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� References: 

� Voltage:     Vref →→→→ φφφφt, VG0

� Current:  I ref →→→→ Vref /R, µµµµC’
ox φφφφt

2

Required for: 

� A/D and D/A conversion

� Biasing (analog and digital circuits)

1. 1. IntroductionIntroduction
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� Design a CMOS cur rent reference for low-voltage & 
ultra-low-power applications

Objective:Objective:

1. Introduction1. Introduction

1. Autonomous;

2. Low consumption;

3. Simple to design.

Characteristics of the current reference:Characteristics of the current reference:
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2. Basic concepts2. Basic concepts

VG

VS

VD

VB

VSB=0 &
saturation

ACM model
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3. Self3. Self--biased current referencesbiased current references

[Vittoz ,1977]

• Iref= (φt /R). ln K  

•Iref=0.6nA(6nA) 

•φt . ln K =60mV→R=100(10)MΩ

[Oguey ,1996]

•S.I. (Ma,b) not appropriate for LV

•NK2>1

• Iref ∝ µC’
ox nφt

2



DESIGN OF AN ULTRADESIGN OF AN ULTRA --LOWLOW--POWER CURRENT SOURCE       POWER CURRENT SOURCE       E. E. M. Camacho-Galeano ISCAS 2004 ISCAS 2004 

�� �� �

SCM (SelfSCM (Self--Cascode MOSFET) Cascode MOSFET) 

4. Proposed self4. Proposed self--biased current referencebiased current reference
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• W.I → - PTAT

• M.I, S.I → VX=f (if,α )

αφ lntXV =
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4. Proposed self4. Proposed self--biased current referencebiased current reference

PTAT 
voltage

voltage following 
current mirror

SCM (M.I.)

VVDSSATPDSSATP

VVGSNGSN

VDDmin

VVGSPGSP

VVDSSATNDSSATN

VVxx(M.I.)(M.I.)

VDDmin
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DesignDesign

•• II refref=400pA, =400pA, VVDDminDDmin=1.2V (Possible?)=1.2V (Possible?)

••VVXX<100mV, e.g., V<100mV, e.g., VXX=57mV=57mV

• if2=3  - w.i. not allowed →→→→current very sensitive to VX

- s.i. operation increases VGSN & VDDmin

• VVXX=57mV=57mV and if2=3 result in αααα=3.4

•For the P-mirr ors if <1 →→→→ VDSSATP=100mV

4. Proposed self4. Proposed self--biased current referencebiased current reference
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5. Results5. Results

Parameter Simple topology, 
K=9

Symmetr ic topology, K=1

Sim. Exp. Sim. Exp.

VDDmin
1.1 1.1 1.1 1.1

Power (at 1.1V) 1.5 1.5 2.0 2.0 nW

Vref sensitivity to 
VDD

0.9 1.6 0.7 1.3 %/V

Vref sensitivity to T +0.32 X +0.32 X %/oC

I ref sensitivity to 
VDD

4.7 6.2 3.5 6.0 %/V

I ref sensitivity to T +0.047 X +0.047 X %/oC

V

1.5 µm CMOS technology
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Transistor W [µm] L [µm] if
M1 4 18x60* 10.2

M2 4 15x60 * 3

M3 10 10 0.03

M4 4x10 10 0.0033

M5-7, 10
& 4 16 0.16

M8-9
& 10 10 0.016

TRANSISTOR SIZES FOR THE SYMMETRIC TOPOLOGY

&Trapezoidal transistors. Dimensions of 
transistor connected to the source are W 
and L while the one connected to the 
drain is sized 5W and L.
* Series association of 18 (15) transistors 
having W=4µm and L=60µm.

5. Results5. Results
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Micrograph (1.5um)Micrograph (1.5um)

230µµµµm

 

200µµµµm 

5. Results5. Results
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6. Summary and conclusions6. Summary and conclusions

•Successful generation of current references of the order of 400 pA
in AMIS 1.5µm (& TSMC 0.35µm);

•The consumption of the core cell i s 4*Iref  or 3*Iref ;

•Experimental results demonstrated the design correctness;

• Circuit operates from 1.1 V in 1.5 µm technology and potentially 
operates from 0.7 V in 0.18 µm technology;

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