Ordering number : EN49§|

Thick-Film Hybrid IC

No. 4928 ]/

STK672-020

Unipolar Fixed-Current Chopper (separate excitation)
Type 3.0 A Output Current Stepping Motor Driver
with Built-in 4-Phase Distribution Controller

Overview

The STK672-020 is a 4-phase stepping motor driver IC
that adopts power MOSFET for its output stage and that
uses a unipolar fixed-current chopper scheme. Since the
STK672-020 includes a built-in 4-phase distribution
controller, the stepping motor driver circuit and the
control scheme can be simplified, and the stepping motor
driver circuit structure can be standardized. The STK672-
020 provides high torque, low vibration, and rapid
response based on a W1-2 phase excitation drive scheme.
The motor current is voluntary set from externals. Since,
compared to the earlier STK6770 Series, the STK672-020
has a smaller package size and reduced drive power
dissipation (reduced by 70% over previous products), it
provides a wider operating power supply voltage range.

Applications

* Send/receive stepping motors in facsimile equipment

* Stepping motor drive for paper feed and optical systems
in copier, and drum drive in laser beam printers

* Pen drive in X-Y plotters

* Industrial robots and other stepping motor application
products

Features

* The STK672-020 can easily implement stepping motor
drive applications with the provision of a DC power
supply and a clock pulse oscillator.

<4-Phase Distribution Controller>

* The STK672-020 supports four excitation types selected
by the excitation mode setting (M1 and M2).

1. 4-phase 1 excitation

2. 4-phase 1-2 excitation
3. 4-phase 2 excitation

4. 4-phase W1-2 excitation

» Schmitt input pins (for a high noise margin)

+ Controller inputs are CMOS compatible {with built-in
pull-up resistors), thus allowing direct control from KO
ports or special-purpose controller LS]s,

* An interval is set up during mutual switching of the AA
and BB phase output signals in 4-phase 2 excitation
mode.
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<Driver Circuits>

* Since the STK672-020 is a separate excitation type
circuit, it supports a wide operating power supply
voltage range. (Vool =5 to 42 V)

* Current detection resistors are provided within the
hybrid IC. '

* Drive power reduced by 70% when compared to the
STK6770 Series (ata 1 A drive).

+ Can provide a motor drive current of up to 2.0 A
without a heat sink.
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STK672-020

Specifications
Absolute Maximum Ratings at Ta = 25°C
Paramater Symbol Conditions Ratings Unit
Voo max| No signal 52 Vv
Maximum supply voltage cc _g
Vo2 max | No signal 7.0 v
Maximum phase output current lgymax | 0.5s, 1 pulss 3.9 A
Repeat avalanche capacity Ear max 42 mJ
Input voltage Viy max 7.0 v
Operating substrate temperature Te max 105 °C
Junctien temperature Tj max 150 °C
Storage tamperaiure range Tstg —40to +125 °C

Allowable Operating Ranges at Ta = 25°C

Parameter Symbol Conditions Ratings Unit
) Vee! With a signal present 1810 42 v
Operating supply voltage - -
Veg2 | With a signal present 5+ 5% v
Input voltage Vig Oto Vec? v
Phase drive withstand voltage Vpsg 100 \
Phase current lon max | Duty: 50% per phase A0 A
Electrical Characteristics at Ta=25°C, V¢1=36 V,Vo(2=5V
Paramater Symbol Conditions min typ max Unit
Output saturation voltage Vst R =230 1.5 2.1 v
Qutput eutrent (average) loave Load (each phase): R= 3.5, L=38mH 0.45 0.50 0.59 A
FET diode forward voltage Vdf f=1.0A 1.2 1.8 v
Current when stopped leco 36 55 mA
On input voltage Viy Pins 14,15, 16, 17, 18, and 19 40 v
Off input voltaga ViL Pins 14, 15, 16, 17, 18, and 19 1.0 v
Input leakage currant | Pins 14, 15, 168,17, 18, and 19 -600 +30 HA
C1 1o C3 high level voltage CVgy |Pins1,2,and3 2.4 v
C1 1o G low level voltage CV¥olL Pins 1,2, and 3 0.4 \
Chopping frequency i R/C: 2.4 kQ/6800 pF 35 42 50 kHz
AC Characteristics at Ta = 25°C, V1 =36 V, V2 =50V, €y =50 pF
Parameter Symbol Conditions . min typ max | Unit
) Tpd1 For the clock path: CLK - A, A B, B 2 us
Delay time
Tpd2 For tha clock path: CLK — C1, C2, C3 2 us
Cutput signal interval Tin Only for 4-phase 2 excitation 20 40 ns
Maximum ¢lock frequency foLk 20 kHz

Note: Use a rated power supply.

