
1

Ch 8 ECE569 Analog IC

CH8 Current source and bias circuit

8.1 Current source

8.2 Bias circuit
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Ch 8 ECE569 Analog IC

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
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Ch 8 ECE569 Analog IC

{ }12 )(2 LWCIVV oxrefTHGS µ+=

{ } refout ILWLWI ⋅= 12 )()(

VDD

Iref

VoutM1 M2

Iout

+

-

Vout

Iout

VDSAT 2

1/ro2

Iref and M1decide VGS1 (VGS2)  VGS2 = DC voltage

Current mirror current source



4

Ch 8 ECE569 Analog IC

VDD

Iref

Vout

M4 M2

Iout

+

-

M3 M1

VG2

VG1

I1

8.1.2  cascode current source

Cascode current source

Iout

VDSAT 1+VDSAT 2+VTH1

Vout

Iref, M4, M3 decide VG2, VGS1  VGS2, VDS1 
I1 almost constant high Rout
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Ch 8 ECE569 Analog IC

VDD

Iref

Vout

M4 M2

Iout

+

-

M3 M1

VG2

VG1

I1

THGSGSGSGSGSGSDS VVVVVVVV −>==−+= 1132341

outV ≥ 212234 THGSGSTHGSGS VVVVVV −+=−+ 112 THDSATDSAT VVV ++=

M1 : saturation

M2 : saturation

Iout

VDSAT 1+VDSAT 2+VTH1

Vout

out

out
out I

VR
∆
∆

∆

Cascode current source
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Ch 8 ECE569 Analog IC Cascode current source

As Vx increases starting at 0,

M2 & M3 in triode initially,

M2 in saturation & M3 in triode, then

M2 & M3 in saturation.
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Ch 8 ECE569 Analog IC

M2

Rout

ro1

vg2=0

vg1=0
M1

M2

Rout

rs4

rs3

i=0

i=0

12221122 oomoooomout rrgrrrrgR ⋅≈++⋅=

Cascode current source
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VDD

Iref Iout

M6

V5

V6

V4

M5

M4 M1

V2

M2

V3

M3

Vout

+

-

Iref, M6,M5,M4 decide V6,V5,V4  VGS1 VGS2,VGS3 
VDS1,VDS2 Iout almost constant very high Rout

)( 11142451 THGSGSGSGSGSGSDS VVVVVVVV −>==−+=

)( 2225134562 THGSGSGSDSGSGSGSGSDS VVVVVVVVVV −>==−−++=

outV > 36 THVV −

outV > 12123 THTHDSATDSATDSAT VVVVV ++++

M1 : saturation

M2 : saturation

M3 : saturation

Triple cascode current source
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Ch 8 ECE569 Analog IC

vout

Rout

Ro2

Ro1

M1

M2

v3

M3

v2

ix

ix

ixVg3=0

i=0

rs6

Vg2=0

i=0

rs5

Vg1=0

i=0
rs4

VDD

Iref Iout

M6

V5

V6

V4

M5

M4 M1

V2

M2

V3

M3

Vout

+

-

Triple cascode current source
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Ch 8 ECE569 Analog IC

vout

Rout

Ro2

Ro1

M1

M2

v3

M3

v2

ix

ix

ixVg3=0

i=0

rs6

Vg2=0

i=0

rs5

Vg1=0

i=0
rs4

11 oo rR =

211222 oooomo rRRrgR ++⋅= 122 oom Rrg ⋅≈ 122 oom rrg ⋅=

32233 oooomout rRRrgR ++⋅= 233 oom Rrg ⋅≈ 12233 oomom rrgrg ⋅⋅=

Triple cascode current source
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Ch 8 ECE569 Analog IC

outxout Riv ⋅=

23 ox Riv ⋅=

12 ox Riv ⋅=

332
3
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out
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R/R

vv =≈

223312

3
2

omom

out

oo rgrg
v

R/R
vv

⋅
=≈

vout

Rout

Ro2

Ro1

M1

M2

v3

M3

v2

ix

ix

ixVg3=0

i=0

rs6

Vg2=0

i=0

rs5

Vg1=0

i=0
rs4

Small,
Cascode effect

Very small,
Cascode effect

V3, V2 : almost DC voltage independent of vout

Triple cascode current source
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Ch 8 ECE569 Analog IC

