
4 '  J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  (D  Publication  number:  0   1  5 2   6 5 1  

Office  europeen  des  brevets  ^   1 3 1  

D  EUROPEAN  PATENT  SPECIFICATION 

35)  Date  of  publication  of  patent  specification:  23.08.89  (f)  Int.  CI.4:  G  11  C  1 7 / 0 0  

jj)  Application  number:  84201918.4 

®  Date  of  filing:  19.12.84 

®  Circuit  for  generating  the  programming  voltage  for  an  erasable  read-only  memory. 

(§)  Priority:  25.01.84  NL  8400225 

(5)  Date  of  publication  of  application: 
28.08.85  Bulletin  85/35 

(§)  Publication  of  the  grant  of  the  patent: 
23.08.89  Bulletin  89/34 

(fi)  Designated  Contracting  States: 
DE  FRGBIT 

(§)  References  cited: 
US-A-4405868 

m  

i n  

CM 
IT) 

Q .  
UJ 

Qf)  Proprietor:  N.V.  Philips'  GloeilampenfabneKen 
Groenewoudseweg  1 
NL-5621  BA  Eindhoven  (NL) 

®  Inventor:  Hartgring,  Cornelis  Dietwin 
c/o  INT.  OCTROOIBUREAU  B.V.  Prof.  Holstlaan  6 
NL-5656  AA  Eindhoven  (NL) 

y  Kepresentative:  raessen,  louis  mane  nuoe™» 
etal 
INTERNATIONAAL  OCTROOIBUREAU  B.V.  6 
Prof.  Holstlaan 
NL-5656  AA  Eindhoven  (NL) 

Note:  Within  nine  months  from  the  publication  ottne  mention  ortne  gramorme  European  pdiem,  any  ">°y 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1)  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 



1 EP  0 1 5 2   651  B1 2 

Description 

The  invention  relates  to  a  circuit  for  generating 
the  programming  voltage  for  an  erasable  pro- 
grammable  read-only  memory  (EPROM,  EEP- 
ROM),  comprising  a  voltage  source  which  is 
connected,  via  a  charging  resistor,  to  the  memory 
section  to  be  programmed  which  is  bridged  by  a 
(stray)  capacitance. 

Programmable  non-volatile  memories  of  the 
EPROM  (erasable  programmable  read-only 
memory)  and  the  EEPROM  (electrically  erasable 
programmable  read-only  memory)  type  have 
come  into  greater  use  recently  because  they  offer 
the  advantage  of  easy  programming  and  erasing 
and  renewed  programming  of  the  memory  unit  of 
an  electric  computer  or  microprocessor,  so  that 
flexibility  as  regards  the  input  of  new  programs  is 
substantially  increased.  Such  an  EPROM  or  EEP- 
ROM  is  usually  integrated  on  a  semiconductor 
body,  often  together  with  further  arithmetic  and 
control  units  forming  part  of  the  computer  or 
microprocessor. 

The  programming  of  an  EPROM  or  EEPROM 
usually  requires  an  operating  voltage  which  is 
much  higher  than  the  operating  voltage  of  the 
other  semi-conductor  elements  on  the  semicon- 
ductor  body,  that  is  to  say  a  voltage  just  below  the 
breakdown  voltage  of  the  semiconductor  junc- 
tions,  operative  in  the  reverse  direction  (junction 
breakdown),  of  the  semiconductor  zones  con- 
stituting  the  EPROM  or  EEPROM. 

It  has  been  found  that  EPROMs  and  EEPROMs 
are  susceptible  to  failure  not  only  because  of  the 
high  programming  voltages,  but  also  because  of 
the  high  speed  at  which  the  programming  voltage 
applied  to  these  memories  is  reached.  An  exces- 
sive  edge  steepness  of  the  increasing  program- 
ming  voltage  has  an  adverse  effect  on  the  service  - 
life  (number  of  reprogramming  operations  poss- 
ible)  of  an  (E)EPROM  memory  cell  because  of  the 
peak  currents  then  occurring  in  the  injecto-oxide 
of  the  cell. 

