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2201059 A Protection Grcuit 5 This invention relates to J&é@éﬁ%‘?
for use with voltages substantially higher than normal operating go

and particularly, though not exclusively to EPROM (erasabl e progranmabl e
read-only nmenory) circuits and EEPROM (el ectrically-erasable progr anma@ e
read-only nmenory) circuits. 1 0 In order to be able to program an
EEPROM nenory cel |, a high voltage is ndeded to obtain a Fow er-Nordheim
tunneling effect in the cell. However, when there |s a hlgh vol t age bet ween
the drain and the gate and source el ectrodes of an.“off' EEPROM transistor,

a breakdown can occur, creati Gincgit 1 5 between the drain
junction and the bul k of the transistor. Such breakdown is known as BVDSS
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It is known to use additional transistors coupled between
series transistors and gated with a voltage approximately half.
that applied to the series transistors in order to prevent
20 breakdown. in the series transistors. However, in known circuits
utilising such protection transistors it is still possible breakdown
to occur or for data to be lost if the protection transistors are not
gated with the requxred protection voltage at exactly the right
_ time. _
25 It is an object of the present invention to provide a circuit
- for use with high voltage wherein the above disadvantages may (
be overcome or at least alleviated. '
In accordance with the present invention a protection
circuit comprises: -
30 first transistor means of a first conductivity type;
second transistor means of a second conductivi'ty type
opposite to that of the first transistor means and coupled to the
first transistor means;
first and second transistor protection means respectively
35 comprising transistors of opposite conductivity types and
coupled between the first and second transistor means; and
application means for applying to the first and second transistor
means a first voltage which |




"-2- changes between a high level and a |l ow | evel and for applying to one of
the trangister protection neans a sécond vol tage whi ch changes from a datum
.kevel to, a predeterm-ned | evel between the high and |low |l evels as the first
vol t age o changes fromthe low level to the high level, characterized in
that the appllcatlon means conprises: detectpon neans for det ecti ng when
the first voltage rises by a predeterm ned anount above the predeterm ned

| evel ; and switching neans 10 for causing the second voltage to change
from the datumc¢hangescbetwepneachighi bevel cand anlewspevet afddgbection by

t he detecti t

nvention w | SOEEYing €8 Shh Br Eng -PEHAILERE RILEICEICAPRERRE o spcapg
to the acconpanyPhtadeavhigh, chﬁnqﬂﬁcﬁronugudetnmshevslatOOBtngedetanmiaedr
circuit for usergvél EEiWEQhHEHErui ﬁlsﬁaelswsbevala Ak"tRE fifﬂﬁaobﬁsage

il lustrating.varjous vo e ceurr 1-n circuit.of Figure 1

Figure 3 shots SPPOFER 8 ﬁPefi?wu ) ﬁ}tF°E@FRdNE§Bn%?Ye land Figure 4
~shows a circuit for ueharactéz;zedcﬂntﬁhﬂﬁ Figures 1 and 3 to control the
application of PMOS t S errlng now
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~ Three circuits in accordance with the present
invention will now be described, by way of example only,
15 with reference to the accompanying drawings, in which:
Figure 1 shows a voltage translator circuit for use
with EEPROM memory;
Figure 2 shows a timing diagram illustrating various
voltages occurring in the circuit of Figure 1;
20 -Figure 3 shows a latch circuit for use with EEPROM
memory; and
Figure 4 shows a circuit for use in the circuits of
Figures 1 and 3 to control the application of PMOS
. transistor protection voltage.
\\J, 25 Referring now to Figure 1, a voltage translator
' circuit for use in an EEPROM memory includes two parallel
arrangements of field effect transistors (FETs) 1, 5, 7, 3
and 2, 6, 8, 4, the transistors of each group having their
current electrodes connected in series between a datum
'30 potential VSS and a supply line having a potential VPP or
VDD as required. The transistors.1, 2, 5, 6 are PMOS
transistors all having their bulks connected to the supply
line, while the transistors 3, 4, 7, 8 are NMOS transistors
all having their bulks connected to gfound. The gate
35 electrodes of PMOS transistors 5 and 6 are connected to a
line HVPP. The gate electrodes of NMOS transistors 7 and 8
are cbnnected to a line HVPN. The gate'electrodes of
transistors 1 and 2 are connected respectively to the




