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Unit 4,5: EXERCISES

Ex1. Design a single-stage amplifier that accomplishes with the next requirements:

Vbp 5V
P (max) 1 mwW
Av -50 V/V

Voutf(max) | 4V
Vout(min) | 1.5V
SR 10 V/us
C 10 pF
Data: pnCox = 120 HA/V2, tpCox = 40 PHA/V2, Ap= An=0.04 V1, | Vinp| =] Vinn|=0.7 V, An=0.04
VL Lnin = 1 pm

Let’s try a single-ended cascode configuration like:

e
o o

1) Estimation of Ip due to SR:

I
SR==2 51, .m =100 pd
c,

2) Omitting power consumption of M4 and M5 - Estimation of Ipmax for power
requirement:

P =Vpplp = Ipmax = 200 pA
100 pA < Ip <200 pA4

3) Selection of Ip: intermediate value = I, =lpias= 150 pA
4) Voutmax requirement:

21,

W = Vspzsar =1V
Hp Cox (T)3

Vout,max =Vpp — VSD3,sat =Vpp —

1 w )
Ip = E.up Cox (T)g VSD,Sat
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(8) -5 (2),-7s

5) Voutmin requirement:

Vout,min = VDSl,sat + VDSZ,sat

From the small signal model, we may assume that:

AV — Yout X —GmiTo3 - Estimation of (W/L)l

Vin

(%) ~ 2 = highly dependent of channel modulation effect.
1

VDSl,sat =

VDsz,sat =04V

(&) ~1s6
L/, 7

6) (K) estimation:
L/s

Vbs2,sat = Vesz = Vinn = Vb2 = Vg2 — Vinn

+ Vpsisae + Venn = 2.31V

Vo2 = Vgs

w
(7).~
L/s

©0Re)



System-On-Chip and efficient electronic

circuit integration techniques

Ex2. Given the following amplifier:

[F +Vpp

M

m

Vi
5

.

Ibias C"I

_VDD

ucdm | Carlosllil

+

Vout

Universidad @ @ @ @
de Madrid

Provide a proper size for the each of the devices such as the following requirements

are accomplished:

Vbp 2.5V

P (max) 1 mw

|Av| 100 V/V

SR 10 V/us

C. 5 pF

BW 100 kHz

ICMR Between-1.5Vand 2V

Data: I»lnCox = 110 p.A/VZ, I»lpCox = 50 I»lA/VZ, Ap=0.05 V-l, An=0.04 V-l’ IVthp I = I Vthn I =0.7 V,

An=0.04 V-l, Lmin = 1 |J.m

1) Estimation of Ipdue to SR:

2) Estimation of Ipmax for power requirement:

P = 2Vpplp = Ipmax = 200 pA

3) BW requirement = when SR defines BW 2 BW =

Rout = ToullTo2 =

)
=70 pAd

2TRoutCL

<318kQ - Ip =35 pA > lyas = 21

70 pA < s < 200 pA
Design choice: I);,s = 100 pA

4) ICMR, max requirement:

Two paths to establish the requirement:

1

> 100 kHz
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Viemrmax = Vop = Vsez = Vsp,sat1 + Ves1 = Viemrmax = Vop — Vsgz + Vrun
Viemrmax = Vopo = Vsp,sata + Vrun

Vses > Vspasar

w
Viemrmax = Vop — Vsgz + Vrgn = 2V -5 Vse3 =12V > (T) =8
3

Current mirror 2> (%) =8
4

5) ICMR, min requirement:

Viemrmin = Ves1 + Vpss,sae = Vop
M5 is the device needed to implement a simple current source.