Definition of the Delay Time Tpd

Input waveform
 Tpai, 2

Output waveform

AQas4ai

No. 4928-2/17
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STK672-020

Definition of the Output Signal Interval Tin

Phase A orB

Phase A or B

AQ2542

Function Table

Operating Mode

CTWrcew START/STOP
cw L L
Ccow H L
STOP X H

Excitation Mode

4-phase 1 excitation

4.phase 2 excitation

4-phase 1-2 excitation

ITic ||

I\ IT|r|r—

4-phase W1-2 excitation

Equivalent Circuit

STKE72-020

..STKe72-020 Gﬁ@@ ........... @Q? ..... e J——

ALL-ALB RS AB A7 AB

2 1 ’ £ F 23

BTART/ST0R

RESET

CLK

Tw/oeH

Ni

A IC1 icz

h

AuaBdy

No. 4928-3/17
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Sample Application Circuit (W1-2 phase excitation, motor current: four stage switching)

Vo2 (+5v) Yool (+3EV)
o]
Ry
" M 1
VO port*! 108F 2.4ka CT 6BOOPF  100sFZ
TTL open collacior compatible I
,---'I'--ﬁ_ 13 12
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i i
| i
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| .
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: T : STKE72-020 -
: i
i L 4 ¢
1
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; .
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:o.ouFI F1000 gay2 0.01aF F1800 pygy 2 by
: 1 I <} — 2
: 1
! F1is00 1500 ;
i ca
:
' 1100 F1100 ¢
! 1 C3
: <} ——< - 1
H =392 £3ao I
: : 8 9 20
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H rr rr '
H )
i |
i |
i i
; |
i {
H H
] i
_______________________________________________________________________ . o

W1-2 phase excitation, current switching reference voltage circuit example Aoza4s

Note: 1. See the function tables and the timing chart for datails on the ¥O port signals.
2. Use the Sanyo LB1212, LB1214, or aquivalent for the TR array.
3. The RESET pin should normally be left open.
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STK672-020 Operation

<Separate Excitation Chopper Driver Block Operation>

A
Stepping motor ' oA {controf signal)
pm-mmnne e S veea
| : |
i l'Jl 1 RIC \
E ; IoFrF IoN : Oscillator {frequency setting)
: Ly :
PoLe § i g L1
i i . : vee2
! i i
D prommmmem B * S Comparator
: o ® o tc;g;g o - vrel
DiZk | l—‘G_—c s@ i
F L FET o) flatchy . {current setting)
RAg
. yy

AQ2540

Fig. 1 STK672-020 Driver Block Basic Circuit

Figures 1 and 2 show the driver block basic circuit and the waveforms

in the various blocks.

Unlike the earlier STK6710 Series, which adepted MOSFET transistors, the STK672-020 implements a fixed current

drive scheme with separate excitation.

8Y

PA

Rs
Time constant determined by Rand C
® — e e e ov
— &— torpis setby Rand C
®
EEEEEPE --- -- -- --- ov
® |
_______ - - L. cecl— gy
Fig.2 Waveform Timing Chart 402546

When the FET is turned on by a high level input
on the gA signal in the driver block basic circuit,
the comparator + pin goes low and the comparator
output goes low. The L1 current Iy that flows in
the FET at this time is given by the following
formula.

Vel - Vsat R
10N=LR—(1—e—ft} ..................... (1)

L. Coil inductance
R: The sum of the coil resistance and Rs

Then, when the Rs voltage becomes equal to
Vref, the FET turns off. At this point the energy
stored in the inductor L1 induces a current in L2
and the current Igge flows. The time that the
current lopg flows is propertional to the off time
set at the oscillator.

