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EEI 184 Problem

Intro. to DA

Large Signa
Analysis

Small Signal
Analysis

DA: Find Linear
Region boundary

Voice Signal

110v
60 Hz

Vouw = (VCC + Noise) —icRc == (VCC — i(;Rc) + Noise

' Hum example |



./Audio/hum_noise.mp3
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EEI 184 First Glance Solution

Intro. to DA

DA: Find Linear
Region boundary

V()ut (VCC — lcRc) + Noise V(;ll‘ = (VCC — IcRc) + Noise
Vout (VCC — lcRc) + Noise — [(VCC — IcRc) + Noise]

Vour = —icRc + IcRc = —(IC + lc)Rc = —icRc

V+

out

Duplicate stage consisting of Q2 and RC2 remains "idle",
thereby "wasting" current.
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EEI 184

Intro. to DA

DA: Find Linear
Region boundary

V+

out

Improve Solution (Common Mode)

VCG

To Bias \I‘ \p To Bias

- o, 02

’\;

out
()ut (VCC — icRc) + Noise — [(VCC - icRc) + Noise]
=0

out (VCC — icRc) + Noise V . = (VCC — icRc) ~+ Noise
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Intro. to DA

DA: Find Linear
Region boundary

7

out

Cont. Improve Solution (Differential Mode)

EIT 4\1‘ NAL
I X Y
+V, Qq Q, Ve
: V' ! [

0
Vo_ut = (VCC — icRc) + Noise — [(VCC — (—ic)Rc) + Noise]
Vour = _icRC - icRC = _2iCRC

Vi = (Vec —icRc) + Noise V., = (Veec — (—ic)Rc) + N
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EEI 184 Definition

Intro. to DA
Differential Amplifier

is an amplifier that produces outputs that are a function of
the difference between two input voltages.

DA Modes:
e Two inputs are different (Differential).
e Two inputs are the same (Common mode).
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EEI 184

Intro. to DA

DA: Find Linear
Region boundary

Did you know?

An important application of the differential pair is
at the input of op amps, where inverting and
noninverting input terminals are necessary.
Without this second input, many op-amp-based
functions would be difficult to realize. For exam-
ple, the noninverting amplifier utilize both inputs.

Vin1 o
Vina ©
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Large Signal
Analysis

DA: Find Linear
Region boundary

"tail current source","

V
,"emitter-coupled pair" or the "long-tailed
pair."
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EEI 184 large-signal operation
Intro. to DA
Large Signal i1 = lee"BE! /Vr a,
Analysis Cl N Q4 a:Lfa, %L 1o,
Small Signal o — TopVBE2/VT
Analysis lcz IS@ .

N near . . i incar region
T Ip =ic1 +ic i : <

= I <eVBE1/VT + eVBEZ/VT>
ic1 1

Ip 1 + e(vee2—vBE1)/Vr
ic2 1 _
Ip 1 4+ e—(vBE2—VBE1)/VT )

"."VBE2 — VBE1 = V4
e 1
Ip — 1+eGa/Vr




Differential BJT

Small
Signal Large Signal
Linear region Large
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EEI 184 Large Signal Example

Large Signal

Analysis

e icy l l'cz =

reverse

(—0.3)

Ve =Vg — Vge Ve =Vp — Vge
=1-0.7=0.3 to be active =0-07=-03
.Veer = —0.3 Reverse ~Veg = —0.3
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EEI 184 Active Differential BJT

Active means both transistors
in active region, linear region,
i difference input voltages is

i small signal.
-~ transistors are matched,

VBE1 = VBE2
. . Iy
Il = g2 = E
ic1 =ic2 e R g

I
Vel = V+ — EQRC =vx

va = Vecr — Voo = 0#
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EEI 184 Active Differential BJT

| Two inputs are equal |

Small Si | .
Analysis and inverted

DA: Find Linear
Region boundary

Vinl = —Vin2

Vd = Vinl — Vin2

Vd = Vinl + Vinl
Vd
= Vinl = —Vin2 = 5
I 0
g = =4+ A1 Ipp = = — Al
El ) + E2 >

I 1
Vel = vt — (?Q + AI)RC Ve = vt — (EQ - AI)RC
Vg = Vc1 — VC2 = 2AIRC
Al : proportional to the difference input voltage
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Intro. to DA

Large Signal

AT DA: Find Linear Region boundary

Small Signal

Analysis

DA: Find Linear = :

Region boundary T S‘% ‘q?r_ =M x®
aleale? i é& SET

KT Ceg.
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EEI 184 ) Small Sianal Analvsis
L
T inear ~
I » |
|
‘ A(max)
DA: Find Linear T 03 | Actual
Region boundary |
/ |
2 |
4 |
7’
s |
|
|
0 vg(max) Vg
Io
. — Vry—1
Icl=——F——— = IQ(I —|—e( va)/ T)

