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CORRECTI ON  FOR CHARGE PUMPS BACKGROUND OF THE | NVENTI ON 5 1) 8FMaRdA2(5 t he
| nventwon2/Ihes i nvention pertains generally to el ectronp€rrySipe s. In
particular, it pertains to charge punp circuits. |0 2. Description of the
Rel ated Art A charge punp provides an output voltage that is higher than

i ts own suppl ypy@seeRaTaS b JRIOFEASERAHISE €8 Pygps to produce
erase and program vol t ages. ﬁg%%$ é a schema |c of a sinple charge
punp circuit 1, with tmo-sfég% é %’%ﬁﬁil driving load 12. This
figure shows only capacitors Cl-C2 and diodes D1 _-D3 to produce voltages
V1, V2, and V3, wth resistor RL and capacitor Cr, providing the |oad,
al t hough ot her conponenfECEERETH FFhE EJEN B Phe circuit for i mpr oved
perfaormance. Fig. 2B shows the various waveforns that are produced by
thisscircuit The operation of charge punps is well known, and no further
descrlptlon of the circuit is provided herein. 1 0 8 MAR 2005

. Field of the Invention

The invention pertains generally to electronic
circuits. In particular, it pertains to charge pump
circuits,

10

2. Description of the Related Art

A charge pump provides an output voltage that is higher
than its own supply voltage.k Flash memories can use charge |
pumps to produce erase and program voltages.

15 Fig. 1A shows a schematic of a simple charge pump
circuit 1, with two-stage charge pump 11 driving load 12.
This figure shows only capacitors Cl1-C2 and diodes D1-D3 to
produce voltages V1, V2, .and V3, with resistor R, and
capacitor C, providing the load, although other components

20 could be added to the circuit for improved performance.

Fig. 2B shows the various waveforms that are produced by
this circuit. The operation of charge pumps is well known,

and no further description of the circuit is provided

herein.
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WL 02/ 27903 PCT/ US01/ 30156 The effectiveness of a charge plip MR @8fendent
on the frequency of the clock source, since the clock cycle affects the

amountwefy26has gi ng and di scharging that takes place inpcthgefzanagitors. 5
Fig. 2 shows a charge punmp control circuit 2. A voltage controlled
oscillator (VCO 22 provides the clock source, with its frequency being

cont ol 1 ed Didhe auLpubonlss dif LeROLLE! AP 1] (8L Zho 01 ock drivers 23

convert the single VCO output to the mu e cl ocks reqwr?e %o drive 10

mul ti - st SRk p { i . T | t.age -V oduced by charge
punp ci r%ui 245{33);1E Eggsgirr% edstcﬁi)%%\%l thaééQ %%ic&éjr%gzrﬁ?’géﬁiac{fef% ds back a
pr e- det ] agti Y/ s.voltage VEn K. This js conpared with a
stabl e eéﬂegf gr%grlll%qe: \(E/jtgl ?geéie)&vgs y% ???%F%nqéclh%nﬁﬁf‘ia?e?iafﬁ Ehd the 15

di fferengg heg Er and VFDBK controls the output of differential
anplifier 21, b&%lggﬁylgh turn controls the frequency of the VCO clock. This

cl osed | oop ?i.rcu‘izt resqul ates the output of the charge punps by
control Iing fh& f7edlRfTy SPFAE RYBR I AL GPEFELE fhe Aharge punps. 20

Under a _gi,ven set of conditions, every charge punp circuit has an optinum
frequené’%l;éﬁg? ProbtiRese H’écr‘ré'li?ﬁﬂi’n h‘#ﬂ)ntz20Pr°83?i?%ntfh@a\ﬁéiolcéfbl e fromthe

circuit. Unfortupately, the charge punps and the regulation circuitry are
subj ect >£67Vaf | ‘éfébn’sél‘rdtftéeﬂ(feﬁﬁifhb‘fJé"rﬁ)é:P@ttEPéleQSbiéh‘a?ﬁgé@t@uﬁi A§ operation

i ati i 2 2/ 27 P 1/ 30156
and pro%?%%eggﬁéfgi(gg%f¥¥322921.vv%fgék éﬂg%ergnégfigééirt the

single VCO output t§ the multiple clocks required to drive

10 multi-stage charge pump circuit 24. The voltage Vgyr
produced by charge pump circuit 24 can be sampled by voltage
divider 25, which feeds back a pre-determined fraction of
Vour &5 voltage Vepek- _This is compared with a stable
reference voltage Vg by differential amplifier 21, and the

15 difference between Vssr and Vgpex controls the output of
differential amplifier 21, which in turn controls the
frequency of the VCO clock. This closed loop circuit
regulates the output of the charge pumps by controlling the
frequency of the clocks that operate the charge pumps.

20 Under a given set of conditions, every charge pump circuit
has an optimum frequency that produces the maximum amount of
current available from the circuit.

