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1) Finish MOSFET Current Mirrors
2) BJT Current Mirrors

3) CB/GG with Active Load



MOSFET current mirror — ideal Izgr
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MOSFET current mirror — PMOS
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MOSFET current mirror — as Active Load (in CS)
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MOSFET current mirror — Extending to multiple stages
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Practical Components in place of I;g-

| VDD
REF

M1 |
Q7[5 R | S —




MOSFET: Design

Design for: I, =05mA

1,=0.1(V, -1)

05=0.1(V, -1)

= Ol(VGS B )2 VGS =324V

V.=V =324V

5-3.24

R =3.53 kW



MOSFET: Analysis

VDD =tV 5 =7mA
2
R = 3.53KW 1,=01(V, -1
V.=V -IR
I
2
| 1, = 0-1(VGS - ) 2 eqguations in 2 unknowns

e
Solve quadratic eqgn.

ﬂf(r/ -v,) 10



MOSFET current mirror
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MOSFET current mirror

VDD [Dl = ]REF
)
R (w/L),
I =0
| l IJ O Ipo/lrge = M
Q1L | | Q2 Ipa/IRer
|<_| |_>| = m 1+ (Vs - Vis)/ VAZ)
PMOS:

— — I, ( . VSD2 VGS\
: - )
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MOSFET current source

———— i — e — — i — — — — —— — i — —— — — — — — — — ——

13

— e e — — — — — — — — — — —



P- MOSFET current source
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Can also set I, with Transistors
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Outline

1) Finish MOSFET Current Mirrors
2) BJT Current Mirrors

3) CB/GG with Active Load
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BJT Current Mirror

17



Analysis

Vee =10V ; —ﬂ_lomA
B 43kwW
- =?7mMA
R =45KW KCL:
I.+1,=1,=1mA
b=T5 Io+1./b=1,
v, =07V L
¢ 1+1b

1

I
¢ 1+1/75

=0.987 mA
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Design

Ve =19V

I =0.5mA

C 1+]7/
I.=05mA —okw 1, =1.(1+1/b)=0507 mA
4 _
R =— =07 _ 5487 kw
I, 0507 mA

e = 0.7V



BJT “Current Mirror”

VCC =+5V [C — ISquBE/kBT (1_|_ VCE/VA)
R =8.49 kW
I, =0.5mA I.,=1.,»05mA
¢ \4
e :

Initially, assume Q, identical to Q,

(same emitter area, same |) %



BJT Current Mirror

V..=45V KCL:

R =8.49 kW
I, =05mA

I.+21,=1, =05mA
[.+2I /b=1,

1

= Ry

¢ 1+2/b

05

=0.487 mA
¢ 1+2/75

I, =1.,=0487 mA
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BJT Current Mirror (discussion)

Ve =19V

0.5 mA l R =8.49 kKW

= 0.487 mA
IRl 0.5mA ‘l' m
l, 0.487 mA
0.0065 mA
—> ) — o _ 1
! 9, I, 1+2/b
0.0065 mA L

b=175
Ve =0.7V 29



BJT Current Mirror (discussion)

VCC - +5 V [C — ]Se‘IVBE/kBT (1+ VCE/VA)

We have ighored the

R =8.49 kKW Early effect

I&:QSmA
And we have

@ assumed that the

transistors have

) equal areas.

! ‘ 0,
[S = AEBIQ‘
b=175 _ _
I.,=1.,= ?7mMA

Ve =0.7V 23



BJT Current Mirror (different areas)

y
I =1e"w/"" (1+ v/ VA)
Rl IREF —_ AEBZ

R1
[ =
. N4,
N l [cz — m (1+ VCE_VBE\
o \ ‘ 0, I, 1+(m+1)/b v, )

Now considering Q, with different emitter area than Q, (different I,).
At same Vg, lg, = M lg;. 24



BJT Current Mirror — Numerical Example

4
Ve =+5V m=—tE2
“ AEBl

I m (V. -V )