line, while the transistors 3, 4, 7, 8.,are NMOS transistors all having
their. bul ks connected to ground. The gate 35 electrodes of PMOS - -
transistors 5-and 6 are connected to a |ine HVPP. The gate electrodes‘of
NMOS transistors 7 and 8 are connected to a |ine H/PN. The gate el ectf odes

of transistors 1 and 2 are connected resp8ctively to the -3- junctions
between the current electrodes of the transistors 6, 8 and 5 7, these
junctions are connected to differential outputs (QUT+, of ‘the
‘circuit. Thiunationscbetween §hetF&ﬁ§F§FoPEeSt§ﬁ§Q§ &Fét@ﬁh stons
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' .and are gated with a mid-range voltage VHN (typically 10
15 volts) applied to the lines HVPP and HVPN when the supply
line voltage is high (VPP). so that transistors 1, 2, 3, 4
are not subjected to voltages between their drain and
source electrodes sufficiently high to cause breakdown.
As the_circuit must also function when the supply
20 line voltage is low (VDD), in this condition the gate
electrodes of transistors 7, 8 can remain at potential VHN
so that these NMOS transistors are 'on', but the gate-
electrodes of transistors 5, 6 must ‘be. grounded so that.
these PMOS transistors are also !on' Thus, for the PMOS
25 transistors 5, 6 the protecting voltage applied to the'line *NJJ
' HVPP must be switched from VSS to VHN when the supply line
voltage changes from VDD to VPP for programming. This must
- be done when the supply line voltage reaches a critical
level between VDD and VPP for the following reasons:

30 1) if the HVPP line is switched too early, one of the
- outputs (0OUT+, OUT-) can be floatinq, because the gate of
one of the protecting PMOS transistors'ﬁill reach the

mid-range potential VHN before its source;
_ 2) conversely, if the HVPP line is switched too late,
35 leakage due to BVDSS breakdown can still occur because the
transistors l, 2, 3, 4 are not protected.



-vol tage changes from VDD to VPP.-for programiing: This nust be done when the
supply line voltage reaches a critical |evel .between VDD and VPP for the
_f.ol | owi ng “reasons: 30 1) if the H/PP line is switched too early, one
of the oﬁﬁputs (QUT+, QUT-) can be floating, because the gate of one of the
protecting PMOS transistors will reach the=nd¢d=range potential VHN before
its -source; 2) conversely, if.the H/PP line is switched too late, 35
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3 the outputs (OUT+, OUT-) can be floating, and if the HVPP
' 15 1line is switched to voltage VHN in the second time period
11 BVDSS breakdown may occur in the PMOS transistors.
In order to ensure that the HVPP line is switched in
the 'safe' time between the two time periods 10 and 11, a
_ detector 12 and a switching circuit 13 are employed. The
20 detector 12 monitors the supply line voltage and produces
' an output when the supply line voltage rises above the
mid~-range voltage VHN by more than the threshold voltage of
the PMOS transistors 1, 2, 5, 6. When the detector 12 .
_ produces its output, the switching circuit 13 switches the
\\.J 25 voltage on the line HVPP from datum voltage VSS to |
mid-range voltage VHN. In this way the PMOS transistors
will never be 'off', and the possibility of BVDSS breakdown.
due to late switching is avoided.
Referring now to Figure 3, a latch circuit is of
30 similar structure to the translator circuit of Figure 1,
FETs 21, 22{ 23, 24, 25, 26, 27, 28 being the same,
respectively, as the FETs 1, 2, 3, 4, 5, 6, 7, 8. The
latch circuit of Figure 3 differs from the translator
circuit of Figure 1 only in that the gate electrodes of the
35 transistors 23, 24 are now connected respectively to the
gate electrodes of the transistors 21, 22, and the
junctions between the current electrodes of the transistors
26, 28 and 25, 27 now form inverse polarity I/0 nodes.



the PMOS transistors 1, 2, 5, 6. When the detector 12. produces its output,
the switching circuit 13 switches the 25 voltage on the |ine HVPP.from
datum voltage VSS to m d- range voltage VHN. In this way the PMOS oo
transistors will never be 'off', and the gossibility of BVDSS breakddﬂn due
to late switching is avoi ded. Referrlng now to Figure 3, a latch circuit is
of 30 simlar structure to the translator circuit of Figure 1, FETs 21,

