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(57) ABSTRACT 

A method for trimming reference voltage circuitry includes 
de?ning a desired target reference voltage for a set of at least 
one die. At least tWo reference voltages are measured for at 
least two different trim settings associated With a given die 
of the at least one die. A modi?ed target reference voltage is 
determined for the given die based on the at least tWo 
measured reference voltages. A trim setting associated With 
the reference voltage circuitry of the given die is set accord 
ing to the modi?ed target reference voltage so as to com 
pensate for an offset voltage and substantially achieve the 
desired target reference voltage. 
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TRIMMING FOR ACCURATE REFERENCE 
VOLTAGE 

TECHNICAL FIELD 

[0001] This invention relates to integrated circuits, and 
more speci?cally to a trimming methodology that can be 
employed to achieve an accurate bandgap voltage. 

BACKGROUND 

[0002] With the continuing trend of increased device den 
sities in integrated circuits (ICs), such as deep submicron 
technologies, manufacturers are required to achieve equal or 
better performance. One baseline parameter that is utiliZed 
in most integrated circuits is a reference voltage. In circuits 
having higher performance requirements, a temperature 
stable reference voltage is required. One type of reference 
voltage circuit is knoWn as a bandgap reference circuit. The 
main principal of generating a bandgap reference voltage is 
to balance a negative temperature coef?cient of a pn junction 
With a positive temperature coef?cient of thermal voltage 
(Vt=kT/q), Where k is BolZman’s constant, T is absolute 
temperature (Kelvin) and q is charge. 

[0003] A typical bandgap circuit relies on tWo groups of 
transistors running at different emitter current densities. A 
rich transistor, for instance, Will typically operate at a current 
density that is much (e.g., about ten times) greater than the 
current density of a leaner transistor. The difference in 
current densities Will further cause a difference betWeen the 
base-emitter voltages of the tWo transistor groups, referred 
to as a delta base-emitter voltages (AVbe). The AVE,e is 
usually ampli?ed by a factor (e.g., about 10) and added to a 
Vbe voltage of a transistor. The sum of these tWo voltages 
adds up to about 1.2 volts, Which is approximately the 
bandgap of silicon. 

[0004] In many integrated circuits Where high perfor 
mance is required, the bandgap reference can be trimmed to 
a desired target voltage. For instance, the bandgap reference 
voltage may be required to provide a voltage Within a 
prede?ned range of a desired voltage, Which can be speci?ed 
in terms of a percentage of variation of the bandgap refer 
ence. The speci?ed voltage can vary according to the 
application of the IC. Where a precision bandgap reference 
is not required for a particular IC, the bandgap voltage can 
remain untrimmed. 

[0005] Since bandgap reference voltages may play a piv 
otal role in establishing the accuracy and performance of 
many integrated circuits and the systems in Which they are 
implemented, various trimming techniques and algorithms 
have been developed to compensate for process variations, 
temperature, and complex second-order and third-order 
effects. The trimming process typically is performed during 
late stages of IC fabrication and includes a scan of the trim 
codes to meet a desired target bandgap reference voltage. As 
a common example, the trimming can be performed on 
individual die on the Wafer. 

[0006] As device dimensions shrink into smaller submi 
cron siZes, improved trimming procedures are needed to 
help ensure adequate performance of ICs for their intended 
applications. 

SUMMARY 

[0007] The present invention relates generally to a trim 
ming approach that can be employed to achieve an accurate 
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reference voltage for an integrated circuit chip. The trim 
methodology can be applied during production, such as on 
a die-by-die basis, or post-production, such as on a chip 
by-chip basis. The trimming methodology operates to com 
pensate for voltage offset that is usually introduced by 
transistor mismatches in one or more circuits in reference 
voltage circuitry. The trimming method also can compensate 
for process variations that are inherent in the manufacturing 
process 

[0008] One aspect of the present invention provides a 
method for trimming reference voltage circuitry. The 
method includes de?ning a desired target bandgap reference 
voltage for a set of at least one die. At least tWo bandgap 
reference voltages are measured for at least tWo different 
bandgap trim settings associated With a given die of the at 
least one die. A modi?ed target reference voltage is deter 
mined for the given die based on the at least tWo measured 
bandgap voltages. A trim setting associated With the band 
gap reference voltage circuitry of the given die is set 
according to the modi?ed target bandgap reference voltage 
so as to compensate for an offset voltage and substantially 
achieve the desired target bandgap reference voltage. 
Another aspect of the present invention provides a system 
for trimming bandgap circuitry to provide a desired bandgap 
reference voltage for a given die. The system includes means 
for measuring at least tWo bandgap voltages for at least tWo 
different trim settings of the given die. The system also 
includes means for determining a modi?ed target bandgap 
reference voltage for the given die based on the at least tWo 
measured bandgap reference voltages. The system also 
includes means for programming at least one trim setting of 
the bandgap voltage reference circuitry associated With the 
given die according to the modi?ed target bandgap reference 
voltage. 
[0009] The foregoing examples as Well as others contained 
herein can be utiliZed to reduce the effect of mismatch 
induced offset so as to achieve highly accurate bandgap 
voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 depicts a system for trimming bandgap 
voltage reference circuitry according to an aspect of the 
present invention. 

[0011] FIG. 2 depicts a system for trimming bandgap 
voltage reference circuitry according to another aspect of the 
present invention. 

