
Voltage feedback method by DC-DC converter with high power efficiency for  2-D 
resistive sensor array  

Shoo Saga  

Electronics Engineering 

Keio University 
Yokohama, Japan 

nakagawa@iskr.elec.keio.ac.jp 

Yohsuke Shiiki  
Electronics Engineering 

Keio University 
Yokohama, Japan 

Shiiki@iskr.elec.keio.ac.jp 

Hiroki Ishikuro 
Electronics Engineering 

Keio University 
Yokohama, Japan 

ishikuro@elec.keio.ac.jp

Abstract— This paper proposes a new readout method for 2-
D cross-point resistor sensor arrays using operational amplifiers 
and PI controller for the step-down DC-DC converter. 
Compared with the conventional method using an operational 
amplifier, it can solve an operational amplifier's driving force 
and reduce power consumption. Wiring resistance, which has a 
significant effect on reading, has not been evaluated. the 
simulation was run with 16x16 parameters, �� ����� �	
����
�	�
�������
���������	�����	�
����, Then, there is an over 25%  
readout error. Therefore, I mentioned the effect of it and the 
switches on resistance. Besides, various parameters were 
changed, and the simulation results were shown with MATLAB. 
Design guidelines were provided from the results. 
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I. INTRODUCTION 

For the widespread of Internet of Things (IoT) society, It is 
expected that a small, low power, low-cost gas sensor system 
will be required. Several small gas sensor systems have been 
studied. A sensor system has been developed to detect up to 
nine gas types by changing the sensitive membrane. In this 
way, many gas sensors were extensions of a single gas sensor 
interface and are not suitable for large numbers of sensors. 

Applying the 2-D cross-point resistance sensor array 
structure could be reduced the sensor area. There was an 
advantage that it was easy to manufacture at low cost because 
it didn't use a switch under the sensor. Furthermore, the 
number of control signals for an M × N array could be reduced 
to M + N in rows and columns. However, the sneak current 
flowing around the read resistor made it difficult to measure 
each resistance value accurately. To avoid the sneak current, 
the Voltage Feedback Method (VFM) and Zero Potential 
Method(ZPM) were proposed [2]. In these methods, the 
output voltage feedbacked to limit the current path and 
suppress the sneak current. However, measurement errors 
occurred due to non-idealities such as input offset and output 
impedance of the operational amplifier. Therefore, the method 
without using an operational amplifier was proposed [3]. In 
this method, the sensor's parallel resistance value is read, and 
M + N equations are solved. Then,  all resistance values could 
be found with high accuracy by solving the determinant. 

Conventional gas sensor requires power consuming heater to 
improve the sensitivity. However, when these methods are 
applied, it is necessary to use an external heater, and an 
appropriate temperature bias cannot be applied to each sensor. 
Therefore, it is an essential reading circuit to self-heating by 
applying a high voltage to each sensor. The method [3] is not 
suitable for self-heating because the sensor resistance changes 
due to heating, and the resistance value is calculated when the 
applied voltage is different. When the VFM and ZPM are used, 
as shown in Fig. 1, when the scale of the array size and the 

power supply voltage increase, the current is flowing into the 
operational amplifier increases, and the power consumption 
increases dramatically. If a switching regulator is used to solve 
this problem, it will be highly efficient, but voltage control 
will be required. Besides, these methods cannot correctly 
evaluate the effect of metal resistance, which causes a large 
reading error. Metal resistors have a more extensive read error 
than switch resistors when the array size is large. 

To solve the problems of operational amplifier driving force 
and power consumption, and operational amplifier non-
idealism, we propose a highly efficient method for cross-point 
2-D resistor sensor arrays. The proposed circuit controls the 
output voltage(VOUT) and feedback voltage(VFB) of the array 
to be equal in the PI-Controller. The DC-DC converter outputs 
a VFB. The read resistance value's value is determined from the 
voltage value output by the voltage division of the sensor 
resistance and the reference resistance(��). The problem of 
power consumption is solved by adopting a switching 
regulator type DC-DC converter. Using a simplified circuit 
diagram, evaluate the effects of switch resistance and wiring 
resistance, which have a large effect on reading error. 

II. PROPOSED READOUT METHOD 

A.   

