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						Introduction
					
				

				
					
						The last few years have seen great 
					
				

				
					
						advances in the performance of analog-
					
				

				
					
						to-digital converters. Sampling rates 
					
				

				
					
						for 12-, 14- and even 16-bit ADCs 
					
				

				
					
						are now well above 100Msps. The 
					
				

				
					
						LTC
					
					
						®
					
					
						6400 differ-
					
				

				
					
						ential amplifier 
					
				

				
					
						has been specii-
					
				

				
					
						cally designed to 
					
				

				
					
						drive these high 
					
				

				
					
						performance ADC 
					
				

				
					
						inputs in a way 
					
				

				
					
						that maintains 
					
				

				
					
						their excellent low 
					
				

				
					
						noise and high 
					
				

				
					
						linearity perfor-
					
				

				
					
						mance, all while 
					
				

				
					
						operating off a low 
					
				

				
					
						3V or 3.3V supply 
					
				

				
					
						voltage.
					
				

			

			
				
					
						place that swath of bandwidth starting 
					
				

				
					
						at DC. For example, with a 100Msps 
					
				

				
					
						ADC, you can digitize signals that are 
					
				

				
					
						bandpass limited between 150MHz 
					
				

				
					
						and 200MHz. The total bandwidth 
					
				

				
					
						is still 50MHz, 
					
				

				
					
						which is half the 
					
				

				
					
						sample rate, but 
					
				

				
					
						the input frequen-
					
				

				
					
						cies at which you 
					
				

				
					
						operate are much 
					
				

				
					
						higher. 
					
				

				
					
						I n  m o d e r n 
					
				

				
					
						communications 
					
				

				
					
						receiver systems, 
					
				

				
					
						the practice de-
					
				

				
					
						scribed above is 
					
				

				
					
						called IF sampling 
					
				

				
					
						or undersampling. 
					
				

				
					
						The RF input sig-
					
				

				
					
						nal is mixed down 
					
				

				
					
						to an IF frequency 
					
				

				
					
						using a downconverting mixer such 
					
				

				
					
						as the LT
					
					
						®
					
					
						5557. This IF frequency is 
					
				

				
					
						digitized, and all further processing is 
					
				

				
					
						done digitally. To make this work for 
					
				

				
					
						the high performance receiver systems 
					
				

				
					
						in tomorrow’s wireless basestations, 
					
				

				
					
						the analog signal path that processes 
					
				

				
					
						the IF frequency must be highly linear 
					
				

				
					
						and low noise. The LTC6400 ills that 
					
				

				
					
						need in a way that is eficient both in 
					
				

				
					
						terms of board space and power.
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						 LINEAR IN THE NEWS
					
				

			

			
				
					
						Linear in the News…
					
				

				
					
						New Line of Power Management Chips
					
				

				
					
						Linear Technology has announced a new line of power 
					
				

				
					
						management chips that combines unique high performance 
					
				

				
					
						power functions in compact formats for use in a wide 
					
				

				
					
						range of portable electronic products. The new product 
					
				

				
					
						line provides designers with simple, compact and reli-
					
				

				
					
						able power management integrated circuits (PMICs) that 
					
				

				
					
						combine the key power functions for products including 
					
				

				
					
						media players, digital cameras, smart phones, personal 
					
				

				
					
						navigation devices, PDAs, satellite radios, point-of-sale 
					
				

				
					
						terminals, portable medical equipment and other lithium 
					
				

				
					
						battery-powered devices. 
					
				

				
					
						 “Today’s designers are challenged to develop portable 
					
				

				
					
						electronic products in increasingly short time-frames that 
					
				

				
					
						are both highly compact and eficient in power delivery,” 
					
				

				
					
						according to Don Paulus, Vice President and General Man-
					
				

				
					
						ager of Linear Technology’s Power Management Products. 
					
				

				
					
						“Our new PMIC family provides a new level of performance 
					
				

				
					
						by combining all the key power functions needed for each 
					
				

				
					
						application.” 
					
