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(57) ABSTRACT 

A signal generator (1) for generating a square Waveform 
analog voltage output signal comprises an on-chip DAC (12) 
Which outputs the analog voltage signal on an output ter 
minal On-chip ?rst and second programmable registers 
(9,10) store ?rst and second digital Words Which correspond 
to the maximum and minimum voltage values of the analog 
output signal. An on-chip sWitch circuit (15) selectively and 
alternately sWitches the ?rst and second registers (9,10) to an 
on-chip DAC register (17) from Which the respective ?rst 
and second digital Words are loaded into the DAC (12) in 
response to a load DAC signal generated by a control circuit 
(14). The load DAC signal is generated in response to an 
externally generated LDAC signal in the form of a clock 
signal Which is applied to an LDAC terminal (22). A?ip-?op 
(19) in response to the load DAC signal outputs a control 
signal on a control line (25) for alternately sWitching the ?rst 
and second registers (9,10) to the DAC register (17). The 
frequency of the analog output signal is determined by the 
frequency of the LDAC signal, and is half the frequency of 
the LDAC signal. 
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INTEGRATED CIRCUIT SIGNAL GENERATOR 
AND A METHOD FOR GENERATING AN ANALOG 

OUTPUT SIGNAL REPRESENTATIVE OF A 
WAVEFORM 

FIELD OF THE INVENTION 

[0001] The present invention relates to an integrated cir 
cuit signal generator for generating an analog output signal 
representative of a Waveform, and in particular, a square or 
a step Waveform, and the invention also relates to a method 
for generating an analog output signal representative of such 
Waveforms. 

BACKGROUND TO THE INVENTION 

[0002] Signal generators are knoWn for generating analog 
signals representative of various Waveforms, Which typi 
cally, are voltage signals. Such signal generators typically 
comprise a circuit Which outputs a voltage signal represen 
tative of the desired Waveform. By applying the output 
voltage signal to a cathode ray tube, or other suitable visual 
display unit, a Waveform representing the output signal is 
displayed. In their simplest such circuits may include a 
sWitch circuit Which periodically sWitches a supply voltage 
Vdd on and off, and the sWitched voltage is applied to an 
output terminal Which alternates betWeen the supply voltage 
and ground, thereby producing an analog output voltage 
signal representative of a square Waveform. The frequency 
of the output signal is selected by selecting the frequency 
With Which the sWitch circuit sWitches on and off the supply 
voltage to the output terminal. The mark/space ratio of the 
output signal is selected by selecting the durations of the 
periods during Which the supply voltage is sWitched to the 
output terminal, and is isolated therefrom. HoWever, a 
problem With such signal generators is that in general, they 
are suitable only for generating an output signal represen 
tative of a square Waveform Which oscillates betWeen a ?xed 
maximum value, Which typically, is the value of the supply 
voltage Vdd, and a ?xed minimum value, Which typically is 
ground. Without the addition of relatively complex circuitry, 
it is not possible to vary the maximum and minimum voltage 
values betWeen Which the output signal sWings. 

[0003] Signal generators Which comprise a digital to ana 
log converter (DAC), for example, a voltage DAC, are also 
knoWn. The DAC outputs an analog voltage signal Which is 
representative of the desired Waveform. Aplurality of digital 
Words Which correspond to voltage values of the Waveform 
are sequentially applied to the DAC from an external circuit 
in an appropriate sequence, and at appropriate time intervals 
so that the DAC outputs an analog output signal Which is 
representative of the desired Waveform. 

[0004] While such signal generators comprising a DAC 
are suitable for generating an analog output signal repre 
sentative of a desired Waveform, they suffer from a number 
of disadvantages. Firstly, they tend to be inef?cient, in that 
they do not utilise the DAC to its maximum ef?ciency, and 
secondly, they require external circuitry for storing digital 
Words Which correspond to desired voltage values of the 
output signal. The external circuitry requires programming 
in order that the digital Words are applied to the DAC in the 
appropriate sequence and at the appropriate time intervals so 
that the analog signal outputted by the DAC is representative 
of the desired Waveform. A further disadvantage, and a 
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particularly serious disadvantage is that the digital Words 
must be transferred from the external circuitry to the DAC, 
for in turn loading into the DAC, and this can signi?cantly 
sloW doWn the operation of the DAC, particularly Where the 
digital link betWeen the external circuitry and the DAC is 
through a serial interface. This is undesirable. 

[0005] There is therefore a need for a signal generator for 
generating an analog output signal representative of a Wave 
form, and in particular, a square or a stepped Waveform 
Which overcomes at least some of the problems of knoWn 
signal generators. 

[0006] The present invention is directed toWards such a 
signal generator, and the invention is also directed toWards 
a method for generating an analog signal representative of 
such a Waveform. 

SUMMARY OF THE INVENTION 

[0007] According to the invention there is provided an 
integrated circuit signal generator for generating an analog 
output signal representative of a square Waveform, the signal 
generator comprising: 

[0008] an on-chip DAC having an analog output for 
outputting the analog output signal representative of 
the square Waveform, 

[0009] an on-chip storing circuit for storing a ?rst 
digital Word and a second digital Word corresponding 
respectively to a maximum analog value and a 
minimum analog value of the analog output signal, 
and 

[0010] an on-chip control circuit for selectively and 
alternately loading the ?rst and second digital Words 
into the DAC for producing the analog output signal 
representative of the square Waveform. 

