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EE4902 (C2001
Analog IC Design

Exam 3

This is a closed book test!

Show all your work. Partial credit may be given. If
you think you need something that you can't remember,
write down what you neéd and what you'd do if you
remembered it.

Look for the simple, straightforward way to solve
the problem for the level of accuracy regquired.
Don't get entangled in unnecessary algebra.

You may assume all op-amps to be ideal, except as
otherwise noted.

As in real life, some problems may give you more
information than you need. Don't assume that

all information must be used! 1It's your job to decide
what's relevant to the solution.

You will have 55 minutes to complete this exam. There
are four problems on a total of 11 pages.
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MOSFET LARGE SIGNAL CHARACTERISTICS

N CHANNEL P CHANNEL
o |
O -D JID - 8
g Vab VaGs
>‘ G+ "' + -
o o—l Vs %—' VDS
5 + - + +
O Vas VaGD
o - 8 - D lID
(@]
1, =Co% W (yos Vin)2[1 + An(Vos - Vert)] | To=22C2 W (yas - vip)2[1 + A [VDs - Vel ]
ACTIVE| O 2 L D= 92 L
Veif Vet
AID VDS < Veit VDS > Veft VDS < Vefi VDs> Vet Ip 4
o TRIODE ACTIVE ACTIVE TRIODE
E ¥
T INCREASING DECREASING
5 VGS VGs
& I I
<
i
(&)
§ VDS VDS
E | . -l
4 Ip Ip A
O
|_
2 =
i O .
5 ¢ .
é 7o
<=
56
)
2 < VGs VGs_
=] ; = .
= VGS<Vin ! VGS > Vin VGs< Vi VGS > Vip
OFF ACTIVE ACTIVE OFF
835 2 2
O I woca X E _ Vos' = W ves - VilVos - YBS.
E% p= HnCox T [(Ves - Vm)VDs > ] p= HpCox L [(Vas - Vip)VDs 2




This problem is concerned with the op-amp circuit shown in

15
Figure 1. The op-amp is connected as a unity gain follower
With a 1V DC input. For the purposes of this problem, you may
ignore channel length modulation effects and the body effect.
Use the following MOSFET parameters for the AMI 1.2um process:
Parameter N-channel P-channel Units
Vi +0.61 -0.83 v
uc,, 7.42E-5 1.93E-5 A/V'
Vob = +5V
T " ® = .
.20 120
Ms | = Va3 | Ma Vs Ms
72 | 0 | 72 360
2.4 ‘ 24 2.4
L 200
I —¢
Ccomp
VIN M M2 60pF
_o_”: 6.4 64 | .
+ 2.4 2.4 I
ouTt
I l.25 _ B O
= J(Iss
T\fm ‘
20pA
a6 J 80
26 L . lZOO
Me M7 Ms
8.5 34 4| 85
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Vss = -5V

Figure la.
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Figure 1b.



a) Find the DC drain current I, (accuracy *10%) for all MOSFETs.
Use the table below to record your answers.
[12]

DC Current I, [pA]

M1 HO DIFE PAR SPUT
M2 40 OF Ipy
e all MIRROR oF Tp2
M4 40 -

2 SIzE RATIO OF M3z To Ms OR
M5 200 § Forced BY Tog (SEE () Below)
ME 26 %FORC_E'D RY "DI0DE" CONNE CTION
M7 80 RAT(O OF SIZes
M8 200 T M6

b) Find the DC node voltages (accuracy 150mV) for all nodes. Use
the table below to record your answers.
[12]
Node voltage [V] Vgy = +IV=-Vas1 =+IV - [.246
A
Vin T 1-00 V-!: ,.Jﬁz’_l___'
MA-AMP FOL\./L.ONEE iV 100 . Inm-w—
o VouT=ViN . : — 2 _ 74 -
v, ~0.75 Qé'*u/é‘(o"m)(?.qu-s) e - 246
- Z oA -

Vo| 4380 | Vess®-0.83- fliow) s 2T =120
W +3.80 L §MyMs Tp W N SAME RATIO % SAME Vi
Vs -4.00 Vese = 061+ ‘/[Zﬂm)ﬁ%gg %—% = .00V

c) Will this op-amp exhibit a systematic offset?
1
EXPLAIN! g =\/gg

M3, Ms ARE SIZED CORRECTLY ! DC CRERATING POINT
AT 4ST STAGE OUTPUT (Vgs) CAUSES Tpe=Ipg

[1]

[5]

d) What is the slew rate (accuracy +10%) for this op-amp?
[6]

Slew Rate = 33V/us . BouA _ Tss
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a)

b)

c)

The small-signal model of a two stage op-amp is shown below:

Vout
9 — o) ® @ ')
+
$R01 Ci V1 §Roll —1 Cn
g1 Vid 6.7MQ T2PF AP 85kQ T 20pF
P o o
gml = gmil = j_—
3E-5 AV 6E-4 AV .

