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						Introduction
					
				

				
					
						This article is Part 2 of a three-part series that investigates 
					
				

				
					
						the design and performance of a voltage-reference system 
					
				

				
					
						for a successive-approximation register (SAR) analog-to-
					
				

				
					
						digital converter (ADC). A simplified version of this system 
					
				

				
					
						is shown in Figure 1. When a design uses an ADC in this 
					
				

				
					
						system, it is critical to understand the voltage-reference 
					
				

				
					
						path to the converter. Part 1 (see Reference 1) examined 
					
				

				
					
						the fundamental operation of an ADC independent of the 
					
				

				
					
						voltage reference, and then analyzed the performance 
					
				

				
					
						characteristics that have an impact on the accuracy and 
					
				

				
					
						repeatability of the system. Part 2 looks at the key charac-
					
				

				
					
						teristics of the voltage-reference block in Figure 1 and the 
					
				

				
					
						reference’s possible impact on the ADC’s performance. 
					
				

				
					
						Part 2 also shows how to design an appropriate external 
					
				

				
					
						reference for 8- to 14-bit ADCs. Part 3, which will appear 
					
				

				
					
						in a future issue of the 
						Analog Applications Journal
						, will 
					
				

				
					
						investigate the impact of the voltage-reference buffer and 
					
				

				
					
						the capacitors that follow it, discuss how to ensure that the 
					
				

				
					
						amplifier is stable, and provide a reference design that is 
					
				

				
					
						appropriate for ADCs with 16+ bits.
					
				

				
					
						Choosing the correct V
					
					
						REF
					
					
						 topology
					
				

				
					
						Voltage references are available in two-terminal shunt or 
					
				

				
					
						three-terminal series configurations (see Figure 2). Figure 
					
				

				
					
						2a shows a two-terminal shunt voltage reference, in which 
					
				

				
					
						the entire IC chip of 
					
				

				
					
						the shunt reference 
					
				

				
					
						operates in parallel to 
					
				

				
					
						its load. With a shunt 
					
				

				
					
						voltage reference, an 
					
				

				
					
						input voltage is 
					
				

				
					
						applied to the resistor 
					
				

				
					
						that is connected to 
					
				

				
					
						the cathode. The  
					
				

				
					
						typical initial voltage 
					
				

				
					
						accuracy of this 
					
				

				
					
						device can be as low 
					
				

				
					
						as 0.5% or range up 
					
				

				
					
						to 5%, with a temper-
					
				

				
					
						ature coefficient of 
					
				

				
					
						approximately 50 to 
					
				

				
					
						100 µV/°C. The shunt 
					
				

				
					
						voltage reference can 
					
				

				
					
						be used to create 
					
				

				
					
						positive, negative, or 
					
				

				
					
						floating reference 
					
				

				
					
						voltages.
					
				

			

			
				
					
						Figure 1. Voltage-reference system for SAR ADC
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						Figure 2. Voltage-reference configurations
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						the external load. As the load current increases or 
					
				

				
					
						decreases, the series reference maintains the voltage  
					
				

				
					
						at V
					
					
						OUT
					
					
						.
					
				

				
					
						The typical initial voltage accuracy of a series-reference 
					
				

				
					
						device can be as low as 0.05% or range up to 0.5%, with 
					
				

				
					
						temperature coefficients as low as 2.5 ppm/°C. Because  
					
				

				
					
						of the series reference’s superior initial output voltage and 
					
				

				
					
						overtemperature performance, this type of device would 
					
				

				
					
						be used to drive the reference pins of precision ADCs. 
					
				

				
					
						Beyond 8 or 14 resolution bits, where the size of the least 
					
				

				
					
						significant bit (LSB) is respectively 0.4% and 0.006%, an 
					
				

				
					
						external series voltage reference ensures that the intended 
					
				

				
					
						precision of the converter can be achieved.
					
				

				
					
						Another common application for series voltage refer-
					
				

				
					
						ences is sensor conditioning. In particular, a series voltage 
					
				

				
					
						reference is useful in bridge-sensor applications as well as 
					
				

				
					
						applications that have thermocouples, thermopiles, and 
					
				

				
					
						pH sensors.
					
