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Current and Voltage Reference

J Reference Vs Source

- Reference is more precise and stable than source.
- Source must be capable of driving Load.

- Reference is more complex

O Properties
- Independent of PVT (Process-Voltage-Temperature) variation
- Independent of output Voltage or Current
- Independent of Noise and other Interference

- Easy to design / tune
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Power Supply Dependency

J How to characterize ?

Sensitivity : SIREF JIREFIIREF VDD (JIRE
Vpp =~ 9VDD/VDD ~ IREF\9VDD

Power supply Dependence :

AREF ( IREF) Vpp
IRer = \PVpp) VDD

O So the fractional change in the reference current is equal to the

sensitivity times fractional change in the supply voltage

O Ideally this sensitivity to be zero for Power Supply Independence
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Need of Current Reference

0 Required in different places in IC, e.g.- Op-amp, Comparator,
Oscillator etc.

O Generate one current reference and used in multiple places by
current mirror principle.

O Saves area and power.
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Some Crude Current References
— £ Jorif=nd*T
Il R, 4{ ]:l <> l
|
) w o e l

O Problems-
(i) Not independent of VDD, Resistor should be accurate.
(i) Need reference voltage V, difficult to control current — strong function
of Vgs, more sensitive to Process variation.
(iii) Need Stable I. Easy to adjust current, less sensitive to Process variation
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Resistance Biasing

Vop
J = Voo W,
o l W
Iper l%ﬂ i 1, o+ A’ i
' + AJ — A VDD Wz
| s 7, TR L W
/ mrl
M1 | = M2 "0 , &
< Vg e REF
_ - =1
SVDD

d I, — much sensitive to V,

d How to make it less sensitive to V, ?
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Threshold Referenced Current Reference

; 201N
E= I Vas1 YT+ \KTWiL)
auUT = Ry = R
IIn l % R l lour FTE ’
II: M2 r::sT2 if V= Vo

fﬂr_r

lour
~ Voo

0.
=711

| Vownt
lourhz) *

1

17 =0.045

Mgy
VoD

‘Vownt )

—12Vgs1|

The sensitivity of I with respect to Vpp is

Iy
S ‘DD

Irn
For example, if Vy= 1V, Vgy; =0.1Vand S Voo

= |, then

O Supply dependency much less
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Self Biasing Threshold Current Reference |

IR i . 2
UDD 1’] _ f(\j’ﬂ {VGS]_ ‘LT)
j i
Ry M3 = [ ms o
M4 esire
/ l / l% operating
ML - point N\, [ f,~GsI
I M2 | Iof----=-mm=- >"R
| A
| -
- | . M6 Undesired
M3 M1 jl—.||. |: operating

Startup 0V

214
It M3 = M4, then I =~ . However, the MI-R loop gives Vgs1 = V7 + \/KN’( W1/Ly)

. . Vst Vo (1 21
Solving these two equations gives Ip =" ="p +(§J KN (W{/Ly)

%a] 1 1 2V 1
The output current, /s = I} =12 canbe solved as Iyr= R +/31R2 R AIR T (B1R)2

d Two current level supported, need a start-up circuit
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Self Biasing Current Reference li

VDD
(W-"'L)p:| |:K{1x,r_..-1,) Q I is bootstrapped to |,
M4| | M3 P
Qo= Klgee
IRE'F l IG'
Q Supply dependent
| |
(W/L),_ Vo K(W/L),

Q If all the transistors are in saturation the circuit can support any
current!!!

Jd Then how to fix the current ?
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Self Biasing Current Reference Il

* Vop . From the circuit,
> = IgRy + Va5 = Vs,
M4 53 Is [ 57 [ T
B l = IRy + Vg + l+=me.2+ e
2 S | w 7 o (7
1y C | —
\/ § \ "L, \ L,
M2 . . .
| | By neglecting the body effect, Vi, =V, and the above equation 1s rewritten as
Iy :| | I_T\fl | [
1:M 21 21 ( )
QJ = IBRB - | 3 — — | B l.ikssmrdng IB?{U ‘
! | w | | W )

| 1y Co | — | 14y C
Rs M \L ) \ '\Lfl

o BNl
= Iy = ' : ,,-'1_j_

2 L (W 2 c E ]
RE G ), | \ | —_ | E “Hyl o W
which 15 independent of Vpp.

d Current uniquely defined

-2

d Supply Independent

d Temperature Dependent
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Self Biasing Current Reference Il

| e e
— 1:M

Rz ; ;
B ¢ Twea stahle reference curreni paini- rere cumeni

& finite IB current

O Two meeting points — two stable reference current — zero and finite Ig
How to fix ?
O Slope more — more stable
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Self Biasing Current Reference Il - Startup

