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1. Scope

This application note provides a method to determine the power dissipation in Melexis Two Coil fan driver
ICs. Rather than giving complex formulas requiring long calculations which increase the risk of errors this
application note provides practical and usable solutions to perform accurate estimations. General theory
and steps of simplification are explained, so that the reader keeps the understanding of the contents and
formulas.
The method described here is completed with two concrete examples based on Two-Coil fan driver:

O US91A — High Voltage Fan Driver

O US65 — Low Noise High Output Current Fan Driver

To use this document, it is recommended to the reader to prepare in advance some informatien and data
based on the application:
U Latest datasheet of the Melexis Two-coil fan driver used (www.melexis.com)
O Oscilloscope pictures showing OUT1 or OUT2 voltage and the fand€urrent,consumption
Ipp during normal rotation of the fan
U Average current consumption of the fan during rotation

2. Related Melexis Products
Two-Coil Fan Drivers IC:

O Using “VDD” design
= US65/66 — Low Noise High Output Current Fan Driver

U Using “No-Vpp” Melexis patented design

» US79 — Smart Fan Driver
= US62 / US63&Generic FamDriver
= US890/ US891"3High“@utput‘Current Fan Driver
= US90A/US91A —High Valtage Fan Driver
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4. Power Dissipation factors

The total IC power dissipation in a Two-coil fan driver is the sum of four major factors:
O Static input supply
O Output driver “ON” state
O Output switching loss
O Logic output driver (depends on device — FG, RD or none)

4.1. Pgyp — static input supply
Psup represents the “static” power dissipated by the IC itself.

O Vpp design
The static input power Pgyp is equal to the voltage applied on the Vpp pin multipliedyby,the static supply
current flowing through the Vpp pin:

Pour =Vop - Ipp (1)

O No-Vpp design
In No-Vpp design, there is no direct Vpp pin on the IC because the supply voltage is recovered through the
switched off output driver. This enables to fit the device into a smaller package.
During normal rotation of the fan, the output voltage when the driver is\switched,off is the sum of the Vpp
voltage (applied on the coil common node) plus the electro-mative force (EMF) veltage naturally induced
by the fan coil. The EMF is a sinusoidal voltage with amplitude proportional to the rotation speed.

Fig.1 illustrates the output voltage shape during normal rotation andishows the EMF effect:

EMF
v} \/

DD

-t .

T2

T

Figuré I — illustration of ane output voltage with a Two-coil fan driver

The formula to calculate Psyghshouldybbe an integral as the resulting supply voltage varies in time.
However, we can simplify ittand avoid the use of integral by determining with a simple method the
resulting supply veoltage.

To do so, wefassume the<resulting supply voltage on one output during half a period T/2 is a half
sinusoidal shape with amplitude'equal to Vegyr and offset by Vpp, as shown in Fig.2a. Taking into account
that we have'two outputsiwhere the supply voltage is recovered and that they are complementary, the
resulting'supply voltage Vsue is the average value of the rectified sinusoidal shape shown in Fig.2b.

Vewr Vewr — ""O}{Tj 777777777777 ?Ljf 77777777777 Average
Voo Voo = Vsup
S

) > - -
T/2 ‘ T/2
T < T >
(a) — resulting supply voltage with one output (b) — resulting supply voltage with both outputs

Figure 2 — Simplification to calculate the supply voltage Vsyp
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That is, the resulting supply voltage Vsyp over time can be written as:

(27t
(VEM -V, )-sm[ T j

We can now calculate the resulting average supply voltage Vsye.
Given that the average value of a rectified sinusoidal shape with offset y(t) = offset + |A sin(2at / T) over
its period T is roughly equal to (0.64 x A) + offset, or:

) T .
%-L{A-sin(?j +0ﬁset]dt:%-jo {A-sin[zz tj+0ﬁ‘set]dt

= oﬁ‘set+g - A = offset +0.64- A
/4

VSUP (t ) =Vpp +

We can thus calculate Vgyp by using the same principle and replacing offset = Vpp and A = (Veye® Vpp)

Therefore, the resulting average supply voltage Vgyp is:
Vsup = Vpp +0.64- (VEM —Vop ) (2

The EMF amplitude depends on the stator construction: in general ittwouldlockyas Fig.1, but on some
fans it might be very flat. The latter is not a problem as the formula uses difference Vemg — Vpp, if this is
close to zero, the resulting average voltage Vsye is equal to about the supply voltage Vpp.

