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Outline of Chapter 5

e 1- Introduction to The Bipolar Junction Transistor
o 2- Active Mode Operation of BJT

o 3- DC Analysis of Active Mode BJT Circuits

e 4-BJT as an Amplifier

e 5-BJT Small Signal Models

 6- CEA, CEA with Rg, CBA, & CCA

. 7- Integrated Circuit Amplifiers
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CBA with r, (Resistance Coupling C-E)

Vec « Original results
i neglecting R, R, & 1,
<R
= ¢ .
Q0 Open circuit A, _ Vou _ g,.R.
Vv VA=100* O— | voltage gain © Vi, "
BB B=99 +

.-""fx
RL§ \'A Short circuit A, = loe _
A - currentgain | i
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CBA with r -Voltage Gain

C Output
- Ve = 7V, nput
=~
grnvbe <v> R _h_;f}
C
B = < (VOutput —V nput) VOutput
O—s —To ImVbe T + =0
— + _— = p— rO RC
a vl:le }f re
- 5 (VOutput —V nput) Voutput
EOV o ngInput T T =0

Input ro RC
A\/o = (gm +1J(ro“Rc)

)

I

0]

Larger, haslittle effect on gain
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CBA with r, Short-Circuit Current Gain

i : : : ~
g A+ 1, + IOutput =0

C e e
1. I o i —i. =0

B = — | Input  'e  'X
O s < rO
1 - r —
ei:; € Iere IXrO
EQ,
T Ilnput . o + re
_ _ _ _ A‘] — Iout — r.0
If r islarge, it will have little > i r
: in 14+ '€
effect on the overall gain r,
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CBA with r_-Input Resistance

C ™
L‘; 1 RIN :VIN /1 IN
8 Vbe
Bb v Rc; R " Vin = ~Vie
~ - _
O e ‘ v
E— + L 5 — — in +%_ 'x =0
- Vbe irf-‘ e
o= R
Output —gmvbe+lx _IY :O

v R+ R, I (R TR )+ 1y +Vv,,=0
i VlN
L R, =1 /1 LJiIRIR)

If r, large, haslittle effect
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CBA with r_-Output Resistance

c VOut IOut
e — e
L# _|_ I:\)'Out :VOut/ IOut
8m Vbe v thi RL VL — IOUt — ngbe + | X = O
Bﬁ‘ Tz g “‘ B Vbe | Vbe 0
[ = ° + X, =
p— 1 ; 1 — — r Rs X
vbe { re £
- > Output |, = (—Vou +(—Vie))
. NV E{A R,Out o
RS Rlnpull - (r + I HRS) I
=R.// =R./[[~2>—F ~ R[>
I:\)OUT I:‘)C I:\)OUT RC 1+ gm(reHRS) RCH 2

— If r, large, haslittle effect B Tee
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CCA Operation — Voltage Buffer

- Common
Collector

e (Good voltage buffer

— The VOLTAGE gain is
almost unity, and the

DC component is only
reduced by 0.7V

— Large short circuit
current gain

— High input resistance

(which reduces loading
to the circuits before)

— Low output resistance

(which reduces the
loading to the circuits
after)
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CCA with r - Voltage-Gain Analysis

|
Voltage Division: l
r, /1 4kQ g V.
VOUt — \/in //4k£2 =
o + e Viv @ O =,
yoLoF al

. 8kQ§ vbe{:_ire

Since r, small, Almost v ,=V;, -
- { ® Vour
; R =4k() T
- B -
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CCA with r, - Input/Output Resistance

* Input Resistance; by
Inspection using 3+1 rule:

R =8KQ/{(B+1)r, +1, // Re )}

HIGH INPUT RESISTANCE

» Qutput Resistance, v; =0

=Ll I:\)OUT — re//ro//RE

LOW OUTPUT RESISTANCE
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CCA with r,, Source and Load

