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MEMORY CIRCU T 5 Background of the Invention (¥Ds &
The present invention relates, in general, to ‘integrated circuits and,

nore particularly, to current limting circuits. 10 . A portable

W rel ess system such as a cellular phond or a pager uses anal og and

active circuitry to convert- signal s between frequencies ranging from

radi o frequency (RF) to base band. Received RF signals are converted to

base-band signals through circuits such as an RF 15 transceiver, a down
converter, and a JZARGHITAND MATHODhOF LIMIFINGOLEAKBEE| CVRBRENPOHE At he
converted base-band signals are peRGIRe Sefr¢ti®© recogni zabl e speech in
t he voi ce band frequencies. The portable wreless systemtypically
draws its operating power froma battery source. Analog 20 and active

circuitry ig the portable wrdkgrovndedratBe InvehtfBhy sources of

- battery current drain during system operation. The transistors
of the anal og and active circuitry have well regions fornmed in a
substrate of the intBue pmebad inventiiton réletesyeinegbnesad, Pbdj uncti on

di odes forned I eq [ e ave, | ASSc
currents bgggfqﬁéééixﬁﬁﬁg%ﬁgiggﬁgaﬂg%gtﬁégg?gggé?lgﬁeﬁotﬁgg .
portabl e wirel esHLEANPERIZEWHGESt ransmi tting or receiving signal s the

system ent @ps a st amgllyor@siel d arirdledtg s¥dtraisiehy aki Aecellilsi apye node
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di m ni shes t he $sidgrald hdiovdeat tfiregquencies ranging from radio frequency

(RF) to base band. Received RF signals are converted to
base-band signals_through circuits such as an RF

15 transceiver, a down converter, and a demodulator. In the
case of a cellular phone, the converted base-band signals
are processed into recognizable speech in the voice band
frequencies. The portable wireless system typically
draws its operating power from a battery source. Analog

20 and active circuitry in the portable wireless system are
primary sources of béttery current drain during system
operation.

The transistors of the analog and active circuitry

have well regions formed in a substrate of the integrated

25 circuit. The reverse-biased PN-junction diodes formed by
the well regions in the substrate have leakage currents
based on the junction area of the diodes. When the
portable wireless system is not transmitting or receiving
signals the system enters a standby mode to prolong

30 Dbattery life. 1In standby mode a majority of the analog
and active circuitry is disabled which causes the diode
leakage currents to be the dominant current that
diminishes the life of the battery.
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2 - Accordingly, it would be advantageous to have a circuit

thiat limts the di ode | eakage currents of an Integrated circuit during
a standby node to prolong the battery life of a portable wreless
system It would be 5 of further advantage that the current limting
circuit have a small size and be eagily integrated.

Bri ef Description of the Drawi ngs 10 FIG 1 is a block diagram of
a wrel ess nlcat .on _devi,
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portable wrel ess comuni cati on systemdraws its supply voltage froma
30 local battery source. Analog and active circuitry are

Brief Description of the Drawings

10
FIG. 1 is a block diagram of a wireless
communication device;
FIG. 2 is a block diagram of a memory circuit in the
wireless communication device;
15 FIG. 3 is a schematic diagram of a memory cell of

the memory circuit;
FIG. 4 is a cross-sectional view of the memory cell
and a current limiting circuit; and
FIGs. 5-9 are embodiments of the current limiting
20 circuit.

Detailed Description of the Preferred Embodiment

25 Generally, the present invention provides a circuit
and method for current limiting the memory cells of a
memory array in a portable wireless system while
operating in a standby mode. The portable wireless
communication system draws its supply voltage from a

30 1local battery source. Analog and active circuitry are
primary sources of current drain during normal system
operation. However, in the standby mode active circuitry
is disabled and the leakage currents from the well
regions associated with the transistors of the integrated



priimary sources of current drain during normal system operation.

