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		  Datasheet File OCR Text:


		  description the a4941 three-phase motor driver incorporates bemf  sensing to eliminate the requirement for hall sensors in fan  applications. a pulse wave modulated (pwm) input is provided to control  motor speed, allowing system cost savings by eliminating  external variable power supply. pwm input can also be used  as an on/off switch to disable motor operation and place the  ic into a low power standby mode. the a4941 is provided in a 16-pin tssop package (suffix lp)  with an exposed thermal pad. it is lead (pb) free, with 100%  matte tin leadframe plating. a4941-ds, rev. 4 features and benefits ? sensorless (no hall sensors required) ? soft switching for reduced audible noise ? minimal external components ? pwm speed input ? fg speed output ? low power standby mode ? lock detection ? optional overcurrent protection ? variant a automotive qualified to aec-q100 grade 2 three-phase sensorless fan driver package: 16-pin tssop with exposed thermal pad (suffix lp) functional block diagram not to scale a4941 charge pump vcp cp1 cp2 ocp 12 v 25 khz timers +v int control logic soft  switch osc startup osc cdcom fcom adaptive  commutation  delay sequencer (direction) 0.1   f 0.1   f outa outb m 3-phase  half bridges outc sense gnd 0.167   10 k  v bb o/c fg fc test pwm slew vbb 10   f ctap gnd bemf comparator outa + ? outb + ? outc + ?

 three-phase sensorless fan driver a4941 2 allegro microsystems, llc 115 northeast cutoff worcester, massachusetts 01615-0036 u.s.a. 1.508.853.5000; www.allegromicro.com pin-out diagram absolute maximum ratings characteristic symbol notes rating unit supply voltage  v bb 20 v logic input voltage range v in pwm, slew ?0.3 to 5.5 v fc ?0.3 to v bb v logic output voltage v out fg v bb v output current  i out peak (startup and lock rotor)  1.25 a rms,  duty cycle = 100% 900 ma operating ambient temperature t a g temperature range ?40 to 105 oc maximum junction temperature t j (max) 150 oc storage temperature t stg ?55 to 150 oc terminal list table name number function cp1 2 charge pump cp2 3 charge pump ctap 12 motor terminal center tap fc 10 logic input fg 8 speed output signal gnd 5, 11 ground outa 15 motor terminal a outb 16 motor terminal b outc 1 motor terminal c pwm 7 logic input sense 14 sense resistor connection slew 6 logic input test 9 test use only, leave open circuit vbb 13 input supply vcp 4 charge pump selection guide part number application packing A4941GLPTR-T commerical/industrial 4000 pieces per 13-in. reel a4941glptr-a-t automotive 4000 pieces per 13-in. reel thermal characteristics  may require derating at maximum conditions characteristic symbol test conditions* value unit package thermal resistance r  ja on 4-layer pcb based on jedec standard 34 oc/w on 2-layer pcb with 1 in. 2  of copper area each side 52 oc/w *additional thermal information available on the allegro website recommended operating conditions characteristic symbol conditions min. typ. max. unit supply voltage  v bb 5 ? 16 v output current  i out peak (startup and lock rotor)  ? ? 1 a run current ?  electrical characteristics  valid at t j  = ?40 to 105c, v bb  = 5 to 16 v*; unless otherwise noted characteristics symbol test conditions min. typ. max. unit vbb supply current i bb ? 2.5 5 ma i bbst standby mode, pwm = 0 v, slew = fc = o/c ? 25 50  a total driver r ds(on)  (sink + source) r ds(on) i = 800 ma, t j  = 25c ? 800 1200 m  overcurrent threshold v ocl 180 200 220 mv pwm low level v il ? ? 0.8 v pwm high level v ih 2??v input hysteresis v hys ? 300 600 mv logic input current i in pwm, v in  = 0 v ?25 ?15 ?5  a slew, v in  = 0 v ?70 ?50 ?20  a fc, v in  = 0 v ?30 ?15 ?5  a output saturation voltage v sat i = 5 ma ? ? 0.3 v fg output leakage i fg v = 16 v ? ? 1  a protection circuitry lock protection t on 1.6 2 2.4 s t off 456s thermal shutdown temperature t jtsd temperature increasing 150 165 180 c thermal shutdown hysteresis t jhys recovery = t jtsd  ?  ? t j ?15?c vbb undervoltage lockout (uvlo) v uvlo v bb  rising ? 4.3 4.7 v *for the A4941GLPTR-T the electrical test is performed at 12 v only and characterized across the voltage range. three-phase sensorless fan driver a4941 3 allegro microsystems, llc 115 northeast cutoff worcester, massachusetts 01615-0036 u.s.a. 1.508.853.5000; www.allegromicro.com

