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Two Transistor Current Source

O The two-transistor current source is also called a current mirror, which consists of two
matched (or identical) transistors, Q1 and Q2, operating at the same temperature.

2
leer = lor+ lgs + 1, = Loy + 215, IO:ICZ:IREF/(]-—'_,BJ
2
p IREF:V Ve =V }
R,
¥+ ¥+

=30 il:,f:.:. ;m@ﬁ ilfm=fg

! E.'J.L o Ve
B e S ~ ¢
) - " I\Ez ‘rjr:m Q;"I * }\AQ‘E
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V- V-
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Figure 10.2  {a) Basic two-transistor current source; (b) twotransistor current source with
reference resistor A,
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Design Example 10.1 Objective: Design a two-transistor current source to

provide a specific output current.

Consider the circuit shown in Figure 10.2(b). The transistor parameters are:
Vge(on) = 0.6V, =100, and V4 = oc. The output current is to be 200 pA with

V¥ =5Vand V™ =0.

Solution: The reference current can be written as

2 2

From Equation (10.1), resistor R; 1s found to be

V' —Vge  5-0.6

_ = 21.6k
Teer 0.204

R, =
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Output Resistance with Early Effect

O Taking the Early effect into account

I, 1 1+VCE2 IV,
- Tl 2/,8 14+Vee, IV,

Veea =V, =V, =V IREFL gRl

For finite Early voltage, a change in the V,
dc bias condition in the load circuit affects
the collector-emitter voltage of Q..

A Ver €1

Vap, = constant

dlo g 1 1

= X
Ve, 1+2/8° V, 14V IV,

I 1
= r_ (VBE <<VA)

_O
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Example 10.2 Objective: Determine the change in load current produced by a
change in collector—emitter voltage in a two-transistor current source.

Consider the circuit shown in Figure 10.3. The circuit parameters are: ¥+ =5V,
V™ = -5V, and R; = 9.3kQ2. Assume the transistor parameters are: 8 = 50, Vgg(on) =
0.7V, and V4 = 80V. Determine the change in I, as ¥ g, changes from 0.7V to 5V.

Solution: The reference current is

V¥ — Vaglon) — ¥~ 5—-0.7 = (=5)

I = = = 1.0mA
REF R, 93 m

For Vegy = 0.7V, transistors @ and @, are identically biased. From Equation (10.5),
we then have

I 1.0 ad
Ip = REFQ = —— =0962mA T
l1+4- 1+—
+ 3 + 3 _ |
. . . . ]_Md
From Equation (10.8), the small-signal output resistance is circuit gﬁc
V4 80
=+ =—==83.2kQ R t+—oV
fo =T =096z~ > § l ©
The change in load current is determined from ; Lo
dlo 1 Vero
dVepr 1o

or + +
. S
—(5=0.7) = 0.052mA - -

dl, = —dV ez =
T )

The percent change in output current is therefore

dly, 0052 . v
T =096 = 0-054 = 5.4%



Mismatched Transistors

O In practice, transistor Q1 and Q2 may not be exactly identical.

~ | eVBE Ny

IREF c1L— |31

— — VBE/VT
lo = lc, = 15,8

If Q1 and Q2 are not identical, then Iy, # |,.

O Relationship between the bias and reference currents

O |, is a strong function of temperature. Thus Q1 and Q2 must be close to one
another on the semiconductor for the similar operation situation (including temperature).

O By using different sizes of transistors, we can design the circuit such that

LRI TR Electronics I, 2010 6



Basic Three Transistor Current Source

Assume that all transistor are identical.

IREF o IC1+ |83

oo tea 2l 2
1+4, 1+6;, B+ 5)

r
leo=1c, = 1o "
lper = lco + 2l :Icz[l"' : Y
p(1+ ;) p(1+ ;)
2
l, =1 1+
7 REI:/|: Br(1+ /83)} Vo

N B Basic three-transistor current source

e = V' —Vges — Ve -V
R,
N _ - The approximation of |5 = |- is better.
~ vV - ZVBE -V * The change in load current with a change in g is much
R, smaller.
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Cascode Current Source

O Current-source circuits can be designed such that the output resistance is much greater
than that of the two-transistor circuit.

