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Abstract: 

Placement and Routing are the two most important steps of physical design in VLSI Backend. Placement is an essential step in 

Electronic Design Automation (EDA) – it is the portion of physical design flow that assigns exact locations for various circuit 

components within the chip‟s core area. It determines the necessary wiring, while respecting the constraints and optimizing 

routing objectives. Routing, on the other hand, is the technique of locating a set of wires in the routing space that connect all the 

nets in the net list. The capacities of channels, width of wires and wire crossings often need to be taken into consideration. In this 

paper, Place and Route Optimization of microcontroller architecture of openMSP430 using Qflow tool is done, placement results 

were observed using Graywolf and qrouter, and, by implementing the Verilog files of the different modules. 
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I.  INTRODUCTION 

 

In VLSI Design flow, the steps taken into consideration are 

System Specifications and Design (Architectural, Functional 

and Logical Design), Physical Design , Physical Verification 

and Signoff, Fabrication , Packaging & Testing.  

In physical design the stepwise flow of designing a VLSI 

cricuit goes through Partioning  Chip Planning Placement 

 Clock Tree Synthesis  Signal Routing Timing Closure.  

Placement and Routing are the important and necessary steps 

in physical design as: the objective of placement to minimize 

area and reduce wire lengths for critical lengths, and, the 

objective of Routing is to define the no. of interconnects , 

reducing the various inductive and capacitive effects, also, to 

locate a set of wires that connect all the nets in the 

netlist,where each net meets its timing budget, also by 

minimizing the wirelengths. 

 

II.FUNDAMENTALS OF PLACEMENT AND ROUTING 

TECHNIQUE 

 

Placement is usually formulated as a problem of constrained 

randomization. The constraint is to remove overlaps between 

all the instances in the netlist. A poor placement requires 

larger area. Also results in performance degradation. It is the 

process of arranging a set of modules on the layout surface. 

Each module has fixed shape and fixed terminal locations. A 

subset of modules may have pre-assigned positions e.g., I/O 

pads).The optimization objectives include: 

 

a) Total Wirelength: Minimizing  the total wirelength 

or, the sum of the length of all the wires in the design, is the 

primary objectice of most existing places. This not only helps 

minimize the chip size, and hence cost, but also minimizes 

power and delay , which a re proportional to wirelength. 

 

b) Timing: The clock cycle of a chip is determined by 

the delay of its longest path, ususalyy referred as a criticcal 

path. Given a perfomance specification, a palcer must ensure 

that no path exists with delay exceedoing the maximum 

specified delay. 

c) Congestion: While it is necessray to minimize the 

total wirelenght to meet the total routing detours, or make it 

impossible to complete all routes. 

 

d) Power: Power Minimization typically involves 

distributing the locations of cell components so as to reduce 

the overall power consumption, alleviate hot spots, and 

smooth temperature gradients. 

A secondary objective is placement runtime minimization. 

 

 There are two types of placement:- 

1. Global Placement: 

2. Detailed Placement 

 

1. Global Placement:  

 Determine the location of all the interconnects 

 Objective is to minimize the total interconnect area. 

 

2. Detailed Placement: 

 Completely Route all the interconnects on the chip. 

 Objective is to minimize the total interconnect length 

used. 

 

Routing – Why it is required? Given a placement, a netlist and 

technology information, Routing determines the necessary 

wiring, for ex: net topologies and specific routing segments to 

connect these cells while respecting constraints, for ex design 

rules and routing resource capacities and optimizing routing 

objectives, ex. Minimizing total wire length and maximizing 

time slack. 

 

There are two types of Routing:- 

1. Global Routing. 

2. Detailed Routing. 

 

1. Global Routing: 

• Define the routing regions. 

• Generate a tentative route for each net. 

• Each net is assigned to a set of routing regions. 

• Does not specify the actual layout of wires. 
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2. Detailed Routing: 

• For each routing region, each net passing through that region 

is assigned particular routing tracks. 

• Actual layout of wires gets fixed. 

• Associated sub problems: channel routing and 

                 Switchbox routing.  

      Generally, the types of constraints faced in routing are: 

a)  Minimum width of routing wires. 

b) Minimum separation between adjacent wires. 

c)            Number of routing layers available. 

d)           Timing constraints. 