22, 23, 24, 25, 26rra&isifBobsi2y,td2,s2Bp, 24cfpemt thel pross theekkér df 2,

3, 4, 5, 6, t
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i nto EEPROM latch circuit suffers fromthe sane
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When the detawstowtput when the supply line voltage rises above the \‘f
mid-range voltage VHN by more than the threshold voltage of
15 the PMOS transistors l, 2, 5, 6. When the detector 29
produces its output, a switching circuit 30 switches the .
voltage on the line HVPP from datum voltage vss to
mid-range voltage VHN. In this ‘way the possible loss of
data referred to above is avoided. _
20 ' Referring now to Figure 4, detecting and sw1tching
circuitry for use in the circuit of Figure 1 as 12, 13 or
in the circuit of Figure 3 as 29, 30 four PMOS FETs Bl, V3,
V4, B3 each having one current electrode connected to the
line HVPN. The other current electrodes of the transistors
25 Bl, V3, V4, B3 are connected respectively via NMOS o
transistors B2, Vl, V2, B4 to ground. The gate electrode &Jﬂ
of transistor V4 is connected to the gate electrodes of '
transistors Bl, B2 and to the junction E between the
current electrodes of transistors V3, V1. The gate
30 electrode of transistor V3 is connected to the gate
electrodes of transistors B3 B4 and to the ‘junction F
between the current electrodes of transistors V4, V2. The
junctions between the current electrodes of the transistors
Bl, B2 and B3, B4 are connected respectively to lines HVPPB
35 and HVPP.
' The gate electrodes of transistors V1, V2 are
connected respectively to the outputs C, D of a RS latch
constituted by NOR gates 32, 34. The inputs to the RS



“produces its output, a switching circuit 30 swiitches the voltage on the
line HVPP from datum vol tage VSS t0 md-range‘voltage VHN. In this way the
_possi bl e’l-oss of data referred to above is avoided. 20 Ref erri ng now
to Figur®4, detecting and switching circuitry for use in the circuit of
Figure 1 as 12, 13 or in the circuit of Figuée=3 as 29, 30 four POS FETs

Bl , V3, V4, B3 each having one current electrode connected to the |line
HVPN. The other current el gectrodes of the transistiors 25 BI, V3, V4, B3
are connected rkdpERtave| gonngckpdcrespastively o the oybpuBlofoagNeBnd.
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connect ed r espctPYSEFSE: 82 Whigh, farter Ehe\ErvExpe o8 Sha Fo9Bali AB EHDERN
One input of NCERNYEPN, 38ndsthengateecdlectrmodedefAtparsibeopt hor iknput is
COmmeci et 50 NEohhdp YVEE \GeBUER, PolgaN, 18 BEAnRRRAACLEL 48 B! ok
and the node A 44htoggreunflect AoBMOSf FETaA6i andr N¥OS| EETSnA8ct 58,t 52t hye
line ENVPP via @8nha¥€edcinideieshpbel/EEn! BRei BUPP2Y 2inkhEndl geduna@n !ine
ENMBPN’ and thengtgaELeg égggoSLstE%”?h%éoisfo4hsare connected to the
line HVPN, and the gate electrode of FET 50 is connected to
15 the output C of the RS latch. The gate electrodes of FETs
44, 52 are connected to the junction between the current
electrodes of transistors 50, 52.
The circuit of Figure 4 is designed to work with a
charge pump (not shown) producing the high voltage VPP on
20 the supply line. In such a case, it is highly desirable
that the power consumption on the charge pump should also
be limited as the detection of the voltage on the supply
line requires a current. . o :
In use the PMOS transistor 46 receives voltage VHN on
\ 25 1line HVPN at its gate and voltage VPP at its source. As
long as the supply line voltage is less than VHN,
‘transistor 46 is 'off' and no current is supplied to
transistors 48, 50, 52, 44, and the node A remains at
potential VDD with transistors 38, 40 ‘on'. The supply
30 1line ramp from VDD to VPP is generated by the charge pump
being enabled from the line ENVPP which changes from a '0°
state to a 'l' state. The RS latch does not change at this
time. . '
When the supply line voltage exceeds voltage VHN (on
35 1ine HVPN) by a PMOS transistor threshold voltage,
transistor 46 is turned 'on' and a current flows through
transistors 46, 48, 50, 52 and is amplified by transistor
44. The voltage at node A falls and causes the RS latch to




10 connected to ground. Node A is connected via an NMOS FET 44 to ground. A
PMOS FET 46 and NMOS FETs 48, 50, 52 are connected in series between t.he
supply line and ground. The gate el ectrodes of PETs 46, 48 are connegted to
the line HYPN, and the gate electrode of FET 50 is connected to 15 t gt
output C of the RS |atch. The gate el ectrgdes of FETs 44, 52 are connected
to the junction between the current el ectrodes of transistors 50,- 52. The
circuit of Figure 4 is designed to work with a charge punp (not shown)
produci ng t heh#hgé statege TRE ontpht oifethepRSylatch isl appldledatease, ‘it
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and not from the charge pump.

