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General & Ordering
Information

Engineers around the world have come to rely on Ericsson Components for
state-of-the-art integrated driver solutions for motor control applications.

Since the introduction of the first fully integrated chopper stepper motor
driver in 1982, our PBL 3717 has become the most widely used device for
driving stepper motors in such applications as printers, hard-disk drives, fax-
machines and small robotics.

The original chopper architecture of the PBL 3717 has been further refined
and today, Ericsson Components offers a wide range of versatile stepper motor
drivers including chip sets for precision microstepping applications. Most
drivers are available in a surface mountable “Power PLCC” package.

This handbook has been written to assist our customers in broadening their
knowledge about the theory of stepper motors, how the characteristics of a
stepper motor system are affected by various driving methods and how to
apply Ericsson Components’ circuits for best overall performance. It is the first
handbook focusing specifically on Stepper motor driver ICs and their
applications.

We hope this applications handbook will be as much a "standard” as the
PBL 3717 has become throughout the world and that it will provide a useful
reference for all engineers involved in the design of stepper motor driver
systems.

\

ERICSSON 2



Selection Guide
Part Number Features Technology

Stepper movor controller and driver

PBD 3517 ¢ Unipolar driver, one circuit drives one motor Bipolar
¢ Half and full-step operations

¢ Bilevel drive mode

L]

I =2x500 mA maximum
out

Stepper motor drivers
PBL 3717 Replaced by PBL 3717/2

PBL3717/2 ¢ Switched mode (chopper) bipolar constant current drive Bipolar
¢ Analog & digital current control
¢ I =12A maximum

PBL 3770 * Replaced by PBL 3770A

PBL 3770A Switched mode (chopper) bipolar constant current drive Bipolar
Analog & digital current control
Low power dissipation

I, = 1.8 A maximum

PBL 3771 Dual chopper driver, one circuit drives one motor Bipolar
High microstepping accuracy
Selectable fast/slow current decay for improved high-speed microstepping

I, = 700 mA maximum

PBL 3772 Dual chopper driver, one circuit drives one motor Bipolar
High microstepping accuracy

0 to +85°C temperature range

Low power dissipation

I =1.2A maximum
out

PBL 3773 Dual chopper driver, one circuit drives one motor Bipolar
Few external components

-40 to +85°C temperature range

High impedance current control inputs for flexible microstepping

I, = 850 mA maximum

PBL 3774 Dual chopper driver, one circuit drives one motor Bipolar
-40 to +85 °C temperature range
Disable input for easy half-stepping

I =1.2 A maximum

out

PBL 3775 Dual chopper driver, one circuit drives one motor Bipolar
Few external components
-40 to +85°C temperature range

I, =850 mA maximum

Microstepping controller

PBM 3960 * Dual 7-bit + sign DAC CMOS
¢ High-speed microprocessor interface

¢ Programmable fast current decay control

L]

Buffered DAC outputs, 0.0 - 3.0 V output voltage

1-2

Package

16-pin DIP
16-pin SO

16-pin Batwing DIP

16-pin Batwing DIP
28-pin Power PLCC

16-pin Batwing DIP

16-pin Batwing DIP
28-pin Power PLCC

22-pin Batwing DIP
28-pin Power PLCC

22-pin Batwing DIP
28-pin Power PLCC

22-pin Batwing DIP
28-pin Power PLCC

22-pin Batwing DIP
28-pin Power PLCC

22-pin Batwing DIP
28-pin Power PLCC

22-pin DIP
28-pin PLCC



Part Number

Features

DC brushless motor controller

PBM 3961

PWM speed control

Integrated commutation for 3-phase, Hall-sensored motors
Direct drive of external power MOSFETS or bipolar transistors
On-chip PI speed regulator

Lock-at-speed indication

CMOS

Universal intelligent drivers

PBD 3544
PBD 3545/1

PBD 3548/1

Darlington drivers
PBD 3523
PBD 3538

Replaced by PBD 3548/1

Low side driver Bipolar
Short circuit and thermal protection with Error output for diagnosis
Open circuit detection

-40 to +85°C temperature range

L. = 2 A continuously, V. = 45 V maximum

High side driver Bipolar
Short circuit and thermal protection with Error output for diagnosis
Open circuit detection

-40 to +85°C temperature range

I, .= 2 A continuously, V.. = 45 V maximum

Technology

Package

16-pin DIP
16-pin SO
28-pin PLCC

5-p TO220

5-pin TO-220
28-pin Power PLCC

5-pin TO-220
28-pin Power PLCC

Ordering Information

Ericsson Components products are
designated by a product code. Product
codes will normally start with a “P” (a
few older products may start with an
“R”). Custom circuits may have special
designations but will always carry an
Ericsson Components identification
code as well.

Below is an example of a product
code. When ordering, please use the
full code including the package desig-
nation suffix consisting of one or two
leccers.

All Ericsson Components ICs are de-
signed and fabricated with protection
diodes to reduce the risk of damage
due to Electrostatic Discharge (ESD).
However, in certain cases such as in
high impedance nodes in analog ICs,
ESD protection diodes could disturb
normal circuit function and conse-
quently, great care should be taken
when handling all IC products.
Elimination or reduction of ESD
risks can be accomplished as follows.

e Ground all handling equipment

RS

Prefix
P (Ericssson Components) BA  Hybrid circuit
BD Bipolar, digital
BL Bipolar, linear
BM MOS circuit
BR Resistor network,
custom or standard
RR Resistor network,
semi-custom or
standard

PBL 3771 QN
|

May contain additional 3“ Plastic DIP

letters/digits to > )
indicate improved or CC Leadless chip carrier
customized versions QN Plastic leaded chip carrier (PLCC)

S~

L Package Code

Ceramic DIP

LC Leaded chip carrier
QC Quad cerpac

MC metal can

CP cerpac — flat package
PG Pin grid array

PA Pad area array

SO Small outline

SL Single in-line

QL Quad in-line

7 X —Part is discontinued but may be available in limited quantities. 16-p CerDIP
8 X —Part is discontinued but may be available in limited quantities. 18-p CerDIP
Device Handling ¢ Ground all handling personnel with

a conductive bracelet through a 1
MQ resistor to ground.

Clothes and shoes made of certain
insulating materials (such as nylon)
should be avoided. Natural mater-
ials such as cotton does not gener-
ate static discharge to the same
extent and should always be used.

Relative humidity should be kept
at a level as high as possible; 50%
is generally considered sufficient.

Devices should never be removed
from their carriers (normally
antistatic, plastic tubes) until ready
for insertion into PC boards.

If removed from the conrtainer,
always put the IC on plastic
conductive foam. Alternatively,
wrap the circuit in aluminum foil
to protect it during handling.
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Controller and driver

PBD 3517—Stepper motor controller and
driver

PBD 3517 is intended to drive a four
phase unipolar stepper motor. It is a
complete phase logic generator/driver
on a chip, requiring very few external
components in a basic setup. Motor
performance (higher torque at higher
stepping rates) can be increased by
operating in the bi-level drive mode.
This means that a high voltage pulse
from a secondary supply (V) is ap-
plied to the motor winding at the be-
ginning of a step, in order to give a
rapid rise of current.

Figure 1 shows a unipolar stepper
motor drive application using the
bilevel drive mode of the PBD 3517.
For normal operation V. Ry, Cr,
D1 and D2 are omitted.

sS

Drive circuits

PBL 3717/2, PBL 3770A

The PBL 3717/2 and PBL 3770A
Stepper Motor ICs are switch-mode
(chopper) drivers feeding a constant
current into one winding of a stepper
motor. The current direction is con-
trolled by the Phase input. Current
level is selected high (100%), medium
(60%), low (20%) and off (0%) via the

I, and I, inputs. Furthermore, the out-
put current can be continuously
controlled by changing the voltage at
the V pin, normally within the range
0 to 5 Volts. The output current is
defined according to the following
equation:

I, - KX(0.083x V) + R, [Al

where K is the current level selected
via the I  and I inputs, K=1 for
100%, K=0.6 for 60% and K=0.2 for
20% current level.

Applications

The basic configuration is shown in
figure 2. Signals to the logic inputs
are normally generated by a micropro-
cessor. In systems using a single pulse
train as the step signal, the PBD 3517
Stepper Motor Driver can derive the
control signals for full and half
stepping operations, as shown in the
schematic diagram in figure 3.

Dual channel drivers

The dual channel stepper motor driver
family PBL 3771 to 3775 are fixed
frequency switched mode (chopper),
constant current driver ICs with two
channels, one for each winding of a
two-phase stepper motor. All circuits
are especially developed for microstep-
ping operation, but with various spe-

v
oss
\4
oMM
+5V
C l
-!-]— d .
Tes Tt Jos DL D2
V., v,
cc s
cc 16 PBD 3517

& Mono
CMOS, TTL- 1S [ |: I F-r
Inpuc / Qutput Device
SkQ |5k

MOTOR % %

=
R STEP L7 ) D3 - D6
3-
cw/cew DIR 6 Phase Pl
— HSM )10 Logic 1
HALF / FULL STEP i Pt
NORMAL / INHIBIT 1;& 4 -
Ao
(Optional Sensor) ~ { Ppls
D3 - D6 are
UF 4001 or
BYV 27
er< 100 ns.
GND
GNDW“}I GND (Vi oV g5
° «

Figure 1. Typical unipolar stepper motor
drive application with PBD 3517.
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Figure 2. Typical stepper motor driver ap-
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Figure 4. Typical stepper motor driver

application with PBL 3772.

cial features for cost effective imple-
menation in different applications and
current ranges.

PBL 3771—advanced microstepping
driver

PBL 3771 offers a special logic func-
tion used to select slow or fast current
decay during the off time of the chop-
ping cycle. The fast current decay fea-
ture minimizes "current dragging”
when driving a sinewave shaped cur-
rent through the motor winding and
results in less noise and better dynam-
ic positioning accuracy at high step-
ping rates.

Figure 5 shows the basic configura-
tion of the PBL 3771. In the figure,
the PBL 3960 is used to generate the
correct microstepping sequence. For
full- or half-stepping, another gen-
erator can be used. For examples, see
the halfstepping application note.

The output stages of the PBL 3771
include recirculation diodes, and have
an output current capability of 650 mA
in microstepping “sine/cosine drive”
mode. PBL 3771 is available in 22-pin
batwing DIP or in 28-pin power
PLCC package.

PBM 3960— M icrostepping Controller
PBM 3960 is a dual 7-bit + sign,
Digital-to-Analog Converter (DAC)
especially developed to be used toget-
her with the dual drivers such as PBL
3771 in microstepping applications.
PBM 3960 is a stand-alone, low-impe-
dance voltage-output dual DAC that
runs off a single +5 V supply, and
includes automatic fast/slow current
decay control in conjunction with the
PBL 3771. PBM 3960 is packaged in
22-pin DIP or in 28-pin PLCC package.

A complete microstepping driver
system consists of PBL 3771 + PBM
3960 and only eight passive compo-
nents, see figure 5. A microprocessor
is usually used for generation of the
proper control and data codes required
for microstepping. Figure 6 shows the
typical block diagram of an applica-
tion without a microprocessor.

PBL 3772—powerful microstepping
driver

PBL 3772 is optimized for good mic-
rostepping performance and has very
low power dissipation. Using external
recirculation diodes, and external
dropping resistors for reducing the

5V Ve VM
O . ’ O
L e
R B R
0.1 uF 10 pF
05Q 0.5Q
— DI p2 —=
= 22 18 11 27 5 =
Veo o Vo Vesr Ve Vs M, 124
19
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20 Mg, |s
o—= b1
N PBL 3772
4
26 My,
O——r—{ Phase
25
Oo—v,
R2 Mg, |7
RC GND STEPPER
23 1. |2 MOTOR
iS5V 15kQ 3, 19,
28,013 D3 [pi
14,15 Y
3300 pF o[> 820 pF
—L w67 R I: D1 - D4 are UF 4001 or
BYV 27, ¢ <100 ns.
GND (V) Pinnumbers  GND (Vp9
e} ! refer co PLCC
package.
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1 1 L
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s = m 5 P =
14
o— o Vpb N ; Vee Vi Mmz M, 4
8 : : Sign | Phase
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I o, P €D,
1 | 1 M
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15
o——— Ao ) 20 16 , M, |
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o— O WR 19 15
; 7| YR CD, D
2| & 21
O—1 RESET DA,
25V O V Ref Vss STEPPER
18 MOTOR
sy 15kQ
Pin numbers refer
3 300 pF
o to DIP package.
GND
Vee) GND (V)
Figure 5. Typical microstepping application in a microprocessor based system.
SV V Vim
o - e}
L 1 1L L
4.7 uF lo.uu-‘ 0.1 WF 10 WF
= = L 4 T =
Micro- 9 Vee Voo Ve M, 2
Phase |
controller
191 pis,
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DA — ~
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20
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1 Dis
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D/A VR2 B2
82kQ RC GND C, E STEPPER
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1000 T 10000200 e 820 pF
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0.68Q
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Figure 6. Microstepping system where a
microcontroller including DACs provides
analog current control voltages as well as
digital signals to the PBL 3773.
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saturation voltage in the output stages,
the internal power dissipation is re-
duced to a minimum.

Continuous output current capability
is 1.0 A per channel at ambient temp-
eratures up to +85°C, using only a PCB
copper ground plane for heat sinking.

Figure 4 shows the basic configura-
tion of the PBL 3772, which can be
controlled by a dual DAC such as the
PBM 3960.

PBL 3773 and PBL 377 5—uversatile
drivers with few external components

The PBL 3773 was developed for mi-
crostepping and half-stepping applica-
tions using the internal DACs of low
cost microcontrollers as the voltage
reference soutce. The voltage reference
inputs are high impedance to enable
simple interfacing to unbuffered DACs
via high resistive attenuators in micro-
stepping systems, see figure 6.

The PBL 3775 has an internal volt-
age divider at the voltage reference in-
put. Reference voltage range is 0 — 5
V, making it similar to the PBL 3717/
2 and PBL 3770A stepper motor driv-
ers.

Both PBL 3773 and PBL 3775 have
internal recirculation diodes. An in-
ternal digital filter eliminates external
filtering components in the current
sensing loop thus minimizing parts

V.. (5V) v
cC ° ° - - MM o
478 0.1 uF (AN W 22y
16 ] 1:8kQ L bt |p2
m e = 22 14 9 =
6 cc
Direction O——] DIR 4 cc Vana Vi M 12}
b 19 1 Phase Al
7|— Al !
Step O——STEP BD 16 | pis
L
w|—P 2 My, |12
Half/Full o—— ygsm 3517 Vm
Spep 11 - PBL 3774
5 3
<L 8 P 41 prase My,
o Bl 2
9] »° -
(4]
A 3
GND
3 STEPPER
b 4 A 4 MOTOR
15 kQ D3 D4 v
x VMM,
lcag(:s/ 3300 pF DI - D4 are UF 4001 or
BYV 27, t,£100 ns.
Package pin
GND (Vo) s GNDV
refer to DIP

package. .

Figure 7. Typical stepper motor driver application with PBL 3774.

+12V
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4 MHz 7
- Clok
6

DIR

H1

!§ H2

Lock

indication

t
Vam :1 A
Ourt P2

DC Brushless Motor

PBM ous [
3961 u__,——r_‘r—|< @
Out 2 560 Q

Out 5

Out 3

Hall Sensors

Dis
Vs cnl 1kQ ns[l]
ES

Figure 8. Typical application. Q1-Q3 are
PNP power transistors and Q4-Q6 are N-
channel power MOSFETSs.
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count. The operating temperature range
is specified from -40°C to +85°C,
making these circuits particularly suit-
able for automotive and industrial
applications.

Conventional full/half stepping con-
trol is facilitated by a Disable input
that turns off the outpur stage entirely.

Current capability is 750 mA con-
tinuously per channel.

PBL 3774—dual channel driver with
extended temperature vange.

The PBL 3774 is developed primarily
for microstepping applications and
has been provided with a Disable in-
put for simple half-stepping control.
Figure 7 shows a typical half-stepping
application using PBD 3517 as a step
generator. The operating temperature
range is specified to -40°C to +85°C,
making the circuit particularly
suitable for automotive and industrial
applications. Current capability is 1.0
A continuously per channel. The
circuit is available in both DIP and
power PLCC package.

DC Brushless Motor
Controller

PBM 3961

PBM 3961 is a CMOS control circuit
for three phase DC Brushless (Hall)
motors in constant speed applications
The IC and a minimum number of
external components provide all neces-
sary functions to start, drive control
and break a three phase DC Brushless
motor. Figure 8 shows a typical
application diagram.

Closed-loop PI (proportional-inte-
grating) speed control implemented
with digital-only signal processing
makes the circuit insensitive to
component tolerances and aging. No
external resistors/capacitors are
required to stabilize the control-loop.

The circuit, which connects to exter-
nal power MOS-FET transistors, uses
PWM (Pulse-Width Modulation)
techniques to control the motor speed,
thus minimizing power losses and
heat-sinking requirements. A level-
sensitive disable input with hysteresis,
can be used for current-limiting during
start up. A special feature is a correct
speed output, signalling when the
actual motor speed is within £0.7% of
the correct value. The circuit is

packaged in 16-pin plastic DIP, 28-
pin PLCC or 16-pin SO package.

Universal Intelligent Drivers

PBD 3545/1, PBD 3548/1

Ericsson Components offers a family of
truly smart drivers for inductive load
control in industrial and automotive
applications. The 2 A/45 V Universal
Drivers, PBD 3545/1 and PBD 3548/
1 offer “intelligent” power-control at a
fraction of the cost of discrete imple-
mentations.

PBD 3545/1 and PBD 3548/1 are
complementary drivers with equiva-
lent functions and similar data. PDB
3545/1 is a low side (sink) driver and
PBD 3548/1 is a high side (source)
driver. Extensive electrical protection
makes the drivers virtually indestruc-
tible when driving such loads as sole-
noids, relays or resistive loads.

The circuits are packaged in a 5-pin
TO-220 power package or a 28-pin
power PLCC package. The circuits
incorporate complete short-circuit and
over-temperature protection as well as
load monitoring circuitry with an Error
output for diagnosis. The protection
circuitry is capable of detecting short
circuit output to either V. or GND,
and open circuit

Typical applications with PBD 3545/1
and PBD 3548/1 are shown in figures
9 and 10. The output stage contains a
power transistor and two clamping
diodes which are used for inductive
transient suppression. The input pin
can be connected by a pull-up resistor
to a logic supply voltage or to the V.
supply voltage when driven from an
open collector outputs or opto-coup-
lers. To prevent switching transients
affecting the internal logic, a high
quality decoupling capacitor of
minimum 6.8 UF should be connected
close to the V.. and GND pins.

Supply voltage +45 V max.

cc

PBD 3545/1 L2 2024
To ,Og,<<—| Voltage reference T ¢ 24 l
5051 Output
TTL,
LS-TTL, Theemal
cMos provection
P, Short-circuit to 'y =
conrolier Yo proveion t s
Short-circuit o PWR GND
GND detection 7| eiccon

O

Open circuit
decection

3

[159.5-17.2651 | GND

Figare 9. Block diagram and typical application of the PBD 3545/1 Sink Driver.

+5V
o—4
Sk Supply voltage
+45 V max.
L PBD S48/ Tolosic, [o s feence | il °
Input o Vee
TTL,
LS-TTL, k L
CMOS 6.8 uF
up, 5
icontroller S S—
R Sh o Output
=
Error A oa
Ho —
& S
3T °
GND

Figure 10. Block diagram and typical application of the PBD 3548/1 Source Driver.
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Ericsson is organized in seven business
areas; Ericsson Components AB is the
main company within the components
business area.

An overall quality policy, common
to all business areas, is defined by the
Ericsson Corporate Executive Com-
mittee.

“Our Company name shall be the symbol
of overall quality.

“Onr understanding of customer needs,
and the ervor-free operation of our products
are lasting factors which ensure the devel-
opment and future of the Company.

“The quality of onr products and services
shall be the main reason our customers pre-
Ser to rely on us.

“Quality is everyone’s concern.”

Total operating quality is a funda-
mental part of Ericsson’s overall strat-
egy. A common Quality System for
the entire Ericsson Group (Ericsson
Quality System, EQS) is based on the
international standard ISO 9000-9004.

Ericsson’s Quality Board, which
reports to the Corporate Executive
Committee, has the overall responsi-
bility for strategic and long-term
quality policies within the Ericsson
group of companies.

The Quality Manager of Ericsson
Components is a member of Ericsson’s
Quality Council which coordinates
quality matters in all business areas.

It is the responsibility of the Qual-
ity Manager to manage the quality
organization within Ericsson Compo-
nents AB, and to monitor and report
the status of the quality work to the
management.

As a complement to the extensive
work directly related to product qual-
ity, Ericsson Components has also re-
sources designated to assure the qual-
ity of external services, internal effi-
ciency as well as to develop and main-
tain quality in our business processes.

Ericsson Components has a long
tradition of delivering high quality
electronic devices to demanding tele-
communications and professional elec-
tronics customers.

Product reliability is assured by
strict implementation of internation-
ally accepted quality control measures.
Our Quality Department defines qual-
ity control procedures and audits the
implementation of our Quality System
within the organization.



Advanced equipment is used
throughout production to check im-
portant fabrication steps and to pet-
form ongoing monitoring of critical
process parameters.

Outgoing quality is assured by 100%
final test, as well as 100% Lot Accept-
ance Testing, following sampling plans
and procedures defined in IEC 410
(ISO 2059, MIL-STD 105) and
MIL-M-38510F app. B.

Designing for Quality

Product reliability begins with build-
ing quality into the design. The work
on a new product is organized in phases.
In order to build in quality, the result
of each phase is reviewed, evaluated
and documented before the next phase
is started.

Ericsson Components uses strict
design and layout rules when a new
circuit is designed. Unless a new prod-
uct calls for specially-designed compo-
nents, we only use fully-characterized
processes and building elements when
a new circuit is developed.

To prevent failures, due to metal
migration, current density in internal
aluminium paths is generally not al-
lowed to exceed 5 x 10°> A/cm?

All circuits must be designed to
withstand minimum 500 V electro-
static discharge (ESD). (Test circuit
according to MIL-STD-883, Method
3015). Many ICs are characterized at
higher voltages, up to and in excess of
2000 V.

Circuit design makes use of the lat-
est computer simulation tools, and the
progress is constantly monitored in
design review meetings with the
Quality Department.

Advanced CAD software performs
automatic design rule check (DRC) on
the final layout. Before a new design is
released for pre-production, sample lots
are extensively characterized across and
beyond its specified temperature range.

Product Qualification

Before a product is released for volume
production, it has to be qualified. This
procedure has many purposes:

o It checks the stability of the manu-
facturing process, e.g. oxide stabil-
ity, lack of mobile ions etc.

El Test References
220 pcs 10 pes.
El Test at Life Test
| Temperature (1/38)
Limits IEC 68-2-2 |
(1/38) T
Storage at High
Rapid Change - Temperature
[ Of Temperature Without Bias
(1/38) (1/38)
IEC 68-2-14, Na IEC 68-2-2,
e MILm. 1008 |
85°C/85%RH or
,130°C/85%RH ESD
(Plastic) (0/5) at 500V
(1/38) ' | (X/5)at 1000V
IEC749,5B | (X/5) at 2000V
e MIL m. 3015
Storage at High |  Note: f
Temperature (max failures/sample size) !
With Bias IV: 1 Determination |
(1/38) e Of Thermal
e Tt e Impedance
Refer to IEC 68-2 or MIL STD 883 Spes.

Figure 3. Flow chart, qualification of new chip design. Wafer process and assembly al-

ready qualified (all tests are in accordance with MIL-STD883 and IEC 68-2).

== Terminations
(0/8)
IEC 68-2-21

El Test References
140 pes. 13 pcs.
External Resistance to
— Visual Note: Solder Heat
(1/38) (max fai size) El Post-test
R SR o o (0/8)
Solderability IEC 68 2 20&
et Test -
(0/45 leads) Rapid Change
IEC 68-2-2 || Of Temperature
i El Post-test
- (1/38)
Resistance to IEC 68-2-14, Na
= Cleaning Solvents s :
(0/8)
IEC 749 ch. IV cl. 2} (85/85) or (130/85)
m. 2; MIL m. 2015 | —  El Post-test
Z R (1/38)
IEC 749, 5B
Dimensions T
B (0/5) -~
Flammability
1 (0/5)
Robustness of IEC 695-2-2

Refer to IEC 68-2 or MIL STD 883

Figure 4. Qualification of new plastic packages.
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o It checks the circuit layout for
parasitic elements.

o It reveals weaknesses in the mechan-
ical system consisting of chip, wire
bonding, die attach and package.

e It gives a rough estimation of the
operating lifetime and failure in-
tensity one can expect from the
circuit in a typical application.

e If needed, test time and sample size
can be adjusted to meet specific
demands from customers who wish
to verify a certain failure intensity
and/or lifetime under specific oper-
ating conditions.

Our standardized tests for new de-
signs and packages are described in
figures 3 through 5.

Production and Assembly
Quality Assurance

Production quality is maintained in a
number of ways.

All incoming materials are inspected
according to our own specifications.
Every manufacturing step is followed
by inspections and process control
monitors. The flowchart in Figure 8
shows the essential steps in bipolar
production. MOS production, which
takes place in a different fab, follows a
similar flow. In-house mask and reticle
production equipment guarantees full
control over these important parts of
semiconductor manufacturing and
speeds up turnaround times. At the
wafer probe level, we perform func-
tional and AC/DC testing, as well as
Process Monitoring test patterns on
each wafer.

Assembly Q/A flow (see figures 6
and 7) follows strict procedures to
guarantee highest possible outgoing
quality. Inspections and quality mon-
itoring follow MIL-STD 883 methods.
Every package from subcontracted
assembly houses is tested periodically
in a Quality Conformance Program to
monitor the assembly quality continu-

El Test References
145 pes. ] f‘ole: . . 10 pcs.
TR TR 1 w7 max P TS "I TR TR
| 1 |
External Visual Sealing Moisture
(1/38) (0/76) ] El Post-test
T T IEC 68-2-17, Qk, Qc (1/18)
Solderability Test _ Mitm.1014 | | | IEC68-24D
(045 leads) — ' R
IEC 68-2-20 Resistance to
i M Solder Heat Internal
1 N IEC 68-2-20 Water Vapor
nter(r:;lzg)lsual = (0/3)
MILm. 2010 | Sealing MILm. 1018
G El Post-test
Bond Strength (0/8)
(0/45 leads) T 1
MIL m. 2011 g Rapid Change Mechanical
T of Temperature Test Sequence
Die d IEC 68-2-14, Na IEC 68-2-27, Ea;
Shear Strength | R | ™ MIL m. 2002
(0/5) | Sealing IEC 68-2-6, Fc;
MILm. 2019 | El Post-test MIL m. 2007
e (1/38) s i
T El Post-test
(0/8)
1 i | 1
Resistance to Dimensions Robustness of
Cleaning Solvents | (0/5) Termination
(0/8) | 7 (0/8)
IEC749ch.IVcl. 2| IEC 68-2-21
m. 2; MIL m. 2015
T Refer to IEC 68-2 or MIL STD 883
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Figure 5. Qualifications of new hermetic packages.
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Figure 6. Plastic package QA flow.




Wafer

Incoming Inspection
Wafer Saw, Cleaning
2nd Optical

QA Gate
Leadframe
Incoming Inspection
Base
Incoming Inspection

Frame Attach
- QC Monitor

Preform
Incoming Inspection

Die Attach
QC Monitor

Wire
Incoming Inspection

Wire Bond
QC Monitor
3rd Optical

QA Gate

Cap
Incoming Inspection

Preseal Bake (8hrs/200°C)
QC Monitor

Seal
QC Monitor
Stabilization Bake

Temperature Cycling

Local Finish
C} QC Monitor

Ink
Incoming Inspection
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QC Monitor
Fine Leak

Gross Leak
QA Gate, Fine/Gross Leak

Trim
QC Monitor
Open/Short Test

4th Optical

QA Gate
Tube

Incoming inspection

Outgoing QA
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Figure 7. Ceramic package QA flow.

Table 1. Quality conformance test scheme.

Tests Purpose Periodicity

Group A Final control of products to be Each production lot

delivered to customer
Group B Control of encapsulation quality Every 8th week
Group C  Control of chip-and encapsulation quality ~ Every 3rd or 6th month
Group D Extended reliability tests See product specification

The group B and C tests are performed on a selection of circuits that are represen-
tative for the different manufacturing processes, encapsulation and chip designs.

Test description AQL level
Group A Inspection

Al External visual Critical 0.15

Major 0.4

Minor 1.0

A2 Electrical function 0.065

A3 Static and dynamic el. parameters ~ (SLICs) 0.1

(other circuits) 0.065

A4 El function, static and dynamic parameters within temp. limits  LTPD 10

Test description LTPD Error/sample size
Group B Inspection
Bl Dimensions 0/1
B2 Resistance to cleaning solvents 30 0/8
B3 Solderability 5 0/45 nr of leads
B4 Internal visual 50 0/5
Bond strength 5 0/45 nr of bonds
Die shear strength 50 0/5
B5 Sealing  Fine leak 3 1/129
Gross leak 3 1/129
B6 Rapid change of temp. (-65 — 150°C) 7 0/32
B7 Pressure cooker test 15 1/25
B8 Electrical test at temperature limits 10 2/52
Group C Inspection
C1 Robustness of terminations 30 0/8
C2 Mechanical shock 50 0/5
Vibration 50 0/5
C3 Resistance to solder heat 30 0/8
C4 Rapid change of temp. (-65 — 150°C) 10 1/38
Cs Moistu;'e 20 1/18
C6 Life test 1000 h 10 1/38
C7 Internal water vapor 0/3
C8 Climatic test sequence: 10 1/38
85/85 or 130/85 +bias
C9 Storage at high temperature with bias. 10 1/38

Group D Test

In some cases it is necessary to perform life tests, HTRB-tests etc. for a longer
time in order to reveal failure mechanisms with activation energies lower than
0.7 eV. The number of circuits in the tests as well as the test times will be deter-
mined separately for each case.



ously. Final tests take place at our
own facilities close to our design and
quality departments for quickest
failure analysis and corrective actions.

Quality Conformance
Program

In order to assure a reliable produc-
tion and a stable outgoing quality
level, a quality conformance program
has been put into operation. It consists
of periodic tests of circuits from produc-
tion, according to the scheme shown
in table 1 on the following page.

Reliability Analysis

Reliability is the probability that a
device will perform a required func-
tion under specific conditions for a
specific period of time.

The reliability is described in quan-
titative terms by measuring the failure
rate as a function of time. The failure
rate distribution of a typical device
follows approximately the “bathtub”
curve shown in Figure 9.

Zone I covers the “infant mortal-
ity” period; the failure rate decreases
with time. The predominant failure
mechanism is related to assembly/
mounting defects.

Zone II represents the “useful life”
period, with low level of random fail-
ures, approximated with a constant
failure rate.

Zone I1I is a possible wear-out pe-
riod with increasing failure rate.

To assure low failure rate levels dur-
ing service life time, Ericsson Compo-
nents uses two groups of reliability
tests:

a. Qualification tests are performed
on all new designs before series
production can be started. The
purpose of the tests is to verify that
the new product has an adequate
operating life time under certain
environmental conditions.

b. Quality conformance tests are per-
formed on samples from the pro-
duction. These tests are made to
verify the reliability of the manu-
factured product.

Table 2 shows various test methods
and how the tests results are interpreted
with respect to different failure causes.

Most reliability testing means that
the devices are subjected to higher
stress levels than they normally experi-
ence in typical applications. The stress
may take the form of temperature,
voltage, humidity, etc. The accelera-
tion factor can be calculated for fail-
ures caused by physical and chemical
changes from the Arrhenius equation:

R = A-exp(-E / kT) {1}
R = acceleration rate
A = proportionality constant
E, = activation enetgy (eV)
k = Bolzmann’s constant
(8.617 x 107 eV/degK)
T = absolute temperature (degK)

The activation energy is normally
associated with a certain failure mech-
anism. Experimental values of activa-
tion energy range from 0.3 eV, typical
of wear out phenomena only slightly

Table 2. Relationship between failure causes and analytical test methods

Test method according to MIL-STD 883

B B B H H
Rapid change Constant Mechanical
Solderability of temp. Thermal Shock Accelleration Shock
Failure cause (2003.2) (1010.2) (1011.2) (2001.2) (2002.2)
Bond Integrity . ) . . .
Cracked Chip . . .
Internal Scructural Defect .
Contamination-/Contact-induced Short . . .
Wire or Chip Bre & . .
Glass Crack . . . .
Lead Fatigue
Contamination of Package Elements . . .
Thermal Fatigue .
Seal Integrity .
Seal Contamination . .
Leakage . .
Package/Material Integrity . . . .

(P = applies to plastic package, H = applies to hermetic package, B = applies to both).
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affected by temperature, to 1.5 €V for
infant mortalities.

The temperature acceleration factor
(F) by which the medium life is re-
duced when testing at high temper-
ature is derived from the Arrhenius
equation {1}].

F = explE /(1 /T, - 1/T)]

107 hours). The mean time to failure
(MTTF) is the reciprocal of the failure
rate in hours. As the failure rate, de-
rived from the sample, is only a point
estimate of a much larger population,
an upper confidence limit (UCL) is
applied to the estimate using the chi-
square (x?) distribution. The confi-

dence limit assures that the population
failure rate is no greater than a certain
value at a specific probability level.
The failure rate or test sample size can
be calculated from the following equa-
tion:

Mo S Hloron (20T F)

E = theactivation energy Table 3. Chi-square Distribution
(normally 0.7 - 0.9 eV)
. . . 2
T’0 = nominal junction temperature at P of2r +2)
operation (degrees Kelvin) Number of Degrees of Confidence, o
o failures (r) freedom (2r + 2) 0.60 0.90
T|.t = junction temperature at test
(Kelvin) 0 2 1.83 4.62
Test time should be chosen long 1 4 4.04 7.78
enough to simulate the operating life.
oug simulate the operating life 5 p 621 106
expected operating lifetime
Test time = : accelefation éctor ’ s 53 124
4 10 10.5 16.0
The failure rate obtained from an
exponential probability distribution is 5 12 12.6 185
the number of failures observed on test 6 14 14.7 21.1
divided by the number of device hours 7 16 16.8 23.5
(sample size multiplied by test hours). ’ '
The failure rate is expressed in pet- 8 18 18.9 26.0
cent/1000 hours or FIT:s (failure in 9 20 21.0 28.4
Test method according to MIL-STD 883
H B H H P
Vibration, Moisture Vibration +85°C/85%RH
Variable Freq. Lead Fatigue Resistance Fatigue or
(2007.1) (2004.2) (1004.2) (2005.1) +150°C/85%RH Failure cause
. Bond Integrity
Cracked Chip
. Internal Structural Defect
. . Contamination-/Contact-induced Short
. . Wire or Chip Breakage
. Glass Crack
. Lead Fatigue
. Contamination of Package Elements
Thermal Fatigue
Seal Integrity
. . Seal Contamination
. . Leakage
. . Package/Material Integrity
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Figure 8. Bipolar production flow.
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Figure 9. Failure vate distvibution, “bathtub” curve.
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A = Failure rate in FITs

o
n = sample size
t = test time in hours
F = acceleration factor
r = number of failures

%> = chi-square distribution with
(2r + 2) degrees of freedom

o, = confidence level

The value of X? as a function of a
and (2r + 2) can be obtained from
table 3.

Failure analysis is our tool for reli-
ability assurance. Using different fail-
ure analysis techniques to investigate
the defective device, we can determine
the failure mechanism and decide the
right corrective actions.

Ericsson Components has access to
an extensive range of failure analysis
equipment. The most frequently used
is the SEM (Scanning Electron Micro-
scope) to inspect the surface and, via
voltage contrast techniques, analyze
voltage levels during operation. Other
examples are the Auger electron spec-
trometer, used for analysis of surface
contamination, and the Infrared mi-
croscope, used for thermal mapping.

Packing

Ericsson Components’ products are
packaged for safe transportation. All
devices are delivered in anti-static
tubes for ESD protection and the
packages are clearly marked to indi-
cate ESD sensitivity. All boxes are
marked with a product identification
number, a production code, and the
number of devices.

Traceability

All our produced circuits are marked
with a production code and can be
traced to assembly houses as well as to
production year and week, * one
week. Our circuits are also marked
with a production wafer lot number,
which gives complete traceability
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Description

PBD 3517 is a bipolar, monolithic, integrated circuit, intended to drive a stepper motor in
a unipolar, bilevel way. Motor performance can be increased using a bilevel function
without using a high power drop resistor.

One PBD 3517 and a minimum of external components form a complete control and drive
unit for LS-TTL- or microprocessor-controlled stepper motor system for currents up to
500mA. The driver is suited for applications requiring least-posssible RFI.

PBD 3517
Stepper Motor
Drive Circuit

Key Features

* LS-TTL-compatible inputs

« 2 x350mA continuous-output current
+ Half- and full-step mode generation

« All phase logic on chip

+ Bilevel drive mode

+ Voltage-doubling drive possibilities

» Half-step position-detection output

*  Minimal RFi

+ 16-pin plastic DIP package

cc Vss

PBD 3517

L
-F

STEP | 7

DIR) 6

HSM } 10 P 2
8 P
o ﬁ? & v
o, P
A 4 | At
AR

Figure 1. Block diagram.

16-pin plastic DIP




PBD 3517

Maximum Ratings

ERICSSON

\

>

Parameter Symbol Min Max Unit
Logic supply voltage Ve 0 7 Vv
Second supply voltage Vs 0 45 \
Phase output current I 0 500 mA
Second-level output current I -500 0 mA
Logic input voltage V., -0.3 6 \
Logic input current I -10 mA
The zero output current Iy 6 mA
Junction temperature T, 0 +150 °C
Operating ambient temperature T 0 +70 °C
Storage temperature Teq -55 +150 °C
Power dissipation (note 1) P, 1.6 w
Recommended Operating Conditions
Parameter Symbol Min Typ Max Unit
Supply voltage, logic Ve 4.75 5 5.25 \Y
Second-level supply voltage Ve 10 40 Vv
Phase output current I, 0 350 mA
Second-level output current I -350 0 mA
Ambient temperature Tor 0 +70 °C
Set-up time (fig. 3) t, 400 ns
Step-pulse duration (fig. 3) t 800 ns
Electrical Characteristics
Electrical characteristics at T, = +25°C, V. = +5.0V, V,, = +40V, V= +40V unless otherwise specified
Ref.

Parameter Fig. Conditions Min Typ Max Unit
Supply current, |, INH = LOW 45 60 mA

INH = HIGH 12 mA
Phase outputs
Saturation voltage, V. .., I, = 350mA 0.85 v
Leakage current, I, V, =0V 500 UA
Turn on, turn off, ty 3 us
Second-level outputs
Saturation voltage, V, .. ¢, I =-350mA 2.0 \
Leakage current, | | V, =0V -500 UA
On time, t, (note 2) 220 260 300 us
Logic inputs
Voltage level, HIGH, V , 2.0 \
Voltage level, LOW, V| 0.8 Vv
Input current, low level, | V,, =04V -400 uA
Input current, high level, | , vV, =24V 20 LA
Logic outputs
Saturation voltage, V.. ., Iy =1.6mA 0.4 \

Notes

1. T,.,=+25°C. Derates at 12.8mW/°C above 25°C.
2. R, =47kQ, C,=10nF.t, =055+ R, *C,.
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ERICSSON 2 PBD 3517

Figure 2. Test measurements. ‘
Ss
'co
VcE sat
....... .
\ PBD 3517 !
' \
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Figure 3. Timing diagram. t, t
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DIR
J— t
STEP
t
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t
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ty
Dlag rams Output current [A] Allowable power dissipation [W]
0.5
oo see e R || >
ow to use the diagrams: o5 O
. or -0.4 4{,5—22_5 A o LA
1. What is the maximum motor current T Vs et B e 2.0
in the application? \
» The ambient temperature sets the 03 1.5 \\
maximum allowable power
dissipation in the IC, which relates 0.2 ] 10
to the motor currents and the duty AN
cycle of the bilevel function. For -0.1 05 N
PBD 3517, without any measures N
taken to reduce the chip tempera- o ] o N
ture via heatsinks, the power 0 05 10 15 20 25 0 50 100 150
d|35|pat|ouj vs. temperature follows Output saturation voltage [V] Ambient temperature [°C]
the curve in figure 5. - - - -
Figure 4. Typical |, vs. V., .,, Second Figure 5. Typical P, vs. T,.Total power
level output saturation. dissipation.
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» Figures 10 and 11 give the
Output Current [A] Output Current [A] i P rel?:[ionship betwecgr:vmotor
5 F.
et /}':f ""; ,« @ﬁ = 2501('; fé?“ - R, f;; currents and their dissipations.
04 iz 28 CE 8 [ ey ek L O E:.///, The sum of these power dissipa-
R e e R T A o e tions must never exceed the
p . R R R e previously-established value, or
03 r4 iife expectancy will be drastically
V.
4 / shortened.
0.2 .
«  When no bilevel or voltage
doubling is utilized, the maximum
0.1 4 2 4 motor current can be found
directly in figure 10.
0 0 — -
0 02 04 06 08 10 0 02 04 06 08 10 2. How'to choose timing comg?onen'ts.
Output Voltage [V] Output Voltage [V] + Figure 8 shows the relationship
- - - - - between C_, R;, and t, . Care
Figure 6. Typical I, vs. V. ... Phase Figure 7. Typical I, vs. Vg s, “Ze0 must be taken to keep the t,, time
output saturation. output” saturation. short, otherwise the current in the
winding will rise to a value many
Output Pulse Width [s] QOutput Pulse Width [s] times the rated current, causing
1 1
Tam 125G Tas +25°C an overheated IC or motor.

101 101 3. Whatis the maximum t, pulse-width
at a given frequency?
102 1072 + Figure 9 shows the relationship
3 3 between duty cycle, pulse width,
10 10 and step frequency. Check
4 ¢4 | I 4 specifications for the valid
10 l " 107 operating area.
108 108 4. Figures 4, 6 and 7 show typical
" saturation voltages vs. output current
-6 _ . .
10 001 04 ” 10 100 1000 10 001 001 o1 p 10 100 levels for different output transns}ors.
Ct Capacitance [nF] fs Step frequency [kHz] 5. Shaded areas represent operating
- - - - conditions outside the safe operating
Figure 8. Typical t,,vs. C./R,. Output Figure 9. Typical t,,, vs. f/dc. Output pulse area.
pulse width vs. capacitance/resistance. width vs. step frequency/duty cycle.
Output Current [A] =0 Output Current [A] (lp=0)
05 E -0.5
| 21507 GHBLBLH D,
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0.3 / 0.3
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Figure 10. Typical P, vs. I,. Power Figure 11. Typical P, vs. |, Power
dissipation without second-level supply dissipation in the bilevel pulse when

(includes 2 active outputs = FULL STEP).  raising to the I, value. One active output.
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Functional Description

The circuit, PBD 3517, is a high-
performance motor driver, intended to
drive a stepper motor in a unipolar, bilevel
way. Bilevel means that during the first
time after a phase shift, the voltage
across the motor is increased to a second
voltage supply, V, in order to obtain a
more-rapid rise of current, see figure 12.

The current starts to rise toward a
value which is many times greater than
the rated winding current. This compen-
sates for the loss in drive current and loss
of torque due to the back emf of the
motor.

After a short time, t, , set by the
monostable, the bilevel output is switched
off and the winding current flows from the
V. SUPPly, which is chosen for rated
winding current. How long this time must
be to give any increase in performance is
determined by V voltage and motor
data, the L/R time-constant.

In a low-voltage system, where high
motor performance is needed, it is also
possible to double the motor voltage by
adding a few external components, see
figure 14.

The time the circuit applies the higher
voltage to the motor is controlled by a
monostable flip-flop and determined by
the timing components R; and C..

The circuit can also drive a motor in
traditional unipolar way.

An inhibit input (INH) is used to
switch off the current completely.

Logic Inputs

All inputs are LS-TTL compatible. If
any of the logic inputs are left open, the
circuit will accept it as a HIGH level. PBD
3517 contains all phase logic necessary
to control the motor in a proper way.

STEP — Stepping pulse

One step is generated for each
negative edge of the STEP signal. In half-
step mode, two pulses will be required to
move one full step. Notice the set up time,
t., of DIR and HSM signals. These signals
must be latched during the negative edge
of STEP, see timing diagram, figure 3.

DIR — Direction

DIR determines in which direction
steps will be taken. Actual direction
depends on motor and motor connec-
tions. DIR can be changed at any time,
but not simultaneously with STEP, see
timing diagram, figure 3.

PBD 3517
HSM determines whether the motor A HIGH level on the INH input,turns
will be controlled in full-step or half-step off all phase outputs to reduce current

mode. When pulled low, a step-pulse will  consumption.
correspond to a half step of the motor.

HSM can be changed at any time, butnot  Reset
simultaneously with STEP, see timing

' - An internal Power-On Reset circuit
diagram, figure 3.

connected to V__ resets the phase logic
and inhibits the outputs during power up,

INH — Inhibit
Motor Current [mA] Pgo E U 1_—6| VCC
. - PB1 IZ‘ 1_|_5| VSS
” wsassow Normal
4‘ m— Bilevel GND E E Le
350—’— - = !E‘;:‘ZVEL vi\(ilhoul Par [4] E La
= Paz [5] E_I Re
ff | DIR [6] [ INH
| STEP [7] ’T_0| HSM
Time ®B E 9 QA
ton
Figure 12. Motor current [ . Figure 13. Pin configuration.
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Figure 14. Typical Application.
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Figure 15. Voltage doubling with external transistors.
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Purpose of external components
For figures 14 and 15. Note that “Larger than ...” is normally the vice versa of “Smaller

than ... "
Component Purpose Value Larger than value Smaller than value
D1, D2 Passes low power to k=1A Increases price Decreases max

motor and prevents high
power from shorting
through low power
supply

1N4001, UF4001

current capability

D3 ... D6 Inductive current k=1A Increases price Decreases current
supressor turn-off capability
t, = 100nS Slows down turn- | Speeds up turn-
off time. Voltage off time.
€9 32{5‘; at anode might
exceed voltage
RGPP10G breakdown
RGPP30D
R1 Base drive current R = 200hm Slows down Q1’s | Speeds up Q1's
limitter Vinm 2 turn-on and Q4’s turn-on and Q4’s
P=R1 ( ——) turn-off time. turn-off time.
Ry + Ry
R2, R3 Base discharge resistor | R = 240ohm Slows down Q1’s | Speeds up Q1’s
Vinm 2 turn-off and Q4’s turn-off and Q4's
P=R1 ( ——) turn-on time. turn-on time.
Ry + R,
R4 ... R7 External transistor base Viom = Voe - Veo Decreases ext. Increases ext.
driver R= ———Vb transistor I max. | transistor |5 max.
Iy - ( —e) Lowers 3517 Increases 3517
R12 power dissipation. | power dissipation.
P> (l,)? - R4
Check hfe.
R8, R9 DA, @B pull-up R = 50hm @ pull-up Increases noise Increases noise
resistors voltage = 5V. sensitivity, worse immunity, better
V)2 logic-level logic-level
_ Nee) definition definition.
R Less stress on @A, | Stress on GA, OB
DB output output
transistors transistors.
R10, R11 Limit max. motor Vinm = Wotor - VoEsar | Decreases motor | Increases motor
current. Resistors may | R= T . |current current.
be omitted. (Check Motor max
motor specifications
first.)
R12 ... R15 | External transistor base Voe Slows down Speeds up
’ R=— ~ 15Q2 ) "
discharge. [P external transistor | external transistor
turn-off time. turn-off time.
P> Voo * hiz Lowers 3517 Increases 3517
power dissipation | power dissipation
RT,CT Sets Ly and Lg ontime | R =470hm, C = 10nf Increases on time. | Decreases on time.
when triggered by
STEP. P <250mwW
C1,C2 Stores the doubling C =100uF Increases effective | Decreases
voltage. Ve > 45V on-time during effective on-time
c= , voltage doubling during voltage
doubling.
C3...C5 Filtering of supply- C2>10uF Increases price, Decreases price,
voltage ripple and take- R better filtering, more compact
up of energy feedback decreases risk of | solution.
from D3 ... D6 IC breakdown
VRated > Vmm» Vss OF Ve | Increases price Risk for capacitor
breakdown.
Q1,Q2 Activation transistor of | as motor requires. Increases price. Decreases max I,
voltage doubling. during voltage
doubling.
Q3, Q4 Charging of voltage b= (Mam - Vt -Vee) < C1
doubling capacitor - 1
7—-0.55+Ry-Cr
Step
Q5...Q8 Motor current drive k. as motor requires.

transistor.

PNP power trans.

Increases max
current capability.

Decreases max
current capability.

3-6
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to prevent false stepping.
Output Stages

The output stage consists of four
open-collector transistors. The second
high-voltage supply contains Darlington
transistors.

Phase Outputs

The phase outputs are connected
directly to the motor as shown in figure
14.

Bilevel Technique

The bilevel pulse generator consists
of two monostables with a common RC
network.

The internal phase logic generates a
trigger pulse every time the phase
changes state. The pulse triggers its own
monostable which turns on the output
transistors for a precise period of time:

to, = 0.55+C, R,
See pulse diagrams, figures 16
through 20.

Bipolar Phase Logic Output

The @, and @, outputs are generated
from the phase logic and inform an
external device if the A phase or the B
phase current is internally inhibited.
These outputs are intended to support if it
is legal to correctly go from a half-step
mode to a full-step mode without loosing
positional information.

The PBD 3517 can act as a controller
IC for 2 driver ICs, the PBL 3770A. Use
P,, and P, for phase control, and @, and
@, for |, and I, control of current turn-off.

Applications Information

Logic inputs

If any of the logic inputs are left open,
the circuit will treat it as a high-level input.
Unused inputs should be connected to
proper voltage levels in order to get the
highest noise immunity.

Phase outputs

Phase outputs use a current-sinking
method to drive the windings in a unipolar
way. A common resistor in the center tap
will limit the maximum motor current.

Fast free-wheeling diodes must be
used to protect output transistors from
inductive spikes. Alternative solutions are
shown in figures 21 through 25 on pages
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Series diodes in V,,, supply, prevent
V¢ voltage from shorting through the V,,
power supply. However, these may be
omitted if no bilevel is used. The V¢ pin
must not be connected to a lower voltage
than V,,,,, but can be left unconnected.

Zero outputs

@, and @, “zero A” and “zero B,” are
open-collector outputs, which go high
when the corresponding phase output is
inhibited by the half-step-mode circuitry. A
pull-up resistor should be used and
connected to a suitable supply voltage (5
kohms for 5V logic). See “Bipolar phase
logic output.”

Interference

To avoid interference problems, a
good idea is to route separate ground
leads to each power supply, where the
only common point is at the 3517's GND
pin. Decoupling of Vg and V,,,, will
improve performance. A 5 kohm pull-up
resistor at logic inputs will improve level
definitions, especially when driven by
open-collector outputs.

Input and Output Signals for
Different Drive Modes

The pulse diagrams, figures 16
through 20, show the necessary input
signals and the resulting output signals for
each drive mode.

On the left side are the input and
output signals, the next column shows the
state of each signal at the cursor position
marked “C.”

STEP is shown with a 50% duty
cycle, but can, of course, be with any duty
cycle, as long as pulse time (t ) is within
specifications.

P, and P, are displayed with low
level, showing current sinking.

L, and L, are displayed with high
level, showing current sourcing.

User Hints

1. Never disconnect ICs or PC-boards
when power is supplied.

2. If second supply is not used, discon-
nect and leave open Vg, L, L, and
RC. Preferably replace the V,,,,
supply diodes (D1, D2) with a straight
connection.

3. Remember that excessive voltages

PBD 3517

OR
INH
S

ERE S

STEP.

T

o8
L8
PB1
Pa2
PAT
pA2
LA
oA

Fev oo D~

Figure 16. Full-step mode, forward. 4-step sequence. Gray-code +90° phase shift.

DIR
INH

AsM
STEP

vIr-or

o8B
1)
PB1
PB2
PA1
PA2
LA
oA

FTTTUTUF

Figure 17. Full-step mode, reverse. 4-step sequence. Gray-code -90° phase shift.

DIR
INH

s
STEP

o8B
B
PB1
PB2
PAl
PAz
A
on

Figure 18. Half-step mode, forward. 8-step sequence.

oIR
INH

AsM
STEP

8
8
3
PB2
PAl
PA
A
on

Figure 19. Half-step mode, reverse. 8-step sequence.

DIR
INH

ASM
STEP

v - oT o

o8
B

P81
PB2
PAY
PAz
LA

on

T

I

Figure 20. Half-step mode, inhibit.
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I:lExt

Figure 21. Diode turn-off circuit.

Figure 22. Resistance turn-off circuit.

A

Figure 23. Zener dode turn-off circuit.

4 P

Power supply

L‘

Figure 25. Power return turn-off circuit for

bilevel .
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Figure 24. Power return turn-off circuit.
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might be generated by the motor,
even though clamping diodes are
used.

Choice of motor. Choose a motor
that is rated for the current you need
to establish desired torque. A high
supply voltage will gain better
stepping performance. If the motor is
not specified for the V,,, voltage, a
current limiting resistor will be
necessary to connect in series with
center tap. This changes the L/R time
constant.

Never use L, or L, for continuous
output at high currents. L, and L; on-
time can be altered by changing the
RC net. An alternative is to trigger the
mono-flip-flop by taking a STEP and
then externally pulling the RC pin
(12) low (0V) for the desired on-time.

Avoid V,,,, and V, power supplies
with serial diodes (without filter
capacitor) and/or common ground
with V.. The common place for
ground should be as close as
possible to the IC’s ground pin (pin
3).

To change actual motor rotation
direction, exchange motor connec-
tions at P,, and P,, (or P, and P,,).

Half-stepping. in the half-step mode,
the power input to the motor alter-
nates between one or two phase
windings. In half-step mode, motor
resonances are reduced. In a two-
phase motor, the electrical phase
shift between the windings is 90
degrees. The torque developed is the
vector sum of the two windings
energized. Therefore, when only one
winding is energized, which is the
case in half-step mode for every
second step, the torque of the motor
is reduced by approximately 30%.
This causes a torque ripple.

Ramping. Every drive system has
inertia which must be considered in
the drive scheme. The rotor and load
inertia plays a big role at higher
speeds. Unlike the DC motor, the
stepper motor is a synchronous
motor and does not change speed
due to load variations. Examination of
typical stepper motors’ torque versus
speed curves indicates a sharp
torque drop-off for the start-stop
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without error curve. The reason for
this is that the torque requirements
increase by the cube of the speed
change. As it can be seen, for good
motor performance, controlled
acceleration and deceleration should
be considered.

Common Fault Conditions

* Vi SUPPly not connected, or V,,,,
supply not connected through diodes.

« The inhibit input not pulled low or
floating. Inhibit is active high.

» A bipolar motor without a center tap is
used. Exchange motor for unipolar
version. Connect according to figure
14.

» External transistors connected without
proper base-current supply resistor.

« Insufficient filtering capacitors used.
» Current restrictions exceeded.

* L, and L, used for continuous output at
high currents. Use the RC network to
set a proper duty cycle according to
specifications, see figures 6 through
11.

» A common ground wire is used for all
three power supplies. If possible, use
separate ground leads for each supply
to minimize power interference.

