1*SW TCHED CAPACI TOR CHARGE PUMP, AS WELL AS SAWOOTH OSCI LLATOR COVPRI SI NG
SUCH A SW TCHED CAPACI TOR CHARGE PUI\/E 9Ei(iri ption The
igvention relates to a dwi t ched capa h"o‘?‘ charge punp cGrrp.ri si ng:

- a capacitor having a first capacitor terimnal and a second

capaci tor termnala. reiates to a M%ag&@ns coupl &gl tihrde fedns "ciinpred PR filst Blrrent

term -

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 :

terminal, for charging the capacitor,
- a discharge switch coupled to the first and
the second capacitor terminal, for recurrently

discharging the capacitor by the closing and'

opening of the discharge 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'-m

oscillator comprising such a swmched 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 ca-
pable of connecting the first capacitor terminal toa -
first voltage source which carries voitage V1. The

second capacitor terminal is connected o a second

voltage source which carries- voitage V2. In each

cycle of the clock signal the capacitor is first dis-

charged by means of the discharge switch and -

then charged to a voltage difference V1-V2. in the

cycle time interval T a charge dQ'squal 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 Je. a first operational
amplifier arranged as a voltage fotlower. The sec-

ond voltage source is usually the inverting input of
a feedback second operational amiplifier whose

non-inverting input is connected to the second voit-
age V2. The output of the sécond operational am-
plifier supplies a signal which is a measure for the
charge dQ. The second voltage source carrying
voltage V2 could be omitted by selecting this volt-
“age to be equal to ground potential. However, in
.that case a supply voltage which is negative rela-
tive to ground potentigl’ will have to be available to

the second operational amplifier. The realisation of

an accurate charge pump i.@. an arrangement sup-
plying on its output a predetermined charge dQ in
each cycle interval T thus turns out not to-be of a
simple kmd

it is an object of the invention to prowde a
switched capacitor charge“pump in which above
objections are met.

According to the invention a swm:hed capacitor

charge pump of the type mentioned in the opemng.

- paragraph is characterized, in that:

pump further includes:

- areference voltage source,

- a comparator having a first input connected
to the first capacitor terminal, having a sec-

.. ond input connected to the reference voitage

- source and having an output for supplying an
essentially binary comparison signal of which

a first and a second value respaectively, de-

note that the voltage on the first input is

smaller and larger respectively, than the volt-
age on the second input,

- asecond current source for supplymg a sec-
ond current, - an output terminal,

- a current switch for passing the second cur-
rent 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 flowing to the output ter-
minal in response to a transition from the first
to the second value of the comparison signal.

- The first current source charges the capacitor

‘with the first current 11, whilst the current switch

passes the second currént 12 to the output. When
the voltage on the capacitor is equal to the refer-

"~~~ ence voitage Vref of the reference voitage 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 = (i211)°'C'Vref
in the time mterval T of the clock signal. The
“reference voltage source is hardly loaded or not
loaded at alli by the comparator. A buffer is not

~ necessary. The relation between the currents 2

and 1 may be accurately 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 relative

‘ ‘to earth is necessary.

The comparator and the. current switch may be
realised in various ways. A first embodiment of a

‘switched capacitor charge pump ‘according to the

invention is thereto characterized, in that the com-
parator and the current switch comprise: a first and
a second fransistor 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 voitage source respec-
tively, the second main electrode of the second
transistor to a first terminal for ‘producing a fixed
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t hi s paper arThealifterentia bairccophinbsethe functions of for voltage-controlled oscillators. .
comparator and current switch. Consequently, the The switched capacitor charge pump is pre-
charge pump is not only very simple but also very 10 eminently suitable for use in a sawtooth oscillator
fast. When the second transistor takes over the which comprises: :
~ second current from the first transistor, the current - a capacitor having a first capacitor terminal
switch function is not performed stepwise, but in a and a second capacitor terminal,
gradual manner. However, this is no - objection. - afirst transistor arranged as a current source,
Viewed over a period of time T the charge dQ 15 a main conduction path thereof being coup-
remains the same. The third transistor passes the ~ led to the first capacitor terminal for charging
current through the first transistor to the second the capacitor,
terminal with a fixed potential during discharging of - a first discharge transistor including a first
the capacitor by the discharge switch. If the charge ' and a second main electrode which are coup- -
pump is used for charging a further capacitor, this 20 led to the second and the first capacitor
~ further capacitor would be discharged by the third - terminal respectively, and including a control
transistor. This may be avoided by means of a- electrode connected for receiving a binary:
second embodiment of a switched capacitor charge cyclic clock signal for recurrently discharging .
pump according to the invention, in which the out- the capacitor by rendering the first discharge
put is coupled to the second main electrode of the . 25 transistor conductive and non-conductive in
first transistor across a diode. The diode prevents response to a first or second value respec-
the further capacitor from being discharged. The tively, of the clock signal,
same effect may be realised with a third embodi- .= means for generating the clock signal in re-
ment of a switched capacitor charge pump accord- sponse to a voltage across the capacitor.
ing to the invention, characterized in that the com- 30 Sawtooth oscillators of this type are used, for
parator and the current switch comprise: a first and example, in timer circuits. The means for generat- -
a second transistor arranged as a differential pair, ing the clock signal may in practice be arranged in
- and a third transistor, each transistor comprising a various ways but they always comprise a compara-
first main electrode, a second main electrode and a tor which compares the voltage across the. capaci-
~ control electrode, the first main electrodes of the 35 tor with the reference voitage and generates a
first and second transistors being coupled to the discharge signal the moment the reference voltage
second current source, the control electrodes -of is reached. By switching over the reference voitage
the first and second transistors to the first capacitor or using an additional comparator (window com-
terminal and the reference voltage source respec- parator) and a second reference voitage, the circuit
tively, the second main electrode of the second + . becomes seif-oscillating. The oscillation frequency
transistor to a first terminal for producing a fixed is then determined, for exampie, by the period of
potential, the second main electrode of the. first time necessary for charging the capacitor to the
transistor to the first main electrode of the third reference voitage by means of the first transistor.
transistor, and the second main-electrode and the Even if the capacitor as such has an accurate
control electrode of the third transistor being coup- 45  value, for example, because it is connected as a
led to the output termmal and the clock sngnat ' discrete component to a furthermore integrated
source respectively, | sawtooth oscillator, the parasitic capacitance on the
" The third transistor is now combined in series first capacitor terminal will stii be a source of
with the first transistor, so that any discharging of a inaccuracy; certainly so if the external capacitor is
further capacitor is avoided. © 50 o have a relatively small value. The parasitic ca-
The switched capacitor charge pump according pacitance Cpar is determined by the dimensions
to the invention may now be used for all kinds of and properties of specifically the first transistor
purposes. Capacitors can be charged with this arranged as a current source and the Miller capaci-
charge pump by means ef relatively small charge . tance of the first discharge transistor. Furthermore,
. portions without- the use of .current sources that ss the wiring capacitance and the input capacitance of
carry absolutely small current values. For that mat- the comparator which is connected to. the first
ter, in above formula for dQ only the relation be- capacitor terminal play a role. As a result, the
tween the second current 12 to the first current 1 frequency of the known sawtooth oscillator is not
3
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nécti ng the first capacitor termnal . to a first voltage. source whi ch
carries voltage V1. The second capaci tgr, ermnal is connected to a
sgcond vol tage source Whl%Ch carFP@sa\’oﬂs?aAae V2. In eachrécycl e of the
cl ock signal the. capacitor i's first discharged by neans of the
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oper ati onal -am;lscond discharge transistor of similar type These and other aspects of the invention will
-to the first discharge transistor, comprising a 70 be described and explained with reference to the
second main electrode coupled in a node to annexed drawing, in which:
the main current path of the second transis- Fig. 1 shows a functional block dlagram of a
" tor, and including a first main electrode and a switched capacitor charge pump according to
control electrode which are connected to the the invention, . :
first main electrode and the control electrode ~ 15 Fig. 2 shows signal d:agrams in explanation of
~ respectively, of the first discharge transistor, the operation of the switched capacitor charge
- a first current source coupled to the node, for pump shown in Fig. 1, .
producing a first current,___ . Fig. 3 and Fig. 4 show embodiments of a
- areference voltage source, ' ~ switched capacitor charge pump according to
- a comparator having a first input connected 20  the invention,
to the node, a.second input connected.to the -- : -Fig. 5, Fig. 8 and-Fig:- 7. shew details of alter-
reference voltage source and having an out- native versions of the embodiment shown in Fg
"put for supplying an essentially binary com- 4, and
parison signal of which a first or second value Fig. 8 shows a sawtooth oscillator comprising-a
respectively, denotes that the voltage on the 25 switched capacitor charge pump according to
. first input is smaller and larger respectively the invention.
than the voltage on the second input, - In these drawing Figures components or ele-
- a second current source for Supplying a sec- ments having like function or connotation are de-
ond current, - a current switch for passing the noted by Tike reference characters.
second current to the first capacitor terminal 30 . Fig. 1 shows the block diagram of a charge
in response to a transition from the first value — -- - -pump- according to the—invention. A number of
to the second value of the clock signal and signals whose signal shapes are represented in
for preventing the second current flowing to - Fig. 2 occur in the charge pump. A first capacitor
the first capacitor terminat in response to a terminal 2 of a capacitor 4 is connected to a first
transition from the first to the second value of 35 current source 8 which charges the capacitor 4
the comparison signal. - with a first current it the capacitor-voitage Vc
The second transistor and the second dis- across the capacitor 4 increasing with time. The
charge transistor are a copy of the first transistor ~ second capacitor terminal 8 is connected to earth. -
and the first discharge transistor respectively, so  The first capacitor terminal 2 is connected to a first
that the parasitic capacitance on the node is sub- 40  input 10 of a comparator 12, a second input 14 of
stantially equally large as the parasitic capacitance - which-is connected to a reference voltage source
.on the first capacitor terminal. The second transis- " 18 which supplies a reference voltage Vref relative
tor is arranged in such a way that no current flows to earth. The comparator 12 has an output 18 for
through it and that it functions as a dummy. The supplying a bmary comparison signal Vcomp which
second transistor and the second discharge transis- 45 adopts a low or high value respectively, if the
tor, together with the first current source, the refer- capacitor voltage V¢ on the first input 10 is smaller
ence current. source, the comparator, the second ~  or larger respectively, than the reference voltage
current source and the current switch, form a Vref on the second input 14. The capacitor 4 is
charge pump which compensates with a substan- periodically discharged by way of a discharge
tially equally large compensation charge for the so  switch 20 connected to the first capacitor terminal
- charge that would disappear into the parasitic ca- 2 and the second capacitor terminal 8. The dis-
pacitance Cpar. The effect of the parasitic capaci- charge switch 20 is controlied by a clock signal CS
tance Cpar is thereby substanttally eliminated. The from a clock signal source 22, whiist a high or low
charge pump components connected to the node, value respectively, of the clock signal CS closes or
" more specifically, the second transistor and the ss5 opens respectively, the discharge switch. A current
second discharge transistor, may also be scaled switch 24 comprises a current input 28, an output
versions of the corresponding components of the terminal 28 for supplying an output current lout and
sawtooth oscillator. As a result, the parasitic ca- - - a first control input 30 and a second control input
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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