This technique can be applied to 2-D resistor arrays with M 
× N sensors. If the feedback voltage and the output voltage 

 
Fig.1 Problems with the conventional interface circuit 

 due to an op-amp 

 

Fig.2 Proposed circuit using the DC-DC converter 
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Fig.3 (a) Simplified circuit when VFB> VOUT 

(b) Simplified circuit when VFB <VOUT 

 

Fig.4 VFB and VOUT response by PI-control 

 

are equal, the sensor resistance to be measured (��,�) and the 

reference resistance(�� ) are in series. ��,�  can be obtained 

from VOUT and ��. Connect a single pole double throw switch 
to the upper electrode and left electrode (M + N) of the array 
and switch M × N times. And measure the resistance of all 
sensors. PI-Controller is required for control as the VOUT and 
VFB are equal. Figure 3 shows a circuit diagram showing the 
relationship between  VFB and VOUT.  

As shown in Fig. 3, the relationship between  VFB and VOUT 
is determined by the selected column resistor and a reference 
resistor.If the circuit equalizes the feedback voltage and the 
output voltage, In an ideal state VOUT is as follows : 

���	 = �
� +
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 �
�)
��,�
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Therefore, the difference between the change in VFB and the 
change in VOUT is as follows :
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When the binary search is used, VOUT follows VFB, and the 
difference does not shrink. Therefore, it is necessary to use PI-
Controller. Fig.  4 shows VFB and VOUT controlled by the PI-
Controller. Until measuring resistance, control so that the 

VOUT and VFB are equal. PI-Controller is required for control 
when VOUT and VFB are equal. Fig.  3 shows a circuit diagram 
showing the relationship between VFB and VOUT. As a result, 
if the current path is ideal, VOUT is expressed as follows : 

���� =
��

�� + ���
��� (3) 

 

Furthermore, the voltage of the difference between the 
power supply voltage and VOUT is applied to the selected 
column resistor, and  sensor’s power consumption is 
expressed as follows : 

� = (��� 
 ����)
�/��� (4) 

The sensor temperature can be changed for each row by 

changing the power supply voltage for each row according to 

 

Fig.5 Simplified circuit considering switch resistance 

  

Fig.6 Simplified circuit considering the metal resistors 

 

 

Fig.7 Simplified circuit considering the switch resistance and metal 

resistance 

- 111 -



 

 

the sensor's power-temperature characteristics. A large 
current flows into the switching regulator, but the inductor 
can store it, so it is expected that power consumption will be 
reduced. However, To use a switching regulator causes 
switching noise. It makes accurate sensor measurement 
difficult. However, this problem can be avoided by sampling 
in synchronization with the switching noise cycle. 

 

B. Switch Resistance Effect 
When self-heating is , the power supply voltage is 

large, so the switch resistance becomes large and cannot be 

ignored. Fig.5 shows a circuit diagram considering 

the switch ON resistance. (�����). If the feedback voltage and 
the output voltage are equal, Figure 5 shows the sensor 
through which the current flows and �����. Looking at Fig. 5, 
it seems that M currents flow through the switch resistors on 
the row side because current flows through all the selected row 
resistors. When the switch resistance in each row is, VOUT is 
expressed as follows : 

���� =
��

�� + ��� + �����(� + 1)
��� (5) 

 

The switch resistance is more extensive than usual and 
affects the reading accuracy. 

C. Metal Resistance Effect 
Conventionally, the influence of this metal resistance has 

been ignored. However, when the array size is large, the effect 
of metal resistance causes more severe problems than switch 
resistance. This is a problem that cannot be avoided by 
increasing the driving force [4]. Fig.6 shows the metal 
resistance Simplified circuit of the column resistor. Since 
current flows through all the column sensor resistors and the 
switch resistor, the i-th sensor has (2M-i+1) metal resistors. 

Therefore, VOUT is expressed as follows: 

���� =
��

�� + ��� + � (� 
 �)���	��
�
�

��� (6) 

The effect of metal resistance is more dependent on array 
size than switch resistance. Fig. 7 shows a simplified circuit 
diagram that considers the effects of switch resistance and 
metal resistance. 

 

Therefore, considering both the metal resistance and the 

switch resistance, VOUT is expressed as follows : 
���� = 

 
�����
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III. SIMULATION RESULT 

To verify the proposed method, the simulation was carried 
out using MATLAB/Simulink.For example, the simulation 
was performed using parameters of 8 × 8, sensor resistance 
��� ���� ��	� 
��� 
��
�� ������
���� ��� ��� ��� ����� �� ������ 
�
measurement resistance map.  The measurement error 
became larger toward the right or lower sensor for the 
measured sensor resistance value. The maximum 

measurement error was used as the measurement error. The 
measurement error rate used was expressed as follows: 

!""#" =
�� 
 ���

���
× 100 
 100 (8) 

The actual sensor resistance varies. As the current flowing in 
the selected column changes, it is expected that metal 
resistance will also change. Consider the case where the 
sensor resistance is typically distributed to determine that 
range. The metal ������
�����
������������	�
�������
��rage 
������� ������
���� �
���� �
�� ���� ��� ������ Each of the 
resistance value is set randomly by using the MATLAB 
function randn(). Standard deviations of the resistance 
distribution were set around 10, 50, 100, 500, 1k, 5k, and 
��������� ��
��
����� �
�� ���� �ive times for each standard 
deviation, and the average value was used. Figure 9 shows the 
simulation results. The reading accuracy deteriorated 
significantly from 1% in the ratio of the standard deviation to 
sensor resistance. Large variations cannot be tolerated in this 
circuit. 