Unfortunately, the charge pumps and the regulation
circuitry are subject to variations due to both temperature

25 changes during operation and process variations during
2



~manufacture. Typically, for a given frequency fromVCO 22, the maxi num
current fromthe charge punp circuit changes w th changi ng ﬂe&pﬁ.ﬂﬁtm, SO
that the circuit nust be overdesigned to handl e the expected current
denand¥G¥¥3RY 5 worst case tenperature. And process vaIGTHSSRYISEuri ng
manuf acture can result in a circuit that is not optimzed at any
tenperature. Fig. 3 shows a graph of the operating characteristics of a
typi cal ®Rar§ecpurp cilvedcellThefor axigs varatrasendye frd@ VOD bi.as | evel
(the voltage level at the input of the VCO, while the y-axis neasures

t he- cor r 85ponal Iyrowpurentuf remtthe ichamyer paemps,rauhiat chhegehar ge punp
circuit can produce. The dotted line shows the characteristics of the
circuit withachampematernpendtddd degrtees he Forcduiitsmexanpde, the 15

avail abl e output current is fairly constant with a bias level of up to 0.5
volts, botebdydnched Tovbhbkhgld hthoupetted ucueiintdeepsnatfashalepl y, maki ng
the optinmum bias voltage about 0.5 volts or slightly less. The solid |line
showss t heosatire-acer temperatutenpemnat peeced wiri=AQodegagesnds. The entire
curve is shifted to the left by a significant amount, with the optinmum

bi as | evedmatactaleutal. Seyv@lt Sin r emrElis whar tis hbtCapt PR AReRtt hat a
hi gher tenperature requires a higher bias voltage, if the maxi mum current
is to beamywaidmpblkachremthe circuit at all 25 operational tenperatures. 3
0 8 MAR 2005 WO 02/ 27903
Fig. 3 shows a graph of the operating characteristics
of a typical charge pump circuit. The x-axis measures the
16 VCO bias level (the voltage level at the input of the VCO),
while the y-axis measures the corresponding output current,
in micro~amps, that the charge pump circuit can produce.
The dotted line shows the characteristic; of the circuit at
a temperature of 100 degrees C. TFor this example, the
15 available output current is fairly constant with a bias
level of up to 0.5 volts, but beyond 0.5 wvolts the'output
current drops off sharply, making the optimum bias voltaée
about 0.5 volts or slightly less.
The solid line shows the same curve for a temperature
20 of -40 degrees C. The entire curve is shifted to the left
by a significant amount, with the optimum bias level at
about 0.3 volts. From this chart, it can be seen that a
higher temperature requires a higher bias voltage, if the

maximum current is to be available from the circuit at all

25 operational temperatures.



-5 PCT/ US01130156 Unfortunately, conventional circuits do not0d ¢{4Rd&00% hi s
adjustnent, and the circuits nust be designed for worst case conditions.
This rggyhbsekn overdesign, which is nore expensive a'@éﬁ’ﬁ@iﬁﬁfw of
circuit resources. BRI EF DESCRI PTI ON OF THE DRAW NGS F shows a charge
punp circuit of the prior art. Fig. |IH shows various wavef orms produced by

the ciroult  (lecfidnaldy, 10. Ko 2030008, A.char oe ngppéyﬁa%m of the prior

art. Fig. 3 ar acteristics o conventional charge
punp CII‘ ui t st.em of the .invention hows a
circuit 03335?1%]331“Erén?n%?tq%glrfgl{%ven tl ck)Jr? Q% lgn%ds orwsWO§ gl rcuit of

anot her enbodl of th |nvent qc_l’ % aph of the
char act €r3%t 08 i) Q% har ° par Efrjcrl'u eo‘fdetsﬁgnf n‘\'}a ¢t orF ™6%Fig. 8 shows
a flow chart of a thod the invention. 25 4 0 8 MAR 2005 WO 02/27903

PCT1USO 1736126 VBETAT L PETFERFEE TiFE AUGGRRTI ON The i nvention can
ELS\#&SE :arrrgroved char e urggsckgg%l:c%} 'o%'n:r'%% ngggésatl ng for tenperature

Fig. 1A shows a charge pump circuit of the prior art.

Fig. 1B shows various waveforms produced by the circuit

of Fig. 1A.
10 Fig. 2 shows a charge pump system of the prior art.
Fig. 3 shows a graph of the characteristics of a
conventional charge pump circuit.
Fig. 4 shows a system of the invention.
Fig. 5 shows a circuit of one embodiment of the
15 invention.
Fig. 6 shows a circuit of another embodiment of the
invention.
Fig. 7 shows a graph of the characteristics of a charge
pump circuit of the invention.

