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Abstract— this paper presents several charge - discharge
blocks for gate driver circuit of a high side autonotive power
switch. A comparison of these topologies regarding
electromagnetic emissions is achieved.

l. INDRODUCTION

In nowadays automotive circuitry an important rade
played by the power switch. This is used to driféeent
types of loads, from bulbs to leds. This papep&iged on a
new technique to charge the gate of a high sideepswitch
for a good EMC behavior. Three different commanduiis
are analyzed and simulated in order to estimateldhe
frequency electromagnetic emissions.

.  HIGH SIDESWITCHIN AUTOMOTIVE

The power switch is present in the automotive
environment to drive different loads as led, bubsotors.

The most common power switch is the double diffusecfi

MOS (DMOS) transistor, for the advantages thatfierg
compared to bipolar transistor [1-6].

A vertical structure is used because it can sudtage
voltages and high currents. Its disadvantage it diiahe
DMOS devices on a wafer have a common drain. lo aut
motive applications this is not a problem becausasistor
drains are always connected to the battery [1-3].

As the switching topology we use the high side
configuration. The advantages are that the high puower
switch is a 1 wire system; the short to ground cadlestroy
load and load corrosion is unlikely. A high sideitstv is a
device which is connected between the batterydimeload.
The main disadvantages are that it is less robwgh
distributed ground and it has a more complex desig
meaning it is more expensive. [1-3]
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generally an emission source. In the low frequesmgctre
will appear harmonics of the switching frequencyo T
diminish these harmonics, which cause emissionsneesl
to reduce current slew rate. Due to power lossesldw rate
cannot decrease too much. Hence a trade-off betluserof
power and emissions is desired.

The charging/discharging current of the power dwitc
gate is, typical, constant in automotive applicadidl]. A
high current, used to drive the switch gate in ortte
minimize power losses, determines sudden variationghe
output characteristics of the switch, as showfim 1. The
sharp corners that can be observed on the outpug ¢om
Fig.1 are responsible to large emissions. The powee$oss
are influenced by the increase/ decrease slopkeobtitput
voltage, only. Small currents correspond to thepout
voltage time diagrams corners and a larger curient
preferred for the transition period. Based on tiservation
we propose to charge the switch gate by three rdsthusing
ifferent currents.
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Fig. 1 Turn on and off transition
Turning on and off the switch produces interferance
with a wide frequency spectrum, that are generatedhe
internal circuitry. The use of Fourier transforroat enables
these signal forms, which are periodic in timeb¢oanalyzed

Electromagnetic compatibility (EMC) has become veryin the frequency domain. From the fundamental feeqgy of
important in the last years due to the more andemorthe signal up to the first corner frequency fg¥ traph of

electronics in a car and the continuous shrinkirfigthe
devices. EMC can be defined as “the ability of ktteonic
system to function properly in its intended electagnetic
environment, and to not contribute interference otber
systems in the environment.”[5].

The pulse width modulation (PWM) mode, when the
switch is turned on and off with a certain frequenis

the spectrum is parallel to the frequency axiseAthe first
corner frequency, the amplitude reduces by 20dBdieap
to the second corner frequency fg2, from wherespieetrum
falls off by 40dB/decade [2].

The first pole, fgl, is given by the PWM switching
frequency, whiles the second pole, fg2 is giverth®y turn
on/off times. If we have a longer turn on/off tirf@maller



slew rate) the second pole moves to the left. fe a@e have charging current to o larger value to ensure tlesv slate
edge shaping the decreasing rate after the secoledip parameter.

increasing, meaning that we will have smaller einiss The third topology will be an improvement of thesed

i —r‘ T one, because the charging current will not jusstepped,
amptituge | || ||| ]]] ‘ | 7L | 4,‘| but will increase linearly to the slew rate valtiés giving us
] T lower emissions.
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A. Congtant current topology

As already stated this topology uses a constan¢muto
charge the gate of the power transistor. A consepématic
is presented ifrig. 4.

The |_SR_bias current that will be mirrored outhagin
m factor, by the current mirror MP1:MP3. MP2 trasai is
giving the current for the discharge path.

—_— 5505 When we have ON command we close the switch SW1
and let the |_SR_bias current multipliedacharge the gate
Fig. 2 Freguency spectrum of the double diffused power transistor (MD).
. GATEDRIVERPRINCIPLE Receiving an OFF command will open SW_1 and close

The power switch device needs a driver circuitritheo to tSrX\r/Eizstso? J(dl\w/lalzlg)]e MD gate will be discharged byNMOS

turn it on and off and to keep it in the safe ofirgparea. A
concept schematic of this circuit is presentelim 3 [1]. I_SR_bias is such chosen in order to assure therake

The charge pump block was figured to show that theOf the device (here comes the name SR).

driver circuit is supplied between the charge pumjtages The constant current is chose to ensure the slenofa
VCP and OUT. the power switch.

