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The application note gives step-by-step guidelines for creating a 7-Segment LED Control with GreenPAK using a 

SLG46537V device. A unique set of components of the SLG46537 allows the creation of such a system.  

The application note comes complete with design files which can be found in the Reference section. 
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1. Terms and Definitions

ASM Asynchronous State Machine 

DFF D flip-flop  

LED Light-Emitting Diode 

2. References

For related documents and software, please visit: 

GreenPAK Programmable Mixed-Signal Products | Renesas 

Download our free Go Configure Software Hub [1] to open the .gp5 files [2] and view the proposed circuit design. 

Use the GreenPAK development tools [3] to freeze the design into your own customized IC in a matter of minutes. 

Renesas provides a complete library of application notes [4] featuring design examples as well as explanations of 

features and blocks within the Renesas IC. 

[1] Go Configure Software Hub, Software Download and User Guide, Renesas Electronics

[2] AN-1097 7-segmebnt LED Control with GreenPAK.gp, GreenPAK Design File, Renesas Electronics

[3] GreenPAK Development Tools, GreenPAK Development Tools Webpage, Renesas Electronics

[4] Application Notes, GreenPAK Application Notes Webpage, Renesas Electronics

3. Introduction

This app note will explain how to control 7- segment LED displays using two new components in GreenPAK: the 

I2C block and the asynchronous state machine (ASM). It incorporates I2C I/O Controller techniques discussed in 

AN-1090.  

4. 7-Segment Control Overview

A 7-segment display has 7 distinct sections that can be powered on individually. The display can show digits 0-9 

depending on which segments are lit. It can also display letters A-F for use in hexadecimal applications. These 

displays typically include a segment for the Decimal Place (dp) and an enable pin (see Error! Reference source 

not found.).  

Figure 1. Generic Segment Names 

In this App Note we will be driving a 2-Digit Common-Anode LED 7-Segment Display (see Figure 2) with the pinout 

shown in Figure 3. Since this is a Common-Anode display, its enable pins are active HIGH and its segments are 

active LOW, meaning if pin EN1 is HIGH and the pin F1 is LOW, the F1 segment will be turned on. The same 

result could be achieved with a Common-Cathode LED 7-Segment with inverted logic. 

https://www.renesas.com/en/products/programmable-logic/greenpak-programmable-mixed-signal-products
https://www.renesas.com/eu/en/software-tool/go-configure-software-hub
https://www.renesas.com/en/document/scd/1097-gp-file
https://www.renesas.com/en/products/slg46537?queryID=90d5e689182cae21a4ce6ee652e84ad7&tab=boards-kits
https://www.renesas.com/en/support/document-search?doc_file_all_types%5BApplication+Note%5D=Application+Note&doc_file_sub_types%5B756%5D=756&doc_file_sub_types%5B761%5D=761&doc_file_sub_types%5B766%5D=766&doc_file_sub_types%5B771%5D=771&doc_file_sub_types%5B776%5D=776&doc_file_sub_types%5B781%5D=781&doc_file_sub_types%5B786%5D=786&doc_file_sub_types%5B791%5D=791&doc_file_sub_types%5B796%5D=796&doc_file_sub_types%5B801%5D=801&doc_file_sub_types%5B806%5D=806&doc_category_tier_1=1570441&doc_category_tier_2=1570446&page=0
https://www.renesas.com/en/document/apn/1090-simple-i2c-io-controllers-slg46537
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Figure 2. 2-Digit 7-Segment LED Display 

Figure 3. 2-Digit LED 7-Segment Display 

5. GreenPAK Configuration

Figure 4. 2-Digit GreenPAK Block Diagram 
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DFF1 and DFF2 are used to create alternating enable signals which also toggle between ASM states D[0] and 

D[1] (see Figure 4). When the output of DFF1 is high, the ASM is in state D[0], D[0]_EN is high, and Digit 0 is 

enabled via the EN0 pin on the LED display. When the output of DFF2 is high, the ASM is in state D[1] and Digit 

1 is enabled (see Figure 5). 

Figure 5. 2-Digit Enable Signals 

The LED segment control bits for Digit 1 and Digit 0 are stored in State D[1] and State D[0] of the ASM. If you 

open the ASM Editor, you will see that the state machine is extremely simple, as shown in Figure 6. 2- Digit ASM 

Configuration. The segment control signals a, b, c, d, e, f, g, and dp are connected to their corresponding pins for 

both Digit 1 and Digit 0 as shown in Figure 7. Although both digits are connected to the segment control signals, 

only one digit enable pin is asserted at a time. 