Thus the chopping operation is partially fixed at the oscillator frequency by the latch function.
The STK672-020 repeats the operation of switching the motor current on and off, i.e., fixed current chopping operation,

as described above,
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<4-Phase Distribution Controt Logic Block Operation>

Veg2
10kRx5 (F
= = = - o o
- - B - - 10k°x5 - - - -
CLK O —>— — 1 — OF
Switch |— DU:/n I Wave- | | peilay | Joutput ol
. ‘:“'C“”_counwter-_ form [ lcarcuttl—puffer Iy
CHACCH O A > | chopping |_J - — 0 A
circuit
RESET A > -
Mi O A D"Exclting
mode
control
Ma O ] A {>-{ circuit
0.01uFx5
» DTD=
¥1o k0 Waveform
START/ ", chopping
STOP output buffer
O.O:luFJ' 10%a ¥

ICt

€1tz ©3 ApEEaY

Fig. 3 Control Logic Circult

The control logic IC built into the STK672-020 is a special-purpose IC developed to allow stepping motors to be
operated more simply than was possible previously.

Features

» One of four excitation types can be selected with the excitation mode setting (M1 and M2).
1. 4-phase 1 excitation
2. 4-phase 1-2 excitation
3. 4-phase 2 excitation
4. 4-phase W1-2 excitation
« Schmitt circuits are provided on all input pins (for a high noise margin).
- Inputs have 10 kQ pull-up resistors built in so that they are CMOS and TTL input compatible. Thus the inputs can be
driven directly from I/O ports or special-purpose LSIs.
« The AA and BB phases of 4-phase control output at the 2-phase excitation set up the interval times,
» The minimum pulse width for the control logic is 25 pis. The logic operates on pulse falling edges.

The following timing charts show the logic in each excitation mode.

No. 4928-6/17
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Low
Low
'

High
High

§ [
I
L] L ]
]
cw-ﬁﬁr-il—-ccw
Fig. 4 4-Phase 1 Excitation Timing Chart
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Fig. 5 4-Phase W1-2 Excitation Timing Chart
No. 4928-7/17
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sinnnnannninnnnnninianhnh

STAAT
/5T0P
; )
AESET : i
: !
M1 N
:
4 :
' 1
. ! Law i
: :
:
TW/CCW ;
H
1
I {——1
QUTPUT A } I
- I L
o . : : ' ‘ : I : : : ‘
: i ' : i : :
- H ' b B 1 1 i 1 H
T : ' | i ! ! I
! i ; ; [ :
g o ; !
-_— ' r
N |
I
I

AD2EZD

Fig.6 4-Phase 2 Excitation Timing Chart
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Fig. 7 4-Phase 1-2 Excitation Timing Chart
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<Output Current Setting>

Figure 8 shows the motor output current waveform.
The output current Iy is set by the STK672-020 pin 4 (5) voliage.

The formulas for these calculations are as follows, Tou
L ' 2
Vref = W XVEE2 i e (2) / J J J
Vref
Ioy=Kx R s 3 T
S
Rg: The hybrid IC internal current detection resistor Fig.8 Motor Output Current Waveform
033+ 3%) :
K: 1.1 to 1.2 {correcticn coefficient for differences
between setlings and measurements) STKE72-020
K is a proportionality constant that corrects for discrepancies between V%EE O_Zio 0_2,53,,
measurements and settings. Since the value of X is the set value in one Rp1E 4
condition, the value must be reset for each condition examined. Vref s |
Sources of error include motor supply voltage and the motor elecirical Ro2% s
characteristics. 20 |88
rr nr

AQ2853

Fig. 9: Vref Perlpheral Circult

The output current range is from 0.1 A of the current caused by the topp time in oscillator to 1.7 A of the allowable
maximum current.

Notes on W1-2 Phase Excitation Current Switching

The STK672-020 provides the control logic circuit to allow the current to be switched over up to four levels by the Cl,
C2, and C3. A low saturation transistor must be used on the Vref voltage switching device in the W1-2 phase excitation
circuit.