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 curvent source 8 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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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

"~ " transistor 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
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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.

10

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

15

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

35

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

sary for charging the capacitor 82 up to the refer-
ence voltage level 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
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 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

to the first capacitor terminal 84, the charge which

~ would otherwise fiow 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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tween the currents 12 and I1. )

The invention is not restricted to the embodl
ments shown. In lieu of or in combmation with the
unipolar transistors. shown, aiso ‘bipolar transistors
may be used, the emitter, collector and base then
substituting for the source, drain and gate.

Claims

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 signal

source (22), characterized inthatt "~

- the chargé 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 capacttor charge pump
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),

1.

40

45

-
ect Has Been Reﬁaced
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_ spectwely

an out put, for
of whicdh a first and
voltage on'the first in-

VOl tg current 3Wifkh Q%) foh FasSif @& She-
a Sefng BheRt{i2)to the olitBit kerminal @8)
t he i® amponge 0 tr@ition #om the first
f r OnGalue td e setdnd tvaliéibt! e tcfdck
pr eVsighdli (OF) indcorSreventihg the sec-
N I By onsent t(12) Howinga s tHei @rtput.
| SOrnerminals{28)rialresponse to a transition
from the first to the second value of the
comparison signal (Vcomp).

" Switched capacitor charge pump as claimed in

Claim 1, characterized in that the comparator

' (12) and the cument 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 control 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-

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 termmal (28) and the clock signal



3 ]ml‘"wﬂlmnment ;pource chargep d £/ dgegpgci tor with the,first
currH‘m e current switch passes the second current 12 to the
out put. 8hen thheSvoltage on the capacitor is equal to the reference voltage

Vref of the pphkesdng he\compargms soandci2,of thae Ccurrent -5wicuednt PHeN eaf Br sabding the sec-
second curgamat type] the erititualc aquakty) @f ttiee paasttiput .

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

10

5

I n this 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-

20 ond transistor (50) being coupled to the sec-
1. Switched capacitor charge pump comprising: ' ond current source (34), the control electrodes
- a capacitor (4) having a first capacitor of the first transistor (48) and the second tran-
terminal (2) and a second capacitor ter- sistor (50) to the first capacitor terminal (2) and
. minal (8), _ the referencs voltage source (16) respectively,
- charge means- (6) coupled to the first 25 the second main electrode of the second tran-
capacitor terminal .(2), for charging the : sistor (50) to a first terminal (8) for producing a
capacitor (4), fixed potential, the second main electrode of
- a discharge switch (20) coupled to the the first transistor (48) to the output terminal
first capacitor terminal (2) and the sec- _ . (28), and the first main electrode, the second
ond capacitor terminal (8), for recurrently 30— - main electrode and the control electrode of the
discharging the capacitor (4) by the clos- third transistor (52) being coupled to the sec-
ing and opening of the discharge switch ond main slectrode of the first transistor (48), a
(20), in response to a first or second second terminal (8) for producing a fixed po-
value respectively, of a binary cyclic tential, and the clock signal source (22) re-
clock signal (CS) from a clock signal 35 spectively.
source (22), characterized inthat = = o
- the charge means comprise a first cur- 3. Switched capacitor charge pump as claimed in
rent source (6) coupled to the first ca- . Claim 1, characterized in that the comparator
pacitor terminal (2) for supplying a first . {12) and the current switch (24) comprise: a
current (1) to the capacitor (4), and in 40 first transistor (48) and a second transistor (50)
that the switched capacitor charge pump arranged as a differential pair, and-a third
further includes: ~~ . transistor (68), each transistor comprising a
- a reference voltage source (16), first main electrode, a second main electrode
- a comparator (12) having a first input (10) and a control electrode, the first main elec-
connected to the first capacitor terminal <5 trodes of the first transistor (48) and the sec-
(2), having a second input {14) connect- ond transistor (50) being coupled to the sec-
ed to the rdferance voltage sourca (16) ond current source (34), the control electrodes
and havin'g an output {18) for supplying of the first transistor (48) and the second tran-
an essentially binary comparison signal sistor (50) to the first capacitor terminal (2) and
{(Vcomp) of which a first and a second 50 the reference voltage source (16) respectively,
value respectively, denote that the voit- the second main electrode of the second tran-
age (Vc) on the first input (10) is smaller sistor (50) to a first terminal for producing a
and larger respectively, than the voitage fixed potential (8), the second main electrode
on the second input (14), of the first transistor (48) to the first main .
- a second curiént source (34) for sup- 55 electrode of the third transistor (88), and the
plying a second current (12), second main elecirode and the control elec-
- an output terminal (28), - trode of the third transistor (68) being coupled
: to the output terminal (28) and the clock signai
—_—
7
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nﬂmlmmu“ “‘ﬂesents a current pulsating in timng with the clock
si g caarge dQ = (lgpdbrabgg A CLerr]Vref i n,thetlme
intefvai T of' the clock Si gnhal . The reference voltage source 1's hardly
| oaded or not | oaded at all by the conparator. A buffer is not necessary.

The rel ations&%w&%@urrents 2 and 11 may be gewGaher haddas:y defined

duri ng desi gn, certainky-in the case of an integrat#£secys SdnSistor (Tmofg.ﬁ.ﬁtm
capaci t or 4 eswichéd capdtitor tBargeopunpcis @Rlinle@ irear t h and t ho e firsiewdnsiston BON cotising a
conpri se a COfieNichagiéréd inGhat Wit e@mpadtonegat i ve suppaiy comdhtt gahewithal biockéd duftent
to earth i s (1ersng#@rcyrent switchl{2¢) comprsar at or &nd t he cwansient switch may be re-
al i sed i n vaaifict ranstays (48 \add & secomhbandistoent of  a Swid chaeld olisoberget oansistoar(4gy of
punp accor di {9) dmenged @s iardifiersttiabpairi andtdnibird:t.0. char act esimilaetypé to théntirst disolarge: transis-
conpar at or amahsistae (76l reach transistot chmprisiogra se: a firsttoa@d compesing Al sacondTRin ¢lene

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 voitage source
(16) respectively, the second main electrode of
the second transistor (50) to a first terminal for

