2222045 Transi stor Breakdown Protection Grcuit 5 . This invention
relates to transi stor breakdown protection'circuits for use in high voltage
circuitry. This inventions relates nore particularly to nenory systens ‘such
as Electrically Erasable Programmabl e Read Only Menpry (EEPRO\/) or

Non- Vol ati| e Random Access Menory (NVRAM_ which 10 require ZQ@%%
for wite and erase operations. In memi?yls'ystems such as EEP

to transfer programand/or data a high voltage is required to wite to or*
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buffer transistors of—FRe—HeRoFy—&e gt pt ot ecti ng (
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connectlon w1th the buffer gates. The protecting

transistors are only useful during the write/erase operation
and at all other times the voltage applied to the protecting
transistors' gates are selected so that the protecting

20 transistors are switched "on” so as not to disturb the logic
function of the memory systenmn.

Such an arrangement is used in the MC68HC1l1l EEPROM
write amplifier supplied by Motorola Inc. which is also
designed so that it can operate with a three state function

25 output. The tristate function is realised by a transmission
gate able to support high voltage and which is coupled to

f.’-"‘-\

the buffer gates. The transmission gate is made up of four
coupled transistors. Since the buffer and transmission gate
are connected to each column of the EEPROM memory a large

30 number of transistors are required to create a tristate
function resulting in greater circuit size and cost.

A similar arrangement of buffer gates and protecting
transistors is found in the RAM cells of Non-Volatile RaAM
(NVRAM) memory systems such as that described in Applicant's

35 UK patent application (No. 8702785) entitled "Memory
Systenm", ;he disclosure of which is hereby incorporated



-2- herein by refer'ence. As with the above destribed wite 5 anplifier, in
t he nmenory system a high voltage for wite/erase operation is required.
However it is also inportant to performa full preset of the entire RAM
array before performng a recall. This can be achieved by individually

pul l'ing dowmn each cell using a respective 10 transistor, however this
requires a large nunber of transistors. The above referred to UK
application discloses presetting the negnéy_cells by using a single
pul | -down transistor per columm. However, a very large transistor is
regeired to pull-down all the RAMcells on the sanme colum 15 which can

create si gméf&ﬁntb;poy@fefé}{@wptwmfm re Q@Jﬁ@etcﬁ‘@s@f%@é whifécult. It
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and second | nput s of sald protecting neans to a %# I rst "and_second
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protection cont{aly %%ﬁ%dﬂrﬂ%i? S Ohimféélﬁéldoﬁeawdséxﬂ@uéélﬁr%rd and
fourth_conbinations of said first and second signals.
15 which can create significant power consumptlon and can make

the preset difficult.
It is an object of the present invention to provide a
high voltage transistor breakdown protection circuit for a
memory system wherein the above'disadvantage may be obviated.
20 In accordance with the present invention there is
provided a high voltage transistor breakdown protection
circuif for protecting transistor circuitry at high voltages
comprising:
protecting means for coupling to the transistor
25 circuitry and having a first and a second input;
protection control means coupled to said first and
second inputs of said prbtecting means to apply first and
second signals thereto,
said protecting means assuming a protecting or a non-
30 protecting mode in dependence on said protection control
means applying to said first and second inputs first and
second combinations of said first and second signals,
characterised by,
said protecting means being arranged to assume a third
35 mode and a fourth mode in dependence on said protection
control means applying to said first and second inputs third
and fourth combinations of said first and second signals.



-3- Thus, it wll be appreciated that by replacing the transm ssion gate
and the high voltage translator of the 5 wite anplifier by a circuit .
wherein the protection transistors are used both as protection agai nst )
breakdown in the buffer transistors at -higghh voltages and for creating the
tristate function at |ow voltages, the nunber of transistors are reduced
consi derably, which reduces the circuit size and 10 cost. Thus power

consunption wil ITrkgssﬂej:teaswhaadawﬂém&ﬁ aihat Mpy oveplatingi Ithealhso be
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of a firsgdgaquﬁ fﬁ@g@in accordance with the present invention; Figure 3
is a schematic di£§¥3n1s omﬁngethe circuit of part of a, prior art NVRAM

nmemory system Ritydteld 2lsq BenhaRrrecigtasd dathdy Reing suebBupt of 30
part of apeusrt IRNEJroyit earrangenendanias tid IRANGcHIESEPt ai NVRAM ON.
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activation can now be disabled. Thus a large transistor is
not required thereby reducing the power consumption.