However, in the standby node active circuitry i s disabled and the

| eakage currents fromthe well regi ons associated with the transistors

of the integrated 3 circuit are

the primary source of current drain that3 di m ni shes battery life. The

portable w rel ess system ‘typically operates in the standby node for a
me. .Thus, the current jreuit is
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produces audio Slé%ﬁ%lgltal information. RF transceiver 14 amplifies
the RF carrier signal and converts the frequency down to
an intermediate frequency (IF) signal which is coupled to
an input of a down converter and demodulator circuit 16.
20 It should be noted that RF transceiver 14 is also
referred to as a translator that is coupled for receiving
a transmitted signal. Down converter and demodulator
circuit 16 extracts the digital information from the IF
signal to produce baseband digital data which is coupled
25 to an input of a data processing circuit 18. Data
processing circuit 18 operates under the control of
software program instructions that are stored in a
nonvolatile FLASH memory in memory circuit 24. Data
processing circuit 18 has an input that receives data
30 from keypad 22 and an output that produces audio signals
' for driving speaker 20.
FIG. 2 is a block diagram of memory circuit 24.
FLASH memory circuit 24 is initially erased and memory
cells'that_are to be programmed with a logic one data



for driving speaker 20. FIG 2 is a block diagram of nenory
citcuit 24. FLASH nenory circuit 24 is initially erased and nenory
cells that are to be progranmed with a. logic one data

4 value are witten. Page buffer circuit 28 is coupled for

receiving input signals via bi-directiogal bus 26. Page buffer circuit
28 is connected to sense anp circuit 30 via a bus 26. Sense anp circuit
30 has a data bus 31 5 that connects to a_col unm mnuy 3 Col umm nmux 32 has
control inputs ¥aiae are wsdsten.f oPageckrifay %HH?%%% 8 igicpuR r
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lines for bi- QPnQﬁQ¥xﬁHHHQ§ t@é§e§r26°°BEle§nﬁ°§3r?§e n%i?q 1933 i on of
the present invefygrndds and allowsFH@ta3tbSb§ btaakfdomgserecfed nory cel |

40. Briefly referring to FIL.G 2 e in " cel
40 are confi gured§shti é'%“ﬁ’i’rryafrgﬁéf Sggufnﬂ §%§§8§ CP{'C% ums of
menory array 34n¢eaxwgsraﬁdndssmipneswﬁwomythe addresacbus andv@eeedessi st or
menory cel &gtzhaﬁhé n%mt 5% A ines FOA! rs%'lgh'iﬁﬂ@' st 851 4n a9 xﬁe fcéells

transi stor tran5|stor has-a gate ggrn1na 4 at e
structure 46, alnreelmpdivh 32, KW ée%GPcélFGBFBn oreseives rEss
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Control trans sig Imisct T X ad, of, megirg pes S dhsh h o hg P 21,
recei ves or gen&4at eBt aslmxgltthlbe Bioted NBatThbesoumber Of lines for bi-
15 directional buses 26, 31, and 33 is not a limitation of
the present invention.
FIG. 3 is a block diagram of a memory cell 40.
Briefly referring to FIG. 2, multiple instances of memory
cell 40 are configured into an array and arranged in rows
20 and columns of memory array 34 (array not shown). Memory
cell 40 is a two-transistor memory cell that includes a
control transistor 42 and a select transistor 52.
Control transistor 42 has a gate terminal 44, a gate
structure 46, a drain region 48, and a source region 50.
25 Select transistor 52 has a gate terminal 54, a gate
structure 56, a drain region 50, and a source region 58.
In particular, drain region 48 of control transistor 42
serves as an output of memory cell 40 that either
receives or generates a signal, BIT LINE. The source
30 region of control transistor 42 is commonly connected to
the drain-region of select transistor 52 and is referred
to by the reference number 50. Source region 58 of
select transistor 52 is connected to a power supply
conductor 60. Both drain region 48 and source region 50



30 region of control transistor 42 is comonly connected to the drain
regi on of select transistor 52 and is referred to by the reference '
nunber 50. Source regi on 58 of select transistor 52 is connected to a
power supply conductor 60. Both drain region 48 and source region 50

5 of control transistor 42 and bot%h drain region 50 and source
region 58 of select transistor 52 are disposed I n a well region that is

contacted by we term ted
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field effect transistors However, tHe type of transistor
is not a I|rntzﬂﬂﬂm§n§Psﬂﬁ§°ﬁr@§@ﬁFY|ﬁ@éﬁt?ﬁﬁhl§ﬁpture' | n operation, menory
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60 is referred &,q n%ig%o%%'ﬁ% tra ZE@%NQE a floatikle JARLE bl owdists
t he vol tage val ues 0 tﬂe control termnal’, the select
gate, the gate material that 1s separate and isolated from the gate

15 terminal. It should be further noted that control
transistor 42 and select transistor 52 are shown as N-
channel metal oxide semiconductor field effect
transistors (MOSFETs). However, the type of transistor
is not a limitation of the present invention.

