Bias Current Sources

» Applications
* Design objectives
— Output resistance (& capacitance)
— Voltage range (V)
— Accuracy
— Noise
» Cascoding
» High-Swing Biasing
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Matching

» Systematic mismatch
— source resistance

« Random mismatch
— A (WIL)
— AVqy
— gradients
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Random Mismatch

w >
MOde| ID :% Ctu(f) (VGS_VTHI)i
1

assume square-law w
( q ) Ip, :%HCM(TJ (VGS Vo )2

N

M'Smatch Alp =1, —1p, ln:0-5(1m+102)

Alp, AW/L), AV,
(AR (Do DD

AV = Vi = Vi Vin = 0.5y + Vg2
Al A(%J 1AV
; . D _ _L AV
» Substitute: 1, - (Kj Z(Vcs’Vm)
L

- choose large Vge-Voy (Vo)
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Mismatch Example

Represent mismatch as
Ty, =1 random quantities

Oary, =3V « Variances (squares!) add ...
Vos =V =300mV like noise

a1, = a;(%} ’ Z (Vas Vi )2

\

)

Co0tE (3 ) —(o0sasiaee ° Uselarge V,, (or
-l (2X300j (100-+25)x0 degeneration) for good
=(L1%)" current mirror matching
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Yield

k Yield
. . . 0.2 0.159
* Yield = fraction of good dies
0.4 0.311
0.6 0.451
+ E.g. need +2.2% matching 08 0576
c=1.1%, 1.0 0.683
k=22/11=2 12 0.766
1.4 0.838
. 1.6 0.890
yield = 0.954 = 95.4% " o2
2.0 0.954
2.2 0.972
. . 2.4 0.984
. Typlca‘l‘ de”3|gn.goal. Y 507
+ 30 (“60”), i.e. k=3 v 5095
3.0 0.997
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« Current source
— Active
— Passive
*  Mirror
+ Reference generator
\'\u‘g‘ssvaeggﬂflryugslé\‘DOk‘?uE 116 (101 steps)
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Cascoding

S
Ihias
de = 30us . * 4 out
I: T;/l Viest
Vbias2 de=2v
do= 1.5V —
[ER | | ||~ rx
1071 [f 1071 || TP
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Output Resistance
Cascode
NO Cascods
16 =

Wout=973.7mv, Rout=140.7M0ORm

100M E
-
£
=
o
10m 3
=
5
)
[
1 E
100k E
-~
~
e
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500m 1 15 25 3 35 +
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Vout [V]
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Y Vow
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a00m - \igs2 = B34mY -
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2
soom e [
wds1 = 616m
400m o
Vov = 196.9mv
200m —_——
T T T T T T T T
500m 1 15 2 2.5 3 3.5 4
de [v]
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vout [V]
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High-Swing Cascode Biasing

V.., versus R, tradeoff is very steep
- V.. > 2V, for cascode to be advantageous

* Goal: Set V., such that Vg, = kV,,
— k> 1 (typical: 1.3 ... 2)
— Important for high R,
— No penalty for moderate R

» Design for insensitivity to
— Process variations (u, C,,, Vi, 7, --.)

ox?
— Reference current |
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High-Swing Bias 1

* M, quarter size or less
= o (1/5 for high R,

Vout:

+ * Mg sets Vg; = Vpgr:
improves matching

| 5. [
» Sensitive to body-effect
mriljkﬁtlrsh . L -
l current-source cascode

+ Simple
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Rout [Ohm]

100M
0o 4 [ k=02 fast
k=025 norainal
k=03 sow
BOM H -
150mM -
oM -
100M o F
40M +
50n -
20m H
0 = 0
T T T T T T T
o 1 2 3 2 ke
vout [V] de [V]
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High-Swing Bias 2

sy 3V
T
@n 12
de =30uA de = 30ua
{
w10 H| I me I} w2
10/1 ol I 1071 Il 2071

o
o2 3
o I
o2 3
Wb

mﬁﬁk 45?”

vout

DC Analysis DC1
Device V1
sweep from 0 to 3 (200 steps)