[0012] FIG. 3 is a graph depicting bu?fered reference 
voltages for a plurality of die having been trimmed accord 
ing to an existing trim methodology. 

[0013] FIG. 4 is graph depicting bu?fered reference volt 
ages for the same plurality of die as in FIG. 3 having been 
trimmed according to an aspect of the present invention. 

[0014] FIG. 5 depicts a schematic example of a bandgap 
reference voltage circuit and trimming system that can be 
implemented according to an aspect of the present invention. 

[0015] FIG. 6 depicts a How diagram of a method for 
trimming bandgap reference voltage circuitry according to 
an aspect of the present invention. 

DETAILED DESCRIPTION 

[0016] The present invention relates generally to a system 
and method for trimming bandgap reference voltage cir 
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cuitry to allow a more accurate bandgap reference voltage 
relative to conventional approaches. The approach described 
herein reduces the effect of mismatch, such as is induced by 
offset in the bandgap circuitry, including offset in the band 
gap core as Well as an associated output circuitry. As part of 
the trimming methodology, bandgap reference voltages are 
measured for at least tWo different trim codes to determine 
an amount of offset associated With the bandgap circuitry in 
a given die. A modi?ed target trim voltage can be determined 
for the die based on the offset. Scanning of trim codes can 
be performed to set the bandgap reference voltage for the die 
to the modi?ed target trim voltage. A second scan of the 
output trim can then be used to compensate for the modi 
?cation in target trim to yield the desired reference voltage. 
The process can be performed for each die on a Wafer to 
establish high accuracy bandgap voltage references. For 
example, the methodology can be employed to provide 
highly accurate reference voltages (e.g., better than 1.5%) in 
digital deep-sub-micron and other technologies. 

[0017] FIG. 1 depicts an example ofa system 10 that can 
be utiliZed for trimming bandgap reference voltage circuitry 
12 of an IC die 14 according to an aspect of the present 
invention. For purpose of simplicity of explanation and not 
by Way of limitation, a single 1C die 14 on a Wafer 16 is 
depicted in the example of FIG. 1. Those skilled in the art 
Will understand and appreciate that the Wafer 16 typically 
Will include a plurality (e.g., hundreds or thousands) of 1C 
die formed as part of an IC fabrication process. 

[0018] As is knoWn in the art, the bandgap voltage refer 
ence circuitry 12 provides a reference voltage for use by the 
1C chip that is to be formed from the 1C die 14. Because 
different associated circuitry may require reference voltages 
different from the core bandgap reference voltage, the ref 
erence voltage circuitry 12 includes programmable or con 
?gurable netWorks that can be trimmed to set the reference 
voltage for the chip that comprises the 1C die. For instance, 
ratios of resistor netWorks can be set to adjust the reference 
voltage above or beloW a core bandgap voltage provided by 
the bandgap reference voltage circuitry 12. The reference 
voltage circuitry 12 provides the trimmed reference voltage 
to a buffer 18, such as a unity gain ampli?er. The buffer 18 
provides a buffered reference voltage for use by other 
circuitry 20 on the 1C die 14. The buffer 18, for example, 
may provide the bu?fered reference voltage to a pad (or bus) 
22 that distributes the bandgap reference to the rest of the 
chip. The buffer 18 thus provides desired isolation betWeen 
the reference voltage circuitry 12 and the other circuitry 20 
that is coupled to the pad (or bus) 22 for utiliZing the 
reference voltage. It is to be understood that some circuitry 
on the 1C die (not shoWn) may not require a bandgap voltage 
reference, but instead may utiliZe other internal or external 
poWer supplies. 

[0019] The system 10 can also include a test system 24 
that is programmed and/or con?gured to test and program 
(e. g. trim) the 1C die 14 on the Wafer 16. Those skilled in the 
art Will understand and appreciate various type of test 
systems that can be utiliZed to perform the testing and 
programming of the reference voltage circuitry 12, Which 
may include commercially available components, propri 
etary components or a combination of commercially avail 
able and proprietary components. As used herein, the term 
“component” is intended to encompass hardWare, softWare, 
or a combination of hardWare and softWare. As an example, 
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the test system 24 can be a stand alone test system, such as 
automated test equipment (ATE). Alternatively, the test 
system 24 can include a plurality of different components 
that cooperate to perform measurements and testing of the 
parameters of the 1C die 14 for programming the bandgap 
voltage reference circuitry 12 on the 1C die 14 according to 
an aspect of the present invention. 

[0020] The test system 24 can also include Wafer handling 
subsystem (e.g., part of the ATE or a separate system) that 
positions the Wafer 16 and one or more probes of the test 
system for accessing appropriate pads on the 1C die 14 (e. g., 
including the output pad 22). The test system 24 thus can 
position the Wafer 16 to enable desired contact betWeen one 
or more probe tips and the pads 22 on the 1C die 14. The test 
system 24 can provide appropriate signals and poWer to the 
1C die 14 under test (Which may include one or more 1C die 
at a time). For example, the test system 24 can provide one 
or more test signals to test and measure circuit parameters of 
the 1C die 14. The test system 24 can also provide control 
signals that may operate to set one or more circuit param 
eters, including trimming circuitry as part of a reference 
voltage trimming operation. The trimming operation, for 
example, may include setting a ratio of appropriate resistors 
in the bandgap reference voltage circuitry 12 to trim the 
bandgap reference voltage to a speci?ed voltage. As but one 
example, the test system may program memory (e.g., 
EEPROM, FLASH or other non-volatile memory) With 
appropriate control data that establishes the desired param 
eters (e.g., by setting trim codes) of the reference voltage 
circuitry 12 for providing a desired reference voltage. As 
mentioned above, the desired reference voltage can vary 
according to the other circuitry 20 in the 1C die 14 and 
voltage requirements of the 1C chip being fabricated. 

