The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

RTL-to-GDSII Implementation of a Universal Asynchronous Receiver-
Transmitter (UART) in SCL

Pandala Charishma, Dr. Mohd Ziauddin Jahangir, Dr. D Krishna Reddy
VLSID, Dept of ECE, Chaitanya Bharathi Institute of Technology,Hyderabad, Telangana-India
Corresponding Author: charishmapandala2025@gmail.com

SCL &° 0HrRSHS MSHYES 8156-¢y 06 (UART ) B, RTL-to-
GDSII even
DHotere) SO, T I0PERE BASTHRS 23557005, . & KA 3G

VLSID, ECE zxtfo, Be55g ad ady exmgel 98 Ssxeres, 3resoeerd, Beorres-arEesiddo
Ho220He8 BeSones : charishmapandala2025@gmail.com

Dasng

&8 Hgo SCL PDK Q &5RBHod RTL &Svocs GDS I 8 0535"326635 0805708 8SE-
EPWeod (UART ) B, I8 G238 Dol e9:0enidd e90d00d. UART @938 JoB&E&
So80%0 VLSI a’a§a’o§e)e'55 DR yeSore G&IBTH0 HOOHS SEUIIERIS e eSSt 2,863,
DBHS UART GBS’ erQ)edd, 8IXE 508050 e& 3¢5 23536 esotrom. &8 GRS
J0erhes® s [oH20E0H, DBZBRS Tegoe §asreqEore c‘%ﬁ)é&oéao&o&, SoRed
B0H%0d oBASH SPERRY FeTeeeS® H1r8 RTL-to-GDSI G236 Haestl)) e0BrH0D
e BaHarod. HY-BHE HOSPen 2BOHHoSIS BAooh §285 KBk Sasedd
BoSHefe GDSII &)@ dgedrow, ASIC 8050 FPGA 038300 80 GBS &Bwy),
oS JEGrow. Jr8 Javro CADENCE  rsrod 6083 e0od)  edven
W30523¢5e808 So80%H FF°RE Cﬁagbédse DY CALIBRE  &0B5000) dEYSr0cserciredrod.

&orgHoren

UART, &23e& GBS F, RTL -en- GDSII, 38eh HDL, ASIC, FPGA

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/
mailto:charishmapandala2025@gmail.com

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

I . 58500

e3¢OE &e23eyeS .‘ég:é(‘gee?s 28055 S’émg«‘()gés e @X5080, FRVY, DODEESY o805
2355y DBKTO L¢3y Gies BA 9508008 [3]. eocdherend® e JeS’seSes®, UART
TR DEFS, KD S Todh HHBAEH wen JeEigo SPEEaT DRy AFEBoSeIcod
[4]

&8s Do UART D SR é&m E0335°MH00) RyPd &28e5eS &@S DPSTEY) (RTL Svocs GDSII )
QEAR00B. HOFEK-ardeeds CAD  deiorersdy $58odaashiio wegoe, GBS RTL S52¢doh,
HogSS &853083635, o238 0EDO, %‘SSQ"QOE, ;;Saaoe’i S8 E3¢e308, §1’63§ §_3§)Joﬁ
IO (STA ) 508050 GDSII 233582068 5556 o)) ¢5der W NEYR0c5eacidesr0d.

1. 3H¢5go 508050 Doesofes H

UART 5270808 @938 Jr§, Gér, a0l (2Qy%o) 58050 e Herd® 200 derds
DABo BoHcso SHBaAs» c%séaoécéo. 350 DA Jr§ RTL-10-GDSII e950e0:8 8, Bewehod,
Jeresom  eDABrNow ELurgIBAS  eEd  HIET SBes Mok BeoHSH  der
BEESY °BE B008.

1. 3B
Q

UART GES DB rssreds RTL-0-GDSII &e3erd GBS Ha055Q) DBrhodd 238008
&s K)CQS@(’SSX) DB SE K55§38 DHBEIK 2o DOSNE HIET° SLaee Kool a5 BoHise
B S0t RoEHHBER0B. &8 HII6Y) S5 §obd HES v JasBocsSesy;

1. 82336 228 Jrow (RTL ) GBS

ooz 5§S5°, UART &I QRpdS erofigd (HDL )&, 98gorr I0erhies”
DHBocSeGod. RTL I5°¢se5 gryoesd, 856 58050 e°& 3¢ 235308 Hoed SrecargSeres®
655 UART G308, §0Smegs 9565 50005 SHoirdy Sofimod. RTL w38 585
808y GBI HABL0B. & $¥S° gdHES® I0erh Oy 8%, JRE SAYUICAS S
D805 HoESS IODEAS  ENo  dXBAS BRIV eIow.  HEHSE I
Cﬁagbéﬁoéa)&«‘() RTL 352665, &A A85-856¢5 dHGeaes® Sodea BoDHSE,

