Allegro- A4930

Single Phase Fan Pre-Driver

Features and Benefits Description
= Synchronous rectification for low power dissipation
= Drives four N-channel MOSFETs

= Internal UVLO and thermal shutdown circuitry

= Hall element input

= PWM current limiting

= Dead time protection

Designed for pulse width modulated (PWM) current control
of single phase brushless fans, the A4930 minimizes external
component count and integrates all the key features required
for high-current fans. Internal synchronous rectification control
circuitry is provided to improve power dissipation in the
external MOSFETs during PWM operation. Internal circuit

: FRGD ?)1111?1)311111 protection includes thermal shutdown with hysteresis, rotor
« Lock detect protection lock, and dead time protection.

= High Vg absolute maximum The A4930 is supplied in a 0.90 nominal overall height,
= Soft start 5 mm x 5 mm, 28-pin QFN with exposed thermal pad, (suffix
= A4930GETTR-T AEC-Q100 qualified ET). It is lead (Pb) free with 100% matte tin leadframe
Package: 28-pin QFN with exposed plating.

thermal pad (suffix ET)

L o

Approximate size
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A4930

Single Phase Fan Pre-Driver

Selection Guide

Part Number

Ambient Operating
Temperature, T, (°C)

Packing

A4930GETTR-T

—40 to 105

A4930GETTR-C-T

—20 to 105

1500 pieces per 7-in. reel

Absolute Maximum Ratings

Characteristic Symbol Notes Rating Units
Load Supply Voltage Vg 36 Vv
Hall Input Vi -0.3t0 6 \Y
Logic Input Voltage Range ViN -0.3t06 \Y
A4930GETTR-T —40 to 105 °C
Operating Temperature Range Ta
A4930GETTR-C-T —20to 105 °C
Junction Temperature T,(max) 150 °C
Storage Temperature Range Tstg -55to 150 °C
THERMAL CHARACTERISTICS may require derating at maximum conditions
Characteristic Symbol Test Conditionsa Value Units
Package Thermal Resistance R, 4-layer PCB based on JEDEC standard 32 °C/W
h . JA . .
(Junction to Ambient) 2-layer PCB with 0.7in2 copper area 65 °C/W
Package Thermal Resistance
: R, b °
(Junction to Case) 0IC 20 cw
aAdditional thermal information available on Allegro™ website.
bEstimated.
Power Dissipation versus Ambient Temperature
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A4930 Single Phase Fan Pre-Driver

ELECTRICAL CHARACTERISTICS? valid at T, = 25°C, Vgg = 12 V, unless noted otherwise

Characteristic Symbol Test Conditions Min. Typ.2 Max. Units
Load Supply Voltage Range Vg Operating 8 12 36 \Y,
Motor Supply Current Izg fowm < 30 kHz, Cy5q = 1000 pf - 5 7 mA
VREG5 Vs load = 10 MA 4.7 5 5.3 \Y
VREGS5 Current Limit IrReEGS 15 - - mA
VREGS5 Load Regulation VReGs Iregs = 1t0 10 mA - 12 30 mV
Control Logic
Logic Input Voltage Ving) 2 - — v

Vi) - - 0.8 \Y

PWM Pin Input Current Iingo) Vin =0, 50 kQ pull-up - -100 - pA
Other Logic Pin Input Current Iingty Vin=3.3 - -34 - pA
Gate Drive
High Side Gate Drive Output Vahx Relative to Vg, VBB =12V 7 - - \
Low Side Gate Drive Output Veix 7 - 8.5 \%
Gate Drive Current Turn-on Ig GHx=GLx=4V - 20 - mA
Gate Drive Pulldown Rps - 40 - Q
Dead Time tbEAD 700 1000 1300 ns
Control
Soft Start Time tss Cp=0.47puF - 300 - ms
Internal PWM Frequency fowm Cpwm = 470 pF 15 21 27 kHz
CPWM Output Voltage Vpp Cpwm =470 pF - 2 - \%
CPWM Low Threshold Vio - 1.5 - \%
CPWM High Threshold A - 35 - \
SIN Input Impedance N - 200 - kQ
Protection
Thermal Shutdown Temperature Tyitsp - 165 - °C
Thermal Shutdown Hysteresis TTSDhys - 15 - °C