The reason for this is that when the W1-2 phase excitation current is switched over up to four levels, for switching I at
small settings the Iy waveform will be displaced from the desired value due to variations in the Vg (sat) voltage drop of
the external Vref switching device. This can result in increased motor vibrations. Therefore we recommend selecting a
device with a Vg (sat) of about 10 mV at I = 100 A for this transistor at the operating conditions used for this circuit.
Note that although we proposed using the LB1212 or LB1214, this does not necessarily apply to designs that take mass
production into consideration.

The output current setting ratios for W1-2 phase excitation are 100%, 92%, 70%, and 38% for four-level switching and
100% and 70% for two-level switching. These are target values and precise adjustment should be made in the actual
circuit,

A description of the W1-2 phase excitation follows.

No. 4928-9/17
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<W1-2 Phase Excitation>

1. Overview

W1-2 phase excitation is a technique for acquiring 1/2 the step angle of the 1-2 phase excitation by controlling the
stepping motor winding currents for each phase.

2. Basic Concepts
There are three types of W1-2 phase excitation.
A: Fixed common current form
B: Square form
C: Circle form

Figure 10 shows the concepts behind these forms.

The relation between the basic step angle 8¢, of a two (or four) phase stepping motor and W1-2 phase excitation is
given by the following formula.

0 =0/

In A, the common current is always a fixed value, and the motor vibration is even lower than for 1-2 phase
excitation since the motor current in each phase increases in a stepwise manner.

In B, the common currents is 2-times or 1.41-times, and although the motor current in each phase increases in a
stepwise manner, operation is rougher than type A.

In C, although the common current still increases, since the motor current in each phase increases in a stepwise
manner and the form is circular, this type is effective at reducing vibration.

3. Application
Figure 11 shows the timing chart for each block, i.e., the input clock, the each phase driver input, current control, and
the phase currents. Based on the clock, which is the rotate command for the distributor first stage, this circuit controls
the fixed current drive currents by forming each phase input as a 1-2 phase excitation sequence and forming the
current conirol sequence as Cl, C2, and C3 in the distributor,

No. 4928-10/17
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A: Fixed Common Current Form Aphase

1.00
0,75
0.50

0.25

B phase
AQ2GE4
B: Square Form
A phase
1.00/
0,44
B phase
0.41 i.00
AO2E88
C: Circle Form
A phase

1
i
L}
|
1
1
i

] : \l

: [ ||

: E !

' i |

- l L3l B phase

0.383 0.707 0.924 1,00
AU255S

Fig. 10 W1-2 Phase Excitation Control Angle Concepts

No. 4928-1117
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1
!
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N
' High
1 i
M1 i
P High
]
M2 !

H ]
EWocon |

1 H
I i
QUTPUT A i
| H )
‘ i '

)

- t b i
B ) [ |
I L
HE ]
) [ 1
¥ I | !|
[
T 1] v

- U U

Vet
(A and A phases)

Viel2 _
(B and B phases)

B phase currant ¢ =~ — | '

Kphagi"egf__ . .m\HI\I““)M“””hlll i _ -
s [ gl

Note: Vrel1 is the A end A phase reference voltage.
Vrel2 is the B and B phase relerence vollage.

Fig. 11 W1i-2 Phase Excitation Timing Chart
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<Oscillator Frequency Setting>

The separate excitation chopping frequency f can be derived from tgy and topg as follows.

Vy
__Rx X Vee2
Rx xR Rx xR cc
=-Cx —" "1 xIn|1- L O 5
forr R +Rx | 033xVec2 ©
Ri
| +ON , tOFF | —T[ 12
RC form ’J_
c Ax:1k2+30%
AQ2BGE ADESED
Fig. 12 R/C Waveform Fig. 13 R/C Pin Perlpheral Clrcuit
Therefore, the separate excitation chopping frequency [ is given by the following formula.
1
lon + foFF

Values of R1 = 2.4 kQ and C = 7500 pF are appropriate 10 achieve the recommended time constant.

Thermal Design
The size of the heat sink required for this hybrid IC is determined by the motor output current Iy (A), the motor's
electrical characteristics, the excitation mode, and the clock frequency fclock (Hz) of the excitation input signal, The
thermal resistance of the required heat sink can be derived from the following formula.
Tc max — Ta
Pd
Tc max = The hybrid IC case temperature (°C)
Ta = Set internal temperature (°C)
Pd = The hybrid IC average internal power dissipation (W)

Oc-a=

The heat sink thermal resistance 6¢-a can be derived from the average power dissipation shown in Figure 14. Then the heat
sink area can be derived from Figure 15. Note that the ambient temperature is influenced significantly by the air circulation
conditions within the set. Therefore, the heat sink size must be determined so that back surface (the aluminum plate side} of
the hybrid IC never exceeds Tc max (105°C) under any condition in the mounted state within the end product.

