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Limitation of CMOS Supply-Voltage Scaling by MOSFET Threshold-Voltage Variation Shih-Wei Sun and Paul G. Y. Tsui



Abstract-A fundamental limit of CMOS supply-voltage (Kc) ( I d ) was used to describe the gate delay Tpd [4] scaling has been investigated and quantified as a function of the I d c( (Kc - VT)’, statistical variation of MOSFET threshold-voltage (VT).Based on the data extracted from a sub-0.5 pm logic technology, the 1 / I d 0: l/(Kc - VT)’. Tpd Variation of ring-oscillator propagation-delay (Tpd ) significantly increases as V,, is scaled down towards the MOSFET VT. An Depending on the MOSFET operation either in saturation or empirical power-law relationship was then derived to describe linear region during switching, the value of y varies between 2 the scattering of circuit speed (ATpd) as a function of MOSFET and 1 [5]. y also becomes less than 2 for the saturation I d of VT variation (AVT) and (Vcc- VT).Agreement between the model and the experimental data was established for V,, values short-channel MOSFET under velocity saturation conditions from 4.0 to 0.9 V. This fundamental limit of CMOS V,, scaling [6]. Although there are more rigorous analytical solutions on poses an additional challenge for the design and manufacturing of CMOS inverter delay (for example in [$ and [6]), the aforehigh-performance,low-powerportable systems and battery-based mentioned power-law relationship between Tpd and (K, - VT) equipments. provides a simple yet realistic model to illustrate the impact of statistical VT variation on Tpd scattering as v,, scales down I. INTRODUCTION towards VT. A y value of 1.5 was then adopted in this study OR CMOS circuits, the active switching power (P)can as an average of the (V,, - VT) exponents 2 and 1 discussed be described by P = fCLV2, where f is the operating earlier in the MOSFET I d expression



F



frequency and CL is the loading capacitance. It is obvious that V, scaling is the most effective approach in reducing the power consumption [ 11-[3]. However, power versus speed trade-off has been one of the major concerns for continued scaling of CMOS supply-voltage. In this paper, the emerging issue of CMOS circuit speed scattering at low V,, values has been analyzed from MOSFET VT variation’s point of view. It is not the intent of this paper to derive a new analytical model for CMOS inverter delay, which has been the subject of many past literature [4]-[6]. The purpose of this paper is to highlight and quantify the significant impact of the experimentally observed statistical process variation (specifically, MOSFET VT variation) on circuit speed scattering at low Vcc’s. All the experimental results were collected from a modular sub-0.5 pm logic CMOSBiCMOS technology [7], with n+/p+ dualpoly gate, full titanium self-aligned silicide (SALICIDE) and triple-level metallization. The key MOSFET process/device parameters include 0.55 V IVT~,105 8, gate oxide thickness, and 0.42 pm effective channel-length (LEFF)for both nchannel and p-channel devices. 11. MODEL It is shown in Fig. 1 that the experimentally measured CMOS ring-oscillator (F.I. = F.O. =1) stage delay is tightly distributed at high V, values ( > 2 V). However, Tpd variation increases at 2 V V, and becomes uncontrollable for V, less than 1 V. In order to quantify this Tpd variation (ATpd) at low V, values, the conventional form of MOSFET drain current Manuscript received October 18, 1994; revised February 6, 1995. The authors are with Advanced Products Research and Development Laboratory, Motorola, Austin, TX 78721 USA. IEEE Log Number 9412016.



Tpd c( 1/(Kc- V T ) ~ . ~ .



(1)



By differentiating this Tpd equation with respect to the MOSFET VT (ATpd/AVT), the relationship between the circuit delay scattering (ATpd) and the MOSFET VT, AVT can be established ATpd 0: AVT/(V,, - VT)”~.