[0021] In the example of FIG. 1, the test system 24 
includes a measurement system 26. The measurement sys 
tem can include one or more probes that contact one or more 

pads, including the pad 22 for measuring the bu?fered 
reference voltage of the 1C die 14. As discussed herein, the 
reference voltage provided by the buffer and the pad 22 Will 
include mismatch induced offset associated With the band 
gap reference voltage circuitry 12. The offset can include a 
core offset as Well as an output offset, such as may be due 
(at least in part) due to process variations associated With the 
fabrication process. For instance, as the gate lengths of 
transistor devices decrease, as occurs in deep submicron 
technologies, the mismatch betWeen transistors increases. 
The core offset can statistically vary for each die across a 
substrate (e.g., a Wafer). The transistor mismatch further 
causes offsets in associated circuits in the 1C. Therefore, the 
test system 24 is programmed and/or con?gured to deter 
mine the mismatch induced olfsets in the reference voltage 
circuitry and perform trimming that compensates for such 
offset to provide more accurate bandgap reference voltage. 
The measurement system 26 provides the measurement of 
the bu?fered reference voltage to an associated evaluation 
system 28 to increase the accuracy of trimming, as described 
herein. 

[0022] The evaluation system 28 can be implemented in a 
variety of Ways, such as including hardWare, softWare or a 
combination of hardWare and softWare con?gured to per 
form the functions described herein. For instance, the evalu 
ation system can be implemented as a personal computer or 
Workstation or other types of test equipment having com 
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puter-executable instructions for performing the evaluation 
and control functions described herein based on the mea 
surement data from the measurement system 26. In the 
example of FIG. 1, the evaluation system 28 includes a 
calculator 30 that is programmed to calculate a compensated 
target bandgap reference voltage based on the measurements 
made by the measurement system 26. 

[0023] By Way of example, the measurement system 26 
can measure the buffered bandgap reference voltage for a 
plurality (e.g., tWo or more) of bandgap trim code settings. 
For instance, the measurement system can obtain measure 
ments of the bandgap reference voltage at the pad 22 for a 
loWest trim code setting and for a highest trim code setting. 
By obtaining measurements for different trim code settings, 
a suitable level of variation betWeen bandgap reference 
voltages is provided from Which the calculator 30 can 
compute an appropriate offset value. The calculator 30 can 
compute a core offset value that is stored in memory, 
indicated as data 32. The data 32 can also include the 
measured buffered reference voltage values, the correspond 
ing trim code settings associated With such data, as Well as 
other circuit parameters. The calculator 30 can also compute 
a neW, modi?ed target bandgap reference voltage as a 
function of the computed core offset. After the calculator 30 
determines the modi?ed target bandgap reference voltage, 
the neW target can be utiliZed to trim the reference voltage 
circuitry 12. 

[0024] As part of the trimming process, the evaluation 
system 28 employs the measurements provided by the 
measurement system 26 to determine if the target voltage is 
met. In the example of FIG. 1, the evaluation system 28 also 
includes trim control 34 that is operative to control and scan 
the trim code settings of the bandgap voltage reference 
circuitry 12 according to the computed modi?ed target 
bandgap reference voltage. For example, the trim control 34 
can start a scan at an initial trim code setting and sequen 
tially increment the trim codes until the measurement system 
measures a buffered bandgap value that is substantially 
equal to the computed modi?ed target bandgap reference 
voltage. The measurement system 26 provides an indication 
of the measured voltage at the pad 22 for each of the 
respective trim codes, as set by the trim control 34. The trim 
code that causes the reference voltage at the pad 22 to best 
match the target trim code can be utiliZed as the trim code 
for establishing the bandgap reference voltage of the IC die 
14. 

[0025] The trim control can implement a trim process that 
includes tWo phases: a ?rst phase, as described above, for 
trimming core bandgap portion (not shoWn) of the bandgap 
circuitry, and a second phase for trimming an output stage 
(not shoWn in FIG. 1) of the bandgap circuitry. For example, 
the calculator 30 can also be programmed to determine 
another target bandgap voltage corresponding to a compen 
sated voltage for trimming back to the original target band 
gap voltage for the IC die 14. The trim control 34 thus can 
perform a scan of the output trim codes of the bandgap 
reference voltage circuitry 12 to set the output trim code so 
that the reference voltage at the pad 22 is substantially equal 
to the compensated target reference voltage, thereby further 
compensating for the offset in the reference voltage circuitry 
12. 

[0026] FIG. 2 depicts another example of a test system 50 
that can be implemented according to an aspect of the 
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present invention. The test system 50 can be implemented in 
a computer having computer executable instructions to 
perform the various functions described herein. Additionally 
or alternatively, the system 50 can be implemented as one or 
more units of test equipment con?gured to perform the 
functions for trimming the voltage reference to a desired 
target voltage, Which compensates for transistor offset in the 
core bandgap circuit 54. For example, the test system 50 can 
be implemented as part of a Wafer sort process, such as may 
be implemented at the end of Wafer fabrication for testing, 
for setting the voltage reference of each die on an associated 
Wafer. Those skilled in the art Will understand and appreciate 
that alternatively, the test system 50 can be performed on a 
fabricated and packaged integrated circuit chip. 

