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The mventlon relates 10 a switched capacntor

- the charge means comprise a first curent

charge pump comprising: source coupled 1o the first capacitor terminal

- a capacitor having a first capacitor terminal for supplying a first current to the capacitor,
and a second capacitor terminal, and in that the switched capacitor charge

- charge means coupled to' the first capacntor - 8 pump further includes:
terminal, for charging the capacitor, - a reference voitage source,

- a discharge switch coupled to the first and - a comparator having a first input connected
the second capacitor terminal, for recurrently to the first capacitor terminal, having a sec-
discharging the capacitor by the closing and' .. ond input connected to the reference voitage
opening of the discharge switch-in response 10 - source and having an output for supplying an
to a first or second value respectively, of a essentially binary comparison signal of which
binary cyclic clock signal from a clock signal a first and a second value respectively, de-

- source. . ___._ _note that the voltage on the first input is

~ The invention likewise relates to a sawtooth- smaller and larger respectively, than the volt-
oscillator comprising such a swmched capacitor 15 age on the second input,
charge pump. - asecond current source for supplymg a sec-
A switched capacitor charge pump of this type ond current, - an output terminal,
is known from Proceedings of the IEEE, Vol. 71, - a current switch for passing the second cur-
No. 8, August 1983, pp. 941-985, R. Gregorian et rent to the oulput terminal in response to a
al., "Switched-Capacitor Circuit Design”, Fig. 1(b). = 20 transition from the first value to the second
The charge means in this paper are a swilch ca- . vaiue of the clock signal and for preventing
pable of connecting the first capacitor terminal to a the second current flowing to the output ter-
first voltage source which carries voitage V1. The minal in response to a transition from the first
second capacitor terminal i§ connected to a second to the second value of the comparison signal.
voltage source which carries- voitage V2. In each ~ 25 - The first current source charges the capacitor
cycle of the clock signal the capacitor is first dis- ‘with the first current 11, whilst the current switch
charged by means of the discharge switch and - passes the second currént 12 to the output. When
then charged to a voltage difference V1-V2. in the the voltage on the capacitor is equal to the refer-
cycle time interval T a charge dQsyual to C{Vi- =~ —~ ence voitage Vref of the reference voitage source,
- V2) where C is the capacitance of the capacitor,is 30 the cument switch prevents the second current 12
flowing. When the capacitor is being charged, the from reaching the output.”In this manner the output
first voltage source is loaded, so that the voltage presents a current pulsating in timing with the clock
V1 and hence the charge dQ changes. The loading signal and producing a charge dQ = (i211)°'C'Vref
of the first voltage source may be reduced by =~ in the time mterval T of the clock signal. The
means of a buffer stage /e. a first operational 35 reference voltage source is hardly loaded or not
amplifier arranged as a voltage fotlower. The sec- loaded at alli by the comparator. A buffer is not
ond voltage source is usually the inverting input of ~ necessary. The relation between the currents 12
a feedback second operational amplifier whose and 1 may be accurately defined during design,
non-inverting input is connected to the second voit- certainly in the case of an integrated version. The
age V2. The output of the sécond operational am- 40 first capacitor terminal may be connected to earth
plifier supplies a signal which is a measure for the and the current switch may comprise a current
charge dQ. The second voltage source carrying router for which no negative supply voltage relative
voltage V2 could be omitted by selecting this volt- ‘to earth is necessary.
“age to be equal to ground potential. However, in The comparator and the. current switch may be
.that case a supply voltage which is negative rela- 45 reaiised in various ways. A first embodiment of a
tive to ground potentigl’ will have to be available to ©  switched capacitor charge pump ‘according to the
the second operational amplifier. The realisation of invention is thereto characterized, in that the com-
an accurate charge pump i.@. an arrangement sup- parator and the current switch comprise: a first and
plying on its output a predetermined charge dQ in a second fransistor arranged as a differential pair,
each cycle interval T thus tums out nottobe of a 50  and a third transistor, each transistor comprising a
simple kind. first main electrode, a second main electrode and a
it is an object of the invention to prowde a control electrode, the first main electrodes of the
switched capacitor charge“pump in which above first and second transistors being coupled to the'
objections are met. second current source, the control electrodes of
According to the invention a swm:hed capacitor 55 the first and second transistors to the first capacitor
charge pump of the type mentioned in the opening terminal and the refersnce voitage source respec-
- paragraph is characterized, in that: ' tively, the second main electrode of the second
transistor to a first terminal for producing a fixed
im0

i B
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potential, the second main electrode of the first
 transistor to the output terminal, and the first main
elecirode, the second main electrode and the con-
trol electrode of the third transistor being coupled
‘to the second main electrode of the first transistor,
a second terminal for producing a fixed potential,

and the clock signal source respectively.
The differential pair combines the functions of

comparator and current switch. Consequently, the

charge pump is not only very simple but also very
fast. When the second transistor takes over the