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

2. RTL d30g8RS 508050 éaﬁ)ééea

UART 33w 38erh DDBead TS Soeqes Jcsed 5% PogSS ?’oé&ogéﬁés. & 5%
BoF0E 3P Aot GBS HIES &S00S UART esed pdD8RSEH 508500t
DgeB&8. DS 2R (Ge[7:0])S5° LRI FrboDotstio BAH e Dwrerds
@olocStio TPYTP BRI 63@&)‘6:63 580HRAHTIE 28 BIBow DA 20520808,
QoHoghes defdeS® (rd y, rd y_clr, 508050 tx_busy) Jeen esHBHE 20 (rxdata [7:0])
& 9808880 HEFRZoDod.

Figure 1 &° Seex&d 25mgBRS 385308, UART gy, 6535 esddaSr 9658)5008. 00h
$00& OFh 565 &) Ber Hmren aSHe aSS® SEHIT G BohHakearon. 8D5E &
Sored rxdata  @HEHES® dechHSosor HORAK, HTS EPHWRS KB
BRNSH HVLOH0B. IS ErHMAS KBICHS® tx_busy DHS DB eotod
£080%0 1d y 36 DesahBosFod Ber BRNTP T, Benekod, B0 EHWeE KO
BHSE Srcirgd Bocsg KBS HHSHEBESs G0,

Fig.1: Q) sP@R) exeSeS® UART  e908ien

88 5% §055°e:§é§on'° Cﬁag)éﬁoé&&c‘é RTL S3805°a°K0 e5¢5\& z_f)«‘_\’goo&, 8 BN 9Nen Bderdd
200D GEM DAWB0D. &8 PSS de)g)éao&c‘é eSo°ges Sorgddd GRS AS-85S
Begé)gge»m Doea WODHSEY,

3. ore38 Soges

DBNGBAS togoe RTL GBS B, §a5refs pddyebeito Fdosdds &oges, UART
DSBEa 5B BIO ST DB AE-BH5S L[ DoFNes Baedd. HoFNes

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

QBBT° I0erhHidy NohHH) Bsmed ST& Bwg) FErdE S Sbd Srgd BoHdS
85 0028-e957°0e8 DB SBH0A.

0030 BODGE0S® UART RTL , D238 (.lib ) aroéies™ Bsmyered S8 08050 dTan®
GRS HOMeken (SDC ) Sroties® AEIDousentes H3rahH $38a50 HEGOSr Y HOMesH DS
IO, & DOMWehen @d3Boh I, VDS /HEHSE wodgo LB GBS
9550708 AGBJeow.

spi_master_genus.tcl genus_cmd.tcl new_netlist_s

1 create_clock -name clk_56m -period 4 -waveform {@ 2} [get_ports "clk_5em"] s
2 set_clock transition -rise 0.4 [get clocks "clk 5em"] I
3 set_clock _transition -fall 0.4 [get clocks "clk 5em"]
4 set_clock_uncertainty ©0.04 [get_ports "clk_5em"]

5 set_input_delay -max 0.8 [all_inputs]

6 set _output_delay -max 0.8 [lall outputs
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6. 5°5 & 2odS (CTS)
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Fig.7: s°@R) Bod &3@r00d) UART GRS B Yre35 Boh e9edd0 (STA).
9. FBE (HAEGen

TR (HEGes 9IB ren Yoo B, DB ¢34, GBS S8 DoHSreDH wdtheaorr
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(éo)gbééoa’)ao&o& S08050 GDSII 2383838 508050 €35H-95985 8500 (90(‘3;50(7" &08).

E—repor’f vart.drc Fpt # strlng,- default="", user setting
##% Starting Verify DRC (MEM: 1750.3) ik

VERIFY DRC ......
VERIFY DRC ...... i

S

I
VERIFY DRC ...... De
VERIFY DRC . Cr
VERIFY DRC U
VERIFY DRC Si
VERIFY DRC S|

new threading
PVS 20.11-64b LVS Run Status  x
rea: {6.000 8.000 105.840 101.920} 1 of 1 un status

a : 1 complete 0 Viols
Verification Complete : © Viols.

