
1 SWITCHED CAPACITOR CHARGE PUMP, AS WELL AS SAWTOOTH OSCILLATOR COMPRISING
SUCH A SWITCHED CAPACITOR CHARGE PUMP      Description           The
invention relates to a switched capacitor      charge pump comprising:
- a capacitor having a first capacitor terminal and a          second
capacitor terminal,       -  charge means coupled to the first capacitor
termi- 



nal, for charging the capacitor,      -  a discharge switch coupled to the
first and the sec-          ond capacitor terminal, for recurrently
discharging          the capacitor by the closing and opening of the dis-
charge switch in response to a first or second value          respectively,
of a binary cyclic clock signal from a          clock signal source.
The invention likewise relates to a sawtooth oscil-       lator comprising
such a switched capacitor charge       pump.           A switched capacitor
charge pump of this type is       known from Proceedings of the IEEE, Vol.
71, No. 8,       August 1983, pp. 941-965, R. Gregorian et al.,
"Switched-Capacitor Circuit Design", Fig. 1(b). The       charge means in
this paper are a switch capable of con- 



necting the first capacitor terminal to a first voltage.       source which
carries voltage V1. The second capacitor       terminal is connected to a
second voltage source which       carries voltage V2. In each cycle of the
clock signal the       capacitor is first discharged by means of the
discharge       switch and then charged to a voltage difference V1-V2.
In the cycle time interval T a charge dQ equal to C*       (V1-V2) where C
is the capacitance of the capacitor, is       flowing. When the capacitor
is being charged, the first       voltage source is loaded, so that the
voltage V1 and       hence the charge dQ changes. The loading of the first
voltage source may be reduced by means of a buffer       stage i.e. a first
operational amplifier arranged as a volt-       age follower. The second
voltage source is usually the       inverting input of a feedback second
operational ampli-  



2 fier whose non-inverting input is connected to the sec- ond voltage V2.
The output of the second operational amplifier supplies a signal which is a
measure for the charge dQ. The second voltage source carrying voltage V2
could be omitted by selecting this voltage to be equal to ground potential.
However, in that case a supply volt- age which is negative relative to
ground potential will have to be available to the second operational
amplifier. The realisation of an accurate charge pump i.e. an ar- 



rangement supplying on its output a predetermined charge dQ in each cycle
interval T thus turns out not to be of a simple kind.     It is an object
of the invention to provide a switched capacitor charge pump in which above
objections are met     According to the invention a switched capacitor
charge pump of the type mentioned in the opening par- agraph is
characterized, in that: - the charge means comprise a first current source
coupled to the first capacitor terminal for supplying    a first current to
the capacitor, and in that the    switched capacitor charge pump further
includes: - a reference voltage source, - a comparator having a first input
connected to the    first capacitor terminal, having a second input con- 



nected to the reference voltage source and having    an output for
supplying an essentially binary com-    parison signal of which a first and
a second value    respectively, denote that the voltage on the first in-
put is smaller and larger respectively than the volt-    age on the second
input,    a second current source for supplying a second cur-    rent, - an
output terminal. - a current switch for passing the second current to
the output terminal in response to a transition from    the first value to
the second value of the clock signal    and for preventing the second
current from flowing    to the output terminal in response to a transition
from the first to the second value of the comparison    signal. 



3      The first current source charges the capacitor with the first
current 11, whilst the current switch passes the second current 12 to the
output. When the voltage on the capacitor is equal to the reference voltage
Vref of the reference voltage source, the current switch prevents the
second current 12 from reaching the output. In this 



manner the output presents a current pulsating in timing with the clock
signal and producing a charge dQ = (12111) [err]C[err]Vref in the time
interval T of the clock signal. The reference voltage source is hardly
loaded or not loaded at all by the comparator. A buffer is not necessary.
The relation between the currents I2 and I1 may be accu- rately defined
during design, certainly in the case of an integrated version. The first
capacitor terminal may be connected to earth and the current switch may
comprise a current router for which no negative supply voltage rel- ative
to earth is necessary.     The comparator and the current switch may be re-
alised in various ways. A first embodiment of a switched capacitor charge
pump according to the invention is thereto characterized in that the
comparator 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 sec- ond 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 elec- trodes of the
first and second transistors to the first ca- pacitor terminal and the
reference voltage source re- spectively, the second main electrode of the
second transistor to a first terminal for producing a fixed poten- tial,
the second main electrode of the first transistor to the output terminal,
and the first main electrode, the sec- ond main electrode and the control
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.  