20 Fig. 8 shows a flow chart of a method of the invention.



-5 process variations. A regulator circuit can be pl aced bet[\}v@emAtRhg
differential anplifier and VCO of Fig. 2, to control the voltage that IS

i nput {9 HARKEYCO and thereby regulate t he frequency ppeyhdgpshys t he VCO.
This frequency regulation can be used to adjust the clocks to the charge

10 punp circuit to achieve inproved current output. As one of ordinary

skill in the art saf Ay ediRRerTiHe oV FkOUGVERPRGRENt s of a charge punp
systemw || operate in the sane relative thermal environnment. Although

each conponent may generate a different amount of heat, resulting 15 in a
slightly different internal operating tenperature for each, a change in

the tenperahur e,9f,1 he, ongr g’%iog??ee{]};éd'%%ge%a%gél%ﬁ oduce a corresponding

change in the terrperature componen conmponent s shoul d

t her ef&rr% ﬁﬁﬁohhﬁ rﬂ%ﬁef‘% Qe%%t)e%%%gﬁocggﬁr at i g 20 tenperatures.

Th| s si ies ah erma ysis W gt enper at ure conpensat i on

dsbwg;tq,%ggs Dgpgg}?s ingt hg gperating enyironnent ., without regard to

er ences I n era ure rom one CO onen to the next. Fi g.
et L R R T
Coon SR St za%a%w e sl
| ventiony 8 Leul Alon ST OUL, AR.£8) BRe Rlaced s el Lhe output of

regulation can be used to adjust the clocks to the charge
) 10 pump circuit to achieve improved current output.
4s one of ordinary skill in the art can appreciate, the
various components of a.charge pump system will operate in
the same relative thermal environment. Although each
component may generate a different amount of heat, resulting
15 in a slightly different internal operating temperature for
each, a change in the temperature of the operating
environment will produce a corresponding change in the
temperature of all the components. All components should
therefore see the same increase or decrease in operating
20 temperatures. This simplifies any thermal analysis, by
allowing temperature compensation to be based on changes in
the operating environment, Qithout regard to individual
differences in temperature from one component to the next.
Fig. 4 shows a charge pump control system 4, with

25 differential amplifier 41, VCO 42, clock driver circuit 43,
5



~5 the input of VOO 42. Regulator circuit 40 can vary the duBpiaRvolgFage of
the differential anplifier by varying the |oad placed on the differential
anpl i fyyerg2s7dyt put. This regul ated vol tage can then bedagssds_p to VCO
42. Fig. 5 shows a schematic of an enbodi nent 40a of 10 regulator circuit
40, and its connections to differential. anplifier 41 and VCO 42. Bias
line SLicoppesis, té}efc%littp% afl aslfe‘ag ratllv@he@w&'é&efes%nwn he input of

VCO 42. Bias Iline 51 can provid rect connection, hou any

i nt erveni g, tao\{ﬁlt@ga&l?sm A thoyigh  efarved; fopgs & 15.'1ine", bias

i ne 51 may have any iguration, and no inference shoul "be drawn as to

t h d f d
S SR S S A
o A‘levaﬂa%ufr%féi-éi'rféﬁ% oM gt gend 3 the

i ncr. ea§gs nSIrSngb ég C tail CUI’EG% bi as t I’af%%l stor. Tr ansi st or

52 2an coﬁf e current m%wor Cl Jite[ 1%t entival §npllf|er 41 by
b|a5|n t he output of _the 2 I|f|er and. t her controlling the
anpl | { PRFPL veﬁ%&fa 6% *5 te@lozf‘a%b%be (G381 58 vol t age

char ac stics The f transi stor controls its output
conduc%%ﬁ%é’aﬁﬁpcﬁ“ gﬁgé%f § tﬁ@plfghﬁrs%éﬂnﬁvnﬂlfFEféntlaI anpl i fier

41 and t hereby affects voltage V4. A tail current blas circuit, which is
known Fepulated voltage can then be passed on to VCO

Fig. 5 shows a schematic of an embodiment 40a of
10 regulator circuit 40, and its connections to differential
amplifier 41 and VCO 42. Bias line 51 connects the output
of differential amplifier 41 to the input of VCO 42. Bias
line 51 can provide a direct connection, without any
intervening active components. Although referred to as a
15 ™“line”, bias line 51 may have any configuration, and no
inference should be drawn as to its physical shape or size.
Diode 53 and transistor 52 can be configured to vary the
differential amplifier output voltage V4 on bias line 51
between 0V and Vecc. At Vcc, the oscillator will shut off,
20 and as the voltage drops below Vcc, the frequency of the
punp clock from VCO 42 increases.
Transistor 52 can be a tail current bias transistor.
Transistor 52 can control the current running through
differential amplifier 41 by biasing the output of the

