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powerSTEPO1

System-in-package integrating microstepping controller and

10 A power MOSFETs

VFQFPN 11 x 14 mm

Features

Power system-in-package integrating a

programmable microstepping controller and 8

N-channel power MOSFETSs.
Operating voltage: 7.5V -85V
Dual full bridge with Rpg(on) = 16 mQ
10 A 1, s. maximum output current
Adjustable output slew rate
Programmable speed profile

Up to 1/128 microstepping
Sensorless stall detection
Integrated voltage regulators

SPl interface

Low quiescent standby currents

Programmable non-dissipative overcurrent
protection

Datasheet - production data

Applications

¢ High power bipolar stepper motor
Stage lighting

Surveillance systems

Textile and sewing machines
Pick and place machines

Description

The powerSTEPO1 is a a system-in-package
integrating 8 N-channel 16 mQ MOSFETs for
stepper applications up to 85 V with a SPI
programmable controller, providing fully digital
control of the motion through a speed profile
generation and positioning calculations.

It integrates a dual low Rpgon) full bridge with
embedded non-dissipative overcurrent protection.
The device can operate with both voltage mode
driving and advanced current control fitting
different application needs. The digital control
core can generate user defined motion profiles
with acceleration, deceleration, speed or a target
position easily programmed through a dedicated
register set. All application commands and data
registers, including those used to set analog
values (i.e. current protection trip point, deadtime,
PWM frequency, etc.) are sent through a standard
5-Mbit/s SPI. A very rich set of protections
(thermal, low bus voltage, overcurrent and motor
stall) make the powerSTEPO1 “bullet proof”, as
required by the most demanding motor control
applications.

Table 1. Device summary

e Qvertemperature protection Order code Package Packing
VFQFPN
POWERSTEPO1 11 x 14 x 1.0 mm Tray
VFQFPN Tape
POWERSTEPOTTR 11 x14 x1.0 mm and reel
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Block diagram

1

Block diagram

Figure 1. Block diagram
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powerSTEPO1

2

Electrical data

21 Absolute maximum ratings
Table 2. Absolute maximum ratings
Symbol Parameter Test conditions Value Unit
Vpp Logic interface supply voltage 5.5 \%
VREG Logic supply voltage 3.6
Vg Motor supply voltage 95 \%
Vee Low-side gate driver supply voltage 18 \%
Voot Boot voltage 100 \
High-side gate driver supply voltage
AV 0to 20 \Y
BOOT | (Vgoor - Vs)
VsreG Internal V¢ regulator supply voltage 95 \Y
Veereg | Internal Vggg regulator supply voltage 18 \Y
VouTt1a DC -5to Vgoor
Voutaa Output voltage \Y;
Vout1s AC -15 to Voot
Vourzs
louT1A
lout2a Output current DC 10 Arms
louT1s s
louT2s
SRout Full bridge output slew rate (10% - 90%) 10 Vins
Integrated ADC input voltage range
VADCIN (ADCIN pln) 0.3t0 3.6 \
Differential voltage between VBOOT, VS,
Vout_dift | OUT1A, OUT2A, PGND and VBOOT, VS, 100 \Y
OUT1B, OUT2B, PGND pins
Vin Logic input voltage range -0.3t0 5.5 V
Top Ts Storage and operating junction temperature -40 to 150 °C

10/92
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powerSTEPO1 Electrical data

2.2 Recommended operating conditions

Table 3. Recommended operating conditions

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
3.3 V logic outputs 3.3
Vpp Logic interface supply voltage \%
5V logic outputs 5
VReg |Logic supply voltage 3.3 \%
Vg Motor supply voltage VsRrEG 85 \Y
Vsrea Lrgﬁggzl Ve voltage regulator supply Ve voltage internally generated | Vg +3 Ve | V

V¢ voltage imposed by

Ve, ext | Gate driver supply voltage external source (Vsrea = Vee) 7.5 15 \Y
Vv Internal Vrgg voltage regulator supply | Vgeg Voltage internally 6.3 Vv Vv
CCREG | yoltage generated : cc
Integrated ADC input voltage
VADC | (ADCIN pin) 0 Vreg | V
Kys DoclD025022 Rev 5 11/92
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3 Electrical characteristics

Vg =48V;Vcc=7.5V; Vpp=3.3V; T, =25 °C, unless otherwise specified.

