ECEHB9 Analog IC Ch 8

CHS8 Current source and bias circuit

8.1 Current source

8.2 Bias circuit



ECE569 Analog IC Ch 8

8.1 Current source

1. Current mirror current source

2. Cascode current source

3. Triple cascode current source

4. Multiple—output cascode current source

5. Wide swing cascode current sources 1, 2, 3



ECE569 Analog IC Current mirror current source Ch 8
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ECE569 Analog IC Cascode current source chs

8.1.2 cascode current source

Voo Iref, M4, M3 decide VG2, VGS1 = VGS2, VDS1 =
S |1 almost constant = high Rout
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ECE569 Analog IC Cascode current source chs

VDSl = VGS4 + VGS3 - VGSZ = VGS3 = VGSl > VGSl o VTH

\V M1 : saturation
DD
| Vou > Vess ¥Vess ~Vinz = Vesz *Ves ~Vrnz = Vosarz +Vosan Vo
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ECE569 Analog IC Cascode current source chs
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As Vx increases starting at 0, :
M2 & M3 in triode initially, | ¥ ’
: W-Vius vy

M2 in saturation & M3 in triode, then :
M2 & M3 in saturation. Va— V2 + Vpss



ECE569 Analog IC Cascode current source chs
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ECE569 Analog IC Triple cascode current source Ch 8

V Iref, M6,M5,M4 decide V6,V5,V4 = VGS1 = VGS2,VGS3
DD = VDS1,VDS2 = |out almost constant =»very high Rout

L QD lfour
+
| e
M6 || M3
7 Vibs1 =Viss +Vesa —Ves2 =Vesa =Ves1 > Ves1 —Vru1)
3 Vout . .
V. M1 : saturation
M5 | (M2
Vps2 =Vase +Vass +Vesa —Vess —Vost =Vess =Ves2 > Ves2 —Vin2)
Vs M2 : saturation
V, :
M4 | ! [ M1 Vout > Vo—Viis M3 : saturation
Vout| >| Vpsats +Vbpsat2 +Vosati +VrH2 +Vint




Ch 8
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Triple cascode current

IC

ECE5S69 Analog
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ECE5SB9 Analog IC

Rol

R02

Rout =

r01

Om2fo2'Ror + Rog +1o2 = Onaloa-Rop = goln

Omaloz Ro2 + Ro2 +1os ® Ongloz R = Om3lo3 * Im2lo2 * T

Triple cascode current source
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ECE5SB9 Analog IC

Vout

U

Iy - Rout
Iy - Roz

Iy - Rol

Triple cascode current source

Vout
Om3lo3

Small,
Cascode effect

Vout

Om3lo3 - Im2lo2

Very small,
Cascode effect

V3, V2 : almost DC voltage independent of vout

Ch 8
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ECE569 Analog IC Multi—output Cascode current source Ch 8

Iref, Mb0O,Ma0 decide VGS,VDS of Mal,Ma2,Ma3,Man
"DD = VGS of Mb1,Mb2,Mbn =» lout almost constant

Iref CD IOUt-l IOUt.Z Iout_3 I

l l i l
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Mbo <« Il « Il | I Il """"""""""" t#
Mal Ma2 Ma3 Man
| | | |
Mo ] T 1 T %4’
s vaa 777 777 777

Fig8.1.4 Multi-output cascode current source o
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Multi—output Cascode current source Ch 8
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ECE5SB9 Analog IC

Wide—swing cascode current source 1 Ch 8

Wide—swing cascode current source: circuit 1

Vee ref,M3, M4
= \V3,V4
et (D | > VGS of M5
Oft = VGS of M6,VDS ofM5
= V6
W il Vo imswil T = VGS of M2, VDS ofM1
4 L 223 1= =2 VGS, VDS ofM1:~=DC
Ve M2wiL ' =>» lout constant
V, o
W/L M3| Vs - v M1 wiL
W/L -
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ECE5SB9 Analog IC

Wide—swing cascode current source 1 Ch 8

Wide—swing cascode current source: circuit 1

VDD
Vest = Ves2 = Vess = Vess = Vese = Vo + A
IfEf@) Iout VGS4 — VTH + ZA
|
+ Vo, =V = Viy + A
Lw v 3 Gs3 = VTH
vl MEI = IE/|6W/L
V6 I@ZW/L V4 - VGS4 +V3 — 2VTH +3A
V
V2 out
V Ve =V,-V = V+u +2A
WL @I 3 % I@IW/L 6 4 GS6 TH
— M5
WIL - Vo =Vg—Vgs2 = A
il Vour = Ve~V = 2A
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ECE569 Analog IC Wide—swing cascode current source 1 Ch 8

777
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Rout = Om2lo2tor + Tox Tlo2 = Omalo2 " fa1
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ECE569 Analog IC Wide—swing cascode current source 2 Ch 8

