58
Cbk % g
N 30
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The PG001M CMOS IC converts parallel-data signals from a low-
cost, 8-bit microprocessor or microcontroller into a serial-data format
o compatible with the SLA7042M and SLA7044M power multi-chip
RESET Vpp CONTROL . . .
SUPPLY modules to drive unipolar PWM, high-current stepper motors. The
CLOCK ContRoL

CLOCK g

NOT USABLE | 4 | STROBE

N

NOT USABLE CgNNECT

MODE
SELECT Lo

MODE
SELECT »

GROUND | 8 |

CONTROL LOGIC

PARALLEL-TO-SERIAL
CONVERTER

| 9 | MONITOR

Dwg. PK-009

ABSOLUTE MAXIMUM RG&

CAUTION: CMOS devices have input static
protection but are susceptible to damage if
exposed to extremely high static electrical
charges.

converter provides for five basic modes of operation:
1) normal, two-phase, full step (100% tor,

2) two-phase 'boosted' torque (141% terq
3) half-step, constant torque operation (@si

r,

a2-1-2 ut switching),
4) quarter-stepping utilizing rati C ts for co torque, and
, Smooth, -free motor

5) microstepping (1/8steps)
performance. %
The PGOOlM@) in a low-c -pin dual in-line plastic
ate

package. Itisr continuo eration over the temperature
range of - +85C.

TURES

QI Intended For Use With SLA7042M or SLA7044M

Microstepping, Unipolar PWM, High-Current Motor Drivers
B Supports Five Stepper-Motor Operating Modes
B uP-Compatible Inputs

Always order by complete part numbg?GO001M |.

:I"II‘IRPI‘I
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FUNCTIONAL BLOCK DIAGRAM

. CONTROL
MODE SELECT, (3) > et Voo @ suppLy
MODE SELECT; (®) > MODE SELECTOR
7 Y S}
I v
VECTOR o 19 A § (1) SERIAL DATA,
CONTROL 1@ 0 ) 1 8 g (1) SERIAL DATA,
MONITOR (9 L9 g @ NO (NTERNAL)
- < c o= CONNECTION
®--- 7 PHASE 2 S (© STROBE
NOT X & & & > =
USABLE (3, x () CLOCK gyt
1
ccwicw G >
UP-DOWN
cLocK,,, @ >
IN COUNTER _
_ OSC. |
RESET (O > W
®
GROUND Dwg. FK-009A
TRUTH TABLE
PGO01M SLA7042/44M Output Sequence & PWM Current
Inputs
Motor P 0 1 2 3 4 S 6 ’ Motor
Excitation | VC MS, MS, | 09 20% 40% 55.5% 71.4% 83% 91% 100% | lordue
Full Step H L L — — — — — — — | 141%
L L L - - - - ] - - - 100%
Half Step X H L | - - - | - - [ | 100%
1/4 Step X L H [ | - - [ | - | [ | 100%
1/8 Step X H H [ | ] [ | [ | [ | | [ | 100%

This data sheet is based on Sanken data sheet SSJ-01367.
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ELECTRICAL CHARACTERISTICS at T 5 = +25°C, Vpp = 5 V (unless otherwise noted).

Limits
Characteristic Symbol [Test Conditions Min.  Typ. Max. Uhits

Supply Voltage Vob Operating 4.5 - 5.5 \%
Output Voltage Vou lo =-3mA 4.5 4.6 - \%
VoL lo =3 mA - 0.3 0.4 \Y
Input Current [ V=5V - - 1.0 UA
n V=0V - - -1.0 A
Input Voltage Vin 3.5 - 5.0 \%
Vi 0 - 15 Vv
Vhys - 1.0 - Vv

Internal Oscillator Freq. fosc - 15 - MHz
Delay Time tacin-cony | CLK)y to CLKqyr rising edges - 50 100 ns
tyci-sy | CLK)n to STROBE falling edges - 430 550 ns
Output Switching Time t, C_ =15 pF, 10% to 90% - 20 - ns
t C_ =15 pF, 90% to 10% - 20 - ns
CLOCK,y Pulse Width tekn 4.5 - - us
terL 0.5 - - us
Input Capacitance Ci - 5.0 10 pF
Supply Current Iob Vpp =55V - 350 450 [TPAN

