Problem 1 — (40 points) SD\\A’\) DV\

Use: V&1V
Ko’ (W/L)=1mA/V?
A=0
= (5+10msin(20t))V
For DC analysis, assume that
the capacitors act as an open. The
current source is not ideal and has a voltage
drop across it.

(a) Solve for the DC currents:

a. 1= \)
b. Is=\4m

(b) Solve for the DC voltages: T '
a. Va=3..V
b. Vsz =0,V Vﬂﬁ\i
c. Vsi=-27V -

(¢) Verify that transistor M2 is saturated.
(d) State the DC bias point for transistor M1. =

(e) Assuming that the transistor amplification is Vou/Vin =+5V/V. Assume the input frequency is
operating within the circuits operating range. Assume that the amplification does not pull the

transistors out of saturation. Draw a rough sketch of the total instantaneous value seen at V
using the Vi value stated above.
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Problem 2 — (35 points) O - v (W) ( \)cqgr\)é =\0m ( qﬂ
Use: V&1V Sm\ = 80m

ke’ (W/L)=10mA/V?

Vg is an AC source

Transistor 1 has DC values: Vgs=9V, Ip=3.2A 9"“\

Transistor 2 has DC values: Vgs=1.18V, Ip=162uA O\ 'Ool% %

A=0 (for all transistors) and assume all transistors are saturated Bm‘l =|0m ( \c\g—\w = .M

For the following hybrid-n equivalent circuit, find the following values: ok ~ N2 mj(\ (pZ}L)
(a) Rix (input resistance —ignore the input source, Vsig) -
(b) Rout (Output resistance-ignore Ry, }) 9 my = b 2m

v,
(c) ideal overall midband gain, -1-7—?— (make sure to include R;).
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@\ Riq= 30K ¥ 30K '-'—&(DDKJLX Ry, =20kQ LT‘
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~ Problem 3 — (13 points) |

- For the circuit shown below, draw the AC small-signal equivalent circuit(use hybrid-n or model T) with the
" capacitors in it. Make sure that everything is labeled in terms of the transistor number. (€.g. m1, Ves2, Tol,

~ete.). A= 0 for all transistors.(i.e. draw the small-signal w1th 1, included).Make sure to include drawing all
= R’s unless they are floating.
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Problem 4 — (12 points)

Let V=2V, 4=0, k,’(W/L)=1mA/V?, Viy = 5+1msin(ot). This amplifier was designed to achieve an overall
gain of -2V/V. The magnitude Bode plot of the amplifier is shown below. An AC graph(DC is removed) of
Vin and Vout is shown for an input frequency of 100kHz. Why is the output peak not 2mV?
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ECE2280 FUNDAMENTALS OF ELECTRICAL ENGINEERING 1

Introduction to Bipolar Junction Transistors (BJTs)

A transistor has three terminals-- the base, the collector, and the emitter. The current flow from the collector to the
emitter (through the fransistor) is controlled by the current flow from the base to the emitter. A small base current can

control a much larger collector current.

Bipolar junction transistors (BJTs) consist of three layers of doped silicon. The NPN
ransistor has a thin layer of P-doped silicon sandwiched between two layers of N-doped

Anodg -

‘Cothode

silicon. Each P-N junction can act like a diode. In fact, this is a fairly good way to check
a transistor with an chmmeter (set to the diode setting).

The base-emitter junction always acts like a diode, but because the base is very
thin, it makes the other junction act like a controlled valve (details to come later).

W

Base

{Cl ]Collector

B
; L ' ;
Symbols and conventions lel}. Colector ' ’,Ei Ermitter + IEH { e
e Ve : . w|Ve Ves +‘l 67l V] Emnitter
'V-B-I// . Hoze J Vg = ”/\:
Thy N S | e
B | i VE \)"’BE_ B Ll VC : l : PNP: Replace VeE with veR and
B N PN Eraitar c é ;‘_IHPNP Collectar ¢ with vg in equations below
Very High Level Overview of how a transistor works:
¢ A small amount of base current controls a large emitter (collector) current
Analogy:
® Think of the transistor as an “electronic” tap able to control a large flow of electrons (from
collector to emitter) with only a small variation in the “handle” (base)
[ ]