20 In operation, memory cell 40 stores digital data in
a PROGRAM mode, reads stored digital data in a READ mode,
and erases stored digital data 'in an ERASE mode. Gate
terminals 44 and 54 of memory cell 40 are referred to as
a control terminal and a select gate, respectively.

25 Power supply conductor 60 is referred to as a SOURCE
TERMINAL, |

The TABLE below lists the voltage values that are
applied to the control terminal, the select gate, the
SOURCE TERMINAL, and the WELL TERMINAL of memory cell 40

30 when operating in the READ mode, the PROGRAM mode, and
the ERASE mode. In addition, a voltage value is also
supplied as the BIT LINE signal in the PROGRAM mode. By
way of example, the value stored in memory cell 40 is
output as the BIT LINE signal in the READ mode when the



SOURCE TERM NAL, and the WELL TERM NAL of nenory cell 40 30 when operating
i f the READ node, the PROGRAM nbde, and the ERASE node. In addition, a
vol tage value is al so supplied as the BIT LINE signal in the PROGRAM
node. By way of exanple, the value stored in nenory cell 40 is

output as the BIT LILNE signal in the REOD node when the

6 sel ect gate voltage transitions fromabout 0 volts to about VDD,

and the control ﬂ@'dé\ﬂﬁt\é’ﬂﬁbes .
about +1.2 vol tsse]%c%1 %%Ite @%ﬁ%@%ﬁ D6k frorn%

respective
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when the respegidwe wHltladee vaaheesodf about abDU2 vOleldrsd aasbuwtbdut 0 volts
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vol t age val Rt RSPESEd V&Y mi nal of select transistor 52 is any 10

vol tage within the rz!a]rtgarraftlvmyt,oagwaané is Nboved im|memory 4oelk 4
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%’ERM NAL GATE CO&ETBEH\% NAL TER@lnaElEECIhe e VAL T, AR EEE
VOLTAGE VOLTARlue qyifye gat&utt&ei'f“iné} 9§ selegy, 6&5‘81 o+ 58 ?)%?‘J
PROGRAM +505V vol&\ge withi¥ the ran@¥ of VDD 0¥ groufRASE Memgriygelli13V
ov The | c u sell 40
. 4 n ]t%}\{a%ﬁmmde en Ree! BT ‘fﬁh glﬁﬁQI egla & Ny NPT

S cleared en the sel ect evotae i S about
zero vol ts, andkort résgestalis Bok erg@a\mrsw&caﬁnaﬁ%vh% CRe IR RN

about -5 vol ts M EnSURRd ef v ddcapoel 0 volts. The letter X in the
table represents a don’t care voltage lvalue.

15
BIT CONTROL SELECT SOURCE  WELL
MODE LINE  TERMINAL GATE TERMINAL TERMINAL
SIGNAL VOLTAGE VOLTAGE VOLTAGE VOLTAGE
READ output +1.2V  0V/VDD OV ov
PROGRAM | +5.5V -9V X ov ov
ERASE floats +13V 1) -5V -5V

The logic value stored in memory cell 40 is cleared
in the ERASE mode when the select gate voltage is about
zero volts, and the respective voltage values of about

20 +13 volts and about -5 volts are supplied to the control
termlnal and to the SOURCE TERMINAL.

'FIG. 4 is a cross-sectional view of memory cell 40
that is coupled to a current limiting circuit 70. It
should be noted that the same reference numbers are used

25 in the figures to denote the same elements. A
semiconductor region 64 is an isolation region that is
disposed in substrate 62 and separates memory cell 40
from substrate 62. Another semiconductor region 66



termnal and to the SOURCE TERM NAL. FIG 4 is a cross-sectiona
vi ew of nmenory cell 40 that is coupled toa current limting circuit
70. It shoul d be noted that the sane reference nunbers are used 25 1in
the figures to denote the sane elenments.. A sem conductor region 64 is
an isolation region that is disposéﬁ I n substrate 62 and separates
menory cell 40 fromsubstrate 62. Anot her sem conductor region 66
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respective gat e‘?,ﬁ&g n”&a&gﬂé%ré‘é with Ak %%pg!%ﬁ@%g{fx?%}atﬁt&%%Uggéﬁgfi’ﬁt rol

transistor 42 1 ect transistor transi st or as gate
ternminal 44, gaferstihetseeres ang drpiredgiegions ofn@ MOSFE@urce regi on 50.