Ry = 8KQI{(B+1Nr, + 1, IR IR )}

R,
. (D rst§
]
R|N :
~ R
S0 ‘
— +re |11 1] -
Rout [ S£+1 - _ o
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CEA with RE- Internal Feedback

e Consider the small-signal C O Output
T-model for the CEA |
configuration gV |

« Base Is input, collector Is < -
output Input B —

e r,(orr_—inHybrid-n @_" . = ‘o
model) AND r, both q =0 |
represent internal v S ‘
feedbacks from output to N3
Input; If emitter Is E i%

grounded, feedback
broken; if RE Is present,
feedback exists.
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Internal Feedback — Summary

e CBA configuration:
— 1, produces internal feedback between C & E terminals

— expect effects to be weak since r, large

e CCA configuration:
— r_or r,produces internal feedback between B & E terminals

— expect strong effect on R, & Ryt

e CEA with R amplifier configuration:
— 1, provides internal feedback between E & C terminals

— occurs because emitter not at signal ground
— expect weak effects since r, large (More in EC2)

« CEA (no Rg) amplifier configuration:
— no internal feedback between B & C terminals
BJTs 12



& B8l W .
<11 Department of Electrical and
@ MCGlll Computer Engineering

ECSE-330B Electronic Circuits |

Multistage Amplifier — DC Analysis

vce
vce 2
RE2 —
vce % =
A\ <
L ~_RC1
= = g
— RB1 +_fQ2
g ~_ Q2

A RS \ g \t | O
WA Q1 T
wo() ¢l T = =

RC2 = g
<~ RB?2 ‘L = RL E VL
~ RE1 ] _
— = \V/ —
VEE J7 432

Cascade of C-E stages

Output of Q, stage Is
direct-coupled (DC) to
Input of Q, stage

Coupled DC analysis!
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Multistage Amplifier - R, & Rgt

Ve Find: R,y1, Ryngs
vcc 1 Rout1: Rout2 Avors
RE2 — Avor
vee =
<
}Rm ‘
§ RB1
J/\/\/\H\
. c1
Vs ( )Q’ % - RC2 = RL§ VL
Vg —— = —
~;~>RE1
— = T
VEE J? VEE

VEE
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Outline of Chapter 5

e 1- Introduction to The Bipolar Junction Transistor
o 2- Active Mode Operation of BJT

o 3- DC Analysis of Active Mode BJT Circuits

e 4-BJT as an Amplifier

e 5-BJT Small Signal Models

 6- CEA, CEA with Rg, CBA, & CCA

o /- Integrated Circuit Amplifiers
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Integrated Circuits

=— 4 . Concept:
— Integrate multiple transistors

and passive components (R’s
and C’s) on a single chip

— Circuit performs application-
specific function (ASIC)

— Physically smaller, faster

— - ——  + Coupling capacitors:
e |ssues: — On-chip: ~ pF’s only
— Limited area available — Off-chip: ~ uF’s
— Size of R’s and C’s limited e Resistors:
—  Process variations — Pure resistors are difficult to

make on an IC _
— Alternative: a transistor
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Active Loads
* Replace R with

vee - vee PNP transistor,
| e
= A * Q2 base held at
RC=20kQ— T— 2
= - constant
Vour FO Vour  VOltage.
— - * Q1 load
VIN Q1 vino— Q1 2

- L resistance
becomes r, of
Q2.
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CEA Gain with Active Load

-
( E T v o
‘ T ‘ INOT v L L -
r > ' >_)r0 rﬂg gro grpnp
k- < | 1
S el L
— o )
i B c +—0 Vour A __gm'( 01Hr02)
ViNO 0O L Lm ] :I_C r :ﬁ
~ gm be < m V o
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T 7
V
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Current Mirrors

« CBA and CCA conveniently
blased with current sources

vce Pulled from
« Onan IC, a current source IS b Circuit
Implemented using transistors | l
TR |
| can be implemented ¥ leer
off-chip, resistor
* Transistor Q2 pulls current from ™ V/Qz
attached circuit A -

e Collector current of Q1 and Q2 L
Identical because of Vg Is the
same (r, neglected)
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Current Mirror DC Analysis

« Neglectr, (in EC1 DC analysis) vee Pulled from
and assume Q1 and Q2 active Circuit
« |f Q1 has a collector current of I, Q\) -
then there must be a base current T
of I/B. (1+2/P), |
» This sets-up a Q1 Vg, that is i
“mirrored” across to the base ~ —
* Vg, draws a current of | from v P +

the Q2 collector.