O For a constant reference current, the base voltages of Q2 and Q4 are constant, which
implies these terminals are at signal ground.

Vbe4 = _Ix(roz I r7z4)

V.~ 1 (r,/ir,) Assume that all transistor are identical.
J— r r V|
| = g V. . + X x \'02 ) |
X " r04 Fygr :lfo |
| &,
~) _R, o
__gm4|x(r02 I rﬁ4)+ L
r04 QS + Q4 Txd ng“ ” b4 IT
ud F, PN - Emd Ybed ;4
\Y BEA . .
R=-%=r,0+p)+r, _ ) 0
I +
" ] — &
- ﬂr04 _ - B2 Voe2
V-l L
(@) ()

{a) Bipolar cascode current mirror; (b) small-signal eguivalent circuit

LRI TR Electronics I, 2010 8



Resistance Analysis of the Cascode Current Source

gm4Vbe4 gm4(r //r 4)|b
= [1+ 9pna (152 /1010,

R, =(r,/Ir,)+r,1+9..(r,//r,)]
=TI, +r4(1+gm47z4)
:rﬂ4+r04(1+ﬂ)
zﬁro4
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Wilson Current Source

IREF — Ic:1+ IBBZ Icz"‘ IBB

| | 2] TE 2 Assume that all transistor are identical.
E3 — Vco + g2 = lco + —
2 1 1+ﬂ ‘g :lz’ca—:’a
|CZ_|E3 ,8 :]__|_2/IBX IB |C3 |
- D v| pril2
1+ﬂ I v 03
248 3
2+p8 °° —
1+8, | s " e
e = —— 3 _C3 )Icz
2+ﬂ ,B Ql\l |/Q:2
1 W H
PR PR 5 N
1+ Il

Figure 10.8  Wilson current source
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Widlar Current Source

Vg1 /Vr (8>>1)

VBE2 /VT

leer = lcy = 1€
Assume that all transistor are identical.

|
Vg, =V, In| —REE |

_ @)
IS QH n + Z
_ REF R
Viger —Vee, =V; N £
) - !
_ O E V-
Widlar current source
I R, =V, In| —REE
IO VBEl >\/BEZ —= IO << IREF
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Design Example 10.4 Objective: Design a Widlar current source to achieve
specified reference and load currents.

Design the Widlar current source to produce Iggr = 1 mA and I, = 12 puA. Let
V¥ =5Vand V™ = —5V. Assume Vg = 0.7V at the reference current of 1 mA.

Solution: Resistance R, is

Vi — Ve =V~ 5—0.7—(=5)

=03k
IRgr ]

RII

Resistance R is, from Equation (10.30),

Ve (Irege\ 0026 [ 1
Ry =T | = 1 — 9.58 k2
ET, “( I, ) 0.012 n(o.mz)

Widlar current source

From Equation (10.29), we can determine the difference between the two B—E voltages,
as follows:

Veel — Vapr = IoRp = (12 x 107%)(9.58 x 10°) = 0.115V

Pl F ok kA Electronics I, 2010 12



Output Resistance

=TI // . // e // R (For typical parameters, it is small.)
ml

Next, we calculate the approximate value for R,;. If Izgr = | mA, then for
B =100, r,; =2.6k2 and g,,; = 38.5mA/V. Assume that R; =9.3kQ and
r,; = 00. For these conditions, R, = 0.026k2 = 26 Q. For a load current of
Ip = 12 pA, we find r; = 217k, Resistance R, is in series with r,5, and since
R,| < r,y, we can neglect the effect of R,;, which means that the base of O is
essentially at signal ground.

Cy 8 V. B, Ly - R, = l_
L -
N I, + I
ng Fal <*> g‘[.fm 'F,"EE grﬂ <§ grgl
gmL = - gmlvjrl
N
1 B E C_) h
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Output Resistance

V ——| (R //r )
Vx = L — gm2r02v7z2 +1 X(RE I r;zz)
V
I_X = Ro =Ty, 1+(R It 2)(gm2 +1/r2)]
~ o[l + 9 (Re /T ,)]
-— .I-;___,_ _ ‘“v:ih
? Vg2 2 r2 \ <+>5'm1 ALY
§ <21Vr2
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14



Example 10.5 Objective: Determine the change in load current with a change in
collector voltage in a Widlar current source.

