-1- +« 2201058 MSFET Protection Grcuit This invention relates to
circuits enploying .netal - oxi‘de-seni conductor field effect transistors 5
(MOSFETs). Such circuits are commonly found, for exanple, in electrically

programmalfe.read only nenory (EPROV), electrically erasable a
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' - limiting parasitic effects and is typically in the range of
20 to 30 volts. An important parasitic limiting effect is a
gate-aided breakdown effect known as 'BVDSS' breakdown,

20 which occurs at the high voltage drain end of a turned off
transistor at voltages lower than the junction breakdown
voltage. _ .

A known mechanism for protecting a MOSFET transistor
- in an EEPROM against BVDSS breakdown utilises an additional
e . 25 MOSFET transistor connected with its current electrodes in
'series between the drain of the transistor to be protected
and a node which would otherwise be directly connected to
the drain. The gate electrode of the additional protection
transistor is connected to a source of voltage intermediate
30 the high level (programming) and low level (normal) voltages
supplied to the EEPROM. This intermediate voltage should be
as high as possible so as to avoid gate-aided breakdown at
the protection transistor's own drain, but not so high as to
- allow the protection transistor's source to rise above the
35 BVDSS value of the transistor to be protected.
One circuit employing such protection for a MOSFET
transistor by utilising an additional protection transistor
requires a voltage divider to generate the protection



-2- voltage for gating the protection transistor. The voltage divider is

fed froma high voltage and usually draws a DC current, which is 5 clearly
not desirable. Another circuit enploying such protectlon for a MOSFET
transistor by utilising an additional protection transistor reqU|re§« .
voltage nultiplier to generate, fromthe normal (non- progrann1ng)‘fbltage '
applied to the circuit, the protectianpvoltage 1 0 for gating the
protection transistor. However, this arrangenent has the di sadvantage that’
BVDSS breakdown protection is not provided if the high (programm ng)
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over cdhe, cleardy neasdeamlw; ated. In accordance with the invention a MOSFET,

transistor prm%gﬂ@r%ﬁ-&dﬁ'ﬂenﬁp@lhg Eﬂc rotectio fér SFEEET
transi stor hayin rain,and sou ect es. cQu bet ween a f| rst node
for recei {an§igfo Wtwﬁlpagé“ofadﬂﬂréﬁﬂ? rPﬁorﬁ%‘EFW ﬁanamosemmrw ues and

afseﬁond aod@ua(ge m@hiplidi-gto gedierate,o figrgetheambranale ¢ aon- MOSFET tra33| st or
Sour o o SXpELBRg) LoltaEe | Puifey 10 b, EEROR, St #3?* Ao YA
and slo@r cfor| gatingdthe qrot¢ation rivansistorsi sHowewer, hthis nagrrangenwend el ect r ode
coupl ed t §ag {HY dis m%tagéopﬁ.geswssawéaf@&vghogra@bhaae s 4t means for

generating the prqte tween t predet er m ned
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arranged to rech\}g ?“e Bjet c%ﬁ?@%tﬁ&ﬁ"@o?%‘i&iﬁ tl%t F?%r l\/glsgg_gpi}ggns;ﬁg
meansl § or emplioying i3 VDS S cbeeajdosin: gotectidne ofhar MOSFET transistor
wherein the above disadvantages may be overcome, or at least
alleviated.
In accordance W1th the invention a MOSFET transxstor
protection circuit comprising: _
20 a first MOSFET transistor having drain and source
electrodes coupled between a first node for rec'eiving a supply
voltage of predetermined first and second values and a second
node for receiving a datum voltage; and | _
a second MOSFET transistor of the same channel type as the
25 first transistor having drain and source electrodes connected in .
series between the first node and the drain and source electrodes A
- of the first transistor and having its gate electrode coupled to a
third node for receiving a protection voltage;
and means for generating the protection voltage at a level
30 between the predetermined first and second values such that the
first transistor is protected against BVDSS breakdown,
characterized in that the protection voltage generating
means is coupled to the first node and comprises:
a third MOSFET transistor arranged to receive the
35 protection voltage at its gate electrode; and
means for monitoring current produc_ed in the third
transistor due to BVDSS breakdown and for varying the protection
‘voltage accordingly so as to reduce the monitored current.