(2)



Sensitivity analyses of other process and device parakneters indicate that channel-length variation (AL) also contribute significantly to ATpd at higher supply voltages, which will be discussed in the next section. Dependence of ATpd on A L and other parameters are included as pre-proportional constants in (2). 111. EXPERIMENTAL RESULTS AND DISCUSSION



Fig. 2 illustrates the correlation between the measured and the calculated ring-oscillator stage delays (using (l), l/(Vcc vT)1.5). Due to this empirical power-law relationship, MOSFET VT plays a key role in circuit performance as V, is scaled down towards MOSFET VT. Fig. 3 plots the experimentally measured la ring-oscillator stage delay variation and the calculated ATpd using (2), AVT/(V,, - v T ) 2 ‘ 5 .Again, the data points track the empirical power-law relationship ATpd c( AVT/(K, - V T ) ~ .very ~ well for V, values from 4 to 0.9 V. Because of the exponent of 2.5 in the denominator, reduction of MOSFET VT is very effective in reducing ATpd. However, the MOSFET off-state leakage and static power consumption become serious concerns at reduced VT. Fig. 4 plots the 30 worst-case VT off-state leakage as a function of MOSFET VT for three different subthreshold slopes. A 15mV la VT variation was assumed. For a MOSFET off-state
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Supply Voltage (V) Fig. 1. Experimentally measured CMOS inverter ring-oscillator stage delay at supply voltages from 4 V to 0.9 V. Data were taken from five consecutive wafers in the same lot with 0.55 V IVTI, 105 8, To,,and 0.42 pm LEFFfor both n-channel and p-channel MOSFET's.



Supply Voltage (V)



Fig. 3. Comparison of the directly measured CMOS ring-oscillator stage delay variation (ATpd) and the calculated AT,, using AT,, 0: AV, /(vcc -vT)2,5.
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Fig. 2. Comparison between the measured and the calculated CMOS ring-oscillator stage delay (Tpd) using Tpd 0; l/(Vcc - V T ) ~ . ~ .



leakage requirement of 1 pA/pm, the VT has to be 0.56 V for a subthreshold slope of 85 mV/decade, 0.5 V VT for a subthreshold slope of 75 mV/decade, and a VT of >0.4 V even for an ideal subthreshold slope of 60 mV/decade (cf. fully depleted thin-film SOI). In order to reduce ATpd at low V,, values without any significant increase of off-state leakage, it is crucial to reduce the MOSFET VT variation (AVT). As the MOSFET AV, is reduced, not only AT,, reduces, the worst-case off-state leakage also becomes lower. Fig. 5 illustrates the experimentally measured percentage variation of the stage-delay (ATpd/Tpd) as a function of K.. ATpd/Tpd ratio is approximately constant for V,, > 2 V. However, the ratio increases significantly as V,, scales down below 2 V. To understand the possible impact of channellength variation on circuit speed scattering, MC-SPICE simulation was performed using the LEFFdata (0.42 f 0.024 pm) collected on the same wafers used through out this paper. The 25 mV VT roll-off between the +la and -lo LEFF values (0.444 pm and 0.396 pm, respectively) was also compensated



Threshold Voltage (V) Fig. 4. Limitationof threshold-voltage scaling by MOSFET off-state leakage requirement for subthreshold slopes (SS) of 85, 75, and 60 mV/decade.



in order to deconvolute the AL and AVT effects. Almost independent of the supply-voltage (4 V to 0.9 V), the LEFF variation alone was found to contribute 8%-9% ring-oscillator speed scattering (ATpd/Tpd).This value is in good agreement with the directly measured ATpd/Tpd shown in Fig. 5, of approximately 10% for Vcc's higher than 2 V. It can also be qualitatively concluded that channel-length variation is a major factor contributing to circuit delay variation at higher supply voltages. On the other hand, the impact of AV, on circuit speed scattering discussed in this paper becomes crucial at lower supply voltages. For current 0.5 pm logic CMOS technologies, the 30 AV, spec. limit is approximately 10% or less at 3.3 V Vcc. In order to keep the same ATpd/Tpd ratio at lower Vcc's, the AV, control has to be improved significantly. For example, the 30 AV, has to be 
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and innovations in circuidsystem design have to be pursued concurrently.
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Supply Voltage (V) Fig. 5. Directly measured stage delay variation ratio (ATPd/Tpd) of CMOS ring-oscillator as a function of supply voltage.



