
When a current in the micro-ampere range is required. the self-biased refer-
ence descibed in the previous sub-section must elnploy quite high resistances
(around MJ-). This. in integrated implenentation. corresponds to very large
corNumption of silicon area. This drawback can be overcome by using this
very basic principle: the value ol a resistance carrying a given cunent is
reduced il the voltage across it is diminished. Thus. to save silicon area. a
reduced voltage nust be applied to the resistance det'ining the reference cur-
rent. The circuit shown in Fig. ,1.23 accomplishes this t'unction. In fact. the
voltage across the resistance R is not a V65 but the dift'erence between two ycs
(or the difttrence between two overddve): the one going with M7 minus that
of M2. Moreover. il we assume that the two triursistors Mj and M4 are
matched. they will c;ury the same currcnt. ffall transistors are in the saturation
rcgron we can wnte
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Iig. ,U4 - Cdphic sludon of the dqultions dqciibir8 rhc ciFli1 ir Fis. 4.l5.

oI $hich.  L i .  r r i \ ia l .  Therefore.  eren for rhi .  . i rcuir .  i r  i .  n*saD ro u.e a
start-up network to be sue that the cunent reference is .lriven to the proper
operating point and is Dol stacked at zero current.

Ofcouße the overdrive ofMt must be suitably larger than the overdrive of
M2 to leave room for the voltase acros rR. This leads to the (obvious) condition
(WL)t < (WL)LFa rcdern CMOS technolosy the quantityp,Cd is approx
imalely 120 Wz (fot n-channel devices); if the cunent to be generated is, for
instance. 7 fA and (WLlr = 3, (WL)2 = 30, the overdrive voltage of M,
b@omes /.19 nV and that of M2 b@ffis 47 nV. Therefore. the drop voltage
acrcss the resistance R is only -102 nV the value ofthe resistor is consequently
25.5 *J2' approxinnrely 6 to /0 rimes smauer (depeDdins on the thEshold
value) than that required for the self-biaed cunent reference studied in the sub-
s@tion 4.2.2. Note that in the circuil considered here the supply independence
is ensured by the high inpedance elements Mz ed MJ.

The small sienal equivalenl circuit ß similar to the one in Fis. 4.22. The
only difference is thal because ofthe diode comection Ml is represented by a
l/8,,,1 resistance. (Fis. ,{.25)

The curent mirror M3 - M4 makes the signal curents in l/8fl1 andXequal
(i,z = i"r ). Th"."ro."
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Fi3. 425 - S@ll-.ianal equival@t cnuit used ro qrin.& rne !p'rL Ej.ciioD

biNed nicc.u@nt g.ne..tor

The product gDrR (see equation (4.42)) equals the ratio belween the drop
voltaF acruss R and the overdrive ofM2.Its value is not significantly lower
than the one that we have in lhc normal self-biased cunenl genemlor. There
fore. fie micro cunent version rejects spur with a similar exlent as the scheme
in Fig. .1.20 does.

Eranple 4.7

Detemi e, usi g Spicc, the depe de ceo the supplt tolt'1gc of
the cuffent i the self-biased micro ge erutor shore in Fig. 1.23.
Finn he fü inun operution ralue oj VDD. Assume the lolloiri g
tusisn parcmeteß: (WL) t =3!/l p; (WL) t = 30ll) p: (V Lh =
(WL)t = 20tt2lt; R = 25IA VDD = 3-5 U AndUsc the circuit
when the p-chan et trunsistors are changed i to (WL) j = IWL)a
= 20pßp. Morcow\ repeat the sinulations t'ith R = 50 k9, Use
the nodel pdftmeters giren in AppendLx B.

The lspect rctios are the s6ne used i th. dbow sectio to e9i-
mate the drop toltage dcross the resistlnce R If th. prxess
trmscond ctd ce pdranetet ofthe tech ology us.d is th? safl.
used i the abo|e sectiotdl20 tA./V") ttu tohage across R is 102
nv. Thercforc, bei g R 

- 50kQ the expected curre t ra ges

(4.50)



obsene that, i dddition to the eryected elene ts, the Spice et-lisl
i ctudes the lesistarce R!(100 MQ) ü ectedbetuee the ode I
a d grou d. Suth d t ery high rcskta ce forces a extrcnely lol,
culrc t (afew te s ofpA) ilto the trmsktol M4 thus rroidi,tg the
possible metu'stdble co ditio l3=la=0.
Th? rcsulß ofthe siü latio ale sunmdi.?d i the figure.
The ge eldted c trc t k slightb grcdtel tha expected (it ,l ges
arounds !Al, rhis diferc ce conesfiom the 1pptoimdtio s nnde
i the hd d calculatio s. Moleot, the curre t dery de ce o the
supply toltage is ot so egligible. Ttu reaso is th6t the output
rcsista ce of the t sisto/ sed k fat to be ideal. Ther{orc,
i crcashg the supply toltlge pnduc?s a i crclse i the currc t
proportio al to the Tfactols. Ifthe te gth ofth? p'cha el trc sis-
t'rt in.rca\?\. th? cottc\po ding o rput r?tlttan.? ilcrcavs d\
Nell dtld the genzrated culrc t is kept norc i depe de t 1IVDD
Frcm the sin latio lesulß we cd estinate a equiwlent output

AI
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The frsure also shows the lower whe of V DD lor proper operution
ofthe circuit: it is necessdtf to hdre d supplf roltage bet||een I V
an.l 1.5 Vto staft-up an output cutrent. This roltage prorides the
VGsmd the satutution ,ohdge oJ the trmsistors in each btun.h oJ

The wrsion that etuplofs p-channel tmsistors \|ith kn?th 8p
requires a slightly hi8h4 VDD: in.teasinB the knqth also
inctedses the output resistonce but the ensuing reduction in the
aspect rdtio inposes a highe.orerdiw roltage.
Eq@tior (1.17), renenberhs that It = 12, ledds to thp r?hnon-
ship R-a/JIt, whete cris a stitdble co4icid| Thet$orc,
in.teasing the resistance bf a fd.tor 2 shoul.l.lecrease the curr?nt
br dJactor ofl. Sinulation lea.ls to a diff"rent result: the current
drops onb by afa.tot of2.5. The rcason,Jot this sp"cific desisn,
is roofoLl: equation (1-17) is dppto'inated dnd, noreowL tt
holdsfor transistors in the sdturation rcBiü. The use ofcotulition
(1.6)) estiwtes forM2a ndnsitior point betveen saturation and
wak iNeßion at 3 3 PA.Therciorc, M2 is likeb in the \|eak inreF
sion region and ißV6sb"cones lo\|et than the thteshol.l roltage.
Thercjote, the wltaSe actuss R is higherthan eryected.