				

				
					
						Linear’s new LTC35XX PMIC family was developed 
					
				

				
					
						in response to the growing need for power management 
					
				

				
					
						solutions for portable electronic products. The irst device 
					
				

				
					
						in Linear’s new PMIC family, the LTC3555 USB Power 
					
				

				
					
						Manager and Triple Step-Down DC/DC Converter, is now 
					
				

				
					
						available, with other family members coming soon. The 
					
				

				
					
						device incorporates a range of power management functions 
					
				

				
					
						including a switching PowerPath™
					
					
						 
					
					
						manager, a stand-alone 
					
				

				
					
						battery charger, three monolithic buck regulators and 
					
				

				
					
						always-on LDO, controlled via an I
					
					
						2
					
					
						C interface, housed 
					
				

				
					
						in a tiny 4mm × 5mm package. The switching PowerPath 
					
				

				
					
						control feature seamlessly manages power low between 
					
				

				
					
						an AC/DC wall adapter, USB port, lithium-ion/polymer 
					
				

				
					
						battery and system load, while maximizing power available 
					
				

				
					
						from the USB and providing up to 1.2A to the system from 
					
				

				
					
						the wall adapter. The chip’s “instant-on” feature ensures 
					
				

				
					
						system power, even with a dead or missing battery. 
					
				

			

			
				
					
						Linear Opens Expanded  
					
				

				
					
						Manchester, NH Design Center
					
				

				
					
						Linear Technology announced the expansion of its Man-
					
				

				
					
						chester, New Hampshire Design Center with the opening 
					
				

				
					
						of a new 20,000 square foot design facility. The new Man-
					
				

				
					
						chester Design Center facility, one of twelve centers focused 
					
				

				
					
						on design of high performance analog integrated circuits, 
					
				

				
					
						includes design facilities, lab and test development loor. 
					
				

				
					
						With the company’s growth, Linear has outgrown its prior 
					
				

				
					
						New Hampshire Design Center facility and is relocating to 
					
				

				
					
						a new, state-of-the-art design facility.
					
				

				
					
						Lothar Maier, CEO of Linear Technology, stated, “The 
					
				

				
					
						Manchester Design Center facility will allow us to grow 
					
				

				
					
						our team of analog designers from the rich talent base in 
					
				

				
					
						the New Hampshire/Boston area. Our new facility has a 
					
				

				
					
						highly favorable location, close to world-class technical 
					
				

				
					
						universities. We expect the Manchester Design Center to 
					
				

				
					
						further increase its contribution of innovative products 
					
				

				
					
						to serve the broad analog market, which will further fuel 
					
				

				
					
						the company’s growth.”
					
				

				
					
						Linear Technology’s eleven other design centers are 
					
				

				
					
						located in Boston, Massachusetts; Burlington, Vermont; 
					
				

				
					
						Colorado Springs, Colorado; Dallas, Texas; Grass Valley, 
					
				

				
					
						California; Phoenix, Arizona; Raleigh, North Carolina; Santa 
					
				

				
					
						Barbara, California; Singapore; Munich, Germany, and at 
					
				

				
					
						the company headquarters in Milpitas, California. 
					
				

			

			
				
					
						Linear Technology Products  
					
				

				
					
						Selected as Ultimate Products
					
				

				
					
						EE Times
						 in April published their latest list of Ultimate 
					
				

				
					
						Products, selected by their readers and editors as best-in-
					
				

				
					
						class, and highlighted three Linear Technology products 
					
				

				
					
						as top 10 products in the Power Products category.
					
				

				
					
						The publication selected Linear’s LTC4263 PSE Control-
					
				

				
					
						ler for Power over Ethernet and stated, “Linear Technology 
					
				

				
					
						touts the current-sharing, stand-alone capabilities of 
					
				

				
					
						its LTC4263 single-channel IC for Power over Ethernet 
					
				

				
					
						(PoE) as unique among Power Sourcing Equipment (PSE) 
					
				

				
					
						controllers.” 
					
