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Focus on the Contents NANJING

Biasing: Constant current/Voltage generation; V < 1
-- Single branch, the simplest biasing
-- Multi-branches coupled biasing (Linear/Nonlinear CM);
L-CM for current transportation; NL-CM for current definition;
-- Dynamic property.
Current Mirror
-- Current Source/Sink for transfer, used in & out biasing
-- Cascode CM used for impedance boosting

Excellent or Ideal biasing
-- Better in matching when delivering current;

-- Stable when V,, temperatures are varied

wujin
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Ideal Biasing: Voltage/Current Source NANJING

Biasing for a MOSFET: Static I and V¢ provided circuit
- To generate a stable I,q by a fixed V¢ when located at S.R. or

- To generate a stable V¢ by a fixed I, when located at S.R.

PVT insensitivity: Process, Voltage, Temperature; Endless
V/C Reference: V/C Source with zero Temperature Coefficient
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How to generate stable biasing NANJING

For passive element, no operation point or biasing
conditions are required, but 1t’s necessary for active
devices used in analog signal processing;

However, passive element (R) can be used for set
suitable operation point for active devices, to obtain
- Current Source: high/oo output ry, low/zero output g;

- Voltage Source: low/zero output 4, high/co output g,

There 1s no possibility to obtained the stable static
biasing for active devices purely by linear passive
element, NL elements are certainly required.

wujin
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Simple Biasing: Single branch type NANJING

1. R+R type 2. R+MOS Diode 3. Diode + Diode 4. Coupled
Vee Vee T Vee T

R
i s 4w :

LV — V,
l:Ml

R2§ Ml =V, L e )

1. Simplest, both I, & V, are linear changed with V,, unfit for IC ;

2. NL resistance induced, V, varied small, but I, remain changed
quickly with V,,; widely used in IC for simplicity.

3. NL+NL resistance, both I, & V, varied with V,, seldom used;

4. V54 boost, current reduction, mixed structure of single branch.
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Basic Voltage divided Principle Review NANJING

Static V, from V. for provide V :

R 1
V, = RszRzVCC =1 R /R, Vee = Vsg  Constant needed
Interrupt AV, from AV :
12 |
AV, =—2—AV, . =—AV, Zero required
’ v+, e 1+7/r «c d

Nonlinear resistance should be introduced to separate DC R from ACrr.
For AV, =0, r;—>o (constant I) & r,—>0 (constant V) are required,
which mean that the voltage source and current source should be used
together in a single branch, in this way the fixed DC V & I can be
certainly established by variable R,/R, with V...

P
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R;+MOS Diode (r,) NANJING

If R, 1s replaced by MOS Diode, R, for DC, r, for AC, and R=r,

as = ( GS)I = 1 ~ 1

R = ;
(1/ 2)kA g, g,18&: &

W, JA)>>1 = R, >>r, DC & AC resistance for MOS
Diode 1s well separated!

Negative FB control: V. T=I.T =g T =R,,1r,+ =kt = Stable.

Ques: For single branch, how to achieve Voltage & current source

simultaneously, and where the current source coming from?
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NANIJING

R+MOS Diode Biasing for Current Mirror

Deal with the output current and gate voltage translation.

Take the reason (Input) and the results (Output) relationship.

Vee R is used to Partially requirements
1T define | ' |
Can R be . / b are satisfied!
replaced by ~ 2 x o L, -y, yp =Ll
a current e L # I, 5 bt T g
) | - 1
source ina :
single i vy —L+ L—V 2+2VCC
branch? ™ |—4| ) (le ) kR,
Current =V +A Weak related with V.
Mirror = |

Single branch biased circuit 1s poor at current stability!

wujin
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1<V transform for all NMOS & PMOS Biasing NANJING

lII'II T

If stable biased V¢ 1s generated,

MP & E’H[ Biss all it can be used to bias all other NMOS
- FLIOS : : .
e transistors in a form of Current mirror.

A

[-V-I transform:
1 Constant [, = Constant V¢ 2
= Bias al
:l - MM —> Constant [, Constant V¢p
- The first one (reason) is generated by biasing circuit

Attention: NMOS is biased by V ¢y, PMOS 1s biased by V 5¢p,
in the form of linear current mirrors.