 three-phase sensorless fan driver a4941 4 allegro microsystems, llc 115 northeast cutoff worcester, massachusetts 01615-0036 u.s.a. 1.508.853.5000; www.allegromicro.com functional description the driver system is a three-phase, bemf sensing motor control- ler and driver. commutation is controlled by a proprietary bemf  sensing technique. the motor drive system consists of three half bridge nmos  outputs, bemf sensing circuits, adaptive commutation control,  and state sequencer. the sequencer determines which output  devices are active. the bemf sensing circuits and adaptive com- mutation circuits determine when the state sequencer advances to  the next state. a complete self-contained bemf sensing commutation scheme is  provided. the three half-bridge outputs are controlled by a state  machine with six possible states, shown in figure 1. motor bemf  is sensed at the tri-stated output for each state. bemf sensing motor commutation relies on the accurate com- parison of the voltage on the tri-stated output to the voltage at the  center tap of the motor. the bemf zero crossing, the point where  the tri-stated motor winding voltage crosses the center tap volt- age, is used as a positional reference. the zero crossing occurs  roughly halfway through one commutation cycle. adaptive commutation circuitry and programmable timers  determine the optimal commutation points with minimal  external components. the major blocks within this system are:  the bemf zero crossing detector, commutation delay timer, and  the blank timer. bemf zero cross detection bemf zero crossings are detected by comparing the voltage at  the tri-stated motor winding to the voltage at the motor center  tap. zero crossings are indicated by the fcom signal, which  goes high at each valid zero crossing and low at the beginning  of the next commutation. in each state, the bemf detector looks  for the first correct polarity zero crossing and latches it until the  next state. this latching action, along with precise comparator  hysteresis, makes for a robust sensing system. at the beginning  of each commutation event, the bemf detectors are inhibited for  a period of time set by the blank timer. this is done so that com- mutation transients do not disturb the bemf sensing system. commutation event see figure 1 for timing relationships. the commutation sequence  is started by a cdcom pulse or a valid xcom at startup. after  output state outa outb outc fcom cdcom fg abcdefabcdef figure 1. motor terminal output states

 three-phase sensorless fan driver a4941 5 allegro microsystems, llc 115 northeast cutoff worcester, massachusetts 01615-0036 u.s.a. 1.508.853.5000; www.allegromicro.com the commutation delay period, a cdcom is asserted, starting  the blank timer. the blank signal disables the bemf detector so  the comparator is not active during the commutation transients.  the next zero crossing, detected on the tri-stated output, causes  fcom to go high. this triggers the commutation delay timer  and the sequence repeats. ctap connection pin for motor center-tap if available. if not available  (such as with delta type motors), the null point will be generated  internally. startup at startup, commutations are provided by an onboard oscillator.  these commutations are part of the startup scheme, to step the  motor to generate bemf until legitimate bemf zero crossings  are detected and normal bemf sensing commutation is achieved.  until an appropriate number of fcom pulses are achieved (96),  100% pwm will be applied to the motor windings. standby mode driving pwm low for 500   s causes the ic to enter a low power  standby mode. lock detect valid fcom signals must be detected to ensure the motor is not  stalled. if a valid fg is not detected for 2 s, the outputs will be  disabled for 5 s before an auto-restart is attempted. fg output the fg output provides fan speed information to the system.  fg is an open drain output. pwm input the duty cycle applied to the pwm pin is translated directly  to an average duty cycle applied across the motor windings  to control speed. ? for voltage controlled applications, where v bb  controls the  speed, pwm can be left open circuit. pwm is internally pulled- up to logic high level. ? pwm also can be used as a control input to start and stop the  motor. ? for pwm applications, input frequencies in the range  15 to 30 khz are applied directly to the motor windings. if the  pwm duty cycle is very small, then the ic will apply a mini- mum pulse width of typically 6   s. this minimum pulse width  effects the minimum speed. as a result of having a minimum  pulse width, the ic can startup and operate down to very short  duty cycles. slew input enables or disables soft switching by connection as follows: slew pin connection soft start status gnd enabled open disabled fc input this is the logic input to set force commutation time at startup, by  connection as follows: fc pin connection startup commutation time  (ms) gnd 100 vbb 50 open 200 overcurrent protection if needed, a sense resistor can be installed to limit current. (see  applications information section for more details.) the current  limit trip point would be set by: i ocl  = 200 mv / r s  . when the trip point is reached, if the threshold voltage, v ocl  , is  exceeded, the drivers will be disabled for 25   s.