Consider the circuit in Figure 10.9. The parameters are: ¥V =5V, V™ = -5V,
R, =9.3kQ, and Ry = 9.58k€2. Let V', =80V and g = 100. Determine the change in
Iy as Vi, changes by 4 V.

Solution: From Example 10.4, we have I; = 12 pA. The small-signal collector resis-

tance is
Ve 80 A
=—"=——= 6.6TMQ ¥
2T, Too2 T |}
We can determine that ! §RL R, ||
I, 0012
= ——=——=0.462mA/V
g2 =7 = GG~ O-A02mA/
and Qﬁ T
BV (100)(0.026)
= = = 21 kQ - N
=, 0.012 ! .
E
The output resistance of the circuit is
R, = rp[l + gy2(RelF2)] = (6.67) - [1 + (0.462)(9.58]1217)] = 34.9 MQ l
From Equation (10.31), the change in load current is V=
1 1
dlp = —dVey = ———= x4 = 0.115
o=pg WVer=35 o5 ¥ 4= 0-115pA
The percentage change in output current is then
dlp 0.115 o
7;" = —~1—2~— = 0.0096 = 0.96%

L - U W Electronics 1l, 2010
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Multitransistor Current Mirrors

I REF

=lov =7
_I_

lfom

il
by
2
)

V—

Figure10.12  Multitransistor current mirror
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Multioutput Transistor Current Source

0) KQz KQ3 lo ~ 3l pee
T

AN

Multioutput transistor current source

S T

(@) (b) (c)

Equivalent circuit symbols {(a) two transistors in parallel, (b) three transistors
in parallel, and {c) N transistors in parallel

L - U W Electronics 1l, 2010
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Assume that all transistor are identical and
the base current effects are neglected.

_ V? _VEB (QRl) _VBE (QRz) -V- -

Generalized Current Mirrors

IREF -

IOl I REF

|02:2|REF

|03 o IREF

IO4:3IREF

P B ik 34 ¢

R,

Ur

a

e
7

N ¥
T

o]
)

Sarll
K

cod AN ___

Generalized current mirror
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Design Example 10.6 Objective: Design a generalized current mirror.

Consider the current mirror shown in Figure 10.15, with parameters ¥ = 5V and
V~ = —5V. Neglect base currents and assume Vzg = Vg = 0.6 V. Design the circuit
such that I5, = 400 pA. Determine Irgr, 101, {03, o4, and R;.

Solution: For /5, = 400 uA, we have
IREF = IOI = 103 = 200 MA and 104 = 600 MA

Resistor R, is

V' — Vep(Qri) — Vee(Qra) — V7 _2-06-0.6— (—3)

R, =
: IREr 0.2

or

R, = 44kQ

Comment: If the load and reference currents are to be within a factor of approxi-
mately four of each other, it is more efficient, from an IC point of view, to adjust the
B-E areas of the transistors to achieve the specified currents rather than use the Widlar
current source with its additional resistors.
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Two Transistor MOSFET Current Source

IREF — Knl(VGS _VTN1)2

I REF

Kn1

Io = KnZ(VGS _VTN2)2

2
|
— an{ % +VTN1 _VTN2:|

nl

VGS - VTNl +

If M1 and M2 are identical
transistors, then 15 = ¢ .

The output current can be
controlled by aspect ratios,

L Ke WL,
0] Knl REF (VV/L)]_ REF

L - U W Electronics 1l, 2010
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Basic two-transistor MOSFET current source
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Output Resistance

O Taking into account the finite output resistance of transistors,

IREF = Knl(VGS _VTN1)2(1+11VD31)
Io = an(VGs _VTNz)Z(l"‘ZzVDsz)

Assume that all physical parameters are identical for both devices.

o _ W/L), (L+AVps,) Ve
IREF (VV / L)l (1+/1VD81)
Let (W/L),=(W/L),. e (4)
1 dl, 1
= ~ A =—
RO dVDSZ = ro *

¥ Ty
A

L - U W Electronics 1l, 2010
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Reference Current

O The M3 transistor is used as a resistor.

