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©  Impedance  synthesizer. 

©  An  impedance  synthesizer  includes  an  amplifier 
with  selectable  gain  and  a  reference  capacitor,  resis- 
tor,  or  inductor  for  providing  a  plurality  of  synthe- 
sized  impedance  values.  The  voltage  gain  of  the 
amplifier  is  controlled  by  a  programmable  multiply- 
ing  digital-to-analog  converter  which  allows  the  se- 
lection  of  a  myriad  of  desired  synthesized  impedan- 
ces  with  high  precision  and  accuracy. 
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Background  of  the  Invention 

This  invention  relates  generally  to  the  simula- 
tion  of  impedance  using  active  circuits  and  in  par- 
ticular  to  an  impedance  synthesizer  capable  of 
synthesizing  a  wide  range  of  precise  resistance, 
capacitance,  and  inductance  values. 

Calibrating  electronic  test  and  measurement 
equipment  is  commonly  done  by  measuring  a  wide 
range  of  known  impedance  values  with  the  equip- 
ment  to  be  calibrated  and  adjusting  the  circuits  in 
such  equipment  to  precisely  match  the  measured 
values.  The  known  impedance  values  are  provided 
by  a  variety  of  discrete  reference  components  with 
known  resistance,  capacitance,  and  inductance  val- 
ues  that  are  used  as  reference  standards.  Imped- 
ance  is  related  to  resistance,  inductance,  and  ca- 
pacitance  as  a  function  of  frequency  in  the  well 
known  and  accepted  manner.  During  a  calibration 
sequence,  each  reference  component  is  individ- 
ually  measured  by  the  instrument  under  calibration 
and  the  measured  value  is  compared  with  the 
known  value.  Different  instruments  require  different 
reference  components.  The  result  is  a  calibration 
method  that  is  cumbersome  because  each  discrete 
component  must  be  handled  separately,  relatively 
inflexible  because  the  number  of  component  values 
on  hand  is  limited  and  may  not  meet  the  needs  of 
different  calibration  tasks,  and  expensive  since  ref- 
erence  components  must  be  separately  character- 
ized  and  maintained. 

Summary  of  the  Invention 

In  accordance  with  the  present  invention,  an 
impedance  synthesizer  provides  a  plurality  of  syn- 
thesized  impedance  values,  thereby  eliminating  the 
need  to  utilize  a  myriad  of  separate  or  discrete 
components.  An  operational  amplifier  voltage  gain 
is  set  precisely  with  a  multiplying  digital-to-analog 
converter  (DAC).  The  multiplying  DAC  is  digitally 
programmable  via  a  parallel  data  bus  which  can  be 
connected  to  a  microprocessor  or  digital  controller. 
The  amplifier  is  configurable  either  for  shunt  mode 
or  series  mode  depending  on  the  type  of  imped- 
ance  to  be  synthesized.  A  single  reference  capaci- 
tor,  resistor,  or  inductor,  selected  by  means  of 
switches  which  also  select  the  amplifier  configura- 
tion,  serves  as  the  basis  for  synthesizing  multiple 
component  values  based  on  the  programmed  gain 
setting  of  the  operational  amplifier. 

One  feature  of  the  invention  is  to  provide  syn- 
thesized  impedance  values  across  a  pair  of  refer- 
ence  terminals. 

Another  feature  of  the  invention  is  the  ability  to 
synthesize  multiple  values  of  resistances,  capacit- 
ances,  and  inductances  over  a  wide  range  of  val- 
ues  based  on  a  single  reference  resistor,  capacitor, 

or  inductor  and  a  small  number  of  additional  com- 
ponents. 

Another  feature  of  the  invention  is  the  ability  to 
program  new  resistance,  capacitance,  and  induc- 

5  tance  values  simply  by  storing  a  new  digital  control 
word  corresponding  to  a  desired  component  value 
in  a  multiplying  DAC. 

Another  feature  of  the  invention  is  the  ability  to 
program  resistance,  capacitance,  and  inductance 

io  values  with  high  precision  and  accuracy,  taking 
advantage  of  the  precision  of  a  multiplying  DAC 
and  the  accuracy  of  a  reference  component. 

Other  features,  attainments,  and  advantages 
will  become  apparent  to  those  skilled  in  the  art 

75  upon  a  reading  of  the  following  description  when 
taken  in  conjunction  with  the  accompanying  draw- 
ing. 

Brief  Description  of  the  Drawings 
20 

The  single  FIGURE  is  a  schematic  diagram  of 
an  impedance  synthesizer  in  accordance  with  the 
present  invention. 