Principle: NMOS to bias NMOS, PMOS to bias PMOS, same type

9
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Multi-Branches Biased Circuits

Two branches biased circuit:
NMOS current mirror + PMOS Current mirror coupled (biased) for each
others to obtain only one intersection point other than zero (static point).
Thus, at least one of the two CM should be given as NL CM.

Vee L/, L/,
I MI \:l P— Emzl A A
1 2 MN MN
l l
I
I3M3:||——|[M44 MP MP
> 1/ > 1/

One branch: high impedance + low impedance architecture.
If both are NL CM, two situation happen: 1) no intersection point

except original point; 2) infinite intersection points. Failed in biasing
10
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Non linear CM is enough? NANJING
l2/ls /14
A A ‘i
MN A MN/D
MP
MP
> 1, > 1,/

Only one 1ntersection point A except O(0,0) 1s required.

It’s unnecessary to introduce two NL CM (keep one L-CM)

L-CM: current transportation; NL-CM: current definition.

wujin
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Nonlinear CM by different Vg NANJING
| NL CM
Peaking
CM * Two branch I, I;
* Iy=l, defined by L-CM; ~ m; ;=1
I
{ Lo * Se:Soi=N, >
¢ AVBE:VBEQl'VBEQZZVRI;
2 e Iy, ,=AVy/R
Q12 A Ve N=m, N, ,
I Vigo =VyIn(l, /1)
1 ol SQZ
AVig o100 = Vr ln([_S_) =V, In(m_,N, )=V, InN
02 Lol
V., AV, V.
Iy =1,,= RR = RBE = RT InN V¢ unrelated!

1 1 1
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Nonlinear CM by different Vg NANJING
Peaking CM, similar as J = Vi Vc;51 — Vs ~ AMI — Ay
BJT typed circutt. ! R,
A A(AMI 2 _ F JT
@
g R * I H = IQ’ /k N2 1
Q

5
H [ H [ o z)‘Rf“()
2(\N -1)°

~ V.~ unrelated.
‘o k -N-R ¢

Ques: Is I, really completely unrelated with V.., why? How to improving?.

13
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Widlar NL CM, another AV g or AV NANJING

VCC . VCC
Small current generation T

1 § Rl I
$ o N * ¢
K‘ Current definition R,

1s located at emitter \
Q, o Q, M, |_ M,

or source of N-typed
N device to configure % R,

NL CM.

Bulk effect

Relation between two branches
I = AVBE,Ql—Qz

¢ R
2 determining AV or V.

: : . AV,
current is actually importantin =~ 7, = G;%M 1-M2
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° [ 6)
Nonlinear Return Back to Linear NANJING

\Y Nonlinear — Linear

R, at emitter is used to set

equal or balanced Vg for

IC3 IC4 .
returning back as L-CM.
Q, * * Ri1 used to define current
Q
Q

relationship, not the current

Q, j - value.
Emitter areas of each Qi

S Vi R R, . .

should be in proportion as

=4 current ratio defined.

Complicated in dimension arrangement

wujin
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Location of R and dimension of NL-CM

NANIJING
Vee If R located below M3 at source,
M, Pi—cl M, S0 Vis3<Vasmas
[ I If I,=1, defined by PMOS L-CM;
l \L SO (W/L)yp5:(W/L), =N>1
L. I, Current dynamic: first (from 0)
M ] I I M, negative FB, Later positive FB.
g R M:1 So, static current can not be
I setup and stable.
il

R should be located under M4 (at source), opposite with
the M3 diode transistor, and (W/L),,:(W/L),;=N>1.

16
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Two branch of coupled Self-Biasing: AVg/R
NANJING

NL-CM is monotonous type:

output current 1s increased with increasing of input current

N |JQ4 |J '
. m w1

|)* Io2

2

Q1 QS
AN

BJT Version 2 CMOS Version

. =N>
Se.q2* Seqr TN>1 AVge 2 AV (WL & S.)

