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An inportant design consideration for sem conductor nenory systens is

the support circuitry used to supply sensing of the nenory state stored in
each of the cells of 10 the nenory. Especially inportant nowadays are
non-vol atil e-nmenory (NVM chips, used to store program code, typically
of the UV erasable (EPROV), or electrically-erasabl e’ (EEPROV), or

FLASH tyﬁﬂELH'OF mﬁﬁoﬁonvent_i onal EPROM the cells are connected in

_ This invention relates to an electronic circuit comprising a memory cell
for assuming a particular one of two logic states, and sense means for determining the
particular logic state of the cell. The invention relates in particular, but not exclusively, to

5 non-volatile semiconductor memories. ' '

BACKGROUND OF INVENTION |
' An important design consideration for semiconductor memory systems is
the support circuitry used to supply sensing of the memory state stored in each of the cells of
10 the meinory. Especially important nowadays are non-volatile-memory (NVM) chips, used to
store program code, typically of the UV erasable (EPROM), or electrically-erasable
(EEPROM), or FLASH type. In a typical conventional EPROM, the cells are connected in
rows between horizontal word lines and in columns between vertical bit lines. One current
sense amplifier is connected to each bit line adjacent each column of cells. By changing the
1S voltage in a word line, all the cells in the associated row produce in the associated bit line a
current, depending on their charge state. The current can be sensed by the sense amplifier
connected to that bit line and producing at the output of the amplifier a voltage representative
of the programmed state (typically a binary "0"), or the un-programmed state (typically a
binary *1*) stored in the cell at the intersection of the word and bit lines. '
20 ~ As cells have shrunk in size in order to increase the memory size per
chip, the sense currents have also reduced. To increase sensitivity, it is common to sense
simultaneously a reference cell which is always in the un-programmed or ON or *1°
condition, and at times to use a differential amplifier to which is input both the reference
current from the reference cell and the sense current from the memory cell whose state is to
25 be determined (herein referred to as the "sensed cell”). If the sensed cell is in the opposite
programmed (OFF) condition, then the differential amplifier outputs one value. When the
sensed cell is in the same un-programmed (ON) condition, the differential ampli_ﬁef outputs
the opposite value, |
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render the sensitivity higher with a lower supply voltage than with a higher supp21y voltage.

The invention is based on recognizing that a specific relationship exists between programmed
and un-programmed cells, the supply vdltage aﬁaiiéble; and the current sensitivity of the
sense means required to sense properly a p‘rogrammed or un-programmed memory cell. The
15 sense means of the invention provides the automatic capability of controlling the sensitivity
of the sense amplifier in accordance with the available supply voltage, thus enabling correct
circuit operation over a larger range of supply voltages. o
In a first embodiment, the sense means comprises a sense load for
supplying a sense current to the memory cel_l for creeﬁng a sense voltage, and reference
20 means for creating a reference voltage from a reference current. The sense means further
comprises a comparator having inputs coupled to the memory cell and the reference means
for providing an output signal indicative of the particular logic state upon comparing the
sense voltage to the reference voltage. The bias means is operative to provide a control
signal to at least the sense load or the reference means for control of a ratio of the sense
25 current to the reference current. In this embodiment the sensitivity is adapted to the available
supply voltage by control of the ratio of sense current to the reference current.
In a further embodiment the reference means comprises a reference cell
having a specific logic state, and a reference load coupled to the reference cell via a
reference node for supplying the reference current and for creating the reference voltage at
30 the node. The sense means thus utilizes differential sensing of a reference cell and a memory
cell. This increases accuracy as the cells are uniform and therefore uniformly susceptible to,
€.g., temperature changes, process parameter spread, etc.
Preferably, the reference load and the sense load form an input branch

and an output branch, respectively, of a current mirror. The current mirror has a current
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15 series with the B transistors. The bias means is connected to the supply voltage and provndes

to the control electrode of the control transistor a signal that varies in accordance with the

supply voltage to control fhe degree to which the control transistor is ON and thereby

provides an effective number, S, of B parallel transistors in the .sen'sing circuit that can vary |

continuously from 1-B. This allows the ratio of A:S to vary between A:1 and A:B and thus
20 the sensitivity of the sensing circuit as the supply voltage varies from, say, 1-8V.