 

III. INTRODUCTION TO OPENMSP430 

 

The openMSP430 is a synthesizable 16 bit microcontroller 

core written in Verilog. The core of openMSP430 comes with 

some peripherals like 16x16 Hardware Multiplier, Watchdog, 

GPIO, TimerA, Generic Template), with a DMA Interface, 

and most notably with a two wire Serial Debug Interface 

supporting the MSPGCC GNU Debugger(GDB) for in-system 

software debugging. It is based upon Von Neumann 

Architecture, with a single address space for instructions and 

data. While being fully FPGA friendly, this design is also 

particularly suited for ASIC implementation (Typically mixed 

signal IC‟s with strong are and low power requirements). In a 

nutshell, openMSP430 supports: 

 

1. Low Area(8k Gates), without hidden infrastructure 

overhead(Memory backbone, IRQ Controller and Watchdog 

timer are already included). 

 

2. Excellent Code density. 

 

3. Good Performance. 

 

4. Build In Power and clock management option. 

 

5. Multiple Times Silicon Proven. 

 

Depending on the selected configuration, this design can 

either be: 

 

1. FPGA Friendly: The core doesn‟t contain any clock 

gate and has only single clock domain.  

 

2. ASIC Friendly: The core contains up to all clock 

management options (Clock muxes and low power modes, 

fine grained clock gating…) and is also ready for scan 

insertion. This IP doesn‟t contain the instruction and data 

memory blocks internally (these are technology dependent 

hard macros which are connected to the IP during Chip 

Integration). However, the core is fully configurable in regard 

to the supported RAM and/or ROM sizes. 

 

IV. OPENMSP430 ARCHITECTURE 

 

OpenMSP430 architecture can be defined as a combination of 

Core, Peripherals, DMA Interface, Serial Debug Interface, 

Integration and Connectivity.  

 

 OpenMSP430 Core: 

Features of OpenMSP430 Core are:- 

1. Full Instruction set support. 

2. Interrupts: IRQ(x14, x13,or, x62 , NMI (x1). 

3. Low Power Modes. 

4. Configurable memory size for both program and 

data. 

5. Scalable peripheral address space. 

6. DMA Interface 

7. Two wire Serial Debug Interface (I2C or UART 

Based) with GDB Support. 

8. FPGA friendly. 

9. ASIC friendly. 

10. Small Size. 

Limitations of Core are: 

Instructions can't be executed from the data memory. 

 

Design Structure of OpenMSP430 is as follows: 

 

 
Figure. I. Openmsp430 Microcontroller Architecture 

 

The above diagram consists of:- 

 

Frontend: This module performs the instruction Fetch and 

Decode tasks. It also contains the execution state machine. 

 

 Execution unit: Containing the ALU and the register file, this 

module executes the current decoded instruction according to 

the execution state. 

 

Serial Debug Interface: Contains all the required logic for a 

Nexus class 3 debugging unit (without trace). Communication 

with the host is done with a standard two-wire interface 

following either the UART 8N1 or I2C serial protocol. 

 

Memory backbone: This block performs a simple arbitration 

between the frontend, execution-unit, DMA and Serial-Debug 

interfaces for program, data and peripheral memory accesses. 

 

 Basic Clock Module: Generates MCLK, ACLK, and 

SMCLK and manage the low power modes. 

 

SFRs: The Special Function Registers block contains diverse 

configuration registers (NMI, Watchdog, etc). 

 

Watchdog: Although it is a peripheral, the watchdog is 

directly included in the core because of its tight links with the 

NMI interrupts and the PUC reset generation. 
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 16x16 Multiplier: The hardware multiplier peripheral is 

transparently supported by the GCC compiler and is therefore 

located in the core. It can be included or excluded at will 

through a Verilog define. 

 

 OpenMSP430 Peripherals: 

In addition to Core itself, several peripherals are also provided 

and can be easily connected to the core during integration.  

The Internal peripherals are: 

 

1. 16x16 Hardware Multiplier. 

2. Basic Clock Multiplier. 

3. Watchdog,  

4. SFR‟s. 

 

The External Peripherals are: 

 

1. Digital I/O‟s. 

2. Timer A(FPGA only). 

3. GPIO(FPGA only). 

4. 8 and 16 bit peripherals. 

 

 OpenMSP430 DMA Interface: 

The openMSP430 Direct Memory Access Interface acts as a 

gateway to the whole logical 64KB Memory Space. It 

supports the efficient connection of the boot loader, DMA 

Controller, Memory BIST or any other hardware unit 

requiring direct read/write access to CPU Memory space. The 

interface is also design as to re use the existing arbitration 

logic within the memory backbone and thus minimize to 

timing costs of its physical implementation(i.e. no additional 

muxing layer on an already critical timing path). An simple 

system using the DMA interface typically consists of a DMA 

master directly connected to openMSP430 core: 

 

 
Figure.2. DMA interface 

 

 OpenMSP430 Serial Debug Interface 

Serial Debug Interface is used to allow in system software 

debugging. In that case, the communication with the host 

computer is typically built on a JTAG or SPY-Bi- Wire Serial 

Protocol. The debug unit provides all the features for Nexus 

class 3 debugging, namely, 

Debug unit features are: 

 

1. CPU Control. 

2. Software and Hardware breakpoint support. 

3. Hardware watch point support. 

4. Memory read/write on the fly( no need to halt 

execution) 

5. CPU registers read/write on the fly(no need to halt 

execution). 