25 amplifier and thereby controlling the amplifier’s output
6



5 the art, normally has a tenperature coefficient that is n&g%tﬁ%.ZUﬂE its
tenperature increases, it pulls V4 dowmm to a |lower value. However, V4 is

the bi gggyphlgpe for VCO 42. As seen in Fig. 3, an incg;@ﬁﬁ%nbgﬁgenperature
shoul d be acconpani ed by an increase in VCO bias voltage It optinum 10

| evel s of current output fromthe charge punps are to be attained. Thus

Lhe ! empeialdy enehalactellsll oo e [LEansSlor 32 QRehaled.nshhe opposite

direction than iIs esired if optinmimcharge ‘punp current Is to be attained

acr 05S abhe ANQI alngut GAPCLAMES LD Mh ii%; Uizl LELLLL QRN ST TG

resi stor 54 can be use to control the volta rop fromVcc to di ode 53,

and thfsae&yse%%nbgggﬁ?&%vmr&ﬁﬁg%m 45 el L T ESL Eiot@géng%fi?gt 2 e Shandard

resistor, 1ts res ance Increase as iIts ure 1 ncreases,

pr oduci regter,voltage dro nd_20. | owering.the.val ue of, V4. Again
r ef erriﬂ%%ﬁpﬁg: 3P ganlfg:nucrrreeé%e%ilﬁstcelnﬁacélrlat’ u?’glgﬂoﬁd B&actonpani ed by

an increase _.in_VCO bjas voltage if timum.l.evels of current output from
t he g(q:hat? e 25drp8° ?%Pi%%baes aat?t%mﬁ’gﬁé&?ﬂ $OFEEESRRRT d*PFedi®st or woul d
operate in . the opposite direction than is 25 desired. This, conbined with

the af SFERATPoned® 746> WRRIOTE RO 7P F663 PETRSHL/ B FsEn to

t enper at ur e- dependent effects of transistor 52, would oqQperate to worsen
t he terﬁ)éggfﬁrgag‘ﬁ%r acﬁ‘ﬁ”felvseﬁ'cémofstﬂéﬁ cadr Yol bedpst ¥y ‘e¥adder ating t he

charge punp ouf put varjance, that occurs with tenperature changes.
As seen in Fig. 3, an increase in temperature should be

accompanied by an increase in VCO bias voltage if optimum

10 levels of current output from the charge pumps are to be
attained. Thus the temperature characteristics of
transistor 52 operate in the opposite directicn than is
desired if optimum charge pump current is to be attained
across all operating temperatures.

15 A resistor circuit.comprising resistor 54 can be used
to contrxol the voltage drop from Vcc to diode 53, and
thereby control thé voltage V4. If resistor 54 is a
standard resistor, its resiﬁtance will increase as its
temperature increases, producing a greater voltage drop and

20 lowering the wvalue of V4. Again referring to Fig. 3, an
increase in temperature should be accompanied by an increase
in VCO bias voltage if optimum levels of current output from
the charge pumps are to be attained. Thus a standard
resistor would operate in the opposite direction than is

25 desired. This, combined with the aforementioned
7



-5 These effects can be offset by using a resistor with opposite ,
tenperature characteristics. In one enbodi nent of the inv@n?iﬁﬁﬁzmggistor

54 has 3o pegasd ve tenperature coefficient. In a resistgg,ﬂgﬁﬁoﬁmnegative
tenperature coefficient, resistance decreases as tenperéﬁure I ncreases. 10

When a resistor with a negative tenperature coefficient is wused as

resi st Ot ubheagbiould: 9eELOs O ANJdCEERsE, | o fperature deor eases

the resistance o I stor creasing the voltage drop acr oss

the resishor and |AELEAsN0 (LhB YRl e, O Vd  Relerling d a,f 0. 3 again, it

15 can be seen th I ncreasi ng e tenperaturée noves the ~Characteristic
%%%ﬁits assogiated opt%nunl urrent. point, to the rL%Et. I ncreasi ng
e

curve,
e VAP B 25 SVAAGE TR Yhe FIGAE PRARI " J8°¢RECBi as vol t age

V4 noves
can fq%! w_t he_opti curre oi,nt as the tenperature changes. 20 The

t
use of & reSrStdT %ﬁgaﬁEwmgrﬁgﬁﬁglﬁE”F%ﬁherature coefficient can be used

to Qartiall¥ or fu%%%igffset t he ft nEFrature-de endent chaLacteristics of
the’tail curPERt SHiEEd FafsPEtBF Hiid WhESERRr Yet PSS WAt "cause avail abl e
output current to degrade with tenperature changes. 8 0 8 MAR 2005 WO

021 H79GPPBEFF RIS TFAS TaEYEBS COF FaT it e ons TR aff Gl S OHISE LV aF T aton i n the
bias voltage, not with tenperature, but fromdevice to device. Due to

nor mal “PRoCBERN VEPT aticsAS tPR nhiMtfact GFPAGL 8F f FUIRGRI T ®anpl i fiers, VCOs,

charge punps,. and resistors, , ,
coefficient. 1In a resistor with a negative temperature

coefficient, resistance decreases as temperature increases.