[0027] The test system 50 can be coupled to an IC die 52, 
such as via one or more probes that are coupled to electri 
cally conductive pads on the IC die (e.g., the IC die being 
part of a Wafer including a plurality of die). The IC die 52 
includes a core bandgap circuit 54 and an associated output 
circuit 56, Which collectively form bandgap circuitry 55 for 
the IC die. The core bandgap circuit 54 is con?gured to 
provide a predetermined core bandgap voltage (e.g., VBGi 
CORE=II1*(AVbe)+Vbe=abOut 1.2 volts, Where m is a constant 
corresponding to a ratio of resistors in the bandgap circuit). 
The core bandgap voltage reference circuit 54 can be 
trimmed (e.g., by setting a ratio of resistors in the bandgap 
circuit) to adjust the core bandgap reference voltage. The 
bandgap circuit 54 provides the core bandgap reference 
voltage to the output circuit 56, Which is con?gured to adjust 
the core bandgap reference voltage (e.g., up or doWn) to 
achieve a target bandgap reference voltage, Which can be 
speci?ed for the IC that is formed from the die 52. 

[0028] The test system 50 thus is programmed and/or 
con?gured to implement trimming by providing correspond 
ing trim codes to the bandgap voltage reference circuitry 55 
so as to compensate for mismatch induced offset in the 
bandgap circuitry 55. The trim codes provided to the voltage 
reference circuit 54 are referred to herein as core trim codes 
and the trim codes to the output circuit 56 are referred to as 
output trim codes. Collectively, the core trim codes and 
output trim codes can be referred to as the bandgap trim 
codes. Each of the trim codes can correspond to a digital 
value (e.g., one or more bits) that is employed to set a ratio 
of resistors for adjusting the bandgap reference voltage that 
is provided by the voltage reference circuitry 55. The trim 
codes can be stored in memory (e.g., EEPROM, FLASH, 
registers, etc.) Which can be employed to control sWitching 
in and out resistors in an associated resistor netWork to 
establish a corresponding resistor ratio for each of the 
circuits 54 and 56. 

[0029] The test system 50 also includes a measurement 
system 58 that is coupled to the IC die 52 for measuring the 
bandgap voltage reference voltage of the IC die 52. As 
described herein, the bandgap reference voltage measured 
by the measurement system 52 can vary based upon trim 
code settings for the bandgap circuit 54 and the output 
circuit 56. The measurement system 58 provides an indica 
tion of the measured bandgap reference voltage and stores it 
as measurement data, indicated at 60. The measurement data 
60 can include data corresponding to the respective bandgap 
voltage reference measurements in conjunction With the trim 
codes associated With each respective measurement. For 
example, the measurement data 60 can be stored in memory 
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of a computer or Workstation that is used to implement at 
least a portion of the test system 50. 

[0030] The test system 50 includes an offset calculator 62 
that is programmed to ascertain an offset voltage for the core 
of the bandgap circuit 54. As mentioned above, the offset 
results substantially from transistor mismatches in the band 
gap circuitry 55. The offset calculator 62 can compute offset 
voltage VO$ORE as a function of the measured bandgap 
reference voltage, such as for tWo (or more) different trim 
code settings. As an example, the trim code can correspond 
to a loWest core trim code and highest core trim code for the 
bandgap voltage reference to provide suf?cient variation 
betWeen the bandgap voltages measured by the measure 
ment system 58. By Way of further example, the offset 
voltage VO$ORE can be computed as folloWs: 

VBGl — VBco Eq- 1 
VO’CORE = AVBE 

ROUILNOM ><(Rc0RE1 — RcoREo) 

[0031] Where: RCOREl=resistor ratio for a ?rst core trim 
setting (e.g., core trim code set to all O’s); 

[0032] RCOREO=resistor ratio for a second core trim 
setting (e.g., core trim code set to all l’s); 

[0033] VBGl=measured buffered bandgap voltage at 
trim code RCOREI; 

[0034] VBGO=measured buffered bandgap voltage at 
trim code RCOREO; and 

[0035] ROUTiNOM=nominal output trim ratio for out 
put circuit 56. 

By including the core offset and associated offset of the 
buffer in the bandgap circuitry 55, the measured band 
gap voltages VBGl and VBGO for RC0REl and RCOREO, 
respectively, can be expressed as folloWs: 

VBGO=ROUTiNOMX( VBE+RCOREOX (A VBE+ Voi 
CORE))+VOiBUF Eq. 2 

VBGl=ROUTiNOMX(VBE+RCORElX(AVBE+VOi 
CORE))+VOiBUF Eq. 3 

Where: VBE=base-emitter voltage for a given temperature 
(e.g., room temperature, about 25 Deg. C.); 

[0036] AVBE=a knoWn constant for the given tempera 
ture; and 

[0037] VOiBUF=olfset due to the output buffer of the 
bandgap circuitry 55. Thus, it Will be evident that, by 
subtracting the measurements of Eq. 2 from Eq. 3, the 
core offset voltage VO$ORE can be derived as set forth 
in Eq. 1. It should be noted that the offset due to the 
buffer in the bandgap circuitry 55 cancels out. Known 
parameters, including AVBE and ROUTiNOM, can be 
stored in memory as bandgap parameter data 63. Other 
parameters associated With the bandgap circuitry can 
also be stored in the bandgap parameter data 63. 

