
Investigation of Matching Performance for Uniaxial Strained PMOSFETs 
Jack J.-Y. Kuo, William P.-N. Chen, and Pin Su 

Department of Electronics Engineering, National Chiao Tung University, Hsinchu, Taiwan  
E-mail: pinsu@mail.nctu.edu.tw 

Introduction 
To enable the mobility scaling, strained silicon is widely 

used in state-of-the-art CMOS technologies [1-2]. While the 
carrier mobility enhancement can help overcome the 
speed/power barrier for logic applications, the impact of strain 
on analog performance is another important issue that has to 
be considered for strained MOSFETs. Although several studies 
have investigated the analog performance of strained devices 
recently [3-4], the impact of strain on matching properties has 
rarely been examined. Through a comparison between strained 
and unstrained devices, this work investigates the matching 
performance of uniaxial strained PMOSFETs [2] with sub-100 
nm gate length. 

Experimental 
Co-processed strained and unstrained PMOSFETs are in-

vestigated in this study. The strained devices were fabricated 
by state-of-the-art process-induced uniaxial strained-silicon 
technology featuring SiGe source/drain and compressive Con-
tact Etch Stop Layer (CESL) [4]. For the transistors with gate 
length Lgate =54 nm, the saturation drain current (Idsat) of the 
strained device is improved more than 100% as compared with 
its control counterpart. 

The matching properties of the strained and unstrained 
devices are extracted from identical devices in a matching pair 
configuration on 50 dies. Statistics on the mismatch in drain 
current ((∆Id)/Id) and threshold voltage (∆Vth) in the linear 
region were obtained. Since analog circuits are usually biased 
in the low gate-bias (Vg) regime (e.g., Vgst =Vg - Vth =0.2V) for 
better power efficiency [5], this study will focus on the 
matching properties in the low Vgst regime. 

Results & Discussion 
Fig. 1 shows the Vg dependence of the extracted standard 

deviations of drain current mismatch (σ(∆Id)/Id) for strained 
and control devices with Lgate = 54nm and gate-width (W) = 
1µm and 0.3µm. It can be seen that the σ(∆Id)/Id of the strained 
device is larger than that of the unstrained one in the low Vgst 
regime. In other words, the matching performance is degraded 
in the low Vgst regime for the strained device.  

The drain current mismatch in the low Vgst regime is 
dominated by the threshold voltage mismatch [6], and can be 
expressed as [7]: 
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where gm is the transconductance. To verify the relevance of 
∆Vth to ∆Id/Id, Eq. (1) can be rewritten as (∆Id)/gm= -∆Vth [8] 
and the correlation (ρ) between (∆Id)/gm at Vgst = 0 and (∆Id)/gm 
at other Vgst is shown in Fig. 2. It can be seen from Fig. 2 that 
the correlation lies between 70% and 100% for both strained 
and control devices. This ensures that the threshold voltage 
mismatch is the dominant mechanism that determines the drain 
current mismatch in the low Vgst regime. 

Fig. 3 shows the Pelgrom plot [9] of ∆Vth. The geometry 
of the strained device in Fig. 3 are W/Lgate=1µm/54nm and 
0.3µm/54nm. Note that the Lgate of the strained device needs to 
be the same in order to keep similar strain in the channel. This 
is because the channel strain is gate-length dependent in proc-
ess-induced strain silicon devices [10]. From Fig. 3, it can be 

seen that the area dependence of σ(∆Vth), AVth, are almost the 
same for the control and strained device. This is consistent 
with the area dependence of σ(∆Id)/Id, AId, as shown in Fig. 4. 
However, the discrepancy in σ(∆Id)/Id between the control and 
strained devices (Fig. 4) is significantly larger than the dis-
crepancy in σ(∆Vth) (Fig. 3) when one-to-one device compari-
son is made. This can be explained by the gm/Id plot shown in 
Fig. 5. 

In the linear region, gm/Id can be modeled by [11]: 
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where µeff is the carrier mobility. The larger gm/Id for the 
strained device (Fig. 5) than its control counterpart at a given 
Vgst can be attributed to the gate-bias sensitivity of the carrier 
mobility, the second term in Eq. (2). 

Fig. 6 shows the extracted carrier mobility [4] versus Vgst. 
It can be seen that µeff increases with Vg in the low Vgst regime 
(e.g., Vgst = 0.2 V). This is because in the low Vgst regime, the 
mobility is mainly determined by Coulombic scattering. The 
mobile carrier screening makes µeff increases with Vg. The lar-
ger slope of the mobility for the strained device[4] is responsi-
ble for the higher gm/Id observed in Fig. 5. 

Fig. 7 shows σ(∆Id)/Id versus normalized drain current for 
strained and control devices. For analog devices biased by 
constant drain current, Fig. 7 indicates that the strained device 
has worse matching performance than its control counterpart. 
Fig. 8 and Fig. 9 show the correlation ρ and gm/Id versus nor-
malized drain current, respectively. The larger drain current 
mismatch for devices biased by constant drain current than by 
constant Vgst can be attributed to the larger gm/Id enhancement 
of the strained device under constant drain current. 

Conclusions 
We have investigated the matching properties of uniaxial 

strained PMOSFETs with sub-100 nm gate length. In the low 
Vgst regime, the area dependences of the drain current mis-
match and the threshold voltage mismatch are similar for con-
trol and strained devices. When one-to-one device comparison 
is made, nevertheless, the drain current mismatch for the 
strained device is degraded because of the enhanced gm/Id. The 
enhanced gm/Id can be attributed to the higher Vg sensitivity of 
the carrier mobility present in the strained device. For analog 
devices biased by constant drain current, the strained device 
also shows worse matching properties. Although gm/Id is supe-
rior for the strained device, the resulting worse matching per-
formance needs to be considered when using these advanced 
strained devices in analog design. 
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Fig. 1 σ(∆Id)/Id vs. Vgst shows larger drain 
current mismatch for the strained device. 

Fig. 2 Correlation (ρ) between (∆Id)/gm at Vgst =0 
and (∆Id)/gm at other Vgst vs. |Vgst| . The high 
correlation coefficient ensures the relevance of 
the threshold voltage mismatch (∆Vt) to the 
drain current mismatch (∆Id/Id). 

Fig. 3 σ(∆Vt) vs. (WLgate)-0.5 shows simi-
lar area dependence of σ(∆Vt) for the 
strained and control device. 

Fig. 4 σ(∆Id)/Id vs. (WLgate)-0.5 shows similar 
area dependence of σ(∆Id)/Id for the strained 
and control device.

Fig. 5 gm/Id vs. |Vgst| showing the strain-en-
hanced gm/Id in the low Vgst region. 

Fig. 6 The extracted carrier mobility vs. 
|Vgst| shows larger Vg sensitivity of carrier 
mobility in the low Vgst region for the 
strained device. 

Fig. 7 σ(∆Id)/Id vs. normalized Id shows 
larger drain current mismatch for the 
strained device. 

Fig. 8 Correlation (ρ) between (∆Id)/gm at 
Vgst = 0 and (∆Id)/gm at other Vgst vs. nor-
malized Id. 

Fig. 9 gm/Id vs. normalized Id showing the 
strain-enhanced gm/Id. 

g

eff

dV
dµ

-83-



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