An  obvious  solution  to  this  problem  would  be 
the  bridging  of  the  memory  section  to  be  pro- 
grammed  by  a  comparatively  large  capacitor  of, 
for  example  1000  pF,  but  the  realization  of  such  a 
capacitor  on  the  semiconductor  body  requires  a 
substantial  surface  area  which  is,  of  course,  unde- 
sirable.  Another  solution  would  be  the  connection 
of  a  voltage  follower,  for  example  a  source 
follower,  in  the  charging  circuit  between  the 
voltage  source  and  the  memory  section,  the  gate 
of  said  follower  being  connected  to  ground  via  a 
much  smaller  capacitor  (for  example  10  pF).  Due 
to  the  voltage  loss  between  drain  and  source  of 
this  source  follower,  however,  the  available  pro- 
gramming  voltage  would  be  reduced  and  that 
would  reduce  the  programming  speed  (for 
example,  to  a  factor  100  slower  in  practice). 

The  invention  has  for  an  object  to  provide  a 
circuit  whereby  the  rise  time  of  the  programming 
voltage  can  be  maintained  within  safe  limits,  to 
thus  mitigrate  all  of  the  above  drawbacks. 

The  circuit  in  accordance  with  the  invention  is 

claimed  in  Claim  1.  This  circuit  can  be  constructed 
by  means  of  bipolar  transistors;  however,  prefer- 
ence  is  given  to  transistors  of  the  field-effect  type, 
because  latter  transistors  make  possible  a  sub- 

5  stantially  higher  current  amplification  (for 
example,  1000x)  by  said  current  mirror  and 
hence  the  use  of  a  smaller  capacitor. 

Embodiments  of  the  invention  will  be  described 
in  detail  hereinafter,  by  way  of  example  with 

w  reference  to  the  drawing;  therein: 
Figure  1  shows  a  first  embodiment, 
Figure  2  shows  an  improvement  of  Figure  1, 

and 
Figure  3  shows  an  alternative  to  Figure  1. 

15  Figure  1  shows  an  equivalent  diagram  of  a 
memory  of  the  EPROM  or  EEPROM  type.  In 
practice  the  memory  1  itself  has  a  leakage 
resistance  1'  of  more  than  2  Mohms  and  a  stray 
capacitance  2  of,  for  example,  10  pF;  the  semicon- 

20  ductor  elements  in  the  memory  (formed  on  a 
semiconductor  body)  have  a  junction  breakdown 
voltage  of,  for  example,  20  V,  which  is  symbolized 
by  a  zener  diode  5.  A  voltage  source  3,  for 
example  of  the  voltage  multiplier  or  charge-pump 

25  type,  serves  to  supply  the  programming  voltage 
to  the  memory  1.  The  source  3  is  connected  to  the 
memory  1  via  a  charging  resistor  4. 

In  practice  the  time  constant  of  the  charging 
circuit  formed  by  the  charging  resistor  4  (for 

30  example  1  Mohm),  the  capacitance  2  and  the 
leakage  resistance  1  '  of  the  memory  1  is  so  small 
that  the  service  life  of  the  memory  1  is  adversely 
affected  when  this  programming  voltage  is 
applied.  In  accordance  with  the  invention,  in  a 

35  circuit  in  parallel  with  the  stray  capacitance  2  of 
the  charging  circuit  there  is  connected  a  first 
transistor  whose  gate  is  controlled  by  the 
voltage  across  a  capacitor  C  which  is  connected, 
in  series  with  a  channel  of  a  second  transistor  Q2, 

40  in  parallel  with  said  capacitance  2,  and  Q2 
being  connected  as  a  current  mirror  which 
amplifies  current  from  Q2  to  Qv 

Current-amplifying  mirrors  comprising  bipolar 
transistors  can  be  realized  in  a  simple  manner  by 

45  a  suitable  choice  of  the  emitter  areas  of  these 
transistors.  As  has  already  been  stated,  however, 
preference  is  given  to  transistors  of  the  field- 
effect  type  because  such  transistors  make  poss- 
ible  a  much  higher  current  amplification  factor 

so  (for  example  1000x).  The  sources  of  the  tran- 
sistors  (I-,  and  Q2  are  interconnected  as  are  their 
gates,  and  the  width  length  ratio  of  the  channel  of 
the  transistor  Q1  is  substantially  larger  than  that 
of  the  transistor  Q2.  The  transistor  has  a 

55  channel  length  (measured  from  the  source  to  the 
drain)  of,  for  example,  3  urn  and  a  width  of  100 
urn;  the  transistor  Q2,  however,  has  a  channel 
length  of  100  urn  and  a  channel  width  of  3  urn. 
The  current  through  the  transistor  Qn  will  in  such 

eo  a  case  be  1000x  larger  than  the  current  through 
the  transistor  Q2. 