[0011] In one embodiment of the invention the control 
circuit is responsive to an externally generated signal for 
loading the ?rst and second digital Words into the DAC. 

[0012] In another embodiment of the invention the fre 
quency of the analog output signal is determined by the 
frequency of the externally generated signal. 

[0013] Alternatively, an on-chip signal generating circuit 
is provided for generating an on-chip generated signal, the 
control circuit being responsive to the on-chip generated 
signal for loading the ?rst and second digital Words into the 
DAC. Preferably, the on-chip signal generating circuit is 
programmable for selecting the frequency of the analog 
output signal. 

[0014] Preferably, the storing circuit is programmable for 
facilitating Writing of the ?rst and second digital Words 
corresponding to desired analog maximum and minimum 
values of the analog output signal. 

[0015] In one embodiment of the invention the storing 
circuit comprises an on-chip ?rst digital Word storing reg 
ister for storing the ?rst digital Word, and an on-chip second 
digital Word storing register for storing the second digital 
Word. 

[0016] In another embodiment of the invention an on-chip 
sWitch circuit is provided for selectively and alternately 
sWitching the ?rst and second digital Word storing registers 
to the DAC. 
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[0017] Preferably, the control circuit outputs a load DAC 
signal for loading the digital Word from the one of the ?rst 
and second digital Word storing registers sWitched to the 
DAC, and the sWitch circuit is responsive to a control signal 
derived from the load DAC signal for selectively sWitching 
the ?rst and second digital Word storing registers to the 
DAC. 

[0018] In one embodiment of the invention an on-chip 
DAC register is provided for storing the selected one of the 
?rst and second digital Words to be loaded into the DAC, the 
sWitch circuit being located for selectively and alternately 
sWitching the ?rst and second digital Word storing registers 
to the DAC register, and the DAC register is responsive to 
the load DAC signal for receiving the digital Word from the 
one of the ?rst and second digital Word storing registers 
Which is sWitched to the DAC register. 

[0019] In another embodiment of the invention an on-chip 
interface circuit is provided for receiving the externally 
generated signal to Which the control circuit is responsive 
for selectively and alternately loading the ?rst and second 
digital Words into the DAC. 

[0020] In one embodiment of the invention the DAC is a 
voltage DAC and the analog output signal is a voltage signal 
representative of a voltage square Waveform. 

[0021] Additionally the invention provides an integrated 
circuit signal generator for generating an analog output 
signal representative of a step Waveform, the signal genera 
tor comprising: 

[0022] an on-chip DAC having an analog output for 
outputting the analog output signal representative of 
the step Waveform, 

[0023] an on-chip storing circuit for storing a plural 
ity of digital Words corresponding to analog step 
values of the analog output signal, 

[0024] an on-chip control circuit for selectively and 
sequentially loading the digital Words into the DAC 
for producing the analog output signal representative 
of the step Waveform. 

[0025] In one embodiment of the invention the control 
circuit is responsive to an externally generated signal for 
loading the digital Words into the DAC. 

[0026] In another embodiment of the invention the fre 
quency of the analog output signal is determined by the 
frequency of the externally generated signal. 

[0027] Alternatively, an on-chip signal generating circuit 
is provided for generating an on-chip generated signal, the 
control circuit being responsive to the on-chip generated 
signal for loading the digital Words into the DAC. Prefer 
ably, the on-chip signal generating circuit is programmable 
for selecting the frequency of the analog output signal. 

[0028] Preferably, the storing circuit is programmable for 
facilitating Writing of digital Words corresponding to desired 
analog step values of the analog output signal. 

[0029] In one embodiment of the invention the storing 
circuit comprises a plurality of on-chip digital Word storing 
registers for storing the respective digital Words correspond 
ing to desired analog step values of the analog output 
voltage. 
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[0030] In one embodiment of the invention an on-chip 
sWitch circuit is provided for selectively and sequentially 
sWitching the digital Word storing registers to the DAC. 

[0031] In another embodiment of the invention the control 
circuit outputs a load DAC signal for loading the digital 
Word from the one of the digital Word storing registers 
sWitched to the DAC, and the sWitch circuit is responsive to 
control signals derived from the load DAC signal for selec 
tively sWitching the digital Word storing registers to the 
DAC. 

[0032] The invention also provides a method for generat 
ing an analog output signal representative of a square 
Waveform in an integrated circuit, the method comprising 
the steps of: 

[0033] providing an on-chip DAC on the integrated 
circuit, 

[0034] storing a ?rst digital Word and a second digital 
Word in an on-chip storing circuit of the integrated 
circuit, the ?rst and second digital Words correspond 
ing respectively to a maximum analog value and a 
minimum analog value of the analog output signal, 
and 

[0035] selectively and alternately loading the ?rst 
and second digital Words into the DAC for producing 
the analog signal representative of the square Wave 
form on an analog output of the DAC. 

[0036] In one embodiment of the invention the ?rst and 
second digital Words are loaded into the DAC in response to 
an externally generated signal generated externally of the 
integrated circuit. 

[0037] In another embodiment of the invention the fre 
quency of the analog output signal is determined by the 
frequency of the externally generated signal. 