Two memory systems in accordance with the present

20 invention will now be described, by way of example only,
with reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram showing the circuit of
a write amplifier of a prior art memory system;

Figure 2 is a schematic diagram showing the circuit of

25 a write amplifier of a first memory system in accordance
with the present invention;

Figure 3 is a schematic diagram showing the circuit of
part of a prior art NVRAM memory system;

Figure 4 is a schematic diagram showing the circuit of

30 part of a second memory system in accordance with the
present invention.

Referring firstly to Figufe 1, the write amplifier 2
has a plurality of inverters, only one of which 4 is shown,
such that each inverter 4 is connected to one row of cells

35 in a single plane of EEPROM memory (not shown). The
inverter 4 comprises a transmission gate 6, which is made up



-4- of four field effect transistors (FET) 10, 12, 14, 16 and a group of
four transistors 18, 20, 22, 24 coupled in series, 5 conprising two buffer
gates 18, 24 and two protection transistors 20, 22. Two vol tage supply

|l i nes HVPP and HVPN connected to the gates of the protecting transistors 20
and 22 respectively, control-the "on/off% sState ofi.the protecting
transistors. The gate el ectrodes of the buffer 10 gates 18, 24 are coupl ed

to formthe input of the inverter 4 and the s nd electr S t he FETs
14, 16 of°ﬁhé°PFé@§ﬁ¥§ﬂ?ﬁﬁ@%¥etﬁ?ﬁséﬁﬁﬁréd(f%ﬁgo&ﬂ%Fiébﬁﬂ%ﬂtf%fa?ﬁea
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Is applie npu e inverter protecting transistor 20 is
swi t ched 28nTrespeqirisialy i ngoREEALi Sher "98/pfd)| fath A% th®n agai nst
br eakdownpirptided iy fteFard boE6850r 2he Yhte 2leicdrodud age tA® buffepl i ed

he i gt : A :
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protecting transistors 2 0 no Isturb the logic function of the
i nverter AnvexdenvdN |ine is held at the potential VHN so that the

prot ecting trangirstdPerisn" 68" tR8dwtheeHdRB iR 2 putdreda twribe
b oo LB; nPReTREIAT S OMPsTPRERRE HioBREN ‘EEPRO SIS (0 Srp pREEier”
suppl i ed Ry foworeolsugpky 1lingelesuaddybptt Nolttages Vgs gpnlled to
the programming voltage Vpp. The lines HVPP and HVPN are
pulled high so that a voltage Vyy is applied to the gates
of the protecting transistors 20 and 22. When a low voltage
20 Vgg is applied to the input of the inverter 4, protecting
transistor 20 is switched "on" and protecting transistor 22
provides protection against breakdown in the buffer
transistor 24. When a high voltage Vpp is applied to the
input of the inverter 4, protecting transistor 22 is
25 switched "on" and protecting transistor 20 provides |
St protection against breakdown in the buffer transistor 18.
When a write operation is not being performed, the supply
line is pulled to the lower voltage Vppy and in order that
the protecting transistors 20, 22 do not disturb the logic
30 function of the inverter 4, the HVPN line is held at the
potential VHN so that the protecting transistor 22 is "“on"
and the HVPP line is pulled to the potential Vgg so that
the protecting transistor 20 is switched "on". A three
state output, such as in the MC68HC1l EEPROM write amplifier
35 supplied by Motorola Inc, is generated by the transmission



