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APPLICATION NOTE 4615

Upgrade Panel-Meter Range and Precision
By: Fons Janssen, Senior Member of the Technical Staff
Sep 15, 2010

Abstract: The technique shown lets you easily double the input-voltage range of a typical voltmeter IC (to
±400mV), and extend its precision to 4¾ digits (±40000 counts). 

A similar version of this article appeared in the July 14, 2010 issue of EE Times magazine.

The input-voltage range for a typical voltmeter IC is usually ±200mV, with precision of 3½ or 4½ digits. A
sigma-delta panel-meter IC from Maxim (MAX1499) is no exception, but you can easily double the range
(to ±400mV), and extend the precision to 4¾ digits (±40000 counts).

Adjacent to the internal 20-bit ADC and 7-segment display driver, the MAX1499 includes an SPI™
interface that allows access to the ADC result, and also offers full control over the LED display. A
microcontroller can easily use this interface to read the ADC result and control what is shown on the
display.

Circuitry for doubling the input range is as simple as a resistor divider that cuts the signal in half, allowing
the IC's input-voltage range to remain ±200mV. Instead of VIN, the ADC now measures VIN/2. You can
easily compensate this factor of two by shifting the result one bit to the left (digital multiplication by 2).

The ADC resolution is 20 bits, which is more than enough to support 4¾-digit precision. (Normally, the IC
obtains 4½ digit precision using only 16 of the 20 available bits.) Figure 1 shows how the data is
rearranged. The 17th bit is used to fill the gap caused by the multiplication by 2.

The resistor divider adds gain error, so you should choose resistors whose accuracy meets the
requirements of your application.
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Figure 1. The range of this panel-meter circuit is doubled by scaling the input signal, and its precision is
doubled by using more of the available bits.

A 7-segment display driver internal to the panel-meter IC drives a common-cathode LED display, using a
multiplexing scheme to drive one digit at a time. Unfortunately the driver is optimized for driving 4½-digit
displays. That means that the first (most significant) position can only show a "half digit" of +1 or -1
(Figure 2).

Figure 2. Seven-segment displays include half digits (left) and full "1" digits (right).

Signals via the SPI interface can switch all segments in the display on and off individually, except for
those in the first digit. Segments B and C (which form "1") can only be switched on or off together. The
same is true for segments A, F, and D (which form "+"). Segment G (which forms "-") is on when
segments A, F, and D are off, and vice versa. To upgrade this display to 4¾ digits, you must ensure that
the first digit position can show "1," "2," "3," or a blank (Figure 3). From the figure it is clear that
segment F is never used, so you need only control six of the segments.

Figure 3. In the four possible states of a ¾-digit display, segment F is always off.

If the ½-digit display is replaced by a full "1-digit" display, and control lines for the F and G segments are
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swapped, all segments but F are lit when the "1" and "+" signs are activated (Figure 4). The E segment
is not used in the ½-digit display, and if left connected is on by default. Adding switches in the form of
low-cost NPN transistors enables a microcontroller to turn each segment on and off via a few GPIO pins,
producing a display of blank, "1," "2," or "3." The complete circuit is shown in Figure 5.

Figure 4. To convert a ½-digit display to a full "1-digit" display, swap the control lines to the F and G
segments.

Figure 5. Complete 4¾-digit panel-meter circuit.

The end of conversion (EOC\) signal connects to an external interrupt on the microcontroller. When a new
value appears, the microcontroller reads it through the SPI port and multiplies it by 2. It then determines
which segments to illuminate (switch on) by using the SPI port to set correct values in the display
registers. External transistor switches are then set via the GPIO pins to create the desired character.
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In front of the first digit you can use a rectangular LED as a minus sign, controlled by the signal of an
unused decimal point. Any microcontroller with an external interrupt pin, an SPI interface, and enough
GPIOs is acceptable for this application. The test setup includes a MAX1499 panel-driver IC on the
display board, controlled by a low-power RISC microcontroller (MAXQ610) on its own evaluation board
(Figure 6). Firmware is available for download.

More detailed image (PDF, 1.9MB)
Figure 6. The circuit of Figure 5 was implemented with a RISC microcontroller (MAXQ610-KIT) and a
custom board for the display and panel-meter IC (MAX1499). 

Related Parts

MAX1499 3.5- and 4.5-Digit, Single-Chip ADCs with LED Drivers
and µC Interface

Free Samples  

MAXQ610 16-Bit Microcontroller with Infrared Module Free Samples  

MAXQ610-KIT Evaluation Kit for the MAXQ610  
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