[0038] Alternatively, the ?rst and second digital Words are 
loaded into the DAC in response to an on-chip generated 
signal. 
[0039] The invention further provides a method for gen 
erating an analog output signal representative of a step 
Waveform in an integrated circuit, the method comprising 
the steps of: 

[0040] providing an on-chip DAC on the integrated 
circuit, 

[0041] storing a plurality of digital Words in an 
on-chip storing circuit on the integrated circuit, the 
digital Words corresponding to analog step values of 
the analog output signal, and 

[0042] selectively and sequentially loading the digital 
Words into the DAC for producing the analog signal 
representative of the step Waveform on an analog 
output of the DAC. 

[0043] In one embodiment of the invention the digital 
Words are loaded into the DAC in response to an externally 
generated signal generated externally of the integrated cir 
cuit. 

[0044] In another embodiment of the invention the fre 
quency of the analog output signal is determined by the 
frequency of the externally generated signal. 
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[0045] Alternatively, the digital Words are loaded into the 
DAC in response to an on-chip generated signal. 

ADVANTAGES OF THE INVENTION 

[0046] The advantages of the integrated circuit signal 
generator according to the invention are many. The signal 
generator according to the invention is a particularly simple 
and non-complex signal generator, and operates ef?ciently 
to produce an analog output signal representative of a square 
or a stepped Waveform. The signal generator is particularly 
simple to operate and requires minimum programming. 
Where the signal generator is required to produce an analog 
output signal representative of a square Waveform, the ?rst 
and second digital Words corresponding to the desired 
maximum and minimum voltage values of the analog output 
signal are Written to the storing circuit. Where the control 
circuit is responsive to an externally generated signal for 
selectively and alternately loading the ?rst and second 
digital Words into the DAC, a suitable external signal is 
applied to the control circuit. The frequency of the analog 
output signal is selected by appropriately selecting the 
frequency of the external signal. The mark/space ratio of the 
square Waveform of Which the analog output signal is 
representative is also selected by appropriately selecting the 
external signal. Where the frequency of the analog output 
signal is to be constant, and the mark/space ratio is to be one, 
the externally generated signal may be a standard clock 
signal of constant frequency equal to tWice the desired 
frequency of the analog output signal. On the other hand, if 
the mark/space ratio of the desired Waveform is not to be 
one, then an externally generated signal of appropriately 
varying frequency may be applied to the control circuit. The 
simplicity of the invention When the control circuit is 
responsive to an externally generated signal for selectively 
and alternately loading the ?rst and second digital Words 
into the DAC Will be evident to any person skilled in the art. 

[0047] Where the signal generator is required to generate 
an analog output signal representative of a square Waveform, 
and the signal generator generates an on-chip signal to 
Which the control circuit is responsive for selectively and 
alternately loading the ?rst and second digital Words into the 
DAC, the ?rst and second digital Words corresponding to the 
desired maximum and minimum voltage values of the 
analog output signal are Written to the storing circuit, and the 
on-chip signal generator is programmed to output the on 
chip generated signal at an appropriate frequency to produce 
the analog output signal of the desired frequency and 
mark/space ratio. 

[0048] Similar advantages are achieved from the signal 
generator When it is operated for generating an analog output 
signal representative of a step Waveform, since all that is 
required is to Write digital Words of appropriate values 
corresponding to the desired step voltage values of the 
analog output signal to the storing circuit, and appropriately 
select the externally generated signal, Where the control 
circuit is responsive to an externally generated signal, to 
produce the step Waveform of the desired frequency, and for 
maintaining the step voltage values of the analog output 
signal for the desired time periods. Where the analog output 
signal is to step through the voltage steps at a constant rate, 
the external signal may be provided as a standard clock 
signal of appropriate constant frequency. Alternatively, 
When the control circuit is responsive to an internally 
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generated signal, the on-chip signal generating circuit is 
programmed for outputting the internally generated signal of 
the appropriate frequency for stepping the analog output 
voltage through the voltage steps at the desired time inter 
vals. 

[0049] By virtue of the fact that the storing circuit of the 
signal generator according to the invention is provided 
on-chip on the integrated circuit, there are no delays in 
loading the digital Words from the storing circuit to the 
DAC, Which otherWise occurs When digital Words corre 
sponding to desired voltage values of an output signal are 
stored in an external circuit and must be transferred from the 
external circuit to the DAC. 

[0050] By providing the control circuit to be responsive to 
an externally generated signal for loading the digital Words 
from the storing circuit into the DAC the frequency of the 
analog output signal is readily easily selected by selecting 
the externally generated signal to be of the appropriate 
frequency. Additionally, the mark/space ratio of a Waveform 
is also readily easily selected by appropriately selecting and 
varying the frequency of the externally generated signal. 

[0051] Additionally, When the signal generator is provided 
With a programmable storing circuit, the voltage values of 
the analog output signal can be readily easily altered by 
Writing digital input Words of appropriate values to the 
storing circuit corresponding to the desired voltage values. 

[0052] A still further advantage of the invention is that the 
signal generator can be provided With a relatively loW pin 
count, in other Words, a relatively loW number of input and 
output terminals. In general, all that is required is a single 
output terminal, and suf?cient pins for permitting program 
ming of the storing circuit, Where the storing circuit is 
programmable, and for programming the on-chip signal 
generating circuit, in cases Where an on-chip signal gener 
ating circuit is provided. Typically, a single serial data input 
pin, a SYNC pin and a clock pin is all that should be required 
for programming the storing circuit and the on-chip signal 
generating circuit. Where the control circuit is responsive to 
an externally generated signal, one further pin is all that is 
required for receiving the externally generated signal. Thus, 
the provision of a single pin for receiving the externally 
generated signal permits the frequency and mark/space ratio 
of the analog output signal to be selected and controlled. 