IV. SUMMARY In summary, limitation of CMOS supply-voltage scaling, caused by MOSFET VT scattering, has been studied. This V,. dependency of ATpd was successfully analyzed by an empirical power-law relationship ATp, 0: AVT/(V,,-VT)”‘. Trade-offs have to be considered in reducing either VT or AVT in order to meet the AT& circuit requirements. For highperformance, low-power product applications with a V, of 2 V or less, both on-going improvements in process control



R. Brodersen, A. Chandrakasan, and S. Sheng, “Design techniques for portable systems,” IEEE Int. Solid-State Circuits Con$, 1993, pp. 168- 169. D. Liu and C. Svensson, “Trading speed for low power by choice of supply and threshold voltages,” IEEE J. Solid-Stare Circuits, vol. 28, pp. 10-17, Jan. 1993. K. Shimohigashi and K. Seki, “Low voltage ULSI design-The lower, the better?’ in Symp. VLSI Circuits, 1992, pp. 54-58. T. Sakurai and A. R. Newton, “Alpha-power law MOSFET model and its application to CMOS inverter delay and other formulas,” IEEE J. Solid-state Circuits, vol. 25, pp. 584-594, Feb. 1990. N. H. E. Weste and K . Eshraghian, Principles of CMOS V U I design, a Systems Perspective. New York: Addison-Wesley, 1985, ch. 4.4 (Switching Characteristics), pp. 137-141. M. Kakumu and M. Kinugawa, “Power-supply voltage impact on circuit performance for half and lower submicrometer CMOS LSI,” IEEE Trans. Electron Devices, vol. 37, pp. 1902-1908, 1990. S. W. Sun, P. Tsui, B. Somero, J. Klein, F. Pintchovski, J. Yeargain, B. Pappert, and R. Bertram, “A fully complementary BiCMOS technology for sub-half-micrometer microprocessor applications,” IEEE Trans. Electron Devices, vol. 39, pp. 2733-2739, 1992.



























[image: CMOS Scaling for High Performance and]
CMOS Scaling for High Performance and












[image: Limitation Partition of Estate FB.pdf]
Limitation Partition of Estate FB.pdf












[image: CMOS By Kang-vlsi.pdf]
CMOS By Kang-vlsi.pdf












[image: CMOS By Kang-vlsi.pdf]
CMOS By Kang-vlsi.pdf












[image: Power MOSFET Basics]
Power MOSFET Basics












[image: Pioneer mosfet 50wx4 manual pdf]
Pioneer mosfet 50wx4 manual pdf












[image: Toward a mechanistic modeling of nitrogen limitation ...]
Toward a mechanistic modeling of nitrogen limitation ...












[image: CIVIL PROCEDURE AND LIMITATION ACT.pdf]
CIVIL PROCEDURE AND LIMITATION ACT.pdf












[image: Survey of Noise Sources in Bulk CMOS]
Survey of Noise Sources in Bulk CMOS












[image: nitrogen limitation of net primary productivity in ...]
nitrogen limitation of net primary productivity in ...












[image: CMOS Hidens]
CMOS Hidens












[image: Hypoxia-induced growth limitation of juvenile fishes in ...]
Hypoxia-induced growth limitation of juvenile fishes in ...












[image: Dispersal limitation of unionid mussels and implications ...]
Dispersal limitation of unionid mussels and implications ...












[image: Characterization of CMOS Metamaterial Transmission ... - IEEE Xplore]
Characterization of CMOS Metamaterial Transmission ... - IEEE Xplore












[image: Manual pioneer mosfet 50wx4 pdf]
Manual pioneer mosfet 50wx4 pdf












[image: ELECTRONIC COMPONENT AND CMOS TECHNOLOGY.pdf ...]
ELECTRONIC COMPONENT AND CMOS TECHNOLOGY.pdf ...












[image: Read PDF CMOS Cookbook, Second Edition Full By ...]
Read PDF CMOS Cookbook, Second Edition Full By ...












[image: REVERSE NETWORK EFFECTS THE CHALLENGES OF SCALING ...]
REVERSE NETWORK EFFECTS THE CHALLENGES OF SCALING ...















Limitation of CMOS supply-voltage scaling by MOSFET ...






on the data extracted from a sub-0.5 pm logic technology, the. Variation of ... short-channel MOSFET under velocity saturation conditions. [6]. Although there are ... 






 Download PDF 



















 246KB Sizes
 2 Downloads
 169 Views








 Report























Recommend Documents







[image: alt]





CMOS Scaling for High Performance and 

ment Center (SRDC), T. J. Watson Research Center, Yorktown Heights, .... We call this. â€œselective ..... tions into more advanced scaled CMOS are presented. The.