[0038] The test system 50 also includes a bandgap target 
calculator 64 that computes a target bandgap reference 
voltage that compensates for the mismatch induced offset, 
such as computed by the offset calculator 62. That is, the 
bandgap target calculator 64 can compute a modi?ed target 
bandgap voltage for the IC die 52 as a function of the 
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computed core offset voltage VO%ORE. For example, the 
voltage target calculator 64 can compute a modi?ed or 
adjusted bandgap target reference VBGiTGT as folloWs: 

RCORE’MID >< VO’CORE Eq. 4 
VBG’TGT = VBG’ORIGHJAL — i 

ROUILNOM 

[0039] Where: VBGADRIGINAL=Original bandgap refer 
ence voltage for the IC die not taking into account statistical 
mismatches; and 

[0040] RCOREiMID=resistor ratio for setting for core 
bandgap trim code (e.g., a core trim code that is 
betWeen codes for RC0REl and RCOREO) 

[0041] It Will be further appreciated that the approach 
described above results in a bandgap target trim voltage 
VBGiTGT at room temperature that compensates for the par 
ticular offset for the given die 52. The offset for each die can 
be computed individually for each die based upon the 
respective measurements of the bandgap voltage references 
for the tWo or more trim codes (see, e.g., Eqs. 2 and 3) for 
that die. Thus, the adjusted bandgap target trim voltage 
VBGiTGT may be different for each die on a Wafer, thereby 
alloWing optimum temperature performance. The test sys 
tem 50 also includes a bandgap trim control 66 that is 
programmed and/or con?gured to set core trim codes for the 
core bandgap circuit 54. During the trimming process imple 
mented by the test system 50, for example, the bandgap trim 
control 66 can scan the corresponding trim codes until the 
measurement system 58 measures a bandgap reference volt 
age from the die 52 that best approximates the bandgap 
target trim voltage VBGiTGT computed by the bandgap 
target calculator 64. The bandgap trim control 66 can set the 
trim code for the bandgap circuit 54 When the measured 
bandgap reference voltage substantially equals adjusted 
bandgap target trim voltage VBGiTGT, such as according to 
Eq. 4. 

[0042] As mentioned above, the test system 50 can also be 
utiliZed to set the trim code for the output circuit 56 to trim 
back to get the desired ideal target voltage at the output of 
the output circuitry. The test system 50 thus includes a 
buffered bandgap target calculator 68 that computes a bulf 
ered target reference voltage VBGiBUF. The buffered band 
gap target calculator 68 can compute the buffered bandgap 
target reference voltage to achieve the desired target refer 
ence voltage as a function of the bandgap target trim voltage 
VBGiTGT and a resistor ratio ROUTiNEW in the output 
circuit 56. For example, the buffered bandgap target calcu 
lator 68 can determine the buffered bandgap target reference 
voltage VBGiBUF as folloWs: 

[0043] Where: VBGiBUF=bulfered bandgap target refer 
ence voltage; and 

[0044] ROUTiNEW=neW resistor ratio of output circuit 
56 to achieve desired target reference voltage. 
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A comparison between Eqs. 4 and 5 demonstrates that the 
second term of Eq. 5 (in parentheses) is equal to the 
adjusted bandgap target trim voltage VBGiTGT from 
Eq. 4. 

[0045] The bu?fered bandgap target calculator 68 provides 
an indication of the bu?fered target reference voltage to an 
output trim control 70. The output trim control 70 is coupled 
to set the output trim code for the output circuit 56. For 
example, the output trim control 70 can perform a scan of 
trim codes (e.g., by setting ROUTiNEW to different values) 
until the bandgap reference voltage measured by the mea 
surement system 58 approximates the desired bu?cered band 
gap target reference voltage VBGiBUF computed by the 
calculator 68. This corresponds to trimming back to the 
desired reference voltage (speci?ed for use by associated 
circuitry on the IC die) after the modi?ed target voltage has 
been set in the core bandgap circuit 54. Thus, When the 
measured voltage substantially equals the computed target 
voltage, the output trim control 70 can set the corresponding 
output trim code in the output circuit such that the voltage 
reference is set to mitigate the effects of mismatch induced 
offset for the IC die 52. 

[0046] The test system 50 can implement similar functions 
for each of the die on a respective Wafer. As mentioned 
above, it Will be appreciated that the target bandgap refer 
ence voltage VBGiTGT can vary for each die since the 
respective core offset voltage for each die on Wafer may also 
vary. Additionally, those skilled in the art Will further 
appreciate that the test system 50 can implement the trim 
methodology, such as described herein, With only minor 
additional cost relative to many knoWn trimming method 
ologies. 
[0047] FIGS. 3 and 4 depict a comparison of bu?cered 
bandgap voltages for a plurality of IC die. The data repre 
sented in each of FIGS. 3 and 4 are for the same die, but 
trimmed using different trim methods. Speci?cally, FIG. 3 
illustrates a graph 80 of bandgap voltages from die trimmed 
by an existing trim methodology, and FIG. 4 illustrates a 
graph 82 of bandgap voltages from the same die trimmed in 
accordance With an aspect of the present invention. In each 
of FIGS. 3 and 4, a ?rst level of performance can be 
ascertained With reference to a pair of lines 84, such as 
corresponds to +/—2% variation relative to a speci?ed target 
bandgap reference voltage at room temperature (e.g., at 
about 25 Deg. C.). A second level of performance is denoted 
by reference line pair 86, Which corresponds to +/—1% 
variation relative to a speci?ed target bandgap reference 
voltage at room temperature. 

