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APPLICATION NOTE

PC-BASED DEVELOPMENT SYSTEM CUTS DESIGN TIME
OF SMART POWER IC APPLICATIONS

by Thomas L. Hopkins

processors.

A Smart Power Development System allows the designer to evaluate a smart power device in
the final application, such as emulator systems allows designers to evaluate and debug micro-

As smart power integrated circuits become more
complex they are approaching the realm where
they can be considered power peripheral chips.
These new devices can no longer be evaluated
with a simple bench set up using a few switches
and a function generator. Before the device will
operate in an application, one or more registers
must be programmed to set the operating condi-
tions of the device. To speed development of ap-
plications using these devices a PC based sys-
tem, the Smart Power Development System, has
been developed. The SPDS allows the user to
quickly develop and evaluate the device perform-
ance in a real application. This paper discusses
the SPDS and shows a typical application for a
stepper motor drive circuit, the L6223A.

The current generation of smart power integrated
circuits contain more logic than their predeces-

Figure 1: PC-Based SPDS
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sors and many, like the L6280 and L6223A, con-
tain one or more registers that must be pro-
grammed for the device to operate. This adds a
new dimension to the users task who must now
develop software to drive the devices before he
can start to evaluate the device operation. In ad-
dition such tasks as calculating the power dissipa-
tion and required heat sink for a power integrated
circuit is a more complicated task than for dis-
crete devices.

To assist the user in evaluating such devices the
Smart Power Development System (SPDS) was
developed. This PC based system consists of
three parts: 1) a general purpose interface card
that interfaces to the PC bus, 2) a dedicated
printed circuit board for each device supported,
and 3) a dedicated software package for each de-
vice supported. The block diagram of the SPDS is
shown in figure 1.
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PC INTERFACE

To allow the PC to easily drive a variety of appli-
cations, a general purpose interface card was
needed. The interface card chosen, similar to the
Burr-Brown PCI 2000 Series, provides 32 1/O
lines, 4 counter/timer channels, and a rate gener-
ator, as shown in figure 2.

The 32 1/O lines are general purpose parallel
lines that may be programmed, in groups of 8, as
either output or input lines. The 32 1/O lines plus
their associated control registers are mapped, as
eight bit registers, into the user address space of
the PC and are easily addressed by the applica-
tion program. In the SPDS system these 32 lines
are used as parallel outputs to drive the dedicated
application board.

The rate generator provides a stable timebase for

Figure 2: SPDS Interface Card

operation of the system. The frequency of the
rate generator output is given by the equation:

8MHz
(N1[N2)

Fout =

where N1 and N2 are integers between 2 and
65535. In this configuration, the output frequency
can then range from 2 MHz to approximately .002
Hz. This clock signal is used by the four counter
timer channels that provide the variable step rate
timing used in stepper motor applications or the
period of output patterns in pattern generator type
applications.

This flexible configuration allows the PC interface
to be independent of the device being evaluated
and provides a general purpose interface that can
drive many types of applications.
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DEDICATED HARDWARE

Each device, or family of devices, supported by
the SPDS has a dedicated application board that
connects to the PC interface card and includes
the dedicated circuitry around the evaluation de-

Figure 3: Dedicated Board for L6223A

vice. In the case of the L6223A the dedicated
board includes two configurations for the L6223A
driving a unipolar stepper motor, a single device
application and a dual device application. The
schematic diagram for the L6223A Dedicated
Boardis shownin Figure 3.
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This allows the user to choose the configuration
that best suits his application depending on the
current level required by the motor.[2] The soft-
ware then allows the user to select which of the
two implementations will be driven for evaluation.

Other dedicated boards support devices in bipolar
stepper motor driver applications, DC motor driver
applications, and solenoid driver applications.

SOFTWARE

Each of the SPDS systems includes a software
package dedicated specifically to the devices. Al-
though the features vary depending on the appli-
cation and the specific devices, the L6223A pack-
age is typical. The L6223A package includes: 1)
calculation of the acceleration and deceleration
ramps for a stepper motor, 2) a driver routine for
real time operation and 3) a simulation package
that simulates the thermal behavior of the device
or devices.