Sel ect trang stor 52méasrgat€ll e4mn 11l semicdriud@aire relgivd! 66ehas, gdtai n
region 50, and spurce regi [)eﬂ41§%%gjon 48 _of _cant r.al tragéﬁstor

42 is 20 conneRredCYErYe egéi%%lfgﬁolmﬁ ?ﬁé"so&f‘cgcf:gﬁf%ﬂc&w
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conductor 60. 28nd 54. dfenrery ¢k t4hdnaludes CﬂgtFﬁélE6é§3asg9ﬁeﬂzsupply

15 and select transistor 52. Control transistor 42 has gate
terminal 44, gate structure 46, drain region 48, and '
source region 50. Select transistor 52 has gate terminal
54, gate structure 56, drain region 50, and source region
58. Drain region 48 of control transistor 42 is

20 connected to the signal, BIT LINE. The source'region of
control transistor 42 is commonly connected to the drain
region of select transistor 52 and is referred to by the
reference number 50. Source region 58 of select
transistor 52 is connected to power supply conductor 60.

25 Current limiting circuit 70 includes a power supply
conductor 72, a control terminal 74, and an output
terminal 76. Output terminal 76 is connected to _
semiconductor region 64 by an ohmic connection. Current
limiting circuit 70 provides a current conduction path

30 between the power supply conductor 72 and the output
terminal 76.

FIG. 5 is a preferred embodiment of current limiting
circuit 70. Current limiting circuit 70 is a P-channel
MOSFET 80 having a gate terminal, a drain terminal, and a



conductor 72, a control termnal 74, and an out put term nal 76. CQutput
terminal 76 is connected to sem conduct or region 64 by an ohmc
connection. Current limting circuit 70 provides a current conduction
path 30 between the power supply conductor 72 and the out put t erm nal
76. FIG 5 is a preferred enbod® nent of current limting

circuit 70. Current Iiniting circuit 70 is a P-channel MOSFET 80 havi ng
a gate termnal, a dr in ter naI and
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conductor 72 is’@upplied with a voltage of VDD. Current limting
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region 64 with %3 VIS 2618 attSsnduror
sem conduct or regdund 6640SFET 80 asNeen endancementr tiranbisdorsisupplaed with

a logic oneg ﬁéﬁ&u}e odd VAl 398 %BﬁﬁgegggPﬂUheV%pM mﬁ@a I's

I n a non- COI‘ldUCt I ve eration. ductive no
MOSFET 80 is of 16t Fa?e%oo e plpeltage value of about VDD when

15 power supply conductor 72 is supplied with a voltage of
VDD. Current limiting circuit 70 operates in the
conductive mode to supply the léakage currents of the
reverse-biased diodes that are formed by semiconductor
region 64 with substrate 62 and semiconductor region 64

20 with semiconductor region 66.

When control terminal 74 is supplied with a logic
one value, i.e., a voltage value of about VDD, MOSFET 80
is in a non~conductive mode of operation. In the non-
conductive mode MOSFET 80 is off and operates to block

25 the supply of leakage currents to the reverse-biased
diodes that are formed by semiconductor region 64 with
substrate 62 and semiconductor region 64 with
"semiconductor region 66. It should be understood that
when MOSFET 80 is non-conductive that another

30 semiconductor device (not shown) can be used to insure
that well region 64 is not negatively biased such that
the diode formed by region 64 with substrate 62 becomes
forward biased.



25 the supply of |eakage currents to the reverse-biased di odes t hat
are fornmed by sem conductor region 64 with substrate 62 and

sem conductor region 64 with - sem conductor region 66. It should be
under st ood t hat when MOSFET 80 is non-conductive that another 30

sem conductor device (not shown) can bé@ used to insure that well region
64 is not negatively biased such that the di ode forned by region 64

with substrate 62 b . f Qr
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sem conduct or FIG 7 is a
second al ternate eniirdiop=ratdfonguMOSFET282 ham anngut;putuv@lv@ge @pgent