Table 4. Electrical characteristics

Symbol Parameter Test conditions Min.| Typ. |Max.| Unit
General
y Ve LVLO shold UVLO_VAL set high(!) 99| 104 [109]| V
turn-on thresho
coton - Fee UVLO_VAL set low() 65| 69 | 73] Vv
o " UVLO_VAL set high(") 9.5 10 | 105]| V
V Ve UVLO turn-off threshold
comotr | ee UVLO_VAL set low() 59| 63 |67 V
v y Ve UVLO eshold UVLO_VAL set high() 86| 92 [994]| V
A - turn-on thresho
BOOTHhON | BOOT ™ 7S UVLO_VAL set low(" 57| 6 |635| V
y y Ve UVLO ¢ threshold UVLO_VAL set high(") 8.2 88 |965| V
AVpooTihoff | VBoOT - turn-off thresho
00The ooT™ 7S UVLO_VAL set low(") 5.3 5.5 59 | V
Vreathon | VReg turn-on threshold (1) 2.8 3 318 | V
Vreathort | Vreg turn-off threshold (1) 22| 24 | 25|V
Undervoltage V, uiescent suppl
VREGqU | cyrrent 98 YReG 9 PPY 1 Vecres = Vreg < 2.2 V() 40 pA
; Vecreg = VReg =33V
\REGq | Quiescent Vgeg supply current internal oscillator selected(") 3.8 mA
lvsrEGq Quiescent Vgreg supply current Veereg = Ve =15V 6.5 mA
Thermal protection
TijwrN)set | Thermal warning temperature 135 °C
TijwRrN)Rec | Thermal warning recovery temperature 125 °C
TioFF)set | Thermal bridge shutdown temperature 155 °C
: Thermal bridge shutdown recovery R
Tj(oFF)Rec temperature 145 c
Tisp)set | Thermal device shutdown temperature 170 °C
Thermal device shutdown recovery o
Ti(sp)Rec temperature 130 C
Charge pump
Voltage swing for charge pump
Veump oscillator Vee v
Minimum charge pump oscillator
foump,min frequency(z) 660 kHz
Maximum charge pump oscillator
fpump,max frequency(2) 800 kHz
12/92 DoclD025022 Rev 5 Kys




powerSTEPO1 Electrical characteristics
Table 4. Electrical characteristics (continued)
Symbol Parameter Test conditions Min.| Typ. |Max.| Unit
Charge pump high-side RDS(on)
RoumpHs | resistance 10 Q
Charge pump low-side Rpgon)
RoumpLs | resistance 10 Q
lboot Average boot current 26 mA
Power outputs
Vee=15Vat25°C 16 21
Rbs(on) High-side and low-side on resistance mQ
At 125 °C 23
SR o | IGATE = 96 mA 980 v/
ouT utput slew rate us
IGATE =32 mA 520
OUT = Vg 0.1 | mA
Ipss Leakage current
OUT = GND -0.1 mA
Deadtime and blanking
TDT ='00000' 125
tor Programmable deadtime? ns
DT ="111171’ 4000
TBLANK ='000' 125
thlank Programmable blanking time? ns
TBLANK =111’ 1000
Logic
ViL Low level logic input voltage 0.8 \%
ViH High level logic input voltage 2 V
H High level logic input current ViN=5V,Vpp=5V 1 MA
m Low level logic input current ViN=0V,Vpp=5V -1 MA
VDD =3.3 V, lOL =4 mA 0.3
VoL Low level logic output voltage(®) Y,
VDD =5 V, lOL =4 mA 0.3
VDD =3.3 V, lOH =4 mA 2.4
Vou High level logic output voltage \%
VDD =5 V, IOH =4 mA 4.7
Rpucs CS pull-up resistor 430
RppRrsT STBY/RESET pull-down resistor 450 kQ
Rpusw CS pull-up resistor 80
thigh,sTck | Step-clock input high time 300 ns
tiowsTck | Step-clock input low time 300 ns
Internal oscillator and external oscillator driver
fosc.int Internal oscillator frequency Tj=25°C -5% 16 +5% | MHz
Programmable external oscillator
foscext frequency 8 32 | MHz
Kys DoclD025022 Rev 5 13/92
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Table 4. Electrical characteristics (continued)