ACCELERATION AND DECELERATION RAMPS

The acceleration/deceleration ramp section the
program is unique to step motor applications. This

Figure 4: Typical stepper motor torque characteristics

routine calculates the step timing required to raise
the step motor from zero up to the final speed.
The calculation is made from the mechanical
characteristics of the application.

The required inputs include the characteristics of
the motor, specifically the static Torque (Tstat), the
slope of the Torque vs Speed curve (Tsiope) and
the number of steps per revolution. The torque
characteristics for a typical stepper motor are
shown in Figure 4. In the simple model for a step-
per motor the torque decreases approximately
linearly as the speed increases from zero up to
the maximum motor speed where the Torque falls
to zero.[1] This curve can be approximated by a
straight line having a static Torque (Tstat) and a
slope (Tsiope) as shown in Figure 4. Here the ap-
proximation for the torque curve allows for a
Torque utilization factor of less then unity.[1] In
addition to the motor characteristics the program
needs the mechanical characteristics of the sys-
tem, as referred to the motor shaft. The two re-
quired values are the frictional Torque (Tfic) and
the total Inertia (Jwt). From these values the pro-
gram calculates the period of each step during
the acceleration ramp. These values are then
saved and used by the real time programto drive
the motor.
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Figure 5: SPDS entry screen
TEXT MOVEMENT Number 1 of 2 Fitename: DEFTEST.DIM
Rotation =ense ( FW / BW ) Fif
Acceleration current {100% 85% 70% 55% 40%) 100
Freguency { 10 or 20 Hhz ) 20
Number of =teps before the intermedia current 10
Intermedia current (100% 85%% 70% 55% 40%) BS
Frequency ( 10 or 20 Khz } 20
Number of steps of constant speed 199
Costant speed current (100% B5% 70% BE5E% 40%) 55
Frequency ( 10 or 20 Xhz )} 20
Deceleration current (160% R8S% 70% £5% 40%) 70
Frequency ( 10 or 20 ¥Khz ) 20
Stand by current ( OPen or ClLose loop ) CcL
Stand by current 100% 86% 70% S55% 40% 40
Frequency { 10 or 20 Khz ) 20
Half or Full ( H/ F) F
Time of =stand by (m.sec) 200
F1 to next movement ESC to go back

REAL TIME OPERATION

One major advantage of the SPDS s the ability to
operate the devices in a real time application
without having to first write a driver routine. In the
real time operation section of the program the
user defines a sequence of movements and the
motion profile and operating parameters for each
movement. This is done using a simple text entry
screen, as shown in Figure 5. Each movement is

Figure 6: Stepper movements

divided into five segments, as shown in Figure 6.
Using the motion text entry screen, the user may
define the operating conditions of the driver chip
for each segment of the movement. The entry
screen allows the user to select one of five cur-
rent levels and the chopping frequency, both of
which are selected by programming the internal
shift register in the L6223A [3], for each segment
of the movement.
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The entry screen also allows the user to define
the number of steps in the first segment and the
third segment of the movement. The number of
steps in the second and fourth segment of the
movement are defined by the acceleration ramp
and deceleration ramps being used.

The final segment of the movement is the
standby period, which is really the period where
there is no movement between two movements.
The user is allowed to select the period and oper-
ating conditions during standby. Utilizing the pro-
grammability of the L6223A, the user may select
either open loop or closed loop operation during
this time as well as the current level and the
chopping frequency.

The user may define any number of movements
in a sequence and then set the parameters of
each movement. Once this definition is com-
pleted, the SPDS will continually execute the se-
guence programmed in real time. In the execute
mode the SPDS displays some of the operating
parameters of the system, as shown in Figure 7
and 11. During the execution the user may modify
the step timing of either the acceleration or decel-
eration ramps and observe the affect on the me-
chanical behavior of the system.

Figure 7: Operating parameter display

Once the user is satisfied with the system opera-
tion all of the values of the acceleration ramp, de-
celeration ramp and motion profile can be saved
on the disk for future use.

SAFE (and SAVE) DESIGN BY SIMULATION

The final section of the SPDS system allows the
user to evaluate the thermal behavior of the de-
vice in the application. In this section the move-
ment is simulated based on the average velocity,
as shown in Figure 8. Using the input electrical
parameters of the application and motor, the pro-
gram calculates the chopping duty cycle and the
effect on power dissipation due to the step rate.
To these values are added the quiescent losses,
which are assumed to be constant, to get find the
power dissipation in the device. The program also
accounts for variation in the Rpson with die tem-
perature.