10

15

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),

producing a fixed potential- (8), the second a reference voltage source (90),
main electrode of the first transistor (48) tothe . 20 . @ comparator (12) having a first input (10) .
output terminal (28), and the first main elec: connected to the node (100), a second
trode, the second main electrode and the con- input (14) connected to the reference -
trol electrode of the third transistor (70) being voltage source (90) and having an output
coupled to the node, a second terminal (8) fof * =~ ~ {18) for supplying an essentially binary
producing a fixed potentaal and the clock s:gnall 25 . . comparison signal (Vcomp) of which a
source (22) respectively. Tt " first and second value respectively, de-
. . o note that the voltage on the first input
Switched capacitor charge pump as claimed in " (10) is smaller and larger respectively
Claim 2 or 4, characterized in that the output than the voltage on the second input
(28) is coupled to the second main elecirode 30 {14),
of the first transistor (48) by way of a diode - a second current source (34) for sup-
(58). : plying a second current (12),
. a current switch (24) for passing the sec-
6. Sawtooth oscillator comprising: _ ond current (12) to the first capacitor ter--
- a capacitor (82) having a first capaéitor_ a5 minal (84) in response to a transition
- terminal (84) and a second capacitor ter- . from the first vaiue to the second value
minal (86), of the clock signal (CS) and for prevent-
- & first transistor (80) arranged as a cur- ing the second current {I12) flowing to the
rent source, a main conduction path first capacitor terminal (84) in response
thereof being coupled to the first capaci- 40 to a transition from the first to the second .
tor terminal (84) for charging the capaci- value of the comparison signal (Vcomp).
tor (82), i .
- a first discharge transistor (88) mcluding
a first and a second main elecirode -
. which are coupled to the second capaci- 45
tor terminal, (86) and the first capacitor -
‘terminal (84) respectively, and including
a control electrode connected for receiv-
ing a binary cyciic clock signal (CS) for
recurrently discharging the capacitor (82)  so
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- 55 °
nal (CS) in response to a.voitage across
the capacitor (82), , '
characterized in that the sawtooth oscilla-
' Sheet Has Been Replaced
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arFanged as a differential pair, and a gﬁb@94begﬂ§istor, each transi stor
conprising a first main el ectrode,

el gctrode,

a sec-

el ec-.

_ ond nmairn el ectrode and a control
the first main el ectrodes of the first and. second transistors
bei ng coupled to the second current source, the control

trodes of the

first and second transistors to the first ca- pacitor pﬁgninal and the.

ref erence voltage sour
second transistor to

t he second main el ect

and the first main eleqlr
el ectrode of the third
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4° The differential pair conbines the functlons of com parator and
current swtch. Consequently, the char@@mpot only very sinple but
al,so very fast. Wien the second transistortakes overthe second current from
the first transistor, the current switch function is not per- forned

stepvm se, but in a gradual manner. However.,. this is no objection. Viewed
over a period of time T the charge dQ renmains the sane. The th|rd

transi stor pass-

e
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.es the current through the first trq$§?§§ M the second termnal with a
fixed potential during discharging o e capaC|tor by the di scharge
switch. If the charge punp is used for charging a further capacitor, this
further capac- itor would be discharged by the third transistor. This may
be avoided by neans of a second enbodi of .a swi tched capacitor charge
punp accordlng to the inven-= ICh the output is coupled to the
second main el ectrode of _the ]§n3|stor across a diode. The diode
prevents the further. capaC|tor f ei ng di scharged. The sane effect may
be realised with a third enbodi - of a sw tched capacitor charge punp
according to the invention, characterized in that the conparator and the
current switch conprise: a fir econd tran- sistor arranged.-as a
differential pair, and a.tli F#orr each transistor conprising a
first main el ectrode, a ' o

FIGS

FIGS
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FIG.7
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second ngin electrode and a control electrode, the first main el ectrodes of
the first- and second transistors bel%%d:w to t he second current
source, the control elec- trodes of e Tirst and.second transistors to the
first ca- pacitor ternminal and the reference voltage source re- spectively,
the second nain electrode of the second transistor to a first termnal for
producing a fixed poten- tial, the second main el ectrode of the first
transistor to the first main electrode of the third transistor, and the
second main el ectrode and the control electrode of the third transi'stor

bei ng coupled to the output termnal and the clock signal source
respectively. : ' :

Fns.a_

il T“‘ _ 1'2



The th| rd
seyt hat a

capaC| t or
ki nds of
of relati

carry absolutely small

ran5|stor |s now conbined in series with the first transi $#&Rs? o’
@fq @ further capacitor

—

i s avoi ded. The swi tched

ord| ng to the invention may now be used for all

cur- rent val ues.

|
p tors can be chargéd with this charge punp by means
vely smal | chafge portions without the use of current sources that
For that matter,

in above fornmul a

for dQ onl'y gyhnes cagdctbr BRIYE Glmbl s %ﬁ%ckawdtﬁ BiciltZtob Bophisihk siéh a

sw1tched capacitor charge pump.
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The invention relates to a sw1tched capacitor charge pump comprising:

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

- charge means coupled to the first capacitor terminal, for charging the capacitor,

a discharge switch coupled to the first and the second capacitor terminal, for

recurrently dxscha.rgmg the capacitor by the closing and opening of the discharge 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 oscillator comprising such a

switched capacitor charge pump.

A switched capacitor charge pump of this type is known from Procee-
dings 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 connecting 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 .t'h,e'c':ycle time interval T a charge dQ equal to C*(V1-V2) where C is the
capacitance ibf 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 iroltage source may be reduced by means of a buffer stage i.e. a first

operational ampiiﬁer arranged as a voltage follower. The second voltage source is

usually the inverting input of a feedback second operational amplifier whose non-

inverting input is connected to the second 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 voltage which is negative

This is the replacement sheet
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punp mayb ateflo sel ection of-the ratio 12/11, the tinme
interval T a he frequency f = 1/ T of the clock signal, the
capac- |tanc aC| tor and/or thg value Vref of the ref er ence
vol tage. Long ti me- constants may thus be re- alised, for exanple, in
control loops for voltage-control- |led oscillators. The swit ched

SaPRTl ot or “wRRdFe B ARehE obeind i A bp Uk fo Y s pleBplRBiber

termnal andyR realisa66if 8 ¢n ﬁé&ﬁgtbtc%rgbﬁgfdﬁwﬂb an arrdngenidnt shppifink Ynits output

current Iaﬁs a role,. The mean val ue of the output current of -the charge

arranged as a current source, mal n conducti on pat h thereof being
coupl ed to tarpredetermined 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 paragraph 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 puinp further includes:
- a reference voltage source,
- a comparator having a first input connected to the first capacitor terminal, having
a second input connected to the reference voltage source and having an output for
supplying an essentiallj' binary comparison signal of which a first and a second value
.réspectively, denote that the voltage on the first input is smaller and larger respectively,
than the voltage on the second input,
- a second current source for supplying a second current, - an output
terminal, ‘
- - acurrent switch for passing the second current to the output terminal m 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 output terminal in response to a transition
from the first to the second value of the comparison signal.

: ,: The first current source charges the capacitor with the first current I1,
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 I2 from reaching the output. In this
manner the output presents a current pulsating in timing with the clock signal and
producing a charge dQ = (I2/I1)*C*Vref in the time interval T of the clock signal. The

. reference voltage source is hardly loaded or not loaded at all by the compaiator. A
buffer is not necessary. The relation between the currents I2 and I1 may be accurately
defined during design, cerramly in the case of an integrated version. The first capacitor
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first capgcdptdy ast f or charging the capacitor, - a first discharge
transi sto Irst and a ~second main el ectrode which are
coupled t II!% d the first capacitorterm nal respectively, and

including trode connected foa re- ceiving a binary cyclic

cl ock signal for recurrently _ di schargi Ag the capacitor by rendering the
first dis- charge transi stor conductive and non-conductive in

response to a first or second val ue respectively, of t he cl ock signal,

- means for terminalanay be ichenectedcto earthrankd the cumreptoswdtch may comprised cumyentacr oss
h
the capacitol, router for which no negative supply voltage relative to earth is necessary.

The compa.rator and the current switch may be realised 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 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 respectively, 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 output terminal, and the
first main electrode, the second 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.