BRIEF DESCRIPTION OF DRAWINGS
The mvenuon is explamed by way of example and in further detail with
reference to the accompanying drawing, wherein:
25 Fig. lisa block of a typical semiconductor meinor_y;
Fig. 2 shows typical connections of the semiconductor memory to a
differential amplifier; | '
Fig. 3 is a schematic circuit diagram of a sense ampiifier in a traditional
non-volatile memory utilizing a fixed load ratio sensing scheme;
30 Fig. 4 is a schematic circuit diagram of one form of a sense amplifier
employing a scalable load ratio sensing scheme in accordance with the invention;
Fig. 5 is a schematic circuit diagram of the sense amplifier of Fig. 4
~ shown connected to a memory circuit shown only schematically; - -
Figs. 6 and 7 are graphs illustrating operation of the circuit of the
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TENTDI'Y dyptent in the connected bit line to the sense amplifier SA. To. improve sensitivity, as shown

in Fig. 2, the output of the sense amplifier SA is connected to a first input of a differential
| amplifier 12. The second input is connected to a reference amplifier RA, which in turn is
15 connected to a reference cell RC. Reference-éell-Rc is un-programmed (ON) and establishes
a fixed reference current I,.¢ each time a word line is asserted. ‘The fixed reference current
(memory cell RC ON) establishes a reference voltage on-one input of the differential
-amplifier. This voltage becomes the amplifier trip point. Thesensedcurrent of memory cell
- 10 is translated into a voltage on the other input of the differential amplifier. This vd.lt’age
20 swings above or below the amplifier trip point, depending on the stored memory state
(programmed or un-programmed) of the cell, thereby switching the differential amplifier
between a logic low ("0") and a logic high ("1") output signal, representative of the memory
cell’s stored state. ! S L R '
~ Fig. 3 illustrates a traditional sense amplifier of the load current type with
25 a fixed sensitivity, i.e., a fixed current ratio between the reference NVM cell and the sensed
NVM cell. The load 14 for the reference current I is supplied by seven p-MOS transistors
15, each having a 10:4 width to length ratio, for example. Each reference transistor (not
shown in Fig. 3) is un-programmed which in this instance means it is always ON sinking
Iref‘ ' 5 _ : . '
30 ' The load 16 for the sensed memory cell, in contrast, is formed by a single
p-MOS transistor 17 of the same width to length ratio. In this fixed load ratio approach using
a fixed load current mirror scheme, the reference portion of the mirror thus consists of 7 p-
MOS transistor loads and the multiplier portion consists of one p-MOS load in this e:;_ample.
This results ideally in-a fixed sense current, that is, 1:7 or 1/7 of the reference current under
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15 cells and the supply voltage is what the extended voltage range non-volatile memory sense
amplifier of the invention uses to solve the problem.

‘The extended voltage range NVM sense amplifier of the invention
-employs a scalable ratio load current sensing scheme. The scaling of the ratio load is a
function of the power supply voltage.

20 Fig. 4 shows one form of the circuit of the invention. In this example, the
number of reference load transistors 15 remains the same at seven, but now the multiplier
load 20 comprises two controllable or variable load transistors 21 and one fixed load
transistor 22 in the multiplier portion of the mirror. The two variable transistors 21 are
controlled by a p-MOS transistor 24 that is in series. The transistor 24 in turn is controlled

© 25 by a bias generator circuit 25 that produces a bias voltage at node 26 that decreases as a
percentage of the supply voltage as the supply voltage increases. In the example of Fig. 4,
under low voltage supply operation, the high bias cuts OFF transistor 24 thus isolating both
transistors 21 and, as a result, the multiplier portion of the mirror is only one p-MOS
transistor 22 in size. This results in a current ratio of 1:7, the same as in the fixed ratio load

30 current mirror (Fig. 3). However, under high voltage supply operation, the bias reduces and
both transistors 21 are fully ON resulting in a multiplier portion that contains three p-MOS
transistors 21, 21, 22. The current ratio is then 3:7 under the higher supply voltage
operating condition, thus reducing the current sensitivity of the sense amplifier.

