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Homework Assignment No. 2 - Solutions

Problem | - (10 points) (Problem 5.20 of Gray, Hurst, Lewis and Meyer)
{a). Device Currents

and Calculations | SPICE Simulations
Igy ‘Q_T_)IJJ""'L 473pA
. 3300A 3900A
- 420uA 413pA
T 100uA 100pA
. S000A S04pA
- ROpA R3.00A
I, 80uA R3.9pA
I 30pA 28.4pA
(b). 1E"'Irutumur.‘ll = 3.95V Vﬂ(mlm‘l = -4.00V
B 8.3 mW

[TLR

(c}). SPICE Results

» A plot of the DC transfer characteristic and mark on your results where clipping begins
Lo oceur.
e Plots of i¢, i, and iy, for v, =2V peak and v, = 4V peak. Assume a signal

frequency of 10 KHz. (Note: you will have to apply the appropriale de bias and signal
amplitude to achieve the desired output conditions.)

¢ Also use SPICE to compute the THD of the output voltage for both the 2V and 4 V

conditions.
Hand Calculations | SPICE Simulations

Clipping _ _

max 3,95V OV

min 3975V 4.0V
THD of v,

2V peak NA 0.4875%

4V peak NA 0.3678%

(For the remainder of the problems, see plots on following pages.)



ECE 6412 Problem 5-20

a - B a s S =l
KPJ_MqO Vo =07 V= o Bp =20 BN-—M'
I,:= 10010 S, = 500 Sp =500 S3 =1
R, = 10-10° Rp:=10:10°  R3°=500  Rg'-100 Ry =200
VBE“ 8 VeEm T2 Vee =S VEg © 3

Ies =1, Ige = 31,
fpgis T O8 oo BE g JEE
Bp R Ry
Ies “1cs - Iy
Note: VGS1+VBE3=VG52+VBE. Therefore, VGS1=VGS52, so that.

Ic1 = Ica ic2 *1c1 Ip2
Summary
Icp=42:10"* Ip; =810°
1oy = 34107 Ipy =810
¢y = 42:10 Ips = 37107
Ies=110"
[cg=5"10"
(d)
Vomax ~VYec VBE Ve [ceR4
Vo S

For Vomin, the limit will be M2 entering the active region where VDS = VGS -VT. M2 will carry
the extra base drive current to permit Q2 to sink about 20 mA of load current, The following are
seed values 1o set up the four simultaneous equations for solution.

Vomin = 4 Igp =20010° Igy = 25010 Vggp = |
(Given

_Vomm_ _
R R Yol bl §5 7 I Y o)
L

1c2=Bnlgy



[p2= ol
2
[ 2.]
D2
Vomin ~ [VEE * VBE= |7
ARt 2
1i""Fu::vmin
Ico
bas | Find [V omin- 2.1 B2+ D2
I
.*vﬂﬂﬂﬂ = -3.975
ICQ = {.01996

Ipy = 2496710

1py = 3.296+107*



Prob. 5.20 from G&M - BiCMOS Output Stage
Vee 1 0 5V

Vee 2 0 -5V

R3 1 3 500

Q5 6 4 3 PNP

M3 0 644 PBMOS W=20 L=2U

lbhias 6 0 100UA

R4 100

Q6 > FPNE 5

M1 7 7 BMOS W=300U L=1U0

Rl 10K

03 9 NEN 25

ol 10 WeN 25

M2 13 9 10 10 PMCS W=500U L=1U0

R2 13 2 10K

02 10 13 2 NEN 25
RL 10 0 200

Vi 8 0 SIN -0.8093
-TRAN 4US5 1000Us
.FOUR 10K V(10)
.MODEL NFN NPN RB=200 BF=80 IS=1E-18 VAF=130

LMODEL PNF PNP RB=300 BF=20 IS=1E-18 VAEF=%50

.MODEL PMOS PMOS KP=26U Lambda=0.0125 Vto=-0.7V LD=0
-OPF

s - I - - S I 2
-] 0 W oo JdsLn

2.1V 10K 0 G

. Frobe
+END
NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE
{ 1) 5.0000 ¢ 2) -5.0000 | 3) 4.947¢
{ 5) 4.9472 6] 1.58712 | 7] .72049
{ o) -.B09%3 { 10) GB1.BE-06 | 13 -4.2151