As soon as the transistor 50 is-switched off, no
15 current flows into transistor 52 nor into transistor 44.
'As PMOS transistor 40 has its gate.electrqde-at level VSS,
the transistor is on, and node A rises to level VDD,
causing the output of NOR gate 36 to change state and
release the RS latch to change state as soon as ENVPPN
20 changes. - '
At the end of an EEPROM write operation, the line
ENVPPN goes low, the charge pump is disabled by the line
ENVPP which goes low (returns to its 'l' state) and
discharges the supply line to VDD. The detecting and o
25 switching circuit of Figure 4 thus awaits the next write ‘d/
operation in its original state. :



"VHN to the HVPP ine. A conpl errentary voltage I's generated 5 on the |ine
.HVPPB for use in other parts of the-EEPROM circuit (not shown). The out put

.of the RS“latch is applied back to transistor 50 so as to cut off the
current ’Howl ng f.romthe supply line (at Vpp), mnimzing power consunption
on the 10 charge punp. It may also be noted that due to the current

mrror formed by the transistors 44, 52, nost of the energy needed to turn
the RS latch cones fromthe. supply liné &/DD and not . fromthe charge punp.
As soon as the transistor 50 is switched off, no 15 current flows into
transi stor 52 nor into transistor 4Wtran5|stor 40 has its gate
el ectrode at level VSS, the transi st . —and node Arises to |evel
VDD, causing the output of NOR gate 36 to change state and rel ease the RS

| at ch t o5change stAt e},rafec?‘mn dﬁclﬁt\l\(ﬁﬁhlpﬁgl anges At the enddof gln EEEROVI
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\ application means for applying to the first and second transistor
k/ means a first voltage which changes between a high level and a

15 low level and for applying to one of the transistor protection
means a second voltage which changes from a datum level to a
predetermined level between the high and low levels as the first
voltage changes from the low level to the high level,

characterized in that | _.

20 the application means comprises: detection means for
detecting when the first voltage rises by a predetermined
amount above the predetermined level; and switching means for
causing the second voltage to change from the datum level to the
predetermined level in response to detection by the detection

25 means.

2. A circuit according to claim 1 wherein said one of the
transistor protection means comprises PMOS transistors and the
‘predetermined amount is substantially equal to the PMOS

30 transistor threshold voltage.

3. A circuit according to claim 1 or 2 wherein the circuit
comprises a voltage translator.

35 4. A circuit according to claim 1, 2 or 3 wherein the circuit
comprises a latch.

T



application means for applying to the first and second transistor neans a
f.irst .vol tage whi ch changes between a high level and a 1 5 low |l evel and
for applying to one of the transistor protection neans a second vol tage
whi ch .changes froma datumlevel to a predeterm ned | evel between theshi gh
and 1ow levels as the first voltage charyes Tromthe |ow | evel to the high
| eyel, characterized in that 20 the application neans conpri ses:

defection means for ect ng whe i rst volta rls
pr edet er ni ne%narmurﬁ % %ec ’éddite‘l%rm Nl I%‘T’ f%h%ﬁrﬁ%%ns for
causing the sheordnoiitagis taﬂapmcyddraxse hutiatammmmnt@irmu. '

predeterm ned | evel |n response to detection by the detection 25 neans. 2. -
A circuit accordi ng o claiml1l wherein said one of the transistor

protection mfans cdnizuitpmibtantiakly as hereinbeferedescrtbed with is
subst anti & | yefdtdnde® tderiddde A 0 3 rawnss Stef the cadebmpanyinge. 3. A

circuit according to claim1l or 2 wherein the circuit conprises a voltage
translator. STRWINGS. A cipcyit accordl ng to claim1, 2 or 3 wherein the

circuit conprises a |atch. --9- b, A circuit according to any
preceding claimwherein the circuit is adapted for use with an EEPROM
circuit. 6. A circuit subtantially as hereinbefore described with 5

reference to Figure 1, 3 or 4 of the acconpanyi ng draw ngs.
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