10 When a resistor with a negative temperature coeificient is
used as resistor 54 in the circuit of Fig. 5, an increase in
temperature decreases the resistance of resistor 54, thereby
decreasing the voltageldrop across the resistor and
increasing the value of V4. Referring to Fig. 3 again, it

15 can be seen that increasing the temperature moves the
characteristic curve, and its associated optimum current
point, to the right. Increasing V4 moves the VCO bias
voltage to the right in Fig. 3, so the bias voltage can
follow the optimum current point as the temperature changes.

20 The use of a resistor 54 with a negative temperature
coefficient can be used to partially or fully offset the
temperature-dependent characteristics of the tail current
bias transistor and the charge pumps that causé available

output current to degrade with temperature changes.



-5 resistor 54 may provide optimal bias in one unit, but gpg @%ﬁiﬂﬁ bias in
ahot her unit. The enbodi nent 40b of regulator circuit 4 h Fig. 6
can proy ¢eseg3  adjustment for this condition. Rather tegansiveossngl e
resistor 54 of Fig. 5 Fig. 6 shows a resistor circuit 10 conprising

mul tiple resistors 62--65, switches 66-69, and programuable |ogic 61. Each

resi stor 62p6hefaR-A@VEi chs Shhollsy ddivkbereniat sk strance. bEash resi stor
62-65 can be enabled or disabled (connected to Vcc or isolated from Vcc)

by turnjJig.88, oholf fiitiha ageestated oW £ebnb8e 69ce BaCLAcsW t Ch can
conprise a transistor. If one of the switches 66-69 is turned on, its -

associ af,ed LesLShol S2585s $-ceLELSld Yl MagepRect echpet veen Vee and di ode

53, thus providing a biasing resistor to diode 53. 1f one of swtches

66- 69 idifffg-gggéigifamgltisfi%§§0$>iz@ése,d dneshet 9tnfe; 6P es3sesgential ly
di sconnécte Fom Vcc, effecfively renoving hat resistor fromthe

cirquit. _Pr aqup ;6,6 S ek gugl byaturn on or turn
-off%inéf3ﬁaggF raﬁ%?§%§83g86%%%aﬁﬁupgﬁg %gn%?ZJ?%fZ, t he o%tiwum

resistance value th IR Qy{ de the deshhiedebi aspy st age 25 for circuit
40b caf® émagt%’rarﬁ‘ rned.® rtgsga% le og?’c 8179 0 8 NAR 2005 WD 02/ 27903

o conBERALTRRF of FREerg: SROTRG WIEl Bore” CTeesel® 06 providing this
OptinughggngéggcggrIé%f%”%o%&?&ﬂ%ﬁ?n%atﬂgkythan the single
resistor 54 of Fig. 5, Fig. 6 shows a resistor circuit
10 comprising multiple resistors 62-65, switches 66-69, and
programmable logic 61l. Each resistor 62-65 can have a
slightly different resistance. Each resistor 62-63 can be
enabled or disabled (connected to Vcc or isolated from Vec)
by turning on or off the associated switch 66—-69. Each
15 switch can comprise a transistor. If one of the switches
66-69 is turned on, its associated resistor 62-65 is
effectively connected between Vcc and diode 53, thus
providing a biasing resigtor to diode 53. If one of
switches 66-~6% is turned off, its associated resistor 62-65
20 is essentially disconnected from Vcc, effectively rémoving
that resistor from the circuit. Programmable logic 61 can
be used to individually turn on-or turn off individual
transistors 66-69. During manufacture, the optimum
resistance value that will provide the desired bias voltage

25 for circuit 40b can be determined. Programmable logic 61
9



.one resistor 62-65 is turned on at atine. In one 5 enbodl g%tgyﬁ‘)aé
resistor provides a voltage difference of 75 mllivolts to 805

compar §@ 2743 adj acent- resistor. By neasuring VCO ang/Qy;hasge punp
characteristics under controlled conditions during nmanufacturing, the

proper 10 resistor can be selected to provide optinmal or near-optimnal

vol tage to.fhe VCO [ Pro (ﬁ rOghC Bl ganfhen pbe pLogramed to sel ect
t he proper resi gt or-° us eac arge punp system4 can be individually

manuf actured to tfr Vi Q|5er thg g%; ret%tatbbg?evp&;l@g_‘qgsgr st &§ particular

oper at PAgCTEP AR AT & §67°¢ ‘ogr amma 0gi c 61 can be any formof
non-vol ati |

ry. or Iatch cirgui su f nk
prograﬁﬁﬁﬁ?“gl‘b%t L O AR resil CC%S% anﬁgxgéel e ch ﬁnelnlté (?es stor
pr oper | selected wt bIe lLogic.61 and having a negatlve 20
t enper ﬁ%qﬁrﬁe%’o%ﬁ‘cﬁ c%%eré?’ 2 mérh ™ Ré %C%ll npu[hq“voqnt age w th changing
tenperature so that char unp out.put curre nt vm emal near optinmum
| evel sEMBRIHHy a?atcé‘nﬁégéfg e pziov(;}gggsg ’f’? ldfg o +100 degrees
C, the_output of differential anplifier canb shlftedfrom03volts
to 25 B25"wbliwltmite féefe ?%@W@@‘“Bﬁgdv'b?t%{beacg’t S§Ptnear the 10 WO
02/ 27903 PCTI USO /30156 optimum part of the curve as the curve noves from