To analyze the effect of switch and metal resistance on 

reading accuracy, Rswon, and Rmetal. The parameters in Fig. 10 

were set to an array size of 16 x 16 and all sensor resistors 

were �������������	�
�������������������������������
���������

is shown that the switch resistance in Fig. 10 is linear 

concerning the reading accuracy. The parameters in Fig. 11 

are set with a metal ������
����������	�
��
��
����!������"�#�

16,  the sensor resistance was changed. Fig. 11 shows that  

  

Fig.8 Sensor resistance measurement map 

 

Fig9 Readout error analysis when the resistance values have 

variation 
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Fig10.  Effects of the switch resistance on readout accuracy 

 

 
Fig11.  Effects of the metal resistance on readout accuracy 

 
Fig12. Effects of the Array Size on readout accuracy 

reading accuracy has a large exponential effect on metal 

resistance. $����������
���������������
�����
����������������

more, the reading accuracy is sufficient even under the 

influence of parasitic resistance. 
The relationship between reading accuracy and array size 

is also simulated as a factor that increases non-ideality. The 
simulated arrays are 4x4, 8x8, 16x16, 32x32. The wiring 
������
�����
�����������������������&���������
��������
�����
accuracy deteriorated exponentially as the array size increased. 

Finally, the design guidelines for the gas sensor system are 

shown. In the proposed circuit, each row is heated, and the 

same voltage is applied to the same row, so it is required that 

the sensor resistances in the same row have similar resistance 

values and the required power is the same. Also, since the 

applied voltage cannot avoid the influence of parasitic 

resistance such as switch resistance and metal resistance, the 

sensor with low required power should be placed on the right 

and bottom. Increasing the sensor resistance value can reduce 

the effect of parasitic resistance, but it is a trade-off that 

reduces power. Therefore, the required measurement 

accuracy is determined better to determine the array size and 

sensor resistance value. 

IV. CONCLUSION 

We proposed a new readout method for self-heating a 2-D 
cross-point resistor sensor array using a DC-DC converter. 
The proposed switch and metal resistance calibration 
evaluated the non-ideal and adverse effects of switch and 
metal resistance. Finally, It provided design guidelines for 
achieving self-heating and high-precision readout of the 
resistance sensor array. It indicated the need to set the sensor 
resistance value of the array correctly. 

Acknowledgements 
 

This work was performed under the Research Program for 

Next Generation Young Scientists of "Network Joint 

Research Center for Materials and Devices: Dynamic 

Alliance for Open Innovation Bridging Human, Environment 

and Materials. 
 

REFERENCES 

[1] G. Yoshikawa, T. Akiyama, F. Loizeau, K. Shiba, S. 

Gautsch, T. Nakayama, P. Vettiger, N. F. de Rooij, M. 

Aono, "Two Dimensional Array of Piezoresistive 

Nanomechanical Membrane-Type Surface Stress Sensor 

(MSS) with Improved Sensitivity", Sensors, vol. 12, pp. 

15873, 2012  

[2] Hong Liu, Yuan-Fei Zhang, Yi-Wei Liu, Ming-He Jin, 

“Measurement errors in the scanning of resistive sensor 

arrays”, Sensors and ActuatorsA: Physical, pp. 198-204, 

2010 
[3] Y. Shiiki and H. Ishikuro, "A High Accuracy Opamp-less 

Interface Circuit for 2-D Cross-Point Resistive Sensor 

Array with Switch Resistance Calibration," 2019 IEEE 
Asia Pacific Conference on Circuits and Systems 
(APCCAS), Bangkok, Thailand, 2019, pp. 105-108  

 

[4] J. Wu et al., "A novel two-wire fast readout approach for 

suppressing cable crosstalk in a tactile resistive sensor 

array", Sensors, vol. 16, no. 5, pp. 720, 2016 

 

- 113 -



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1000
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 4.83300
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1000
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 4.83300
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


