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AMPLIFIER:

A circuit that increases amplitude of given signal is an amplifier. The amplifier is an
electronic circuit, which amplifies or increases strength of weak signal.

» A small AC signal fed into amplifier is obtained as large AC signal of same frequency.
» A amplifier is essential part in radios, TV’s and other communications

A linear amplifier magnifies an input signal and produces an output signal whose magnitude
is larger and directly proportional to the input signal.
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The ac analysis, called a small-signal analysis, can be performed with the dc source set to zero.
Small-Signal Hybrid-m Equivalent Circuit of the Bipolar Transistor

All the transistor amplifiers are two port networks having two voltages and two currents. The
positive directions of voltages and currents.Out of four variables two can be selected as are
independent variables and two are dependent variables.
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Assuming the transistor as two port network. The igvs vae graph the small time varying
signal is superimposed on Q-point. The slope of Q-point is constant with units of conductance.
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The inverse of this conductance is the small-signal resistance defined as rx

{ Vpe=1p rn}

By using above equation we have to draw input port
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The resistance r is called the diffusion resistance or base—emitter input resistance

For Output Collector-Emitter Port

Assuming the collector current is independent of Vce
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Substitute equation 2in 1

We can then write the small-signal collector current as { ic= ngbe }

By using above equation we have to draw output port
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Combine input port an output port, we will get s
Bipolar Transistor
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Fig: A simplified small-signal hyb

Alternative Form of Equivalent Circuit
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Small-Signal Equivalent-Circuit Models:
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Fig. MOSFET

» The FET behaves as a voltage-controlled current source.

> It accepts a signal vgs between gate and source and provides a current gmVgs at the drain
terminal.

» The input resistance of this controlled source is very high and ideally infinite.

» The output resistance looking into the drain also is high, and we have assumed it to be
infinite.

The DC bias currentisI =1k Wy —v)?
D 2 np gs t

kn = pnCox
Vov = Vgs - Vtis the overdrive voltage at which the MOSFET is biased to operate.
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The small-signal model of the MOSFET
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Fig. Small-signal models for the MOSFET: (a) neglecting the dependence of ip on vps in
saturation (b) including the effect of channel-length modulation, modeled by output

resistance
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Common Emitter Amplifier: (CE Amplifier)
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For AC(mid frequency) analysis all external capacitors are short circuit.

V; = Signal Source

Rs = Source Resistance
Cc = Coupling capacitor
R1 & R, = Self bias
Re=Load

V. = DC Supply Voltage

V, = output voltage
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And the control voltage V= is found to be
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V =29 _RillRllrx , [r||IR ]
0 @Rl R S 0 €



Vo R1||Rz||r=
= = R
{ AV Vs g [TolIRc] [(R1||R2||Tn) + Rs]

Assume Ri||Rz||r= = Rp and ro||Rc = Rc
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Multistage amplifiers:

> In practical applications, the output of a single state amplifier is usually
insufficient, though it is a voltage or power amplifier. Hence they are replaced

by Multistage amplifiers.

> A generalized three-stage amplifier is shown in below figure.
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Fig. A generalized three-stage amplifier
> In Multi-stage amplifiers, the output of first stage is coupled to the input of next
stage using a coupling device. These coupling devices can usually be a

capacitor or a transformer. This process of joining two amplifier stages using a
coupling device can be called as Cascading.

> In general, the input impedance of the first stage must be high and the output
impedance of the last must be low.

» The overall gain is the product of the individual gains.



Two stage RC coupled CE-CE cascade amplifier:

Fig. Two stage RC coupled CE-CE cascade amplifier
AC analysis of the amplifier circuit:

» Fig shows the small-signal equivalent circuit, assuming all capacitors act as
short circuits, DC sources set to zero and each transistor output resistance r, is
infinite.

