Main building blocks in analog ICs

e Current Mirrors

 Differential pairs

Obviously combined with the three basic
single-transistor configurations:

N )

Differential
Cascode amp.

Cascode
Mirrors

» Common source (emitter) _,,  Cascode
. Amplifi
» Source (emitter) follower A

« Common gate (base) ____f

J
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Current Mirrors: general definitions and properties

|deal characteristics

L1,
Tn Ojt * %l " t% i V., = 0
ut

In @)
:: > I =k, I
\/in Vout out M “in
Ref :

for:
I Voltages and
As a building currents Ref _Imax < Iin < Imax
block, the current - - _
mirror must have i Vmax < Vout < Vout

a simple topology

These characteristics are generally non feasible with simple
elementary circuits. They can be obtained with complex architectures
(current amplifiers) that cannot be considered current mirrors anymore.
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Current mirrors: n-type and p-type mirrors

In O

Vin

Ref

+_¥llin Iout lﬁ
ut

Vout

I

p N
i Vout’ ‘/m > O n-type
Do formed mainly by n-type
. out> L in transistors )
¥
=k, I < k,, >0
e 1 A
v v <o P-type:
our> Vin formed mainly by p-type
.y Lo 1 <0 transistors )
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Conventions on voltage and current signs used to obtain positive values

+—¥llin Iout lF,_
ut

In O
Vm Vout

Ref
Convention for an n-type
current mirror

also for p-type mirrors

+ i +
Ref

Vin Vout

Out

In
- -
A

out

Alternative convention for
a p-type current mirror

With this convention
all quantities are
positive also for the
p-type mirror

The mirror is drawn
upside-down
because the voltage
of the Ref terminal
IS greater than the
voltage of In and
Out ones
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Current reversing function of a current mirror

Equivalent circuit seen from the
mirror output terminal

. plm lout 4 "

In Out
V,.-n Vout
o Vin Kulo Vi,
Ref | 0 mm
- i a—
This is a 77 | |
current source S The circuit The mirror is seen by
(the current n-type mirroris  connected to the output circuit as a
exits from the required the output port an equivalent current
generator) (the input must be ableto  source. Note that now
current enters provide a the current enters the
the mirror) positive V,,, source (it is a sink)
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Current reversing function of a current mirror

An n-type current mirror transforms a current source ( the current exit

from the source) into a current sink ( the current enter the source)

Vdd
ptype + 1+ .
Ref A p-type current mirror transforms a
Vin Vout current sink into a current source
The generator S
connected to the <~ The mirror is "sourcing" a
input is S'”k'”g current towards the output
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Parameters of merit for a current mirror

Y deal function: 1, =k, I, General conditions
In  Out K, is a nominal value (gain) V..V >0
Vin Vour that should depend only on I I >0

out?® “in

simple geometrical ratios.

Ref

- f - 1. V,, should be almost constant and be \

as small as possible

2. The ideal function should be Vin
i : * maintained down to very small V,,, ~——— Vpp
el values. The smallest V,, value is
Vm Vout

indicated with V,

R
n  Out 3. For V>V, the dependence of lout\b{ out

- il li N on V,,, must be the smallest as Vo,
i lout possible.
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The typical /,,; vs V,, characteristic of a current mirror

A correct operation zone dl 1

out __

IOUt 1 ) o
o Kyl av.

out out
| " .
i \ Slope/

R,ut» Which is the reciprocal of the
slope in the correct operation zone,
must be as large as possible

/_\ The V,,..qpt VOItage is the output
| » Voltage at which the output current

. 4 L : .
v V Vi coincides with the ideal value k/,,.
MIN out-opt
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The mirror "Thevenin" voltage, V,,

" e _
. Definition: V, =1 R
KMIm

Current variation: A =AV ——

Relative current variation:

5 Voo
VMIN Vout-opt t AI 1 A V

out __ out

I " Iout Rout ‘/th

The Thevenin equivalent voltage allows comparing current mirrors
regardless of the current magnitude they are designed for. The higher the
Thevenin voltage, the more ideal the current mirror.
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I out