-5- gate 6 whose state is controlled by a driver 8.  Thus to command the
transm ssion gate 6, a high voltage is applied 5 to the gates of tw of the
FETs 12, 16. Such a wite anplifier is well known in the art. Referring now
to Figure 2, in order to reduce the nunber of transistors which are
required for the wite anplifier referred®t® above, while still providing
10 protectlon agalnst vol t age breakdown at a high supply voltage Vpp as
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and S ransi r thLr 2 h are
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formthe ivipltage Ve asvaeldr a9 previdingezohbishatenfunc&damdes of the
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40. The first cyrrent el ectrode of the flrs t coupl 30 to the
suppl y | i nBYangigregs; arendafd it RRY foHR B? hEuES 6HHSFET > NN ®he
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Cerr] $he gate cifof Siesear b SERRSEhER: Br g bl LRty ehe
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By commandihngrhh§eyoldaqes i€ éR1¥Néne of which 40 is shown, such
that each inverter is associated with one row of cells in a
plane of EEPROM memory (not shown). The inverters are
20 supplied from a common supply line (normally at voltage
Vpp) and a line at datum potential Vgg. The inverter 40
includes four FET transistors 29, 30, 32, 33 coupled
together in series by their current electrodes. The first
and second transistors are p-channel FETs, the third and
25 fourth are n-channel FETs. The gate electrodes of the first
and fourth FETs 29, 33 form the input of the inverter 40 and
the second current electrodes of the second and third FETs
30, 32 are coupled to form the output of the inverter 40.
The first current electrode of the first FET 29 is coupled
30 to the supply line and also to the bulk electrode of the
second FET 30, and the bulk electrode of the first FET 29 is
also tied to this first current electrode. The fourth FET
33 is connected to the line at datum potential Vgg. The
gate electrodes of the second and third FETs 30, 32 are
35 coupled to the command block 34 by two voltage lines 36, 38
respectively. By commanding the voltages appl;ed to the



-6- gates .of the second and third FETs 30‘;32 the command bl.ock 34 can
control whether these FETs 30 and 32 act.'as:5 protection transistors when
the-supply voltage is [err] or are used ‘to'create the tristate function
when the supply voltage is [err]. The.gqynand bl ock 34 includes four
switching transistors 42, 44, 52, 54 and four command transistors 56, 10
58, .60, 62. The voltage line 36 is connected to the HVPP line via the first
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swi tching transi stor p- channel T, whose gate el ectrode is
connect edt¥¥NFiEkPre éamnﬁl‘} 'vc'ailztragf’él Ia}% ﬁ%‘“&n@’\m B trpRsdstaxsREi s
connerg edsg p gofi 62t, common voltage Iine 50. The first 25 common vol t age

line 50 is conn ted t he .HVPN I ne, The voltag nnecied to
the HYPN line a 85'% P& lcl&ﬁ’rt? VSt t aodé Tcﬁ‘l d go ge ﬁgplrbhl 8‘ Gntt3ourth
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first switching transistor 42 is connected together with the
first current electrode of the second switching transistor
44 to the HVPP line. The first switching transistor 42 is a
20 n-channel FET whose gate electrode is connected to a fourth
common voltage line 46. The second switching transistor 44
is a p—chahnel FET, whose gate electrode is connected to a
third common voltage line 48 and whose bulk electrode is
connected to a first common voltage line 50. The first
25 common voltage line 50 is connected to the HVPN line. _
- The voltage line 38 is connected to the HVPN line and
the first common voltage line 50 via the third and fourth
switching transistors 52, 54 coupled in parallel in an
. identical way to that described above for the voltage line
30 36. The third switching transistor 52 is a n-channel FET
and the fourth switching transistor 54 is a p-channel FET.
The first and third command transistors 56, 60 are
coupled together in series by way of the current electrodes
as are the second and fourth command transistors 58, 62.
35 The first and second command transistors 56, 58 are
p-channel enhancement FETs, whose gate electrodes are



p- channel enhancenent FETs, whose gate el ectrodes are -7- cross-coupl ed
respectively to the second and first nodes D and B | ocated between the
first current electrodes of the 5 fourth and third command transistors 62,
60 respectively. The nodes B and D are -«onhnected respectively to the third
and fourth common voltage lines 48, 46. The first current electrodes of the
first and second command FETs 56, 58 are coupled to the first common
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these 11! dngUB" £BEated gee%%@%@lmwrw\eﬁ@ﬁtteléaerbare%swttn/@ bul k
el ectrodes. fourth command transistors_are n- chgnnel FET

whose d%te§°%¥ﬁhcéﬂﬁl§81F§ oM ARMIREPY Rl 64606550 V&R y for
recei vi ng TRéen6Q8BBRd agidgMalatrel Taitbated erespectivelyeto ahecttlnied are

The f1rot EBMERUTER: SoBiemdatads et fe Fhe BRBa et SRt e
first currebéctkredesodé thea findtararel sedandcoemnafdTFEFswidse Tfhatare
el ectrode Ji;gvdé?eﬁ‘)%e%%d gg st &Jnﬁﬁﬂ WS 8 Y%{aaﬁe leihe AR i 0g €
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agai nst br kdo I n _the buff ns 0 + 33, eqn.
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gare The first common voltage line 50 is coupled to the

voltage line 36 via the first current electrode of a
p-channel enhancement FET 70 whose gate electrode is

20 connected to the fourth common voltage line 46 and whose
bulk electrode is connected to the first current electrode.
The second common voltage line 68 at voltage Vgg is
coupled to the voltage line 38 via the second current
electrode of a n-channel FET 72 whose gate electrode is

25 connected to the third common voltage line 48.