4     The differential pair combines the functions of com- parator and
current switch. Consequently, the charge pump is not only very simple but
also very fast. When the second transistortakes overthe second current from
the first transistor, the current switch function is not per- formed
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 pass- 



es 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 capac- itor 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 inven- tion, in which the output 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
according to the invention, characterized in that the comparator and the
current switch comprise: a first and a second tran- sistor arranged as a
differential pair, and a third transis- tor, 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 elec- trodes of the first and second transistors to the
first ca- pacitor terminal and the reference voltage source re- spectively,
the second main electrode of the second transistor to a first terminal for
producing a fixed poten- tial, 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 coupled to the output terminal and the clock signal 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
of relatively small charge portions without the use of current sources that
carry absolutely small cur- rent values. For that matter, in above formula
for dQ only the relation between the second current 12 to the first 



current I1 plays a role. The mean value of the output current of the charge
pump may be determined by the selection of the ratio I2/I1, the time
interval T and thus also the frequency f = 1/T of the clock signal, the
capac- itance C of the capacitor and/or the value Vref of the reference
voltage. Long time-constants may thus be re- alised, for example, in
control loops for voltage-control- led oscillators.     The switched
capacitor charge pump is pre-emi- nently suitable for use in a sawtooth
oscillator which comprises:  - a capacitor having a first capacitor
terminal and a     second capacitor terminal,  - a first transistor
arranged as a current source, a     main conduction path thereof being
coupled to the 



first capacitor terminal for charging the capacitor,  - a first discharge
transistor including a first and a     second main electrode which are
coupled to the second and the first capacitorterminal respectively,     and
including a control electrode connected for re-  ceiving a binary cyclic
clock signal for recurrently     discharging the capacitor by rendering the
first dis-     charge transistor conductive and non-conductive in
response to a first or second value respectively, of     the clock signal,
- means for generating the clock signal in response     to a voltage across
the capacitor.     



6     Sawtooth oscillators of this type are used, for exam- ple, in timer
circuits. The means for generating the clock signal may in practice be
arranged in various ways but they always comprise a comparator which
compares the voltage across the capacitor with the reference voltage and
generates a discharge signal the moment the ref- erence voltage is reached.
By switching over the refer- ence voltage or using an additional comparator
(window comparator) and a second reference voltage, the circuit becomes
self-oscillating. The oscillation frequency is then determined, for
example, bythe period of time nec- 



essary for charging the capacitor to the reference volt- age 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 still be a source of in- accuracy;
certainly so if the external capacitor is to have a relatively small value.
The parasitic capacitance Cpar is determined by the dimensions and
properties of spe- cifically the first transistor arranged as a current
source and the Miller capacitance of the first discharge transis- tor.
Furthermore, the wiring capacitance and the input capacitance of the
comparatorwhich is connectedtothe first capacitor terminal play a role. As
a result, the fre- quency of the known sawtooth oscillator is not entirely
fixed due to design and process tolerances. 



The consequences may now be reduced according to the invention in that the
sawtooth oscillator further in- cludes:  - a second transistor of similar
type to the first tran-     sistor, 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
transistor, and including a first main      



7       electrode and a control electrode which are con-      nected to the
first main electrode and the control      electrode respectively, of the
first discharge transis-      tor, -   a first current source coupled to
the node, for pro-     ducing a first current,     a reference voltage
source,     a comparator having a first input connected to the     node, a
second input connected to the reference     voltage source and having an
output for supplying     an essentially binary comparison signal of which a



first or second value respectively, denotes that the     voltage on the
first input is smaller and larger re-     spectively than the voltage on
the second input, -  a second current source for supplying a second cur-
rent,     a current switch for passing the second current to     the first
capacitor terminal in response to a transi-     tion from the first value
to the second value of the     clock signal and for preventing the second
current     from flowing to the first capacitor terminal in re-     sponse
to a transition from the first to the second     value of the comparison
signal.      The second transistor and the second discharge transistor are
a copy of the first transistor and the first discharge transistor
respectively, so that the parasitic 



capacitance on the node is substantially equally large as the parasitic
capacitance on the first capacitor termi- nal. The second transistor is
arranged in such a way that no current flows through it and that it f
unctions as a dum- my. The second transistor and the second discharge
transistor, together with the first current source, the ref- erence current
source, the comparator, the second cur- rent source and the current switch,
form a charge pump which compensates with a substantially equally large
compensation charge for the charge that would disap- pear into the
parasitic capacitance Cpar. The effect of the parasitic capacitance Cpar is
thereby substantially     