				

				
					
						EE Times
						 also selected Linear’s LTM4601 and LTM4603 
					
				

				
					
						µModule™ controllers as Ultimate products, with the head-
					
				

				
					
						line, “Micromodules simplify point-of-load applications to 
					
				

				
					
						48 amps.” The LTM4601 is a 12A DC/DC is a µModule with 
					
				

				
					
						PLL, Output Tracking and Margining and the LTM4603 
					
				

				
					
						is a 6A DC/DC µModule with PLL, Output Tracking and 
					
				

				
					
						Margining. 
						EE Times’
						 stated, “With capabilities far beyond 
					
				

				
					
						the company’s irst-generation, high-voltage LTM4600 
					
				

				
					
						point-of-load DC/DC supply, the LTM4601 and LTM4603 
					
				

				
					
						series from Linear Technology, part of the µModule series 
					
				

				
					
						of ‘one-chip’ power supplies, adds margining/tracking, 
					
				

				
					
						remote-sense, expanded polyphase/paralleling capacity, 
					
				

				
					
						and phase-locked loop synchronization functionality for 
					
				

				
					
						advanced 6-48 amp designs. In addition, the new LTM4602 
					
				

				
					
						is a modiied version of the LTM4600.” 
					
					
						L
					
				

			

			
				
					
						2
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						DESIGN FEATURES 
					
					
						L
					
				

			

			
				
					
						LTC6400-20, continued from page 
					
				

			

			
				
					
						the low 6.1dB noise igure of the 
					
				

				
					
						LTC6400 allows for very low noise 
					
				

				
					
						receiver designs.
					
				

				
					
						Another way to look at noise is in 
					
				

				
					
						terms of SNR (signal-to-noise ratio). 
					
				

				
					
						The LTC6400
						-20
						 output noise den-
					
				

				
					
						sity is 21nV/
					
					
						√
					
					
						Hz (because the gain is 
					
				

				
					
						10V/V). If you limit the input signal 
					
				

				
					
						bandwidth to a generous 50MHz, this 
					
				

				
					
						amounts to 148µV
					
					
						RMS
					
					
						 of integrated 
					
				

				
					
						noise. This allows for a 74dB SNR 
					
				

				
					
						relative to a 2V
					
					
						P-P
					
					
						 full-scale signal, 
					
				

				
					
						compatible with popular 14-bit ADCs 
					
				

				
					
						such as the LTC2249.
					
				

			

			
				
					
						Performance  
					
				

				
					
						without Precedent
					
				

				
					
						Figure 1 shows the intermodulation 
					
				

				
					
						distortion vs input frequency for a 
					
				

				
					
						2V
					
					
						P–P
					
					
						 output signal. The LTC6400 
					
				

				
					
						achieves distortion at the –90dBc level 
					
				

				
					
						up to 140MHz, and at the –70dBc level 
					
				

				
					
						up to a couple hundred MHz. Previ-
					
				

				
					
						ously, this type of performance was 
					
				

				
					
						only achievable using much higher 
					
				

				
					
						power RF gain blocks (which typi-
					
				

				
					
						cally aren’t even differential). Figure 2 
					
				

				
					
						shows the equivalent OIP3 (3rd order 
					
				

				
					
						output intercept point), which is an RF 
					
				

				
					
						igure-of-merit that expresses output 
					
				

				
					
						linearity irrespective of signal level.
					
				

				
					
						Besides distortion, the other key 
					
				

				
					
						performance requirement of an IF ADC 
					
				

				
					
						Driver is low noise contribution. The 
					
				

				
					
						LTC6400 is based on a differ
						en
						tial op 
					
				

				
					
						amp with a very quiet 1nV/
					
					
						√
					
					
						Hz input 
					
				

				
					
						noise density. The internal 200Ω dif-
					
				

				
					
						ferential input resistors inevitably add 
					
				

				
					
						some noise of their own, resulting in a 
					
				

			

			
				
					
						The lTC6400 differential 
					
				

				
					
						ampliier is manufactured 
					
				

				
					
						on an advanced 
					
				

				
					
						complementary bipolar 
					
				

				
					
						silicon-germanium (SiGe) 
					
				

				
					
						process, which allows for 
					
				

				
					
						faster transistors. At the 
					
				

				
					
						core of the lTC6400 is a 
					
				

				
					
						very high speed differential 
					
				

				
					
						op amp. The combination 
					
				

				
					
						of fast transistors and 
					
				

				
					
						streamlined circuit topology 
					
				

				
					
						results in an op amp 
					
				

				
					
						with a gain-bandwidth 
					
				

				
					
						product in excess of 3GHz 
					
				

				
					
						relative to a unity-gain 
					
				

				
					
						stable transfer function.
					