Drive Circuits

If high performance is to be achieved
from a stepper motor, the phase must be
energized rapidly when turned on and
also de-energize rapidly when turned off.
In other words, the phase current must
increase/decrease rapidly at phase shift.

Phase Turn-off
Considerations

When the winding current is turned
off the induced high voltage spike will
damage the drive circuits if not properly
suppressed. Different turn-off circuits are
used; e. g.:
Diode turn-off circuit (figure 21)
— Slow current decay

— Energy lost mainly in winding
resistance

— Potential cooling problems.

Resistance T O C (figure 22)

— Somewhat faster current decay
— Energy lost mainly in R-Ext

— Potential cooling problems

Zener diode T O C (figure 23)
Relatively high V, gives:

— Relatively fast current decay
— Energy lost mainly in V,

— Potential cooling problems

PBD 3517

Power return T O C for unipolar drive
(figure 24)

Relatively high V, gives:

— Relatively fast current decay

— Energy returned to power supply
— Only small energy losses

— Winding leakage flux must be
considered

— Potential cooling problems

Power return to T O C for bilevel drive
(figure 25)

— Very fast current decay

— Energy returned to power supply

— Only small energy losses

— Winding leakage flux must be
considered

Ordering Information
Package
Plastic DIP

Part No.
PBD3517N

Temp. range

0to 70°C
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Description

PBL 3717/2 is a bipolar monolithic circuit intended to control and drive the current in
one winding of a stepper motor.

The circuit consists of a LS-TTL compatible logic input stage, a current sensor, a
monostable multivibrator and a high power H-bridge output stage with built-in
protection diodes.

Two PBL 3717/2 and a small number of external components form a complete control
and drive unit for LS-TTL or microprocessor-controlled stepper motor systems.

PBL 3717/2
Stepper Motor
Drive Circuit

Half-step and full-step modes.

Switched mode bipolar constant
current drive

Wide range of current control 5 —
1200 mA.

Wide voltage range 10 — 45 V.

Designed for unstabilized motor supply
voltage.

Current levels can be selected in steps
or varied continuously.

Thermal overload protection.

Built-in recirculation diodes.

Voo Vi Vim

6[18] 312 14[4]
Schmitt
Trigger

7019) T
15 6]

9[21]

11 (24] 1110]

Output Stage

Monostable
tyy = 0.69+R» Gy

GND

Current Sensor

10 [23] 2011 1618] PBL 3717/2
10123) L o

c T E

Figure 1. Block diagram

16-pin plastic batwing DIP
28-pin plastic PLCC package
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Maximum Ratings

ERICSSON

W

Parameter Pin no. * Symbol Min Max Unit
Voltage
Logic supply 6[18] Voo 0 7 \Y
Motor supply 3,144, 12] Vi 0 45 Vv
Logic inputs 7,8,9[19, 20, 21] V| -0.3 6 Vv
Comparator input 10[23 Ve -0.3 Vee v
Reference input 11 [24 A -0.3 15 Vv
Current
Motor output current 1,15[6, 10] Iy -1.2 +1.2 A
Logic inputs 7,8,9[19, 20, 21] I -10 mA
Analog inputs 10, 11 [23, 24] Iy -10 mA
Temperature
Junction temperature T; +150 °C
Operating ambient temperature T, 0 +70 °C
Storage temperature T -55 +150 °C
* [no] refers to PLCC package pin no.
Recommended Operating Conditions
Parameter Symbol Min Typ Max Unit
Logic supply voltage Ve 4.75 5 5.25 Vv
Motor supply voltage Vi 10 40 Vv
Motor output current Iy -1.0 +1.0 A
Ambient temperature T, 0 +70 °C
Rise time logic inputs t 2 us
Fall time logic inputs t, 2 us
lec Ivm
Voo 1 Vim Vim
6{18] 312 14 4]
oot Phase | g(20
o ]ofn
IN Va | 11124
e L L Liﬁ H&ﬁ
] M Output Stage
Vee Vi Va A 1 Vu Vim
Vig va - _I v
Vi et :&:__ :::" :se‘ig?nf c "
3 i o e
L e 2 ot PBL 371712
ic [e T E
Iy
Vo

R ;‘VC T

- [ ol

Figure 2. Definition of symbols.
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Electrical Characteristics
Electrical characteristics over recommended operating conditions. C,. = 820 pF, R, = 56 kohm.
Ref.
Parameter Symbol fig. Conditions Min Typ Max Unit
General
Supply current leo 2 25 mA
Total power dissipation Py f,=28kHz,|,=0.5A,V,,, =36V 1.4 1.7
Note 2, 4.
f =28kHz,|,=0.8A,V,, =36V 2.8 33
Note 3, 4.
Turn-off delay t, 3 T,=+25°C, dV /dt > 50 mV/us. 0.9 1.5 us
Thermal shutdown junction temperature 170 °C
Logic Inputs
Logic HIGH input voltage Vy 2 2.0 \4
Logic LOW input voltage Vo 2 0.8 "
Logic HIGH input current Iy 2 V=24V 20 HA
Logic LOW input current I 2 V=04V -0.4 mA
Reference Input
Input resistance R, T,=+25°C 6.8 kohm
Comparator Inputs
Threshold voltage Voo 2 Vg=50V,l =1 =LOW 400 415 430 mV
Threshold voltage Vou 2 Vo=5.0V,I =HIGH, | =LOW 240 250 265 mV
Threshold voltage V, 2 V,=50V,I =LOW, I =HIGH 70 80 90 mV
Input current [ 2 -20 HA
Motor Outputs
Lower transistor saturation voltage 2 |,=05A 0.9 1.2 \Y
l,=08A 1.1 1.4 \Y
Lower diode forward voltage drop 2 1,=05A 1.2 1.5 Vv
l,=08A 1.3 1.7 Vv
Upper transistor saturation voltage 2 1,=05A 1.0 1.25 Vv
l,=08A 1.2 1.5 \Y
Upper diode forward voltage drop 2 1,=05A 1.0 1.25 Vv
l,=08A 1.2 1.45 \Y
Output leakage current 2 | =1 =HIGH, T, =+25°C 100 A
Monostable
Cut off time e 3 V=10Vt >5us 27 31 35 us
Thermal Characteristics
Ref.
Parameter Symbol Fig. Conditions Min Typ Max Unit
Thermal resistance Rth, DIP package. 11 °C/W
Rth,, 16 DIP package. Note 2. 40 °C/W
Rth, PLCC package. 9 °C/W
Rth. 16 PLCC package. Note 2. 35 °C/W

Notes

1. All voltages are with respect to ground. Currents are positive into, negative out of specified terminal.

All ground pins soldered onto a 20 cm? PCB copper area with free air convection. T, = +25°C.

2
3. DIP package with external heatsink (Staver V7) and minimal copper area. Typical Rth].,a =27.5°C/W. T, = +25°C.
4

Not covered by final test program.



\

PBL 3717/2 ERICSSON =
I Via=Vus | 606 oa
2222500
> C 6 6 6 2 2
50 % FlFNEHEREE
Mg [T} - lie E NG N/C
T[] [15] Ma Ma [E] 24 VR
vy, Vmm [3] (14 Vam NG c
GND [4 13] GND
v, E [8] N/C
GND [5 12l GND GND [3] 2l 1o
v
oL Vee [g] [ Va My [ [20] Phase
] o ¢ T ] 11
1 b- ton Phase [8] (o] 1o
S ton*toff ton + toff

Figure 3. Definition of terms.

Functional Description

The PBL 3717/2 is intended to drive
a bipolar constant current through one
motor winding of a 2-phase stepper
motor.

Current control is achieved through
switched-mode regulation, see figure 5
and 6.

Three different current levels and
zero current can be selected by the input
logic.

The circuit contains the following
functional blocks:

+ Input logic
+ Current sense
+ Single-pulse generator
+ Output stage
Input logic

Phase input. The phase input
determines the direction of the current in
the motor winding. High input forces the
current from terminal M, to M, and low
input from terminal My to M,. A Schmitt
trigger provides noise immunity and a
delay circuit eliminates the risk of cross
conduction in the output stage during a
phase shift.

Half- and full-step operation is
possible.

Current level selection. The status
of I, and |, inputs determines the current
level in the motor winding. Three fixed

3-14
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VM
GND
GND
GND
GND
GND

Figure 4. Pin configurations.

current levels can be selected according
to the table below.

o

Motor current

High level 100% L L
Medium level 60% H L
Low level 20% L H
Zero current 0% H H

The specific values of the different
current levels are determined by the
reference voltage V, together with the
value of the sensing resistor Rg.

The peak motor current can be
calculated as follows:

i,=(Vg+0.083) /R, [A], at100% level
i,=(Vg+0.050) /R [A], at 60% level
i,=(Vy+0.016) /R [A], at 20% level
The motor current can also be
continuously varied by modulating the

voltage reference input.
Current sensor

The current sensor contains a
reference voltage divider and three
comparators for measuring each of the
selectable current levels. The motor
current is sensed as a voltage drop
across the current sensing resistor, R,
and compared with one of the voltage
references from the divider. When the two
voltages are equal, the comparator
triggers the single-pulse generator. Only
one comparator at a time is activated by
the input logic.

Single-pulse generator

The pulse generator is a monostable
multivibrator triggered on the positive
edge of the comparator output. The
multivibrator output is high during the
pulse time, t_,, which is determined by the
timing components R, and C..
t;=069+R. +C,

The single pulse switches off the
power feed to the motor winding, causing
the winding to decrease during t .

If a new trigger signal should occur
during t ;. it is ignored.

Output stage

The output stage contains four
transistors and four diodes, connected in
an H-bridge. The two sinking transistors
are used to switch the power supplied to
the motor winding, thus driving a constant
current through the winding. See figures 5
and 6.

Overload protection

The circuit is equipped with a thermal
shut-down function, which will limit the
junction temperature. The output current
will be reduced if the maximum permis-
sible junction temperature is exceeded. It
should be noted, however, that it is not
short circuit protected.

Operation

When a voltage V,,,, is applied across
the motor winding, the current rise follows
the equation:
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= (Vyu/R)s(1-e@-0L)
Winding resistance
Winding inductance

— 1
]

= time

P—

see figure 6, arrow 1)

The motor current appears across
the external sensing resistor, R, as an
analog voltage. This voltage is fed
through a low-pass filter, R.C, to the
voltage comparator input (pin 10). At the
moment the sensed voltage rises above
the comparator threshold voltage, the
monostable is triggered and its output
turns off the conducting sink transistor.

The polarity across the motor winding
reverses and the current is forced to
circulate through the appropriate upper
protection diode back through the source
transistor (see figure 6, arrow 2).

After the monostable has timed out,
the current has decayed and the analog
voltage across the sensing resistor is
below the comparator threshold level.

The sinking transistor then closes
and the motor current starts to increase
again, The cycle is repeated until the
current is turned off via the logic inputs.

By reversing the logic level of the
phase input (pin 8), both active transistors
are turned off and the opposite pair turned
on after a slight delay. When this hap-
pens, the current must first decay to zero
before it can reverse. This current decay
is steeper because the motor current is
now forced to circulate back through the
power supply and the appropriate sinking
transistor protection diode. This causes
higher reverse voltage build-up across the
winding which results in a faster current
decay (see figure 6, arrow 3).

For best speed performance of the
stepper motor at half-step mode opera-
tion, the phase logic level should be
changed at the same time the current-
inhibiting signal is applied (see figure 2).

Heatsinking

The junction temperature of the chip
highly effects the lifetime of the circuit. In
high-current applications, the heatsinking
must be carefully considered.

The F{'[hj_a of the PBL 3717/2 can be
reduced by soldering the ground pins to a
suitable copper ground plane on the
printed circuit board (see figure 16) or by
applying an external heatsink type V7 or
V8, see figure 15.

The diagram in figure 14 shows the

PBL

3717/2

AN
..

<

s

Figure 5. Motor current (1,,), Rg
Vertical : 200 mA/div,
Horizontal: 1 ms/div,
expanded part 100 ps/div.

Motor Current

e == Fast Current Decay

Slow Current Decay

Time

Figure 6. Output stage with current paths

for fast and slow current decay.

Phase shift here Phase shift here
gives fast gives slow
current decay current decay

1

100%

60%

-20% 't

~60%
-100%

! MB
100%

60% | - — - — - R ) - -
20%

—60%

-100% |-

Full step position

Half step position

Stand by mode Half step mode at 100 %

at20 % !

| Full step mode at 60 %

Figure 7. Principal operating sequence.
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+5V 46V +40V
Stepper
T“ TG TS, 14 Motor

Phase A 8

|
LS
oA

7 PhaseVR VCC VMM MB !
° |}t PBL37172 % O
0 MA 15

+5V  +5V  +40V

T“ TGJ&M

PhaseVR vCC VMM MB !
'y PBL3717/2 "

o A

15

Figure 8. Typical stepper motor driver application with PBL 3717/2.

Vsgt (V) Vsat (V)

18 18

16 16

14 / 14
T=125°C 1 |

12 12 To25°G =

M T R o125

6 61—

4 4

2 2

0525 40 0 0 10 O~ 2 40 0 80 10
Im(A) Im (A)

Figure 9. Typical source saturation vs.

Figure 10. Typical sink saturation vs.

output current. output current.
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Im (A) Iv (A)

Figure 11. Typical lower diode voltage
drop vs. recirculating current.
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Figure 12. Typical upper diode voltage
_ drop vs. recirculating current.
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maximum permissible power dissipation
versus the ambient temperature in °C, for
heatsinks of the type V7, V8 or a 20 cm?
copper area respectively. Any external
heatsink or printed circuit board copper
must be connected to electrical ground.

For motor currents higher than 500
mA, heatsinking is recommended to
assure optimal reliability.

The diagrams in figures 13 and 14
can be used to determine the required
heatsink of the circuit. In some systems,
forced-air cooling may be available to
reduce the temperature rise of the circuit.

Applications Information

Motor selection

Some stepper motors are not
designed for continuous operation at
maximum current. As the circuit drives a
constant current through the motor, its
temperature can increase, both at low-
and high-speed operation.

Some stepper motors have such high
core losses that they are not suited for
switched-mode operation.

Interference

As the circuit operates with switched-
mode current regulation, interference-
generation problems can arise in some
applications. A good measure is then to
decouple the circuit with a 0.1 uF ceramic
capacitor, located near the package
across the power line V,,,, and ground.

Also make sure that the V_ input is
sufficiently decoupled. An electrolytic
capacitor should be used in the +5 V rail,
close to the circuit.

The ground leads between R, C
and circuit GND should be kept as short
as possible. This applies also to the leads
connecting Rg and R to pin 16 and pin 10
respectively.

In order to minimize electromagnetic
interference, it is recommended to route
M, and M, leads in parallel on the printed
circuit board directly to the terminal
connector. The motor wires should be
twisted in pairs, each phase separately,
when installing the motor system.

Unused inputs

Unused inputs should be connected
to proper voltage levels in order to obtain
the highest possible noise immunity.
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Ramping

A stepper motor is a synchronous
motor and does not change its speed due
to load variations. This means that the
torque of the motor must be large enough
to match the combined inertia of the
motor and load for all operation modes. At
speed changes, the requires torque
increases by the square, and the required
power by the cube of the speed change.
Ramping, i.e., controlled acceleration or
deceleration must then be considered to
avoid motor pull-out.

Vees Vim

The supply voltages, V. and V,,,
can be turned on or off in any order.
Normal dV/dt values are assumed.

Before a driver circuit board is
removed from its system, all supply
voltages must be turned off to avoid
destructive transients from being genera-
ted by the motor.

cc?

Analog control

As the current levels can be continu-
ously controlled by modulating the V,
input, limited microstepping can be
achieved.

Switching frequency

The motor inductance, together with
the pulse time, t ;, determines the
switching frequency of the current
regulator. The choice of motor may then
require other values on the R, C;
components than those recommended in
figure7, to obtain a switching frequency
above the audible range. Switching
frequencies above 40 kHz are not
recommended because the current
regulation can be affected.

Sensor resistor

The R resistor should be of a non-
inductive type, power resistor. A 1.0 ohm
resistor, tolerance < 1%, is a good choice
for 415 mA max motor current at V = 5V.

Thepeak motor current, i, can be
calculated by using the formulas:

i,=(Vg*0.083)/Rg[A], at 100% level
i,=(Vga*0.050)/Rg[A], at 60% level
i,=(Vg+0.016)/Rg[A], at 20% level

Ordering Information

Package Temp. Range Part No.
Plastic DIP 0to 70°C PBL 3717/2N
PLCC 0to 70°C PBL 3717/2QN

PBL 3717/2
Pp (W)
5
. /
//
3
//
/
2
Pl
1
- p
0 :t
0 20 ,Aol (A.eo 80 1.0 0 50 100 150
m(A) Tamb (°C)

Figure 13. Typical power dissipation vs. Figure 14. Allowable power dissipation vs.
motor current. ambient temperature.

343 mm

1.9 mm

Figure 15. Heatsinks, Staver, type V7 and V8 by Columbia-Staver UK.

Thermal resistance {*C/W]

A\
\

| —

5 10 15 20 25 30 35
PCB copper foil area [cm?]

Figure 16. Copper foil used as a heatsink.

Description DIP PLCC
Rthjc, Junction to Case (Case = ground pin) 11°C/W 9°C/W
Rth,, Junction to Ambient* 40°C/W  35°C/W

* For the DIP, the four ground pins soldered to a 20 cm? ground plane according to
figure15. For the PLCC, all ground pins are soldered to a 20 cm? ground plane
located as close as possible to the device and on both sides of a double sided PCB.

Table 1. Thermal resistance . Thermal resistance values are heavily dependant on
location and shape of heatsinks.
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Information given in this data sheet is believed to be
accurate and reliable. However no responsibility is
assumed for the consequences of its use nor for any
infringement of patents or other rights of third parties
which may result from its use. No license is granted
by implication or otherwise under any patent or patent
rights of Ericsson Components. These products are
sold only according to Ericsson Components' general
conditions of sale, unless otherwise confirmed in
writing.

Specifications subject to change without
notice.
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PBL 3770A
High Performance
Stepper Motor Drive Circuit

Description Key Features

PBL 3770A is a bipolar monolithic circuit intended to control and drive the current in » Half-step and full-step operation.
one winding of a stepper motor. It is a high power version of PBL 3717 and special
care has been taken to optimize the power handling capability without suffering in
reliability.

« Switched mode bipolar constant
current drive

The circuit consists of a LS-TTL compatible logic input stage, a current sensor, a * Wide range of current control 5 —

monostable multivibrator and a high power H-bridge output stage. The circuit is pin- 1800 mA.

compatible with the PBL 3717 industry-standard driver. » Wide voltage range 10 — 45 V.

Two PBL 3770A and a small number of external components form a complete control - Designed for unstabilized motor supply
and drive unit for LS-TTL or microprocessor-controlled stepper motor systems. voltage.

< Current levels can be selected in steps
or varied continuously.

» Thermal overload protection.

Vee
l snel Schmitt  Time
Trigger Delay
Phase | g20]
T 2 1P
| 7019 Ma
! 15 [g]
o | eten Mg
Ve | 1129 T 1ol
& ][]l :
Output Stage
) Monostable
GND
Current Sensor
10123 2011 15i8] PBL 3770A 16-pin plastic batwing DIP
c T E 28-pin plastic PLCC package

Figure 1. Block diagram.
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Maximum Ratings
Parameter Pinno. * Symbol Min Max Unit
Voltage
Logic supply 6[18] Voo 0 7 \
Motor supply 3,14 [4,12] Vi 0 45 Y
Logic inputs 7, 8,919, 20, 21] Vv -0.3 6 Vv
Comparator input 10 [23] Ve -0.3 Ve Vv
Reference input 11 [24] A -0.3 15 Vv
Current
Motor output current 1, 1516, 10] Ay -1.8 +1.8 A
Logic inputs 7,8,9[19, 20, 21] I -10 mA
Analog inputs 10, 11 [23, 24] N -10 mA
Temperature
Junction temperature T +150 °C
Operating ambient temperature T, 0 +70 °C
Storage temperature T -55 +150 °C
* [no] refers to PLCC package pin no.
Recommended Operating Conditions
Parameter Symbol Min Typ Max Unit
Logic supply voltage Vee 4.75 5 5.25 \
Motor supply voltage Vim 10 40 Vv
Motor output current Iy -1.5 +1.5 A
Ambient temperature T, 0 +70 °C
Rise time logic inputs t 2 us
Fall time logic inputs t, 2 us
lee m
o
Veo
stiel Schmitt  Time
W Phase ] s (20] =
> 1b
[ B2 Ma  m lou
A 1516}
1, |oen L 1 Mg
In Ve | 11 a7
NS " @{1[&[‘1 e@«jﬁ?—@é
1 : Output Stage
Voo Vi Va Vu Vim
2| = i v
ot 6, "
L 10(23] 2(11) 15081 PBL 3770A
e ¢ T E
' =
‘|_Rc|
Ve Ve

820 pF

56 k2 []
Ce HTTCT

o.sn[

Figure 2. Definition of symbols.
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Electrical Characteristics
Electrical characteristics over recommended operating conditions. C. = 820 pF, R, = 56 kohm.
Ref.
Parameter Symbol fig. Conditions Min Typ Max Unit
General
Supply current loe 2 V,y=20t040V, |, =1 =HIGH. 30 40 mA
Vyw=20t040V, | =1 =LOW, 48 65 mA
f, =23 kHz
Total power dissipation Py f,=28kHz, I,=1.0A,V,, =36V 1.9 23 w
Note 2, 4.
f,=24kHz,1,=1.0A,V,, =12V 1.7 2.1 w
Note 2, 4.
f,=28kHz,|,=13A,V,,=36V 2.7 3.2 W
Note 3, 4.
f =28kHz |,=15A,V,,=36V 3.5 w
Note 3, 4.
Turn-off delay ty 3 T, ,=+25°C, dV /dt > 50 mV/ps. 2.5 us
Thermal shutdown junction temperature 170 °C
Logic Inputs
Logic HIGH input voltage Vi 2 - 2.0 \
Logic LOW input voltage V. 2 0.8 \Y
Logic HIGH input current |y 2 V=24V 20 uA
Logic LOW input current I 2 V=04V -0.4 mA
Analog Inputs
Comparator threshold voltage V., 2 V_=5.0V,| =1 =LOW 400 415 430 mV
Comparator threshold voltage  V,, 2V =5.0V, | =HIGH, |, = LOW 240 250 265 mV
Comparator threshold voltage  V, 2 V_ =5.0V,I| =LOW, | =HIGH 70 80 90 mV
Input current [ 2 -20 A
Motor Outputs 3
Lower transistor saturation voltage lh=10A 0.5 0.8 Y
l,=13A 0.8 1.3 \Y
Lower diode forward voltage drop l,=1.0A 1.3 1.6 v
l,=13A 1.5 1.8 \"
Upper transistor saturation voltage l,=1.0A 1.1 1.3 \
ly=13A 1.3 1.6 Vv
Output leakage current l,=1,=HIGH, T =+25°C 100 uA
Monostable
Cut off time ty 3 V=10Vt >5us 27 31 35 us
Thermal Characteristics
Ref.
Parameter Symbol Fig. Conditions Min Typ Max Unit
Thermal resistance Rth, DIP package. 11 °C/W
Fithj_a 15 DIP package. Note 2. 40 °C/W
B Rth, PLCC package. 9 °C/W
Rth, 15 PLCC package. Note 2. 35 °C/W
Notes

1. All voltages are with respect to ground. Currents are positive into, negative out of specified terminal.

All ground pins soldered onto a 20 cm? PCB copper area with free air convection. T, = +25°C.

2.
3. DIP package with external heatsink (Staver V7) and minimal copper area. Typical Rth, = 27.5°C/W. T, = +25°C.
4

Not covered by final test program.
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PBL 3770A

y IVia=Vus |

50%

v 1
CH
cMm T

N
CcL

PR _ ton
S ton* toff ton * toff

Figure 3. Definition of terms.

Functional Description

The PBL 3770A is intended to drive a
bipolar constant current through one
winding of a 2-phase stepper motor.

Current control is achieved through
switched-mode regulation, see figure 5
and 6.

Three different current levels and
zero current can be selected by the input
logic.

The circuit contains the following
functional blocks:

+ Input logic

» Current sense

« Single-pulse generator
« Output stage

Input logic

Phase input. The phase input
determines the direction of the current in
the motor winding. High input forces the
current from terminal M, to M and low
input from terminal M, to M,. A Schmitt
trigger provides noise immunity and a
delay circuit eliminates the risk of cross
conduction in the output stage during a
phase shift.

Half- and full-step operation is
possible.

Current level selection. The status
of I, and |, inputs determines the current
level in the motor winding. Three fixed

current levels can be selected according
to the table below.

3-22

Ms [1] N i6] E N/C [5]

T [2] EMA Ma [5]

Vi [3] Vim N/C [7]

GND E i GND E [l

GND [5 12] GND GND [5]

Ve [g] [t Ve Mg @

I [7] lio] ¢ TH
Phase [8] 9] lo

S EEEEEE
S oo00aaaoao Q
=z z z z z ©
> 06 6 6 6 6 >

Figure 4. Pin configurations.

Motor current IO I1
High level 100% L L
Medium level 60% H L
Low level 20% L H
Zero current 0% H H

The specific values of the different
current levels are determined by the
reference voltage V, together with the
value of the sensing resistor R.

The peak motor current can be
calculated as follows:

i,=(V,+0.080)/Rg[A], at100% level
The motor current can also be

continuously varied by modulating the
voltage reference input.

Current sensor

The current sensor contains a
reference voltage divider and three
comparators for measuring each of the
selectable current levels. The motor
current is sensed as a voltage drop
across the current sensing resistor, Rg,
and compared with one of the voltage
references from the divider. When the two
voltages are equal, the comparator
triggers the single-pulse generator. Only
one comparator at a time is activated by
the input logic.

Single-pulse generator

The pulse generator is a monostable
multivibrator triggered on the positive

edge of the comparator output. The
multivibrator output is high during the
pulse time, t_,, which is determined by the
timing components R; and C..
t,=069+R - C;

The single pulse switches off the
power feed to the motor winding, causing
the winding to decrease during t_, .

If a new trigger signal should occur

during t ,,, it is ignored.

Output stage

The output stage contains four
transistors and two diodes, connected in
an H-bridge. Note that the upper recircu-
lation diodes are connected to the circuit
externally. The two sinking transistors are
used to switch the power supplied to the
motor winding, thus driving a constant
current through the winding. See figures 5
and 6.

Overload protection

The circuit is equipped with a thermal
shut-down function, which will limit the
junction temperature. The output current
will be reduced if the maximum permis-
sible junction temperature is exceeded. It
should be noted, however, that it is not
short circuit protected.

Operation

When a voltage V,,,, is applied across
the motor winding, the current rise follows
the equation:

i = (Vyy /R)+ (1-®-DIL)
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R = Winding resistance
L = Winding inductance

t time
(see figure 6, arrow 1)

The motor current appears across
the external sensing resistor, R, as an
analog voltage. This voltage is fed
through a low-pass filter, R.C_, to the
voltage comparator input (pin 10). At the
moment the sensed voltage rises above
the comparator threshold voltage, the
monostable is triggered and its output
turns off the conducting sink transistor.

The polarity across the motor winding
reverses and the current is forced to
circulate through the appropriate upper
protection diode back through the source
transistor (see figure 6, arrow 2).

After the monostable has timed out,
the current has decayed and the analog
voltage across the sensing resistor is
below the comparator threshold level.

The sinking transistor then turns on
and the motor current starts to increase
again, The cycle is repeated until the
current is turned off via the logic inputs.

When both |, and | are high, all four
transistors in the output H-bridge are
turned off, which means that inductive
current recirculates through two opposite
free-wheeling diodes (see figure 6, arrow
3). this method of turning off the current
results in a faster current decay than if
only one transistor was turned off and will
therefore improve speed performance in
half-stepping mode.

Heatsinking

The junction temperature of the chip
highly effects the lifetime of the circuit. In
high-current applications, the heatsinking
must be carefully considered.

The Rth,, of the PBL 3770A can be
reduced by soldering the ground pins to a
suitable copper ground plane on the
printed circuit board (see figure 14) or by
applying an external heatsink type V7 or
V8, see figure 14.

The diagram in figure 13 shows the
maximum permissible power dissipation
versus the ambient temperature in °C, for
heatsinks of the type V7, V8, or a 20 cm?
copper area respectively. Any external
heatsink or printed circuit board copper
must be connected to electrical ground.

For motor currents higher than
approx 600 mA,some form of heatsinking
is recommended to assure optimal

Figure 5. Motor current (1,,),
Vertical : 200 mA/div,
Horizontal: 1 ms/div,
expanded part 100 ps/div.

PBL 3770A

Motor Current

[©4

\

Vs

Fast Current Decay
Slow Current Decay

Time

Figure 6. Output stage with current paths
for fast and slow current decay.
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60%
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-60%

v

100%
60%
20%

00% |- i

-60%
-100%

Full step position

Half step position

Stand by mode
at 20 %

Half step mode at 100 %

Full step mode at 60 %

Figure 7. Principal operating sequence.
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Figure 8. Typical stepper motor driver application with PBL 3770A.
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Figure 9. Typical source saturation vs.

output current.
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Figure 10. Typical sink saturation vs.
output current.
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Figure 11. Typical lower diode voltage

drop vs. recirculating current.
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reliability.

The diagrams in figures 12 and 13
can be used to determine the required
heatsinking of the circuit. In some
systems, forced-air cooling may be
available to reduce the temperature rise
of the circuit.

Applications Information

Motor selection

Some stepper motors are not
designed for continuous operation at
maximum current. As the circuit drives a
constant current through the motor, its
temperature can increase, both at low-
and high-speed operation.

Some stepper motors have such high
core losses that they are not suited for
switched-mode operation.

Interference

As the circuit operates with switched-
mode current regulation, interference-
generation problems can arise in some
applications. A good measure is then to
decouple the circuit with a 0.1 uF ceramic
capacitor, located near the package
across the power line V,,,, and ground.

Also make sure that the V_ input is
sufficiently decoupled. An electrolytic
capacitor should be used in the +5 V rail,
close to the circuit.

The ground leads between R, C,.
and circuit GND should be kept as short
as possible. This applies also to the leads
connecting R and R to pin 16 and pin 10
respectively.

In order to minimize electromagnetic
interference, it is recommended to route
M, and M, leads in parallel on the printed
circuit board directly to the terminal
connector. The motor wires should be
twisted in pairs, each phase separately,
when installing the motor system.

Unused inputs

Unused inputs should be connected
to proper voltage levels in order to obtain
the highest possible noise immunity.

Ramping

A stepper motor is a synchronous
motor and does not change its speed due
to load variations. This means that the
torque of the motor must be large enough
to match the combined inertia of the
motor and load for all operation modes. At
speed changes, the requires torque
increases by the square, and the required
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power by the cube of the speed change.
Ramping, i'e., controlled acceleration or
deceleration must then be considered to
avoid motor pull-out.

Veer Vim

The supply voltages, V, and V,,,,,
can be turned on or off in any order.
Normal dv/dt values are assumed.

Before a driver circuit board is
removed from its system, all supply
voltages must be turned off to avoid
destructive transients being generated by
the motor.

cc’

Switching frequency

The motor inductance, together with
the pulse time, t , determines the
switching frequency of the current
regulator. The choice of motor may then
require other values on the R, C,
components than those recommended in
figure 6, to obtain a switching frequency
above the audible range. Switching
frequencies above 40 kHz are not
recommended because the current
regulation can be affected.

Analog control

As the current levels can be continu-
ously controlled by modulating the V,
input, limited microstepping can be
achieved.

Sensor resistor

The R resistor should be of a non-
inductive type power resistor. A 0.5 ohm
resistor, tolerance < 1%, is a good choice
for 800 mA max motor current at V = 5V.

The peak motor current, i, can be
calculated by using the formula:

i =(V,+0.080)/R.[A], at100%level

External recirculation diodes

Recirculation diodes must be
connected across each motor terminal
and the supply voltage, V,,,,- The anodes
shall be connected to the motor terminals
and the cathodes to the V,,,, voltage.
Ultra-fast recovery diodes should be used
for maximum performance and reliability.

Ordering Information

Package Temp. range Part No.
Plastic DIP  0to 70°C  PBL3770AN
PLCC 0to70°C PBL3770AQN

PBL 3770A
Po (W)
LLTL
MM = /
30 / 4
25
20 / L@”p
74 AN G
15 A ,/ | » )@
v NN
10 LA V=12V ARK
1 / 10 ~ ~
5 \\kzk
0 0 50 700 150
0 50 1.0 15
Iw (A) Tamb (°C)
Figure 12. Typical power dissipation vs. Figure 13. Allowable power dissipation vs.
motor current. ambient temperature.

343mm

1.9mm

Figure 14. Heatsinks, Staver, type V7 and V8 by Columbia-Staver UK.

Thermal resistance "C/W]
%0 T '

5 10 15 20 25 3 35
PCB copper foil area [cm?]

Figure 15. Copper foil used as a heatsink.

Description DIP PLCC
Rth,, Junction to Case (Case = ground pin) 11°C/W 9°C/W
Rth, , Junction to Ambient” 40°C/W  35°C/W

* For the DIP, the four ground pins soldered to a 20 cm? ground plane according to
figure15. For the PLCC, all ground pins are soldered to a 20 cm? ground plane
located as close as possible to the device and on both sides of a double sided PCB.

Table 1. Thermal resistance . Thermal resistance values are heavily dependant on
location and shape of heatsinks.
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Information given in this data sheet is believed to be
accurate and reliable. However no responsibility is
assumed for the consequences of its use nor for any
infringement of patents or other rights of third parties
which may result from its use. No license is granted
by implication or otherwise under any patent or patent
rights of Ericsson Components AB. These products
are sold only according to Ericsson Components'
general conditions of sale, unless otherwise confirmed
in writing.

Specifications subject to change without
notice.
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PBL 3771

Precision Stepper

Description

The PBL 3771 is a switch-mode, constant-current driver IC (chopper) with two chan-
nels, one for each winding of a two-phase stepper motor. The circuit is especially
developed for use in microstepping applications in conjunction with the matching dual
DAC (Digital-to-Analog Converter) PBM 3960. A complete driver system consists of
these two ICs, a few passive components and a microprocessor for generation of the
proper control and data codes required for microstepping.

The PBL 3771 contains a clock oscillator, which is common for both driver channels; a
set of comparators and flip-flops implementing the switching control; and two H-bridges
with internal recirculation diodes. Voltage supply requirements are +5 V for logic and
+10 to +45 V for the motor. Maximum output current is 650 mA per channel.

A special logic function is used to select slow or fast current decay in the output stage
for improved high-speed microstepping.

The close match between the two driver channels guarantees consistent output current
ratios and motor positioning accuracy.

Phase

7
(18]

PBL 3771

cc | 1122

Logic

RC |12 (23]

Phase,  CD,

Figure 1. Block diagram.

Motor Driver

Key Features

Dual chopper driver in a single
package.

650 mA output current per channel.

Close matching between channels for
high microstepping accuracy.

Selectable slow/fast current decay for
improved high-speed microstepping.
Improved low-level linearity.

Specially matched to Dual DAC
PBM 3960.

Selection of packages, 22-pin
“patwing” DIP or 28-lead PLCC with
lead-frame for heat-sinking through PC
board copper.

28-pin PLCC package
22-pin plastic DIP package
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Maximum Ratings

Parameter Pin no. * Symbol Min Max Unit
Voltage

Logic supply 11 [22] Voo 0 7 \Y
Motor supply 3,205, 11] Vim 0 45 Vv
Logic inputs 7,8,15,16[18-19,26-27] V, -0.3 6 \"
Comparator inputs 10, 1321, 24] Ve -0.3 Veo Vv
Reference inputs 9, 14 [20, 25] Vo -0.3 7.5 Vv
Current

Motor output current 1,4,19,22[4,7,8,12] Iy -700 +700 mA
Logic inputs 7,8,15,16[18,19,26,27] | -10 mA
Analog inputs 10, 13 [21, 24] N -10 mA
Oscillator charging current 12[23] [ 5 mA
Temperature

Junction temperature T, +150 °C
Operating ambient temperature T, 0 +70 °C
Storage temperature T, -55 +150 °C
* [no] refers to PLCC package pin no.

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Logic supply voltage Veo 4.75 5 5.25 \
Motor supply voltage Vi 10 40 \
Motor output current ** Iy -650 650 mA
Ambient temperature T, 0 70 °C
Rise time logic inputs t 2 us
Fall time logic inputs t, 2 us
Oscillator timing resistor R, 2 15 20 kohms

** In microstepping mode, “sine/cosine” drive where |, = 650 + cos(6) and |, = 650 « sin(8) mA, otherwise 500 mA per channel both
fully on.

@0
ﬂ\IVMA_VMBI f JS L‘ﬁ
' 7
t on t off L /
50 % -< < d
/ / VYTV T
t
\%
A E »‘ (_td
VCH
Motor Current
> Y M/ 3 \
/ T
. t \ \ \
1 on
fo= D=——F FAST Current D i
s urrent Decay ime
ton * toff ton + Lo SLOW Current Decay

Figure 2. Definitions.
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Electrical Characteristics
Electrical characteristics over recommended operating conditions.
Ref.
Parameter Symbol fig. Conditions Min Typ Max Unit
General
Supply current [ 38 50 mA
Total power dissipation Py Vi =40V, 1,=450 mA,Il,.=0mA. 1.4 1.6
Notes 2, 3.
Vi =40V, 1, =1, =318 mA. 1.6 1.8
Notes 2, 3.
Turn-off delay t, 2 T, ,=+25°C, dV /dt = 50 mV/us. 1.0 1.5 us
Note 3.
Logic Inputs
Logic HIGH input voltage Vi 2.0 Vv
Logic LOW input voltage vV, 0.8 \i
Logic HIGH input current [ V, =24V 20 uA
Logic LOW input current I V=04V -0.4 mA
Reference Inputs
Input resistance Ry T,=+25°C 5 kohms
Input current Iy T,=+425°C,V,=25V. 0.5 1.0 mA
Turn-off voltage 2 20 29 38 mV
Comparator Inputs
Threshold voltage Vey R, =1kohms, V =25V 430 450 470 mV
| Vi - Ve | mismatch Ve R, = 1 kohms 1 mV
Input current [ -10 1 pA
Motor Outputs
Lower transistor saturation voltage I, =500 mA 1.0 1.20 \4
Lower transistor leakage current Viu=41V, V=V =0V,V =V, 300 UA
Lower diode forward voltage drop I, = 500 mA 1.1 1.25 \
Upper transistor saturation voltage I, =500 mA 1.2 1.35 \
Upper transistor leakage current Viu=41V, Vo=V =0V, V =V 300 HA
Upper diode forward voltage drop l,, = 500 mA 1.0 1.25 Vv
Chopper Oscillator
Chopping frequency f, 2 C,.=3300pF, R, = 15 kohms 25.0 26.5 28.0 kHz
Thermal Characteristics
Ref.
Parameter Symbol fig. Conditions Min Typ Max Unit
Thermal resistance Rth. . DIP package. 11 °C/W
Rth., 5 DIP package. Note 2. 40 °C/W
Rth, PLCC package. 9 °C/W
Rth,, 5 PLCC package. Note 2. 35 °C/W
Notes
1. All voltages are with respect to ground. Currents are positive into, negative out of specified terminal.
2. All ground pins soldered onto a 20 cm? PCB copper area with free air convection.
3. Not covered by final test program.
4. Switching duty cycle D = 30%, f; = 26.5 kHz.
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Pin Description

Refer to figure 3.
DIP PLCC Symbol Description

1 8 Mg, Motor output B, channel 1. Motor current flows from M, to M, when Phase is HIGH.
2 10 E, Common emitter, channel 1. This pin connects to a sensing resistor to ground.
3 11 Vi Motor supply voltage, channel 1, 10to 40 V.V, and V.. should be connected together.
4 12 M, Motor output A, channel 1. Motor current flows from M, to M, when Phase is HIGH.
517 1,2, Ground and negative supply. Note: these pins are used thermally for heat-sinking.
6,18 3,9 Make sure that all ground pins are soldered onto a suitably large copper ground
13, 14 plane for efficient heat sinking.
15, 16
17,28
7 18  Phase,  Controls the direction of motor current at outputs M,, and M,. Motor current flows from M, to M, when
Phase, is HIGH.
8 19  CD, Current decay control, channel 1. A logic HIGH on this input results in slow current decay, a LOW results in
fast current decay, see “Functional Description.”
9 20 Ve, Reference voltage, channel 1. Controls the threshold voltage for the comparator and hence the output
current. Input resistance is typically 2.5 kohms, +20%.
10 21 C, Comparator input 1. This input senses the instantaneous voltage across the sensing resistor, filtered by an
RC network. The threshold voltage for the comparator is (0.450/2.5) = V_,, i.e. 450 mV at vV, =25 V.
1 22 Vg Logic voltage supply, nominally +5 V.
12 23 RC Clock oscillator RC pin. Connect a 15 kohm resistor to V. and a 3300 pF capacitor to ground to obtain the
nominal switching frequency of 26.5 kHz.
13 24 C, Comparator input 2. This input senses the instantaneous voltage across the sensing resistor, filtered by an
RC network. The threshold voltage for the comparator is (0.450/2.5) « V_, i.e. 450 mV at V =25 V.
14 25 Ve, Reference voltage, channel 2. Controls the threshold voltage for the comparator and hence the output

current. Input resistance is typically 2.5 kohms, +20%.

o
[0}
$8388+:18
Mgy [1] N 22] MB2
B, [ 21 E,
Vumi [3] [20] Vw2 Vimz
Mas [4] l19] Ma2 Ez [¢]
GND [5] 5] GND M2
GND [5] 7] GND Me1
Phase1 [7] [16] Phase o GND [¢]
CDy [g] [15] CD2 E
Vhi [9] [14] VR2 Vi
C; [io 13l C,
Ve [ 2] RC - o 0o oo -
o

Figure 3. Pin configuration.

3-30



-

ERICSSON £ PBL 3771

15 26 CD, Current decay control, channel 2. A logic HIGH on this input results in slow current decay, a LOW results in
fast current decay, see “Functional Description.”

16 27  Phase, Controls the direction of motor current at outputs M,, and M,. Motor current flows from M,, to M, when
Phase, is HIGH.

19 4 M,, Motor output A, channel 2. Motor current flows from M,, to M, when Phase is HIGH.

20 5 Vime Motor supply voltage, channel 2, 10 to 40 V. V,,, and V,,, ., should be connected together.

21 6 E, Common emitter, channel 2. This pin connects to a sensing resistor to ground.

22 7 M

Functional Description

Each channel of the PBL 3771
consists of the following sections: an H-
bridge output stage, capable of driving up
to 650 mA continuous motor current (or
500 mA, both channels driven), a logic
section that controls the output transis-
tors, an S-R flip-flop, and two compara-
tors. The oscillator is common to both
channels.

Constant current control is achieved
by switching the current to the windings.
This is done by sensing the (peak)
voltage across a current-sensing resistor,
Ry, effectively connected in series with
the motor winding, and feeding that
voltage back to a comparator. When the
motor current reaches a threshold level,
determined by the voltage at the refer-
ence input, V, the comparator resets the

flip-flop, which turns off the output
transistors. The current decreases until
the clock oscillator triggers the flip-flop,
which turns on the output transistors
again, and the cycle is repeated.

The current-decay rate during the
turn-off portion of the switching cycle, can
be selected fast or slow by the CD input.

In slow current-decay mode, only one
of the lower transistors in the H-bridge
(those closest to the negative supply) is
switched on and off, while one of the
upper transistors is held constantly on.
During turn-off, the current recirculates
through the upper transistor (which one
depends on current direction) and the
corresponding free-wheeling diode
connected to V,,,,, see figure 2.

In fast current decay mode, both the
upper and lower transistors are switched.

2 Motor output B, channel 2. Motor current flows from M,, to M, when Phase is HIGH.

During the off-time, the freewheeling
current is opposed by the supply voltage,
causing a rapid discharge of energy in the
winding.

Fast current decay may be required
in half- and microstepping applications
when rapid changes of motor current are
necessary. Slow current decay, however,
gives less current ripple, and should
always be selected, if possible, to
minimize core losses and switching noise.

Applications Information

Current control

The output current to the motor
winding is mainly determined by the
voltage at the reference input and the
value of the sensing resistor, R..

Voo (+5V)

-

Vvm

>

+5V 15kQ

3300 pF

|

6 11 3 20
14
o——— Do VoD 3 7 Vee Ve Vi Maq 12
8 . Sign 4 Phase
§ v coy [ 2| co,
7 2 9 Mg |1
fo S—
To DA4 Ve
WP B PBM 3960 PBL 3771
19
o— A0 |20 16
12 A Sign, Phase , Mao
o— ] WR oo, |2 181 ¢p,
29| S 21 14
o—=4] RESET DA, Vpo
+2.5V O V et Vgs STEPPER
e MOTOR

Figure 4. Microstepping system with PBM 3960 and PBL 3771.
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Thermal resistance [°C/W]

90 ]
80 \
70 \
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N
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5 10 15 20 25 30 35
PCB copper foil area [cm2]

Figure 5. Thermal Resistance vs. PC Board copper area and suggested layout.
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Figure 6. Power dissipation vs. motor current, both channels driven, T, = 25°C.
Vg (V) | Vsat (V)
T,=25°C /
0 i o R I g
8- — — 1.0 7
_—TT-125°C Tj=$5°C -
77 1~
6 8 —> -
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4 6 / !
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Figure 7. Typical upper diode voltage drop  Figure 8. Typical source saturation
vs. recirculating current. voltage vs. output current.
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Chopping frequency, winding
inductance, and supply voltage will affect
the current level, but to much less extent.
Fast current decay setting will produce
somewhat lower (average) current than
slow current decay. The peak current
through the sensing resistor (and motor
winding) can be expressed as:

Iypeas = 0-18* (Vi / Ry) [A]
i.e., with a recommended value of 1 ohm
for the sensing resistor, R;,a 2.5 V
reference voltage will produce an output
current of approximately 450 mA. To
improve noise immunity on the V_ input,
the control range may be increased to 5
volts if Ry is correspondingly changed to 2
ohms.

External components

The voltage across the sensing
resistor is fed back to the comparator via
a low-pass filter section, to prevent
erroneous switching due to switching
transients. The recommended filter
component values, 1 kohm and 820 pF,
are suitable for a wide range of motors
and operational conditions.

Since the low-pass filtering action
introduces a small delay of the signal to
the comparator, peak voltage across the
sensing resistor, and hence the peak
motor current, will reach a slightly higher
level than the threshold, V, set by the
reference voltage (V,, = 450 mV @
V,=25V)

The time constant of the low-pass
filter may therefore be reduced to
minimize the delay and optimize low-
current performance, especially if a low
(12 V) supply voltage is used. Increasing
the time constant may result in unstable
switching.

The frequency of the clock oscillator
is set by the R-C combination at pin RC.
The recommended values give a nominal
frequency of 26.5 kHz. A lower frequency
will result in higher current ripple and may
cause audible noise from the motor, while
increasing the frequency results in higher
switching losses and possibly increased
iron losses in the motor.

The sensing resistor, R, should be
selected for maximum motor current. The
relationship between peak motor current,
reference voltage and the value of R is
described under “Current control” above.
Be sure not to exceed the maximum
output current which is 650 mA per
channel (or 500 mA per channel, both
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channels fully on, see “Recommended
Operating Conditions”).

Motor selection

The PBL 3771 is designed for bipolar
motors, i.e., motors that have only one
winding per phase. A unipolar motor,
having windings with a center tap, can
also be used, see figure 11.

The chopping principle in the
PBL 3771 is based on a constant fre-
quency and a varying duty cycle. This
scheme imposes certain restrictions on
motor selection. Unstable chopping can
occur if the chopping duty cycle exceeds
approximately 50%. To avoid this, it is
necessary to choose a motor with a low
winding resistance. Low winding resis-
tance means less inductance and will
therefore enable higher stepping rates,
however it also means less torque

capability. A compromise has to be made.

Choose a motor with the lowest
possible winding resistance that still gives
the required torque and use as high
supply voltage as possible without
exceeding the maximum recommended
40 V. Check that the chopping duty cycle
does not exceed 50% at maximum
current.

Since the PBL 3771 produces a
regulated, constant output current it is not
necessary to use a motor that is rated at
the same voltage as the actual supply
voltage. Only rated current needs to be
considered. Typical motors to be used
together with the PBL 3771 have voltage
ratings of 5 to 12 V, while the supply
voltage usually ranges from 24 to 40 V.

General

Phase inputs. A logic HIGH on a
SIGN input gives positive current flowing
out from M, into M,. A logic LOW gives a
current in the opposite direction.

Slow/fast current decay. A logic
HIGH on the CD input gives slow current
decay, a logic LOW gives fast current
decay.

Heat sinking. Soldering the four
center pins onto a free PCB copper area
of 20 cm? (approx. 1.8" x 1.8", copper foil
thickness = 35 um) permits the circuit to
operate with a maximum of 320 mA
output current, both channels driving, at
ambient temperatures up to +70°C.
Consult figures 5 and 6 in order to

PBL 3771
Mg (V) | Vsat (V)
Tj=25°C_L— ¢
1.0 — L 1.0 =
_— T,-25°C
82 7 8
7 = L~
= 125C T T=1esc
6 6 v
/]
4 P
2 2
0040 20 30 40 50 60 00— 40 20 30 40 50 60
Im (A) Im (A)

Figure 9. Typical lower diode voltage drop
vs. recirculating current.

Figure 10. Typical sink saturation voltage
vs. output current.

Best for high speed Best for high torque
EEEE—— —
PBL 3771 PBL 3771
Figure 11. Connection of unipolar motors.
Description Dip PLCC
Rth, , Junction to Case (Case = ground pin) 11°C/W 9°C/W
Rth, . Junction to Ambient” 40°C/W  35°C/W

* For the DIP, the four ground pins soldered to a 20 cm? ground plane according to
figure 5. For the PLCC, all ground pins are soldered to a 20 cm? ground plane located
as close as possible to the device and on both sides of a double sided PCB.

Table 1. Thermal resistance . Thermal resistance values are heavily dependant on

location and shape of heatsinks.

determine the necessary copper area for
heat sinking if higher currents are
required.

Thermal shutdown. The circuit is
equipped with a thermal shutdown
function that reduces the output current at
chip temperatures above +160°C.

Ordering Information

Package Temp. range Part No.
Plastic DIP  0to 70°C PBL3771N
PLCC 0to 70°C PBL3771QN
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Description

The PBL 3772 is a switch-mode (chopper), constant-current driver IC with two chan-

PBL 3772

Dual Stepper Motor Driver

nels, one for each winding of a two-phase stepper motor. The circuit is similar to

Ericsson’s PBL 3771, but has been designed to generate a minimum amount of power
dissipation and can deliver substantially more current to the stepper motor, up to 1 A
continuously per channel. At 2 x 750 mA output current, power dissipation is only 1.8 W.

The circuit is designed for microstepping applications in conjunction with the matching
dual DAC (Digital-to-Analog Converter) PBM 3960. A complete driver system consists
of these two ICs, a few passive components and a microprocessor for generation of the

proper control and data codes required for microstepping.

The PBL 3772 contains a clock oscillator, which is common for both driver channels, a
set of comparators and flip-flops implementing the switching control, and two output H-

bridges.

Voltage supply requirements are +5 V for logic and +10 to +45 V for the motor.

The close match between the two driver channels guarantees consistent output current

ratios and motor positioning accuracy.

Key Features

Dual chopper driver in a single
package.

0°C to + 85°C operation.

1. 0 A continuous output current per
channel.

Very low power dissipation, 1.8 W at
2 x 750 mA output current.

Close matching between channels for
high microstepping accuracy.

Specially matched to the Dual DAC
PBM 3960.

Plastic 22-pin batwing DIP package or
28-pin power PLCC with lead-frame for
heat-sinking through PC board copper.

Phase‘ Vm

Vi B

PBL 3772

\)
cc |22 (22) cc

16
118)

Logic

RC }1[23

28-pin PLCC package
22-pin plastic DIP package

Figure 1. Block diagram.
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Parameter Pin no.* Symbol Min Max Unit
Voltage
Logic supply 22 [22] Voo 0 7 \
Motor supply 7,16 [18, 27] Viu 0 45 \
Output stage supply 9,14 [5, 11] Ve 0 45 \
Logic inputs 4,19 [19, 26] vV, -0.3 6 Vv
Comparator inputs 2,21 [21, 24] Ve -0.3 Ve \
Reference inputs 3, 20 [20, 25] \ -0.3 7.5 \
Current
Motor output current 8,11,12,15 [4,7,8,12] Iy -1200 +1200 mA
Logic inputs 4,19 [19, 26] I, -10 mA
Analog inputs 2,3,20,21 [20, 21, 24, 25] N -10 mA
Temperature
Junction temperature T, +150 °C
Storage temperature Te -55 +150 °C
Power Dissipation (Package Data)
Power dissipation at T, = +25°C, DIP and PLCC package P, 5 w
Power dissipation at T, = +125°C, DIP package Py 2.2 w
Power dissipation at T, = +125°C, PLCC package Py 2.6 W
* Pin numers in brackets refer to PLCC package.
Recommended Operating Conditions
Parameter Symbol Min Typ Max Unit
Logic supply voltage Ve 4.75 5 5.25 Vv
Motor supply voltage Vi 10 40 Vv
Output stage supply voltage Vg Vi - 05 Vi Vv
Motor output current | -1000 +1000 mA
Operating ambient temperature T, 0 +85 °C
Rise and fall time, logic inputs t,t 2 us
Oscillator timing resistor R 2 15 20 kohm
PBL 3772 o |0 1Vma=Vue |
‘o Yoo Joopen) K
L tr Nt
“[J. - 9 ]
‘one Ly SRR Ve et
- o | -
s ot S O o
e T 2l [ies) 124) sz len e b
' N P PR PP R P
] A I | J
Vi Va Ven . B Ve Vu Ves 1 - 1 : - ton
Y ‘e <. t’)as Vi fe= ton * toff D= ton+ Logt
=

Figure 2. Definition of symbols.
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Electrical Characteristics

Electrical characteristics over recommended operating conditions, unless otherwise noted. 0°C< T, < 125°C.