				

				
					
						The initial accuracy of the series voltage reference in an 
					
				

				
					
						ADC application (as in Figure 1) provides the general ref-
					
				

				
					
						erence for the conversion process. Any initial inaccuracy of 
					
				

				
					
						the output voltage can be calibrated in hardware or soft-
					
				

				
					
						ware. Additionally, changes in the accuracy of the voltage-
					
				

				
					
						reference output can be a consequence  
					
				

				
					
						of the temperature coefficient, the line 
					
				

				
					
						regulation, the load regulation, or long-
					
				

				
					
						term drift. The series voltage reference 
					
				

				
					
						provides better performance in all of  
					
				

				
					
						these categories.
					
				

				
					
						Understanding reference- 
					
				

				
					
						voltage noise
					
				

				
					
						From Part 1 of this series it can be con-
					
				

				
					
						cluded that the ADC has only one func-
					
				

				
					
						tion. That function is to compare an input 
					
				

				
					
						voltage to a reference voltage, or to create 
					
				

				
					
						an output code based on an input signal 
					
				

				
					
						and reference voltage. Part 1 presented 
					
				

				
					
						diagrams and formulas that describe the 
					
				

				
					
						basic transfer function of the ADC along 
					
				

				
					
						with the device’s noise characteristics. The 
					
				

				
					
						typical transfer function of an ideal ADC, 
					
				

				
					
						shown here in Figure 3, was described as
					
				

			

			
				
					
						Figure 3. An ideal, 3-bit ADC transfer function
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						Figure 4. Total noise at ADC output as a function of ADC 
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						where “Code” is the ADC output code in decimal form, V
					
					
						IN
					
					
						 
					
				

				
					
						is the analog input voltage to the ADC, n is the number of 
					
				

				
					
						ADC output bits, and V
					
					
						REF
					
					
						 is the analog value of the ref-
					
				

				
					
						erence voltage to the ADC. This formula shows that any 
					
				

				
					
						initial error or noise in the reference voltage translates to 
					
				

				
					
						a gain error in the code output of the ADC.
					
				

				
					
						If several points from the ADC’s negative full-scale input 
					
				

				
					
						to its positive full-scale input are measured, it becomes 
					
				

				
					
						clear that the contribution of the reference noise is a func-
					
				

				
					
						tion of the ADC input voltage. To evaluate the voltage- 
					
				

				
					
						reference noise as well as the overall noise, it is necessary 
					
				

			

			
				
					
						to measure the noise close to both the negative full scale 
					
				

				
					
						and the positive full scale. Figure 4 shows the results of 
					
				

				
					
						measuring the reference noise and the ADC noise in a  
					
				

				
					
						system. These results show that the overall noise is not 
					
				

				
					
						constant but linearly dependent on the ADC’s analog input 
					
				

				
					
						voltage. When this type of system is designed, it is impor-
					
				

				
					
						tant to keep the reference noise lower than the ADC’s 
					
				

				
					
						internal noise.
					
				

				
					
						Both reference topologies in Figure 2 generate compa-
					
				

				
					
						rable noise over frequency. The voltage noise in series 
					
				

				
					
						voltage references comes mainly from the bandgap and 
					
				

			

			
				
					
						14
					
				

			

			
				
					
						High-Performance Analog Products 
					
				

			

			
				
					
						www.ti.com/aaj
						 
					
				

			

			
				
					
						3Q 2009
					
				

			

			
				
					
						Analog Applications Journal
					
				

			

			[image: 917564677.159.png]
			
			[image: 917564677.160.png]
			
			[image: 917564677.161.png]
			
			[image: 917564677.162.png]
			
			[image: 917564677.163.png]
			
			[image: 917564677.164.png]
			
			[image: 917564677.165.png]
			
			[image: 917564677.166.png]
			
			[image: 917564677.167.png]
			
			[image: 917564677.168.png]
			
			[image: 917564677.169.png]
			
			[image: 917564677.170.png]
			
			[image: 917564677.171.png]
			
			[image: 917564677.172.png]
			
			[image: 917564677.173.png]
			
			[image: 917564677.174.png]
			
			[image: 917564677.175.png]
			
			[image: 917564677.176.png]
			
			[image: 917564677.178.png]
			
			[image: 917564677.179.png]
			
			[image: 917564677.180.png]
			
			[image: 917564677.181.png]
			
			[image: 917564677.182.png]
			
			[image: 917564677.183.png]
			
		

		
			
				
					
						Texas Instruments Incorporated
					
				

			

			
				
					
						Data Acquisition
					
				

			

			
				
					
						the output amplifier. Both of these elements gener-
					
				

				
					
						ate noise in the 1/f region and the broadband region 
					
				

				
					
						(see Figure 5).
					
