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Goal

» To bias chips, we need a reference voltage or current
= This should be ‘constant’, i.e. mostly independent of

* Process variations (Thresholds, resistor values,..)

» Supply Voltage

 Temperature
= Jargon: ‘PVT independent’. Output of a circuit:

Vou/loy A Circuit starts to work well.

out/ L0ut -> Minimum supply voltage

Nominal Vres [Iper - Output nearly independent of Vg,
PSRR = slope = dV,/ dVgyppiy

> VSupply

* To asses quality of a reference circuit, study

« Power Supply Rejection Ratio (PSRR):
relative change of Vger vs relative change of Vg,

« Temperature Rejection (rel. change of Vger per degree K)
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Implementation

* \Very common implementation principle:
 Look for two different I[(U) dependencies and find the intersection

Ia

> U

= There are normally 2 intersections!
— Need startup circuit to avoid wrong operation point
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» Most component properties depend on temperature

» To obtain temperature independence, add two quantities
with opposite temperature dependency

= Jargon:
 PTAT = Proportional To Absolute Temperature
* NTAT = Negative To ..
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= Diode current I~ I5(T) Exp(Vp/Uy,) — Vp = Uy, In(lp/15(T))
e Uy = kT/q ~25mV @ RT (PTAT!)

* | depends on diode geometry etc.
|5 also depends on temperature!

* The temperature dependency of Ig(T) is quite strong so that
overall, the diode voltage (at constant current) drops with
Increasing temperature, i.e. it is NTAT.:

Sim@
TUuA

0.0 20.0 0. 60.0 80.0 0
emp (C)

-100 -80.0 -60.0 -40.0 -20.0
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= Consider circuit shown right. V, v,
Assume V, ==V,
Ve { R

k diodes 1 diode

« Vg + Uy In(Ip/kls) =V, == V, = Uy In(I/l)
.- VR Uthln(ID/I ) Uthln(ID/kls)
= Uy, [IN(Ip/ls) + IN(Klg/I)]

= — Vg = Uy In(k) (1) (if I5 is equal on both sides)

 independent of diode parameters !
 independent of supply voltage !

= BUT: Uy, still depends on temperature... (PTAT)
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Diode / BJT

» Often a (parasitic) Bipolar Junction Transistor (BJT) is used
because

* It has a better model
* It contains no parasitic elements
* Forward biased diodes are normally not allowed
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How to Achieve V, == V,?

1) Use identical cascode MOS with
e same gate voltages
* identical currents (i.e. we must make sure I,==l,)

2 ' Use a mirror to assure |, == 1,

3 ' Use a Diode connection to find V¢,
Why on the right side? (Hint: V,==V, should not be fixed!)

L J L

Assure
I ==1
‘ Vcasc \ ‘ \
Vi ’ Vv, Vi 5 Vs, \ 3 Vv,
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RPN Sample Implementation of a Reference

Note: temp. dependences of
R, , cancel out!
Use identical resistor types!
gy

l I l I Vea=1R,
‘ == Uth In(k) X Rz/Rl
Vii= Uy, In(k) 1 Verer= Vra + Vbiodge
wiorr. IR v [1]
I = Uy In(k) / Ry ! 2
K 1 1

» Temperature independence is obtained if the temp-slopes
of PTAT and NTAT just cancel out

= PTAT contribution can be tuned by adjusting e.g. R,
» Requires good models to find right choice! Make test chips!
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‘Curvature Correction’

* The Diode voltage is no perfectly linear NTAT

* The ‘quadratic’ term is not cancelled out with such a simple
circuit (% effect)

* More advanced circuits try to correct the remaining
‘curvature’
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= This version ‘uses the Cascode MOS as diodes’

VG _VS
. . . . . n U T UTh 300.0
MOS in weak inversion: [, = o€ e
lo lo
® o
— nUg, ,Unp,
ly=ml, e "e
4
— Th
ly=1p0e
R —
I,=V,/R

Independent of technology parameters (but PTAT)!
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Weak Inversion: ° P
W
Vo Vs ‘ =
ID — IDO enUTheUTh T o ’
- 0,01 &
VA
T 1E-3 45 ”."'
IO - m IDO enUTheUTh yx(!); 0,6 0,8 1,0 1,2 1,4
\"A Ves V]
KT m 1
=V, =—Inm
G R

© s

VLSIDesign 0405 - ADC und DAC

Strong Inversion:

o Am-1 1
a W K
m L2R

Depends from Process Parameters

®
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Minimal implementation

* Make currents equal with PMOS mirror:

= Early effects in MOS lead to poor mirror ratios at changing
supply voltage -> poor PSRR

= Can add Cascodes!
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Sl N Detailed Schematic with Cascodes

* NMOS operate in weak inversion

* Resistor is P+ poly qﬁl
* All MOS are **%E?f
cascoded using *
low voltage
cascode circuits

* Areset signal
forces node ‘res’
to ground
-> current flows
In circuit for guaranteed start
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18
] Py ] | | | |
16 e 8911 —=— |reference
4 .. 1 . " =
14 ;“. 8.8 . Linear Fit: R_ 211 MQ
12 - :‘.. 87
- 4 o 86-
< 10 i o o T...!..-....W..m.l.'-l'll""l
< < 4 s
= g Ll L L L = ] u
g ° 5 o /
— 6 f— -
| a3 | ZOOM
4 —a— |reference || 8] /
] { —e— Ireset ] /
_ A —~— Simulation | | 811 |
0 , : : B S — 8,0 : —u : , : :
0,0 0,5 1,0 1,5 2,0 2,5 3,0 0,0 0,5 1,0 1,5 2,0 2,5 3,0
VDDA [V] VDDA [V]

* Very high output resistance of R, > 200 MQ
* Reference works at 1 V!
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