Current and Voltage References
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Sensitivity and temperature coetficient

o The sensitivity of a parameter y to a second one x is defined as
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e The variation of a parameter y that results from changes in temperature is usually
characterized by its fractional temperature coefficient, which is defined as the
fractional change per degree centigrade change in temperature.
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Temperature dependence

Temperature dependence of PN junctions:
1= IgcxpL?DI Al

':-VGO." l—
IS=KT32xpl 2 ] | >

dvBE VBE- VGO
dT = T

= dJT

dinly) 3 Vgo
=T TTV,

VGo
= TV;

= -2mV/°C at room temperature

(Veo = 1.205 V at room temperature and is called the bandgap voltage)
Temperature dependence of MOSFET in strong inversion:

dvgs dVt 2L d| [iD
dT = dT T \/WCqx ﬁ{ ,uc.._]
to = KT

VT(T) = V1(To) - a(T-To)
Resistors:
(1/R)dR/dT) ppm/°C
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Simple current source
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Widlar current source
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Threshold referenced current source

Circuit: Vbop
IIn l R lfOUT
Operation: 'l: 2
211N ;D]l |
Vesi VT+ \VK(Wi/Ly) |
lour="F, = 2 mi_||
Vr
~R, if Vr> Voni % R>
The sensitivity of /oyt with respect to VDD 18
SIOLT |V()—N S”.-"\f ‘Vont ] S N _Fig. 360-1
Vpp ~— UoutR2) P vpp T12Vgsi| VDD
Iy
a1 =1V n=0.1V =
For example, if V=1V, Vgy1=0.1V and SVDD 1, then
Iour ;0.1\
SVDD = |k2. [.1)=0.045

Therefore, if Vpp changes by 10%, IreF or [oyT changes by 0.45%.
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Bootstrapped current source
» Very good power supply independent!

v E.
Ry M3_|l I L M3 T

l Is Desired

M7] 1) | 1, operating /
¥ point T, =151
4| :"-12 l!f' JQ ------------ ) R
I s - g' v !
FG-T] R pi}|r|l
Startup - OV I Yo Fig. 370-06

Principle:

21
It M3 =M4, then /| = [». However, the M1-R loop gives Vgg) = V7 + \/K-N-”(I"Vlle)

- . . Ves1 Vi (1 21
Solving these two equations gives Ip="f ="} +|R \/Kxv (W{/L]

Th | =1 be solved as / ' l - 2 1
e outputcurrent, /,,,, = I] = [ can be solved as /,,, = +ﬂ1R2+R BIR +(,{-11R)2
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Constant Gm biasing

Technique to Make g,,, Dependent on a Resistor
Consider the following circuit with all transistors having a
W/L = 10. This is a bootstrapped reference which creates a 3™
Vhias Independent of Vpp. The two key equations are: -
13 = 14 = ll = IE
and MI_ |
Vst = Vgsa + bR B
Solving for [, gives:

2 2
V(JSI Vgs2 21 ? =
IE= _R R‘\/_|l-2| _L_ Fig.4.5-11

= 18.18uA

I, = =1
VR=R 251 — 2=h= ZBIR- 2110x1061025x106
Now, Vjias can be written as
21, | I
Vhias=VGsI= B_+VT}.; = BI_R+VT}.; = 110x10-6-10.5x10° +0.7=0.1818+0.7=0.8818V

Any transistor with Vg = Vs Wil hd\e a current flow that is given by 1/2B8R?.

2B |
Therefore, gm =218 =\ | 2RR2 - gn =R

(This means that the temperature dependence of g,, will be that of 1/R which can be used
to achieve temperature controlled performance.)
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Bootstrapped current sources

VBEg Reference Ut Reference

VDD
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AV = Ve, dV:UTIn(SE-{ / }3)

Is1 (W/L),
Also known as PTAT current source
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Bandgap reference

I
Vae
\Y%
PTAT K-Ur
Generator

VEj: VEE-'-KUT

e U =kT/qg=26mVatT =300K. 8U,/8T = k/q = 0.087 mV/ C.

e Vg =600 mV at7T =300°K. 8V-/0T ~ -2mV/ C.

e Want K = 23 so that 8V,/8T = 0at 300 Kand V/, = 1.2 V.
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Bandgap reference

For a BJT biased in the forward-active region, we have

T T T J kT
VEE == VGD (1 - —) + VEL"—D_ + mUr In (—D) + UT |l'l (_C) U]" - —_—
Ty I T Jeo q

;g Bandgap voltage of Si extrapolated to 0K (=~ 1.206 V)
k Boltzmann's constant

m  Constant (~ 2.3)

IR Reference temperature

Jo  Collector current density (= 1, /Ag)

Jop  Collector current density at 7

Let o
== (%)
JC‘D TD

We have

T T
VD = VGD + T_(VEED - VGD) + (m - G)Ur |['l (?D) + K . Ur
0
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Bandgap reference

Then

oV 1 k Tq k
ﬁ=T_D(VEED_VGD)+{m_G)E [ln (?)—1]+KE
Set oV, /0T =0 atT = T,, we obtain
1 kT,
K = U [VGD +(m - a)Ur - VEED] Urg = —
70 q
T, oV, T,
Vp = Vg + Ur(m = a) ['l +1n (?D)] 5—; = g(m -a)ln (?D)
e AtT =T,
oV,
Vo = Vo + Uro(m - a) ﬁ=0

e If T, = 300 Kand a = 1, then,

1.24 = Vg
~ 0.0258

and V,=124V atT =T,
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Bandgap reference voltage vs. Temp.
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Bandgap reference
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Bandgap reference
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Bandgap reference

Let Q2=Q3, /g,/ls4 = n, and M3=M4=M5, then
AV = Uy In(n)
The output voltage, V5, and current, /,, are thus

Vi
Vo = Vges +Ur -y In(n) and /p = H_D

X

e A PTAT current from M8 develops a Ur-dependent voltage across resistor AR,. A
proper choice of the ratio y can give a band-gap voltage at V.

e All currents are proportional to 7.

» |f desired, a temperature-independent output current can be realized by choosing y
to give an appropriate TC to V, to cancel the TC of resistor A..
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