Analog IC Design :.2022-23
Lecture®
DC Voltage and DC Current Sources
Part-2
By Dr. Sanjay Vidhyadharan
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Current Mirrors

NMOS Current Mirror

9/10/2022

ELECTRICAL ELECTRONICS

_ _ W"‘

4

L
Toutn = IREF Th
G ’

COMMUNICATION INSTRUMENTATION




Current Mirrors
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PMOS Current Mirror
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Current Mirrors
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Generating lzer

Voo
Torp — Vop —Vour
REF — R
fmﬁ'l =R
Ji
o Vour=Vr+ WREL
— u, C
‘6_ - 5L HuLox
L 1
Vop — Viu

Forlarge WL:  Ippp =
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Advantages

—Iger Set by value of resistor

« Disadvantages

—Vpp also affects Ig¢ .

— V4, and R are functions of temperature
In the real world, more sophisticated
circuits are used to generate Igzge that are
Vpp and T independent.
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Influence of the Channel Modulation Parameter A

Assume that vpgr > vgs - Vo, then

5 5 i~ riakiesrn L+ o )

, l _ i \W1Lo\Ves-Vr1) |1+ Avpst \K1
l lf 0 [f the transistors are matched, then K1’ = K>’ and V1 =V
+ | M1 M2 | + @_[L]Wz]{l +ivD52]
| | I Wilo )\ 1 + A
VDSt :I' L |l__,VDS:2 I 1L vDSI1

If vps1 = vpso, then

i V{_?S ) io (L1l
£ Fig. . 1—1 B [WIIQ]
Therefore the sources of error are:
1) vDs1# vDs2
2.) M1 and M2 are not matched.
9/10/2022 6

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Common centroid design evens out the effect of the process variation.
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t the effect of the process variation.
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Current Mirror Analysis

As Vg1 = Vggp and assuming matched Vi, =

V —
TH2 , [In=lp1 lout = Ip2
e
Lyr (”,«;L)J‘(HAVOUT)
v ) aean,)
Vin Vour
The output resistance of current source is the m1 1l = v
output resistance of M2 ! '
1 1
o= = 1
Alp, Al -
Normally, larger L is used so that A effect is W/,
reduced and the output resistance is higher. Lovr idear = ﬁf N
The current gain systematic error is: /L
Loyr =100 _
pa o o WMV ow) Sy N hVr Vi)
IOUT_."deaF (1 + ;LV!?% ) (l + A’VM’ )

Systematic error
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Standard Cascode Current Mirror

Output Resistance

Vb Q
lRer D4 i
Y G4 —— 1 . V=V
v lout = Ip2 - v L, = p cgmdi.r 02
B gmvgs4 r°4 ' f)4
M3 || [ M4
I‘:ll | 62 — s4 = P (1+ )2 v, —ir,
Y ) t gm4 ol
X gm2Vgsz Fo2 f:)4
M1 || [ M2
e !
- S2
_l_ R, _l__’”4(1+gm4 )+
- t
f— 2
Vgs2 =0, Vgsa = =it Too Ry =g,4,

If body effect is included: R, =(g,, +&,,)7.)
Features of Cascode current mirror:
No current gain systematic error.
Higher output resistance.
9/10/2022 Higher minimum output voltage. 10
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Standard Cascode Current Mirror

Vbp Q

IRer v All 4 MOSFETSs have the same V-, If body effect is
= ignored.

Vg OUT P2 V= Vy =V + Vo

u Visss = Vout Voy as M1 and M3 carry the same “I”
M3 I Il M4 Vg3 = Vg3 + Vi = 2V4, + 2V, ignoring body

2(VT + Vov M effect.
X 1 Y Vs = 2Vry + 2Voy
M1 I I M2 This should also be the case with body effect — only
r' Vo+ Vg, "‘ 2V, will become V1, + Vs,

] Min Vout = Vi + Vg, = Vo + 2V

Note V,, of M1 and M2 will equal

V. =V +V :
oo No Systematic error
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Triple Cascode Current Mirror

A variation of this circuit known as triple Cascode current
mirror where a device is added on the left and right is also

possible. Ry in this case will be

\V
R, =raﬁ{l"'gmﬁ[ru4(1+gm4ruz)+roz]} = ¢

+ Fof-l (1 + gm-’-lroE) + FOQ Y IOUT
3 lRer

= gmégmélro
2 !