M5 ... M10 replace
quarter size device

All devices same size

Less sensitive to
body-effect

L L

current-source — —cascode

5
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High-Swing Bias 3

M; in triode & smaller

T T All other devices same size

1z
dc=20uA dc=20ua

Sensitive to body-effect

me H| I ma mz
Al T 10/

1041 071

L

Lcurrent—source ~ cascode

Ms M3 [
mn‘j mn‘j 10/1

M=0125
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Device Sizing

O bjective :
Viss = K x Vi
Square - law :

Ips = pC,.ms %(VGSS —Vius - %)VDSS

Ipg=31C,, %(VGSG - VTH(»)Z —_ —_
4 mg = 1/3, AVy,=0V

Ips=1pe K - 1

Vass =Vass +Vpss

Vass =Vis +Vas  with Ve =V
substitute

(Vier} = mVpss + 20 + 283, Vs ms = 1/4, AVy,=0V

solve:
| K =155
Vis = mSVDSS<1 + m)

1

1 2 AV
m51+,l1+75+7,5,,b;'
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K=
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Different Device Length

2 = =2
Ok ()t - 30ua (1) & - 200
w1
I: I M6 j| 1| ma ||: M2
10/0.35 107035 -l I}.. 107035 Il 107035
li“:;,l o) H%—Hﬁ
M=500m
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High-Swing Bias 4
%v— £ £ m (‘L) (V(;;/)
®»" “ e %V, D6 = (IL) (V‘( - D.SG)VDSG
- solve.
ws | J I me I me . (W/L)
1071 off || SECYEY I 1071 V.. =V — _ th - 7
ps6 = Va1 [ m] Wi m (W/L)é
. . e.g.:
M:;nﬂsg;jg¥4 2l ot L w/L),=1/16 for Vo= Ay
Ww/L),=1/8 m=0.5
then
Dbb - O 31/4';;1 - 1 ZV“H

* Mg in triode

* Insensitive to body effect

* Large device ratios

» Need 3 reference sources (increased power dissipation)

{ l: EECS 240 / Bias Current Sources B. Boser 18




Gain Boosting

Use feedback to further increase R

— No increase of V.,
(unlike double cascode)

out

Local feedback - potential instability

Beware of doublets (slow settling)

Noise enhancement
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AL

Gain Boosting Analysis

et e

J}Vboost
ac= 1y

4)\.‘ ::::: de
= ac= 1w

J)Vw
ac= 1%

J}V:\
ac=1v

o= 1H
Mz M4
b B I: 107035 l: 100,35
fp = 10H:
1o cz
IlOpF IIUpF
Ve IF M1 I ma I ms = ¢t
0/t i__\ T= 1071 Tl 1071 Mo 1071 T to0pF
o= 1Hz

q}—

Note: C2 would not be present in an actual circuit (or smaller). It is added here to separate pole frequencies.
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out

1006

100m

100k

[ mostet

cascode
boost

oL

100m

k 100
freq [Hz]

10M

Zoar = Zooost 1 Zer

total — “boost

Doublets - slow settling

Booster bandwidth tradeoff:

push doubled above closed-
loop bandwidth

ensure stability (nondominant
pole at source of M,)
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=L
de=30uA ac =1V ac=1% ac =1V
1
de = 20uh,
Rb Rc Rx
=~ 1kOhm "~ 1kOhm =~ LkOhm
L |m|:.q: ND[SE‘ v T \:-:I::g:;;ﬂlﬂ‘ e
1pF 1pF
15y
m2 ws
[:m/nas t0/0.35
me
m/;j
e m w3 s
o= Lumz

1
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Noise Density [V/rt-Hz]

Total Noise [V rms]

Noise Summary

10n -

10p

boost

cascade

mosfet

40u 4

20u 4

cascade

mosfet

T T T T
100k 10M 16 100G
Frequency [Hz]

T
107

AL
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[V/sqri(Hz)]

Noise Detall |

10n

100p -

10f

T T
100k 100G 107

10M
freq [Hz]

current source

cascode

booster

Booster amplifier and
cascode contribute noise at
high frequency.

Actual boosters have more
transistors - additional
noise.

Some noise might be
filtered out by sampling
switch.
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Cascode Noise

cunrent source
10n R
cascode

tatal
100p

Noise from cascode usually
insignificant.

Can contribute substantially at
high frequency with lots of
(capacitive) degeneration at the
source of the cascode transistor
(poor layout).

[V/sqrt(Hz)]
5

10f

1002

T T T T T
1k 100k 16 1006 107

1M
freq [Hz]
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