Faculty of Engineering — Cairo University
Electronics and Electrical Communications Department
EECE2020 - Electronics Il
Problem Set # 2

A=0.1,K, = u,C,, = 0.138mA/V?

Problem 1: Using the circuit on the right, answer the following parts
keeping all answers in terms of the device parameters un, Cox, (W/L), Vth.
You may ignore channel length modulation.

a) Derive a large signal expression relating Iout to Iin in terms of
device parameters and bias voltages (Vgs).
b) Now assume that the (W/L) ratio of M3 is very large so that

J2103/anox (%)3 ~ 0, also assume that nominally Vg, = V.

What is the approximate value of Iout In terms of R?

Solution:

a)

Assuming all devices are in SAT region

1 1
Iy = EKnl(VG_ﬂ - VTH1)2 = EKn3(VGS3 - VTH3)2

1
Loyt = Ean (Vasz - VTHZ)2

Vesz + ToutR = Vg1 + Viss

21, 21y,
Vesz + IoutR = Vg + v + Vrps + K
nil n3

21 21;
K_,Zl + /K_,i: + Vrgr + Vens — Visz
R

Loyt =

b)

If M3 is large, fﬂﬂ ~ 0
Kn3

. 21;
Assumlng VGSl = VGSZ = VTHl + =

Kni1



Problem 2: Use the circuit shown on the right. Neglect L modulation and

assume that (W/L)3 = (W/L)4. Derive a large-signal expression for the

current [out in terms of the (W/L)1, (W/L)2, RD, and device parameters. M;
Assume Vthl = Vth2.

Rp
M;
Solution:
M3 and M4 = forms a current mirror.
Ips = Ips = oyt
Assume VTHl = VTHZ = VTH
1 ) 1 )

Loyt = Ean (VGSZ - VTH) = E ni (VG.S‘l - VTH)
Ves1 = loutRp + Vis2

[ |

2Iout 2Iout 2Iout 1 1
LoutRp = Vgs1 — Visz = ’ K., + Vry — K, Vg = i Con (w) - (w)
L/ L/

21
I2,R} = —2%

TlCOX

2

I =
out HUn Cong




Razavi - Problem 5.1: In the circuit shown on the right, assume that (W/L); =

50/0.5, =0, Iout = 0.5 mA, and M1 is saturated. VDD
a) Determine R2/R1.
b) Calculate the sensitivity of lout to VDD, defined as 0 lout/6VDD and R4
normalized to lout.
¢) How much does Iout change if VTH changes by 50 mV?
d) If the temperature dependence of un is expressed as pn o T2 but VTH
is independent of temperature, how much does lout vary if T changes R
from 300°K to 370°K? 2
e) What is the worst-case change in Iout if VDD changes by 10%, VTH
changes by 50 mV, and T changes from 300°K to 370°K? =
Solution:
a)
R, 21
Ves1 = VDDm =Vry + o W
np
21
W + VTH
R, Kn T
— = = 0.44
R;
21
Vbp w T Vru
"L
b)
(W R, g
b =7kn ( L ) (VDD Ry + R, VT“)
alp (W R, R,
» av,, Kn () (voo R +R Vrn) (R1 T Rz) 2
Sensitivty = - 1 W R > = RN 2.84
D , _ 21
24 (7) Vo —v) Voo~V (14)
¢)
R, 2

I—lK’(W>(V Ve
p =58\ 7 DDR YR, TH

alp _ g (W>(V R, v )
WVry  "\LJ\PPR +R, "™

(W R,
AID =~ _Kn (T) (VDD m - VTH) AVTH = —233,uA
1

" out



Al B(T)_EC)I AT = —103uA
D~ 2 To T Do - ﬂ

e)
1 w R, 2
Ip = E.uncox (T) (VDD R—l TR, - VTH)
1 To + AT\ 2 w R2 2
ID,W.C, = E.uno ( To ) Cox (T) (VDD - AVDD)m - (VTH + AVTH) = 43'[,{A

Alyc =Ipwe —Ipo = —457uA



Razavi - Problem 5.2: Consider the circuit shown below. Assuming Irgr is ideal, sketch lout versus VDD as
VDD varies from 0 to 3 V.