[0053] These and other advantages of the invention Will be 
readily apparent to those skilled in the art from the folloWing 
description of some preferred embodiments thereof, Which 
are given by Way of example only, With reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] FIG. 1 is a block representation of an integrated 
circuit signal generator according to the invention for gen 
erating an analog output signal representative of a square 
Waveform, 

[0055] FIG. 2 illustrates Waveforms of signals of the 
signal generator of FIG. 1 during operation of the signal 
generator to produce an analog output signal, 

[0056] FIG. 3 illustrates Waveforms of signals of the 
signal generator of FIG. 1 during operation of the signal 
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generator to produce an alternative analog output signal to 
that illustrated by the Waveforms of FIG. 2, 

[0057] FIG. 4 is a block representation of an integrated 
circuit signal generator according to another embodiment of 
the invention also for generating an analog output signal 
representative of a square Waveform, 

[0058] FIG. 5 is a block representation of an integrated 
circuit signal generator also according to the invention for 
generating an analog output signal representative of a step 
Waveform, and 

[0059] FIG. 6 illustrates Waveforms of signals of the 
signal generator of FIG. 5 during operation of the signal 
generator to produce an analog output signal. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0060] Referring to the draWings and initially to FIG. 1, 
there is illustrated an integrated circuit signal generator 
according to the invention, indicated generally by the ref 
erence numeral 1, for generating an analog output voltage 
signal representative of a square Waveform. The signal 
generator 1 is implemented as an integrated circuit chip by 
a CMOS process. The signal generator 1 comprises a supply 
voltage terminal 2 for receiving a supply voltage Vdd, and a 
ground terminal 3 for grounding the signal generator 1. The 
analog output voltage signal is outputted on an output 
terminal 5. The signal generator 1 comprises an on-chip 
storing circuit 8 Which in this embodiment of the invention 
comprises an on-chip programmable ?rst digital Word stor 
ing register 9 for storing a ?rst digital Word corresponding 
to the maximum voltage value of the square Waveform 
analog output voltage signal, and an on-chip programmable 
second digital Word storing register 10 for storing a second 
digital Word corresponding to the minimum voltage value of 
the square Waveform analog output voltage signal. 

[0061] An on-chip voltage digital to analog converter 
(DAC) 12, the analog output 13 of Which is connected to the 
output terminal 5 produces the analog output voltage signal 
on the output terminal 5 by converting the ?rst and second 
digital Words stored in the ?rst and second registers 9 and 10. 
A reference voltage Vref is applied to the DAC 12, and may 
be generated on-chip or supplied from an external source. 
The ?rst and second digital Words are selectively and 
alternately loaded into the DAC 12 under the control of an 
on-chip control circuit 14 and an on-chip sWitch circuit 15 
for producing the analog output signal representative of the 
square Waveform. An on-chip DAC register 17 holds the one 
of the ?rst and second digital Words during conversion by 
the DAC 12. The sWitch circuit 15 selectively and alter 
nately sWitches the ?rst and second registers 9 and 10 to the 
DAC register 17 in response to a control signal from an 
on-chip D-type ?ip-?op 19 under the control of the control 
circuit 14 as Will be described beloW. 

[0062] A load DAC signal on a load DAC line 20 from the 
control circuit 14 opens the DAC register 17 to the one of the 
?rst and second registers 9 and 10 sWitched through to the 
DAC register 17 by the sWitch circuit 15 for receiving the 
corresponding one of the ?rst and second digital Words, and 
for transferring the ?rst and second digital Words to the DAC 
12. In this embodiment of the invention the load DAC 
signals on the load DAC line 20 are generated by the control 
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circuit 14 in response to an externally generated signal 
Which is applied to an input terminal identi?ed as an LDAC 
terminal 22. The externally generated signal applied to the 
LDAC terminal 22 is relayed to the control circuit 14 
through an on-chip interface circuit 24. The externally 
generated signal applied to the LDAC terminal 22 is illus 
trated by the Waveform (a) of FIG. 2, and Will be described 
beloW. 

[0063] The sWitch circuit 15 comprises tWo on-chip digital 
sWitches, namely, a digital sWitch S1 Which sWitches the ?rst 
register 9 to the DAC register 17, and a second digital sWitch 
S2 Which sWitches the second register 10 to the DAC 
register 17. In this embodiment of the invention the control 
signal for operating the sWitches S1 and S2 is derived by the 
?ip-?op 19 from the load DAC signal on the load DAC line 
20. The ?ip-?op 19 is con?gured With its negative Q output 
connected to its DATA input, and the control signal is 
derived from its positive Q output, Which is applied to the 
?rst sWitch S1 through a control line 25. The load DAC 
signal on the load DAC line 20 is applied to the clock input 
of the ?ip-?op 19. The ?ip-?op 19 can be reset on poWer up 
by a reset signal from the control circuit 14, or may be reset 
by an external reset signal received through the interface 
circuit 24. 