Knl(VGSI _VTN1)2 - KnS(VGS3 _VTN 3)2

/V681:1/(\N/L)3°VGS3+[1_1/(\N/L)3]'VTN [
(VV/L)l (\N/L)1 |

V"=V +Ves +V 7 -

.

K
—k Vi M’Zl |+_ _+| M,

__k
S 14k
:VGSZ

k — (VV / L)3 ‘}‘
V (VV / L)l MOSFET current source

W 1
Iy = (fl(g :unCoxj(VGSZ —Viy )2

V-V
1+

L - U W Electronics 1l, 2010



Design Example 10.7 Objective: Design a MOSFET current source to meet

specified current vatues.

Consider the current source in Figure 10.17, with transistor parameters %,u,,,Cox =
20uA/VE Vpy =1V, and A =0. Let ¥ =5V and ¥~ = 0. Design the circuit such

that Iggp = 0.25mA and I, = 0.10 mA.

Solution: If we choose Vg to be fairly small, yet greater than Vyu, then M, will
remain biased in the saturation region over a fairly large range of Vpg, values. Let

Vs = 1.85V. Then, from Equation (10.53), we can write

S Mn Cox

(%) =7 L = 0.02 01-1895 = 02
2 (2 )(VGS2'_VTN)2 (0.02)(1.85 — 1)

The reference current is

w |
Ixgr = (f)l (5 Mncox)(VGSl — Vin)

Since Vg1 = V52, we have

(W) B Irgr ~ 0.25 1
L) {1 T00085—17°
l (5 .U«nCox)(Vcsz — Vrn)? (0.02) )

The value of Vgg; is
VGS3 = (V+ - Vm) - VGSI - 5 - 185 = 315V

Then, since Ixgr = K,;3(Vgss — Vrn)?, we have

W Irgr 0.25
)] “ooeis-n "
o3 ( I'anox)(VGS?) - VTN)2 . '

2



Cascode Current Mirror

O The output resistance is designed to be much greater

than that of the two-transistor circuit.

-

Vo4 Vx _ (_Vgs4)

Ix — gm gs4
< Fos

V
Ix +gmr02|x ==
r04

R =-%*=r,+r,1+9.r,)

~ r04 + gmr02r04

R S N

T
iy

I
B o

1 i

— —

Electronics I, 2010
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Gy -l
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Example 10.8 Objective: Compare the output resistance of the cascode
MOSFET current source to that of the two-transistor current source.

Consider the two-transistor current source in Figure 10.17 and the cascode current
source in Figure 10.19. Assume Iggr = I = 100 pA in both circuits, A = 0.01 V™! for all
transistors, and g,, = 0.5mA/V.

Solution: The output resistance of the two-transistor current source is, from Equation
(10.48)

1 1
" Mrge _ (0.01)(0.10)

For the cascode circuit, we have r,, = r,y = | MQ2. Therefore, the output resistance of
the cascode circuit is, from Equation (10.57), .

R, = ros + roa(1 4 gtos) = L+ (D1 + (0.5 x 107)(10%)]

= I MQ

Yo

or
R, = 502MQ

Comment: The output resistance of the cascode current source is substantially larger
than that of the basic two-transistor circuit. Since df, « 1/R,, the load current in the
cascode circuit is more stable against variations in output voltage.

Design Pointer: Achieving the output resistance of 502 M2 assumes the transistors
are ideal. In fact, small leakage currents will begin to be a factor in actual output
resistance values, so a value of 502 M2 may not be achieved in reality.

L - U W Electronics 1l, 2010
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Wilson Current Mirror

O For modified MOSFET Wilson current source circuit, the drain-to-source voltages of M1,
M2, and M4 are held constant.

O The primary advantage of these circuits is the increase in output resistance, which
further stabilizes the load current.

