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Abstract | - - The Analog Design Process

Unlike the highly automated digital flow, analog design using the SkyWater PDK is a
manual process. Within an analog design, each transistor needs to be individually
sized and designed.
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Our team is exploring open-source tools for Very Large-Scale Integration (VLSI)
design, used in the design of computer chips. In the past, most tools for chip design
have been proprietary. We are exploring using open-source tools for both analog and
digital VLSI design. By furthering our understanding of these tools, we aim to make
VLSI design accessible to a broader market of people, in order to aid in education by
removing the barriers to learning about integrated circuit design. This will allow for not
just theoretical education but also practical experience in the chip design field for
undergraduate students.
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The analog design process can be generalized as follows:

* Define system requirements/constraints, such as power consumption, accuracy
tolerances, etc.

« Determine the system architecture, based on performance constraints

« Specify transistor characteristics for each transistor in the design

« Simulate the design to verify functionality

 Finalize the physical layout of the design for tape-out
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The Importance of Approachability

In order to produce a functional chip, one needs a sound understanding of architecture
design, basic logic design, logic verification, physical design layout, physical design
verification, fabrication, and testing. The wider availability of an open-source design
flow ultimately will produce more competent and capable engineers with more diverse

1

B
|

=

i e G ey
g e

.'L..—.I‘ l _l“+. — ilg"d

WET WS T
fipi

a4 g vk
= =fudord

g g

LIy 1
EEa | 1l il
: bl : 4 i .
1 -
I i,l .

For our designs, Xschem was used for schematic design, Ngspice was used for
simulations, and Magic or KLayout was used for the physical layout. Design Rule
Checking (DRC) was performed in Magic and Layout Versus Schematic (LVS)
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backgrounds. By testing and documenting our process with an open-source design ERRE S iy i e e i ’ checking was done using Netgen.
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tools exist to implement hardware behavior via standard cells. Due to the simplicity in Figure 3: Custom Arithmetic Logic Unit (ALU) made with OpenLane. This custom ALU wiF o 10 x 1/ 0.5
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The digital design process can be generalized as follows: e bias_ 10U o B out
» Define system requirements/constraints, such as minimum clock speed, target power sre/*.v
consumption, or desired inputs and outputs The OpenLane Flow T
« Determine the system architecture based on design constraints T v e
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NgSpICG, Quartus MOdeISIm) RTL Synthesis} > T oorpanning / (Custom Scripts) [ (DEF2SPEF) ]
. . (Yosys + abc) )
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(SkyWater PDK, Efabless Caravel) e S cTS LEC STA Figure 6: Two-stage operational amplifier, designed in Xschem.
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Figure 1 (above): And2 standard cell B ] | B Figure 7: Frequency response plot of the operational amplifier shown in Figure 6, simulated
il

from SkyWater PDK [1]. =] with Ngspice and plotted using Python and the Matplotlib library.

Figure 2 (right): The Efabless _ {0
Caravel harness. Actual size is 3.6mm i
x 5.2mm. The entirety of the ALU
depicted in Figure 3 fits within the
black region in the center [2].
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