[0064] The ?rst sWitch S1 is responsive to the control 
signal on the control line 25 and remains in a closed circuit 
state holding the ?rst register 9 sWitched to the DAC register 
17 While the control signal on the control line 25 from the 
?ip-?op 19 remains high, and goes into an open circuit state 
isolating the ?rst register 9 from the DAC register 17 When 
the control signal from the ?ip-?op 19 goes loW. An inverter 
26 inverts and applies the control signal on the control line 
25 to the second sWitch S2, Which also remains in a closed 
circuit state While the inverted control signal applied from 
the inverter 26 to the second sWitch S2 is high, thus holding 
the second register 10 sWitched to the DAC register 17. The 
second sWitch S2 goes into an open circuit state When the 
inverted control signal from the inverter 26 goes loW, thus 
isolating the second register 10 from the DAC register 17. 
Accordingly, While the control signal from the ?ip-?op 19 
remains high, the ?rst sWitch S1 is in a closed circuit state 
and the second sWitch S2 is in an open circuit state, and vice 
versa When the control signal from the ?ip-?op 19 goes loW. 

[0065] Referring noW in particular to FIG. 2, the Wave 
form (a) as discussed above represents the externally gen 
erated signal applied to the LDAC terminal 22. The exter 
nally generated signal is a clock signal of constant 
frequency, and for convenience is hereafter referred to as the 
LDAC signal. The Waveform (b) of FIG. 2 represents the 
load DAC signal Which is generated by the control circuit 14 
in response to the LDAC signal (a), and Which is applied to 
the load DAC line 20. As can be seen, the frequency of the 
load DAC signal is identical to that of the LDAC signal. The 
DAC register 17 is responsive to each falling edge of the 
load DAC signal for receiving and transferring the one of the 
?rst and second digital Words from the one of the ?rst and 
second registers 9 and 10 Which is sWitched to the DAC 
register by the sWitches S1 and S2. 

[0066] The Waveform (c) of FIG. 2 represents the control 
signal outputted by the ?ip-?op 19 on the control line 25. 
The control signal changes from high to loW and from loW 
to high on alternate falling edges of the load DAC signal. 
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Accordingly, on each falling edge of the load DAC signal 
the conducting states of the ?rst and second sWitches S1 and 
S2 are reversed, thus alternately switching the ?rst and 
second registers 9 and 10 to the DAC register 17. As the ?rst 
and second registers 9 and 10 are sWitched to the DAC 
register 17, the load DAC signal on the load DAC line 20 
opens the DAC register to receive the digital Word from the 
one of the ?rst and second registers 9 and 10 just sWitched 
to the DAC register 17, Which is then transferred to the DAC 
12. 

[0067] The Waveform (d) of FIG. 2 represents the analog 
output signal from the DAC 12 Which is outputted on the 
output terminal 5. The analog output signal is representative 
of a square Waveform of mark/space ratio of one, Which 
sWings betWeen a maximum voltage of VOutrnaX correspond 
ing to the ?rst digital Word, and a minimum voltage VOutrnin 
corresponding to the second digital Word. Accordingly, on 
each falling edge of the load DAC signal on the load DAC 
line 20, the analog output voltage on the output terminal 5 
sWings betWeen the maximum voltage VOutrnaX and the 
minimum voltage Voutmin. Thus, since the load DAC signal 
on the load DAC line 20 outputted by the control circuit 14 
is derived directly from the LDAC signal, the frequency of 
the analog output signal is determined directly by the LDAC 
signal, and is half the frequency of the LDAC signal. 
Accordingly, the frequency of the analog output signal is 
selected in this embodiment of the invention by appropri 
ately selecting the frequency of the externally generated 
LDAC signal to be tWice the desired frequency of the analog 
output signal. 

[0068] Additionally, the mark/space ratio of the square 
Waveform may be selected to be other than one by varying 
the frequency of the LDAC signal as Will be discussed 
beloW. 

[0069] Three input terminals, namely, a serial data input 
(SDIN) terminal 28, a clock terminal 29 and a SYNC 
terminal 30 are provided to the interface circuit 24 for 
facilitating Writing of the ?rst and second digital Words 
corresponding to desired maximum and minimum voltage 
values of the analog digital output signal to the ?rst and 
second registers 9 and 10. 

[0070] In use, With a supply voltage Vdd applied to the 
supply voltage terminal 2 and the ground terminal 3 
grounded, ?rst and second digital input Words corresponding 
to desired maximum and minimum voltage values of the 
analog output signal are Written to the ?rst and second 
registers 9 and 10 through the SDIN terminal 28 using the 
clock terminal 29 and the SYNC terminal 30 for framing the 
respective digital Words. The externally generated LDAC 
signal of appropriate frequency to provide the analog output 
voltage signal of the desired frequency is applied to the 
LDAC terminal 22. The control circuit 14 derives the load 
DAC signal from the LDAC signal, Which is applied to the 
load DAC line 20. On each falling edge of the LDAC signal, 
and in turn on each falling edge of the load DAC signal on 
the load DAC line 20, the voltage of the analog output signal 
sWings betWeen the high and loW voltages VOutrnaX and 
V0mmin corresponding to the ?rst and second digital Words 
stored in the ?rst and second digital registers 9 and 10, 
respectively. When the LDAC signal is a clock signal of 
constant frequency, the frequency of the analog output signal 
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is half the frequency of the LDAC signal applied to the 
LDAC terminal 22, and the mark/space ratio of the analog 
output signal is one. 