V+

| =i B e

- -— -
l l
V- V-
(@) (b)

{a) MOSFET Wilson current source and {b) modified MOSFET Wilson current
source

LRI TR Electronics I, 2010 26



Bias-Independent Current Source

O PMOS devices are matched, the
current | 5, and | 5, are equal.

k!
lp; = 2( j(vesn )’

k!
=lp, = 2( j(vc;sz TN)

W/L),
W/L),

VGsz :Vc551 - IDZR :Vc551 - IDlR

. (VGSl _VTN) :VGSZ _VTN

IDl = Knl(VGSl _VTN )2

I
_ D1
:>Vc331 _VTN -
Knl

LI T W I

|for
fml Always lfm
Saturation El,f
/—\ | 1oy
50
o
G
R
-

Bias-independent MOSFET current mirror
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Bias-Independent Current Source

W/L),

(\N / L)2 '(VGSl _VTN) :Vesz _VTN

4L

/L |
\/(\(\:\\///Lgl '\/KDl =Vgs1 Vv — iR
2 nl

I
_ D1
= [— —1R

nl

R= 1(1— /(W/L)lj (For a given current | 5, , one
Knilog W/L), can find the value of R.)

The currents | p1 and | D2 are independent of the supplied voltages as
long as M2 and M3 are biased in the saturation region.
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JFET Current Sources

O The device remains biased in the saturation region.
Vps = Vg (Sat) =ves =V =V | (V, IS negative)

In the saturation region, the current is

2
) V
Ip = IDsstl_%j (1+ AVps) = I pgs (1+ Avyg)

P

lz diy = Al pss
o dvg

0]

L - U W Electronics 1l, 2010

L J
I

Depletion-
mode JFET connected as a
current source
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Example 10.9 Objective: Determine the currents and voltages in a simple JFET
circuit biased with a constant-current source.

Consider the circuit shown in Figure 10.25. The transistor parameters are: Ipgg) =
2mA, Ipgepr =1mA, Vp=Vp=—-1.5V, and 2, =4, =0.05 V™. Determine the
minimum values of Vg and ¥, such that Q, is biased in the saturation region. What
is the value of 1,?

Solution: In order for Q, to remain biased in the saturation region, we must have
vps = |Vp| = 1.5V, from Equation (10.69). The minimum value of Fg is then
V¢(min) — V™ = vpg(min) = 1.5V
or
Vg(min) = 1.5+ V" =154 (-5 =-35V
From Equation (10.70), the output current is
ip =Ip = Ipss:(1 + Avpg) = (1[I + (0.05)(1.5)] = 1.08 mA

As a first approximation in calculating the minimum value of V/;, we neglect the
effect of A in transistor Q. Then, assuming Q, is biased in the saturation region, we
have

2
. Vgsi
ip = Ipssi (1 - V—F’l)

or

2
_ _ Yesi
1.08 _2(1 (_1-5))

which yields
vGSl = —040V
We see that

VGgs1 = —040V = Vy— VS = V] - (—35)
or

L - U W Electronics 1l, 2010

V+=5V
Rp
Vo
()
Vio -
—0 Ve
Vo
%)
o
V =-5¥

Figure 10.25 The dc
equivalent circuit of simple
JFET amplifier biased with
JFET current source
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Cascode

O Increase the output resistance of
Assuming Q1 and Q2 are identical,

) V
Ip = lpss (1+ AVpgy) = lpgs| 1= 22 | (1+ Avgg,)

JFET Current Source

|
|
|
a JFET current source J
@

2 N T

V, (o e |
Ves2 = —Vps1r Vpso :VDS — Vbs1
For a given Vs, Vps, (@nd Ehen I5) can be determined by !
Vbs1 d iy
R cascode current source
1+ Avpg,) =| 1+ Vv [1+A(Vps — Vpsi)]
P
O Output Resistance G,
X — ngQSZ + [Vx - (_Vgsz)] / I Yz \ " o ' Vo ”

= gm(_lxrol) + [Vx o (_VgSZ)]/rOZ

_ Yx _
R ___r2+rol+gmrolr02

- r02 + r01(1+ gmroz)

Pl B ik kP

@ (b)

{a) Equivalent circuit, using phasor notation, of the JFET cascode current
source for determining output resistance and (b} final configuration

Electronics I, 2010 31



DC Analysis of BJT Active Load Circuits

O Q2 isreferred to as the active load device for driver transistor QO.

