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Key Features

• Dual H−Bridge for 2−Phase Stepper Motors

• Programmable Peak−Current Up to 3 A

• On−Chip Current Translator

• SPI Interface

• Speed and Load Angle Output

• Eleven Step Modes from Full Step Up to 128 Micro−Steps

• Fully Integrated Current−Sense

• PWM Current Control with Automatic Selection of Fast and Slow
Decay

• Low EMC PWM with Selectable Voltage Slopes

• Active Fly−Back Diodes

• Full Output Protection and Diagnosis

• Thermal Warning and Shutdown

• Compatible with 5 V and 3.3 V Microcontrollers

• Integrated 5 V Regulator to Supply External Microcontroller

• Integrated Reset Function to Reset External Microcontroller

• Integrated Watchdog Function

• These Devices are Pb−Free and are RoHS Compliant

See detailed ordering and shipping information in the package
dimensions section on 
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Table 1. PIN LIST AND DESCRIPTION

Name Pin Description Type
Equivalent
Schematic

GND 1 Ground Supply

DI 2 SPI Data In Digital Input Type 2

CLK 3 SPI Clock Input Digital Input Type 2

NXT 4 Next micro−step input Digital Input Type 2

DIR 5 Direction input Digital Input Type 2

ERR 6 Error output (open drain) Digital Output Type 4

SLA 7 Speed load angle output Analog Output Type 5

/ 8 No function (to be left open in normal operation)

CPN 9 Negative connection of charge pump capacitor
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EQUIVALENT SCHEMATICS

Following figure gives the equivalent schematics of the user relevant inputs and outputs. The diagrams are simplified
representations of the circuits used.
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PACKAGE THERMAL CHARACTERISTICS

The AMIS−30543 is available in a NQFP32 package. For
cooling optimizations, the NQFP has an exposed thermal
pad which has to be soldered to the PCB ground plane. The
ground plane needs thermal vias to conduct the heat to the
bottom layer. Figure 4 gives an example for good power
distribution solutions.

For precise thermal cooling calculations the major
thermal resistances of the device are given in Table 5. The
thermal media to which the power of the devices has to be
given are:
• Static environmental air (via the case)

• PCB board copper area (via the exposed pad)
The major thermal resistances of the device are the Rth

from the junction to the ambient (Rthja) and the overall Rth
from the junction to exposed pad (Rthjp). In Table 4 below
one can find the values for the Rthja and Rthjp, simulated
according to JESD−51.

The Rthja for 2S2P is simulated conform JEDEC
JESD−51 as follows:
• A 4−layer printed circuit board with inner power planes

and outer (top and bottom) signal layers is used
• Board thickness is 1.46 mm (FR4 PCB material)

• The 2 signal layers: 70 �m thick copper with an area of
5500 mm2 copper and 20% conductivity

• The 2 power internal planes: 36 �m thick copper with
an area of 5500 mm2 copper and 90% conductivity
The Rthja for 1S0P is simulated conform to JEDEC

JESD−51 as follows:
• A 1−layer printed circuit board with only 1 layer

• Board thickness is 1.46 mm (FR4 PCB material)

• The layer has a thickness of 70 �m copper with an area
of 5500 mm2 copper and 20% conductivity

ÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏÏ
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Table 4. DC PARAMETERS (The DC parameters are given for VBB and temperature in their operating ranges unless otherwise
specified) Convention: currents flowing in the circuit are defined as positive.

Symbol Pin(s) Parameter Remark/Test Conditions Min Typ Max Unit

SUPPLY AND VOLTAGE REGULATORS

VBB

VBB

Nominal operating supply range 6 30 V

IBB Total internal current consumption
(Note 6)

Unloaded outputs 12 mA

VDD

VDD
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Table 4. DC PARAMETERS (The DC parameters are given for VBB and temperature in their operating ranges unless otherwise
specified) Convention: currents flowing in the circuit are defined as positive.