The differential pair combines the functions of comparator and current
switch. Consequently, the charge pump is not only very simpie but also very fast. When
the second transis_tor 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 dischar-
ged 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 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 embodiment of a switched capacitor charge pump according to the inventi-
on, characterized in that the comparator and the current switch comprise:

a first and a second tx'agsistor arranged as a differential pair, and é. third transistor, each
transistor comprising a.fi}st main electrode, a second main electrode and a control
electrode, the first main electrodes of the first and second transistors being coupled to
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6 Sawt oot h_ o CI| fegs of this type are used, for exam ple, in tinmer
ci r.cui t Shis generating the clock signal may in practice be
arranged § s but they always conprise a conparator which
conpar es r oss the capacitor \Mth the reference vol tage and
generates a discharge signal the nonment the ref- erence voltage is reached.
By switching over the refer- ence voltage or usi ng an additional conparator
(wi ndow conparator) and a second refere ce voIt the &I rcui.t becones

sel f-oscil | afhf ﬁ@m“ﬁﬁé‘“@% SPYres,i the cpp §¢c0Bd trangistors to
exanpl e, byt}e DG daBsifr thinRal G the reference vol_tage source respecnvely, 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 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 kmds 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 current 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 12/11, the time interval T and thus also the frequehcy 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 con&ol loops for voltage-
controlled oscillators.
~ The switched capacitor charge pump is pre-eminently suitable for use in a
sawtooth oscillator which compnses ,
- - a capac1tor having a first capacitor termmal and a second capacitor terminal,
- a first transistor arranged as a current source; a main conduction path thereof
being coupied 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 capacitor terminal respectively, and including a
control electrode connected for receiving a binary cyclic clock signal for recurrently
discharging the c'apaci_tor by rendering the first discharge 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.
Sawtooth oscillato_rs of this type are used, for example, in timer circuits.
The means for generating the clock signal may in practice be arranged in various ways
This is the replacement sheet
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essary for charging the capacitor to the reference volt- age by neans of

the=first s el Blen rEYEM | T the capacitor as such has an accurate val ue,
for exanp s connected as a discrete conponent to a

further mr%ﬂiﬁﬁﬂﬁﬁmm wt oot h oscillator, §the parasitic capacitance on
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self-oscillating. The oscillation frequency is then determined, for example, by the period

of time necessary for charging the capacitor to the reference voltage 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 inaccuracy; 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
specifically the first transistor arranged as a current source and the Miller capacitance 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 ﬁequency 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 includes: |
- a second transistor of similar type to the first transistor, comprising a main
current path with a blocked current transfer,
- - asecond 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 electrode and a control electrode which are
connected to the first 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, -
- a reference voltage source,
- a cbmparator having a first input connected to the node, a second input connec-
ted 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 respectively than the voltage on the

second input,
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The "consequences may now be reduced according to the invention in that the
sawt J’shgéﬁhilieat labadr t her in- -cludes: - a second transistor of simlar
typet n- sistor, conprising a main current path with a
bl ockem fer, a second di sgharge transistor of simlar type
to the I'scharge transistor, conprising a second nmain _
el ectrode coupled in a node to the main current path of the second
transistor, and i pgladfMirRnf ddiile F52'slpplying a second current, - a current switch
for passing the second current to the first capacitor terminal 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 terminal in response 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 terminal. The second transistor 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 transistor, together with the first current source, the reference current source,
the comparator, the second current source and the current switch, form a charge pump
which compensates with a substantially equally large compensation charge for the
charge that would disappear into the parasitic capacitance Cpar. The effect of the
pa:asiﬁc 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 aiso be scaled versions of the corresponding compo-
nents 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 I2 to the first current I1. 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 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 chafge 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
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7 el ectthi® fdpa control el ectrode which are con- nected to the
first main eld Renagedc ont r ol el ectrode respectively, of the
first di scharsl; W i tor, - a first current source coupled to

t he node, for ‘ ng a first curr@&nt, a reference vol tage

sour ce, a conparator having a first input connected to the node, a
second i nput connected to the reference vol t age source and havi ng an

out put for semﬁh&ﬁ shown"i:TF?E.S@rEHdal l'y binary conparison signal of which a
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
voltage V¢ 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 conriected to a reference voltage source
16 which supplies a reference voltage Vref relative to earth. The comparator 12 has an
output 18 for supplying a binary comparison signal Vconip 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 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 second 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 respective-
ly, of the clock signal CS closes or opens respectively, the diséharge switch. A current
switch 24 comprises a current input 26, an output terminal 28 for supplying an output
current Iout and a first control input 30 and a second control input 32, to which are
applied the ;ibmpa.rison 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 I2 to
the current switch 24. '

The current switch 24 passes the second current I2 to the output terminal
28 after a descending 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 Iout then has
the value I2. 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 Vc exceeds the rt.jference voltage Vref. The output current Iout
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first or second val ue respectively, denotes that the vqgl t age on the
first input is smaller and | arger re- spectively thaf; | plAdAd
the second input, - a second current. source for supplyqu Ii -
rent, a current switch for passing the.gecond current lrst
capacitor termnal in response to a transi- tion fromthe firs ue
to the second val ue of the cl ock signal and for preventing the second
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respecti vel y Theaimeelapsiige betwess itivo dlescending 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 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 Iout is proportional to the first current I1, because the following holds in that
case: Iout=D2= (12/11)*11. Over each clock period T the output current Iout therefore
represents a charge portion dQ equal to: dQ=C*Vref*(12/11).

The drop of the output current Tout 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 thé charge portion
dQ, because the integral of the output current Iout 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 arraxiged 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
Ib. By scaling the PMOS transistors 36, 38 and 40, the mutual relation between the
current 11 ﬁowing through PMOS transistor 36 and I2 flowing through PMOS transistor
38 can be determined. The drain of the PMOS transistor 36 is connected 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 second
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 vbltage 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 transis-
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48 is connected to the output 18 of the comparator 12. The gate of PMOS transistor 50
is connected to the output 18 vig 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 connected
to the output 28 and the drain of the PMOS transistor 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 discharged, so that the current I2 is passed to 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 Iout
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 transistor
40 is directly connected to the reference voltage 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 capacitbr 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 connected 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 tﬁe 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
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elimnated. The charge punp conponents connected to the node, nore .
specifically, the second transistor and the second di schahasmcfm%sikr@laced

may al so be scal ed ver- sions of the correspondi ng conpone lmc'“!amlmi I
S
ted 10

sawtooth oscillator. As a result, the pargg tic capacitanc

reduced by a specific scaling factor, but this may be conpensa r by an
adjusted ratio of the second current 12 to the first current |1. The effect
of the input caggcitance of the conparator on the neans for gener- ating

t he cl ock sFBﬂg ‘may be renoved by selecting for the charge punp a

conparatorthat has an pgposish&s'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 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 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 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 Tout may be tapped by way of a current
mirror 74 as desired. _ : _

_ Fig. 8 shows a sawtooth oscillator in which the chafge pump is used. The
actual sawtooth oscillator is of a prior-art type and comprises a PMOS transistor 80
arranged as a current éource, a capacitor 82 which includes a first capacitor terminal 84
and a second capacitor 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 comparator 94
comparing the voltage on the first capacitor terminal 84 with the reference voltage Vref
of the referénce 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
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, Thé.drain,' source and gate of the NMOS transistor 88 are connected
to the second capacitor terminal 86, the first capacitor'terminal 84 and the clock signal
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| ar ge i nput capacitance. These and ot her aspects Qf the invention wll
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capaci tor charge punp shown in Fig. 1, Fig. 3 and Fig. 4 show
enbodi ments of a switched ~ capacitor charge punp according to the

i nvention, CS regpegtively, of the clockraigrmai generatoh a'gegP k period | T; and,thus also the

\é:\rMs i)gtn f] gfs Cfr?cf%ﬁtgxb 8€ h}nﬁg%w 5 Vﬁgcihgtof ia.lge' déem?iﬂgd, for exl;hﬂle, %ﬁﬂg Y)Vén&i of time
necessary for charging the capacitor 82 up to the reference voltage level Vref. The
charge current Ich of the PMOS transistor 80 arranged as a current source ﬂdws 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 ldnger 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 Miller capacitance of the NMOS transistor 88 and the wiring capaci-
tance.

The charge pump comprises the NMOS transistor 46, the first current
source 6, the comparator 12, the second current source 34 and the current swit;:h 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 connected 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 connected 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 cé.pacitarice 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 Iout 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 parasitic 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 function. When the charge pump shown in

This is the replacement sheet

Date: z B FEB w



swi t ched capacitor charge punp according to the invention

these draw ng Fi gures conponents or elements having |ike function or
connotation are denoted by |ike referencechar aCterSThISSheet eeﬂ.R

bl ock di agram of a charge punp according to the |nven of

si gnal s whose signal shapes are representggl in Fig. 2 harge
punp. A first capacitor termnal 2 of a capacitor 4 is connec i rst
current source 6 whi ch charges the capacitor 4 with a first current I1, t he

capaci tor V£J t- % g%{OeSSSt»Qﬁl g?%h&gr{t. 4 increasing with tinme. The
_ 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 correspon-
ding transistors 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 between the currents 12 and I1.