The performance graph given in the device datashéet needs t0"betused to know the average supply
current Igyp at an input voltage Vgye.
The power dissipation Pgyp is so:

Povp =Veup - Lsyp (3)

4.3. Psar — output driver “ON’ state

Psat represents the power dissipated duejto thencontinuous current flowing through the switched on
output driver. This is calculated by knowing either the output saturation voltage or the output driver
resistance. Using the outpudbdrivenresistance is'generally easier as it is directly given in the performance
graph of the device’s datasheet.

Pour =Var Loaneon £(8)

or

2
Por &R pson 3 L ranconn A5)

4.4. Pswiten,— output switching loss
Psdirch represents the, power dissipated when the output switches its state.

O Typical Two-coil design

When thetoutput switches from on to off, the rapid change of the coil current generates a high voltage
spike on the output voltage (which could easily reach more than 100V) due to the inductance
characteristics:

U, =L- ﬂ

dt

However, the fan driver includes a voltage clamp which limits this voltage spike at a much lower value.
This value is defined by the output clamping voltage parameter in the datasheet. The above formula also
means that the output voltage is clamped until the derivative of the coil current is null.
Since the current during the clamping event varies in time, we should theoretically use an integral
calculation to obtain the power dissipated in one output driver, as:
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1 tcramp
P:F'jo [VCLAMP'IO(Z)]‘dt

VCLAMP

/ Fig.3 illustrates the output clamping event, showing output

Output voltage voltage and current.
To calculate this power dissipation, we can make the
Ea_m; approximation that the output current decreases linearly from a
lo maximum value lp to zero for an output clamping duration of
Outbut current tcamp- During this period, the output voltage is clamped to the

° “output clamping voltage” Vgawvp-

Figure 3 — Output clamping event
This approximation enables to re-write the power dissipated in one output d

I, t
P=V 2o lcramp
CLAMP 2 T
Because of the two output drivers, the clamping event occurs twice in
Hence, the total output switching loss Pswrch is:

t
Powiren = Verar 1o CL;,MP (6)

U “Soft Switching” Two-coil design

In Two-coil fan driver using the soft switching tech th

increased. It reduces the voltage spikes

ise and fall times of the output voltages are
se the current value is smoothly changed.

the fan coil by using a linear ramp voltage shape
propo al to time ¢ makes the output current not decreasing

following a linear shape as in Fig.3 but with a square factor 12,
use of the integration by the inductance. It is illustrated in

Output voltage

When the output clamping voltage is not reached, the output
current equals to zero when the output voltage peaks to its
maximal value Vomax-

Output current

hing event without

—t-R

The integral of this formula is obviously complicated. Moreover, even if measuring the DC resistance R of
the fan coil is an easy task with a simple multimeter, it is unlikely to know the inductance L as it
necessitates the use of an inductance meter, rarely available.

It is however possible to find a close and simple approximation of the current shape by using a
cosinusoidal function:
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2.7
I =1, cos -t
SIOPE( ) ’ (4 ) txlope ]

In the above approximation, the motor time constant is discarded from the calculation. In fact, the

L
simplified formula is very close to the original formula when the motor time constant Eis greater than

300us. This is generally the case for low and medium speed fans using ferromagnetic core in the stator
construction.

For high speed fans without ferromagnetic core, the motor time constant tends to be much less. In this
case, the current shape would be much a linear decrease than exponential.

In this sense, the given formula can be seen as a worst case.

Knowing that:

1 Liope t 2.7
P—?-L {VOM l_j I, '005{4

O max 2
T

slope ’ tslope a

t )
'tj dt=V, . 1,4 e 200 -2)

We conclude that the power dissipation generated by the soft switching\forthe,2 output drivers:

t‘voe 4(7[_2) t‘voe 1
PSWITCH:VOmax'IO' ITP ’ 2 zVOmax'Io'%'m (7)

Note that the equation 7 is only taking into accountithe power dissipated during the rising edge of the
output voltage. To be accurate, we should also inelude‘the power dissipated during the falling edge of the
output voltage as well.