Parameter Symbol :;f Conditions Min Typ Max Unit
General
Supply current s 2 Note4. 60 75 mA
Total power dissipation Py 8 V=12V, 1,=1,=750 mA. 1.8 2.1
R, = 0.68 ohm. Notes 2, 3, 4, 5.
Total power dissipation P, 8 V=12V, =1000mA, |, =0mA. 1.8 2.2
R, = 0.47 ohm. Notes 2, 3, 4, 5.
Thermal shutdown junction temperature 160 °C
Turn-off delay t, 3 T,=+25°C, dV/dt=50 mV/us, 1.4 2.0 us
l,, = 100 mA. Note 3.
Logic Inputs
Logic HIGH input voltage Vi 2 2.0 \Y
Logic LOW input voltage v, 2 0.8 \'
Logic HIGH input current " 2 V=24V 20 uA
Logic LOW input current I 2 V=04V -0.4 mA
Comparator Inputs
Threshold voltage Vo 2 Rg=1kohm,V =250V 430 450 470 mV
| Vous = Ve | mismatch o 2 Rg=1kohm 1 mV
Input current [ 2 -10 1 uA
Reference Inputs
Input resistance Ry T,=+25°C 5 kohm
Input current I 2 V=250V 0.5 1.0 mA
Motor Outputs
Lower transistor saturation voltage 11 1, =750 mA 0.6 0.9 \
Lower transistor leakage current 2 V=4V, V. =V.=0V,V =V 700 uA
Lower diode forward voltage drop 12 |, =750 mA 1.2 1.5 \]
Upper transistor saturation voltage 13 1, =750 mA. R, = 0.68 ohm. Note 5. 0.6 0.9 \']
Upper transistor saturation voltage 13 1, =750 mA. R, = 0.47 ohm. Note 3, 5. 0.8 1.1 \
Upper transistor leakage current 2 Vi V=41V, V. =V =0V, V =V_ 700 uA
Chopper Oscillator
Chopping frequency f 3 C,=3300pF, R, =15 kohm 25.0 26.5 28.0 kHz
Thermal Characteristics
Ref.
Parameter Symbol fig. Conditions Min Typ Max Unit
Thermal resistance Rth, .,  DIP package. 11 °C/W
Rth , 14 DIP package. Note 2. 40 °C/W
Rth ., PLCC package. 9 °C/W
Rth,, 14 PLCC package. Note 2. 35 °C/W
Notes

1. All voltages are with respect to ground. Currents are positive into, negative out of specified terminal.
. All ground pins soldered onto a 20 cm? PCB copper area with free air convection, T, = +25°C.

. Not covered by final test program.

. Switching duty cycle D =30%, f, = 26.5 kHz.

. External resistors R, for lowering of saturation voltage.

a » WON
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RC [ - 22] Vice
8 ERGRERE Ve 3 & Ve
Phase» I_ﬂ 19 Phase
GND 78 GND
GND [g] 3;7B2LN 7] GND
Vimz [7] 18] Vw1
Maz [8] 15 Maq
VBB2 VBB1
Egg i E,
M2 [i] 12] M1

Figure 4. Pin configuration.

Pin Description

PLCC DIP Symbol Description

[1-3,9,5,6 GND Ground and negative supply. Note: these pins are used thermally for heat-sinking.

13-17 17,18 Make sure that all ground pins are soldered onto a suitably large copper ground

28] plane for efficient heat sinking.

[4] 8 M,, Motor output A, channel 2. Motor current flows from M,, to M, when Phase, is HIGH.

[5] 9 Vigo Collector of upper output transistor, channel 2. For lowest possible power dissipation, connect a series
resistor Ryto V,,,.. See Applications information, External components.

[6] 10 E, Common emitter, channel 2. This pin connects to a sensing resistor Ry to ground.

[7] 11 Mg, Motor output B, channel 2. Motor current flows from M,, to M, when Phase, is HIGH.

[8] 12 M, Motor output B, channel 1. Motor current flows from M, to M,, when Phase, is HIGH.

[10] 13 E, Common emitter, channel 1. This pin connects to a sensing resistor Ry to ground.

[11] 14 A Collector of upper output transistor, channel 1. For lowest possible power dissipation, connect a series
resistor R to V,,,,. See Applications information, External components.

[12] 15 M, Motor output A, channel 1. Motor current flows from M, to M, when Phase is HIGH.

[18] 16 A Motor supply voltage, channel 1, +10 to +40 V.V, and V. should be connected together.

[191 19 Phase,  Controls the direction of motor current at outputs M,, and M,,. Motor current flows from M, to M, when
Phase, is HIGH.

[20] 20 Vi, Reference voltage, channel 1. Controls the threshold voltage for the comparator and hence the output
current.

[211 21 C, Comparator input channel 1. This input senses the instantaneous voltage across the sensing resistor,
filtered by an RC network. The threshold voltage for the comparator is V= 0.18 « V, [V], i.e. 450 mV
atV,, =25V.

[22] 22 Vo Logic voltage supply, nominally +5 V.

[23] 1 RC Clock oscillator RC pin. Connect a 15 kohm resistor to V, and a 3300 pF capacitor to ground to obtain
the nominal switching frequency of 26.5 kHz.

[24] 2 C, Comparator input channel 2. This input senses the instantaneous voltage across the sensing resistor,

filtered by an RC network. The threshold voltage for the comparator is V= 0.18 « V_, [V], i.e. 450 mV at
V,=25V.
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[25] 3 V
current.
[26] 4 Phase,

R71 7 Vv

MM2

MM2

PBL 3772

o Reference voltage, channel 2. Controls the threshold voltage for the comparator and hence the output

Controls the direction of motor current at outputs M,, and M,,. Motor current flows from M,, to M, when
Phase, is HIGH.

Motor supply voltage, channel 2, +10 to +40 V.V, . and V,,,, should be connected together.

Functional Description

Each channel of the PBL 3772
consists of the following sections: an
output H-bridge with four transistors,
capable of driving up to 1 A continuous
current to the motor winding; a logic
section that controls the output transistors;
an S-R flip-flop; and a comparator. The
clock-oscillator is common to both
channels.

Constant current control is achieved
by switching the output current to the
windings. This is done by sensing the
peak current through the winding via a
current-sensing resistor R, effectively
connected in series with the motor winding
during the turn-on period. As the current
increases, a voltage develops across the

sensing resistor, which is fed back to the
comparator. At the predetermined level,
defined by the voltage at the reference
input V_, the comparator resets the flip-
flop, which turns off the output transistors.
The current decreases until the clock
oscillator triggers the flip-flop, which turns
on the output transistors again, and the
cycle is repeated.

The current paths during turn-on,
turn-off and phase shift are shown in
figure 5. Note that the upper recirculation
diodes are connected to the circuit
externally.

Applications Information
Current control
The output current to the motor

winding is determined by the voltage at
the reference input and the sensing
resistor, Rg.

Chopping frequency, winding induc-
tance and supply voltage also affect the
current, but to much less extent.

The peak current through the sensing
resistor (and motor winding) can be
expressed as:

hpeax = 018 (Vo / Ry) [A]

i.e., with a recommended value of

0.47 ohm for the sensing resistor R, a
2.5 V reference voltage will produce an
output current of approximately 0.96 A.
To improve noise immunity on the V,
input, the control range may be increased
to 5 Vif Ry is correspondingly changed to
1 ohm.

External recirculation diodes

Qv

®

VBISVF‘

YYY Y |

Lt

P
L@

Motor Current

Fast Current Decay
Slow Current Decay

+5V Vim
o ’ —O0
LI "[owa i T
B B
0.1 uF 10uF
s 050 05Q ¥
— DI |p2 =
- 22 18 " 27 5 -
Ve Vit Vesr Vwme Va2 My, [12)
19
O— Phase 4
20 Mgy |8
™ pBL3772
26 Mpo 4
O——( Phase ,
25
o VR2
RC GND STEPPER
2] 112 MOTOR
+5V 15kQ 3,19
28,13, D3 |D4 v
MM
3300 pF 14’ E
— 16,17, D1 - D4 are UF 4001 or
BYV 27, t,; < 100 ns.
OGND Voo) Pin numbers refer to
PLCC package.

Figure 5. Output stage with current paths
during turn-on, turn-off and phase shift.

Figure 6. Typical stepper motor driver application with PBL 3772.
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External components

The PBL 3772 exhibits substantially
less power dissipation than most other
comparable stepper motor driver ICs on
the market. This has been achieved by
creating an external voltage drop in series
with the upper transistor in the output H-
bridge, see figure 5. The voltage drop
reduces the collector-emitter saturation
voltage of the internal transistor, which
can greatly reduce power dissipation of
the IC itself. The series resistor, designa-
ted Ry, shall be selected for about 0.5 V
voltage drop at the maximum output
current. In an application with an output
current of 1000 mA (peak), a 0.47 ohm,
2 W resistor is the best choice.

In low current applications where
power dissipation is not a critcal factor,
the R, resistor can of course be omitted,
and the V,,, and V, pins (pins 5, 11, 18,
27) can all be connected directly to the
motor supply voltage V,,,.

Contributing to the low power
dissipation is the fact that the upper
recirculation diodes in the output H-

bridge are connected externally to the
circuit. These diodes shall be of fast type,
with a t, of less than 100 ns. Common
types are UF4001 or BYV27.

A low pass filter in series with the
comparator input prevents erroneous
switching due to switching transients.
The recommended filter component
values, 1 kohm and 820 pF, are suitable
for a wide range of motors and operatio-
nal conditions.

Since the low-pass filtering action
introduces a small delay of the signal to
the comparator, peak voltage across the
sensing resistor, and hence the peak
motor current, will reach a slightly higher
level than than what is defined by the
comparator threshold, V,,, set by the
reference input V (V=450 mV at V=
2.5V).

The time constant of the low-pass
filter may therefore be reduced to
minimize the delay and optimize low-
current performance. Increasing the time

constant may result in unstable switching.

The time constant should be adjusted by

-
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changing the C, value.

The frequency of the clock oscillator
is set by the R;-C; timing components at
the RC pin. The recommended values
result in a clock frequency (= switching
frequency) of 26.5 kHz. A lower frequen-
cy will result in higher current ripple, but
may improve low-current level linearity.
A higher clock frequency reduces current
ripple, but increases the switching losses
in the IC and possibly the iron losses in
the motor. If the clock frequency needs
to be changed, the C, capacitor value
should be adjusted. The recommended
R, resistor value is 15 kohm.

The sensing resistor R, should be
selected for maximum motor current.
The relationship between peak motor
current, reference voltage and the value
of R is described under Current control
above. Be sure not to exceed the
maximum output current which is 1.2 A
peak when only one channel is
activated. Or recommended output
current, which is 1.0 A peak, when both
channels is activated.

Voo (+5V) — ey MM
1 . ] L.
B B
0.1 uF 10 uF
H 05Q 050 I K
— D1 D2 —
14 - 22 18 11 27 5 -
25
o——1 Do Vbp Ve Vumr Vet Vv Vese m,, |12
g ]! 12 19
8 N \ Sign Phase ,
! ! 10 20 M
To 80_‘6 D7 DA, VR1 o
P PBM 3960 PBL 3772 .
o—-271 o 4 26 Mo
o—% Al Sign2 Phase ,
o— WR 6 25
o——1]7Ts DA, Vi
O—5| RESET !
9
+2.8V 0" VRe Vss RC GND STEPPER
5 23 MOTOR
+5V 15kQ
D3 (D4
VM
3300 pF
- D1 - D4 are UF 4001 or
BYV 27, t,;< 100 ns.
Pin numbers refer to
PLCC package.

Figure 7. Microstepping system with PBM 3960 and PBL 3772.

3-40




\

-

ERICSSON £

Motor selection

The PBL 3772 is designed for two-
phase bipolar stepper motors, i.e.,
motors that have only one winding per
phase.

The chopping principle of the PBL
3772 is based on a constant frequency
and a varying duty cycle. This scheme
imposes certain restrictions on motor
selection. Unstable chopping can occur if
the chopping duty cycle exceeds approxi-
mately 50%. See figure 3 for definitions.
To avoid this, it is necessary to choose a
motor with a low winding resistance and
inductance, i.e. windings with a few turns.

It is not possible to use a motor that is
rated for the same voltage as the actual
supply voltage. Only rated current needs
to be considered.Typical motors to be
used together with the PBL 3772 have a
voltage rating of 1to 6 V, while the
supply voltage usually ranges from 12 to
40 V.

Low inductance, especially in
combination with a high supply voltage,
enables high stepping rates. However, to
give the same torque capability at low
speed, a reduced number of turns in the
winding must be compensated by a
higher current. A compromise has to be
made.

Choose a motor with the lowest
possible winding resistance that still gives
the required torque, and use as high
supply voltage as possible, without
exceeding the maximum recommended
40 V. Check that the chopping duty cycle
does not exceed 50% at maximum
current.

General

Phase inputs. A logic HIGH on a
Phase input gives a current flowing from
pin M, into pin M,. A logic LOW gives a
current flow in the opposite direction. A
time delay prevents cross conduction in
the H-bridge when changing the Phase
input.

Heat sinking. Soldering the batwing
ground leads onto a copper ground
plane of 20 cm? (approx. 1.8" x 1.8"),
copper foil thickness 35 pm, permits the
circuit to operate with 750 mA output
current, both channels driving, at ambient

Figure 8. Power dissipation vs. motor
current.T = 25°C.

Pp (W) PBL 3772 Pp (W) PBL 3772
3.0 . : 3.0
Two channels on.
R =0.68 ohm.
25 25
/ Vv =36V
2.0 2.0
' Two channels /4 // 18 ///
‘wo channeis on.
Rg ~ 0.47 ohm, / Vym =12V
10— ,/ ,/ 10 ]
/ One channel on. 1
. /’/ RBilo.zw ohm. s '/
Z
Vi =12V RB=j.68Q
00— 2540 %0 80 T0 T2 0920 40 60 80 10 12
Im(A) Im (A)

Figure 9. Power dissipation vs. motor
current, both channels on.T, = 25°C.
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Figure 10. Maximum allowable power
dissipation vs. temperature.

Figure 11. Typical lower transistor
saturation voltage vs. output current.

VE (V) PBL 3772 s Ve sat, ut (V) PBL 3772
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Figure 12. Typical lower diode voltage
drop vs. recirculating current.

Figure 13. Typical upper transistor
saturation voltage vs. output current.
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temperatures up to 70°C. Consult figures
8,9, 10 and 14 in order to determine the
necessary copper ground plane area for

heat sinking at higher current levels.

Thermal shutdown. The circuit is
equipped with a thermal shutdown
function that turns the output off at chip
temperatures above 160°C. Normal
operation is resumed when the
temperature has decreased about 20°C.

Ordering Information
Package Temp. range Part No.

Plastic DIP 0°C to + 85°C PBL3772N
PLCC 0°C to + 85°C PBL3772QN

Information given in this data sheet is believed to be
accurate and reliable. However no responsibility is
assumed for the consequences of its use nor for any
infringement of patents or other rights of third parties
which may result from its use. No license is granted
by implication or otherwise under any patent or patent
rights of Ericsson Components. These products are
sold only according to Ericsson Components' general
conditions of sale, unless otherwise confirmed in
writing.

Specifications subject to change without
notice.

1C4(89016) B-Ue

Revised edition April 1991.

© Ericsson Components AB 1991

ERICSSON 2

Ericsson Components AB
S-164 81 Kista-Stockholm, Sweden
Telephone: (08) 757 50 00
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PBL 3773

Dual Stepper Motor Driver

Description

The PBL 3773 is a switch-mode (chopper), constant-current driver IC with two chan-
nels, one for each winding of a two-phase stepper motor. The circuit is similar to
Ericsson’s PBL 3771 and PBL 3772. While all Dual stepper motor drivers are optimized
for microstepping applications, PBL 3773 is equipped with a Disable input to simplify
half-stepping operation.

The circuit is well suited for microstepping applications. The current control inputs are
low current, high impedance inputs, which allows the use of unbuffered Digital-to-
Analog converters or external high resistive resistor divider networks.

The PBL 3773 contains a clock oscillator, which is common for both driver channels, a
set of comparators and flip-flops implementing the switching control, and two output H-
bridges, including recirculation diodes.

Voltage supply requirements are +5 V for logic and +10 to +45 V for the motor.

The close match between the two driver channels guarantees consistent output current
ratios and motor positioning accuracy.

Key Features

Dual chopper driver in a single
package.

—40° C to +85° C operation.

750 mA continuous output current per
channel.

Low power dissipation, 2.0 W at
2 x 500 mA output current

Close matching between channels for
high microstepping accuracy

High impedance current control inputs

Digital filter on chip eliminates external
filtering components.

Plastic 22-pin batwing DIP package or
28-pin power PLCC with lead-frame for
heat-sinking through PC board copper.

PBL 3773

RC

M,23,9,
[26] 13-17,28]
15 5,6,17,18

GND E,

Phase,  Dis, Vg, c,

28-pin PLCC package
22-pin plastic DIP package

Figure 1. Block diagram.

3-43



\

PBL 3773 ERICSSON =
Maximum Ratings

Parameter Pin no.* Symbol Min Max Unit
Voltage

Logic supply 12 [23] Voo 0 7 \
Motor supply 4,19 [4,12] Viu 0 45 \Y
Logic inputs 9,10, 13, 14 [20, 21, 24, 25] Vv, 0.3 6 v
Analog inputs 7,8, 15,16 [18, 19, 26, 27] A 0.3 Vo, v
Current

Motor output current 1,3,20,22 [5,7,8, 11] Iy -850 +850 mA
Logic inputs 9, 10, 13, 14 [20, 21, 24, 25] | -10 mA
Analog inputs 7,8,15,16 [18, 19, 26, 27] N -10 mA
Temperature

Junction temperature T, +150 °C
Storage temperature Ts -55 +150 °C
Power Dissipation (Package Data)

Power dissipation at T, = +25°C, DIP and PLCC package P, 5 W
Power dissipation at T, = +125°C, DIP package Py 2.2 w
Power dissipation at T, = +125°C, PLCC package Py 2.6 W

* Pin numbers in brackets refer to PLCC package.

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Logic supply voltage Ve 4.75 5 5.25 \Y
Motor supply voltage \ 10 40 \Y
Output emitter voltage Ve 1.0 \Y
Motor output current Iy -750 +750 mA
Operating ambient temperature A -40 +85 °C
Rise and fall time logic inputs t,t 2 us
Oscillator timing resistor 2 12 20 kohm

N
phase,| [ Dis,| Vo, c,

4

5 10 |7 a 2
PBL 3773 zalfen 18] (19 10
v B —
npy m

s kM

0 C
§E 112044 Vigyy

120

@19

v
AESZe oy

Ing RC_) 1120

470008

. 21| ey | 271 128}
v i i3 is

T— (5120,

" pnase,| 0wy v,

Nt

e la I

Vi |V Vo n

Figure 2. Definition of symbols.
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Electrical Characteristics
Electrical characteristics over recommended operating conditions, unless otherwise noted. -20°C < T <+ 25°C.

Ref.

Parameter Symbol fig. Conditions Min Typ Max Unit
General
Supply current loe 2 Note 4. 55 70 mA
Supply current lc 2 Dis=Dis,= HIGH. 7 10 mA
Total power dissipation s 8 V=24V, I,=1,=500mA. 2.0 2.3 w
Notes 2, 3, 4.
Total power dissipation Py 8 V=24V, Il,=700mA, |, =0mA. 1.7 2.0
Notes 2, 3, 4.
Thermal shutdown junction temperature 160 °C
Turn-off delay ty 3 T,=+25°C, dV /dt>50 mV/us, 1.1 2.0 us
l,= 100 mA. Note 3. (one channel on).
Logic Inputs
Logic HIGH input voltage Vi, 2 2.0 Vv
Logic LOW input voltage vV, 2 0.6 \
Logic HIGH input current Iy 2 V=24V 20 nA
Logic LOW input current I 2 V=04V -0.2 -0.1 mA
Analog Inputs
Input current N 2 -0.5 -0.2 A
| Ve, -V, | mismatch Vear 2 Rg=1kQ. Note 3. 1 mV
Motor Outputs
Lower transistor saturation voltage 10 1, =500 mA 0.4 0.8 \%
Lower transistor leakage current 2 V,=41V,T,=+25°C. Dis,= Dis,= HIGH. 100 HA
Lower diode forward voltage drop 11 1, =500 mA 1.1 1.3 \Y
Upper transistor saturation voltage 12 1, =500 mA. 1.1 14 \Y
Upper diode forward voltage drop 13 1, =500 mA. 1.1 1.4 \Y
Upper transistor leakage current 2 V,=41V,T,=+25°C. Dis = Dis,= HIGH. 100 A
Chopper Oscillator
Chopping frequency f 3 C,=4700pF, R, =12kohm 215 23.0 245 kHz
Digital filter blanking time t, 3 C,=4700pF. Note 3. 1.0 us
Thermal Characteristics
Ref.
Parameter Symbol fig. Conditions Min Typ Max Unit
Thermal resistance Rth o DIP package. 11 °C/W
Rth,, 14 DIP package. Note 2. 40 °C/W
Rth o PLCC package. 9 °C/W
Rth,, 14 PLCC package. Note 2. 35 °C/W
Notes

1. All voltages are with respect to ground. Currents are positive into, negative out of specified terminal.
2. All ground pins soldered onto a 20 cm? PCB copper area with free air convection, T, = +25°C.

3. Not covered by final test program.

4. Switching duty cycle D =30%, f, = 23.0 kHz.
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Mg+ [1] N 22 M2
Ei[2] 71 E, F8888¢s
= = El
Mas [3] 20] Maz
Vw1 [4] [19] Vw2
GND [5] 18] GND
PBL
GND [g] 7 GND PBL 3773QN
3773N
Vr1 [7] 18] Vg2
C1 E E‘ Cg
Phase1 [g] 14] Phase ERERERERE
. s 0 a9 9 g
Dis1 [ig] 73] Dis £5666 6 >
RC [i] 12l Vo
Figure 4. Pin configuration.
Pin Description
DIP PLCC Symbol Description
1 [8] Mg, Motor output B, channel 1. Motor current flows from M, to M, when Phase, is HIGH.
2 [10] E, Common emitter, channel 1. This pin connects to a sensing resistor Ry to ground.
3 [11] M, Motor output A, channel 1. Motor current flows from M, to M,, when Phase is HIGH.
4 [12]  Viw Motor supply voltage, channel 1, +10to +40 V.V, and V.. should be connected together.
5,6, [1-3,9, GND Ground and negative supply. Note: these pins are used thermally for heat-sinking.
17,18 13-17, Make sure that all ground pins are soldered onto a suitably large copper ground plane
28] for efficient heat sinking.
7 [18] Ve, Reference voltage, channel 1. Controls the comparator threshold voltage and hence the output current.
8 [19] C, Comparator input channel 1. This input senses the instantaneous voltage across the sensing resistor,
filtered by the internal digital filter or an optional external RC network.
9 [20]  Phase, Controls the direction of motor current at outputs M,, and M;,. Motor current flows from M,, to M,, when
Phase, is HIGH.
10 [21] Dis, Disable input for channel 1. When HIGH, all four output transistors are turned off, which results in a
rapidly decreasing output current to zero.
11 [22] RC Clock oscillator RC pin. Connect a 12 kohm resistor to V. and a 4 700 pF capacitor to ground to obtain
the nominal switching frequency of 23.0 kHz and a digital filter blanking time of 1.0 us.
12 [23]  V Logic supply voltage, nominally +5 V.
13 [24] Dis, Disable input for channel 2. When HIGH, all four output transistors are turned off, which results in a
rapidly decreasing output current to zero.
14 [25]  Phase, Controls the direction of motor current at outputs M,, and M,,. Motor current flows from M, to M, when
Phase, is HIGH.
15 [26] C, Comparator input channel 2. This input senses the instantaneous voltage across the sensing resistor,
filtered by the internal digital filter or an optional external RC network.
16 [27] Veo Reference voltage, channel 2. Controls the comparator threshold voltage and hence the output current.
19 [4] Vi Motor supply voltage, channel 2, +10 to +40 V.V, and V, ., should be connected together.
20 [5] M,, Motor output A, channel 2. Motor current flows from M,, to M, when Phase, is HIGH.
21 [6] E, Common emitter, channel 2. This pin connects to a sensing resistor R to ground.
22 [7] M, Motor output B, channel 2. Motor current flows from M, to M, when Phase, is HIGH.
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Functional Description

Each channel of the PBL 3773
consists of the following sections: an
output H-bridge with four transistors and
four recirculation diodes, capable of
driving up to 750 mA continuous current
to the motor winding, a logic section that
controls the output transistors, an S-R flip-
flop, and a comparator. The clock-
oscillator is common to both channels.

Constant current control is achieved
by switching the output current to the
windings. This is done by sensing the
peak current through the winding via a
current-sensing resistor R, effectively
connected in series with the motor
winding. As the current increases, a
voltage develops across the sensing
resistor, which is fed back to the compa-
rator. At the predetermined level, defined
by the voltage at the reference input V,
the comparator resets the flip-flop, which
turns off the upper output transistor. The
turn-off function of the two channels
works independently of each other. The
current decreases until the clock oscillator
triggers the flip-flops of both channels
simultaneously, which turns on the output

transistors again, and the cycle is
repeated.

To prevent erroneous switching due
to switching transients at turn-on, the PBL
3773 includes a digital filter. The clock
oscillator provides a blanking pulse which
is used for digital filtering of the voltage
transient across the current sensing
resistor during turn-on.

The current paths during turn-on,
turn-off and phase shift are shown in
figure 5.

Applications Information

Current control.

The regulated output current level to
the motor winding is determined by the
voltage at the reference input and the
value of the sensing resistor, Rg. The
peak current through the sensing resistor
(and the motor winding) can be expressed

as:
hyosae = Ve / Rg

M,peak

[A]

With a recommended value of 0.5 ohm for
the sensing resistor Ry, a 0.25 V referen-
ce voltage will produce an output current

PBL 3773

of approximately 0.5 A. Rg should be
selected for maximum motor current. Be
shure not to exceed the absolute maxi-
mum output current which is 850 mA.
Chopping frequency, winding inductance
and supply voltage also affect the current,
but to much less extent.

To improve noise immunity on the
comparator inputs (V and C), the control
range may be increased to 0.5 V if Ry is
correspondingly changed to 1 ohm for a
maximum output current of 0.5 A.

For accurate current regulation, the
sensing resistor should be 2 0.5- 1.0 W
precision resistor, i. e. less than 1%
tolerance and low temperature coefficient.

Current sense filtering.

At turn-on a current spike occurs,
due to the recovery of the recirculation
diodes and the capacitance of the motor
winding. To prevent this spike from
reseting the flip-flops through the current
sensing comparators, the clock oscillator
generates a blanking pulse at turn-on.
The blanking pulse disables the
comparators for a short time. Thereby any
voltage transient across the sensing

VMM

)0

@ o

JAN

—@

o+

®

Motor Current

Fast Current Decay
Slow Current Decay

Figure 5. Output stage with current paths
during turn-on, turn-off and phase shift.
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= 12 4 19 = =
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o—% bis,
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Al PBL 3773
20
N O
MB2 22
C4 E; Co Ep STEPPER
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Pin numbers refer
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047Q 0470Q
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Figure 6. Typical stepper motor driver application with PBL 3773.
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resistor will be ignored during the blanking
time.

Choose the blanking pulse time to be
longer than the duration of the switching
transients by selecting a proper C, value.
The time is calculated as:
t,=210-C; [s]

As the C, value may vary from approxi-
mately 2 200 pF to 33 000 pF, a blanking
time ranging from 0.5 pus to 7 us is
possible. Nominal value is 4 700 pF,
which gives a blanking time of 1.0 ps.

As the filtering action introduces a
small delay, the peak value across the
sensing resistor, and hence the peak
motor current, will reach a slightly higher
level than what is defined by the referen-
ce voltage. The filtering delay also limits
the minimum possible output current. As
the output will be on for a short time each
cycle, equal to the digital filtering blanking
time plus additional internal delays, an
amount of current will flow through the
winding. Typically this current is 1-10 % of
the maximum output current set by Rg.

When optimizing low current perfor-
mance, the filtering may be done by
adding an external low pass filter in series
with the comparator C input, see figure 7.
In this case the digital blanking time
should be as short as possible. The

recommended filter component values are
10 kohm and 820 p. Lowering the
switching frequency also helps reducing
the minimum output current.

To create an absolute zero current,
the Dis input should be HIGH.

Switching frequency.

The frequency of the clock oscillator is set
by the timing components R, and C, at
the RC-pin. As C, sets the digital filter
blanking time, the clock oscillator frequen-
cy is adjusted by R,. The value of R, is
limited to 2 - 20 kohm. The frequency is
approximately calculated as:
f,=1/(077+R,-C))

Nominal component values of 12 kohm
and 4 700 pF results in a clock frequency
of 23.0 kHz. A lower frequency will result
in higher current ripple, but may improve
low level linearity. A higher clock frequen-
cy reduces current ripple, but increases
the switching losses in the IC and
possibly the iron losses in the motor.

Phase inputs.

A logic HIGH on a Phase input gives
a current flowing from pin M, into pin M.
A logic LOW gives a current flow in the
opposite direction. A time delay prevents
cross conduction in the H-bridge when

oY Vim °
+ .
4.7 uF 0.1pF 01pF  [10uF
= = 12 4 19 = =
. V| v
Micro- 9 phase MM1 umz My |2
controller 1
101 pis,
D/A 4 g Mer |1
R1
82kQ PBL 3773 2
14 Phasez Maz
18 Dis,
1 22
D/A o Ve
82kQ RC_GND G4 STEPPER
1] 5, |6, MOTOR
10k 10k 20k 17,18
U Tiooo :I Trooo 500 o Pin numbers refer
PF pPF = to DIP package.
GND (Vee ) GND (Vy),

Figure 7. Microstepping system where a microcontroller including DACs provides
analog current control voltages as well as digital signals to the PBL 3773.
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changing the Phase input.

Dis (Disable) inputs.

A logic HIGH on the Dis inputs will
turn off all four transistors of the output H-
bridge, which results in a rapidly decrea-
sing output current to zero.

V. (Reference) inputs.

The comparator inputs of PBL 3773
(Vi and C) are high impedance, low
current inputs (typically -0.2 pA). This
gives a great deal of flexibility in selecting
a suitable voltage divider network to
interface to different types of Digital-to-
Analog converters. Unbuffered DACs are
preferably interfaced by a high resistive
divider network ( typ. 100 kohm), while for
buffered DACs a low resistive network
(typ. 5 kohm) is recommended. A filter
capacitor in conjunction with the resistor
network will improve noise rejection. A
typical filter time constant is 10 ps. See
figure 7. In basic full and half-stepping
applications, the reference voltage is
easily divided from the V. supply voltage.

Interference.

Due to the switching operation of
PBL 3773, noise and transients are
generated and coupled into adjacent
circuitry. To reduce potential interference
there are a few basic rules to follow:

+ Use separate ground leads for power
ground (the ground connection of Ry),
the ground leads of PBL 3773, and the
ground of external analog and digital
circuitry. The grounds should be
connected together close to the GND
pins of PBL 3773.

« Decouple the supply voltages close to
the PBL 3773 circuit. Use a ceramic
capacitor in parallel with an electrolytic
type for both V., and V,,,,. Route the
power supply lines close together.

« Do not place sensitive circuits close to
the driver. Avoid physical current loops,
and place the driver close to both the
motor and the power supply connector.
The motor leads could preferably be
twisted or shielded.

Motor selection.

The PBL 3773 is designed for two-
phase bipolar stepper motors, i.e. motors
that have only one winding per phase.

The chopping principle of the PBL
3773 is based on a constant frequency
and a varying duty cycle. This scheme
imposes certain restrictions on motor
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selection. Unstable chopping can occur if
the chopping duty cycle exceeds approxi-
mately 50%. See figure 3 for definitions.
To avoid this, it is necessary to choose a
motor with a low winding resistance and
inductance, i.e. windings with a few turns.

It is not possible to use a motor that
is rated for the same voltage as the actual
supply voltage. Only rated current needs
to be considered. Typical motors to be
used together with the PBL 3773 have a
voltage rating of 1to 6 V, while the
supply voltage usually ranges from 12 to
40 V.

Low inductance, especially in
combination with a high supply voltage,
enables high stepping rates. However, to
give the same torque capability at low
speed, the reduced number of turns in the
winding in the low resistive, low inductive
motor must be compensated by a higher
current. A compromise has to be made.
Choose a motor with the lowest possible
winding resistance and inductance, that
still gives the required torque, and use as
high supply voltage as possible, without
exceeding the maximum recommended
40 V. Check that the chopping duty cycle
does not exceed 50% at maximum
current.

Heat sinking.

PBL 3773 is a power IC, packaged in
a power DIP or PLCC package. The
ground leads of the package (the batwing)
are thermally connected to the chip.
External heatsinking is achieved by
soldering the ground leads onto a
copper ground plane on the PCB.

Maximum continuous output current
is heavily dependent on the heatsinking
and ambient temperature. Consult figures
8,9 and 14 to determine the necessary
heatsink, or to find the maximum output
current under varying conditions.

A copper area of 20 cm? (approx.
1.8” x 1.8”), copper foil thickness 35 um
on a 1.6 mm epoxy PCB, permits the
circuit to operate at 2 x 450 mA output
current, at ambient temperatures up to
85°C.

Thermal shutdown.

The circuit is equipped with a thermal
shutdown function that turns the outputs
off at a chip (junction) temperature above
160°C. Normal operation is resumed
when the temperature has decreased
about 20°C.

PBL 3773
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Figure 8. Typical power dissipation vs.
motor current.T, = 25°C.
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Figure 10. Typical lower transistor
saturation voltage vs. output current.

Figure 11. Typical lower diode voltage
drop vs. recirculating current.
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Figure 12. Typical upper transistor
saturation voltage vs. output current.

Figure 13. Typical upper diode voltage
drop vs. recirculating current.
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Programming.

Figure 15 shows the different input
and output sequences for full-step, half-
step and modified halfstep operations.
Full-step mode. Both windings are
energized at all the time with the same
current, I, = 1,,,. To make the motor take
one step, the current direction (and the
magnetic field direction) in one phase is
reversed. The next step is then taken
when the other phase current reverses.
The current changes go through a
sequence of four different states which
equal four full steps until the initial state is
reached again.

Half-step mode. In the half-step mode,
the current in one winding is brought to
zero before a complete current reversal is
made. The motor will then have taken two
half steps equalling one full step in rotary
movement. The cycle is repeated, but on
the other phase. A total of eight states are
sequenced until the initial state is reached
again.

Half-step mode can overcome
potential resonance problems. Resonan-
ces appear as a sudden loss of torque at
one or more distinct stepping rates and
must be avoided so as not to loose control
of the motor’s shaft position.

One disadvantage with the half-step
mode is the reduced torque in the half
step positions, in which current flows
through one winding only. The torque in
this position is approximately 70 % of the
full step position torque.

Modified half-step mode.The torque
variations in half step mode will be elimi-
nated if the current is increased about 1.4
times in the halfstep position. A constant
torque will further reduce resonances and
mechanical noise, resulting in better
performance, life expectancy and reliabili-
ty of the mechanical system.

Modifying the current levels must be
done by bringing the reference voltage up
(or down) from its nominal value corres-
pondingly. This can be done by using
DACs or simple resistor divider networks.
The PBL 3773 is designed to handle about
1.4 times higher current in one channel on

>
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o Thermal resistance [°C/W]
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Figure 14. Typical thermal resistance vs. PC Board copper area and suggested

layout.
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Figure 15. Stepping modes.

mode, for example 2 x 500 mA in the full-
step position, and 1 x 700 mA in the half-
step position.

Ordering Information

Package Temp. range Part No.
Plastic DIP -40 to +85°C PBL3773N
PLCC -40 to +85°C  PBL3773QN

Information given in this data sheet is believed to be
accurate and reliable. However no responsibility is
assumed for the consequences of its use nor for any
infringement of patents or other rights of third parties
which may result from its use. No license is granted
by implication or otherwise under any patent or patent
rights of Ericsson Components. These products are
sold only according to Ericsson Components' general
conditions of sale, unless otherwise confirmed in
writing.

Specifications subject to change without
notice.

1C4(91004) A-Ue

© Ericsson Components AB 1991
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PBL 3774

Dual Stepper Motor Driver

Description

The PBL 3774 is a switch-mode (chopper), constant-current driver IC with two chan-
nels, one for each winding of a two-phase stepper motor. The circuit is similar to
Ericsson’s PBL 3771 and PBL 3772. While all Dual stepper motor drivers are optimized
for microstepping applications, the PBL 3774 is equipped with a TTL level compatible
Disable input to simplify half-stepping operation.

The circuit is well suited for microstepping applications together with the matching dual
DAC (Digital-to-Analog Converter) PBM 3960. A complete driver system consists of
these two ICs, a few passive components and a microprocessor for generation of the
proper control and data codes required for microstepping.

In full/halfstepping applications, Ericsson Compnent's PBL 3517 can be used as a
phase generator (translator) to derive the necessary signals for the PBL 3774.

The PBL 3774 contains a clock oscillator, which is common for both driver channels, a
set of comparators and flip-flops implementing the switching control, and two output H-
bridges.

Voltage supply requirements are +5 V for logic and +10 to +45 V for the motor.

The close match between the two driver channels guarantees consistent output current
ratios and motor positioning accuracy.

Key Features

Dual chopper driver in a single
package.

-40° C to +85° C operation.

1. 0 A continuous output current per
channel.

Low power dissipation, 2.6 W at
2 x 750 mA output current.

Close matching between channels for
high microstepping accuracy.

Specially matched to the Dual DAC
PBM 3960.

Plastic 22-pin batwing DIP package or
28-pin power PLCC package with lead-
frame for heatsinking through PC
board copper.

PBL 3774

v
cc Jo222) cC

Logic

RC f1[23)

[1.2.3,9,
[24] 13-17, 28]
2 5,6,17, 18

GND E,

(26]
4

Phase,,

28-pin PLCC package
22-pin plastic DIP package

Figure 1. Block diagram.
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Maximum Ratings
Parameter Pin no. * Symbol Min Max Unit
Voltage
Logic supply 22, [22] Vo 0 7 \Y
Motor supply 9, 14, [5, 11] Vim 0 45 Vv
Logic inputs 4,7,16,19,[18, 19, 26, 27] Vv, -0.3 6 Vv
Comparator inputs 2,21, [21, 24] V. -0.3 Ve Vv
Reference inputs 3, 20, [20, 25] Va -0.3 7.5 \%
Current
Motor output current 8,11,12,15,[4,7,8,12] Iy -1200 +1200 mA
Logic inputs 4,7,16, 19, [18, 19, 26, 27] I, -10 mA
Analog inputs 2,3, 20, 21, [20, 21, 24, 25] N -10 mA
Temperature
Junction temperature T, +150 °C
Storage temperature Ts -55 +150 °C
Power Dissipation (Package Data)
Power dissipation at T, = +25°C, DIP and PLCC package Py 5 W
Power dissipation at T, = +125°C, DIP package P, 2.2 w
Power dissipation at Tw = +125°C, PLCC package Py 2.6 w
* Pin numbers in brackets refer to PLCC package.
Recommended Operating Conditions
Parameter Symbol Min Typ Max Unit
Logic supply voltage \ 4.75 5 5.25 Vv
Motor supply voltage Vi 10 40 \
Motor output current Iy -1000 +1000 mA
Operating ambient temperature T, -40 +85 °C
Rise and fall time, logic inputs tt 2 us
Oscillator timing resistor R, 2 15 20 kohm

PBL 3774 i IVia=Vue |

v,
‘o Ve foeen o

50 %

'sc R |1 eq)
=
eI ﬁ% Vou :
e soner] Lz,
o Vil ik A ) CE AT 9
SS9 B (% I (S P
N Nl e I
[ o n_a Ia
W Vou o i
o lw % R ve Via | Vem
Yoo | Lo [j
Teo Ag off
L
Figure 2. Definition of symbols. Figure 3. Definition of terms.
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PBL 3774
Electrical Characteristics
Electrical characteristics over recommended operating conditions unless otherwise noted, - 40°C <T < +1 25°C.
Ref.
Parameter Symbol fig. Conditions Min Typ Max Unit
General
Supply current leo 2 Note 4. 60 75 mA
Total power dissipation Py Viu=12V, 1, =1, =750 mA. 2.6 2.9 w
Notes 2, 3, 4.
Total power dissipation Py Vw =12V, 1, =1000 mA, |, = 0 mA. 2.6 2.9
Notes 2, 3, 4.
Thermal shutdown junction temperature 160 °C
Turn-off delay ty 3 T,=+25°C, dV /dt > 50 mV/us. 14 2.0 us
l,, = 100 mA. Note 3.
Logic Inputs
Logic HIGH input voltage Vi 2 2.0 Vv
Logic LOW input voltage vV, 2 0.8 \i
Logic HIGH input current Iy 2 V=24V 20 uA
Logic LOW input current I, 2 V=04V -0.4 mA
Comparator Inputs
Threshold voltage Vo, 2 R =1kohm,V =250V 430 450 470 mV
| Veu = Ve | mismatch Veuar 2 R =1kohm 1 mV
Input current [ 2 -10 1 LA
Reference Inputs
Input resistance Ry 2 T,=+25°C 5 kohm
Input current I 2 V=25V 0.5 1.0 mA
Motor Outputs
Lower transistor saturation voltage 10 1, =750 mA 0.6 0.9 \
Lower transistor leakage current 2V =#V,V =V =0V,V. =V 700 MA
Lower diode forward voltage drop 11 1,=750 mA 1.2 1.5 \Y
Upper transistor saturation voltage 12 1, =750 mA 1.1 14 Vv
Upper transistor leakage current 2 V=4V, V.=V =0V,V =V 700 HA
Chopper Oscillator
Chopping frequency f 3 C,=3300pF, R, =15kohm 25.0 26.5 28.0 kHz
Thermal Characteristics
Ref.
Parameter Symbol fi;. Conditions Min Typ Max Unit
Thermal resistance Rth .,  DIP package. 11 °C/W
Rth,, 13 DIP package. Note 2. 40 °C/W
Rth .,  PLCC package. 9 °C/W
Rth,, 13 PLCC package. Note 2. 35 °C/W
Notes

1. All voltages are with respect to ground. Currents are positive into, negative out of specified terminal.
2. All ground pins soldered onto a 20 cm? PCB copper area with free air convection, T, = +25°C.

3. Not covered by final test program.

4. Switching duty cycle D =30%, f, = 26.5 kHz.
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Figure 4. Pin configuration.
Pin Description
PLCC DIP Symbol Description
[1-3,9,5,6 GND Ground and negative supply. Note: these pins are used thermally for heat-sinking. Make sure that all
13-17 17,18 ground pins are soldered onto a suitably large copper ground plane for efficient heat sinking.
28]
[4] 8 M,, Motor output A, channel 2. Motor current flows from M,, to M, when Phase, is HIGH.
[5] 9 Ve Motor supply voltage, channel 2, +10 to +40 V.V, and V,,,, should be connected together.
[6] 10 E, Common emitter, channel 2. This pin connects to a sensing resistor Ry to ground.
[7] 11 Mg, Motor output B, channel 2. Motor current flows from M,, to M, when Phase, is HIGH.
[8] 12 Mg, Motor output B, channel 1. Motor current flows from M, to M,, when Phase, is HIGH.
[10] 13 E, Common emitter, channel 1. This pin connects to a sensing resistor Ry to ground.
[11] 14 Vi Motor supply voltage, channel 1, +10to +40 V. V,,, and V. should be connected together.
[12] 15 M, Motor output A, channel 1. Motor current flows from M, to M,, when Phase is HIGH.
[18] 16 Dis, Disable input (TTL level compatible) for channel 1. When HIGH, all four output transistors are turned off,
which results in a rapidly decreasing output current to zero.
[19] 19 Phase, Controls the direction of motor current at outputs M,, and M,,. Motor current flows from M,, to M, when
Phase, is HIGH.
[20] 20 Ve, Reference voltage, channel 1. Controls the threshold voltage for the comparator and hence the output
current.
[211 21 C, Comparator input channel 1. This input senses the instantaneous voltage across the sensing resistor,
filtered by an RC network. The threshold voltage for the comparator is V= 0.18 «V_ [V], i.e. 450 mV at
Vg, =25V,
[22] 22 Vo Logic voltage supply, nominally +5 V.
[23] 1 RC Clock oscillator RC pin. Connect a 15 kohm resistor to V., and a 3300 pF capacitor to ground to obtain the
nominal switching frequency of 26.5 kHz.
[24] 2 C, Comparator input channel 2. This input senses the instantaneous voltage across the sensing resistor,

filtered by an RC network. The threshold voltage for the comparator is V,,= 0.18 * V, [V], i.e. 450 mV at
Vg, =25V.
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PLCC DIP Symbol Description
[25] 3 Ve,
current.
[26] 4 Phase,
Phase, is HIGH.
27 7 Dis,

which results in a rapidly decreasing output current to zero.

PBL 3774

Reference voltage, channel 2. Controls the threshold voltage for the comparator and hence the output
Controls the direction of motor. current at outputs M,, and Mg,. Motor current flows from M,, to M, when

Disable input (TTL level compatible) for channel 2. When HIGH, all four output transistors are turned off,

Functional Description

Each channel of the PBL 3774 con-
sists of the following sections: an output
H-bridge with four transistors, capable of
driving up to 1 A continuous current to the
motor winding; a logic section that controls
the output transistors; an S-R flip-flop;
and a comparator. The clock-oscillator is
common to both channels.

Constant current control is achieved
by switching the output current to the
windings. This is done by sensing the
peak current through the winding via a
resistor, R, effectively connected in
series with the motor winding during the
turn-on period. As the current increases, a
voltage develops across the resistor, and
is fed back to the comparator. At the
predetermined level defined by the
voltage at the reference input V, the

comparator resets the flip-flop, turning off
the output transistors. The current
decreases until the clock oscillator
triggers the flip-flop, turning on the output
transistors, and the cycle is repeated.

The current paths during turn-on, turn-
off and phase shift are shown in figure 5.
Note that the upper recirculation diodes
are connected to the circuit externally.

Applications Information

Current control

The output current to the motor is de-
termined by the voltage at the reference
input and value of sensing resistor, Rq.

Chopping frequency, winding induc-
tance and supply voltage also affect the
current, but to much less extent. The
output current can be switched off com-

pletely by a HIGH input level at the Dis-
able input (Dis1 and Dis2 for respective
channels). When Disable goes HIGH, all
four transistors in the output stage are
switched off, and the output current
rapidly drops to zero (“fast current decay”
— see figure 5).

The peak motor current through the
sensing resistor and the motor winding
can be expressed as:

lpea = 0-18 < (Vo /Rg)  [A]

A 2.5V reference voltage and a 0.47
ohm sensing resistor will produce an out-
put current level of approximately 0.96 A.

To improve noise immunity at the V_
input, the voltage control range can be
increased to 5 V if Ry is correspondingly
changed (for example to 1 ohm for 0.90 A
max output current).

External recirculation diodes

o /VMMT+ \ .

®

T

Motor Current

- - Fast Current Decay Time

Slow Current Decay

\Y
\
O+5 MM~
T L
0.1 uF 10uF
L D1 D2 —
= 22 11 5 -
10 Vee Ve MMz My, |12
O—————] Phasey
o—"8 bisy
2], Mgy |8
R1
T PBL 3774 \
o—2 Phase , Maz
0—27 DiS2
o—2v
R2
RC GND STEPPER
IR MOTOR
+5V 15kQ 3,19,
13|14, b3 |bs
15,]16. L
3300 pF 17’ 28'
T D1 - D4 are UF 4001 or
BYV 27, t,< 100 ns.
C‘fGND Veg) . Pin numbers refer to
B 1 PLCC package.

Figure 5. Output stage with current paths
during turn-on, turn-off and phase shift.

Figure 6. Typical stepper motor driver application with PBL 3774.
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Figure 7. Reduction of reference voltage
at the V,, pin of PBL 3774.

Figure 8. Power dissipation vs. motor
current, T, = 25°C.
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Figure 9. Maximum allowable continuous
power dissipation vs. temperature.

Figure 10. Typical lower transistor
saturation voltage vs. output current.

Ve (V) PBL 3774
]
1.2
1.0
/

817
6
4
2 >

0 .20 .40 .60 .80 1.0 1.2

Im (A)

s Vce sat (V) PBL 3774

1.2 /
]

0 20 40 60 80 10 12
Im(A)

Figure 11. Typical lower diode voltage
drop vs. recirculating current.
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Figure 12. Typical upper transistor
saturation voltage vs. output current.
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External components.

For the device to function properly,
four external free-wheeling diodes must
be connected, as in figure 6. The diodes
should be of fast type with a reverse
recovery time of less than 100 ns. Com-
monly used types are UF4001 or BYV27.

A low pass filter in series with the com-
parator input prevents erroneous switch-
ing due to switching transients.The recom-
mended filter component values, 1 kohm
and 820 pF, are suitable for a wide range
of motors and operational conditions.

Since the low-pass filtering action in-
troduces a small delay of the signal to the
comparator, peak voltage across the sens-
ing resistor, and hence the peak motor
current, will reach a slightly higher level
than what is defined by the comparator
threshold, V,,, set by the reference input
Vi (Vg,=450mVatV =25V).

The time constant of the low-pass fil-
ter may therefore be reduced to minimize
the delay and optimize low-current perfor-
mance. Increasing the time constant may
result in unstable switching. The time
constant should be adjusted by changing
the C, value.

The frequency of the clock oscillator
is set by the R,-C, timing components at
the RC pin. The recommended values
result in a clock frequency (= switching
frequency) of 26.5 kHz. A lower frequency
will result in higher current ripple, but may
improve low-current level linearity. A
higher clock frequency reduces current
ripple, but increases the switching losses
in the IC and possibly increased iron
losses in the motor. If the clock frequency
needs to be changed, the C; capacitor
value should be adjusted. The recom-
mended R; resistor value is 15 kohm.

The sensing resistor Rg, should be
selected for maximum motor current. The
relationship between peak motor current,
reference voltage and the value of Ry is
described under Current control above.
Be sure not to exceed the maximum
output current which is 1.2 A peak when
only one channel is activated.Or
recommended output current, which is 1.0
A peak, when both channels is activated.

Motor selection.

The PBL 3774 is designed for two-
phase bipolar stepper motors, i.e. motors
that have only one winding per phase.

The chopping principle of the PBL
3774 is based on a constant frequency
and a varying duty cycle. This scheme
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imposes certain restrictions on motor
selection. Unstable chopping can occur if
the chopping duty cycle exceeds approxi-
mately 50%. See figure 3 for definitions.
To avoid this, it is necessary to choose a
motor with a low winding resistance and
inductance, i.e. windings with a few turns.

It is not possible to use a motor that
is rated for the same voltage as the actual
supply voltage. Only rated current needs
to be considered. Typical motors to be
used together with the PBL 3774 have a
voltage rating of 1 to 6 V, while the
supply voltage usually ranges from 12 to
40 V.

Low inductance, especially in
combination with a high supply voltage,
enables high stepping rates. However, to
give the same torque capability at low
speed, the reduced number of turns in the
winding of the low resistive, low inductive
motor must be compensated by a higher
current. A compromise has to be made.
Choose a motor with the lowest possible
winding resistance and inductance, that
still gives the required torque, and use as
high supply voltage as possible, without
exceeding the maximum recommended
40 V. Check that the chopping duty cycle
does not exceed 50% at maximum
current.

General.

Phase inputs. A logic HIGH on a
Phase input gives a current flowing from
pin M, into M. A logic LOW gives a cur-
rent flow in the opposite direction. A time
delay prevents cross conduction in the H-
bridge when changing the Phase input.

Heat sinking. Soldering the batwing
ground leads onto a copper ground plane
of 20 cm? (approx. 1.8" x 1.8"), copper foil
thickness 35 um, permits the circuit to
operate with 650 mA output current, both
channels driving, at ambient temperatures
up to 70°C. Consult figures 8,9 and 13 in
order to determine the necessary copper
ground plane area for heat sinking at
higher current levels.

Thermal shutdown. The circuit is
equipped with a thermal shutdown
function that turns the output off at
temperatures above 160°C. Normal
operation is resumed when the
temperature has decreased about 20 °C.

Programming.

Figure 14 shows the different input
and output sequences for full-step, half-
step and modified halfstep operations.

Full-step mode. Both windings are
energized at all the time with the same
current, |, = 1,,.. To make the motor take
one step, the current direction (and the
magnetic field direction) in one phase is
reversed. The next step is then taken
when the other phase current reverses.
The current changes go through a
sequence of four different states which
equal four full steps until the initial state is

PBL 3774

reached again.

Half-step mode. In the half-step
mode, the current in one winding is
brought to zero before a complete current
reversal is made. The motor will then
have taken two half steps equalling one
full step in rotary movement. The cycle is
repeated, but on the other phase. A total
of eight states are sequenced until the
initial state is reached again.

@ Thermal resistance [°C/W]
[

70

N,

|
)
ol

J N
40 | AN .J(
I i S
ol —
20 { |
5 10 15 20 25 30 35

PCB copper foil area [cm?]
=——=PLCC package
====D|P package

Figure 13. Typical thermal resistance vs. PC Board copper area and suggested

layout.
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Half step mode
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Figure 14. Stepping modes.
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Half-step mode can overcome
potential resonance problems. Resonan-
ces appear as a sudden loss of torque at
one or more distinct stepping rates and
must be avoided so as not to loose
control of the motor’s shaft position.

One disadvantage with the half-step
mode is the reduced torque in the half
step positions, in which current flows
through one winding only. The torque in
this position is approximately 70 % of the

Ordering Information

Package Temp. range Part No.
Plastic DIP - 40to 85°C PBL3774N
PLCC -40to 85°C PBL3774QN

Information given in this data sheet is believed to be
accurate and reliable. However no responsibility is
assumed for the consequences of its use nor for any
infringement of patents or other rights of third parties
which may result from its use. No license is granted
by implication or otherwise under any patent or patent
rights of Ericsson Components. These products are
sold only according to Ericsson Components' general
conditions of sale, unless otherwise confirmed in
writing.

Specifications subject to change without
notice.

1C4(90010) B-Ue

© Ericsson Components AB 1991
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full step position torque. i

Modified half-step mode.The torque
variations in half step mode will be elimi-
nated if the current is increased about 1.4
times in the halfstep position. A constant
torque will further reduce resonances and
mechanical noise, resulting in better
performance, life expectancy and
reliability of the mechanical system.

Modifying the current levels must be
done by bringing the reference voltage up

\
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(or down) from its nominal value corres-
pondingly. This can be done by using
DACs or simple resistor divider networks,
as shown in figure 7.

The PBL 3774 is designed to handle
about 1.4 times higher current in one
channel on mode, for example 700 mA
per winding in the full-step position, and
1000 mA in the half-step position.
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PBL 3775

Dual Stepper Motor Driver
(Preliminary Data)

Description

The PBL 3775 is a switch-mode (chopper), constant-current driver IC with two chan-
nels, one for each winding of a two-phase stepper motor. The circuit is similar to
Ericsson’s PBL 3773 . While several of Ericsson’s Dual stepper motor drivers are
optimized for micro-stepping applications, PBL 3775 is equipped with a Disable input to
simplify half-stepping operation.

The circuit is well suited for microstepping applications in conjunction with the matching
Dual DAC (Digital-to-ANalog Converter) PBM 3960. A complete driver system consists
of these two ICs,a few passive components and a microprocessor for generation of the
control and data codes required for microstepping.

The PBL 3775 contains a clock oscillator, which is common for both driver channels, a
set of comparators and flip-flops implementing the switching control, and two output H-
bridges, including recirculation diodes.

Voltage supply requirements are +5 V for logic and +10 to +45 V for the motor.

The close match between the two driver channels guarantees consistent output current
ratios and motor positioning accuracy.

Key Features

.

Dual chopper driver in a single
package.

—40°C to +85°C operation.

750 mA continuous output current per
channel.

Low power dissipation, 2.0 W at
2 x 500 mA output current

Close matching between channels for
high microstepping accuracy

Specially matched to the Dual DAC
PBM 3960.

Digital filter on chip eliminates external
filtering components.

Plastic 22-pin batwing DIP package or
28-pin power PLCC with lead-frame for
heat-sinking through PC board copper.