6) Gain requirement:

Vout
|[Ay| = ] ~ gmiRout
in

Roue = 222 kQ

w
Im1 = \/:uncox (T)l Ipias = 450 pA/V

() -(2), - ms
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Ex3. Given the following amplifier:

Universidad

ucdm | Carlosllil

[|3+VDD

M, b Ms |

—

+ M,

+

Vout

Ibias L

®

M,

IeL

77

de Madrid

©0Re)

Data: I.lnCox = 110 uA/VZ, '»lpCox = 50 '»lA/vZ, Ap=0.05 V'l, An=o.04 V-l, IVthp I = I Vthn I =0.7 V,
An=0.04 V', Linin = 1 pm, (W/L);1 = 2/1, (W/L)2=(W/L)s=(W/L)s=1/1.

Find the value of Vin such that the current in M1 equals 110 uA. Compute the small-

signal gain and the output resistance.

1) Estimation of Viy to Ip1 = 110 uA:

Vin = Vrun +

2) Small-signal model:

=1.7V.

A
|4
Vin

Vout _

=~

Im1

Im2

A A
Im1 = 220 Wy Gme = 31.6 Wy = Ay

3) For output resistance:

=—7V/V
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'gm2 VX roz r03 /Jﬂ

Ix g VX
o1
Uy 1
Ryye =—=——=31.6kQ
Ly Im2

Similar to common-source configuration.

©0Re
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Ex4. Given the following amplifier:

VGG _l I: Mz Vout

7 /7]77

Data: unCQx = 110 p.A/Vz, u.pCQx = 50 HA/VZ, Ap=0.05 V-l, An=0.04 V-ll IVthp I = I Vthn I =0.7 V,
I-min =1 um, (W/L)l = 5/11 (W/L)Z= 1/1'

Answer the following questions:

a) What is the value of Vs to make ID equal to 100 pA?

Vee = Vrun +

b) What is the DC value of Vin?

ViTl = VDD - VTHP - =3.03V

c) Small-signal gain?

Your Im1
Vin 1/‘rol + 1/sz
d) What is the BW if Cep1=Csp2=5 fF, Csp1=Csp2=30fF and C,=500 fF?

AV:

—~17.56 V)V

Mainly due to Cy:

— 1/7”01-#1/7”02

2nCy,

BW =5.72MHz
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Ex5. Given the following circuits:

?VDD

Vln V”-, v Vin
DE M, M, EI: M, [ wm, = w, M,
—Vout Vout — Vout Vout Vout Vout
V‘H; My F{ Mo M, L!Q Moo D SHOm,

Circuit 1 Circuit 2 /Jn Circuit 3 Circuit 4 Circuit 5 Circuit 6

Assume that the bias current is the same for all the cases.

Looking at the circuits:

e Circuit 1:
Ay = SOt 1_gm1 1 Roue = V_x ~ -
Vin Imatro1t 1oz Ly gm2+1/r01+1/r02
e Circuit 2:
A, = Vout ~ —9dm2 R — v_x ~ 1
v Vin gm1+1/7'01+1/r02 out Ly gm1+1/r01+1/1'02
e Circuit 3:
A, = Yout . —gmi1 R — v_x ~ 1
v Vin gm2+1/r01+1/r02 out Ly gm2+1/r01+1/r02
e C(ircuit 4:
A, = Vout ~ —9dm2 R — v_x ~ 1
v Vin gm1+1/r01+1/r02 out Ly gm1+1/r01+1/r02
e C(ircuit 5:
Vout __ —9m1 _ Ux 1
W= S Tty Row = S T ST
e Circuit 6:
Vout ., —gm2 _ Ux 1
AV - Vin ~ 1/r01+1/r02 Rout - iy ~ 1/7,014_1/1,02

For the same configuration, the one implemented with NMOS devices will have higher
gain due to the higher mobility of negative charges.

a) In which one we may expect the highest small-signal gain?
Circuit 5.

b) In which one we may expect the lowest small-signal gain?
Circuit 4.

c) In which one we may expect the highest output resistance?
Circuit 5 and circuit 6 (similar value).

d) In which one we may expect the lowest output resistance?