In use of the write amplifier 28 during a write
operation, a high programming voltage Vpp is supplied from
the supply line to the inverter 40 and in order to protect
against breakdown in the buffer transistors 29, 33, which

30 may occur when the voltage applied to the input of the
inverter 40 is high, Vpp, and low, Vgg, respectively,
the voltages on both the HVPP and HVPN lines are pulled up
to a voltage Vyy.
, A voltage Vyy is therefore applied to the gate

35 electrodes of the intermediate FETs 30, 32, via the
switching transistors 42, 44 and 52, 54 respectively, so



35 electrodes of the internediate FETs 30, 32, via the switching
transi'stors 42, 44 and 52, 54 respectively, so t hat when the vol tage
applied to the input of the inverter 40 is low, [err], the FET 30 is

swi tched "on" and FET 32 5 provides protection mhereby t he vol tage applied
to the buffer transistor 33 is prevent®d®fTom reaching the breakdown
voltage limt. \Wen the voltage applled to the input of the inverter 40 is

hi gh, the FE tch h
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of EEPROW %&ﬁﬁdﬁiuyhﬁﬂﬂﬁHWEEt?r%FﬁﬁéFb?ﬁ &ﬁlﬁﬁta eing, deen 30
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current ebéCtbmdémur command tran51stors 56, 58, 60, 62 which are in
turn controlled by the tristate command lines 64, 66 the
intermediate FETs 30, 32 can be switched "on" or "off"

thereby creating the tristate function. Therefore, when the
20 supply line is at potential Vpp the output from the
inverter 40 can be one of three possible states: binary '1!
(potential Vpp), binary '0' (potential Vgg) and
floating.
It will be appreciated, therefore, that since the
25 write amplifier 28 in accordance with the present invention
has eliminated the need to use the four transistors 10, 12,
14, 16 of the transmission gate 6 of Figure 1 for each
column of cells in a single plane of EEPROM memory, the
number of transistors which are regquired have been
30 considerably reduced.

Referring now to Figure 3, the static RAM Cell 74,
which is one cell of an array of identical cells of the RaM
structure which forms part of a NVRAM memory system,
"includes two FETs 76, 78 having their current electrodes

35 coupled in series between a pair of split column select
" lines C, CN. The gate electrodes of the FETs 76, 78 are



35 coupled in series between a pair of split colum select lines C, CN. The
gate el ectrodes of the FETs 76, 78 are -9- connected to a row sel ect
line R, and an inverting buffer anplifier arrangenent A is connected
between the FETs 76, 78 5 and supplied_ féogra supply line (normally at
voltage VDD) and a line a datunrpotentlal [err]. Such a static RAMcell for
NVRAM menory systens structure is nore fully described in the present i
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the gates of the n-channel protection transistors 84, 86 are

(.

coupled to a voltage line HVPN. When the supply line is
pulled to the programming voltage Vpp, both the HVPP and

20 the HVPN lines are pulled high so that a voltage VHN is
applied to the gates of the protecting transistors 80, 82,
84, 86. Thus, when node Y is at a potential Vss {node X
is at a potential Vpp), protecting transistors 82 and 86
are switched "on" and protecting transistors 80 and 84

25 provide protection against breakdown in the buffer
transistors 88 and 94. When node Y is at a potential Vp
(node X is at a potential Vgg), protecting transistors 82
and 86 provide protection against breakdown in the buffer
transistors 90 and 92.