€

Fig. Small-signal equivalent circuit of the cascade circuit

¢ The bias resistance of the amplifier is Rp1 = R1 |l R2
¢ The input resistance of the amplifier is Ri = Rp1 || rm1
¢ The out resistance of the amplifier is Ro = Rc2
The Voltage gain of the amplifier is
Vo
Avs -9 1'g 28 c2 : RL)(Ra : RBl Ir 2)L
v, ™ ™ "™ R; + Ry

The current gain of the amplifier is
Rp,

A = lo _ Rc;
=_=9 9 (R IR Ir ) ( ) (
IS Ii ml m2 c1 B1 n2 wnl RCZ + & RB1 + T'r



Cascode Amplifier :

» Cascode amplifier is a type of multistage amplifier. The CE amplifier followed by CB
amplifier is called cascode amplifier. The high bandwidth and high gain are major
advantages of cascode amplifier. The input is into a common-emitter amplifier (Q1), which
drives a common-base amplifier (Q2). The output signal current of Q1 is the input signal of

Q.

. Small-signal equivalent circuit of the cascode amplifier
The bias resistance of the amplifieris Rg1 = R3 || R3
The input resistance of the amplifier is Ri = Rp1 || rm1
The out resistance of the amplifier is Ro = Rc¢

Vxi = Vs since we are assuming an ideal signal voltage source.



The current gain of the amplifieris Ajg =

The Voltage gain of the amplifier is

Vo
A = ---1
Vs Ty
The output voltage is
Vo= _ngVTL’Z[RC Il RL] ---2

Writing a KCL equation at E2, we have

vy =244 vy

ml ml r m2 m2
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The control voltage V> (noting that V1 = Vs ), we find
VnZ = gmlverZ - ngVT[Z T2
VnZ + ngVT[Z Th2 = gmlverZ

Vn2(1 + Im2 rnz) = gmlvsrnz

g Vr 2

V — mlV shn 5 = 2T
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= )g V ---3
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Substitute eq. (3) in eq. (2), we get output voltage as

V=-g (frz)g VR IR]

Therefore, the small-signal voltage gain is

— & — T
Avs - v, = "I m19m2 (14%2) Im1 [Rc I RL]
Weknowthat g (L2 ) = =1
m2 142 1+B2

The gain of the cascode amplifier is then approximately

Aps == —Gm [Rc I RL]

Which is the same as for a single-stage common-emitter amplifier.
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The output current is

Io = Va2 ( Re 4
0= nganC_l_&) 4)
But we know that
rnZ
Vg = Ve, ————(5
2 1+ﬂ29m1s (5)

Substitute eq.(5) in eq.(4), we get

RC T'r2
IO = —9m2 (RC+RL)1+B2<gm1VS ___(6)

We know that
Ve=IR, ——— (7)
Substitute eq.(7) in eq.(6) we get

r
=g, R )" g1k
Rc+R 1+p;

The current gain of the amplifier is

Weknowthat g (T2 ) =8, =1
m2 1+62 1+62

Ais = ) R;
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Darlington Pair amplifier:

» The Darlington pair invented at Bell by the engineer Darlington in 1953

» The main advantage of Darlington pair is the composite transistor act as a single transistor
with high current gain.

» The darlington pair made up with two transistors of current gain 1, 2



» The overall current gain of darrlington pair is multiplication of individual current gains.
= If matched transistors then B1=p2 then Bg=f12

» Generally darlington pair available in package contain 3 terminals i.e. base ,emitter ,and
collector

» Darlington pair can be used as emitter follower its equivalent is cascading of two emitter
followers.
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Fig: A Darlington pair amplifier or configuration

The Darlington pair basically consisting of two bipolar transistors with the emitter of one
transistor connected to the base of the other, such that the current amplified by the first transistor is

amplified further by the second one.

The collectors of both transistors are connected together. It is often packaged as a single
transistor. The high current gain and high input impedance are the advantages of Darlington pair.