0%

V
leo = lso[" 7] 1+ S5
ottt

AN

|C2 — ISZ[eVEBZ/VT ](1+\\//EC2]

AP

Vv
lgr = Iy = 1 [ ] 14+ 54
Vi

Assuming Q1 and Q2 are identical,

|31 - Isz and VECl :VEBl :VEBZ'

V _ V _ VANVAP |:l I SoeV| /V-|- j| VAN (\/ N VEBZ)
O CEO i
VAN VAP I REF VAN VAP

L - U W Electronics 1l, 2010
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Voltage Gain of BJT Active Load Circuits

O Voltage Transfer Function and Load Curve

Vg (sat) <V, <V7™ =V, (sat)

O Voltage Gain

Yo A

¢, in saturation
P ee—,

N

/

QU and Q-pOi.l'lt

25 acﬁvg /

UT"

(o in saturation

Vepp (sat) | ——— I N —te—
A = dVo — _( VanVap J( 5o ]( 1 jev, Iy o S o
dVI Van TV N ree A\ Vs <Jr’
V, IV, feo h

leer = 1o Ve
A = % _ VoV ar 1 D =2 ?;g
AV,  \Va +Ve \V, s e

o (1/VT) jﬂ\}r—”vﬂ

11 o \
Y +V \
AN AP Ve
C‘I’_I__—:D
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DC Analysis of MOSFET Active Load Circuit

| er = Kpl(\/SG_ |VTP1 |)2(1+/7‘1VSD1)
|2 = KpZ(VSG_ |VTP2 |)2(1+2’2VSD2)

Assuming M1 and M2 are identical,

A=A = A,V =Vip, =V, and K =K, =

p2
Vsm :VSG’ Vo =V’ _VSDZ

_ (1+ ﬂ’pVSDl) _ (1+ ﬂ‘pVSG)
l, 1+ AVsp,)  (1+ /lp(v—i_ Vo))

IREF —

I REF

Kn (VI _VTN )2 (1+ invo)

V. = l::l'_|_;tlo(\/+ —Vse)l _ Ko (V) =V )2
° Ao+ Ay ler (A, + 4,)

L - U W Electronics 1l, 2010
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Voltage Gain of MOSFET Active Load Circuits

V., A
O Voltage Transfer Function and Load Curve “
N
Q-point
Myand M
[\ bissed in : &\ pd
. —> the saturation T
O Voltage Gain region |
] L —
|
'A\/ _ dVo _ _2Kn (VI _VTN) Vig 17;
dVI I REF (/1n + Zp)
ID ir
On = 2Kn (V| _VTN) Vi
ron zllﬂ“nIREF rop — 1//1pIREF ;}’Pomt <
b — S —— i —- IQ
— T | o NS Vg
A/ — 1 gml — _gm(ron // rop) ,/fiff:ii,,-':?—*i\:;%
~ v
Fi e I
o T VT |t
on op ) Load curve
gl Viso
I\L:}
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Small-Signal Analysis of BJT Active Load Circuit

O Inthe Q1 portion of the equivalent circuit, there are no
independent AC sources to excite any current or

V—I—

T

+

o]
El
o

voltages.
V. =V.=0 '
ju— ju— .|.
7l w2
R,=r, Tj
Ro - r02 _-—_.9
+ F +
1
Ly, T2 ’wzé V,,,f Vel %’ol
to I, 8mVr2 - - 8mVr1
= CZ BZ ‘Bl f:’fl

ORE B E N

Electronics I, 2010
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Small-Signal Voltage Gain

\Y
A== (GIRT,) g =1 IV,
—9 - 9o = lco /Van
— 1+1+1 _go_|_g|_—|-g02 goZZICO/VAP
I'-0 RL r02 ngllRL
yr

T
S

2 1
Ce
4—ovg “ oV,
_'_
V} QD éRL §Rl Vz leirmo V érg §RL g.’bz
= ¥l
o .

L

@ (b)

{a) Simple BJT amplifier with active load and load resistance and (b) small-
signal eguivalent circuit
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Example 10.11 Objective: Calculate the small-signal voltage gain of an amplifier
with an active load and a load resistance R;.