4|‘J it [ |'_T ['[

: o E o

-l—| 1:M l
Vinv=Ix * RI Where 0 < Ix = [z
-
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Stability and Feedback

O Break the loop and find loop

\.
IS 4uut j IB
v o gain and polarity
[IS :l I —s —||_T,£1 0 What type of feedback it is ?
/
Vin
1: M
Ry
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Loop Gain of the positive feedback

gm1 1 |
A, = = £ £ T4 k
l+om*Re gms ° T2
21 *C[H}
m— .. Ly ax]l ——
g D 7
gm3 = Imd gml = gmlm

ltgmRedM gn 1+gms RefM

2\/§—12

1
T
it

M>1 A<l
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operating

[T, - A
% EM" :II IE 5 I b Desired
1

1, I, l point \4
M N
J——
+ Undesired
Vem + operating
5 M?jl : '— R%V point _
S Sartop ! >l
L
c : ) Q Parasitic bipolar devices in

CMOS process

d pnp for p-substrate, npn for
n-substrate

The p-substrate, connected to most negative potential (Gnd) acts
as a collector whereas n-well and p* region act as base & emitter
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Voltage Reference: Applications & Properties @

B

d Applications:

m Error amplifier, comparator, A/D and D/A
converters.

d Properties :
= Independent of PVT.
m Low area.
m Easy to design / tune.
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Some Crude Voltage References

7 ‘.‘1";
Vbbb bD
% R, I—{I'__M 2
5 - o
- L{ b
R Ry
% EVREF VRE.F
Resistor voltage divider. Active device voltage divider.
, VDD
VDD
R
R lll:t'-'“r
O
+
+
VeEF VREF

MOSFET - Resistance Voltage reference
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Temperature Independent Reference

O Concept : Generate the reference by combining two voltages of
Which one has negative temperature coefficient and the other one
has a positive temperature coefficient

Vier =0V, + o,V

oV, o,
If —Ll——ye d —==+ve
e ve an o7
o %+a 4z =0
So that 1 5T 2 AT
Candidate :

d Vg of BJT/Diode or V;,of MOSFET for - ve temp. coefficient
d AVg. between two different Vs or resistors for + ve temp.
coefficient
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Band-gap Reference

VIO I
Vee
» T

+
Vee

o VFrer= Ve + M=FT

Fr Generator A

VT

/ AM=17.2
+0.085mV/K

> I

O Why it is called Band gap reference ?
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L]

Negative TC Voltage

I - —F ALY,
® [.=1exp I;‘E and [ e T exp{ ﬂf ] Ve
r -1.5mV/K
I._F \
L LSE = FTIH fj . T
& WV e — Ve —(4+ M)V, -V, = i
-r_'_} T constant 7 T ’ o +
) dV _ Vee _
with I, = 800m F"]—;*E =—15mV /" K@T =300K ——
i
@ i—Tﬁf 18 dependent on V,, For different V,, Temperature dependancy will be-
-
Vee I
;fﬂl_’r—
!1_21{ When VEE 1s 1.2V then, TC=0. But, What is the problem?
|
|
\,Lmr\
lo g
I

» I
300K
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Positive TC Voltage

AVBE — VBEl — VBEz

nl, 1,

+ - IS ]S
AV g kT

=+0.087Inn mV/°K
d So AVg is a PTAT (Proportional To Absolute Temperature) source

1, ® @, O Practical implementation

I by realizing 1 unit transistor

AV M \ for Q1 and n unit transistors

{Q Q} g (% in parallel for Q2 and forcing
l i J' l ... 71 equalcurrentl,

Advanced VLSI Design Lab, lIT KGP 21



Band gap Ref-Implementation

7
IREJ’:

=V, +a,V,

Choose V,= Vgzand V, = AVy, a;,=1 and o, =1
Verr =Vge + V7 In(n)