				

			

			
				
					
						A Look under the Hood
					
				

				
					
						The LTC6400 differential ampliier is 
					
				

				
					
						manufactured on an advanced comple-
					
				

				
					
						mentary bipolar silicon-germanium 
					
				

				
					
						(SiGe) process. Because germanium 
					
				

				
					
						atoms are larger than silicon atoms, 
					
				

				
					
						selectively adding some germanium to 
					
				

				
					
						an otherwise silicon process causes 
					
				

				
					
						strains within the material’s crystalline 
					
				

				
					
						structure. This strain actually results 
					
				

				
					
						in beneicial electrical properties, such 
					
				

				
					
						as higher carrier mobility and a more 
					
				

				
					
						precise control of the base-width, al-
					
				

				
					
						lowing for faster transistors.
					
				

				
					
						Figure 3 shows a block diagram 
					
				

				
					
						of the LTC6400. At its core is a very 
					
				

				
					
						high speed differential op amp. The 
					
				

				
					
						combination of fast transistors and 
					
				

				
					
						streamlined circuit topology results 
					
				

				
					
						in an op amp with a gain-bandwidth 
					
				

			

			
				
					
						2.1nV/
					
					
						√
					
					
						Hz total input referred noise 
					
				

				
					
						density.
					
				

				
					
						In RF terms, when terminated in a 
					
				

				
					
						matched 200Ω system, this translates 
					
				

				
					
						to a noise igure of only 6.1dB. Since 
					
				

				
					
						the LTC6400 is typically the last stage 
					
				

				
					
						before the ADC in a receiver line-up 
					
				

				
					
						there are other gain blocks that pre-
					
				

				
					
						cede it. To refer a component’s noise 
					
				

				
					
						contribution to the actual input of 
					
				

				
					
						the entire receiver, you divide it by 
					
				

				
					
						the gain that precedes it. Therefore, 
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						Figure 1. The LTC6400 maintains low 
					
				

				
					
						intermodulation distortion up to hundreds 
					
				

				
					
						of MHz, allowing for high performance IF 
					
				

				
					
						sampling applications
					
				

			

			
				
					
						BIAS CONTROL
					
				

			

			
				
					
						R
					
					
						G
					
				

				
					
						100
					
					
						Ω
					
				

			

			
				
					
						R
					
					
						F
					
				

				
					
						1000
					
					
						Ω
					
				

			

			
				
					
						R
					
					
						OUT
					
				

				
					
						12.5
					
					
						Ω
					
				

			

			
				
					
						+IN
					
				

			

			
				
					
						+OUT
					
				

			

			
				
					
						13
					
				

			

			
				
					
						8
					
				

			

			
				
					
						60
					
				

			

			
				
					
						R
					
					
						FILT
					
				

				
					
						50
					
					
						Ω
					
				

			

			
				
					
						+IN
					
				

			

			
				
					
						+OUTF
					
				

			

			
				
					
						50 
					
				

			

			
				
					
						IN+
					
				

			

			
				
					
						OUT–
					
				

			

			
				
					
						7
					
				

			

			
				
					
						14
					
				

			

			
				
					
						C
					
					
						FILT
					
				

				
					
						2.7pF
					
				

			

			
				
					
						40 
					
				

			

			
				
					
						–IN
					
				

			

			
				
					
						R
					
					
						FILT
					
				

				
					
						50
					
					
						Ω
					
				

			

			
				
					
						–OUTF
					
				

			

			
				
					
						15
					
				

			

			
				
					
						6
					
				

			

			
				
					
						IN–
					
				

			

			
				
					
						OUT+
					
				

			

			
				
					
						30 
					
				

			

			
				
					
						R
					
					
						G
					
				

				
					
						100
					
					
						Ω
					
				

			

			
				
					
						R
					
					
						F
					
				

				
					
						1000
					
					
						Ω
					
				

			

			
				
					
						R
					
					
						OUT
					
				

				
					
						12.5
					
					
						Ω
					
				

			

			
				
					
						–IN
					
				

			

			
				
					
						–OUT
					
				

			

			
				
					
						20 
					
				

			

			
				
					
						16
					
				

			

			
				
					
						5
					
				

			

			
				
					
						2k
					
				