One drawback is doubling of the base—emitter voltage.
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Fig: Small-signal equivalent circuit of Darlington pair

iE1 = ip1 + B1iv1 = ip1[1 + B1] = iz
ie2 = ip2 + B1iv2 = in2[1 + B2]
Substitute equation 1 in 2

ir2 = ip2[1 + B2] = ipa[1 + B1][1 + B2]

Current gain

ip1 ip1
Al =1+ B1][1 + B2] B> 1,B2>1
A= B1f2 =~ identical transistors f1 = 2
[ Al=Qi=Q=Qp }
Voltage gain

A = Vo _ ip2Rg _ ip1[1+B11[1+B2] RE

Apply KVL for input loop

Vs =ib17Tn1 + iv2 Tn2 + iE2RE
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-2

-4
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Substitute equation 1, 2in 5
Vs =ip1 a1+ ip1[1 + B1] rn2 + ip1[1 + B1][1 + B2] RE

Vs =ip1[rm1 + [1 + B1] rr2 + [1 + B1][1 + B2] RE]

“B1L> 1L, 2> 1

Vs =ip1[ry + Birmz + 1 ] arml L Birmz Arm =2
B2RE gm
V=i B2 R
S b1 ['81 i +:31'82 E] '81 ﬁz BD
9n
v=i [2+B R]
S b1 D E
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Vs = ip1 o[+ R ] 6
Substitute equation 6 in 4
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_—ip1BDRE
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Ay =7 = ~~ & Rg
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Ay = Re _
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Inputimpedance
. e
Zl. — _I‘Q — ip1Bp[ m+ E]
b1 Ipy
1
Zi = Qp[— + RE]
m
Output impedance
_Yo__ Rg
Ay = ve [ +R ]
Im
—_ Rp
Vo = Vs -1



Equation 1 convert to equivalent circuit
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For calculating output impedance Vs = 0, the above circuit simplified to
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Differential pair or Amplifier:

» The differential-pair or differential-amplifier is the most widely used building block in analog

integrated-circuit design. For instance, the input stage of every op-amp is a differential amplifier.

» The BJT differential amplifier is the basis of a very-high-speed logic circuit family like emitter-
coupled logic (ECL).

» Differential Amplifiers is an amplifier in which the output voltage is directly proportional to the

difference of input signal. This amplifier, also called a diff-amp
There are two input terminals and one output terminal

Vo = Avo(V1 — V2)

V20— Difference

" amplifier ——0 U,  Where Ay is called the open-loop voltage gain.

The differential-mode input voltage Va = V1 — V2

__ VitV

The common-mode input voltage V., = N

The BJT Differential Pair:

UBE1

VRl

¢ The basic BJT differential pair is shown in fig.

Fig. The basic BJT differential pair



» It consists of two identical transistors Q1 and Qz, whose emitters are joined together and biased
by a constant-current source lg. Each collector is connected to the Vcc through a resistance Rec.
The two transistors must be operated in active region.

Basic Operation of the BJT differential pair: case (1): vB1 = ve2 = Vcwm

» Let us consider the first case where the two bases joined together and connected to a common-
mode voltage Vcm as shown in fig.(a) and ve1 = ve2 = Vew.

» Since Q: and Q2 are matched, the current I will divide equally between the two transistors. Thus,

ie1 = ie2 = 1/2. The voltage at the emitters will be Vem — Vee

» Where Vge =0.7V
» The voltage at each collector willbe V'~ al p
cc ™ 5 ¢
Ipy =12 = a—;Q =~ If the base currents are negligible Ic1 =11 ,Ic2 = IE2
V.=V _dp =V alg . Io

Vo=Vec2—Vc1=0

» The difference in voltage between the two collectors will be zero. Thus the differential pair does

not respond to (i.e., it rejects) to the common-mode input voltage.

Fig: The differential pair with a common-mode input voltage

Case I1: if Vg1 increases by a few millivolts and Vg decreases by the same amount.