Vonax However, the power dissipated during the falling edge
D\ v of'the output voltage can generally be neglected as it
Output voltage - quite,small compared to the power dissipated during
the rising edge of the output voltage, as illustrated in
oy t Fig.5.

L IQ 'soft
Output current / This is mainly explained because of the motor time
constant which makes the current rising relatively

slowly. Therefore, the multiplication of output voltage
by output current during this period leads to very
Y < . small power dissipation.

Figure 5 — Pawer dissipation difference between

rising and falling edge ofithe output voltage

The power dissipated during the falling edge of the output voltage would be greater when the ratio slope
over motor time constant becomes rather important. It can occur with high speed fans without magnetic
core (ite. dow inductance = low motor time constant) but is unlikely with typical medium and low speed
fans.

4.5. PLocic — logic output driver

O RD (Rotation Detection) output version
During rotation, the RD output driver is kept on. Hence, the power dissipated by the RD output driver
equals the RD output saturation voltage multiplied by the RD output current, defined by the pull-up voltage
and pull-up resistor:

Procic = Vepsa * Irp (8)

O FG (Frequency Generator) output version
During rotation, the FG output pin follows the Hall signal and alternates between the on and off state. The
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FG driver is switched on for half the period. Therefore, the power dissipated is 2 times lower than when
using an RD output driver:
P — VFGsar I FG (9)
L

oGic =
2

In practise, we could neglect the power dissipation P ogic. Assuming the worst case where Vgpgyt = 0.5V
and Igp = 20mA, which represents a power dissipation of just PLogic = 10mW. Using the FG output, it
would be even 5mW.

5. Calculating the IC power dissipation

With the different equation depicted in the section 4, it is now easy to calculate'the,IC powerdissipation
and thus to determine the IC junction temperature.

It was mentioned that consulting the performance graph of the device’s datasheét'is required for several
IC parameters like Supply Current Ipp and Output Driver ON @Resistance“Rpson. However, these
parameters also vary with the junction temperature. Therefore, the caleulation is more likely to be done by
several refining steps. This effort can be minimized by taking from\thegsbeginning some worst case
condition:
O the Supply Current Ipp decreases with the temperature so'the worst case is at lower temperature
2> use the value at the operating ambient tempetatare,withoubineed,to refine the calculation

O the Output Driver ON Resistance increases withitemperature
= use the Rpson value for a higher temperature than theleperating ambient one as the junction is
always higher

For example, if the IC operates at 50 ‘degree, ambientitemperature with a large output current, it is
expected that the IC junction temperature ‘weuldibe much higher. To reduce the time needed for the
calculation, we should use the supply cutrent Ipp,at 50°degree and the output resistance Rpson at higher
temperature like 75 degree for example.

5.1. Pp - Total ICpowerdissipation
The last operation to galculate the totallGfpower dissipation Py is to sum the power dissipation factors:
PD = PSUP + PSAT + PSWITCH + PLOGIC (1 0)

5.2. Ty - IC Junction‘temperature
The basiesfermula’ef an IC power dissipation calculation is:

T, =1L

THja
where:
Pp is the total IC power dissipation
T, is the IC junction temperature
T, is the operating ambient temperature
Rrhia is the package thermal resistance junction to ambient

Reversing this formula, we can determine the IC junction temperature:
TJ:PD'RTHja+TA (11)

Based on this result, it can be checked if the application is running under safe conditions, meaning below
the maximum values given in Melexis product datasheets.
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6. Calculation examples

6.1. US91A application — “No-Vpp” typical design

O Application-based data

B 200v/ @ 5009/ o 80002 2008/ Stop £ @ 510V B 200v/ @ 500%/ ¢ 10008 500 Ao & @ 510V
| — |
|
W W :
l ™
N
|
|
4’ ‘
Q!C}JIT 77777777777777777777777777777777777777 IPVOUT :
IR N T ARTART
g v \
S A AN A -l -
\ [ T
\ | —
N,
\\\ ‘ ,/
— T
410D 410D |
Measurement Menu ‘
Max(3): 68.10V | Period(3): 9.70ms | Max(4): 152.4mV. | AX = 69.0000us | 1/AX 14. 493kHz ] AY = 147.50mV |
~  Source +d Select: J Measure Clear Settings Thresholds «  Mode - Source Y2 L) Y1y2
10D Max Max Meas ~ ~ Normal 147 5mV
(a)_VCLAMP: PeriodT&Io _tclamp &Io