~ second current from the first transistor, the current

switch function is not performed stepwise, but in a
gradual manner. However, this is no - objection.
Viewed over a period of time T the charge dQ
remains the same. The third transistor passes the

current through the first transistor to the second

terminal with a fixed potential during discharging of
the capacitor by the discharge switch. If the charge
pump is used for charging a further capacitor, this
further capacitor would be discharged by the third

transistor. This may be avoided by means of a-

second embodiment of a switched capacitor charge
pump according to the invention, in which the out-

put is coupled to the second main electrode of the .

first transistor across a diode. The diode prevents
the further capacitor from being discharged. The
same effect may be realised with a third embodi-
ment of a switched capacitor charge pump accord-
ing to the invention, characterized in that the com-
parator and the current switch comprise: a first and
a second transistor arranged as a differential pair,
- and a third transistor, each transistor comprising a

first main electrode, a second main electrode and a
~ control electrode, the first main electrodes of the
first and second transistors being coupled to ‘the
second current source, the control electrodes -of
the first and second transistors to the first capacitor

terminal and the reference voltage source respec-

tively, the second main electrode of the second
transistor to a first terminal for producing a fixed
potential, the second main electrode of the first
transistor to the first main electrode of the third
transistor, and the second main-electrode and the
control electrode of the third transistor being coup-
led to the output termmal and the clock sngnat
source respectively,

The third transistor is now combined in series

with the first transistor, so that any discharging of a

further capacitor is avoided.

The switched capacitor charge pump according
to the invention may now be used for all kinds of
purposes. Capacitors can be charged with this
charge pump by means ofrelalwely small charge
_ portions without the use of .current sources that
carry absolutely small current values. For that mat-
ter, in above formula for dQ only the relation be-

tween the second current 12 m_the first current I
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plays a role. The mean value of the output current.
of the charge pump may be determined by the
selection of the ratio 1211, the time interval T and

thus aiso the frequency f = 1/T of the clock signal,

the capacitance C of the capacitor and/or the value

Vref of the reference voltage. Long time-constants -
may thus be realised, for example, in control Ioops

for voltage-controlied oscillators. )

The switched capacitor charge pump is pre-
eminently suitable for use in a sawtooth oscillator
which comprises: :

- a capacitor having a first capacitor terminal
and a second capacitor terminal,

- afirst transistor arranged as a current source,
a main conduction path thereof being coup-
led to the first capacitor terminal for charging
the capacitor,

- a first discharge transistor including a first
and a second main electrode which are coup- -
led to the second and the first capacitor
terminal respectively, and including a control
electrode connected for receiving a binary:
cyclic clock signal for recurvently discharging
the capacitor by rendering the first discharge
transistor conductive and non-conductive- in
response to a first or second value respec-
tively, of the clock signal,

- means for generating the clock signal in re-
sponse to a voltage across the capacitor.

Sawtooth oscillators of this type are used, for
example, in timer circuits. The means for generat- -
ing the clock signal may in practice be arranged in
various ways but they always comprise a compara-
tor which compares the voltage across the. capaci-
tor with the reference voitage and generates a
discharge signal the moment the reference voltage
is reached. By switching over the reference voitage
or using an additional comparator (window com-
parator) and a second reference voitage, the circuit
becomes self-oscillating. The oscillation frequency
is then determined, for exampie, by the period of
time necessary for charging the capacitor to the
reference voitage by means of the first transistor.
Even if the capacitor as such has an accurate

'value, for example, because it is connected as a

discrete component to a furthermore integrated
sawtooth oscillator, the parasitic capacitance on the
first capacitor terminal will stit be a source of
inaccuracy; certainly so if the external capacitor is
to have a relatively small value. The parasitic ca-
pacitance Cpar is determined by the dimensions
and properties of specifically the first transistor
arranged as a current source and the Miller capaci-

_ tance of the first discharge transistor. Furthermore,

the wiring capacitance and the input capacitance of
the comparator which is connected to the first
capacitor terminal play a role. As a result, the
frequency of the known sawtooth oscillator is not
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entirely fixed due to design and process toleran-
ces. ' _

The consequences may now be reduced ac-
cording to the invention in that the sawtooth oscilla~
tor further includes: _