eliminated. The charge pump components connected to the node, more
specifically, the second transistor and the second discharge transistor,
may also be scaled ver- sions of the corresponding components of the
sawtooth oscillator. As a result, the parasitic capacitance on the node is
reduced by a specific scaling factor, but this may be compensated for by an
adjusted ratio of the second current 12 to the first current I1. The effect
of the input capacitance of the comparator on the means for gener- ating
the clock signal may be removed by selecting for the charge pump a
comparatorthat has an about equally 



large input capacitance.      These and other aspects of the invention will
be de-  scribed and explained with reference to the annexed  drawing, in
which:       Fig. 1 shows a functional block diagram of a      switched
capacitor charge pump according to the      invention,      Fig. 2 shows
signal diagrams 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. 6 and Fig. 7 show details of alternative
versions of the embodiment shown in Fig. 4, and      Fig. 8 shows a
sawtooth oscillator comprising a 



switched capacitor charge pump according to the      invention.       In
these drawing Figures components or elements having like function or
connotation are denoted by like reference characters.     Fig. 1 shows the
block diagram of a charge pump 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 I1, the
capacitor volt- age 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 con- nected to a reference voltage source 16 which
supplies a reference voltage Vref relative to earth. The compa- rator 12
has an output 18 for supplying a binary com- parison signal Vcomp which
adopts a low or high value respectively, if the capacitor voltage Vc on the
first input 10 is smaller or larger respectively, than the reference 



voltage 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 sec- ond capacitor terminal 8. The discharge switch 20
is controlled 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 dis- charge switch. A current switch 24 comprises a
current input 26, an output terminal 28 for supplying an output current
lout and a first control input 30 and a second control input 32, to 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 second current 12 



to the output terminal 28 after a descending edge of the clock signal CS,
that is to say, after the moment the ca- pacitor 4 is recharged by the
first current source 6. The output current lout then has the value 12. The
current switch 24 blocks the current supply to the output termi- nal 28 in
the case of an ascending edge of the compar- ison signal Vcomp, that is to
say, when the capacitor voltage Vc exceeds the reference voltage Vref. The
out- put current lout then drops to zero again. This drop 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
de-     



10 scending edges in the clock signal CS is the clock period T. From the
descending edge in the clock signal CS to the ascending edge in the
comparison signal Vcomp a current I1 flows to the capacitor 4, whilst the
capacitor voltage Vc increases to Vref. The charge dQ in the ca- pacitor 4
is then equal to C*Vref, where C is the capac- itance of the capacitor 4.
During.this period of time the output current lout is proportional to the
first current I1, because the following holds in that case: lout=12=(I2/I1)
*11. Over each clock period T the output current lout 



therefore represents a charge portion dQ equal to: dQ=CVref*(I2/I1).
The drop of the output current lout from the value 12 to zero may also
present a gradual behaviour. 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 inte- gral of the output
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
current sources and, together with a PMOS transistor 40 arranged as a
diode, form a current mirror circuit. The sources 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 lb. By scaling the
PMOS transistors 36 38 and 40, the mutual relation be- tween the current 11
flowing through PMOS transistor 36 and 12 flowing through PMOS transistor
38 can be determined. The drain of the PMOS transistor 36 is con- nected to
the first capacitor terminal 2 of the capacitor        



4, whose second 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 sec- ond
capacitor terminal 8, the first capacitor terminal 2 and the clock signal
source 22 respectively, for receiving the clock signal CS. The charge pump
further includes a reference voltage source 16 and a comparator 12 which
are arranged similarly 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 sources of the PMOS transistors 48 and 50 are connected
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 transistor 50 is connected to the
output 18 via an inverter 54, so that only either of the two PMOS
transistors 48 and 50 is conducting. The drain of the PMOS transistor 48 is
con- nected to the output 28 and the drain of the PMOS tran- sistor 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 signal CS. As
appears from Fig. 2, the comparison signal Vcomp becomes low while
capacitor 4 is being dis- charged, so that the current 12 is passed to the
output terminal 28 by PMOS transistor 48. The NMOS transis- tor 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 transistors 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 terminal 2 and the gate of the PMOS tran-
sistor 40 is directly connected to the reference voltage         



