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1. General Considerations

Current Mirrors

1 w
Ippr = E.uncox(VGS' VTN)Z' (T)R

1 w
loyr1 = Eﬂncox(VGS' VTN)Z-(?)OUTl

W
(T) OUTN

D

lourn = IREF
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| Desirable Specs for Izge

1. Independent of Temp
2. Independent of Process variation

3. Independent of VDD

Circuit requirement could be
1. Constant GM

2. Proportional to Absolute Temperature



2. Constant Current Sources

Current mirror biasing using a resistor

1 W
Irer = S HnCox(Ves- Vrn)?. (T)R

1 w
Ippr = E.uncox(VDD' IrgrR — VTN)Z- (I)R
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UnCox2(Vpp- IrgrR — V). (_) (1- R&REF)

w
Em = Ha Cox( I] Ves=Vr)

81 REF)

51REF
Im1(1-R 5V or

6Vpp

5IREF
SVDD (gml + R) — gml

Im1AVpp
Al =
REF g1 + R

A = Avpp (/D)2
out 1"'R/gml (W/L)l




2. Constant Current Sources

Supply-Independent Biasing

w Ma M3|1J v::/)
(T)P I—D‘K(T)P

w, | w
(TIn .:E-IM1 MizLj:.K (TN

1 w
Ippr = E.unCox(VGSl' VTN)Z- (f)1

1 w
loyr = E.uncox(VGSf VTN)Z- (f)z

loyr = K Iggp

Parameter | NMOSFETS | PMOSFETS | Units
Vrmo 0.5 -0.5 V
uC,y 200 100 wA/V?
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(W/L),= 1 (W/L),= 10
(WI/L),= 2 (W/L),= 20

Case 1 Vp= 1.8V,

From M{Ip Eqn: Ipgr = 10 uA = %200/,1 (Vegq- 0.5)%1
Vo = 0.82 V

loyr = K Iggr = 100 uA
From My Iy Eqn: Iy = 100 pA = ~100p (1.8 — Vgz- 0.5)220
Ve3=0.98V = Vps,

Vo2=0.82 —0.5=0.32V i.e M, in saturation

Vsp=1.8 —0.82 = 098V

Vypa=0.32 M, in saturation
Case 2 V=16V,

Ve3=0.78 V M, in saturation



2. Constant Current Sources

Supply-Independent Biasing

> Y Vbp
|4—ﬂ1{’((¥)r’

IREF -

IOUT —

loyr = K Iggr

Ik (%)
ol L

1 w
- UnCox(Vis1- Vrn)“. (f)1

1 4
E.uncox(VGSf Vrn)?. (f)z

Parameter | NMOSFETS | PMOSFETS Units
Vruo 0.5 -0.5 V
uC,y 200 100 wA/V?
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(W/L),= 1 (W/L),= 10
(W/L),= 2 (W/L),= 20

Case 3 Vpp=1.8V,

From My Iy Equt Ipge = 20 pA = ~200p (Vgs;- 0.5)21
VGSlz 095 V
From My Ip Eqn: I3 = 200 uA = %100/,1 (1.8 — Vi3- 0.5)220
VG3= 085 V = VDSZ

Vyp2=0.95—0.5=0.45V i.e M, in saturation

Vsp=1.8 —0.82 = 098V

Vypa=0.32 M, in saturation

Case 4 V=16V,
Ve3=0.75V M, in saturation
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Addition of Rg to define the currents

Ma - VDD Since M3 and M4 are identical [, = Izgr
(*F)e L:lk—-—||: (W . .
Irer . \/uncox v Y = \/uncaxK?;V/L)N Ve o Lou s
Y lout
(%)N_E'I II: K(¥)N o1 |
B M%Rs \/uncox(W/mN (1 - ﬁ) = LouRs

L 2 1 (1 1)2
o nCox(W/L) N R§ \/E

The current 1s independent of the supply voltage but still a function of process and temperature.



2. Constant Current Sources

o

"
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Addition of start-up device to the circuit

M;provides a current path from V, through M; and M, to
ground upon start-up.

Vrar + Vewas + |Vreus|l < Vpp

Latter.to.ensure that My remains off after start-up.

Ves1 + Vras + 1 Vessl > Vobp
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Negative-TC Voltage

For a bipolar device
Ic = Isexp(Vee/ Vr)

Is = bT* ™ exp kTg saturation current

E, ~ 1.12 eV is the bandgap energy of silicon.
VT = kT/q.