Operation of the system will become clearer with the following
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Vet = 2.0v, |
M = 2,3,and 6, and
- Vee. = - 3.0V, 4.0V, and 6.0V,

for a typical EPROM of the floating gate type w1th its Ing-characteristic plotted as current

15 -along the ordinate as a function of the EPROM’s Vt along the abscissa with Vcc as the
parameter. e |

For M = 2, the Vi,;, (represented by Vt for the sensed cell), ranges from
2.5VatVee =3.0Vto4.0VatVee=6.0V fora delta (4.0-2.5) of 1.5 V. For M = 6,
the Vt,;;, ranges from 2.83 V at Vec = 3.0 Vto 5. 33 V at Vec = 6.0 V for a delta of 2.5

20 V. The significance of the Vt,;, range can be described as follows; the Vtmp at Vec(min)
(3.0 V in the above example) represents the maximum sense cell Vt of an un-programmed
cell for a given power supply. voitage range, and the Viyiip at Vec(max) (6.0 V in the above
example) represents the minimum sense cell Vt of a progfammed cell for a given power
supply voltage range. The delta voltage between these two numbers represents the "un-

25 usable” rangé of the sense cell Vt for the specified power supply voltage range. To further
illustrate, for M = 2, if during non-volatile cgll;pmgratﬁming, the resultant cell Vt = 3.5 V,
then at Vcc = 3.0 V, the cell would be sensed as pr__ogrammed._ At Vec = 6.0 V, however,
the cell would be sensed as un-programmed.

Two important DC effects should be noted from F1g 6. Flrst as M
30 increases from 2 to 6, so does the range of "un-usable” sense cell Vt. This is not a desirable
- effect since it reduces the usable Vt range of programmed cells (Vt,;, at VCC(max) to the
maximum programmed cell Vt). Second, as M increases from 2 to 6, so does the delta
between the Vipee (Vier = 2.0 V in the above example) and the Vi, at Vee(min). This a
desirable effect since it extends the range of un-programmed cell Vt.
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respectively. S .

15 Equations (2) and (3) are derived from Fig. 8, which is a simplified view
of a ratio load current mirror which converts current to voltage to drive an amplifier.

The scalable ratio load current sensing scheme of the invention allows for
the adjustment of M as a function of the power supply voltage. This scalability allows for
design optimization over a wider power supply voltage range. Fig. 7 illustrates the design

20 improvement. Shown in Fig. 7 for convenience are the three fixed ratios M = 2, M=3,

- and M = 6 previously shown in Fig. 6. In addition, the scalable or variable ratio is shown at
30. For the variable ratio, at a power supply voltage of 3.0 V, M = 6; at a power supply
voltage of 6.0 V, M = 2.

_ Two important improvements have occurred. First, at low power supply

25 operating voltages (3.0 V in the above example), the speed of the sense amplifier is
optimized since memory cells have reduced current drivé. Therefore, the optimum value for
M is determined using the constraints of Equations 2 and 3 for low current operation. In
addition, the DC trip-point has increased providing additional margin between the reference
cell and the maximum sense cell Vt of an un-programmed cell.

30 Second, at high power supply operating voltages (6.0 V in the above
example), the DC trip-point is optimized. With M = 2, the minimum sense cell Vt of a
programmed cell has been reduced. Comparing the "un-usable” range (delta) of sense cell vt
of the fixed ratios with the scalable ratio (1.5 V for M = 2,2.5V for M = 6 and 1.15 V
for M = scalable), the scalable ratio produces a smaller "un-usable" range. At high power
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por tifonresfstdrhe m rror. The two variable transistors 21 -are control | ed
by a p- MOS tranS|stor 24 that is in series. The transistor 24 in turn is
control |l ed Fig. 5 shows the sense amplifier circuit of Fig: 4 connected to the