Since dVyp/dT = -1.5mV/°K | Choose » such that

0.087In(n) =1.5=In(n) =172 = n=30749347

For Vgz=0.75V and T=300°K, Vppp =1.19V

Note: Vg can also be expressed as

Verr ® —+ (4+m)V;,
q
Q IfT— 0, Vger — Eg/q, Therefore BGR
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Band gap Ref-Implementation |

.| 7 rd ]
Suppose that V,, and V,, are made
equal by some external means

e 1, Then,
| Vor Vo - VBEI _ RIQ+ VBEE
=R RI, =V, - Vg, = Vilnn
-
01 Q2 : ‘ Vor=Vge, + Vnn
A l l nA which 1s the required reference

Need a mechanism for V,;, =V,

Q1 is unit transistor with area A o _
O2 has n unit transistors in parallel 171 =17.2 results i mmpractical n and

The current in one unit of Q2 is I,/n hence should some how scaled properly
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J The OPAMP forces V=V,
S V... =T
R=> R,=R, =R, Vs - Ve, = Vlnn
i o . .
- This results 1 a current
. through the right branch
A I,.= V. Inn/R
p rR3= Vr 3
‘_}R% Vrlnm
P’{]:FBE2+ z (Rj +R3)
3
L’: Ql Q2 'J% (R
N/ —Vorr = Vo + ]
_a.’% l l Vo VR.':‘._E‘ VB_L‘.E V_'LT lI] }'?: 1 R3 l

If R2/R3 = 10, then n=5

d The Op-amp output V, is the desired reference voltage
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Different feed backs

. R3 +l/gm2 . l/gml
ﬂn_R2+R3+l/gm2 ﬁp_Rl-l-l/gml
. . Ic . lIl(N)
gml — gm2 — VT = R

_ 1+ R3=* m2 _ 1+ 11’1(4"\'?)
(Ri+ R3)gm+1 18.2

_ 1 _ 1
1+ R * Iml 18.2 —lﬂ(}\/r)

O For stable operation Bn must be greater than Bp ; negative feedback
should dominate positive feedback

Advanced VLSI Design Lab, lIT KGP 25



Band gap ref: Implementation Il

Voo

L 4 L
M2 M1 | M3
I | |
I | |
|
M6 I * I Ly I MS
Fref
'[ o—
MS }—.—{ M4 Il
.‘_
lf I R; R:;
v = =

_VrIn(N)

1

Virer = Vaes+ Vs lIl(N) * &

1
O For temp. independence

&*111(]\7):'17.2

1

I PTAT Current

Q Design Steps:
= Choose N=8.
* Fix R1 based on current budget.
= Calculate R2.
= Size all transistors.
» Simulate and tune R1 and R2

ratio slightly to get temp
compensated Vref.
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Band gap reference: Results

(1) Tempco at Vpp = 3.3V

Awantoves 2001.4.2 (20020305) —|O) =
Dezign PFarel: “WwWindow Megsre Conliguration Tools  Help

Ao | 8 B | 2l 2| .l 2| ¢

[ezeue [ ]

O 000w ot 5] _I

(2) Supply-voltage dependence

=101 =]
Oezign  Paral: wWindow  Meszss LConligwalion Toolz Halp

| o] | o Bl 2] 2l v 2l 2] e

ETERTE

O 0z so - fur ]

1 i (]
1 =]

Termparatuna [in] [DEG_
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PTAT Current Reference from Band gap
voltage reference

- i
=T
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Temperature Independent Current Reference

Vb

VOUT — VBE + xVT |T'I n

24 Qo Qs }
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Current reference generated from voltage
reference

VI

p :
/ I= M

WVoltage reference

F

gl

Eesiztor can be modeled
R(T)=R({T,)-\+ k(T -T)+ k(T -7, | ~R(T,)-[1+k(T-T,)]

Material n-well poly p-diffusion n-diffusion high-R poly
ki 6.60 x 10°K" | 0.75 x 10°K" | 1.80 x 10°K' | 1.65 x 10°K " | -1.05 x 107K

!

Lesser Temp co.
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LAB Assignments

O Design a 100uA current reference (Current Reference ll).

 Design a band-gap reference which consumes 100uA
current. Get a temperature compensated voltage at 27°C

(Band gap Implementation- Il).

Advanced VLSI Design Lab, lIT KGP 31



Q& A
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Thank U!
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