transistor due to BVDSS, br eakdown and for varying the protection vol t age
accordingly so as to reduce-the nonitored current. -3- Two circuits in
gccordance with the invention wll now be described, way of exanple only,
Wwith refeﬁence to the acconpanyi ng draw ngs, n_mhlch Figure 1 shows a
circuit diagran1of a first circuit 5 enploying BVDSS breakdown protection
for an N-channel MOSFET transistor; and Figure 2 shows a circuit diagram of

a second circuit enpls uz@@%‘a qr:ﬁaemuaafda Qﬁﬁﬂ}prtﬂé)riﬂwﬂﬁwlwﬁud now
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15 transistor 4 is connected to a node 5 to which is applied a
supply voltage which can be of high (programming) value Vpp
or. low (normal) value Vdd. The gate electrode of the
transistor 4 is connected to receive a protection voltage
Vprot whose generation will be described hereafter. As
20 described above, the transistor 4 serves to protect the
transistor 2 against BVDSS breakdown at its drain in
conventional manner by ensuring that the voltage at the
drain of the transistor 2 is below the BVDSS value of the
transistor: the source of transistor 4 will not rise above a
\51/ 25 ‘level equal to the protection voltage Vprot minus the
' threshold voltage Vth of the transistor 4.
The protection voltage Vprot is generated by a circuit
comprising three MOSFETs 6, 8, 10. Transistors 6, 8 are
P-channel transistors each having their drain electrodes
30 ‘connected to the node 5 which is connected to the supply
line. The source electrode of transistor 8 is connected to
the gate electrodes of transistors 6, 8 and to the drain
electrode of transistor 10 which is an N-channel
transistor. The source electrode of transistor 10 is open
35 circuited, and the gate electrode of transistor 10 is
connected both to the source electrode of transistor 6 and
to a node 14 for connection to the gate electrode of
transistor 4.




el ectrode of transistor 10 which is an N-channel transistor. The source

el ectrode of transistor 10 is open 35 circuited, and the gate el ectrode of
transistor 10 is connected both to the source el ectrode of transistor 6 and
to a node 14 for connection to the gate gl gcirode of transistor 4.. 7: -4-
In use of the circuit of Figure 1, the N-channel transistor 10 wilhhave a
BVDSS current when its gate is at a | ow voltage and the supply line voltage
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transi st ors ¥LaReSs, ﬁ%fhﬁanblgggﬁs reakdgwR; §tEPSef 3ﬁpU§F§eb@hannel
tlype. I'n tﬂimmet_ &@Sﬁxm;e'ohdopnouutﬂoncvultugénvphetggbn_eraltbagzo atcones
‘close to th PPk Y p. c t rat
generati ng g?%%%ggﬁéngkigxgh%§%gi%2F?a§?egggi%i#r§g§9§t§r§ﬁ§§%g&0, 42.
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i ncor por at i ngy PR Pe - channel and P-channel MOSFET transistors 22, 24 (e.g.
a CMOS nenory), the 25 transistQrs are protecied I.n conventi onal manner

respectively by MEFE¥i1}heiupdersbgodorshat
their respecp+oKann@DSHOSPEY 24, a24inBdabk whag usdng at P~ehdfnedS MOSFEAL €
by the san%&&gg%gg{igg transistor, a similar circuit structure to that
15 of the protection voltage generating components 6, 8, 10 can
be used, each of the transistors 6, 8, 10 being replaced by
a transistor of opposite channel type. 1In this case BVDSS
breakdown would occur when the gate voltage comes close to
the high supply voltage Vpp. Such a voltage protection
20 generating arrangement is shown in Figure 2 in transistors
38, 40, 42. ' :
'Referring now to Figure 2, in an integrated circuit
EEPROM memory incorporating both N-channel and P-channel
MOSFET transistors 22, 24 (e.g. a CMOS memory), the '

25 transistors are protected in conventional manner : : | \-—; |

respectively by MOSFET transistors 26, 28 of similar
conductivity type to their réspective transistors 22, 24.
Both the transistors 26, 28 aré'gated by the same protection
voltage Vprot which is intermediate the high supply voltage
30 Vpp and ground. o - : _
- As in the circuit of Figure 1, the protection voltage
is generated from the high supply voltage Vpp and a
transistor arrangement 30, 32, 34 (corresponding in channel
type and connections to the transistor arrangement 6, 8, 10
35 in Figure 1) is used to prevent the protection voltage Vprot
from causing BVDSS breakdown in N-channel transistors such
as transistor 28 to which it is applied. In order to
prevent BVDSS breakdown in P-channel transistors such as
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vol tage Vprot which is i.nternediate the-high supply voltage 30 Vpp and
ground. As in the circuit of Figure 1, the protection voltage is generated
f¥om the high supply voltage Vpp and a transistor arrangement 30, 32, 34
(correspoqdlng i n channel type and connection to the transistor
arrangener®.6," 8, 10 35 in Figure 1) is used To prevent the protection
vol t age Vpr ot fron1cau5|ng BVDSS breakdown in N-channel transistors such as
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circuits the pr%?ec??on3$o?F§g on318:AB, SYBHEEY ecomplementary
: 15 manner to prevent BVDSS breakdown in P-channel MOSFETs such

