| Ordering number : ENA2307 |

STK672-432BN-E

Thick-Film Hybrid IC
2-phase Stepper Motor Driver pionsemicom

Overview
The STK672-432BN-E is a hybrid IC foreugs a unipolar, 2-phase stepper mdtover with PWM current control.

Applications
xOffice photocopiers, printers, etc.

Features
XBuilt-in motor terminal open detection function, over

XThe switch timing of the 4-phase distributor can be switched by settin
rise and fall, or rise only, of CLOCK input.

xPhase is maintained even wtliba excitation mode is switched. Rotatiol

xSupports schmitt input for 2.5V high level input.

xIncorporating a current detection resistor (0.15gesistor tolerance2%), |
external resistors.

XxThe ENABLE pin can be used to cut output current while maintaining

XWith a wide current setting range, power consumption can be reduce

xNo motor sound is generated during hold mode due to external excita

XPWM operation is separately excited system. As for PWM phase th

which shifts the phase of Ach Bch.

xSupports compatible pins with STK672-440BN/-442BN-E.

Specifications
Absolute Maximum Ratings at Tc = 25¢
Parameter Symbol Conditions Ratings Unit

Maximum supply voltage 1 Vcec max No signal 50 \%
Maximum supply voltage 2 VDD max No signal 0.3t0 6.0 \
Input voltage Vin max Logic input pins 0.3t0 6.0 \
Output current 1 I0P max 10 s 1 pulse (resistance load) 10 A
Operating substrate temperature | Tcmax 105 °C
Junction temperature Tjmax 150 °C
Storage temperature Tstg 40 to 125 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality should not be assumed,
damage may occur and reliability may be affected.

ORDERING INFORMATION

See detailed ordering and shipping infotima on page 28 of this data sheet.
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Derating Curve of Motor Currenigyy, vs. STK672-432BN-E Operating Substra@mperature, Tc
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Notes

xThe current range given above represents conditiors whtput voltage is not in the avalanche state.

xIf the output voltage is in the avatdre state, see the allowable avalancleegnfor STK672-4** series hybrid ICs
given in a separate document.

XThe operating substrate temperature, Tc, givenasomeasured while the motor is operating.

Because Tc varies depending on théigmt temperature, Ta, the value g4, and the continuous or intermittent
operation of bH, always verify this value using an actual set.

XThe Tc temperature should be checked in theecarfitthe metal surfaaaf the product package.
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1-2-phase excitation timing charts (M3=0) W1-2-phase excitation timing charts (M3=0)
A phase A phase
B phase B phase
2W1-2-phase excitation timg charts (M3=0) 4W1-2-phasedtation timing charts (M3=0)
A phase A phase
B phase B phase
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2. Overcurrent detection, overheadetection, and motor termind open detection functions

Each detection function operates using a latch system andtitpg off. Because a RESETBAI is required to restore
output operations, once the power supplppy is turned off, you must either again apply power on reset with ON
or apply a RESETB=Higb Low o High signal.

2-1. [Motor terminal open detection]

This hybrid IC is equipped with a function for detecting open output terminals to prevent thermal destruction of the
MOSFET due to repeated avalanche operation that occurs when an output terminal connected to the motor is open. The
open condition is determined by checkithg presence or absence of thedigk current that flows in the motor

inductance during the off period of the PWM cycle.

Detection is performed by using the fact that the flytmakent does not flow when a motor terminal is open.

|—> Terminal open

Current detection

resistor voltage Used to set the motor current

0V (GND potential)

Used for open detection
(Negative current does not flow
when the terminal is open.)

MOSFET gate signal

PWM period

When the current level drops, the difference with@GiND potential decreases, making detection difficult.
The motor current that can be detedigdnotor terminal open detection is 1.1A or more with the STK672-432BN-E
and 1.4A or more with the STK672-440BN-E/442BN-E.

<Notes on the ENABLE high edge>
When ENABLE changes from low to high and the STK672-4xxBN-E performs constant-current PWM operation that
flows a negative current during the BOperiod after the high edge, open detection may activate and stop the driver.
The motor current setting voltage Vref must be setaoRM/M operation is not perfmed within a period of 3& after
the high edge.
If the motor current setup voltage is set for the rated nwatwent, PWM operation isot performed during this 38
period after the high edge, so this is not a problem.
In addition, there is no problem with operation that lowleescurrent setting Vref after the motor rated current is
reached as shown in the diagram on the following page.
Whether constant-current PWM operation is performed during tfe [3€iod after the high edge can be judged by
substituting the motor L and R values into the formula on the following page.

Vref= (R02+ (RO1+R02)) x VDD

loH1= (Vref+4.9) +Rs bHL: Motor current value to be set

lOH2= (VCC:R) x (1-6”h loH2: Current value 36 after the ENABLE high edge
Y Judgment standardgH1 loH2

R0O1, R02, VDD : See the Sample Application Circuit documents.

Rs: Current detection resistance valug (

V cc: Motor supply voltage (V)

R: Motor winding resistance: ()

L: Motor winding inductance (H)

Y There is no problem if theyH2 obtained by substituting t = 3 and the motor L and R values is smaller than the
current setting valugjH1.