Figure 6 — US91A osc

Nominal voltage
Peak Current Consumption
Nommal Current Consumption

Operating Temperature
Output Switching Period
Output Clamping Voltage V
Output Clamping Duration tcLamp = 69us
Veue = 35V

RTHja = 200degNV
5V

10kQ

(Ve =Vipp ) =24+0.64-(35-24) =31V

the US91A datasheet 2 Ipp = 1.7mA @ 31V & 25°C
an observe that Ipp decreases with the temperature - the value given at 40°C represents a
worst case so we use it for the calculation.

Py =V Iy =31V -1.7mA = 53mW

Output Driver “ON” state:

As a first guess, let’s assume the US91A junction temperature is around 50 degree due to the
110mA current consumption.

- Rpson = 1.5Q at 31V & 50°C
Pyy = Ryeon - 1,° =1.5Q-0.110° = 19mW
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Output Switching Loss:

From the application data, VgLavwp = 68V, toLavp = 69us and T = 9.7ms (measured on Fig.6).

Poyrrern = Veramr 1o Jaawr _ 68y .150mA- 0Ous _ 73mW
T 9.7ms

Logic Output Driver:

With 10kQ pull-up resistor tied to 5V, the maximum current flowing through the RD driver is
0.5mA.

P, ocic =Vensar “ Irp = 0.5V -0.5mA = 0.25mW
As we can see, this value is even less than 1mW so it can easily be neglected.

P, =Pyp + Py + Poyrrens (£ Pogic ) = 53mW +19mW + 73mW (+ 0.25mW
T, =P, Ry, +T,=145mW -200deg/ W + 25deg =54 deg

The calculation firstly leads to a junction temperature T, = 54deg in the applica

At this step, using the value of Rpson assuming T,=54 degree instea uld be needless as
j to conclude the safe
operating of the device and eventually anticipate parameters dri
As a rule of thumb, performing any re-iteration should b ne onlyji ifference between assumption
and result is higher than 5 to 10 degree.

The result shows the US91A is safely used in thi N
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6.2. US65 application — “Vpp” & Soft Switching design

(1) a @ 1oov/ @ 500v/ - 8000 2008/ Stop £ E 525V a B 1oov/ @ 5000/ g 00s 5008/ Stop £ @ 140V

/

/\ I\ A \“‘““———5__

L . s -
. J )
PVOUT— PVOUT e’

A s A~ p—" . E——
VAR VAR SN / .
u ‘ L

410D o
Period(3): 12.22ms | Max(3): 26.78V | Max(4): 110.8mV. ) AX = 193.000us | 1/AX = 5.1813kHz | AY(4) = 110.00mV ]

-« Source 43 Select: Measure Clear Settings Thresholds «  Mode - Source X Y D Yl O Y2 ') Y1 y2
| DD Max Max Meas ~ ~ Normal 1DD v 0.0V 110.0mV

(a) = Period T, Voma: & Io (b) — gy Io

Figure 7 — US65 oscilloscope measurem

Nominal voltage

Peak Current Consumption

Nominal Current Consumption

Maximum Current when output switches off

Operating Temperature

QOutput Switching Period

Maximum Output Voltage

Output Slope Duration

FG pull-up voltage

FG pull-up resistor

O Calculatio

Static Input Supply:
From the US6 p=~3mA @ 12V & 60°C
Py, = 36mwW
Output Dri

DSON DDcontz =1.2Q-0.070° = 6mW

Outpu itching Loss:
From,the application data, Vomax = 26.7V, tsope = 193us and T = 12.2ms (measured on Fig.7).
1 193 us 1

tsoe
Powircr = Vomx 1o I; ‘2—15=26.7‘110mA~12 2ms'2_15:

22mwW

Logic Output Driver:
With 10kQ pull-up resistor tied to 5V, the maximum current flowing through the FG driver is
0.5mA.