Continued on the next page...
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A4930 Single Phase Fan Pre-Driver

ELECTRICAL CHARACTERISTICS! (continued) valid at T = 25°C, Vgg = 12V, unless noted otherwise

Characteristic | Symbol | Test Conditions | Min. | Typ.2 | Max. | Units |
VBB Undervoltage Lockout Enable Threshold Vgguv Rising Vgg - 7.5 7.85 Vv
VBB Undervoltage Lockout Hysteresis VBBUVhys 0.3 0.8 - \
VCP Undervoltage Lockout Enable Threshold Vepuy Relative to Vg, Vgg rising - 5.4 - \Y
Lock Detect On-Time t pon Cp=0.1pF - 1 - s
Lock Detect Off-Time t poff Cp=0.1pF - 15 - s
Hall Logic
Hall Input Current lhaLL V=12V -1 0 1 MA
Common Mode Input Range Veur 0.2 - 3 \Y
AC Input Voltage Range VhaLL 60 - - mVpp
Hall Threshold Vin Difference in Halls at FG transition - 10 - mV
Hysteresis Width Vhvs 5 20 35 mV
Pulse Reject Filter tcp 1 2 3 us
Commutation Delay Vpy Rcpel = 50 kQ - 50 - mV
FG and RD Outputs
Output Saturation Voltage VoL I1=2mA - 0.27 0.4 Vv
Leakage Current Von V=5V - - 1 pA

1For input and output current specifications, negative current is defined as coming out of (sourcing) the specified device pin.
2Typical 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.
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A4930

Single Phase Fan Pre-Driver

Functional Description

VREGS This pin should be decoupled with a 0.1 uF capacitor
to ground. VREGS can supply up to 15 mA, which can used to
power the external Hall element.

VREGS This pin should be decoupled with a 0.1 uF capacitor to
ground. VREGS is used to power the low-side gate drive circuits.

Charge Pump The charge pump is used to generate a supply
above Vg to drive the high-side MOSFETs. The VCP voltage
is internally monitored, and in the case of a fault condition, the
outputs of the device are disabled.

Lock Detect The IC detects a locked rotor condition by checking
to ensure that the FG output signal is continuously changing. The
length of time allowed for a stoppage before evaluating a locked
condition, t; p, is set by capacitor connected to CLD pin. C; , pro-
duces a triangle waveform with a frequency that is linearly related
to the capacitor value. The definition of t; 1, is defined as 8 cycles
of this triangle waveform, and its value can be calculated as:

tip = Crp x (108 /pF) . (M
If an FG transition is not detected within t; pp, the IC will disable
the appropriate source driver and hold both sink drivers on. The
circuit will automatically retry with a 15:1 ratio of off-time to on-
time. An RD pin logic high indicates this fault condition.

Current Limit and Soft Start To minimize demand on the

power supply, peak current is controlled. Initially, with the fan

at a stand-still, the turn-on of the bridge results in current rising
according to the L/R time constant of the motor. To prevent over-
stress, this peak current is regulated by an internal PWM control
circuit. When the outputs of the full-bridge are turned on, current
increases in the motor winding until it reaches a value given by:

Itrip = VREF/ 5 ¥ RSENSE - 2
The Rgpnsg value should be chosen to keep the peak sense voltage
within the range of 200 to 500 mV, according to the relationship:

Rgense <500 mV / lpppp 3)

At the trip point, the sense comparator resets the source enable
latch, turning off the source driver. At this point, load inductance
causes the current to recirculate for 50 ps.

A soft start capacitor, CSS, can be connected to the SS pin to set
the rate for slowly ramping-up the load current to the maximum
value, according to the relationship:

tSS = (CSS X VREF) /3.3E-6 . (4)
In this case the current limit will likely not be achieved and there

will be less demand on the input power supply. If this feature is
not utilized, the SS pin should be left open.