memory and several additional conventional circuits. Only:several of the many memory cells
are shown at 40, and only several of the many reference: cells 41. Each word line when -
asserted activates a reference cell 41 and a row of memory. cells 40. The blocks referenced
20 42-45 are described by their labels and are conventional in EPROM memories. The
CONTROL input at 46 corresponds to the BIAS CONTROL input in Fig. 4 and functions to
turn off the system in a power-down mode of the IC. Fig. 5 also shows two outputs
AMPIN2, corresponding to DIFIN1, and AMPINI, corresponding to DIFIN2. When a
differential amplifier 48 is used, AMPIN2 and AMPIN1 are connected as shown. When a
25 single-end amplifier 49 is used, then only the AMPIN1 output is connected as shown.
The key concept of the invention is that of current mirror scalability. In
general terms, the scalable current mirror is composed of four cemj)onents: a reference load,
~ a fixed multiplier load, a variable multiplier load, and a voltage bias generator that controls
the variable multiplier load by generating a bias voltage that decreases as a percentage of
30 supply voltage as the supply voltage increases. Reduced bias voltage means increased I, ..
and thus a reduced ratio M. '
A general relationship between the three load elements can be developed.
If X represents the size of reference load in terms of the number of transistors of a unit
dimension, Y represents the size of the fixed multiplier load in terms of the number of-



25 by a bias generator circuit 25 that produces a bias voltage at node 26

t hat decreases as a per cent age of the suppl y vol tage as the supply
yol tage i ged W In the exanple of Fig. 4, under | ovpomigosaros uppl y
operation, t I gh bias cuts OFF transi sﬁor 24 thus isolating both

transistors 21 and, as a result, the multiplier portion of the mrror is

only onetrindiftSrs of a urit diménsion, aﬁerepsesems tﬁhsaeroésth&vanahle multiplies doadriat i o
of 1:7, the sama as in the fi{xed ratiq |.oad 30

However , teamaof the awmben oL EENSISAFS Of ajput dimesiiion, HELY 300 Zais Bostrfipét a8

bot h tra?@r?s.}ors 21 are fully ONresulting in a nultiplier portion that
contai ns Be p- MOS transistors 21, 21, 22. The current ratio is then
3:7 under the higher supply vai-tpe (Y +Z)pérat| ng condition, thus refcing

the current sensitivity of . the sens Lfi.er

Oper afi on of the syst it is jpred} @@ alsp 3 1o ibis;alsa possible for Y = 0,
WO 96/ 08 ided to ensure that the variable muln lier load
PCT] | BQS?@W that 2 minimum bias voltage is provic p.

expl anat pmv;desen‘ mirimnm gon‘eslbondmg evadiredanulgiptier load: Inpthis gmatlsy, % would

Y087 unPe OB SaRACE pon ola e eofigatie i ey P el e o

schene. ypderstood that the invention carl Be ffiflefmented dyviseofgesingla MOS tnsistar! with,er

princi ples to artirst order, the 5 sense anplifier tri nt (DC),can be
descrifbedaya width (Wil) for the reference load and a mngrlrg MOS transnstoxp/pgﬁ\, ]sa)s,(i( N%qlﬁ

(1ee) R i o e e S b o s s 1
transistors and are chosen in accordance with the principles taught herein. -
While the sizes of components have been given in the example, this is not
critical, and other component sizes can be used. Also, the voltage supply operating ranges
15 given, while preferred, are not critical. Similarly, the p-MOS transistors can be replaced by
n-MOS transistors or by bipolar transistors with appropriate changes in supply voltage
polarities. Other kinds of bias generators that will supply an output voltage as a function of
supply voltage can be substituted. Also, as will be evident from equation (4), the number of
reference load transistors is not limited to 7, nor the multiplier load to 3. For clarity’s sake,
20 in the schematics, the arrows at the MOS transistors denote the transistor drain electrode.