H‘F’:::r(gm‘rc;-) ;45|; M6

M3 ‘ [ M4
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_ow Voltage Cascode Current Source 1

IREF A7

| = |
out ~ 'D2 lout
VA Vy

M4 M3 M4

M2
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_ow Voltage Cascode Current Source 1

All transistors have the same overdrive exceptM3. V=V,

*Vob
Since W3=1/4W1, I, = uC,, l(%

4

1 W, ,
)(Vﬁss / Vm )2 = Eﬂcax (I)V{;

Vesa=Vrt2Vop 2 Vea=Vx+Ves3=2Vry+3Vop
Vea=Viy+2Vop 2

Vbp Q
Vy=Vop T
Vomin=2VOD rer Y lout
1. The output resistance remains 2V *+3Vop
the same as the Cascede | - _
current mirror. M3 [F—* M5 M4
W,="/,W, ] ]
2. E= A’(VY -V )= _A'VTH Vx +2Vop Vy=Voo
: : . M1 M2
Gain systematic error is not zero r— ++ Voy -] M6 -]
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_ow Voltage Cascode Current Source 2

All the transistors have the same Ve
overdrive. Set Vg=V,+2V
Vy=Vy=Ve-(V14+Vop)=Vop IRee Vit \%VOVV
Then the minimum output voltage is: i '\C}UT

| <Vov
Vour=2Vop M3 M4
And since Vy=V, > Voux{ 1 Ve
no current gain systematic error. M1 y $ y M2

+

Design all transistors’ overdrive r ! 4 ov -]

smaller than its V4.

Since Vpg3=Vas1-Vps1=Vii>Vop= M3
at saturation region.
All transistors are at saturation region.
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_ow Voltage Cascode Current Source 2

The low voltage cascade current
source 2 has:

High output resistance

Low output voltage: —DC

Vour=2Vop e

No current gain systematic C)

error. y

How to generate Vg=V,+2V5?

Two ways: VA
Assuming same L for all MB
transistors, Wg="/,W,

Since Wg=1/4W, and same

current
;o1 W
REF —2;” 01'4(L

Vg=Vgs1=Vut2Vp

1 W
J(Va _VTH)2 = Eﬂca (I)VOED
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_ow Voltage Cascode Current Source 2

Another way to generate Vj:

All transistor have the same overdrive except M6.
Vbss=Vess — Vas7 2 Vass =Voss + Vasr

Since Vgs7>Vry, Vpse<Vass— Vy 2 linear region Voo
Vass— Vii=Voss + Vasr— Vii=Voss + Vop

W 1

‘{Dt’: = gz iu'CGX (Vc;'sa - Vm ) ’ Vm‘a - E VSS& IREF
1w M7 —'|'
‘fm - #C(}x Vcin VB
2 L .
We="1/,W
I.Dﬁ = Im and V(;se — Vm a VDS() + VOD M6
Solve the equations: Vpss=Vop Vg E
Ve=Vgs5+tVpgs=Viut2Vop _[
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L_ow Voltage Cascode Current Source 2

V
Vb Voo DD Voo
|REF6 lREF I IREF IREF IDUT
l ( ouT C)
v Y VB N/
— B‘ M7 |—
| \ w6=113w£ | |
M3 I I M4 M6 M3 = I M4
ve [ [ ]Y F X [ ]Y
| | | |
Wg="/,W, M1r_l v |_1 M2 M5r_|— M1 |—* l_] M2
L L
Full schematic of two types of low voltage Cascode current mirror 2.
911012022 No Systematic error s
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Wilson Current Mirror

Transistor M1 and M2 have the same overdrive:
W,/
- _ ( L)z(l +AV,)
Ly (H;’i)l (1+AV,)

Use feedback to stabilize the output current.

VourT?lour T2V T2Vl 2oyt | Voo
High output resistance: g, r,? Vour
Minimum output voltage: Vi#2Vp rer Y
Since V,#V,, the current gain . lour
systematic error is not zero. 2(Vr+ Voy
T 1|, M4
Y
E=~MV,=V,) e B
Vit Voy
L
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Wilson Current Mirror

By adding M3, V4=V, the current gain
systematic error is zero.

High output resistance: g, r,?
Minimum output voltage: V,+2V
Not good for low-voltage design Voo

|Rer v

Z(VT + VOV ) IOUT

M3 M4
X [ I%Y
M1 M2
r- VT+VOV-]
1
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Biasing Techniques

Simple CS Stage

Vbp
Rp
vuut
Vin D?I—I M, Vin °——|
Vg
(a) (b)
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Biasing Techniques

o
]|
o

X Vs td X
Vin O——-I M1 ~ : M{; Illl’Pin D_I M1
Ve L
Vpp = =
Tt

9/10/2022 22

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Biasing Techniques

Direct coupling between two stages.
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Biasing Techniques

CS Stage with Current-Source Load
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Biasing Techniques

CG Stage with Current-Source Load
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Biasing Techniques

Source Follower Biasing

Voo Voo
Rin
Ig Vin o—l M, Ig Vin o——"—i‘ M,
Cin ur
out

Mg M» Mg _I M3

(a) (b)
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Thankyou
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