The invention is not restricted to the embodiments Shown. In lieu of or in
combination with the unipolar transistors shown, also bipolar transistors may be used,
the émitter, collector and bas'e. then substituting for the source, drain and gate. |
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second capaci tor term nal '8 is connected to earth. The fﬂ—Fst——ca’pam—t—af—————

termnal 2 is connected to a first input 10 of a conparat ec n
i nput 14 of which is con- nected to a reference voltage s
supplies a reference voltage Vref relative o earth. The c H

has an output 18 for supplying a binary co pari son 5|gnal
adopts a low or high value respectively, if the capacitor voltage Vc on the
first |nput 10 is smaller or |arger respectlvely, than the reference

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 capacitor terminal (2) and the second
capacitor terminal (8), for recurrently discharging the capacitor (4) by the closing and"
opening of the discharge switcn (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 means comprise a first current source (6) coupled to the first
capacitor terminal (2) for supplying a first current (I1) to the capacitor (4),
and in that the switched capacitor charge pump further includes:
- a reference voltage source (16), _ :
- a comparator (12) having a first input (10) connected to the first capacltor
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 !Wthh a first and a second value respectively, denote that the voltage (Vc)
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 currenf 12),
- an output terminal (28), ‘
- a current switch (24) for pnssing the second 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 second current (12) flowing to the output terminal
(28) in response to a transition from the first to the second value of the comparison
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voltage Vref on the second input 14. The capacitor 4 i?@'imﬁm‘\

di scharged by way of a discharge switch 20-connected to 'thlit%héekr{;stB |tor
termnal 2 and the sec- ond capacitor term nal 8. The. di s
is controlled by a clock signal CS froma ghock signal so m t a
hi gh or | ow value respectively, of the clock signal CS cl

respectively, the di s- charge switch. A current switch 24 corrprl ses a
current input, éﬁ(ya put term nal 28 for supplying an output current
| out and a f## GA®PH i nput 30 and a second control input 32, to which

are appl i ed 3he conpar sa,ae &&;{b@é@f@ﬁ%ﬁﬁé@'ﬁ?c&ﬁ&&ﬁb@ﬂ@ 1, haracterized in

respectively. The current 1 npu ed to a second current source
34 which appthaeﬂ\eacos!qmmtdr ¢12) rand tthel urrent tsxdtch (24 )ecampriset ch 24, The

current swit el gt %ﬁtso%smg) e s Sobad Shansistor (36) 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 electrodes of the first transistor (48) and
the second transistor (50) being coupled to the second current source (34), the control

_ electrodes of the first &ansistor (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 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 thé 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 clmmed 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 electrodes of the first transistor (48) and
the second transistor (50) being coupled to the second current source (34), 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 terminal for producing a fixed potential
(8), the second main elqcirode 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) respectively. _ .

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 electrode, a second main
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to the output termnal 28 after a descending edge of the cl ocm
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fifst current source 6. The output current |out then has t
current switch 24 blocks the current suppl Ysto t he out put Eﬂ
the case of an ascendi ng edge of the conparf= ison signal Vconp,

say, when the capacitor voltage Vc exceeds the reference voltage Vref. The
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control electrode 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
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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 control electrode
of the third transistor (70) being coupled to the node, a second terminal (8) for
producing a fixed potential and the clock si'ghal source (22) respectively.

5. Switched capacitor charge pump as clajmed in Claim 2 or 4, characteri-
zed in that the outpﬁt (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 c_ap_acitm_' 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 including a control electrode connected for receiving 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 first or
second value respectively, of the clock signal (CS),

- means (92) for genemﬁng 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), compﬁsing a second main electrode coupled in a node (100) to the main current

path of the second transistor (102), and including a first main electrode and a control
— T

Ty
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10 scending edges in the clock signal CSis the clock peri ogh,T. From t he
descendi ng. edge in the clock signal CS.to the ascendi ng edge’ t.2ie¢t/Has Been Re
conpari son signal Vconp a current |1 flows to the capacitor f
capacitor voltage Vc increases to Vref. Thg.charge dQ in the [ M
I's then equal to CrVref, .where Cis the cagﬁac- I tance of the capacito :
During.this period of tinme the output current lout is proportional to the
first current 11, because the-follow ng holds in that. case: | out :12°:d(el 2/11)
*11. Over edlestrode vhigh presepnnestpd to thepiifst Man éﬁ?ﬂ?‘&ﬂﬂd the control electr

respectively, of the first discharge transistor (88),
- a first current source (6) coupled to the node (100),
for producing a first current (I1), -

T

17ced

- a reference voltage source (90),
- a 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, denote that the voltage on the first input (10) is smaller and larger
respectively than the voltage on the second input (14),
- a second cufrent 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 (I2) 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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therefore represents a charge portion dQ equal ‘to: d@ECvref*(12/11).
The drop of the output current |out #rofmithe vatue 12 to zero may al so
present a gradual behaviour. If this behavr our is symetrical around the

ascendi ng edge of the conparison signal Eyp it does not affect the
magni tude of the charge portion dQ becaus he inte- gral of the output
current lout is not changed by it over the entire clock period T. Fig.

3 shows a first enbodi nent of the charge punp. The first current source 6
and the seccABSTRAGEIt source 34 fromthe block diagramof Fig. 1 are

arranged her PMOS transi stor 36 and a PMOS tr | stor 38. arr ed as
current sour\{:‘ﬁgi’iﬁdﬂ ?%ﬁé %ﬁge\ﬂuﬂprésﬁ%st%?@t%f‘ BT SOMPRISING SYS g

di ode, form it. The sources of the PMOS transistors
a OF' M Qifched @afacitbf ERirgé blfmp! _

Charge pump comprising: a capacitor (4) which includes a first capacitor
terminal (2) and a second capacitor terminal (8), a discharge switch (20) for discharging
the capacitor (4) by the closing and opening of the discharge switch (20) in response to
a first or second value respectively, of a clock signal (CS), a first current source (6) for
supplying a first current (I1) to the first capacitor terminal (2), a comparator (12) whose
first input (10) is connected to the first capacitor terminal (2) and whose second input
(14) is connected to a reference voltage source (16) and which comparator generates a .
comparison signal (Vcomp) of which a first or second value denotes that the voitage
(Vc) on the first input (10) is smaller or larger than the voltage on the second input
(14), a current switch (24) passing a second current (I2) coming from the second
current source (34) to an output terminal (28) once the clock signal (CS) has changed
from the first to the second value, and prevents the second current (12) flowing to the
output terminal (28) once the comparison signal (Vcomp) has changed from the first to
the second value.

(Fig. 1)
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38 and 40 are connected to a positive supply termnal 42 and the gates of
these transistors as well as the drain ‘of: PM3S. transi stor 40 are connected
to a bias current source 44 which produces-a current |Ib. By scaling the -
PMOS transistors 36 38 and 40, the nutual relation be- tween the current 11
flowi ng through PMOS transistor 36 and 12 flowi ng through PMOS transi stor
38 can be determ ned. The drain of the P transistor 36 is con- nected to

the first capacitor termnal 2 of the capacitor

b

This Sheet Has Been Replaced ' F l G Z ' : o |
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4, whose second capacitor terminal 8 is connected to earth. The di scharge
switch 20 fromthe bl ock diagramshown in Fig. 1 is arranged as an NMOS
transi stor 46, whose source, drain and gate are connected to the sec- ond
capacitor termnal 8, the first capacitor termnal 2 and the cl ock signal
source 22 respectively, for receiving the clock signal CS. The charge punp
further includes a reference voltage sourgr 16 and a conparator 12 which
are arranged simlarly to those shown in Prg. 1. The current switch 24
shown in Fig. 1 conprises the PMOS transistors 48 and 50 and the NMOS
transi stor 52. The sources of the PMOS transistors 48 and 50 are connected

to the drain of PMOS transistor 38. The gate of.  PMOS transi stor @425
Ii

connected to the output _“of

]./40 T
| 5<% ] 5
— PN
b |2 e
g % 16
}6 Vref
= | >
2 .
’\a' Ics_n_n_n_
rrr?
&2
”:J_/l:ﬂ
i
4 '1Ib 1
~48 5o~ 16
Vref
&b
50'" c a

D | b
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the conparator 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

transi stors 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 cl ock
signal generator 22 respectively, to recg ve the cl ock signal . As
appears fromFig. 2, the comper t Vconp becones | ow while
capacitor 4 is being dis- char ) E that the current 12 is passed to the
output termnal 28 by PMO5 tranpix ﬁ 48. The NMOS transis- tor 52,
however, short-circuits the curref38supply to earth when capacitor 4 is

bei ng di scharged. This achieves that the current lout in the output

term nal 28 adopts the

- FIG.S

oL M5 FIG6
28

FI6.7

III This is the replacement sheet

pate: 28 FEB 1097

This Sheet Has Been Replaced




-

éﬁape as represented in Fig. 2. The enbodi nent of the charge punp shown
in Fig. 3 may be sinplified by letting the PMOS transistors 48 and 50
operate both as a conparator 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 termnal 2 and the gate of the PMOS tran-
sistor 40 is directly connected to the: foerence vol t age

FI16.8

heet Has Been Re] laced
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12 source 16. A capacitor 56 charged with charge QOME h‘s’:‘c i FHEE
charge punp is connected to the output 28 by way ¢f° F’éﬁﬁl?ﬁfﬁa}e @a&@c &5,
a diode 58 prevents the .capacitor 56 from being d|!s_ﬁ,a1fbe((§ uni pagedty. dnaj}iyczv.
by the NMOS transistor 52.. Once the capacitor 56 ha '-Ub@vé’?ﬁe)hay:g:ed kit peyd *lf
be discharged again as desired by fay of charge porl'fl ‘orgradQ  Tugsd iss. to s figed
provided by the NMOS transistors 60, 62 and 64 and the sel ector “switch”
66. The NMOXS SWATCHEI)CAPAZTROR CHARGE PUMPUS WELL AS SAWTGOTHIE: 50! (1
whi | st the dr SCIBLATORS COMPRISING' SUCH WhiSWrTaadist émfﬁ? ROt Pt 6 LHE .
current mrroiCHARGE®UMP nected to the output term nal e drain of

NMOS transistor 6%?%@“dﬁppﬁ'perates as an input of the current mrror, is
connected to the dra e PMOS transistor

.....