vol tage, V[ierr] remnmnmlnﬂﬂmmunrence cell threshold voltage, and M
represents the rati nce cell current to sense cell current
(the A i revi*fou§l ytde’scriibéd). Fig. 6 is a 10 graphj _

repr esenéﬁ |on228f Equation 1 using: [eng] for a %@W@&w of
the floating gate type with its I[err]-characterstic plotted as current 15
al ong %msﬂl nate as a function of the EPROM s Vt al ong the abscissa with
Vcc as e par anet er . -~ For M 2, the Vt[err]
(represented by Vt for the sensed cell), ranges from 2.5 V at Vcc =
3.0 Vto 4.0 Vat Vcc = 6.0 Vfor a delta(4.0-2.5) of 1.5 V. For M= 6,
the Vt[err] ranges from2.83 Vat Vcc = 3.0 Vto 5.33 Vat Vcc = 6.0 V for
a delta of 2.5 20 V. The significance of the Vt[err] range can be
described as follows; the Vit[err] at Vcc(m n) (3.0 Vin the above
exanpl e) represents the maxi mum sense cell Vt of ah un-programred - cel |

for a gi Ven power suynp 'Eﬂﬂ'suif@@qﬁ{iﬁﬂgfj;the' Vt[err] at Vcc(max) (6.0 V
represents

i n the above exanple €°m ni mum sense cell Vt of a
pr ogr anamiemory! celladOx fari assumingvieparticular engpf ywo idgiagatespnge. The del ta

vol t age between these two nunbers represents the "un- 25 usabl e’ range of
t he sen%@s%@qanil@qﬁolr""t“ﬂe@bgih@ﬂmgﬁ dhe particular logic siate o &'ﬁ(—ﬁeuil'o further
i1l ust lﬁ?‘fcmfi Moz 2 i f during non-volatile cell programmng, the
result%n ce %#@%.5 V, then at Vcc = 3.0 V, the cell would be .

senSed- the gircuiprcomprises bias\ioeans (24,(25), opetative do control a sénsitivity| of theisensee
d - ed. . - ... TWO i t gnt DC.ef.f ect
S B Bt T g vl apptiet o v LB S TRR P oBBAACC .
the r al_ﬂ?ﬁerowiritﬁ tamow%alahﬂﬁ%l%n% thah the/Sensilivity with a%gm%aﬁﬁlzwﬁge. ef f ect
e

since iU reduces the usa VIt rar ) ]
VCC(med) to the The electronic circuit of claim 1, wherein:

range of programmed cells (Vt[err] at
- the sense means comprises: . . .

10 - a sense load (20) for supplying a sense current (I,,,,,) to the memory cell to
create a sense voltage (AMPINI); | _'

- reference means (14, 41) for creating a reference voltage (AMPIN2) from a
reference current (I.o); : S Foe -
' - a comparator (48) having inputs 'c0ubléd to the memory cell and the reference

15 means for providing an output signal indicative of the particular logic state upon comparing
the sense voltage to the reference voltzige;

- the bias means is operative to provide a control signal to at least the sense load or the
reference means for control of a ratio of the sense current to the reference current.
3. The electronic circuit of claim 2,"wl:|er'ein the reference means comprises:

20 - a reference cell (41) having a specific logic state; .~ |
- a reference load (14) coupled to the reference cell via a reference node for supplying the
reference current and for creating the reference voltage at the node.

4, The electronic circuit of claim 3, wherein:
- the reference load and the sénse load form an input branch and an output branch,

25 respectively, of a current mirror that has a current amplification factor between the input
branch and the output branch, and wherein the bias means is operative to control the factor
dependent on the supply voltage. ' '

5. ' The circuit of claim 4, wherein: | .
- the reference load comprises a first plurality of transistors (15) arranged in parallel and



maxi mum progr ammed cel | \Vt). m mu H reases from2 to 6, so does
the delta bet ween the Vl mlmm '!H 2.0 Vin the above exanpl e)
and the b .9t Vec(nin). Thi§ a" *dedirabl e effect prigsosiohrxt ends

the range of un-progranmed cell Vt. 11 WO 96/ 08822
7 PCT/'1 B95/ 00702 Anot her
| npor t arfayikpR@smitroP tlecROdR cdiffiedtéd &Y ontearnadiieriand tp kel reférenszenads; on. Thi s