				

				
					
						Noise in the voltage reference’s 1/f region
					
				

				
					
						In the data sheets of most series-reference devices, 
					
				

				
					
						the specification for output-voltage noise is over the 
					
				

				
					
						frequency range of 0.1 to 10 Hz, which encompasses 
					
				

				
					
						the 1/f region in Figure 5. Noise in the 1/f region, 
					
				

				
					
						often called “pink noise,” is replaced in the higher 
					
				

				
					
						frequency domain by the broadband noise.
					
				

				
					
						Noise in the voltage reference’s broadband region
					
				

				
					
						Some manufacturers include specifications for the 
					
				

				
					
						voltage reference’s output noise density. This type of 
					
				

				
					
						specification is usually for noise in the broadband 
					
				

				
					
						region, such as the noise density at 10 kHz. Broad-
					
				

				
					
						band noise, which is present over the higher wide-
					
				

				
					
						band frequencies, is also known as “white noise” or 
					
				

				
					
						“thermal noise.”
					
				

				
					
						An added low-pass filter with an extremely low 
					
				

				
					
						corner frequency will reduce the broadband noise at the 
					
				

				
					
						output of the reference. This filter is designed with a 
					
				

				
					
						capacitor, the equivalent series resistance (ESR) of the 
					
				

				
					
						capacitor, and the open-loop output impedance of the  
					
				

				
					
						reference output amplifier (see Figure 6).
					
				

				
					
						Table 1 shows the noise measured from the Texas 
					
				

				
					
						Instruments REF5040 for different frequency bandwidths 
					
				

				
					
						as well as for different external-capacitor values and 
					
				

				
					
						types. These measurements demonstrate that ceramic 
					
				

				
					
						capacitors with a low ESR of about 0.1 Ω have a tendency 
					
				

				
					
						to increase noise compared to tantalum capacitors with a 
					
				

				
					
						standard ESR of about 1.5 Ω. This tendency is the result of 
					
				

				
					
						stability problems and the gain peaking of the reference’s 
					
				

				
					
						output amplifier.
					
				

				
					
						As mentioned earlier, the two sources of noise in the 
					
				

				
					
						reference voltage are the internal output amplifier and  
					
				

				
					
						the bandgap. The internal schematic of the REF5040 in 
					
				

				
					
						Figure 7 shows that the TRIM pin provides direct access 
					
				

				
					
						to the bandgap. An external capacitor can be added to the 
					
				

				
					
						TRIM pin to create a low-pass filter. This filter provides a 
					
				

			

			
				
					
						Figure 5. Example voltage-noise regions in the 
					
				

				
					
						frequency domain
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						Figure 6. Low-pass filter between series 
					
				

				
					
						voltage reference and ADC
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						bandgap broadband attenuation of approximately –21 dB. 
					
				

				
					
						For example, a small 1-µF capacitor adds a pole at 14.5 Hz 
					
				

				
					
						and a zero at 160 Hz. If more filtering is needed, a larger-
					
				

				
					
						value capacitor can be used in place of the 1-µF capacitor. 
					
				

				
					
						For instance, a 10-µF capacitor will generate a 3-dB corner 
					
				

				
					
						frequency of 1.45 Hz. This low-pass filter will lower the 
					
				

				
					
						bandgap noise. Attaching a 1-µF capacitor to the TRIM pin 
					
				

				
					
						of the REF5040 will lower the total output RMS noise by a 
					
				

				
					
						factor of 2.5.
					
				

				
					
						Conclusion
					
				

				
					
						Figure 8 shows a complete circuit diagram for a reference 
					
				

				
					
						system configured with an 8- to 14-bit converter. The accu-
					
				

				
					
						racy of the voltage reference in this system is important; 
					
				

				
					
						however, any initial inaccuracy can be calibrated with 
					
				

				
					
						hardwareorsoftware.Ontheotherhand,eliminatingor
					
				

				
					
						reducing reference noise will require a degree of charac-
					
				

				
					
						terization and hardware-filtering techniques. Part 3 of this 
					
				

				
					
						article series will explore the proper filtering for the 
					
				

				
					
						broadband region.
					