The invention relates to a switched capacitor
charge pump comprising:_

- a capacitor having a first capacitor termmal and a
second capacitor terminal,
- charge means coupled to the first eapacxtor termi-
nal, for charging the capacitor,
- adischarge switch coupied 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 c!ock s:gnal from a
clock sagnal source. \

The invention likewise relates to a sawtooth oscil-
lator cornpnsmg such a sw:tched capacxtor 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

U charge means in this paper are a switch capable of con-
necting the first capacitor terminal to a first voitage.
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 1o 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 voit-
age follower. The second voltage source is usually the
inverting input of a feedback second opsrational ampli-
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48 via the main current path of the NMOS transistor 60. The gate of the
NMOS transi stor 60 can be connected, by way of the selector switch 66, to
earth (position a) or to the'positive supply termnal 42 (position b). In
position b the NMOS transistor 60 is comrducting and the current 12 flows
through the current mrror to the output term,nal 8, so &hat the
capacitor 56 is di schﬁﬁg&d'nosmnpbslmv¢l3ﬂgampm¢sGQF‘H eif‘?

i noper at | }/e ﬁnd t he cw&ﬁ o ¥, s]'hsbwtmblof the seEogd ﬁpsnatmah first
45 1o connected t LC?LEH%F’@J%*{P@W%%% TrRpeL e D ot path
of a PMOS transistor Gharn !iH%??a"VH} \5% 28 connect ed
to the clock signal Cvzmldlbﬁomiﬁgdb selaating thisvoltage tabegquali al switch
bl ocking the cur- reni, i pbirth, HBWé\lfertiﬁrtﬁhf‘éésQ& sty Ve- capaci t or
age which is negative relative to ground potential will
have 1o 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 tumns out not to
be of a simple kind.
Itis an object of the invention to provnde a switched
\— capacitor charge pump in which abova objections are
met. :
. According to the invention a swrtched 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 turther includes:
- areference voltage source,
- a comparator having a first input connected to the
first capacitor temminal, having a sacogd input con-
nected to the reference voitags source and having
W an output for supplying an essentially binary com-
parison signal of which a first and a second value
respectively, denote that the voitage on the first in-
put is smaller and larger respectively. than the voit-
age on the second input,
- asecond current source for supplylng a second cur-
rent, .
- an output termmal
- a current switch for passing the second current to
the output temrninal 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
1o the output terminal in response to a transition
from the first to the second value of the comparison
signal. '

This is the replacement sheetf

Date: 07 NAY 1998



-~

v -

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 term nal
- 28 is now realised by neans of an NMOS tran- sistor 70, whose source, drain
and-gate are connected to eafth, the drain of PMOS transistor 38 and the
cl ock signal CS respectively.

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 = (12/11)
*C*Vref in the time interval T of the clock signal. The
reference voltage source is hardly loaded or not lcaded

| at all by the comparator. A buffer is not necessary. The
-~ relation between the currents 12 and 11 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-
fial, 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.
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13 " Fig. 7 shows a third variant of the circuit of Fig. 4. The bl ocking
of“the.current supply to the output termnal 28 is realised here by neans
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. Furthernore, there is shown that
the current |lout nay be tapped by way of current mrror 74 as desired.
Fig. 8 shows a sawtooth oscillator in which the charge punp is used. The

actual sawt ggt h oscill at qhg éxff@f'aﬁnélrpaifcéﬁiblﬁwm@mhammma PI\/DSI g
BTt capaci for -t o hafler gt FGREnt B, %%Péﬂfr gz% 6, an NVDS
transi stor 88 for di sRHEYiSNQOt ﬁB'&bH@WﬁW'GB alsa:-yent Q'&ge source
90 and a the secondtransistor takes 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 tothe 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 tor 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.
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cl ock signal generator 92 which generates a clock signal CS. The cl ock
signal generator 92 conprises a conpa- rator 94 conparing the voltage on
the first capacitor ter- mnal 84 with the reference voltage Vref of the
ref-erence voltage source.90. The conparator 94 triggers a one- shot _
generator 96 whose output signal functions as the clock signal. In lieu of
the conparator 94 and the one- shot genBrator 96 alternatively a w ndow

conparator may be used in known fashion. The source.and drain of the PMOS
transi stor 80 are connecthel tiisdtransistartis now gambingd: inrsenies With and t he

posi tive supply ter mjpaiirdtransiztss, iscethat dme diséivarging of ePMrther ansi stor
80 may be supplied Wgéﬁpﬁlﬁf’gstgg&dﬁﬁ a simlar manner to the one shown for
t he PMOS transi stor . 3. € second capacitor term.,nal 86 is

connected to earth. The Theiswitched eapasitogeharge pump RASOENGIA st or 88
are connect - 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 bstween the second current 12 to the first
current 11 plays a role. The mean value of the output
, current of the charge pump may be determined by the
- " selection of the ratio 12111, 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
refarence voltage. Long time-constants may thus be re-
alised, for example, in control loops for voltage-control-
ied oscillators. '
- The switched capacitor charge pump is pre-emi-
nently suitable. for use in a sawtooth oscillator which
comprises: N

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

- - a first transistor arranged as a current source, a
O main conduction path thereof baing 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 capacitor terminal 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, o

- means for generating the clock signal in response
to a voltage across the capacitor. '
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ed to the second capacitor terninal 86, the first capacitor termnal 84 and
the cl ock signal CS respectively, of the clock signal generator 92. The
clock.period T and thus also the frequency of the sawtooth oscillator are
deter- mned, for exanple, by the period of tine necessary for charging the
capacitor 82 up to the reference voltage
14

: 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, by the period of time nec-
N 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 relative_l_y small value. The parasitic capacitance Cpar
is detemined 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 comparator which is connectedtothe
first capacitor terminal play a role. As a result, the fre-
quency of the known sawtooth oscillator is not entirely
fixad 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 srrmlar type to the
first discharge transistor, comprising a second main
elactrode coupled in a nade to the main current path
of the second transistor, and including a first main
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| evel Vref. The charge current Ich of the PMOS transistor 80 ar
current source fllaws not only to the capacitor 82 but also partly to a
- parasitic capacitor 98 present on the first capacitor terni nal

clock pe- riod T will thus be.longer than could be expected. Thi
the npre obvious when the capacitance ofgthe parasitic capacitor 98 can no
| onger be di scarded reI a- tive to the capacitance of the capacitor 82. The

parasitic capacitance - E@&ggdanar% nﬁtd]l bagswhi&}ﬁ éF@c@ﬁL

capaci tance of the

NMOS transi stor 46,

P transl stor

transi stor 88 and the \M?qtﬂ {ﬁﬁ:f’f n@@n olé er C %?’S
rgen

ond current source

earth and the p03|t|ve SH

t heelectredecrespeoways.wfdbeﬁrstdlscba nsis-
34 aggl the current swtch’24 which are conne

_ Pﬁ current source coupled to the node, for pro-
ducing a first current,

- areferencs 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,

'~ asecond current source for supplying a second cur-

rent,

- a current switch for passing the second current to
the first capacitor tenminal 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 functions 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-

ranged as a

84. The.
is effect is.

put
f the NMOS
onprises the
12, the sec-
cted bet ween

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
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terminal 42 in sinmlar manner to the one shown in Figs. 1 and 3. The out put
termnal 28 is connected to the first capacitor termnal 84. The NMOS
transistor 46 is con- nected in a node 100 to the first current source 6,
the first input 10 of the conparator 12 and to the drain of a PMOS

transi stor 102 whose source and gate areBcon- nected to the positive supply

termnal 42. The PMOS copy of the PMOS transgistor 80,
but does not supply c *q&,olfl'}%c @@&%PC@@F’M&?%"&P@& 046 is a

copy of the NMOS tranﬂn%tfmdaanomespwpf—"yamsebondaraasmmtandcapaC| t or
104 on the node 100 i $hé BeBoAdBiiscHary é'tﬂ'dhdi&éi"' é@bé%&éféd\?é’ﬁe of the

er 4. Th r asi t I C
 Sapaci tor 98 s charg %%%%ﬁ@?@ﬁ m i S B sAWiodiB) U g
the sane reference voPsaliaton Asa @Eﬂﬂgﬂimﬁﬁﬁsmﬁ@mmondbam tor 104
will have - 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 11. 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 capacditance.
_ These and other aspects of the invention will be de-
- scribed and explained with reference to the annexed
- drawmg, in which: .