.~ a second transistor of similar type to the first
transistor, comprising a main current path
with a blocked current transfer, -~ '

- a second discharge transistor of similar type

- to the first discharge transistor, comprising a

second main electrode coupled in a node to
the main current path of the second transis-
" tor, and including a first main electrode and a
control electrode which are connected to the

tirst main electrode and the control electrode °

~ respectively, of the first discharge transistor,
- a first current source coupled to the node, for
producing a first current,_ .. _
- arefersnce voltage source,
- a comparator having a first input connected
to the node, a.second input connected-to the --

reference voltage source and having an out-

‘put for supplying an essentially binary com-
parison signal of which a first or second value
respectively, denotes that the voitage on the

. first input is smaller and larger respectively
than the voltage on the second input,

- a second current source for Supplying a sec-
ond current, - a current switch for passing the
second current to the first capacitor terminal
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in response to a transition from the-first value — --

to the second value of the clock signal and
for preventing the second current flowing to
the first capacitor terminat in response to a
transition from the first to the second value of
the comparison signal.

The second transistor and the second dis~
charge transistor are a copy of the first transistor
and the first discharge transistor respectively, so
that the parasitic capacitance on the node is sub-
stantially equally large as the parasitic capacitance
.on the first capacitor terminal. The second transis-
tor is arranged in such a way that no current flows
through it and that it functions as a dummy. The
second transistor and the second discharge transis-
tor, together with the first current source, the refer-
ence current. source, the comparator, the second
current source and the current switch, form a
charge pump which compensates with a substan-
tially equally large compensation charge for the
- charge that would disappear into the parasitic ca-
pacitance Cpar. The effect of the parasitic capaci-

tance Cpar is thereby substanttally eliminated. The

charge pump components connected to the node,
" more specifically, the second transistor and the
second discharge transistor, may also be scaled
versions of the corresponding components of the

sawtooth oscillator. As a result, the parasitic ca- -

This Sheet Has Been Replaced

a5

40

45

55

" pacitance on the node is reduced by a specific

scaling factor, but this may be compensated for by
an adjusted ratio of the second current (2 to the
first current 11. The effect of the input capacitance

. of the comparator on the means for generating the

clock signal may be removed by selecting for the

" charge . pump- a comparator that has an about

equally large input capacitance.

These and other aspects of the invention will
be described and explained with reference to the
annexed drawing, in which:

Fig. 1 shows a functional block dlagram of a
switched capacitor charge pump according to

the invention, . :
Fig. 2 shows signal d:agrams in explanation of
the operation of the switched capacitor charge
pump shown in Fig. 1, .

Fig. 3 and Fig. 4 show embodiments of a
switched capacitor charge pump according to
the invention,

-Fig. 5, Fig. 8 and-Fig:- 7. shew details of alter-
native versions of the embodiment shown in Fg

‘4, and

Fig. 8 shows a sawtooth oscillator comprising-a
switched capacitor charge pump according to
the invention.

In these drawing Figures components or ele~
ments having like function or connotation are de-
noted by like reference characters.

Fig. 1 shows the block diagram of a charge

: -pomp according to the—invention. A number of

signals whose signal shapes are represented in
Fig. 2 occur in the charge pump. A first capacitor
terminal 2 of a capacitor 4 is connected to a first
current source 6 which charges the capacitor 4
with a first current it the capacitor-voitage Vc
across the capacitor 4 increasing with time. The
second capacitor terminal 8 is connected to earth. -
The first capacitor terminal 2 is connected to a first
input 10 of a comparator 12, a second input 14 of

- which-is connected to a reference voltage source
" 18 which supplies a reference voltage Vref relative

to earth. The comparator 12 has an output 18 for
supplying a bmary comparison signal Vcomp which
adopts a low or high value respectively, if the
capacitor voltage V¢ on the first input 10 is smaller
or larger respectively, than the reference voitage
Vref on the second input 14. The capacitor 4 is
periodically discharged by way of a discharge
switch 20 connected to the first capacitor terminal
2 and the second capacitor terminal 8. The dis-
charge switch 20 is controlied by a clock signal CS
from a clock signal source 22, whilst a high or low
value respectively, of the clock signal CS closes or
opens respectively, the discharge switch. A current
switch 24 comprises a current input 28, an output
terminal 28 for supplying an output current lout and

- a first control input 30 and a second control input
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- 32, 10 which are applied the comparison signal

' Vcomp and the clock signal CS respectively. The
current input 26 is connected to a second current
source 34 which. applies a second current 12 to the
current switch 24,

The current switch 24 passes the seoond cur-

rent 12 to the_output terminal 28 after a descendmg
edge of the clock signal CS, that is to-say,-after the
moment the capacitor 4 is recharged by the first
current source 6. The output current lout then has
the vaiue 12. The current switch 24 blocks the
current supply to the output terminal 28 in the case

of an ascending edge of the comparison signal .