I 1
I —_
|REF=| +2— | per ]__|_2
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Current Mirror DC Analysis

VCC

_ V_.-0.7 T

REF R

REF

R

REF

VW

-

|(1+2/|3)¢ |¢
It
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Current Mirror AC Analysis

—
” ‘N

Vi &V, Vi, e Ve, \\
TTIIYL Ll o
/
{-—-’ ’I "11___% gmvbe ’i: \\
r — <r N g T :
n_> — 1o, T_~ 1o I
e —~ ! > > I
h gmvhe\‘ ‘\ w : !
\ I /
\ - — //
_ _ - ) - _
N ,//
9 AT Ve, -

-—y -
~-—————

Impact of current mirror is to add a load r, to
circuit that is drawing current
Note: In AC analysis r, is included
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Current Mirroring — Multiple Copies

vee o Can make many copies of reference current
[_ e Each copy adds another base current draw,
g - reduces lgee — | matching
IREFi
'y 'y ' N
N o o - e N+
Q1 4 ¢ }\ Q2 * Q4

Cre
}\ s
/‘ 'm‘ .
+ + +
VBE VBE V VBE
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Current Mirroring — Scaling

e Can produce multiples of | by
connecting transistors in parallel

* However, the output resistance Is decreased
by a factor
zw

REF

REF

S §

' l

Q1 I
[ |/3 31/ ““i
VBE l [ +
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Current Mirroring — Pushing and Pulling

vVCC vCC

-+ +
VEB VEB

\j - ZIiB ;_;vB-

to circuit B is approximated
equal to 21. The exact answer
VEE VEE VEE VEE iS 2”(1_'_2/[3)

vCC Q1/ KSZ
LE Circuit "A” & zw |
ok !
lij Ioi loi IOL Circuit “B”
Qm L /Qz V; | Note: B Is assumed to be very
f 4B 3P +, +, +

ﬁ' large thus the current pushed
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Outline of Chapter 5

e 1- Cut-off and Saturation Modes
o 2- Digital Circuits
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The npn BJT Operational Modes
N P N

elele 000000 |

O (F XXX

OO (T XXX ]

elele (F XXX

O 000000 |
EMITTER BASE COLLECTOR

4 Modes of operation
B-E Junction|B-C Junction

Cutoff reverse reverse
Active forward reverse
Saturation forward forward

Reverse Active reverse forward
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Cutoff Mode
’ L e Cutoff mode:
me) o amm  JRESS — B-E pn junction
5 STl reverse-biased
| (small) j( | (small) - B-C pn junction
EMITTER + V V + COLLECTOR reverse-biased
BE === PBASE === ]
e Reverse-bias drift currents are SMALL * Drift currents:
—-FromEto B
4 Modes of operation —From Cto B
B-E Junction|B-C Junction
Cutoff reverse reverse
Active forward reverse
Saturation forward forward
Reverse Active reverse forward
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Saturation Mode

N

P N
00000000 000000000
QOOCQCIO) 0000000CO0S
OO0000 " O
00000000 000000OOCOOS
00000000 XY XXIXXT)
OO000000 ||| oo eeeeee 08

EMITTER mm= COLLECTOR
VBE 4= BasE = VCB
4 Modes of operation
B-E Junction|B-C Junction

Cutoff reverse reverse

Active forward reverse

Saturation forward forward

Reverse Active reverse forward
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Saturation Mode — Operation (1)

| (large) T | (large)
EMITTER s 07 O 5 === COLLECTOR
s N

e Saturation mode: * Electron diffusion ¢ Electron

~ B-E pn junction current from Eto B diffusion current
fOFW&fdjblaS(_?d _ Base recombination fromCtoB

