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Homework #4 T
1. For the MOS differential pair with a common-mode voltage V., applied, as shown below, let Vpp=Vs=1.5V,
ko' (W/L)=4mA/V?, V=0.5V, I=0.4mA, and Rp=2.5kQ (neglect channel-length modulation). Assume that the current
source I requires a minimum voltage of 0.4V to operate properly. (worth 2 problems)
(a) Find V¢ for each transistor.
(b) For Vepm=0 find Vs, Ipy, Ip,, Vo1, and Vp,.
(c) Repeat (b) for Veu=1V.
(d) Repeat (b) for Vey=-0.2V.
(e) What is the highest permitted value of V¢y?
(f) What is the lowest value of V¢ ?

(a) Mo FillgeiE Ve

1
ID1 = Ipz === EH(WKL]V:DF

bl

where Vov=(Vgs-Vy)

i
Ty §>‘4I’§w _, Vor=0316V

f

Ves= F,+Vop=05+0316 =082V

(b)
+15V

IR G e €L

fﬂl=fﬂz=§=n.zmﬁ

i.‘: :
1
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]

I
Vo1 = Vpa = Vnn'i Rp

1L5-02x25=1%

Vo= Vg—Vog=1-082 = +018 V

1.51:—(;)1 =§=0.21]1A_
f'rm == Vm—% Rp=15-02x25=+1V

‘Observe that the transistors remain in the saturation region as assumed. Also observe that 5y, Iy, Vi,
and Fp, remain unchanged even though the common-mode voltage ¥, changed by 1 V,
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(d)

—-15V

Vo= Vg—Vgg = -02-082 =-102 V
It follows that the current source 7 now has a voltage across it of
Veg = =Fg=(=Fg) = =1.02+15= 048 V

which is greater than the minimum required value of (.4 V. Thus, the current source is still operating
properly and delivering a constant current / = 0.4 mA and hence

Ipy =Ip = 5 = 02 mA
i
it = Vo> Von-5 Ry =1 ¥

So, here again the differential circuit is not responsive to the change in the common-mode voltage ¥,

{e) The highest value of ¥, is that which causes ¢, and (7, to leave saturation and enter the triode

region. Thus,

Fe

Mmax = t

V.4V,

05+1 =+15 V¥

(f) The lowest value allowed for V., is that which reduces the voltage across the current source [ to the

minimum required of F-c = 0.4 V. Thus,

Vertmin = —Vas+ Vs + Vg

]

Thus, the input common-mode range is

~-1.5+04+0.82 = -028 V

028V SVpps+l5 V

2. For the amplifier of Problem 1, find the input common-mode range for the case in which the two drain resistances Rp

are increased by a factor of 2.
If Ry is doubled to 5 K,

' )

Wi = Vy, = FDD_ERD

= ‘]-42'"“"‘{5 K)=05V

Ve, = Ve+Vp=05+05=-10V
Since the currents Iy, and Fp ave still 0.2 mA
each,

Vs = (L8B2V

S0, Ve = Vs t Ve b Yax

mlm

= —15V+04V +082V=-0RYV
S0, the common-mode range is
028V to 1.0V
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3. For the amplifier of Problem 1,
(a) Find the value of v;4 that causes Q; to conduct the entire current I, and the corresponding values of V,; and Vp,,
(b) Find the value of vj; that causes Q, to conduct the entire current I, and the corresponding values of Vy; and V,
(c) Find the corresponding range of the differential output voltage (Vp,-Vpi).

{a) The value of v, that causes ( to conduct the

entire current is /2 V,,

= /2% 0316 = 045V

then, Vi, = Vpp — I X Rp

=15-04%x25=035V

Vps = Vpp = +15V

{k} For (J; to conduct the entire current:

By = —2 Vo, =—045V

then,

ot e L

Vg, = 1.5—04X25=05V

(¢} Thus the differential output range is:
Vg — Vpiftom15-05=+ 1V
o05-15==1V

4. A MOS differential amplifier is operated at a total current of 0.8mA, using transistors with a W/L ratio of 100,
kn'=unCox=0.2mA/V2, Va=20V, and Rp=5kQ. Find Voy=(Vgs-Vt), gm, o, and Ag.

I = e EJ_ﬂzmh = 0.4 mA

Ip = lk;(g]{b’wjz So that

A

[ 3]

b3

| o 47 RS I|' 204mA)  _ 5,y
u" Jk'(E] A0.2(mA / V7)(100)
T WL
= 0.8 mA i I _ 04 mA(2) _ 4 RY,
Ll e S T s
5 V.'!TS V.-l MV

A P ik

"'!'rl' = Eﬂr{HD" rl:’.']
Ap = @mA/V)SK| SOK)=182V/V
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~ _ Toa 1 ~ — 1 for the active-loaded MOS differential amplifier below.
5. Prove that A= 2Rss (1+9maT03)  29msRss
VDD

i : i
J"uai Qy — I:IQ Tod
]

g (2Rgs || Fo1)
d I'AWI:ERWI!.P‘M}+{1K§'”|}

=

.'-
icm

i

"The short-circuit drain current 7, can be seen to be equal to the current through 2R ; thus,

i: = U.I'I‘."#I'
A 2Rss
which leads to
e = o - L
iCHE Llfc-m ER.’S‘S

Ro1 = 2Rsg+7ry) + (8 7o 2R 55)