Irer

Solution:

o IfVpp <Vrmp
o M3 and M4 are off
o Jout=0
 AtVryp < Vpp < Vsgz e+ Vorz
o M3 and M4 are on and SAT.
o M3 and M4 act as a current mirror.
o M2 is in Triode as acts as the Iref for the M3/M4 current mirror.
o lout current will increase linearly with VDD.
* As Vpp 2 Vsez4 + Vo
o M2 goes into SAT region
o Two current mirrors in cascade.
o lout=Iref
o Considering channel length modulation, lout will increase as VDD increases.

T




Razavi - Problem 5.3: In the circuit shown below, (W/L)xy = 10/0.5, (W/L)p = 10/0.5, and IREF = 100 pA. The
input CM level applied to the gates of M1 and M2 is equal to 1.3 V. Assuming A = 0, calculate VP and the drain
voltage of the PMOS diode-connected transistors.

Voo

Solution:

2 %X 0.5]
—REF=3_0_8_




Razavi - Problem 5.4: In the circuit shown below, sketch Vout versus VDD as VDD varies from 0 to 3V.

Solution:

o IfVpp <Vrpyp
o M2 is M3 are off
o I3=0
o Vout=0
o As Vpp = Vpyp but less than (Vggy + Viyyr)

o Ml is in deep triode region, linearly approaching saturation.

o M2 and M3 are on and are in SAT region and acting as current mirror.
o Vout increasing linearly with VDD.

Vour = Ipz X Ry,
Ips = Ipy; = Ipy
Ip; = Kpq (Vcs1 - VTHN)VD51 = Knl(Vin — Vrun) (Vpp — Vscz)

Vour = Knl(Vin - VTHN)(VDD - VSGZ)RL

Wout _

L
Vo = Rpp (Vin - VTHN)RL = R,

e When VDD = VS’G2 + VOUl
o All transistors are on and in the SAT region.

o As Vpp increases, Vpgq increases and hence I increases.
o Vout increases linearly with Vpp with a slope of A.

Vout = Ips X Ry,

Ips = Ipy = Ipy

1 1
Ip; = EKnl(V651 — Vran)? (1 + AWpsy) = EKnl(Vin ~ Vrgn)?> (1 + A(Vpp — Vsg2))

1
Vour = EKnl(Vin — Veun)*(1 + A(Vpp — Vsg2))Ry,

W 1

v - EKnl(Vin - VTHN)ZARL
DD







Razavi - Problem 5.5: Consider the circuit shown below, assume (W/L)1-3 = 40/0.5, and IREF=0.3 mA,.

a) Determine Vb such that VX =VY .

b) If Vb deviates from the value calculated in part (a) by 100 mV, what is the mismatch between Iout and
IREF?

c) Ifthe circuit fed by the cascode current source changes VP by 1V, how much does VY change?

Analog
Circuit
P
VDD g"out
V,
REF be—{[, M3
X Y .
M, |_"—|E-LM2
Solution: i i
a)
Vps2 = Vps1 = Vgs1
Vi = Viss + Vpsz = 2Vsq
1
Ippr = EKM(VGSl — Vep)*(1 4 AVpsq)
1 40
0.3 = 5 X 0.138 x 0 (Vgs1 — 0.7)2(1 + 0.1V541)
5 2
9_2 = (VGS]_ - 07) (1 + 0'1VG51)
Ve, = 0.9231V
V, = 2Vgs, = 1.8462V
b)
1+ AVps, 1+ MVgsy + AK) AAV,
Loyt = Irer X m = Iggr X 1+ AVesr Y = Ipgr + Igpr X W‘Z}Sl = Iggr + Alggr

If V}, increases by AV}, = 100mV - V, will increase by AV, < AV}, - We need to get AV,,?
1 2 1 2
Ip, = Ean (VGsz - VTH) 1+ AVDSZ) = Ean (VG51 - VTH) (1 + A(VG.S‘l + AVy))

1 . 1 2
Ips = EKn3 (Vesz — Vry)“(1 + AVps3) = EKns (Vc;51 + AV, — AV, — VTH) (1 + A(Vcs1 - AVy))

