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1. Introduction

» References:
o Voltage V. - @,V
o Current: |, - Vo /R, uC’,, @2
Required for:
= A/D and D/A corversion

= Biasing (analog and dgital circuits)
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1. Introduction
Objective:

» Design a CMOS current reference for low-voltage &
ultra-low-power applications

Characteristics of the current reference:

1. Autonomous;
2. Low consumption;

3. Simpleto design.
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2. Basic concepts

ACM model
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3. Self-biased current references

Tour

lTout

[Vittoz ,1977] [Oguey ,1996]

* |+~ (@/R).InK
*|,+=0.6nA(6NA)
@ . In K=60mV - R=100(10)MQ

*S.I. (M) not appropriate for LV
‘NK >1
* Irerf N uc’ox n(ﬂz
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4. Proposed self-biased current reference

SCM (Self-Cascode MOSFET)
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4. Proposed self-biased current reference

SCM (M.1) voltage foll owing PTAT
current mirror voltage
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4. Proposed self-biased current reference

Design
e | =400pA, Vpmin=1.2V (Possable?)
*V<100mV, e.g.,Vy=5/mV
*1,=3 - w.l. not allowed - current very sensitiveto V
- S.I. operation increases Vo & Vppmin
*Vy,=5/mV and i,,=3 result in 0=3.4
*For the P-mirrorsi; <1 - Vpgerp=100MmV
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5. Results

1.5 um CM OS tednology
S AT Simple topology, Symmetric topology, K=1
K=9
Sim. EXp. Sim. EXp.
Viomin 1.1 1.1 1.1 1.1 V
Power (at 1.1V) 15 15 2.0 2.0 nwW
e 0.9 1.6 0.7 %IV
V., sensitivity to = °
Voo 0.32 0.32 %/°C
.. . +0. +0.
V  sensitivity to T X X °
o 4.7 6.2 35 6.0 %IV
|, Sensitivity to °
VDD
| sensitivity to T +0.047 X e X %/oC
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lout

TRANSISTOR SIZES FOR THE SYMMETRIC TOPOLOGY

Transistor ~ W [um] L [pum] I

M, 4 18x60* 10.2 &Trapemidal transistors. Dimensions of

M, 4 15x60 * 3 transistor connected to the source are W
and L while the one connected to the

1 ) .
M L0 L oo drainissized 5W and L.
M, 4x10 10 0.0033 ' « series assciation o 18 (15) transistors
Mo 0™ 4 16 0.16  having W=4pm and L=60pm.
Mg & 10 10 0016
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5. Results
Experimental (1.5um)

85 1 1.5 2 2.5 3
VDD [V]
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5. Results

Micrograph (1.5um)

230um
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6. Summary and conclusions

eSuccessful generation d current references of the order of 400 pA
in AMIS 1.5um (& TSMC 0.35um);

*The cmnsumption d the core cell is4*1 , or 3*| 4;
*Experimental results demonstrated the design corredness;

e Circuit operates from 1.1V in 1.5um tednology and pdentially
operatesfrom 0.7V in 0.18 um tecndogy;,

*Performance of the self-biased current reference is better than
other SBCS reported so far.
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