VDD

Iout.1 Iout.2 Iout.3 Iout.nIref

Fig8.1.4 Multi-output cascode current source

Mb0

Ma0

Mb1

Ma1

Mb21

Ma2

Mb3

Ma3

Mbn

Man

Iref,Mb0,Ma0 decide VGS,VDS of Ma1,Ma2,Ma3,Man 
VGS of Mb1,Mb2,Mbn Iout almost constant

Multi-output Cascode current source
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Ch 8 ECE569 Analog IC
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refout LW

LWII ⋅=

0
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refout LW

LWII ⋅=

0

3
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refout LW

LWII ⋅=
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refnout LW

LW
II ⋅=

VDD

Iout.1 Iout.2 Iout.3 Iout.nIref

Mb0

Ma0

Mb1

Ma1

Mb21

Ma2

Mb3

Ma3

Mbn

Man

Multi-output Cascode current source
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Ch 8 ECE569 Analog IC Wide-swing cascode current source 1

Wide-swing cascode current source: circuit 1
VDD

Iout
Iref

V4

V6

V2V3

M6 W/L

M2W/L

M3W/L
M5
W/L

M1 W/L

+

-

Vout

M4
1
4
×

W
L

Iref,M3, M4 
V3,V4 
VGS of M5
VGS of M6,VDS ofM5 
V6 
VGS of M2, VDS ofM1
VGS, VDS ofM1:~=DC
Iout constant
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Ch 8 ECE569 Analog IC Wide-swing cascode current source 1

Wide-swing cascode current source: circuit 1
VDD

Iout
Iref

V4

V6

V2
V3

M6 W/L

M2W/L

M3W/L
M5
W/L

M1W/L

+

-

Vout

M4
1
4
×
W
L

∆+===== THGSGSGSGSGS VVVVVV 65321

∆+= 24 THGS VV

∆+== THGS VVV 33

∆+=+= 32344 THGS VVVV

∆+=−= 2646 THGS VVVV

∆=−= 262 GSVVV

outV > ∆=− 26 THVV
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rs4

rs3

v3

v4

i=0

i=0

rs6

rs5

is6

is6

is5

is5

ro6

v6

ro5
i=0

i=0
M2

M1

Rout

vx+-

12221122 oomoooomout rrgrrrrgR ⋅≈++⋅=

Wide-swing cascode current source 1
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221 GSGDS VVV −=

)()2( ∆+−∆+= THTH VV

∆=

Wide-swing cascode current source: circuit 2
VDD

Iref Iref
Iout

VoutM3

M2M4

M1

+

-

VG2

Rout

VG1

L
W

L
W

L
W
⋅

4
1

L
W

Iref,M3,Iref,M4 
VG1,VG2 
VGS of M1
VGS of M2, VDS of M1 
Iout almost constant

∆=−≥ 22 THGout VVV

Wide-swing cascode current source 2
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inargmTHG VVV +∆+= 22

221 GSGDS VVV −=

( ) ( )∆+−+∆+= THinargmTH VVV 2

inargmV+∆=

VDD

Iref Iref Iout

VoutM3

M2M4

M1

+

-

VG2

Rout

VG1

L
W

L
W

L
W
⋅

4
1

L
W

inargmTHGout VVVV +∆=−≥ 22

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

VDD

Iref Iref
Iout

Vout

M3

M2M4

M1

+

-

M5 VG2

Rin

X
VG1

L
W
⋅

4
1L

W

L
W

L
W

L
W

Wide-swing cascode current source 3

Wide-swing cascode current source: circuit 3
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Ch 8 ECE569 Analog IC Wide-swing cascode current source 3