=8.49 kW = 1+ &
o mAl fl-OSmA L+ (m+1)/5 Vo)
Rl - .
. 0, o 1+ (10/75)

9,
0.006 MA |: |: = 4.0 mA

— 8X lgq, VErsus 9x
bh=75 area ratio

25



Current Mirror (output resistance)

Ve =19V

£

V

QN

N

.
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Current Mirror as active load

Ve =19V

27



CE with Active Load — Small Signal

Rin Qs C R%“:tﬂ
gm3 V1T r02
+ + +
Vin Vi o2 Vout
i i 0
r1'r3
o
E3 !
— CM

AVO = Vout/Vin = 'gm3( r03 ” Ifoz)

I:ein = r'IT3 Rout = r03 ” IF02

Compared to resistive load:

28
A larger, R, larger
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PNP and NPN current mirrors

_F.EE

Fig. 7.31 6™ Ed. Sedra and Smith
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Current Mirror Comments

Many sophisticated current mirror / current source
circuits exist (to minimize beta mismatch, maximize

output resistance.

See: Sedra— Smith 61" Ed. Sec. 7.5
Sedra — Smith 7th Ed. Sec. 8.6
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Outline

1) Current Mirrors

2) Common Source with “active load”
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Basic IC gain cell

Ideal
current R, =%
source

=
b

Au :_O:_gmro
oy

Rin:¥

R =r
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Maximum gain

|deal
current R, =% A, =-g.7,
source
AO = AUO = gmro
“self-gain”
“intrinsic-gain”
]D
g =
VGS I/tn )/2
% A
— ’ ]D
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Maximum (intrinsic/self) gain

I

@)

Ideal 4 = V,

0
current R, =% (Vs -7,,)/2
source

Modern CMOS:

=
b

(Vos = V) »02V
V,»3-4V

A, »30-40
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Basic IC gain cell (BJT)

Ideal
current R, =%
source

uO

Auo - — ==8.7
u,

R, =7,

R =r
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Intrinsic gain (BJT)

|deal
current R, =%
source




Intrinsic gain (BJT)

|deal
current R, =%
source

Vs

Ay =4
0 VT

Modern BJTs:

V,»5-35V
V. =0.026 V

A4, » 200 -1500
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mplementation

Vo A
| Auo = =8, (roN | ’”op)

cell?

Answer: Cascode

+
Ui
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Common base




Common base amplifier

+O

EN

lo
E gmube C
< o v
R, v, u, Rem = 1oz
+
B
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CB input resistance

Lundstrom: 2019

42



CB Input resistance (ii)

Rt B
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CB input resistance (iii)

R B
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CB Output Resistance

R!
gm be

Ro=R¢ll o,
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CB Output Resistance
APPIY lest _/\/\/\/_ R, Ro
. Mo
Ve = | es (r1T||R ”Rserles) gmue CJ
test E \ E b C
b

+ Rep =T
+ Vtest
KCLatE: 0= itest — Om Vpe - (Vtest've)/ro
0= itest + Om Ve - (Vtest've)/ro
Solve for Viggliest: Ry’ =Tg [1 + 9, (Mool |REl|Rserics)]
\

J 46
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Common base amplifier

A~

lo
E gmube C

0 < O ¢,
+
u. —_
B R, v, u, Rem = 1oz
+
B

AV = Vo/Vi = +gm Rout

a7



Common base with Active Load

1
Rin :RE ”rp ”_

Ry =Ry [ Rem = R’ Il oo

Ry =1 [1+ 0y (rhlIRellRseries)]= To [1 + 9 (Ml [R7n )]

AV = Vo/Vi = +gm Rout
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Common gate amplifier

RTh—S Ifo
gm Vgs D

o<—> O 4

gs RCM = I’02
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Common gate with Active Load

Rin = RS ” 1/gm

Ry =Ry [ Rem = R’ Il oo

RO, = ro [1 + gm (RS”Rseries)] = ro [1 + gm (RTh-S)

AV = Vo/Vi = +gm Rout
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