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Description
7KH�$����� LV� D� FRPSOHWH�PLFURVWHSSLQJ�PRWRU� GULYHU�ZLWK�
EXLOW�LQ�WUDQVODWRU�IRU�HDV\�RSHUDWLRQ��,W�LV�GHVLJQHG�WR�RSHUDWH�
ELSRODU� VWHSSHU�PRWRUV� LQ� IXOO��� KDOI��� TXDUWHU��� HLJKWK��� DQG�
VL[WHHQWK�VWHS�PRGHV��ZLWK�DQ�RXWSXW�GULYH�FDSDFLW\�RI�XS�WR��
���9�DQG����$��7KH�$�����LQFOXGHV�D�IL[HG�RII�WLPH�FXUUHQW�
UHJXODWRU�ZKLFK�KDV� WKH�DELOLW\� WR�RSHUDWH� LQ�VORZ�RU�PL[HG�
GHFD\�PRGHV�

7KH� WUDQVODWRU� LV� WKH�NH\� WR� WKH�HDV\� LPSOHPHQWDWLRQ�RI� WKH�
$������6LPSO\�LQSXWWLQJ�RQH�SXOVH�RQ�WKH�67(3�LQSXW�GULYHV�
WKH�PRWRU�RQH�PLFURVWHS��7KHUH�DUH�QR�SKDVH�VHTXHQFH�WDEOHV��
KLJK�IUHTXHQF\�FRQWURO�OLQHV��RU�FRPSOH[�LQWHUIDFHV�WR�SURJUDP��
7KH�$�����LQWHUIDFH�LV�DQ�LGHDO�ILW�IRU�DSSOLFDWLRQV�ZKHUH�D�
FRPSOH[�PLFURSURFHVVRU�LV�XQDYDLODEOH�RU�LV�RYHUEXUGHQHG�

'XULQJ�VWHSSLQJ�RSHUDWLRQ��WKH�FKRSSLQJ�FRQWURO�LQ�WKH�$�����
DXWRPDWLFDOO\�VHOHFWV�WKH�FXUUHQW�GHFD\�PRGH��VORZ�RU�PL[HG��,Q�
PL[HG�GHFD\�PRGH��WKH�GHYLFH�LV�VHW�LQLWLDOO\�WR�D�IDVW�GHFD\�IRU�
D�SURSRUWLRQ�RI�WKH�IL[HG�RII�WLPH��WKHQ�WR�D�VORZ�GHFD\�IRU�WKH�
UHPDLQGHU�RI�WKH�RII�WLPH��0L[HG�GHFD\�FXUUHQW�FRQWURO�UHVXOWV�
LQ�UHGXFHG�DXGLEOH�PRWRU�QRLVH��LQFUHDVHG�VWHS�DFFXUDF\��DQG�
UHGXFHG�SRZHU�GLVVLSDWLRQ�
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,QWHUQDO� V\QFKURQRXV� UHFWLILFDWLRQ� FRQWURO� FLUFXLWU\� LV� SURYLGHG�
WR� LPSURYH� SRZHU� GLVVLSDWLRQ� GXULQJ� 3:0� RSHUDWLRQ�� ,QWHUQDO�
FLUFXLW� SURWHFWLRQ� LQFOXGHV�� WKHUPDO� VKXWGRZQ� ZLWK� K\VWHUHVLV��
XQGHUYROWDJH�ORFNRXW��89/2���DQG�FURVVRYHU�FXUUHQW�SURWHFWLRQ��
6SHFLDO�SRZHU�RQ�VHTXHQFLQJ�LV�QRW�UHTXLUHG�

7KH�$�����LV�VXSSOLHG�LQ�D�VXUIDFH�PRXQW�4)1�SDFNDJH��(7�����PP�
î���PP��ZLWK�D�QRPLQDO�RYHUDOO�SDFNDJH�KHLJKW�RI������PP�DQG�DQ�
H[SRVHG�SDG�IRU�HQKDQFHG�WKHUPDO�GLVVLSDWLRQ��,W�LV�OHDG��3E��IUHH�
�VXIIL[�±7���ZLWK������PDWWH�WLQ�SODWHG�OHDGIUDPHV�

Description (continued)

Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units

Load Supply Voltage VBB 35 V

Output Current IOUT ±2 A

Logic Input Voltage VIN –0.3 to 5.5 V

Logic Supply Voltage VDD –0.3 to 5.5 V

Motor Outputs Voltage –2.0 to 37 V

Sense Voltage VSENSE –0.5 to 0.5 V

Reference Voltage VREF  5.5 V

Operating Ambient Temperature TA Range S –20 to 85 ºC

Maximum Junction TJ(max) 150 ºC

Storage Temperature Tstg –55 to 150 ºC

Selection Guide
Part Number Package Packing

A4988SETTR-T 28-contact QFN with exposed thermal pad 1500 pieces per 7-in. reel
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Functional Block Diagram
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ELECTRICAL CHARACTERISTICS1 at TA = 25°C, VBB = 35 V (unless otherwise noted)
Characteristics Symbol Test Conditions Min. Typ.2 Max. Units

Output Drivers

Load Supply Voltage Range VBB
Operating 8 – 35 V
During Sleep Mode 0 – 35 V

Logic Supply Voltage Range VDD Operating 3 – 5.5 V

Output On-Resistance Rds(on)
Source driver, IOUT = –1.5 A – 320 430 Pȍ
Sink driver, IOUT = 1.5 A – 320 430 Pȍ

Body Diode Forward Voltage VF
Source diode, IF = –1.5 A – – 1.2 V
Sink diode, IF = 1.5 A – – 1.2 V

Motor Supply Current IBB

fPWM < 50 kHz – – 4 mA
Operating, outputs disabled – – 2 mA
Sleep Mode – – 10 µA

Logic Supply Current IDD

fPWM < 50 kHz – – 8 mA
Outputs off – – 5 mA
Sleep Mode – – 10 µA

Control Logic

Logic Input Voltage
VIN(1) VDD u�0.7 – – V
VIN(0) – – VDD u�0.3 V

Logic Input Current
IIN(1) VIN =  VDD u�0.7 –20 <1.0 20 µA
IIN(0) VIN  =  VDD u�0.3 –20 <1.0 20 µA