Similar results can be obtained for ¢,, namely, the same &, . and an output resistance
R, given by
Roa = 2Rgs+ 12+ (gatur)(2Rgg)
the voltage v .1 can be nhtamed by multiplying ,
Gremticm DY the total resistance between the d, node and grnund

I \n
Ug"l = "_Gm-cm”j.cm( a] II Foa “‘g M.-'
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This voltage in turn determines the current i, as

‘!-4 ¥ gmliv.lg.l;j = gmd-t’lgi
Thus,

" o
B = _gm4Gm¢m7”.lcm|.\Rol " Tod ” g__l_}

3
Finally, we can obtain the output voltage v_ by writing for the output node,

= Un Lln
Gm.:mt’mm“' L+r—4—=10
ol r04

=l ER.'TS [-1 _gmd’.\_Ral ” Fo3 "g_mjj:|

Sinc_r:; Ryy# 1y and R,y 15, we can neglect both. Also, substituting Zos = Zan WE
obtain the fﬁi]ﬂwing expression for 4__, 3

I

u Fod | Ay -
28,3 Ry

A em
R 2R 148,373 " Bwatoa® land ry3 = r,, then,
6. An active-loaded MOS differential amplifier as shown in Problem 5 is specified as follows: (W/L),=200, (W/L),=200,

Kn'=pnCox=2k,'= ZupC0X=0.2mA/V2,|VA|=20V, I=0.8mA, and Rss=25kQ. Calculate G,,, Rout, Ad, |Acml-

(W/ L), % p,C.o = 02m X 100 =20 m % Oy = o = $MALY
" Ry, = "r:r?.“ Ferd
(Wi Lp X ppC,=01m>x200=20m= V
|.J.,|:I V rf}I = ﬁ - — 2[] = 5['] kﬂ

Since all transistors have the same drain current fpy (0.8 mi2)
(f/2) and the name product W/ L x pC,, then all ¥ 20

= _‘l"ﬂ -_— =
transconductances g, are identical, To4 i (0.8 m/2) S0 kG
thus,
Vo = JorB_ = [OBTA _ 5y Ro = 50| 50 = 25k0
w20 mAN rjzﬂ mAMNY o et v
thus, Ay = GuRp = 4 ==X 25kt = 100
1 1 :
_ JIp _ (08 mAR A Ap = = — = 0.005 ViV
i “V_;e_{_ﬂ.—%nv_}=4m§ 28maRss  2X 4 X 15

A 100
CMRR = —= = — = 20,000 — 86 dB
A,  0.005

7. Design a MOS differential amplifier to operate from £1Vsupplies and dissipate no more than 2mW in its equilibrium
state. Select the value of Vo,=(Vgs-Vt) so that the value of vjy that steers the current from one side of the pair to the
other is 0.4V. The differential voltage gain A4 is to be 5 V/V. Assume k,’=400uA/V>and neglect the Early effect. Specify
the required values of I, Rp, and W/L.

I=2mW/(1V-(-1V))=1mA

0.4V=\2Vov

Vov=0.2828V

Rp=Ad(Vov/ I)=5(.2828V/1mA)=1,414Q
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(W/L)= T /(kn’Vov~2)=1mA/(400e-6*.2828"2)~32

8. In an active-loaded differential amplifier of the form shown in Problem 5, all transistors are characterized by
ko' (W/L)=3.2mA/V? and |V|=20V. Find the bias current I for which the gain vo/vjg=100V/V.

Each transistor has 1, = %
IVl
Fog = oy = T, = ==
F: 4 f,lj
1
A, = =g r
o 22 @
I
Since g. = —2—,
R e
! ¥ V S
Ay = l(ﬂ]u _ Vil substituting, we
2 lirlllf)'.r" f.".i Vf.il-'
find that
Y.l
gy = = 0V o
Ay 100 ViV

I =2, = {2}%&-'{wn.wf”
1=32mAN2(D2V)2= 128 pA

9. ltis required to design the active-loaded differential amplifier shown in Problem 5 to obtain a differential gain of 50
V/V. The technology available provides p,Co,= 4upC°X=400uA/V2, |Va|=10, L=0.5um, | V{|=0.5V,and operates from +1V
supplies. Use a bias current I=200uA and operate all devices at |Vgs-Vi|=0.2V.

(a) Find the W/L ratios of the four transistors.

(b) If Vcu=0, what is the allowable range of v,?

(c) If Iis delivered by a simple NMOS current source operated at the same Vgs-V: and having the same channel length
as the other four transistors, determine the CMRR obtained.

(a) Ipi= Ipy= Ips= Ipy= I/2 =

[E) DR 2(100 pA) -

L) pu,C.Vay 400 pA/V (02 V) &

For (2. and 2,,

(E’J WL 2(100 pA) s
L.y  wC.Ve, 100pA/V?(02V)

(b) Vomax=VG4+|V¢|=Vpp-|Vgs|+|Vi|=1-0.2=0.8V
Vomin=VG2-Vt=0-0.5=-0.5V

Range is -0.5 to 0.8V

() (s delivers [ = 200 pA, and L = 0.5 pum,
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Vo =02V, S0,
Va'l (20 V/pm)(0.5 pm)
o e = 50 k0
By 0.2 mA
T === 100 kL1
ol T ' £ a0 1
cm Uj{:m 2.&'35 1 i gm_q ra3 Z{Sn k} 'I di (] va-}{]ﬂﬂk] = {].UI

A
CMRR(B) = 20 logip A — 20 10g,, (ﬂ] — 74dB
Al 0.01
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