*#++ End Verify DRC (CPU: ©:00:00.@ ELAPSED TIME: 0.00 MEM: ©.0M) *¥*

L] outputs_ss @ telugu conference - Google... || [ uart_topsdc (w/charishma/v.. || B [svs comparison Finisned. Thu su1 18 16:00:32 2024

Fi g.8: Fig.9 &°DRC (&BS &S 38) (86ea: seBY) aSHHIRS® LVS (BeosdéS vs . y5e38)
YNEBED SPBYY BSHHD
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S ﬁ)(“éoﬁ" e~y GDSII Eq._)eg, 20 @“8@§K)_5 §%%0 ?oibéocégs @oég HoHIHeA08 .

IV 50005
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Abstract

This paper presents the complete digital flow implementation of a Universal Asynchronous
Receiver-Transmitter (UART) from RTL to GDS II using SCL PDK. UART is one of the most widely
used serial communication protocols in embedded and VLSI systems. The proposed UART design
consists of a transmitter, receiver, and baud rate generator. The design was modeled in Verilog,
functionally verified through simulation, synthesized, and implemented using the complete
RTL-to-GDSII digital flow in Cadence tools. Post-layout results confirm successful timing closure and
generation of a manufacturable GDSII, demonstrating the suitability of the design for ASIC and FPGA
applications.The complete flow is implemented using CADENCE tools and physical verification is
performed using siemens CALIBRE.

Keywords

UART, Digital Design Flow, RTL-to-GDSII, Verilog HDL, ASIC, FPGA

1. Introduction

Serial communication is essential in modern digital systems, enabling data transfer between processors,
peripherals, and external devices [3]. Among the available protocols, UART is widely adopted due to its
simplicity, low pin count, and ease of implementation [4].

This paper demonstrates the complete digital design flow (RTL to GDSII) using a UART as a case study.
By applying industry-standard CAD tools, the design is carried through all stages, including RTL
modeling, functional simulation, logic synthesis, floorplanning, placement and routing, static timing
analysis (STA), and GDSII generation.

I1. Background and Related Work

UART communication consists of transmitting and receiving serial data with start, data, parity (optional),
and stop bits. Our work emphasizes the complete RTL-to-GDSII implementation, highlighting how a
commonly used communication block can be taken from behavioral description to layout.
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II1. Methodology

The development of the UART design was carried out using a standard RTL-to-GDSII digital design flow.
Each step in the methodology progressively refines the hardware description from an abstract behavioral
model to a manufacturable layout. The flow can be divided into the following major stages:

1. Register Transfer Level (RTL) Design

At the initial stage, the UART is described in a hardware description language (HDL), specifically
Verilog. The RTL model captures the functional behavior and timing of the UART, including modules
such as transmitter, receiver and baud rate generator.

The RTL serves as the golden reference design. Inputs at this stage include the Verilog source code, a
project configuration file, and a simulation testbench for functional verification. The output is a verified
RTL model that can be synthesized into a gate-level description.

2. RTL Simulation and Verification

The first stage after writing the Verilog description of the UART is functional simulation. This step
ensures that the design behavior matches the intended UART protocol specification before moving to
synthesis. A testbench was developed to apply stimulus to the design by enabling transmission and
providing data words on the input bus (data[7:0]). The simulation also monitored the output bus
(rxdata[7:0]), along with the control signals (rd y, rd y_clr, and tx_busy).

The simulation waveform, shown in Figure 1, demonstrates correct operation of the UART. Data words
ranging from 00h to OFh are sequentially transmitted on the input bus. The receiver successfully
reconstructs these words on the rxdata output, validating correct transmission and reception. The tx_busy
signal remains high during active transmission, and the rd y flag asserts upon successful data reception,
indicating proper synchronization between transmitter and receiver modules.
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Fig.1:simulation of UART in incisive cadence tool

This stage produces a functionally verified RTL model, which serves as the golden design for downstream
implementation steps. Only after verifying this correctness can the design be synthesized into gate-level
netlists.

3. Logic Synthesis

Once the functional correctness of the RTL design was established through simulation, the UART
description was synthesized into a gate-level netlist using the Cadence Genus tool. Synthesis transforms
the behavioral Verilog into a technology-dependent description mapped onto the standard cell library of
the chosen technology node.

The inputs to synthesis included the UART RTL, the technology library in Liberty (.lib) format, and a set
of timing and clock constraints defined in Synopsys Design Constraints (SDC) format. These constraints
specify the operating frequency, input/output delays, and design requirements.

