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input, limited microstepping can be Py (W)
achieved. ° Po (W)
TTTTT N -]
Sensor resistor 80 Vi = 36 V 7 I
The R, resistor should be of a noninduc- 5 4 49 S‘"t» ;
tive type power resistor. A 0.5 ohm z ] <
resistor, tolerance £ 1%, Is & good 20 [/ a0 o
choica for 800 mA max mafer current at P AN
V, = 5V. 15 A 20 SANENE
The peak motor cument, i_, can be /5/\114\» i Sy &,
calculated by using the formula: W ] | NN
o=V, 0.080) / R [A], st 100% level s ] b ‘ eXN
~
External recirculation diodes 0 Ry 15 a 50 =1\50
Recirculation diodes must b connected lw (A) Tams (°C)
gcross each motor terminal and the Figure 12 Typlcal power dissipation vs,  Figure 13. Allowable power dissipation
supply voltage. v,,,. The anodes shallbe  mator current vs. ambient temperature
connectad to the motor terminals and
the cathodes to the V., voltage Ultra- N
fast recovery diodes should be used for N.‘
aximum performance and reliablity. BT b el T
e
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The sﬁdﬂca!bna on this databook are only
givan tor information , without any guarsnteg
a3 regards cither migtakes of omissions. The
application circuRs in this databook are
described only to show representative usages
of the product and not intended for the
guatantes ar permigsion of any right including
ha industrial rights.
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Flgure 15. Copper foil used as a heatsink
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Flgure 8. Typical stepper motor dnver application with NJM3770A

B TYPICAL CHARACTERISTICS
Ve VE (V)
18 1.8
18 7 e T =25%C — 1
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Figure 9. Typical source saturation vs Figure 11. Typical lowsr diode voitage
output current drop vs. recirculating current
Ve (V) Some stepper motors have such high
. core lossas that they are not eultad for
switched-mode operation,
18
14 Interference
12 As the aircuit oparates with switched-
‘o T =126°C A mode current ragulation, interference-
genaration problems can arlse In some
2 P applications A good measure is then to
a T decoupie tha ciroult with a 0.1 pF
4 [ ceramc capacitor, located near the
2 " §=26°C package actoss the pawer line V, ., and
. T ground.

° N Algo make sure that the V,_ Input is
| sufficlently decoupled. An electrolytic
Figure 10. Typical sink saturation vs. capacitor should be used in the +5 V rall,
output current close to the circuit.

Wew Zapan Radio Co. Lt

The ground leads batween R, C_ and
circuit GND should be kept as short as
poasidie. This applies also to the leads
connecting R, and R to pin 18 and pin
10 respectively

In order to minimize alectromagnetic
interferenca, It is recomimended to route
M, and M, leads in paraBel on the
printed circuit baord directly to the
terminal connector. The motor wires
should be twistad In pairs, each phase
saparately, when instatling the motor
system.

Unused inputs

Unused inputs should be connacted to
proper voltage levels In order fo obtain
the highest possible nolse immunity,

Ramping

A stapper motor is a synchronous motor
and does not change its speed due to
load variations. This maeans that the
torque of tha motor must be large
enough to match the combined inertia of
the motor and 10ad for ail 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., controkted
accaeleration or decelerahon must then
be considared to avoid motor pull-out,

vcc’ Vi

The supply voitages, V . and V,, can
be tumed on or off In any order, Normal
dv/dt valuas are assumed.

Before a driver cireuit board is
removed from its system, all supply
voltages must be tumed off 1o avoid
destructiva transients being generated
by the motor,

Switching fraquency

The motor inductance, together with the
pulse time, {,, determines the switching
fraquency of the current reguiator. The
choica of motor may then require other
values on the R, C, components than
those recommendad In figure 6, to
obtain a switching frequeticy above the
audible range. Swiiching frequencies
abave 40 kHz are not recommended
because the current regtdation can be
affacted.

Anatog contrel

As the current levels can be continu-
ously controlied by modutating the Vv,
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the current has dacayed and the analog
voitage aeross the sensing resistor is [T [T
below the comparator threshold lave!.

