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Project Overview

* Design a microcontroller with radio
communication capabilities

* Open-source
 Can be fabricated

* Will be used by ISU ChipForge group,
possibly faculty and hobbyists

* Designed using the Caravel platform
from Efabless

* Inspired by the TI CC1352P (block
diagram shown to the right)
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Figure 4-1. CC1352P Block Diagram

Image Source: https://www.ti.com/lit/ds/symlink/cc1352p.pdf?ts=1727935470469&ref_url=https%253A%252F%252Fwww.mouser.es%252F


https://www.ti.com/lit/ds/symlink/cc1352p.pdf?ts=1727935470469&ref_url=https%253A%252F%252Fwww.mouser.es%252F

Detailed Desigh — Block Diagram

Block Key
Processors

Memory Mapped Peripherals

Bus Related Logic

Memory/Storage Elements

Cybersecurity Blocks

RF Blocks

CHRCEN

DMA Engine|  |DMA Engine et y
0 : processor
FIFOs
A A L N S » Reference
: P > PLL e Oscillator
Y
Wishbone
................................. » Bus TXFS”éirgple » DAC » Modulator Al:)m;;r Antenna
Management SOC Wishbone Crossbar P
S .
A L N Rxlﬁ:gple ADC Demodulator [« LNA
A 4 A 4 Y
Security Timers,
GPIO,
Related
SRAM | e | [,
el SPI, etc.

Image Source: Created by our team.
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Detailed Design — PLL
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Functionality — Basic Use Case

* Users will write C programs for their specific application

* Application will be compiled and uploaded to the microcontroller
using a PC

* Processor running application can communicate with other
devices using Zigbee standard

* Other peripherals, such as DMA, UART, 12C, or SPI provide
additional capabilities to user applications to interact with
devices or offload operations from the processor



Technology Considerations - Pros

* Efabless Skywater 130nm Process

* Cheap initial manufacturing cost
e ~$10000 vs > $1 million for modern processes

* Built-in debug functionality outside user design

* Open-source Efabless Tools
* Free and easily available
* Proven to work with Efabless process



Technology Considerations - Cons

* Efabless Skywater 130nm Process
* Older process
* Limited RAM capacity, slower clock speeds

* Open-source Efabless Tools

* Tooling supportis less sophisticated than paid tools
* More difficult to get desired behavior

* Learning curve due to lack of experience
* Documentation sometimes out of date or lacking information
* Analog design particularly difficult



Technology Considerations - Solutions

* No alternatives available
* Required to use these by client

* Efabless Skywater 130nm Process

* Carefully size RAMs and peripherals to minimize usage
* May have to make area vs speed tradeoffs

* Open-source Efabless Tools

* Fail early, fail often
* Don’t want to wait until last minute to try and run design through
* Talk to people with prior experience



Areas of Concern and Development

* Unclear if necessary functions will even be possible in technology
* Part of the project is to evaluate this
* Will be difficult to tell until much of design created

* Project will be multi-part, our group is only implementing a portion
of the design
* Not all components users may need will be finished

* Our minimum product will provide many features and allow evaluation of
whether rest of project is viable



Conclusion

* Early work with the design tools will be critical to success

* Process constraints may reduce performance or functionality

* May need to cut one or the other
* Currently difficult to predict due to little being implemented

* Process has potential to make this a low-cost solution
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