 three-phase sensorless fan driver a4941 6 allegro microsystems, llc 115 northeast cutoff worcester, massachusetts 01615-0036 u.s.a. 1.508.853.5000; www.allegromicro.com input/output structures gnd gnd 8 v 100 k  vbb 25 v gnd slew vcp gnd cp2 gnd cp1 v bb gnd gnd gnd 8 v 250 k  pwm gnd gnd 8 v test fc fg v bb gnd ctap outa outb outc v bb gnd outa outb outc mos parasitic mos parasitic v bb gnd

 three-phase sensorless fan driver a4941 7 allegro microsystems, llc 115 northeast cutoff worcester, massachusetts 01615-0036 u.s.a. 1.508.853.5000; www.allegromicro.com application information outc cp1 cp2 vcp gnd slew pwm fg outb outa sense vbb ctap gnd fc test 1 2 3 4 5 6 7 8 16 15 14 13 12 11 10 9 pad a4941 m r2 r1 c1 d1 d2 c3 c2 v bb v bb v bb ctap ctap typical application circuit; speed adjusted via vbb name typical value description c1 10   f / 25 v vbb supply capacitor, minimum 10   f,   electrolytic can be used c2,c3 0.1   f / 25 v charge pump ceramic capacitors r2 10 k  fg pull-up resistor, can be pulled-up to  v bb  if required d1 >1.5 a rated optional blocking diode for supply reverse  polarity protection d2 15 v transient voltage suppressor (tvs) r1 0.167   current limiting sense resistor, required for  low resistance motors startup oscillator setting (fc) typically, the 50 ms setting is optimum for motors appropriate  for use with the a4941. if the motor does not produce a proper  bemf signal at startup when power is applied, a longer setting  may be required. slew setting connect slew to ground to enable the soft switching func- tion. for some motors, soft switching may reduce audible noise.  enabling the soft switching function can result in motor stall for  some motors, specifically motors with large inductance that run at  higher speeds. for this situation, there are two potential solutions: ? limit the motor speed by lowering the maximum demand, by  reducing either v motor (max) or the pwm duty applied. ? disable soft switching by leaving slew pin open circuit. current limiting use of the current limit circuit is not required. if motor resistance  (phase-to-phase) will limit the current below the rating in the absolute maximum table, then simply connect the sense pin to  ground. that is: ? if (v bb (max) / r motor  ) < 1.25 a, eliminate r s . ? if (v bb (max) / r motor  ) > i out  (max), the choice of r s  deter- mines the current limit setting; recommended range is  167 m   < r s  < 250 m  . note: for some motor types, use of the current limit circuit may  prevent proper startup due to the effect of the chopping on the  bemf voltage appearing on the tri-stated winding. layout notes ? connect gnd pins (5,11) to exposed pad ground area under  package. ? add thermal vias from exposed pad to bottom side ground  plane. ? place v bb  decoupling capacitor as close to the ic as possible. ? place sense resistor, (if used), as close to the ic as possible.

 three-phase sensorless fan driver a4941 8 allegro microsystems, llc 115 northeast cutoff worcester, massachusetts 01615-0036 u.s.a. 1.508.853.5000; www.allegromicro.com package lp, 16-pin tssop with exposed thermal pad a 1.20 max 0.15 0.00 0.30 0.19 0.20 0.09 8o 0o 0.60 0.15 1.00 ref c seating plane c 0.10 16x 0.65 bsc 0.25 bsc 2 1 16 5.000.10 4.400.10 6.400.20 gauge plane seating plane a terminal #1 mark area b for reference only; not for tooling use (reference mo-153 abt) dimensions in millimeters dimensions exclusive of mold flash, gate burrs, and dambar protrusions  exact case and lead configuration at supplier discretion within limits shown b c exposed thermal pad (bottom surface); dimensions may vary with device 6.10 0.65 0.45 1.70 3.00 3.00 16 2 1 reference land pattern layout (reference ipc7351  sop65p640x110-17m);  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) pcb layout reference view c branded face 3 nom 3 nom

 three-phase sensorless fan driver a4941 9 allegro microsystems, llc 115 northeast cutoff worcester, massachusetts 01615-0036 u.s.a. 1.508.853.5000; www.allegromicro.com copyright ?2010-2013, allegro microsystems, llc allegro microsystems, llc reserves the right to make, from time to time, such de par tures from the detail spec i fi ca tions a s may be required to  permit improvements in the per for mance, reliability, or manufacturability of its products.  before placing an order, the user  is cautioned to verify that  the information being relied upon is current.   allegro?s products are not to be used in life support devices or systems, if a failure of an allegro product can reasonably be  expected to cause the  failure of that life support device or system, or to affect the safety or effectiveness of that device or system. the in for ma tion in clud ed herein is believed to be ac cu rate and reliable.  how ev er, allegro microsystems, llc assumes n o  re spon si bil i ty  for  its  use; nor for any in fringe ment of patents or other rights of third parties which may result from its use. for the latest version of this document, visit our website: www.allegromicro.com revision history revision revision date description of revision rev. 4 december 20, 2012 add information on ctap, automotive variant
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