Instance
Location
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cc_reglo
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uart_baud_rx_ac e - 2

95603_4733/2N - 2
38 g5597/2N - I>zN F invede 1
39 95585 6417/2N Ad->ZN R nroad1 3
40 95572 2802/2N - AL->ZN F ndoz2d1 3
41 g5566/2N - I>2N R invedo 1
42 g5562_9945/2N - AL->ZN F ndo3d1 6
43 g5534_8246/2N - A2->2N R 2d1 4
44 95528/7N 17N F 1invede a
45 95508 6260/ZN - c1->zn R oai211d1 1
46 g5456_2802/2N - A->ZN F 0ai21d1 1

uvart_rx, 1

spi_master_genus.tcl genus_cmd.tcl new_netlist_s 4a+."2" =" seravehoreglal e b e oo
a5
1 create_clock -name clk 50m -period 4 -waveform {@ 2} [get ports "clk 56m"] . ——— Genus (THM) Synthesis Solution 20.11-s111 1
2 set_clock transition -rise 0.4 [get_clocks "clk_56m"] B oneraed on fug 28 2025 01:14:56 pn
3 set_clock_transition -fall 0.4 [get_clocks "clk _56m"] 23
4 set_clock_uncertainty 0.04 [get_ports "clk_5em"] =8
5 set_input_delay -max 6.8 [all inputs] 58
6 set output delay -max 6.8 [lall outputs o >
- - o 61 uart 3 5870.390 0.000 5870.390 D)
62 (D) = wireload is default in technology library
& & 5 Genus User Guide for .. | Bl rtl_gas_seripts [ vart_timing.areaspt . | (@) Conference paper exa.
Fig.2: Synopsis design constrains file Fig.3: synthesis report in genus tool

The output of this stage is a gate-level netlist expressed entirely in terms of standard cells such as
flip-flops, NAND, NOR, and multiplexers.netlist will be in the form of <ddesign> netlist.v. In addition,
detailed timing, area, and power reports are generated to assess whether the design meets its performance
goals.

The synthesis report, shown in Figure 3, presents the critical timing path of the UART. The datapath delay
is reported as 1052 ps, while the required time is 3933 ps, yielding a positive slack of 2881 ps. This
indicates that the design comfortably meets the target timing specifications without violations. The report
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also summarizes the cell count and area utilization, with the synthesized UART comprising 203 standard
cells and occupying an area of 5870.39 pm?.

Thus, at the end of this stage, the UART is available as a gate-level netlist that satisfies timing and area
constraints, and this netlist serves as the input to physical design.

4. Floorplanning and Power Planning

Floorplanning defines the initial physical layout of the chip. The die size is estimated based on utilization
reported during synthesis, and the UART core region is defined accordingly. Input/output pins are placed
around the periphery to satisfy interface requirements. At this stage, power planning is also performed to
create a robust power distribution network. Power rings for VDD and VSS are constructed around the
core boundary, horizontal and vertical power rails are inserted across placement rows, and additional
power stripes are distributed within the core to ensure uniform voltage delivery[1].

In addition to the power grid, certain physical-only cells are inserted during this stage. Well-tap cells are
placed across the core to tie the substrate and wells to VDD or VSS, preventing latch-up. End-cap cells
are positioned at the ends of placement rows to maintain continuity and avoid design rule violations at
boundaries. Together, these ensure electrical stability and prepare the design for standard-cell placement.

C

KRR

L S O O CHCH O S

KKk

Fig.3 :Floorplanning and power planning of UART design

5. Placement

After floorplanning and power planning, the placement stage begins. In this step, all standard cells from
the synthesized netlist are assigned physical locations within the placement rows of the core. The
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placement tool arranges cells while optimizing for wirelength, congestion, and timing. Overlaps are
resolved through legalization, and critical paths are optimized to meet timing constraints.

During this stage, additional physical-only cells such as tie-high and tie-low cells are inserted [2]. These
cells provide safe constant logic levels (‘1° or ‘0”) without directly connecting gates to the power rails,
thus ensuring reliability. In some flows, spare cells may also be added during placement to support future
design modifications (ECOs).

The result of placement is a legalized, timing-aware cell arrangement aligned with the power rails, ready
for clock tree synthesis.

11022 Q8-2051¢RBHL0BINIE @
[5P% ~=-& @0

Fig. 4: Placement of standard cells within the defined floorplan

6. Clock Tree Synthesis (CTS)

Clock Tree Synthesis (CTS) is performed after placement to distribute the clock signal evenly to all
sequential elements such as flip-flops and registers. The clock network is one of the most critical parts of
the design, as it governs synchronization across the chip. During CTS, special clock buffers and inverters
are inserted automatically by the tool to drive the clock signal without distortion. The primary objectives
of CTS are to minimize clock skew [1] (the difference in arrival time of the clock signal at different
flip-flops) and clock latency (the delay from the clock source to the sinks).

