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Abstract—For power electronic applications such as motor drives, digital controller boards are widely used to implement different control algorithms. This paper presents
the design and testing of a low-cost digital controller board
based on dsPIC30F4011. The performance and features of
this board are comparable to those of DSP processor based
boards. To program such controller boards, programming
devices such as JTAGs are usually required. Programming
using JTAG involves expensive hardware. Further, a JTAG
is used only at the time of programming, i.e. developing
and downloading the assembler code on to the processor;
this does not play any significant role during the execution.
This paper explains the conventional programming method
using JTAGs. An alternative programming method, which
does not require a JTAG or any expensive hardware, is
developed for the above mentioned dsPIC controller.
Key Words − JTAG, controller board, host computer,
programming method, PWM.

I. I NTRODUCTION
Digital control of power electronic converters is becoming increasingly common in industry, because of
the availability of low-cost, high-performance microcontrollers and DSP processors with enhanced and integrated peripherals such as analog-to-digital (A/D) converters, timers, event managers and pulse width modulator (PWM) module.
To control the speed or position of an AC motor in
a typical motor drive application, the motor is usually
fed from a Voltage Source Inverter (VSI), as shown in
Fig. 1. To drive this inverter, one needs to control the
switches in the inverter by providing appropriate gate
pulses. The gate pulses for a VSI can be generated
by comparing three-phase modulating signals against a
common triangular carrier (triangle-comparison method)
or using the space vector approach[1]. These methods
are implemented digitally on a digital controller board.
The controller board has one or more micro-controllers
or DSP processors to perform numerical and logical
operations and other peripheral devices to monitor and
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Fig. 1.
Use of digital controller board in a power electronic
application

control the process. The control algorithm is executed in
this digital controller board.
Design and development of such algorithms take place
in a different machine known as the host machine (a
personal computer). The developed algorithm (code) is
then transferred to the digital controller board using a
programming device (JTAG), which is quite expensive.
The programming device serves as a link between the
host computer and the controller board, and is needed
only at the time of programming; it does not play any
role while execution.
This work is more focused on the initial three blocks
of Fig. 1, namely digital controller board, programming
device and the host computer. It includes the design of
a digital controller board capable of performing power
electronic control tasks such as control of a motor
drive. This paper suggests a way to eliminate the use
of JTAG[2] for programming, by assigning a part of
JTAG’s job to the host computer and another to the
digital controller board itself.
II. D IGITAL C ONTROLLER B OARD
The digital controller board is a printed circuit board
with a micro-controller or a microprocessor on it along
with other supportive peripherals like system clock input,
timers, analog to digital converters, digital to analog
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converters and all of the circuitry necessary for a useful
control task. For different control tasks one may have to
use different types of controller boards.
Usually for power electronic applications, controller
boards based on different DSP processors are used
(DSP-boards). These controller boards use high-end DSP
processors and peripherals to implement complex control
algorithms, but when it comes to low power control
tasks or open loop operations these boards seem a costly
solution. This work presents a controller board based on
a Digital Signal Controller (DSC)[3] for power electronic
applications.

2

TABLE I
N ORMALISATION USED
Quantity
Voltage
Current
Frequency
Angle

in Per unit
1
1
1
1

in S.I. unit
5 volts
5 Amps
50 Hz
2π rad.

in 16-bit word
0x03FFF
0x03FFF
0x03FFF
0x03FFF

B. Test Results for the Board
DAC MCP4922 is interfaced with the DSC using Serial Peripheral Interface (SPI) protocol. A 16-bit digital
input is provided by the DSC, but the DAC has 12-bit
resolution. Hence this 16-bit input is converted into a 12bit number, keeping the normalisation in mind, as shown
in Eq. 1
Input12bit =

Input16bit
+ 0800hex
16

(1)

Digital input to DAC

}

}

DAC Add.
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Ch:2

Fig. 2.

Block diagram of the DSC board.

SPI clock.
Ch:1

A. Block Diagram of Controller Board
(a) SPI interface of DAC with DSC, Scale: Ch1: 5 V/div, Ch2: 5
V/div, Time: 1 µs/div

Digital input to DAC

}

DAC Add.

}

A block diagram of the low-cost controller board built
around a Digital Signal Controller (DSC) is shown in
Fig. 2. Based on the features required and tasks to be
performed by the board, a dsPIC30F4011[3] is selected
to be the heart of the board. dsPIC30F4011 is a 16bit micro-controller from Microchip. The system clock
input to the board can be upto 40 MHz. With an internal
phase locked loop (PLL)[3] configuration, the board can
operate upto 120 MHz with 30 MIPS[3] operational
speed.
The board is designed to have nine channels of 10bit analog to digital converters, four channels of 12bit digital to analog converter, six PWM outputs and
sufficient communication modules on board, as shown
in Fig. 2. All the analog input and outputs are sifted
and scaled to normalize or per-unitize them as shown in
Table I.
All the modules of the board, shown in Fig. 2, are
tested. The test results are presented in the following
section.