limting circuif E%Hﬁém 76 o SBBNRCYDNORREL ﬁéw@ﬁvéﬁkgpﬁ{ Q@é@d@m nal, a

drain t er m nal term na articul ar
terninal of N[ﬂﬂE‘F-SB@LKDé’r]\?-@éi a’étéloﬁt F’Sﬂtﬁgﬁrr?ﬁaymh O S?ETC ?—Rﬁra}tﬁﬁ ting

circuit 70315TherUidshditiv@amodle to supply the leakage currents of
the reverse-biased diodes that are formed by
semiconductor region 64 with substrate 62 and.
semiconductor region 64 with semiconductor region 66.
FIG. 7 is a second alternate embodiment of current
20 1limiting circuit 70. Current limiting circuit 70 is an
N-channel MOSFET 84 having a gate terminal, a drain
terminal, and a source terminal. In particular, the gate
terminal of MOSFET 84 serves as control terminal 74 of
current limiting circuit 70. The source terminal of
25 MOSFET 84 serves as output terminal 76 of current
limiting circuit 70. The drain terminal of MOSFET 84
serves as power supply conductor 72 of current limiting
circuit 70.
In operation, when control terminal 74 is supplied
30 with a logic one value, i.e., a voltage value of about
VDD, MOSFET 84 as an enhancement transistor is in a
conductive mode. In the conductive mode output terminal
76 of MOSFET 84 has a voltage value of VDD minus a
threshold voltage value of MOSFET 84 when power supply



25 MOSFET 84 serves as output termnal 76 of current limting circuit

70. The drain term nal of MOSFET 84 serves as power supply conductor
72 of current limting circuit 70. I n operation, when
control terminal 74 is supplied 30 with a logic one value, i.e., a voltage
val ue. of about VDD, MOSFET 84 as aml®nhancenent transistor is in a
conductive node. In the conductive node output term nal 76 of MOSFET 84

has @ vol tage ValioPorVH T WpB1iea AIEASLL¥44 % 9B e 1RISFIEEFET 84

when power sup conduct or
72 is supplied 84 opexateist Agetbe vomdugibpgmode 5y %{RR]eYL gunnent, o

conducti ve mdq 0 raiRRlk-pYLERAL difdes tﬁae seversemdd ased diodes that are
formed by sem conduct or regi on 24 Wi t bstr éf and 5
SERSLRAYS

sem conduct or @WW%&@ APRoRALNED ot her words,
the di ode | sakagmiddndritdraregioppbiediby semldkmﬁﬁittﬂﬂ region 66. \\ian

control tern1nahj%%bhf S ghhgdﬂ%%égTﬁiéggéé curréﬁﬁg ¥l Uk 1féd

vol t age val ue & s 1n non- co uctive nDde
I n the non- conMOSHBIE 84. rmde MOSFET 84 is off and operates to bl ock the

suppl y of | eakagg, & e&ﬁ&naﬁVQ@s@sbbﬁégﬂlédoﬁﬂﬁht£alo§ﬁéi

formed by sen1conductor re I on 6% W th substrate or
regi on 64 with 28458 WSt d-r regRoNOgbagesvalue o I@"‘%: i%r%urtcﬂll &@M

alternate ggboddqrery iof aCderB-IHonducth.krm tabtg. Ci Inuthe 7on-Gondmttiver ting
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15 FIG. 8 is a third alternate embodiment of current
limiting circuit 70. Current limiting circuit 70 is an
N-channel MOSFET 86 having a gate terminal, a drain
terminal, and a source terminal. In particular, the
commonly connected gate terminal and drain terminal of

20 MOSFET 86 serve as power supply conductor 72 of current
limiting circuit 70. The source terminal of MOSFET 86
serves as output terminal 76 of current limiting circuit
70. The control terminal 74 of current limiting circuit
70 is not connected.

25 '~ In operation, MOSFET 86 has a voltage value at
output terminal 76 of VDD minus a threshold voltage value
of MOSFET 86 when power supply conductor 72 is supplied
with a voltage of VDD. MOSFET 86 operates in a
conductive mode to supply the leakage currents of the

30 reverse-biased diodes that are formed by semiconductor
region 64 with substrate 62 and semiconductor region 64
with semiconductor region 66.