RC

1,239,
13-17, 28]
5,6,17,18

c, GND E,

Phase, Dis, Vg,

28-pin PLCC package
22-pin plastic DIP package

Figure 1. Block diagram.
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Maximum Ratings

Parameter Pin no.* Symbol Min Max Unit
Voltage

Logic supply 12 [23] Ve 0 7 Vv
Motor supply 4,19 [4,12] Viu 0 45 \
Logic inputs 9,10, 13, 14 [20, 21, 24, 25] \2 -0.3 6 \%
Analog inputs 7,8,15,16 [18,19, 26, 27] V., -0.3 Voo \
Current

Motor output current 1,3,20,22 [5,7, 8, 11] ly -850 +850 mA
Logic inputs 9,10, 13, 14 [20, 21, 24, 25] I -10 mA
Analog inputs 7,8,15,16 [18,19, 26, 27] l -10 mA
Temperature

Junction temperature T, +150 °C
Storage temperature Ts -55 +150 °C
Power Dissipation (Package Data)

Power dissipation at T,, = +25°C, DIP and PLCC package Py 5 W
Power dissipation at T, = +125°C, DIP package P, 2.2 W
Power dissipation at T, = +125°C, PLCC package Py 2.6 w

* Pin numbers in brackets refer to PLCC package.

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Logic supply voltage Ve 4.75 5 5.25 \Y
Motor supply voltage (" 10 40 \%
Output emitter voltage Ve 1.0 \
Motor output current Iy -750 +750 mA
Operating ambient temperature T, -20 +85 °C
Rise and fall time logic inputs t,t 2 us
Oscillator timing resistor 2 12 20 kohm

Phase |

o

PBL 3775

v
e Voo |2y ¢

tnc RS ] 11122

o
20)

B
121] | (18] {19)
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=t
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te19f Vo

r25)
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271 125) 5%
24 137172
(8 A A CX AT
15, Vi ¢, ano

]
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€2

mz) M
s120] Maz

Wb e
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Bl
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Ya

b—

I”—

50 % 4

Figure 2. Definition of symbols.
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PBL 3775
Electrical Characteristics
Electrical characteristics over recommended operating conditions, unless otherwise noted. -20°C <T, <+125°C.
Ref.
Parameter Symbol fig. Conditions Min Typ Max Unit
General
Supply current lee 2 Note 4. 55 70 mA
Supply current le 2 Dis=Dis,= HIGH. 7 10 mA
Total power dissipation Py 8 V=24V, 1,=1,=500mA. 2.0 2.3 W
Notes 2, 3, 4.
Total power dissipation Py 8 V=24V, l,=700mA, | =0mA. 1.7 2.0 w
Notes 2, 3, 4.
Thermal shutdown junction temperature 160 °C
Turn-off delay ty 3 T,=+25°C, dV /dt > 50 mV/us, 1.1 2.0 us
I,= 100 mA. Note 3.
Logic Inputs
Logic HIGH input voltage Vy 2 2.0 \
Logic LOW input voltage vV, 2 0.6 \
Logic HIGH input current [ 2 V=24V 20 uA
Logic LOW input current I 2 V=04V -0.2 -0.1 mA
Analog Inputs
Input current N V=5V 500 uA
|V, —V,| mismatch Vg 2 1 mV
Motor Outputs
Lower transistor saturation voltage 10 1, =500 mA 0.4 0.8 \4
Lower transistor leakage current 2 V=41 V,T,=+25°C. Dis,= Dis,= HIGH. 100 HA
Lower diode forward voltage drop 11 1, =500 mA 1.1 1.3 V
Upper transistor saturation voltage 12 1, =500 mA. 1.1 1.4 \
Upper diode forward voltage drop 13 1, =500 mA. 1.1 1.4 \
Upper transistor leakage current 2 V,,,=41V.,T,=+25°C. Dis,= Dis,= HIGH. 100 LA
Chopper Oscillator
Chopping frequency f 3 C,=4700pF, R =12kohm 21.5 23.0 24.5 kHz
Digital filter blanking time t. 3 C,=4700 pF. Note 3. 1.0 us
Thermal Characteristics
Ref.
Parameter Symbol fig. Conditions Min Typ Max Unit
Thermal resistance Rth DIP package. 11 °C/W
Rth , 14 DIP package. Note 2. 40 °C/W
Rth o PLCC package. 9 °C/W
Rth , 14 PLCC package. Note 2. 35 °C/W
Notes

1. All voltages are with respect to ground. Currents are positive into, negative out of specified terminal.
2. All ground pins soldered onto a 20 cm? PCB copper area with free air convection, T, = +25°C.

3. Not covered by final test program.

4. Switching duty cycle D =30%, f, = 23.0 kHz.
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M1 [1] N 22 Mp2
S oo a9 o
E, [2 21] E, £56586 %S
Mas [3] 20 Ma2
Vw1 [4] [19] Vmmz
GND E‘ 18] GND
ano 5 PBL o PBL 3775QN
3775N
Vr1[7 16 Vg2
Cy [&] [ C,
Phase1 [9] [14] Phase FEEEEE
s Q 2 20 90 9 ¢
Dis+ [fo] 13] Dis2 $65856°>
RC [i] 12l Vo
Figure 4. Pin configuration.
Pin Description
DiP PLCC Symbol Description
1 [8] Mg, Motor output B, channel 1. Motor current flows from M, to M, when Phase, is HIGH.
2 [10] E, Common emitter, channel 1. This pin connects to a sensing resistor Ry to ground.
3 [11] M,, Motor output A, channel 1. Motor current flows from M,, to M,, when Phase is HIGH.
4 2] Vym Motor supply voltage, channel 1, +10 to +40 V. V. and V,,,, should be connected together.
56, [1-3,9, GND Ground and negative supply. Note: these pins are used thermally for heat-sinking.
17,18 13-17, Make sure that all ground pins are soldered onto a suitably large copper ground plane
28] for efficient heat sinking.
7 [18] Vg Reference voltage, channel 1. Controls the comparator threshold voltage and hence the output current.
8 [19] C, Comparator input channel 1. This input senses the instantaneous voltage across the sensing resistor,
filtered by the internal digital filter or an optionalexternal RC network.
9 [20] Phase, Controls the direction of motor current at outputs M,, and M,,. Motor current flows from M, to M, when
Phase, is HIGH.
10 [21] Dis, Disable input for channel 1. When HIGH, all four output transistors are turned off, which results in a
rapidly decreasing output current to zero.
11 [22] RC Clock oscillator RC pin. Connect a 12 kohm resistor to V., and a 4 700 pF capacitor to ground to obtain
the nominal switching frequency of 23.0 kHz and a digital filter blanking time of 1.8 us.
12 [23] Veo Logic voltage supply, nominally +5 V.
13 [24] Dis, Disable input for channel 2. When HIGH, all four output transistors are turned off, which results in a
rapidly decreasing output current to zero.
14 [25] Phase, Controls the direction of motor current at outputs M,, and M,,. Motor current flows from M,, to M, when
Phase, is HIGH.
15 [26] C, Comparator input channel 2. This input senses the instantaneous voltage across the sensing resistor,
filtered by the internal digital filter or an optional external RC network.
16 [271 Vg, Reference voltage, channel 2. Controls the comparator threshold voltage and hence the output current.
19 [4] Vimz Motor supply voltage, channel 2, +10 to +40 V.V, and V,,,, should be connected together.
20 [5] M., Motor output A, channel 2. Motor current flows from M,, to M_, when Phase, is HIGH.
21 [6] E, Common emitter, channel 2. This pin connects to a sensing resistor Ry to ground.
22 [7] M Motor output B, channel 2. Motor current flows from M,, to M, when Phase, is HIGH.
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Functional Description

Each channel of the PBL 3775
consists of the following sections: an
output H-bridge with four transistors and
four recirculation diodes, capable of
driving up to 750 mA continuous current
to the motor winding, a logic section that
controls the output transistors, an S-R flip-
flop, and a comparator. The clock-
oscillator is common to both channels.

Constant current control is achieved
by switching the output current to the
windings. This is done by sensing the
peak current through the winding via a
current-sensing resistor R, effectively
connected in series with the motor
winding. As the current increases, a
voltage develops across the sensing
resistor, which is fed back to the compa-
rator. At the predetermined level, defined
by the voltage at the reference input V,
the comparator resets the flip-flop, which
turns off the upper output transistor. The
turn-off of one channel is independent of
the other channel. The current decreases
until the clock oscillator triggers the flip-
flops of both channels simultaneously,
which turns on the output transistors

again, and the cycle is repeated.

To prevent erroneous switching due
to switching transients at turn-on, the PBL
3775 includes a digital filter. The clock
oscillator provides a blanking pulse which
is used for digital filtering of the voltage
transient across the current sensing
resistor during turn-on.

The current paths during turn-on,
turn-off and phase shift are shown in
figure 5.

Applications Information

Current control.

The regulated output current level to
the motor winding is determined by the
voltage at the reference input and the
value of the sensing resistor, Rq. The
peak current through the sensing resistor
(and the motor winding) can be expressed

as:
Lo =01V /R, [A]

M,peak
With a recommended value of 0.5 ohm for

the sensing resistor Rg, a 2.5 V reference
voltage will produce an output current of

PBL 3775

approximately 0.5 A. R should be
selected for maximum motor current. Be
shure not to exceed the absolute maxi-
mum output current which is 850 mA.
Chopping frequency, winding inductance
and supply voltage also affect the current,
but to much less extent.

For accurate current regulation, the
sensing resistor should be 2 0.5-1.0 W
precision resistor, i. e. less than 1%
tolerance and low temperature coefficient.

Current sense filtering.

At turn-on a current spike occurs,
due to the recovery of the recirculation
diodes and the capacitance of the motor
winding. To prevent this spike from
reseting the flip-flops through the current
sensing comparators, the clock oscillator
generates a blanking pulse at turn-on.
The blanking pulse pulse disables the
comparators for a short time. Thereby any
voltage transient across the sensing
resistor will be ignored during the blanking
time.

Choose the blanking pulse time to be
longer than the duration of the switching
transients by selecting a proper C, value.

@ l TiVMM

X+

Rl

Il
5

AN

Motor Current

----- Fast Current Decay Time

Slow Current Decay

Figure 5. Output stage with current paths
during turn-on, turn-off and phase shift.

+5V Vmm o
R
0.1 uF 0.1 uF 10 uF
= 12 4 19 = =
9 Vee Vit Ve, |2
O—— Phase,
Mgy |1
PBL 3775
20
Maz
Mg, |22
Cy E;y G, E, STEPPER
8 15 21 MOTOR
Pin numbers refer
Rs Rg to DIP package.
0470 047 Q
GND (V) GND (V)

Figure 6. Typical stepper motor driver application with PBL 3775.
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The time is calculated as:

t,=380-C, [s]

As the C. value may vary from approxi-
mately 2 200 pF to 33 000 pF, a blanking
time ranging from 0.8 usto 13 us is
possible. Nominal value is 4 700 pF,
which gives a blanking time of 1.8 us.

As the filtering action introduces a
small delay, the peak value across the
sensing resistor, and hence the peak
motor current, will reach a slightly higher
level than what is defined by the referen-
ce voltage. The filtering delay also limits
the minimum possible output current. As
the output will be on for a short time each
cycle, equal to the digital filtering blanking
time plus additional internal delays, an
amount of current will flow through the
winding. Typically this current is 1-10 % of
the maximum output current set by Rg.

When optimizing low current perfor-
mance, the filtering may be done by
adding an external low pass filter in series
with the comparator C input, see figure 7.
In this case the digital blanking time
should be as short as possible. The
recommended filter component values are
10 kohm and 820 p. Lowering the
switching frequency also helps reducing
the minimum output current.

To create an absolute zero current,
the Dis input should be HIGH.

Switching frequency.

The frequency of the clock oscillator is set
by the timing components R, and C, at
the RC-pin. As C sets the digital filter
blanking time, the clock oscillator frequen-
cy is adjusted by R,. The value of R, is
limited to 2 - 20 kohm. The frequency is
approximately calculated as:
f,=1/(0.77+R;-C,))

Nominal component values of 12 kohm
and 4 700 pF results in a clock frequency
of 23.0 kHz. A lower frequency will result
in higher current ripple, but may improve
low level linearity. A higher clock frequen-
cy reduces current ripple, but increases
the switching losses in the IC and
possibly the iron losses in the motor.

Phase inputs.

A logic HIGH on a Phase input gives
a current flowing from pin M, into pin M,.
A logic LOW gives a current flow in the
opposite direction. A time delay prevents
cross conduction in the H-bridge when
changing the Phase input.

Dis (Disable) inputs.

A logic HIGH on the Dis inputs will
turn off all four transistors of the output H-
bridge, which results in a rapidly decrea-

Vg (+5V)
O

Dis.
o k2

GND (Veg)

L 1 A
0.1 pF 0.1 F 01pF  [10uF
= 14 = 12 4 19 = =

o ®loo Voo P 9 Ve Vi Ve My 12

g 1] Sign, Phase,

o

8 : : 12) iy M

8 e 10 7 s

D
1o | 9 DA, Ve1
WP PBM 3960 PBL 3775 2
27
o—214 Ao o 14 14 M
fﬁ A Sign,, Phase,, A2

o— WA 131 pis,

0—1 TS 5 16 Mg, {22

o—— ReseT DA, Ve i
+3.0Vo— Vo Vss RC_GND _ Cq E; _C Eo STEPPER

2 1] 5|6 |8 21 15 21 MOTOR
12k 17,18
Dis

4700 pF

I

Pin numbers refer
to DIP package.

GND (Vvm)

1

1]
1l

Figure 7. Microstepping system where a microcontroller including DACs provides
analog current control voltages as well as digital signals to the PBL 3775.
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sing output current to zero.

V. (Reference) inputs.

The Vref inputs of the PBL 3775
have a voltage divider with a ratio of 1 to
10 to reduce the external reference
voltage to an adequate level. The divider
consists of closely matched resistors .
Nominal input reference voltage is 5 V.

Interference.

Due to the switching operation of
PBL 3775, noise and transients are
generated and coupled into adjacent
circuitry. To reduce potential interference
there are a few basic rules to follow:

» Use separate ground leads for power
ground (the ground connection of Ry),
the ground leads of PBL 3775, and the
ground of external analog and digital
circuitry. The grounds should be
connected together close to the GND
pins of PBL 3775.

« Decouple the supply voltages close to
the PBL 3775 circuit. Use a ceramic
capacitor in parallel with an electrolytic
type for both V. and V,,,.. Route the
power supply lines close together.

« Do not place sensitive circuits close to
the driver. Avoid physical current loops,
and place the driver close to both the
motor and the power supply connector.
The motor leads could preferably be
twisted or shielded.

Motor selection.

The PBL 3775 is designed for two-
phase bipolar stepper motors, i.e. motors
that have only one winding per phase.

The chopping principle of the PBL
3775 is based on a constant frequency
and a varying duty cycle. This scheme
imposes certain restrictions on motor
selection. Unstable chopping can occur if
the chopping duty cycle exceeds approxi-
mately 50%. See figure 3 for definitions.
To avoid this, it is necessary to choose a
motor with a low winding resistance and
inductance, i.e. windings with a few turns.

It is not possible to use a motor that
is rated for the same voltage as the actual
supply voltage. Only rated current needs
to be considered. Typical motors to be
used together with the PBL 3775 have a
voltage rating of 1to 6 V, while the
supply voltage usually ranges from 12 to
40 V.

Low inductance, especially in
combination with a high supply voltage,
enables high stepping rates. However, to
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give the same torque capability at low
speed, the reduced number of turns in the
winding in the low resistive, low inductive
motor must be compensated by a higher
current. A compromise has to be made.
Choose a motor with the lowest possible
winding resistance and inductance, that
still gives the required torque, and use as
high supply voltage as possible, without
exceeding the maximum recommended
40 V. Check that the chopping duty cycle
does not exceed 50% at maximum
current.

Heat sinking.

PBL 3775 is a power IC, packaged in
a power DIP or PLCC package. The
ground leads of the package (the batwing)
are thermally connected to the chip.
External heatsinking is achieved by
soldering the ground leads onto a
copper ground plane on the PCB.

Maximum continuous output current
is heavily dependent on the heatsinking
and ambient temperature. Consult figures
8,9 and 14 to determine the necessary
heatsink, or to find the maximum output
current under varying conditions.

A copper area of 20 cm? (approx.
1.8”" x 1.8”), copper foil thickness 35 um
on a 1.6 mm epoxy PCB, permits the
circuit to operate at 2 x 450 mA output
current, at ambient temperatures up to
85°C.

Thermal shutdown.

The circuit is equipped with a thermal
shutdown function that turns the outputs
off at a chip (junction) temperature above
160°C. Normal operation is resumed
when the temperature has decreased
about 20°C.

Programming.

Figure 15 shows the different input
and output sequences for full-step, half-
step and modified halfstep operations.
Full-step mode. Both windings are
energized at all the time with the same
current, 1, = |,,,- To make the motor take
one step, the current direction (and the
magnetic field direction) in one phase is
reversed. The next step is then taken
when the other phase current reverses.
The current changes go through a
sequence of four different states which
equal four full steps until the initial state is
reached again.

PD (W) Maximum allowable power dissipation [W]
6
30 I 5 \
B @
l 4 . N, &% I
., G/)’p@ ‘k’%
20 3 D N, 5
SN 2
~ 3
e A T\* %
'c&“\e\/ / o l RN N
X | NS
10 \‘\00 ,/ | | Ry
< L~ ! K
/ | | i
-\ Of\ \\
e 0 | | ™
Tone® l 25 0 25 50 75 100 125 150
0 | Temperature [°C]
0 0.20 0.40 0.60 080 =——PLCC package All ground pins soldered onto a
v (A) DI package 20 cm? PCB copper area with
free air convection.

Figure 8. Power dissipation vs. motor
current. T =25°C.

Figure 9. Maximum allowable power
dissipation.
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12 12
//
10 10 ]
/
L~ |
08 / 08
06 /l 06
04 04
02 // 02
]
0 0
0 020 040 060 080 0 0.20 040 060 0.80
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Figure 10. Typical lower transistor
saturation voltage vs. output current.

Figure 11. Typical lower diode voltage
drop vs. recirculating current.
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Figure 12. Typical upper transistor
saturation voltage vs. output current.

Figure 13. Typical upper diode voltage
drop vs. recirculating current.
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Half-step mode. In the half-step mode,
the current in one winding is brought to
zero before a complete current reversal is
made. The motor will then have taken two
half steps equalling one full step in rotary
movement. The cycle is repeated, but on
the other phase. A total of eight states are
sequenced until the initial state is reached
again.

Half-step mode can overcome
potential resonance problems. Resonan-
ces appear as a sudden loss of torque at
one or more distinct stepping rates and
must be avoided so as not to loose control
of the motor’s shaft position.

One disadvantage with the half-step
mode is the reduced torque in the half
step positions, in which current flows
through one winding only. The torque in
this position is approximately 70 % of the
full step position torque.

Modified half-step mode.The torque
variations in half step mode will be elimi-
nated if the current is increased about 1.4
times in the halfstep position. A constant
torque will further reduce resonances and
mechanical noise, resulting in better
performance, life expectancy and reliabili-
ty of the mechanical system.

Modifying the current levels must be
done by bringing the reference voltage up
(or down) from its nominal value corres-
pondingly. This can be done by using
DACs or simple resistor divider networks.
The PBL 3775 is designed to handle about
1.4 times higher current in one channel on
mode, for example 2 x 500 mA in the full-
step position, and 1 x 700 mA in the half-
step position.

Ordering Information

Package Temp. range Part No.
Plastic DIP -40 to +85°C PBL3775N
PLCC -40 to +85°C  PBL3775QN
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o Thermal resistance [°C/W]
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Figure 14. Typical thermal resistance vs. PC Board copper area and suggested
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Figure 15. Stepping modes.
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PBM 3960

Microstepping Controller/
Dual Digital-to-Analog Converter

Description

PBM 3960 is a dual 7-bit+sign, Digital-to-Analog Converter (DAC) especially developed
to be used together with the PBL 3771, Precision Stepper Motor driver in
microstepping applications. The circuit has a set of input registers connected to an 8-bit
data port for easy interfacing directly to a microprocessor. Two registers are used to
store the data for each seven-bit DAC, the eigth bit being a sign bit (sign/magnitude
coding). A second set of registers are used for automatic fast/slow current decay
control in conjunction with the PBL 3771, a feature that greatly improves high-speed
microstepping performance. The PBM 3960 is fabricated in a high-speed CMOS
process.

5|14 1] 9

PBM 3960
3| sign,

E1

cs @(>.
(U]

A0 |45 R
o
(27) E3
33 E 21| DA,
o]

D

AL L1s z Digit | 4 19 co,
E4 IComp c

D7 - DO

[16-21,23-25]
22
ul

RESET

Figure 1. Block Diagram

Key Features

.

Analog control voltages from 3 V down
t0 0.0 V.

High-speed microprocessor interface.

Automatic fast/slow current decay
control.

Full -scale error +1 LSB.

Interfaces directly with TTL levels and
CMOS devices.

Fast conversion speed, 3 ps.
Matches PBL 3771.

22-pin plastic DIP
28-pin plastic PLCC
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Parameter Pin no.* Symbol Min Max Unit
Voltage

Supply 5[14] Voo 6 v
Logic inputs 6-17[1, 15-17,19-21, 23-25, 27-28] \z -0.3 Vp+ 03 V
Reference input 1[9] A/ -0.3 Vp+03 V
Current

Logic inputs 6-17[1,15-17,19-21, 23-25, 27-28] I, -0.4 +0.4 mA
Temperature

Storage temperature T, -55 +150 °C
Ambient operating temperature T, 0 +70 °C ‘
* [no] refers to PLCC package pin no.

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply voltage Voo 4.75 5.0 5.25 \
Reference voltage Vet 0 25 3.0 \
Rise and fall time of WR t. 1, 1 us

. l< tos <l ]
CS ﬂ /
[ tas - tah ]
A0-A1 _{ ;‘>‘
_ tds tan -
DO-D7 D>
/
twr
WR ‘{: V/
toac _
DA <:
- fpwr -
Sign, CD *
tI'eS
Reset /: *
_ tpres
Sign, CD
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Figure 3. Timing of Reset.
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Electrical Characteristics
Electrical characteristics over recommended operating conditions.
Ref.
Parameter Symbol fig Conditions Min Typ Max Unit
Logic Inputs
Reset logic HIGH input voltage Vo 3.5 \4
Reset logic LOW input voltage V. 0.1 \Y
Logic HIGH input voltage vV, 2.0 Vv
Logic LOW input voltage vV, 0.8 \
Reset input current [ Ves < Vie < Vi -0.01 1 mA
Input current, other inputs I, Ves < Vi<V -1 1 UA
Input capacitance 3 pF
Internal Timing Characteristics
Address setup time te 2 Valid for AQ, At 70 ns
Data setup time [ 2 Valid for DO - D7 70 ns
Chip select setup time te 2 80 ns
Address hold time t 2 0 ns
Data hold time tn 2 0 ns
Chip select hold time t, 2 0 ns
Write cycle length w2 60 ns
Reset cycle lenght tes 3 90 ns
Reference Input
Input resistance Reet 6 9 kohm
Logic Outputs
Logic HIGH output current lon Vy=24V -13 -4 mA
Logic LOW output current lou V,=04V 1.7 5 mA
Write propagation delay tws 2 From positive edge of WR. 30 110 ns
Outputs valid, C,_, = 120 pF
Reset propagation delay tre 3  From positive edge of Reset to 60 170 ns
outputs valid, C,__, = 120 pF
DAC Outputs Reset open, V,, =25V
Nominal output voltage N 0 V. 1LSB V
Resolution 7 Bits
Offset error 7 0.2 0.5 LSB
Gain error 7 0.1 0.5 LSB
Endpoint nonlinearity 7 0.2 0.5 LSB
Differential nonlinearity 5,6 0.2 0.5 LSB
Load error (Vpa unloaded -V, loaded) 0.1 0.5 LSB
R.q = 2-5 kQ, Code 127 to DAC
Power supply sensitivity Code 127 to DAC 0.1 0.3 LSB
475V <V <525V
Conversion speed toae 2  Forafull-scale transition to 0.5 LSB 3 10 us
of final value, R, = 2.5 kohm, C__ =50 pF.
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Pin Descriptions

Refer to figure 4.

DIP PLCC Symbol Description
1 9 Vet Voltage reference supply pin, 2.5 V nominal (3.0 V maximum)
2 10 DA, Digital-to-Analog 1, voltage output. Output between 0.0 Vand V- 1 LSB.
3 12 Sign, Sign 1, TTL/CMOS level. To be connected directly to PBL 3771Phase input. Databit D7 is transfered non
inverted from PBM 3960 data input.
4 13 CD, Current Decay 1, TTL/CMOS level. The signal is automatically generated when decay level is programmed.
LOW level = fast current decay.
5 14V, Voltage Drain-Drain, logic supply voltage. Normally +5 V.
6 15  WR Write, TTL/CMOS level, input for writing to internal registers. Data is clocked into flip flops on positive edge.
7 16 D7 Data 7, TTL/CMOS level, input to set data bit 7 in data word.
8 17 D6 Data 6, TTL/CMOS level, input to set data bit 6 in data word.
9 19 D5 Data 5, TTL/CMOS level, input to set data bit 5 in data word.
10 20 D4 Data 4, TTL/CMOS level, input to set data bit 4 in data word.
11 21 D3 Data 3, TTL/CMOS level, input to set data bit 3 in data word.
12 23 D2 Data 2, TTL/CMOS level, input to set data bit 2 in data word.
13 24 D1 Data 1, TTL/CMOS level, input to set data bit 1 in data word.
14 25 DO Data 0, TTL/CMOS level, input to set data bit 0 in data word. .
15 27 A0 Address 0, TTL/CMOS level, input to select data transfer, A0 selects between cannel 1 (A0 = LOW) and
channel 2 (A0 = HIGH).
16 28 Al Address 1, TTL/CMOS level, input to select data transfer. A1 selects between normal D/A register program-
ming (A1 = LOW) and decay level register programming (A1 = HIGH).
17 1 [} Chip Select, TTL/CMOS level, input to select chip and activate data transfer from data inputs. LOW level =
chip is selected.
18 2 Vs Voltage Source-Source. Ground pin, 0 V reference for all signals and measurements unless otherwise
noted.
g o
B 1w ~ Q
NG 28 28z 2z
Vret [1] 72] Reset RN E
DA [2] 21] DAz
Signi [3] 20] Signo N/C [5] DO
CD; [4] [i9] CD2 DAz [g] D1
Vpp [5] el Vss Reset [7] 23] D2
WR [g] 7] €S N/C [E] N/C
D7 [ [16] A1 VRet [9] D3
D6 [g] [15] A0 DA [iq] 20 D4
D5 [9] 1] DO N/C [M] [19] D5
D4 [i0 i3] D1
D3 o] 12 D2

Figure 4. Pin configuration.
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DIP PLCC Symbol Description
19 38 CD, Current Decay 2, TTL/CMOS level. The signal is automatically generated when decay level is programmed.
LOW level = fast current decay .
20 4 Sign, Sign 2. TTL/CMOS level. To be connected directly to PBL 3771 sign input. Data bit D7 is transfered non-
inverted from PBM 3960 data input. ’
21 6 DA, Digital-to-Analog 2, voltage output. Output between 0.0 Vand V - 1 LSB.
22 7 Reset Reset, digital input resetting internal registers. HIGH level = Reset, V> 3.5V = HIGH level. Pulled low
internally.
5 Not Connected
8 Not Connected
11 Not Connected
18 Not Connected
22 Not Connected
26 Not Connected

Definition of Terms

Resolution

Resolution is defined as the recipro-
cal of the number of discrete steps in the
DAC output. It is directly related to the
number of switches or bits within the
DAC. For example, PBM 3960 has 27, or
128, output levels and therefor has 7 bits
resolution. Remember that this is not
equal to the number of microsteps
available.

Linearity Error

Linearity error is the maximum
deviation from a straight line passing
through the end points of the DAC
transfer characteristic. It is measured after
adjusting for zero and full scale. Linearity
error is a parameter intrinsic to the device
and cannot be externally adjusted.

Output

More
than 2
bits

Negative
difference

Input

Figure 5. Errors in D/A conversion.
Differential non-linearity of more than 1
bit, output is non-monotonic.

Power Supply Sensitivity

Power supply sensitivity is a measure
of the effect of power supply changes on
the DAC full-scale output.

Settling Time

Full-scale current settling time
requires zero-to-full-scale or full-scale-to-
zero output change. Settling time is the
time required from a code transition until
the DAC output reaches within +'/,LSB of
the final output value.

Full-scale Error

Full-scale error is a measure of the
output error between an ideal DAC and
the actual device output.

Differential Non-linearity

The difference between any two
consecutive codes in the transfer curve

Output

Less
than 2
bits

——J- Positive
——17 difference

Input

from the theoretical 1LSB, is differential
non-linearity

Monotonic

If the output of a DAC increases for
increasing digital input code, then the
DAC is monotonic. A 7-bit DAC which is
monotonic to 7 bits simply means that
increasing digital input codes will produce
an increasing analog output. PBM 3960 is
monotonic to 7 bits.

Functional Description

Each DAC channel contains two
registers, a digital comparator, a flip flop,
and a D/A converter. A block diagram is
shown on the first page. One of the
registers stores the current level, below
which, fast current decay is initiated. The
status of the CD outputs determines a fast
or slow current decay to be used in the
driver.

Output }
-~ | Gain
Actual / &4 error
Rl
.&i' &.'.’
o Correct
K A

1
ol | Endpoint
B non-linearity

15

‘ Full scale

Offset error

Input

Figure 6. Errors in D/A conversion.
Differential non-linearity of less than 1 bit,
output is monotonic.

Figure 7. Errors in D/A conversion. Non-
linearity, gain and offset errors.
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The digital comparator compares
each new value with the previous one and
the value for the preset level for fast
current decay. If the new value is strictly
lower than both of the others, a fast
current decay condition exists. The flip

1, [mA]

I, [MA]

Figure 8a. Assuming that torque is
proportional to the current in resp. winding
it is possible to draw figure 8b.

flop sets the CD output. The CD output is
updated each time a new value is loaded
into the D/A register. The fast current
decay signals are used by the driver
circuit, PBL 3771, to change the current
control scheme of the output stages. This
is to avoid motor current dragging which
occurs at high stepping rates and during
the negative current slopes, as illustrated
in figure 9. Eight different levels for
initiation of fast current decay can be
selected.

The sign outputs generate the phase
shifts, i.e., they reverse the current
direction in the phase windings.

Data Bus Interface

PBM 3960 is designed to be compat-
ible with 8-bit microprocessors such as
the 6800, 6801, 6803, 6808, 6809, 8051,
8085, Z80 and other popular types and
their 16/32 bit counter parts in 8 bit data
mode. The data bus interface consists of
8 data bits, write signal, chip select, and
two address pins. All inputs are TTL-
compatible (except reset). The two
address pins control data transfer to the
four internal D-type registers. Data is

T, [mNm]

Tmax —

Tnom

Tmin

]
\\
N

1\
/‘

N
NI
[N

e
—
;3

T, (mNm]

DA output [V]
i Current dragging
%‘%“%
%
%,
| \
I
I
|
N \_
' "t
A |
>
Time

Figure 8b. An example of accessible
positions with a given torque deviation/
fullstep. Note that 1:st ustep sets highest
resolution. Data points are exaggerated
for illustration purpose. TNom = code 127.

Figure 9. Motor current dragging at high
step rates and current decay influence.
Fast current decay will make it possible
for the current to follow the ideal sine
curve. Output shown without sign shift.

s

Data Transfer

D7 —> Sign1, (D6—D0) —> (Q61—Q01), New value —> CD1

(D6—D4) — (L61—L41)

D7 —> Sign2, (D6—D0) —> (Q62—Q02), New value — CD2

(D6—D4) —> (L62—L42)

-Aoooool
w

x—n—soog

X|=|o|=|o|>

No Transfer

Figure 10. Table showing how data is transfered inside PBM 3960.
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transferred according to figure 10 and on
the positive edge of the write signal.

Current Direction, Sign, & Sign,

These bits are transferred from D,
when writing in the respective DA register.
A, and A, must be set according to the
data transfer table in figure 10.

Current Decay, CD, & CD,

CD, and CD, are two active low
signals (LOW = fast current decay). CD,
is active if the previous value of DA-Datat
is strictly larger than the new value of DA-
Data1 and the value of the level register
LEVEL1 (L, ... L,,) is strictly larger than
the new value of DA-Datal. CD, is
updated every time a new value is loaded
into DA-Data1. The logic definition of CD,
is:

CD, = NOT{[(D, ... D) < (Qq, .- Q,))]

AND[(D, ...D,) < (L --. L]
Where (D, ... D) is the new value being
sent to DA-Datal and (Q,, ... Q,,) is DA-
Datat’s old value. (L, ... L,,) are the
three bits for setting the current decay
level at LEVEL1.

The logic definition of CD, is analog
toCD,:

CD,= NOT{[(D, ... D)) < (Q, ... Q)]

AND[(D, ...D,) < (Lg, ... LI}
Where (L, ... L,,) is the level pro-
grammed in channel 2's level register.
(Dg .- Dy) and (Qy, ... Q,,) are the new
and old values of DA-Data2.

The two level registers, LEVEL1 and
LEVELZ2, consist of three flip flops each
and they are compared against the three
most significant bits of the DA-Data value,
sign bit excluded.

DA, and DA,

These are the two outputs of DAC1
and DAC2. Input to the DACs are internal
data bus (Q, -.- Q,,) and (Q,, ... Q).

Reference Voltage V.,

Vo 18 the analog input for the two
DACs. Special care in layout, gives a very
low voltage drop from pin to resistor. Any
V. between 0.0 V and V; can be
applied, but output might be non-linear
above 3.0 V.

Power-on Reset

This function automatically resets all
internal flip flops at power-on. This results
in V¢ voltage at both DAC outputs and all
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Time when motor is in
a compromise LT R [LTH]
position.
Time when micro ECTO) R R AR R R R AR A R R R

position is correct.

Write
signal.

L

s, e
[ AN—

L

Motor
position.

e

| Sittet
Writing to A
channel 1.

|

Writing to
channel 2.

[

= Double pulse write signal = Actual data = true position

Normal resolution

RS

Ideal data = desired position i

Write time = incorrect position

~ Time
Useful time = correct
position

R

Figure 11. Double pulse programming, in- and output signals.

Time when motor is in
an intermediate
position.

Time when micro
position is almost
correct.

B R

AR

1 1

oy

Motor position. Note H
that position is always [~}
a compromise. irwm

s
-.11.1.1.-.-.1.1\1.1.1§1.1.1.1‘1.1.-l.-.m111\\

\
Writing to -
channel 1. $
Writing to
channel 2.

Em-.-mmw«mm—ai
/ | \ R R R R R R R R R R R R Ry

[

L

s
RN
-

fra—

= Single pulse write signal Actual data = true position
Note increased resolution
"ldeal data" = desired

position

pres o

with equally spaced angles

Useful time = compromise position

Time
Useful time = almost
correct position

R

Figure 12. Single pulse programming, in- and output signals.
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Counter PROM PBL 3771
A0
| WR
TE (&S]
Clock Up/Dn J;‘ f A1 Vref
O
. Voltage
Direction Control Logic Reference

Figure 13. Typical blockdiagram of an application without a microprocessor. Available

as testboard, TB 307i.
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digital outputs.
Reset

If Reset is not used, leave it discon-
nected. Reset can be used to measure
leakage currents from V..

Applications Information

How Many Microsteps?

The number of true microsteps that
can be obtained depends upon many
different variables, such as the number of
data bits in the Digital-to-Analog conver-
ter, errors in the converter, acceptable
torque ripple, single- or double-pulse
programming, the motor’s electrical,
mechanical and magnetic characteristics,
etc. Many limits can be found in the
motor’s ability to perform properly;
overcome friction, repeatability, torque
linearity, etc. It is important to realize that
the number of current levels, 128 (27), is
not the number of steps available. 128 is
the number of current levels (reference
voltage levels) available from each driver
stage. Combining a current level in one

-

Vg (+5V)

To
uP

0—
o—S8 Wr
o——- TS
O—31 RESET
+2.5V O Vet

PBM 3960

o0———— A0

A1

20

Sign 4
CD4

DA,

Signy

cD,

DA,

Phase

cD;

\%

R1

MM

PBL 3771

V
MM2 M,

N

STEPPER

MOTOR

Figure 14. Typical application in a microprocessor based system.
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winding with any of 128 other current
levels in the other winding will make up
128 current levels. So expanding this, it is
possible to get 16,384 (128 « 128)
combinations of different current levels in
the two windings. Remember that these
16,384 micro-positions are not ali useful,
the torque will vary from 100% to 0% and
some of the options will make up the
same position. For instance, if the current
level in one winding is OFF (0%) you can
still vary the current in the other winding in
128 levels. All of these combinations will
give you the same position but a varying
torque.

Typical Application

The microstepper solution can be
used in a system with or without a
microprocessor.

Without a microprocessor, a
counter addresses a ROM where appro-
priate step data is stored. Step and
Direction are the input signals which
represent clock and up / down of counter.
This is the ideal solution for a system
where there is no microprocessor or it is
heavily loaded with other tasks.

With a microprocessor, data is
stored in ROM / RAM area or each step is
successively calculated. PBM 3960 is
connected like any peripheral addressa-
ble device. All parts of stepping can be
tailored for specific damping needs etc.
This is the ideal solution for a system
where there is an available microproces-
sor with extra capacity and low cost is
more essential than simplicity. See

typical application, figure 14.

User Hints

Never disconnect ICs or PC Boards
when power is supplied.

Choose a motor that is rated for the
current you need to establish desired
torque. A high supply voltage will gain
better stepping performance even if the
motor is not rated for the V,,, voltage, the

current regulation in PBL 3771 will take
care of it. A normal stepper motor might
give satisfactory result, but while micros-
tepping, a “microstepping-adapted” motor
is recommended. This type of motor has
smoother motion due to two major
differences, the stator / rotor teeth
relationship is non-equal and the static
torque is lower.

The PBM 3960 can handle programs
which generate microsteps at a desired
resolution as well as quarter stepping, half
stepping, full stepping, and wave drive.

Fast or Slow Current Decay?

There is a difference between static
and dynamic operation of which the actual
application must decide upon when to use
fast or slow current decay. Generally slow
decay is used when stepping at slow
speeds. This will give the benefits of low
current ripple in the drive stage, a precise
and high overall average current, and
normal current increase on the positive
edge of the sine-cosine curves. Fast
current decay is used at higher speeds to
avoid current dragging with lost positions
and incorrect step angles as a result.

Ramping

Every drive system has inertia which
must be considered in the drive system.
The rotor and load inertia play a big role
at higher speeds. Unlike the DC motor,
the stepper motor is a synchronous motor
and does not change its speed due to
load variations. Examining a typical
stepper motor’s torque-versus-speed
curve indicates a sharp torque drop-off for
the “start-stop without error” curve. The
reason for this is that the torque require-
ments increase by the cube of the speed
change. For good motor performance,
controlled acceleration and deceleration
should be considered even though
microstepping will improve overall
performance.

PBM 3960

Programming PBM 3960

There are basically two different
ways of programming the PBM 3960.
They are called “single-pulse program-
ming” and “double-pulse programming.”
Writing to the device can only be accom-
plished by addressing one register at a
time. When taking one step, at least two
registers are normally updated. Accord-
ingly there must be a certain time delay
between writing to the first and the
second register. This programming
necessity gives some special stepping
advantages.

Double-pulse Programming

The normal way is to send two write
pulses to the device, with the correct
addressing in between, keeping the delay
between the pulses as short as possible.
Write signals will look as illustrated in
figure12. The advantages are:

+ low torque ripple

 correct step angles between each set
of double pulses

» short compromise position between
the two step pulses

» normal microstep resolution
Single-pulse Programming

A different approach is to send one
pulse at a time with an equally-spaced
duty cycle. This can easily be accom-
plished and any two adjacent data will
make up a microstep position. Write
signals will look as in figure 13. The
advantages are:
+ higher microstep resolution
« smoother motion
The disadvantages are:
+ higher torque ripple

+ copromise positions with almost-
correct step angles

Ordering Information

Package Temp. Range Part No.
Plastic DIP  0to 70°C PBM3960N
PLCC 0to70°C  PBM3960QN
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Information given in this data sheet is believed to be
accurate and reliable. However no responsibility is
assumed for the consequences of its use nor for any
infringement of patents or other rights of third parties
which may result from its use. No license is granted
by implication or otherwise under any patent or patent
rights of Ericsson Components. These products are
sold only according to Ericsson Components' general
conditions of sale, unless otherwise confirmed in
writing.

Specifications subject to change without
notice.
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Description

PBD 3545/1 is a bipolar universal high-current highly-protected low side driver with
transparent input and 2 A continuous-current sink capability. A high-level input activates
the output.

The driver is equipped with extensive electrical protection, such as overcurrent protection
and thermal protection, which makes the device viritually indestructible.
Furthermore it can detect open circuit and short circuit to ground.

A special feature is the Error indicating output function pin which signals to the host system
if the protection or the load check functions is activated.

Typical loads are solenoids, relays or resistive loads.

The PBD 3545/1 and PBD 3548/1 are complementary drivers and have similar data.

PBD 3545/1
Universal
Sink Driver

Key features

2 A continuous-output current
Short circuit to V¢ protection
Error signal to host system
Open circuit detection

Short circuit to ground detection
Thermal protection

Built-in protection diodes

LS-TTL, CMOS, and supply voltage
compatible input

ESD protected

5-pin TO-220 package, or 28-lead
power PLCC with lead-frame for heat-
sinking through PC board copper.

Supply

PBD /1 1[21 224
5(5] 3545 To logic‘—| Voltage reference I =[<|]/I [ ]1
|nput -E

Output

Thermal
protection

Short-circuit to
Vg protection PWR

Short-circuit to GND
GND detection | [27]] (PLCC only)

Open circuit

Error

detection

[1-8,9,13-17,26,28] | GND

TO-220 5-pin package
28-pin PLCC package

Figure 1. Block Diagram. Pin number in brackets refer to PLCC package.
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Maximum Ratings

Parameter Pin no. Symbol Min Max Unit
Voltage
Supply voltage 1[21] Voo 0 45 \
Logic input voltage 5 (5] Vi -0.3 Ve \
Current
Logic input current 5(5] I -10 mA
Continuous DC Operation output current 2[24] lour 2.0 A
Error output current 417] lerm 10 mA
Temperature
Operating junction temperature (internally limited) B T, +140 °C
Storage temperature T -55 +150 °C
Power Dissipation (Package Data)
Power dissipation at T = 85°C, TO-220 package B Py 11 W
Power dissipation at T = 85°C, PLCC package Py W
ESD
ESD tolerance (Note 2) 2000 Vv
Recommended Operating Conditions
Parameter Symbol Min Typ Max Unit
Supply voltage Voo 4.75 40 Vv
Output current lour 2.0 A
Operating ambient temperature T, -40 +85 °C
Error output current [ 5 8 mA
ON
suppy High
voltage f-- o
lee Qg Input level LOJ 50 %
Supply
PBD 3545/1 I'ow ';»s Vee —— 90%
OMIN 'OL
Il e Output voltage 50 %
Output
10%
. ™ tot
ey ~tpn ™
IL len Fault “
Detector
\—l OFF
High
GND PWR GND
Input level — 50 %
Vsater Vee sat Vee Low
Vee S5
Output voltage 50 %
| | | 1000
- = t’| = tor
<_tplh_’
Figure 2. Definition of SymbO/S. Figure 3. T/mlng djagram, input VS.

output. V. = 24V.
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Electrical Characteristics
At5V <V <40V, -40°C <T <+100°C. Typical values are given at V,, =24 V, T = 25°C.
Ref.
Parameter Symbol fis. Conditions ) Min Typ Max Unit
General
Supply currrent lee 27 0<V, <08 1.5 4 7 mA
Thermal shutdown s +120 +130 +140 °C
Thermal shutdown release ~Ten +110 +120 +130 °C
Logic input
High level input voltage Vi 2 2.0 Ve \
Low level input voltage Vi 2 -0.3 0.8 N
High level input current I 2,9 20<V <V, 9 20 LA
Low level input current [ 2,9 0<V,<0.8 -400 HA
Outputs
Error output saturation voltage Vo, 2,10 I, =5mA 0.2 \
Output saturation voltage Veeoar 211 lgy;=2 A 1.4 1.8 \Y
Output current shutdown los 2514 2.0<V <V . 2.0 3.2 45 A
Output current lowin 2,5 2.0<V <V 0.5 2 8 mA
(not detected as open circuit)
Output leakage current lou 212 0V<V,<0.8V.Output=0V -8 -6 -2 nA
Clamping diode forward voltage 8 l.=2.0A 1.5 1.8 Vv
Timing
Propagation time 3 logr =2 A
Output high to low (50%), ton 15 3.0 us
Output low to high (50%), ton 0.5 1.0 us
Rise time (10 to 90%), t,, 3 0.2 0.5 us
Fall time (90 to 10%), of 3 0.2 0.5 us
Thermal Charateristics
Ref.

Parameter Symbo! fig. Conditions Min Typ Max Unit
Thermal resistance Rth 21 TO-220 package, junction to case 5 °C/W

Rth , 21 TO-220 package, junction to ambient 60 °C/W

Rth ., 20 PLCC package, junction to batwing 10 °C/W

Rth 20,22 PLCC package, note 3. 35 °C/W

J-A

Note 1. Currents are defined positive if flowing into, and negative if flowing out of a terminal. Voltages are defined between

terminal and ground.

Note 2. ESD testing according to Human Body Model (C,,, = 100 pF, R,,, = 1500 Q)
Note 3. All ground pins soldered onto a 20 cm® PCB copper area with free air convection, T, = +25°C.
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Pin Description
TO-220 PLCC  Symbol Description

1 [21] Supply  Supply voltage. Nominally 5 V to 40 V.

2 [24]  Output  Output pin. Current flows from supply g 5 _—————> Input
through the load into the pin. Nominal ) 4 E Error
currentis 8 mAto 2 A. a 3 Ground

I ——
3 [1-3,9, GND Ground supply. Note: for PLCC these BD? .f —— é)::tpt;t
13-17,26,28] pins are used thermally for heat ppRly +
[27] PWR sinking. Make sure that all pins are
GND soldered onto a suitably large copper
ground for efficient heat sinking. g
Power ground pin. In the PLCC aaaoo © a
package, the emitter of the output S %558z 3
transistor including the protection -] _[&] [&]

diode are bonded to a separate pin.

4 [7] Error Error indicating pin. Sinks current to Input [] NC
ground if the protection and/or NG [5] 7 Output
detection circuitry is activated.

Error [7] NC
Note: the current must be externally
limited to 8 mA. nelE  PBD 3545/1QN NC

5 [5] Input TTL compatible input. A LOW input GND [g] Supply
signal turns the output transistor off NC [ig [20] NC
and a HIGH input turns it on. If the NC [i] [ig NC
input is left open it will be detected as
low level.

. N EEEEEE
NC No connection. Pins are not bonded to IZ,J LDJ ‘5‘ E] a L.S' o
[4,6,8,10-12 the chip and may therefore be 5668656 <
18-20,22,23,25]  soldered to any PC board trace for
efficient heat sinking.
Figure 4. Pin descriptions.
Output
Output
voltage PBD 3545/1 vc;ftap;e PBD 3545/1
v Active output A Inactive output
100% Vg
Normal operation
70% V,
Undefined area .
3 Undefined area
5 ;,;; 50% Ve
® £
3 Normal operation “_g
c c
‘g =)
E
\
=Short circuit to GND error::::: "
| | Output 0% Vee
OMIN 0s current
(min 0.5 mA, max 8 mA) (min2 A, max 4.5A)
Figure 5. Error state vs. output voltage and output current, active output Figure 6. Error state vs. output voltage, inactive
2.0V, <V,),5V<V, <40V, -40°C <T,< +100°C. outout (OV<V,<08V),5V<V, <40V,

-40°C < T,< +100°C.
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Typical performance characeristics

PBD 3545/1

lec (MA)
10 ] I |
-40°C < Ty< 100°C
8
6
4 ]
//
2
0
0 10 20 30 40 50
Vec (V)

20 1
Ty=25°C /
1.6

08
04 /
0
0 04 08 12 16 20
Ve (V)

Iy (LA)
20

[ [ |
-40°C < T< 100°C
16

0 05 1.0 15 20 25
Vin(V)

Figure 7. Current consumption vs.

Figure 8. Diode forward voltage drop vs.

supply voltage at0 V<V, < 0.8 V. forward current.
| mA)
err (MA) lout(A)
20 5 T
Ty=25°C T, 25°C
16 4
12 3 / R
L 3
8 / 2 // !
4 1 //
0 0
0 2 4 5 ) 10 0.4 08 12 16 20 2.4
Verr(Y) Vee sat(V)

Figure 10. Error output saturation voltage
vs. error current. V., =24 V.

Figure 11. Output saturation voltage vs.
output current. 5V < V. <40 V.

Figure 9. Input current vs. input voltage.
5V<V  <40V.

oL (nA)
-20

-40°C < T < 100°C

"
/
—]
4
06 0 2 3040 5
0
VCC V)

Figure 12. Output leakage current vs.
supply voltage. 0 V<V, < 0.8 V.
Output =0 V.

Ppis (W)
6
s 7
/
4 4
7
’
’
3 7
2 7
1
-
00— 05 10 15 20 25 3.0
lout(A)

los (A)
5
3 S~
\\
\\

2

1

R 20 _40 80 80 100 120

T, (°C)

Figure 13. Power dissipation vs. output
current.

Figure 14. Output current shut-down vs. chip temperature. 5 V< V<40 V.
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Fun~tional Description

The circuit PBD 3545/1 is a low side
driver capable of driving resistive or
inductive loads not exceeding 2 A.

The driver has an error indicating
function which generates an Error output
signal when a fault condition has oc-
curred.

The circuits PBD 3545/1 and PBD
3548/1 are complementary drivers with
equivalent functions and similar data.
PDB 3545/1 is a sink driver and PBD
3548/1 is a source driver.

Input stage

The output stage is switched on and
off according to the status of the input.
HIGH level activates the output. If the

input is left open, the circuit will accept it
as a LOW level.

Output stage

The output stage contains a power
transistor and two clamping diodes. The
diodes are used for terminating line
transients from inductive loads. If the
driver is inactive and the output is shorted
to GND the driver will leake maximum
8 UA. See figure 12.

Protection circutry

The circuit contains two protection
circuits:
+ Overload and Short circuit protection

* Thermal protection
The overload and short circuit protection

4 IF(ef

5[5]
Input

GND o ¢ ¢
3 [1-3,9,13-
17,26,28]

1[21]
—o Voo

2 [24]
Output

[27] PWR GND
....... O (PLCC only)

————o
[1-3,9,13-
17,26,28]

Figure 15. Input stage.

Figure 16. Output stage.
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will be activated at | = 3.5 A typically at
T = +25°C, see figure 14.

The output will be turned off immedi-
ately and latched to a high-impedance
state after an overload or short circuit has
been detected.

A logic-level change at the input will
reset the internal error latch. If the fault
still is present at turn-on, the circuit will
once again turn the output off.

Due to a slight delay in the circuit, a
high current transient will occur when the
output is shorted to V. This current
transient may reach 8 A during 5 us.
Consequently, switching at high frequen-
cies with a shorted output may destroy
the circuit. If a short circuit condition is
detected, stop switching the input and
remove fault condition.

Thermal protection

The output of PDB 3545/1 is
equipped with a thermal shut-down
function, which limits the junction tem-
perature to typically +130°C. The output
will be turned off until the junction
temperature has decreased to approxi-
mately 120°C.

Error functions

The Error indicating signal occurs on
a separate pin. The complete error table
is shown in figure 17.

The following conditions generate an
error signal:
When the driver is activated and at least
one of the following conditions has

Fault condition Input Output Error How to resume normal operation
LOW=ERROR
HIGH=Normal
Normal 0 LOW 1 OFF 1 HIGH —_
1 HIGH 0 ON 1 HIGH —_—
VoyrShortto GND | 0 LOW 1 OFF 0 LOW Remove fault condition.
1 HIGH 0 ON 0 LOW Remove fault condition.
Vour Shortto V 0 LOW 1 OFF 1 HIGH —
1 HIGH 1 OFF 0 LOW Turn off and on after fault condition is removed.
Open load 0 LOW 1 OFF 1 HIGH —_
1 HIGH 0 ON 0 LOW Attach proper load to output or turn off the driver.
Over temperature | 0 LOW 1 OFF 1 HIGH e
T=130°C 1 HIGH 1 OFF 0 LOW Temperature is reduced to approx 120°C, or turn off the driver.

Figure 17. Error table.
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occurred:

+ thermal overload

* short circuit to GND
+ short circuit to V

» open circuit

An output current less than 8 mA
might be detected as “open circuit”.
Output currents larger than 8 mA and less
than 2 A will definitely not generate an
error. The normal operational area is
shown in figure 5.

Also when the driver is inactivated an
Error indication can occur. That is if the
output is shorted to GND. In figure 6 short
circuit to GND Error state versus output
voltage is shown.

When the Error-detection function is
activated, the Error output is capable of
sinking 8 mA, supporting direct connec-
tion of an LED. The current has to be
externally limited by a series resistor.

Signal diagrams

The signal diagram in figure 18 shows
the input signal and the resulting output
signals for each error mode. For details,
se error table, figure 17.

V,, = Input voltage. Active = HIGH.

Vqur = Output voltage.

lour = Output current from driver.

V¢ qg = Error output voltage. Error = LOW.

Applications Information
Important application areas are:

« Programmable logic control
systems.

»  Security systems.
» Relay control.
» Hydraulic valves.

< Intelligent interfaces between
microprocessors and loads.

* Vehicle control systems.

* Robot techniques.

+ Dashboard information systems.
* Print head drivers.

« High-current stepper motor drivers
with security aspects.

Transient protection

1. Keep V; and GND leads as short as
possible. Use different supplies if possi-
ble.

2. Connect a filter capacitor close to the

PBD 3545/1

VIN mmﬂ_ﬂ_m
v L TUTLI LTI
*
i) ) - - A B
| ||H 1:"::” ||:=
out L L L
Ve T TTTITUTU T[T
>130° <120°
Normal Overload or | Short circuit | Open circuit| Over
operation ! short circuit ! to GND * Undefined' temperature
level
Figure 18. Signal diagram
Supply voltage +45 V max.
+5V 1
0—9
Ri[MR 5 5 ke Vee Load
PBD 35451 togic 2[24]
551 Output
Input
TTL,
LS-TTL,
cMOoS Drovagon
.
Short-circuit to pa—
corlgltfo‘ller Vg protection J 6.8 uF
Short-circuit to PWR GND|
GND i [27]](PLCC only)
Error Open circuit ; N
detection H
; 3
[15?9,13—17,26,28]JGND °

Figure 19. Typical application. Pin numbers refer to TO 220 package.

circuit. Recommended filter capacitor
between V, and GND is 6.8 uF, of
tantalum type. A ceramic capacitor in
parallel will improve high frequency
decoupling. Typical values range from
0.002 uF to 0.1 pF. In an application
having a highly stable supply and short
power leads to the driver a low leakage
electrolytic type can be used, which is
less expensive.