			

			
				
					
						COMMON
					
				

				
					
						MODE CONTROL
					
				

			

			
				
					
						10 
					
				

			

			
				
					
						5.3pF
					
				

			

			
				
					
						0
					
				

			

			
				
					
						0
					
				

			

			
				
					
						50
					
				

			

			
				
					
						100
					
				

			

			
				
					
						150
					
				

			

			
				
					
						200
					
				

			

			
				
					
						250
					
				

			

			
				
					
						300
					
				

			

			
				
					
						1
					
				

			

			
				
					
						2
					
				

				
					
						V
					
					
						OCM
					
				

			

			
				
					
						3
					
				

			

			
				
					
						4
					
				

			

			
				
					
						FREQUENCY (MHz)
					
				

			

			
				
					
						V
					
					
						+
					
				

			

			
				
					
						V
					
					
						+
					
				

			

			
				
					
						V
					
					
						–
					
				

			

			
				
					
						Figure 2. The LTC6400 Equivalent Output-IP3 
					
				

				
					
						is in excess of 50dBm up to 100MHz, and in 
					
				

				
					
						excess of 40dBm up to 250MHz
					
				

			

			
				
					
						Figure 3. The LTC6400 combines a very high speed  
					
				

				
					
						differential op amp with on-chip feedback resistors
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						product in excess of 3GHz relative to 
					
				

				
					
						a unity-gain stable transfer function. 
					
				

				
					
						Furthermore, all feedback resistors 
					
				

				
					
						are integrated. In addition to the ob-
					
				

				
					
						vious space savings, integrating the 
					
				

				
					
						feedback network results in several 
					
				

				
					
						design beneits:
					
				

				
					
						q
					
					
						The sensitive summing nodes 
					
				

				
					
						at the immediate inputs of the 
					
				

				
					
						op amp are not exposed to the 
					
				

				
					
						vagaries of board layout, which 
					
				

				
					
						allows us to carefully control the 
					
				

				
					
						amount of parasitic capacitance 
					
				

				
					
						seen at that node. Otherwise, 
					
				

				
					
						even as little as 100 femto-
					
				

				
					
						Farads at this node (for example 
					
				

				
					
						due to board traces, package 
					
				

				
					
						pins, or bond pads) would cause 
					
				

				
					
						unwanted poles in the loop-gain 
					
				

				
					
						of the feedback network.
					
				

				
					
						q
					
					
						If the feedback resistors were off-
					
				

				
					
						chip, two sets of bond wires (at 
					
				

				
					
						the op amp outputs and inputs) 
					
				

				
					
						would be in the feedback loop. On 
					
				

				
					
						chip resistors eliminate bond wire 
					
				

				
					
						or lead inductance associated 
					
				

				
					
						with the op amp inputs, and 
					
				

				
					
						those at the op amp outputs are 
					
				

				
					
						outside of the feedback loop. At 
					
				

				
					
						frequencies of 3GHz and above, 
					
				

				
					
						even a small 1nH of inductance 
					
				

				
					
						exhibits signiicant impedance 
					
				

				
					
						and phase shift, which would 
					
				

				
					
						again limit the achievable speed 
					
				

				
					
						and performance.
					
				

				
					
						q
					
					
						Since the gain is ixed and higher 
					
				

				
					
						than unity, we can internally 
					
				

				
					
						de-compensate the op amp to 
					
				

				
					
						achieve the maximum possible 
					
				

				
					
						open-loop gain for a given closed-
					
				

				
					
						loop coniguration. The more 
					
				

				
					
						open-loop gain, the better the 
					
				

			

			
				
					
						25
					
				

			

			
				
					
						be used for matching the ampliier to 
					
				

				
					
						a 50Ω load. In other cases, the source 
					
				

				
					
						impedance may already be 200Ω and 
					
				

				
					
						no additional components would be 
					
				

				
					
						necessary. The 29Ω resistor placed 
					
				

				
					
						at the –IN input provides a balanced 
					
				

				
					
						termination for the internal op amp. 
					
				

				
					
						The LTC6400 is powered from the 
					
				

				
					
						same 3.3V as the ADC, saving the 
					
				

				
					
						need for another power supply rail. 
					