% >4.5 us ﬂ >0.5 us F
CLOCK |y 4 3 4

—>

RESET

>100 ns

;

«— >100 ns

MODE SELECT

CCWICW

VECTOR CONTROL

<— >100 ns

Dwg. WK-005

PGO001M Input Signals Timing
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o 9 =

CLOCKouTt
STROBE

SERIAL DATA , SERIAL DATA g
FULL fg(';—;o i:%:j 101 1 | 0% _ir:;_{_i o 0 o0
1/8 ?gg;; i:%:J 1 1 1 - 20% i:%:J 110 o
1/4 ng;o _E-__;_(___i 0 1 1 - 40% _E-__;_(___i 0 1 0
T dxlo o | me {xfe ofs
g [T e e LT
3/4 SIE(; _ir:;_(__—i o 1] o 91% _ir:;_(___i 0|1 1 L
7/8 s;(l)EO/PO i:%:J 110 o 100% _ir:;_(:j 1 1 1 -
FULL ST(I)EOZ _EF__;_(___E 0 0 0 100% i:%:J 1 1 1 L
FULLSTEP  [~777 P
(141% TORQUE) boX b 1 1 100% | X b 1 1
100% 1 ___! I S I
Dwg. WK-007

CLOCK, STROBE, and SERIAL DATA Outputs for Microstepping
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PGO01M DESCRIPTION AND OPERATION

The PGO01M is a CMOS step-motor control IC that
converts parallel-input signals from a microprocesger, (
or microcontrolleruC) to the serial-input data format
required for control of an SLA7042M or SLA7044M
microstepping, unipolar PWM, high-current motor driver.
This control IC offers five basic modes of motor operation:
1) normal 2-phase, full-step (100% torque vector);

2) 2-phase, full-step 'boosted’ torque (141% vector); el
3) 1/2-step, constant torque operation ONE-PHASE, FULL-STEP MODE TWO-PHASE, FULL-STEP MODE
(le, 2_1_2 SWltChlng), (WITHOUT PG001M) (MS1=L,MS2=L,VC=L)

4) 1/4-step operation with current-ratioed constant AB AB

torque; and I
5) smooth microstepping operation (1/&ep) for
resonance-free motor performance (constant torque
with eight output current ratios).
Three inputs (VC, Mg and MS) control these five
operational modes (as shown in figure 1); this enables

AB " AB

AB .. i AB

designers to change the drive method during movement tozs o AB
realize optimal performance. TWO-PHASE, FULL-STEP MODE 1/2-STEP MODE
MAXIMUM TORQUE (141%) CONSTANT TORQUE
Initially, at start-up, the high-torque mode can provide (WSt =L MS2 =L VE=H) (MST =R MS2=LVE =)

141% torque (the resulting vector of both motor windings
at 100% current). This enhances rapid acceleration (and
deceleration). Switching to quarter-stepping or ;
microstepping (after initial, startup acceleration) offers B i
smooth, resonance-free operation during the ramp-up
interval. The transition to quarter- or microstepping

should occur before the increasing step rate approaches the AB\ -y, A8
motor resonance frequency (usually 100 to 200 Hz). A
1/4-STEP MODE 1/8-STEP MODE
The modes of operation and current-control truth table " 7-"*=" %7 (sLmm sz =R Ve
are listed on page 2; and there are two full-step, 2-phase Dwg. OP-005
(2-2) operating modes. The VECTOR CONTROL input NOTE — Mode change only allowed at half-step positions (refer to
(VC) can only be changed when MONITOR (MO, a upper right figure).
readback pin) is LOW and the PGOO01M is operating in the _ _
full-step mode. Starting (or stopping) the step motor with Figure 1 — Current/Displacement Vectors

VC HIGH delivers the highest torque (141%) from the

motor, and is the extension of two outputs ON at 71.4%. control inputs determine the various modes of operation.
This 'half-step’ rotor position corresponds to the state whenhe CLOCK, 1, SERIAL DATA,, SERIAL DATAg, and
MO is LOW, and switching the control inputs to another STROBE to the SLA7042/44M are synchronized to the
operating mode is allowed. CLOCK of the PGO01M; and the CLOGKfrequency is
eight times the step rate (more to follow on the signal/