25  Detailed  Description  of  the  Invention 

Referring  to  the  FIGURE,  there  is  shown  the 
basic  elements  of  a  proposed  commercial  embodi- 
ment  of  the  present  invention.  A  synthesized  im- 

30  pedance  is  formed  across  reference  terminals  10 
and  12  and  provided  to  a  device  to  be  calibrated.  A 
ganged  single  pole  double  throw  switch  14  selects 
a  capacitance-synthesizing  mode  in  its  lower  posi- 
tion  as  shown  and  a  resistance-  or  inductance- 

35  synthesizing  mode  in  its  upper  position.  Switch  14a 
selects  reference  terminal  10  and  the  high  imped- 
ance  non  inverting  input  of  the  operational  amplifier 
16  between  a  reference  capacitor  20  in  capaci- 
tance-synthesizing  mode  and  a  switch  18  which 

40  further  selects  either  a  resistance-  or  inductance- 
synthesizing  mode.  Switch  18  selects  between  a 
reference  resistor  22  and  a  reference  inductor  24 
which  are  both  connected  at  one  end  to  ground. 
Operational  amplifier  16  is  applied  in  a  conven- 

45  tional  non  inverting  amplifier  configuration  with  gain 
G  set  by  the  series  combination  of  a  pair  of  resis- 
tors  26  and  28  which  form  a  voltage  divider  of  the 
output  voltage  which  in  turn  is  fed  back  to  an 
inverting  input  of  operational  amplifier  16.  An  out- 

50  put  from  operational  amplifier  16  is  coupled  to  a 
multiplying  digital-to-analog  converter  (DAC)  30 
which  in  turn  forms  the  gain  setting  element  of  an 
operational  amplifier  32.  The  combination  of  mul- 
tiplying  DAC  30  and  operational  amplifier  32  form 

55  an  inverting  amplifier  with  a  precisely  set  gain  of  D. 
The  output  of  operational  amplifier  32  is  coupled  to 
reference  capacitor  20  and  to  the  feedback  con- 
nection  of  multiplying  DAC  30  which  contains  a 
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resistance  network  which  acts  as  a  precision  prog- 
rammable  voltage  divider  connected  to  the  invert- 
ing  input  of  operational  amplifier  32  in  a  conven- 
tional  inverting  amplifier  configuration.  A  digital 
control  word  received  on  parallel  data  bus  34, 
which  can  be  provided  by  a  microprocessor  or 
digital  controller,  is  used  to  program  the  multiplying 
DAC  30.  Switch  14b  selects  reference  terminal  12 
between  ground  in  the  capacitance-synthesizing 
mode  and  the  output  of  operational  amplifier  32  in 
the  resistance-  or  inductance-synthesizing  mode. 

In  the  capacitance-synthesizing  mode,  the  cir- 
cuit  resembles  an  amplifier  formed  from  the  series 
combination  of  operational  amplifier  16,  multiplying 
DAC  30,  and  operational  amplifier  32  with  an  over- 
all  gain  of  G*D  with  reference  capacitor  20  (Cref) 
connected  between  the  input  and  the  output  of  the 
amplifier.  With  the  amplifier  configured  for  series 
mode,  the  effective  capacitance  between  reference 
terminals  10  and  12  is  Cin  where  Cin  =  Cref  *  (1 
+  G*D). 

In  the  inductance-synthesizing  mode,  the  cir- 
cuit  again  resembles  an  amplifier  with  an  overall 
gain  of  G*D  but  with  reference  inductor  24  (Lref) 
connected  between  the  input  of  the  amplifier  and 
ground  and  output  of  the  amplifier  is  coupled  to 
reference  terminal  12.  With  the  amplifier  configured 
for  shunt  mode,  the  effective  inductance  between 
reference  terminals  10  and  12  is  Lin  where  Lin  = 
Lref  *  (1  +  G*D). 

In  the  resistance-synthesizing  mode,  the  circuit 
again  resembles  an  amplifier  with  an  overall  gain  of 
G*D  but  with  reference  resistor  22  (Rref)  connected 
between  the  input  of  the  amplifier  and  ground.  With 
the  amplifier  configured  for  shunt  mode,  the  effec- 
tive  resistance  between  reference  terminals  10  and 
12  is  Rin  where  Rin  =  Rref  *  (1  +  G*D). 

It  will  be  obvious  to  those  having  ordinary  skill 
in  the  art  that  many  changes  may  be  made  in  the 
details  of  the  above  described  preferred  embodi- 
ments  of  the  invention  without  departing  from  the 
spirit  of  the  invention  in  its  broader  aspects.  For 
example,  a  precision  resistor  network  could  be 
implemented  in  place  of  the  multiplying  DAC  to 
select  the  amplifier  gain  with  attendant  reduction  in 
versatility.  Furthermore,  a  different  type  of  multiply- 
ing  DAC  can  be  substituted  that  combines  multiply- 
ing  DAC  30  and  operational  amplifier  32  as  a  single 
component.  Therefore,  the  scope  of  the  present 
invention  should  be  determined  by  the  following 
claims. 