3. Connect Input and Error via pull-up
resistors to the appropriate logic supply
level or V. to obtain highest noise
immunity. Se figure 19. The resistor R,

limits the current into the Error indicating
pin. This current must not exeed 8 mA. R,
is a pull-up resistor which improves noise
immunity at the Input. Pull-up current
should not exeed the sinking capacity of
the controlling device output.

4. If several supply voltages are to be
used, prefere a supply having separate
ground leads. In this case the logic
ground and the power ground should be
connected together at only one point, the
ground pin of the driver.
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Maximum allowable power dissipation [W] Maximum allowable power dissipation [W]
PLCC Package TO 220 Package

6 6 ;

\
5 5 +
\ \ b v

) " c

2 N
\\

N
‘..‘\ 1 N ..',‘ \
< S . G
'r\ . . 4‘,\

20 40 60 80 100 120 140 -40 20 0 20 40 60 80 100 120 140
Temperature [°C] Temperature [°C]
a. Ambient temperature. Rth |, =35°C/W.

0
-40 20 0

a. Ambient temperature. No heatsink. Rth , =60°C/W.

b. Batwing pin temperature. Rth ,c =10°C/W. b. Mounted on heatsink. Rth,,, =20°C/W @ 4W.
All ground pins soldered onto a 20 cm? PCB copper

. > 0 c. Case temperature. Rth | =5°C/W.
area with free air convection.

Figure 20. Maximum allowable power
dissipation. PLCC package.

Figure 21. Maximum allowable power
dissipation. TO 220 package.

w Thermal resistance [°C/W]

o LN

~
—
—
30
20
5 10 15 20 25 30 35
PCB copper foil area [cm?]

———PLCC package

Figure 22. Typical thermal resistance vs. PC board copper area and suggested layout.
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Switch mode applications

The internal diodes are normally
sufficient for clamping of transients
caused by inductive load turn off. External
diodes may be necessary in PWM/switch
mode applications, and when the termi-
nals are externally accessible and thereby
exposed to an electrically noisy environ-
ment. Recommended diodes are BYV27/
100, BYV98/100, UF4001 or similar types
withat <100nsandl.>1A.

Error indication signal

When the circuit is switched on/off, a
short pulse (t. <10 pS for resistive loads)
is generated at the Error output. This is a
correct detection of an incorrect level
during the rise and fall times of the output
voltage. Consequently the Error output
should not be detected when switching on
and off. An alternative is to low-pass filter
at the Error output at around 100 kHz.

Heat sinking

PBD 3545/1N is packaged in a 5-pin
TO 220 power package. The circuit GND
is connected to the heat sink tab. External
heatsinking is achieved by mounting the
package to a heat sink.

The circuit is also avaible in a 28 pin
power PLCC package. In the PLCC
package the circuit ground is connected
to the lead frame batwing. External
heatsinking is achieved by soldering the
ground leads onto a copper ground plane.
Note: The power ground pin (PWR GND)
should also be connected to the ground
plane.

Maximum continuous output current
is heavily dependant on the heatsinking
applied and ambient temperature. Consult
figures 13, 20, 21 and 22 to determine the
maximum output current under varying
conditions.

Ordering Information

Package Temp. range Part No.
TO-220  -40to +85°C PBD 3545/1N
PLCC -40 to +85°C PBD 3545/1QN
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PBD 3548/1

Universal Source Driver

Description

PBD 3548/1 is a bipolar universal high-current highly-protected high side driver with
transparent input and 2 A continuous-current source capability. A low-level input
activates the output.

The driver is equipped with extensive electrical protection, such as overcurrent
protection and thermal protection, which makes the device viritually indestructible.
Furthermore it can detect open circuit and short circuit to V..

A special feature is the Error indicating output function pin which signals to the host
system if the protection or the load check functions is activated.

Typical loads are solenoids, relays or resistive loads.

The PBD 3548/1 and PBD 3545/1 are complementary drivers and have similar data.

Key features

« 2 A continuous-output current

« Short circuit to ground protection
« Error signal to host system

« Open circuit detection

+ Short circuit to V¢ detection

» Thermal protection

+ Built-in protection diodes

+ LS-TTL, CMOS, and supply voltage
compatible input

« ESD protected

» 5-pin TO-220 package, or 28-lead

power PLCC with lead-frame for heat-
sinking through PC board copper.

| PBD 3548/1  To logic 4 %
<-—{ Voltage reference |- V,
Input [2 ‘,—D“ 1] ‘¢c
7]

]

Thermal
protection

Short-circuit to
GND protection

w2l Output

Short-circuit to

1101 Ve detection

Error

Bl
LB

Open circuit
detection

3fGND
[1-3,9,14-17]

TO-220 5-pin package
28-pin PLCC package

Figure 1. Block Diagram. Pin number in brackets refer to PLCC package.
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Parameter mor:er:()).‘ Symbol Min Unit
Voltage
Supply voltage 1[21] Veo 0 45 \
Logic input voltage 51[5] V. -0.3 \Y \
Current
Logic input current 51[5] I -10 mA
Continuous DC Operation output current 2[24] lout -2 A
Error output current 4(7] I, mA
Temperature
Operating junction temperature (internally limited) T, +140 °C
Storage temperature Teu -55 +150 °C
Power Dissipation (Package Data)
Power dissipation at T, = 85°C, TO-220 package Py w
Power dissipation at T, . = 85°C, PLCC package Py w
ESD
ESD tolerance (Note 2) 2000 \'
Recommended Operating Conditions
Parameter Symbol Min Typ Unit
Supply voltage Vee 4.75 40 \Y
Output current lout -2 A
Operating ambient temperature T pmo -40 °C
Error output current I 5 mA
Supply
| voltage ON
ce High
Supply/[ Input II::/;I S 50 %
PBD 3548/1 v —
'In Ik IIL Ve sat Voo e —f—— 90%
v Input Output voltage 50 %
Vln ___L__/ 10 %
IH f-—
lou | - tof
] o =
P etector " OFF
Error| Output High
:::C1 Input I:_a::l jF 50 %
\Y GND EOE,
Sat Err vcc " w0
Output voltage —3 50 %
10%
\ \ ™ tor
*—— ™ tpfr

.||-<r

Figure 2. Definition of symbols.
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Figure 3. Timing diagram, input vs.

output. V,, = 24V.
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PBD 3548/1
Electrical Characteristics
At5V <V, <40V, -40°C < T <+100°C. Typical values are given at V,, =24 V, T = 25°C.
Ref.
Parameter Symbol iige. Conditions Min Typ Max Unit
General
Supply currrent lec 27 20V sV . 1.5 4 7 mA
Thermal shutdown T +120 +130 +140 °C
Thermal shutdown release Tien +110 +120 +130 °C
Logic input -
High level input voltage Vi 2 2.0 Veo \
Low level input voltage vV, 2 -0.3 0.8 \
High level input current Iy 2,9 20V <V 20 LA
Low level input current " 2,9 0<V, <08 -400 -4 pA
Outputs
Error output saturation voltage V. o,y 210 I, =5mA 0.2 1 \
Output saturation voltage Veeoar 211 g, =2 A 1.9 2.4 \
Output current shutdown los 2514 0<V <08V -5.0 -3.5 -2.0 A
Output current Lo 2,5 0<V, <08V -8 -3 -1 mA
(not detected as open circuit)
Output leakage current lo, 212  2.0=<V, <V, Output=V -2 -6 -8 HA
Clamping diode forward voltage 8 l-=20A 1.5 1.8 Vv
Timing
Propagation time 3 losr=-2A
Output low to high (50%), [ 0.6 1.0 us
Output high to low (50%), o 0.5 1.0 us
Rise time (10 to 90%), t, 3 0.6 1.0 us
Fall time (90 to 10%), t 3 0.2 0.4 us
Thermal Charateristics
Ref

Parameter Symbol fi;. Conditions Min Typ Max Unit
Thermal resistance Rth . 21 T0O-220 package, junction to case 5 °C/W

Rth,, 21 TO-220 package, junction to ambient 60 °C/W

Rth ., 20 PLCC package, junction to batwing 10 °C/W

Rth 20,22 PLCC package. Note 3. 35 °C/W

J-A

Notes: 1. Currents are defined positive if flowing into, and negative if flowing out of a terminal. Voltages are defined between

terminal and ground.
2. ESD testing according to Human Body Model (G4, =100 pF, R, = 1500 Q)

3. All gound pins soldered onto a 20 cm? PCB copper area with free air convection, T, = + 25°C.
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Pin Description
TO-220 PLCC Symbol Description

1 [5] Error Error indicating pin. Sinks current to = 5 [ Output
ground if the protection and/or detec- 3 4 T———— suppl
tion circuitry is activated. 3 3 G ):j
Note: the current must be externally ] ——————— Groun
limited to 8 mA. % 2 ::) Input

L . & e1[ —————> Eror

2 [71 Input TTL compatible input. A HIGH input
signal turns the output transistor off
and a LOW input turns it on. If the input
is left open it will be detected as high
level. 6 o6 o o

3 [1-3,9 GND Ground supply. Note: for PLCC these 5535852 °¢

13-17, 28] pins are used thermally for heat

sinking. Make sure that all pins are
soldered onto a suitably large copper

ground for efficient heat sinking. Error [5] NC
4 [10]  Supply Supply voltage. Nominally 5V to 40 V. NC [g] NC
5 [12]  Output Output pin. Current flows out from this input [7] NC

pin through the load to GND. Nominal

current is 8 mA to 2 A. neldl  PBD 3548/1QN NC

NC No connection. Pins are not bonded to GND [g] NC
[4,6,8,11, the chip and may therefore be soldered Supply [ NC
18-27] to any PC board trace for

efficient heat sinking. NC [i] NC
N
= = EE
5 00 0 Q0 a0
Qa 2 Z2 2 Z2 Z Z
8 [CENGCENGERGING]

Figure 4. Pin descriptions.

PBD 3548/1 Active Output Output Voltage PBD 3548/1
Inactive Output

Output Voltage 100% Ve

Short Circuit t Vo Error

Short Circuit t Voo Error

Normal
Operation

=
=
- 3
3 g

g o 50% V¢
g E
£ o
Vec - 3.0 VER =
8 {5}

T 30% Vee
%

Normal Operation
Voc - 45V oG Output
: Overload or Short Circuit to GND Error Cur?ent
loMin los
(min 2 mA, max 8 mA) (min 2 A, max 4.5 A)
Figure 5. Error state vs. output voltage and output current, active output Figure 6. Error state vs. output voltage,
OV V,,<0.8V,5V <V, <40V and -40°C <+T,>+100°C) inactive output
ovsVv, <V, ,,5V<V, <40Vand-
40°C <T,<+100°C).
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Typical performance characeristics

PBD 3548/1

lec (MA)
10 I 1 T
-40°C < Ty< 100°C
8
6
4 ]
=
//
2
06 76 20 30 40 50
Vee (V)

2.0 | ‘r
Ty=25°C /

0.8

.

0 0.4 0.8 1.2 1.6 2.0
Ve (V)

I (1A)
4 | | [
-40°C < T,< 100°C

Figure 7. Current consumption vs.
supply voltage at2 V<V, <V V.

Figure 8. Diode forward voltage drop vs.
forward current.

Figure 9. Input current vs. input voltage.
5V<V, <40V

len (mA)
25

20 "]

Vere (V)

lout (A)
5 n
T, =25°C
4
4
3 /
/
//
’ /
1 //
ol A

1.0 1.4 1.8 2.2 2.6 2.4
Voe sat (V)

loL(mA)
50 I I I
0°C < T< 100°C
40
—
/
30—
" -40°C < T,<0°C
L
"
//
10
0g 702030 a0
50
Voo (V)

Figure 10. Error output saturation voltage
vs. error current. V. =24 V.

Figure 11. Output saturation voltage vs.
output current. 5V < V,, <40 V.

Figure 12. Output leakage current vs.
supply voltage. 2.0 V<V, < V.
Output = V.

Ppis (W)
6 /!
/
5 #
y
4 /
3 ‘/

0 0.5 1.0 5 2.0 25 3.0

T,
lout (A)

los (A)

5

—

* \\\

2 —

1

Sp—=0 0 2040 0 00 120

T (°C)

Figure 13. Power dissipation vs. output
current.

Figure 14. Output current shut-down vs. chip temperature. 5 V<V <40 V.
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Functional Description

The circuit PBD 3548/1 is a high side
driver capable of driving resistive or
inductive loads not exceeding 2 A.

The driver has an error indicating
function which generates an Error output
signal when a fault condition has oc-
curred.

The circuits PBD 3548/1 and PBD
3545/1 are complementary drivers with
equivalent functions and similar data.
PBD 3548/1 is a source driver and PDB
3545/1 is a sink driver.

Input stage

The output stage is switched on and
off according to the status of the input.
LOW level activates the output. If the
input is left open, the circuit will accept it
as a HIGH level.

Output stage

The output stage contains a power
transistor and two clamping diodes. The
diodes are used for terminating line

transients from inductive loads. If the
driver is inactive and the output is shorted
to V, the driver will leak a maximum of
40 mA. See figure 12.

Protection circuitry

The circuit contains two protection
circuits:

» Overload and Short circuit protection
» Thermal protection

The overload and short circuit
protection will be activated at || = 3.5 A
typically at T = +25°C, see figure 14.

The output will be turned off immedi-
ately and latched to a high-impedance
state after an overload or short circuit has
been detected.

A logic-level change at the input will
reset the internal error latch. If the fault
still is present at turn-on, the circuit will
once again turn the output off.

Due to a slight delay in the circuit, a
high current transient will occur when the
output is shorted to GND. This current
transient may reach 8 A during 5 ps.

‘ I Ref

2[7]
Input

3[1-3,9,12-17]
GND *~

Supply
- 4110]
AN
Output
5[12]
VAN
- | SGND
3[1-3,9,13-17]

Figure 15. Input stage.

Figure 16. Output stage.
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Consequently, switching at high frequen-
cies with a shorted output may destroy
the circuit. If a short circuit condition is
detected, stop switching the input and
remove fault condition.

Thermal protection

The output of PDB 3548/1 is
equipped with a thermal shut-down
function, which limits the junction tem-
perature to typically +130°C. The output
will be turned off until the junction
temperature has decreased to approxi-
mately 120°C.

Error functions

The Error indicating signal occurs on
a separate pin. The complete error table
is shown in figure 17.

The following conditions generate an
error signal:

When the driver is activated and at
least one of the following conditions has
occurred:

+ thermal overload
» short circuit to GND

+ short circuitto V
« open circuit

An output current less than 8 mA
might be detected as “open circuit”.
Output currents larger than 8 mA and less
than 2 A will definitely not generate an
error. The normal operational area is
shown in figure 5.

Also when the driver is inactivated an
Error indication can occur. That is if the
output is shorted to V.. In figure 6 short
circuit to V. Error state versus output
voltage is shown.

Fault condition Input Output Error How to resume normal operation
LOW=ERROR
HIGH=Normal
Normal 0 LOW 1 ON 1 HIGH e
1 HIGH 0 OFF 1 HIGH e
Vour Shortto Vi 0 LOW 1 ON 0 LOW Remove fault condition.
1 HIGH 0 OFF 0 LOW Remove fault condition.
Vo Shortto GND | 0 LOW 0 OFF 0 LOwW Turn off and on after fault condition is removed.
1 HIGH 0 OFF 1 HIGH —_
Open load 0 LOW 1 ON 0 LOW Attach proper load to output or turn off the driver.
1 HIGH 0 OFF 1 HIGH —_
Over temperature | 0 LOW 0 OFF 0 LOW Temperature is reduced to approx 120°C, or turn off the driver.
T,=130°C 1 HIGH 0 OFF 1 HIGH e

Figure 17. Error table.
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When the Error-detection function is
activated, the Error output is capable of
sinking 8 mA, supporting direct connec-
tion of an LED. The current has to be
externally limited by a series resistor.

vo LI

In
VOut
I

Signal diagrams

e
-

The signal diagram in figure 18
shows the input signal and the resulting

output signals for each error mode. For - -1
details, se error table, figure 17. out l | | |

V,, = Input voltage. Active = LOW.
Vo = Output voltage.

LI
TUI

R
-

VErr

1., = Output current from driver.

Out
>130° <120°
V., = Error output voltage. Error = LOW. -

Normal Overload or| Short circuit| Open circuit| Over
operation | short circuit | to V.- temperature
Applications Information to GND
Important application areas are: Figure 18. Signal diagram
« Programmable logic control systems.
+ Security systems. LoV,
« Relay control. Ry gho Supply voltage
+ Hydraulic valves. 12 PBD 35481 _ To100_[Yiiags rafrence | o) +45Vmax.
' ; . —o— 0]
« Intelligent interfaces between micro- Input| 7! g Vee
processors and loads. ) Lg-%"L e

+  Vehicle control systems. cMOS' 4 Tesur
* Robot techniques. - upP, Short-circuit to
- Dashboard information system controller St i

e : i
+ Print head drivers. Eror|’ Voo detection i Load

. . . Open circuit
« High-current stepper motor drivers with detection T
security aspects. BT o5 o

Transient protection 4

1. Keep V,, and GND leads as short as
possible. Use different supplies if
possible.

Figure 19. Typical application. Pin numbers refer to TO 220 package.

ing pin. This current must not exceed 8
mA. R, is a pull-up resistor which
improves noise immunity at the Input.
Pull-up current should not exceed the
sinking capacity of the controlling
device output.

mode applications, and when the termi-
nals are externally accessible and thereby
exposed to an electrically noisy environ-
ment. Recommended diodes are BYV27/
100, BYV98/100, UF4001 or similar types
withat <100nsandl.>1A.

2. Connect a filter capacitor close to the
circuit. Recommended filter capacitor
between V. and GND is 6.8 uF, of
tantalum type. A ceramic capacitor in
parailel will improve high frequency
decoupling. Typical values range from

0.002 pF to 0.1 pF. In an application
having a highly stable supply and
short power leads to the driver a low
leakage electrolytic type can be used,
which is less expensive.

. Connect Input and Error via pull-up
resistors to the appropriate logic supply
level or V to obtain highest noise
immunity. Se figure 19. The resistor R,
limits the current into the Error indicat-

4. If several supply voltages are to be
used, prefer a supply having separate
ground leads. In this case the logic
ground and the power ground should
be connected together at only one
point, the ground pin of the driver.

Switch mode applications

The internal diodes are normally
sufficient for clamping of transients
caused by inductive load turn off. External
diodes may be necessary in PWM/switch

Error indication signal

When the circuit is switched on/off, a
short pulse (t., <10 uS for resistive loads)
is generated at the Error output. This is a
correct detection of an incorrect level
during the rise and fall times of the output
voltage. Consequently the Error output
should not be detected when switching on
and off. An alternative is to low-pass filter
at the Error output at around 100 kHz.
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Maximum allowable power dissipation [W]

PLCC Package
6

NN
, S8\

~
‘
\\

0

-40 20 0 20 40 60 80 100 120 140
Temperature [°C]

a. Ambient temperature. Rth |, =35°C/W.

b. Batwing pin temperature. Rth ,, =10°C/W.

Allground pins soldered onto a 20 cm? PCB copper
area with free air convection.

Maximum allowable power dissipation [W]
TO 220 Package
6

5 o

\ .

~
1
S
0
-40 20 0 20 40 60 80 100 120 140
Temperature [°C]
a. Ambient temperature. No heatsink. Rth, =60°C/W.

b. Mounted on heatsink. Rth,, =20°C/W @ 4W.

c. Case temperature. Rth  ,=5°C/W.

Figure 20. Maximum allowable power
dissipation. PLCC package.

Figure 21. Maximum allowable power
dissipation. TO 220 package.

” Thermal resistance [°C/W]

70

60

50

40

\\\_
30
20
5 10 15 20 25 30 35
PCB copper foil area [cm?]

——PLCC package

Figure 22. Typical thermal resistance vs. PC board copper area and suggested layout.
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Heat sinking

PBD 3548/1N is packaged in a 5-pin
TO 220 power package. The circuit GND
is connected 1o the heat sink tab. External |
heatsinking is achieved by mounting the
package to a heat sink.

The circuit is also available in a 28
pin power PLCC package. In the PLCC :
package the circuit ground is connected |
to the lead frame batwing. External
heatsinking is achieved by soldering the
ground leads onto a copper ground plane.
Note: The power ground pin (PWR GND)
should also be connected to the ground
plane.

Maximum continuous output current
is heavily dependent on the heatsinking
applied and ambient temperature. Consult
figures 13, 20, 21 and 22 to determine the
maximum output current under varying
conditions.

Ordering Information

Package Temp. range Part No.
TO-220 -40to +85°C  PBD 3548/1N
PLCC -40 to +85°C PBD 3548/1QN
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PBM 3961
DC Brushless

Motor Controller

Description

PBM 3961 is a C-MOS control circuit for constant speed applications. The IC and a
minimum number of external components provide all necessary functions to start,
drive, control and break a three phase, four pole DC Brushless motor. Closed-loop Pl
(proportional-integrating) control implemented with digital-only signal processing makes
the circuit insensitive to component tolerances and aging. No external resistors/
capacitors are required what so ever to stabilize the control-loop. The circuit, which
connects to external power MOS-transistors, uses PWM (pulse-width modulation)
techniques to control the motor speed, thus minimizing power losses and heat-sinking
requirements. A level-sensitive disable input with hysteresis, can be used for current-
limiting during start up. A special feature is a correct-speed signal, signalling when the
actual motor speed is within £0.7% of the correct value. The circuit is packaged in 16
pin plastic DIP or SO 16 package.

Key Features

.

Current limitation
Lock-at-speed indication
Direction control

Digital filters - requires no external
compensation components

Direct interface to Hall sensors
(TTL level)

16 pin plastic DIP-package or SO 16

Vi
ControllerL
of
Voo
Clock Clock PWM/
H1
Disable
VSS |
H2 3
o Angle 120° =1
i ] 1D ‘
DIR y

Figure 1. Block diagram.

16-pin plastic DIP
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Maximum Ratings

Parameter Pin no. Symbol Min Max Unit
Voltage

Motor supply 15 Viu 0 14 \Y

Logic supply 16 Voo 0 6 \Y

Logic inputs 1-5,7 \Z -0.3 V,+#0.3 V
Current

Logic inputs 1-5,7 | -0.5 +0.5 mA rms
Temperature

Storage temperature T, -55 150 °C
Ambient operating temperature T 0 70 °C

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Motor supply voltage Vi Voo 12 \Y
Logic supply voltage (/. 4.75 5.0 5.25 \
Ambient temperature T 0 25 70 °C
System clock frequency fo 2 8 MHz

Electrical Characteristics

Electrical characteristics over recommended operating conditions, V,,,,= 12 V.

Ref.
Parameter Symbol fig. Conditions Min Typ Max Unit
Logic inputs
Logic high Vi, Valid for H1, H2, H3, Clock, Dir 1.8 2.0 \
Logic high Disable Vio 1.2 1.5 \
Logic low vV, Valid for H1, H2, H3, Clock, Dir 0.8 1.0 \'
Logic low Disable Vio 0.8 1.0 \%
Input DC-current | Vee < V<V, valid for Clock, Dis. -1 1 uA
Input DC-current I V,=1.5V, valid for H1, H2, H3, Dir. -750 -150 uA
Input capacitance ! 5 pF
Outputs
Output current Low, Lock lou Vo=04V 4 16 mA
Output current High, Lock lou V,=24V -20 -8 mA
Output current Low, Out1-6 lout Vou=1.0V 20 50 mA
Output current High, Out1-6 lou Vo=11.0V -30 -12 mA
Timing Characteristics
Clock period time, ty 2a 125 250 1000 ns
Clock High time, t 2a 60 ns
Clock Low time, ty 2a 60 ns
Clock transition time, ty 2a 20 ns
PWM period, tw 2b 128+t
Propagation delay, tyw 3@ H1-3to Out=90% of final value, 200 500 ns
C.=1nF.
Propagation delay, tye  3b Disable or Dir to Out=90% of final value, 200 500 ns
3¢ C,.=1nF.
Disable time when Dir toggles  t, 3b 64-tL 128°tgz ns
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Figure 2. Timing diagram

Figure 3. Timing diagram.
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Pin Descriptions

Refer to figure 6 (16-pin dual-in-line package)

Pin Symbol Description

1 H1 Hall element 1

2 H2 Hall element 2

3 H3 Hall element 3

4 Dir Controls the direction of the motor. Can also be used for braking together with the disable input.
5 Disable A high level turns the drive stage into a high impedance mode (tri-state).

6 Lock Indicates that the motor runs at correct speed 3600 rpm (60 Hz) +0.7 % at a reference frequency of 4 MHz.
7 Clock Reference frequency for the control loop (4 MHz).

8 Ves Ground supply - 0 Volt

9 Out 6 Controls an external n channel transistor - Winding 3.

10 Outb Controls an external n channel transistor - Winding 2.

1 Out 4 Controls an external n channel transistor - Winding 1.

12 Out3 Controls an external p channel transistor - Winding 3.

13 Out2 Controls an external p channel transistor - Winding 2.

14 Out1t Controls an external p channel transistor - Winding 1.

15 Vi Motor voltage - normally the same voltage as applied to the motor.

16V, Logic supply voltage

The inputs H1, H2, H3 and Dir have internal pull-up transistors.

The circuit has a metal mask choice ANGLE in the communication logic. It is possible to choose between:
1. A motor with hall elements placed with 120 degrees electrical angle.

2. A motor with hall elements placed with 60 degrees electrical angle.

The choice in this version is 120 degrees.

H1 [] ~ 6] Vo
H2 [2] 1] Vimm
H3 [3] 14] Out1
Dir [4] [13] Out2
Disabie [5] [12] Out3
Lock [6] 1] Out4
Clock [7] [10] Out5
Vss [8] 9] Out6

Figure 4. Pin configuration.
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Functional Description

The circuit PBM 3961 is a complete
control system for constant speed motor
applications. The circuit handles commu-
tation, pulse width modulation and speed
regulation of a 4-pole, 3-phase DC
Brushless motor running at constant
speed.

The IC requires six external MOS
transistors and an external clock refer-
ence. The IC is optimized for a 3600 rpm
disc drive motor using a 4 MHz reference
clock. Best performance will be achieved
between 1800 and 7200 rpm depending
on motor load and V,,, voltage. The
external MOS transistors are controlled by
pulse width modulation.

This is done by measuring the
frequency at one of the three hall ele-
ments inside the motor. This signal is fed
into the circuit which will control the duty
cycle of the pulse width modulated signals
to the drive stage. The duty cycle regula-
tes the speed of the motor to the correct
value.

The correct motor speed is the clock
frequency divided by 66688, if the motor
is a 4-pole, 3-phase, Y or delta wound DC
Brushless motor. The speed will be
approximately 60 r.p.s if a 4 MHz Clock
frequency is used. (When the motor runs
at 60 r.p.s. the frequency of the hall
element input H1 will be 120 Hz for a
4-pole motor.)

The disable input is used to limit the
start-up current. A current sensing resistor
will be needed to accomplish this, see
typical application.

Inputs

The logic inputs H1, H2, H3, Disable,
Dir and Clock forms the basic data for the
output logic. H1, H2 and H3 are the
signals from the hall elements inside the
motor. These signals contains the
information about the position of the rotor
and are fed to three EXOR gates. If Dir is
low (forward) the outputs of the EXOR-
gates will follow the H signals. If Dir is set
high the outputs of the gates will be the
inverted H signals which will lead to
reverse commutation. The input logic also
contains a delay function to avoid the
output to cross-conduct while the direction
of the motor is changed. As Dir changes
state the drive stage is in tristate for
between 64 and 128 clock cycles (16-32
us when 4 MHz at Clock).

W T L X

PBM 3961
ois [ bis [
DIR X DIR ><

W T T X

Figure 5. Voltage and current waveforms.

Disable

Conditions

as below Dir H1 H2 H3 Outt  Out2 Out3 Out4 Outs5 Outé
HIGH X X X X 1 1 1 0 0 0
LOW 0 0 0 0 1 1 1 0 0 0
LOW 0 0 0 1 1 0 1 P 0 0
LOW 0 0 1 0 1 1 0 0 P 0
LOW 0 0 1 1 1 1 0 P 0 0
LOW 0 1 0 0 0 1 1 0 0 P
LOW 0 1 0 1 1 0 1 0 0 P
LOW 0 1 1 0 0 1 1 0 P 0
LOW 0 1 1 1 1 1 1 0 0 0
LOW 1 0 0 0 1 1 1 0 0 0
LOW 1 0 0 1 0 1 1 0 P 0
LOW 1 0 1 0 1 0 1 0 0 P
LOW 1 0 1 1 0 1 1 0 0 P
LOW 1 1 0 0 1 1 0 P 0 0
LOW 1 1 0 1 1 1 0 0 P 0
LOW 1 1 1 0 1 0 1 P 0 0
LOW 1 1 1 1 1 1 1 0 0 0

X =1 or 0; P = Pulse width modulated signal.

There are two different ways to turn the external drive stage into tristate mode:

1. The voltage level at the Disable pin exceeds V,

IHD

2. The voltage level at the V,,,, input is below typically V /2

Table 1. Commutation.
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Figure 6. Typical application, T1 — T6 are P and N channel power MOS FETs.

Information given in this data sheet is believed to be
accurate and reliable. However no responsibility is
assumed for the consequences of its use nor for any
infringement of patents or other rights of third parties
which may result from its use. No license is granted
by implication or otherwise under any patent or patent
rights of Ericsson Components. These products are

sold only according to Ericsson Components' general

conditions of sale, unless otherwise confirmed in
writing.

Specifications subject to change without
notice.
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Controller

H1 is fed to the controller and
indicates the actual speed of the motor.
The controller will compare the frequency
of the H1 signal with the clock reference.

If the motor runs at the correct speed
+0.7% the output lock is set high. H1
signal is filtered internally to avoid that a
single false speed value turns lock low.
The frequency of the pulse width modu-
lated signal is the clock frequency divided
by 128.

Outputs

The logic in front of the outputs Out1-
Out6 are for comutation e. i. decides in
which of the motor windings current
should flow, and in what direction.
Commutation is performed according to
table 1.

During normal operation the
N-channel transistors in the external drive
stage are pulse width modulated, since
they are usually faster than the p-channel
devices. The current is slowly decreased
via a diode and a conducting p-channel
device. This drive method ensures that
there is only a small current ripple.

When disable is high, energy is fed
back from the motor to the power supply
via two diodes. This makes the current
decay fast.

Ordering Information
Package Temp. Range

Plastic DIP  0to 70°C

Part No.
PBM3961N
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5-lead TO-220

millimeters inches
dim. min. max. min. max.
353 391  0.139 0.154
9.66 10.66  0.380 0.420
355 4.80  0.140 0.189
1.05 1.39  0.041 0.055
2.04 292  0.080 0.155
0.38 0.50  0.015 0.020
2,54 305  0.100 0.120

3.00 0.118
1.50 1.90  0.059 0.075
12,50 14.50  0.492 0.571
1432 15.52 0564 0.611
0.81 0.95  0.032 0.037
5.85 685  0.230 0.270

ZE RS T 0T E IO >

16-lead small outline package
millimeters inches

dim. min. max. min. max.

235 2.65 0.093 0.104

0.33 0.51  0.013 0.020

0.23 0.32  0.009 0.012

1.27 typical 0.050 typical
7.40 7.60 0.291 0.299
10.00 10.65 0.394 0.419
040 1.27 0.016 0.050
10.10 10.50 0.397  0.460
0.66 0.026
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16-pin dual in-line package

millimeters
min. max.

0.39
0.13
0.36 056
2.54 typical

=
3

5.33

293 4.06
7.62 8.25
0.20 0.38
18.93 21.33
6.10 7.11
293 495
10.92

1.15 1.77

T & = o g o w >

zﬁw‘—:»—q

inches

min.

0.015
0.005
0.014

max.

0.022

0.100 typical

0.115
0.300
0.008
0.745
0.240
0.115

0.045

0.210
0.160
0.325
0.015
0.840
0.280
0.195
0.430
0.070
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22-pin dual in-line package

millimeters
min. max.

0.39

0.13
0.36 0.56
2.54 typical
5.33
293 4.06
9.91 10.79
0.20 0.38
26.67 28.44
839 9.65
3.18 4.95
12.70
0.77 1.77
0.56 1.17

1=
3

Z z ORS = T Q" EH g OB >
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inches
min. max.

0.015
0.005
0.014 0.022
0.100 typical
0.210
0.115 0.160
0.390 0.425
0.008 0.015
1.050 1.120
0.330 0.380
0.125 0.195
0.500
0.030 0.070
0.022  0.046
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24-pin dual in-line package

millimeters
dim. min. max.

A 0.39

B 0.13

C 036 0.56
D 2.54 typical
E 5.33
F 293 4.06
G 7.62  8.25
H 0.20 0.38
! 28.60 32.30
J 610 7.11
K 293 495
L 10.92
M 1.15  1.77

inches

min.

0.015
0.005
0.014

max.

0.022

0.100 typical

0.115
0.300
0.008
1.125
0.240
0.115

0.045

0.210
0.160
0.325
0.015
1.275
0.280
0.195
0.430
0.070

L o ory oy oy oy o pry gy oy oy o

L ™ ™ |

4-5



28-lead PLCC package
millimeters inches

dim. min. max. min. max.

A 1232 1257 0485 0.495

B 1143 11.58 0450 0.456 °

C 0.66 0.81  0.026 0.032

D 229 3.04  0.090 0.120

E

F

G

I

J

9.91 10.92 0.390 0.430
420 457 0.165 0.180
1.27 typical ~ 0.050 typical

o T e O e T e T e N s O e |

0.51 0.020
0.33 053 0.013 0.027

| S N U [ NN [ NN Ry NN R SN Ry |
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Industrial Circuits Application Note

Transient protection for the pBp 3545,/1 and PBD 3548/1

The PBD 3545/1 and PBD 3548/1
general purpose drivers are equipped with a
very fast short circuit protection circuitry
for reliable SOA (Safe Operating Area)
protection of the Darlington output transi-
stor. 1t is a thyristor-like structure which
gives a fast latching turn off of the output
transistor. A short circuit at the output
creates not only a cuvrent spike, but also a
voltage transient. This voltage transient
activates the fast short circuit protection.
The short circuit provection conld also be
activated by a voltage transient that is not
caused by a short circuit. Strong transients
at the V., Output or GND terminals may
trigger the short circuit protection. There-
fore, proper layout and filtering is impor-
tant in order to avoid false triggering of
the short circuit protection.
In some cases this transient provection may
be too sensitive, for example when heavy
load currents are switched on and off by a
mechanical switch or velay locaed close ro
the circuit.

Design basics

Power supply and system layout:

Figure 1 shows a decoupling diagram
which includes the minimum required
decoupling components. In most
applications this level of decoupling
should be sufficient.

* Keep V_ and GND leads as short
and as low resistive possible.

e Use separate ground leads with
only one common point at the
ground pin of the driver.

® Use separate decoupling capacitors
C1 and C2 placed as close as pos-
sible to the pins of the circuit. C1
is preferably an 6.8 UF tantalum
type capacitor. In a application
with a highly stable supply and
short leads to the driver a low leak-
age electrolytic type can be used,
which is less expensive. C2 is a ce-
ramic type capacitor to improve
high frequency decoupling. Typical
value is 0.002 UF to 0.1 UF.

Vee

Vee
Input
PBD 3548/1 . Output
Error T
Oo— I
I
+|C1 c2 J_C3 ( see text)
GND 6.8 uF [ 0.1 uF T 0.047yF
|
|
POWER GND | :
/
LOGICGND 4
Tseetexy |

O

Figure 1. Basic decoupling in a typical application.

Vee supply y I j | | Transient at
Von voltage Normal turn-on Vee input
and turn-off
Normal Vee | | |
Vee level
VI
L/
I
[ | . ‘
Ve voltage
. | b
Thyristor trigged
oo I N T A O O T
level
|
’ ) I ! ) -
t
Qure [ | Il T oupurshurofrand
Error output activated
ve | | T Rihstniont
| |
| |
| I

Figure 2. Waveforms at normal operation
and at transient turn-off.
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Figure 3. Schematic diagram of the fast
short circuit protection.

5-2

PBD 3548/1 l
VCC
| [;l o Von _ é l)
nput 1k
! [l]:. I cm "L
Thyristor 1| | B
structure | |
Error g—> | | 12 13 |
To fault | | Rsense[‘]
detector I | e
| 1 TCs 9 Output
g _ L
ﬂ GND
Filtering: PBD 3548/1 extended

An additional capacitor between
output and GND may be necessary
to reduce incoming transients at
the output. The value will depend
on the application, but it should be
a ceramic type, typically ranging
from 0.001 YF to 0.047 UF. Note
that a too large total capacitance at
the output (i.e. including stray ca-
pacitances and load capacitance),
will cause the circuit to recognize
the charging current at turn-on as a
short circuit, and activate the
short-circuit protection. Therefore,
the value of C3 should be verified
in the specific application to pre-
vent this from occuring.

Transient protection

The PBD 3548/1 source driver is more
sensitive to incoming transients at the
output pin than PBD 3545/1 sink
driver. This is because 3548/1 has an
emitter output and the current sensing
resistor, R, placed at the emitter.
The PBD 3545/1 has a collector out-
put and is therefore more tolerant to
voltage transients at the output pin. If
we look at figures 2 and 3 we can see
how strong transients can possibly
trigger the sensitive short circuit de-
tection circuitry. A transient at V__
can translate through the outpur tran-
sistor base drive circuit, increase Vt
and trigger the thyristor. A transient

External components selection guide.

Ext. comp Purpose

Cl Supply decoupling
C2 Supply HF decoupling
C3 Supply filtering
Cc4 Output filter

(&) HF LC-filter

(oy) HF RC-filter

D1 Clamping diode
L1

L2

R1

Typ. value

6.8 UF tant.
0.047 WUF ceramic
100 uF

0.01 UWF

0.047 PR

0.1 uF

UF4001, BYV27/100
100 uH

40 pH

56 ohm

NOTE: These are typical values . The final values has to be verified from case to case.




To other

Power Logic
GND GND

circuits
A To power
I supply
PBD 3548/1 Ivee _
Input L1
:E"’ - =t
C1 Cc2 C3
Fault L2
E Detector
ot Out LCHilter Rl
P c == Load
D D1 TC4 5 T 06
] S .

Figure 4. Circuit diagram showing worst case filtering arrangement for suppression of transients.

at the output can translate through T3
and Cm/T2 and triggers the thyristor.
The diagram in figure 4 shows a
worst-case filtering arrangement for
applications where a high degree of
external noise can be expected. All of
the components indicated in the figure
are usually not required. Start with the
basic configuration in figure 1 and
apply additional filtering components
based on a step by step evaluation in
the same order as discussed in the text:

Power supply and system layout:

* Keep V_ and GND leads as short
and as low resistive as possible.

e If several supply voltages are to be
used, prefer a supply with separate
ground leads. In that case the logic
ground and the power ground
should be connected together at one
point, the ground pin of the driver.

e An LCfilter (L1 & C3) at the power
supply connection, or at the driver
section of the PCB eliminates spikes
and noise on the V_supply line.
Several circuits may share a common
filter. Typical values range from
10 — 1000 H and 10 — 1000 WF.
Higher values give better transient
suppression, but at a higher cost.

Individual deconpling of each circuir:
e Connect a decoupling (filter) ca-
pacitor C1 between V__and GND,

as close as possible to the pins of
the circuit. A 6.8 UF tantalum or an

equivalent low leakage, low imped-
ance type Capacitor is recom-
mended .

Each circuit must have an indi-
vidual decoupling capacitor (C1).
Even if several PBD 3548/1 or
PBD 3545/1 are placed on the
same PCB, they cannot share
decoupling capacitors. However,
the value of the capacitors may be
decreased, for example to 3.3 UF

A ceramic capacitor C2 in parallell
with C1 improves high frequency
decoupling. Typical values range
from 0.002 UF to 0.1 UF.

Clamping:

¢ The internal diodes are normally

sufficient for clamping of transients
caused by inductive load turn off.
External diodes may be necessary in
PWM/switch mode applications,
and when the output terminals are
externally accessible and thereby
exposed to an electrically noisy en-
vironment.

A diode D1 between GND and
Output will clamp negative tran-
sients at the Output to ground.
The diode must be of switching
type with very short recovery time
and low forward voltage drop. Rec-
ommended type is UF4001,
BYV27/100, BYV98/100 or simi-
lar types with a recovery time (trr)
less than 100 ns and a forward cur-
rent capability of 1 A or more.

Filtering:

¢ TFiltering of the Output, especially

for externally accessible general
putpose outputs, reduces transients
caused by make and break of induc-
tive loads. (i. e. RFI and EMI)

A capacitor between Output -
GND (C4). Typical values are
0.001 YF to 0.047 pF.

An LC-filter (L2 and C5) will re-
duce RFI and ESD efficiently.
Typical values range from 1 UWH to
100 pH for the inductor and
0.01 UF to 0.1 UF for the capacitor.
When using the LC-filter, the
RC-filter R1 and C6 is needed to
reduce oscillations which may oc-
cur at switch on and off. The values
are chosen depending on the values
of L2 and CS.

If L2 is used, it is possible to
drive large capcitive loads
(>0.1 UF) and small lamps which
have an inrush current.

With the LC-filter at the output,
short circuit will be detected
slower than normally. Depending
on the supply, voltage, switching
frequency and inductor size, the
circuit may not detect a short cir-
cuit condition at all. In such a case,
the temperature shut down func-
tion will eventually turn off the
circuit.
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Industrial Circuits Application Note

Stepper Motor Basics

A stepper motor is an electromechanical
device which converts electrical pulses into
discrete mechanical movements. The shafl
or spindle of a stepper motor votates in
discrete step increments when electrical
command pulses are applied to it in the
proper sequence. The motors rotation has
several divect relationships ro these applied
input pulses. The sequence of the applied
pulses is divectly related to the direction of
motor shafts rotation. The speed of the
motor shafts rotation is divectly related to
the frequency of the input pulses and the
length of rotation is directly related to the
number of input pulses applied.

St?Ber Motor Advantages
and Disadvantages

Advantages

1. The rotation angle of the motor is
proportional to the input pulse.

2. The motor has full torque at stand-
still (if the windings are energized)

3. Precise positioning and repeat-
ability of movement since good
stepper motors have an accuracy of
3 —5% of a step and this error is
non cumulative from one step to
the next.

4. Excellent response to starting/
stopping/reversing.

5. Very reliable since there are no con-
tact brushes in the motor. Therefore
the life of the motor is simply
dependant on the life of the bearing.

6. The motors response to digital
input pulses provides open-loop
control, making the motor simpler
and less costly to control.

7. It is possible to achieve very low
speed synchronous rotation with a
load that is directly coupled to the
shaft.

8. A wide range of rotational speeds
can be realized as the speed is
proportional to the frequency of the
input pulses.

Disadvantages

1. Resonances can occur if not
properly controlled.

2. Not easy to operate at extremely
high speeds.

Open Loop Operation

One of the most significant advantages
of a stepper motor is its ability to be
accurately controlled in an open loop
system. Open loop control means no
feedback information about position is
needed. This type of control
eliminates the need for expensive
sensing and feedback devices such as
optical encoders. Your position is
known simply by keeping track of the
input step pulses.

Stepper Motor Types
There are three basic stepper motor
types. They are :

e Variable-reluctance
* Permanent-magnet

e Hybrid

Variable-reluctance (VR)

This type of stepper motor has been
around for a long time. It is probably
the easiest to understand from a
structural point of view. Figure 1
shows a cross section of a typical V.R.
stepper motor. This type of motor
consists of a soft iron multi-toothed
rotor and a wound stator. When the
stator windings are energized with DC
current the poles become magnetized.
Rotation occurs when the rotor teeth
are attracted to the energized stator
poles.

Permanent Magnet (PM)

Often referred to as a “tin can” or
“canstock” motor the permanent
magnet step motor is a low cost and
low resolution type motor with typical
step angles of 7.5° to 15°. (48 — 24
steps/revolution) PM motors as the

Figure 1. Cross-section of a variable-
reluctance (VR) motor.



name implies have permanent magnets
added to the motor structure. The rotor
no longer has teeth as with the VR
motor. Instead the rotor is magnetized
with alternating north and south poles
situated in a straight line parallel to
the rotor shaft. These magnetized rotor
poles provide an increased magnetic
flux intensity and because of this the
PM motor exhibits improved torque
characteristics when compared with
the VR type.

Hybrid (HB)

The hybrid stepper motor is more
expensive than the PM stepper motor
but provides better performance with
respect to step resolution, torque and
speed. Typical step angles for the HB
stepper motor range from 3.6° to 0.9°
(100 — 400 steps per revolution). The
hybrid stepper motor combines the
best features of both the PM and VR
type stepper motors. The rotor is
multi-toothed like the VR motor and
contains an axially magnetized concen-
tric magnet around its shaft. The teeth
on the rotor provide an even better
path which helps guide the magnetic
flux to preferred locations in the airgap.
This further increases the detent,
holding and dynamic torque charac-
teristics of the motor when compared
with both the VR and PM types.

The two most commonly used types
of stepper motors are the permanent
magnet and the hybrid types. If a
designer is not sure which type will
best fit his applications requirements
he should first evaluate the PM type as
it is normally several times less expen-
sive. If not then the hybrid motor may
be the right choice.

Size and Power

In addition to being classified by
their step angle stepper motors are
also classified according to frame sizes
which correspond to the diameter of
the body of the motor. For instance a
size 11 stepper motor has a body di-
ameter of approximately 1.1 inches.
Likewise a size 23 stepper motor has a
body diameter of 2.3 inches (58 mm),
etc. The body length may however,
vary from motor to motor within the
same frame size classification. As a
general rule the available torque out-
put from a motor of a particular frame
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size will increase with increased body
length.

Power levels for IC-driven stepper
motors typically range from below a
watt for very small motors up to 10 —
20 watts for larger motors. The maxi-
mum power dissipation level or thermal
limits of the motor are seldom clearly
stated in the motor manufacturers data.
To determine this we must apply the
relationship P = V X I. For example, a
size 23 step motor may be rated at 6V
and 1A per phase. Therefore, with two
phases energized the motor has a rated
power dissipation of 12 watts. It is
normal practice to rate a stepper motor
at the power dissipation level where
the motor case rises 65°C above the
ambient in still air. Therefore, if the
motor can be mounted to a heatsink it
is often possible to increase the allow-
able power dissipation level. This is
important as the motor is designed to
be and should be used at its maximum
power dissipation ,to be efficient from
a size/output powet/cost point of view.

When to Use a Stepper
Motor

A stepper motor can be a good
choice whenever controlled movement
is required. They can be used to advan-
tage in applications where you need to
control rotation angle, speed , position
and synchronism. Because of the in-
herent advantages listed previously,
stepper motors have found their place
in many different applications. Some
of these include printers, plotters, high-
end office equipment, hard disk drives,
medical equipment, fax machines,
automotive and many more.

The Rotating Magnetic Field

When a phase winding of a stepper
motor is energized with current a mag-
netic flux is developed in the stator.
The direction of this flux is determined
by the “Right Hand Rule” which states:

“If the coil is grasped in the right
hand with the fingers pointing in the
direction of the current in the winding
(the thumb is extended at a 90° angle
to the fingers), then the thumb will
point in the direction of the magnetic
field.”

Figure 2 shows the magnetic flux
path developed when phase B is ener-
gized with winding current in the

direction shown. The rotor then aligns
itself so that the flux opposition is min-
imized. In this case the motor would
rotate clockwise so that its south pole
aligns with the north pole of the stator
B at position 2 and its north pole
aligns with the south pole of stator B
at position 6. To get the motor to
rotate we can now see that we must
provide a sequence of energizing the
stator windings in such a fashion that
provides a rotating magnetic flux field
which the rotor follows due to
magnetic attraction.

Torque Generation
The torque produced by a stepper
motor depends on several factors.

¢ The step rate
* The drive current in the windings
® The drive design or type

In a stepper motor a torque is devel-
oped when the magnetic fluxes of the
rotor and stator are displaced from
each other. The stator is made up of a
high permeability magnetic material.
The presence of this high permeability
material causes the magnetic flux to
be confined for the most part to the
paths defined by the stator structure
in the same fashion that currents are
confined to the conductors of an elec-
tronic circuit. This serves to concen-
trate the flux at the stator poles. The
torque output produced by the motor
is proportional to the intensity of the
magnetic flux generated when the
winding is energized.

The basic relationship which defines
the intensity of the magnetic flux is

defined by:
H=Nxi=+l
N

where:

The number of winding turns
i

H

current

]

I

Magnetic field intensity
I = Magnetic flux path length

This relationship shows that the
magnetic flux intensity and conse-
quently the torque is proportional to
the number of winding turns and the
current and inversely proportional to
the length of the magnetic flux path.
From this basic relationship one can
see that the same frame size stepper
motor could have very different torque
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output capabilities simply by changing
the winding parameters. More detailed
information on how the winding par-
ameters affect the output capability of
the motor can be found in the
application note entitled “Drive
Circuit Basics”.

Phases, Poles and Stepping
Angles

Usually stepper motors have two
phases, but three- and five-phase
motors also exist.

A bipolar motor with two phases
has one winding/phase and a unipolar
motor has one winding, with a center
tap per phase. Sometimes the unipolar
stepper motor is referred to as a “four-
phase motor”, even though it only has
two phases.

Motors that have two separate
windings per phase also exist—these
can be driven in either bipolar or
unipolar mode.

A pole can be defined as one of the
regions in a magnetized body where
the magnetic flux density is
concentrated. Both the rotor and the
stator of a step motor have poles.
Figure 2 contains a simplified picture
of a two-phase stepper motor having 2
poles (or 1 pole pairs) for each phase
on the stator, and 2 poles (one pole
pair) on the rotor. In reality several
more poles are added to both the rotor
and stator structute in order to
increase the number of steps per
revolution of the motor, or in other
words to provide a smaller basic (full
step) stepping angle. The permanent
magnet stepper motor contains an
equal number of rotor and stator pole
pairs. Typically the PM motor has 12
pole pairs. The stator has 12 pole pairs
per phase. The hybrid type stepper
motor has a rotor with teeth. The
rotor is split into two parts, separated
by a permanant magnet—making half
of the teeth south poles and half north
poles. The number of pole pairs is
equal to the number of teeth on one of
the rotor halves. The stator of a hybrid
motor also has teeth to build up a
higher number of equivalent poles
(smaller pole pitch, number of
equivalent poles = 360/teeth pitch)
compared to the main poles, on which
the winding coils are wound. Usually
4 main poles are used for 3.6 hybrids
and 8 for 1.8- and 0.9-degree types.

It is the relationship between the
number of rotor poles and the
equivalent stator poles, and the
number the number of phases that
determines the full-step angle of a
stepper motor.

Step angle = 360 + (N, X Ph) = 360/N

N, = Number of equivalent poles per

phase = number of rotor poles

Ph = Number of phases

Ph

N = Total number of poles for all
phases together

If the rotor and stator tooth pitch is
unequal, a more-complicated
relationship exists.

Stepping Modes
The following are the most common
drive modes.

* Wave Drive (1 phase on)
e Full Step Drive (2 phases on)
® Half Step Drive (1 & 2 phases on)

® Microstepping (Continuously
varying motor currents)

For the following discussions please
refer to the figure 3.

In Wave Drive only one winding is
energized at any given time. The
stator is energized according to the
sequence A —> B — A — B and the
rotor steps from position 8 = 2 — 4
— 6. For unipolar and bipolar wound
motors with the same winding param-
eters this excitation mode would result
in the same mechanical position. The
disadvantage of this drive mode is that
in the unipolar wound motor you are
only using 25% and in the bipolar
motor only 50% of the total motor
winding at any given time. This means
that you are not getting the maximum
torque output from the motor

In Full Step Drive you are energizing
two phases at any given time. The stator
is energized according to the sequence
AB — AB —» AB — AB and the
rotor steps from position 1 =3 =5
— 7 . Full step mode results in the
same angular movement as 1 phase on
drive but the mechanical position is
offset by one half of a full step. The
torque output of the unipolar wound
motor is lower than the bipolar motor
(for motors with the same winding
parameters) since the unipolar motor

Phase B

Figure 2. Magnetic flux path through a
two-pole stepper motor with a lag between
the rotor and stator.

o & _
Phase B v,, PhaseB

Phase B

Unipolar and bipolar wound stepper
motors.
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uses only 50% of the available winding
while the bipolar motor uses the entire
winding.

Half Step Drive combines both wave
and full step (1&2 phases on) drive
modes. Every second step only one
phase is energized and during the other
steps one phase on each stator. The
stator is energized according to the
sequence AB—> B — AB — A
— AB — B — AB — A and the
rotor steps from position 1 — 2 — 3
—4—5—6—>7— 8. This results
in angular movements that are half of
those in 1- ot 2-phases-on drive
modes. Half stepping can reduce a
phenomena referred to as resonance
which can be experienced in 1- or 2-
phases-on drive modes.

The excitation sequences for the
above drive modes are summarized in
Table 1.

In Microstepping Drive the currents
in the windings are continuously vary-
ing to be able to break up one full step
into many smaller discrete steps. More
information on microstepping can be
found in the microstepping chapter.

Torque vs, Angle
Characteristics

The torque vs angle characteristics of a
stepper motor are the relationship
between the displacement of the rotor
and the torque which applied to the
rotor shaft when the stepper motor is
energized at its rated voltage. An ideal
stepper motor has a sinusoidal torque
vs displacement characteristic as
shown in figure 4.

Positions A and C represent stable
equilibrium points when no external
force or load is applied to the rotor
shaft. When you apply an external
force T, to the motor shaft you in
essence create an angular displacement,
©_. This angular displacement, © , is
referred to as a lead or lag angle de-

pending on wether the motor is
actively accelerating or decelerating.
When the rotor stops with an applied
load it will come to rest at the posi-
tion defined by this displacement
angle. The motor develops a torque,
T,, in opposition to the applied exter-
nal force in order to balance the load.
As the load is increased the displace-
ment angle also increases until it
reaches the maximum holding torque,
T,, of the motor. Once T| is exceeded
the motor enters an unstable region.
In this region a torque is the opposite
direction is created and the rotor jumps
over the unstable point to the next
stable point.

The displacement angle is deter-
mined by the following relationship:

X =(Z+2m)X Jz'n(Ta + Th) where:

Z = rotor tooth pitch

W= Load torque

T
T, = Motors rated holding torque

= Displacement angle.

Therefore if you have a problem
with the step angle error of the loaded
motor at rest you can improve this by
changing the “stiffness” of the motor.
This is done by increasing the holding
torque of the motor. We can see this
effect shown in the figure 5.
Increasing the holding torque for a
constant load causes a shift in the lag
angle from Q, to Q,.

Step Angle Accuracy

One reason why the stepper motor has
achieved such popularity as a position-
ing device is its accuracy and repeat-
ability. Typically stepper motors will
have a step angle accuracy of 3 — 5%
of one step. This error is also non-
cumulative from step to step. The
accuracy of the stepper motor is mainly
a function of the mechanical precision

Table 1. Excitation sequences for different drive modes

Normal
Wave Drive full step Half-step drive
Phase 1 2 3 4 1 234 12 34526 7 8
A . . . . . .
B . o o o o o
A . o o o« o o
E . . . . . .



of its parts and assembly. Figure 6
shows a typical plot of the positional
accuracy of a stepper motor.