The turn off block is driven by the enable channel B, Seoned |
command which will discharge the gate with a camsta — epped current topology
current. We also have a fast discharge in casevef o  This topology in an improvement of the constanteutr
temperature. Théurn on block is sinking current from the one, because we charge the gate with a small ¢usenve
charge pump and is sourcing a constant curremietgate of ~ Will have more rounded edges, and after the voltagehe
the power device. current) at the output raises we will commute te targe
Lo ) ) current. The large current is chose so that torenthe slew
Thecurrent limiting block is reading a sense voltage on aate and the small current so that to ensure lewessions.
sense resistor and if this increases over a cehtaiel it
generates the over current (OC) signal. A concept schematic is presentedFig 5. We need a
comparator to detect when the output voltage (otrre

The overvoltage block is referring to the difference pecomes large enough so that to switch the gategicga
between battery and OUT. If this is higher thaneaan . rent to the high value.

level the power switch device will be turned omréduce the _
voltage across it so that the device will not bstiaiyed.. In this topology we use a current (I_Small_Curretat)
decrease the current from |_SR_bias in order toehav

_The clamping block is referring to EMC. In case the yequced charging current when the output voltagerat) is
switch is off the gate of the power device is sroonnected g1

to the output, its source, so that the circuit Wélimmune to

the emissions of other circuits. When we detect that a certain output voltage (cdyre
. , , level have been reached we open the switch SW_Jaad
In this paper we will focus only on theiarge/discharge | SR pias current to be mirrored out to chargegate of

block, to see how different topologies of gate chargingpe power transistor.

currents influence the emissions in PWM mode. B S )
The additional circuitry is not too much area cansg

Three different topologies will be implemented andgye the fact that we only need another mirror Far small
compared. The first one will be the simplest whemdate is ¢ rent (I_Small_Current) and a comparator to dete

charged with constant current. level at the output, voltage or current.

The second topology will charge the gate with alsma
current until a certain threshold and after thdt step the
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Fig. 4. Constant current topology

C. Linear current topology
This topology is improving the stepped current diye

linearly increasing the small current to the slaetercurrent,
in order not to have a large variation in the chygurrents.

e

A concept schematic is presented Rig. 6. For this
topology we need an additional circuitry that wilcrease
the charging current linearly to the output voltégarent).

In this topology we do not use SW_3 from topology B
but we design |_pull current in order to be largeew the
output voltage (current) is small and to lineargcckase to
zero when the output voltage (current) is reachingertain
threshold. This means that when output is low (urtte

threshold, 1_pull 90% of |_SR_bias and only a sroalirent

is mirrored out to charge the gate of the poweradew his
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Fig. 6. Linear current topology



means that we will round the lower corner of thdapat
characteristic.

The additional circuitry is a bit larger that tlopology B
because we need now I_pull to be proportional éoathtput
voltage (current) and to be 0 when the threshokl been
reached. But, with a good design the area increesse
insignificant considering to the EMC improvement.

V.

In order to compare the three topologies we wiliidate
the circuit in the same configurations. The devioéder test
(DUT) is the turn on/off block from one of the thare
topologies. In order to simulate the real life bebawe will
introduce the DUT in the gate driver schematic anda full
chip simulation, for a 20mOhm power switch devitbe
comparison will be discussed for conducted emisswmnly.

EMC COMPARISON FOR THE THREE TOPOLOGIES

The emissions requirements are as follows. In the

150kHz to 300kHz the amplitude of the interferensiesuld
be smaller than 72dBuV. In the range of 500kHz td2z
the emission should not exceed 64dBuV.

The simulation setup is presented in Fig. 7. Weneoh
the full chip to the supply through a LISN (Line padance
Stabilization Network) in order to simulate the Irdife
connection to the battery, where we have a parasiti
inductance of the connection wire and parasiticacaance
to ground. The readings of the emissions are ddaneet
“meas” terminal. For the result we will Fourierrigform the
time domain wave at “meas” in order to obtain tlegjfiency
domain wave, the spectrum.
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Fig. 7. LISN electromagnetic emissions simulation setup

The comparison
emissions because this is the band where it
improvement of the edge shaping technique. In tigh h
frequency domain the most important emitting blickhe
charge pump.

For a better view on the differences we plot théssions
for the three topologies on the same graph, whalh may
find in Fig. 8. Here, on the x axis we have thejfrency in
MHz, and on the y axis the amplitude of the emission
dBuV. The x axis scale is linear, expressed in Midz,an
easier reading of the emissions.

As we can see the worst emissions spectrum hdgshe
topology with no additional edge shaping circuitry.

The second topology has better emissions but dinttite
of 72dBuV in 150KHz — 300 KHz. Taking into accouhéat

is done after the low frequency
is the

this is just a simulation we should have some nmasgi that
we will not reach the limit when we will have prese
variation.

The third topology has only 50dBuV emissions in the
low frequency domain, which is a very good regilting us
more than 20dBuV margin until the limit of 72dBu i
reached that is giving us confident that the silieall also
fulfill the requirements.
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Fig. 8. LISN electromagnetic emissions simulation results

V. CONCLUSIONS

We have presented three different topologies teedtie
gate of the double diffused power MOS transistore W
discussed the concepts schematic differences asemed a
comparison regarding the conducted emissions.

The first topology is charging the gate of the stvitvith
a constant current and has no edge shaping circgitring
us the worst emissions.

The second topology is based on 2 charging currents
small at the lower corner of the characteristic and larger
in the slew rate region. This topology has bettaissions,
but at the limit giving us no margin with processiation.

The third topology is based on linearly increasthg
charging current. It has the best emissions, having
comfortable margin of 20dBuV.
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