is controlled by adjusting the ratio of _the ratio | oad current gk ror, In
gener al -tthe sensedead comprises acfiesh fransiston 22) aad At dsasz seaend Jeansision {2 Hhaying

un- progra . ce | L1 Qlenl ' : '

ol at 1 orforpgten Chatndll chiified I barallvn ohE Wemory cch 46 §HRR coffefelectrodes

d':] = gMduhﬁéctéﬂdl 6nblanotherarr11dtotht|3 ;?cfgrence__node; e f(2) _ vvheE:e_ dv ihs
t he change in vaqltage on the anplifjer - input required for sensin s the
| nt erfal- b SeRserlend Sompritas W) Fansitor; A, having A copdistion chAUL beleER 498 ang
Mis theuoﬁ&ﬁét?ﬂt hannel .t?é Sécohd itansistor A& RS mémory céll,| dHdl v ipSa chitfolS peed
of charging o t%e anpliftrer 1 nput decreases. This relatlionship is

gi ven i reledtrodé cbohneotedgtocthp biassmeans. 10 dt =

(M (1) /dv/ . . (3) where dv is the
change i% voltage on PRECHTONIG cigcuit CAMPASINE i red for sensing, Cis the

72T §BBARE 08401k Mg o e of it e o1t
| owel0 anda sensedoado(9) fori supplying aisense current flogi.) taeergate a sense voltage (AMPIN1)
across the memory cell; '
- a reference cell (41) having a specific logic state;
- a reference load (14) for supplying a reference current (I.¢) to create a reference voltage
across the reference cell; . -
15 - a differential amplifier (48) coupled to the memory cell and the reference cell for receiving
the sense voltage and the reference voltage; |
characterized in that the circuit comprises:
- means (24, 25) operative to control a ratio of the sense current to the reference'current

depending on a supply voltage applied to the circuit.



15 Equations (2) and (3) are derived fromFig. 8, which
is asinplified view of aratio load current mrror which converts

ourrent tg We to drive an anplifier.
scal abl e I‘(ﬁll-o oad current sensing schene of the inventi or?CgFP%SI\A%J or

t he adjustnent of Mas a function of tf ower supply voltage. This
scalability allows for desi gn opt ]gati on over a w der power supply
voltage range. Fig. 7 illustrates the design 20 inprovenent. Shown in Fig.
7 for convenience are the three fixed ratios M= 2, M= 3, . and M= 6
previously shown in Fig. 6. In addition, the scalable or variable ratio is
shown at 30. For the variable ratio, at a power supply voltage of 3.0
V, M= 6; at a power supply . voltage of 6.0 V, M= 2.

Two i nportant inprovenents have-occurred. First, at |ow power supply 25
operating voltages (3.0 V in the above exanple), the speed of the sense
anplifier is opt |ng1 zed since nﬁm)ry cells ve reduced current drive.
Therefore, the optinu I.Ival ue for = Mis dete’;%é ned using the constraints
of Equations 2 and 3 far IWchrrent: op¥etation. kn Vec addition, the DC
trip-point has increas¢d préviding addit]onal gi n petween the reference

cell and the nmaxi num s¢ns gefg . 30
Second, at high power t he above
exanple), the DC trip- | e m ni num sense
cell vt of a . progfamme _ orparyng t he
"un-usabl e" range ( . p {1 Jatios with
the scalable ratio (1. V\{/ M= 2] 2.9V for M= nd 1.15 V for M -
= scal able), the scal apl e I‘Fti o proglucesya small pr "Ufl-usabl e" range. At
hi gh_poveer 10 T 10 |
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WO 96/ 00822 -
PCT/ 1 B95/ 00702 supply operating voltages, nenory cells have

isncr ease drive, thus reducing the need to opd nse
anplifieswggee %sing M : In the Figgkg e@%oginent,
two outputs, DIFINL and DI FIN2, are sSRoyg. When the output anplifier
is adifferential anplifier, then DIFEbmgand DIFIN2 represent the 5 two
inputs to the anplifier. However, a differential anplifier is not
essential. A single-ended anplifier can be used, in which-case DI FI N2
alone is used as the output and input to the si ngl e-ended anplifier.

