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SUMMARY

Small or Micro FPGAs offer flexibility in modern circuits by allowing the
combination of multiple logic functions of a circuit into a single
integrated circuit that can be reprogrammed in the field to ensure
design flexibility.  This offers benefits in the supply chain
simplification, performance improvements, cost reduction and better
visibility during debug.

Those small FPGAs (termed Micro FPGAs in this document) are now
available at a price point that allow them to be used in applications that
are cost-sensitive.  Their density allows them to replace a complex
selection of dedicated ICs and the resulting integration also protects
product IP.

SUMMARY

This document will illustrate the
potential advantages of using
devices of this class with the
GOWIN® LittleBee™ as a key
enabler for such integration of
functions.
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SUMMARYFPGAs have traditionally been used to implement novel
digital functionality that were not available in off-the shelf
ASICs. 

The arrival of modern low-cost, low-power, flash-based
FPGAs can replace multiple ICs and work as an
application-specific integrated circuit without significant
non-recurrent cost or large volume purchase requirements.
Their physical dimensions can be surprisingly small with
some chip-scale variants less than 2.5mm x 2.5mm.

This new era in programmable logic simplifies the supply
chain since a single small device can substitute for many
line items on a BOM and pays itself in savings. The added
flexibility and integration density often far exceed the pure
cost advantage.

The inherent re-programmability of flash-based FPGAs
ease design changes allows more risky functionality to be
attempted and pushes the envelope of technology
integration.

As a case study, a small $2 FPGA like a GOWIN LittleBee
GW1N bought in production volume can support the
benefits explained in this document. Such a price point
puts FPGAs in the same realm as low-cost microcontrollers
but with outstanding IO performance.

BENEFITS
OF MICRO FPGAS



SUMMARY

FLEXIBLE INTERFACE 
TO HIGH-END MCUS

BENEFITS

Many high-end CPUs such as Qualcomm® ICs rely on very high capacity
IO interfaces like MIPI, PCIe, USB2.0/3.0 to feed in massive amounts of
data to their high-end processing units.  A small FPGA front-end to
traditional devices with SPI or parallel interfaces offers many advantages.

Firstly, it simplifies the creation of drivers that need to handle the high
traffic workload.  Any SPI, parallel or proprietary interface generally needs
custom kernel-level drivers that are difficult and complex to integrate in
those architectures.  Oftentimes, the real-time constraints make the end
system difficult to predict in terms of adherence to requirements due to
lack of fine control over the kernel scheduling process.  Using a high-
speed USB interface, a small FPGA can structure and stream data blocks
that are then ingested in userspace by simplified drivers.  Often when
properly structured, the USB data can be directly handled by the kernel via
standard drivers saving a lot of coding effort.  A USB-based multi-channel
audio acquisition interface is one such example.

Secondly, the use of the FPGA and a common interface like USB relieve the
development team from needing the final hardware to validate the
peripheral functionality.  The USB can be interfaced to a PC, a Mac or an
off-the-shelf Raspberry Pi to validate the interface and de-risk upcoming
integration effort.  Many designers are not aware that a low-cost FPGAs
like the GOWIN LittleBee is able to sustain the full 480 Mbps USB2.0 High
Speed data rates by leveraging internal advanced serializers and
deserializers.

Finally, many high-end specialized ASICs lack the ability to remap,
multiplex or expand their IOs.  Those IOs typically also run at low voltages
especially if the MCU ASIC is using advanced lithography.  An FPGA
intermediate device allows the designer to front this ASIC interface and
obtain a connection matrix, a voltage translator and ability to probe and
easily deport or replicate signals for debugging.
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Flash-based FPGAs will automatically startup up upon power on and can then
handle the activation of PMICs and maintain a coherent system state before the
higher-end processing OS takes over.

This can assist Linux systems with autoboot customization using the FPGA and
a simple state machine, temporarily re-purposing generic IO buttons in a
product before handing back those buttons to the MCU.

ROBUST SEQUENCING
BENEFITS

Inhibiting invalid power sequencing conditions with
reliable and controllable digital delays

Activating specific startup power sequence when
conditions are reached

Avoiding unsafe logic on circuits that are subject to
microcontroller outputs such as safety logic or
MOSFET activation inhibition before confirmation
of OS startup

FPGAS ARE IDEAL TO PERFORM THE
FOLLOWING SEQUENCING TASKS :
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BOM REDUCTION
BENEFITS

WATCHDOG AND SAFETY LOGIC
With a spare IO in the FPGA, the designer can replace a watchdog and
automate consequential actions like the removal of power on motors,
activation of reset conditions on controllers, etc.  This simplifies safety logic
of many industrial applications.  Safety logic validation is simplified when
reviewing structured RTL programs.  The use of state machines and logic
gates allow formal methods to be used and is simpler than analyzing C-code
on microcontrollers.

TIMING COMPONENTS
FPGAs can replace multiple oscillators or crystals by leveraging a refined
master clock and deriving slower timing or even higher clock rates by
leveraging the integrated Phase Locked Loop (PLL) in the FPGA.  Even the
smallest of LittleBee FPGAs integrates at least one PLL allowing higher or
phased clocks to be generated and fed to the user circuit.