left t&SS¥$%Mt-~ Wth output current no |onger strongly dependent on

tenperature, the circuit does not have to be %erd SI ned
By measuring VCO and/or charge pump charac SthS

under controlled conditions during manufacturing, the proper

0 resiastor can be selected to provide optimal or near-optimal
voltage to the VCO. Programmable logic 61 can then be
programmed to select the proper resistor. Thus each charge
pump system 4 can be individually manufactured to provide
the correet bias voltage for its Particular'operating

1s characteristics. Programmable logic 61 can be any form of
non-volatile memory or latch circuit, such as fusible links
or a programmable gate array-

Fig. 7 shows an example of how a resistor, properly

selected with proérammable logic 61 and having a negative

20 temperature coefficient, can shift the VCO input voltage
with changing temperature so that charge pump output current
will remain near optimum levels. Assuming a temperature
increase from -40 degrees C to +100 degrees C, the output of
differential amplifier 41 can be shifted from 0.3 volts to

25 0.5 volts. This keeps the VCO bias voltage at or near the
10



. for worst-case tenperatures that are sel dom encountered, and 5 can bg
desi gned for nornmal operating tenperatures. Fig. 8 shows ;Pf{ngs,ibﬁg of a

met hodwefy:h@si nvention. Starting at point A a portieprRiselfgsout put
voltage froma charge punp can be detected at step 810. At step 820, this

fractional voltage can be conpared to a reference voltage 10 with a _
di ffef%%Ehﬁhanagaktfafrtne’*c\é%éagg hyi d8RChb6al trr AN 7@ used to obtain a
r

pr edet erm ne action of the output in step 810, since the full output

voltage uRY DeuteR Mgl k0 UBkE fouRSigle CORBRITSalkRnashepoR20. AL step

830, the~” output of t ferential anplifier can be used to drive 15 the

[ t of t r.ql il T t st Qs 1 di ff tial
| npu %em%e¥8£ gge Gon f%chgg %é%%0%5€(ﬂéve @g %ﬁ‘&%& 4 ghgg Itrerentia

anplifier-can be biased at Ste usi ng as resistor circuit that

has a negal Ve, L eIDeral e, el fielenl. EOI A QHAMIRGA reskstor ci rouit

orst=ca
to acconnDHafé 26 process vari ati ons, ow chart B can be used. For

brevity, teps 810-840 are_consol | : i j.,hgl e step 850 in the

flo c%ﬁpt geA e%%%rbe%fi%,r 885“1%? %%%l?aﬁ)ﬁ%g Irtgéﬁg)%%o@sﬂ%%ﬁ the resistor circuit
i s selected,.usipg progranmable | ogic. Al p. 87 ; Lected resistor
i s coupl ed Bé?\'/vegnsgow ol’t gggw ‘gl?rs%uorfcéa %ﬁaﬁ%ﬁeogt}%ﬁuén%ﬁ?%ggdi fferential
anplifier. 11 0 8 MAR 2005 WD 02/ 2790 CT/ usov301,.56 Al gh not shown in
the fl6WAChAPE, 2t RPSH g‘(ﬁt BdPPRET Y o?fo, tgﬁyo g %%uvﬁlgc(?gteh%ggghgot her

el enents, such as diode 53 in - :
charge pump can be getected at step 810. At step 820, this

fractional voltage can be compared to a reference vol;age

10 with a differential amplifier. A voltage divider circuit
can be used to obtain a predetermined fraction of the output
in step 810, since the full output voltage may be too high
to make a useful comparison at step 820. At step‘830, the
output of the differential amplifier can be used to drive

15 the input of a voltage controlled oscillator. The output of
the differential amplifier can be biased at step 840, using
a bias resistor circuit that has a negative temperature
coefficient.

For programming a resistor circuit to accommodate

20 process variations, flow chart B can be used. For brevity,
steps 810-840 are consolidated into a single step 850 in the
flow chart. At step 860, one of multiple resistors in the
resistor circuit is sglected, using programmable logic. At
step 870, the selected resistor is coupled between a voltage