— B-C pn junction — Traverses base — Base recombination
forward-biased into collector

— Traverses base
into emitter
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Saturation Mode - I, g, and I¢

e [ (and o) as we know it
ilc only applies in active

T mode
Ig - + * “new” 3 (Bforced) set by

—> - 02 external components
+ L
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- l _ Ve o =0.2V

IE IEZIC_I_IB Prorced =

e

g
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Saturation DC Analysis

V_ =5V i
“A o For R =5kQ, BJT enters saturation
= " * Apply voltage drop criteria, solve
= for currents
0.5V o =221%5 1 303mA
— 3.3k
——{ =99
B I DN ~5+05
— A oy o="p — =11mA
;Re”kf |o=1_—I =203uA
lc  1.1m

=== =5.4 <<
-5V ﬂforced | - 203,U ﬂ
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Ccomments
* Broreeg << P in saturation g
« Current directions (I, g, Ig) i
same as for active mode + T
« All concepts & expressions 0.7 - +
same for PNP In saturation Q_ 0.2
IB“"— ~_
Vee_ar =0.2V l —
— I_C i'c
IE:IC+IB forced —
B
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CEA as an Inverter

e The large negative voltage gain of VecT3V
the CEA was: i
—R,
Ao g (tJR) Loy
Ve RB B ~ Your
Vin OV =99
 This produces a sharp linear region A
that describes VVout/Vin for device in E—
active-mode. Vour 4 -

e Max. output (cut-off) and min.
output (saturation).

« Through analysis, we can describe
the Voltage Transfer Characteristic -
(VTC) A

oL -
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CEA Inverter

V=5V V. =5V
L 1
—R —R
CUTOFF T_. V. =5 S sar ?—o Vour=0-2
R, *IC=0 T R, +
—AM, —ANNN i 0.2
‘ +0_ VOH :Vcc 0.7_ _ Voo =Vee_sar
« WhenV,,=0 e WhenV =5
— BJT is In cutoff — BJT 1s In saturation
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Ve =

CEA Inverter -V,

BJT remains in cutoff V“% >V
until Vi = 0.7V, then V, ~0.7V L
enters active mode ~R

" " — C
because B-E junction =
goes into FWD bias DAV
As V, rises in active R, |

mode, V1 decreases V., o—/\/\/"ﬂ/-ﬁ{ =99
A

I
e rﬂ ‘:RB VIN OUT gmvbe(r // RC) —

A, =Your - =0l (0 R )= =P (1, 1R

Viy I +Rg r+Ry
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CEA Inverter - V,

e Tofind V;: V. =5V
— Must use the “Edge-of- Zi
Saturation” (EQS) <
— The Max. I at the threshold of %Rc
Active/Sat. defined as I gog ACTIVE/SAT. 1 )V, =0.2
5, R +
VIN =0.7+1 BRB —» N
Vin O—/\/\/\/\/_I_ 0.2
|B os = IC—SAT :Vcc _VCE—SAT 0.7 B
p PRe e
Ve =V
Vi, =07+ 15 coRy =07+ 55321 R,
R
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CEA Inverter Voltage Transfer
Characteristic (VTC)

Consider V=5V, Rg=10kQ), R.=1kQ, =100, V ,=100V

Hand-analysis: VTC (simulation)
V, =0.7V Vo ~0.2V

V., =5V| |V, =118V T

Noise margins:
NM,, =V, —V,, =VCC-0.7V — I, R,

NM L :Vn_ _VOL =0.7V _VCE—SAT = 0.3V

NM, =382V NM =0.5V ’ VIN
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Resistor-Transistor Logic (RTL) Inverter

« Popular technology In « Using equations:
1960’s

VCC — 3V V||_ ~ 07\/ VOL ~ 02\/
RC — 640Q C VOH =3V V|H —0.72V
RB — 450Q VOUT NM = 2 28V NM = 0.5V

More in EC2
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