FIG. 9 is a fourth alternate embodiment of current
limiting circuit 70. Current limiting circuit 70 is a



70 i s not connected. 25 I n operation, MOSFET 86 has a vol tage val ue
at’ output termnal 76 of VDD m nus a threshold vol tage val ue of
MOSFET 86 when power supply conductor 72 is supplied with a vol tage of
VDD. MOSFET 86 operates in a conductive node to supply the |eakage
currents of the 30 reverse-biased diodés that are formed by seni conduct or
region 64 with substrate 62 and sem conductor region 64 wth

seni conduct or rm-'-jlih@@xon diode 88 Ma%ing ah anbaer bRhaakt 8apRé6Ge £NDE4lI meNt
of current %)18(: Qg circuit 70. ,Current t|n circuit 70 is a

PN-j unction di oﬂ%r nd-h a&’rﬂﬁ?eiém‘f%m@&f:ﬁ fwer SPBPtYcul ar, the
anode i's connectesdiict@OVE? cfippinrent l(inﬂdlin'gocﬂ-&udlt UOI:re'IJheIcmMcmg

circuit 70. The, t ' . current
limting 5 cir cwgflcE ‘g%gg%eed cﬂooflt r (%I%ut %(%mé'?]ag %19 %g u?;"glﬁ?ﬁ*i ;r%ul?'tﬁbgg
circuit 70 s neirewhinetd ed.The ContrOM regpdnali dd, ofi cusresthhtmitimyt age

val ue at outputClrcuigrférgg ﬂg%(gbﬂﬂggt@hnus the voltage of the forward
bi ased di ode when power pgt conductor_ 72 is supplied 10. with a voltage.

of VDD. Di ode 88 opeF%t‘é%e Pptipde, $8 hag éaW&&éa@Gr Vehie 8F PREpPuUt
reverse-bi ased tentbsal heé &f eVDD m:frmrsmtdlebwoaemgeooducher foegapd 64 with

substrate 62 aqgl eds&:g(}&%ohe Ctg%enet%glsg“% \@ohpﬁgggkgqadygtgn?ﬁf%gn 66.

It is not alim |on i on curre |mt|ng
circuit 70 1IOepr‘¢s'@hta wveltage Qﬁa\MDDe oDiode &8pbpexbtes bbb SISFEY deeices.

For instance, iiecdRage c®PFEM¥s RIAGHL &vdirskle1aRERr Hlé&é@ytﬁét Ngrery

circuit 24 to be organi zed into several sections or_banks, such that
each bank has rEQEReR. BY semicananetar,nagdopy 6owish svhabicabe Pe*RA 64
W th substrate %mduct@ﬁrﬂ@nﬁuca@mutmlsem.eénwubho&eﬁfegﬂaduesor regi on

66. A plurality of curfsity MG ik FreiANt"InG8REeBhY that
15 current limiting circuit 70 represent a single device or
a plurality of MOSFET devices. For instance, it is

common practice for the memory array of memory circuit 24
to be organized into several sections or banks, such that
each bank has reverse-biased diodes formed by

20 semiconductor region 64 with substrate 62 and
semiconductor region 64 with semiconductor region 66. A
plurality of current_limiting circuits 70 having commonly
connected gate terminals can be used to limit the leakage
~currents of the reverse-biased diodes in each bank of the

25 memory array.

Referring to FIG. 5, the P-channel MOSFET 80 has a
gate structure connected to control terminal 74 that
includes a width W and a length L. By way of example,
the gate of MOSFET 80 can be sized to have a width W of

30 about 1.0 micrometers and a length L of about 0.4
micrometers. When control terminal 74 is supplied with a
voltage of about zero volts, MOSFET 80 is in the
conductive mode and supplies a current of about 25
microamps. On the other hand, When control terminal 74



connected gate term nals can be used to limt the | eakage currents of
t he reverse-bi ased di odes in each bank of the 25 nenory array.

Referring to FIG 5, the P-channel MOSFET 80 has a gate structure
connected to control termnal 74 that includes a width Wand a | ength
L. By way of exanpl e, the gate of M2SFET 80 can be sized to have a

width Wof 30 about 1.0 microneters and a length L of about 0.4

m croneters. vm n_¢ L Ql i 4] p h | 408 of
about zero vol " sfﬁ%&é%d %ﬁ{:ﬁl Qal’?%taéé ggo%dé‘ﬁflvyeﬁ ‘o eSFgTd\é?utﬁ%l ?es a
current of abothe2Bon- copducbawpsmody and bimkes el legkage smragntt &oni nal
74 the reverse-biased diodes ofZeach bdrk PRI i renkh oF vol tage
of about VDD, MOSFET 80 is in t he non-conductive node and limts the