[0048] In FIG. 3, it is demonstrated that the bandgap 
voltages for three die, indicated at curves 88, 90 and 92 
(having been trimmed by an existing method), fail to meet 
the 1% variation. The curves 88 and 92 also fail the more 
relaxed 2% performance criteria. In contrast, all die in the 
example of FIG. 4 (having been trimmed according to the 
present invention) meet the more stringent 1% variation. 
Thus, the comparison of FIGS. 3 and 4 demonstrates the 
ef?cacy of implementing a trim methodology in accordance 
With an aspect of the present invention. The bene?ts of more 
accurate bandgap reference voltage for the IC die Will 
translate to the accuracy of all components on the die (e.g., 
including poWer supply circuitry, analog-to-digital convert 
ers, current references, etc.). 

[0049] FIG. 5 depicts an example of a trim control system 
100 that is coupled to set trim codes for associated bandgap 
circuitry 102. In the example of FIG. 5, the bandgap 
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circuitry includes a core bandgap voltage reference circuit 
104 and an output circuit 106. The bandgap output circuit 
106 provides a bandgap reference voltage to buffer 108, 
Which is coupled to an output node of the output circuit. The 
buffer 108 provides a corresponding bu?fered bandgap ref 
erence voltage, indicated at VBGiBUF. For example, the 
buffer 108 can be implemented at a unity gain ampli?er that 
is driven by an output of the output circuit 106. 

[0050] The trim control system 100 further includes a core 
trim control component 110 and an output trim control 
component 112. The core trim control component 110 is 
operative to set a corresponding resistor ratio in the core 
bandgap circuit 104. In the example of FIG. 3, the core 
bandgap circuit 104 includes a variable resistance 114 
coupled in series With a resistance 116, Which represents a 
AVBE associated With a VBE block 118. The AVBE can be a 
predetermined parameter for the bandgap reference voltage 
circuitry 102, Which is ?xed for a given temperature. The 
V E block 118 further corresponds to the base-emitter voltage 
0 a transistor that is utiliZed for generating the bandgap 
reference voltage. Thus, in the bandgap circuit 104, the 
base-emitter voltage is summed With the voltage drop across 
the AVBE resistance 116 to provide the core bandgap volt 
age. Thus, the core trim control component 110 sets the 
variable resistor 114 to set a corresponding resistor trim ratio 
(e.g., RCORE) intended to compensate for the core offset 
represented by the resistor 116, such as described herein. 

[0051] The output trim control component 112 is utiliZed 
to set another resistor ratio, namely, a resistor ratio of the 
output circuit 106 of the bandgap reference voltage circuitry 
102. In the example of FIG. 5, the output circuit 106 is 
depicted as including a resistor 120 connected in series With 
a variable resistance 122 betWeen the output of the core 
bandgap circuit 104 and electrical ground. The node 
betWeen the resistances 120 and 122 is an output of the 
bandgap reference voltage circuitry 102 that provides a 
corresponding trimmed bandgap reference voltage to the 
buffer 108, such as to the non-inverting input of the unity 
gain ampli?er. The output trim control 112 is utiliZed to set 
the resistance ratio betWeen the respective resistors 120 and 
122 so as to achieve a desired target bandgap reference, as 
described herein. For example, the output trim control 
component 112 can set the output trim code to a nominal 
output trim code during a ?rst phase of a trim procedure 
When trimming of the core bandgap circuit 104. The output 
trim control component 112 can scan the output trim codes 
during a second phase of the trim procedure to trim the 
resistance ratio in the output circuit 106. The second phase 
compensates for the shift in target trim voltage in the ?rst 
phase alloWing recalibration to the desired reference voltage 
to the output buffer 108. This represents one possible 
con?guration for the output trim. 

[0052] In vieW of the foregoing structural and functional 
features described above, certain methods Will be better 
appreciated With reference to FIG. 6. It is to be understood 
and appreciated that the illustrated actions, in other embodi 
ments, may occur in different orders and/or concurrently 
With other actions from that shoWn in FIG. 6. Moreover, not 
all illustrated features may be required to implement a 
method according to an aspect of the present invention. It is 
to be further understood that the methodology of FIG. 6 can 
be implemented in hardWare (e.g., a computer, a computer 
netWork, or test equipment), softWare (e.g., as executable 
instructions running on one or more computer systems 
and/or test equipment), or any combination of hardWare and 
softWare. 
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[0053] The method begins at 200 in Which starting param 
eters and desired parameters are set. The starting parameters 
can include, for example, a predetermined VOPT value. Trim 
codes and their corresponding resistor ratios can also be 
de?ned (e.g., each trim code corresponds to a predetermined 
resistor ratio). As an example, the predetermined VOPT value 
can be ascertained from initial measurements on a plurality 
of die (e.g., several a couple hundred dies), initial die 
produced in a Wafer fab. This value of VOPT can then be 
utiliZed for trimming subsequent dies produced in the same 
fab, such that the procedure does not need be repeated on the 
remaining die. Based upon this optimum target voltage 
VOPT, a nominal ratio of trim resistors can be determined 
and stored as a ?xed parameter associated With the initial 
target optimum voltage. 