				

				
					
						Part 3 will also investigate and explain how to design a 
					
				

				
					
						reference circuit that is appropriate for converters with 
					
				

				
					
						16+ bits. The impact of the voltage-reference buffer and 
					
				

				
					
						its following amplifier/resistor/capacitor network will be 
					
				

				
					
						analyzed. With the measurements that follow the final sys-
					
				

				
					
						tem tuning, the assumptions and conclusions of this article 
					
				

				
					
						series will be compared to the real world.
					
				

			

			
				
					
						References
					
				

				
					
						For more information related to this article, you can down-
					
				

				
					
						load an Acrobat
					
					
						®
					
					
						 Reader
					
					
						®
					
					
						 file at www-s.ti.com/sc/techlit/ 
					
				

				
					
						litnumber
						 and replace “
						litnumber
						” with the 
						TI Lit. #
						 for 
					
				

				
					
						the materials listed below.
					
				

			

			
				
					
						Document Title 
					
				

			

			
				
					
						TI Lit. #
					
				

			

			
				
					
						1.BonnieBakerandMiroOljaca,“Howthe 
					
				

				
					
						Voltage Reference Affects ADC Performance,  
					
				

				
					
						Part 1,” 
						Analog Applications Journal
						  
					
				

				
					
						(2Q 2009) ............................... 
						slyt331
					
				

				
					
						2. Bonnie Baker, “A Glossary of Analog-to- 
					
				

				
					
						Digital Specifications and Performance  
					
				

				
					
						Characteristics,” Application Report ......... 
						sbaa147
					
				

				
					
						3.TimGreen.Operationalamplifierstability, 
					
				

				
					
						Parts 3, 6, and 7. 
						EN-Genius Network:  
					
				

				
					
						analogZONE: acquisitionZONE
						[Online]. 
					
				

				
					
						Available: http://www.analogzone.com/ 
					
				

				
					
						acqt
						0000
						.pdf (Replace “
						0000
						” with 
						“0307
						” for  
					
				

				
					
						Part 3, 
						“0704
						” for Part 6, or 
						“0529”
						 for Part 7.) 
					
				

			

			
				
					
						—
					
				

			

			
				
					
						4.BonnieC.BakerandMiroOljaca.(2007, 
					
				

				
					
						June 7). External components improve  
					
				

				
					
						SAR-ADC accuracy. 
						EDN
						[Online].Available: 
					
				

				
					
						http://www.edn.com/contents/images/ 
					
				

				
					
						6447231.pdf
						 
					
				

			

			
				
					
						—
					
				

			

			
				
					
						5.Wm.P.(Bill)Klein,MiroOljaca,andPete 
					
				

				
					
						Goad. (2007). Improved voltage reference  
					
				

				
					
						circuits maximize converter performance.  
					
				

				
					
						AnalogeLab™Webinar[Online].Available: 
					
				

				
					
						http://dataconverter.ti.com 
						(Scroll down to  
					
				

				
					
						“Videos” under “Analog eLab™ Design  
					
				

				
					
						Support” and select webinar title.) 
					
				

			

			
				
					
						Figure 8. Voltage-reference circuit for 8- to 
					
				

				
					
						14-bit converters
					
				

			

			
				
					
						—
					
				

			

			
				
					
						6. Art Kay. Analysis and measurement of  
					
				

				
					
						intrinsic noise in op amp circuits, Part I.  
					
				

				
					
						EN-Genius Network: analogZONE:  
					
				

				
					
						audiovideoZONE
						[Online].Available: 
					
				

				
					
						http://www.en-genius.net/includes/files/ 
					
				

				
					
						avt_090406.pdf
						 
					
				

			

			
				
					
						V
					
					
						IN
					
				

			

			
				
					
						Voltage
					
				

				
					
						Reference
					
				

			

			
				
					
						–
					
				

			

			
				
					
						R 
					
					
						O
					
				

			

			
				
					
						—
					
				

			

			
				
					
						10 k
					
					
						
					
				

			

			
				
					
						Bandgap
					
				

				
					
						Reference
					
				

			

			
				
					
						V
					
					
						OUT
					
				

			

			
				
					
						+
					
				

			

			
				
					
						10 µF
					
				

				
					
						(
					
					
						Tantalum
					
					
						)
					
				

			

			
				
					
						Related Web sites
					
				