30 Before a recall operation can be performed it is
important that a full preset of all the RAM array is made.
The RAM cells 74 are preset by using a single pull down per
column to a voltage Vgg via a transistor 96 on each cell's
column select line CN. However, pulling down all the cells

35 on the same column creates difficulty in performing the
preset and since a large transistor must be used in order to
turn the RAM cells, significant péwer consumption results.



colum select line CN. However, pulling down all the cells 35 on the sane
colum creates difficulty in performing the preset and since a |large

transi stor must be used in order to turn the RAMcells, significant power
consunption results. - 10 - Referri now also to Figure 4, in order to
ci rcunvent these problens a second eﬁbgg1ﬁént of the present invention 5 is
I ncorporated in a RAM cell 98 for NVRAM application. The RAM cel |l 98

i ncl udes a RAM he_ sa t GLLCtaur hown::d D s EL.gur.e erein
thewgate electrgﬁtérg§n%hgog-ggﬁ§ E¥Eﬁgﬁﬁgﬁ§ﬁfbtﬁgtéﬁag%rg%sﬁ%ﬁ%@ﬁv ., 80
and 84, dihefe R¥eRlenssaspecenderpbpfimanty 9f dgre | PHesents inveation he 10

HVPP ad ideindbPboragsavia 8 RAmTeeRd 10loecke ohOQivitmy SHopN i chith®nCOMageNnt s
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amplifie 116, 112, 110. The secdnd

Iy,+,and_four common vpoltage Lines 114,
common v&%ﬁﬁy??%?ﬁ?ﬂﬁ%ﬁd?odﬁPﬁﬁngFeﬁﬁggFe[érﬁrqEF%fﬁEﬁ%Ge@othEhﬁatum
pot ent i alsdnenenwniexdils RAM cel | 99. However, during a full preset activation
of the RAM arr e.of e, p- nnel, Jar cting.trapsi stors
82, 80 need be%ﬂ%l%@gé%%io? ngggs'ﬂ%al%é 1 %B&els%&%%s%%??l?ﬁe 8 ore,
the comd®® KIakse @0 e prehannelsprptiictdnor Aransistons88071282ceand ed

bet wagn heHdvii] igkotddt iR ¥Phha98tbirae gh26 gl a&@téé}ﬁtwﬁléémge_

appl i ed t he p-ch el 30 protecting transistors 80, 82. The l'ine

connect s tcf?é'PW‘f;aec"F]f nle&i28 E?emg?mﬁﬁnfihé’lﬂ%tl%n%ﬁnsirﬁﬁ-i-aﬁetpi ne
‘that of the command block 34 of the write amplifier 28 in
Figure 2 in that there are four command transistors 102,
104, 106, 108 interconnected identically to the command

20 transistors 56, 58, 60, 62 of the write amplifier, and four
common voltage lines 114, 116, 112, 110. The second common
voltage line 116 at datum potential Vgg is coupled to the
datum potential line of the RAM cell 99. However, during a
full preset activation of the RAM array only the state of

25 the p-channel protecting transistors 82, 80 need be
controlled. 1In order to make the preset easier, therefore,
the command block 100 has only two switching transistors
118, 120 coupled between the HVPP line and the voltage line
126 to control the voltage applied to the p-channel

30 protecting transistors 80, 82. The HVPN line connects to
the voltage line 128 by way of the first common voltage line
114.

The command transistors 102, 104, 106, 108 are

controlled by the voltage on two pull-up inhibit lines 122,

35 124 applied to the gate electrodes of the command
transistors 106, 108 and this allows for the disabling of
the p-channel protection transistors 80, 82.



114. The conmand transistors 102, 104, 106, 108 are controlled by the
voltage on two pull-up inhibit lines 122, 35 124 applied to the gate

el ectrodes of the command transistors 106, 108 and this allows for the

di sabling of the p-channel protection trapgistors 80, 82. During a wite
operation, when the voltage supplied fromthe supply line is high, Vpp,
both the HYPP and HYPN 5 lines are pulled up to the voltage [err]. Thus by

appl yi ng pot enti abu¥kigt @ w&at@ato@ea&amimﬂasheﬁ the poltagle Bhpplied St ors
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protecting Bpeakdodi $hotheSHurte B4 ¥irs fatbebeds, 000, and ,804ak &.Fhe

provi de prq tio reby e volta es lied to the buffer transisjors 90
and 92 are p@ﬁg}mgpy p”@f@hﬁe&q’ figkﬁfn sshelt Brgg?gdﬁﬁ'ﬁﬁt
limt. BefoYe phegpantectiog dammsmatdmstaanaﬂérsedare shd t2zhedRAMIE! 1 ay