Circuit 1 and circuit 4 (similar value).
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Ex6. The following circuit is called folded-current-mirror differential amplifier and is a

low-power solution for amplification tasks. Assume that all the devices are of W/L =
100um/1um.

?VDD
\:’II |rJM8 ||‘J Me M-
My = |

i +
Hom o, e C, Vo

OL

J—C O

Mio Ms M; M,

e

Data: unCQx = 120 p.A/Vz, u.pCQx = 40 HA/VZ, Ap=0.05 V-l, An=0.04 V-ll IVthp I = I Vthn I =0.8 V,
Vop=1.5V.

a) Compute ICMR.

Viemrmax = Vop — Vspe,sat + Vrun

Vspe,sat = =071V

VICMR,max == 1593 V

Viemrmin = Ves1 — Vsps sat

VSDS,sat == == 041 V

21,

VGSl == + VTHN == 108 V

.unCox (T 1
VICMR,min =149V
ICMR = 1593 —1.49 = 0.103V

b) Compute the differential small-signal gain.
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’7L7 iout =
—| —' 0.59m1Vin OmiVin

+
0.5 gmlvinl—| 05 gmlvm[ — J‘CL Vout

IO.S Im1Vin ;L— -

.

1
1/7‘04 + 1/7"02 + 1/7'07

Rout =

Defining vin = v1 — va:

A, = M = gmiRout = 37.7 V/V = very optimist value!

Vin

c) If C.=10 pF, what is the BW of the circuit considering only C.?

BW = ——

" 27RoutCL

=144 kHz

L Io.s GrmaVin

©0Re
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Ex7. Design an opamp with Miller compensation:

Vpp 25V

P (max) 2 mW

|Av| 5000 V/V

SR 10 V/us

C. 10 pF

GBW 5 MHz

ICMR Between-1Vand 2V
Output Between -2 Vand 2V
range

Phase 60°

margin

Data: pnCox = 120 MA/VZ, ppCox = 40 pA/VZ, Ap=0.02 V-1, A,=0.02 V-1 |Vinp|=0.9 V,
| Vin|=0.8 V, Vop = 1.5 V, Lmin = 1 pm.

v Voo
1) For Mf=602 > C.>0.22C,
Cc>22pF - C;,=3pF

2) Two-stage opamps = SR usually limited by the first stage:
Ips
SR=—->1ps=30p4
Ce
3) ICMR,max requirement:
Viemrmax = Voo = Vsgz + Vruny = Vsgz = 1.3V

(W) _ 21p3 c
L/ HpCox(Vscs_WTHPDZ

(7),=(7), =

4) GBW requirement:
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w
Im1 = Z.HnCox<f) Ip1
1
(0),= (1),
L)y \L/p

5) ICMR,min requirement:

21
D Vpyy =1.08V

Ves1 =
.unCox (T 1

Vpss,sat = Viemrmin — Ves1 + Vpp = 042V

w 215
(7). 2 =3
5 Un Cox (VDSS,sat)

6) Gmes:
Ime uA
2.2GBW = C—"z > gms =691 7~

UA
Ime > 10gm2 = Gme = 942.4 —

gm6 . V

7) Output voltage requirement:

Voutmax = Vobo — Vpsesat = Vpsesar = 05V

w
(_) __ Ims  _ 35
L 6 .up CoxVDS6,sat

Ipe = 175 pA > I, = 175 pA

2Ips

VGSS = W + VTHN = 121 V bd VGSS = VGS7 = 121 V
#ncox (T)S
w 21
(), e
L/7  unCox(Vgsy — [Vrunl)

Vout,min = VDS7,sat

Vps7sar = 1.21 — 0.8 = 0.4V
Voutmin = —2.5+04= =21V <2V
Vout min = accomplished

8) Small-signal gain requirement:
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Vout _nglgmﬁ 4 4

A, = ~ = 21145.66—= > 5000 =

" v IpsQ + A1 (Ag + ) 4 4

9) Power consumption requirement:
PdiSS = ZIDSVDD + 21D7VDD = 1025 mW < 2 mW

10) What about other poles and zeros?

w
= |28pCox\7-)_ID
Ims [2Co)stos 1.83 GHz - too high.