In simpler examples, spare FPGA IOs can be used to simply fan-out clocks
and leverage their programmable IO strength to mitigate electromagnetic
emissions.  This can replace the use of dedicated clock buffers saving
components and board-level complexity.

CLOCK GATING
Power reduction can be achieved with small FPGAs by implementing a glitch-
free clock gating on sections of the circuit that do not always need to be
active.  The low power requirements of a device like the LittleBee FPGA can
be effectively leveraged by disabling unused clocks and handing over their
control to an energy efficient MCU.

LEVEL TRANSLATORS
Oftentimes, voltage level translators are needed in a circuit.  Those are
generally not expensive, but they add items to the BOM costing assembly
time.  A designer can save on those, especially for transfers between 1.8 and
3.3V levels.  FPGAs will handle the high speed signals with ease.
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SUMMARY

GLUE LOGIC
It is obvious that the FPGAs can replace traditional glue logic like simple
gate structures, flip-flops to retime external signals or just to filter out
glitches before sending those to a microcontroller to reduce firmware
complexity.  In the early days of programmable logic, this was very
common.  A pre-programmed miniature flash-based FPGA can replace
many little logic gates that can be cumbersome to carry in a BOM.

The fast differential IO capabilities of GoWin FPGAs can also be used to
multiplex LVDS and MIPI lanes in addition to multiplexing ordinary digital
signals as commonly done using logic ICs.

IO EXPANDERS
FPGAs can replace an IO expander using SPI, I2C, UART with simple logic
obtained as an IP core or via a site like Opencores.org to decode the
protocol.  This allows the removal of traditional IO expanders that may
become difficult to source over time.

OTHER USE CASES
FPGAs can modulate PWM on their outputs and thus can be leveraged to
dim LEDs or create LEDs that have immediate power-on behavior but then
taken over as status LEDs when the microcontroller has finished its startup
(this is important in long-to-boot systems like those running Linux or
Android).  This allows LEDs to combine with hardware functions such as
charge controller status pins without resorting to circuitry to interface them
to an MCU for this dual-use.

FPGAs can be used to generate approximate analog signals or analog
comparators by leveraging their output’s high speed with a simple resistor-
capacitor filter.  This use can save on a low-cost DAC that would become
free with an existing FPGA used for another purpose or can avoid
integrating an analog comparator.  It retains a re-programming flexibility
and can be used to generate voltage thresholds where precision is not
needed.

Using the high speed sampling features of an IO that is capable of LVDS
input, an FPGA pin can be used to compare analog signals.  Combined with
a logic program, this can potentially remove a simple ADC if the
requirement for accuracy or high sampling speed is not stringent.



SUMMARY

AN AID TO DEBUGGING

FPGAs also have other interesting uses such as being used as signal
monitors for tracing or debugging between ICs in a very dense manner. 
By attaching the FPGA to key signals they can use their internal memory
to capture patterns and assist in the debugging of complex high-speed
sequences.  Their miniature size allows tapping into high speed digital
signals or trigger on important sequential events.  For highly dense
circuits, they can help provide visibility and controllability of high-speed
signals that would otherwise be impossible without creating a dedicated
board with tiny probes.  It is often a lot cheaper to install a low-cost
FPGA than high-end connectors.

If an FPGA is used as a level translator, it becomes possible to inject
transient faults to validate robustness of error recovery mechanisms. 
This is done by leveraging the re-programmability of the FPGA to
enhance the robustness of system validation.
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SUMMARY

It is surprisingly easy to reap the benefits of integrating a Micro FPGA in an
embedded system to reduce BOM items, facilitate modifications and
simplify the circuits.

If a 2$ FPGA saves: a few 50 cents crystals, a 50 cents clock buffer, a 50
cent watchdog timer, a 10 cent power sequence logic gate, a few 25 cents
voltage comparator and a 50 cent voltage translator, the FPGA has already
contributed a significant cost saving to the product.  In addition, it saved on
logistics to purchase and maintain stock for all those ICs, saves on the
assembly cost of the product (install one IC instead of many) and reduces
failure rates.  The flexibility offered by FPGA may also reduce the design
risk since many of the parameters of simple logic such as delay between
input and output can be adjusted with simple internal counters and HDL
code adjustments.

The complexity of reprogrammable logic can be offset with good
methodology and simplified tool workflows.  Using Micro FPGAs can
alleviate the need to write convoluted microcontroller code when high-
speed logic functions and data multiplexing is needed.  It can often be
written in a few lines of easy to understand logic code.

Many of the above logic functions only require a few percents of the
resources of an entry level LittleBee FPGA leaving memory and other
features available for debug and expansion.

Finally, a large portion of the design structure will be ‘hidden’ within the
FPGA fabric.  The end product becomes harder to copy when analyzed
from circuit topology perspective.

CONCLUSION
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CURIOUS AND WANT MORE INFORMATION ?

For more information about the GOWIN® semiconductor
company and their offerings of Micro FPGA, navigate to

their web page for details or contact them at
info@gowinsemi.com

If you wish to discuss specific use cases of USB-enabled
Micro FPGAs, need support on the LittleBee architecture
or help with the methodology to exploit the ARM Cortex-

M3 embedded processor in the NS or NRS variants,
contact us at: info+gowin@motsai.com

motsai.com

mailto:info@gowinsemi.com
mailto:info+gowin@motsai.com
https://motsai.com/
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