Fig. 14 6c-a - Pd characteristics Fig. 15 6c-a ~ S characteristics
20 No fin 100 No fin
Z o1\ 14,5 [°C/W) g Ausrem
s _ ertical standing type,
-'u 16 \\\ ) T Te m’Fx =105°C ‘:lu K Natural air cooling
8. I\ bea=—"pg— CC/W) & 3
g g 1 -
§u \ g 2y
R N 2 NIy
B w0 %,5{. 2 10 N
NN g .
e A %%, - g w""‘"‘o‘-
g, \\\%‘ : st ME"‘W@ -’lw,%)
]
% N % e
“w L — o ‘o ‘Jl."\
g — §0°C g 2 ‘cdb,'q’ -
T 2 60°C = r
; | |
0 2 & 6 & W 12 1w % 18 20 10 z 3 T 2 3 5 1000
IC intemal average power dissipation, Pd — W Heat sink surface area, $ - cm?
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<Hybrid IC Internal Average Power Dissipation>

The devices with the largest power dissipations within the STK672-020 are the current control devices, the regenerated
current diodes, the current detection resistors, and the pre-drive circuits.

The power dissipations for each of the excitation modes are given by the following formulas.

1 phase excitation: Pdigx = (Vst + Vd_f) f clock Iog-t2+ M (Vst-t1 +Vdf - t3) i, (10)
2 phase excitation:  Pdygy = (Vst + Vdf) ~90K [ o 4 Jor Tk g VA 3) (an
1-2 phase excitation:  Pd; ypx = (Vst 4 Vdf) 92K 12+ SO Tk VA ) (12)
W1-2 phase excitation: Pdy gy = (Vst + Vdf) L;clock Iog -2 + M (Vst-th + Vdf - t3) ... (13)

Vst: The sum of the Ry and Rg voltage drops
Vdf:  The sum of the FET internal diode and the R voliage drops
fclock: Input clock

The times t1, t2, and t3 are shown in the figure below.
tl: The time for the winding current to reach the set value
t2: The time in the fixed current chopping region
t3: The time from the point where the phase input signal is cut to the point where the regenerated reverse
power is dissipated.

T 1 ToH
oA
t1 t2 lta
AC2BED
Fig. 16 Motor Output Current Waveform (idealized model)
-1 R+0.75
Bl = e XN (] = o XL 1) ettt 12
R+075 Uy Xlow (12
e S oL (13)
R IOH xR+ VCC +0.75
Vee: Motor power supply voltage (V)
L Motor inductance (H)
R: Motor internal resistance (£2)
Ion:  Motor output current peak value (A)
The 12 and excitation frequency F values for each excitaticn mode are given by the following formulas.
1
1 phase excitation: F=fclock, 2= T (E] 4 3] e et e (14)
1
2 phase excitation: F=fclock/2, 12= T L8 I 1 ) UV U RO UOU U USRI (15
' 1
1-2 phase excitation: F=fclock/3, 12= - L e e e b e re b et {16)
1
W1-2 phase excitation: F=fclock/7, 2= F - Ll e bttt et en s (a7n

No. 4928-14/17
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<Junction Temperature>

The junction temperature Tj for each device can be derived from the power dissipation Pds for each transistor and 8j-c.
Tj =Tc + Bj-c x Pds [°C]
The average power dissipation per transistor Pds can be derived by referring to the Pd calculation formula (average
power dissipation: the total for four wansistors) for each excitation mode.
Example: The power dissipation per transistor can be calculated as Pds = Pd/4.
Note that the thermal resistance of the power transistors has the following value.
8j-c for Fl to F4 = 7 °C/W

Note: When calculating the Tj for the power transistors, the power dissipation in the detection resistor is included in the
Pds value. Therefore the voltage drop for the Rs must be taken into account in the calculation.