Wide—swing cascode current source: circuit 2

Voo Iref,M3,Iref,M4
=2 VG1,VG2
= VGS of M1
|
30 (D) .. D VGS of M2, VDS of M1
R l => lout almost constant
OUt_l
+
v
%%I\ﬁl e 5M2WL VD31 — VGZ — VGSZ
= (Vyy +2A) — (Vg +A)
W m3| > Ve [ Ve i i
L — — L = A
Vout > VGZ _VTH = 2A




ECE569 Analog IC Wide—swing cascode current source 2 Ch 8

Vo = Vqy + 2A "'Vmargin
VDD
Vbsi = Va2 — Vagso
| e <> Iref() l'out = (VTH + 2A +Vmargin)_(VTH + A)
R _
“ = A+ Vmargin
+
1 W mal Voo ([
4 L LS
%Msﬁ > Voo v Vou

77T Vo = Vo2 —Vey = 2A + Vmargin 8



ECE5SB9 Analog IC

Wide—swing cascode current source 3

Wide—swing cascode current source: circuit 3

VDD

R. <> et e <>

Womsll M4 | Veo
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ECE569 Analog IC Wide—swing cascode current source 3 Ch 8

Circuit 2 Circuit 3
DD VDD
Iref@} e D Iref@> llout
ROut
Y + W M| M4— | Ve M2 i
1w | G2 W n | 1w | L
4 L M4 M2 T 17T
X V
Vv w V Vv out
% M%Il Y Gl le out %M%I N G1 IleL
Va a
Vo = A Voss = A4V, Vs =Vpss = A
|, < |1, Curentgain<1 i = |

Active load application .

Current gain = 1



ECE569 Analog IC Wide—swing cascode current source 3 Ch 8

Iref,M4,Iref, M5,M3 = VG1,VG2 = VGS2,VDS1 =

VGS1,VDS1:constant = lout almost constant
VDD

R, (Dl e (D o

+
W Y M4 | Var | w
| e a— M2
4 L
X VOUt
WT |\/|3| 0 Ve IMIWT




ECE5SB9 Analog IC

=

=

Wide—swing cascode current source 3

VDD
Iref@> llO“t
M4 Ve, N
v My 2
| 4L
X V
V out
M3 T =M1}

V2
\/e

Viss
Vis?2
Vps3

Vpss

Vps1

| out

Current gain = 1

ch 8
2A + Vqy
A + Vo
= A + Viy
= A + Vy
= Vg2 — Vgss = A
= Vo1 = Vpsg = Vry
= Vo2 = Ves2 = A

I ref
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ECE569 Analog IC Wide—swing cascode current source 3 Ch 8

VDD
R, Iref@> Vo
+
| M4— Va2 | w
UM E M2
4L
x VGl Vout
w
M3 T ek
T Negative feedback at M3, M5 (shunt)
R 1
> — — R = I - ~ -
Vour = Vo2 — VrH 24 " (L+loop gain) Om3
Rout =  Om2fo2 Tor Tl +T2 = OImalo2 lo1
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ECE5SB9 Analog IC

Wide—swing cascode current source 3

Ch 8

24



ECE569 Analog IC Wide—swing cascode current source 3 Ch 8

How to generate Vb
T Voo Target V, =2A+V,, Voo

V)1 Iy

Ry, ‘X M, *IX

i m, " LM,

[ Mg Yo . s M, .

Ms _'IEM1 MS _ll-: M1

VDSG — VGSG r Rbll ~ VGSI —_ VTH[ M7 has a large W/L so that Vos1 = Vrua
25



ECE569 Analog IC Wide—swing cascode current source 3 Ch 8

VDD
| (JD | AD o
in ref Vout
v
L Mgl ———{M2 = %
MAT gy
n+1)° L
A ( ) A
W | A Ve aaq W
sl baly




ECE5SB9 Analog IC

Wide—swing cascode current source 3 Ch 8

= Ver = Viy + A
|in@g |ref@g b Ve = V. A
Vout Gss = Viy + N
V
Mol M2 T
LW VGSZ = VTH + Nn-A
(n+1)* L
A A
Vv Veo = V D). A. |1
ﬂMgi A~ Gl IMlﬂ G2 — TH + (n+)' 1
L < —> L
e




ECE569 Analog IC Wide—swing cascode current source 3 Ch 8

I I
Vpss = Vg2 — Vgss = ALl et L n-A-(W/ et o_ )
Iin Iin
_ _ Iref |
Vbsi = Vo2 = Vesa = A-fo— + n-A-(/—
In In

| vef
Voo Vpss = Vg1 — Vpss = Vg — (n+1)-A( Ire -1

| (D I @) |1ut To satisfy the following three conditions
In ref Vout VDS3 > A
V
1 W G2 1 W
FTMQI g M4 %1" IM2n_2'T VDSS > Nn-A
1 W
(n+1)2 L VDSl > A
A A
W M3 0 Ves M1 W > | < |
T o T in = [Tref
n < VTH + A . III’I _1