Tha sinking transistor than kams on
and the motor current starts o incregse -

agaln, The cycle is repeated untll the \
current is turned off via the logic inputs. \ L

When both |, and i arg high, all four \ T
transistors In the output H-bridge are

turned off, which means that inductive T
Current recireulates through two opposite T h T
@

o

%

free-whealing diodes (see figure 6, arrow

3). this method of tuming off the current

results in a faster currant decay than if Figure 5. Motor current (), 1
Re

only one tranelstor was tumed off and Veartical : 200 maA/div,
will therefore improve speed perfor- Horizontal: 1 ms/div, Motor Curent
mance In half-stepping mode. expanded part 100 ps/div.

Heatsinking

The junction temperature of the chip o
highly effects the lifatime of the circut In

high-currant applications, the
heatsinking must be carefully consig- < Rwg Cumem Decey Towe
arad F—— Blow CLfvaht Dycay

The Rth, , of the NJM3770A can be
reduced by soldering the ground pins ta Figure 6 Output stage with current paths
a suitable eopper ground plane on the for fast and slow current decay
printed circuit board (see figure 14) or by
applying an extemal heatsink type V7 or
V8, see figure 14,

The diagram in figure 13 shows tha
Maximum permissible power dissipation
versus the ambient tamperature in °C, | L
for heatsinks of the type V7, V8, or a 20 h
Cm™ coppar area respectively. Any I %—l
extemal heatsink or printed elreuit board
copper must be connected 1o alectrical P, L | . I

ground
For motor currents higher than apprax Pha l — e N e N
€00 mA, some form of heatsinking is )

recommended o assure optimal L

reliability. o ——
The diagrams in figures 12 and 13 can ——

be used to determine the required

oy
heatsinking of the circuit. In some s ! ,
systems, forced-air coollng may be ] 1

] “20% T ]
::il:ﬂ: ct;:educe the temperature rise _m: | I U

B APPLICATIONS INFOR- frotn

MATION l 1.7 1
Motor selsction -60% _ I LT

~100%
Some stepper motors are not designed
for continuous operation at maximum
curent As the circust drives a constant
current through the motor, its tempera- Surobrmade  Hal 1w et 100 % P4l wop mode 60 4,
ture can incresse, both at low- and high-

spead operation.

Ful stap position e
Half atap pogiton —— — e e

Figure 7 Principal operating sequance,

New Japan Radio Co. Lid




28/06 '00 WED 15:33 FAX 01189776095

a
Ti

The NJM3770A is intendad to drive &
bipolar constant current through one
winding of a 2-phase steppar motor.

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

Three diffarent cument levals and zero
Current can be selacted by the input
logic,

The glrcuit contains the following
functional blocks:

* Input logic
* Current sense
* Singie-pulse ganerator
¢ Output stage
put logic
Phase input. The phase nput detar-
mines the diraction of the current in the
motor winding. High input forces the
cutfent from terminal M, 1o M, and low
input from taminal M, to M,. A Schritt
trigger provides noise immunity and o
delay circuit eiminates the nsk of cross
conduction in the output stage dunng 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. Threa fixed cument
levels can be selected according to the

FUNCTIONAL. DESCRIP-
ON

table below.
b 4
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 diffarant
currant levels are datermined by the
referance voitage V, togather with the
value of the sensing resistor R,
The peak motor current can be
calculated as follows:
in=(V, *0.080) /R, [A], at100% leval
The motor currant ¢an also be

continuousty varied by modulating the
voltage reference input.

Currant sensor

The current sensor contains a reference
voitage divider and three comparators
for measuring each of the salectabie

GOTHIC CRELLON

#1005

NJM3770A

[ Via=Vig |
Nomelizad

172

1

[ L N
LI Py P

Figure 4, Definition of terms

current levels The motor current is
s@nsed as a voltage drop across the
current sensing resistor, R, and
compared with one of the vol

refarences from the divider, When the
two voltages are equal, the comparator
triggers the single-pulse genarator Only
one comparator at & time s activated by
the input logic.