No0.A2307-15/28









STK672-432BN-E

3. Allowable Avalanche Energy Value

(1) Allowable Range in Avalanche Mode
When driving a 2-phase stepping motor with constant current chopping using an STK672-4** Series hybrid IC, the
waveforms shown in Figure 1 below result for the output currgnand voltage, ¥s.

"""""" VDSS: Voltage during avalanche operations

VDS

---------- loH: Motor current peak value

IAVL: Current during avalanche operations

tAVL: Time of avalanche operations

Figure 1 Output Currentpl, and Voltage, s, Waveforms 1 of the STK672-4** Series when Driving a
2-Phase Stepper Motor with Constant Current Chopping

When operations of the MOSFET built into STK672-4** Settes is turned off for constant current chopping, the |
signal falls like the waveform shown in the figure above. At this time, the output voltpge swWddenly rises due to
electromagnetic induction generated by the motor coil.

In the case of voltage that rises suddewmbltage is restricted by the MOSFED¥s Voltage restriction by ¥ss
results in a MOSFET avalanchauring avalanche operationg) flows and the instantaneous energy at this time, EAVL1,
is represented by Equation (3-1).

EAVL1=VpgsUAVL W.5HAVL (3-1)
Vpss V units, IAVL: A units, tAVL: sec units
The coefficient 0.5 in Equation (3-1) is a constant reguioeconvert the IAVL triangle wave to a square wave.

During STK672-4** Series operations, the waveforms in the figure above repeat due to the constant current chopping
operation. The allowable avalanche engEVL, is therefore represented by Equation (3-2) used to find the average
power loss, PAVL, during avalanche mode multipligdthe chopping frequency in Equation (3-1).

PAVL=VpssUAVL W.54AVL uc (3-2)
fc: Hz units (fc is set tthe PWM frequency of 50kHz.)

For Vpss IAVL, and tAVL, be sure to actuallgperate the STK672-4** Series and substitute values when operations
are observed using an oscilloscope.
Ex. If VDss110V, IAVL=1A, tAVL=0.2 B, the result is:
PAVL=110u 0.510.20° (60 UL0*=0.55W
VDss 110V is a value actually measured using an oscilloscope.

The allowable loss range for the allowable avalancheggneue, PAVL, is shown in the graph in Figure 3.

When examining the avalanche energy, be suaetually drive a motor and observe theVpss and tAVL waveforms
during operation, and then check that the result of lzing Equation (3-2) falls within the allowable range for
avalanche operations.
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Fixed current control time, t2, for each excitation mode

(1) 2-phase excitation 12 = ZLOCK) - (11 + t3) -voevererermrerinenens (4-9)
(2) 1-2 phase excitation 12 ZYBLOCK) - tL «eeveeeerermserinnenenneenns (4-10)
(3) W1-2 phase excitation 2 = YZLOCK) - tL «eeveeeeresmsesnnenenneens (4-11)
(4) 2W1-2 phase excitation (and 4W1-2 phase excitation) 12 yOUOCK) - t1 «w-oveeeeriemenniiiinnnes (4-12)

For the values of Vsat and Vdf, be sure to substitute from Vsgpahd Vdf vs bH at the setting current valugH.

(See pages to follow)

Then, determine if a heat sinkriscessary by comparing with th&c vs Pd graph (see next page) based on the calculated
average output loss, HIC.

For heat sink design, be sucesee ‘5. Thermal Design’.

The HIC average power, PdAVex described above, represents loss when not in avalanche mode. To add the loss in
avalanche mode, be sure to add PAVL (4-13, 14) using the formula (3-2) for average power loss , PAVL, for STK672-4**
avalanche mode, described below to PdAVex described above.

When using this IC without a fin, always check for tempeedituereases in the set, becaileeHIC substrate temperature,

Tc, varies due to effects obnvection around the HIC.

4-2. [Calculating the average powess, PAVL, during avalanche mode]

The allowable avalanche energy, EAVL, during fixed current chopping operation is represented by Equation (3-2) used
to find the average power loss, PAVL, during avalanche mode that is calculated by multiplying Equation (3-1) by the
chopping frequency.

PAVL=Vpssu
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Output Saturation Voltage Vsat - V
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6. Mitigated Curve of Package Power Les, PdPK, vs. Ambient Temperature, Ta

Package power loss, PdPK, refers to the average internal power loss, PdAV, allowable without a heat sink.
The figure below represents the allowable power log8KRds. fluctuations in the ambient temperature, Ta.

Power loss of up to 2.8W is allowable at Ta#R5and of up to 1.5W at Ta=@&D.
* The package thermal resistanaea is 28.6°C/W.

Allowable power dissipation, PAPK - W

N
o

N

=
wn

[En

.
o

o

Allowable power dissipation, PAPK (no heat sink) - Ambient temperature, Ta

N\

N

20

40 60

Ambient temperature, Ta - °C

80

100

120

No0.A2307-25/28