[0071] Referring noW to FIG. 3, Waveforms (a) to (d) 
Which correspond to the Waveforms (a) to (d) of FIG. 2, 
represent corresponding signals When the LDAC signal of 
Waveform (a) applied to the LDAC terminal 22 of the signal 
generator 1 is chosen to produce an analog output signal of 
constant frequency With a mark/space ratio greater than one, 
see Waveform (d) of FIG. 3. In this case, the LDAC signal 
of Waveform (a) is of varying frequency, so that the falling 
edges of the LDAC signal of Waveform (a) occur at appro 
priate time intervals, so that the load DAC signal of Wave 
form (b) Which is generated by the control circuit 14 from 
the LDAC signal of Waveform (a), likeWise presents a 
falling edge at appropriate time intervals for loading the ?rst 
and second digital Words into the DAC 12. Since the control 
signal outputted by the ?ip-?op 19 is derived from the load 
DAC signal of Waveform (b), on each falling edge of the 
load DAC signal of Waveform (b), the polarity of the control 
signal of Waveform (c) is altered, thereby appropriately 
sWitching the ?rst and second registers 9 and 10 to the DAC 
register 17 at the appropriate times for loading the ?rst and 
second digital Words into the DAC 12 for producing the 
analog output signal of Waveform The analog output 
signal of Waveform (d) is a square Waveform of constant 
frequency and of mark/space ratio equal to tWo. 

[0072] Needless to say, analog output signals of other 
mark/space ratios may be produced by the signal generator 
1 by appropriately selecting the frequencies of the externally 
generated LDAC signal. 

[0073] Referring noW to FIG. 4, there is illustrated an 
integrated circuit signal generator according to another 
embodiment of the invention indicated generally by the 
reference numeral 40. The signal generator 40 is substan 
tially similar to the signal generator 1, and similar compo 
nents are identi?ed by the same reference numerals. The 
main difference betWeen the signal generator 40 and the 
signal generator 1 is that in the signal generator 40 the load 
DAC signal is generated by the control circuit 14 in response 
to an on-chip generated signal, Which in this embodiment of 
the invention is generated by a programmable on-chip signal 
generating circuit 41. The signal generating circuit 41 is 
programmable through the SDIN terminal 28, the clock 
terminal 29 and the SYNC terminal 30 through the interface 
circuit 24 for outputting a clock signal to the control circuit 
14, similar to the externally generated LDAC signal illus 
trated in FIG. 2 from Which the control circuit 14 generates 
the load DAC signal Which is in turn applied to the load 
DAC line 20. 

[0074] In use, ?rst and second digital Words corresponding 
to the maximum and minimum voltage values of the analog 
output signal are Written to the ?rst and second registers 9 
and 10 through the SDIN terminal 28 using the clock 
terminal 29 and the SYNC terminal 30 to frame the respec 
tive digital Words, and in turn through the interface circuit 
24. The signal generating circuit 41 is also programmed 
through the SDIN terminal 28, the clock terminal 29 and the 
SYNC terminal 30 to output a signal to the control circuit 14 
of the appropriate frequency. 

[0075] With a relatively simple signal generating circuit 
41, analog output signals of a relatively Wide range of 
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desired frequencies and mark/space ratios of one can be 
produced by the signal generator 40. HoWever, Where analog 
output signals of mark/space ratio other than one, additional 
logic circuitry Would be required With the signal generating 
circuit 41 for providing a signal to the control circuit 14, so 
that the appropriate load DAC signal Would be generated by 
the control circuit 14. This Will be readily apparent to those 
skilled in the art. 

[0076] Referring noW to FIG. 5, there is illustrated an 
integrated circuit signal generator according to another 
embodiment of the invention, indicated generally by the 
reference numeral 60. The signal generator 60 is substan 
tially similar to the signal generator 1 and similar compo 
nents are identi?ed by the same reference numerals. In this 
embodiment of the invention While the signal generator 60 
is suitable for outputting an analog output signal represen 
tative of a square Waveform, the signal generator 60 is also 
suitable for outputting a step Waveform, of the type, for 
example, illustrated by the Waveform (d) in FIG. 6. In this 
embodiment of the invention the storing circuit 8 comprises 
N on-chip programmable digital Word storing registers, 
namely, digital Word storing registers R1 to RH for storing up 
to N digital Words corresponding to N desired voltage steps 
of the analog output signal. The sWitch circuit 15 comprises 
N on-chip digital sWitches, namely, sWitches S1 to SD for 
sWitching the respective registers R1 to Rn selectively and 
sequentially to the DAC register 17. The control circuit 14 
is responsive to an externally generated LDAC signal 
applied to the LDAC terminal 22 for generating a load DAC 
signal, Which is applied to the load DAC line 20 for opening 
the DAC register 17 for receiving the digital Words from the 
registers R1 to Rn as they are sWitched through to the DAC 
register 17 by the sWitches S1 to Sn, and for in turn 
transferring the digital Word in the DAC register 17 to 5 the 
DAC 12. 

[0077] An on-chip decoder 63 is responsive to the load 
DAC signal on the load DAC line 20 for determining the 
sequence in Which the registers R1 to Rn are to be sWitched 
by the sWitches S1 to SD to the DAC register 17. The sWitches 
S1 to SD are responsive to enable signals outputted by the 
decoder 63 on the lines L1 to LH for sWitching the register R1 
to Rn through to the DAC register 17 in the appropriate 
sequence. 