Vi Lrg _ 05V -0,
Puogie =241 = 0V 205mA =0.12mW

As we can see, this value is even less than TmW so it can easily be neglected.
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Py = Pyp + Py + Poyren (+ Progie ) = 36mW +6mW +22mW (+0.12mW ) = 64mW
T, =P, Ry, +T, =64mW -150deg/ W + 60deg = 69.6deg

The calculation leads to a junction temperature of 69.6deg in the application.

As in the previous example, it was used the value of Rpson @assuming T,=70 degree and the initial result is
69.6 degree which is quite close so there is no need to perform any re-iteration.

The results shows the US65 is safely used in this application.

7. What to do if the results exceed the device specification ?

In case the calculation leads to a junction temperature higher than the device’s absolute maximum ratings
(generally 125 degree), it means the application is unsafe: the device maygdbe damaged or there could be
an important drift in some parameters leading to an application failure.

In order to operate within safe conditions, several possibilities can bé explered:
U Reducing the operating temperature range
O Reducing the output current by increasing the number©f,turns on thie coifwindings or by using
smaller wire diameter
4 Improving the thermal resistance junction to ambient of the package

The two first points are directly related to the fan spetificatiomiand design.

The third point could be achieved by using another package with better thermal performance or by more
accurate measurement of the package thermal resistance imythe customer system since it depends on
some variable such as PCB type (singlefommulti-layer)iand copper track design as the most important
ones. However, this last option is rarely usedhasiityrequires fong research and development phase.

8. Conclusion

A simple and practical method to‘estimate the power dissipation in two-coil fan driver has been presented
in this application note,Alhe goal is'toydetermine if the device operates within safe limits in the application
by checking if the jungtion temperatureisfbelow the value given in the datasheet.

Other operations’can, be ‘performed by reversing several equations. For instance, the maximum output
current couldde determined'whefe the maximum junction temperature would be reached.

If you have any. gquéestion or‘néed for application support, please do not hesitate to contact Melexis.
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9. Disclaimer

1) The information included in this documentation is subject to Melexis intellectual and other property
rights. Reproduction of information is permissible only if the information will not be altered and is
accompanied by all associated conditions, limitations and notices.

2) Any use of the documentation without the prior written consent of Melexis other than the one set forth
in clause 1 is an unfair and deceptive business practice. Melexis is not responsible or liable for such
altered documentation.

3) The information furnished by Melexis in this documentation is provided ’as is’. Exceptias expressly
warranted in any other applicable license agreement, Melexis disclaims all warfanties, either express,
implied, statutory or otherwise including but not limited to the merchantability, fithess fotla particular
purpose, title and non-infringement with regard to the content of this documentation.

4) Notwithstanding the fact that Melexis endeavors to take care of th€@ concept and content of this
documentation, it may include technical or factual inaccuracies or typegfaphical“errors. Melexis
disclaims any responsibility in connection herewith.

5) Melexis reserves the right to change the documentation, the specifications,and ‘prices at any time and
without notice. Therefore, prior to designing this product ifto a system§ it is‘Aecessary to check with
Melexis for current information.

6) Melexis shall not be liable to recipient or any third partyafer any‘damages, including but not limited to
personal injury, property damage, loss of profitsgloss af,use; interrupt of business or indirect, special
incidental or consequential damages, of any kindylin connection with or arising out of the furnishing,
performance or use of the information in thisdoeumentation:

7) The product described in this documentation 'is, intendedifor use in normal commercial applications.
Applications requiring operation beyend rangesy, specified in this documentation, unusual
environmental requirements, or high reliability_applications, such as military, medical life-support or
life-sustaining equipment are specifically“net recemmended without additional processing by Melexis
for each application.

8) Any supply of products byyMelexis will“be governed by the Melexis Terms of Sale, published on
www.melexis.com.

© Melexis NV. All rightsfreserved.

For the latest version of this document, go to our website at
www.melexis.com

or for additional information contact Melexis Direct:

Europe, Africa: Americas: Asia:
Phone: +32 1367 0495 Phone: +1 603 223 2362 Phone: +32 1367 0495
E-mail: sales europe@melexis.com E-mail: sales usa@melexis.com Email: sales asia@melexis.com

ISO/TS 16949 and 1ISO14001 Certified
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