Symbol UnitMaxTypMinRemark/Test ConditionsParameterPin(s)

DIGITAL OUTPUTS

VOL DO, ERR,
POR/WD

Logic Low level open drain IOL = 5 mA 0.5 V

THERMAL WARNING AND SHUTDOWN

Ttw Thermal Warning 150 160 170 °C

Ttsd Thermal shutdown (Notes 9
and 10)

Ttw + 20 °C

CHARGE PUMP

Vcp

VCP

Output voltage 6 V< VBB < 15 V 2 * VBB – 2 V

15 V < VBB < 30 V VBB + 9 VBB + 12.5 VBB+16 V

Cbuffer External buffer capacitor 180 220 470 nF

Cpump CPP CPN External pump capacitor 180 220 470 nF

PACKAGE THERMAL RESISTANCE VALUE

Rthja

NQFP

Thermal Resistance
Junction−to−Ambient

Simulated Conform JEDEC
JESD−51, 2S2P

30 K/W

Simulated Conform JEDEC
JESD−51, 1S0P

60 K/W

Rthjp NQFP
Thermal Resistance
Junction−to−Exposed Pad

0.95 K/W

SPEED AND LOAD ANGLE OUTPUT

Vout

SLA

Output Voltage Range 0.2 VDD −
0.2

V

Voff Output Offset SLA pin −50 50 mV

Gsla Gain of SLA Pin = VBEMF / VCOIL SLAG = 0 0.5

SLAG = 1 0.25

Rout Output Resistance SLA pin 1 k�

9. No more than 100 cumulated hours in life time above Ttw.
10.Thermal shutdown is derived from thermal warning. Characterization Data Only.
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Table 5. AC PARAMETERS
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TYPICAL APPLICATION SCHEMATIC

POR/WD

VCP

CPP

CPN

CLR

C7

ERR
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FUNCTIONAL DESCRIPTION

HĭBridge Drivers
A full H−bridge is integrated for each of the two stator

windings. Each H−bridge consists of two low−side and two
high−side N−type MOSFET switches. Writing logic ‘0’ in
bit <MOTEN> disables all drivers (high−impedance).
Writing logic ‘1’ in this bit enables both bridges and current
can flow in the motor stator windings.
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Automatic Duty Cycle Adaptation
In case the supply voltage is lower than 2*Bemf, then the

duty cycle of the PWM is adapted automatically to > 50% to
maintain the requested average current in the coils. This

process is completely automatic and requires no additional
parameters for operation. The over−all current−ripple is
divided by two if PWM frequency is doubled (see Table 12
SPI Control Parameter Overview PWMF)
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Table 9. CIRCULAR TRANSLATOR TABLE  

MSP[8:0]
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Table 9. CIRCULAR TRANSLATOR TABLE  (continued)

MSP[8:0]

% of Imax

SM[2:0]

MSP[8:0]

% of Imax

xxxxxx100011010001000xxxxxx

MSP[8:0]

% of Imax

ESM[2:0]

MSP[8:0]

% of Imax100011000000000000000010001

MSP[8:0] Coil YCoil X

Comp
full
1ph

Comp
full
2ph

Comp
1/21/41/81/161/321/641/128

000101011 43         50 86

000101100 44 22 11       51 86

000101101 45         52 85

000101110 46 23        53 84

000101111 47         55 84

000110000 48 24 12 6 3     56 83

000110001 49         57 82

000110010 50 25        58 82

000110011 51         59 81

000110100 52 26 13       60 80

000110101 53         61 80

000110110 54 27        62 79

000110111 55         62 78

000111000 56 28 14 7      63 77

000111001 57         64 77 
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Table 9. CIRCULAR TRANSLATOR TABLE  (continued)

MSP[8:0]

% of Imax

SM[2:0]

MSP[8:0]

% of Imax

xxxxxx100011010001000xxxxxx

MSP[8:0]

% of Imax

ESM[2:0]

MSP[8:0]

% of Imax100011000000000000000010001

MSP[8:0] Coil YCoil X

Comp
full
1ph

Comp
full
2ph

Comp
1/21/41/81/161/321/641/128

010101100 172 86 43       86 −51

010101101 173         85 −52

010101110 174 87        84 −53

010101111 175         84 −55

010110000 176 88 44 22 11     83 −56

010110001 177         82 −57

010110010 178 89        82 −58

010110011 179         81 −59

010110100 180 90 45       80 −60

010110101 181         80 −61

010110110 182 91        79 −62

010110111 183         78 −62

010111000 184 92 46 23      77 −63

010111001 185         77 −64

010111010 186 93        76
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Table 9. CIRCULAR TRANSLATOR TABLE  (continued)

MSP[8:0]

% of Imax

SM[2:0]

MSP[8:0]

% of Imax

xxxxxx100011010001000xxxxxx

MSP[8:0]

% of Imax

ESM[2:0]

MSP[8:0]

% of Imax100011000000000000000010001

MSP[8:0] Coil YCoil X



AMISĭ30543

www.onsemi.com
19

Table 9. CIRCULAR TRANSLATOR TABLE  (continued)

MSP[8:0]

% of Imax

SM[2:0]