12  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 prevents the  capacitor 56 from being discharged unintentionally
by  the NMOS transistor 52. Once the capacitor 56 has  been charged, it may
be discharged again as desired  by way of charge portions 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,
whilst the drain of NMOS transistor 64,  which operates as an output of the
current mirror, is con-  nected to the output terminal 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 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 60 is conducting and the current  12 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 circuit 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 transistor 68. The gate of the PMOS transis- tor 68 is connected
to the clock signal CS, so that this transistor operates as a serial switch
blocking the cur- rent supply to the output terminal 28 when the capacitor 



4 is being discharged.     Fig. 6 shows a second variant of the circuit
shown in Fig. 4. The blocking of the current supply to the output terminal
28 is now realised by means of an NMOS tran- sistor 70, whose source, drain
and gate are connected to earth, the drain of PMOS transistor 38 and the
clock signal CS respectively.          



13     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 tran- sistors 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 oscillator is of a prior-art type and comprises a PMOS
transistor 80 arranged as a current source, a capacitor 82 which in- cludes
a first capacitor terminal 84 and a second capac- itor terminal 86, an NMOS
transistor 88 for discharging the capacitor 82, a reference voltage source
90 and a 



clock signal generator 92 which generates a clock signal CS. The clock
signal generator 92 comprises a compa- rator 94 comparing the voltage on
the first capacitor ter- minal 84 with the reference voltage Vref of the
reference voltage source 90. The comparator 94 triggers a one- shot
generator 96 whose output signal functions as the clock signal. In lieu of
the comparator 94 and the one- shot generator 96 alternatively a window
comparator may be used in known fashion. The source and drain of the PMOS
transistor 80 are connected to the first ca- pacitor 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 transistor 88
are connect- 



ed to the second capacitor terminal 86, the first capacitor terminal 84 and
the clock signal CS respectively, of the clock signal generator 92. The
clock period T and thus also the frequency of the sawtooth oscillator are
deter- mined, for example, by the period of time necessary for charging the
capacitor 82 up to the reference voltage
14 



level Vref. The charge current lch 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 pe- riod 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 rela- tive to the capacitance of the capacitor 82. The
parasitic capacitance is formed, among other things, by the out- put
capacitance of the PMOS transistor 80, the Miller capacitance of the NMOS
transistor 88 and the wiring capacitance.     The charge pump comprises the
NMOS transistor 46, the first current source 6, the comparator 12, the sec-
ond current source 34 and the current switch 24 which are connected between
earth and the positive supply 



terminal 42 in similar manner to the one shown in Figs. 1 and 3. The output
terminal 28 is connected to the first capacitor terminal 84. The NMOS
transistor 46 is con- nected in a node 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- nected to the positive supply
terminal 42. The PMOS transistor 102 is a copy of the PMOS transistor 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 parasitic capacitor
104 on the node 100 is then substantially equal to the capacitance of the
parasitic capacitor 98 on the first capacitor terminal 84. The parasitic
capacitor 98 is charged up to the reference voltage level Vref. By using
the same reference voltage in the charge pump, the parasitic capacitor 104
will have 



a same charge as the parasitic capacitor 98. By leading the current lout to
the first capacitor terminal 84, the charge which would otherwise flow into
the parasitic ca- pacitor 98 will be compensated for the charge pump. In
this manner the influence of the parasitic capacitor is strongly reduced.
15  



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 function. When the
charge pump shown in Fig. 6 is used, the diode 58 will be redundant.     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 48 and the PMOS tran- sistor 102 may also be
scaled versions of the corre- sponding transistors 88 and 80. The same is
possible with the comparators 94 and 12. The attendant capaci- tance
reduction of the parasitic capacitor 104 may be 



adjusted by selecting an appropriate relation between the currents I2 and
I1.     The invention is not restricted to the embodiments shown. In lieu
of or in combination with the unipolar tran- sistors shown, also bipolar
transistors may be used, the emitter, collector and base then substituting
for the source, drain and gate.                                    16 