				
					
						dataconverter.ti.com
					
				

				
					
						www.ti.com/sc/device/REF5040
					
				

			

			
				
					
						1 k
					
					
						
					
				

			

			
				
					
						TRIM
					
				

			

			
				
					
						1µF
					
				

			

			
				
					
						V
					
					
						REF
					
				

			

			
				
					
						D
					
					
						OUT
					
				

			

			
				
					
						AIN
					
				

			

			
				
					
						ADC
					
				

			

			
				
					
						16
					
				

			

			
				
					
						High-Performance Analog Products 
					
				

			

			
				
					
						www.ti.com/aaj
						 
					
				

			

			
				
					
						3Q 2009
					
				

			

			
				
					
						Analog Applications Journal
					
				

			

			[image: 917564677.118.png]
			
			[image: 917564677.119.png]
			
			[image: 917564677.120.png]
			
			[image: 917564677.122.png]
			
			[image: 917564677.123.png]
			
			[image: 917564677.124.png]
			
			[image: 917564677.125.png]
			
			[image: 917564677.126.png]
			
			[image: 917564677.127.png]
			
			[image: 917564677.128.png]
			
			[image: 917564677.129.png]
			
			[image: 917564677.130.png]
			
			[image: 917564677.131.png]
			
			[image: 917564677.133.png]
			
			[image: 917564677.134.png]
			
			[image: 917564677.135.png]
			
			[image: 917564677.136.png]
			
			[image: 917564677.137.png]
			
			[image: 917564677.138.png]
			
		

		
			
				
					
						IMPORTANT NOTICE 
					
				

			

			
				
					
						Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, 
					
				

				
					
						improvements, and other changes to its products and services at any time and to discontinue any product or service without notice. 
					
				

				
					
						Customers should obtain the latest relevant information before placing orders and should verify that such information is current and 
					
				

				
					
						complete. All products are sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment. 
					
				

			

			
				
					
						TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard 
					
				

				
					
						warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except 
					
				

				
					
						where mandated by government requirements, testing of all parameters of each product is not necessarily performed. 
					
				

			

			
				
					
						TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and 
					
				

				
					
						applications using TI components. To minimize the risks associated with customer products and applications, customers should 
					
				

				
					
						provide adequate design and operating safeguards. 
					
				

			

			
				
					
						TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask 
					
				

				
					
						work right, or other TI intellectual property right relating to any combination, machine, or process in which TI products or services 
					
				

				
					
						are used. Information published by TI regarding third-party products or services does not constitute a license from TI to use such 
					
				

				
					
						products or services or a warranty or endorsement thereof. Use of such information may require a license from a third party under 
					
				

				
					
						the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual property of TI. 
					
				

			

			
				
					
						Reproduction of information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied 
					
				

				
					
						by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and 
					
				

				
					
						deceptive business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject 
					
				

				
					
						to additional restrictions. 
					
				

			

			
				
					
						Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service 
					
				

				
					
						voids all express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. 
					
				

				
					
						TI is not responsible or liable for any such statements. 
					
				

			

			
				
					
						TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would 
					
				

				
					
						reasonably be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement 
					
				

				
					
						specifically governing such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of 
					
				

				
					
						their applications, and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements 
					
				

				
					
						concerning their products and any use of TI products in such safety-critical applications, notwithstanding any applications-related 
					
				

				
					
						information or support that may be provided by TI. Further, Buyers must fully indemnify TI and its representatives against any 
					
				

				
					
						damages arising out of the use of TI products in such safety-critical applications. 
					
				

			

			
				
					
						TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are 
					
				

				
					
						specifically designated by TI as military-grade or “enhanced plastic.” Only products designated by TI as military-grade meet military 
					
				

				
					
						specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is 
					
				

				
					
						solely at the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection 
					
				

				
					
						with such use. 
					
				

			

			
				
					
						TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are 
					
				

				
					
						designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated 
					
				

				
					
						products in automotive applications, TI will not be responsible for any failure to meet such requirements. 
					