of  the NVRAM,8e58" 4n) BertllaciPloct 1oy FRLEEH ScAS Wity eset Vi
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one transis otent1 al
transistors 90 and 92 are respectlvely prevented from

reaching the breakdown voltage limit.
Before program and/or data can be transferred to the
20 RAM array of the NVRAM memory system (not shown), the RAM
cells 99 must be preset via a transistor 96 on each cell's
column select line CN. During preset activation, the
voltage supply line is at a voltage Vpp and the voltage
supplied to the gate electrodes of the p-channel protecting
25 transistors 80, 82, which is controlled by the pull-up
inhibit lines 122, 124, is pulled to Vyy switching the
p-channel protecting transistors 80, 82 "off". By disabling
the p~-channel protecting transistors 80, 82 the column
select line CN of a column of RAM cells 99 in the array can
30 be pulled down by one transistor 96 to a potential Vgg

S

thereby making the preset easier and also with reduced power
consumption since a smaller transistor can be used. The
pull-up inhibit of the p-channel protecting transistors is
then deselected by controlling the voltage on the pull-up

35 inhibit lines 122, 124, which restores the flip-flop
function of the RAM cell. Thus, having the column select



thereby naking the preset easier and also with reduced power ‘consunption
since'a smaller transistor can be used. The pull-up inhibit of the

p- channel protecting transistors is then desel ected by controlling the

vol tage on the pull-up 35 inhibit lines 122, 124, which restores the
flip-flop function of the RAM cel | . Tﬁu%, ﬁaV|ng_the col um sel ect - 12
- I'ine CN pulled down to a potential [err] and with transistors 76, 78

I 80, 82 are
Sntches 8l cpnBRaR Bt s SoPLRt PR, DL EARSLANES 20, 02 312
b| nary ' 1tr?§§§-§ﬁ9r§| 76pD) 8niswithedt tort, owhandshE. p-cheinnebe

appreqsalﬁﬁotéétlhgetQ%Héf@t&ﬁ%fQﬂ?e @§t¥f§nsﬁﬁﬁchgﬁ oo By J§%Pf||es in

i nventi on heg E escribed, with reference to ures 2
the fact $PQEeBFip

Vsapp i LolRedea tehed 9Ptﬁ°§ﬁeYNVRﬂwh%§§rKﬁ Hogure 4
only the (potiential Vhy Dewﬁinfber&aﬁwﬁ@@loﬁrﬁbaétxng transi stors 80, 82

therefore a 15 TFedile, %%?%ﬁo@t B enef PhgueRly  BuedemEncaini ch i
creat ed ipetweenrthe &wpl efmbadidestts befl the hineéntéoaehierelirgure 2. In the
specijfg ¢ &é@@ﬂﬁéddeﬂihb%f@}%‘f{’cé L LA FNG gez%hﬁ Lhe %1&%6'15'{83‘_[(}%

transistors fapricated i n N well tec have bée
wher ei n, #F%T'lam%F FFaﬁ?Wst‘tP?léfr é"?]é?ﬁf%e‘ﬁdeWMhhthéuNVBIAMctqaidesbﬁnd

n- channel Figurei 5t onsyWehe donmc i rogese YEtbha p-eRapngh transistor

di t t
uhi ch potdrrrerEi R SERRE xR cﬁ?ﬁ' t '%ﬁeﬁ%%%?f 1efuh 18 ExIRmne
t'fansi st dro timkikbhntbhei pnlieep ratt i bwhesceéhe, napnhatherdficrsiast or s
are B! Qe ok fhefEL! KekBokN o Y WG ML EM | Re  LRGe! Qrilg Geund

vol t age.
g created in the write ampllfler described with reference to

Figure 2.
In the specific examples described above in accordance
with the invention, transistors fabricated in N-well
20 technology have been utilised, wherein, p-channel
transistors are represented with four electrodes and
n-channel transistors with three electrodes. With a
p-channel transistor the bulk electrode connection is
explicitly drawn so as to indicate at which potential the
25 channel is connected. However, with a n-channel transistor
this connection need not be shown as the n-channel
- transistors are implemented directly in the substrate which
is tied to the ground voltage.