Claims  1. Switched capacitor charge pump comprising:      - a capacitor
(4) having a first capacitor terminal         (2) and a second capacitor
terminal (8),         charge means (6) coupled to the first capacitor
terminal (2), for charging the capacitor (4),     - a discharge switch (20)
coupled to the first ca-         pacitor terminal (2) and the second
capacitor         terminal (8), for recurrently discharging the ca-
pacitor (4) by the closing and opening of the dis-         charge switch
(20) in response to a first or sec-         ond value respectively, of a
binary cyclic clock         signal (CS) from a clock signal source (22), 



characterized in that:         the charge means comprise a first current
source (6) coupled tothe first capacitorterminal         (2) for supplying
afirst current (11) to the capac-         itor (4), and in that the
switched capacitor         charge pump further includes:         a
reference voltage source (16),      - a comparator (12) having a first
input (10) con-        nected to the first capacitor terminal (2), having
a second input (14) connected to the reference        voltage source (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 voltage (Vc)        on the first input (10)
is smaller and larger re-        spectively, than the voltage on the second
input 



(14),     - a second current source (34,38) for supplying       a second
current (12),       an output terminal (28),     - a current switch (24)
for passing the second       current (12)to the output terminal (28) in re-
17         sponse to a transition from the first value to the 



second value of the clock signal (CS) and for         preventing the second
current (12) from flowing         to the output terminal (28) in response
to a tran-         sition 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 transis-     tor (48) and a second transistor
(50) arranged as a     differential pair, and a third transistor (52), each
transistor comprising a first main electrode, a sec-     ond main electrode
and a control electrode, the first     main electrodes of the first
transistor (48) and the     second transistor (50) being coupled to the
second     current source (38), the control electrodes of the 



first transistor (48) and the second transistor (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 ter-     minal (8) for producing a fixed potential, the second
main electrode of the first transistor (48) to the out-     put terminal
(28), and the first main electrode, the     second main electrode and the
control electrode of     the third transistor (52) being coupled to the
second     main electrode of the first transistor (48), a second
terminal (8) for producing a fixed potential, and the     clock signal
source (22) respectively.  3. Switched capacitor charge pump as claimed in
Claim 1, characterized in that the comparator (12)     and the current
switch (24) comprise: a first transis- 



tor (48) and a second transistor (50) arranged as a     differential pair,
and a third transistor (68), each     transistor comprising a first main
electrode, a sec-     ond main electrode and a control electrode, the first
main electrodes of the first transistor (48) and the
18     second transistor (50) being coupled to the second 



current source (38), the control electrodes of the     first transistor
(48) and the second transistor (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 ter-     minal 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 electrode of
the third transistor (68) being coupled to the output     terminal (28) and
the clock signal source (22) re-     spectively.  4. 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     (70), each transistor
comprising a first main elec-     trode, a second main electrode and a
control elec-     trode, the first main electrodes of the first transistor
(48) and the second transistor (50) being coupled     to the second current
source (38) at a node, the con-     trol electrode of the first transistor
(48) and the sec-     ond transistor (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
electrode, the second main electrode and the con-     trol electrode of the
third transistor (70) being cou- 



pled tothe node, a second terminal (8) for producing     a fixed potential
and the clock signal source (22)     respectively.
19  5. 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 terminal (86),      - a first transistor (80) arranged as
a current         source,  a main conduction path thereof being
coupled to the first capacitor terminal (84) for         charging the
capacitor (82),         a first discharge transistor (88) including a first
and a second main electrode which are coupled         to the second
capacitor terminal (86) and the         first capacitor terminal (84)
respectively, and in-         cluding a control electrode connected for re-
ceiving a binary cyclic clock signal (CS) for re- 



currently discharging the capacitor (82) by ren-         dering the first
discharge transistor (88) con-         ductive and non-conductive in
response to a         first or second value respectively, of the clock
signal (CS),       - means (92) for generating the clock signal (CS)
in response to a voltage across the capacitor         (82),
characterized in that the sawtooth oscillator 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 discharge transistor (46) of similar 



type to the first discharge transistor (88), com-         prising a second
main electrode coupled in a                               20 node (100) to
the main current path of the sec- ond transistor (102), and including a
first main electrode and a control electrode which are connected to the
first main electrode and the 



control electrode respectively, of the first dis- charge transistor (88), a
first current source (6) coupled to the node (100), for producing a first
current (I1), a reference voltage source (90), a comparator (12) having a
first input (10) con- nected to the node (100), a second input (14)
connected to the reference voltage source (90) and having an output (18)
for supplying an es- sentially 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 supplying a second
current (12), 



a current switch (24) for passing the second current (12) to the first
capacitor terminal (84) in response to a transition from the first value to
the second value of the clock signal (CS) and for preventing the second
current (12)from flow- ing to the first capacitor terminal (84) in re-
sponse to a transition from the first to the sec- ond value of the
comparison signal (Vcomp).    