Vee1 > Vee2, which means that ic1 increases by Al above its quiescent value and ic, decreases by Al

times
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Fig: Differential pair with a small differential input signal

» From Fig, It can be seen that we are able to steer the entire bias current from one side of the pair
to the other with small difference voltages. This current steering property of the differential pair

allows it to be used in logic circuits.
> Apply a very small differential signal, which will result in one of the transistors conducting a

current of L+ AI ; the current in the other transistor will be _— AI ..
2 2

Iq Iq
Vo =Vcz—Vc1 = [Vec — (—2 — A Rc] — [Vee — (2—+ AI) Rc] = 2AIRc

A voltage difference is created between vcz and vci when a differential-mode input voltage is

applied.




The magnitude of the small-signal collector current in each transistor is then (gmva)/2.
Vo=Ve2—Va1

Vo =[Vcc —Ic2Rc] — [Vec — IciRc] = (Ic1 — Ic2)Re
Iog  gmVa Ig  gmVa
Vo=[G+ 70~ G~

, R

Vo= gmVaRc
Differential mode gain:
The ratio of the output signal voltage to the differential-mode input signal is called the
differential-mode gain, Ad, which is
Vo= gmVaRc

In many cases output is taken at one collect terminal which is called a one-sided output

_ gmV4Rc
Vo = 5
_ 9mRc .
Ag = ) =~ For Unbalanced output /Single output

Small signal analysis of BJT differential pair
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The small signal equivalent circuit of differential amplifier is given as

Assuming the transistors are identical , SO rz1 = rz2 =z and gmt = Om2 = Om

Apply KCL at node V.
an
+ V + V n Ve
T g gm w2 + THZ Ro
1 1 Ve

Vm [— +gm] +Vm [r— +gm] =+
V [_M] + V [_.g_mrn] — Ve .’.g r = ﬁ
s

ml m
T T RO

% [—ﬁ]+V 1+ﬁ]

ml
rr Ro

From the circuit

Vv V1=V 1% Vo=V
Yrl — b1 e and Y2 — b2 e
rr rz+RB T rn+RB

Vp1=Ve Vpr=Ve
[ ]ananz—m[ RS ]

Substituting V=1, V2 in equation 2

[_bl_Ve ] [1+ﬁ] + T [VbZ_Ve ] [1+B] — V_g

Tn+RB T T Tn+RB T Ro

(" +v —2v)="
+Rg b1 b2 e R

[V + V _ ZV] e [Tn--l-RB]
b1 b2 e

Vv +V ="
b2

b1 Ro 148



v +V ]=["+2]v
b1l b2 (1+,8)Ro e
V. = [Vb1+Vp2] -3
¢ [[LRB]_FZ]
(1+RRo

If we consider a one-sided output at the collector of Q2, then

Vo=V = _(«ngn'Z)RC = —ﬁ bZRC = —ﬂRC [%i_?vj ] -4

Vpo—Ve

Substitute eq3 in eq4 fgnVa=F =Bl iy = V.
T B

14 =__ﬂg [Vbz _ [Vp1+Vpal

0 (™ B 42
r=+RB (1+PRo
2V +v [ImtRpyy -V
Vo =BRC[ "2 2Ry b1 P
® 7 rrtRp ™ B4 2
(1+ARo
r_ +R
—1n— B
—OR V2 [ E__ b1
L iz, ]
0= T—R _—
ro+R T B +2
mTiB [(1+Q)Ro]

In an ideal constant-current source, the output resistance is Ro =0, and above Equation reduces to

_ =BRclVp2=Vp1]

VO 2(rz+Rp)

The differential-mode input is V4 =Vp2 — Vi1

__ _=BRcVgq

®  2(rp+Rp)

The differential-mode gain is

Ad _ Vo _ —QRc¢

Vg 2(rz+Rp)

The two input signals can be written as the sum of a differential-mode input signal component and a

common-mode input signal component

Vb1 and Vp2 in terms of Vg4 and Vem

Vd Vd

Vei=Vem — — =Vem— —
b1 > and V2=V 5



Substitute above values in equation 5

174 _——BR¢ ( Cm_z_)[[(1+B)Ro]+1]_(ch+7)}
o ALY
rz+Rp (1+BRo

r_+R _11_v r +R
[[LxtBp ]+1-1] _T[[({{— J+1+1]