The vol tage bias generator 25 conprises a voltage divider 31 nmade up of

p- MOS transi stors connected as current mrrors, froma node 32 of which is
derived a 10 voltage controlling a p-MOS transistor 33 connected in series
with p-MOS transistors 34 and 35 from whose node 26 is derived a bias
vol tage for the gate of transistor 24. As Vcc changes, so does the
bias voltage in an inverted manner controlling continuously the variable
multiplier |oad represented by the two transistors 21. Thus, increases in
Vcc result in decreases in- the bias voltage at node 26. The transistor
24 in this case qpLs—as-a—¥aLLabkE545——LasLngL__\

Fig. 5 shows the sense amplifier rcuit of Fig. 4 connected to the
menory and sevedal addi 18 onal confenti #hal circuits,ﬂjﬁi'ﬁ

Vo everal of the
many menory celhs ; ly several gf t he many
reference cells 4[Ll. E4ch wprd If ne n ssert eld tiyai&s a reference
cell 41 and a row™© [ I [ omm | I Lo r ef erl ed 20 -45 are
descri bed by their e ancfﬁre Eonvaﬂflc oot BEINTThe
CONTRCL i nput at g6 cgrrespondggto ghe BLAS inputl in Fig. 4 and
functions to - turg offJthe Bystdminfa pojer-d node of bﬁﬁhé(l Fig.
5 al so shows two outpgis . _corresponding to DI ) AMPI N1
corresponding to DI FIN2. Wen a differential anplifijer 48 i s used,
AVPI N2 and AMPI N1 ar e |cldréfect ed as shown. WWen a ﬁsmme

FIG. 3
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25 single-end anplifier 49 is used, then only the AMPINL output is

connected as shown. : The key concept of the invention
IS that o&mﬁ“ﬁﬁﬁﬁt mrror scalability. In gener al ter$ﬁmq¥ghdﬂﬁalable
current mrror 1S conmposed of four conponents: a reference |oad, a
fixed multiplier load, a variable nulj plier |oad, and a vol tage bias
generator that controls the vari mul tiplier |oad by generating a

bi as voltage that decreases as a percentage of 30 supply voltage as the

supply voltage increases. Reduced bias voltage nmeans increased I[err]

and thus a reduced ratio M A general relationship

between the three | oad el enents can be devel oped. If X represents the

size of reference load in terns of the nunber of transistors of a unit

di mension, Y represents ghe size of the fixed@ultiplier load in terns of

t he nunber of ir. WO 96/ 08822 [ '

PCT/ | B95/ 00702 (=] | o 3 9 .

“transistors of a unit di #ensi on, and Z represehts é%e size of the variable
multiplier load in rms of the nunber of {ranskstors of a unit

14
di mensi on, then Y gg—;qar corstra-ret—as *ot+ons:
NﬂJ’ (4) 5

(X- 1) > (Y +2) >
ed‘?heﬁi\’iS'also > 1, it i also possible for Y =0,

VWiile it is prefern
provi ded that aeasini mum lji as voltage is provided to ensure that the

vari abl e nultipff'r | oad provides a mnimumnl[err] corresponding to a
fixed multiplier | ég, n #s situation, Z wopld
15T el
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be chosen equal to 3 to enulate the performance of the Fig. 4 circuit. It

wll also be understood that the invention can be inplenented by use of
a single%%sistor with, 10 say, a width (W) for the | oad
and a single transistor with, say, a width (W) for e nu@flplier
| oad where the two wdths determine th \ ze of the respective

transi stors and are chosen in accorda ith the principles taught herein.