Vcomp, that is to say, when the capacitor voltage
Ve exceeds the reference voltage Vref. The output
current fout then drops to zero again. This drop

10

15

may be abrupt or gradual; the current lout is to

have dropped at any rate to zero with the next
descending edge of the clock signal CS. The time
elapsing between two. descending edges in the
clock signal CS is the clock period T. From the
descending edge in the clock signai CS to the
ascending edge in the comparison signal Vcomp a
current |11 flows to the capacitor 4, whilst the ca-
pacitor voltage Vc increases to Vref. The charge
dQ in the capacitor 4 is then equal to C'Vref, where
C is the capacitance of the capacitor 4. During this

period of time the output current lout is propor-

tional to the first current i1, because the following

holds in that case:-lout=I12={12/11)11.- Over each-- -30---

clock period T the output current lout therefore
represents a charge porhon dQ equal to
dQ = CVref(12/11).

The drop of the ocutput current lout from the
value 12 to zero may also present a gradual behav-
iour. If this behaviour is symmetrical around the
ascending edge of the comparison signal Vcomp, it
does not affect the magnitude of the charge portion
dQ, because the integral of the oufput current lout
is not changed by it over the entire clock period T.

Fig. 3 shows a first embodiment of the charge .

pump. The first current source 6 and the second
current source 34 from the block diagram of Fig. 1
_are arranged here as a PMOS transistor 36 and a
PMOS transistor 38 arranged as curent sources
and, together with a PMOS transistor 40 arranged
as a diode, form a current mirror circuit. The sour-
ces of the PMOS transistors 36, 38 and 40 are
connected to a positive supply terminal 42 and the
gates of these transistors as well as the drain of
PMOS transistor 40 are connected to a bias current
source 44 which produces a current Ib. By scaling
the PMOS transistors 36, 38 and 40, the mutual
-relation between the cument 11 flowing through
PMOS transistor 36 and 12 fiowing through PMOS

transistor 38 can be determined. The drain of the

PMOS transistor 36 is connected to the first ca-
pacitor terminal 2 of the capacitor 4, whose second
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capacitor terminal 8 is connected to earth. The
discharge switch 20 from the block diagram shown
in Fig. 1 is arranged as an NMOS transistor 46,
whose source, drain and gate are connected to the
second capacitor .terminal 8, the first capacitor ter-
minal 2 and the clock signal source 22 respec-
tively, for receiving the clock signal CS. The charge
pump further includes a reference voltage source
16 and a comparator 12 which are arranged simi-
larly to those shown in Fig. 1. The current switch
24 shown in Fig. 1 comprises the PMOS transistors
48 and 50 and the NMOS transistor 52. The sour-
ces of the PMOS transistors 48 and 50 are con-
nected to the drain—of PMOS transistor 38. The
gate of PMOS. transistor 48 is connected to the
output 18 of the comparator 12. The gate of PMOS

" “fransistor 50 is connected to the output 18 via an

inverter 54, so that only sither of the two PMOS

- -transistors 48 and 50 is conducting. The drain of

the PMOS transistor 48 is connected to the output
28 and the drain of the PMOS fransistor 50 is
connected to earth. The source, drain and gate of
the NMOS transistor 52 are connected to earth, the
drain of PMOS transistor 48 and the clock signal
generator 22 respectively, to receive the clock sig-
nal CS. As appears from Fig. 2, the comparison
signal Vcomp becomes low while capacitor 4 is
being discharged, so that the current 12 is passed
fo the output terminal 28 by PMOS transistor 48.
The—NMOS—transistor 52;--however, short-circuits
the current supply to earth when capacitor 4 is
being discharged. This achieves that the current

- lout in the output terminal 28 adopts the shape as

represented in Fig. 2.

