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Charlieplexing - Reduced Pin-Count LED Display Multiplexing This application note discusses "Charlieplexing" -- a pin-count reducing multiplex technique used by the MAX6950, MAX6951, MAX6954, MAX6955, MAX6958, and MAX6959 LED display drivers. This application note discusses how to "Charlieplex" a display driver circuit to reduce pin-count. This unusual multiplex technique is used by the MAX6950, MAX6951, MAX6954, MAX6955, MAX6958, and MAX6959 LED display drivers. Charlieplexing reduces driver pin-count by using some pins alternately as cathode and anode drivers. This differs from the standard LED multiplex connection, which uses separate driver pins for anodes and cathodes. The standard connection for multiplexing common cathode (CC) LED digits uses a separate pin for each digit's CC connection, while the anode segment connections are communed across all the digits. Similarly, the standard connection for multiplexing common anode (CA) LED digits uses a separate pin for each digit's CA connection, while the cathode segment connections are communed across all the digits. The number of connections required can be calculated as being 1 for every digit used, plus 1 for every segment within a digit. Therefore an 8-digit, 8-segment multiplex driver typified by the MAX7219 and MAX7221 CC drivers uses 8 cathode drive pins and 8 anode drive pins, 16 drive outputs in total (Figure 1).



For Larger Image Figure 1. The MAX7219 and MAX7221 use standard connections - 16 pins to drive 8 digits A more pin-efficient scheme relies on the fact that during the multiplex operation, only one CC or CA digit drive output is actually in use. The other digit drives are high-impedance, ensuring that no drive current flows into these undriven digits. By making the LED drive pins alternate duty between driving digits and segments, n drive pins can be used to drive n digits each with n-1 segments. Charlie Allen originally championed this technique internally at Maxim, and so the shorthand name "Charlieplexing" came into use to distinguish reduced pin count multiplexing from the traditional method. The first Maxim product to use Charlieplexing is the Maxim MAX6951 LED driver, which



drives 8 numeric digits with only 9 pins (Figure 2).



For Larger Image Figure 2. The MAX6951 uses Charlieplexing - only 9 pins to drive 8 digits To understand how Charlieplexing works, first examine the pin connections shown in Table 1. There is one row per multiplexed digit, and each row contains 9 columns. For each digit, one column corresponds to the CC digit drive, and the remaining 8 columns correspond to the 8 anode (segment) drives. Table 1. The MAX6951 Driver to LED Display Connections SEG8 DIG0/SEG0 DIG1/SEG1 DIG2/SEG2 DIG3/SEG3 DIG4/SEG4 DIG5/SEG5 DIG6/SEG6 DIG7/SEG7 Pin Pin 6 Pin 5 Pin 4 Pin 3 Pin 14 Pin 13 Pin 12 Pin 11 10 LED Digit 0 LED Digit 1 LED Digit 2 LED Digit 3 LED Digit 4 LED Digit 5* LED Digit 6* LED Digit 7*
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The diagrams in Figures 3 and 4 show the current flow in the MAX6951 during the multiplex cycles



for digit and digit 1 respectively. The circuit shows the MAX6951's 8 internal power NMOS devices used for cathode drives CC0 through CC7, and the 9 segment drive current sources. The external LED digit connections for digits 2 through 7 are omitted for simplicity.



Figure 3. The MAX6951 current flows during digit 0 multiple cycle



Figure 4. The MAX6951 current flows during digit 1 multiple cycle Looking at Figure 3 first for the digit 0 drive case, cathode drive CC0 is on, pulling digit 0's 8 common cathodes hard to GND. 8 of the 9 segment drive current sources are also on, driving current into digit 0's 8 anodes. Digit 0 can therefore light all 8 of its LEDs. Now consider digit 1. The common cathode connection, CC1, is shared with digit 0's SEG dp connection, which is driven well above GND as a current source. The anode connections for digit 1 are also either tied to a similar SEG connection, or tied to GND in the case of the first (leftmost) segment. The first segment of



digit 1 is clearly reversed, so cannot light. The other digit 1 segments are effectively connected between anodes of the lit or unlit segments of digit 0. An unlit segment's current source is very high impedance, and will not supply current. The voltage difference between any 2 lit segments of an LED digit will be a small positive or negative voltage, reflecting the matching between the digit's individual LEDs. Unless the mismatch is much higher than 1V, digit 1's LEDs won't have a high enough voltage to even start to turn on. A realistic maximum mismatch is a few hundred millivolts. Figure 4 shows the case for digit 1 being driven. This time, digit 0's segments are either reverse biased or biased by a random amount inadequate to light the segments. Charlieplexing puts LED segments in reverse bias during a portion of the multiplexing time. The maximum applied reverse bias voltage is the value of the supply voltage, V+, and occurs when an LED is reverse biased between another digit's turned-on cathode drive, and a current source which is driving an open circuit (such as a dead or missing LED). It is therefore important to ensure that the LEDs chosen are rated to withstand a reverse bias equal to the maximum supply voltage applied to the driver. For further reference, other technical discussions of pin-reduced LED drive techniques include Microchip's TB029 application note (www.microchip.com) and Don Lancaster's August 2001 Tech Musings (www.tinaja.com).
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More Information MAX6950: QuickView -- Full (PDF) Data Sheet -- Free Samples MAX6951: QuickView -- Full (PDF) Data Sheet -- Free Samples MAX6954: QuickView -- Full (PDF) Data Sheet -- Free Samples MAX6955: QuickView -- Full (PDF) Data Sheet -- Free Samples MAX6958: QuickView -- Full (PDF) Data Sheet -- Free Samples MAX6959: QuickView -- Full (PDF) Data Sheet -- Free Samples
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driving four 7segment led displays using multiplexing technique dbid 1ga 
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MM5451 LED Display Drivers - Matthieu Benoit 