. Fig. 1 shows a functional block diagram of a
switched capacitor charge pump according to the
tnventlon

Fig. 2 shows signal diagrams in eXpIanatnon of the
operation of the switched capacitor charge pump
shown in Fig. 1, -
Fig. 3 and Fig. 4 show embodlrnents 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
o Fig. 8 shows a sawtooth oscillator comprising a -
switched capacitor charge pump according to the
invention. .

in these drawing Figures components or elements
havnng 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 11, the capacitor volt-
age Vc across the capacitor 4 increasing with time. The
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a sane charge as the parasitic capacitor 98. By leading the current lout to
the first capacitor termnal 84, the charge which would otherwise flowinto
the parasitic ca- pacitor 98 will be conpensated for the charge punp. In
this manner the influence of the parasitic capacitor is strongly reduced.
15 -

| 9

second capacitor terminal 8 is connected to earth. The
first capacitor teminal 2 is connected to a first input 10
ol 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 adopis 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 outout
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 |2
- ' | 1o 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-
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The charge punp may be realised by neans-of- the enbodi nents al ready shown
and discussed. Wien the charge punp shown in Fig. 4 is used, the diode 58
.and -the transistors 60, 62 .and 64 ar€ redundants So is the NMOS transistor
52, because the NMOS transistor 88 carries out the sane function. Wen the
charge punp shown in Fig. 6 is used, the diode 58 will be redundant. By
selecting the comparators 94 and 12 of, the sanme type, the nmutual equality
of the parasitic capacitors 98 and 104Q s even further increased and so is

the accuracy with which the influence, of the. i.tkc .capacitor, 98 is
reduced. The NVOS tr &cending edgesinith 4G aﬁél%h%'%@@ffmj al so be

scal ggl_versi ﬁnShOf t ' Ryofn the Yaresntih _B"fjais'ltmﬁ;:ﬁ&kasignabcm same is
possible with the coparal Aidd <Nk frthal e8mdd Sigrigl Veomp laance
reduction of the par acsulnt'elnct l%aﬁgzéls to ﬂ'\ 8ca ngéftor% 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 curfént lout is proportional to thé first current i1,
because the following holds in that case: lout=12=(1211)
| : *11. Over each clock period T the output curmrent lout
U " | therefore represents a charge portion dQ equal to:
dQ=C"Vref*(12/11).
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. 8 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
W, 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 Ib. 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
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adj usted by sel ecting an approprlate relatlon betmeen the currents 2 and
| 1. The inventi-on is not restricted to the enbodi nents shown. In lieu
‘of or in conbihation with the unipolar tran- sistors shown, also bipolar
transi stors may be used, the emtter, collector and base then substituting
for the source, drain and gate. 16

11

4, whosé sécond cApasitsr términal 8 i§ connected to
earth. Thé discharge swutch 50 from thie 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 teminal 2
and the clock signal source 22 respectively, forreceiving
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 sourcs, 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 appsars from Fig. 2, the comparison signal -
| Vcomp becomes low while capacitor 4 is being dis-
(O ~ 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 smbodiment 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 refsrence voltage
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Clainms 1. Switched capacitor charge punp conpr|5|ng © - a capacitor
(4) having a first capacitor term nal (2) and a second ‘capacitor
term.al .(8), .- charge neans (6) coupled td the first capacitor
termnal (2), for charging the capacitor (4), --'a di scharge switch (20)
coupled to the first ca- pacitor termnal (2) and t:he second

capaci tor : terminal (8), for recurrently discharging the ca-

pacitor (4) by the closing and opening ofyghe dis- charge switch
(20) in response to a first or-sec- ond val ue respectively, of a

-binary cyclic clock  gource 18. Wéhpatitor 56 eRnrgéd With Eharge perisns (22),
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
NMGOS transistors 60, 62 and 64 and the selector switch
66. The NMOS transistors 62 and 64 are arranged asa
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,

bywayol the selector switch 66, to earth (position a) or
to the positive supplytermmal 42 (position b). In position

_b the NMOS transistor 60 i is conductlng 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 moperatlve and the capacitor 56 is
charged.

| Fig. 5 shows a first variant of the circuit of Fig. 4, in

U2 which the drain of the PMOS transistor 48 is connected

1o 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

Aransistor 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
1o earth, the drain of PMOS transistor 38 and the clock
signal CS respectively.
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characterized in that: | t he charge neans conprise a first
source (6) coupled tothe first capacitorterm nal (2) for
-afirst current (11) to the capac- . itor (4), and in that

swi't ched capacitor

char.ge punp further |ncludes

reference vol tage source (16), - a conparator (12) haV|ng a

I nput (10) con-

conpari son

current

suppl yi ng "
the

a .
first

nected to the first capacitor terminal (2), having
a second input (14) connected to the reﬁgrence vol t age so
and havi ng an out put (18) for- supplying an essentially bi

si gnalg; gma@vr@ fant 65thetitcaitofdeigd 4.

respectively, denote P}t kmg agﬁr @P%%ﬂﬁ%ﬁw%hﬁhdl

is smaller and | arge

I nput

28 is realised hare by means of a PMOS translst r

. whose source, drain and gate are connectedto the drann

of PMOS transistor 38, the sources of the PMOS tran-
sistors 48 and 50 and the clock signal CS respectively.

Furthermore, thera is shown that the current lout may
be tapped by way of a current mirror 74 as desired. -

urce (16)
nary

val ue
nput (10)
t he second

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 82 which generates aclock 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 80. The comparator 94 triggers a one-
shot generator 96 whose output signal functions as the
clock signal. /n.lisu of the comparator 94 and the one-
shot generator 96 altematively 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 temminal 42
respectively. The gate of the PMOS transistor 80 may
be supplied with a voltage in a similar mannerto 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

This is the replacement sheet

Date:

07 MAY 1899



(14), - a second current source (34,38) for supplying a second

current (12), an output term nal (28), - acurrent switch (24)
for passing the second - current (12)to-the output termnal (28) in re-
17 sponse to a transition fromthe first value to the

14

Ievel Vref. The charge current Ich of the PMOS transistor

80 arranged as a current source fiows 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 reia-

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

48, thefirst 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 tarminal 84. The NMOS transistor 46 is con-
nected in a node 100 to the first current source 6, the

first input 10 of the cornparator 12 and to the drain of a

PMOS transistor 102 whose source and gats 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

cgpacitance 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
inthe charge pump, the parasitic capacitor 104 will have
a same charge as the parasitic capacitor 88. 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.
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- second val ue of the clock signal (CS) and for preventing the second
current (12) fromflow ng - to the aoutput termnal (28) in response )
.to a tran- sition fromthe first to the second val ue of the

conpari son signal (Vconp). 2. Switched capacitor charge punp as clained in
Claim1l, characterized in that the conparator (12) - and the current

switch (24) conprise: a first transis- = 18or (48) and a second transistor

(50) arranged as a differentiaI pqu%ﬁapd_a thyrd transistor (52), each

2nd a control ol et rode. TRE ChAVEe PUMp AahCeIeabsed sy mERPRIRs:

transistor (48) and tlembodimentsraireacyshewr artd discussegl. Whehdhet o t he
second  current SOwhgRek Himp shRwiPi ER). £lsesssd 4R dibde'ss 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
(Y reduced. The NMOS transistor 456 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 aftendant capaci-
tance reduction of the parasitic capacitor 104 may be
- adjusted by selecting an appropriate relation between
the currents 12 and I1. _

The invention i§ 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 &nd gate.
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first transistor (48) and the second transistor (50) to the first
capacitor termnal (2) and the reference vol tage source (16)
‘respectively, the second nnin el ectrode of the second transistor (50)
toa first ter- m nal (8) for producing a fixed potentlal t he second
main el ectrode of the first transistor (48) to the out- put term nal
(28), and the first main electrode, the second nai n el ectrode and the
control el ectrode of the third tran5|3§or (52) being coupled to the
second mat n el ectrode of the first transistor (48), a second

termnal (8) for producing a fixed pot e@iams® and the cl ock signal
source (22) respectively. 3. Switched capacitor charge punp as clained in

Claim 1, characteri éed ég"‘FEF %ﬁ@%ﬂa"?bg J"]la)compngmb the current

switch (24) corrprl S

- a capacitor (4) havmg a first capacitor terminal
-(2) and a second capacitor temninal (8),

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

- adischarge 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 respactively, 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 a first current (11) to the capac-
itor (4), and in that the switched capacitor
charge pump furtiier includes:
- a reference voltage source (16),
~ a comparator (12) having a first input (10) con-
nacted to the first capacitor terminal (2), having
W, . asecond 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 supp!yxng
a second current (12),

- an output terminal (28),

- a current switch (24) for passing the second

current (I2)to the output terminal (28) in re-

\_\"\ .

ll!l!![l IR0
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tor (48) and a second transistor (50) ér?ahged as a

differential pair,

and a third transistor (68), each “transistor conprising a first main
el ect rode, a sec- ond mai'n el ectrode and a control el ectrode,
mai n el ectrodes of the first fransistor (48) and the: :
second transistor (50) being coupled to the second

18

2.

spofise to a transition from the flrst vaiue to the
secorid value of the clock slgnal (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).