Microstep Select
RMS1 MS1 pin – 100 – Nȍ
RMS2 MS2 pin – 50 – Nȍ
RMS3 MS3 pin – 100 – Nȍ

Logic Input Hysteresis VHYS(IN) As a % of VDD 5 11 19 %
Blank Time tBLANK 0.7 1 1.3 ȝV

Fixed Off-Time tOFF
OSC = VDD or GND 20 30 40 ȝV
ROSC� ����Nȍ 23 30 37 ȝV

Reference Input Voltage Range VREF 0 – 4 V
Reference Input Current IREF –3 0 3 ȝ$

Current Trip-Level Error3 errI

VREF = 2 V, %ITripMAX = 38.27% – – ±15 %
VREF = 2 V, %ITripMAX = 70.71% – – ±5 %
VREF = 2 V, %ITripMAX = 100.00% – – ±5 %

Crossover Dead Time tDT 100 475 800 ns
Protection
Overcurrent Protection Threshold4 IOCPST 2.1 – – A
Thermal Shutdown Temperature TTSD – 165 – °C
Thermal Shutdown Hysteresis TTSDHYS – 15 – °C
VDD Undervoltage Lockout VDDUVLO VDD rising 2.7 2.8 2.9 V
VDD Undervoltage Hysteresis VDDUVLOHYS – 90 – mV

1 For input and output current specifications, negative current is defined as coming out of (sourcing) the specified device pin.
2 Typical data are for initial design estimations only, and assume optimum manufacturing and application conditions. Performance may vary for individual 
units, within the specified maximum and minimum limits.
3 VERR = [(VREF/8) – VSENSE] / (VREF/8).
4 Overcurrent protection (OCP) is tested at TA = 25°C in a restricted range and guaranteed by characterization.
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THERMAL CHARACTERISTICS

Characteristic Symbol Test Conditions* Value Units
Package Thermal Resistance 5ș-$ Four-layer PCB, based on JEDEC standard 32 ºC/W

*Additional thermal information available on Allegro website.
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Figure 1: Logic Interface Timing Diagram
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Table 1: Microstepping Resolution Truth Table

Time Duration Symbol Typ. Unit
STEP minimum, HIGH pulse width tA 1 ȝV

STEP minimum, LOW pulse width tB 1 ȝV

Setup time, input change to STEP tC 200 ns

Hold time, input change to STEP tD 200 ns

MS1 MS2 MS3 Microstep Resolution Excitation Mode
L L L Full Step 2 Phase

H L L Half Step 1-2 Phase

L H L Quarter Step W1-2 Phase

H H L Eighth Step 2W1-2 Phase

H H H Sixteenth Step 4W1-2 Phase
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Device Operation. 7KH�$�����LV�D�FRPSOHWH�PLFURVWHSSLQJ�
PRWRU�GULYHU�ZLWK�D�EXLOW�LQ�WUDQVODWRU�IRU�HDV\�RSHUDWLRQ�ZLWK�
PLQLPDO�FRQWURO�OLQHV��,W�LV�GHVLJQHG�WR�RSHUDWH�ELSRODU�VWHSSHU�
PRWRUV�LQ�IXOO���KDOI���TXDUWHU���HLJKWK��DQG�VL[WHHQWK�VWHS�PRGHV��
7KH�FXUUHQWV�LQ�HDFK�RI�WKH�WZR�RXWSXW�IXOO�EULGJHV�DQG�DOO�RI�WKH�
1�FKDQQHO�'026�)(7V�DUH�UHJXODWHG�ZLWK�IL[HG�RII�WLPH�3:0�
�SXOVH�ZLGWK�PRGXODWHG��FRQWURO�FLUFXLWU\��$W�HDFK�VWHS��WKH�FXU�
UHQW�IRU�HDFK�IXOO�EULGJH�LV�VHW�E\�WKH�YDOXH�RI�LWV�H[WHUQDO�FXUUHQW�
VHQVH�UHVLVWRU��56��DQG�56����D�UHIHUHQFH�YROWDJH��95()���DQG�WKH�
RXWSXW�YROWDJH�RI�LWV�'$&��ZKLFK�LQ�WXUQ�LV�FRQWUROOHG�E\�WKH�
RXWSXW�RI�WKH�WUDQVODWRU��

$W�SRZHU�RQ�RU�UHVHW��WKH�WUDQVODWRU�VHWV�WKH�'$&V�DQG�WKH�SKDVH�
FXUUHQW�SRODULW\�WR�WKH�LQLWLDO�+RPH�VWDWH��VKRZQ�LQ�)LJXUHV���
WKURXJK������DQG�WKH�FXUUHQW�UHJXODWRU�WR�0L[HG�GHFD\�PRGH�IRU�
ERWK�SKDVHV��:KHQ�D�VWHS�FRPPDQG�VLJQDO�RFFXUV�RQ�WKH�67(3�
LQSXW��WKH�WUDQVODWRU�DXWRPDWLFDOO\�VHTXHQFHV�WKH�'$&V�WR�WKH�
QH[W�OHYHO�DQG�FXUUHQW�SRODULW\���6HH�7DEOH���IRU�WKH�FXUUHQW�OHYHO�
VHTXHQFH���7KH�PLFURVWHS�UHVROXWLRQ�LV�VHW�E\�WKH�FRPELQHG�HIIHFW�
RI�WKH�06[�LQSXWV,�DV�VKRZQ�LQ�7DEOH����

:KHQ�VWHSSLQJ��LI�WKH�QHZ�RXWSXW�OHYHOV�RI�WKH�'$&V�DUH�ORZHU�
WKDQ�WKHLU�SUHYLRXV�RXWSXW�OHYHOV��WKHQ�WKH�GHFD\�PRGH�IRU�WKH�
DFWLYH�IXOO�EULGJH�LV�VHW�WR�0L[HG��,I�WKH�QHZ�RXWSXW�OHYHOV�RI�WKH�
'$&V�DUH�KLJKHU�WKDQ�RU�HTXDO�WR�WKHLU�SUHYLRXV�OHYHOV��WKHQ�WKH�
GHFD\�PRGH�IRU�WKH�DFWLYH�IXOO�EULGJH�LV�VHW�WR�6ORZ��7KLV�DXWR�
PDWLF�FXUUHQW�GHFD\�VHOHFWLRQ�LPSURYHV�PLFURVWHSSLQJ�SHUIRU�
PDQFH�E\�UHGXFLQJ�WKH�GLVWRUWLRQ�RI�WKH�FXUUHQW�ZDYHIRUP�WKDW�
UHVXOWV�IURP�WKH�EDFN�(0)�RI�WKH�PRWRU�

Microstep Select (MSx).�7KH�PLFURVWHS�UHVROXWLRQ�LV�VHW�E\�
WKH�YROWDJH�RQ�ORJLF�LQSXWV�06[��DV�VKRZQ�LQ�7DEOH����7KH�06��DQG�
06��SLQV�KDYH�D�����Nȍ�SXOO�GRZQ�UHVLVWDQFH��DQG�WKH�06��SLQ�
KDV�D����Nȍ�SXOO�GRZQ�UHVLVWDQFH��:KHQ�FKDQJLQJ�WKH�VWHS�PRGH��
WKH�FKDQJH�GRHV�QRW�WDNH�HIIHFW�XQWLO�WKH�QH[W�67(3�ULVLQJ�HGJH�

,I�WKH�VWHS�PRGH�LV�FKDQJHG�ZLWKRXW�D�WUDQVODWRU�UHVHW��DQG�DEVR�
OXWH�SRVLWLRQ�PXVW�EH�PDLQWDLQHG��LW�LV�LPSRUWDQW�WR�FKDQJH�WKH�
VWHS�PRGH�DW�D�VWHS�SRVLWLRQ�WKDW�LV�FRPPRQ�WR�ERWK�VWHS�PRGHV�LQ�
RUGHU�WR�DYRLG�PLVVLQJ�VWHSV��:KHQ�WKH�GHYLFH�LV�SRZHUHG�GRZQ��
RU�UHVHW�GXH�WR�76'�RU�DQ�RYHUFXUUHQW�HYHQW��WKH�WUDQVODWRU�LV�VHW�WR�
WKH�KRPH�SRVLWLRQ�ZKLFK�LV�E\�GHIDXOW�FRPPRQ�WR�DOO�VWHS�PRGHV�

Mixed Decay Operation.�7KH�EULGJH�RSHUDWHV�LQ�0L[HG�
GHFD\�PRGH��DW�SRZHU�RQ�DQG�UHVHW��DQG�GXULQJ�QRUPDO�UXQQLQJ�
DFFRUGLQJ�WR�WKH�526&�FRQILJXUDWLRQ�DQG�WKH�VWHS�VHTXHQFH��DV�
VKRZQ�LQ�)LJXUHV���WKURXJK�����'XULQJ�0L[HG�GHFD\�PRGH��ZKHQ�
WKH�WULS�SRLQW�LV�UHDFKHG��WKH�$�����LQLWLDOO\�JRHV�LQWR�D�IDVW�GHFD\�
LQWHUYDO�IRU��������RI�WKH�RII�WLPH��W2))���$IWHU�WKDW��LW�VZLWFKHV�
WR�VORZ�GHFD\�IRU�WKH�UHPDLQGHU�RI�W2))��$�WLPLQJ�GLDJUDP�IRU�WKLV�
IHDWXUH�DSSHDUV�RQ�WKH�QH[W�SDJH�

7\SLFDOO\��PL[HG�GHFD\�LV�RQO\�QHFHVVDU\�ZKHQ�WKH�FXUUHQW�LQ�WKH�
ZLQGLQJ�LV�JRLQJ�IURP�D�KLJKHU�YDOXH�WR�D�ORZHU�YDOXH�DV�GHWHUPLQHG�
E\�WKH�VWDWH�RI�WKH�WUDQVODWRU��)RU�PRVW�ORDGV��DXWRPDWLFDOO\�VHOHFWHG�
PL[HG�GHFD\�LV�FRQYHQLHQW�EHFDXVH�LW�PLQLPL]HV�ULSSOH�ZKHQ�WKH�
FXUUHQW�LV�ULVLQJ�DQG�SUHYHQWV�PLVVHG�VWHSV�ZKHQ�WKH�FXUUHQW�LV�IDOOLQJ��
)RU�VRPH�DSSOLFDWLRQV�ZKHUH�PLFURVWHSSLQJ�DW�YHU\�ORZ�VSHHGV�LV�
QHFHVVDU\��WKH�ODFN�RI�EDFN�(0)�LQ�WKH�ZLQGLQJ�FDXVHV�WKH�FXUUHQW�WR�
LQFUHDVH�LQ�WKH�ORDG�TXLFNO\��UHVXOWLQJ�LQ�PLVVHG�VWHSV��7KLV�LV�VKRZQ�
LQ�)LJXUH����%\�SXOOLQJ�WKH�526&�SLQ�WR�JURXQG��PL[HG�GHFD\�LV�VHW�
WR�EH�DFWLYH������RI�WKH�WLPH��IRU�ERWK�ULVLQJ�DQG�IDOOLQJ�FXUUHQWV��DQG�
SUHYHQWV�PLVVHG�VWHSV�DV�VKRZQ�LQ�)LJXUH����,I�WKLV�LV�QRW�DQ�LVVXH��LW�
LV�UHFRPPHQGHG�WKDW�DXWRPDWLFDOO\�VHOHFWHG�PL[HG�GHFD\�EH�XVHG��
EHFDXVH�LW�ZLOO�SURGXFH�UHGXFHG�ULSSOH�FXUUHQWV��5HIHU�WR�WKH�)L[HG�
2II�7LPH�VHFWLRQ�IRU�GHWDLOV�

Low Current Microstepping. ,QWHQGHG�IRU�DSSOLFDWLRQV�
ZKHUH�WKH�PLQLPXP�RQ�WLPH�SUHYHQWV�WKH�RXWSXW�FXUUHQW�IURP�
UHJXODWLQJ�WR�WKH�SURJUDPPHG�FXUUHQW�OHYHO�DW�ORZ�FXUUHQW�VWHSV��
7R�SUHYHQW�WKLV��WKH�GHYLFH�FDQ�EH�VHW�WR�RSHUDWH�LQ�0L[HG�GHFD\�
PRGH�RQ�ERWK�ULVLQJ�DQG�IDOOLQJ�SRUWLRQV�RI�WKH�FXUUHQW�ZDYHIRUP��
7KLV�IHDWXUH�LV�LPSOHPHQWHG�E\�VKRUWLQJ�WKH�526&�SLQ�WR�JURXQG��
,Q�WKLV�VWDWH��WKH�RII�WLPH�LV�LQWHUQDOO\�VHW�WR�����V�

Reset Input (R̄̄  ̄Ē  ̄S̄  ̄Ē  ̄T̄  ).��7KH�5̄̄��(̄̄��6̄̄��(̄̄��7̄̄���LQSXW�VHWV�WKH�WUDQVODWRU�
WR�D�SUHGHILQHG�+RPH�VWDWH��VKRZQ�LQ�)LJXUHV���WKURXJK������DQG�
WXUQV�RII�DOO�RI�WKH�)(7�RXWSXWV��$OO�67(3�LQSXWV�DUH�LJQRUHG�XQWLO�
WKH�5̄̄��(̄̄��6̄̄��(̄̄��7̄̄���LQSXW�LV�VHW�WR�KLJK��

Step Input (STEP).�$�ORZ�WR�KLJK�WUDQVLWLRQ�RQ�WKH�67(3�
LQSXW�VHTXHQFHV�WKH�WUDQVODWRU�DQG�DGYDQFHV�WKH�PRWRU�RQH�LQFUH�
PHQW��7KH�WUDQVODWRU�FRQWUROV�WKH�LQSXW�WR�WKH�'$&V�DQG�WKH�GLUHF�

Functional Description
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Figure 2: Missed Steps in Low-Speed Microstepping

Figure 3: Continuous Stepping Using Automatically-Selected Mixed Stepping (ROSC pin grounded)
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WLRQ�RI�FXUUHQW�IORZ�LQ�HDFK�ZLQGLQJ���7KH�VL]H�RI�WKH�LQFUHPHQW�LV�
GHWHUPLQHG�E\�WKH�FRPELQHG�VWDWH�RI�WKH�06[�LQSXWV�

Direction Input (DIR). 7KLV�GHWHUPLQHV�WKH�GLUHFWLRQ�RI�URWD�
WLRQ�RI�WKH�PRWRU��&KDQJHV�WR�WKLV�LQSXW�GR�QRW�WDNH�HIIHFW�XQWLO�WKH�
QH[W�67(3�ULVLQJ�HGJH�

Internal PWM Current Control. (DFK�IXOO�EULGJH�LV�FRQ�
WUROOHG�E\�D�IL[HG�RII�WLPH�3:0�FXUUHQW�FRQWURO�FLUFXLW�WKDW�OLPLWV�
WKH�ORDG�FXUUHQW�WR�D�GHVLUHG�YDOXH��,75,3���,QLWLDOO\��D�GLDJRQDO�SDLU�
RI�VRXUFH�DQG�VLQN�)(7�RXWSXWV�DUH�HQDEOHG�DQG�FXUUHQW�IORZV�
WKURXJK�WKH�PRWRU�ZLQGLQJ�DQG�WKH�FXUUHQW�VHQVH�UHVLVWRU��56x��
:KHQ�WKH�YROWDJH�DFURVV�56x�HTXDOV�WKH�'$&�RXWSXW�YROWDJH��WKH�
FXUUHQW�VHQVH�FRPSDUDWRU�UHVHWV�WKH�3:0�ODWFK��7KH�ODWFK�WKHQ�
WXUQV�RII�WKH�DSSURSULDWH�VRXUFH�GULYHU�DQG�LQLWLDWHV�D�IL[HG�RII�
WLPH�GHFD\�PRGH

7KH�PD[LPXP�YDOXH�RI�FXUUHQW�OLPLWLQJ�LV�VHW�E\�WKH�VHOHFWLRQ�RI�
56x�DQG�WKH�YROWDJH�DW�WKH�95()�SLQ��7KH�WUDQVFRQGXFWDQFH�IXQF�
WLRQ�LV�DSSUR[LPDWHG�E\�WKH�PD[LPXP�YDOXH�RI�FXUUHQW�OLPLWLQJ��
,7ULS0$;���$���ZKLFK�LV�VHW�E\

ITripMAX = VREF / ( 8 × RS)

ZKHUH�56�LV�WKH�UHVLVWDQFH�RI�WKH�VHQVH�UHVLVWRU�����DQG�95()�LV�
WKH�LQSXW�YROWDJH�RQ�WKH�5()�SLQ��9���

7KH�'$&�RXWSXW�UHGXFHV�WKH�95()�RXWSXW�WR�WKH�FXUUHQW�VHQVH�
FRPSDUDWRU�LQ�SUHFLVH�VWHSV��VXFK�WKDW

Itrip = (%ITripMAX / 100) × ITripMAX

�6HH�7DEOH���IRU��,7ULS0$;�DW�HDFK�VWHS��

,W�LV�FULWLFDO�WKDW�WKH�PD[LPXP�UDWLQJ������9��RQ�WKH�6(16(��DQG�
6(16(��SLQV�LV�QRW�H[FHHGHG�

Fixed Off-Time.�7KH�LQWHUQDO�3:0�FXUUHQW�FRQWURO�FLUFXLWU\�
XVHV�D�RQH�VKRW�FLUFXLW�WR�FRQWURO�WKH�GXUDWLRQ�RI�WLPH�WKDW�WKH�
'026�)(7V�UHPDLQ�RII��7KH�RII�WLPH��W2))��LV�GHWHUPLQHG�E\�WKH�
526&�WHUPLQDO��7KH�526&�WHUPLQDO�KDV�WKUHH�VHWWLQJV�

ƒ� 526&�WLHG�WR�9''�²�RII�WLPH�LQWHUQDOO\�VHW�WR�����V��GHFD\�
PRGH�LV�DXWRPDWLF�0L[HG��H[FHSW�ZKHQ�LQ�IXOO�VWHS�ZKHUH�
GHFD\�PRGH�LV�VHW�WR�6ORZ�

ƒ� 526&�WLHG�GLUHFWO\�WR�JURXQG�²�RII�WLPH�LQWHUQDOO\�VHW�WR�
����V��FXUUHQW�GHFD\�LV�VHW�WR�0L[HG�IRU�ERWK�LQFUHDVLQJ�DQG�
GHFUHDVLQJ�FXUUHQWV�IRU�DOO�VWHS�PRGHV�

ƒ� 526&�WKURXJK�D�UHVLVWRU�WR�JURXQG�²�RII�WLPH�LV�GHWHUPLQHG�
E\�WKH�IROORZLQJ�IRUPXOD��WKH�GHFD\�PRGH�LV�DXWRPDWLF�0L[HG�
IRU�DOO�VWHS�PRGHV�H[FHSW�IXOO�VWHS�ZKLFK�LV�VHW�WR�6ORZ�

tOFF�§�5OSC  »�����

ZKHUH�W2))�LV�LQ��V�

Blanking.�7KLV�IXQFWLRQ�EODQNV�WKH�RXWSXW�RI�WKH�FXUUHQW�VHQVH�
FRPSDUDWRUV�ZKHQ�WKH�RXWSXWV�DUH�VZLWFKHG�E\�WKH�LQWHUQDO�FXUUHQW�
FRQWURO�FLUFXLWU\��7KH�FRPSDUDWRU�RXWSXWV�DUH�EODQNHG�WR�SUHYHQW�
IDOVH�RYHUFXUUHQW�GHWHFWLRQ�GXH�WR�UHYHUVH�UHFRYHU\�FXUUHQWV�RI�WKH�
FODPS�GLRGHV��DQG�VZLWFKLQJ�WUDQVLHQWV�UHODWHG�WR�WKH�FDSDFLWDQFH�
RI�WKH�ORDG��7KH�EODQN�WLPH��W%/$1.���V���LV�DSSUR[LPDWHO\

tBLANK § 1 µs

Shorted Load and Short-to-Ground Protection. 
,I�WKH�PRWRU�OHDGV�DUH�VKRUWHG�WRJHWKHU��RU�LI�RQH�RI�WKH�OHDGV�LV�
VKRUWHG�WR�JURXQG��WKH�GULYHU�ZLOO�SURWHFW�LWVHOI�E\�VHQVLQJ�WKH�
RYHUFXUUHQW�HYHQW�DQG�GLVDEOLQJ�WKH�GULYHU�WKDW�LV�VKRUWHG��SURWHFW�
LQJ�WKH�GHYLFH�IURP�GDPDJH��,Q�WKH�FDVH�RI�D�VKRUW�WR�JURXQG��WKH�
GHYLFH�ZLOO�UHPDLQ�GLVDEOHG��ODWFKHG��XQWLO�WKH�6̄��/̄̄��(̄̄��(̄̄��3̄̄���LQSXW�JRHV�
KLJK�RU�9

DD
�SRZHU�LV�UHPRYHG��$�VKRUW�WR�JURXQG�RYHUFXUUHQW�

HYHQW�LV�VKRZQ�LQ�)LJXUH���

:KHQ�WKH�WZR�RXWSXWV�DUH�VKRUWHG�WRJHWKHU��WKH�FXUUHQW�SDWK�LV�
WKURXJK�WKH�VHQVH�UHVLVWRU��$IWHU�WKH�EODQNLQJ�WLPH��|���V��H[SLUHV��
WKH�VHQVH�UHVLVWRU�YROWDJH�LV�H[FHHGLQJ�LWV�WULS�YDOXH��GXH�WR�WKH�
RYHUFXUUHQW�FRQGLWLRQ�WKDW�H[LVWV��7KLV�FDXVHV�WKH�GULYHU�WR�JR�LQWR�
D�IL[HG�RII�WLPH�F\FOH��$IWHU�WKH�IL[HG�RII�WLPH�H[SLUHV��WKH�GULYHU�
WXUQV�RQ�DJDLQ�DQG�WKH�SURFHVV�UHSHDWV��,Q�WKLV�FRQGLWLRQ��WKH�
GULYHU�LV�FRPSOHWHO\�SURWHFWHG�DJDLQVW�RYHUFXUUHQW�HYHQWV��EXW�WKH�
VKRUW�LV�UHSHWLWLYH�ZLWK�D�SHULRG�HTXDO�WR�WKH�IL[HG�RII�WLPH�RI�WKH�
GULYHU��7KLV�FRQGLWLRQ�LV�VKRZQ�LQ�)LJXUH���

'XULQJ�D�VKRUWHG�ORDG�HYHQW��LW�LV�QRUPDO�WR�REVHUYH�ERWK�D�SRVL�
WLYH�DQG�QHJDWLYH�FXUUHQW�VSLNH�DV�VKRZQ�LQ�)LJXUH����GXH�WR�WKH�
GLUHFWLRQ�FKDQJH�LPSOHPHQWHG�E\�WKH�0L[HG�GHFD\�IHDWXUH��7KLV�LV�
VKRZQ�LQ�)LJXUH����,Q�ERWK�LQVWDQFHV��WKH�RYHUFXUUHQW�FLUFXLWU\�LV�
SURWHFWLQJ�WKH�GULYHU�DQG�SUHYHQWV�GDPDJH�WR�WKH�GHYLFH�

Charge Pump (CP1 and CP2).�7KH�FKDUJH�SXPS�LV�XVHG�
WR�JHQHUDWH�D�JDWH�VXSSO\�JUHDWHU�WKDQ�WKDW�RI�9%%�IRU�GULYLQJ�WKH�
VRXUFH�VLGH�)(7�JDWHV��$������)�FHUDPLF�FDSDFLWRU�VKRXOG�EH�
FRQQHFWHG�EHWZHHQ�&3��DQG�&3���,Q�DGGLWLRQ��D������)�FHUDPLF�
FDSDFLWRU�LV�UHTXLUHG�EHWZHHQ�9&3�DQG�9%%��WR�DFW�DV�D�UHVHUYRLU�
IRU�RSHUDWLQJ�WKH�KLJK�VLGH�)(7�JDWHV�

&DSDFLWRU�YDOXHV�VKRXOG�EH�&ODVV���GLHOHFWULF������PD[LPXP��
RU�WROHUDQFH�5��DFFRUGLQJ�WR�(,$��(OHFWURQLF�,QGXVWULHV�$OOLDQFH��
VSHFLILFDWLRQV�
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VREG (VREG).�7KLV�LQWHUQDOO\�JHQHUDWHG�YROWDJH�LV�XVHG�WR�
RSHUDWH�WKH�VLQN�VLGH�)(7�RXWSXWV��7KH�QRPLQDO�RXWSXW�YROWDJH�
RI�WKH�95(*�WHUPLQDO�LV���9��7KH�95(*�SLQ�PXVW�EH�GHFRXSOHG�
ZLWK�D�������)�FHUDPLF�FDSDFLWRU�WR�JURXQG��95(*�LV�LQWHUQDOO\�
PRQLWRUHG��,Q�WKH�FDVH�RI�D�IDXOW�FRQGLWLRQ��WKH�)(7�RXWSXWV�RI�WKH�
$�����DUH�GLVDEOHG�

&DSDFLWRU�YDOXHV�VKRXOG�EH�&ODVV���GLHOHFWULF������PD[LPXP��
RU�WROHUDQFH�5��DFFRUGLQJ�WR�(,$��(OHFWURQLF�,QGXVWULHV�$OOLDQFH��
VSHFLILFDWLRQV�

Enable Input (Ē̄  ̄N̄  ̄Ā  ̄B̄  ̄L̄  ̄Ē  ).�7KLV�LQSXW�WXUQV�RQ�RU�RII�DOO�RI�WKH�
)(7�RXWSXWV��:KHQ�VHW�WR�D�ORJLF�KLJK��WKH�RXWSXWV�DUH�GLVDEOHG��
:KHQ�VHW�WR�D�ORJLF�ORZ��WKH�LQWHUQDO�FRQWURO�HQDEOHV�WKH�RXWSXWV�
DV�UHTXLUHG��7KH�WUDQVODWRU�LQSXWV�67(3��',5��DQG�06[��DV�ZHOO�DV�
WKH�LQWHUQDO�VHTXHQFLQJ�ORJLF��DOO�UHPDLQ�DFWLYH��LQGHSHQGHQW�RI�WKH�
(̄̄���̄1̄���̄$̄���̄%̄��/̄̄���̄(̄���LQSXW�VWDWH�

Shutdown.�,Q�WKH�HYHQW�RI�D�IDXOW��RYHUWHPSHUDWXUH��H[FHVV�7-��
RU�DQ�XQGHUYROWDJH��RQ�9&3���WKH�)(7�RXWSXWV�RI�WKH�$�����DUH�
GLVDEOHG�XQWLO�WKH�IDXOW�FRQGLWLRQ�LV�UHPRYHG��$W�SRZHU�RQ��WKH�
89/2��XQGHUYROWDJH�ORFNRXW��FLUFXLW�GLVDEOHV�WKH�)(7�RXWSXWV�
DQG�UHVHWV�WKH�WUDQVODWRU�WR�WKH�+RPH�VWDWH�

Sleep Mode�( S̄̄  ̄L̄  ̄Ē  ̄Ē  ̄P̄    ).�7R�PLQLPL]H�SRZHU�FRQVXPSWLRQ�
ZKHQ�WKH�PRWRU�LV�QRW�LQ�XVH��WKLV�LQSXW�GLVDEOHV�PXFK�RI�WKH�
LQWHUQDO�FLUFXLWU\�LQFOXGLQJ�WKH�RXWSXW�)(7V��FXUUHQW�UHJXODWRU��
DQG�FKDUJH�SXPS��$�ORJLF�ORZ�RQ�WKH�6̄��/̄̄��(̄̄��(̄̄��3̄̄���SLQ�SXWV�WKH�$�����
LQWR�6OHHS�PRGH��$�ORJLF�KLJK�DOORZV�QRUPDO�RSHUDWLRQ��DV�ZHOO�
DV�VWDUWXS��DW�ZKLFK�WLPH�WKH�$�����GULYHV�WKH�PRWRU�WR�WKH�+RPH�
PLFURVWHS�SRVLWLRQ���:KHQ�HPHUJLQJ�IURP�6OHHS�PRGH��LQ�RUGHU�
WR�DOORZ�WKH�FKDUJH�SXPS�WR�VWDELOL]H��SURYLGH�D�GHOD\�RI���PV�
EHIRUH�LVVXLQJ�D�6WHS�FRPPDQG�

Mixed Decay Operation.�7KH�EULGJH�RSHUDWHV�LQ�0L[HG�
GHFD\�PRGH��GHSHQGLQJ�RQ�WKH�VWHS�VHTXHQFH��DV�VKRZQ�LQ�)LJ�
XUHV���WKURXJK�����$V�WKH�WULS�SRLQW�LV�UHDFKHG��WKH�$�����LQLWLDOO\�
JRHV�LQWR�D�IDVW�GHFD\�LQWHUYDO�IRU��������RI�WKH�RII�WLPH��W2))��
$IWHU�WKDW��LW�VZLWFKHV�WR�VORZ�GHFD\�IRU�WKH�UHPDLQGHU�RI�W2))��$�
WLPLQJ�GLDJUDP�IRU�WKLV�IHDWXUH�DSSHDUV�LQ�)LJXUH���

Synchronous Rectification.��:KHQ�D�3:0�RII�F\FOH�LV�
WULJJHUHG�E\�DQ�LQWHUQDO�IL[HG�RII�WLPH�F\FOH��ORDG�FXUUHQW�UHFLUFX�
ODWHV�DFFRUGLQJ�WR�WKH�GHFD\�PRGH�VHOHFWHG�E\�WKH�FRQWURO�ORJLF��
7KLV�V\QFKURQRXV�UHFWLILFDWLRQ�IHDWXUH�WXUQV�RQ�WKH�DSSURSULDWH�
)(7V�GXULQJ�FXUUHQW�GHFD\��DQG�HIIHFWLYHO\�VKRUWV�RXW�WKH�ERG\�
GLRGHV�ZLWK�WKH�ORZ�)(7�5GV�RQ���7KLV�UHGXFHV�SRZHU�GLVVLSDWLRQ�
VLJQLILFDQWO\��DQG�FDQ�HOLPLQDWH�WKH�QHHG�IRU�H[WHUQDO�6FKRWWN\�
GLRGHV�LQ�PDQ\�DSSOLFDWLRQV��6\QFKURQRXV�UHFWLILFDWLRQ�WXUQV�RII�
ZKHQ�WKH�ORDG�FXUUHQW�DSSURDFKHV�]HUR����$���SUHYHQWLQJ�UHYHUVDO�
RI�WKH�ORDG�FXUUHQW�

t o

Fixed off-time

5 A / div.

t o

5 A / div.

Figure 4: Short-to-Ground Event

)LJXUH����6KRUWHG�/RDG��287[$�ĺ�287[%��LQ�6ORZ�'HFD\�0RGH

)LJXUH����6KRUWHG�/RDG��287[$�ĺ�287[%��LQ�0L[HG�'HFD\�0RGH

Fixed off-time

Fast decay portion
(direction change)

t o

5 A / div.
Fault 
latched
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VSTEP

IOUT

IOUT

t

See Enlargement A

Enlargement A

tSDtFD

toff

Slow Decay

Mixed Decay

Fast Decay

IPEAK

70.71

–70.71

0

100.00

–100.00

Symbol Characteristic
toff Device fixed off-time

IPEAK Maximum output current

tSD Slow decay interval

tFD Fast decay interval

IOUT Device output current

Figure 7: Current Decay Modes Timing Chart
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Application Layout