Y Enable (on MM5450). Y Wide power supply operation. Y TTL compatibility. Y 34 or 35 outputs 15 mA sink capability. Y Alphanumeric capability. Y. iJA DIP.
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An industrial grade 32â€� LED-backlit display protected 

delivers high-end performance with high reliability and durability for the professional security and industrial environments. > LED-backlit technology with 1920 x ...
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MOTOTRBO SL300 LED Display Portable Radio ... - Motorola Solutions 

to check the Received Signal Strength Indicator (RSSI) signal strength when the radio is powered on. • to check ..... In addition, your radio may play a warning.
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Display Spot.indd 

After the light is on, rotate the luminaire body horizontally or vertically to aim properly. Note: All parts must be used as indicated in these instructions. Do not ...
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Display Spot.indd 

Go to the main fuse box, or circuit breaker. Place the main power switch ... Do not substitute any parts, leave parts out, or use any parts that are worn out or broken. Failure to follow ... After the light is on, rotate the luminaire body horizontal
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Display Spot.indd 

All parts must be used as indicated in these instructions. Do not substitute any ... Loosen the three canopy screws, twist and separate the canopy cover from the ...
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Display Spot.indd 

System is intended for installation by a qualified electrician in accordance with the National Electrical Code and local regulations. -. Go to the main fuse box, ...
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Display Spot.indd 

Le non-respect de ces instructions peut annuler l'homologation UL/CUL du luminaire. INSTALLING LAMP: (Fig.1). 1. Loosen the three canopy screws, twist and ...
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Display Spot.indd 

44 Harbor Park Drive • Port Washington, NY 11050 ... Place the main power switch in the “OFF” position and unscrew the fuse(s) or switch “OFF” the.
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Display Spot.indd 

www.waclighting.com. Phone (800) 526.2588 • Fax (800) 526.2585. Headquarters/Eastern Distribution Center. 44 Harbor Park Drive • Port Washington, NY ...
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Display Spot.indd 

... by a qualified electrician in accordance with the National Electrical Code and ... Grip the front cap with two fingers and rotate it gently clockwise or counter ...
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TightSightâ„¢ Display 

66. INRUSH. CAT.III 1000V. CAT.IV 600V. 660A. True RMS. A. 660. 61-766 ... Connect the black common lead to ground or neutral before applying the red test ...
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gourmet display 

Clear or Green Textured Acrylic Bow Tie Tray. (W)12â€�-30 cm â—‹ (L)18â€�-45 cm â—‹ (H)Â¼â€�-.6 cm â—‹ 1Â¼ lbs.-.6 kg. Clear or Green Textured Acrylic free-formed tray ...
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07-324 NS-BTHDP reduced 

product. Your NS-BTHDP and NS-BTHDST represent the state of the art in Bluetooth audio design, and .... earpiece and the blue and red lights flash alternately.
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plantarflexors Reduced strength after passive 

fine balance of muscle properties and joint kinematics that combine to produce .... The skin was shaved, abraded with high-grit sand- paper, and cleaned with ...
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ILOLEX: French display cgi 

La Conférence générale de l'Organisation internationale du Travail, .... l'emploi illégal de travailleurs migrants, l'organisation de migrations aux fins d'emploi ...
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Flat Panel Display Devices 

Lecture 14. 1. 6.976 ... Addressing Systems Domain. Random Address Systems. Non-Random Address Systems ... Color and Grey Scale. â€¢ Brightness and Luminance. â€¢ Frame Rate. â€¢ Resolution. â€¢ Video .... distributed throughout the frame.
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Display Specification - Matthieu Benoit 

Jan 10, 2000 - QUICK REFERENCE DATA. ..... Power consumption module (nominal value). 1.3. W. Power consumption backlight inverter (nominal value).
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Plasma Display Panels 

Luminescent Materials, Spinger-Verlag, ... (PDPs) are photoluminescent ... Panel Display Devices - Spring 2001. Lecture 8. 8. What is a Plasma? Solid. Liquid.
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led a21 lamp installation guide - LED T8 Tubes : LED Retrofit 

COMBINAISON DOIT ÊTRE DETERMINÉ PAR UL OU LES AUTORITÉS COMPÉTENTES AYANT JURISDICTION. •. Les dimensions minimum du compartiment ...
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Display Spot 2.indd 

2. Remove a knock out from the base plate. 3. Attach the base plate to the surface using slotted holes for mounting screws (supplied). 4. Connect fixture wires to ...
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Passerelle W350i Display Replacement 

... utiliser ce guide Ã©tape par Ã©tape pour expliquer comment remplacer l'Ã©cran LCD de votre ordinateur portable passerelle W350i. RÃ©digÃ© par: Samuel Newton.
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Display CRM information 

The statutory liability for personal injury and defective products is not affected. SAP has no control over the information that you may access through the use of ...
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