The PG0O01M accepts logic signals from giieand timing relationships).

converts these into the proper serial-data format required
to control the serial-data input lines of the SLA7042M or The internal logic and oscillator combine to convert
SLA7044M microstepping power modules. The five the parallel input signals to 'bursts' of serial data from the

SANKEN ELECTRIC CO., LTD. S
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CLOCKgy1, SERIAL DATA,, SERIAL DATAg, and
STROBE. In the full-step modes the clock, data, and
strobe pulses are 1/8 the input clock rate; while half-step
operation produces 'bursts' at 1/4 the input clock rate.
Further, quarter-step mode signals correspond to 1/2 the
input clock frequency; while during microstepping the
signal 'bursts' equal the input clock rate. Hence, the step
rate is always 1/8the input clock frequency, regardless of
the operating mode. Obviously, the clock rate increases
while accelerating, becomes constant during slewing, an
decreases as the step motor and load are decelerating.

Microstepping Operation

Figures 1 and 2 illustrate the incremental eight step
divisions provided while microstepping. The 3-bit se-

guence from 0 through 8 provides smooth, constant-torqu

operation that is delivered to the motor/load by the
SLA7042M or SLA7044M power multi-chip modules.

The circle in figure 1 and the arc in figure 2 represent
the constant-torque vectors. Slight discrepancies are

evident when examining the vector 'arrows'. The disparit3fvIo

is insignificant, and will not affect smooth, resonance-free
motion. However, it may affect realizing accurate and
precise intermediate positioning. Subdividing steps into

MAXIMUM FULL-STEP

100 ==
—4_ =
/Y —_ 3
~<] 2
91 / ~_ T 2
Q ~
83 & N R
— & NS =
@ T~ < RN S
N “ {8 AN \9):? ~
\Na N,
71.4 N coé} \:b,\/\o
z > 2 )
w
3) é\‘o N %
& s55 N .
o \
z «?,Q N\
= o> 5
g 40
4 N _cp \
35 2 \
8] 3\&5 \\
\
/ \
\
\
20 o L
718 STEZ =1,
\
- FULL STEP
° T °

20 40 55.5

CURRENT IN PER CENT

71.4 83 91 100
A
Dwg. GK-020

Figure 2 — Current/Displacement Vectors

%

eight distinct, exact positions is often very challenging.
Clearly, variation in the phase currents affects rotor
displacement, and is a very crucial factor in resolving
accurate, intermediate step divisions.

Another critical factor to realizing precise, repeatable
step subdivisions pertains to the selection and evaluation
of the step motor. The better motors exhibit uniformly
spaced positioning characteristics. However, torque vs
isplacement characteristics vary (often greatly). Usually,
recise step subdivisions require motors designed for
microstepping.

An 'Integrated' Microstepping Design

The combination of CMOS controller IC and
réwicrostepping power module is depicted in figure 3. The
P provides the needed logic signals that reset the counter,
control rotor direction, determine the operating mode, and
change the current/torque vector (during full-step, 2-phase

operation).

The sequencing logic provides a 'readback’ signal (the
output) that switches LOW at the half-step position
when the microcontroller can shift control modes and not
incur oscillation/vibration problems. The mode change is
allowed at the 45vector, half-step position shown in

figure 2. In addition to the 45AB vector, three other half-
step vectors occur during stepping: AB at?3%B at

225, and AB at 315(figure 1). These current vectors
correspond to the half-step positions in four quadrants, and
four 2-phase, full steps of rotation.

The Parallel-to-Serial Conversion

Perhaps the greatest system advantage for designers is
the simplification of software. Controlling and operating
the SLA7042/44M power multi-chip modules directly
would require programming the syst@iR to provide and
update serial data to both the A and B inputs, and signals
to the clock and strobe inputs that control the A and B
sections of the driver.

Although designs utilizing the CMOS control IC
require seven I/O lines, the software program will be
simpler and shorter. The syst@ provides logic signals
that control RESET, CCW/CW (direction), MODE
SELECT,, MODE SELECT, VECTOR CONTROL, and
read the MONITOR return. Only the CLOCK inputis a
‘dynamic’, constantly switching signal from the system
control I/O.