17
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AV, /R provided by Parasitic PNP transistors
NANJING

Ve In N-Well CMOS, there are no
M, |:)7—C| M, lateral NPN transistors, only
L I, vertical parasitic PNP transistors
\L l, existed (P+ S,D/N-well/P-sub)
I L
M. I I _ M, I,=I, defined by PMOS L-CM
w w
R (f)M3 = (f)M4 — VS,M3 — VS,M4
D, j—‘ 1'M D, I, = Ve _ AVBE,Ql—Qz _ Vi In M
R R R

If D1 & D2 removed? Or if only D2 removed?

wujin
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NANIJING

Two branch coupled Self-Biasing: AV (/R

MOS monotonous NL-CM MOS Peaking NL-CM

\Y \Y

CcC

T I Ry (I
I y Vo Vi lny I vy

| | 2] _ | I
| | | M 1| M J+ ?
MS

CcC

Ques: Is the current the same when NL-CM operated under S.I. and W.1.?

Voltage positive FB Loop gain >17? "

wujin
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Nonlinear CM of Vg/R type NANJING
Vee Vs .m3 18 not always equal to Vg
M, Fi_cl M, when I, and I, changed, so M3 and
I, I M4 service as NL-CM in general.
\I/ \L Only in equivalent statue when
I; L I,=1, defined by PMOS L-CM
374 ;
M 4' M :
: :I I_ l: ) Vs mz=Vsmq 18 generated by
(W/L)y;35=(W/L)py, thus

_ VS,M4 VS,M3 _ VBE

N,

L '"* R R R

Where R should be located? Large current by [ — AV 7 V
Positive feedback? Why? R R

20
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Other Way in define Vg/R or V¢/R NANJING

The setting of V=V or V=V 1s changed from virtual

short-circuit to physic direct short connection.
Vv Vee =Vasi —Vaso

cc Vee 1,(MOS) = ~<—<
1 1

I * R, * b L * § R, J * L, Ve =20V, +4)
Rl
Q2 41 " — VGS]

Q, u #_ 1, R

Ve +A
R

? R, ? R, Two resistor define two
branches current

~y/
~

2 2

If R, 1s replaced by PMOS L-CM to set I =I and

if currents are small to give A=0, then [ =V ,/R..

21
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How to combined with PMOS L-CM?

CC VCC

‘?XZ“O——GH: M1:l|0——c|l: o A==,/ 11y)

l r03_D0wn = R(l B A)gm3rds3
M3

| > | Break at x, two stage
:l | M4 :l —x negative FB to make
V, stable. AC short

effect to make r, small

= = in down direction.
Left PMOS in diode is wrong: left side all in low
impedance and right all in high impedance;
Right PMOS in diode is correct: every side or branch is
coupled by low + high impedance.

22
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Completed Vg /R & V¢/R Circuits NANJING
BJT Vge/R CMOS V¢/R including Start up
VCC
YEPEPA =
Q-*/I | | Ma o w || o
I0]
| \|+ g IIN+ | +IO +
IN | M, + I,

v e | ‘ | | | MO
@ M 1 .

= | «—  Startup — | Start up: pull down

| ' PMOS gate voltage

23
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Start up Circuit

NANIJING
Vee Start up:
é R3 M, 1. Effective during
M, |C V| ﬂ| M power on transient;
2. Low power or zero
M, |__‘ | M | — v static current
i — | [ M 3. Reliability, multi-
M, I R2 times start up needed
| - § 4. Do not interrupt
biasing circuit in
normal operation
| <4— Start-up —>| St . G
| | art up: pull up NMOS gate voltage
-V Current consumption of start up circuit is large due to

R+MOS diode biasing branch in start up circuit.
Using Capacitor start up circuit

24
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Level Shift, Change between V/R & AV/R

NANIJING
M5 Di(?de added to drop down Different in NL-CM definition
the drain voltage of M3 Change from V/R = AV/R
Vee Vee @ Vec Vee
M]:IF__Ci—Mz M':]F__c{_mz M]:]P__qlzml M'jP__cl_Mz
] dv ] dv dv
- L - | 5 f ] | B 5
dv, 4' | My Ms | I___| | M, dv: M Mo ‘_dVH Y
qv dV, dV; dVv,
1 - |
M; | M, |—— M; IIRY? M; ] [ ™,
5 5 : 3
L il 4 il

What happens when resistor R 1s replaced by a MOS diode (AC:1/g, )?
Nonlinear CM 1n definition branch current is disappeared! Another R!