[image: alt]





Limitation Partition of Estate FB.pdf 

Page 1 of 7. 1/17 NMS-2955-2011.doc. IN THE HIGH COURT OF JUDICATURE AT BOMBAY. ORDINARY ORIGINAL CIVIL JURISDICTION. NOTICE OF ...














[image: alt]





CMOS By Kang-vlsi.pdf 

Page 3 of 683. CMOS By Kang-vlsi.pdf. CMOS By Kang-vlsi.pdf. Open. Extract. Open with. Sign In. Main menu. Displaying CMOS By Kang-vlsi.pdf. Page 1 of ...














[image: alt]





CMOS By Kang-vlsi.pdf 

... Institute of Technology-Lausanne. U McGraw-Hill.*. Boston Burr Ridge, IL Dubuque, IA Madison, WI New York San Francisco St. Louis. Bangkok Bogota Caracas Lisbon London Madrid. Mexico City Milan New Delhi Seoul Singapore Sydney Taipei Toronto. Pag














[image: alt]





Power MOSFET Basics 

Another BJT limitation is that both electrons and holes .... Typical values of input (Ciss), output (Coss) and reverse transfer (Crss) capacitances given in the data.














[image: alt]





Pioneer mosfet 50wx4 manual pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. Pioneer mosfet ...














[image: alt]





Toward a mechanistic modeling of nitrogen limitation ... 

2. 3. 4. Toward a mechanistic modeling of nitrogen limitation on vegetation dynamics. 5. 6 ... Phone: (505) 665-6136. 16 ...... modeled Vcmax is in a good agreement with observation. See Text S2 for ..... 2. /s. See dotted lines in Figure 6 a. 3.














[image: alt]





CIVIL PROCEDURE AND LIMITATION ACT.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. CIVIL ...














[image: alt]





Survey of Noise Sources in Bulk CMOS 

The noise behavior of bulk CMOS devices is dominated primarily by two noise sources: thermal noise and flicker (1/f) noise. Other sources that are sometimes ...














[image: alt]





nitrogen limitation of net primary productivity in ... 

1Department of Earth System Science, University of California, Irvine, California 92054 USA ... global N and C cycles interact strongly and that geography can mediate ecosystem response to ...... The ''file drawer problem'' and tolerance.














[image: alt]





CMOS Hidens 

(phone: +41-44-633-3669; fax: +41-44-633-. 1054; e-mail: [email protected]). C. Diaz and M. .... A batch of six chips has been plated with cells and all were ...














[image: alt]





Hypoxia-induced growth limitation of juvenile fishes in ... 

lated using the computer-controlled device described by ... Fisheries Service â€“ NOAA, 28 Tarzwell Drive, Narragansett, ... Recovery rates of known mixtures of.














[image: alt]





Dispersal limitation of unionid mussels and implications ... 

secure mussel species had host fish with 2â€“3 orders of magnitude larger movement distances. .... and the national rank for one species that has not been assessed in ... Web of Knowledge to compile data on fish movement to determine the ...














[image: alt]





Characterization of CMOS Metamaterial Transmission ... - IEEE Xplore 

IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 62, NO. 9, SEPTEMBER 2015. Characterization of CMOS Metamaterial. Transmission Line by Compact.














[image: alt]





Manual pioneer mosfet 50wx4 pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. Manual pioneer ...














[image: alt]





ELECTRONIC COMPONENT AND CMOS TECHNOLOGY.pdf ... 

Page 1 of 2. P.T.O.. IV Semester B.E. (E&C) Degree Examination, January 2013. (2K6 Scheme). EC- 401 : ELECTRONIC COMPONENT AND CMOS ...














[image: alt]





Read PDF CMOS Cookbook, Second Edition Full By ... 

... CMOS Cookbook, Second Edition ,ebook reader android CMOS Cookbook, ..... O S c o o k b o o k a n d T T L c o o k b o o k i n 1 9 8 0 s a n d I r e a d Ã¢ â‚¬ Â¦ 0 D ...














[image: alt]





REVERSE NETWORK EFFECTS THE CHALLENGES OF SCALING ... 

REVERSE NETWORK EFFECTS THE CHALLENGES OF SCALING AN ONLINE PLATFORM.pdf. REVERSE NETWORK EFFECTS THE CHALLENGES OF ...


























×
Report Limitation of CMOS supply-voltage scaling by MOSFET ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