0 0 1 1 1 0 1 0 0 1 1 0 0 1 1 0

Ch:2

Ch:1

DAC output.

(b) DAC output, Scale: Ch1: 2 V/div, Ch2: 5 V/div, Time: 1 µs/div
Fig. 3.

Test results for DAC MCP4922 used on the board

The DAC is tested with a 16-bit input 2666hex .
This is converted into a 12-bit number A66hex , i.e.
101001100110bin , as per Eq. 1. This 12-bit number is
preceded by the 4-bit address of the DAC channel. This
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16-bit data is transmitted by the SPI module as shown
in Fig. 3(a). Here SPI uses a clock of 2 MHz frequency
to maintain the synchronism between the two devices
during communication. In Fig. 3(a) channel 1 shows
SPI clock (16 cycles) and channel 2 shows the data
transmitted.
The DAC input 2666hex represents 0.6 per unit. Hence
the expected analog output is 3 V as indicated by Table
I. The DAC output (channel 1 of the Fig. 3(b)) is 3 V
as expected.

DAC output.

are fed to the PWM module of the DSC to generate
the pulses. A portion of the sine wave (channel 1) and
the corresponding PWM pulses (channel 2) are shown
in Figure 5.
III. P ROGRAMMING D EVICE
Programming device refers to a hardware device that
has an ability to configure programmable non-volatile
circuits such as micro-controllers, microprocessors, EEPROMs and flash memories. Programming generally
refers to writing user code at particular memory locations
of the device. User code is usually available in the form
of hexadecimal codes[5] (Hex file).
A. Conventional Programming Method[6]

Ch:2

Ch:1

3

ADC input.

Fig. 4. ADC and DAC testing, Scale: Ch1: 5 V/div, Ch2: 5 V/div,
Time: 5 ms/div

PWM output.

The classical programming method involves use of a
JTAG[2] device to program the digital controller board.
JTAG stands for Joint Test Action Group[2]. It was
initially used for testing of printed circuit boards, and
is still widely used for this application; but nowadays
JTAG is also used for IC debugging and programming.
Use of JTAG in programming is shown in Fig.
6. Usually JTAG has a pre-programmed processor, a
communication module and a power module. The preprogrammed processor of JTAG communicates with the
computer, and takes the data and address from the
computer. Then it loads this information into appropriate
memory locations of the digital controller board using
the communication module.
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Fig. 5. PWM pulse output using sine-triangle modulation, Scale:
Ch1: 5 V/div, Ch2: 5 V/div, Time: 200 µs/div

The ADC is fed with a sine wave shown in Fig. 4
(channel 1). This is sampled at a frequency of 10 KHz,
converted into digital data, and fed as digital input to the
DAC. The DAC output (channel 2) closely resembles
the ADC input as seen from Fig. 4, indicating proper
operation of ADC and DAC modules.
Fig. 5 shows the generation of PWM pulses using sinetriangle modulation. A sine wave of 50 Hz frequency
is generated with the help of a lookup table stored in
memory of the DSC device. This sine wave is sampled
with a sampling period of 200 µs. These sampled values

On Board
Peripherals

On Board
Peripherals

Target
Device

Target Board

Fig. 6.

Programming method using JTAG device

Use of JTAG for programming is a costly solution
when it is not used for mass production. In order to
reduce this programming cost, the solution is to find an
alternative for the JTAG device. For this, there is a need
to modify the above mentioned programming method.
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User program
(Hex code)

B. Proposed Modifications to Eliminate Use of JTAG
To eliminate the use of JTAG, one needs to perform
the tasks of its internal functional blocks. These tasks
should be performed either inside the PC or within the
controller board, without any external hardware involved.
A software application running on host computer can
perform the job of pre-programmed processor. The communication module of the JTAG can be shifted inside the
digital controller board itself, as shown in Fig. 7. Thus,
the job of JTAG is divided into two parts. To perform
these jobs properly, one needs a software application
running on the host computer and another running on
the digital controller board. These are explained in the
following sections.

Is
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Hex
Codes

No

Error Message

Yes
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Fig. 7.
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Fig. 8.

Flow diagram for host side software application

C. Host Computer Side Software Application
This is a software application running on the computer
side. This software takes an input in the form of a Hex
file from the user. It reads the Hex file, and extracts the
data and address to be sent to the controller side. Then
this software application interacts with the operating system of the host computer to control the communication
port of the PC (serial port or USB port). It communicates
with the controller board side software using UART or
CAN modules available. First it reads the device ID of
the chip to be programmed. Then it sends the data and
addresses to the controller side for programming. After
sending it waits for acknowledgement from the controller
side. When an acknowledgement is received, it reads the
contents of the DSC in order to verify the programming.
After verifying the programming, if it is found correct,
it gives a command to digital controller side software to
execute the code. This process is shown in Fig. 8.