Synchronous Rectification When a PWM off-cycle is triggered,
load current recirculates. The A4930 synchronous rectification
feature turns on the appropriate MOSFETs during current decay,
and effectively shorts out the body diodes of the low Rpyg oy
driver.

TSD If the die temperature exceeds approximately 165°C, the
outputs will be disabled until the internal temperature falls below
a hysteresis level of 15°C.

Shutdown In the event of a fault due to excessive junction
temperature, or low voltage on VCP or VBB, the outputs of

the device are disabled until the fault condition is removed. At
power-up the UVLO circuit disables the drivers until the UVLO
threshold is reached.

CPWM This capacitor sets the frequency of the internal PWM
circuit. The value is typically from 15 to 30 kHz.

PWM The IC accepts a direct input PWM signal with a level in
the range from 0 to 6 V. The duty cycle, DC, of the input to this
pin is converted to an analog voltage that is output on the SIN
terminal as follows:

If the PWM input is not used, then leave this pin open circuit.
Direct external PWM control can be utilized by applying the
signal to the SIN input (refer to the Applications Information sec-
tion). This can be implemented to create different PWM input to
PWM output transfer functions.
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A4930

Single Phase Fan Pre-Driver

SIN An analog voltage input to this pin sets the duty cycle applied
to the fan winding. For temperature-based systems, connect SIN
to a thermistor output. For systems with direct input to the PWM
pin, the pin should be decoupled with a 0.1 pF capacitor. If vari-
able fan speed is not required, for 100% duty cycle, connect this
pin to GND. The input impedance is 200 kQ (referenced to a

3.5 or 1.5 V rail).

SMIN An analog voltage input to this pin sets the minimum speed
duty cycle to the fan winding. The PWM comparator chooses
either SIN or SMIN to determine the output duty cycle, which-

ever is set to a lower voltage. For 100% duty cycle applications,
connect this pin to GND.

CDEL A resistor connected between this pin and GND sets
the level at which the A4930 switches to slow decay mode in
advance of the Hall zero crossing as shown here:

Veper = (2950 / Repg) —7mV. - (mV) (6)

The resistor should be 25 to 100 kQ. If this feature is not used,
the CDEL pin should be pulled up to Viggs with a 5 k€ resistor.

LD
FG
HP =~ o Vin(1) =Vip = Vi = 10 mV (Typical)

MON AN L Vih(2) = Vi = Vigp = 10 mV (Typical)

0 Veped(1) \ K Vepe(2) \7 A V:-le Z V(1) + Vi (2) = 20 mV (Typical)
--\-* Vin(1) / XY th(2)

\ \ Yo I\
HN S——
SA
SB

teDEL —»! «—
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A4930

Single Phase Fan Pre-Driver

Applications Information

Overvoltage In a typical fan application, there is a blocking
diode that prevents currents from flowing back out of the fan
assembly to the 12 V supply. When the fan commutates before
the current has decayed to zero, the current charges up the VBB
bypass capacitor.

The larger the bypass capacitor, the less the voltage overshoot.
Typically, a clamp diode is required to dissipate energy from the
inductive kickback to avoid exceeding the maximum rating for
Vgp, 36 V.

Layout Small form factor PCBs present a layout challenge for
the application. The layout would be restricted by the placement
of the Hall element, the location of the motor connectors, and the
common requirement that all components be placed on one side
of the PCB. For optimum results, consider the following recom-
mendations:

* Place the external MOSFET bridge close to the power connec-
tor. The bridge includes two dual N-channel MOSFETs, a sense
resistor, and a power supply capacitor. This will keep the large
current flows in one area of the PCB and avoid ground loop
problems.

* Keep the sense connection to the power bridge as short as pos-
sible. This can be achieved by positioning the MOSFETSs next to
each other, and by connecting the source of the sink side MOS-
FETs via a short trace, preferably on the surface of the PCB,
under the MOSFETs. A short trace here would minimize voltage
spikes due to inductance in the path, where currents switch at
high di/dt.