Wil e the sizes of conponents have been given in the exanple, this is not
critical, and other conponent sizes can be used. Al so, the voltage supply
operating ranges 15 given, while preferred, are not critical. Simlarly,
the p-MOS transistors can be repl aced by n- MOS transi stors or by

bi pol ar transistors with appropriate changes in supply vol t age Lo
polarities. OQher kinds of bias generators that Wl | supply an out

vol tage as a function of supply vol tage can pe 'substituted. AlSp~ as
will be evident fromequation (4), the nunber o reference | oa
transistors is not limted to 7, nor the nultiplierfload to 3. For
clarity's sake, 20 in the schematics, t ar 5 at
denote the trapsi gtor drain electrgde. T
PCT/ | B95/ 00702
CLAI MVEB:
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1. An electronic circuit conprising: - a nenory cel
(40) for assuning a particular one of two |ogic states; - sense neans

(20, 14, gﬁﬁ* or determining the particular Iogic statﬁgﬂﬁ# Il
characterize {hat - the circuit conprises bias nea 3g8§@§

operative to control a sensitivity of sense : nmeans dependent on a
supply voltage applied to the circuit yf s to render the sensitivity

hi gher with a | ower supply voltage thanthe sensitivity with a higher
supply vol tage. 2. The electronic circuit of claim i,
wher ei n: - the sense neans conprises: 10 - a gense | oad
(20) for supplying a sense current (l[err]) to the nenory cell to .

create a sense voltage (AWVPIN1); - referenge neéﬁ? (14,
41) for creating a reference voltage (AMPIN2) froma refler ence_current
(Iferr]); . _ - a conparator (48) having inputg coupled to
the nmenory cell and the reference 15 neans for providing an gutgQut signal

i ndi cative of the particular |ogic -state upon conparing t sense
voltage to the reference voltage; - the bias n@ans isfoperative to
provi.de a control signal t E? Ast the sense | oad®or the reference
means for control of a rati Ib» e sense current to thef/ref¢rence current.
3. The el e¢t Egtn rcuit of claim?2 ereip the reference
means conprises: 20 - are ceII (41) having alspecifi¢ |logic state;

- a reference load (14) co F%E"Fb the reference cel via a Jeference node
for supplying the :1:>
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}
reference current and for creating the reference voltage at the node.

4. The electronic circuit of claim3, wherein: - the
@eferenceg gpd the sense load forman input branch andpgpyRekigayda
branch, 2 respectlvely, of a current mrror that has a current

anplification factor between the inp branch and the out put branch,
and wherein the bias neans is operat e6to control the factor

dependent on the supply voltage. The circuit of
claim4, wherein: - the reference Ioad conprises a first plurality of
transistors (15) arranged in parallel and WO 96/ 08873~

PCT/ 1 B95/ 00702 havi ng control el ectrodes connected to one her and
to the reference node; - the sense | oad conprises a first t i stor
(22) and at |east a second transistor (21) having conduct) okdehannel s
coupled in parallel to the nenDry ceIL.and havi ng control el gctrodes
connected to one another and | erence node; 5 - the sfenge | oad
conprises a third tran5|stor<%zzr—ﬁ2vmug a conduction channef] bei ween the

conduction channel of the seeprd B ngbstor and the nenory £l |, and having
a control el ectrode con%ﬂ Fhe bias meandg 6.
An el ectronic circuit conpris : -- a nenory cekl (40) fljor assum ng a

particul ar one of two | ogic SS@; - a sense | o0ad 0) flor supplying a
sense current (l[err]) to cr e vol tage (AVRI M)
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gllerr]) to cPGER a ref er ¥ARLE NABLLEGIUAL PROPERTE, GRGANEATION: [ ef er e

differential a I|f|e 48 c up to the nenor Ll ' e ’
o or o NEHRRATIONAL o Wik e pATERT botbERa %M&wv
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across th& menory cell; - a referendg ceq-t g h@l ng a/aeesific
‘or 9 plytn
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c state; - a reference | oad (14) g a ref
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(€2) Tltle:/gENSE AMPLIFIER FOR NON-VOLATILE SEMICONDUCTOR MEMORY

(57) Abstract

A non-volatile semiconductor memory utilizes a sense amplifier to compare the logic state of a memory cell to that of a reference
cell. Loads that supply currents to the memory cell and the reference ceil form a current mirror, whose amplification factor is controllably
dependent on the level of the supply voltage. msconﬁgmaﬁonmdmdwsensmv:tyoftheamphﬁerhlgherwlmalowersupplyvoltage
than with a higher supply voltage.
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