| eakage cur r en@POYE 1.0t BANPAYRr se- bi ased di odes of each bank to a current
of abous 1.0 namgampw 3t shoulBybsoappiesiateéd ﬁhatunwsﬂruﬁﬁutdlaﬂdea
structure and ve been pro i akage
currents t o pr BESRGG Ravpaprar, BEPYEOGH ERgy {Bye, ddag itikade A0, |

has been furtheursiestys thaproheng theubatkeryilife mf @ mantaies a sl
size and can bg,ihQ1c83SGLXeRRl COTE! Rels! Bedh Nhdkeifer NncH 19Ts tie & standby

node for a portable wreless system
current limiting circuit has a small size and ‘can be

10 easily integrated to minimize the currents in a standby
mode for a portable wireless system.



CLAI M5 A menory circuit, conprising: a first

1.
sem conﬂlm [ posed in a substrate; 5 a second
sem con H"lunﬂ”mu | uding a menory cell where the second
sem condtictr regiom 18 disposed in the_first sem conductqr. region and

| sol at ed fromthe substrate by the’first seni cohTMISt SHEFTCHAS 'BEERMd

a current limting circuit coupled between a conductof andqepeAbEp St

sem conductor region. 10 2. Thecmy Ci r cutt—of—et-aiih—Ll—whdr ei n
the current limting circuit includes a metal oxide sem conduct or
field effect transistor (MOSFET) having a control term nal coupl ed
for receiving a contyol sj J J1gt .current

conducting term nal sf°f or%%ﬁ?@ t I?‘%%ﬁd%g’glg?g%gagﬁe first sem conductor
region. 15 3. a fimpt mewiopnductort TegiepafisPOS@fetRid the MOSFET in
the currents gupdtpddd;ng circuit is a P-channel MOSFET. 4. The

menory circuit of claim2, erein the MOSEET.in the,cytren limting
circuit is an N charﬁéeqﬂ%ﬁgﬁmlcond}&cmag. reglﬂn\/\ﬁ&flgﬂ'gééﬁge%i%eer?ory

conpri si ng: cell where ale aecioatbsendophductor regeowihy dispegrtiin ed
si gnal and providi nﬂ:d%tg'éeg&icondluc&@@ fe %gn and isolafed®'PFGRSEHW Clrcult
coupl ed for recéiving e digital data; gn ., a nmenory circuit
provi di ng dat a, substratimmy. dhe fiirssosgmicppguctor region; and (a) a

]Elb; st sem q_gnduc_t or %e&g%@; slgq(ﬁetng:w A reulist celpled bﬂ:ween a first . )
a second sem conductor region . includi ng a_mempry ce [ t he
second seni cond®RYYF FEFBh qog‘ddﬁcgzﬁ&éﬁgi ﬁﬁthlrgEs¥e@éﬁ?%%€§E§%or regi on

and 3 0 i sol ateglidniom the substrate by the first sem conductor region,
and _ (c) acurrent limting circuit coupl ed between a
conductor and the first sem conductor region.

2. The memory circuit of claim 1, wherein the
15 current limiting circuit includes a metal oxide
semiconductor field effect transistor (MOSFET) having a
control terminal coupled for receiving a control signal,
and first and second current conducting terminals for
coupling the first power supply conductor to the first
20 semiconductor region. '

3. The memory circuit of claim 2, wherein the
MOSFET in the current limiting circuit is a P-channel

MOSFET.
25 .
4, The memory circuit of claim 2, wherein the
MOSFET in the current limiting circuit is an N-channel
' MOSFET. |
30 5. A wireless device, comprising:

a translator coupled for receiving a transmitted
signal and providing digital data;

a processing circuit coupled for receiving the
digital data; and
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_ﬁﬁ‘\‘_\‘hg‘h““‘The wi rel ess device of claim.s ._ asf' current
I | m tu,ﬂ'ﬁmm des a P-channel ne 1{—!\33 * : Hictor field
ef fec %”,‘] FET) having a cont Rol teRr coupted for
rece|V|ng a'coftre gnal, a first current condeettnyg term na
coupled to the conductor, and a second dd4rrent conducting termnal 5