[0054] At 220, the bandgap reference voltage is measured 
for at least tWo predetermined trim codes. As an example, 
the predetermined trim codes can correspond to a minimum 
and maximum trim code to provide a su?icient variation in 
the bandgap reference voltages that are generated by the 
bandgap reference voltage circuitry. Those skilled in the art 
Will understand and appreciate that the measurements at 220 
are not limited to the minimum and maximum trim codes as 
other trim code settings can be utiliZed to measure respective 
reference voltages. 

[0055] At 230, a compensated target bandgap voltage 
(VBGiTGT) is determined. The compensated bandgap ref 
erence voltage can be determined, for example, as set forth 
above in Eq. 4. The compensated target bandgap voltage can 
be determined as a function of core offset voltage in the 
bandgap circuitry. The core offset can be determined as a 
function of the measurements and the other knoWn param 
eters associated With the bandgap circuitry (see, e.g., Eq. 1). 

[0056] After the compensated target bandgap voltage has 
been determined (at 230), the method proceeds to 240. At 
240, the bandgap voltage is initialiZed according to a starting 
bandgap trim code. At 250, a determination is made as to 
Whether the measured bandgap reference voltage (VBG) is 
equal to the target compensated bandgap reference VBGi 
TGT, Which Was determined at 230. If the measured bandgap 
does not equal (or substantially approximate) the determined 
compensated target bandgap reference (NO), the method 
proceeds to 260. At 260, the bandgap trim code is changed 
to the next value (may use many search algorithms including 
binary search). From 260, the method returns to 250 in 
Which another determination is made. If the measured band 
gap reference voltage is equal to (or substantially approxi 
mates) the determined compensated target bandgap refer 
ence (YES), the method proceeds from 250 to 270. This 
corresponds to setting the trim code of the core bandgap 
circuit to the trim code that resulted in the measured bandgap 
reference substantially equaling the target bandgap reference 
voltage, as determined at 230. 

[0057] At 270, another scan can be performed, namely, to 
set the output trim code for the output circuit of the bandgap 
circuitry. At 270, the output reference voltage is initialiZed 
according to a starting output trim code. At 280, a determi 
nation is made as to Whether the measured output bandgap 
reference (VBG) is substantially equal to (or approximates) 
a neW target reference voltage (V BGiBUF), such as deter 
mined by Eq. 5. This essentially corresponds to trimming 
back to the original speci?ed reference voltage after trim 
ming the core bandgap circuit. If the output reference VBG 
does not substantially equal the target reference voltage 
V (NO), the method proceeds from 280 to 290. At 290, 
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the output trim code setting is changed and the method 
returns to 280. The method can loop betWeen 280 and 290 
as part of a scan process until the determination at 280 
indicates that the measured output voltage VBG is substan 
tially equal to the target bandgap reference voltage VBGi 
BUF (YES), and the method proceeds to 300. At 300, the trim 
method is complete for the die and the output trim code is 
set to the trim code setting that provided for the condition in 
Which the output reference is equal to the target reference 
voltage. The method of FIG. 4 can be repeated for each die 
on a Wafer for setting the respective trim codes of the 
associated bandgap circuitry in each die. 

[0058] What have been described above are examples of 
the present invention. It is, of course, not possible to 
describe every conceivable combination of components or 
methodologies for purposes of describing the present inven 
tion, but one of ordinary skill in the art Will recogniZe that 
many further combinations and permutations of the present 
invention are possible. For example, While some of the 
foregoing has been described With respect to bandgap volt 
age of a bipolar junction transistor, the approach described 
herein is equally applicable to other types of transistors (e. g., 
?eld effect transistors). Accordingly, the present invention is 
intended to embrace all such alterations, modi?cations, and 
variations that fall Within the spirit and scope of the 
appended claims. 

What is claimed is: 
1. A method for trimming reference voltage circuitry, the 

method comprising: 

de?ning a desired target reference voltage for a set of at 
least one die; 

measuring at least tWo reference voltages for at least tWo 
different trim settings associated With a given die of the 
at least one die; 

determining a modi?ed target reference voltage for the 
given die based on the at least tWo measured reference 
voltages; 

setting a trim setting associated With the reference voltage 
circuitry of the given die according to the modi?ed 
target reference voltage so as to compensate for an 
offset voltage and substantially achieve the desired 
target reference voltage. 

2. The method of claim 1, Wherein the trim settings are 
core bandgap trim settings associated With the given die, 
each of the core bandgap trim settings having a value 
corresponding to a resistor ratio for trimming a core bandgap 
circuit of the reference voltage circuitry. 

3. The method of claim 2, Wherein after setting the core 
bandgap trim setting for the given die, the method further 
comprises: 

performing a scan of output trim settings for the given die, 
each of the output trim settings having a value corre 
sponding to a resistor ratio for trimming an output 
circuit of the reference voltage circuitry of given die, 
the core bandgap circuit being connected With the 
output circuit; and 

setting the output trim setting for the given die as a 
function of the modi?ed target trim voltage determined 
for the given die to provide substantially the desired 
target reference voltage. 
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4. The method of claim 1, wherein the at least one die 
further comprises a plurality of die distributed across a 
substrate, each of the plurality of die having a bandgap 
reference voltage circuit, the method further comprising: 

repeating the measuring, the determining, the performing 
for each of the plurality of die, Wherein the modi?ed 
target reference voltage can vary for each of the plu 
rality of die at a given temperature. 