[0078] In use, digital Words corresponding to the desired 
step voltage values through Which the analog output signal 
is to be stepped are Written to the digital Word storing 
registers R1 to Rn as already described With reference to the 
signal generator 1 of FIG. 1. The sequence in Which the 
digital Word storing registers R1 to Rn are to be sWitched to 
the DAC register 17 is programmed into the decoder 63 
through the SDIN terminal 28, the clock terminal 29 and the 
SYNC terminal 30 and through the interface circuit 24. An 
LDAC signal of the appropriate frequency is applied to the 
LDAC terminal 22. The control circuit 14 generates the load 
DAC signal from the LDAC signal on the LDAC terminal 
22 as already described With reference to the signal genera 
tor 1 of FIG. 1, and the load DAC signal is applied to the 
load DAC line 20. The decoder 63 in response to the load 
DAC signal enables the sWitches S1 to SD in the appropriate 
sequence, so that the digital Words in the digital Word storing 
registers R1 to Rn are sWitched through to the DAC register 
17 in the appropriate sequence. 
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[0079] Referring noW to FIG. 6, the analog output signal 
of the stepped Waveform (d) of FIG. 6 is generated in 
response to an LDAC signal provided by a clock signal of 
constant frequency Which is represented by the Waveform 
(a) of FIG. 6. The Waveform (b) represents the load DAC 
signal generated by the control circuit 14 from the LDAC 
signal of the Waveform (a). The decoder outputs a high 
signal to each of the sWitches S1 to SD for the period during 
Which the respective sWitches S1 to SD are to operate in a 
closed circuit state for sWitching the corresponding one of 
the registers R1 to Rn to the DAC register 17. To produce the 
analog output signal of the Waveform (d) of FIG. 6 four 
digital Word storing registers R1 to R4 are required to store 
four digital Words corresponding to the four voltage step 
values through Which the analog voltage is stepped. 

[0080] OtherWise, use and operation of the signal genera 
tor 60 is similar to that of the signal generator 1 of FIG. 1. 

[0081] While the signal generators have been described as 
comprising programmable digital Word storing registers, 
While it is desirable, it is not essential that the digital Word 
storing registers should be programmable. Additionally, 
While the signal generator described With reference to FIG. 
4 has been described as comprising a programmable on-chip 
signal generating circuit, While this is desirable, it is not 
essential. 

[0082] While the signal generators have been described 
for outputting analog output signals of speci?c Waveforms, 
it Will be readily apparent to those skilled in the art that the 
signal generators described With reference to the draWings 
may be provided for outputting analog output signals of 
different Waveforms, and such other Waveforms Would be 
produced by appropriately programming the digital Word 
storing registers and Where the signal generator is provided 
With a programmable on-chip signal generating circuit, 
appropriately programming the on-chip signal generating 
circuit, or otherWise, appropriately selecting the externally 
generated LDAC signal to be applied to the signal generator. 

[0083] While the DAC register, the ?ip-?op and the 
decoder have been described as being responsive to the 
falling edge of the load DAC signal, it Will be readily 
apparent to those skilled in the art that instead of being 
responsive to the falling edge, they could be responsive to 
the rising edge of the load DAC signal. 

[0084] While the digital Word storing registers, the signal 
generating circuit 41 and the decoder have been described as 
being programmable through a serial interface, any other 
suitable interface, for example, a parallel interface, an 12C 
interface may be provided. 

[0085] While the signal generator described With refer 
ence to FIG. 5 has been described as comprising N digital 
Word storing registers, it is envisaged that When the signal 
generator of FIG. 5 is being used to generate a step 
Waveform, all N registers need not necessarily be used. For 
example, the appropriate number of digital Word storing 
registers corresponding to the number of steps in the step 
Waveform Would be programmed With digital Words of value 
corresponding to the step voltage values, and the decoder 
Would be appropriately programmed. 
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1. An integrated circuit signal generator for generating an 
analog output signal representative of a square Waveform, 
the signal generator comprising: 

an on-chip DAC having an analog output for outputting 
the analog output signal representative of the square 
Waveform, 

an on-chip storing circuit for storing a ?rst digital Word 
and a second digital Word corresponding respectively to 
a maximum analog value and a minimum analog value 
of the analog output signal, and 

an on-chip control circuit for selectively and alternately 
loading the ?rst and second digital Words into the DAC 
for producing the analog output signal representative of 
the square Waveform. 

2. An integrated circuit signal generator as claimed in 
claim 1 in Which the control circuit is responsive to an 
externally generated signal for loading the ?rst and second 
digital Words into the DAC. 

3. An integrated circuit signal generator as claimed in 
claim 2 in Which the frequency of the analog output signal 
is determined by the frequency of the externally generated 
signal. 

4. An integrated circuit signal generator as claimed in 
claim 1 in Which an on-chip signal generating circuit is 
provided for generating an on-chip generated signal, the 
control circuit being responsive to the on-chip generated 
signal for loading the ?rst and second digital Words into the 
DAC. 

5. An integrated circuit signal generator as claimed in 
claim 4 in Which the on-chip signal generating circuit is 
programmable for selecting the frequency of the analog 
output signal. 

6. An integrated circuit signal generator as claimed in 
claim 1 in Which the storing circuit is programmable for 
facilitating Writing of the ?rst and second digital Words 
corresponding to desired analog maximum and minimum 
values of the analog output signal. 

7. An integrated circuit signal generator as claimed in 
claim 1 in Which the storing circuit comprises an on-chip 
?rst digital Word storing register for storing the ?rst digital 
Word, and an on-chip second digital Word storing register for 
storing the second digital Word. 

8. An integrated circuit signal generator as claimed in 
claim 7 in Which an on-chip sWitch circuit is provided for 
selectively and alternately sWitching the ?rst and second 
digital Word storing registers to the DAC. 