Layout��7KH�SULQWHG�FLUFXLW�ERDUG�VKRXOG�XVH�D�KHDY\�JURXQG�
SODQH��)RU�RSWLPXP�HOHFWULFDO�DQG�WKHUPDO�SHUIRUPDQFH��WKH�
$�����PXVW�EH�VROGHUHG�GLUHFWO\�RQWR�WKH�ERDUG��3LQV���DQG����
DUH�LQWHUQDOO\�IXVHG��ZKLFK�SURYLGHV�D�SDWK�IRU�HQKDQFHG�WKHUPDO�
GLVVLSDWLRQ��7KHVHV�SLQV�VKRXOG�EH�VROGHUHG�GLUHFWO\�WR�DQ�H[SRVHG�
VXUIDFH�RQ�WKH�3&%�WKDW�FRQQHFWV�WR�WKHUPDO�YLDV�DUH�XVHG�WR�
WUDQVIHU�KHDW�WR�RWKHU�OD\HUV�RI�WKH�3&%�

,Q�RUGHU�WR�PLQLPL]H�WKH�HIIHFWV�RI�JURXQG�ERXQFH�DQG�RIIVHW�
LVVXHV��LW�LV�LPSRUWDQW�WR�KDYH�D�ORZ�LPSHGDQFH�VLQJOH�SRLQW�
JURXQG��NQRZQ�DV�D�star ground��ORFDWHG�YHU\�FORVH�WR�WKH�GHYLFH��
%\�PDNLQJ�WKH�FRQQHFWLRQ�EHWZHHQ�WKH�SDG�DQG�WKH�JURXQG�SODQH�
GLUHFWO\�XQGHU�WKH�$������WKDW�DUHD�EHFRPHV�DQ�LGHDO�ORFDWLRQ�IRU�
D�VWDU�JURXQG�SRLQW��$�ORZ�LPSHGDQFH�JURXQG�ZLOO�SUHYHQW�JURXQG�
ERXQFH�GXULQJ�KLJK�FXUUHQW�RSHUDWLRQ�DQG�HQVXUH�WKDW�WKH�VXSSO\�
YROWDJH�UHPDLQV�VWDEOH�DW�WKH�LQSXW�WHUPLQDO�

7KH�WZR�LQSXW�FDSDFLWRUV�VKRXOG�EH�SODFHG�LQ�SDUDOOHO��DQG�DV�
FORVH�WR�WKH�GHYLFH�VXSSO\�SLQV�DV�SRVVLEOH��7KH�FHUDPLF�FDSDFL�
WRU��&,1���VKRXOG�EH�FORVHU�WR�WKH�SLQV�WKDQ�WKH�EXON�FDSDFLWRU�
�&,1����7KLV�LV�QHFHVVDU\�EHFDXVH�WKH�FHUDPLF�FDSDFLWRU�ZLOO�EH�
UHVSRQVLEOH�IRU�GHOLYHULQJ�WKH�KLJK�IUHTXHQF\�FXUUHQW�FRPSRQHQWV�
7KH�VHQVH�UHVLVWRUV��56[���VKRXOG�KDYH�D�YHU\�ORZ�LPSHGDQFH�
SDWK�WR�JURXQG��EHFDXVH�WKH\�PXVW�FDUU\�D�ODUJH�FXUUHQW�ZKLOH�
VXSSRUWLQJ�YHU\�DFFXUDWH�YROWDJH�PHDVXUHPHQWV�E\�WKH�FXUUHQW�
VHQVH�FRPSDUDWRUV��/RQJ�JURXQG�WUDFHV�ZLOO�FDXVH�DGGLWLRQDO�
YROWDJH�GURSV��DGYHUVHO\�DIIHFWLQJ�WKH�DELOLW\�RI�WKH�FRPSDUDWRUV�
WR�DFFXUDWHO\�PHDVXUH�WKH�FXUUHQW�LQ�WKH�ZLQGLQJV��7KH�6(16([�
SLQV�KDYH�YHU\�VKRUW�WUDFHV�WR�WKH�56[�UHVLVWRUV�DQG�YHU\�WKLFN��
ORZ�LPSHGDQFH�WUDFHV�GLUHFWO\�WR�WKH�VWDU�JURXQG�XQGHU�WKH�
GHYLFH��,I�SRVVLEOH��WKHUH�VKRXOG�EH�QR�RWKHU�FRPSRQHQWV�RQ�WKH�
VHQVH�FLUFXLWV�

VBB

VDD

1

PAD

A4988

C3

C6
R1

R2

R3

C1 C8

C2
C9C7

RS2RS1

R6

C4

OUT1B

NC

DIR

REF

STEP

VDD

OUT2B

ENABLE

CP1

CP2

VCP

NC
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MS
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2
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SE
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SE
NS
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B1

GND

GND

PCB

Thermal Vias

Trace (2 oz.)
Signal (1 oz.)
Ground (1 oz.)
Thermal (2 oz.)