30

35



- 13 - dains 5 1. A hi gh vol tage transistor breakdown protection

ting transistor circuitry at.high voltages, conprising:
"“ uuug‘mﬁl mFor coupling to the transistor 10 circuitry and having a-
secend i nput; protecting control neans coupled to said first
and second i nputs of sald protecting means to apply first and second J
signals thereto, said protecting neans assunmng a protecting or a non--15"
protecting node in dependence on said protection control neans applying to
said first and second inputs first and second conbi nations of said first
and second signals, characterised by, said protecting neans being arranged
to assune a third 20 node and a fourth mdangr dependence on said
protectign control neans applying to safa 11rst and second inputs third and
fourth conbinations of said first and second signals. 2. A hi gh voltage
transi stor breakdbvwhnighoveitage transistd3b hreakdowg pootéetioh whecein

S i1, SRS ' Lo PeS PLR0RP 01 £ELL Oy ANOLELY 081 fagie! oct i ng

means provi e and a trr-state non-protec node. 3.
A hi gh voItd@@@*%ﬁ%¢§tor breakdomn protection circuit 30 accordlng to

claim1l or 2 V\'herﬁi:BtEE@lﬁﬁofn@Sthﬁoﬁoabﬁphlﬂgaﬂé €REPt k&A1 s€8pMANd NMEans
|nclud|n8 first and seco d E{ F aV|ng a first uirent el ectrode

coupl ed*Po *7?%}t9%l?%§ YHRY RnfiEShn@"?oRr PRC RREH having a first
current 35 eIectrpdeteouphgdcbntaoiemeadsvobhpgedltqesaidlaitstsandnd third

FETs having seg égw&' F&‘%ﬁﬁgtof' £5540 931:8995&?%@&39 8ol AfSiy"P¥Est SEhY

second and four avli ng seco curr
second signals thereto, haed

said protecting means assuming a protecting or a non-
15 protecting mode in dependence on said protection control
means applying to said first and second inputs first and
second combinations of said first and second signals,
characterised by,
said protectin§ means being arranged to assume a third
20 mode and a fourth mode in dependence on said proteétion
control means applying to said first and second inputs third
and fourth combinations of said first and second signals.

2, A high voltage transistor breakdown protection circuit
25 according to claim 1 wherein said third and fourth modes are

non-protecting, whereby said protecting means provides a

protecting mode and a tri-state non-protecting mode.

3. A high voltage transistor breakdown protection circuit
30 according to claim 1 or 2 wherein the protection control
means comprises:
command means including first and second FETs each
having a first current electrode coupled to a first voltage
line, third and fourth FETs each having a first current
35 electrode coupled to a second voltage line, said first and
third FETs having second current electrodes connected to a '
first node, said second and fourth FETs having second current
electrodes connected to a second node, said first and second
FETs having gate electrodes coupled respectively



el ectrodes connected to a second node, said first and second FETs havi ng

s e e o card second and f11st n'iééi’?la%-ﬁliﬁila-ltlﬁ??ﬂ!ﬂlﬁﬂmﬂﬂﬂ WL

FETs having gate el ectrodes coupled to receive node command sfgral & &nd*
swi.t ching neans coupled to said command seans to apply to said protecting
means said first and second signals. 4. A high vol tage transistor
breakdown protection circuit 10 according to claim1, 2 or 3 adapted to be

usgg in ap mggggaygwstfq@stﬁnodelﬁ he 14 %@ia gﬂnitaaasxidstﬁuuﬂmeakdomq5
protection circuit according tq claim 0 a e a
non- vol afH e Wh’é%gﬁtaé&ﬁ%@ﬁas %WZ{J‘F’:& v%?t%%cgg%rsgnssn%gé or&%@gaaid(;ovm

prot esti eigrnaksjtandcording to claim4 conprising a plurality of said

protecting means, SOBSAECRLAPEYELY {0 60l dMBSmRknBEREM L aRimE Yy

cells, each said protecti, mean ormng,a wite angllfler, and conprising
first, sdcompidpratesyinsumerreraiviiget@renteerse: fddd@ S mnected in
series between a supply line and a datumline, said first and fourth FETs

havi ng gate el ectyrodes cqQupled to a data i,nput, of the 25 anplifier d
second arfdt t hi rd BEFE N&aﬁégec&?ﬁﬁﬂ?’c%%rf?lp%?]é@?‘?‘ad%%&%%’d’ t‘gléé‘;%om
out pato ofaddwrabnyi tbeclarsh Navingal eaddped otesbeoupkdd ime e to
said fir tne'@é]&ﬁ §gggmi.nputs. 30 7. A high voltage transistor breakdown

protecti according to claim5 conprising a nultiplicity of said
protecting means each formng part of a RAMcell and conprising first,

second, tgird aﬂd?fieﬁr R 1EaER RaMinWi SL6F bt e £8kEEWROPRB LtedIRN asiFduber i es
bet ween a supply line 35 and _a dae¥m/ i ng, sal d fl_[:St and fourth FETs
havi ng g@&geording to claim 1, 2,)3 adapted to be used in a

15 non-volatile RAM memory systemn.