1 + e(=va)/Vr

dic va)viy=2 (=L (v v
— I (—=1)(1 a)/Vr a)/Vr
d(vd) Q( )( +e ) VTe

Ige=va)/Vr | I
Vr(1 + eva/Vr2 =0 = gy,
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EEI 184 Small Signal Analysis
"
10 !‘ ’Ll e
ul : U inear \/

DA: Find Linear "|:
Region boundary n2b

[[] S—— HE L
=10 =8 =6 -1 -3 2 4 6 8 10

Normalized differential input voltage,

Therefore the equation of a line passes through 1. = 0.51p
and slop ;2 is I = 0.5Ip + (f%) Vg
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EEI 184 o iz )
- Linear -
i Ip ‘\A/
7z
ook
02 A(max)
¢ | Actual
|
DA: Find Linear |
Region boundary |
|
|
|
|
0 vg(max) vy

iC(linear) - iC(actual))

=0.01

iC(linear)

or

(0510 + (%) d)‘Heme/vT

(0570 + (42 ) va)

=0.01 = v; = 18mv
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EEI 184 Small Signal Analysis
Intro. to DA
Large Signal
Analysis
Small Signal A
Analysis P .
DA: Find Linear ica/ 1 ict/1
Region boundary 1.0 |
| IR, = 20V;
0871 | IR, =10V,
064 | IR, =
041 I R=0
0.2+ | IR, =10V,
| IR, = 20V;
—24-20-16-12 -8 —4 0 8 12 16 20 24 v Vs
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Recall BJT AC analysis

DA: Find Linear
Region boundary

non ideal

SmVp,

O —Vig - -
‘o \li % Rep

Apply KCL @ node v,

v Vyg=o00..1r,=00

. . 1%
&mVal +ipt + 8mVr2 + i = <

EE

Ve Vi %
ng7rl + L + ngTI'2 + -2 — ‘
r'n e REE

1 v
(8m +—) (Va1 + Vi2) = 2~
T EE
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EEI 184 DA: Virtual Ground

Intro. to DA

Large Signal
Analysis

Small Signal
Analysis

DA: Find Linear
Region boundary

virtual
ground
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EEI 184 DA: Gain
ip1 Uy Uea ina
- + Uy
[ * * U
1, ! 1
DA: Find Linear TM K’” §'PJT RC Rc f,-rg vi(" %
Region boundary — —
&mVy, &V,
- - - U =
Vel = —8mVriRe V2 = —8&mVm2Re
Vid . _VidR
Vel = _gm7 Ve2 = —8m ) Cc
Vod = Vel — V2 = —8mRcvia
. Vod Vid
Gain = — = —guRc Rig=— =2r;
Vid Ip1

Rod = 2RC |diﬁ'erential

Row = RC|singIe ended
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EEI 184 DA: 3> AC+ DC

Intro. to DA

Large Signal
Analysis

v ipa

Ue2
+ v
Iw § v)’r 2 éd
Em vfrz -

+ Ugd -
Re R
- T, -

I
Small Signal ‘

Analysis

DA: Find Linear
Region boundary

ic = —&mVid Ic = IQ/2

. 1,
ve = Vee —icRc = Vee — 7QRC + gmviaRc
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EEI184 Example

DA: Find Linear Des i g n
a bipolar differential pair for a gain of 10 and a power budget
of 1 mW, 0.5 mW with a supply voltage of 2 V.

recall P =1V g, =1

T

OS5 w, I =025mA, g, =9.6mU, Rc=1041Q
0.25/0.5mw, Ic =0.125mA, g, = 4.8mU, Rc = 20809
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EEI 184 Low Input Resistance

+Vee

DA: Find Linear
Region boundary

—Vee

1%
Recall Ry = — =2r;
Ip1

Vid . .

é = ip1rr + i.RE

Vid . .

é =ipirr + (1 + B)ipiRe

7‘1’ = 2rs + (1+ B)Rg) = 2(rn + (1 + B)Re) T
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EEI 184

DA: Find Linear
Region boundary

Recall Gain = —gRc gmln =0

7:Vrr+ieRE
V; Vo
éd:vw—i—(Z—I—gmvﬂ)RE

1 g Vid
Via =2vz | 1+ +R>:>v =
’ ( e TR ) T T S Ry

Vout = Vel — Ve2 = _ngC(le - V7r2)
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EEI 184 Cont. :DA with Rg: Gain

DA: Find Linear
Region boundary

Recall Gain = —g,,Rc gmtr =0

Vout = Vel — Ve2 = _ngC(Vﬂ'l - V7r2)
_ngC

W:_TBRE)(VM - (—Vid)) =

Vout =

—BRc _ —Rc

—&mRc
(1+ £2Rpg)

Gain = 1= | Gain =
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