When  the  voltage  source  3  is  switched  on,  the 
bulk  of  the  charging  current  through  the  resistor  4 
will  initially  flow  through  the  transistor  Q,  and 

65  only  a  minor  part  thereof  will  reach  the  circuits 
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Q2  —  C  and  the  capacitance  2  and  the  resistance  1  '. 
The  capacitor  C  (for  example  1  pF),  consequently, 
will  be  charged  much  more  slowly  (1000X  slower 
in  the  above  numerical  example)  than  the  rate 
corresponding  to  the  time  constant  of  the  charg- 
ing  resistor  4,  the  capacitor  C  and  the  capacitance 
2  alone.  As  the  capacitor  C  is  charged  further,  the 
transistors  and  Q2  will  be  gradually  turned  off, 
so  that  the  full  programming  voltage  will  reach 
the  memory  1.  After  deactivation  of  the  program- 
ming  voltage  source  3,  the  capacitor  C  will  be 
discharged  by  means  of  the  transistor  6. 

The  current  mirror  shown  can  be  extended  in 
known  manner  in  order  to  suppress  disturbing 
effects  due  to  process  spreads.  For  example,  in 
series  with  the  transistor  Q2  there  may  be 
arranged  a  further  transistor  in  cascade-connec- 
tion  in  order  to  suppress  disturbing  feedback 
from  the  drain  to  the  gate.  In  the  version  shown  in 
Figure  2  an  additional  transistor  Q3  which  is 
connected  as  a  voltage  follower  is  connected 
between  the  transistor  Q2  and  the  capacitor  C,  the 
gate  of  Q3  being  connected  to  the  capacitor  whilst 
the  voltage  follower  electrode  (the  source  in  the 
case  shown)  is  connected  to  the  gate  of  the 
transistor  Qv  When  the  (gate-source)  threshold 
voltage  (at  which  the  transistor  starts  to  conduct 
current)  of  the  transistor  Q,  is  higher  than  the 
difference  between  the  threshold  voltages  of  the 
transistors  Q2  and  Q3  (as  will  generally  be  the 
case),  it  is  ensured  that  the  transistor  Q,  will  cease 
to  conduct  current  sooner  than  the  transistors  Q2 
and  Q3.  In  order  to  ensure  that  the  current  through 
the  transistor  Q,  still  remains  many  times  larger 
than  that  through  the  transistor  Q2,  the  width/ 
length  ratio  of  the  channel  of  the  transistor  Q3 
should  be  substantially  larger  than  that  of  the 
transistor  Q2,  for  example  at  least  10x  larger. 

The  transistors  Q,  and  Q2  (and  also  Q3)  can  in 
principle  also  be  constructed  as  N-channel  field- 
effect  transistors  instead  of  P-channel  field-effect 
transistors  as  shown. 

Finally,  Figure  3  shows  how  it  can  be  ensure^, 
regardless  of  the  value  of  the  stray  capacitance  2 
of  the  (E/EPROM)  memory  connected  to  the 
source  3,  that  the  voltage  rise  per  unit  of  time 
always  remains  below  the  safe  limit  value.  To  this 
end,  the  transistor  Q,  is  of  a  multiple  construction, 
i.e.  further  transistors  Q/,  Q/'  etc.,  are  connected 
in  circuits  in  parallel  with  the  original  transistor 
Q,;  these  further  transistors  can  be  switched  on 
as  desired  in  accordance  with  the  magnitude  of 
the  (stray)  capacitance  of  the  memory  (section)  to 
be  connected.  The  width/length  ratios  of  the 
channels  of  these  transistors  Q/,  &,"  etc.  are 
chosen  to  be  different,  for  example  150/3,  300/3 
etc.,  so  that  the  current  amplification  from  the 
transistor  Q2  to  the  transistor  Q,  and/or  0/  (and/ 
or  Q,"  etc.)  can  be  adjusted.  Using  the  value  of 
the  width/length  ratio  of  the  transistors  shown  in 
Figure  3,  a  fictitious  capacitor  C,  is  obtained 
amounting  to: 

Cf=(50-B+1)-C, 

in  which  B  is  the  decimal  value  of  the  binary 
number,  b3  b2  b-,  b0  (b,  (35=is=0)  has  the  value  1  or 

s  0,  when  the  associated  transistor  is  turned  on  or 
off,  respectively). 