Single-pulse generator

Tha puise generator Is 3 monostabie
mulbvibrator tnggered on the positive
edge of the comparator output. The
muttivibrator output i1s high dunng the
puise time, %4, Which is determined by
the timing components R, and C.
ln=0684R +C,

The single pulee switches off the
power feed to the mator winding,
causing the winding to dacrease during
t,.

le A new tngger signal should occur
dunngt_, itis ignored

Output stage

The output stage contains four transis.
tore and two diodes, connectad in an H-
bndge. Note that the upper recireulgtion
diodes are connacted to tha cireuit
oxtemally The two sinking transistors
are usad to switch the power supplied to
the motor winding, thus dnving a

constant current through the winding

See figures 5 and 6
Overfoad protection

The circult is equipped with a thermal
shut-gown function, which will limit the
junction temparature. The Output current
will be reduced if the maximum permis-
sible junction temparature is axceeded.
it should be noted, however, that it is not
ghort circult protectad,

Operation

When a voitage Vo IS 8ppilied across
the motor winding, the current rise
follows the equation:

=(Vig [R)  (1- @R -1)IL)

Winding resistance

Winding inductance

= time

(see figure 8, arrow 1)

The motor cLaTent sppaars across the
external sensing resistor, R, a5 an
ahalog voitage. This voltage is fed
through a low-pass filter, R.C,, to the
voitage comparator Input (pin 10). At the
Mmoment the sansed voitage nses above
the comparator threshold valtage, the
menostable s triggered and its output
turns off the conducting aink transistor.

The polarity across the motor winding
revarses and the curent is forced to
clrculate through the appropriate upper
protection diode back through the source
transistor (see figure 6, armow 2).

After the monostable has timed out,

-ﬂ\
R
L
t

New Japan Radio Co. Lt
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H PIN CONFIGURATIONS
Mg 1 \'—/ E’ E
T {2] 15 Ma
Vim 3] 4] Vim
GND [3|  NJM 43 gD
3770AD3
GND |5 12l GND
vee (6] 1] VR
by [7] o] C
Phase (3] 9] 1o
Figure 3. Pin configurations
H PIN DESCRIPTION
EMP DiP PLCC Symbot | Description
1 1 10 Mg Motor output B, Motor current flows from M , to M, when Phase is high.
2 2 11 T Clock oscillator. Tirung pin connect a 56 kQ resistor and a 820 pF in
parallel betweaen T and Ground
3 3,14 12,4 Vi Motor supply voltage, 10 to 40 V. Pin 3(12) and pin 14(4) should be wired fogether
4-7, 4,5, 1-3,9, GND | Ground and negative supply Note these pins are used for heatsinking.
14-18 12,13 13-17,28 Make sure that all ground pina are soldered onto a sultable large copper
ground plane for efficient heat sinking.
8 6 18 Vee Logic voltage supply normally +5 V.
9 7 18 4 Logic input 1t cantrols, togather with the 10 input, the current level in the output stage
The controliable levsls are fixed to 100, 60, 20, 0%.
10 8 20 Phase Controls the direction of the motor current of M, and M, outputs
Motor current flows from M, to M, whan the phase input i1s high
11 9 21 I Logic input it controls, together with the 1, input, the currant leval in the output stage
The controllable leveis are fixed to 100, 60, 20, 0%
12 1] 23 C Comparator input, This Input senses the instantaneous valtaga acroes the sensing
resistor, fillered through a RC Network.
13 11 24 Ve Reference voltage. Controls the threshold voltage of the comparator and hence
the output current. Input resistance- typically 6.8 kQ + 20%.
19 15 6 MA Motor output A, Motor cumment flows from M‘l to M, when Phase s high
20 16 8 E Common emitter. Connect the Sense resistor between this pin and ground.

New Japan Radio Co.. L.
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Electrical characteristics over recommended operating conditions. C,