25 source and the output of the differential amplifier.
11



- Fig. 5. The charge punps described herein are configured t iy
vol tages of the sanme polarity. For exanple, a supply of J28V§V@Q§@Ei shown

bei Ny g4 d to about +7.5 volts. The supply vol t ageandssbispal vol t age
may be different fromthese anounts w thout departing fromthe scope of
the invention. Furthernore, the polarity of the 10 voltages can be changed,

for eﬁg@fﬁ% o %@é;aspp%tiﬂecr?élm'om cKQLt 208d Qeachegat ivgi fjoral vol tage. In

one e ash nmenory supply voltage is about +1.8 volts and an

erase  voltage |s.aboyt o tSe1BRLatd t ysuthangesi&an He iracconplished in
variou@a%ﬁ%ﬁ%xﬁﬁ§§% ?ﬁ%?ﬁé?ﬁég%évgl shifting 15 circuitry. Such techni ques
are wel.l known in the art and are not further described herein. Specific

transi 5t9rs” have been shown in the figures as either P--channel or

N- - channel . These sel ection el o Used. ot Qo kbl MstEatg, particul ar
enbodi nent s 5t TREIF SR ?cnﬁggﬁ§%8§t the choi ce of %ﬁ or N-channel devices

can vary fromthe described enbodi W thou ting fromthe scope
H@xé%ﬁégnﬁ4;ﬁ§g?ﬁe°%(fhe same goﬂ§P£§ . ﬁ&% Exgﬁﬁﬁé, d!

of 7t _ “foregoing description is intended to be _
LSBT b B S35t
PCTI USQLY 30156 be i nc| uded in the i Vention. i g, 5. imited only by the
different from these amounts without departing from the
scope of the invention. Furthermore, the polari?y of the
10 voltages can be changed, for example from a positive supply
voltar = to a negative final voltage. In one embodiment, a
flash memory supply voltage is about +1.8 wolts and an erase
voltage is about -10 volts. Polarity changes can be
accomplished in various known ways, including level shifting
15 circuitry. Such techniques are well known in the art and
are not further described herein.
Specific transistors have been shown in the figures as
‘either P-channel or N-channel. These selections have been
used to illustrate particular embodiments of the invention,
20 but the choice of P- or N-channel dévices ean vary from the
described embodiments without departing from the scope of
the invention.
The foregoing description is intended to be

jllustrative and not limiting. Variations will occur to

those of skill in the art. Those variations are intended to
12
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- spirit and scope of the appended clains. 13 0 8 ' 1AR 2005 Wk 8cMARNZ0GD. A

regul ator circuit, conprising: a bias line to couple to an output of a
di fferamidabsgnplifier and to an input of a voltage contgmadidoedeisescill ator;
a resistor circuit with a negative tenperature coefficient, coupled between
the bias line and a first voltage source to regulate a bias voltage on the
bi as | i¥re;irgdddadbiastici riswiehtdonpl eidi dietiveenmt bed bhmsy ldnenand a second
vol t age source, wherein the bias circuit includes a tail current bias
transi stroiritt hedbsaspeciafcihk topenndéd aliaihe.current of the differenti al
anplifier. 2. The circuit of claim-1, further conprising a diode coupled
between the resistor circuit and the bias line. 3. The circuit of claiml,
wherein the second voltage source is a signal ground. 4. The circuit of
claim1l1, wherein the resistor circuit includes a first resistor connected
to the first voltage source and coupled to the bias line. 5. The circuit
of claim1l, wherein the resistor circuit includes: first and second
switches coupled to the first voltage source; a first resistor coupled
between the bias line and the first switch; a second resistor coupled
between the bias line and the second switch; progranmable |ogic coupled to
the first and second switches to control the first and second switches. 6.
The circuit of claimb5, wherein the programmable logic is to sel ect one of
the first and second resistors by activating one of the first and second
swi t ches and deactivating the other of the first and second switches. 7.
The circuit of claim®6, wherein the first and second sw tches include

- transistors. 8. A regulator system conprising: a voltage controlled

--Yoscillator; a clock circuit coupled to the voltage controlled oscillator;

13



a charge punp circuit coupled to the clock circuit; a voltage divider
circuit coupled to the charge punp circuit; a differential anplifier
coupled to the voltage divider circuit; a regulator circuit coupled between
the differential anmplifier and the voltage controlled oscillator, the
regulator circuit including a bias line to couple to an output of a
differential anplifier and to an input of a voltage contr@lgdﬂARd§@5llator;
aresistor circuit wwth a negative tenperature coefficient, coupled between
the B¥ed@Mine and a first 14 0 8 MAR 2006 vol tage source to regul ate a bias
voltggg on &he bias |ine; and a bias circuit coupled between the bias |ine
and d SEPYRE" YT 4GB ENGr ce wherein the bias circuit includes a tai

curr ' r [ Pl L@ - t of the

i e A cblyfoian obfu A Qrbleftl SR ot bR e HEIER, 0 o'

di ode coupl ed between the resistor circuit and the bias line. 10. The

Syst erediftorelreuitMits a nadtiveiempélatirasemitientvolplégeetsen ttebibstina aad gnat  gr ound.