Symbol Parameter Test conditions Min.| Typ. |Max.| Unit
OSCOUT clock source high level .
VoscouTH voltage 9 Internal oscillator 24 \
OSCOUT clock source low level .
VoscouTL voltage Internal oscillator 0.3 \%
t .
rOSCOUT QSCOUT clock source rise and fall Internal oscillator 10 ns
tioscour  |time
thigh OSCOUT clock source high time Internal oscillator 31.25 ns
¢ Internal to external oscillator switching 3 ms
extosc delay
External to internal oscillator switchin
tintosc delay 9 100 | s
SPI
fok max Maximum SPI clock frequency®) 5 MHz
t
rcK SPI clock rise and fall time(*) 1 us
tick
t
neCK SPI clock high and low time®) 90 ns
tick
tsetcs Chip select setup time(*) 30 ns
thoics Chip select hold time(*) 30 ns
tdiscs Deselect time(*) 625 ns
tsetsDI Data input setup time(*) 20 ns
tholsDI Data input hold time(*) 30 ns
tenspo Data output enable time(*) 95 ns
tysspo | Data output disable time(®) 95 | ns
tyspo Data output valid time(*) 35 | ns
tholsDO Data output hold time*) 0 ns
PWM modulators
fosc = 32 MHz
F_PWM_INT="11X 5.6 kHz
F_PWM_DEC="000’
fewm Programmable PWM frequency(?)
fosc = 32 MHz
F_PWM_INT="000’ 125 kHz
F_PWM_DEC="111’
Npwm PWM resolution 8 bit
Current control
VRer, max | Maximum reference voltage 1000 mV
VRer, min | Minimum reference voltage 7.8 mV
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Table 4. Electrical characteristics (continued)
Symbol Parameter Test conditions Min.| Typ. |Max. | Unit
Overcurrent protection
OCD_TH = ‘00000’ 27 31 35 | mV
Vv Programmable overcurrent detection OCD_TH ="01007’ 270 | 3125 | 344 | mV
OoCD
voltage Vpg threshold OCD_TH = ‘10011’ 500 | 625 | 688 | mV
OCD_TH ="11111" 800 | 1000 |1100| mV
tocp,comp OCD comparator delay 100 200 | ns
tOCD‘Hag OCD to flag signal delay time 230 530 | ns
tocp,sp OCD to shutdown delay time Igate =4 mA, tcc = maximum 4200 |6000| ns
Stall detection
Programmable stall detection Vpg STALL_TH ="11111' 1000
VsTaLL mV
voltage threshold STALL TH ='00000" 31
Standby
Vee = Vecreg =79V 42
| Standby mode supply current (VSREG Vsreg =48V uA
STBY i
pin) Vee = Vecreg =79V 375
VSREG =18V ’
Standby mode supply current (VREG
ISTBY,reg pin) 6 HA
tSTRY,min Minimum standby time 0.5 ms
tiogicwu Logic power-on and wake-up time 500 us
Charge pump power-on and wake-u Power bridges disabled,
tcpwu time 4 PUmp P P Cp =10 nF, Cpgot = 220 nF, 1 ms
VCC =15V
Internal voltage regulators
vV Internal Vg voltage regulator output | LOW (default), Icc=10mA | 7.3 7.5 v
CCOUT | voltage High, Icc = 10 mA 14| 15
VSREG, drop VSREG to VCC dropout Voltage ICC =50 mA 3 Vv
Pec Ir?tefnaI.VCC voltage regulator power o5 | W
dissipation
Internal V voltage regulator output 3.13
VREGOUT Voltage REG 9 9 P IREG =10 mA 5 3.3 V
VCCREG, drop VCCREG to VREG dropout voltage lREG =50 mA 3 \Y,
Internal Vg voltage regulator output
IREGOUT | cyrrent 125 mA
Kys DoclD025022 Rev 5 15/92
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Table 4. Electrical characteristics (continued)
Symbol Parameter Test conditions Min.| Typ. |Max. | Unit
| Internal Vg voltage regulator output 55 mA
REGOUT.STBY | standby current
Internal Vg voltage regulator power
Prec dissipation 051 W
Integrated analog to digital converter
Napc Analog to digital converter resolution 5 bit
Analog to digital converter reference
VADC,ref voltage 33 v
2
¢ Analog to digital converter sampling Voltage mode® fewm kHz
S
frequency Current mode(?) fosc/512 kHz
Vapc,uvio |ADCIN UVLO threshold 1.05| 1.16 135| V