5. The method of claim 1, Wherein the at least tWo 
different trim settings comprise at least a ?rst trim setting 
associated With a substantially minimum reference voltage 
and a second trim setting associated With a substantially 
maximum reference voltage. 

6. The method of claim 1, further comprising determining 
a core offset voltage for the reference voltage circuitry as a 
function of the at least tWo measured reference voltages, the 
modi?ed target reference voltage for the given die being 
determined as a function of the core offset voltage. 

7. The method of claim 6, Wherein the modi?ed target 
reference voltage (VBGiTGT) is characterized by: 

Where: VBGADRIGINAL corresponds to an original desired 
reference voltage for the 1C die; 

VO$ORE is the core offset voltage for the reference 
voltage circuitry; 

RCOREiMID is a resistor ratio to provide a core band 
gap trim setting that is betWeen the core bandgap 
trim settings associated With the least tWo different 
trim settings associated With the given die; 

ROUTiNOM corresponds to a nominal resistor ratio for 
trimming an output circuit of the reference voltage 
circuitry. 

8. The method of claim 6, Wherein the core offset voltage 
(VO%ORE) is characterized by: 

VBcr — VBGO 
VO’CORE = AVBE 

ROUILNOM ><(Rc0RE1 — RcoREo) 

Where: RC0REl is a resistor ratio associated With a ?rst of 
the at least tWo different trim settings; 

RC0REO is a resistor ratio associated With a second of 
the at least tWo different trim settings; 

VBGl is a ?rst of the at least tWo measured reference 
voltages measured at the ?rst of the at least tWo 
different trim settings; 

VBGO is a second of the at least tWo measured reference 
voltages measured at the second of the at least tWo 
different trim settings; and 

ROUTiNOM corresponds to a predetermined nominal 
output trim ratio for an output circuit of the reference 
voltage circuitry. 
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9. A system for trimming bandgap reference voltage 
circuitry to provide a desired reference voltage for a given 
die, the system comprising: 

means for measuring at least tWo reference voltages for at 
least tWo different trim settings of the given die; 

means for determining a modi?ed target voltage for the 
given die based on the at least tWo measured reference 
voltages; 

means for programming at least one trim setting of the 
reference voltage circuitry associated With the given die 
according to the modi?ed target reference voltage. 

10. The system of claim 9, Wherein the reference voltage 
circuitry includes a core bandgap circuit and an output 
circuit, the system further comprising means for computing 
an offset voltage associated With the core bandgap circuit, 
the means for determining the modi?ed target reference 
voltage determining the modi?ed target reference voltage as 
a function of the offset voltage. 

11. The system of claim 10, Wherein the means for 
programming further comprises means for trimming a ratio 
of resistors of the core bandgap circuit according to the 
modi?ed target reference voltage. 

12. The system of claim 10, Wherein the means for 
programming further comprises means for trimming a ratio 
of resistors of the output circuit according to the modi?ed 
target reference voltage corresponding to the desired refer 
ence voltage. 

13. A system for establishing a desired reference voltage 
for a given integrated circuit die, the system comprising: 

a measurement system con?gured to measure at least tWo 
reference voltages provided by bandgap reference volt 
age circuitry of a given die for respective trim settings; 

a calculator operative to compute a modi?ed target ref 
erence voltage for the given die based on the at least 
tWo measured reference voltages; and 

trim control operative to perform a scan of trim settings 
associated With the given die and to adjust the reference 
voltage for the given die according to the modi?ed 
target reference voltage. 

14. The system of claim 13, Wherein the calculator is a 
reference voltage target calculator, the system further com 
prising an offset calculator that computes a core offset 
voltage for a core bandgap circuit of the reference voltage 
circuitry as a function of the at least tWo measured reference 
voltages, the reference voltage target calculator computing 
the modi?ed target reference voltage for the given die as a 
function of the core offset voltage. 

15. The system of claim 14, Wherein the core offset 
voltage (V O $ORE) is characterized by: 

VBcr — VBGO 
VO’CORE = AVBE 

ROUILNOM ><(Rc0RE1 — RcoREo) 

Where: RC0REl is a ?rst resistor ratio associated With a 
?rst of the at least tWo trim settings; 

RC0REO is a second resistor ratio associated With a 
second of the at least tWo trim settings; 
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VBGl is a ?rst of the at least tWo measured reference 
Voltages at the ?rst of the at least tWo trim settings; 

VBGO is a second of the at least tWo measured reference 
Voltages at the second of the at least tWo trim 
settings; and 

ROUTiNOM corresponds to a predetermined nominal 
output trim ratio for an output circuit of the reference 
Voltage circuitry. 
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16. The system of claim 14, further comprising bandgap 
trim control con?gured to set a ratio of resistors in the core 
bandgap circuit according to the modi?ed target reference 
Voltage. 

17. The system of claim 16, further comprising an output 
trim control operative to set a ratio of resistors in an output 
circuit of the reference Voltage circuitry to achieve the 
desired reference Voltage. 

* * * * * 