In the design flow of the UART, CTS generated a balanced hierarchical tree where the root clock pin
drives several buffers that fan out into sub-trees until all registers receive the clock. The inserted buffers
help control load, reduce skew, and meet timing constraints [5]. After CTS, the design undergoes

ISSN: 2583-9055 https://jcse.cloud/

170



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)

Vol 3, No 11, Nov 2025

PP 166-174

optimization to ensure that setup and hold requirements are satisfied, preparing the design for the routing
stage.

TS — B A [F)--
s

Clock Tree Debugger : max-delay — cadencesystem17.cbitacin - @

Fig.5 : Clock Tree Synthesis (CTS) of the UART design
7. Routing

After Clock Tree Synthesis, the next step is Routing, where all logical connections defined in the netlist
are translated into physical wiring on the chip. Routing is carried out in two stages: global routing and
detailed routing[7].

. In global routing, the tool determines approximate routing paths for each net while avoiding
congestion and balancing wirelength.

. In detailed routing, the tool assigns exact tracks on specific metal layers and places vias to
connect different layers, strictly following Design Rule Checks (DRC).

During routing, the tool must also ensure that parasitics such as resistance and capacitance are minimized,
as they directly impact timing. The fig.6 shows the routed design, where signal paths, clock connections,
and I/O interfaces are connected using multiple layers of interconnect. Post-routing, the design undergoes
extraction and timing analysis to verify that all timing, power, and signal integrity requirements are
satisfied before proceeding to final verification and GDSII generation.
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Fig. 6: Routing of the UART design.

8. Static Timing Analysis (STA)

After routing, the next step is Static Timing Analysis (STA) is performed to verify setup and hold
constraints using the Tempus engine, confirming timing closure [1][6]. STA does not require test vectors;
instead, it analyzes all possible paths in the circuit based on the clock definitions and timing constraints
provided in the design constraint file (SDC).

The tool calculates important timing parameters such as arrival time, required time, and slack for each
path. Positive slack indicates that a path meets timing, while negative slack indicates a violation. The
Worst Negative Slack (WNS) represents the most critical failing path, and the Total Negative Slack (TNS)
quantifies the sum of all violations.

In the UART design, STA results confirm that all 95 analyzed paths are passing, with WNS = 0 and TNS
= 0, indicating complete timing closure. The path histogram illustrates the distribution of delays across
different paths, and the path report provides detailed information about startpoints, endpoints, and slack
values for each timing path. Achieving zero timing violations validates that the design can reliably
operate at the target clock frequency before proceeding to final verification and GDSII generation.
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Fig.7:Static Timing Analysis (STA) of the UART design using Cadence Tempus

9. Physical Verification

Physical verification is the final stage of the implementation flow, ensuring that the design complies with
manufacturing rules and is logically equivalent to its schematic description. After completing placement,
routing, and timing closure in Cadence Innovus, the final layout database is exported and imported into
Cadence Virtuoso for signoff verification.

Two primary checks are carried out:

e Design Rule Check (DRC): Validates that the layout adheres to the geometric constraints of the
foundry process, such as minimum spacing, width, and enclosure rules. DRC ensures that the
layout is manufacturable without lithography errors [1].

e Layout versus Schematic (LVS): Confirms that the physical layout matches the logical netlist
generated after synthesis. LVS verifies device connectivity, pin correspondence, and hierarchy
consistency between layout and netlist [1].

These checks were performed using Mentor Calibre, a widely adopted physical verification tool. The
reports confirmed a clean design, with zero DRC errors and LVS mismatch-free results. Thus, the layout
was fully verified and ready for GDSII generation and tape-out.
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Fig.8: DRC (Design Rule Check) verification in Fig.9 : LVS (Layout vs. Schematic) verification in
Cadence Innovus Cadence Innovus

10. GDSII Generation

The final stage produces the GDSII file, which is the industry-standard format for chip fabrication. This
file represents the complete layout, including layers, polygons, vias, and interconnects. Inputs are the
verified layout database, and the output is the tape-out ready GDSII file, which is sent to the
semiconductor foundry for fabrication.

IV Conclusion

In this work, a complete RTL-to-GDSII digital design flow was successfully implemented using Cadence
tools. Starting from RTL design and synthesis, the design was progressively refined through
floorplanning, power planning, placement, clock tree synthesis, and routing. Timing closure was achieved
through static timing analysis, ensuring that all timing constraints were met. Finally, physical verification
was carried out, including DRC and LVS checks, both of which passed without violations, confirming the
correctness and manufacturability of the design.
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