" The embodiment of the charge pump shown in
Fig. 3 may be simplified by letting the PMOS
transisttrs 48 and 50 operate both as a comparator
and as a current switch. The result is represented
in Fig. 4. The gate of the PMOS transistor 48 is
now directly connected to the first capacitor termi-
nal 2 and the gate of the PMOS transistor 40 is
directly connected to the reference voitage source
16. A capacitor 56 charged with charge portions dQ
by the charge pump is connected to the output 28
by way of example. In that case a diode 58 pre- -
vents the capecitor 58 from being discharged un-
intentionally by the NMOS transistor 52. Once the
capacitor 568 has been charged, it may be dis-
charged again as desired by way of charge por-
tions dQ. This is provided by the NMOS transistors
60, 62 and 64 and the selector switch 66. The
NMOS transistors 62 and 64 are arranged as a
current mirror, whiist the drain of NMOS transistor
84, which operates as an ouiput of the current
mirvor, is connected to the output terminai 28. The
drain of NMOS transistor 62, which operates &as an’
input of the current mirror, is connected to the
drain of the PMOS transistor 48 via the main



”>

g . EP0S574982A1 10

current path of the NMOS transistor 60. The gate.
of the NMOS transistor 60 can be connected, by
way of the selector switch 66, to ‘earth (position a)
or to the positive supply terminal 42 (position b). In
position b the NMOS transistor 80 is conducting
and the current {2 flows through the current mirror
to the output terminal 28, so that the capacitor 56

‘ is discharged. In position a the current mirror is

inoperative and the capacitor 56 is charged.
Fig. 5 shows a first variant of the circvit of Fig.

4, in which the drain of the PMOS transistor 48 is

connected to the output terminal. 28.by way of the
main current path of a PMOS fransistor 68. The
gate of the PMOS transistor 68 is connected to the

~ clock signal CS, so that this transistor operates as

a serial. switch blocking the current supply to the
output terminai 28 when the capacntor 4 is being
discharged.

Fig. 6 shows a second variant of the circuit

shown in Fig. 4. The biocking of the current supply .

to the output terminal 28 is now realised by means
of an NMOS transistor 70, whose source, drain and

gate are connected to earth, the drain of PMOS

transistor 38 and the clock signal CS respectively.
Fig. 7 shows a third variant of the circuit of Fig.

" 4, The blocking of the current supply to the output

terminal 28 is realised here by means of a PMOS

. transistor 72, whose source, drain and gate are
. connected to the drain of PMOS transistor 38, the .
~ sources of the PMOS transistors 48 and 50 and the

clock signal CS respectively. Furthermore, there is

‘shown that the current lout may be tapped by way .

of a current mirror 74 as desired.

Fig. 8 shows a sawtooth oscillator in which the
charge pump is used. The actual sawtooth oscilla--

tor is of a prior-art type and comprises a PMOS

transistor 80 arranged as a current sourcs, a ca- -

pacitor 82 which includes a first capacitor terminal
84 and a second capacitor terminal 86, an NMOS
transistor 88 for discharging the capacitior 82, a
reference voltage source 90 and a clock signai
generator 92 which generates a clock signal CS.
The clock signal generator 92 comprises a com-
parator 94 comparing the voitage on the. first ca-
pacitor terminal 84 with the reference voltage Vref
of the reference volitage source 90. The comparator
94 triggers a one-shot generator 98 whose output

. signal functions as the clock signal. /n lieu of the

comparator 94 and the one-shot generator 96 alter-
natively a window comparator may be used in

~ known fashion. The source and drain of the PMOS

transistor 80 are connected to the first capacitor
terminal 84 and the positive supply terminal 42
respectively. The gate of the PMOS transistor 80
may be supplied with a voltage in a similar manner
to the one shown for. the PMOS transistor 36 in Fig.
3. The second capacitor terminal 86 is connected

to earth. The drain, source and gate of the NMOS
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_ transistor 88 are connected to the second capacitor

terminal 88, the first capacitor terminal 84 and the
clock signal CS respectively, of the clock signal
generator 92. The clock period T and thus aiso the
frequency of the sawtooth oscillator are deter-
mined, for example, by the period of time neces-

sary for charging the capacitor 82 up to the refer-
- ence voltage leve! Vref. The charge current Ich of

the PMOS transistor 80 arranged as a current
source flows not only to the capacitor 82 but also
partly to a parasitic capacitor 98 present on the
first capacitor terminal 84. The clock period T will
thus be longer than could be expected. This effect
is the more obvious when the capacitance of the
parasitic capacitor 98 can no longer be discarded

relative to the capacitance of the capacitor 82, The
- parasitic capacitance is formed, among other;

things, by the output capacitance of the PMOS

transistor 80, the Miiler capacitance of the NMOS

transistor 88 and the wiring capacitance.