-
Ic approximately doubles for every 10°C rise “BE
in temperature Effect of temperature on the ic—vee
Ve = VprIn(Ie / I) characteristic. At a constant emitter current

(broken line), Ve changes by —2 mV/°C.

dVpE _ JIVr In Ic _ Vrdls Ref: Sedra Smith

aT aT I I¢ 0T
With Ver =~ 750 mV and T = 300 K
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3. Temperature-Independent References

Positive-TC Voltage Generation of PTAT voltage.
v AVpg = Vge1 — VBE2
DD
Vrln 20 _ 1 20
= n— — E—
nlo (¥) Or " T I,
= VT Inn
+ —
$——CAVggo—1¢ Positive-TC Voltage
Q; Q5 Vi =kT/q
K=1.380649 x 1023 m? kg s? K
= = Q=1.60217663 x 10*° coulombs
PTAT : Proportional To Absolute Temperature dVr /0T ~ +0.087 mV/K,
0AVpr k
= —Inn
aT q

we have In n = 17.2 and hence n = 2.95 x 107!! We can have TC of +1.5 mV/K so as to cancel the TC of the
base-emitter voltage at 7= 300 K
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3. Temperature-Independent References

Positive-TC Voltage

nlo C*) C*) lo nly I

AVpgrp = VrIn— — Vrln —
Ig mlg

01 02 oo
Is mls | Temperature coefficient = (k /gq) In(nm)

10
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Band gap Reference

Assuming V5, =V,

Veer = RI + VpEga

RI = VBEI — VBEQ = VT Inn

Vbp
Vo2 = Vg2 + Vrinn C* / C* f
V, 1s a temperature-independent reference if lnn = 17.2
¢+— Vo1 Vo2
Veer = Vpe +17.2Vy ~ 125N R

—9
-+ A + nA
VBer @4 VBe2 Q-

11



3. Temperature-Independent References

Band gap Reference

Assuming V5, =V, C
v)I

Veer = RI + Vpga
RI = VBEI — VBE2 = VT Inn.

Vo2 = Veea + VrInn

Vo: 1s a temperature-independent reference if In n = 17.2

- L
Three Issues

VBe1 Q1

1. Guarantee that V,, =V, —
2. Inn=17.2 translates to a prohibitively large n
3. Vg, = Vgl =800 mV whereas,
For temperature independence, we must have Vi, = Vg, +17.2V, = 125V

—
- L
VBe2 Q5

Ol
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Vbp
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3. Temperature-Independent References

Band gap Reference

Voi= Vo
/- Vr In(n)
— ,
Vout = Yrin(nfy VrIn (n) + Vgg,

Vout = VrIn (n) (1+ g—z )+ Vpgo

(1 + Ry/R3y)Inn ~ 17.2.

we may choose n =31 and R2/R3 = 4.
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. 4
R1= R>=
Y
Xe
+ V
R:= Vrinn _%”t
I § =
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Band gap Reference

L
Ri=R= = R, =mR
Ri= R2=
YQ——A
Y + - 0 Xe +O__+1 +
X. O + VDS Vnut
¥/ V,
RB% oS

R3
out
i I 1 I 2
Q4 Q, < Q2 A Qa nA
N[N v
4 A Q3 j-nA

V., ~2x125V =25V
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Band gap Reference

VRer A VREF A
: —
=
To T T
Curvature in temperature dependence of a Variation of the zero-TC temperature for
bandgap voltage different samples.

15
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3. Temperature-Independent References

Band gap Reference

v » I v —I—
M s
= - - . - " " k
pe- M= M2 |\, a B M —
o — = A |—| |_| — — " e M =M,
N Irefl IrefZ Me fe> '& M.
] = P'j
START UP é

Vout
_

- T Y
Bandgap reference circuit Op-amp used in bandgap

reference circuit

16
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3. Temperature-Independent References VAR sanjayvidhyadharan.in

Band gap Reference

T — R o
LT
Vopp 1.8V
:
>
Start np'signal
3
>
Band gap reference voltage 1.27V
e
>
L] »n 1 o m pA] 1=
L
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Linear regulator circuit

18
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3. Temperature-Independent References

Realization of a pnp bipolar transistor in CMOS technology

p-substrate

19



4. PTAT Current Generation VR sanjayvidhyadharan.in
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Vpbp
M3 :" H: ||:
My
PTAT
Y Current
=R
Q4 Q-
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= s 1 (- )
T 1, Cox(W/L)y R VK
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Thankyou
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