Presence of systematic errors

¢e

lefn

VMIN

Vout

>

In this example, there is not
an optimum voltage in the
correct operating area

(Vou= V) at which the
output current is equal to the
ideal value

Note: Ky must be a
parameter that can be easily
set by design. It is generally a
ratio of simple device
parameters:

W/L ratios in MOSFETs

area ratios in BJTs.
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current |,, scaled up by a
factor M

A single n-mirror does the

job, but transforms the
a source into a sink

|

Role of V., VN @n example
We need to obtain a copy of

Vdd
+ ; +
Ref
H-type
an-P durrent Vout-P

hirror

D

We add a p-type
mirror to reverse the
current source type

M=k,  k

M—-P

('

V=V, v +V

out—N in—P

In Out
n-type Vout.N
current
mirror K
Ref M-N
m N

min (Vdd ) =Viv-n T Vip

-
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Small signal equivalent circuit of a current mirror

Iin lou I ijn ’

+ !l ’l, + kM — _out — ‘_;Ut

In Out Iin In Out
Viﬂ VOUt

PR <> -
Ref m lin out = Moyt
- % - dlm V km ’:in
”b Iout A i (l)
slope: k;;

Notice: the [ \ Ref
linearity of a real

current mirror is
much better than
in this figure

operating point
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MOSFET current mirrors: the simple mirror

Jou strong inversion
_ r V V
fin [: C_) Iy ::B( = [1+/1 Vosar )]

M M, | Vout B=uC Wy = uC W
,7;7 oX eff 0oX L

4 weak inversion

Ves Vi VDS
I, =1Ig,e " { - [1+ﬂ' Visar )]
SM _ll’lncox (m_l)VT =z :IB(m_l)V
I, :ﬁf(VGS _Vt»VDS) _ v
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Simple MOSFET current mirror

I, =pf (VGS _Vt’VDS)

Vout L, :ﬂzf (VGS _‘/t’VDS2):ﬂ2f (VGS _Vt’Vom)
L, :ﬂlf(VGS _Vt’VDm)::Blf(VGS _VwVin)

1 :Bz Wz/Lz
—\/. out — — :k
PO VouYe TR WL
Vout—opt — ‘/m
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Parameters of the simple MOSFET current mirror

,. Vin:VGm:Vt_I'(VGS _Vt)
in o J
® Hi O —
M M Vout V — 2) .’ . .
1 + 2 | MIN DSAT ' In strong inversion
4 |
Iout | . : 21
(’DZ) | _ % : Kntlin ~ 1 i VGS _‘/Z‘ — ﬁln
o _ _ : 1
‘E\’\ V5o =Vgs=constant ROW o rdz o I N e
E out
L < |
/‘! .\ Vo:t ‘/th — I 0utR0ut — 5
VMIN =VDSAT2 Vout—opt =Vin (VDSZ) ~ 22
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Increasing R,,;: source degeneration

lout

+rd2(1+g R )

b out
K ; ) out _rd2 (1+gm2RSZ)

M, |\/|2 Vour  The output resistance is increased by a factor
é Re, R82 (1+9,,Rs) With respect to the simple current mirror
—¢ : In order to have a linear behavior, so that

Notice:

Ve, =Vs = Ry [, =R

S
" designrule ) |
R, I

— Zout _
R "M

R Il

-

S2 in )

loui=Kuli,, Wwe need that:

Ny <j Vosi = Voo = Vo =V

In this way, we can apply the _
same formulas of the simple M B
mirror for |5, and |, that give: :

_5
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Increasing R, ;: source degeneration

I out

Unfortunately, V,,, and V,, are larger in this mirror:
fin | | * V =V, +RI
! | IL—. = out " DS2 T TR2%eut—\when V., reduces, lout is
M M, Vou The mirror nearly constant, then this
%Rm Rs, g starts to fail at a term is almost constant and
make M, enter
Vm — VGS1 + Rllin triode region VMIN = VDSATZ + RZIout

Notice: R =7 (1+¢ R To get a Iargg output resistance boosting factor
o =7 (14 82 Ry ) (1+9maRp2, it is necessary to make Rpply, >> Vre
— IDZRSZ

But: ngRSZ _

In practice, Rp,l,; (=Rp4li,) cannot be too large
Viea to avoid increasing V,, and V,, too much
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