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Abstract:

Two main reasons for variation of current output of current source are temperature depen-
dency and process dependency of output current. Therefore in current references we try to com-
pensate these two major factors. This paper reviews some important current reference in bipolar
and CMOStechnolgy

|. Introduction

The current-mode approach in circuit design is becoming more common, because circuits
designed using this approach willvalys work at higher speed, for avgn technologythan its
voltage-mode counterpart. Therefore maystems could takadwantage of current-mode tech-
nology over a wide field of applications Ekswitched-current filters and current-feedback opera-
tional amplifiers.

Also current reference is a basigilding block in analog circuits as a bias source for oscilla-
tors, amplifiers, PLIs and etc. All mentioned applications readktensve use of current refer-
ences and their accusadés strongly related to the temperature and process stability of these
references. In theoltage mode we can implement a basuigircuit to ensure correct biasingeo
a wide temperature rangeytbn the current mode it is much morefidiilt to obtain this leel of
performance. This veew paper describe some basic andaabed current references in bipolar

and CMOS technologlso in lav-voltage lav-power design.



II. Bipolar Technology

Several current references Ve been proposed ptieusly[1,13,14]. The bilding blocks of
these circuits is the reference current which is obtaining by forcing, acrossgaatedeesistor
built in reference gltage such as the base-emitteltage of bipolar transistor or the féifence
between the base-emittesltage of tvo transistors.

[I.A. PTAT current Reference
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Figure (1). PTAT current source

This circuit is shan in figure (1). It can be shm that [2] the output currenj has the follaving

relation with temperature:

A0kt "R
PE = — 0= 1
2 Ra q Ra ( )
and therefore:
fap
dI2_ Klnmzm_c ,
@ AR ?

and C is clearly a posit constant. This current is generally called proportional to absolute tem-

perature, PAT. It can easily be demonstrated that the temperature dependengentb&uce

second order &ct, ngligible in the normal range of temperature.



[1.B. Inverse PTAT current reference
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Figure (2). Inverse PTAT current source

It can be shan that in this circuit which has been shoin figure (2)[2]:

=R 3)
Also:
Vgg, = Vg, — V(Y —a)In(T) - V1In(EG)) 4)
wherey, a, E, Gare independent of, Therefore:
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Although \ariation of kis not a constant with gards to the temperature, it isvalys ngative.

So it can be used to compensate th&TPdurrent source posie dependence.

We can add tev previous currents and total curregtdan be temperature independence.

dig _dl, dy _ L E(M (6)
dT ~ dT dT R,T
di
solvingd—_lf = 0, we hae F(T)=-CR, T, or:
T=T,



Vge, = Vg +Vo(y—a) - vT |nETAlD (7)

Equation (7) depends on a resistor ratio, which implies good reproducibility and temperature

stability in microelectronic design. One circuidsvproposed based on this idea in [2].

Figure (3) shws a temperature gelation of less than 3%ver 0-8C C..
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Figure (3). Ratiometric temperature stable current reference[2]

[11. CMOS Technology

Because current reference in CMOS technology hasvestéditle attention in the literature
we try to consider these circuits.eWkriew the ideas in bipolar current references. Their princi-
ples relies on theatt that the @ltage kg across a p-n junction that is faavd biasing by a con-
stant current increaseaiffly linearly with decreasing temperature. Th@tage across resistor
results in current which increases with decreasing temperatusgg¢gnPAT). If a current that is
proportional to absolute temperature AFY is added to that current, one obtains a current refer-
ence that is independent of temperature.

But in MOS transistors, the temperature dependence of the drain current originates mainly
from its mobility dependence on temperature.cbmpensate this mobility dependgniipolar

PTAT or MOS PAT source hee been used.



1. A. CMOS temperature-compensated current reference

The principle of this circuit is skn in figure (4). In this circuit, the current through

given by [3]:
= o 00 Vi) Vi V) -
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andm = ?Bj andfB = “COXD-E%'

we knav that temperature dependencepgfof a MOS transistor is"¥° By using a PAT

voltage source for Ma current is obtained which is proportional t8 dnd therefore slightly
increase with temperature. A RT voltage source is usually obtained by usiegtical bipolar

devices as depicted in figure (5).
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Figure (4). Principle of thecurrent reference  Figure (5). Current ref. with PTAT voltage source [3]

But for economic reasons, analog circuits must be realized without additional steps in process
for bipolar transistors. Realization of R and irverse PAT in CMOS technology is ditult.