Claims 

70  1.  A  circuit  for  generating  the  programming 
voltage  for  an  erasable  programmable  read-only 
memory  (EPROM,  EEPROM),  comprising  a  volt- 
age  source  which  is  connected,  via  a  charging 
resistor,  to  the  memory  section  to  be  pro- 

15  grammed  which  is  bridged  by  a  (stray)  capaci- 
tance,  characterized  in  that  in  a  circuit  in  parallel 
with  a  charging  circuit  of  the  memory  section 
which  is  bridged  by  the  (stray)  capacitance,  there 
is  connected  a  first  transistor  whose  control  elec- 

20  trode  is  controlled  by  the  voltage  on  a  capacitor 
which  is  connected,  in  series  with  the  conduct- 
ance  path  of  a  second  transistor,  in  parallel  with 
the  capacitance  of  said  charging  circuit,  said  first 
and  second  transistor  being  connected  as  a  cur- 

25  rent  mirror,  whereby  the  current  through  the  first 
transistor  is  at  least  an  order  of  magnitude  larger 
than  the  current  through  the  second  transistor 
(mirroring  factor  <1). 

2.  A  circuit  as  claimed  in  Claim  1,  characterized 
30  in  that  between  said  second  transistor  and  the 

capacitor  there  is  provided  a  third  transistor 
which  is  connected  as  a  voltage  follower  and 
whose  gate  is  connected  to  said  capacitor  whilst 
its  voltage  follower  electrode  is  connected  to  the 

35  gate  of  said  first  transistor. 
3.  A  circuit  as  claimed  in  Claim  1,  in  which  the 

transistors  are  constructed  as  field-effect  tran- 
sistors,  characterized  in  that  the  width/length  ratio 
of  the  channel  of"  the  first  transistor  is  sub- 

40  stantially  larger,  for  example  at  least  an  order  of 
magnitude  larger,  than  that  of  the  second  tran- 
sistor. 

4.  A  circuit  as  claimed  in  Claim  2  or  3,  in  which 
the  third  transistor  is  also  constructed  as  a  field- 

45  effect  transistor,  characterized,  in  that  the  width/ 
length  ratio  of  the  channel  of  the  third  transistor 
exceeds  that  of  the  second  transistor. 

5.  A  circuit  as  claimed  in  Claim  1,  in  which  the 
transistors  are  constructed  as  field-effect  tran- 

50  sistors,  characterized  in  that  in  parallel  with  the 
first  transistor  there  are  connected  one  or  more 
further  transistors  which  can  be  switched  on  as 
desired  and  whose  channel  width/length  ratios 
are  mutually  different. 

55 
Patentanspriiche 

1.  Generator  zum  Erzeugen  der  Programmier- 
spannung  fur  einen  loschbaren  programmierba- 

60  ren  Festwertspeicher  (EPROM,  EEPROM),  mit 
einer  Spannungsquelle,  die  uber  einen  Ladewi- 
derstand  an  den  zu  programmierenden  Speicher- 
abschnitt  angeschlossen  ist,  der  durch  eine 
(Streu-)Kapazitat  iiberbruckt  ist,  dadurch  gekenn- 

65  zeichnet,  dafc  in  einer  parallel  zu  einem  Ladekreis 
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es  Speicherabschnitts  verlaufenden  Schaltung, 
/obei  der  Speicherabschnitt  durch  die  (Streu- 
<apazitat  uberbruckt  ist,  ein  erster  Transistor 
ngeschlossen  ist,  dessen  Steuerelektrode  durch 
lie  Spannung  an  einem  Kondensator  gesteuert 
i/ird,  der  in  Reihe  mit  dem  Leitungsweg  des 
ransistors  und  parallel  zur  Kapazitat  des  Lade- 
reises  verbunden  ist,  wobei  die  ersten  und  zwei- 
en  Transistoren  als  Stromspiegel  angeschlossen 
ind,  und  der  Strom  durch  den  ersten  Transistor 
venigstens  urn  eine  GroBenordnung  groBer  ist 
lis  der  Strom  durch  den  zweiten  Transistor  (Spie- 
lelungsfaktor  <1). 

2.  Generator  nach  Anspruch  1,  dadurch  gekenn- 
eichnet,  daB  zwischem  dem  zweiten  Transistor 
ind  dem  Kondensator  ein  drifter  Transistor  vor- 
jesehen  und  in  Spannungsfolgerschaltung  ange- 
schlossen  ist,  dessen  Gate  mit  dem  Kondensator 
rerbunden  ist,  wahrend  seine  Spannungsfolgere- 
ektrode  an  das  Gate  des  ersten  Transistors  ange- 
schlossen  ist. 