_The charge pump comprises the NMOS tran-
sistor 46, the first current source 6, the comparator
12, the second current source 34 and the current
switch 24. which are connected between earth amd

- the-positive supply terminal 42 in similar manner to

the one shown in Figs. 1 and 3. The output termi-
nal 28 is connected to the first. capacitor terminal
84. The NMOS transistor 46 is connected in a node

nected to the positive supply terminal 42. The
PMOS transistor 102 is a copy of the PMOS tran-
sistor 80, but does not supply current to the node
100. The NMOS transistor 46 is a copy of the
NMOS transistor 88. The capacitance of the para-
sitic capacitor 104 on the node 100 is then sub-
stantially equal fo the capacitance of the parasitic
capacitor 98 on the first capacitor terminal 84. The
parasitic capacitor 98 is chaiged up to the reter-
ence voltage level Vref. By using the same refer-
ence voltage in the charge pump, the parasitic

. capacitor 104 will have a same charge as the

parasitic capacitor 98. By leading the current lout

__ 100 to-the first current source 6, the first input 10
~ of the comparator 12 and to the drain of a PMOS
transistor 102 whose source and gate are con-

to the first capacitor terminal 84, the charge which

would otherwise flow into the parasitic capacitor 98

~ will be compensated for the charge pump. In this

manner the influence of the parasmc capacitor is
strongly reduced.

The charge pump may be realised by means
of the embodiments already shown and discussed.
When the charge pump shown in Fig. 4 is used,
the diode 58 and the transistors 60, 62 and 64 are

_redundant. So is the NMOS transistor 52, because

the NMOS transistor 88 carries out the same func-

tion. When the charge pump shown in Fig. 6 is

used, the diode 58 will be redundant.
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By selecting the comparators 94 and 12 of the

same type, the mutual equality of the parasitic

capacitors 98 and 104 is even further increased
~ and so is the accuracy with which the influence of
the parasitic capacitor 98 is reduced. The NMOS
transistor 46 and the PMOS transistor 102 may
also be scaled versions of the corresponding tran-
sistors 88 and 80. The same is possible with the
comparators 94 and 12. The attendant capacitance
reduction of the parasitic capacitor 104 may be

adjusted by selecting an appropriate relation be-

tween the currents 12 and 1.

The invention is not restncted to the' embodl :

ments shown. In lieu of or in combmation with the

unipolar transistors. shown, also bipolar transistors
may be used, the emitter, collector and base then

substituting for the source, drain and gate.
Claims

1. Switched capacitor charge pumip comprising:
- a capacitor (4) having a-first capacitor
terminal (2) and a second capacxtor ter-
minal (8),
- charge means- (6) coupled to the first
' capacitor terminal-(2), for charging the
capacitor (4), ’

- a discharge switch (20) coupled to the

first capacitor terminal (2) and the sec-

ond capacitor terminal (8);-for recurrently - -

discharging the capacitor (4) by the clos-
ing and opeéning of the discharge switch
(20) in response to a first or second
value respectively, of a binary cyclic
clock signal (CS) from a clock sugnal

source (22), characterized in tat: - o
- the charge ‘méans ‘comprise a first cur-.
rent source (6) coupled to the first ca-

pacitor terminal (2) for supplying a first
current (11) to the capacitor (4), and in

that the swm:hed capacitor charge pump .

o

further includes: ~

-" a reference voltage source (16),"

- acomparator (12) having a first input (10)
connected to the first capacitor terminal
(2), having a second input (14) connect-
ed to the réference voltage. sourca. (16)
and having an output.(18) for supplying
an essentially binary comparison signal
-(Vcomp) of which a first and a second
value respectively, denote that the volt-

age (Vc) on the first input (10) is smaller

-and larger respectively, than the voltage
on the second input (14), .

- a second curfént source (34) for sup-
plying a second current (12),

- an output terminai (28),

-

heet Has Been Reﬁaced

HII\I\l i

10

55

- a current switch (24) for passing the sec-

" ond current (12)to the output terminal (28)

in response to a transition from the first

value to the second value of the clock

signal (CS) and for preventing the sec-

ond current (12) flowing to the output

termina)- (28) in response to a transition

from the first to the second value of the
comparison signal (Vcomp).