Claims 

table  gain  factors  coupled  to  said  reference 
means  for  providing  a  plurality  of  synthesized 
impedance  values;  and 

means  for  selecting  one  of  said  plurality  of 
5  synthesized  impedance  values  for  presentation 

to  a  device  to  be  calibrated. 

2.  An  impedance  synthesizer  in  accordance  with 
claim  1  wherein  said  amplifier  means  is  con- 

io  figurable  in  one  of  a  series  mode  sense  and  a 
parallel  mode  sense. 

3.  An  impedance  synthesizer  in  accordance  with 
claim  1  wherein  said  amplifier  means  com- 

15  prises  an  operational  amplifier  having  a  gain 
factor  controlled  by  a  multiplying  digital-to-ana- 
log  converter. 

4.  An  impedance  synthesizer  in  accordance  with 
20  claim  1  wherein  said  multiplying  digital-to-ana- 

log  converter  is  programmable. 

5.  An  impedance  synthesizer  in  accordance  with 
claim  1  wherein  said  reference  means  com- 

25  prises  one  of  a  resistor  element,  a  capacitor 
element,  and  an  inductor  element. 

6.  An  impedance  synthesizer,  comprising: 
a  pair  of  reference  terminals; 

30  a  reference  element  having  a  predeter- 
mined  impedance  value  coupled  to  at  least 
one  of  said  pair  of  reference  terminals; 

an  amplifier  being  configurable  with  said 
reference  element  to  provide  a  plurality  of 

35  selectable  synthesized  impedance  values  in 
accordance  with  a  plurality  of  selectable  gain 
factors  and  said  predetermined  impedance  val- 
ue; 

wherein  a  selected  one  of  said  synthesized 
40  impedance  values  is  provided  across  said  pair 

of  reference  terminals. 

7.  An  impedance  synthesizer  in  accordance  with 
claim  6  further  comprising  said  amplifier  con- 

45  figured  in  series  mode  wherein  said  reference 
element  is  coupled  to  an  input  and  an  output 
of  said  amplifier,  and  at  least  one  of  said  pair 
of  reference  terminals  is  coupled  to  ground. 

50  8.  An  impedance  synthesizer  in  accordance  with 
claim  6  wherein  said  amplifier  is  configured  in 
shunt  mode  wherein  said  reference  element  is 
coupled  to  an  input  of  said  amplifier  and  to 
ground  and  an  output  of  said  amplifier  is  coup- 

55  led  to  at  least  one  of  said  pair  of  reference 
terminals. 

1.  An  impedance  synthesizer,  comprising:  refer-  55 
ence  means  for  providing  a  predetermined  im- 
pedance  value; 

amplifier  means  having  a  plurality  of  selec- 

3 
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9.  An  impedance  synthesizer  in  accordance  with 
claim  6  wherein  said  amplifier  comprises  an 
operational  amplifier  having  voltage  gain  con- 
trolled  by  a  multiplying  digital-to-analog  con- 
verter. 

10.  An  impedance  synthesizer  in  accordance  with 
claim  6  wherein  said  multiplying  digital-to-ana- 
log  converter  is  programmable. 

10 
11.  A  programmable  impedance  synthesizer,  com- 

prising: 
a  pair  of  reference  terminals; 
a  reference  element  having  a  predeter- 

mined  impedance  value  coupled  to  at  least  is 
one  of  said  pair  of  reference  terminals; 

an  amplifier  comprising  a  programmable 
multiplying  digital  to  analog  converter,  wherein 
said  amplifier  is  configurable  with  said  refer- 
ence  element  to  provide  a  plurality  of  selec-  20 
table  synthesized  impedances  in  accordance 
with  a  plurality  of  selectable  gain  factors  and 
said  predetermined  impedance  values; 

wherein  a  selected  one  of  said  synthesized 
impedance  values  is  provided  across  said  pair  25 
of  reference  terminals. 

12.  A  measurement  instrument  having  an  imped- 
ance  synthesizer  as  claimed  in  any  preceding 
claim,  the  instrument  being  switchable  into  a  30 
calibration  mode  in  which  a  synthesized  im- 
pedance  produced  by  a  synthesizer  is  pre- 
sented  as  an  input  to  the  measurement  circuit 
of  the  instrument. 

35 
13.  A  method  of  calibrating  a  measurement  instru- 

ment  using  an  impedance  synthesizer  as 
claimed  in  any  one  of  claims  1  to  11,  the 
method  comprising  applying  a  synthesized  im- 
pedance  as  an  input  to  the  measurement  cir-  40 
cuit  of  the  instrument  and  adjusting  the  instru- 
ment  until  it  produces  a  reading  corresponding 
to  the  synthesized  impedance. 

45 
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