3.  Generator  nach  Anspruch  1,  in  dem  die 
rransistoren  als  Feldeffekttransistoren  ausgefuhrt 
sind,  dadurch  gekennzeichnet,  daB  das  Breite/ 
.angenverhaltnis  des  Kanals  des  ersten  Transi- 
stors  im  wesentlichen  groBer,  z.B.  urn  wenigstens 
jine  GroBenordnung  groBer  als  das  des  zweiten 
rransistors  ist. 

4.  Generator  nach  Anspruch  2  oder  3,  in  dem 
der  dritte  Transistor  ebenfalls  als  Feldeffekttransi- 
stor  aufgebaut  ist,  dadurch  gekennzeichnet,  daB 
das  Breite/Langenverhaltnis-des  Kanals  des  drit- 
ten  Transistors  das  des  zweiten  Transistors  uber- 
schreitet. 

5.  Generator  nach  Anspruch  1,  in  dem  die 
Transistoren  als  Feldeffekttransistoren  ausgefuhrt 
sind,  dadurch  gekennzeichnet,  daB  parallel  zum 
ersten  Transistor  eine  oder  mehrere  Transistoren 
angeschlossen  sind,  die  auf  Wunsch  einschaltbar 
sind  und  deren  Kanalbreite/Langenverhaltnisse 
untereinander  verschieden  sind. 

Revendications 

1.  Circuit  pour  generer  la  tension  de  program- 
mation  pour  une  memoire  morte  programmable 

ettacaDie  (trnuivi,  tcrnuivu,  comprenaut  une 
source  de  tension  qui  est  connectee,  par  I'inter- 
mediaire  d'une  resistance  de  charge,  a  la  section 
de  memoire  a  programmer  qui  est  pontee  par  une 

>  capacite  (parasite),  caracterise  en  ce  que,  dans  un 
circuit  en  parallele  avec  un  circuit  de  charge  de  la 
section  de  memoire  qui  est  pontee  par  la  capacite 
(parasite),  est  connecte  un  premier  transistor  dont 
I'electrode  de  commande  est  commandee  par  la 

o  tension  presente  sur  un  condensateur  qui  est 
connecte,  en  serie  avec  un  trajet  de  conductance 
d'un  deuxieme  transistor,  en  parallele  avec  la 
capacite  du  circuit  de  charge,  le  premier  et  le 
deuxieme  transistor  etant  connectes  comme  un 

5  miroir  de  courant,  le  courant  passant  par  le 
premier  transistor  etant  superieur  d'au  moins  un 
ordre  de  grandeur  au  courant  passant  par  le 
deuxieme  transistor  (facteur  de  miroir  <1). 

2.  Circuit  suivant  la  revendication  1,  caracterise 
o  en  ce  qu'entre  le  deuxieme  transistor  et  le 

condensateur  est  prevu  un  troisieme  transistor 
qui  est  connecte  comme  un  suiveur  de  tension  et 
dont  la  grille  est  connectee  au  condensateur, 
tandis  que  son  electrode  suiveuse  de  tension  est 

>5  connectee  a  la  grille  du  premier  transistor. 
3.  Circuit  suivant  la  revendication  1,  dans  lequel 

les  transistors  sont  des  transistors  a  effet  de 
champ,  caracterise  en  ce  que  le  rapport  largeur- 
:longueur  du  canal  du  premier  transistor  est 

io  sensiblement  superieur,  par  exemple  superieur 
d'au  moins  un  ordre  de  grandeur,  a  celui  du 
deuxieme  transistor. 

4.  Circuit  suivant  la  revendication  2  ou  3,  dans 
lequel  le  troisieme  transistor  est  egalement  un 

35  transistor  a  effet  de  champ,  caracterise  en  ce  que 
le  rapport  largeur:iongueur  du  canal  du  troisieme 
transistor  excede  celui  du  deuxieme  transistor. 

5.  Circuit  suivant  la  revendication  1,  dans  lequel 
les  transistors  sont  des  transistors  a  effet  de 

40  champ,  caracterise  en  ce  qu'un  ou  plusieurs 
autres  transistors,  qui  peuvent  etre  amenes  en 
conduction  comme  on  le  desire  et  dont  les  rap- 
ports  largeur:  longueur  de  canal  sont  mutuelle- 
ment  differents,  sont  connectes  en  parallele  avec 

45  le  premier  transistor. 
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