D. Digital Controller Board Side Software Application
It is a firmware, developed using embedded C and
Assembly. This software needs to be pre-loaded at program memory location of the DSC device prior to use
this programming method. This requires some program
memory space inside the processor. Hence it is required
to change the memory organisation[7] of the device.
Fig. 9(a) shows the original memory organisation
provided from the manufacturer, which is modified to reserve some memory space (from 0x000100 to 0x000700)
for the board side software application as shown in Fig.
9(b).
Whenever the system restarts, this software executes
first and takes the control of the CPU. On start-up,
the software reads a particular memory location, which
indicates the duration of wait time (in seconds). The
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000000

GO TO Instruction
RESET Address
Interrupt Vector
Table
Alternative Interrupt
Vector Table

GO TO Instruction
RESET Address
Interrupt Vector
Table
Alternative Interrupt
Vector Table
Target side software
User Program
Memory

000002
000004
00007E
000080
0000FE
000100

User Program
Memory
007FFE
008000

Reserved Area

Reserved Area

7FFBFE
7FFC00

Data EEPROM

Data EEPROM

7FFFFE
F80000

Device configuration
registers

Device configuration
registers

F8000E
FF0000
FFFFFE

Device ID

Device ID

000000

After finishing the writing and verifying process, on
a receipt of a command from the host side computer,
it transfers the control of the CPU to the newly programmed user code and starts execution. This process is
shown in Fig. 10.

000002
000004
00007E
000080
0000FE
000100
0006FE
000700
007FFE
008000

E. Test Result for the Programmer

7FFBFE
7FFC00

Both the sections of the JTAG, namely the communication module and the programmer software application,
are designed and tested. Test results for the communication module are shown in Fig. 11(a − c) and those for
programming software are shown Fig.12(a − b).

7FFFFE
F80000
F8000E
FF0000
FFFFFE

(a) Original memory organi- (b) Modified memory organisation [7]
sation with space reserved for
the software developed
Fig. 9.

5

Memory organisation of dsPIC30F4011

software waits for the specified amount of time, for any
communication activity from the host computer side. If
it does not detect any activity from host within specified
time period, then it transfers the control to previously
loaded user program if present. On detection of any
legal communication activity from the host, the software
erases the user memory location. Now it starts receiving
data and address from the host computer side application,
and writes that data into the address specified.

(a) DSC board before any communication activity
from PC

Start

Read time from
starting memory loaction
Wait
for any
activity from
PC side

No activity within
time specified

(b) Sending some data from PC side

On any legal acivity

Receive information
(data and addresses)

Erase user program
memory locations
Write data received
at address mentioned
Verify the program
written

Not
Received

Wait for
command from
PC side

(c) Verification of proper communication

Received

Fig. 11.

Execute the user
program written

Testing communication between the DSC and the

computer

Fig. 10. Flow diagram for controller board side software application
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and PC, the board is connected to the PC using a standard
RS-232 cable (9 pin). At first the board side software
waits for any data from PC side, as indicated by a
LCD display shown in Fig. 11(a). Data is sent from
PC, using another software application as shown in Fig.
11(b). Finally the data received at board side is displayed
on the LCD display for verification, as shown in Fig.
11(c). Similar process is repeated, with data sent from
controller side, and received and displayed at computer
side.
Host computer side software application first reads the
device ID as shown in Fig. 12(a) and then completes the
programming process as shown in Fig. 12(b)

6

Fig. 13. Digital controller board used to drive a 250 KVA converter,
Channel 1: R phase current ,Channel 2: line-line voltage

V. C ONCLUSION
The DSC board designed has nearly all operational
features of a DSP board. The programming method
implemented requires little hardware and has more software involvement. With this programming method the
real-time debugging options are compromised, but the
presence of DAC channels aids debugging to certain
extent.
While a JTAG device costs between 10,000 and 15,000
rupees (INR), the hardware cost of the proposed method
of programming is less than 200 rupees (INR). So this
method will reduce the use of costly JTAGs, but one
JTAG interface will always be required for boot loading,
before the first time use of the digital platform for control
applications.
The digital controller platform developed is useful for
power electronic application such as a motor drive.

(a) First reading the Device ID of the DSC to be programmed

(b) After completing the programming process
Fig. 12.
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IV. E XPERIMENTAL R ESULTS ON A M OTOR D RIVE
The low-cost digital controller board, based on
dsPIC30F4011 DSC, is tested on laboratory prototype.
The prototype is a 2.3 kW, 415V, 50Hz, ∆-connected,
three phase induction motor drive fed from an IGBT
based 250 kVA inverter[8]. A constant V /f drive is run
with a PWM modulator. The DC bus voltage for rated
voltage and rated frequency is 600V. The measured noload current waveform and line- line voltage are shown
in Fig.13.
The modified programming method without JTAG
is used to program the dsPIC30F platform used for
experiment.
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