Solution of this problem may be found by considering in weagrgion [4].



[11.B. PTAT circuitsin CMOS technology

[1l.B.1. PTAT CMOS circuit using resistor
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Figure (6). CMOSPTAT current source

A circuit which uses MOSFE$’only and one resistor is st in fig (6). P-channel MOS-

FET's M, and M, act as a current mirror and are in strongeision and M and M; are in weak

inversion rgion. Therefore for M4]:
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also for M;:
Vo,
nv
Iy = Blpe (11)
Butl; = 1,41, = I, , therefore:
Vg = Voin PaPop (12)

0g,p 0



[1l.B.2. PTAT CMOS circuit without using resistor

The presence of a resistor is avdoack for some application. If avocurrent is required, a
high value resistor needed, which ¢éskalong sudce area if it is made with drain fdis$ion or
high doped polysilicon. The resity is not guaranteed by some foundries with technoléégo
temperature coB€ient of resistor is not well defined and does not compensate for the temperature
dependence of .

The basic cell of PAT voltage source wthout resistor is shen in fig (7). The tw transistors

M, and M, are in weak imersion therefore[5]:
Vo = VelnHL+ B—ZE (13)
By

values of Y practically obtainable with this cell are limited to about 100 Higher \alues may

be obtained by stacking a certain number of cells.
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Figure (7). CMOS PTAT current source without resistor

[11.C. All CMOS temperature compensated current reference

We can return to circuit section (llI.A) with using mentionedPTircuit which shan in fig-

ure (7). In practical realization of figure (8)[SLMM 3, form a P'AT voltage source composed of

a series of fig cells.



Figure (8). All CMOS temper ature-compensated current reference[ 3]

In this figure the transistors MM, form the reference circuit andJ$#tM 3, form the wltage

source. The currents through theAFTvoltage source are deed from the reference current

through My, M1, and MygM»,. The current reference ivalable from the terminalsyland b
through M 3-M4¢. To obtain lev supply and load gulation sensitities cascode transistors are
added to eery current mirrar Start-up neterk formed by M, and Mg and Mg is added to
avoid latch-up state due to leakage current. Resultsshmat the temperature dependence of the
current output is less than 3% between 0 and®0 This is caused by the@rcompensation of

the temperature dependence of channel mobility and from nonideaidredisthe P'AT voltage

source.

[11.D. All CMOS temperature independent current reference

Although mentioned circuits kia lov temperature dependence, it can not completely elimi-



nate the mobility dependence or its temperature dependence. The mobility dependence term can
completely cancelled out in the output current by multiplying a current component which is pro-
portional to mobility and a current component which isemsely proportional to mobility with a

CMOS square root circuit as st in fig(9)[6].
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Figure (8). CMOS current reference using square root circuit[6]
The CMOS square root circuitas dened from its bipolar counterpart and it consist of four

PMOS transistor NM, which operating in weak wersion rgion. Because

VesitVaesrVesstVasas the output currenglcan be devied as follovs:

lo = Jmy 1 1 (14)

BsPs
B1B,

wherem, =

figure (10) shas a complete circuit schematic of the CMOS current reference circuit [6] using

this idea. The eight transistors;N ;> generate the current componemnvhich is proportional to
mobility. The seen transistors lY5-M;9 and the resistor R generate the current component |
which is irversely proportional to mobilityThe four PMOS transistors MM, used in the square

root circuit are operating in the weaki@nsion rgion and all the others in figure are operating in

strong iversion saturation ggon. An ordinary current mirror circuit Mand M; generatessisuch



that[6]:

_ Bs(Vop—3[Vy)”

l 5 2 (15)
2(1+2,/m,)
wherem, = E—E’ Also since wvltage drop across the resistor R is equal to the potenfiaietite
6

between the source nodes ofdnd Mg, 115 can be devied as follevs by using the strongver-

sion current equation[6]:

2
2(1-,/m,)
R'Byg
wherem, = 5—18. The current component &nd |, can be obtained easily fromdnd | g by mul-
16

tiplying the transistor size ratios of the cascoded current mirror circgitMM) and the simple

current mirror circuit (M3-M 45, M47). Hence the final output curregtdan be deved as:

— 1- f\/_?) (VDD 3|th|)
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[35[31013 13[3 15 .
BQB14B 17[3 18

(17)

wherem, = As shovn in this equation the mobility dependence terms are com-

pletely cancelled out in,lif we assume the mobility of the samevides is the same for all the
transistors in the circuit. The temperature dependencggcoihtes from temperature dependences
of Vyp and R. These parameters tend to cancel each other sfoseodifesistor R and the PMOS
threshold wltage hae positve and ngative temperature coetient respectiely. Results shos

1.7% \ariation for a temperature range 0-76.
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Figure (10). Circuit diagram of CMOS current reference and measured output current[6]

[11.E. Switched capacitor CMOS current reference

In current reference circuits Y& been proposed ptieusly the alue of generated current
depends on pisical parameters such as MOS transistor thresluitdge and conductioractor
sheet resistance of resistor layer and etc. which display wide dispersion range in production. The
switched capacitor technique alls resistor equalent structure to be realized where the resis-
tance alue is determined by thee of a capacitor and the switching frequgn@]. The inte-
grated capacitor per unit area sisatypical dispersion in the range of 20% and is independent of

temperature[9]. The operating principle of an SC-based current referencevisisHgure (11)

11



where |, is reference current generated.
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Figure (11). Principle of SC based current reference[10]

It can be shan that [10]:

CLV,
|0: % (18)
(]

Therefore the alue of |, depends on an on-chip capacitarconstant altage reference and
time intenal derved from a crystal-controlled oscillatorhis circuit has a limited temperature
dependengbecause an ingeated capacitor has the temperaturefeoeht in the range of awe
tens of ppm7C [9]. Figure (12) shwes the circuit schematic of a complete current reference.

results she 3% spread when measuring 25 samples demonstrataagiefness of the discussed

approach.
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Figure (12). Circuit diagram of SC-based current reference [10]
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IV. Low voltage Low-power design

The adent of portable electronics yields an important increasenrvtitage lav-power cir-
cuits demand. Also impv@ment of microelectronic process lead to reduction of component
dimension and therefore a need faw lsupply wltage. But some mentioned circuits can not oper-
ate in lav-voltage case. &t example iverse PAT part of circuit section (I1.B) can not operate
with lower 1 wlt power supply Because generally Iokt pover supply only alles the sum of a
single base-emitteroltage and tw collectoremitter wltages. Therefore changing invarse

PTAT circuit is required for operating withuevoltage paver supply

[VA. Low-voltage bipolar current reference

The principle of the idea st in figure (13). the current flong R, is the sum of;land¢.

Because li is controlled by with a high current gn feedback, therefore is naligible. Then

we hae:

\%
| = (19)

Complete schematic of thevierse PAT circuit is shavn in figure (14)
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Figure (13). Principle of modified iverse PTAT Figure (14). Lav-voltage inverse PTAT circuit[11]
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In this circuit there are not more than one base-emittiésige and one collect@mitter \olt-

age.This topology can be used witlweo supply lever 1 \olt.
One complete lelt ratiometric temperature stable current reference isvisha figure

(15)[11]. Experimental results in figure (16) shtemperature coB€ient about 250 ppm/C.

This circuit can wark with paver 875 mv pwer supply
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Figure (15). Circuit diagram of low-voltage current reference[11]
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Figure (16). Result of output current of low-voltage current reference[11]

[V.B. Low voltage CMOS current reference

CMOS current references which pi@usly presented can noowk in low voltage paver sup-

ply. For example minimum paer supply for circuit section (ll1.C) is 3.5 v [3] and for circuit sec-

14



tion (I11.D) is 3|V One lav-voltage current reference which has been proposed [12] usgs PT

tpl -

circuit section (Il1.B.1), bt resistor R has been replace with n-channel MOSF&k w triode

region. It has shan that [12] temperature dependence of output currenP.ig\lEo it can veork

with powver supply as v as 1.2 v and produce 1-100 nA output current.
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Figure (17). Low-voltage CM OS current reference[12]
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