coupled to the first sem conductor region. 7. The w rel ess
device of claim®6, vhee d}yae&qlaua g\f%krlseala& apey! MhP hémory ciuithe
control term nal of the P-channel FET when the rrermry cellisin a
standby npde. ®PMPrising, The wirel ess device of claimb5, wherein the
current limting CI redi t d nelnsdesemicondagtbrcragheh abspodsedi fie a

sem conductor fj 3?§ffect transi stor (MOSFET) having a control

t erm nal coupl &tei vi ng a control signal, a first current conducting

term nal cobpled to (e corshosingt semd:oadset:ondregioanincbudlimiang t er mi nal
15 = coupl ed tQudiiiy-f iIdeil %%@&%OQGHCEQEPﬁﬁgé ﬁlgonductorgregioﬂWE%‘M rel ess

device of claim@8, wherein ue o round t he

control terni ndisposesk 10 dhenfdrskosercRREncEas Fr%%b‘?‘? %‘%Fllfr%larq?%

standby node. Zfrom the J&l-bstréltel byeﬂhat gdrstr senicos@IPEsSi fgion, and
a nenory cell; he nenory cel

gl,ation region, separa t
froma substrate: antf? 2 current’ iglE&P?eﬁ?rFPﬁftE é%ﬁ?%%ﬁﬂ%%?d? devi ce
havi ng a cdfduciimat peiwerccuppdy 2obducberwend 'aheoﬁ:;im:!t csemicbndiector

I sol ation- regi ion. 11. The integrated circuit of claim 10, wherein
the current |limtilng sem conduct or device includes a netal oxide
sem conductor field effect transistor . (MOSFET) having a control

term nal coupl ed forgrecerne gl e Xety Iddvidegdd claif 8, Owhebeifitthed second
current conductiiig & A1 1 S2RL i H8e8 R WLRINAG Hitar oxice
15 semiconductor field effect transistor (MOSFET) having a
control terminal coupled for receiving a control signal,
a first current conducting terminal coupled to the first
power supply conductor, and a second current conducting
terminal coupled to the first semiconductor region.
20
7. The wireless device of claim 5, wherein the
current limiting circuit includes an N-channel metal
oxide semiconductor field effect transistor (MOSFET)
having a control terminal coupled for receiving a control
25 signal, a first current conducting terminal coupled to
the first power supply conductor, and a second current
conducting terminal coupled to the first semiconductor
region.

30 8. An integrated circuit, comprising:
a nmemory cell; .
an isolation region separating the memory cell from
a substrate; and

"l



- .\Th‘e integrated circuit of claim1l, wherein 't he MOSFET
|s awtlt@' ﬂ"ﬁ"’” FET. 13. The integrated circuit of claim
is an N-channel 5 MOSFET. : 1 The
* Cl . ¢

| nt egrated ct rc’Ul ts 0 aim 11, wherein the NHAS BEEN nhancenent
node MOSFET. 10 15. A net hod of lisriting conpri sing
the steps of: di sposing a first sgm _ in a
substrate; second se nduct or, in the first
ser conduct or wel | & CaFEERY LR P S BRI BREA FohoYeRe £F om ¢ he
substrate; and conduction patlh mcuplgdabetmeent abfimetnpawennsigpply and t he
first sem condugd s, Well th Th hod of claim 15, wherein
the step of Ii mtl ng a cuarrgdgnt e| r%(ﬁollgtlon %gqﬁhmtl ng a | eakage current in
a first diode formed by the first sem conductor well and the

substrate. 52 0 1§, Fhe mﬁé@ﬂa@éd Cdlaﬂdﬁﬂc&oﬁ/\/@qraqmn 8, h@hgkePnOthe
limti ng a current |

cludes imting a |leakage,cu i second
il ot Tor med bSeredt Litting semicbodurior 0813821881606 A pdeal
sem conduct or wekide semicondifttor Tieldeelfddctf tebhasdstdyr (MOSKFET) i ncl udi ng

the step of di peslg & SR Barmitshl dolotln $6EoRdcarLaENEUELAL-ae! |

109. The net ho wherern the curren
i ncl udes plarahg and mﬁ;rwr@e|sneqondacgfcaﬁa§yc9adectmg terminals

10 for coupling the first power supply conductor to the

isolation region.

10. The integrated circuit of claim 9, wherein the
MOSFET is a P-channel MOSFET.
15
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