as transistor 22. Thus the protection voltage Vprot
generated in the circuit of Figure 2 can vary within a
limited range: the lowest value of Vprot is above that gate
voltage which avoids BVDSS breakdown of an N-channel

20 transistor and the highest value of Vprot is below that gate
voltage which avoids BVDSS breakdown of a P-channel
transistor. :

It will be appreciated that in the above described

_ circuits the protection voltage Vprot is generated by simple
\_;;j 25 circuitry, is self adjusting and has no DC consumption.

It will also be appreciated that although the
invention has been described in relation to CMOS EEPROM
devices, the invention may be of use in a wide range of
other applications where MOSFETs are used with high voltages

30 such as, for example, display drivers.

It will also be appreciated that the invention may be
used in integrated circuits in which high voltages are
applied only from externally (e.g. EPROMs), since the
invention does not require an on-chip charge pump.

35 _



25 circuitry, is self adj usting and has no DC consunption., It will also be
appreci ated that although the invention has been described in relation to
CMOS EEPROM devi ces, the invention may be of use in a w de range of other
applications where I\/DSFETs are used with high vol tages 30 such as, .-for’
exanpl e, display drivers. It will also be appreciated that the |nv§€‘;€| on
may be used in integrated circuits in ghich high voltages are appli ‘ed only
fromexternally (e.g. EPROVE), since the invention does not require an
on-chi p charge punmp. 35 -6- CLAIMS 5 1. A MOSFET transi stor '
protection circuit conprising: a fiCRAIMSFET transistor having drain and
source el ectrodes coupl ed between a first node for receiving a supply
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recei i ngla dat ¥ MOSEET teansistop protection @mdcmmmg ransistor of the
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and means for generating the protection voltage at a level
between the predetermined first and second values such that the
first transistor is protected against BVDSS breakdown,
characterized in that the protection voltage' generating
means is coupled to the first node and comprises:
20 a third MOSFET transistor arranged to receive the
protection voltage at its gate electrode; and '
means for monitoring current produced in the third
transistor due to BVDSS breakdown and for varying the protection
voltage accordingly so as to reduce the monitored current.

25 _ .
2. A circuit according to claim 1 wherein the monitoring W
means comprises- fourth and fifth MOSFET transistors constltutlng |
a current mirror.

30 3. A circuit according to claim 2 wherein the third transistor

is of the same channel type as the first and second transistors and
the fourth and fifth transistors are of opposite channel type to the
first, second and third transistors.
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eans conprises fourth and fifth NCSEET”tfanéistors constituting a current
mrror. 30 3. A circuit according to claim2 wherein the third
twansistor is of the same channel type as the first and second transistors
and the fourth and fifth transistors are of opposite channel type to the

- first, sebghd'and third transistors. -7= 4. = Acircuit according to
claiml, 2 or 3 wherein the third transistor is an N-channel transistor and
t he neans for ni tori ng_ingreases the protecti,on_voltage_so _as t,o reduce
the current noffitore FﬁrFﬁgttﬁFFﬂr i Figh&'Sztdg o ShezEi, t age
generati ng neathifrdr thransisigori dess ana NeichanhndISEFansiztorsand the mepans

P- channel and ' [ ecli | t.age; ans. f
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and for reduci §gduse Fhe: svrrent, gonifeored dacShe Hiyd fransistazgu@nd he
VEBFET b ot sct o B e g Moo [Ty Edipribes: o
VOSFET b ot oot FREE: MOSFET: S38Raiater Payimb R FasbRons iy Ao Areang
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current produced in the sixth transistor due to BVDSS
breakdown and for reducing the protection voltage
10 accordingly so as to reduce the monitored current.

5. An integrated circuit EEPROM incorporating a MOSFET

N~ protection circuit according to any preceding claim.
15 6. A MOSFET protection circuit substantially as
hereinbefore described with reference to Figure 1 or Figure
2 of the accompanying drawings.
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