MSP[8:0]

% of Imax

xxxxxx100011010001000xxxxxx

MSP[8:0]

% of Imax

ESM[2:0]

MSP[8:0]

% of Imax100011000000000000000010001

MSP[8:0] Coil YCoil X

Comp
full
1ph

Comp
full
2ph

Comp
1/21/41/81/161/321/641/128

100000010 258 129        −2 −100

100000011 259         −4 −100

100000100 260 130 65       −5 −100

100000101 261         −6 −100

100000110 262 131        −7 −100

100000111 263         −9 −100

100001000 264 132 66 33      −10 −100

100001001 265         −11 −99

100001010 266 133        −12 −99

100001011 267     
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Table 9. CIRCULAR TRANSLATOR TABLE  (continued)

MSP[8:0]

% of Imax

SM[2:0]

MSP[8:0]

% of Imax

xxxxxx100011010001000xxxxxx

MSP[8:0]

% of Imax

ESM[2:0]

MSP[8:0]

% of Imax100011000000000000000010001

MSP[8:0] Coil YCoil X

Comp
full
1ph

Comp
full
2ph

Comp
1/21/41/81/161/321/64
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Table 9. CIRCULAR TRANSLATOR TABLE  (continued)

MSP[8:0]

% of Imax

SM[2:0]

MSP[8:0]

% of Imax

xxxxxx100011010001000xxxxxx

MSP[8:0]

% of Imax

ESM[2:0]

MSP[8:0]

% of Imax100011000000000000000010001

MSP[8:0]
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Ix

DIR
Iy

Ix

Iy
DIR

NXT1NXT2
NXT3

NXT4

Halfstep

endpos

1/4th  step

Change from lower to higher resolution

startpos
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Speed and Load Angle Output
The SLA−pin provides an output voltage that indicates the

level of the Back−
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SPI INTERFACE

The serial peripheral interface (SPI) allows an external
microcontroller (Master) to communicate with
AMIS−30543. The implemented SPI block is designed to
interface directly with numerous micro−controllers from
several manufacturers. AMIS−30543 acts always as a Slave
and can’t initiate any transmission. The operation of the
device is configured and controlled by means of SPI
registers which are observable for read and/or write from the
Master.

SPI Transfer Format and Pin Signals
During a SPI transfer, data is simultaneously transmitted

(shifted out serially) and received (shifted in serially). A
serial clock line (CLK) synchronizes shifting and sampling
of the information on the two serial data lines (DO and DI).

DO signal is the output from the Slave (AMIS−30543), and
DI signal is the output from the Master. A chip select line
(CS) allows individual selection of a Slave SPI device in a
multiple−slave system. The CS line is active low. If
AMIS−30543 is not selected, DO is pulled up with the
external pull up resistor. Since AMIS−30543 operates as a
Slave in MODE 0 (CPOL = 0; CPHA = 0) it always clocks
data out on the falling edge and samples data in on rising
edge of clock. The Master SPI port must be configured in
MODE 0 too, to match this operation. The SPI clock idles
low between the transferred bytes.

The diagram below is both a Master and a Slave timing
diagram since CLK, DO and DI pins are directly connected
between the Master and the Slave.

ÌÌÌ
ÌÌÌ
ÌÌÌ

ÌÌÌÌ
ÌÌÌÌ

DI MSB

CLK

1 2 3 4 5 6 7 8

CS

DO
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Two command types can be distinguished in the
communication between master and AMIS−30543:
• READ from SPI Register with address ADDR[4:0]: 
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DI

CS
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DI

CS

DO

WRITE DATA
to ADDR2

OLD DATA
or NOT VALID

COMMAND

DATA DATA

DATA from previous
command or NOT VALID
after POR or RESET

COMMANDDATA

DATADATA

OLD DATA
from ADDR2

NEW DATA
for ADDR2

OLD DATA
from ADDR2

READ DATA
from ADDR2 COMMAND

NEW DATA
from ADDR2

Figure 23. A WRITE Operation Where DATA from the Master is Written in SPI Register with Address 2 Followed by
a READ Back Operation to Confirm a Correct WRITE Operation

Registers are updated with 
the internal status at the 
rising edge of CS

The NEW DATA is written into the 
corresponding internal register at 
the rising edge of CS

NOTE: The internal data−out shift buffer of AMIS−30543 is updated with the content of the selected SPI register only at the last (every
eight) falling edge of the CLK signal (see SPI Transfer Format and Pin Signals). As a result, new data for transmission cannot be
written to the shift buffer at the beginning of the transfer packet and the first byte shifted out might represent old data.