The simulation outputs two representations of the
information. The first, shown in Figure 9, shows
the power dissipation and required thermal im-
pedance from the junction to ambient (Rthj-a) to
limit the maximum junction temperature to a
specified value versus the peak coil current (Ip).

F1 Acc/Dec resolutiaon = 1@ y.sec
F2 Acc/Dec resolution = 50 pju.sec
F2 Ace/Dec resolution = 100 p.sac

F4 Stand-By resoiution =
F5 Stand-By resoluticn =

1 m.zec
10 m. sec

> Tace 1 - 2200 p.smec

Tdec 1 - 490 N.zec
Type S to START
Any hkeys to STOP

Stand-by = 200 m.sec
> Time increment < Time decremant
= Time +1 - Time -1

ESC to go bachk
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Figure 8: Stepper motor movement simulation
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Figure 9: Power dissipation and required thermal impedance
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For reqbuired values of thermal impedance less
than 55-C/W (the thermal impedance of the pack-
age in free air) the power dissipation is calculated
assuming a constant thermal impedance of
55°C/W. For any given value of current, selected
by moving the cursor, the calculated value for Py
and Rthj-a are shown on the top of the graph. The
program also calculates the number of square
inches of copper required on the printed circuit
board to achieve the required thermal impedance,

for values that are achievable in this manner.
When the power dissipation exceeds the level
that may be dissipated in this configuration, a
message that an external heat sink is required is
displayed.

The second output (see fig. 10) of the simulation
program calculates the power dissipation and die
temperature assuming constant values of Rj-a.
For this simulation, three values of thermal im-
pedance are chosen; the thermal impedance of
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Figure 10: Power dissipation and die temperature

Wl Peak tnb=* 35 % 1438= 55 °C Tjd8= 189 °C Ti66= 13 °C
Ptot 4 Ip = B.5BA N Pa3A= 1,175 W Pd48- 1.228 U Pdbh- 1.29 U
3.82 | = CONDITIONs
/// Ta= 6B°C
2.32 f f (osc }-20KHz
,; Single L6223
1.61 Full Step
##/// Rth=38"CU
B.98 | ,,zf’ﬁﬁﬁ Rth=48°C/W
e RLh-55°C/
p2a | tal
9,18 0.32 B.55 .77 1.08 Ip
Grid Step COARSE ESC to yo back
Figure 11: Accelerationramp timing
=» TIME( 1 )= 6200 psec
TIME( 2 Y= 4540 usec
TIME[ 3 )= 3130 Lusec
TIME{ 4 )= 2540 Uusee
TIME( S J= 2200 Haee Number of TIMEs : 21
TIME{ & Y= 1970 Hzee Final SFEED 1023.62
TIME( 7 )= 1730 HEec Current SPEED 161.20
TIME( 8 y= 1660 HE=C FULL STEP
TIME( 9 }y= 1550 Hsec
I TIME{ 10 = 1470 usec
| TIMEC 11 )= 1390 psec
" Help Save Delete Pagz Up/Down Change ESC to go back
the package in free air (55°C/W), the minimum CONCLUSION

practical value of thermal impedance using only
copper on the PCB (40°C/W) and the minimum
practical value using an external clip on heat sink
(30°C/W).[4] Each of the graphs are interrupted
when the die temperature exceeds 150°C, the
maximum rating of the device. When the current
level selected by the cursor would cause the de-
vice to exceed the maximum rating, a message is
displayed that the device will go into thermal shut
down at thatlevel.
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The Smart Power Development System allows
the user to quickly evaluate a smart power device
in the final application, much as emulator systems
allow user to evaluate and debug microproces-
sors. The system contains two key components
that allow the user to 1) quickly define the opera-
tion of the device and evaluate it in a real time ap-
plication and 2) verify that the device will operate
within the its safe operating limits. For compli-
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cated devices that require the user to program
one or more internal registers before the device
will operate, the system can greatly reduce the
time required to evaluate the system, without re-
quiring the user to write any specific software.
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