VDD

Iref Iref Iout

VoutM3

M2M4

M1

+

-

VG2

Rout

VG1

L
W

L
W

L
W
⋅

4
1

L
W

Circuit 2 Circuit 3

∆=1DSV THDS VV +∆=3

refout II < Current gain < 1
Active load application

∆== 31 DSDS VV

refout II =

Current gain = 1

VDD

Iref Iref
Iout

Vout

M3

M2M4

M1

+

-

M5
VG2

Rin

X VG1

L
W
⋅

4
1L

W

L
W

L
W

L
W
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Ch 8 ECE569 Analog IC

VDD

Iref Iref
Iout

Vout

M3

M2M4

M1

+

-

M5 VG2

Rin

X
VG1

L
W
⋅

4
1L

W

L
W

L
W

L
W

Wide-swing cascode current source 3

Iref,M4,Iref,M5,M3 VG1,VG2 VGS2,VDS1 
VGS1,VDS1:constant Iout almost constant
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Ch 8 ECE569 Analog IC

THG VV +∆= 22

THG VV +∆=1

THGS VV +∆=5

THGS VV +∆=2

Wide-swing cascode current source 3

∆=−= 523 GSGDS VVV

THDSGDS VVVV =−= 315

∆=−= 221 GSGDS VVV

refout II =

VDD

Iref Iref
Iout

Vout

M3

M2M4

M1

+

-

M5
VG2

Rin

X VG1

L
W
⋅

4
1L

W

L
W

L
W

L
W

Current gain = 1
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12221122 oomoooomout rrgrrrrgR ⋅≈++⋅=

Wide-swing cascode current source 3

VDD

Iref Iref
Iout

Vout

M3

M2M4

M1

+

-

M5
VG2

Rin

X VG1

L
W
⋅

4
1L

W

L
W

L
W

L
W

3

1
)1( m

i
in ggainloop

RR ≈
+

=∆=−≥ 22 THGout VVV

Negative feedback at M3, M5 (shunt)
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Ch 8 ECE569 Analog IC Wide-swing cascode current source 3
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Ch 8 ECE569 Analog IC Wide-swing cascode current source 3

THb VVetT +∆= 2arg
How to generate Vb
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in

ref
THGout I

I
nVVV ⋅∆⋅+=−≥ )1(2

Wide-swing cascode current source 3

VDD

Iin Iref

Iout

M5
M4

M2

Vout

VG2

VG1 M1M3

•
L

W
n

⋅2

1

L
W

∆

L
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n
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1

L
W

∆
L

W
n

⋅
+ 2)1(
1
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in

ref
THG I

I
nVV ⋅∆⋅++= )1(2

∆+= THG VV 1

∆⋅+= nVV THGS5

∆⋅+= nVV THGS 2

Wide-swing cascode current source 3

VDD

Iin Iref

Iout

M5 M4 M2

Vout

VG2

VG1 M1M3

•
L

W
n

⋅2

1

L
W

∆

L
W

n
⋅2

1

L
W

∆
L

W
n

⋅
+ 2)1(
1

523 GSGDS VVV −= )1( −⋅∆⋅+⋅∆=
in

ref

in

ref

I
I

n
I
I

221 GSGDS VVV −= )1( −⋅∆⋅+⋅∆=
in

ref

in

ref

I
I

n
I
I
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315 DSGDS VVV −= )1()1( −⋅∆⋅+−=
in

ref
TH I

I
nV

∆≥3DSV

∆⋅≥ nVDS5

∆≥1DSV

refin II ≤

1−⋅
∆

∆+
≤

ref

inTH
I
IVn

Wide-swing cascode current source 3

VDD

Iin Iref

Iout

M5 M4 M2

Vout

VG2

VG1 M1M3

•
L

W
n

⋅2

1

L
W

∆

L
W

n
⋅2

1

L
W

∆
L

W
n

⋅
+ 2)1(
1

523 GSGDS VVV −= )1( −⋅∆⋅+⋅∆=
in

ref

in

ref

I
I

n
I
I

221 GSGDS VVV −= )1( −⋅∆⋅+⋅∆=
in

ref

in

ref

I
I

n
I
I

To satisfy the following three conditions