2. Switched capacitor charge pump as claimed in
Claim 1, characterized in that the comparator
' (12) and the current switch (24) comprise: a
first transistor (48) and a second transistor (50)
arranged as a differential pair, and a third
transistor (52), each transistor comprising a
first main electrode, a second main electrode
and a control electrode, the first main elec-
trodes of the first transistor (48) and the sec-
ond transistor (50) being coupled to the sec-
" ond current source (34), the conirol electrodes
of the first transistor (48) and the second tran-
sistor (50) to the first capacitor terminal (2) and
the reference voltage source (16) respectively,
the second main electrode of the second tran-
sistor (50) to a first terminal (8) for producing a
fixed potential, the second main electrode of
the first transistor (48) to the output terminal
(28), and the first main electrode, the second .
--main electrode and the controi electrode of the
third transistor (52) being coupled to the sec-
ond main electrode of the first transistor (48), a
second terminal (8) for producing a fixed po-
tential, and the clock signal source (22) re-
spectwely

3. Switched capacitor charge pump as claimed in -

Claim 1, characterized in that the comparator
(12) and the current switch (24) comprise: a
first transistor (48) and a second transistor {50)
arranged as a differential pair, and a third
transistor (68), each transistor comprising a
first main electrode, a second main electrode
and a conirol electrode, the first main elec-
trodes of the first transistor (48) and the sec-
ond transistor (50) being coupled to the sec-
_ond current source (34), the control electrodes
- of the first transistor (48) and the second tran-
sistor (50) to the first capacitor terminal (2) and
the referénce voltage source (16) respectively,
the second main electrode of the second tran-
sistor (50) to a first terminal for producing a
. fixed potential (8), the second main electrode
of the first transistor (48) to the first main
electrode of the third transistor (68), and the
-second main. electrode and the control elec-
trode of the third transistor (68) being coupled
to the output terminal (28) and the clock signal
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By selecting the comparators 94 and 12 of the
same type, the mutual equality of the parasitic
capacitors 98 and 104 is even further increased
and so is the accuracy with which the influence of
the parasitic capacitor 98 is reduced. The NMOS
transistor 46 and the PMOS ftransistor 102 may
also be scaled versions of the corresponding tran-

sistors 88 and 80. The same is possible with the

comparators 94 and 12. The attendant capacitance
reduction of the parasitic capacitor 104 may be
adjusted by selecting an appropriate relation be-
tween the currents 12 and 11.

The invention is not restricted to the embodi-
ments shown. In lieu of or in combination with the
unipolar transistors. shown, also bipolar transistors
may be used, the emitter, collector and base then
substituting for the sourcse, drain and gate.

Claims

1. Switched capacitor charge pump comprising:

- a capacitor (4) having a first capacitor

terminal {2) and a second capacitor ter-
. minal (8), _

- charge means- (6) coupled to the first
capacitor terminal .(2), for charging the
capacitor (4),

- a discharge switch (20) coupled to the
first capacitor terminal (2) and the sec-
ond capacitor terminal (8), for recurrently
discharging the capacitor (4) by the clos-
ing and opening of the discharge switch
(20), in response to a first or second
value respectively, of a binary cyclic

clock signal (CS) from a clock signal

source (22), characterized in that: -
- the charge meadns comprise a first cur-
rent source (6) coupled to the first ca-

pacitor terminal (2) for supplying a first .

current (11) to the capacitor (4), and in
that the switched capacitor charge pump
further includes: =~

- a reference voitage source (16),

- a comparator (12) having a first input (10)
connected to the first capacitor terminal
(2), having a second input {14) connect-
ed to the réference voltage source. (18)
and having an output {18) for supplying
an essentially binary comparison signal
(Vcomp) of which a first and a second
value respectively, denote that the voit-
age (Vc) on the first input (10) is smaller
and larger respectively, than the voltage
on the second input (14),

- a second curiént source (34) for sup-
plying a second current (12),

- an output terminal (28), -

-_
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= acurrent switch (24) for passing the sec-
ond current (12)to the output terminal (28)
in response to a transition from the first
value to the second value of the clock
signal (CS) and for preventing the sec-
ond current (I2) flowing to the output
terminal (28) in response to a transition
from the first to the second vaiue of the
comparison signal (Vcomp).

2. Switched capacitor charge pump as claimed in
Claim 1, characterized in that the comparator
{12) and the current switch (24) comprise: a
first transistor (48) and a second transistor (50)

" arranged as a differential pair, and a third
transistor (52), each transistor comprising a
first main electrode, a second main electrode
and a conirol electrode, the first main elec-
trodes of the first transistor (48) and the sec-
ond transistor (50) being coupled to the sec-
ond current source (34), the control electrodes
of the first transistor (48) and the second tran-
sistor (50) to the first capacitor terminal (2) and
the referencs voltage source (16) respectively,
the second main electrode of the second tren-
sistor (50) to a first terminal (8) for producing a
fixed potential, the second main electrode of
the first transistor (48) to the output terminal

. (28), and the first main electrode, the second

*- main electrode and the control electrode of the
third transistor (52) being coupled to the sec-
ond main slectrode of the first transistor (48), a
second terminal (8) for producing a fixed po-
tential, and the clock signal source (22) re-
spectively.