				

				
					
						It could do the same with a 3V rail. 
					
				

				
					
						Other driver solutions require 5V or 
					
				

				
					
						more to drive ADCs to full-scale with 
					
				

				
					
						high performance. 
					
				

				
					
						The LTC2208 family of ADCs wants 
					
				

				
					
						to see its inputs swing centered around 
					
				

				
					
						a 1.25V common mode voltage. The 
					
				

				
					
						LTC6400 makes this easy: simply 
					
				

				
					
						connect the V
					
					
						CM
					
					
						 pin of the ADC to 
					
				

				
					
						the V
					
					
						OCM
					
					
						 pin of the LTC6400, and 
					
				

				
					
						the amplifier’s internal common-
					
				

				
					
						mode feedback loop ensures that the 
					
				

				
					
						outputs swing centered around the 
					
				

				
					
						value applied to V
					
					
						OCM
					
					
						. For ADCs that 
					
				

				
					
						prefer a 1.5V common-mode voltage, 
					
				

				
					
						the interface is the same. 
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						Figure 4: The op amp inside the LTC6400-20 
					
				

				
					
						is internally decompensated, so that even 
					
				

				
					
						though the closed loop gain is 10V/V (20dB), 
					
				

				
					
						the closed loop –3dB bandwidth is still an 
					
				

				
					
						impressive 1.8GHz
					
				

			

			
				
					
						feedback action can suppress 
					
				

				
					
						non-linear components. In 
					
				

				
					
						addition, this compensation 
					
				

				
					
						technique preserves a wide –3dB 
					
				

				
					
						bandwidth even though the gain 
					
				

				
					
						is high, as shown in Figure 4. 
					
				

			

			
				
					
						Application Example
					
				

				
					
						Figure 5 shows a typical application 
					
				

				
					
						of the LTC6400 driving the LTC2208, 
					
				

				
					
						a 16-Bit 130Msps ADC. In this case, 
					
				

				
					
						the input signal is single-ended, and 
					
				

				
					
						applied to the +IN input of the LTC6400 
					
				

				
					
						through a DC-blocking capacitor. 
					
				

				
					
						(With a little bit of care, the signal 
					
				

				
					
						could also be DC-coupled, so long 
					
				

				
					
						as the DC voltage is within the input 
					
				

				
					
						common mode range of the ampli-
					
				

				
					
						ier.) As can be readily observed from 
					
				

				
					
						Figure 3, the input impedance of the 
					
				

				
					
						LTC6400-20 is 200Ω differential. The 
					
				

				
					
						66.5Ω input resistor changes the total 
					
				

				
					
						input impedance to 50Ω, to provide a 
					
				

				
					
						match to a 50Ω source impedance. 
					
				

				
					
						Alternatively, a 1:4 transformer may 
					
				

			

			
				
					
						Related Parts
					
				

				
					
						The LTC6401-20 is a lower power 
					
				

				
					
						version of the LTC6400-20. The 
					
				

				
					
						LTC6401-20 consumes only 45mA 
					
				

				
					
						at 3V or 3.3V. Both ampliiers are 
					
				

				
					
						pin-compatible and have the same 
					
				

				
					
						low noise performance. The LTC6401 
					
				

				
					
						maintains excellent linearity up to 
					
				

				
					
						140MHz, while consuming only half 
					
				

				
					
						the power of the LTC6400. 
					
				

			

			
				
					
						Conclusion
					
				

				
					
						By combining a new SiGe process 
					
				

				
					
						with careful, innovative design, the 
					
				

				
					
						LTC6400 offers unprecedented perfor-
					
				

				
					
						mance at high frequencies, all while 
					
				

				
					
						operating at a low 3V or 3.3V supply 
					
				

				
					
						voltage. A tiny 9mm
					
					
						2
					
					
						 leadless pack-
					
				

				
					
						age, along with a minimal number of 
					
				

				
					
						external components, lets you place 
					
				

				
					
						the driver right at the ADC inputs, 
					
				

				
					
						providing the best performance and 
					
				

				
					
						compact board layout. The differen-
					
				

				
					
						tial outputs are uniquely optimized 
					
				

				
					
						to directly drive state-of-the art high 
					
				

				
					
						speed ADCs with high linearity, while 
					
				