Water Tap Analogy: (water spigot)

= Large amounts of H,O controlled by very small movement of the tap

BJT Operation

o o

ha

\}c_;(VB ) QAT : VE;?VQ

el SRe _{Vee
bj., > Modes or regions of operation (vg: and v are approximate)
—. IR .[ Cutoff (off) Active (partially on) Saturation (fully on)
S = vgE<0.7-V Ve~ 0.7V A
‘ T Dy o : .
Yag = ‘ %\ E i B—-O i B>O VC?VB ip>0 VC <V5
T ‘Ei 5 ic=0 v CE20.7-V veg = 021007V
__L IAL ic = Big=s wip ic < Bipg timited by something
- - controlled by the transistor outside of the transistor
L 0.0 0.2 o4 06 9.8 15 VCE
¢ 2 e
mA Eamg‘an_gﬂ active
Ig=20pA
Ig=1§}LA.
1 Ig=10pA
IB=5§!A
: { Ig=1pA
cut-off
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mA

Regions of Operation

0.0 0.2 0.6 0.8 10 VCE
saturation active
m . 2004
Ig=15pA
. . Iz=10pA
. . Ig=5pA
—e—— Ig=1pA
9:6&.
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ECE2280 FUNDAMENTALS OF ELECTRICAL ENGINEERING 2

Y

Summary of BJT Current-Voltage Relationships in the Active Mode:QLc,

i, =Ige"BE M (n=1 always for BJT) {Ebers-Moll equation}

s ™™ /

B
ip == o Z%%ai /
[+14)

Note: For the pnp transistor, replace vgz with vy R — = . 4
» N 5 ’;QW\ . V%E
= = Ig= I = — = —
olg=ply L=+l |p=1=- o=z
Vr=thermal voltage = ~25mV at room temperature + BV
: n-t:pe = plypa, =57 : : Lty :
e L] e Ve 00T &0 g : e R
~ .0 . e x o 1 RS SR
Temperature dependencies | eta% e . €>'7":'<.3'oci'§‘j—t o .c ot ‘:————9: o e ® :
vug = 0.7-V {decreases about 2.1 mV / <C) _diee® -‘-0'."-"-.0;5———7-0- ©* 5 0! ol : iy
tconstantle: AVpp = —™Y E{ AL AT e 1 | e
Feonsae: AVBe = T4 Je e te J0 8 OB D 0 ——>ig * & 48
3 . * 87 . e ONe Ll 3y e Q0 1 e e
atconstant Vet 1 increases by 8% per °C (10x per 30¢C) 0.' ...0.,".‘ ;..b?- '6‘9 o!g 0?——“.53' . oo Sl
; : 1 .4_ :
Method for solving DC voltages and currents of a BJT cireuit:

1). Start by assuming transistor is in active mode
Either use given values for base-emitter voltage, or use
Vg = 0.7V (npn)
Vs =0.7V (pnp)

2). Solve for the BIT node voltages and currents ¥ Always +ake o LQOP ‘FYMV\ m%w@‘ '
® Voltages: sometimes can read off directly, otherwise use loop equation "}b ‘QW\'\M '

¢ Once you have one current, you can get the other two from the active mode

equations
3). Check to see if the solution is consistent!
Vec2 Vg > Vi npn active more explicitly: Veg 20, Vg2 0.7V
Ve>Vg2 V¢ pnp active more explicitly: Veg 20, Vgg 2 0.7V

4). If the solution is consistent, stop = you are done
If not, the transistor is either in saturation or cutoff
> go to 2) however active mode equations do not apply!
-> Now use: saturation: vgg=0.7V and vcg = 0.3V for npn

(ves = 0.7V and vgc = 0.3V for pnp) Saturafion
cutoff: set all currents to
approximately 0: » Witk both dicdes forward biased, the collector-to-emitter voltage, v,

ic=0 ig=0 ig=0 saturates toward a constant value

NPN ACTIVE AND ON when:
Ve 2 Vg (VBEn= 0.4V)