3. Switched capacitor charge pump as claimed in

Claim 1, characterized in that the comparator
{12) and the current switch (24) comprise: a
first transistor (48) and a second transistor (50)
arranged as a differential pair, and-a third
. transistor (68), each transistor comprising a
first main electrode, a second main electrode
and a control electrode, the first main elec-
trodes of the first transistor (48) and the sec-
ond transistor (50) being coupled to the sec-
ond current source (34), the control elecirodes
of the first transistor (48) and the second tran-
sistor (50) to the first capacitor terminal (2) and
the reference voltage source (16) respectively,
the second main electrode of the second tran-
sistor (50) to a first terminal for producing a
fixed potential (8), the second main electrode
of the first transistor (48) to the first main .
electrode of the third transistor (68), and the
second main electrode and the control elec-
trode of the third transistor (68) being coupled
to the output terminal (28) and the clock signai
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source (22) respectwely
Swntched capacitor charga pump as clalmed in

Claim 1, characterized in that the comparator

(12) and the current switch (24) comprise:
a first transistor (48) and a second transigstor
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(50) arranged as a differential pair, and a third .. .

transistor (70), each transistor comprising a
first main electrode, a second main electrode
and a control electrode, the first main elec-
trodes of the first transistor (48) and the sec-
ond transistor (50) being coupled to the ‘sec-
ond current source (34)in a note, the contro!
electrode of the first transistor (48) and the
second fransistor (50) to the first capacitor
terminal (2) and the reference voltage source
(16) respectively, the second main electrode of
the second transistor (50) to a first terminal for

producing a fixed potential- (8), the second
main electrode of the first transistor (48) to the .

output terminal (28), and the first main elec:
trode, the second main electrode and the con-
trol electrode of the third transistor (70) being

coupled to the nods, a second terminal (8) fof *
producing a fixed potential and the clock s:gnall

source (22) respectively.

Switched capacitor charge pump as claimed in

Claim 2 or 4, characterized in that the output

(28) is coupled to the second main electrode
of the first transistor (48) by way of a diode

(58).

6. Sawtooth oscillator comprising: __
- a capacitor (82) having a first capacitor

terminal (84) and a second capacitor ter- .

minal (86),

- & first transistor (80) arranged as a cur-
rent source, 3 main conduction path
thereof being coupled to the first capaci-
tor terminal (84) for charging the capaci-
tor (82), i

- a first discharge transistor (88) mcluding
a first and a second main elecirode

. which are coupled to the second capaci-
tor terminal, (86) and the first capacitor
‘terminal (84) respectively, and including

a control electrode connected for receiv-

ing a binary cyclic clock signal (CS) for

recurrently discharging the capacitor (82) '

by rendering the first discharge transistor
(88) conductive and non-conductive in
response to a ﬁrsror second value re-
spectively, of the clock signal (CS).

- means (92) for generating the clock sig-
nal (CS) in response to a.voltage across
the capacitor (82),
charactenzed in that the sawtooth oscilla-
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tor further includes:

_+".a second transistor (102) of similar type
to the first transistor (80),

comprising a
main current path with a blocked current
transfer, .

-~ -a second dlscharge transistor (48) of
similar type to the first dlscharge transis-

tor (88), comprising a second main elec-
trode coupled in a node (100) to the
main current path of the second transis-

tor (102), and including a first main elec-

trode and a control electrode which are
connected to the first main electrode and
the control electrode respectively, of the
first discharge transistor (88),

a first current source (6) coupled to the
node (100), for producing a fnrst current
(1),

a reference voltage source (90),

. & comparator (12) having a first input (10) .

connected to the node (100), a second
input (14) connected to the reference
voltage source (90) and having an output

~ {18) for supplying an essentially binary
. . comparison signal (Vcomp) of which a
" first and second value respectively, de-

note that the voltage on the first input

(10} is smaller and larger respectively

than the voltage on the second input
(14),

a second current source (34) for sup-
plying a second current (12),

a current switch (24) for passing the sec-
ond current (12) to the first capacitor ter--
minal (84) in response to a transition
from the first vaiue to the second value
of the clock signal (CS) and for prevent-
ing the second current {I12) flowing to the
first capacitor terminal (84) in response
to a transition from the first to the second .
value of the comparison signal (Vcomp).
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