—=BRc = Cm (1+P)Ro 1+B)Ro }
o= ratRp
s [ 1+2
(1+BRo
v _ _—BRc ™ dappal— 5 GFPRo }
o { [—TE"'_RB_
TTL'+RB (1+ﬁ)RO

r +R
vV = —BR, {ch[[(f—lFﬁ%]] v [—;ﬁ"'—Rg_o]+2}
0 [T 2B |42 2 22842
(1+BRo (1+B)Ro
ra+Rp
rr+R
v —BRc¢ VCm[[(lﬁﬁ)g_o]] BRc vq
o (7H+RB) CatEmiz(ipE, T ratRE 2
(1+BRo
—BR
V=] ey BB g v -6
o Cm rr+Rp~ 2
(rz+Rp)+2(1+p)R,

We can write the output voltage in the general form
VO - Acmvcm + AdVd ---7

Compare equations 6 and 7

—QR¢ d A — QR(
(rz + Rp) +2(1 + QR, *"* 247 (1 + Rp)2

Aem =

The common-mode gain goes to zero for an ideal current source in which Ro =o.
For Two sided output (Balanced output)

Vo=Vea—Vca1

QR¢

The differential mode voltage gain is 4; = and the common-mode voltage gain is given by






Common-Mode Rejection Ratio (CMRR): The ability of a differential amplifier to reject a

common-mode signal is described in terms of the common-mode rejection ratio (CMRR

The CMRR is a figure of merit for the diff-amp and is defined as

Aa
CMRR =

cm

For an ideal diff-amp, Acn = 0 and CMRR = oo.

Usually, the CMRR is expressed in decibels, as follows:

Aa

CMRRas = 20 logio
Acm

Form the differential amplifier analysis we can substitute the Acm & Agd and CMRR Can be expressed

as,
A _ble
CMRR =% = __ (mtRp2
Acm e
(rm+Rp)+2(1+B)Ro

CMRR =" _ 1GntRp+20+BR,
Acm 2 (re+Rp)

Aa
Acm

L 21+ QR,

CMRR =
(rT[ + RB)

2

Determine the differential- and common-mode gains and the common mode rejection ratio of a
diff-ampV+ =10V, V==-10 V, lo= 0.8 mA, and Rc = 12 k.The transistor parameters are g =

100 and R, = 25 k. Assume the source resistors Rg are zero. Use a one-sided output at Vco.

R
Ag =—PE— “Rg=0
(rg+Rp)2
_ 9mRc . _
Ag=""0 S Gmln =P
R IR I_QR ! 0.8)(12
Ad:ng:CO C__ 2 C=_Q_Rg=()()=923 VT=26mU
2 2 2 4% 4(0.026)
A = —— _0.237 “rT o _B
cm (rn+RB)+2(1+B)Ro n 9m
CMRR = [“a| = 2> | =389
Acm —0.237

CMRRas = 20 logio CMRR = 20 logi0 389 = 51.8 dB



MOSFET Differential Amplifier:

V+
» The basic MOSFET differential pair, with
matched transistors M1 and M. biased with T
a constant current lo.
i R R lz‘ >
« Assume that My and M; are always biased D'i § P D§ b2
in the saturation region. +—ovpy

+ Even with ve1 = ve2 = 0, the transistors My Ve O+_| II'VH M, |_+O ven

and M, can be biased in the saturation

region by the current source lo.

This is a DC coupled diff amplifier I

The ac equivalent circuit of the diff-amp

configuration, Shown in fig.