For the circuit in Figure 10.37(a), the transistor parameters are ¥,y = 120V and
Vap=80V.Let V7 =0.026 V and I, = 1 mA. Determine the small-signal voltage gain
for load resistances of R; = oo, 100k€2, and 10kS.

Solution: For R; = o0, Equation (10.96) reduces to

ve)  \o026)
Tyl = —1846
Van * Vap) \1207 80

which is the same as that determined for the open-circuit configuration in Example

10.10.
For R; = 100k<, the small-signal voltage gain is

A, =

1
_(0.026) —38.46

A, = = = —1247
(1 1 1) 0.00833 + 0.010 + 0.0125 E;l{ K@l

120 T 100 T %0

and for R; = 10k, the voltage gain is

I
"(0.026) —38.46
= — e R
4, ( 1 1) 0.00833 £ 0.10 £ 00125~ -8 e |:E; 0 ! §F‘l

120 10 %0
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Small-Signal Analysis of MOSFET Active Load circuit

O There is no AC excitation, the signal voltage V,; and V,,

are zero.

R =r,

0 0

+ +
Faz § + Viga Viel *
R = Ve | gmvygz 3 B gmngl
D Ix L C e
DE GE Gl

+
1 ¥sp)

O

v+
M
; £
Vi M?‘ I—‘AI E
- 1
V-
Ro ~ r02 u—oTVQ
Ve
¥
Vi D_| M, E:D.S’D

Figure10.38 Small-signal eguivalent circuit of the MOSFET active load circuit
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Small-Signal Voltage Gain

A = % =—g,(r, /IR Ilt,)

¥+ _ — gm

I gO + gL + goz

M, I—-—l M
CC —y ‘ :}Vg
o ED i D 1? e *gmvgf % ¢ §RL éﬂz
. T s, *- JT_
(@) (b)

{a) Simple MOSFET amplifier with active load and load resistance and
{b) small-signal eguivalent circuit
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Example 10.12 Objective: Calculate the small-signal voltage gain of an NMOS

amplifier with an active load.

For the amplifier shown in Figure 10.39(a) the transistor parameters are: A, = A, =
001V, Vry=1V, and K, = lmA/Vz. Assume M,; and M, are matched and
Irpr = 0.5mA. Calculate the small-signal voltage gain for load resistances of R; = oo

and 100kQ.

Solution: Since M, and M, are matched, then I, = Izgp, and the transconductance is

gm = 2V K, Ixgr = 2,/(1Y0.5) = 1.4l mA/V
The small-signal transistor conductances are
o = &, = Argr = (0.01)(0.5) = 0.005mA/V
For R; = co, Equation (10.99) reduces to
4 8m —1.41 _
" g, +&m  0.005+0.005
For R; = 100k (g; = 0.0l mA/V), the voltage gain 1s

—8Em —141
4, = = = —70.5
" g, 48 +8n  0.005+0.01 + 0.005

—141

HE—ove
V}O—| MD §RL

Comment: The magnitude of the small-signal voltage gain of MOSFET amplifiers
with active loads is substantially larger than for those with resistive loads, but it is
still smaller than equivalent bipolar circuits, because of the smaller transconductance

for the MOSFET.
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AN

Advanced MOSFET Active Load

. _V V. —(=V.)
gs2 __ 0 gs2 2 2
gmvgsl + gmvgsz + . Vo . o gm ~ o gm
Fo1 o2 A\/ - \V - g 1 ~ 1 1
Vo Vo T (_Vgsz) ! "+ +
R + gmvgsz =0 Ro3 r01r02 ro3ro4 r01r02
N 03 r02 V%‘
M4_ |—-—| M
% s g’z i SA
Ly | =+
R03 = r03 + r-04 (1+ gmro3) )\ME I__| _MS Tes2 grﬂ
(See Cascode Current Ros ﬁ“ o Dy - .g"‘z;‘;” %Rﬁ
Mirror, p.24) Yo v :
VBias_| A, Fi Vst ., a1
:| IREF *) _ 'gmlsfxl —L
. {1 (Tb)

(a) )

{a) MOSFET cascode amplifying stage with cascode active load; {b) small-
signal equivalent circuit
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