25
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NANIJING

Dynamic Property in view of Voltage FB

Ve Break at x-x’, two gain stages consist of positive FB

MI j Pi_q l: ME A . gm4,eﬁ’ gml . gm4,eﬁ _ 1 gm4

loop ~ -

ng gm?) gm3 1_|_g-m4]€ gm3

Initial, both g_;,g_, are ultra small, but g _,/g_->>1,
So positive FB with loop gain A, __>1, Start up!

it
M; | — —{l; M,
7 < ? R When current is larger enough, g_,R>1 to decrease

the positive loop gain, when A, =1 the static
1 voltages and currents are finally established.

loop

Latch?
I v
If R located with M3 Ay, =22 g, (—+R)=(1+g,,R) =2t 2 INV!
m2 m3 m3
[nitial: g, /g, ,<<1, A, <1, no possibility to start up.
26
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Dynamic Property by multi-FB loop NANJING
Ve  Break at x-x’, two FB loop forms, one 1s positive,
x-dV-dV,) the other one 1s negative (x-dV,-dV
Mlj‘: _CII:M: ( 2) | w g ( -dV,)
Loop gain and variation with the statues?
dv

« Initial, positive loop gain is stronger than that
dV, " “| l: My negative loop gain, net positive gain is larger than

dv, | to start-up.
M. :“ Later, when current i1s larger enough, negative
R loop gain is larger thgn that of positive loop gain,
to get stable static point.

= Comparison of single & multi-FB Loop?

Time varying and nonlinear are critical in self-biased circuit start up analysis.

P-FB with gain>1 for startup; P-FB with gian=1 or N-FB for stable

27
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Application & Improvement NANJING

Application of the Biasing circuit > Current Mirror
Improvement of Current Mirror

Improved CM returned back to improve biasing circuit.

Main aspects that can be improved for CM

Matching of the different branch current: voltage match;
High PSRR of biasing current: high impedance output;

Low power, Low voltage or wide Voltage swing.

28
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NANIJING

Mismatch in Conventional L-CM

Unmatched current by unmatched V¢!

[DS2 ~ (W/L)z X 1—|_ﬂ“2I/DS2
CD I, \ Vi3 I, W/L), 1+AV

* ID2 * ID3
Vo Absolute capability improve:

| | | "3 r,—0 by A,=A,=0;
| Ve | M2 | Matching improve:
limited r,, or A,=A,>0

How to set the same Vo in CM? Cascode! Effective r, 1s improved!

29
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Resistance improve & Gm degradation NANJING
-, Equivalent circuit analysis
AVj y AL N
g Vy AVy =AI><R:—AVgS
VG _| M2 > § Io2
y Al =—-g,, AV, +(AV, -AV,)/r,,
AV, Vy
R R o= AV, :RAVX =R+r,+(g,,,)R
AV, /R AV,

: CG gain effect: current remain but voltage boost
Function of source

resistance R?

oV
G,, degradation G, = Olps O =g l7g, __ &m
ov, oV, /g, +R 1+g R

30
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Simple Cascode Current Mirror NANJING

—_ v less Swing  Vbs matching of M1 & M3

GD [l:f | 3 V,=V, under I. =I_ & (W/L),,=(W/L),,
Vi Resistance boosting
M, I I M2 v.=r,+r,+g ,r,r,
va Reductionto  'o1 =0=7, =7
" | | SimpleCM =0 = 7, =71,

| MI
: R=r, M3, M4, Ml is certainly and M2 should be
stay at Saturation region.

‘lh"r

Current transfer accurate is significantly improved!

31
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Multi-Layer Cascode for more impedance boosting

NANIJING
r =g 1), Win in output swing
S / T (8ol as1 \ r
l . Vg — N AV g > (1+A)g, ,

A l:M2

+V (I+A)V.

g (11A)g, g Ty
GmZIAgm2
I'o:(gm3rds3)(gm2rd52)rds1 I'o:(}mrds2rdsl
:(Ang)rds2rds 1 :(GmrdSZ )rds 1 :Angrds2rds 1

For multi-layer cascode output impedance boost 1s achieved at lost
of output swing, so regulated cascode is better in saving output
swing, but current consumption is significantly increased.