				
					
						the low input-noise preserves the sen-
					
				

				
					
						sitivity of a high performance receiver 
					
				

				
					
						system. 
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						DESIGN FEATURES 
					
					
						L
					
				

			

			
				
					
						12-,10-, and 8-Bit DACs with  
					
				

				
					
						Integrated 10ppm/°C Reference  
					
				

				
					
						in 2mm × 2.1mm SC70
					
				

				
					
						by Kevin Wrenner, Troy Seman and Mark Thoren
					
				

			

			
				
					
						Introduction
					
				

				
					
						Because the output voltage range 
					
				

				
					
						of a DAC is directly proportional to 
					
				

				
					
						its reference voltage, the
					
					
						 
					
					
						accuracy 
					
				

				
					
						of the reference directly impacts the 
					
				

				
					
						accuracy of the output. Despite the 
					
				

				
					
						critical nature of the reference voltage, 
					
				

				
					
						it is often overlooked, and simply tied 
					
				

				
					
						to a power supply rail. This makes 
					
				

				
					
						the DAC output track the power sup-
					
				

				
					
						ply—including its inaccuracies and 
					
				

				
					
						noise, which may be unspeciied and 
					
				

				
					
						quite large. 
					
				

				
					
						In the LTC2630 family of small-
					
				

				
					
						footprint DACs, a high performance 
					
				

				
					
						voltage reference is built in (Figure 1), 
					
				

				
					
						eliminating the need for an external 
					
				

				
					
						reference. The LTC2630 provides an 
					
				

				
					
						unprecedented combination of accu-
					
				

				
					
						racy, small size, integrated reference 
					
				

				
					
						and ease of use, making it ideal for 
					
				

				
					
						applications from general-purpose 
					
				

				
					
						voltage adjustment in analog signal 
					
				

				
					
						conditioning circuits to high accu-
					
				

			

			
				
					
						racy industrial controls. An H-grade 
					
				

				
					
						version that operates over a –40°C to 
					
				

				
					
						+125°C temperature range is available 
					
				

				
					
						for demanding industrial, military, or 
					
				

				
					
						automotive applications.
					
				

			

			
				
					
						low drift (±10ppm/°C) and insensi-
					
				

				
					
						tive to supply voltage variations. The 
					
				

				
					
						LTC2630-L has a full-scale output 
					
				

				
					
						of 2.5V and operates from a single 
					
				

				
					
						2.7V to 5.5V supply. The LTC2630-H 
					
				

				
					
						has a full-scale output of 4.096V and 
					
				

				
					
						operates from a 4.5V to 5.5V supply. 
					
				

				
					
						When conigured in supply-as-refer-
					
				

				
					
						ence mode, the output of the LTC2630 
					
				

				
					
						can swing rail-to-rail referenced to the 
					
				

				
					
						input supply.
					
				

			

			
				
					
						Full Scale Deined by 
					
				

				
					
						Integrated Reference  
					
				

				
					
						or Supply
					
				

				
					
						The LTC2630’s integrated reference 
					
				

				
					
						provides a full-scale voltage that is 
					
				

			

			
				
					
						The lTC2630  
					
				

				
					
						offers an unprecedented 
					
				

				
					
						combination of accuracy, 
					
				

				
					
						small size,  
					
				

				
					
						integrated reference  
					
				

				
					
						and ease of use,  
					
				

				
					
						making it ideal for a  
					
				

				
					
						wide range of applications.  
					
				

			

			
				
					
						Tiny SC70 Footprint and 
					
				

				
					
						Ultralow Power
					
				

				
					
						The LTC2630 its the 12-, 10-, or 8-
					
				

				
					
						bit DAC and internal reference in an 
					
				

				
					
						ultracompact 6-lead SC70 package 
					
				

				
					
						(2mm × 2.1mm). Power consumption 
					
				

				
					
						is low, too. When operating in internal 
					
				

				
					
						reference mode, supply current is just 
					
				

				
					
						180µA at 3V. Performance of the DAC, 
					
				

				
					
						however, is anything but low.
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						Figure 1. The LTC2630 integrates a high performance rail-to-rail ampliier,  
					
				

				
					
						10ppm/°C reference, and double-buffered input data path in an SC70 package.
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