Guaranteed in the temperature range -25 to 125 °C.

The value accuracy is dependent on oscillator frequency accuracy (Section 7.8 on page 29).

1
2
3. FLAG and BUSY open-drain outputs included.
4. See Figure 25 on page 49.
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Pin connection

4

Pin connection

Figure 2. Pin connection (top view)

o o o o o o
CDI EDI CDI cn‘ L'ﬂl m‘
8 998 & @& 968 wm
s 333 3 3 8858 3
JUUUL U feess U U ey U —JUUUL
?9 88 87 86 85 | EPAD13 | &1 80 | EPADI2| 76 5 Ta TS T2
= 2 70C
D / N\ 4 ' C
3 69
D, VS VS &Y
)
D °  Epapt EPas O (]
= ° ouTB2 ouTB1 66—
outB2 D7 EPADS EPAD7 65C_] ouTB1
(. 7 \. 7
GND [Ds 64CC] oscouTt
SENSEB_S D9 ( ) 63C] oscIN
CS Po 62C] VREG
cK [ 1
= 61CC] VSREG
VDDIO [ 13
60C] VCCREG
SDO :>14 GND
— 59CC] GND
BUSY\SYNC [ 15
— 58C] vce
FLAG [ 16 s7—] cp
STCK [ 17 EPAD9
sw 18 56C] vBOOT
STBY\RESET [ 19 5 vs
SENSEA_S [ 20 \ J
GND D 21 54C] ADCIN
( N\ { N\
ouTA2 [ 22 53C] ouTA1
[— 23 EPAD2 OUTAZ2 OUTA1 EPAD5 52 ]
- 24 51 -
D25 50C
Dze VS EPAD3 EPAD4 VS 49C
D, )\ g
O 2 33 [EPaD10) 37 38 [ EPAD1 42 =
29 30 31 32 43 44 45 46
nf 0 &= 00 &8930 \NNNI
o o o o N - o o o -
E g5% 5 5 558 ©§
o 0w u o o] (o] w n o (o]
zZ Zz Z z Z Z
w w w w w w
v un u n n o
AM16759v2
‘Yl DoclD025022 Rev 5 17/92