Ve 2 Ve > Veand V0.3V 3 , 2 2 < s Vez
2z
PNP ACTIVE AND ON when: mA
Vg 2 Vigon ‘ Ls
Ve > Vg 2 Vecand Vgc>0.3V li
/
s b
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 With both diodes forward biased, the collector-to-emitter voltage, VCE>
saturates toward a constant value

<woN ~0.4 volts

mv +

C

+

Vop Y. ~0.7-0.9 volts

—
e ar &
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N
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03

Saturation

HP = RHN..V mﬁmw

hm«
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AaJASIS
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ECE2280 FUNDAMENTALS OF ELECTRICAL ENGINEERING

Example 29:

3

Find Vg and L. for each circuit. Assume that [Vggl = 0.7V and f=40. Both transistors are being

operated in the active mode.

(@ 1 21;11’ Npassune,  Ackives

+5-071-Teg(\)= O

(b) PNP
+10V "1;

Aswnvie  ACTIVE

Ho -Lg(21)~1= O
IE'= clg_% %’HJW\A
13

Te> 12 = 4 3mA §
e = & o
L= 1= 61 + Ve 18 Te™ ff’i%(q ) 2 4.5mA
T, = L= DUy Ve=10 ~Tg2 )= 67V
c” ﬁﬂ E 4y VC. VB—;O\/C: -tlo—rj:c(n(‘\ |
Te= 4.2mb 1k V= -5.5\ .
\<’E: IE(\\L},?- L{sa.)\/ g 'ﬁg%t&’\’tc‘ Ve <NV v ACTIVE
o gV ‘ — |
Ve= 12 -Icﬂll_)"-'i The‘_’emn. -
B =100 VerVe L ACINE v /,1-5\/‘\ 15V 5?)1;&;2051,5132_3;,31(

Aswme Achive

% -Te (%L )01 (3970

Tp = £
A+

Te= @,—»LE?—[ = |29 A
T

T‘B = l‘ﬁ-‘k_‘ﬂ =12.8m"

\o1\

Lo «Te= 0 (L2an)F (280

+5 -Tg (?)%?)\4\" VB-:- O

Vp, = Y.V

————————
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[}
=z
=]
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VE= \)5*07 ﬂ;?)pl\/ oR VE:I’E(_B\C\V"&g‘%\/
Ve = 15~ IC(‘BV.)"‘ 2.6V

Temperature Effects:
NPN Transistor Characteristic

Ic 4 15 T T

»

Ve

V=8> V= H-oV < ACTivE |

T5>To>T,
As T T, I T for fixed Vg

Thermal runaway: T T— Ic T P To1T> I- TP, T—--
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ECE2280 FUNDAMENTALS OF ELECTRICAL ENGINEERING

DESIGN

Bias BJT in the ACTIVE region
Goals:

® Stable I for any temperature. (Does not go into saturation region - similar to triode

region for MosFet)
Not dependant on the value of 8.
* Not dependant on V.

Configurations: +15v +15V

3 Sk
S 100k
$ 50k $ 3
% :—F
Rules of Thumb: &0 GND
* BRg>Rpp

A couple of other bias schemes

Voo
N
_ Ve 07V

The bigger Re
is with respect
to Rg, the more
(s ' stable I is

OR
Use Current Mirror:

Dr. Rasmussen

Taken to extremes,
IC is now very stable
at:

V eem 07V
Re

Seems like a useless
circuit, but...
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ECE2280 FUNDAMENTALS OF ELECTRICAL ENGINEERING

Current source bias: We could make the bias current very stable if we had a current source -

if we can make current sources (drains), then...
D) VQC

: 1 VCC which has realiy Idusy :
Its gain unless we bypass (s
Ped - the current source

For a perfect current
source, Rg = o

Current mirrors A way to make a current source (drain)

Lo = Vee- V- 0TV = i :-Current source
Ci R~ ref el (Gurrent drain)
C g
¥BE :
A =
Recall that vy is really not exactly 0.7V, from Ebers-Molleq.: 1o = Ige !, 2™ et
Because Vg, = Vopx ley =l Qi Q3
We can get a current source (usually called a current drain in this type of
configuration). 1 could make a positive source if | used PNP transistors.
But, the transistors must be identical, and at the same temperature, like in an IC. Vee

’_EREF: \mA = VCC "VBE ’VEE” R
Teer
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