Table 11. SPI CONTROL REGISTERS (All SPI control registers have Read/Write Access and default to “0” after power−on or hard
reset)

Address

Content

Structure

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Access R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

WR (00h) Data WDEN WDT[3:0] − − −

CR0 (01h) Data SM[2:0] CUR[4:0]

CR1 (02h) Data DIRCTRL NXTP − − PWMF PWMJ EMC[1:0]

CR2 (03h) Data MOTEN SLP SLAG SLAT − − − −

CR3 (09h) Data − − − − − ESM[2:0]

Where:
R/W Read and Write access
Reset: Status after power−On or hard reset
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Table 12. SPI CONTROL PARAMETER OVERVIEW

Symbol Description Status Value

DIRCTRL Controls the direction of rotation (in combination with
logic level on input DIR)

<DIR>  =  0 <DIRCTRL>   = 0 CW motion (Note 15)

<DIRCTRL> = 1 CCW motion
(Note 15)

<DIR> = 1 <DIRCTRL> = 0 CCW motion
(Note 15)

<DIRCTRL> = 1 CW motion (Note 15)

NXTP Selects if NXT triggers on rising or falling edge <NXTP> = 0 Trigger on rising edge

<NXTP> = 1 Trigger on falling edge

EMC[1:0] Turn On – Turn−off Slopes of motor driver (Note 14) 00 Very Fast

01 Fast

10 Slow

11 Very Slow

SLAT Speed load angle transparency bit <SLAT> = 0 SLA is not transparent

<SLAT> = 1 SLA is transparent

SLAG Speed load angle gain setting <SLAG> = 0 Gain = 0.5

<SLAG> = 1 Gain = 0.25

PWMF Enables doubling of the PWM frequency (Note 14) <PWMF> = 0 Default Frequency

<PWMF> = 1 Double Frequency

PWMJ Enables jittery PWM <PWMJ> = 0 Jitter disabled

<PWMJ> = 1 Jitter enabled

SM[2:0] Stepmode (only valid if ESM[2:0] = 000) 000 1/32 Micro − Step

001 1/16 Micro − Step

010 1/8 Micro − Step

011 1/4 Micro − Step

100 Compensated Half Step

101 Uncompensated Half Step

110 Uncompensated full step

111 Uncompensated full step

ESM[2:0] Stepmode 001 1/128 Micro−Step

010 1/64 Micro−Step

011 Compensated full step, 2 phase on

100 Compensated full step, 1 phase on

Other Stepping mode defined by SM[2:0]

SLP Enables sleep mode (if VBB > 9 V) <SLP> = 0 Active mode

<SLP> = 1 Sleep mode

MOTEN Activates the motor driver outputs <MOTEN> = 0 Drivers disabled

<MOTEN> = 1 Drivers enabled

14.The typical values can be found in Table 4: DC Parameters and in Table 5: AC parameters
15.Depending on the wiring of the motor connections
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CUR[4:0] Selects IMCmax peak. This is the peak or amplitude of the regulated current waveform in the motor coils.

Table 13. SPI CONTROL PARAMETER OVERVIEW CUR[4:0]

Current Range
(Note 17) Index CUR[4:0]

Current (mA)
(Note 16)

Current Range
(Note 17) Index CUR[4:0]

Current (mA)
(Note 16)

0

0 00000 132

3

16 10000 1405

1 00001 245 17 10001 1520

2 00010 355 18 10010 1695

1

3 00011 395 19 10011 1850

4 00100 445 20 10100 2070

5 00101 485 21 10101 2240

6 00110 540 22 10110 2440

7 00111 585 23 10111 2700

8 01000 640 24 11000 2845

9 01001 715 25 11001 3000

2

10 01010 780 26 11010 3000

11 01011 870 27 11011 3000

12 01100 955 28 11100 3000

13 01101 1060 29 11101 3000

14 01110 1150 30 11110 3000

15
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Table 15. SPI STATUS FLAGS OVERVIEW

Mnemonic Flag
Length

(bit)
Related

SPI Register Comment
Reset
State

CPFail Charge pump failure 1 Status Register 0 ‘0’ = no failure
‘1’ = failure: indicates that the charge pump does
not reach the required voltage level. Note 1

‘0’

MSP[8:0] Micro−step position 9 Status Register 3 and
Status Register 4

Translator micro step position ‘000000000’

OPENX OPEN Coil X 1 Status Register 0 ‘1’ = Open coil detected

�ï^�ï^
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