Pin list powerSTEPO1
5 Pin list
Table 5. Pin description
No. Name Type Function
1,2,3,4,5,6,23, 24,
25, 26, 27, 28, 29, 30,
31, 32,43, 44,45, 46,
47,48, 49, 50, 51, 52,
66, 67, 68, 69, 70, 71, VS Supply Motor supply voltage (drain of the high-side MOSFETSs)
72,73,74,75, 86, 87,
88, 89, EPAD1,
EPAD2, EPADS,
EPAD6
38, 42, 53, EPAD4 OUTA1 Power output | Half-bridge A1 output
22, 33, 37, EPAD3 OUTA2 Power output | Half-bridge A2 output
65, 76, 80, EPAD7 OuUTB1 Power output | Half-bridge B1 output
7,81, 85, EPADS8 ouTB2 Power output | Half-bridge B2 output
8, 21, 59, EPAD9 GND Ground Ground
34, 35, 36, 39, 40, 41, SENSEA P Sense Tail of full bridge A (source of the respective low-side
EPAD10, EPAD11 - (power) MOSFETSs)
20 SENSEA_S | Analog input | Current control comparator input
77,78,79, 82, 83, 84, SENSEB P Sense Tail of full bridge B (source of the respective low-side
EPAD12, EPAD13 - (power) MOSFETSs)
9 SENSEB_S | Analog input |Current control comparator input
60 VCCREG Power supply |Internal Vrgg voltage regulator supply voltage
62 VREG Power supply | Logic supply voltage
13 VDDIO Power supply | Logic interface supply voltage
61 VSREG Power supply |Internal V¢ voltage regulator supply voltage
58 VCC Power supply |Gate driver supply voltage
63 OSCIN Analog input Oscillator pin 1. To connect an external oscillator or clock
source.
Oscillator pin 2. To connect an external oscillator. When
64 OSCOUT Analog output | the internal oscillator is used this pin can supply a 2/4/8/16
MHz clock.
57 CP Output Charge pump oscillator output
Bootstrap voltage needed for driving the high-side power
56 VBOOT | Power supply | pyi6s of both bridges (A and B).
54 ADCIN Analog input | Internal analog to digital converter input
55 VS Power supply | Motor supply voltage
18 SW Logical input | External switch input pin
14 SDO Logic output | Data output pin for serial interface

18/92

DocID025022 Rev 5

)




powerSTEPO1

Pin list

Table 5. Pin description (continued)

No. Name Type Function
12 SDI Logic input | Data input pin for serial interface
11 CK Logic input | Serial interface clock
10 CS Logic input | Chip select input pin for serial interface
By default BUSY/SYNC pin is forced low when the device
15 BUSY Open-drain | is performing a command.
/ISYNC output The pin can be programmed in order to generate
a synchronization signal.
Status flag pin. An internal open-drain transistor can pull
16 FLAG Open-drain | the pin to GND when a programmed alarm condition
output occurs (step loss, OCD, thermal pre-warning or shutdown,
UVLO, wrong command, non performable command).
Standby and reset pin. LOW logic level puts the device in
STBY L .
19 /RESET Logic input | standby mode and reset logic.
If not used, should be connected to Vrgg
17 STCK Logic input | Step clock input.
Kys DoclD025022 Rev 5 19/92
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Typical applications

Table 6. Typical application values

Name Value
CvspoL 220 pF
Cvs 220 nF
Cgoot 470 nF
CrLy 47 nF
Cvsrec 100 nF
Cvee 470 nF
Cvccres 100 nF
CvreG 100 nF
CvRreGPOL 22 yF
Cvbp 100 nF
D1 Charge pump diodes
Rpy 39 kQ
Ra 1.8 kQ (Vg =85V)
Rg 91 kQ (Vg =85V)
Rsensea 0.1 Q (maximum lpeq = 10 A)
Rsenses 0.1 Q (maximum lpgay = 10 A)
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Figure 3. Typical application schematic - voltage mode
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Figure 4. Typical application schematic - current mode
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Functional description

Device power-up

During power-up, the device is under reset (all logic 10s disabled and power bridges in high
impedance state) until the following conditions are satisfied:

¢ VReg is greater than Vregihon

e Internal oscillator is operative

o  STBY/RESET input is forced high.

After power-up, the device state is the following:

° Parameters are set to default

e Internal logic is driven by internal oscillator and a 2-MHz clock is provided by the
OSCOUT pin

e  Bridges are disabled (high impedance).
e  FLAG outputis forced low (UVLO failure indication).