Ip; = Ips



Vass = Ven)? (14 2(Vasy + A%)) = (Vesz + AV, — AV, = Vi )* (14 A(Ves1 — AV;) )

0.05(1.09231 + 0.1AV,) = (0.3231 — A})*(1.09231 — 0.1AV})
AV, = 97.49mV

AV, oo 01x009749
— = 0. X = 2.
T+ WVes %1501 % 09231 H

MlsmatCh = AIREF == IREF X

c)
If Vp increases by 1V = V, will increase by AV, Analog
W d AV Circuit
e need to get Al
P
Vbbb _rt:tV/\A
REF Voo, M3
X Y Asa
M, J—=—, M
1+ AWps, 14+ A(Vgsy + AY) - -
L. =1In = lppp X ————= = X I

1 ) 1 2
Loyt = Ip3 = EKn3(VGS3 —Vr)*(1 + AWps3) = > Kn3 (Ves1 — AV, — Vi) (1 + A(Vgsy +1— AVy)) un

Equating (I) and (II)

14+ 2(Vesy +4Y,) 1 2
IREF X 1 +G;‘1/651 4 = EKn3 (VGSI - AVy - VTH) (1 + A(VGSI + 1-— AVy))

1+0.1(0.9231+4¥,) 1 40
( 2 L0 138m oz % (09231 - 4%, — 0.7)" (1 +0.1(0.9231 + 1 - A1)

. X
0.3m 1+0.1x0.9231 2

(1.09231 + 0.1AV;) = 20.1 x (0.2231 — AV,)*(1.19231 — 0.1AV})

AV, = 9.43mV



Razavi - Problem 5.6: The circuit shown below is designed with (W/L)1,2 = 20/0.5, (W/L)3 4 = 60/0.5, and
IREF =100 pA.

a) Determine VX and the acceptable range of Vb.
b) Estimate the deviation of Iout from 300 pA if the drain voltage of M4 is higher than VX by 1 V.

Vbop

Solution:
a)
Vx = Vis1

1
Iggr = Ipy = EKnl(VGﬂ - VTH)Z(]- + /1VDs1)

1 20
0.1=5x0138 X 5= X (Vgs1 — 0.7)2(1 + 0.1(Vgs1 — Vrw))

5
138 (Ves1 — 0.7)2(0.93 + 0.1Vgs1)

Vy = Vgs1 = 0.889V
Acceptable range of Vj,:

Vo 2 Vs + Vorn
1
Iggr = Ip; = Ean(VGsz — Vey)?(1 + AVps,)

1 20
0.1 =5 x 0.138 X 5= X (Vg5 — 0.7)%(1 +0.1x 0.7)
VGSZ = O884V
V, = 0.884 + (0.889 — 0.7)
Vv, > 1.073V

If V}, increases above Vigq 2 + Vry:

e M2 and M4 go into triode.

o Vy=TVx

o Vp=Vp,(Drainof M4)

e Aslong as Vp, doesn’t drop below V3, I, Will reasonably track Ipgg.



b)
Like previous problem, if Vj,.4in p4 increases by 1V = Vp will increase by AVp

We need to get AVp?

14 AVpgs _ y 14 A(V,,, + AVp) 0
14 AWpsy REF 14 AV,

Loyt = Ips = 3lger X

1 1
Loyt = Ips = > na(Vesa — V)2 (L + Wpgy) = 5 na(Vgsy — AVp — VTH)Z(l +A(Vry +1— AVB)) n

Equating (I) and (II)

1+ AV +AV) 1

3Irer X T+ AV, = EKTLAL(VGSZ

- AVB - VTH)Z(l + A(VTH + 1 - AVB))

Vopy = Vosy — Vi = 0.889 — 0.7 = 0.189V

140.1(0.189 + AV,) 1

60
— - _ _ 2 _
T 01x0180 3 % 0138m X = x (0.884 — AV — 0.7)°(1+0.1(0.7 + 1~ AVp))

(1.0189 + 0.1AVg) = 27.6 x (0.184 — AVy)?(1.17 — 0.1AV})

0.3m X

AV = 6.27mV

1+ AV, + AVR)
I+ =3I X = 300.2uA
out REF 1+ AV, u