SANKEN ELECTRIC CO., LTD.
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Figure 3 — Typical 'Integrated’ Microstepping System
Depicted in figure 4 are the 'front-end’ I/0 signals After the RESET pulse, the first (two) full-steps in the

(from RESET to VECTOR CONTROL), converted signalsmicrostepping sequence, M8 switched LOW and the
from the controller IC to the microstepping power module control IC shifts into the 1/4-step mode. It becomes very

(CLOCKqyt, SERIAL DATA,, SERIAL DATAg, and apparent that any microstepping directly fropRato the
STROBE), plus the MONITOR (readback) to the SLA7042/44M module 'burdens' th®, complicates the
microcontroller. Finally, the power multi-chip module software, and might entail a 'dedicated’ microcontroller in
current ratios are illustrated (OYBnd OUT). many motion-control systems.

As shown, initially the counter is reset, and then the The PG0O01M controller IC precludes loadingRa
motor is operating in quarter-step mode; ther, MS with direct serial-data signals to the power multi-chip

switched while MO is LOW. The two steps following are module. Because the step motor is updated at eight times
full-step (100% torque vector). The final (fourth quadrant) the step rate, this CMOS IC both simplifies software and
portion of figure 4 is the maximum (141%) torque mode, eliminates loading a system microprocessor with ‘house-
after VECTOR CONTROL has been switched from LOW keeping' control of step motors.

to HIGH. Three of the five operational modes are shown,

and_ Tc:jn? rt_equwte thd:t) tobcotntltrrl]uag{Au;)gzg JZEA cIocg,l eliminates the requirement to program the system for the
Serial-data input, or strobe fo the MOAUIE. y/arious modes of operation and the continual updating of

The microstepping operation is illustrated in figure 5. the serial-data signals to the power multi-chip module.
Initially the counter is reset, and with both MODE SE-  NOTE — In figures 4 and 5, the clock frequency is
LECTs HIGH the controller is furnishing clock, serial constant during the few steps of operation that are shown
data, and strobe logic signals for ®tA&ep increments. and half-step operation is not included.

As illustrated in figures 4 and 5, the controller IC

SANKEN ELECTRIC CO., LTD. 7
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Dwg. WK-006

Figure 4 — Quarter-Step, Full-Step, and High-Torque Full-Step

Because the parallel-to-serial conversion requires six
'static' logic signals plus a 'dynamic' (clock) input, the
addition of latches between th® and five of the control-
ler IC inputs permits use on a bus. Latching the five
signals to CCW/CW, MS MS, , RESET, and VC frees
these five I/O lines for other operations by the
microcontroller. Even at extremely high step rates (>5
kHz), updating the PGO01M input data requires an infini-
tesimal percentage of the's 1/O and control operations.

8 SANKEN ELECTRIC CO., LTD.
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Figure 5 — Microstepping (1/8"-Step) and Quarter-Step Modes

One technique to frgeP 1/0 lines for shared functions The clock input frequency limit is derived from the
is depicted in figure 6. The I/O lines required (without  figure on page 3. The minimum period for the clock pulse
latches) are then transformed into three 'dedicated' logic HIGH is 4.5us, plus a minimum LOW interval of Oyfs;
inputs; a STROBE is added, and CLOCK and MONITOR this limits the upper clock frequency<$@00 kHz. Updat-

retained. CLOCK, RESET, MODE SELEGT™ODE ing the operating mode of the controller IC requires only
SELECT,, and VECTOR CONTROL now connecttoa  one clock periodX5 us), and the five I/O lines on the bus
bus. remain unchanged until a signal is required to change the

operating mode, reverse direction, vary torque, etc.

SANKEN ELECTRIC CO., LTD. 9
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Figure 6 — A Latched Input-Bus Configuration

At start-up, reseting the counter adds only another
clock interval (per figures 4 and 5). During high-speed
slewing, theuP is only occupied with sending clock
signals and monitoring the readback (MO). Hence, of a
200us interval, with a slewing rate of 5 kHz, only§ is
required to provide the clock input. At slower, more
typical step rates, fps becomes an insignificant burden on
theuP controlling the stepping motor.