After power-up, a period of tiogicwu Must pass before applying a command to allow proper
oscillator and logic startup.

Any movement command makes the device exit from High Z state (HardStop and SoftStop
included).

Logic I/O

Pins CS, CK, SDI, STCK, SW and STBY/RESET are TTL/ICMOS 3.3V to 5V compatible
logic inputs.

Pin SDO is a TTL/CMOS compatible logic output. VDD pin voltage imposes logical output
voltage range.

Pins FLAG and BUSY/SYNC are open-drain outputs.

SW and CS inputs are internally pulled up to Vpp and STBY/RESET input is internally pulled
down to ground.

Charge pump

To ensure the correct driving of the high-side integrated MOSFETSs, a voltage higher than
the motor power supply voltage needs to be applied to the VBOOT pin. The high-side gate
driver supply voltage VgooT is obtained through an oscillator and a few external
components realizing a charge pump (see Figure 5).

)
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Figure 5. Charge pump circuitry
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Microstepping

The driver is able to divide the single step into up to 128 microsteps. Stepping mode can be
programmed by the STEP_SEL parameter in the STEP_MODE register (Table 27 on

page 61). In current mode driving the maximum microstepping resolution is 1/16'" of the
step.

Step mode can only be changed when bridges are disabled. Every time the step mode is
changed, the electrical position (i. e. the point of microstepping sinewave that is generated)
is reset to zero and the absolute position counter value (Section 7.5) becomes meaningless.

Figure 6. Normal mode and microstepping (128 microsteps)
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Automatic Full-step and Boost modes
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When motor speed is greater than a programmable full-step speed threshold, the device
switches automatically to Full-step mode; the driving mode returns to microstepping when
motor speed decreases below the full-step speed threshold.

The switching between the microstepping and Full-step mode and vice-versa is always
performed at an electrical position multiple of /4 (Figure 7 and Figure 8).

Full-step speed threshold is set through the related parameter in the FS_SPD register
(Section 11.1.9 on page 55).

When the BOOST_MODE bit of the FS_SPD register is low (default), the amplitude of the
voltage squarewave in Full-step mode is equal to the peak of the voltage sinewave
multiplied by sine(n/4) (Figure 7). This avoids the current drop between the two driving
modes.

When the BOOST_MODE bit of the FS_SPD register is high, the amplitude of the voltage
squarewave in Full-step mode is equal to the peak of the voltage sinewave (Figure 8). That
improves the output current increasing the maximum motor torque.

Figure 7. Automatic Full-step switching in Normal mode
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Figure 8. Automatic Full-step switching in Boost mode
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Absolute position counter

An internal 22-bit register (ABS_POS) records all the motor motions according to the
selected step mode; the stored value unit is equal to the selected step mode (full, half,
quarter, etc.). The position range is from 22110 +2211 steps (see Section 11.1.1 on page
53).

Programmable speed profiles

The user can easily program a customized speed profile defining independently
acceleration, deceleration, maximum and minimum speed values by ACC, DEC,
MAX_SPEED and MIN_SPEED registers respectively (see Section 11.1.5 on page 54,
11.1.6 on page 54, 11.1.7 on page 54 and 11.1.8 on page 55).

When a command is sent to the device, the integrated logic generates the microstep
frequency profile that performs a motor motion compliant to speed profile boundaries.

All acceleration parameters are expressed in step/tick2 and all speed parameters are
expressed in step/tick; the unit of measurement does not depend on the selected step
mode. Acceleration and deceleration parameters range from 240 to (212-2) . 240 step/tick?
(equivalent to 14.55 to 59590 step/s?).

Minimum speed parameter ranges from 0 to (2'2-1) . 224 step/tick (equivalent to 0 to 976.3
step/s).

Maximum speed parameter ranges from 2-8 to (210-1) . 2718 stepitick (equivalent to 15.25 to
15610 step/s).
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