Switched capacitor charge pump as claimed in
Claim 1, characterized in that the comparalor (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.

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

* c L M s *

the first
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current source (38), the control electrodes of the first transistor
(48) and the second transistor (50) to - * the first capacitor termnal (2)
and the reference vol tage source (16) r.espectively, the second nain

el ectrode of the second transistor (50) toa first ter- . mnal for _
.producing a fixed potential (8), the second mai n el ectrode of the first
transistor (48) to the first mai n el ectrode of the third transistor
(68), and the = second main. eI ectrode andg he control el ectrode of

the third transistor (68) bel -cou Iedé&the out p u' termnal (28) and
“the clock signal source (3889 ranssgb coupled ipithaese citor
charge punp as cl ai ned i reurrentCsourad. (Sa)laths:contratthlaotrbdes afhtheconpar at or

(12)  ~ and the current i {raRsistdr (48)EBd B second transistor (50) to
the first capacitor terminal (2) and the referance
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 slectrode 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 maifi 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) atanode, the con-

\_ - trol electrode of the first transistor (48) and the sec-
ond transistor (50) to the first capacitor {erminal (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) 1o 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.

”!IIIIJ I"IILI I"JI "'lsl " ,!II ' .. This is the replacement sheet
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a first trahsistor-(48) and afé?cond transi stor (50) arranged as a
di.fferential pair;.and a third transistor

.conprising a first main.elec:- . trode,

(70), -each transistor
a second nmain el ectrode and a

control elec- trode, the first main electrodes of the first transistor

(48) and the second transistor (50) bein

source (38) at a node, the con- ~ trof

9

coupled ° to the second current
el ectrode of the first transistor

(48) and the sec- ond transistor (50). to the first capacitor term nal
(2) and the reference voltage source (16) respectively, t he second

mai n el ectrode of t8e swma uag;bvrcharge( PUmp cas d:tarmedtmm nal. for
Ut

producing a fixed pote

transi stor (48) to lﬁ ermn
el ectrode, the second ﬁﬁpﬁeé‘ M

afrmé'u q'sof t he first
nd tPf f|r t.main

éP &trode of the

third transistor (70) trans(;ton(ﬂs) by way ot adlode (58).

6. Sawtooth oscillator cdmprising:

- acapacitor (82) having afirst capacitor terminal
~ (84) and a second capacitor terminal (86),

- a first transistor (80) arranged as a cumrent

source, a main conduction path thereof being

coupled to the first capacitor terminal (84) for

charging the capacitor (82), |
- afirst discharge transistor (88) including a first
and a sscond main electrode which are coupled
to the second capacitor tarminal (86) and the
first capacitor temninal (84) respectively, and in-
cluding a control electrode connscted for re-
ceiving a binary cyclic clock signal (CS) for re-
currently discharging the capacitor (82) by ren-
dering the first diséharge transistor (88) con-
ductive and non-conductive in response to a
first or second value respectlvely, of the clock

signal (CS),

U o - means (92) for generating the clock signal (CS)
' in responss to a voltage across the capacitor

(82),

characterized in that the sawtooth oscillator funher

mc!udes

- asecond 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

g
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pl ed tothe node, a second terminal (8) for producing
respectively.

19 5. Switched capacitor charge punp as clainmed in
coupled. to the second main

and the clock signal source (22)

char act eri zed in that the output (28)

a fixed potenti al

Claim?2 or 4,

el ectrode of the first

S

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 dts-
charge transistor (88),

a first current source (8) coupled to the node
(100), for producing a first current (11),

.a reference voltage source (80),

a comparator (12) having a first input (10) con-
nected to the node (100), a second input (14)
connected to the reference voltage source (S0)
and having an output (18) for supplying an es-
sentially binary comparison signal (Vcomp) of
which a first and second value respecitively, 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 supplynng a
second current (12),

a current switch (24)-ior 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).

* [ L ] H *
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transistor (48) by way of a diode (58).. 6, Sawtooth oscillator conprising:
--a capacitor (82) having a first capaﬁz.;.“terninal ' (84) and a
setond capacitor termnal (86), - -tafirst “transistor (80) arranged as
a current source, a main conduction path thereof bei'ng

coupled to the first capacitor termnal (84) for chargi ng the
capacitor (82), a first discharge transistor (88) including a first
and a second nain el ectrode which are coup2dd - to the second

capaci tor termmnal 586) and the first capacitor term nal (84)
respectivel y cludlng a control electrode connected for re-
ceiving a b'§wuéf:e3yc§i>icfto? RSe Puthy 2las Ged) fs%n&ﬁﬁ oscillator comprising such a

switched capacitor charge pump.

Charge pump comprising: a capacitor (4) which includes a first capacitor
terminal (2) and a second capacitor terminal (8), a discharge switch (20) for discharging
O the capacitor (4) by the closing and opening of the dxscharge switch (20) in response to
a first or second value respectively, of a clock signal (CS), a first current source (6) for
supplying a first current (I1) to the first capacitor terminal (2), a comparator (12) whose
first input (10) is connected to the first capacitor terminal (2) and whose second input
(14) is connected to a reference voltage source (16) and which comparator generates a .
comparison sfgnal (Vcomp) of which a first or second value denotes that the voltage
(Vc) on the first input (10) is smaller or larger than the voltage on the second input
(14), a current switch (24) passing a swond current (I2) coming from the second
current source (34) to an output terminal (Z8) once the clock signal (CS) has changed
fromﬂxeﬁrsttomesecondvalue,andpreventsthesecondcmren:(n) flowing to the
output terminal (28) once the companson signal (Vcornp) has changed from the first to
W, . the second value.

(Fig. 1)
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Currently di scharging the Capacitorﬁﬁg.”
di scharge transistor (88) con-

. dering the first
ti've: and non-conductive in

response to a first or second value respectlvely, of the clock
S|gnal (Cs), - nmeans (92) for generating thé clock signal (CS)

In response to a voltage across the capacitor (82),

characterized in that the sawmtooth oscillator further I ncl udes: - a
second transistor (102) of simlar type rol the - first transistor
(80), conprising a main current path with a bl ocked current
t'ransfer, - a second discharge transistor (46) of simlar
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type to the first discharge transistor (88), com prising a second
mai n el ectrode coupled in a _ o 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 ‘

-2-,

&
8
1
»57
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gontrol electrode respectively, of the first dis- charge transistor (88), a
first current source (6) coupled to the node (100), for producing a first
.current (11), a reference voltage source (90), a conparator (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 conparison signal (Vconp) of which a
first and second val ue respectively, de= Jate that the voltage on the first
input (10) is smaller and | arger respectively than the voltage on the
. second input (14), a second current source (34) for supplying a second
current (12), -
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a current switch (24) for passi ng the second current (12) to the first
capaC|tor termnal (84) in response to a transition fromthe first value to’
. the second value of the clock signal (CS) and for preventing the second
“current (12)fromflow ing to the first capacitor terninal (84) in re-.-
sponse to a transition fromthe first to the sec- ond value of the
conpatison signal (Vconp).
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@ Switched capacitor charge pump, as well as sawtooth osclllator comprising such a switched
capacitor charge pump. - .

&) Charge pump comprising: a capacitor (4) which
includes a first capacitor terminal (2). and a second
capacitor terminal (8), a discharge. switch- (20) for
discharging the. capacitor (4). by the closing and
opening of the discharge switch (20) in response to
a first or second value respectively, of a clock signal
(CS), a first current source (8) for supplying a first
current (l1) to the first capacitor terminal (2), a com-
parator (12) whose first input (10) is connected to the
first capacitor terminal (2) and whose second input . 2 :
{14) is connected to a reference voitage source (16) : . - FIBA
and which comparator generates a comparison sig- )
nal (Vcomp) of which a first or second value denotes

that the voltage (Vc) on the first input (10) is smaller

or larger than the voitage on the second input (14), 2

current switch (24) passing a _secdnd- current (12)

coming from the second current source (34} to an

output terminal (28) once the clock signal (CS) has

changed from the first to the second value, and

prevents the second eurrent (12) flowing to the output

terminal (28) once“the comparison signal (Vcomp)

has changed from the first to the sscon’p value.
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