Other techniques to decrease and unburden the essen-
tial uP I/0 lines and control logic are viable. Utilizing an
8-bit shift register (serial-to-parallel conversion) between
theuP and the controller IC further reduces the 1/O lines,
and HCMOS logic provides serial-data entry at 20 MHz
(vs <200 kHz). Such a design could further decrease the
interval required to update the step-motor operation and
reduce the 1/O lines on the bus.

CLOCK

STROBE

SERIAL DATA p
—>

SERIAL DATAR
—

Dwg. EK-014-1
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Dimensions in Inches
(controlling dimensions)

16 9
(1 1 1 1 1 1 1 [] ' T

0.280

0.300
0.240 e

L7 7 T 7 LT LT 1T [

1 8 - v
0.070 0.100 1-0.005

0.045 0.775 BSC MIN
0.735

0.015 0.150
MIN 0.115
_
4 }ko.ozz
0.014 Dwg. MA-001-16A in

Dimensions in Millimeters
(for reference only)
0.355
0.204

16 9
(1 1 1 1 1 1 [ 1 []

L]
177 J 2.54 L SL,, 0.13 -

1.15 19.68 BSC MIN

cta |
e

0.39 381
MIN 2.93
v
0558
0.356 Dwg. MA-001-16A mm

NOTES:1. Lead thickness is measured at seating plane or below.
2. Lead spacing tolerance is non-cumulative.
3. Exact body and lead configuration at vendor’s option within limits shown.

SANKEN ELECTRIC CO., LTD. 11
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e The contents in this document are subject to changes, for improvement and other purposes, without notice. Make sure that this is
latest revision of the document before use.

» Application and operation examples described in this document are quoted for the sole purpose of reference for thadse of the
ucts herein and Sanken can assume no responsibility for any infringement of industrial property rights, intellectualigintgerty r
any other rights of Sanken or any third party which may result from its use.

¢ Although Sanken undertakes to enhance the quality and reliability of its products, the occurrence of failure and méfeot of se
ductor products at a certain rate is inevitable. Users of Sanken products are requested to take, at their own riskepreassets
including safety design of the equipment or systems against any possible injury, death, fires or damages to the sodticdue to
failure or malfunction.

» Sanken products listed in this document are designed and intended for the use as components in general purposeiplectronic eqt
ment or apparatus (home appliances, office equipment, telecommunication equipment, measuring equipment, etc.).

When considering the use of Sanken products in the applications where higher reliability is required (transportation agdipment
its control systems, traffic signal control systems or equipment, fire/crime alarm systems, various safety devicesywter)eaerd

long life expectancy is required even in general purpose electronic equipment or apparatus, please contact your neaassSanken
representative to discuss, prior to the use of the products herein.

The use of Sanken products without the written consent of Sanken in the applications where extremely high reliabiliggdis requi
(aerospace equipment, nuclear power control systems, life support systems, etc.) is strictly prohibited.

¢ In the case that you use Sanken products or design your products by using Sanken products, the reliability largeltldepends on
degree of derating to be made to the rated values. Derating may be interpreted as a case that an operation range is set by deratir
load from each rated value or surge voltage or noise is considered for derating in order to assure or improve the reliability. In gene
derating factors include electric stresses such as electric voltage, electric current, electric power etc., environmentidtres
as ambient temperature, humidity etc. and thermal stress caused due to self-heating of semiconductor products. Foeghese stress
instantaneous values, maximum values and minimum values must be taken into consideration.

In addition, it should be noted that since power devices or IC's including power devices have large self-heating value, the degree
derating of junction temperature affects the reliability significantly.

¢ When using the products specified herein by either (i) combining other products or materials therewith or (ii) physigedifych
or otherwise processing or treating the products, please duly consider all possible risks that may result from all such uses in adva
and proceed therewith at your own responsibility.

< Anti radioactive ray design is not considered for the products listed herein.

¢ Sanken assumes no responsibility for any troubles, such as dropping products caused during transportation out ofranken's dis
tion network.

e The contents in this document must not be transcribed or copied without Sanken's written consent.
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