GOTHIC CRELLON

= 820 pF, R, = 56 kahm

Paramater Symbol Gonditions Min Typ M | unk
General
Supply current [ Vi =200 40 V.1, =1 = HIGH, - 30 40 | mA
Viu=20t040 V.1, = | = LOW, - 48 65 mA
f =23 kHz
Total power dissipation Ps f,=28KHz, |, =1000mA, V, =36 v - 19 23w
Note 2, 4
1,=24 kHz, I = 1000 mA, V,,, = 12 V - 1.7 21 w
Note 2, 4,
f.=28KkHz, i =1300mA, v, =36V - 27 32 w
Note 3, 4
f,=26kHz, I, = 1500 mA, V= 36 V - 35| - w
Note 3, 4
Tum-off delay t, T, = +25°C, dv /dt 2 50 mVips - - 2.5 us
Themal shutdown junclion temperature - 170 - °C
Logic Inputs
Logic HIGH input voliage A 29 - - v
Logie LOW Input vollage A - - 08 v
Logic HIGH input currert [ V=2FV . - 20 [y
Logic LOW input current i V=04V -0.4 - - mA
Analog Inputs
Comparator threshold voitage Ve, Va=50V, 1 =1 =LOW 400 415 430 mv™
Comparator threshold voitage Vou Ve=50V, | =HIGH T, = LOW 240 25¢ 251 mv
Comparator thréshold voliage V., Ve=50V.1,=LOW, T, = AlGH 70 80 90 mv
Input current I -20 - - KA
Motor Outputs
Lower transistor saturation voltage = T0A - 05| 08| Vv
,=1.3A - 0.8 1.3 v
Lowar diode forward voitage drop (,=1.0A - 13 1.6 v
= 1.3A - 15 18 v
Upper transistor saturation voltaga 1, =1.0A - 1.1 1.3 v
I, = 1.3A - 13 18] v
Output leskage current I, =1, = HIGH, T, = +257%C - - 100 pA
Monostable
Cut off ime t, V=10V, 1 25 s 27 3 3B s
B THERMAL CHARACTERISTICS
Parameter Symbol Canditions Min Typ Max Unit
Thermal reslstance Rth .. | DIP package - 11 - *C/W
Rth,, | DIP package. Note 2. : 40 - CIW
} Rth, . | PLCC package - 9 - Cw
Rth,, [PLCC package Note 2. - 35 - “CW
- Rth . | EMP package. 11 - CwW
Rth,, | EMP package, - 40 - CIW

Notos
1 All voltages are with respect to ground,
2. Ali ground pins soldered onto a 20 cm?

4. Not covered by final test program

Currents are positive into, negative out of specified tarminal
PCB copper area with free air convection Ta=+25°C
3. DIP package with external haatsink (Staver v7) and minimai copper area. Typical Rth,, = 27 5°C/W. T, = +25°C
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B ABSOLUTE MAXIMUM RATINGS

Parameter Pin no. [DIP package] Symbol Min Max Unit
Voltage
_Logic supply 6 Ve 0 7 \4
Motor suppty 3,14 Vi 0 45 Vv
Logic nputs 7,88 Vv, 03 € v
_Comparater input 10 V. 0.3 V., v
Reference input 11 V, 03 15 \4
Current

Motor output current 1,15 I -18Q0 +1800 mA
Logic inputs 789 h -10 - mA
Analog inputs 10,11 Iy -10 . mA
Temperature

Operating junction temperature TJ 40 +160 °C
Storage ternperature T. -55 +150 °C

M RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Tw Max Unit
Logic supply voltage Vo 475 5 5.25 Vv
Motor supply voltage Vo 10 - 40 \ .
Motor output current " -1500 - +1500 mA
Junction temperature T, -20 - +125 °C
Rise time logic Inplits 1, - - 2 Us
Fall tme {ogic inputs t - - 2 us
P — :-:'M '“‘
Yoo Vot Yuang
VIR rowes - m m ’ -
T £ DI l 0 IS
P . I
Py U L — | 1f¥a
a A9 KL ‘ﬁ } é?‘@
gt Bimga.
Voo A0 Va N ’ A ™
VIJ v v
L} -
Y mn,-c,
aw |’ Cument Bunes
L |, s " NJNEYTTOA
g Ye k] E
1 1h
v J l—l ve o 5o, refers
| raew ook QopF 08 10 DIPpackago
ch “‘r‘l"’r Ry

Figure 2. Definition of symbols
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STEPPER MOTOR DRIVER

B GENERAL DESCRIPTION B PACKAGE OUTLINE

NJM3770A is a stepper motor dnver, which consists of a LS-TTL
compatible logic nput stage, a eurrent =snsor, a monostable multivibrator
and a high powar H-bridge output stage.

The NUM3770A is a high power version and pin-compatible with the
NJUMA717.

Two NJM3770A and a small numbser of axtermal components form
8 complete control and drive unit stapper motor systems.

N FEATURES

* Half-step and full-step operation

*+ Switched mode bipolar constant current drive

«  Wide ranga of current control 5 -1800 mA

* Wide voltage range 10-45V

» Thermal overioad protection

+ Packages DIP16 (Batwing) / PLCC28 / EMP20

M BLOCK DIAGRAM

i

Time
Delay

Mf @—D-fh &l
!
1

Ma

e}

e

T &lls L& & @—K%
B Output Buge |
S L
o | e
.>— L e )\ NJM37T70A
c T E

Figure 1. Block diagram
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