VOLTAGE SOURCE CURRENTS

NAME CUREENT

vee =Lk ORE=03

Vee 4.735E-04

Vi 4.985E-04

TOTAL POWER DISSIPATION 8.30E-03 WATTS
NAME Q5 Q6 Q3 o1
MCODEL PNFP PHNP HEHN NP
IE -4.79E-06 -2.36E-05 5.15E-06 5.72E-0¢
IC -1.00E=-04 -5.04E-04 4,.13E-04 4,73E-04
VEE -8.,34E-01 -8.34E-01 7.87E=01 7.90E-01
VEBC 2.14E+00 3.32E+0D -8.13E-01 -4,21E+00
VCE -2.9BE+0Q0 -4,16E+00 1.60E+00 5.00E+00
BETADC 2.09E+01 2.13E+01 B.03E+01 8.26E+01
GM J.BGE-03 1.95E-02 1.60E~02 1.83E-02
RPI 3.39E+03 1.08E+03 5.02E+03 4.52E+03
RX 3.00E+02 6.00E+01 B.00E+00 §.00E+00
RO 5.21E+05 1.0BE+05 3.16E+05 2.84E+05
BETAAC 2.08E+01 Z2.13E+01 B.0O5E+01 8.26E+01
FT 6.15E+16 3.10E+17 2.55E+17 2.91E+17

HODE

[ R - IR« S N e o T 3 Y - |

VOLTAGE

4)
8)

4,1135
0221

Q2

NEN
4.73E-0¢
3.90E-04
.BREE-01
L22E+00
.O0E+00
.26E+01
-51E-02
.47E+03
.DOE+00
JA4E4+05
L.2BE4+01
LA0E+17T



**%* MOSFETS

NAME
MODEL
ID
VGEE
VD3
VBS
VTH
VDSAT
GM
GDS

Prob.

Rk

M3

PMOS
—2.84E-05
-2,14E+00
-4.11E+00

0.00E+00
-1.00E-01
-1.44E+00

3.594E-05

3.3BE-07

Ml

PMOS
-8.39E-05
-8.13E-D1
-8.13E-01
0.00E+00
-7.00E-01
=1, 13E-01
1.48E-03
1.04E-C6

M2

PMQOS

3.

. 32E-058
.10E-01
22E+00
LQ0E+0D
.0DE~01
LA0E-01
-51E=-03

BEE-07

5.28 from GaM - BiCMOS Output Stage

FOURIER ANALYSIS

TEMPERATURE =

FOURIER. COMPONENTS OF TRANSIENT RESPONSE V(10)

DC COMPONENT =

HARMONIC
NO

WO 0D =t gy (N L B

W0 0D =0 oh U Wb L RO e

FREQUENCY

(HZ)

.000E+04
.00DE+04
.000E+04
LO0DE+D4
L00DE+D4
.000E+C4
LO00E+04
.O0DE+04
LJ00E+04

-1.100033E-02

FOURIER
COMPONENT

2.012E+00
1.323E~-03
8.405E-03
2,628E-03
3.001E-03
1.954E-03
1.316E-03
1.393E-03
5.102E-04

TOTAL HARMONIC DISTORTION =

NCRMALIZED
COMPONENT

W O D e T

.000E+C0
.276E~-{4
-178E-03
.306E-03
.492E-03
. 714E-04
-541E-04
.926E-04
.0338-04

FHASE
{DEG)

Z2.390E=-03
.992E+01
-T94E+02
L9G1E+01
.TB3E+D2
L978E+01
LTE1E+0Q2
.955E+01
.T15E+D2

oL I e e e S 4

4.874744E-01 PERCENT

PHASE

27.000 DEG €

NCEMALIZED
(DEG)

0.000E+00
8.991E+01
1.794E+02
8.991E+01
1.783E+02
8.8979E+01
1.761E+02
8.955E+01
1,715E+02



{=5.0000,-4,0047)

*

{3.3744,4.0086)

ov 2.0V

=5.0V T
~6,0V -4.0V -Z.0v

O vw(l0)
Vi

"Prob. 5.0 from GaX -~ BiCMOS Output Stage" 04/09/100 20:55:47
Evaluation Probe 5.3 © 1993 MicroSim Corp.