11. Thiags yalreato edgulatedd hasSioltage@n dherbidshiee;raggi stor circuit includes a first
resistor connected to the first voltage source and coupled to the bias

| i ne 2 bies circpl gouplasitbetwegh thelbigs fingandgrecidrvotiage speree. yhgreindhe igs ¢rciihcl udes:

fi r sinclyfer slateigniiigstEnastor hia bias girqus ta ¢patrel thequrrgr of g differsatat amplifier j ¢ st

resi gtor coupled be en the . bia ine and the first swtch: a second
ot & e BB B CRBE bornEs ok R Ee v e Ba i TRy A €
| ogi C coupled to the first and second switches to control the first and

S eCOROrHRVMrL R Slaiml whdrBR stk voltagels8iriR & 4.sighhef&ind t he programmebl e | ogic
is to select one of the first and second resistors by activating one of

t he #iTretciraunds sgieon dherah tiehesstantodidadidey atilstigsistbeconhdverd tothetile first and
S econdtagesdundeend cdupled Thihe diastimm of cl aim 12, wherein the first and second
switches include transistors. 15. A nmethod, conpri sing:

5. The circuit of claim 1, wherein the resistor circuit includes:

first and second switches coupled to the first voltage source;

a first resistor coupled between the bias line and the first switch;

a second resistor coupled between the bias line and the second switch;

programmable logic coupled to the first and second switches to control the first and second switches.

6. The circuit of claim 5, wherein the programmable logic is to select one of the first and second

resistors by activating one of the first and second switches and deactivating the other of the first and

second switches.

7. The circuit of claim 6, wherein the first and second switches include transistors.

8. A regulator system, comprising:

a voltage controlled oscillator;

a clock circuit coupled to the voltage controlled oscillator;

a charge pump circuit coupled to the clock circuit;

a voltage divider circuit coupled to the charge pump circuit;

a differential amplifier coupled to the voltage divider circuit;

a regulator circuit coupled between the differential amplifier and the voltage controlled oscillator, the
regulator circuit including:

a bias line to couple to an output of a differential amplifier and to an input of a voltage controlled
oscillator;

a resistor circuit with a negative temperature coefficient, coupled between the bias line and a first

14



detecting a predeterm ned portion of an output froma charge punp circuit;
detecting with a differential anplifier a difference bet quthe
predeterm ned portion and a reference voltage; driving ﬁﬁfiwﬁﬁéM@ﬁ a
voltage controlled oscillator with an output of the differential anplifier
to control a frequency of a clock to drive the charge punp circuit;

regul ating an output voltage of the differential anplifier with a

PGl R ORMENRN £8lad AU U sl bl Lo Cont ol the frequency.
wher €rmot he enperature co noat ed regulator circuit includes a tail

CUr I effiastirds chi APt eRh thel 1M 1ih&€ TMES &b Lo QERBASE WRselh ARl REuiC TCUi t tO
cont iludbdtaf BlirfePtbiatfankiB@r, tHél bids@irélittid @ntraiii dulrelof thd Giffereneal BRBIFRE of claim
15, wherein regulating includes: biasing the output voltage with a resistor

Ci r c@i Thehgstem@f elaimed) alrthereonengireradiateeo gt Hetvedee tite. residtar. cirdiiteandéterdas of cl ai m
15, wmerein regulating includes: selecting at |east one of the plurality of
resistors havin? a negative tenperature coefficient; coupling the at |east
one ri@sihgtspyterpatclpiag. whapein thegacand yeltege sartreiha sigtal pietndf the differenti al
anplifier to b'%% t he output volta e ég. Tpe nmet hod of gla% 17, wherein
c a1l tem o er | clr cludes tor to the first

sal o gl egt T TR Preny ¥ b vt e

12. The system of claim 8, wherein the resistor circuit includes:

first and second switches coupled to the first voltage source;

a first resistor coupled between the bias line and the first swiich;

a second resistor coupled between the hias line and the second switch;

programmable logic coupled to the first and second switches to control the first and second switches.

13. The system of claim 12, wherein the programmabile logic is to select one of the first and second

resistors by activating one of the first and second switches and deactivating the other of the first and

second switches.

14. The system of claim 12, wherein the first and second switches include transistors.

15. A method, comprising:

detecting a predetermined portion of an output from a charge pump circuit;

detecting with a differential amplifier a difference between the predetermined portion and a reference
voltage;

driving an input of a voitage controlled oscillator with an output of the differential amplifier to control a
frequency of a clock to drive the charge pump circuit;

regulating an output voltage of the differential amplifier with a temperature compensated regulator
circuit to control the frequency, wherein the temperature compensated regulator circuit includes a tail
current bias transistor, the temperature compensated regulator circuit to control the current of the
differential amplifier.

16. The method of claim 15, wherein regulating includes:

biasing the output voltage with a resistor circuit having a negative temperature coefficient.

17. The method of claim 15, wherein regulating includes:

selecting at least one of the plurality of resistors having a negative femperature coefficient;

coupling the at least one resistor between a voltage source and the output of the differential amplifier
to bias the cutput voltage.

18. The method of claim 17, wherein said selecting includes selecting with programmable logic.
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