One sided output voltage is:

ngd

Vo=Vo2=
02 = > | Rp

Vo _ gmRp

Ag = —
Ty, T2

Figure AC equivalent circuit,
MOSEFET differential amplifier



Small-Signal Equivalent Circuit Analysis (MOSFT Diff Amp)

- | L

-1, L7

Em Vgs 1 Em 1’{1;.';2
<> V>
+ +
Vl I"'!g-s 1 1";.'; . Vg.':z VZ

Assuming the Transistors are identical in all parameters. (gmi1=gm2=0m)

Apply KCL at node Vs

Vs

nggsl + gansZ = Ro

Fromthe circuitVgsas =V1i—Vs and Vg2 =V2—Vs

Substitute above values in equation 1
Vs

g V-V)y+g (v.-V)="
m 1 N m 2 N Ro
Vs

g (Vv +v =2v)="
m 1 2 s R,
WV +V —2v) ="
1 2 s gmRo

Vs

+ 2V

N

WV +V)=

1 2 ImRo

V+v)=vEe+_ ')
1 2

o gmRo

—(V14V32)
| i -2
2+ )

Vs

gmRo

For a one-sided output at the drain of M>

Vo=Va2= —(nggSZ)RD = —ngD(VZ —Vs ) ---3 VgsZ =V2—-Vs

Substitute equation 2 in equation 3



_(V1+V2)

Vo =—gmRp [V2 — (2+ng0)]
v, 2+ )>-V,-V,
mRo
Vo ——ngD[ (§+ ) ]
gmRo
v, (2+ - -D-v,
Vo = _ngD [ (zz_qu ) ]
gmRo
V2(1+ Eo) V1
Vo =— ---4
gm D [ 2 ) ]
ngo
Vp1 and Vp2 in terms of Vg and Vem
Vd Vd
V1=ch_7 and V2=ch—7
Substitute above values in equation 4
v _fHa+l +szd)
cm 2 mRo cm
VO:_ngD[ (2_"_9 " 3 ]
gmRo
v a+———1n-Ya+—t
V = -9 R [C gmRo 2 ngo+1)
0 m D L ) ]
gmRo
. RV(l)—ﬁml)
0 - gm D [ gmfzo+ % 5 gmRo ]
gmRo
' @+, 5 )
V = _g R [ gmRo ] + g— [ ] vd
0 D L zgmrot1y] Yem 2 @2+
gmRo gmRo
1
V=-g R | 1V gmRp -5
0 m p 2 gmRo+1 cm+ 2 Va
We can write the output voltage in the general form
Vo = AcmVCm + AdVd '“6
Compare equations 5 & 6
4 ngD dA — ngD
¢=""— an Cm_[z.qm£+1




The Transconductance gm of the MOSFET is 2vVK—+— = 2K+ ~1 _lIo
n DQ n Q DQ 2
lo
27 o sV =V -V
ov gs t

Or g ——2b _
m Vgs—Vt VOV VOV

d 2 TLQZ 2 D

A =0; when Ro = o= (Ideal Source)

= [YmBq o [ EnleRD VZ KnlgRp ]
m cm

A, —
2 gmRo+1 2 V2 KnlgRo+1

n
v B V2 KnlgRp[1+2 /2 KnlgRo)

CMRR = |44 = 2 =1
Acm V2 KnlgRp 2 V2 KnlgRp

2+/2 KnlgRo+1

Aa 1
A.1=3 [1 + 2 V2 KnlgRo]

CMRR = |

For Two-Sided Output (Balanced Output):

Aa=gmRp and Acm =0

Other Nonideal Characteristics of the Differential Amplifier
1. Input Offset Voltage of the MOS Differential Pair:

7
Do

j[?D]

Rp,
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Fig.(b) Vos applied at inputs

Fig.(a) both inputs grounded



» Consider the basic MOS differential amplifier with both inputs grounded, as shown in Fig.
@).
> If the two sides of the differential pair were perfectly matched, then current | would split
equally between Q1 and Qz, and Vo would be zero.
» But practical circuits exhibit mismatches that result in a dc output voltage Vo even with both
inputs grounded and is called output offset dc voltage.
> Input Offset Voltage Vs is that voltage which must be applied at the input to make output
Offset Voltage zero. Vos = Vo/Aa
» The offset voltage is a result of device mismatches, its polarity is not known a priori.
» Three factors contribute to the dc offset voltage of the MOS differential pair:
= Mismatch in load resistances,
= Mismatch in WIL,
= Mismatch in V.
» Consider the three contributing factors one at a time.