4.0v

27.0°



3.0
2.0 = L - "
1.07 ‘ . ; :

0" . P 5 . 3 2 z g ; £
1.0 i i 2 i 5 5 i 2 ; 3 i ; i ; i
_2.0 @ ° o ¢ a % ¢
-3.077 T T T T

On 20us 40us &0us B0us 100as
O 10y " ¢ -2
. Time
"Preb, 5.18 from GEM - BiCMDS Output Stage” 04/09/100 21:11:46 27.0°

Evaluation Probe 5.3 © 1993 MicroSim Corp.



10mA

4

Ema

4ma 7]

7..__ | | | L

. . b .
. . B -
- B . . . - . - . . . - .
N b . .
B . . -
- . - . . . . . - . . . . -
- . B .

oAt T il rE ﬂ_ll...ll.lltlnlnn“lni Dlﬂiﬂillln-
Oa 20us 40us &0us B0us 100us
O 1c(Ql) B TIC(02)
Time
"Prob, 5.3& from G&M - BiCMOS Cutput Stage” 04/09/100 21:211:46 27.0°

Evaluation Probe 5.3 © 1991 MicroSim Corp.



On
~50ua
-100uhn
=150un 7
-200uA " ’ : . ' .
lwuagl L) - - - - - - " . -
{75.750u,-209.453u)

=300un T T T |

0= Z0u= 40us Glus Blus 100ua

O 1D(M2)

Time
"Prob. 5.30 from G&M - BiCMOS Cutput Stage” 047097100 21:11:46 27.0*

Evaluation Probe 5.3 © 199] MicroSim Corp.



4.0v

2.0v7

=2.0V

-4.0v T T T
Osa 20us 40us 60us B0us 100us
O +(i0)
Tima
“Prob. 5.8 from G&M - BiCMOS Output Stage” 04/09/100 21:32:33 27.0°

Fvaluation Probe 5.3 © 1993 Microsim Corp.
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Problem 2 - (10 points)

Six versions of a source follower are shown below. Assume that K'y = 2K'p, Ap = Ay,
all W/L ratios of all devices are equal, and that all bias currents in each device are equal.
Neglect bulk effects in this problem and assume no external load resistor. Identify which
cireuit or circuits have the following characteristics: (a.) highest small-signal voltage gain,
(b.) lowest small-signal voltage gain, (c.) the highest output resistance, (d.) the lowest
output resistance, (e.) the highest vy,{max) and (f.) the lowest v, (max).

o) Yoo
Vin hﬂ E.E Vin hll. LlhE] Vin M Ve M‘Z_
o[, T o[ S
Vour Vaur Vour Vour Vour Vout
o o o - o -
I_TE Vin hﬂ — Vin h2 Vin M4I_
> — = v + o—|
M2 _i BN— Ves
Circuit 1  Circuit2  Circuit3  Circuit4  Circuit 5 Circuit 6
. FSOZE1P1
Solutivn
(a.) and (b.) - Voltage gain. Small signal model: -
Th It . Your _ Em + +
e voltage gain is found as: 5= = 5-S5- e G Yout
where G is the load conductance. Therefore we get: _ BmVin\/ZmVou z
o O
Gt | 1 | 2 | 3 4 | 5 | 6
Vout EmN gmpP EmN Emp EmN EmpP
Vin EmN+tEZmN | BmP+EmP | SmN+TEmP | EmP+EmN | SmN+EdsN+EdsP | EmP+EdsN+EdsP
But gmn = V2 gmp and gasn = 8dsp - therefore
Circuit | 1 | 2 | 3 | 4 5 | 6
You [ L | L foss58 [0.4142 gmP gmp
Yin 2 2 gmp-l-(gdsp+gds]q) f ﬁ EmP+EdsP+EdsN

Thus, circuit 5 has the highest gain and circuit 4 the lowest gain

{c.} and (d.) - Output resistance.
The denominators of the first table show the following:

Ckt.6 has the highest output resistance and Ckt. 1 the lowest output resistance,

(e.) Assuming no current has to be provided by the output, circuits 2, 4, and 6 can pull the

outputto Vpp. . | Circuits 2, 4 and 6 have the highest output swing. |

(f.) Assuming no current has to be provided by the output. circuits 1. 3, and 5 can pull the
output to ground. ., | Circuits 1, 3 and 5 have lowest output swing. |

Summary

(a.) Ckt. 5 has the highest voltage gain (d.) Ckt. 1 has the lowest output resistance
(b.) Ckt. 4 has the lowest voltage gain (e.) Ckts. 2.4 and 6 have the highest output

(c.) CKt. 6 has the highest output resistance (f.) Ckts. 1,3 and 5 have the lowest output
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Problem 3 - (10 points)

A push-pull follower is shown which uses an NPN BIT and a p-channel MOSFET, In this
problem, ignore the bulk effect, the channel length modulation, and the Early voltage. The
parameters for the NPN BIT are Az = 100, [, = 10fA and V,=25.9mV. The mode!
parameters for the PMOS are Kp' = 50pA/V2 and Vyp=-0.7V. (a.) Find the value of the
dc batteries, V1 and Vo, which will cause 120pA to flow in Q1 and M2 when the dc value

of vy =0VDC. (b.) Find the small-signal input resistance, output resistance (not
including Rj ) and voltage gain when the dc value of vy = 0VDC.

Solution
i{:' ]20[.1!'-\
(a.) V|= VBE] = V: ln[ﬁj= U.Uiiglﬂ[ 10fA J= 0.3964V _ V1=0.6 vV
z.ﬂr_) o ]2Q
V2= VSGZ - K_{'lwr”_._} + |VTPI 5[} ”}U + 0.7 = 0.92‘\"_ V2=0,92V
{b.) Small-signal model (simplified): B1=G2 + Hrt = 51 p)
o
Ier 120pA +¥
Eml = V_r= 35 0m =4.63 m§ RL"' vuut
1485 Emlvm m2Vas ]
rm =g, =21.80kQ Cl=D2 SOIEIST
2Kp"Wal
2=\ Ly =VE50:100 120 =1.09m$
Rig: Vip = raplin + (in + 8miVat 8m2 Ves2)RL = raglin + Gin + 8miTnilin + Sm2 Tmilid Ry
Yin

Rin =7, =m + RL+ 8uirm R + 8y TRy, = Fa + Ry (14Bp) + gy r Ry

w Ry, = 21.80+101x.100+1.09x 21.80x 0.1 = 34.28 kQ |R;, = 34.28 kf)

1 1

Rowrt Rpur = €l I 2n0 © 4.63+1.09mS 174.8k_  _|R,,; =174.8 k&
Your  Your Yow f:'r: Ry (1+fp) + Em2. rmBL = 1247
Vin © Vi o Via rjﬂ + Ry (148 + g0 ."R.]R_;_ 34.28

Yout

= 0364 V/V

Vin




Problem 4 - (10 points)

Derive an expression for the output reststance of the MOS Wilson current mirror shown in
Figure 4.15 of GIILM .

T gm2Vgs2 Vi

A

Vgsl rol -gmb2vs2

gm3vesl
ro3 Vesl

VSSL :V{}_:L-—USL: _,L}W\_)J\L.Bg\f‘c-s - Ll = .—(%3 ey % 1/ REMESE

e -

LB Q" =~ Fyng Y45 +%mb \132_3 (0n 4 Vs,
L.

- i e _ .
V:L:"L'tlx,+km.. ‘3‘1\&3—('*(}”“5((:-’5)1 b2 } Yo * a4
(a1 VRY

vy

5. - . v s = o
s N ra ! : LY e k_H %*m?)fu;))‘\ b Yoo
S e L 4 4
o C-_‘l-f“-‘. C:’(\.-ni

., Yo, Yor, M3 Gao Smbardo
Y o Top g efonvey WMo L Gma $ e

L Eac .

Rowtl & Gy (2 %ﬂ;}_r@,fs"" a

)

Rowd & tal N (24 g’“"‘;}_re-ﬂ)