Figure 6. 2-Digit ASM Configuration 

Figure 7. External Connections between GreenPAK and 2-Digit 7-Segment Display
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6. 4-Digit GreenPAK Configuration

Figure 8. 4-Digit GreenPAK Block Diagram 

In order to expand our design to drive a 4- Digit 7-Segment display, we added two more DFFs, two more ASM 

states, and two more enable pins (see Figure 8). Pin10 is now the enable for Digit 2 (D[2]), and Pin12 is the enable 

for Digit 3 (D[3]). Instead of toggling between two enable signals, we now cascade through four enable signals so 

that only one digit is enabled at a time (see Figure 9). 

Figure 9. 4-Digit Enable Signals 
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Figure 10 shows the ASM configuration to transition between 4 digits. Figure 11 shows the external connection 

routing between the segment control signals and each of their corresponding pins. The routing of each enable 

signal corresponds directly to its enable pin as illustrated in Figure 11 and Table 1. 

Figure 10. 4-Digit ASM Configuration 

Figure 11. External Connections between GreenPAK and 4-Digit 7-Segment Display 

Table 1. Signal Routing 

GreenPAK Signal LED 

6 D[0]_EN EN0 

7 D[1]_EN EN1 

10 D[2]_EN EN2 

12 D[3]_EN EN3 

This design could be expanded further to handle up to 7 digits since we have four more ASM states, three more 

GPIO pins for enable signals (Pin3, Pin4, and Pin5), and plenty of unused DFFs. However, at that point the duty 

cycle of each digit would be low enough that it may be difficult to read. 
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7. I2C Control with an Arduino Uno

In this section, we will use I2C to write directly to the ASM RAM table. Each state (D[3:0]) in the ASM accesses 1 

byte of RAM. Each byte has 8 bits which control the 8 segments on the display. (To read more about how to use 

I2C with GreenPAK5, read AN-1090 or refer to the part’s datasheet). 

To write to the GreenPAK’s registers via I2C, you need 3 bytes: 

Control Byte  0x00 Control Code = ‘0000’, Block Address = ‘000’, R/W = ‘0’ 

Address Byte  0xD0/0xD1 Register Addresses of ASM RAM for States D[0] & D[1] 

Data Byte 0x?? Data to send via I2C 

Table 2 shows the I2C Data Byte needed to make the 7-Segment LED Display show HEX 0:F. Notice that the 

Decimal Point bit is HIGH for every hex value, meaning that the active-LOW decimal point is off. If you want to 

include a decimal point after your digit, all you need to do is BITWISE AND 0x7F to your I2C Data Byte. For 

example, to make a digit display ‘0.’, the Data Byte would be: 0xC0 & 0x7F = 0x40. 

We wrote a simple Arduino program to send digits to the GreenPAK via I2C to illustrate the control system. This 

program increments D[3:2] from ‘AA’ to ‘FF’, and increments D[1:0] from ‘0.0’ to ‘9.9’. The code used is included 

in Appendix A and the Arduino file is included in the app note materials. 

Table 2. Hex translation to I2C Data Byte 

Hex Value 
7- 

Segment 
Display 

LCD Segment 
Byte 

I2C 
Data 

dp g f e d c b a 

0 1 1 0 0 0 0 0 0 11000000 0xC0 

1 1 1 1 1 1 0 0 1 11111001 0xF9 

2 1 0 1 0 0 1 0 0 10100100 0xA4 

3 1 0 1 1 0 0 0 0 10110000 0xB0 

4 1 0 0 1 1 0 0 1 10011001 0x99 

5 1 0 0 1 0 0 1 0 10010010 0x92 

6 1 0 0 0 0 0 1 0 10000010 0x82 

7 1 1 1 1 1 0 0 0 11111000 0xF8 

8 1 0 0 0 0 0 0 0 10000000 0x80 

9 1 0 0 1 0 0 0 0 10010000 0x90 

A 1 0 0 0 1 0 0 0 10001000 0x88 

B 1 0 0 0 0 0 1 1 10000011 0x83 

C 1 1 0 0 0 1 1 0 11000110 0xC6 

D 1 0 1 0 0 0 0 1 10100001 0xA1 

E 1 0 0 0 0 1 1 0 10000110 0x86 

F 1 0 0 0 1 1 1 0 10001110 0x8E 

https://www.renesas.com/en/document/apn/1090-simple-i2c-io-controllers-slg46537
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8. Conclusion

Thanks to new features like I2C and the ASM in GreenPAK, it is a fairly simple task to leverage GreenPAK to drive 

a series of 7- Segment LED Displays. This design has the flexibility to turn on any combination of LED segments 

while only requiring two microcontroller pins for I2C: SCL and SDA. With some adjustments, this design could be 

expanded to drive up to seven 7-segment displays. 

9. Revision History

Revision Date Description 

1.00 Feb 22, 2016 Initial release. 

2.00 Apr 10, 2026 The part number has been changed from SLG46531V to SLG46537V. 
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