _1j2
P 2V, 6

(10.)° B —(2x18< 10.3 ¥ 4+ 18= = Ip=1.537 mA, \bs=4.240 V, and ¥s = 12.63 V.

{ without neglecting the bias curren # 1.523 mA, \&s= 4.234 V, and ¥s = 12.58 V}