Step Position Evror
The maximum positive or negative
position error caused when the motor
has rotatcd onc step from the previous
holding position.

Step position error = measured step
angle - theoretical angle

Positional Error

The motor is stepped N times from an
initial position (N = 360°/step angle)
and the angle from the initial position
is measured at each step position. If
the angle from the initial position to
the N-step position is @ and the
error is A@ where:

ABy; = ABy - (step angle) X N.

The positional error is the difference
of the maximum and minimum but is
usually expressed with a £ sign. That
is:

positional error = +'5(A@, - A@®, )

Hysteresis Positional Error

The values obtained from the measure-
ment of positional errors in both
directions.

Mechanical Parameters,
Load, Friction, Inertia

The performance of a stepper motor
system (driver and motor) is also
highly dependent on the mechanical
parameters of the load. The load is
defined as what the motor drives. It is
typically frictional, inertial or a
combination of the two.

Friction is the resistance to motion
due to the unevenness of surfaces
which rub together. Friction is constant
with velocity. A minimum torque
level is required throughout the step
in over to overcome this friction ( at
least equal to the friction). Increasing
a frictional load lowers the top speed,
lowers the acceleration and increases
the positional error. The converse is
true if the frictional load is lowered

Inertia is the resistance to changes
in speed. A high inertial load requires
a high inertial starting torque and the
same would apply for braking. In-
creasing an inertial load will increase
speed stability, increase the amount of
time it takes to reach a desired speed

and decrease the maximum self start
pulse rate. The converse is again true
if the inertia is decreased.

The rotor oscillations of a stepper
motor will vary with the amount of
friction and inertia load. Because of
this relationship unwanted rotor oscil-
lations can be reduced by mechanical
damping means however it is more
often simpler to reduce these unwanted
oscillations by electrical damping
methods such as switch from full step
drive to half step drive.

Torque vs, Speed
Characteristics
The torque vs speed characteristics are
the key to selecting the right motor
and drive method for a specific applica-
tion. These characteristics are dependent
upon (change with) the motor, excita-
tion mode and type of driver or drive
method. A typical “speed — torque
curve” is shown in figure 7.

To get a better understanding of
this curve it is useful to define the
different aspect of this curve.

Holding torque
The maximum torque produced by
the motor at standstill.

Pull-In Curve

The pull-in curve defines a area refered
to as the start stop region. This is the
maximum frequency at which the
motor can start/stop instantaneously,
with a load applied, without loss of
synchronism.

Maximum Start Rate
The maximum starting step frequency
with no load applied.

Pull-Out Curve

The pull-out curve defines an area refer-
ed to as the slew region. It defines the

maximum frequency at which the motor
can operate without losing synchronism.
Since this region is outside the pull-in
area the motor must ramped (accelerated
or decelerated) into this region.

Masximum Slew Rate
The maximum operating frequency of
the motor with no load applied.

The pull-in characteristics vary also
depending on the load. The larger the
load inertia the smaller the pull-in area.

Positional

Angle
Deviation Accuracy

"N/,
I N Ve

S.b,L_}__.
Theoretical

Position
Ly
v v

Hysteresis
Error

Figure 6. Positional accuracy of a stepper
motor.

Torque
Holding Torque

Pull-out
Torque
Curve

Slew
Region

Max Start Rate | SHCES

Max Slew Rate

Figure 7. Torque vs. speed characteristics
of a stepper motor.

6-5



Time

—
—_ - - - - =

Figure 8. Single step response vs. time.

6-6

We can see from the shape of the curve
that the step rate affects the torque
output capability of stepper motor
The decreasing torque output as the
speed increases is caused by the fact that
at high speeds the inductance of the
motor is the dominant circuit element.

The shape of the speed - torque
curve can change quite dramatically
depending on the type of driver used.
The bipolar chopper type drivers
which Ericsson Components produces
will maximum the speed - torque
petformance from a given motor. Most
motor manufacturers provide these
speed - torque curves for their motors.
It is important to understand what
driver type or drive method the motor
manufacturer used in developing their
curves as the torque vs. speed charac-
teristics of an given motor can vary
significantly depending on the drive
method used.

Single Step Response and
Resonances
The single-step response characteristics
of a stepper motor is shown in figure 8.
When one step pulse is applied to a
stepper motor the rotor behaves in a
manner as defined by the above curve.
The step time t is the time it takes the
motor shaft to rotate one step angle
once the first step pulse is applied.
This step time is highly dependent on

the ratio of torque to inertia (load) as
well as the type of driver used.

Since the torque is a function of the
displacement it follows that the accel-
eration will also be. Therefore, when
moving in large step increments a high
torque is developed and consequently
a high acceleration. This can cause
overshots and ringing as shown. The
settling time T is the time it takes
these oscillations or ringing to cease.
In certain applications this phenomena
can be undesirable. It is possible to
reduce or eliminate this behaviour by
microstepping the stepper motor. For
more information on microstepping
please consult the microstepping note.

Stepper motors can often exhibit a
phenomena refered to as resonance at
certain step rates. This can be seen as a
sudden loss or drop in torque at cer-
tain speeds which can result in missed
steps or loss of synchronism. It occurs
when the input step pulse rate coin-
cides with the natural oscillation
frequency of the rotor. Often there is a
resonance area around the 100 — 200
pps region and also one in the high
step pulse rate region. The resonance
phenomena of a stepper motor comes
from its basic construction and there-
fore it is not possible to eliminate it
completely. It is also dependent upon
the load conditions. It can be reduced
by driving the motor in half or
microstepping modes.



Industrial Circuits Application Note

Drive circuit basics

For a given size of a stepper motor, a
limited space is available for the windings.
In the process of optimizing a stepper motor
drive system, an efficient utilization of the
available winding space as well as a
matching of driver and winding
parameters are of great importance.

This chapter discusses the basic
electrical characteristics of a stepper
motor winding. Special attention is
given to driving configurations and
current control methods.

Winding resistance and
inductance.

The windings of a stepper motor are
made up of several turns of copper
wire. The wire is wound on plastic
bobbin, which allows separate manu-
facturing of the winding, the stator
and other mechanical parts. At a final
stage of production the bobbin is
mounted around the stator poles.
Resistance and inductance and are two
inherent physical properties of a wind-
ing, or any coil. These two basic fac-
tors also limit the possible perfor-
mance of the motor.

The resistance of the windings is
responsible for the major share of the
power loss and heat up of the motor.
Size and thermal characteristics of the
winding and the motor limit the maxi-
mum allowable power dissipated in the
winding. The power loss is given by:

PR=R~IM2

It is important to note that a motor
should be used at its maximum power
dissipation to be efficient. If a motor is
running below its power dissipation
limit, it means that it could be re-
placed by a smaller size motor, which
most probably is less expensive

Inductance makes the motor wind-
ing oppose current changes, and there-
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Figure 2. Current wave form in an inductive—resistive circuir.
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How are the motor winding parameters affected by the
number of turns and the wire diameter?

The crossectional area of the winding is A. The resistance of the win-
ding as a function of the number of turns is found by the following ideal-
ized calculation:

R=p-l/a where:

a = A/ n, the cross-sectional area of the wire;
wire length | = 2 - 7 .r - n; p is the resistivity of copper.

R=p-2-T-r-n/(A/n)=2-w-p-r-n?/A=n’

The resistance is proportional to the square of the number of wire turns.

Inductance is calculated as (simplified):
L=2-1m-r* n’~n?

The inductance is proportional to the square of the number of wire turns.

To calculate the current rating we use the condition of constant power
disspation:

P =R-I2
which leads to:
L,=VP /R =VP /n’>=1/n

Current is inversely proportional to the number of turns.

Torque is proportional to the flux F, which is proportional to the num-
ber of ampereturns in the winding:

Tzq):n-IMzm(1/n)=c0nstant.

Torque is constant at a constant power dissipation level, regardless of the number of
turns.

Rated voltage is:
VM=R~IMzn2-(l/n)zn
Rated voltage is proportional to the number of turns.
Finally, the electrical time constant is:
T,=L/R=~n?/n? = constant

The time constant is not affected by the number of turns.

%)

)
Q

| e olole)
oo :

. BSOS
~— T

6-8

fore limits high speed operation. Fig-
ure 2 shows the electrical
characteristics of an inductive—
resistive circuit. When a voltage is
connected to the winding the current
rises according to the equation

It)=(V/R).(1-etR1)

Initially the current increases at a
rate of

85 (0) = V/L

The rise rate decreases as the cur-
rent approaches the final level:

Lax = V/R

The value of T, = L/R is defined as
the electrical time constant of the cir-
cuit. T, is the time until the current
reaches 63% ( 1 - Y% ) of its final value.

When the inductive—resistive cir-
cuit is disconnected and shorted at the
instant t = t,, the current starts to
decrease:

) = (V/R).e 0 R/
at an initial rate of
I(t)=-V/L

When a square wave voltage is ap-
plied to the winding, which is the case
when fullstepping a stepper motor, the
current waveform will be smoothed.
Figure 4 shows the current at three
different frequencies. Above a certain
frequency (B) the current never reaches
its maximum value (C). As the torque
of the motor is approximately propor-
tional to the current, the maximum
torque will be reduced as the stepping
frequency increases.

To overcome the inductance and
gain high speed performance of the
motor two possibilities exist: Increase
the current rise rate and/or decrease
the time constant. As an increased re-
sistance always results in an increased
power loss, it is preferably the ratio
V /L that should be increased to gain
high speed performance.

To drive current through the wind-
ing, we should:

® use as high voltage as possible

o keep the inductance low.
Accordingly, a low inductanceftesis-

tance motor has a higher current rat-

ing. As the maximum current is lim-
ited by the driver, we find that high



performance is highly dependant on
the choice of driver.

The limiting factor of the motor is
the power dissipation, and not the cur-
rent itself. To utilize the motor effi-
ciently, power dissipation should be at
the maximum allowed level.

Basic winding parameters and
dimensioning.

Under the conditions of a constant
maximum allowable power dissipation
P, and a given winding space, i. e. a
given copper volume, the only param-
eter that could be altered is the num-
ber of wire turns, or correspondingly,
the wire diameter. See the fact box,
“How are the winding parameters affected
by the number of turns and the wive diam-
eter?” on previous page.

Drive circuit schemes.
The stepper motor driver circuit has
two major tasks:

* To change the current and flux di-
rection in the phase windings

¢ To drive a controllable amount of
current through the windings, and
enabling as short current rise and
fall times as possible for good high
speed performance.

Flux direction control.

Stepping of the stepper motor re-
quires a change of the flux direction,
independently in each phase. The di-
rection change is done by changing
the current direction, and may be done
in two different ways, using a bipolar
or a unipolar drive. Figure 5 shows the
two schemes. Only one of the two
phases is shown as the two phases are
identical.

Bipolar drive.

Bipolar drive refers to the principle
where the current direction in one
winding is changed by shifting the
voltage polarity across the winding
terminals. To change polarity a total
of four switches are needed, forming
an H-bride.

The bipolar drive method requires
one winding per phase. A two-phase
motor will have two windings and
accordingly four connecting leads.
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Unipolar drive.
The unipolar drive principle re-
. [ . quires a winding with a center-tap, or

O O two separate windings per phase. Flux
I H — H — direction is reversed by moving the
] L | )\ Lo current from one half of the winding
A Yvyo to the other half. This method requires

|_| only two switches per phase. On the
other hand, the unipolar drive utilizes

||
| only half the available copper volume
\ I / | of the winding. The power loss in the
winding is therefore twice the loss of a

Bipolar drive bipolar drive at the same output power.

+ - iE

Bipolar, parallel connection
4 windings / 8 leads

O
Bipolar, series connection
| 4 windings / 8 leads
O—m—qA vy @ O—— A
1l N N
O—=a— O—
N— ="
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5 O
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Unipolar
— drive
+ ' + .
Unipolar
4 windings / 8 leads

Figure 8. Different winding configurations
Sor bipolar and unipolar drive using an
8-lead motor.

0

Figure 5. Bipolar and unipolar drive
schemes to control the current and the flux
direction in the phase winding.
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The unipolar, centerttapped motor
has three leads per phase, totally six
leads for a two-phase motor. A motor
having two separate windings per phase
is usually referred to as an 8-lead mo-
tor. It may be connected both as a uni-
polar or a bipolar motor, see figure 8.

Current control.

To control the torque as well as to
limit the power dissipation in the
winding resistance, the current must
be controlled or limited. Furthermore,
when half stepping a zero current level
is needed, while microstepping re-
quires a continuously variable current.

Two principles to limit the current
are described here, the resistance lim-
ited drive and the chopper drive. Any
of the methods may be realized as a
bipolar or unipolar driver.

Resistance limitation of the current (L/ R
drive ).

In this basic method the current is
limited by supply voltage and the re-
sistance of the winding, and if neces-
sary, an additional external resistance
(dropping resistor):

IM = Vsupply/( R+ Rex[)

If the nominal motor voltage is the
same as the supply voltage, R, is ex-
cluded.

For a given motor, high speed per-
formance is increased by increasing the
supply voltage. An increased supply
voltage in the resistance limited drive
must be accompanied by an additional
resistor (Rex[) in series with the wind-
ing to limit the current to the previ-
ous level. The time constant:

T,-L/(R+R)

decreases, which shortens the current
rise time. See figure 6. The penalty
using this method is the power loss in
the additional external resistors. Usu-
ally several watts has to be dissipated -
and supplied. Spacious power resistors,
heat removal considerations and a
space consuming power supply reduce
costeffectivenes and limits I/R drive
scheme to small motors, rated around
1- 2 Watts.

ext

The bilevel L/R-drive.

The bilevel L/R-drive provides a
solution to the power waste using
dropping resistors. In the beginning of
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the current build-up period, the wind-
ing is connected to a secondary high
voltage supply. After a short time,
when the current has reached its nom-
inal level, the second level supply is
disconnected. Figure 7 explains further.
The disadvantage of bilevel drive is
the need of a second level power sup-
ply. In some applications where 5 V
and 12 V/24 V are available, it may
be a cost effective solution, but, if not
available, it is a costly method. It is
possible to use voltage doubling tech-
niques as well.

Current paths.
Another very important consideration
is current paths at turn-off and at

phase shift. The inductive nature of
the winding demands that a current
path always exists. When using transi-
stors as switches, diodes have to be
added to enable current flow in both
directions across the switch. For the
bipolar driver four diodes, one for each
switch, provide current paths accord-
ing to figure 9. Note that there are
two ways to turn the current off, ei-
ther by turning all transistors off (path
3), or turn just one of the two con-
ducting transistors off (path 2). The
former gives a fast current decay as the
energy stored in the winding induc-
tance is discharged at a high voltage,
Vs“pply. The latter gives a slow current
decay as the counter voltage is only

A Current




two diode voltage drops and the resis-
tive voltage drop across the winding
resistance. At phase shift the current
will decay rapidly as both conducting
transistors are turned off. For high
speed halfstepping a rapid decay to zero
in the half step position is important.
The unipolar driver is somewhat
more complicated when it comes to
current paths. The reason being the
full coupling between the two halves
of each phase winding, except for a
small amount of leakage inductance.
Figure 10 shows some possible schemes.
Because of the coupling, large voltage
transients—at least twice the supply
voltage—occurs when switching on
and off. The transistor switches must be
rated at a much higher voltage than the
supply voltage. The leakage inductance
will also cause transients. Therefore the
switching transistors has to be protected
by snubber networks or zener diodes.

Chopper control.

The chopper driver provides an op-
timal solution both to current control
and fast current build-up and reversal.
The basic idea is to use a supply volt-
age which is several times higher than
the nominal voltage of the motor. The
current rise rate, which initially is
V /1, is thereby possible to increase
substantially. The ratio VM/Vsupply is
called the overdrive ratio. By control-
ling the duty cycle of the chopper, an
average volrage and an average current
equal to the nominal motor voltage
and current are created. The chopper is

usually configured for constant current
regulation, see figures 11- 13.
Constant current regulation is
achieved by switching the output cur-
rent to the windings. This is done by
sensing the peak current through the
winding via a current-sensing resistor,
effectively connected in series with the
motor winding. As the current in-
creases, a voltage develops across the
sensing resistor, which is fed back to
the comparator. At the predetermined
level, defined by the voltage at the ref-
erence input, the comparator resets the
flip-flop, which turns off the output
transistor. The current decreases until
the clock oscillator triggers the flip-
flops, which turns on the output tran-
sistor again, and the cycle is repeated.
The advantage of the constant cur-
rent control is a precise control of the
developed torque, regardless of power
supply voltage variations. It also gives
the shortest possible current build-up
and reversal time. Power dissipation is
minimized, as well as supply current.
Supply current is not the same as the
motor current in a copper drive. It is
the motor current multiplied by the
dutycycle, at standstill typically

Isupply = IM . (‘/M/V )

Figure 13 shows an H-bridge con-
figured as a constant current chopper.
Depending on how the H-bridge is
switched during the turn-off period,
the current will either recirculate
through one transistor and one diode
(path 2), giving the slow current de-
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Figure 11. A simplified schematic shows
the principle of constant current chopper
regulation.
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Figure 12. Current waveform in the basic
chopper circuit.

Figure 13. An H-bridge configured as a
constant current chopper.
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cay, or recirculate back through the
power supply (path 3). The advantage
of feeding the power back to the
power supply is the fast current decay
and the ability to quickly reduce to a
lower current level. One example is
when microstepping at a negative
slope, which may be impossible to
follow if the current decay rate is
lower than the slope demands. The
disadvantage with fast current decay is
the increased current ripple, which can
cause iron losses in the motor. Further
discussion about the concept of fast/
slow current decay can be found in the
half stepping techinques and
microstepping chapter.
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Industrial Circuit Application Note

Stepper motor and driver selection

Stepper motors are used in many different
types of applications this makes it difficult
to recommend a general sicp-by-siep design
flow chart. The design process is more an
iterative process, involving experience, cal-
culation and experimentation. The purpose
of this application note is to show how
system performance is affected by motor and
driver selection. Some popular motors and
drivers arve dealt with, as well as the im-
portance of the gearing berween the motor
and the load.

Limits to system
performance

Torque and output power

The output torque and power froma
stepper motor are functions of the
motor size, motor heat sinking, work-
ing duty cycle, motor winding, and
the type of driver used. In applications
with low damping, the usable torque
from the stepper motor can be
drastically reduced by resonances.

In data sheets for stepper motors,
the pull-in and pull-out torque are
given, as functions of stepping rate,
for different types of motor and driver
combinations. The pull-in torque curve

shows the maximum friction torque
with which, the motor can start, at
different stepping rates, without
losing any step. In an actual applica-
tion, this curve has to be modified to
account for the load inertia.

The pull-out curve is of more inter-
est, because it shows the total available
torque when the motor runs at constant
speed at a given frequency. In an appli-
cation, this torque is used for over-
coming the load fiction torque and for
accelerating the load and mortor inertia.

One problem when selecting the
right motor type and size is the big
influence that the driver has on the
output torque and power. The
difference in output torque, power,
and system efficiency for a 7.5-degree
57mm PM stepper is illustrated in
figure 1. In both cases the winding
and driver combination have been de-
signed to drive the maximum current
through the winding at stand still with-
out exceeding the maximum 7-watt
power dissipation for this type of motor.

From the chart, we see that the out-
put power of the motor can be
increased by a factor of six, through
the use of a bipolar constant current
driver, compared to the basic unipolar
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== = Qutput Power L/R
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Figure 2. Performance curves for a
1000hm unipolar 57mm PM-motor driven
by a 20V L/R constant voltage driver.

L/R-driver. The increased output power
is a function of both the increased over-
all pull-out torque and the increased
stepping frequency range.

As we can see from the figure, the
maximum output power is available at
relatively high stepping rates, compared
to the maximum pull-in frequency, for
this type of motor (approximately 150
to 400Hz, for zero-load inertia, depend-
ing on driver circuit). This fact, which
is true for‘most stepper applications,
shows that, to be able to get a high-
performance stepper motor system, we
have to use ramping up/down when we
start and stop the motor and load. The
use of ramping opens up stepper mMotors
for power output applications, and does
not limit the usage of steppers to low-
petforming low-output power systetms.

Damping and resonances

In applications with low system
damping, the available output torque
and power can be drastically reduced
by resonance. Resonances in stepper
motor systems can arise at low-, mid-,
and high stepping rates. As a rule,
constant currvent drivers have the most
problems with resonances in the low-
frequency region. These resonances can
often be eliminated by using half-
stepping or microstepping. Constant
voltage drivers normally have problems
with resonances at medium and/or
high frequencies. At these frequencies,

Table 1. Unipolar constant voltage driver attributes

Features
* Low electronic component cost.

¢ For small motors very low cost
transistor arrays can be used.

o Low electrical noise level.
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Drawbacks

Lowest motor output power.

Maximum power dissipation at
stand still.

Higher motor cost and larger size
for the same output power as from
other drives.

Driver transistors have to withstand
twice the maximum supply voltage.

Windings must be designed for the
used supply voltage.

Regulated power supply normally
required.

Holding torque depends on supply
voltage and motor temperature.

Large torque ripple when driven in
half-step mode.

neither half- nor microstepping can
reduce the resonances. This limits the
usage of this type of drivers at medium
and high frequencies to driving high-
damping loads.

Damping also depends on the
motor type—PM-motors have higher
damping than hybrids, due to slide
bearing friction and magnetic losses.

Some driver and motor combinations
have such low damping, at certain step-
ping rates, that they do not run with-
out a high-damping load. This condi-
tion is known as no-load instability.

Resolution and positioning accuracy

The resolution of a stepper motor
system is affected by several factors—
the stepper motor full-step length, the
selected driver mode (full-step, half-
step or microstepping), and the gear
rate. This means that there are several
different combinations which can be
used to get the desired resolution.
Because of this, the resolution prob-
lem of a stepper design can normally
be dealt with after the motor size and
driver type have been established.

Design time

Even though customization of step
motors is possible, it requires both
engineering time and time for manu-
facturing stepper motor samples. Using
a more-flexible driver circuit, like the
chopper constant current driver can

Applications.

® Low speed and low power applica-
tions were the motor mainly is used
to produce a torque.

* Normally only used with small size
motors.



make it possible to select a standard
motor with no performance loss.

Cost

In high-volume applications, the major
cost is the hardware—including power
supply, driver, wiring, motor, and
gearing. In this case, the engineering
cost is less important. In many appli-
cations, it is possible to lower the total
system cost and increase the perform-
ance by using a more-complex driver
(with a slightly higher cost) and less-
costly motor and power supply.

In low- and medium-volume appli-
cations, the engineering cost becomes
a larger part of the total cost. In this
case the flexibility and high integra-
tion of a constant current driver can
help save engineering time and cost.

Dynamic characteristics

In applications were the stepper must
move from one position to another
then stop in the shortest possible time,
the settling time becomes a very im-
portant factor. If the system is designed
propetly, the settling time can be kept
to a minimum—if not, the settling
time can easily require several hundred
milliseconds.

To get good dynamic behavior in an
open loop system, it is important to
have the correct gear rate and precise
control of the motor running and
holding torque. With well-designed
gearing, it is possible to handle varia-
tions in both load inertia and friction.

Performance of drivers
In the following section, the perfor-
mance of some commonly-used driver

configurations are compared when
they drive a 57mm 7.5-degree PM-
stepper motor. Driving voltage/currents
are selected so the stand-still motor
losses are kept at maximum rated 7 W.
The performance curves show the pull-
out torque, output power (at the
motor shaft), and the system efficiency.
Efficiency is defined as the mechanical
output power from the motor divided
by the input power to the driver. For
each driver, features and drawbacks arc
also listed.

Unipolar constant voltage

This is the classic low-end driver. It
offers the lowest price for the driver
electronics—only four transistors are
used. To drive small-sized motors, a
transistor array of ULN2003 or similar
type can be used. For mid-sized
motors, power darlington transistors,
or transistor arrays can be used. In
figure 2, the performance of this type
of driver is shown. A motor winding
with 100 ohm phase resistance has
been selected. This gives good control
of winding current and low losses in
power transistors. With this driver,
the motor has problems with no-load
instabilities at stepping rates above
325Hz.

Unipolar L/nR constant voltage

This driver is similar to the unipolar
constant voltage but has external series
resistors in series with the motor
windings. This driver can be
configured with different L/R ratios.
L/2R means that the total resistance is
equal to two times the motor’s
internal resistance. A higher L/R-ratio
increases high-stepping-rate output

Table 2. Unipolar L/NR constant voltage driver attributes

Features
¢ Low component cost

® Low electrical noise level.

Drawbacks

¢ Low or very low efficiency. Lower
efficiency the higher R /R ratio.

Problems with heat dissipation from
the series resistors.

Maximum power dissipation at
stand still increase by the L/nR ratio
compared to the normal L/R driver.

Large torque ripple in half step mode.

Holding torque depends on supply
voltage and winding temperature.

Pull-out torque [mNm]

Efficiency [%] Output power W]
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Figure 3. Performance curves for a
1000hm unipolar 57mm PM-motor driven
by a 40V LI2R constant-voltage driver

(2 X 1000hm external series resistors).

Applications.

* Low and medium speed and low
power applications.
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Figure 4. Performance curves for a
1000hm unipolar 57mm P M-motor driven
by a 40/20V Bi-level constant-voltage
driver (High-voltage-on time = 4ms).

torque, but reduces the system effici-
ency. Figure 3 shows the performance
of this driver in the L/2R-mode, driving
the same 100 ohm unipolar motor.

Compared to the L/R-driver we now
gain higher output torque and power.
The maximum output power has
doubled, but the peak system effici-
ency has decreased.

This drive also shows the no-load
instability, here for stepping rates
above 400Hz. This limits the appli-
cations, at high frequencies, to driving
high-damping loads or to operating in
ramp up/down applications, were the
motor does not run at constant speed.
It is possible to ramp through unstable
frequencies, and use the full pull-out
torque (with normal safety margin) if
the motor only runs a limited number
of steps in the unstable range.

Table 3. Unipolar timed bi-level driver attributes

Features
® Medium electronic component cost

® Medium electrical noice level.

Drawbacks

* Timing circuit or extra CPU over-
head needed to control high voltage
on time.

® 6 power transistors needed
compared to 4 for the standard and
L/nR unipolar drives.

If large high to low driving voltage
ratio is used the control off holding
torque and step accuracy becomes
difficult as a result of variations in
winding currents.

Holding torque depends on
winding temperature and supply
voltage.

Table 4. Unipolar constant current driver attributes

Features

¢ Nearly the same high speed torque
as bipolar chopper drive.

e Uses 6 power transistors compared
to 8 for bipolar constant current.

¢ Half stepping without torque ripple
possible.

Drawbacks

* Only 70% of holding and low speed
torque compared to bipolar constant
current.

® Power transistors have to withstand
twice the maximum supply voltage.

Winding leakage inductance have
to be considered when snubbing
circuit is designed.

6 lead wires add cost and space for
motor connectors and flexible
cables.

Unipolar timed Bi-level

This driver uses two voltage levels to
increase motor utilization. At every
step taken, the voltage across the
winding is raised, for a short time, to a
higher level compared to the nominal
voltage used at stand still. During the
remaining time, the nominal voltage
is used. This driver can also be con-
figured in the “run/stop” bi-level
mode, were the high voltage is used
while the motor is stepped and the
low voltage is used at stand still. This
driver can also be combined with L/
nR-series resistors to give higher flex-
ibility in selecting stand-by holding
torque. Ericsson’s PBD 3517 is a fully-
integrated, bi-level driver intended for
use with small-sized motors. In figure
4, the performance of the L/2R driver
is shown while driving the same 100-

Applications.

¢ Low to medium speed and low to
medium power applications.

Applications.

¢ High speed and medium power
applications.



ohm unipolar PM stepper. The torque
curve for a given motor is a function of
both the high-voltage level and the
high-voltage-on time. In this example
the high voltage is 40V (2 times the
nominal voltage) and the high voltage
on time is 4ms. Compared to the
original L/R-driver, the maximum
output power is three times higher.
Compared to the L/nR-driver, the
efficiency is higher—and is not de-
creased by losses in series resistors as
the ratio U, .. /U, is increased. This
driver also has problems with no-load
instability, but in this case only the
mid frequencies are affected. If used in
a ramp up/down application, this does
not cause any problems, if the constant
speed is selected in the stable area
above 850Hz.

Unipolar constant current

This driver gives the best performance
of the unipolar drives—but it is lower
than for the bipolar chopper driver.

The efficiency is reduced as a result of
higher resistive losses caused by using
only half of the windings at a time. At
higher frequencies, power losses caused
by leakage inductance and snubbing
circuits also appear.

Bipolar constant current

The highest output power and motor
utilization for a given motor is achieved
with the bipolar constant current driver.
DC-losscs is kept at a minimum due
to maximum utilization of the copper
in the winding and no power losses
from leakage inductance and snubbing
circuits since every winding only
consists of one part.

In figure 5, the performance for this
type of driver is shown driving the
same type 57mm PM-motor. Here a
motor with a constant-current-adapted
winding resistance of 3.75 ohms has
been selected. The winding current is
selected to give the same resistive
losses in the winding at stand still as

Table 5. Bipolar constant current driver attributes

Features

¢ Maximum motor utilisation and
high efficiency.

® Maximum torque at low and high
stepping rates.

e Low losses stand bye mode possible.

¢ 8-lead motors can be configured for
3 different operating currents.

No snubbing circuits required and
current turn off can be selected for
fast (return to power supply) or slow.

e Highly integrated drivers available,
second sourced drives also available.

Drawbacks

* 8 power transistors needed to drive
a motor.

® Problems with electrical noise and
interference can occur.

* Power losses in current sensing
resistors.
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Figure 5. Performance curves for a
3.750bm bipolar 57mm PM-motor driven
by PBL3770A constant-current driver
(Chopper voltage 20V, winding current
960mA).

Applications.

¢ For small and medium size motors
highly integrated drivers are
available.

¢ High speed and high power
applications.

Table 6. Bipolar constant current microstepping driver attributes

Features

o Same as for the bipolar constant
current, plus:

* Resonance free movement on low
step rates.

¢ Increased stop position resolution.

Drawbacks

® Same as for the bipolar constant
current, plus:

¢ Higher cost for the current control
electronics than for normal bipolar
drive.

Applications.

® For small and medium size motors
highly integrated drivers are
available.

¢ High speed and high power
applications.

* Applications were increased
resolution is required.

¢ Applications were resonance free
low speed characteristics is needed.
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for the unipolar drives tested above.
From the chart, we can see the increase
of output power, maximum stepping
rate, and system efficiency. Due to the
better utilization of the winding, the
holding torque is also raised.

The no-load instabilities in the mid-
and high-stepping rate regions are no
longer present. This increases the flex-
ibility in selecting constant-speed
running frequencies. However, a reso-
nance at 100Hz is present. In a ramp
up/down application, this does not cause
any problems as long as this frequency
is not used as constant speed frequency.

During the last 10 years, progress
in IC-technology has made it possible
to develop fully-integrated bipolar
constant-current drivers, making this
type of driver cost-effective for driving
small- and medium-sized motors.

Bipolar constant curvent microstepping
This is an improved version of the
basic full- and half- stepping bipolar
constant-current driver. Here, the
winding currents form a sine/cosine
pair. This greatly improves low-
frequency stepping by eliminating
overshot movements, ringing, and
resonances. Performance at medium-
and high-stepping rates are close to
that of full- and half-stepping.

This driver uses the same power
stage as the bipolar constant-current
driver, but extra electronics for setting
the sine/cosine current levels are used.
Microstepping can be used with
different microstep lengths. A shorter
step length than Y52 of a full-step
normally does not make any further
improvement in the motor’s motion.
With most microstepping controllers,
is it also possible to run the normal
full- and half-step modes.

Microstepping can also increase
motor resolution and step accuracy.

General driver aspects

Power supply design

For all drivers of constant-voltage type,
regulated power supplies are normally
required. This means that the over-all
system efficiency will decrease further,
compared to the values shown in the
figures above, due to losses in the
power supply. This will increase trans-
former cost and heating problems. If
unregulated supplies are used, large
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variations of holding and running
torques occurs, thus making stop-time
minimizing more difficult or im-
possible. An unregulated power supply
for a constant voltage driver also affects
the motor power dissipation making
good motor utilization impossible.

For a constant-current driver, it is
normally possible to use an unregulated
supply voltage. The motor current,
and thereby also holding torque and
power dissipation, is controlled by the
driver itself. The pull-out torque at
high stepping rates is affected by the
supply voltage but at low step rates,
its influence is small.

It is difficult to calculate the power
consumption for a particular applica-
tion. The best way to get this informa-
tion is to make a prototype and measure
the driver input current under different
driving conditions. Remember that
the power consumption depends on
input voltage, current levels (if con-
stant current mode), load, motor
temperature, duty cycle and so on.

Snubbing and current turn off circuits.
To assure trouble-free functioning of
all unipolar drives, especially when
larger size motors are used, the
winding and current turn-off circuit
has to be properly-designed.

It is important that a unipolar
winding is bifilar wound—this means
the two wires that build up the coil on
each motor pole are wounded in par-
allel. This way, the leakage inductance
is kept to a minimum, even though
the energy stored in the winding has
to be taken care of (or moved to the
other winding half) when the current is
turned off. This is done by a current-
turn-off circuit or a snubbing circuit.
If the current-turn-off circuit works on
the principle of current commutation
from one winding half to the other,
the energy stored in the leakage induc-
tance is handled by a snubbing circuit.

In the case of bipolar drive, separate
snubbering circuits are never needed,
since the windings only consist of one
part each and no leakage inductance can
occur. The current-turn-off circuit is
of four diodes in opposition to the four
power transistors in the H-bridge.

Hysteresis losses in motors

With some low-inductance motors,
chopper-type drivers can generate
increased iron losses, caused by the

winding current ripple. To minimize
this problem, use a high chopping
frequency and do not use a lower in-
ductance than needed to get maximum-
required step rate—it is also possible
to use a lower chopping voltage. In
most applications, the hysteresis loss
related to the chopping current ripple
is low compared to the hysteresis loss
related to the stepping current changes.
If chopping current ripple is kept at or
below 10% of the nominal current,
this normally doesn’t cause a problem.

Interference problems

For all chopper-type drives, the in-
creased risk of different interference
problems has to be considered. Sep-
arate and wide grounding lines, as
well as physical separation from sen-
sitive electronics on the PCB, can help
to avoid interference. Stepper lead wires
should also be separated from sensitive
signal wires to reduce capacitive and
inductive coupling. In a chopper
application the capacitive coupling of
the chopped voltage (this is a square
wave signal with the amplitude equal
to the supply voltage and the frequen-
cy equal to the chopping frequency)
present at the motor lead wires can
cause serious problems if not handled.

Performance of motors

The maximum output torque and
power from a stepper motor is limited
by the power losses of the motor. For
low stepping rates, most of the losses
are related to resistive losses in the
motor winding. At higher stepping
rates the hysteresis and eddy-current
losses become the major ones. Especially
for low-cost tin-can PM-steppers, these
losses can be high—because of the
absence of laminations and the use of
low performing magnetic materials of
the stator and rotor flow path.

From the above driver comparisons,
we can see that the maximum torque,
efficiency, and output power from a
given motor is achieved with the bi-
polar chopper driver. We will now
examine the performance of some
commonly-used stepper motor types
when they are driven with a bipolar
chopper drive.

A drop in performance, similar that
of the 57mm PM-motor used above,
can be expected when other types of
drivers are used.




57mm PM motor

PM-motors are a cost-effective alter-
native in many low- and medium-
performing applications. The motors
uses slide bearings and a simple
mechanical design to keep cost low.
Compared to hybrid motors, the life
expectancy is shorter, step accuracy and
efficiency is lower. The slide bearing
can also cause problems if a belt drive
is applied directly to the motor shaft.

The 57mm PM-motor is. for in-
stance, suitable to use as paper feed
and carriage drive motor in medium-
performance matrix or daisy printers
and in typewriters. Other applications
are fax machines, sewing machines,
valve controls, and plotters.

Other popular PM-motor sizes are
35mm and 42mm. 20mm, 25mm and
63mm motors are also common PM
motor sizes. The 20mm motor is pop-
ular as a head driver in 32" floppy-
disk drive applications. Commonly-
available full-step angles are 7.5 and
15 degrees but others are also available
(9, 11.25, and 18 degtees, for examples).

In figure 6, the performance of this
motor is shown again. The power loss
is plotted as a function of the stepping
frequency. This motor is rated at 7 watts
maximum power dissipation. The
chart shows the power dissipation of
the motor and driver together. At low
step rates about a 3W-loss in the two
PBL 3770A circuits can be expected,
as well as an additional 1W in the
current sensing resistors and approx-
imately 1'W in the external diodes. At
higher stepping rates, the driver losses
decrease as the winding current de-
creases and the switching stops. At low
step rates this gives a 7-watt loss in the
motor. At higher step rates, the total
loss decreases indicating the ability to
get a higher output power without
exceeding the maximum allowed
motor losses of 7W. If a lower duty
cycle or better heat sinking is applied
to this motor a peak output power of at
least 10W can be achieved.

PM-motors have one advantage over
hybrid motors, they have a higher
internal damping and offer, in some
applications, a more-noise-free
operation than the hybrid motors.

42mm square motor

This motor is normally manufactures
with 3.6-, 1.8- and 0.9-degree step
angle. Step accuracy is £3% to =7% of

a full-step. The motor uses ball-bearings
to maintain the very small air-gap re-
quired for high efficiency.

This type of stepper motor is avail-
able from many manufacturers at a
reasonable price, but the price is higher
than the PM-motors. The main feature
of this type of motor, compared to the
57mm PM-motor, is higher efficiency
and step accuracy. In many applications,
the ball-bearings offer higher life ex-
pectancy and make the design of the
gearing and mechanics easier. This
type of stepper became very popular
some years ago as head driver for 54"
floppy and hard disk drives. It is suit-
able as a carriage driver for printers
and plotters, and for driving the print
wheel in typewriters and daisy wheel
printers. It is also a competitor to the

small-sized PM-motors, if the appli-
cation requites higher efficiency or
ball-bearings

Figure 7 shows the performance of a
25-ohm bipolar 3.6-degree 42mm
square motor driven by a constant-
current driver. The current level is
selecred to give 4W resistive losses at
stand still. This motor type is rated for
4 to 6W losses depending on manu-
facturer. Compared to the 57mm PM
motor in figure 6, nearly doubled sys-
tem efficiency is the most interesting
difference. From the power losses
curve, we see that at higher stepping
rates the losses decrease. This indicates
that an even-higher high-frequency
performance can be achieved with a
higher chopping voltage or with a
lower-inductance winding.
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Figure 6. Performance curves for a 3.7 50bm bipolar 57mm PM-motor driven by
PBL3770A constant-current driver. Power losses in motor and dyiver are also shown
(Chopper voltage 20V, winding current 960mA).
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Figure 7. Performance curves for a 250hm
bipolar 42mm square hybrid stepper driven
by PBL3770A constant-current driver
(Chopper voltage 40V, winding current
280mA).
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57mm (size 23) bybrid motor

This type of hybrid stepper motor is
normally available with a 1.8- and
0.9-degree step angle and in a number
of different lengths from 40mm to
100mm. This motor is more expensive
than the two other types described
above. On the other hand, a much high-
er torque and output power is available.

The performance of this motor type
is plotted in figure 10. A motor with
5-degree step angle, 2.8-ohm bipolar
winding and with 42mm length has
been selected. This is the smallest
motor size of this class. The 5-degrees
step angle is interesting-when high
shaft speed is more important than
high holding torque.

The diagram shows the same high-
efficiency as for the 42mm square
motor, but four-times-higher output
power. A maximum of over 30W is
achieved in the area of 3000 to 3500Hz.
At high step rates, the power losses of

the motor is approximately 12W
(including driver 16W). This is ac-
ceptable with normal cooling of the
motor and 100% duty cycle. At low
step rates, the losses decrease and at
standstill the losses are only 3W. This
shows the ability to increase the motor
current to get even higher output
torque and power at low step rates. On
the other hand, decreasing the low
frequency torque can be a way of de-
creasing noise levels and vibrations in
applications where the load friction
torque consumes a larger part of the
motor torque than the load inertia.

This motor is suitable for paper
handling and carriage driving in high-
performance printers and plotters, or
industrial motion control. The 5-degree
stepper, with performance shown in
figure 8, is suitable for driving the
print mechanism of laser printers.
PBL3770A is a suitable driver for this
size of steppet motor.
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Figure 8. Performance curves for a 2.80hm bipolar 57mm bhybrid stepper (length 42mm)
driven by PBL3770A constant-curvent driver (Chopper voltage 40V, winding current

750mA).
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Figure 9. Holding torque and DC-loss as functions of winding currents for 2 57mm PM

motor and for a 57mm hybrid motor.
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Power losses and holding torque

The limiting factor in high-performance
stepper motor designs is the stepper
power dissipation.

Stepper motor manufactuters often
specify the stepper motor windings by
the maximum-allowed power disipation
at stand still. This gives the nominal
winding voltage and current levels. In
an application, the optimum perfor-
mance often is achieved at different
voltage and current levels. In figure 9,
the holding torques of the 57mm PM
and 57mm hybrid motors, described
above, are plotted as functions of the
the 2-phase-on current, as are the
resistive power losses in the windings.

From the diagram, we can see that
for the PM-motor, the holding torque
curve shows a knee at 600mA—
indicating that magnetic saturation
starts to occur at this current level,
even though the resistive losses in the
winding is only 3W, compared to the
specified 7W. This indicates that
using the specified current level of
960mA does not give the optimum
performance on low stepping rates.

Figure 10 shows the affect on motor
and drivier performance when the
winding current is decreased to 480mA.
(50% of the value used in figure 6.)
Comparing figure 6 and 10 shows the
improved low-frequency performance.
Low-speed losses are decreased to less
than 50% and low-speed torque only
dropps to 80%. In the high-stepping-
rate region, only a small loss in torque
apears. In figure 13 another combi-
nation of driving current and voltage
is used to increase the output power to
5.5W with the same maximum losses
as in figure 6. Now the losses occur
where they are more motivated at the
stepping rate where the maximum
output power appears.

For the hybrid motor, we see that
the winding currents can be increased
beyond the maximum rating without
causing too much saturation effect. In
figure 8, the torque from this motor
shows a relativly-flat torque character-
istic for stepping rates below 3kHz.
This is a result of the 750mA current
level not using the full low-speed capa-
bilities of this motor. Increased current
will raise the output torque at low
speeds and make the region with maxi-
mum output power wider (towards low
frequencies), but it will only increase
the peak output power marginally.



Designing a system

Analyzing the load

‘When designing a stepper motor sys-
tem, the first question to ask is “What
are the characteristics of the load?”
Too often, this question is given too
little consideration. To get the best
performance, it is important to do an
analysis before selecting motor and
driver and before designing the
transmission and mechanical system.

Friction or inertia loads

If the system will have high dynamic
performance, (high acceleration/
retardation), then most of the output
torque from the motor will be used to
accelerate the system’s inertia. To get
the maximum performance from this
type of system, the gear rate should
normally be designed so that the load
inertia seen by the motor is close to
the motor internal inertia. The load
inertia seen by the motor is:

L G2 .
Jim =J,+G,° where:
J, = load inertia without gearing
G_ = the gear rate.
r

A friction torque is reduced by the
factor Y6, by a gear mechanism.

Friction torquel load power consumption
To select the right motor size and driver
type, it is necessary to calculate or
measure the load friction torque. For
most type of loads, this is fairly con-
stant at different speeds, which makes
measuring easy. If the system involves
a linear motion, a spring scale can be
used—and for a rotating system, a
torque watch can be used. From the
measured force or torque, and infor-
mation about the maximum speed of
the motion, the maximum-needed
load power can be calculated:

P{W] =v{m/s} X FIN}

for linear systems and

P{W} = wfradians/s} X T{Nm}
for rotating systems.

Another way of estimating the load
power consumption is to replace the
motor or motor and gearbox with a
DC-motor with known current-to-
torque function and drive the motor at
the desired speed while measuring the
current consumption. If this technique
is used, it is possible to measure the
power consumption at different speeds.

Damping

As noted earlier, the usable torque
from a stepper motor can decrease at
certain stepping rates due to resonances.
At which step rates, and to what ex-
tent, this torque reduction appears
depends on the application damping
and inertia. The damping of the driver
also influence the torque reduction.

Resonances at low stepping rates
can normally be reduced by lowering
driver current and voltage levels, or by
selecting half- or microstepping mode
drivers. At medium step rates the
constant-current drivers normally have
the least problems with resonances,
but here the characteristics of the load
have large impact.

Low system inertia normally creates
fewer problems with resonances.
However, in some applications, an
increased inertia can be used to move a
resonance to a lower frequency.

Selecting concepr

After analyzing the load, we know the
output power needed, the maximum
and minimum stepping rates, and the
resolution needed.

Depending on the importance of
the different demands and the ability
to fulfill them, the designer has a
range of options in combining motor
gearing and driver in a system.

The design is normally an iterative
process, with calculation and experi-
mentation. If highest-performance or
lowest-cost for a given performance is
essential, it is'a good idea to compare a
few different combinations of motor
driver and gearing.

A higher-step-rate driver and a
smaller motor, together with a suitable
gearing, often gives better performance
—in efficiency and output power—
than a large motor driving the load
directly.
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Figure 10. Performance curves for a 3.7 50bm bipolar 57mm PM-motor driven by
PBL3770A constant-current driver. (Chopper voltage 20V, winding current 480mA).
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Figure 11. Performance curves for a 3.7 Sobm bipolar 57mm P M-motor driven by
PBL3770A constant-current driver. (Chopper voltage 25V, winding curvent 600mA).
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Motor selection

Output power

This is the most important design
criteria in getting the best price/
performance of a stepper motor system.
Compare the power requirements of
the load with the data given above, or
with the data in the manufacturer’s
data sheet. If the manufacturer’s data
sheet is used be aware of the big differ-
ences in performance of the stepper
motors due to different drivers. Also
remember that measuring stepper
motor pull-out and pull-in torque is
tricky. The measurement is easily
influenced by inertia and resonances in
the measuring system, and the inertia
and damping of the application is
normally different. As a result, the pull-
out curves in the data sheet are not
always valid for an actual application.

Mechanical aspects
The physical dimension and weight of
the motor are important criteria when
a motor is selected. Often the choice of
a smaller motor can make a compact
mechanical design easier. A smaller
motor can also, if the motor is in a
moving part of the mechanism, make
the design of the motion system easier.

In applications where long life ex-
pectancy is needed, motors with ball
bearings are required. Hybrid motors
use ball-bearings as a standard (to main-
tain the narrow air-gap), but small-
sized PM motors usually use slide
bearings. PM motors, with ball
bearing as an option, are supplied by
some manufacturers—but the addi-
tional cost for this is rather high.

If the motor drives a belt gearing or
a belt transmission directly, ball
bearings are strongly recommended.
This ensures proper lifetime and reduces
torque loss due to bearing friction
caused by the belt tension.

Cost

The motor cost depends on motor type
and size. Winding type and resistance
do not affect the cost. As a rule, hy-
brid motors are more expensive than
PM-motors. The motor cost normally
increases with motor size. Another
factor that influences the motor cost is
the production volumes of a certain
motor and the number of manufac-
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turers of that motor. This means that
many times a “popular” type and size
motor is the best choice even if the
motor output power is a little higher
than required.

Customizing the motor

In medium- and high-volume applica-
tions, it is possible to customize the
motor. Most manufacturers offers cust-
omization on the following items.

Shaft Single- or double-sided
Length

Pinions

Resistance
Inductance

Winding

Rotor Type of magnets

hybrid air-gap distance

Lead wires Length

Connector

From some manufacturers, other
parameters such as shaft diameter,
bearing types, mounting flange can be
customized but this is normally appli-
cable only in high-volume applications.

Driver design

Selecting driver type

The performance curves at the begin-
ning show the effect of the driver on
the system. If only low stepping rates
are used and the use of gearing is not a
solution, the unipolar L/R-driver offers
the lowest cost for the electronics for a
given output torque.

As demand for output power from
the stepper increases, more-effective
drivers offer the best price performance
ratio. The best motor utilization is
achieved with the bipolar constant
current driver and this driver is the
obvious choice for all high-power
applications.

For applications in the low- and
medium-power range, several alter-
natives exists. If system efficiency is
important, then the bipolar constant
current driver is the best choice. This
driver offers higher flexibility in
selecting the motor winding, since
both the chopper voltage and the
current in the winding can be changed
to get the desired pull-out torque
curve from the motor. Power-supply

design gets easier and power-supply
losses decrease since regulated supply
normally is not needed for constant
current drivers.

If minimum cost for the driver elec-
tronics is the most important design
criteria, rather than the over all system
performance, then the different uni-
polar driver can be the best choice.

Selecting driver mode

FULL-STEP MODE: This is the basic
stepper driving mode, it offers the
simplest control electronics and it is
recommended for high- and medium-
frequency operation. At these frequen-
cies, the inertia of the motor and the
load smooth out the torque, resulting
in less vibration and noise compared
to low-speed operation.

HALF-STEP MODE: Half stepping with
140% 1-phase-on current gives
smoother movement at low step rates
compared to full stepping and can be
used to lower resonances at low speeds.
Half stepping also doubles the system
resolution. Observe that for most
steppers, the step accuracy specification
only is valid for 2-phase-on positions.
The accuracy is lower and the stop-
position hysteresis is larger for
1-phase-on positions.

Figure 12 shows the effects on per-
formance of the 57mm PM-motor when
half stepping is applied to this motor.
Compared to to full stepping (reffer to
figure 10 for the same driving condi-
tions), a slightly-higher torque at low
speed and a small decrease at higher
step rates. The main advantage is the
lowered noise and vibrations at low
stepping rates. If maximum perfor-
mance at both low and high step rates
is essential, a switch to full-step mode
can be done at a suitable frequency.
Change the stepping mode this way
will also lowers CPU-time require-
ment (step rate reduced by 50% at
high speeds) if the system use a micro-
processor as control unit.
MICROSTEPPING: The smoothest move-
ments at low frequencies is achieved
with microstepping. Higher resolu-
tion is also offered. If resonance-free
movement at low step rates is impor-
tant, the microstepping driver is the
best choice. Microstepping can also be
used to increase stop position accuracy
beyond the normal motor limits.



Designing the winding

For a constant current chopper type
driver the winding design depends on
the desired output power, maximum
operation frequency, and chopper vol-
tage. A simplified design method,
which in most cases when high output
power is important, gives a good
results is described below.

EMF selection

A good design criteria for winding
design is the EMF (electromotive
force) of the winding The optimum
motot performance efficiency and out-
put power is achieved close to the step
frequency where the EMF peak value
is equal to the driving voltage (chopper
voltage in the case of constant current
drive). As an example, the 42mm
square motor, with performance as
shown in figure 7, has an EMF constant
of 20mV/Hz (full-step frequency) With
a 40-volt chopping voltage, this gives
a optimum stepping rate of 2kHz.
From figure 7, we see that at 2kHz
both the efficiency and the output
power are at their maximum values.
To design a winding for 20 volts, with
a maximum output at the same step-
ping rate, a winding with 10mV/Hz
EMEF constant should be used. This
winding will have half the number of
turns and thus % of the resistance and
inductance of the original winding. To
get the same holding torque and low-
frequency performance the winding
current has to be raised to twice the
original value.

It is not possible to increase the
optimum stepping rate for a motor to
very high values since then hysteris
loss and rotor leakage inductance will
decrease the efficiency.

The EMF constant for a motor is
measured by conecting the motor
winding to an osciloscope and rotating
the rotor at a constant speed (by means
of a DC-motor for instance) and
measuring the peak value and the
frequency of the generated signal. The
generated frequency corresponds to a
four-times-higher full-stepping rate.
From this the EMF constant can be
calculated.

Figure 13 shows the affect on the
torque and output power of the 42mm
hybrid motor when the chopping
voltage is decreased. From the figure,
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Figure 12. Performance curves for a 3.750khm bipolar 57mm PM-motor driven by
PBL3770A constant-current driver. (Half-step mode fast curvent decay. Chopper voltage
20V, 2-phase-on current 480mA ).
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Figure 13. Performance as a function of chopper voltage for a 250bm bipolar 42mm
squave hybrid stepper driven by PBL3770A constant-curvent driver (Chopper
voltage 40/30V, winding curvent 280mA ).
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Figure 14. Performance as a function of winding current for a 250bm bipolar 42mm square
hybrid stepper driven by PBL3770A constant-current driver (Chopper voltage 40V,
winding current 280/200mA ).
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we can see that the optimum operating
frequency moves from approximatly
2kHz to 1.5kHz when the chopping
voltage is decreased from 40 to 30 volts.
Using the EMF-rule we get the same
result:

20mV/Hz X 1.5kHz = 30 Volts.

Selecting the curvent level

In a constant-current driver the driver-
current level mainly affects the torque
at the low frequencies. Depending on
the load torque demand (friction and
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inertia) as a function of stepping rate,
it is often a good idea to reduce the
current level to get a more-flat torque
characteristics from the motor. This
normally decrease resonances and
power losses and allows a lower-rated
driver circuit.

In Figure 14, the effect of decreased

winding current is shown—from the
curve we can see that only the low and
medium frequencies are affected by
the lower current. Power losses at low
step rates have also decreased. The peak
output power, however, is not affected
as the torque at 2kHz is not decreased.

Summing up
The unipolar L/R-driver offers the low-
est cost for the electronics for a given
output torque, if the step rate is low.
As demand for output power from
the stepper increases, more effective
drivers offers the best price performance
ratio. The best motor utilization is
achieved with the bipolar constant
current driver and this driver is the
obvious choice for all high-power
applications.



Industrial circuits application note

Half stepping techniques

By operating a stepper motor in half step-
ping mode it is possible 1o improve system
performance in vegard to higher resolution
and veduction of resonances. It is also pos-
sible to reduce torque variations to achieve
an even smoother motion and more precise
positioning by modifying the half step mode.
The electronics and programming, as well
as the theoretical background involved in
generating the necessary signals for balf
stepping using Ericsson’s stepper motor driv-
ers are described in this application note.

The rotating magnetic field.
The basic principle of driving the
steppet motor is to generate a rotating
magnetic field to which the rotor
aligns. The rotating field is generated
in the stator by currents in the two
phase windings (see figure 1). The di-
rection and the magnitude of the mag-
netic field is described in a vector dia-
gram (see figure 2). To create a two
dimensional vector at least two coordi-
nates have to be controlled—the X-
and the Y-axis coorinates. In the
following these X and Y axes are also
referred to as the stator axes.

The two windings in figure 1 generate
a magnetic flux which is aligned to
the two stator axis. The current ratio
between the two windings gives the
total magnetic field vector it is
direction and the length of the vector
represents the added magnetic flux
amplitude. These vectors is shown

both in figure 1 and 2. The torque at
the shaft (axis) is proportional to the
magnetic field.

Referring to figure 1: If phase A
and B are energized, the rotor can step
from position 1 to position 3, 5, 7 and
so on in either direction, depending on
the magnetic flux direction which is
controlled by the current direction in
the two windings. This drive is nor-
mally referred to as “two-phase-on”
drive. If only one stator coil is ener-
gized at a time the rotor can step from
position 2 to 4, 6, 8 and so on. This
drive mode is referred to as “one-
phase-on” drive. Both of these two
drive modes will result in full
stepping, but the full step positions
are shifted one half of a full step.