9. An integrated circuit signal generator as claimed in 
claim 8 in Which the control circuit outputs a load DAC 
signal for loading the digital Word from the one of the ?rst 
and second digital Word storing registers sWitched to the 
DAC, and the sWitch circuit is responsive to a control signal 
derived from the load DAC signal for selectively sWitching 
the ?rst and second digital Word storing registers to the 
DAC. 

10. An integrated circuit signal generator as claimed in 
claim 9 in Which an on-chip DAC register is provided for 
storing the selected one of the ?rst and second digital Words 
to be loaded into the DAC, the sWitch circuit being located 
for selectively and alternately sWitching the ?rst and second 
digital Word storing registers to the DAC register, and the 
DAC register is responsive to the load DAC signal for 
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receiving the digital Word from the one of the ?rst and 
second digital Word storing registers Which is sWitched to 
the DAC register. 

11. An integrated circuit signal generator as claimed in 
claim 2 in Which an on-chip interface circuit is provided for 
receiving the externally generated signal to Which the con 
trol circuit is responsive for selectively and alternately 
loading the ?rst and second digital Words into the DAC. 

12. An integrated circuit signal generator as claimed in 
claim 1 in Which the DAC is a voltage DAC and the analog 
output signal is a voltage signal representative of a voltage 
square Waveform. 

13. An integrated circuit signal generator for generating 
an analog output signal representative of a step Waveform, 
the signal generator comprising: 

an on-chip DAC having an analog output for outputting 
the analog output signal representative of the step 
Waveform, 

an on-chip storing circuit for storing a plurality of digital 
Words corresponding to analog step values of the 
analog output signal, 

an on-chip control circuit for selectively and sequentially 
loading the digital Words into the DAC for producing 
the analog output signal representative of the step 
Waveform. 

14. An integrated circuit signal generator as claimed in 
claim 13 in Which the control circuit is responsive to an 
externally generated signal for loading the digital Words into 
the DAC. 

15. An integrated circuit signal generator as claimed in 
claim 14 in Which the frequency of the analog output signal 
is determined by the frequency of the externally generated 
signal. 

16. An integrated circuit signal generator as claimed in 
claim 13 in Which an on-chip signal generating circuit is 
provided for generating an on-chip generated signal, the 
control circuit being responsive to the on-chip generated 
signal for loading the digital Words into the DAC. 

17. An integrated circuit signal generator as claimed in 
claim 16 in Which the on-chip signal generating circuit is 
programmable for selecting the frequency of the analog 
output signal. 

18. An integrated circuit signal generator as claimed in 
claim 13 in Which the storing circuit is programmable for 
facilitating Writing of digital Words corresponding to desired 
analog step values of the analog output signal. 

19. An integrated circuit signal generator as claimed in 
claim 13 in Which the storing circuit comprises a plurality of 
on-chip digital Word storing registers for storing the respec 
tive digital Words corresponding to desired analog step 
values of the analog output voltage. 

20. An integrated circuit signal generator as claimed in 
claim 19 in Which an on-chip sWitch circuit is provided for 
selectively and sequentially sWitching the digital Word stor 
ing registers to the DAC. 

21. An integrated circuit signal generator as claimed in 
claim 20 in Which the control circuit outputs a load DAC 
signal for loading the digital Word from the one of the digital 
Word storing registers sWitched to the DAC, and the sWitch 
circuit is responsive to control signals derived from the load 
DAC signal for selectively sWitching the digital Word stor 
ing registers to the DAC. 
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22. A method for generating an analog output signal 
representative of a square Waveform in an integrated circuit, 
the method comprising the steps of: 

providing an on-chip DAC on the integrated circuit, 

storing a ?rst digital Word and a second digital Word in an 
on-chip storing circuit of the integrated circuit, the ?rst 
and second digital Words corresponding respectively to 
a maximum analog value and a minimum analog value 
of the analog output signal, and 

selectively and alternately loading the ?rst and second 
digital Words into the DAC for producing the analog 
signal representative of the square Waveform on an 
analog output of the DAC. 

23. Amethod as claimed in claim 22 in Which the ?rst and 
second digital Words are loaded into the DAC in response to 
an externally generated signal generated externally of the 
integrated circuit. 

24. A method as claimed in claim 23 in Which the 
frequency of the analog output signal is determined by the 
frequency of the externally generated signal. 

25. Amethod as claimed in claim 22 in Which the ?rst and 
second digital Words are loaded into the DAC in response to 
an on-chip generated signal. 
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26. A method for generating an analog output signal 
representative of a step Waveform in an integrated circuit, 
the method comprising the steps of: 

providing an on-chip DAC on the integrated circuit, 

storing a plurality of digital Words in an on-chip storing 
circuit of the integrated circuit, the digital Words cor 
responding to respective analog step values of the 
analog output signal, and 

selectively and sequentially loading the digital Words into 
the DAC for producing the analog signal representative 
of the step Waveform on an analog output of the DAC. 

27. A method as claimed in claim 26 in Which the digital 
Words are loaded into the DAC in response to an externally 
generated signal generated externally of the integrated cir 
cuit. 

28. A method as claimed in claim 27 in Which the 
frequency of the analog output signal is determined by the 
frequency of the externally generated signal. 

29. A method as claimed in claim 26 in Which the digital 
Words are loaded into the DAC in response to an on-chip 
generated signal. 