Fig. 17 lg - Vst characteristics
Te=25°C

Fig. 18 |l — Vdf characteristics

o

Te=25°C
Vec2=5V
4 > 4
T / <
)
e )
'E : / N 3 4
o
: pd : /|
2 g 2
5 : 4
! " < ° / /
0 / 0 /
[} 0.4 0.8 1.2 1.6 20 2.4 2.8 0 0.4 0.8 12 1.6 2.0 2.4
Oulput saturation voliage, Vst — V FET diode voltage, Vdf - V

<STK672-020 No Heat Sink Region Example>

This section presents a case where the STK672-020 can be used without a heat sink.
Conditions:

» Motor power supply voltage V¢ = 42 V, stepping motor electrical characteristics: 2 mH/g, 2 Q/¢
» Excitation: 2 phase excitation

» Input clock: 500 Hz (fixed)

» Hybrid IC ambient temperature Ta = 25°C, natural convection

» Motor output current: 2.0 A

From these conditions and formulas {12), (13), and (15):
tl =010 ms’
t2=3.81 ms
13 = 0.09 ms

The average power dissipation is calculated from formula (9) referencing Figure 17 and Figure 18,

fclock
2

=495+ 0.12 = 5.07 [W]

Tc is derived from formula (7) as follows:

szEx =(Vst+ Vdf)

- fclock
IOH-Q+M(Vst-t1+Vdf-B)

Te =Pdypy % 8¢c-a + Ta=5.07 x 14.5 + 25 = 99 [°C] < Tc max = 105 [°C]
(B¢c-a = 14,5°C/W: the thermal resistance of the hybrid IC itself with no heat sink)

Note that the typical values of the device characteristics have been used in this example. Therefore, due also to the
details of the air flow around the hybrid IC, the actual values will not necessarily agree with this calculation, and must be
confirmed in an actual operating circuit.

No. 4928-15/t7
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Average power supply current, Ipp — A Moior output current, [y — A

Chopping frequency, fc — kHz

Substrate temperature increase, ATc - °C

Fig. 19 lgy = Vg1 characteristics

Fig. 20 1o — Te characteristics

21 — 21
lon=2.0A
20— - 7 —
Te = 25°C 20 ———lon =204 —
1 9_Test motor: 3.5 mH/1.1 Q) ‘f ——————
1 103-702+2, Sanyo Ton m
N l | B os
A1 o
Phase current 0OA Ton= 1.0A ‘é £
10 5w
09 2 —_—
L B 1.0 Em— IOH=I.0A_._
7 8 "“I'veaema ¥ B
02 v g Test motor: 3.5 mH/1.1 Iou
o | Vref=0% £ g} 1037202 Sanyo rl
’ T | £ Phase current 0A
cS 10 14 18 2 28 230 34 38 42 46 (o} 20 40 60 80 10 120
Power supply voltage, Vool -V Substrate iemperature, T¢ - °C
e Fig. 21 Ipp — Vel characteristics Fig. 22 fe — Tc characteristics
’ Te =25°C n Veg2=5V
Test motor: 3.5 mH/1.1 Q R/C =2.4k1/6800pF
2.0F 103-730-2, Sanyo N
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STK672-020

M No products described or contained hersin are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and
the like, the failure of which may directly or indirectly cause injury, death or property loss.

B Anyons purchasing any products described or contained hersin for an above-mentioned use shall:

@ Accept full responsibility and indemnify and defend SANYQ ELECTRIC GO, LTD, its affiliates,
subsidiaries and distributors and all their officers and employess, jointly and severally, against any
and all claims and litigation and all damages, cost and expenses associated with such use:

@ Not impose any respensibility for any fault or negligence which may be cited in any such claim or
litigation on SANYQ ELECTRIC CO, LTD, its affiiates, subsidiaries and distributors or any of
their officers and employees jointly or severally.

W Information (inoluding circuit diagrams and circuit parameters) hersin is for example only;
eed for volume production. SANYO believes information herein
are made or implied regarding its use or an

. third parties,

it is not guarant-
is accurate and reliable, but no guarantees
y infringements of intellectual property rights or other tights of

No. 4928-17/17

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/5997140/STK672-020.html