Depending upon the selected serial interface, the following 

features are available: 

Table. I. Comparison of UART and I2C 

Debug Unit Features 

UART I2C 

Strength:  Strength: 

1. No extra hardware 

required for the most FPGA 

boards(almost all come with 

a UART interface, either 

RD232 or USB based). 

1. Very Stable interface 

(Synchronous protocol, no 

synchronization frame 

required). 

2. Possiblility to use USB to 

serial TTL Cables. 

2. Multicore chip support 

with a single I2C interface 

(i.e. 2 pins). in such as 

system, each openMSP430 

instance has its own I2C 

device address. 

 

Weaknesses: Weaknesses: 

1. Need to reset the debug 

interface after cable 

insertion. 

1. Extra I2C adapter 

required. 

2. For ASIC‟s, no possibility 

to change the MCLK 

frequency during a session. 

 

 

 OpenMSP430 Integration and Connectivity: 

The following figure shows how the input output pins are 

connected in the core of openMSP430 architecture. 

 

 
Figure.3.Integration and Connectivity of Input and 

Outputs Pins of Openmsp430 

 

The various signals which are input and outputs of this core 

are described as follows with the direction, width, clock 

domains and description: 

 

1. Clocks signals 

 

2. Program memory Interface signals. 
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3. Data memory Interface signals. 

 

4. External Peripheral Interface signals. 

 

5. Direct memory access interface signals. 

 

6. Interrupts signals. 

 

7. Serial Debug Interface signals 

 

8. Scan signals. 

 

The following table shows input and output signals from 

OpenMSP430 Microcontroller. 

 

TABLE.II. INPUT OUTPUT PINS AND SIGNAL 

DETAILS 
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V. VERILOG IMPLEMENTATION OF OPENMSP430 

MICROCONTROLLER 

 

 For Verilog implementation of openMSP430, .v (Verilog 

files) of each module was implemented using Ubuntu 16.04 

Operating System, in Linux environment. Why Verilog??  

Verilog supports bidirectional primitives that make it better 

for ASIC Verification, also, it is easier to design, synthesize, 

simulate, place and route. Qflow is used to synthesize the 

files/different components of the top level block and „place 

and route‟ is used as a placement and routing command in the 

terminal. 

 

 It is a complete tool chain for synthesizing digital circuits 

starting from Verilog source and ending in physical layout for 

a specific target fabrication process.  Open source Standard 

cells are placed and routed following the scalable CMOS 

rules. After mapping onto a standard cell library, a design 

needs to be placed and routed.  

 

The placement stage determines a rough estimate of the 

routing required, and tries to put all the cells into a block, 

ordering them to minimize the total amount of wiring 

connecting all the pins together. A placement tool known as 

Graywolf was used in this research. 

 

The final step in creating a digital standard cell layout is the 

detail route, describing exactly how the physical wiring should 

be generated to connect all the pins together all the pins in the 

design. It is done with the help of qrouter. 

 

V. RESULTS AND OBSERVATIONS 

 

In OpenMSP430, RAM Module has been executed as: 

 

 
Figure.4. Terminal Shows Execution Of Synthesize, Place 

And Route Through Qflow 

 

 
Figure.5. Terminal Shows Mapping Of All the Ram 

Components 

 

 
Figure.6. Terminal Shows How Placement Is Getting 

Optimized 

 

 
Figure.7. Placement of Standard Cells In Timberwolf 

After The Excution Of Commands In Terminal 

 

 
Figure.8. Placement Of Standard Cells In Gray wolf After 

The Execution Of Commands In Terminal 
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ALU HAS BEEN EXECUTED AS: 

 

 
Figure.9. Timber wolf Result (Placement of Alu) 

 

Source file of Open MSP430(Top level Block) has been 

executed as: 

 

 
Figure.10. Timberwolf Placement of Standard Cells of 

Openmsp430 Microcontroller 

 

Hence, all the verilog codes of different components has been 

executed in the terminal window of Ubuntu OS. Results have 

been bserved in which optimized standard cells are placemed 

and routed. 
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