Half stepping

If these two drive modes are combined
and correct sequences are fed into the
windings the rotor can be made to align
at all positions i.e. 1, 2, 3, 4, and so on.
This is referred to as “half-step mode”.

Figure 3 describes the current time
diagram, it includes input signals and
a current direction table as well as the
magnetic field direction.

The first part shows the two-phase-
on drive where the motor steps from
pos 1 to 3,5, 7. In the second part of
the diagram, a half step sequence is
fed into the windings.

Compared to full-step drive, half-
step drive gives some major advantages:
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Figure 1. Two phase stepper motor
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Figure 2. Direction and amplitude of the
magnetic field.

Figure 3. Input signals, output current
and magnetic field direction for the differ-
ent votor positions in figure 1.
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Figure 4. Fast and slow current decay
¢ffects on the motor curvent vs. increasing
"step vate.
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* Higher resolution (without use of a
more expensive motor with higher
number of steps).

o Less problems with resonance phe-
nomena. Resonances appear as a
sudden loss of torque at one or more
stepping rates.

Half stepping usually overcomes
these resonance problems.

However a disadvantage with half-
step drive is a significant torque varia-
tion. The reason is the torque in one-
phase-on positions is about 70% of the
two-phase-on positions’ torque. This
variation can cause vibrations and/or
mechanical noise, though less than in
full-step drive mode.

Modified half stepping (constant torque
mode)

The way to deal with this torque vari-
ation problem is to increase the one-
phase-on position torque, to achieve a
constant torque over all positions. This
can be done if the current level is in-
creased to approximately 140% of the
nominal two-phase-on current, in the
half-step positions (i.e. 2, 4, 6, 8 in
figures 1 and 2).

This is done by changing the value
of Rs and/or Vref. The currents in the
two-phase-on positions are then re-
duced by changing the Vref. Some
circuits (like the PBL 3717/2 and PBL
3770A) have the ability to set differ-
ent current levels internally via the I,
I, logical inputs. These inputs set the
current to 100%, 60%, 20% and 0%
of the maximum current. Note that
140% current level is a theoretical

figure. If the application demands very
accurate torque and/or the smoothest-
possible drive, the relative current levels
between full- and half-step positions
may have to be adjusted, depending
on the type of motor and step rate used.

Since the current is increased every
half step, the total power dissipation
as well as the torque is kept at a con-
stant level (the same level as in full-
step mode of 100% current). Increasing
the current to 140% is obviously not
always possible without exceeding
maximum current or P ratings of the
driver circuit.

However, when using Ericsson’s
dual-channel drivers, this is not a prob-
lem. The performance of the driver is
limited by the package and the allow-
able power dissipation. When both
channels are on, a certain amount of
power is dissipated, and, if one of the
channels is shut off, the power dissipa-
tion is reduced by 50%. The other
channel is therefore allowed to dissi-
pate more power and consequently
drive more current.

Single drivers can be selected to
match the highest current level needed,
i.e. the 140% current level, in one-
phase-on position, since they can not
share the package power handling ca-
pability.

Current decay

It is very important to consider the
current behaviour when entering the
one-phase-on position. Especially when
using half-step drive. To force the rotor
into one-phase-on position the current

Slow current decay

I mal

Fast current decay

/m\mm\t

L/

I MA2

A

L NG A N L N A Y A

S —

Uy

Increasing step rate




through the non-energized coil should
be brought to zero as quickly as
possible. Often fast current decay will
result in a reduction of the vibrations
and resonances. But the performance
achieved is very much dependent on
the application (mechanical damping,
the lag between the rotor position and
the magnetic field and so on). Fast
current decay will “tighten up” the
control of the magnetic field versus
the input phase.

By current decay, we are referring
to the current change which occurs
when de-energizing the coil com-
pletely after a phase shift, not the cur-
rent decay during constant current
switching. Generally the current decay
time is dependent on the voltage into
which the winding discharges its stored
magnetic energy. Forcing the remain-
ing current to flow back into the power
supply, which is the highest available
voltage in the application, results in
the fastest possible current decay.

Figure 3 shows an idealized picture
of the motor current. A more-realistic
picture is illustrated in figure 4. At
high step rates, it is obvious that the
motor current will not reach zero in
the one-phase-on position if the current
decay is slow, instead the motor current
will be smoothed and look more and
more like a distorted sine wave. The
result is a significant loss of torque at
high stepping rates.

In an H-bridge arrangement the
current decay can be controlled by
switching the transistors on and off in
the right sequence. Referring to figure
5, path 1 is enabled when feeding
current through the winding. Transis-
tors Q1 and Q4 are conducting, Q2
and Q3 are shut off. Switching the
output off can be done in two ways
with different results.

If only Q4 is switched off, the cur-
rent is forced to follow path 2. This
means slow current decay—as the
current is opposed only by the forward
voltage drop of one diode. The major
share of the stored magnetic energy is
dissipated in the resistance of the mo-
tor winding. This switching method is
usually used in constant-current
switching. (Also referred to as two-
quadrant drive).

An alternative is to shut both Q1
and Q4 off, i.e. all four transistors are
shut off. This means the current is
forced to flow through two diodes and

<
=2
=

N
=g

X

Q2

Q4

gives slow current decay

Im
Phase shift here
Phase gives fast current decay
I I \ 1 I
[ \ -7
o &t / |
3717/2 L
I 1 i I
1 I I I
| | | |
] I I I
| | | |
10, 11 |
Phase shift here

Figure 5. Output stage with current paths at
turn-on, turn off and phase shift. Current
bebaviour at different current paths.
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Figure 6. Definition of input and output controlling signals needed.
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the motor supply, against the supply
voltage (path 3 in figute 5). This re-
sults in fast current decay. When cur-
rent is recirculating in path 3, transis-
tors Q2 and Q3 may be turned on with
very little effect on the recirculating
current. However, when the current is
brought to zero, the current will start
to flow in the opposite direction, i.e. a
complete phase shift occurs. (Also re-
ferred to as four-quadrant drive).

Note: In modified half step mode
the fast current decay is only appli-
cable on the current decay from 70%
level to zero current. The current de-
cay between 100% and 70% current
level will always be slow, because the
only change made is lowering of Vref
and this will not affect the current
decay.

Different circuits have different input
signals to obtain fast current decay:

e PBL 3717/2. The current is brought
to zero by bringing 10 and I1 high,
which turns off the two lower tran-
sistors Q3 and Q4. Fast current
decay is achieved by simultaneously
shifting the phase input which turns
off the previously conducting upper
transistor Q1 or Q2 (see figure 5).

e PBL 3770A turns off all four tran-
sistors when [0=11=1.

e PBL 3771 turns the output tran-
sistors off when the V pin is
brought to zero.

e PBL 3772 controls the current de-
cay via proper phase shift. See PBL
3717/2.

* PBL 3773/74/75 have a separate
disable pin which turns all four
transistors at the output off.

Generating the half step
sequence

The step sequence is generated by a
step generator which can be created in
various ways. Some different step gen-
erators are presented—the intent is to
give some ideas, not to present a com-
plete list—other designs can be found
by a designer, which may be applica-
tion specific or even general solutions.

Figure 7. Examples of stepper motor driver/
generator configurations.



A block design defining the input
and output pins of the step generator
is shown in figure 6.

Input signals to the step generator are:

e STEP. The stepping clock signal.

e Direction. A logic input control-
ling the stepping direction (rota-
tion) of the motor.

® Step mode. This is a logic input
which chooscs between full-, half-,
and modified-half-step drive mode

The output signals from the step
generator are defined by the chosen
driver circuit. Phase 1 and 2 are always
needed, but the remaining signals de-
pend on driver and drive mode used.

. VRI, VRz. These are the reference
voltage inputs. They set, together
with the current regulation circuit
in the driver, the amount of current
in the motor windings. To achieve
modified-half-step drive, by chang-
ing Vref, a control circuit is usually
necessary.

Drivers like the PBL 3717/2 and
PBL 3770A have internally-generated
current levels, which could be used in
half-/modified-half-stepping modes.
These levels are controlled via logic
control inputs [ 1.

Some examples of stepper motor
driver/generator configurations are
illustrated in figure 7. More details are
given later.

* A software step sequence generator
in a microcontroller.

e A TTL step sequence generator,
designed using a few standard com-
ponents.

e PBD 3517 unipolar stepper motor
driver can be used as a stepping
sequence generator.

* An ASIC circuit can be used to
generate the step sequence. This is
a space saving solution which can
be made application specific.

The choice between these different
ways of implementing a half-/modi-

Phase
A
10,] PBL
3717/2
11, ‘
v I
controller 2
I Phasg, é
r 3
0g 1 PBL
|1B 3717/2 Stepper
motor
PhaseA |1 111{0000{X1114X000[X111X000
PhaseB [1 100/001 11 1XQg00X111X000X1
lpy |00000000J100G100011041H1101
l, [0000/00001000100010001000
lg |[0000/0000/001Q00010011270111
lig |10000/0000(00140010(00100010
Full step mode Half step mode Modified

X=1 when the bit map is used in = direction (for example CW)
X=0 when the bit map is used in ~=@— direction (for example CCW)

half step mode

IC1

Phase

Phase 2

—
L= P
[®)
N

STEP 9
Reset
IC1=74HC04

IC2=74HC175

Figure 9. One dirvection T'T'L full step
generator.

— Ic2 Phase
= D D e 0O
IC1 —>cl O
R
g
IC2
o 5 Phase 2
DIR D Q
IC1
° >Clg q
STEP
Reset IC1=74HCO04
IC2=74HC175

Figure 10. Two direction TTL full step

generator.

Figure 8. Two PBL 3717/2 controlled by
a microprocessor and an output bit map.
Note, the change in the digital sequence
when changing direction. TheX values in
the figure will generate fast current decay;
reverse X-polarity to get slow current decay.
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Figure 12. PBD 3517 block diagram.
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fied-half-step sequence generator has to
be made considering economy, space
and already-existing logic functions.

Microcontroller as half step generator
A microcontroller is an easy way to
achieve the half step control sequence.
The price for a simple microcontroller
is resonably low, which means that it
is cost effective in many applications.
Furthermore, it is very easy to change
the control signals using the software.
There are several ways to use the
microcontroller output. One is to
attach the driver inputs to the outputs
of the controller (see figure 8) and let
the controller send something like the
digital sequence illustrated in the
figure anmd access the drivers via the
database. Another way is to use a latch.
Some microcontrollers have D/A
converters on-chip which makes it
possible to use the controller to generate
and control the Vp input along with
the other inputs. This gives the ability
to achieve a half-step sequence with
highly accurate torque.

Full step TTL-generator

A full-step TTL generator is easy to
implement. A basic design is shown in
figure 9. Only two D-flip-flops and
one inverter are used. This design does
not allow a change of stepping direc-
tion. Changing the actual rotational
direction of the shaft is easily done by
switching the phase outputs to one
coil of the stepper motor. Only a step-
signal is necessary to control the
generator and the motor will take a
step for each one of the pulses on the
input STEP signal.

If the ablity to change the rotational
direction via logic signals is necessary,
the design in figure 10 can be used.
Here two TTL-circuits are needed.
Depending on the state of the logic
direction signal the motor will run in
either direction.

The reset signal sets the logic out-
puts to zero. Note: the actual motor
shaft position is not reset to a specific
position and the windings are fully
energized.

Half step TTL-generator

An extended TTL-generator, which
can generate control signals for full
step, half step and modified half step,
is shown in figure 11. In some step
modes and with some drivers it might
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Figure 13. Examples of different wvoltage
reference circuits.

be necessary to add a few components,
such as voltage controlling circuits
when using modified-half-step mode.
The inputs in this case are step, direc-
tion and half-step mode.

As in the full-step TTL-generator
above, the reset signal only sets the
logic outputs to a well defined specific
state. A current-disable function can be
added by adding a few logic functions.

PBD 3517 as a half step generator

The PBD 3517 unipolar stepper mo-
tor driver can be used as a half-step
generator (see figure 12). It should
only be used with PBL 3770A, PBL
3773, PBL 3774 and PBL 3775. PBD
3517 is not suitable to control PBL
3717/2, because no fast current decay
is generated when entering the one-
phase-on position.

PBL 3770A has the fast current
decay function built in via the I, T,
inputs. In PBL 3773/74/75 the disable
pins turns the output transistors off
which causes fast current decay.

ASIC

If an ASIC circuit ( PAL, PLD,
Semicustom and so on ) is used in the
application, it will be well-suited to
include the step generator. This is a
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very economical way of implementing
the step generator, since it will occupy
very little space on the ASIC chip.

Voltage reference control
circuits

As discussed earlier, modified half-
stepping operation requires a changing
current level.

In one-phase-on positions, the cur-
rent has to be about 40% higher than
two-phase-on positions. Or conversely,
the total current level could be brought
up to the 140% level and reduced to
the 100% level in the two-phase-on
positions. This method is described in
the following text.

To increase the total current level, the
current-sensing resistor value should
be lowered accordingly. When using
the stepper motor drivers which have
2.5 V as nominal reference voltage, it
is possible to raise the V_ to increase
the motor current. Or you may use a
combination of lowering R_and in-
creasing V.. Do not exceed the max-
imum allowable current of the driver.
Assuming VcC (5 V) is used as reference
voltage source, the controllable reference
voltage will range well below V_.

The input reference voltage range
differs within the Ericsson stepper mo-
tot driver family.

PBL 3717/2, PBL 3770A and PBL
3775 have an input range of 0 — 5 V.
This range is not possible when using
Ve as Vref source. To compensate for
the reduced voltage range, the current
sensing resistor must be lowered even
more to maintain the current level.

When using PBL3717/2 and
PBL3770A the internal 60% current
levels can be used to lower the current
level in the two-phase-on position. In
this case an external reference circuit is
not necessaty, Vcc can be used directly.

PBL 3771, -72 and -74 have a nom-
inal Vref of 2.5 V, which makes it
easier to generate a suitable Vref from

Vce. These circuits have no IO, I1 in-
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puts, therefore the current reduction
in full-step positions has to be gener-
ated via the Vref input when using
modified-half-step mode. Different
kinds of V_, controlling circuits are
shown in figure 13.

The comparator inputs of PBL 3773
(VR and C) are of high impedance and
low current (typically -0.2 pA). This
gives a great deal of flexibility in selec-
ting a suitable voltage divider network.

When using a microcontroller to
generate the step sequence, it is natural
to use a DAC to generate the V..
This is probably the best solution be-
cause it gives ability to easily change
the Vref with software.

Figure 13 illustrates a variety of
voltage reference circuits that can be
used, depending of the drive mode and
the driver circuits used. A and B are
two types of stable reference circuits.

A. Ordinary voltage divider circuit.
Using only a few components, but
relying on the accuracy and stabil-
ity of Vcc. Note, the V, input
resistance of the Ericsson stepper
motor circuit has a tolerance of
about 20% at 25°C and is tempera-
ture dependent.

B. Another way is to use a zener diode
to set the voltage reference. Com-
pared to A the zener diode solution
reduces the influence of the varying
internal resistance. Zener diodes
however are available only in a few
discrete values below 5 V. Also
note the indistinct zener knee and
relatively high internal resistance
for zener diodes at this voltage range.

Some voltage reference controling
circuits intended for modified half
step drive are illustrated in fig C-H. In
this drive mode the V_ voltage has to
shift between two different levels.

C. This circuit uses a MOS FET device
to switch a resistor in parallel with
the voltage divider, and thereby
causes a reference voltage change. A

capacitor at the output improves
noise rejection.

. By using Zener diodes instead of

resistors, the influence of the inter-
nal resistance can be reduced. Note
the zener limitations in circuit B.

. When using the TTL-controller or

the PBD 3517, this reference
circuit can be used to change the
reference voltage. To reduce the
influence of the input resistance,
the current through the voltage
divider has to be fairly high. Make
sure the gate can sink the current
needed. It is possible to parallel
two or more gates to increase the
current sink capability. Note that
the gate has to be of open-drain or
open-collector type.

. This circuit uses three FET-transis-

tors to form an OR function. The
voltage-setting circuit is a straight
forward voltage divider. A capaci-
tor on the output improves noise
rejection.

. This is a recommended reference

voltage controlling circuit. It is an
ordinary voltage divider that can
switch between two levels when a
resistor is added in parallel with
the lower resistor. Since a buffer is
added at the output the current
needed is faitly small. This means,
the switching device can be a TTL
or a CMOS gate (open drain or open
collector type). The buffer is a tran-
sistor used in open emitter mode.
To compensate for the base emitter
temperature dependence a diode is
added in the voltage divider.

. This reference controlling circuit

uses an operational amplifier as a
buffer. The voltage-setting circuit
is a switchable voltage divider. A
MOS transistor in conjunction with
a NOR gate is used for switching.
Any other voltage setting circuit
can be used with an operational
amplifier as buffer.



Modified half step using TTL-generator and PBL 3717/2 or PBL 3770A

This application (figure 14) uses the
previously described TTL-generator
(see figure 11) to generate the nesse-
sary phase signals. To set the relative
current levels between the “two phase
on” position and the “one phasc on”
position, the internal current limiting
function is used. This function is con-
trolled via the I, I, inputs.

The internal current limiting func-
tion can control the output current in
four levels 100 %, 60 %, 20 % and
off. In this application the 100 % and
60 % current levels are used. These
levels are not optimal since the current
in the “two phase on” position should
be 70 % of the current in the “one
step on” position. The 60 % level is
used which is often adequate.

The reset signal sets the flip-flops
in a defined state. This state does not
shut the motor current off. To be able
to turn the current off the design in
figure 15 can be added to the TTL-
generator. It should be placed inside
the dotted boundary in figure 14.

As a voltage reference VCC 5V)is
used. PBL 3770A together with the
choosen current sensing resistor,

R, = 0.5 € the motor current will be
set to approximately 800 mA.
PBL3717/2 uses a current sensing re-
sistor RS = 1 Q, which gives a motor
current of approximately 415 mA.
These current levels can of course be
changed, within the power limit, ac-
cording to the application.

Disable
o—

. o—] Dis 1
Dis 1 21|l o
O

. L Dis 2
Dis 2 21 5
O—‘

Figure 15. Motor cirrent disable circuit.
To be included in figure 14.
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Figure 14. Typical application using a
TTL controller and two PBL 3717/2 or
two PBL 3770A.
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Half/modified half step using TTL-generator and PBL 3774.

VCC
R

Vref

y

R
Dis 1 5 |
Dis 2

=

R2

T

Figure 17. Voltage reference circuit to
achieve modified balf stepping in the appli-
cation in figure 16.

Disable
O—-———
Dis 1
Dis 1 11—
O-
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Figure 18. Motor current disable circuit.
To be included in figure 16.

The TTL-controller shown previously
(see figure 11) can be used to control
the PBL 3774 dual stepper motor
driver circuit.

By using the disable inputs of the
PBL 3774 it is easy to achieve a half
stepping function (see figure 18). To
generate the necessary reference volt-
age a zenerdiode of 2.7 V is used. In
the diagram a resistor of 0.68 Q is
used for current sensing. This resistor
together with the reference voltage
gives a peak current of 0.71 A.

To obtain modified half-stepping, a
reference voltage switching circuit has
to be added.

The voltage reference circuit uses
the V(_C (5 V) as input. To achieve the
two voltage levels the voltage divider
G, presented in the reference voltage
circuit chapter (is used, see figure 17).
This reference circuit uses a voltage
divider R1 and R2 to generate the
reference voltage. By adding resistor
R3 in parallel with R2 a change of

voltage is achieved. A transistor used
as a buffer reduces the influence of the
input impedance. It also makes it pos-
sible to choose relatively high values
of the resistors (R1, R2 and R3) to
reduce current consumption.This
makes it possible to use an open drain
or open collector NAND gate as a
switch. The diode will reduce the tem-
perature dependence of the base emit-
ter junction at the transistor. The mo-
tor current is easily set by changing
the sensing resistor values.

The reset input at the controller
resets only the internal flip-flops and
does not disable the motor current. To
make it possible to disable the motor
current the simple circuit shown in
figure 18 has to be added to the dia-
gram in figure 16. This circuit is
made up of two OR-gates. When the
Disable input is high both Dis inputs
at the driver are high and the currents
in both windings are shut off.

+¥ee

D1 - D4 are UF 4001 or
BYV 27, t, <100 ns.

Package pin numbers
refer to DIP package.
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Figure 16. Typical application using a
TTL controller and PBL 3774.
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Half stepping using PBL 3770A as driver and PBD 3517 as controller.

With this configuration it is easy to
achieve half stepping. The unipolar
stepper motor driver PBD 3517 can
be used as a step controller. Not all of
the stepper motor driver circuits are
perfectly sutable to function toghether
with PBD 3517 (see the Generating
step sequence chapter).

Figure 19 shows an application
where the PBD 3517 controls and
generates the step sequence for two
PBD 3770A. The PBD 3517 includes
both a full step and a half step se-
quence generator and the choice be-
tween the two is easily made via the
logic input, Full/Half step.”The Direc-
ton input controlls the rotationaldi-
rection of the motor shaft. The Step
input controls the step rate.

The @A and @B outputs of the
PBD 3517 are used as current
controlling signals for the PBL 3770A

(Iyand 1)) pins (see figure 19). The
phase inputs are controlled directly
from the PA1 and PB1 outputs of the
PBD 3517. Since the utputs from
PBD 3517 are open collector outputs
pull-up resistors are needed.

With a current sensing resistor (R )
of 0.5 € a motor current of 800 mA is
achieved. Note : The PBL 3770A has
fast current decay if both I, and I, are
brought to logic high. This is because
all four output transistor are shut off.

To achieve modified half stepping
the logic circuit in figure 20 has to be

incorporated. I, I, are used to lower

the current in the “two phase on” posi-

tions. This will result in lowering the
current to 60%. This is not optimum
but will be accurate enough in most

cases. Furthermore this includes a dis-
able function which turns the outputs

off.

74HCO0
Disable |

o ——'@El
o

Figure 20. Circuit to achieve modified half
stepping in the application in figure 19.
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Figure 19. Typical application using
PBL 3770A as driver circuit and
PBD 3517 as controller circuit.
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Half stepping using PBL 3774 as driver and PBD 3517 as controller

Vee

Figure 22. Voltage reference circuit to
achieve modified half stepping in the appli-

cation in figure 21.
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! *—] Dis 1
Dis 1 3 ) S—
O

) L | Dis 2
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Figure 23. Motor current dsiable circuit.
To be included in figure 21.

With this configuration it is easy to
achieve half stepping. The unipolar
stepper motor driver PBD 3517 can
be used as a step controller. Not all of
the stepper motor driver circuits are
perfectly sutable to function together
with PBD 3517 (see the Generating
step sequence chapter).

Figure 21 shows the diagram wired
for half stepping. To generate the nec-
cesary reference voltage a zener diode
of 2.7 Vis used. In the diagram a resis-
tor of 0.68 € is used for current sensing.
This resistor together with the reference
voltage gives a peak current of 0.71 A.

To achieve modified half stepping
the reference voltage must shift be-
tween two levels. The higher level at
“one phase on” and the lower level at
“two phase on”.

The voltage reference circuit uses
the V. (5 V)as input. To achieve the
two voltage levels the voltage divider
G, presented in the reference voltage
circuit chapter, is used (see figure 22).

This reference circuit uses a voltage
divider R1 and R2 to generate the
reference voltage. By adding a resistor
R3 in parallel with R2 a change of
voltage is achieved. A transistor used
as a buffer reduces the influence of the
input impedance. It also makes it pos-
sible to choose relatively high values
of the resistors (R1, R2 and R3) to
reduce current consumtion.This makes
it possible to use an open drain or
open collector NAND gate as a
switch. The diode will reduce the tem-
perature dependence of the base emit-
ter junction at the transistor.

The motor cutrent is easily set by
changing the sensing resistor values.

To make it possible to disable the
motor current, a simple circuit shown
in figure 23 has to be added to the
diagram in figure 21. This circuit is
made of two OR-gates. When the Dis-
able input is high both Dis inputs at
the driver are high and the currents in
both windings are shut off.

Vo, (+5 V) ) ) Vw_°
1x 1oﬁ X L L e
Q -
a7 | 15| Jo1w Lo .5, L2
= e 22 14 |9 =
. . 6 VCC kQ
Directiono—DIR 4 oo Vee Vi Vi
N__ R Phase 1 Mailis
Step °])' STEP PED Dis;
Half/Full o~—{FSM 3517 Vi1 PBL Mg 2
Stepﬂ INH - p 2 Phase, 3774 Mg,
- I B1 Dis,, 8 % O
24 6N VRr2 Mg2 |1
|_ 3 R? GND C1 E; C2 E2 STEPPER
% 15 kQ
2§X§5/
v
GND (Ve ) 3300 DF[—
D1 - D4 are UF 4001 or BYV 27, t, <100 ns.
Package pin numbers refer to DIP package.

Figure 21. Typical application using PBL
3774 as driver circuit and PBD 3517 as
controller circuir.
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Industrial Circuits Application Note

Microstepping

This application note discusses microstepping
and the increased system performance that
it offers. Some of the most important factors
that limit microstepping performance, as
well as methods of overcoming these limita-
tions, arve discussed, 1t is assumed that the
reader is somewhat familiar with stepper
motor driving and the torque generation
principles of a stepper motor. 1f not, chapter
1 and 2 of this book can be read to get the
background information necessary.

What is microstepping
Microstepping is a way of moving the
stator flux of a stepper more smoothly
than in full- or half-step drive modes.
This results in less vibration, and makes
noiseless stepping possible down to

0 Hz. It also makes smaller step angles
and better positioning possible.

There are a lot of different micro-
stepping modes, with step lengths from
Ys-full-step down to Y52-full-step—or
even less. Theoretically it is possible to
use non-integer fractions of a full-step,
but this is often impractical.

A stepper motor is a synchronous
electrical motor. This means that the
rotor’s stable stop position is in syn-
chronization with the stator flux. The
rotor is made to rotate by rotating the
stator flux, thus making the rotor move
towards the new stable stop position.
The torque (T) developed by the motor
is a function of the holding torque
(T, and the distance between the stator
flux (fs) and the rotor position (f).

T = T, X .rz'n(fs - fr)

where f_and f_are given in electrical
degrees.

The relationship between electrical
and mechanical angles is given by the
formula:
fel = (n+4 X f-mech
where n is the number of full-steps per
revolution.

When a stepper is driven in full-
step and half-step modes the stator
flux is rotated 90 and 45 electrical
degrees, respectively every step of the
motor. From the formula above we see
that a pulsing torque is developed by

the mortor (see figure la, which also
shows the speed ripple caused by the
torque ripple). The reason for this is
that f_- f_is not constant in time due
to the discontinuous motion of f .
Generating a stator flux that rotates
90 or 45 degrees at a time is simple,
just two current levels are required 1
and 0. This can be done easily with all
type of drivers. For a given direction
of the stator flux, the current levels
corresponding to that direction are
calculated from the formulas:

Ly

= 1y X sin(E)
I, =1

e X )

By combining the I and 0 values
in the two windings we can achieve 8
different combinations of winding
currents. This gives us the 8 normal 1-
and 2-phase-on stop positions corre-
sponding to the flux directions 0, 45,
..., 315 electrical degrees (see figure 2a).

If we have a driver which can gener-
ate any current level from 0 to 141%
of the nominal 2-phase-on current for
the motor, it is possible to create a rota-
ting flux which can stop at any desired
electrical position (see figure 2b). It is
therefore also possible to select any
electrical stepping angle—4-full-step
(15 electrical degrees), Ys-full-step or
Usa-full-step (2.8 electrical degrees) for
instance. Not only can the direction of
flux be varied, but also the amplitude.

From the torque development for-
mula, we can now see that the effect of
microstepping is that the rotor will
have a much smoother movement on
low frequencies because the stator flux,
which controls the stable rotor stop
position, is moved in a more-continu-
ous way, compared to full and half-
step modes, (see figure 1b).

With frequencies above 2 to 3 times
the system’s natural frequency, micro-

Load angle [degrees]
Motor torque [% of Thold]

full-step mode

Speed [full-steps/ms]

100.00 1 3.50
90.00 A i
80.00 . 3.00
70.00 1 - 2.50
60.00 1 \ \ \ F 2.00
50.00 1 \

40.00 A - 1.50
30.00 1 \ 1.00
\
20.00 1 A\ 050
10.00 1 :
0.00 0.00

100.00 + —-Load angle (fsfr) | | 350
90.00 + ~—Torque
80.00 1+ 1/8-full-step mode — Speed + 3.00
70.00 + + 2.50
60.00 1 W AANNANANNE 200
50.00 + NYYNYVVY 50
40.00 T S AN N Tl
30.00 T ' NN “\I\/\'\:\l\l\,\ NN 1.00
20.00 -

10.00 1 050
0.00 0.00
0.00 0.25 0.50 0.75 1.00 1.25 1.50

Time from first step [ms].

Figure 1. (A)—torque and speed ripple as function of load angle, full-step mode.
(B)—torque and speed ripple as function of load angle, microstepping “/s-full-step mode.
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Figure 2. (A)—flux directions for normal half and full-step stop positions. Length is
proportional to holding torque. (B)—microstepping flux directions. Direction and length
are variable.
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Figure 3. Relative excitation energy as
[unction of electrical step length.
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stepping has only a small effect on the
rotor movement compared to full-
stepping. The reason for this is the
filtering effect of the rotor and load
inertia. A stepper motor system acts as
a low pass filter.

Why microstepping

In many applications microstepping
can increase system performance, and
lower system complexity and cost, com-
pared to full- and half-step driving tech-
niques. Microstepping can be used to
solve noise and resonance problems, and
to increase step accuracy and resolution.

Running at resonance frequencies

The natural frequency, Fj (Hz), of a
stepper motor system is determined by
the rotor and load inertia,

Jp =Jg + ] (Kgm?), holding torque,
Ty; (Nm), (with the selected driving
mode and current levels) and number of
full-steps per revolution (n).

F, = (a X Ty +J)% +4n

If the system damping is low there
is an obvious risk of losing steps or
generating noise when the motor is
operated at or around the resonance
frequency. Depending on motor type,
total inertia, and damping; this prob-
lems can also appear at or close to inte-
ger multiples and fractions of F, that
is: ..., Fva, B3, Boa, 2F | 3F, 4F, ... .
Normally the frequencies closest to F
gives the most problems.

‘When a non-mictrostepping driver
is used, the main cause of these reso-
nances is that the stator flux is moved
in a discontinuous way, 90 or 45 (full-
step and half-step mode) electrical de-
grees at a time. This causes a pulsing
energy flow to the rotor. The pulsations
excite the resonance. The energy trans-
ferred to the rotor, when a single step
is taken, is in the worst case (no load
friction) equal to:

(AT +n) X {1 - cos(f)}

Ty and n are as above and f, = elec-
trical step angle, 90 degrees for full-
step, 45 degrees for half-step. This
shows that using half-steps instead of
full-steps reduce the excitation energy
to approximately 29% of the full-step
energy. If we move to microstepping
Vsa-full-step mode only 0.1% of the
full-step energy remains (see figure 3).



It appears that, by using micro-
stepping techniques, this excitation
energy can be lowered to such a low
level that all resonances are fully elim-
inated.

Unfortunately this is only true for an
ideal stepper motor. In reality there are
also other sources that excite the system
resonances. Never the less, using micro-
stepping will improve the movement in
almost all applications—and in many
cases microstepping will alone give a
sufficient reduction of the noise and
vibrations to satisfy the application.

Extending the dynamic range towards
lower frequencies

When running a stepper motor at low
frequencies. in half- or full-step mode.
the movement becomes discontinuous,
shows a great deal of ringing, and gen-
erates noise and vibrations. The step-
ping frequencies where this happens
are below the system’s natural frequen-
cy. Here microstepping offers a easy
and safe way to extend noiseless step-
ping frequencies down towards OHz.
Normally it is not necessary to use
smaller steps than Y52-full-step. With
this small electrical step angle the en-
ergy transferred to the rotor/electrical
step is only 0.1% of the full-step ener-
gy, as described above, and is so small
that it is easily absorbed by the internal
motor friction—so no ringing or over-
shot is generated by the stepping (see
figure 4). The deviation of the micro-
stepping positions from a straight line
is due to the use of uncompensated sine/
cosine profiles.

Electronic “gearbox”

In some applications, where small rel-
ative movements or higher step resolu-
tion are required, microstepping can

replace a mechanical gearbox. In many
applications, this is often a better and
less-complex solution—even if a larger
motor has to be used. To get the best
results in this type of application care-
ful motor selection and development
of customized sine/cosine profiles are
recommended.

Improved step accuracy

Microstepping can also be used to in-
crease stepper motor position accuracy
beyond the manufacturer’s specification.
One way to do this is as follows. De-
sign a microprocessor based micro-
stepping system. Use the motor at 2-
phase-on stop positions, [ | = IL,]
(these are normally the most accurate
rotor stop positions). Use a factory
calibration process (manual or auto-
matic) to store a correction value for
each stop position on every motor used.
The correction value is used to output
“adjusted” full-step positions to the
motor (see figure 5b). The adjusted
positions have slightly changed cur-
rent levels in the windings to compen-
sate for the position deviations at the
original stop positions (see figure Sa).
This technique can be used when opti-
mum step accuracy is the most impor-
tant design criteria.

If ¢his technique is used, the system
has to use a rotor home position indi-
cator to synchronize the rotor with the
compensation profile.

System complexity

Even though the electronics for gener-
ating microstepping is more complex
than electronics for full- and half-step-
ping, the total system complexity in-
cluding motor, gearbox and transmis-
sion is less complex and costs less in
many applications. Microstepping can

I8 Rotor 55°

Flux 45°

Rotor 45°

1/2-step / Div.
Full-step mode "~
e
An/
Uwv A
Ve N
]

— ?‘WMicrosteppingﬁlA/sz

HEEEE

25ms / Div.

Figure 4. Rotor position as function of
stepping mode.

Figure 5. (A)—rotor and flux dirvections
at original full-step position. (B)—rvotor
and flux divections at adjusted full-step
position.
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replace or simplify gearboxes and me-
chanics for damping of noise and vibra-
tions. Also motor selection becomes
easier and more flexible.

In a microprocessor,based micro-
stepping application it is possible to
use software and PWM-timers or
D/A-converters internal to the micro-
processor to replace an external micro-
stepping controller to achieve lowest
possible microstepping hardware cost.
It is chen possible to achieve the same
hardware cost as in full- and half-step
systems for similar motor sizes.

What affects microstepping
performance
In theory, microstepping is quite sim-
ple, and theoretically, the technique
solves all resonance, vibration and noise
problems in a stepper motor system.
In reality, a lot of different phenom-
ena arise which set limits for the sys-
tem performance. Some are related to
the driver and others to the motor. If a
high-precision controller/driver combi-
nation such as PBM3960 and PBL3771
or equivalent are used, then the errors
associated with the driver are negligible
when compared with those associated
with most available motors.

Step accuracy
In the manufacturers’ stepper motor
data sheets, the step accuracy is nor-
mally given. Step accuracy can be given
absolute (£1.0 degree, as an example)
or relative (£5% of one full-step).
Normally step accuracy is only specified
for 2-phase-on stop positions. (Here a
2-phase-on stop position means a posi-
tion with the same current level in
both windings. A position with differ-
ent current levels, or none, in the

* windings is a microstep position.) This
means that the manufacturer does not
tell anything about the motor behav-
ior when the motor is used in a micro-
stepping application. Optimizing a
motor for high full-step positioning
accuracy and holding torque normally
reduces microstepping accuracy.

One important effect of the 2-phase-
on step accuracy is shown by the
following example. Consider a micro-
stepping design, using Y52-full-step
mode with a 7.5-degree PM-stepper
motor. One microstep theoretically
corresponds to 7.5 + 32 = 0.23°. For
this type of motor a step accuracy of
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+1 degree is common. This means
that if the motor home position is cali-
brated at a randomly-selected 2-phase-
on position (which can be positioned
anywhere within *1 degree from the
theoretically-cotrect home position)
the maximum deviation of the rotor at
another 2-phase-on position can be
{1-(-1)}1/0.23 = 8.5 microsteps from
its theoretical position. This fact has
to be considered when microstepping
is used in applications were absolute
positioning is essential. A technique
to solve this problem is described pre-
viously under “Improved step accuracy”.

Sine'tosine conformity

Most acttial stepper motors do not
have an ideal sine/cosine behavior (a
stepper with idealized sine/cosine be-
havior will rotate with a absolute con-
stant speed when a sine/cosine current
pair is applied to the windings). Main-
ly due to varying air gap area, air gap
distance and magnetic hysteresis the
flux vector direction and magnitude—
and therefore the microstepping stop
positions and the microstepping hol-
ding torque—deviate from the ideal
sine/cosine behavior. The deviations
are dependent upon rotor and stator-
tooth shape, and the type of material
used in the construction.

Some motors are optimized for high
holding torque or increased step accu-
racy at 2-phase-on stop positions. This
can be done by shaping the teeth in
such a way that a extra high flux is
achieved at the 2-phase-on positions.
This type of optimized motors should
be avoided in microstepping applica-
tions because there large deviations
from the sine/cosine behavior. The
closer the motor conforms to the sine/
cosine behavior the better performance
in a microstepping application.

The deviations can be divided into
two parts: of the amplitude of the flux
vector (influences the microstepping
holding torque), and of the direction
of the flux vector (effects the micro-
stepping stop positions).

Microstepping position ripple

When a stepper is used in a micro-
stepping application, the microstep-
ping stop positions are affected by the
sine/cosine conformity. The difference
between the theoretical and actual mi-
crostepping stop positions is called
microstepping position ripple. It is

defined as the average deviation, for all
full-step cycles over a full revolution,
of the actual microstep stop positions
from the theoretical, when a sine/cosine
current wave form is applied to the
motor windings (see figure 6). The
microstepping position ripple is a
median value over the whole revolu-
tion. This means that it is not a func-
tion of the normal 2-phase-on step
accuracy. To calculate the total micro-
stepping accuracy, the microstepping
position ripple has to be added to the
2-phase-on accuracy.

The effect of the microstepping po-
sition ripple is that, when a motor is
driven with an uncompensated sine/
cosine profile, the rotor movement
will show a varying speed over the
full-step cycle—in other words, the
microsteps will vary in length. Micro-
step lengths from %2 to 3 times the
nominal are not uncommon when a
microstep length of Ys2-full-step is
used (see figure 7).

In microstepping applications, this is
most common phenomena that excites
the systems resonances.

Microstepping holding torque ripple

The magnitude of the magnetic flux
will also deviate from the theoretical
value when microstepping is applied
to a stepper motor. This is referred to
as microstepping holding torque
ripple. The nominal holding torque is
theoretically independent of the flux
direction when the motor is driven
with a sine/cosine current wave form.
The theoretical holding torque is cal-
culated from the formula:

TH = kX (IA2 + IBZ)O.S

If I, and I} are sine/cosine pair then
1y is independent of flux direction.

The magnitude of the microstep-
ping holding torque ripple, which is a
function of the nominal stator and
rotor-tooth geometry, is normally in
the range 10 to 30% of the nominal 2-
phase-on holding torque. Most motors
are optimized for highest holding
torque at the 2-phase-on positions (see
figure 8).

The microstepping holding torque
ripple is an average value for all full-
step cycles over one full revolution and
should not be confused with the motor-
tolerance-dependent 2-phase-on hold-
ing torque ripple. When a stepper is
stopped at different 2-phase-on posi-

T



tions the holding torque normally dif-
fers up to £10% of the nominal holding
torque. These variations are caused by
mechanical tolerances in the rotor/stator
geometry of the motor and would be

zero for a geometrically correct motor.

Hysteresis

The stop-position hysteresis of a step-
per motor is mainly affected by the
magnetic hysteresis, but also partly by
the friction of the rotor bearing. If we
measure the microstep stop positions,
first by rotating the motor in CW di-
rection and then in the CCW direc-
tion the hysteresis will clearly show
(see figure 6).

The magnetic flux in the air gap is
theoretically proportional to the num-
ber of turns in the winding (n) and the
winding current (I).

F, = kxnXI

Because of the hysteresis of the mag-
netic materials in the rotor and stator
flux path, this is not quite true. When
hystereses are involved, the present
flux is a function of the present wind-
ing current and the flux history (see
figure 9). The H value is directly pro-
portional to the winding current, but
to determine the flux it is also neces-
sary to know the previous H-values
(the flux history). In applications
where positioning accuracy is impor-
tant, it is some times necessary to use
an over-shot movement so as to always
have the hysteresis on the same side
and thereby not create any additional
positioning error.

In a high-resolution microstepping
application, the hysteresis can be several
times the nominal microstep length.

When the total positioning accu-
racy of a stepper motor system is cal-
culated, it is important to know if the
hysteresis is included in the step accu-
racy given in the motor dara sheet.

Torque ripple

When the stepper motor is stepped in
full- or half-step mode, there will be a
pulsing torque developed by the mo-
tor. This pulsing torque has the same
mean value as the load friction torque,
but can in some applications have a
peak value 20 or more times as high as
the average value. This is the main
cause of noise and resonances in step-
per motor systems. This phenomena is
also known as torque ripple. In an

Absolute deviation (degrees)
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1 3 5 7 9 11 13 1517 19 21 23 25 27 29 31
Microstep positions, 1 = 1-phase-on, 17 = 2-phase-on.

Figure 6. Microstepping position ripple for @ 57mm 7.5 degree PM stepper.
CW ripple = 1.04 - (-0.61) = 1.65 degrees = 22%.
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Figure 7. 57mm PM-stepper velative microstep length as function of stop position,
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Figure 8. Microstepping holding torque ripple for a 57mm PM stepper.
Ripple = 13.3 - -14.8 = 28.1%.
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Figure 9. Flux as function of flux history
and H-value when two different current
levels are applied to the winding.
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ideal stepper motor, the torque ripple
is a function of the holding torque, the
stepping method, and the load angle
(fl). The load angle, or rotor lag, is
defined as the median deviation be-
tween the electrical stator flux and the
rotor position measured in electrical
degrees.

In a real application the torque ripple
is also affected by the sine/cosine con-
formity of the stepper and driver used.

When microstepping is used to re-
duce noise in a stepper application, it
is important to know the dominant
source that excites the resonances. The
formulas below show that a high pre-
cision controller dtiver combination
such as PBM3960 and PBL3771 re-
duces the errors associated with the
driver/controller to a negligible level
compared to most motors.

Microstep-length-related torque vipple
If we drive an ideal stepper motor with
an ideal and continuous sine/cosine
current wave form then the torque
ripple will be zero. If we instead use
sine/cosine microstepping, the torque
ripple will be a function of the motor
holding torque Ty the microstep
length (f,) and the average load angle
(f). This assumes that the rotor speed
is constant—which is a good approxi-
mation for a simple model. We can
now calculate the torque ripple associ-
ated with the microstepping length.
fxm

= Ty X 50 X cos(f)

f, and f| given in electrical degrees.

TRfe

Motor sinelcosine conformity velated torque
ripple
In an actual design, the motor is not
ideal and, as mentioned above, we have
two types of deviations from the sine/
cosine behavior. Let us now calculate
the torque ripple associated with these
deviations. For an approximation, we
still consider the rotor speed as constant.
First, assume the microstepping
position tipple equals zero and drive the
motor with ideal sine/cosine current
curves (no driving-mode-related torque
ripple). We can now calculate the
torque ripple associated with micro-
stepping holding torque ripple (T

TRmhu = Tmhtr ><JIi”(fl)

Next assume the microstepping
holding torque ripple equals zero and,

mhtr)'

still using ideal sine/cosine current
wave forms, calculate the torque ripple
associated with the microstepping po-
sition ripple (fmpt).

T = Ty X IE, X )/ 1801 X cus(Fy)

Rempr mpr
fmp[ and f| given in electrical degrees.
Motor tolerance related torque ripple

The 2-phase-on step accuracy and
holding torque variations of the motor
also generate a torque ripple. Usually
the effect from these errors can be ig-
nored because they are not cyclic but
random, or if cyclic not periodic on
full-step cycles. This makes the risk
that these errors will excite the system
resonance lower. If necessary, the torque
ripple associated with these errors can
be calculated in a similar way to the
microstepping errors related to the
motor. To minimize these type of er-
rors use a high quality motor with
small internal geometric tolerances.

Driver related torque ripple

When we use an non-ideal driver, the
driver will also contribute to the
torque ripple. This contribution can
be separated into one microstepping
position ripple and one microstepping
holding torque ripple, in the same way
as for the motor. Depending on the
type of motor and driver used, either
the driver or motor errors will domi-
nate. If Ericsson’s high-precision
microstepping controller and driver
are used, then the errors associated to
the driver normally can be ignored
(both the driver microstepping posi-
tion and holding torque ripple are less
than 1%). If other types of drivers, or
if high-precision microstepping motors,
are used then the best way of estimat-
ing the total system (driver and motor)
error is to measure the microstepping
holding torque ripple and microstep-
ping position ripple of the motor and
driver combination together. If the
driver-related error can not be ignored,
it can be calculated in the same way as
the errors related to the motor. One
part concerning the flux vector position
and one concerning the magnitude of
the flux.

Comparing the different torque ripple
sources

We can now compare the magnitude
of the torque ripple generated by the
different sources. As we can see from



the formulas above, we also have to
take the average load angle (fl) into
consideration. This means that, de-
pending on whether we have a high or
low friction load in the system, the
different error mechanisms will gener-
ate different amounts of torque ripple.
We will scudy three different cases.
First, with zero load angle—this
system can be a good approximation
for many low-friction-load systems.
Second, 12-degree load angle (21% of
available torque used)—this is a nor-
mal value for many medium perform-
ing systems. Third, a 49-degrees load
angle (75% of available torque used)
—this is close to the maximum practi-
cally-available torque under the best
driving conditions and can be used for
a high performance motor drive. Table
1 compares the torque ripple from the
different sources under different con-
ditions, also torque ripples calculated
for 6- and 30-degree load angles.

Measuring microstepping
performance

To develop compensated sine/cosine
current profiles in a systematic manner,
we need to measure the microstepping
position ripple, and in some applica-
tions, the microstepping holding
torque ripple.

Measuring microstepping position ripple
To measure the stop position ripple
use a microstepping controller/driver
(Ericsson TB307I for an example)—
make sure that the same chopping
voltage, current levels, current decay
mode and chopping frequency are used
as the in the final application. Use a
high-precision miniature coupling to
fix a high-precision, low-friction, opti-
cal encoder to the stepper motor shaft
to measure the rotor stop positions. If
possible, use two couplings in series
separated by a 50 — 100 mm axle (see
figure 10).

Be careful with the mechanical set-
up—misalignment of the motor and
encoder shafts will affect the measure-
ment accuracy.

First, microstep the motor in the
CW direction for at least one full-step
distance. Continue in the CW direc-
tion to the next 1-phase-on stop posi-
tion. Reset the rotor position measure-
ment. Move the rotor one microstep in
the CW direction. Note the new stable

stop position. Continue in this way
until the srator flux has moved 4 full-
step positions (360 electrical degrees)
in the CW direction. Now rotate the
flux an additional full-step distance
without noting the stop positions (this
is to allow the flux hysteresis to build
up on positions not measured). Change
the direction to CCW and microstep
the flux back to the last measured flux
stop position, note the CCW stop
position. Continue microstepping the
motor in the CCW direction and note
a]l the CCW stop positions.

Calculate the CW and CCW devia-
tions from the theoretical stop posi-
tions. Plot the deviations in a graph.
From the graph, we can read the hys-
teresis and the CW and CCW micro-
stepping position ripple as functions
of the flux direction for the microstep
positions (see figure 11). Observe the
cyclisity, the deviation repeats every
90 electrical degrees. This is a result of
the sine/cosine 90-degree symmetry.
Calculate the average deviation of the

four cycles to get a more-accurate
measurement result. The curve in fig-
ute 6 is calculated from figure 11 in
this way. This data is the input for
calculating compensated sine/cosine
profiles. To get even-more-accurate
data the deviations can be measured for
a integer multiple of 4 full-step cycles.
For the best results, use all the full-
step cycles in one whole revolution.

Measuring microstepping holding rorque
ripple

To measure the holding torque ripple
as a function of the microstepping
stop positions, a microstepping driver
and a torque watch or torque sensor
are needed. Measure the holding torque
as a function of the flux direction (see
figure 12). Calculate the torque ripple
from the measurements by subtracting
the average value. Figure 8 is calcu-
lated from figure 12 in this way. The
microstepping position ripple is a full-
step cyclic function. For best accuracy
measure as many cycles as possible.

Stepper Optical encoder
motor — —
50-100mm
= il
Couplings

Figure 10. Suggested set-up for measuring microstepping position ripple.

Absolute deviation (degrees)

15

1.0 —\

0.5 / A
0.0 !r- ,‘ ‘ /r
05 NN\ ” N\_L/7"™\
1.0 'L, g \ y ‘ ” \
15 \ 7/ \ ! \
20175717 25 33 41 49 57 65 73 81 89 97 105113 121

Microstep positions 1,33,65,97 = 1-phase-on, 17,49,81,113 = 2-phase-on

Figure 11. Microstepping position vipple
Jor 4 full-step cycles for a 57mm 7.5 degree
PM srepper.
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Table 1. Absolute torque ripple as function of driving
conditions and different torque ripple sources.

Conditions
Mean load angle [degrees} 0
Friction torque {% of T, 1 0

Driver mode microstepping length

Y-stepping 90.0 157
Ls-stepping 45.0 79
Us-stepping 11.3 20
Vig-stepping 5.6 10
Ysa-stepping 2.9 5

Motor microstepping holding rorque ripple

5% (5mNm) 0.05 0
10% (10mNm) 0.10 0
20% (20mNm) 0.20 0
30% (30mNm) 0.30 0
40% (40mNm) 0.40 0
Motor microstepping position ripple

5% (0.38 deg.) 0.05 8
10% (0.75 deg.) 0.10 16
20% (1.5 deg.) 0.20 31
30% (2.25 deg.) 0.30 47
40% (3.9 deg.) 0.40 63
Driver microstepping holding torque ripple

1% (1mNm) 0.01 0

2% (2mNm) 0.02 0

5% (SmNm) 0.05 0
10% (10mNm) 0.10 0
Driver microstepping position ripple
1% (0.9 el. deg.) 0.01 2
2% (1.8 el. deg.) 0.02 3
5% (4.5 el. deg.) 0.05 8

Torque ripple [MNm]

6
10

156
78
20
10

—_

N

16
31
47
62

12
21

154
77
19
10

[o R S N

15
31
46
61

(=R

—

30
50

136
68
17

10
15
20

14
27
41
54

49
75

103
52
13

15
23
30

10
21
31
41

@ AN =

Values are calculated for a 7.5 degree 57mm PM-moror with 100mNm holding torque.

Typical values ave shown in bold type.
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For a 3.6 degtee stepper, there are 25
stable stop positions with the same
flux direction. It is possible to measure
all of them without changing the flux
direction. Make sure you measure the
holding torque in the same mechanical
direction for all stop positions and, if
only a few positions are measured,
measure the same mechanical stop
position at all flux stop positions to
get the best measurement accuracy.
The results of these measurements
are the input data for calculating
microstepping holding torque com-
pensated sine/cosine current profiles.

Designing compensated sinelcosine profiles
From the discussion above, we see that
there are many motor-specific param-
eters that affect the microstepping
performance in an application. In fact,
if no actions are taken, the motor will
always limit the performance. Theo-
retically, microstepping is done with
sine/cosine current wave forms, but
the flexibility of the PBM3960 micro-
stepping controller allows for easy
modification of the current profile.
Adding a microprocessor to the control
also makes handling of hysteresis and
CW/CCW-unsymmetty a matter of
software.

The sine/cosine conformity is mainly
dependent upon the rotor/stator ge-
ometry and the material used in the
construction. For most motors, the
deviations among the individuals are
relatively small compared to the average
deviations from the theoretical values.
This makes designing compensated
sine/cosine current profiles an effective
way of improving microstepping per-
formance in a specific design.

Microstepping position vipple compensation
The compensated sine/cosine profile is
calculated from the measured micro-
stepping position ripple profile. Use
the measured deviations at the differ-
ent applied flux directions to interpo-
late new flux directions with zeto de-
viation. Use these new flux directions
to build the compensated sine/cosine
profile. Now measure the microstep-
ping position ripple with the compen-
sated current profiles driving the mo-
tor. If necessary make further modifi-
cations to the current profile; and re-
peat the measurement until an accept-
able result is obtained. Figure 13 shows
the microstepping position ripple for



the motor measured in figure 11 and 6
after applying compensated sine/cosine
profiles to the motor. In figure 14 the
full-step cycle average value is plotted.
The compensated curve is a “first try”,
to get a even better result the proce-
dure can be repeated with the new
measured data as input.

If the application requires bidirec-
tional rotation of the rotor, calculate
different compensated profiles for the
CW and CCW directions. In some
applications it is possible to use the
average CW and CCW deviation curve
for both CW and CCW directions.
Depending on the motor hysteresis
level, this gives a somewhat less
precise compensation.

The above method gives the best
result when the rotor speed is low.
When the speed is increased, the flux
history of the motor is influenced by
the rotor EMF, so the measured stop
positions are not the correct ones. In
these cases an experimental compro-
mise between the uncompensated
sine/cosine profile and the position-
ripple-compensated profile normally
gives the best result.

Holding torque ripple compensation
Normally, in applications were the
friction load torque is low compared
to the motor holding torque, no com-
pensation for microstepping holding
torque ripple is necessary (see table 1).
The primary source of resonance exci-
tation is the microstepping position
ripple.

If compensation for holding torque
is required it can be applied alone or
together with the stop position com-
pensation.

Use the measured microstepping-
dependent holding torque to calculate
the new current levels.

Lew = LuaX(@T +T

new Hnom Hmeasurcd)

This is applied to both winding currents.

1 3 5 7 9 11 13 15 17 1921 23 2527 29 31

Figure 12. Microstepping holding torque for a 57mm PM stepper.

Absolute deviation (degrees)

15 1 T T T,

1.0 Clockwise Counter-clockwise

0.5 . ‘

b S - 2
B I S A L N 7\11_ >
_2'01 9 17 25 33 41 49 57 65 73 81 89 97 105113121

Microstep positions 1,33,65,97 = 1-phase-on, 17,49,81,113 = 2-phase-on.

Figure 13. Sinelcosine CW compensated microstepping position ripple for 4 full-step cycles
Jfor a 57mm 7.5 degree PM stepper

Absolute deviation (degrees)

Clockwise

1.00 l
012

|
0.41 |
0.50
0.00 N
-0.50 0.73 —
- - — | ==

-2.00

-

§ el )

Coulnter-lclocklmsel —11.23 T

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
Microstep positions, 1 = 1-phase-on, 17 = 2-phase-on.

Figure 14. Sinelcosine compensated microstepping position ripple for a 57mm 7.5° PM
stepper. CW ripple = 0.41 - -0.12 = 0.53 degrees =7 % compared to 22% for
uncompensated.
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Industrial Circuits Application Note
Solving RFl and noise problems
with PBL 3717 and PBL 3770A

The PBL 3717 and PBL 3770A are
chopper (switch-mode) type stepper motor
drivers. Due to the operation of these cir-
cuits, electromagnetic as well as capacitively
coupled noise can be generated by the ICs
during switching and may be radiated via
surrounding wires and PCB copper tracks.