				

			

			
				
					
						Following are URLs where you can obtain information on other Texas Instruments products and application solutions: 
					
				

				
					
						Products 
					
				

				
					
						Amplifiers  
					
				

			

			
				
					
						Applications 
					
				

				
					
						Audio  
					
				

			

			
				
					
						amplifier.ti.com
						 
					
				

			

			
				
					
						www.ti.com/audio
						 
					
				

			

			
				
					
						Data Converters  
					
				

			

			
				
					
						dataconverter.ti.com
						 
					
				

			

			
				
					
						Automotive  
					
				

			

			
				
					
						www.ti.com/automotive
						 
					
				

			

			
				
					
						DLP
					
					
						®
					
					
						 Products 
					
				

			

			
				
					
						www.dlp.com
					
				

			

			
				
					
						Broadband  
					
				

			

			
				
					
						www.ti.com/broadband 
					
				

			

			
				
					
						DSP  
					
				

			

			
				
					
						dsp.ti.com
						 
					
				

			

			
				
					
						Digital Control  
					
				

			

			
				
					
						www.ti.com/digitalcontrol
						 
					
				

			

			
				
					
						Clocks and Timers 
					
				

			

			
				
					
						www.ti.com/clocks
					
				

			

			
				
					
						Medical 
					
				

			

			
				
					
						www.ti.com/medical
					
				

			

			
				
					
						Interface  
					
				

			

			
				
					
						interface.ti.com 
					
				

			

			
				
					
						Military  
					
				

			

			
				
					
						www.ti.com/military
						 
					
				

			

			
				
					
						Logic  
					
				

			

			
				
					
						logic.ti.com 
					
				

			

			
				
					
						Optical Networking  
					
				

			

			
				
					
						www.ti.com/opticalnetwork
						 
					
				

			

			
				
					
						Power Mgmt  
					
				

			

			
				
					
						power.ti.com
						 
					
				

			

			
				
					
						Security  
					
				

			

			
				
					
						www.ti.com/security
						 
					
				

			

			
				
					
						Microcontrollers  
					
				

			

			
				
					
						microcontroller.ti.com
						 
					
				

			

			
				
					
						Telephony  
					
				

			

			
				
					
						www.ti.com/telephony
						 
					
				

			

			
				
					
						RFID 
					
				

			

			
				
					
						www.ti-rfid.com
					
				

			

			
				
					
						Video & Imaging  
					
				

			

			
				
					
						www.ti.com/video
						 
					
				

			

			
				
					
						RF/IF and ZigBee
					
					
						®
					
					
						  
					
				

			

			
				
					
						www.ti.com/lprf
						 
					
				

			

			
				
					
						Wireless  
					
				

			

			
				
					
						www.ti.com/wireless
					
				

			

			
				
					
						   Solutions
					
				

			

			
				
					
						Mailing Address:  
					
				

			

			
				
					
						Texas Instruments 
					
				

				
					
						Post Office Box 655303  
					
				

				
					
						Dallas, Texas 75265 
					
				

			

			[image: 917564677.139.png]
			
			[image: 917564677.140.png]
			
		

	


                                    

                                    
                                        
                                            Plik z chomika:

                                        
                                            
                                        

                                        
                                            
                                                
                                                    TirNaNog

                                        

                                    

                                    
                                        
                                            Inne pliki z tego folderu:

                                        	
                                                        slyt331.pdf
                                                    (570
                                                        KB) 
	
                                                        slyt333.pdf
                                                    (771
                                                        KB) 
	
                                                        slyt335.pdf
                                                    (746
                                                        KB) 
	
                                                        slyt332.pdf
                                                    (706
                                                        KB) 
	
                                                        slyt334.pdf
                                                    (626
                                                        KB) 


                                    

                                    
                                        
                                            Inne foldery tego chomika:

                                        	
                                                        ACE
                                                    
	
                                                        AcornUser
                                                    
	
                                                        AmigaComputing
                                                    
	
                                                        AmigaFormat
                                                    
	
                                                        AmigaShopper
                                                    


                                    

                                    
                                    

                                
                            
                        
                    
                
            
            
            
                Zgłoś jeśli naruszono regulamin
            

            
            
            

            

    	
                    Strona główna
                
	
                    Aktualności
                
	
                    Kontakt
                
	
                    Dla Mediów
                
	
                    Dział Pomocy
                
	
                    Opinie
                
	
                    Program partnerski
                



                	
                    Regulamin serwisu
                
	
                    Polityka prywatności
                
	
                    Ochrona praw autorskich
                
	
                    Platforma wydawców
                


    
        Copyright © 2012 
            Chomikuj.pl
        
    




        
    