Determine the open-loop DC gain A, (accuracy +10%):
[6]

a, = 10,250 ﬂmi Rr‘)l gmz Rox
+80,248 {3e-s) (67n0) (6E-4) (85kD)

On the following page, plot the magnitude and phase Bode plots
for the open loop gain transfer function A(f)= v_, ./v,,.
[12]

= , l = ¥
2n 6-7HR)(2pF) 2m(8s kJL)(zoPF)" HkH

With feedback for a closed-loop gain of unity, will this op-amp
be stable or unstable?

s [1]
STABLE ¢~ UNSTABLE

EXPLAIN! [5]
PHASE MARGIN % O

= .9kHz, £, =

NOTE: WHICH PART (d) YOU ANSWER DEPENDS ON YOUR ANSWER TO (c)!!!

d)

ONLY ANSWER ONE OF THE QUESTIONS BELOW!!!
[6]

IF YOU SAID IF YOU SAID
STABLE UNSTABLE
U U
Determine the gain-bandwidth Describe qualitatively
product f£f : what design change(s) would
be necessary to stabilize
f. = the op-amp:

NEED A COMPENSATION
CAP |







One problem with the simple two-stage op-amp you built in Lab 3

is the high output impedance. That's why vyou had to use
feedback resistors of 1IMQ and 100kQ in the gain of +11
amplifier -- lower values would have loaded down the output

stage, reducing open-loop gain and drawing too much current.

One solution to this problem is to add a source follower buffer
at the output stage, as shown in the op-amp circuit below
(compensation capacitor omitted for simplicity) . M9 is the
source follower transistor; M10 is a current source to provide
DC bias current for M9.

Vob = +5V -

Ma Ma ——, H Ms

v
& b NON [NV
VIN1 VIN2 Vour
O——' M1 M2 l—o —oO

Vob = +5V
Me ‘ M7 Ms Mio

Vss =-5V




Identify the inverting and non-inverting inputs.

a)
V (81
Inverting: In2
Non-inverting: Vini TWO INVERSIONS
b) The maximum and minimum limits on the input common mode voltage
(defined as V,, = (v, + Vn,)/2) and the output voltage v, are
determined by the condition that all MOSFETs operate in the
active region. As you may recall from lecture, 1lab, and
problem sets, at each limit one transistor "crashes" into the
triode region. ~
This part of the problerm requires no numerical calculation!
For each voltage limit case below, just tell which transistor
crashing into triode determines the voltage limit.
[8]
Voltage Limit Condition MOSFET "crashing"
Common mode voltage, maximum (V) M2 (Mi OK)
Common mode voltage, minimum (V) M_7
Output voltage, maximum MS i
Output voltage, minimum M [s]
* NOT M9

FOR M9 TD CRASH INTD TRIODE, Vgo WOULD HAVE TO
EXCEED Vpp. BUT Ms CRASHES FIRST.



This problem considers two implementations of a cascode current
source, shown in Figs. 4a and 4b.
problem, you may ignore channel length modulation effects and

Also, assume that all P-channel devices are '
operating in the active region; this problem is concerned with

the N-channel devices making up the cascoded current mirror.

the body effect.

For the purposes of this

Use the following MOSFET parameters for a typical MC14007:

Parameter N-channel Units
v, +1.70 v _
uc,, 3.5E-5 - Va'a

The "traditional®"

cascode current source (shown in Fig. 4a) is

great for achieving very high small-signal output impedance.
Unfortunately, the tradeoff in reduced signal range (due to the

compliance voltage limit)

is severe. This can be especially

troublesome in low-supply-voltage environments, such as with
the single +5V supply rail shown in Fig. 4a.

Il Vgs GIVEN BY

Vop = +5V

i 10
.70V + J;_,se-s o 100KA.

e sl
= Vore =0.6V

&5=Z3V

100uA 11 00A

M3

160
10 ¥

Vour 11 00pA

l ”; 1"2‘6 CRASH WHEN Vs =Vefe
10 ) *Vpsy=0.6V

[2.3¢—

NEVER CRASHES!

a) For the circuit in Fig. d4a,

at Vg
Accuracy +50mvV.

V,

MIN(a)

+2.9V

determine the minimum limit V,
of the voltage compliance range

for which all MOSFETs

10

M2
P———'———{ 160 VDSZ::2~3V
10
T

MIN{a}

(that is, the minimum voltage
are

in the active region).

[61]
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b)

The problem with the cascode current source shown in Fig. 4a is
that the gate of the cascode transistor M4 is set to a higher
voltage than it needs to be. M1l and M2 realy do need to be
connected in a mirror configuration. But the only purpose of
M3 is to set the DC voltage at the gate of M4. We can get

‘better output voltage compliance if we use the approach shown
in Fig. 4b.

Vop = +5V
100uA l100uA liOOuA Vour lmgwﬂ\
+
\'}V”: | Vgs 2,9V = 1“23‘5
ol r I o 20
v & 2,3!
Gs
» 2 M1 = M2
160 160 o
10 *l 10 —
y hd
Fig. 4b B

For the circuit in Fig. 4b, determine the minimum possible
limit V., of the voltage' compliance range (that is, the
minimum voltage at V,e for which all MOSFETs are in the active
region) AND the requlred with Wy, of M5 to achieve this limit.

L2V L12]
V. = .

MIN(b})

W, 40 AM

Vpsz CAN BE AS LITTLE AS 0.6V (=Veff) FOR M, TO BE
IN THE ACTIVE REGION, THEN Vor= 0.6V +0.6V=[[.2V

SINCE Vosp IS DETERMINED BY Vas - Vgsy = Voss -Vasd, WE HAVE
WANT = 046V -

Voss = 0.6V+ Vgs 4 = 06V42.3V2+2.9V, T SIZE Ms
I0OuA = 3?5 Ws (2ov - l7v) => Ws =40 pm l

11