Solder
A4988

Figure 8: Typical Application and Circuit Layout
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VCP

GND

CP2

GND

CP1VBB

8 V

GND

VDD

GND GND

8 V

GND GND

8 V

VBB

VREG

10 V

GND

DMOS
Parasitic

SENSE VREG

GND

VBB

40 V

GND

VBB

OUT
DMOS
Parasitic

DMOS
Parasitic

GND

PGND GND

MS1
MS2
MS3
DIR

VREF
ROSC

SLEEP

Pin Circuit Diagrams
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Figure 10: Decay Modes for Half-Step IncrementsFigure 9: Decay Mode for Full-Step Increments

*With ROSC pin tied to GND
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Figure 11: Decay Modes for Quarter-Step Increments
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Figure 12: Decay Modes for Eighth-Step Increments
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Figure 13: Decay Modes for Sixteenth-Step Increments
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Table 2: Step Sequencing Settings
Home microstep position at Step Angle 45º; DIR = H

Full 
Step 

#

Half 
Step 

#

1/4 
Step 

#

1/8 
Step 

#

1/16 
Step 

#

Phase 1 
Current 

[% ItripMax] 
(%)

Phase 2 
Current  

[% ItripMax] 
(%)

Step 
Angle  

(º) 

Full 
Step 

#

Half 
Step 

#

1/4 
Step 

#

1/8 
Step 

#

1/16 
Step 

#

Phase 1 
Current  

[% ItripMax] 
(%)

Phase 2 
Current 

[% ItripMax] 
(%)

Step 
Angle  

(º)
1 1 1 1 100.00 0.00 0.0 5 9 17 33 –100.00 0.00 180.0

2 99.52 9.80 5.6 34 –99.52 –9.80 185.6

2 3 98.08 19.51 11.3 18 35 –98.08 –19.51 191.3

4 95.69 29.03 16.9 36 –95.69 –29.03 196.9

2 3 5 92.39 38.27 22.5 10 19 37 –92.39 –38.27 202.5

6 88.19 47.14 28.1 38 –88.19 –47.14 208.1

4 7 83.15 55.56 33.8 20 39 –83.15 –55.56 213.8

8 77.30 63.44 39.4 40 –77.30 –63.44 219.4

1 2 3 5 9 70.71 70.71 45.0 3 6 11 21 41 –70.71 –70.71 225.0

10 63.44 77.30 50.6 42 –63.44 –77.30 230.6

6 11 55.56 83.15 56.3 22 43 –55.56 –83.15 236.3

12 47.14 88.19 61.9 44 –47.14 –88.19 241.9

4 7 13 38.27 92.39 67.5 12 23 45 –38.27 –92.39 247.5

14 29.03 95.69 73.1 46 –29.03 –95.69 253.1

8 15 19.51 98.08 78.8 24 47 –19.51 –98.08 258.8

16 9.80 99.52 84.4 48 –9.80 –99.52 264.4

3 5 9 17 0.00 100.00 90.0 7 13 25 49 0.00 –100.00 270.0

18 –9.80 99.52 95.6 50 9.80 –99.52 275.6

10 19 –19.51 98.08 101.3 26 51 19.51 –98.08 281.3

20 –29.03 95.69 106.9 52 29.03 –95.69 286.9

6 11 21 –38.27 92.39 112.5 14 27 53 38.27 –92.39 292.5

22 –47.14 88.19 118.1 54 47.14 –88.19 298.1

12 23 –55.56 83.15 123.8 28 55 55.56 –83.15 303.8

24 –63.44 77.30 129.4 56 63.44 –77.30 309.4

2 4 7 13 25 –70.71 70.71 135.0 4 8 15 29 57 70.71 –70.71 315.0

26 –77.30 63.44 140.6 58 77.30 –63.44 320.6

14 27 –83.15 55.56 146.3 30 59 83.15 –55.56 326.3

28 –88.19 47.14 151.9 60 88.19 –47.14 331.9

8 15 29 –92.39 38.27 157.5 16 31 61 92.39 –38.27 337.5

30 –95.69 29.03 163.1 62 95.69 –29.03 343.1

16 31 –98.08 19.51 168.8 32 63 98.08 –19.51 348.8

32 –99.52 9.80 174.4 64 99.52 –9.80 354.4
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Pinout Diagram

Terminal List Table
Name Number Description

CP1 4 Charge pump capacitor terminal

CP2 5 Charge pump capacitor terminal

VCP 6 Reservoir capacitor terminal

VREG 8 Regulator decoupling terminal

MS1 9 Logic input

MS2 10 Logic input

MS3 11 Logic input

 R̄̄  ̄Ē  ̄S̄  ̄Ē  ̄T̄  12 Logic input

ROSC 13 Timing set

S̄̄  ̄L̄  ̄Ē  ̄Ē  ̄P̄    14 Logic input

VDD 15 Logic supply 

STEP 16 Logic input 

REF 17 Gm reference voltage input  

GND 3, 18 Ground*

DIR 19 Logic input

OUT1B 21 DMOS Full Bridge 1 Output B

VBB1 22 Load supply

SENSE1 23 Sense resistor terminal for Bridge 1

OUT1A 24 DMOS Full Bridge 1 Output A

OUT2A 26 DMOS Full Bridge 2 Output A

SENSE2 27 Sense resistor terminal for Bridge 2

VBB2 28 Load supply

OUT2B 1 DMOS Full Bridge 2 Output B

 Ē̄  ̄N̄  ̄Ā  ̄B̄  ̄L̄  ̄Ē  2 Logic input 

NC 7, 20, 25 No connection

PAD – Exposed pad for enhanced thermal dissipation*

*The GND pins must be tied together externally by connecting to the PAD ground plane 
under the device.

PAD
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DIR
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ET Package, 28-Pin QFN with Exposed Thermal Pad

0.25 +0.05
–0.07

0.50
0.90 ±0.10

C0.08
29X

SEATING
PLANE

C

A Terminal #1 mark area

B Exposed thermal pad (reference only, terminal #1 
identifier appearance at supplier discretion) 

For Reference Only; not for tooling use
(reference JEDEC MO-220VHHD-1)
Dimensions in millimeters
Exact case and lead configuration at supplier discretion within limits shown

C Reference land pattern layout (reference IPC7351 
QFN50P500X500X100-29V1M); 
All pads a minimum of 0.20 mm from all adjacent pads; adjust as 
necessary to meet application process requirements and PCB layout 
tolerances; when mounting on a multilayer PCB, thermal vias at the 
exposed thermal pad land can improve thermal dissipation (reference 
EIA/JEDEC Standard JESD51-5)

28

2
1

A

28

1
2

PCB Layout Reference View

B
3.15

0.73 MAX

3.15

3.15

3.15

0.30

1

28 0.501.15

4.80

4.80

C

5.00 ±0.15

5.00 ±0.15

D

D Coplanarity includes exposed thermal pad and terminals
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