32

wujin




SE:

High-Swing Cascode CM - 1 NANJING
Ignore bulk effect W/L and overdrive relations
Vec M1=M2; M3=M4.
CVD IIN <V> IIN VO A3%A4:A; ASmin:2A
I
J * 2A: one for M4 A,, the other
% i i i M2 for Vg;= A, M3, M1 located
N vy v, } M ]l v, at boundary of L/S region.
M, ’—Vl——< M1 If driving currents are the same
W/ Lys Ay o 1
(W/L)M4 A5,min 4

If bulk effect of M2/M4 considered, then (7 /L), . < %(W/L)m for more

saturation margin, but lost in output swing V.

swing ,max

~Vee =20, =24,
33
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High-Swing Cascode CM -2 NANJING
T Vec Ignore bulk W/L and overdrive voltage relation
G) v effect M3=M1: M4=M2, M3=M4
IO A3zA4:A,
R J + VR: VR,minNVR,max?
Viss =Vo =V, =V, =V =V, 2 A
M4
Vs M2
v, 4 VA Vosa =Vi=Vpss =V + A=V 2 A
M3 V. Mi ALV, <V, = R. <R<R__

Rmin :A/Im9 Rmax :VTH/R

Process shift will resulting in a much large variation in R, margin and

Swing reduced. Less input swing.
34
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Sooch Cascode CM: MOS Linear Transistor

SE:

NANIJING

(W/L) ~(W/L)/4
A =2A

L. =1 . All saturated except M5
A under (W/L) as reference

= Vy=V,, +2A; V,=A

Vi=V., +A V=V, =A
V.=V, +2A

3 TH V3—V1:A
V, =2V, +3A
V. .. =2A

o(min)

Vo,mm) =V, +A=2V_ +4A

Minimal V, at least V¢ Increased

35
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Cascode used in Self-Biasing Circuits NANIING
VCC
ap
1 d 4= Vi,
il ;FL ISP
! :l —| r j1 | Van
Start up: - b
inject current S2 | 83
to charge the
gate voltage | a ]
including - © 3b :l — 4b 6I I Vi
cascode ) :“ :|| | v.
transistor. 3 %4
RO

Both current generation and transportation accuracy are well
improved! But more difficult in start up due to cascode structures.

36
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Cascode Biasing Voltage Generation

NANIJING
-T- VDD
LI I‘J MP6 I|‘J v
MP5 >
—! I mess1 Lyt T mpo BIAS P
|
| [ _||1“JAP
MP7 ] {|_Mps | ] T
1 ] mpse2 || » |
1 —| — wrio CASC P
—p
G) IB_OP MPB3 | |—<
J MN11B4
| —
I > MPSB4_ I—o
0—| MN11B3
V -
bb . MN]zll OVI_CM
| I— o—l _»MNIIBZ (= M3
MN]0<_I I_i/m” | MN g | . > VCASCfN
>—| MN11B1
— | J > (= M2 MN 14
MN8 14
r_l I..lMN9 I..l |I% > BIAS N

_I—_ Gnd

Using basing current to generate Cascode voltage
37
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Three branch coupled biasing

NANIJING

VCC

SC2 |

J—‘

>l [f Mass
— [: Mg; :] b—— :] |c 4 [:MB4
! Mg Mpg;3
i{: M M -
—' [:Ms4 :] '__ Iﬁ
Mgs Mg Mg,
| Meo g
__‘ [: M, lj___LI 0
PNP; PNP;

i

F@sz

Obvious change in impedance driving : Low (CM) = high (Gain)

38
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Three branch coupled biasing with Cascode ., ¢

Vee
1

:] kf d= Jd g Vm

T T T

Mg :])D_‘ Y6 Mg Mg;3 Mg6
+ 4 e
v
— [MS] :] b Mg Mg Mgi4 M7 »
LO( [: Mg
SC2 | E[MSZ Mgy

Mais 1= Vi

—{ [:MS4 :] }_ [: Mg, :] [: .

Mgg Ll\/[Bg R MBI MBZ MBI(’Z]

—[Ms; - ° =

L Mis Vo
PNPQ—‘ ’—[ PNP, PNP, ]—‘ ’—[ PNP,
!
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Summary NANJING

Relation between CM & Biasing;
Single branch R+R, R+MOS diode typed biasing;
Two branches coupled Self biasing:

NL-CM + L-CM Coupled (horizon);
Low + High impedance coupled (Vertical)
V/R & AV/R current definition and NL induced.

Multi-branched coupled, high impedance driving.
Start up problem: Time variable and NL effects.
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Break

End of Unit 2
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