Consider first the case where Q1 and Q- are perfectly matched but Rp: and Rp2 show a mismatch ARp

ARp ARD

RDl:RD"‘T andR02=RD—T

Because Q1 and Q2 are matched, the current | will split equally between them. Because of

the mismatch in load resistances, the output voltages Vp: and Vp2 will be

I ARD)
Vpr = Vbp ~5 (Rp 5~
I ARD)
Vp2 =Vpp —5 (Rp -
I ARp I ARp I

Vo= Vp2— Vb1 =Vbp ~5 (Rp +2—) — (Vbop — Z—(RD — 2—)) = Z—ARD

Input offset voltage is obtained by dividing V, by the gain gmRp

v jAR”—("’/—" Yo
os I - 2 Rp
Vot D

Thus the offset voltage is directly proportional to Vov.. Let Vov =0.2V and the worst
case mismatch will be ARp/Rp = 0.02. The resulting input offset voltage will be |Vos| =
0.1X 0.02 = 2mV.



Similarly Vs due to mismatch in &
L

w
b=yl
i =) Cr)
L
Similarly Vos due to mismatch in ¥
Vos == A Vt
Total input offset voltage can be found as
2 2
V AR v Eﬂ AV )2
D L
VOS:\/(("—‘; )(E y H« ér_v)(_w D)) +( t)

L

Input Offset VVoltage of the Bipolar Differential Amplifier:

Fig.(a) both inputs grounded Fig.(b) Vos applied at inputs

Here the output offset results from mismatches in the load resistances in the load resistance
Rc1 and Rc2 and from junction area, 8, and other mismatches in Q1 and Q2
Consider first the effect of the load mismatch

ARc AR
Rci =Rc+ 5 andRCZZRC_T

Assume that Q1 and Q: are perfectly matched. The current | will be divide between Q1 and Q2, and
thus

al AR al ARc
Ve =VCC_%2)(RC +_2) andV e =Vcc—%2)(Rc_ 2 )




al AR al AR al
VO = VcZ_Vcl =VCC_(_2)(RC_T) - (VCC_ (7) (Rc+ T)) = (7) ARC

Input offset voltage is obtained by dividing V, by the gain gmRp

v v . I “h
V =2 ——2 g _<€o__“2
95 Aq  gmRc moyr Vr
s Ve @D g
os Tal T(R )
Aa ) c
= Rc

Here the offset voltage is proportional to Vt and Vr = 25 mV. The worst case mismatch will
be ARp/Rp = 0.02. The resulting input offset voltage will be |Vyg| = 25 X 0.02 = 0.5mV.

Let the transistor have a mismatch in their emitter-base junction areas. Such an area
mismatch gives rise to a proportional mismatch in the scale currents Is.

Similarly Vos due to mismatch in Is

Als
Vos =Vr (_)
Is

Total input offset voltage can be found as

2
AR, Al
V=V +wrC))
Rc Is

os T Rc IS

Input Bias and Offset Currents of the Bipolar Differential Amplifier:
> In a perfectly symmetric differential pair the two input terminals carry equal dc currents; that

12
1+Q

» This is the input bias current of the differential amplifier. Mismatches in the amplifier circuit

is, Ipy = I =

like a mismatch in B make the two input dc currents unequal. The resulting difference is the

input offset current, los, given as

Ios = |IB1 — IB2|

A
Let Q= Q+§ and Q =Q—7Q

Then Iy = 2——p and Ip; = 2— 15
146+ 1+p-7



I AQ

Ios = |Ip1 — Ip2| = 57— (—
os = |Ip1 — IB2| 2(1+Q)(Q)
Formally input bias current I is defined as
Ip1 + IB2 I
Is=—"""320a4+9Q
AQ

Ios = |Ip1 — Ip2| = IB (E)

For example, a 10% [ mismatch results in an offset current that is one-tenth the value of the
input bias current.

Finally note that a great advantage of the MOS differential pair is that it does not suffer from
a finite input bias current or from mismatches.
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