Magnetic noise is generated by loops
on the PCB and couples into nearby
circuitry in the same fashion as a trans-
former couples power between two
windings. The general method to avoid
magnetically coupled noise is to route
supply rails close to each other on the
PCB and to make current loops as
physically small as possible.

Capacitive noise is coupled between
adjacent copper tracks or components/
component leads on the PC board.
Especially sensitive situations are when
two tracks run in parallel on each side
of a board or on nearby layers. Capaci-
tively coupled noise may be eliminated
by introducing ground planes between
power rails and low level circuitry on
multilayer boards. Separating low level
circuitry from power circuits by guard-
ing or screening may also be needed.

To reduce potential interference
when using the PBL 3770A (ot the
PBL 3717/2), there are a few basic
rules to follow. Please refer to the
figure 1 and the points of discussions
indicated by numbers 1 through 7.

1. Recirculating curvent path

During the turn-off mode of the IC (a
complete description of the operation
of the PBL 3717/3770A can be found
in the data sheets) the motor current
recirculates through the external free-
wheeling diodes as indicated by the
magnetic field which can induce noise
voltage in adjacent circuitry. To reduce
potential problems, the recirculation
diodes should be located as close to the
IC as possible.

2. Filtering of power supply rails

An LC filter in the positive supply rail
reduces noise that may be spread to
other circuits. Suitable values are:
inductor, 10 - 100 WH; and capacitor,
10 UF + 0.1 UF. The LC filter should
be located as close to the circuit as
possible, and the capacitor connected
to power ground.

a

+HV
Voo v (TMD%\ C?
oo e
b R pgL Mg
—'0  3770A
o—il

To

I ; STEPPER
T MOTOR

0
other IC

control To
logic and ®/ = — + Power
Vref GND Supply

Figure 1. Circuit showing proper printed
circuit board layout design.
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3. Grounding

It is essential to understand that the
power ground of the circuit is at the
point where the sensing resistor RS
connects to the negative supply. Thus,
this ground connection should be sep-
arated from all other ground returns,
especially those of sensitive low-level
circuits. Signal ground is at the ground
pins of the stepper motor driver circuit,
and should be connected to a common
ground point, preferably close to the
power connector on the PC board.

4. Power supply connection

To minimize magnetic interference
from the power supply rails, the positive
supply and the power ground return
copper tracks should be routed closely
to each other on the PC board.
Compare this to the “twisted wire”
technique. Best result will be achieved
if the two tracks run in parallel in
separate layers on a multilayer PCB.
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5. Signal ground
Ground reference for the logic inputs,
the reference voltage ladder resistor
network and the current selection
comparators, are all connected to the
ground pins of the device (see data
sheet for pin-out diagrams for DIP
and PLCC packages respectively).

This ground should be connected to
the same logic ground as the control
logic which drive the logic inputs
(Phase, 10 and I1). This is also the
ground of the voltage reference, usually
the +5 V rail.

There are two important aspects of
the signal ground:

1. During phase shift (when Phase
changes state) the motor current
will flow through signal ground and
cause ground current transients.
This means that the signal ground
path on the PCB must be kept as
short and low impedance as possible
to avoid noise that can be capaci-
tively coupled to sensitive circuits.

2. It is imperative that the ground of
control logic and the signal ground
of the stepper motor IC are at equal
ground potential. Different ground
potentials can result in permanent
damage of the ESD protection
diodes at the logic inputs of the
stepper motor IC.

6. Motor leads

The motors leads should be wired for
minimal interference. Shielding may
reduce noise further. RC or LC filtering
of the motor outputs may be needed in
severe cases. Rule of thumb: Cut-off
frequency of filter shall be at least 10
times chopper frequency.



Industrial Circuits Application Note

Thermal Management

Ericsson’s stepper motor 1Cs are power I1Cs
encapsulated in Dual in Line and PLCC
(Plastic Leaded Chip Carricr) packages.
The silicon die is dirvectly bonded 1o a heat-
spreading lead-frame for efficient heat-
transfer to an external beat sink, or to a
copper ground plane on the printed circuit
board.

Determining the needed amount
of PCB copper area for heat sinking is
a simple procedure, following a few
basic guidelines.

1. Establish a value of the circuit’s
power dissipation, P,,. Graphs
showing typical power dissipation
vs. output current are found in our
data sheets.

2. Specify maximum operating am-
bient temperature, T,.

3. Specify maximum junction temper-
ature, TJ , the temperature of the
chip at maximum operating current.
No strict rules exist— typically
one should design for a maximum
continuous junction temperature of
100°C to 130°C. Maximum rating
is 150°C.

The maximum value of thermal resis-
tance junction-to-ambient, RthJ_A,
can now be calculated as follows:

Reh , = (T,- T, / Py,

The graph in figure 1 shows thermal
resistance junction-to-ambient vs. the
area of a copper ground plane of a PC
board. Use this graph to determine the
area required to achieve the value of
the thermal resistance as calculated.

Figure 2 summarizes the output
current capability of Ericsson’s stepper
motor drivers for various levels of heat
sinking.

In order to verify the thermal design,
it is useful to make an estimate of the
real chip temperature. This is done by
attaching a thermocouple or some
other miniature temperature sensor

right onto the batwing ground pins of
the IC under test, and measuring the
temperature of the batwing pin (Tyy)-
The chip (junction) temperature can
now be calculated:

Ty = Tyt PpX Reh

where RthJ_Bw is the thermal resistance
from junction to the batwing pin.

Reh, .y is 9°C/W for the PLCC
package and 11°C/W for the DIP
package.

Thermal resistance [°C/W]

90

80

60 \
50 N
~

40

I~ e |
R —
30
5 10 15 20 25 30 35

PCB copper foil area [em 1 2

PLCC package
DIP package

Figure 1. Typical thermal vesistance vs. PC Board copper avea and suggested layout.

Dual Drivers (both channels on)

PBL 3771

PBL 3772

PBL 3774

rer377y77s T

Single Drivers
PBL 37172

PBL 3770A

] Wich extensive heatsinking. Reh

] Maximum ousput curren.

B With PCB-heatsinking. Rch | 2 40°C/W, P 52 W, T =70°C, T

= P()"C,

FRTCW, P =3W. T STQC,T - 130°C.

Figure 2. OQutput current capability for Evicsson’s stepper motor driver ICs.
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Industrial Circuits Application Note

Synchronization of single-channel stepper motor
drivers reduces noise and interference

In most applications, a non-synchronized
operation causes no problems.

However, in some cases the switching of the
two channels interfere, causing andible
noise and vibrations from the motor. By
synchronizing the switching in the two
channels, interference and noise will be
cancelled.

Synchronization of
Ericsson’s stepper motor
drivers

The single channel stepper motor
drivers 3717/2 and 3770A are not
synchronized in the typical application
of fig. 1, i.e. the PWM switching of
one channel is totally independent of
the other cannel. Note that the Dual
channel drivers (3771, 3772, 3773,
3774 and 3775) all are synchronized
by design. The basic operation of the
PWM switching is described in the
data sheet of of each circuit.

Improvements by
synchronization

From the electrical point of view, syn-
chronization 180° out of phase gives
some major improvements. With two
channels free-running, the peak supply
current will be the sum of the current
in the two channels, as shown in
figure 2. When synchronized 180°
out of phase, the two channels will
never be on at the same time. Peak
supply current is then equal to the
peak value of one channel. Higher-
order harmonics will also be significant-
ly reduced in amplitude. This means a
reduced need for power supply filtering,
or better filtering from the same
filtering components. Magnetically
coupled noise to nearby circuitry will
also be reduced as the peak current and
higher order harmonics are reduced.

The design
Fig. 3 shows the timing diagram
during synchronized operation.

+5V +5V

Tll Ts T3,14

VMM

Stepper
haser——;3 PhasevR Voo Vi Mg Mator
Channel 1 lao—g "t pBL3770A
IOA lo
Y YYYY)
o
LR s6
820
pF
+5V +HV VIVIM
L re Ts, 14
1
hase Bo—7 PhaseVR Vee Vi MB
Channel 2 he >—j 1 pBL3770A
o O—1 |
Diodes are
| UF 4001 or
c | ) BYV27
L R1s6 t, <100ns

Figure 1. Typical stepper motor driver application with PBL 3770A.

Current

=== Channel 1 motor current

Channel 2 motor current === Supply current

Figure 2. Typical supply current with two
channels free-running.
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Current

=== Channel 1 motor current

Channel 2 motor current === Supply current

Figure 3. Timing diagram with two channels during synchronized operation.

=== Channel 2 motor curent

| T _!] If pulled low,
| output will
turn on.
. |
T t - >t
off

=== Timing pin voltage, V1

Figure 4. Motor curvent and V..voltage vs. time.

Ow | i Vi
v11 v6 - 3,14 1 Stepper
PraseA O—of Phase "R T Ty otor
7
Channel 1 s o——h PBL
Ton 00— 1o 3770A w s
4093
QAREFQ
7] 7
10k 10k jMV Vi
ﬁzszo . = e 3,14
P VeV, V)
PhaseB o——2 Phase ® 00 My B
7
Channel 2 hs 0 9 h
log 0——
Diodes are
UF 4001 or
BYV27
1y < 100ns
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Channel 1 is designated the master,
and channel 2 the slave. When syn-
chronized, the off-time of the slave
will not be controlled by the internal
monostable flip-flop, but by the turn-
off of the master. By increasing the
timing capacitor value C. (and thereby
increasing the off-timeof the slave),
the master will always give the turn-
on trigger pulse before the mono-
stable. As long as the total duty cycle
(the sum of channel 1 & 2 duty cycles),
are less than 100%, the two channel
will never be turned on simultaneously.

The operation of the monostable flip-
flop is shown in fig 4. In the motor
current output-on state, the V.. voltage
is constantly kept at about 1.2 V at
the T (Timing) pin. When the motor
peak current is reached, the mono-
stable flip-flop is triggered, and V.
decreases as C. discharges through R..
At V;:=0.6 V a comparator resets the
monostable flip-flop, and turns the
output on again. An external sinking
output connected to the T-pin could
discharge C.. in a very short time, and
induce an immediate turn-on.

The circuit diagram is shown in
figure 5. A 4093 CMOS Schmitt trigger
NAND-gate and some external com-
ponents form an edge detector to gen-
erate the sync pulses.

Gate #1 detects the off-state of
channel 1. The voltage divider resistor
network including R1 and R2 reduces
the input voltage swing to equal the
4093 supply voltage. If V,, - is below
15 V, 4093 can be fed by Vi and
the voltage divider network could be
omitted.

In the off-state both M, and M,
are high (=V, ) giving a low output
of gate #1. Gate #2 inverts the signal,
and sends it through a high pass filter,
acting as a positive edge detector. For
each positive transition of gate #2
(occurring when channel 1 is turned
off), a short negative pulse is generated
at the output of gate #3. The other
input of gate #3 (Sync) may be used as
a disable input. The diode at the
output of gate #3 makes it a sinking
output. At each negative pulse at gate
#3 output, the C.. capacitor of 1.5 nF
is discharged, and the output of the
driver accordingly turned on.

Figure 5. Two PBL 3770A in synchronized
operation using a master/slave configuration.
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High current drive using 4 X PBL 3770A

The absolute max curvent provided from
Ericsson's stepper motor dyivers is 1.8 A
(PBL 3770A). Sometimes bigher-current
drive capability is needed. A solution which
can give up to 3 A total curvent/phase is
described in this chapter. This is accomplished
by using a stepper motor with two separate
windings for each phase. Each winding is
controlled by a PBL 3770A and the dyivers
in one phase are driven in parallel. This
increases the rotal current dyive capabiliry
in each phase 1o approximately 3 A. Any
of Ericsson’s stepper motor drivers including
the dual drivers can be used similarly.

Basic design

This design (see figure 3) consists of
four PBL 3770A in a standard config-
uration (see the datasheet) and a PBD
3517 as a step sequence generator.
This application can perform full and
half step.

For V_, either the 5V supply vV,
or a separately generated reference
voltage is used. (A separately generated
V¢ is usually more accurate). Using

R,=0.33 Q and V =5.0 V results in a
motor current of approx. 1200 mA for
each driver which gives 2.4 A in each
phase (100% level). The motor current
can be changed either by changing the
V_and/or the R

To achieve modified half stepping
the circuit in figure 1 is included in-
stead of the transistors and resistors
within the dotted boundary in figure 3.
The added logic circuit uses the 10, I1
inputs to switch between the 100%
and 60% current levels.

These two basic paralleling circuits
may work well in certain well defined
situations. High frequent interference
may occur which will cause audible
noise from the motor. This interferent
noise is a result of the unsynchronized
constant current switching in the
driver circuits. The motor acts as a non-
linear mixer and all kinds of frequencies
may occur. Therefore the motor choice
is important when using this unsyn-
chronized design. Unsynchronized
switching will also load the supply
with high current transients.

Inverter

Oscillator

)
: II

HP-filter

Q T
Re Cs
Qr — T
R, Cs
QI — T
Rg Ce
Q T
Rg C7
Buffer

[—

L

L.

Figure 2.0scillator circuitry used to smychronize current switching in the design in figure 3

and it's output signals.

Vee 10, 11,

10kQ 3 74HC00

Disable ¢ — D
&

Napy
Sam
Yy ;E

Figure 1. Logic circuit which, when added
to design in figure 3, allows it to perform
modified-half-step dviving.

10, 1,

Synchronization

Synchronization of the current switch-
ing can be used to reduce and in some
cases eliminate noise and to put a
smoother load on the supply. The syn-
chronization can be done in different
ways. In this application a master/slave
sync. can not be used since one phase
will be completely off when using half
stepping. An external oscillator will
control all four drive circuits. (see
figure 2). In Ericsson’s dual stepper
motor drivers, the oscillator is still
running when the motor current is
disabled (via the Dis input or by bring-
ing V_, to zero), making it possible to
use a master/slave configuration.

The driver circuits are synchronized
in pairs to get a “smooth” load on the
supply. That is, the two drivers in one
phase switch in parallel and the two
motor phases are 180° out of phase. It

Table 1. Value of components
used in Figure 2

Symbol Value
R, 68 KQ
R, R, 1KQ
R, R 100 Q
R, R, Ry, R, 56 KQ
C,,.C,, C;, € 820 pF
C,.C C,

P, SOK trim
IC, 4093

Q;: Q,, Q;, Q BC547 or equivalent
D, D, IN4148 or equivalent
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is also possible to sync one driver in
each phase in parallel and the other
two drivers 180° out of phase. (See
the Synchronization application note).
The external oscillator tested in this
application is shown in figure 3. A
4093 CMOS Schmitt trigger NAND-
gate and some external components
form an oscillator with two outputs.

The outputs are 180° out of phase and
by HF-filtering and Schmitt trigger
buffers short positive pulses are gen-
erated(see figure 3). The T inputs of
the PBL 3770A are controlled via a
standard NPN transistor. See the
Synchronization application note for
information about how the PBL 3770A
is controlled via the T inputs. The

resistor and capacitor at the T-input
are still needed to suppress intetference.

Conclusion

The interference between the current
switching and cause of this the noise
from the motor is drastically reduced.
The supply current is smooth without
any transients.
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12,
1 13
Qg

s
| 820 pF

o

— 820 pF 0330

g

Pt

8 Phase R cc MM M

10 kQ

10
of PBL 3770A

T GND C E

2 4,5 |10 16
12,

1 13
| S6kQ
N P

Iszopx-' I | |szo E 033Q

Diodes are
UF 4001 or
BYV27

t,e 10005

Figure 3. High-current design (2.5 A/Phase) using four PBL 3770A.
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TB3021/303I

Test Board for PBL 3717/2 and PBL 3770A

Test Board 3021 offers a short cut to get
acquainted with Ericsson’s bipolar, stepper
motor drivers. The board includes all
necessary electronics for driving one motor
in full step or half step mode. The board
can be used as a ready made solution for
production or as a test support for easy
evaluation. No heatsink is necessary for
currents up to 500 mA.

L]

V
+40 v_>J: il
&Vrl
+5V i\v'z
J\Vcc
l |
~| DR F | Phase PBL
HSM lo1 lo] 3717
Clock I Iy
From -
L-processor lRES Controller £ Ph
etc. 2 ase PBL
Llo lo2 lo] 3717
!)Il l12 [
NG

GND (Mam) GND
GND (Vc)

Al
'Bl
.A2
B2
2-phase
stepper
motor

Figure 1. Typical application.

Key features

.

3

LS-TTI compatible inputs

Bipolar switched mode drive

Half and full step mode generation

Translator on board

Three digitally selectable current levels

Zero current

Unstabilized motor supply voltage can be used

Thermal overload protection

Motor phase status reset function

Analogically selectable current levels
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Functional Description
The function of the board is to drive a
bipolar constant current through each
motor winding in a 2 phase motor. The
constant current is generated through
switch mode regulation. There is a
choice of three different current levels
with the two logic input 10 and 11.

The current can also be switched of
completely.

All inputs are TTL compatible.
DIR, HSM |, CLOCK, and RES have
input buffers with Schmitt triggers.

V 1, V. 2—Reference inputs
Total current level control. The analog
reference voltage on V 1 and V 2
defines the “100%” overall current in
the corresponding winding. Normally
V.1 and V2 should be connected to
the V__supply. You can also adjust R9
and R10 to achieve proper current.
Calculation of the motor current:

L, is motor current
V, is reference volrage and

K is the factor corresponding to the
digirally selected current level.

I =kXV, (mA)

kl\igh = 84
medium 50
k =16

low

Logic inputs

If any of the logic inputs are left open,
the board will accept it as a HIGH
level. There is a 10 kohm pull-up
resistor at each input to obtain higher
noise immunity.

RES—Reset

A reset is executed when the RES input
is pulled low. This will set the motor
in a defined status, which corresponds
to logic zero on both PHASE signals
to the PBL 3717 circuits.

CLOCK—Stepping pulse

One step is generated for each positive
edge of the CLOCK signal. for HALF
step mode two pulses will be needed
to take a FULL step. DIR and TiSM
must be latched during the positive
edge of CLOCK.

HSM—Half Step Mode

Half step mode is selected when the
HSM input is at low level.
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DIR—Direction

The direction of motor rotation is
selected by DIR. Actual direction
depends on motor and motor
connections.

1, 1,—Current level selection

The motor current is digitally con-
trolled by I and I,.

Motor current b L
High 100% L L
Medium 60% H L
Low 20% L H
Off 0% H H
Overload protection

The drivers of PBL 3717 are equipped
with a thermal shut-down function,
which will limit the junction temper-
ature. The output current will stabilize
at a level giving the thermal shut
down temperature. It should be noted
however, that it is not permitted to
shortcircuit the outputs.

Table 1. Maximum Ratings

Supply voltage

Logic supply, V. A%
Motor supply, V- 45V
Input voltage

Logic inputs 6V
Analog inputs, V| 15V
Input Current

Logic inputs -10mA
Output current

Motor windings, I +1A

Temperatures

0°C to +70°C
Amb
-55°C to +150°C

Operating ambient
temperature range, T

Storage
temperature, TS[g
Maximum ratings over operating free-air
temperature range (unless otherwise noted).
Currents are defined positive if flowing
into and negative if flowing out of a
terminal, voltage are defined berween the
terminal and ground.

Output Stages

The output stages contains four
Darlington transistors and four diodes,
connected as an H-bridge. The two
sinking transistors are used to switch
the power supplied to the motor wind-
ing, thus driving a constant current
through the winding.

Application Notes

Motor selection hints
Some stepper motors are not designed
for continuous operation at maximum
current. As the circuit drives a constant
current through the motor, its temp-
erature might increase exceedingly,
both at low and high speed operation.
Some motors have such high core
losses that they are not suited for
switched mode current drive.

Unused inputs

Unused inputs should be connected to
the proper voltage level in order to get
the highest noise immunity.

VMMO_——) 3717
V20— 3717
V,lo—> 3717

GNDo———l

DRo Eng Ic1 i
ASM o 7o i
Clock o iaﬂzu 10
RES o Ry ey
loo
r~r -1t —
ho |4o O3 2O a
s S——

Figure 2. Block diagram.



Grounding can be done on-board with
the DIP switches. However, an on-
board grounded input must NOT be
connected externally, TTL short-
circuit might occur.

Optional connections

The PCB is also valid [or evaluation of
the PBL 3770 circuit. The following
substitutions should be made:

IC8, ICY PBL 3770 must be in place
instead of PBL 3717

R9, R10 The 1 ohm resistors can be
substituted with 0.5 ohm
(2%) resistors for high
currentat V_ = 5.0 V. There
is linear relationship between
motor current and the
resistance.

D1-D4  Fast recovery diodes must be
in place, with their cathodes
toward VT < =100

nS. E.g. BYV 27/100, BYW

98/100 or UF 4001.

Note that this configuration can be
ordered as an alternative test board:
Test board 3031.

Cs,C6

Can be inserted on board for
filtering of V voltages.

Note that the V| connections
preferably should be connected to the

Table 2. Thermal Data

Parameter
Thermal resistance, junction-case, R

Thermal resistance, junction-ambient, R

th j-case

th j-amb

proper voltage at the female DIN/
EURO connector, in order to have
fully compatible equipment.

Although, for test purposes, a
jumper can be soldered close to IC8,
this will connect Vrl and Vr2 to Vu_,
to eliminate the need of a cthird power
supply (I = 420 mA).

Min Typ Max Unit
11 °CIW
45 °C/W

Table 3. Recommended operating conditions

Parameter
Supply voltage, V
Supply voleage, V-
Output current, I

Ambient temperature, T,

Min Typ Max Unit
475 5.0 5.25 v

10 40 \%
20 800 mA
0 +70 °C

16

Ic9
2, PBL 37172
13

10 2 16

Ri2
CT Ror pRETC
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Predrilled holes are supplied for a
screw terminal, paralleled with the
DIN/EURO connector, 5 mm spacing.

Common faunlt conditions

¢ V. 1and/or V 2 not connected to
proper voltage.

¢ Both I and I, at high level.

o External input signal connected
and DIP switch in ON position.

¢ Noise at inputs due to long wires
without totempole drivers.

e Improper connection of motor
windings.

User bints

1. Never disconnect ICs or cards when
power is supplied.

2. Do not make unnecessary connec-
tions on board, as this can make it
incompatible with other test boards.

3. For external input signals turn the
appropriate DIL switch to OFF
(open). This prevents TTL short-
circuits.

4. Preferably, connections to the female
DIN/EURO connector should be
made to the “c” rail only.

5. Pin 22 on DIN/EURO can be used
for special purposes as long as com-
patibility is not expected.

6. For motor currents higher than
500 mA, use a test board with
PBL 3770 or use a heat sink,
STAVER V7 or equivalent.

7. Avoid V_ power supply with serial
diodes and/or common ground
with V_.

8. To change actual rotation direction,
swap motor connection Al and B1
only.

9 Do not measure motor current
through the V_  supply, but use a
current probe or use an oscilloscope
and measure the voltage across the
R9 and the R10 resistors. The
current will be: I = V/R.

Mechanical Data
Dimensions:

160 mm x 100 mm x 12 mm
(excluding DIN/EURO connector).
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Table 4. Connection example

DIN/EURO Marking Description
32 Al Motor winding 1
30 Bl Motor winding 1
28 A2 Motor winding 2
26 B2 Motor winding 2
24 Vi Motor supply Voltage
22 Not connected
20 V.2 Reference voltage 2
18 \A! Reference voltage 1
16 GND Ground
14 V. Logic supply voltage
12 RES Reset
10 CLOCK Clock/Step
08 HSM Half step mode
06 DIR Direction
04 I, I,
02 I, I,
| D4p,
10O a o D2 5QCuz  Cl,z
a D28 [0 —[ |:]° T D
a D26 R8 [ R7[ _
a D24 O o E]E %) E].’E
g b2z o ey |
a D20 O O O O —l = =]
a bl
apig KklO] ¢ 7 6
a pi4 O o ]
a bio o) EIRRE
a oio O
a oos ] [=] [=] [=
a Do6 (©) gl 18| |9 |&
—| O a Do = Bl o o] [N
l a Do2 o
Figure 3. PC board layout
Table 5. Component List
No. Component No. Component No. Component
ICI 741814 R1-R6 10kQ X 6(-8 C7,C8  not mounted
1C2,1C7 74LS00 R7,R8 56kQ D1-D4  not mounted
1C3 741886 R9,R10 1Q£2% J1 4-pole DIP
1C4 741832 R11,R12 1kQ switch
(65} 74LS175 C1-C4 820 pF 10% K1 DIN/EURO
connector 32-
1C6 741821 C5 10 uF /63 V pole/even/male
IC8,IC9 PBL 3717 C6 47 WF/ 10V K2 not mounted




TB370I Testboard for microstepping
with PBL 3771 and PBM 3960

The testboard TB3071 offers a short cut to
get familiar with microstepping. It is a
complete system to drive a bipolar stepper
motor in microstep mode and for comparison
balf and full-step modes. As you learn
about microstepping the testboard offers
more advanced facilities to cope with differ-
ent motors, resonances and riunning the
testboard from your microprocessor systent.
The testhoard is built around the PBM3960
microstepping controller and PBL377 |
precision stepper motor driver.

Quick start

To run the testboard you need the fol-
lowing things. One pulse generator,
1Hz to 1MHz, with TTL output levels.
One +5 volt power supply, capable of
delivering 200mA. One power supply
for the motor voltage, preferable vari-
able output from 10 to 40V DC, max-
imum output current 1 Ampere or
more. The testboard 32-pole matching
Euro-connector. Some electrical wires
and connectors. A bipolar stepper mo-
tor with rated current 0.35 to 0.65
ampere and rated voltage less than 20
volts. The nominal drive current is
450mA one phase on and 320mA two
phases on. With a simple modification
you can adapt the testboard for any
current up to 650mA.

Connections

Turn power supplies off (make this as
a habit when connecting and discon-
necting motor and power supplies) so
you do not damage the testboard.

Disconnect the 32-pole matching
connector from the testboard and con-
nect it with appropriate connectors for
motor, power supplies and pulse gen-
erator. The connections shall be in
accordance to table 1.

Set the all DIP-switches except §7
to ON, set S7 to OFF. If necessary
check the jumper settings. These should
set as delivered from the factory.

DIP-switches
S1 VR1
Microstepping| SIGN1
pprocessor ng Controller I"cp1 Stepper Motor
simulation | WR VR2 Driver
logic
ST AO SIGN2
Al CD2
STEP i — .
— - (SNIEQN]
5| 8 E%j 28
Advanced |~
Current Decay
Control

Figure 1. TB307i block diagram.

Table 1. Basic connections

Pin
12A

14C

16A
16C

24C

26C
28C
30C
32C

Symbol
Step

cc

ss
GND

MM

Description

Connect the TTL-level signal from the pulse generator to this
pin. Ground from pulse generator is connected to pin 16A.
Connect it directly to the pin and not to the power supply.
This minimizes electrical noise problems.

Logic supply voltage. Connect to +5 volt supply positive tet-
minal. Less than 200mA needed.

Logic GND. Connect to 5 volt supply negative terminal.

Motor GND. Connect to motor power supply negative termi-
nal. Motor and logic ground are internally connected on the
testboard and shall be separated on the power supplies to min-
imize ground voltage noise problems.

Stepper motor chopper voltage. Connect to motor supply posi-
tive line. Normally +10 to +40 Volt, The supply voltage
should be at least twice the nominal motor voltage to ensure
good current regulation. Supply current depends on motor
type, selected current level and stepping frequency but is nor-
mally less than 1 Ampere.

Connect to motor winding 2 terminal B.
Connect to motor winding 2 terminal A.
Connect to motor winding 1 terminal B.

Connect to motor winding 1 terminal A
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Table 2. Jumpers

Pos Factory

J1

J2

J3
J4

J5

Mounted

Mounted

Removed

Removed

Removed

Function

The jumper controls the CS (chip select) signal to the PBM3960.
It is normally mounted but should be removed if the CS signal
is to be controlled from the Euro-connector.

This jumper together with J3 can be replaced with a resistor
or a potentiometer to rise the reference voltage to the PBM3960
thus rising the motor current. Normally the jumper is mounted.

See J2. Normally removed.

This jumper together with J5 can be used to by-pass the LM311
circuit. To do this install both jumpers and remove IC7 from
its socket. Normally removed.

See J4. Normally removed.

Table 3. Stepping sequences

BA2 BAl
Block (S10) (S9)
0 ON ON
1 ON ON
2 ON  OFF
3 ON  OFF
4 OFF ON
5 OFF ON
6 OFF  OFF
7 OFF  OFF

BAO
(S8)

ON
OFF
ON
OFF
ON
OFF

ON

OFF

Description*
Standard 1/?;z—s,tep‘sine/cosine. I .. =450mA.
peal

Modified sine/cosine 1. Lo = 450mA.
Modified sine/cosine 2. I\ = 450mA.

peal
Full step both phases on. Iphascl = Iphasc2 = 320mA.
Half step. Iphasm = 320mA and I aseot = O-

Linear ramp. Here is a linear ramp profile with
all the codes for both DACs in the PBM3960.

The motor moves forth and back one full step.

The peak current is 450mA.

Another linear ramp profile but with every fourth
DAC-value used. The peak current is 450mA.

Damping test. This sequence moves the motor
back and forth one full step. It uses full-step and
with two different microstep movements. Connect
a high resolution precision potentiometer to the
motor shaft and observe the position signal on
an oscilloscope. Note the change in settling time.

*(Current levels refer to unmodified testboard with R = 1obm and V, =2 5V)

Table 4. Test points

Pos Symbol
TP1 MAX/MIN
TP2 TRIG
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Function

The signal can be used when using the testboard to
develop a customized current wave form to find the
beginning or end in the EPROM data block under test.
This point is low when Step is low and the counter is
equal 0 and is counting up or when step is low and the
counter is counting down and is equal to FFH.

This is the MSB of the 8-bit counter. This signal is
synchronised with the current wave forms and can be
used as a trigger. On cycle corresponds to one full data
block output from the EPROM.

Factory set-up is described in table
2. This setup runs the testboard in the
basic mode. Microstepping '/ 32-step,
sine/cosine current curves and slow
current decay. When running the test-
board in this mode the potentiometer
P1 setting has no effect.

Check that all connections are OK.
Turn the power on in the following
order. First logic supply, then motor
supply and last pulse generator. Change
the pulse generator frequency to exam-
ine the motor behaviour at different
stepping frequencies. The direction of
rotation can be changed with the DIP-
switch S3. If the motor doesnot rotate
at any frequency, turn power off and
check the DIP-switches, jumpers and
wiring once more. Ensure that the mo-
tor winding is correct and correctly
connected.

Comparisons of stepping methods
Microstepping greatly improves step-
ping at low frequencies and in most
cases also at frequencies around the
system resonance frequency. When the
motor is running correctly the follow-
ing experiments give a briefing about
microstepping.

Smooth movements on low step frequencies.
Select full-step mode (set BA2, BA1,
BAO to ON, OFF, OFF) run the motor
at a low frequency, 250Hz for instance,
(this corresponds to approximately
4Hz full-step frequency). Notice the
rotor movement. To make this easier
you can fix a pointer to the motor shaft
or even better use a high precision po-
tentiometer and an oscilloscope. Now
change to half-step mode (BA setting
according to table 3). Finally switch to
microstepping. This clearly shows the
benefits of using microstepping when
running a stepper at low frequencies.
Examine the differences at other low
frequencies. Notice that no matter
how low of step rates you set there
will be no noise problems with micro-
stepping. This is due to the low amount
of energy transferred to the motor per
microstep.

Checking motor sine/cosine conformity

To achieve the smoothest possible mi-
crostep movements at the lowest fre-
quencies it is almost always necessary
to develop a customized sinefcosine
current profile. The profile compen-
sates for the motor sinetosine devia-



tion. If microstepping position ripple
is of less importance and microstep-
ping is used only for reduction of noise
the standard sinetcosine profile usually
does the job. The EPROM on the test-
board contains in addition to the stan-
dard sine/cosine profiles two custom-
ized sine/cosine profiles.

Run the motor at a very low fre-
quency S0Hz, for instance. Set the
standard sinecosine profile and observe
the rotor movement. Use a pointer or
potentiometer to observe the move-
ment more clearly. If the velocity
ripple is too large for the actual appli-
cation use a more microstepping adap-
ted motor or develop a customized
sinecosine current profile. Switch to
the modified sinecosine profiles to see
if this improves the movement. Refer
to the microstepping application note
for more information on how to de-
velop a customized current profile.

Table 5. DIP-switch settings
Pos Symbol Factory

Function when S2 is ON

Damping resonances at motor resonance
[requency.
Find the system resonance and run the
motor at this frequency. By holding
the motor in your hand it is possible
to compare the resonance amplitude
when running the motor in micro, half
and {ull-step modes. Also check the
influence of the chopper voltage and
winding currents on the resonance
amplitude.

More methods of damping resonances
are described in “Advanced facilities”

Modifying the testboard

Modifying curvent levels
The nominal motor currents are shown
in table 2. This is valid with R4 = R7
= lohmand V ;= 2.50 volt.

There are two ways of changing the
motor current levels. The easiest is by

changing the current sense resistors
R4 and R7. The motor currents are in
accordance to the following formula:

Lo =L X (/R ).

new nominal

It is also possible to change the cur-
rent levels by changing the reference
voltage. This can be done in several
different ways.

Remove IC8 (TL431) precision
shunt regulator and connect a variable
voltage 0 =5 V(0 — 3 V recommend-
ed) to jumper J2. The current will be

X (V /2.5).

W

new ~ “nominal refirew
The new current can be in the range
of Oto2XxI .
nom R L.
Mount a 5.1k resistor at position J3
and replace J2 witha 0 to 3k resistor
The current will be:

2.5 X (RJ2+R]J3)

Liew = Lnomina X RJ3 -

Function when S2 is OFF

S1 A0 ON Don’t care.

S2 MODE ON Selects normal stepping mode.

S3 DIR ON Selects direction of motor rotation. ON =
counter up counting. Actual rotation
direction depends on motor winding and
EPROM contents.

S4 L4 ON Don’t care.

S5 L5 ON Don'’t care.

S6 L6 ON Don’t care.

S7 IWR OFF Always OFF.

S8 BAO ON Block address 0. LSB to selects EPROM
data block. Connected to EPROM address
line A8. ON = A8 low.

S9 BA1 ON Block address 1. Selects EPROM data
block. Connected to EPROM address line
A9.ON = A9 low.

S10 BA2 ON Block address 2. MSB to select EPROM

data block. Connected to EPROM address
line A10. ON = A10 low.

A0 address to PBM3960. ON selects
current decay register for channel 1. OFF
selects channel 2.

Selects load current decay level mode.

Don’t care.

Selects data to be sent to current decay level
registers bits L41 and 142 ON = 0.

Selects data to be sent to current decay level
registers bits L51 and L52 ON = 0.

Selects data to be sent to current decay level
registers bits L61 and L62 ON = 0.

Normally OFF. By toggling this switch a
write pulse is generated to the PBM3960.
This can be used to update the level
registers.

Don’t care.

Don’t care.

Don’t care.



The curtent can in this case be changed
from Inominal to 1.6 X Inominal

It is also possible to replace J2 and
J3 with a 10k potentiometer Connect
the center tap to the node common for
J2 and J3. The current can in this case
be set to a value from I to approxi-
mately 1.8 X I

It is possible to combine both
changes in R and V_; to achieve the
preferred current range.

In all cases were V. is changed,
values above 3 volt will derate the
PBM3960 DAC accuracy. This causes
increased current wave form distor-
tion.

Don'’t set a higher cutrent than
650 mA despite of method used.

650 mA is the maximum-allowed
driver current (one phase on). If more
than S500mA is used the driver has to
be equipped with a heat sink.

Adding external diodes

In some applications lower driver and
motor losses and improved current
regulation can be achieved by adding
external switching diodes. Diodes can
be mounted on the testboard in posi-
tion D1 to D4. Use a fast switching
diode type UF4001, BYW27 or
equivalent.

Functional description

The testboard can be devided into four
blocks, see figure 1. Microprocessor sim-
ulation logic, microstepping control-
ler, precision stepper motor driver and
advanced current decay control logic.

Microprocessor simulation
This block sends the control signals
normally sent by a microprocessor to
the microstepping controller. Inputs
to the block are the 10 DIP-switches
S1 to 810 and the Step signal in the
Euro-connector (pin 12A). During
normal operation the current level in
one of the motor windings is updated
at every Step pulse (single pulse pro-
gramming). This means that two Step
pulses are required to update both
winding cutrents and make the motor
turn what’s normally called one micro-
step. In this mode it is possible to
change the motor direction of rotation
by operating the dip-switch S3.

This block can also generate the
signals required to program the cur-
rent decay levels.
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Table 6. 32-pole Euro-Connector

Pin
2A

2C
4A

4C
6A
6C
8A
8C
10A
10C
12A

12C

14A

14C

16A
16C

18A

18C

20A

20C

22A

Symbol Dir
A0 In
Al In
D1 In
DO In
D3 In
D2 In
D5 In
D4 In
D7 In
D6 In
Step In
/CS In
RESET In
vCC In
VSS In
GND In
CD1 /0
DA1 /0
CD2 /0
DA2 1/0
SIGN1 I/O

Description

Normally not connected. Address line AO to PBM3960.
Used when TB3071 is interfaced to a microprocessor.

Normally not connected. Address line A1. Same as AO.

Normally not connected. Data line D1 to PBM3960.
Used when TB3071 is interfaced to a microprocessor.

Normally not connected. Data line DO. Same as D1.
Normally not connected. Data line D3. Same as D1.
Normally not connected. Data line D2. Same as D1.
Normally not connected. Data line D5. Same as D1.
Normally not connected. Data line D4. Same as D1.
Normally not connected. Data line D7. Same as D1.
Normally not connected. Data line D6. Same as D1.

A positive transition on this pin outputs the next current
level to one of the motor windings. To take one microstep
new current levels to both windings are needed therefore
the motor takes 2 microstep per input pulse.

When TB3071 is connected to a microprocessor this pin
is the WR signal to the PBM3960.

Normally not connected. Can be used as chip select signal
to the PBM3960 when intetfaced to a microprocessor. If
used jumper J1 has to be removed. This is a active low
input.

Normally not connected. This is a active high input to
reset the PBM3960. The signal is internally pulled down
to GND so normally no connection is necessary.

Logic supply voltage connect to +5 Volt. Less than
200mA needed.

Logic GND. Connect to logic supply ground.

Motor GND. Connect to motor supply ground. Motor
and logic ground are internally connected and shall be
separated on the power supplies to minimize ground volt-
age noise levels.

Normally not connected. Current decay channel 1. Test
point or CD1 input to PBL3771 if PBM3960 is removed.

Normally not connected. Analog DA channel 1 output
from PBM3960 and referents voltage input channel 1 to
PBL3771. Can be used as test point or as set value input
to PBM3771 if PBL3960 is removed.

Normally not connected. Current decay channel 2. Test
point or CD2 input to PBL3771 if PBM3960 is removed.

Normally not connected. Analog DA channel 2 output
from PBM3960 and referents voltage input channel 2 to
PBL3771. Can be used as test point or as set value input
to PBM3771 if PBL3960 is removed.

Normally not connected. Test point for SIGN1 output
from PBL3960 or if PBL3960 is removed SIGN1 input
to PBM3771.



Pin Symbol Dir

Description

22C SIGN2 I/O Normally not connected. Test point for SIGN2 output
from PBL3960 or if PBL3960 is removed SIGN2 input
to PBM3771.
24A NC No internal connection.
24C VMM In  Stepper motor driver chopper voltage. Connect to motor
supply positive line. Normally +10 to +40 Volt. Supply
current depends on motor type and selected current level
but is normally less than 1 Ampere.
26A NC No internal connection.
26C MB2 Out  Connect to motor winding 2. This pin sources current
when SIGN2 = high.
28A NC No internal connection.
28C MA2 Out  Connect to motor winding 2. This pin sinks current when
SIGN?2 = high.
30A NC No internal connection.
30C MBI Out  Connect to motor winding 1. This pin sources current
when SIGN1 = high.
32A NC No internal connection.
32C MA1 Out  Connect to motor winding 1. This pin sources current
when SIGN1 = high.
Winding Current
Fast Current
Decay
' Fast Decay
Power Input
7 o ~
Pl-voltage
PBL3771RC
Pin voltage

LM311 output I

Winding Current
Advanced
Decay

L L

‘— Fast Decay

Slow Decay

Power Input

Figure 2. TB307i advanced current decay control.

An eight bit counter, built up of
two four bit counters (7418191, IC1
and IC2), generates a 256 step se-
quence at the outputs A,

B> -+ Dyey This is sent as an eight
bit wide address (A0 to A7) to the
EPROM (2764, IC3). The counter
increments (DIR DIP-switch in posi-
tion ON) or decrements (DIR = OFF)
the address at every positive transition
on the Step input. When the EPROM
input address line AO is low the
EPROM outputs data associated to
driver channel 1. When A0 is high
data associated to channel 2 is outpurt
from the EPROM. This means that
128 consecutive 2-byte entities in the
EPROM make up one microstep cycle
which is equivalent to 360 electrical
degrees or 4 full-steps. The dip-
switches §8,89 and S10 are directly
connected to the EPROM address lines
A8, A9 and A10 respectively. This
makes it possible to select 1 of 8 dif-
ferent microstep sequences (blocks)
without changing the EPROM con-
tents.

By changing the MODE DIP-
switch (S2) to the OFF state the logic
changes from the stepping mode to
the output current decay level mode.
In this mode the selector (7418257,
IC4) changes the signals on the out-
puts D4, DS, D6 and AO from being
connected to the EPROM to being
connected to the DIP-switches L4, L5,
L6 and AO.

Microstepping controller.

This block converts the digital signals
from the EPROM into two analog
signals VR and VR, which control
the current levels in the two motor
windings. It also generates the digital
signals SIGN1 and SIGN2 to control
the direction of the current in the
windings. The basic control signals for
current decay are also generated here.
The block contains the PBM3960 mi-
cro stepping controller and a precision
2.5 volt reference. The reference volt-
age is connected to the reference input
of the PBM3960 which generates the
above signals internally.

When the MODE DIP-switch (S2)
is in the OFF position it is possible to
load the current decay level registers
of the PBL3960. 14, L5 and L6 select
the data to load and A0 selects which
current decay register to update. To
make writing to the registers possible,

7-9



the clock on the Step input must be
running or the DIP-switch 87 must be
toggled once per register.

Refer to the PBM3960 data sheet
for more information.

Stepper motor driver

The driver controls the winding cur-
rents in accordance to the analog and
digital input signals. The current con-
trol is switch-mode constant-current
(chopper) to minimize driver power
losses. The chopping is controlled by a
fixed frequency PWM method. The
driver is implemented with the
PBL3771 precision stepping motor
driver. Only a few external compo-
nents are used to set the current levels
and switching frequency. The output
currents are a function of the analog
input signals VR, and VR, the cur-
rent sensing resistors Rg; and R, (R4
respectively R7) and the SIGN1 and

SIGN2 inputs. I, = (VR - Rg)).
When SIGN1 = 1 the current flows
from the M, terminal to the My, ter-
minal. The equivalent is valid for I,.
For more information on the precision
stepper motor driver PBL3771 refer to
the device data sheet.

Advanced curvent decay control

This is an optional block which can be
used to improve the current regula-
tion. If not used it can be disabled by
turning the potentiometer P1 to the
CCW end point or by dismounting
IC7 and installing the jumpers J4 and
J5. If no fast current decay level has
been programmed to the level regis-
ters the circuit won¥t effect the driver
operation.

The function of the improved cut-
rent decay circuit is as follows. The
comparator LM311 (IC9) compares a
variable voltage set by P1 with the

RC-terminal saw tooth voltage gener-
ated by the PBL3771 driver. The saw
tooth signal is synchronised with the
chopper control. One period on the
saw tooth signal corresponds to one
PWM period. By setting P1 to a volt-
age between 0.2V and 0.64V, 0 to
100% of the PWM period can be en-
abled for fast current decay. V. = 0.64
gives 100% fast decay. Refer to “Ad-
vanced facilities” and figure 2 for more
information on this topic.

Advanced facilities

Using fast curvent decay

When driving a stepper motor espe-
cially on frequencies around and above
the system resonance frequency, prob-
lems with current dragging can occur.
At the same time mechanical resonances
and acoustic noise can also be present.
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Often it is possible to lower resonances

and noise by eliminating the current
dragging. The PBM3960 controller

can lower or fully eliminate the current
dragging by use of fast current decay.
The PBM3960 only enables fast current
decay when the desired amplitude of
the winding current is decreasing. In
this way the overall current ripple can
be kept at a lower level. The amount

of fast current decay to be applied is

controlled by programming the current
decay level registers of the PBM3960.
It is possible to program eight dif-
ferent values of current decay to each
of the two level registers (one register
for each winding). Normally the same

values are used for both registers. 7

gives maximum fast current decay and

0 gives no fast current decay.
To program both registers to the

same value do as follows. Set the DIP-
switches L4,L5S and L6 (84, S5 and S6)

to the desired value, ON = 0, S4 = LSB.
With the pulse generator running and
connected to the Step input, set the
MODE DIP-switch (52) to the OFF
position. Now one of the level regis-
ters has been written to. Switch the
A0 DIP-switch (S1) to its other posi-
tion to program the other level regis-
ter. Return the MODE switch to its
ON position to return to normal step-
ping mode. Compare the new current
wave forms with the old to see the
effect. For more information on cur-
rent decay control refer to PBM3960
data sheet. To reset the current decay
function program the level registers to
0 or turn power off and on again.

Advanced curvent decay control
Programming the current decay as
above can with some combinations of
decay levels motor types and windings
result in increased current ripple and

distortion of the current wave form.
These problem can be eliminated by
applying advanced current decay con-
trol. On the testboard this is done with
the LM311 circuit mentioned earlier.
The LM3 11 circuit works as follows.

With normal current decay one
PWM cycle is divided into two phases
first the power input phase and there-
after either a freewheeling phase (slow
current decay) or an energy return
phase (fast current decay), see figure 2.

When slow decay is applied the
winding is theoretically short-circuited
by the driver circuit. The winding
current is in this case a function of the
winding inductance, resistance and the
EMF generated by the rotor move-
ment. The energy stored in the wind-
ing inductance and rotor movement is
slowly transferred to heat in the wind-
ing resistance. This has a damping
effect on rotor oscillations.
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When fast current decay is selected
then the driver connects the winding
in opposition to the power supply. In
this case the excessive energy in the
winding and rotor is quickly removed
thus eliminating the current dragging.
But, if too much energy is removed
the winding current ripple will in-
crease. This will cause switching noise,
increased power losses, current wave
form distortion and in some cases also
increased resonances.

The LM311 circuit combines fast
and slow current decay into a three
phase PWM-cycle, see figure 2. Firstly
a power input phase, secondly a slow
current decay phase and lastly a fast
current decay phase. This three phase
PWM-cycle replaces the normal fast
current decay cycle. By setting the
voltage level on potentiometer P1 the
maximum length of the fast current
decay phase can be set thus lowering
the current ripple and eliminating the
problems associated with this.

To select the optimum P1 setting
first you must fully enable fast current
decay from the PBM3960. Then the
current decay can be controlled by the
LM311-circuit. Turn P1 to the CCW
end point then the LM311-circuit fully
disables the fast current decay. Run
the motor at different frequencies to
find frequencies with noise and reso-
nance problems. Run the motor at the
worst resonance and turn P1 to the
optimum position where the smooth-
est movement of the rotor occurs. In
some applications the smoothest move-
ment is achieved with PBM3960 fast

current decay only partially enabled.
Now check the motor movements on
all frequencies used in the application.
In some cases the P1 setting has to be
a compromise between several fre-
quencies which cause problems.

For an actual design use the opti-
mum output voltage from P1 to de-
sign a voltage divider to avoid the cost
and adjustment procedure of potenti-
ometer P1. Use 1% resistors and con-
nect the divider to V. and GND to
get the best performance. The ampli-
tude and offset of the saw tooth signal
is referred to V. and GND and are
within 1% from the theoretical values
0.2V and 0.64V ) so a small toler-
ance on the fast current decay phase
can be achieved.

Modifying the curvent wave forms

By changing the data stored in the
EPROM it is possible to generate dif-
ferent current wave forms. For instance
it is possible to modify the sine/cosine
curves to get minimum microstepping
position ripple. It is also possible to
generate microstepping sequences
with other step lengths. The following
lengths are possible %42 (default micro-
step), Ve, Y6, V4, 12, and Y4 (full-step).
For all sequences all the 128 2-byte
entities of the EPROM have to be pro-
grammed due to the 8-bit counter
driving the EPROM. It is a good idea
to stretch all sequences to a 128-step
sequence to get the same motor speed
independently of the step length. This
is done by repeating every 2-byte en-
tity 2, 4, 8, 16 or 32 times when not
Ls2 stepping mode is used.
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Figure 4. PC board layout.
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The 2-byte entities contain the two
7-bit DA-data register data and 1-bit
sign data for the two DACs in the
PBM3960. DAC 1 data is stored on
even addresses and DAC 2 data on odd
addresses. Bits O to 6 set the amplitude
of the current and bit 7 sets the sign
(direction).

One data block stores one sequence
and occupies 256 consecutive addresses
in the EPROM. It is possible to access
8 different blocks with the DIP-
switches BAO,BA1 and BA2 therefore
only 2k-byte of the EPROM can be
used without modifying the testboard.

It is possible to use EPROMs of the
types 2764, 27128 and 27256 and
their CMOS versions. When 2764 is
used the blocks should be placed on
address 0 to 7FFH. For 27128 address
2000H to 27FFH and for 27256 ad-
dress 6000H to 67FFH should be
used. The address lines A1l and A12
are hardwired to GND and A13 and
Ald to V.

Connecting the testboard to a microprocessor
It is possible to connect the testboard
to your own microprocessor system.
Access to all control signals is possible
through the 32-pole Euro-connector.
To avoid conflicting signals it is nec-
essary to remove the EPROM (IC3)
and the selector (IC4). The DIP-
switches MODE and WR (S2 and S7)
should be in their OFF positions. You
also have to remove the jumper J1 if
you want to use the chip select input.
There will be 10kohm pull-up resistors
connected to the WR and A1 signals.



Sales Offices

Scandinavian Sales Region
Ericsson Components AB
Isafjordsgatan 16

S-164 81 Kista-Stockholm

Tel: 8 757 50 00

Fax: 8 757 44 21

European Sales Region
Ericsson Components Europe
1, Parc Ariane

rue Hélene Boucher

78284 Guyancourt

France

Tel: +33 1 30648500

Fax: +33 1 30641146

American Sales Region
Ericsson Components, Inc.
403 International Parkway
Richardson, TX 75085

USA

Tel: (214) 669-9900

Fax: (214) 680-1059

Local Sales Offices

Germany
Ericsson Components Europe
Schleussnerstrasse 56C
6078 Neu-Isenburg
Tel: (06102) 20050
Fax: (06102) 200533

Great Britain
Ericsson Components Europe
Market Chambers
Shelton Square
Coventry CV1 1D]J
Tel: (0203) 553647
Fax: (0203) 225830

Italy
Ericsson Components Europe
Via Stephenson 43/A
20157 Milano
Tel: (02) 33200635
Fax: (02) 33200641

Hong Kong
Ericsson Components AB
P.O. Box GPO 13487
17F, 151 Gloucester Road
‘Wanchai, Hong Kong
Tel: 8389609
Fax: 8345369

Representatives and Distributors

Australia
EC Capacitors Pty. Ltd.
P.O. Box 95
202 Bell Screet
Preston 3072 Victoria
Tel: (03) 480 1211
Fax: (03) 484 3645

Belgium
Telerex N.V.
Bisschoppenhoflaan 255
B-2100 Antwerpen-Deurne
Tel: (03) 3256950
Fax: (03) 3259542

Brazil
Irautec Componentes SA
Lgo do Arouche 24
Sao Paulo 01219
Tel: (011) 222 9200
Fax: (011) 5511278/3043
Telex: (011) 13115

Denmark
Mer-El A/S
Ved Klaedebo 18
DK-2970 Hoersholm
Tel: (02) 571 000
Fax: (02) 572 299

Finland
Oy D. Klinkmann AB
Fonseenintie 3
PL 38
SF-00370 Helsinki
Tel: (90) 513 322
Fax: (90) 513 541

France
Spetelec
42, Avenue de la Republique
94550 Cheville Larue
Tel: (01) 46873366
Fax: (01) 46871646

G'reat Britain
Gothic Crellon
3, The Business Centre
Molly Millars Lane
Wokingham RG11 2EY
Tel: (0734) 788878
Fax: (0734) 776095

India
SAB Electronic Devices Ltd.
6412, Site IV
Upsidc Industrial Estate
Sahibabad-201010
Tel: 011-862352/866608
Fax: 011-64668177
Telex: 031-62129 IEID IN

Italy
Racoel Srl.
Corso di Porta Romana 121
20122 Milano
Tel: (02) 5452608
Fax: (02) 5459731

Japan
Ewig Corporation
4-4-5 Aobadai
Meguro-ku
Tokyo, 153
Tel: (3) 467 9511
Fax: (3) 467 9527



Japan
Sumisho Electronic
Devices Corp.
Seisenkoishikawa Building
3-5-10, Otuka, Bunkyo-ku
Tokyo 112
Tel: (03) 3942-6771
Fax: (03) 3942-6759

Netherlands
Telerex Netherland B.V.
Konijnenberg 88
NL-4825 BE Breda
Tel: (076) 715000
Fax: (076) 711477

Norway
Ericsson Components A/S
Postboks 40
Rislokka
Brobekkveien 38
N-0516 OSLO 5
Tel: (02) 650190
Fax: (02) 644138

Portugal
Componenta
Rua Luis de Camoes, 128
1300 Lisboa
Tel: (1) 3621283
Fax: (1) 3637655

Republic of Korea
Kortronics Enterprise
RM 202, Seojung Building
830-24 Yoksam-Dong
Kangnam-Ku, Seoul
Tel: (02) 562 9055/6/7
Fax: (02) 557 1096
Telex: K26759 KORTRON

Singapore
Mettel Technovators
1302, Lor 1,
Toa Payoh # 06-09,
Siong Hoe Industrial Building
Singapore 1231
Tel: 259 9119
Fax: 258 8875

Spain
Amitron Pasivos S.A.
Avenida Valladolid 47A
28008 Madrid
Tel: (01) 247 9313
Fax: (01) 248 7958
Telex: 45550 AMIT E

Sweden
Ericsson Components AB
Standard Division
S-164 81 Kista-Stockholm
Tel: 8 757 50 00
Fax: 752 92 65

Switzerland

Electronitel SA

Chemin du Grand-Clos

1 BP 142

CH 1752 Villars-sur-Glane
Tel: (037) 410060

Fax: (037) 410070

Taiwan

Astec Agencies Ltd.
3F-1, 45, Sec 2

Fu-Hsing S Road

Taipei

Tel: (02) 709 8240/41/42
Fax: (02) 700 3490

Keyen Electric Co. Ltd.
SF1, No 10, Lane 202
Ching Hsing Rd

Ching Mei Disr.

Taipei 11706

Tel: (02) 934 8411/14
Fax: (02) 934 8305

Turkey

Elektro San. ve Tic. Koll Sti
Hasanpasa, Ahmet Rasim
Sok. No:16

Kadikoy-Istanbul

Tel: (1) 337 22 45

Fax: (1) 336 88 14

Telex: 29569 elts tr

Tryckindustri, Soina 1991