6. A high voltage transistor breakdown protection circuit
according to claim 4 comprising a plurality of said EECROM
protecting means connected respectively to columns of|{EEReM

20 memory cells, each said protecting means forming a write
amplifier and comprising first, second, third and fourth
FETs having current electrodes connected in series between a
supply line and a datum line, said first and fourth FETS
having gate electrodes coupled to a data input of the

25 amplifier, said second and third FETs having common current

N~ electrodes coupled to the output of the amplifier and having

gate electrodes coupled respectively to said first and
second inputs. |

30 7. A high voltage transistor breakdown protection circuit
according to claim 5 comprising a multiplicity of said
protecting means each forming part of a RAM cell and
comprising first, second, third and fourth FETs having
current electrodes connected in series between a supply line

35 and a datum line, said first and fourth FETs having gate
electrodes coupled together, said second and third FETs



electrodes coupl ed t oget her, said second and third FETs C L MS*-

p”'mmmﬂm mﬁmct rodes coupl ed respectively to said first and second

i xth seventh and ei ghth FETs 5 havi ng current -

electrodes connécted in series between said supply line and said datum
line, said fifth and ei ghth FETs havi mg l$ate el ectrodes coupl ed toget her,
and said sixth and seventh FETs having gate el ectrodes coupl ed respectively
to said first, and second i nputs. 10 8. A hi gh voltage transi st or
br eakdown HErGRE (93%e cB 1 GEEOHEEL CEURY o TaSRERE ALY oRB 18! fdrats 4,
5, 6 and andhesecsnendapute) ahal rm&t\rherselmrﬁewbmﬁ CihdJeiGRRHE FETW | NE

a at S set of f and econd FET gowre 5 el ectr.ades

coupl e? h‘%erhﬂ%‘llrﬁ%?tﬁegpie tFo |r§:ts o4& SC drglecel vuan’ge n%%%Y’FSP §2dYal and
a second rep¥wrltnepandgsaddsdiadum rlsma,n;aﬁld)rflsﬁtld andoedghtpufFESs sai d
prot ect | NG, LXPALLS - §@édeié&%§:oa@§ %%Q:%ri%d:'i?gé@i’éﬂg é}?éeséi&c&'i% sagpr' ed,

to said first and second ngdes of sai.d conmand
voltage1n§ﬂ¥ﬁ%$¥wF%F%akﬂﬁﬁﬁgpBéﬁ@bﬁLﬁ?ﬁ¥QQﬁﬁthRRkﬁﬁlﬁﬁsPﬁcEFHP#ﬂ8t°

wher ei n sad#fidVfiESt ngnaesBsopdMihpes.t W0 said sets of first and second
FETs, ifid second nodes of 25 said sets being arranged for coupling
respeet vely to said first and second inputs of said protecting neans. 10.
A high volgage taamsghtvolbagakdoamsuisdicar himeakdownipretéstion aircuds

her ei nbef 0.{&;%9 %b‘ég ),g%%t.imr 8 NGy IhS b Al fnd £7 4,06 LRR 7 when

acconpanyi ng
dependent on claim 3 wherein said switching means comprises

a at least one set of first and second FETs having current
15 electrodes coupled in parallel between a first node for
receiving a control signal and a second node for coupling to
said first input or said second input of said protecting
means, said first and second FETs having gate electrodes
coupled to said first and second nodes of said command
20 means.

9. A high voltage transistor breakdown protection circuit
according to claim 8 wherein said switching means comprises
two said sets of first and second FETs, said second nodes of

25 said sets being arranged for coupling respectively to said
first and second inputs of said protecting means.

10. A high voltage transistor breakdown protection circuit
substantially as hereinbefore described with reference to
30 Figure 2 or 4 of the accompanying drawings.

35