* Place the power traces from the MOSFETs to the motor con-
nector on the opposite side of the PCB. If possible, on that side
isolate the power traces by ground traces in order to minimize
interference with other signal traces due to the high dv/dt of the
power traces.

* Locate the A4930 to minimize the length of the GHx/GLx/Sx
traces to the power stage.

* Connect the GND pins of the A4930 to the exposed pad. Use
vias under the IC case to connect the exposed pad to the ground
plane on the opposite face of the PCB.

External PWM Refering to the figure below, if external PWM

control is being used, the high voltage level is set by R1, R2, and

R3. The low voltage level is set by R1 and R3.

0.1 uF —L I
R1 - PWM
10 kQ l Control
—AW = Logie
—L 0.47 uF T
pwm  R2 T
— 5kQ
Duty In R3% =
8.2kQ
PWM control using External PWM input
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A4930

Single Phase Fan Pre-Driver

Pin-out Diagram
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Terminal List
Number | Name Description Number | Name Description
1 VREGS | Regulator decoupling terminal 16 GLB | Low-side drive for external N-channel MOSFET
2 CLD Capacitor to set Lock Detect Time 17 GLA | Low-side drive for external N-channel MOSFET
3 FG FG output, fan speed indicator (open drain) 18 VREGS | Gate drive supply
4 RD (I?rlzirc:;tput, high for locked rotor condition (open 19 SB High-side source connection
5 HP Hall input positive 20 GHB | High-side drive for external N-channel MOSFET
6 HN Hall input negative 21 SA High-side source connection
7 CDEL | Commutation delay 22 GHA | High-side drive for external N-channel MOSFET
8 PWM | PWM input 23 GND | Ground
9 CPWM | Capacitor to set internal frequency 24 CP1 Charge pump capacitor terminal
10 SIN Speed analog input/adjusted PWM output 25 CP2 | Charge pump capacitor terminal
1 SMIN | Minimum speed analog input 26 VCP | Reservoir capacitor terminal
12 SS Connection for soft start capacitor 27 VBB | Supply voltage
13 VREF | Current limit setpoint 28 NC Not connected
14 GND | Ground Thermal pad, connect to GND plane with vias to
- Pad
15 SENSE | Sense resistor connection bottom of PCB
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A4930

Single Phase Fan Pre-Driver

29X @

Ql0.0Bl Cl_._

Package ET 28-Pin QFN with Exposed Thermal Pad

0.30

5.00 +0.15

1.15 — —>| |=— 050

|
Fﬂl% y

[00A00E

7_'_7

AN

HUUL
AArN

- -15.00£0.15 —1 — 3.15| 4.80

Haoouy

il
U0
1HHH

: O

| Y '
C -

! SEATING 4.80
minlmlulninlin PLANE

+0.05

| |
i niemie e
| | T_ A PCB Layout Reference View
0.25 7 —>1 == 0.90 £0.10
50 |-

For Reference Only
(reference JEDEC MO-220VHHD-1)

U U U U U U U Dimensions in millimeters

+0.20 J

055 5710

QUUUMUUU

) Exact case and lead configuration at supplier discretion within limits shown
A Terminal #1 mark area

-| 315 Exposed thermal pad (reference only, terminal #1
identifier appearance at supplier discretion)

NNNNNNN

~ § \i & Reference land pattern layout (reference IPC7351
NNNN 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

\/

3.15 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)

@Coplanarity includes exposed thermal pad and terminals
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A4930 Single Phase Fan Pre-Driver

Revision Change Pages Responsible Date
2 Revised Operating Temperature Range 2 R. Fennelly February 26, 2014
3 Revised Features and Benefits 1 R. Fennelly March 12, 2014

Copyright ©2008-2014, Allegro MicroSystems, LLC

Allegro MicroSystems, LLC reserves the right to make, from time to time, such departures from the detail specifications as may be required to
permit improvements in the performance, 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 any devices or systems, including but not limited to life support devices or systems, in which a failure of
Allegro’s product can reasonably be expected to cause bodily harm.

The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, LLC assumes no responsibility for its
use; nor for any infringement 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
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