Current mirror pole = f, = =

27 2Cgs3 21 22/3W3L3Cox
fF
Cox = 247W'L3 = 1,um,W3 = 5,um

Zero > f, ~ Im¢ — 50 MHz > 10.5 MHz
2w Cc

Once we have designed the sizes, we must refine the solution through behavioral
simulations 2

Device W/L, before simulation W/L, after simulation
1 3 10 with L =2um

2 3 10 with L=2um

3 5 5 with L =3um

4 5 5 with L=3um

5 3 3 with L=2um

6 35 90

7 18 30 with L = 2um

We can compensate the right-half-plane zero with a resistance:

Cc+C, 1
7 = — =4600 Q > MF = 96°
Cc 9me
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Ex8. Design a folded-cascode opamp with the following requirements:

Data: pnCox = 120 MA/V?, MpCox = 40 pA/VZ, Ap=0.02 V1, A,=0.02 V! |Vihy|=0.9 V,
|Vthn|=0.8 V, Vop = 1.5V, Lmin = 1 pm.

Vpp 25V

P (max) 5 mW

|Av| 3000 V/V

SR 10 V/us

C. 10 pF

GBW 10 MHz

ICMR Between 1.5Vand 2V
Output Between 0.5V and 2V
range

1) SR requirement:

Ip3
SR==2251,,=100p4
(L

Ips = Ipy =2 typically, Ips = Ip, between 1.25-2 Ip3
Ips = Ipy = 200 pA

For the sake of simplicity, we assume M4=M5=M6=M7 and M8=M9=M10=M11:

2) Output voltage requirement:

Vout,max = Vpp — VSDS,sat - VSD7,sat = Vpsssat = Vps7sat = 0.25V

(W) 2Ips 160 (W) (W) <W>
— = 2= —(Z _ (& _ (¥
L7s tpCox (Vsps sat|) L/, L/g L/,




System-On-Chip and efficient electronic ueldm %mc;ﬁg's fﬁ @ @@@

circuit integration techniques de Madrid
Vout,min = VDS9,sat + VDSll,sat = Vpsosat = Vpsi1sar=0.25V

Ipg = Ips — Ip;

w 21pg w w w
(7),= s=40=(7) =(7),=(%)
2 .unCox(VDS9,sat|) 8 10 11

3) GBW requirement:

gml .uA
— 62832 —
2nc,  Im %

GBW =
w W 2
(0),= (), =5t
L 1 L 2 2."lnCoxIDl

4) ICMR requirement:

Viemrmin = Ves1 + Vbssats

21p,

w

—_— VTHN = 096 V - VDS3,sat == 054 V
UnCox (T)l

Ves1 =

(W) _ 213 — 6
L5 e,V 2
Un ox( DS3,sat|)

Viemrmax = Voo — Vsp,sata + Vrun = Vspsaca = 1.3V

w 21, w
(T) = 2=6<<160_)<T) =160
4 .up Cox (VSD4,sat |) 4

5) Gain requirement: maximum gain achievable:
Vout
Ay = = Im1Rout
Vin

Rout = [gm7ro7 (Tosl ITOZ)] | [gm9ro9roll]

A, = 100000 v > 3000 v
v v v

6) Power consumption requirement:
Piss = 1.25mW <2 mW
7) Vbias?
Vhias1 = Vpp — Vsga = 1.35V
Vbiasz = Vop — Vspasar — Vsge = 1.14V
Vhiass = Vess — Vpsio,sat = 1.03V

——tV =133V
UnCox (%)3 o

Vbiasa =
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Exercises 3, 4, 5, and 6 adapted from Allen, P. E., & Holberg, D. R. (2011). CMOS analog
circuit design. New York: Oxford University Press, USA.



