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Abstract

The use of TrenchMOS structure allows much better utilisation of silicon area than conventional
DMOS technology. This technology has now been extended to the voltage range 100-200V, and gives
rise to significant benefits in both on-state and switching losses. By employing TrenchMOS technology
and the use of maximum silicon chip sizes in popular power packages to give SiliconMAX devices, it is
possible to offer the designer lower total “cost of ownership” in reduced component count, smaller
board space and improved conversion efficiency.

Introduction:

Power regulation and control in Telecoms switching system is rapidly moving towards decentralized,
on-board DC-DC power conversion. Distributed system architecture allows for unisolated Safety Extra
Low Voltage (SELV) (24V/ 48V) bus distribution, increased system reliability due to power-per-shelf or
power-per-board redundancy and easier system diagnostics & service.

DC-DC power converter modules contain one or more Power MOSFETs depending on the system
topology.

SiliconMAX devices are primarily designed for Telecoms DC-DC converters due to their inherent
physical structure and enhanced on-state and switching performance.

TrenchMOS structure: The effects of Rpsn) and Qgp on ‘On State’ and ‘Switching’ efficiency
Power MOSFETs are most commonly made with what is conventionally called DMOS technology. In
these structures thousands of tiny “cellular” MOSFETSs operate in parallel to give the power handling
capability of the full device. The on-resistance of these devices depends on the total conducting
channel area. Since the channels are formed around the periphery of each “cell”, the challenge for
designers is to maximise the sum total of these peripheries. For the past 15 years advances in Power
MOSFET performance have therefore been driven in the direction of making the cells ever-smaller
and putting them closer together.

The move towards higher and higher cell packing density, however, eventually reaches a limit, not only
for technological reasons but also because of a fundamental physics limitation known as the
“Junction-FET” effect, where neighbouring cells packed too close together constrict the vertical current
flow path down to the drain. To achieve further improvements in performance, a radical change in
direction was necessary.

For a number of years development has continued on the refinement of a new MOSFET technology
called “TrenchMOS". In these TrenchMOS devices a narrow trench is produced by ionic etching
around each MOSFET cell, and the gate structure (including oxide and polysilicon) is formed inside
these trenches (see figure on next page).

The fact that the gate structure is located at the bottom of the trench has the effect of alleviating the
“Junction-FET” effect and allowing much closer packing of cells. In addition, the conducting channels
are now formed on the vertical walls of the trenches, giving a more direct path for electrons flowing
from source to drain, as shown in Fig. 1.
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Fig. 1. TrenchMOS Cell Structure

The principle of TrenchMOS has been known for many years, but the full realisation of its advantages
depended on the perfecting of the technology to make these devices in volume production with good
control of the Trench structure, as well as optimal designs of the cell and Trench dimensions. This has
now been achieved in volume production.

At the inception of the TrenchMOS concept it was generally assumed that the greatest advantages of
this technology would be with low voltage devices, for example those with BVdss < 30V used in low
voltage DC to DC converters. With these low voltage MOSFETSs the largest contribution to the on-
resistance comes from the channels themselves, so a new technology that gives a higher channel
packing density and more direct current flow through these channels would naturally gives the biggest
benefit to this voltage range. The early development work on TrenchMOS therefore concentrated on
optimising structures to suit low voltage devices.

More recently, by a careful refinement of the Trench network, the edge termination structure and the
choice of epi silicon doping and thickness, the TrenchMOS technology has been extended to higher
voltage devices in the 100-200V range. Experimental results show that the advantage over
conventional DMOS technology in this voltage range is significant.

SiliconMAX: ‘on-state’ benefits

SiliconMAX is the next step in applying TrenchMOS technology to the power conversion application.
The capability of each power discrete package is enhanced by utilising the latest generation
TrenchMOS technology in the 100V, 150V and 200V range and putting the maximum size silicon chip
into each of these packages (hence “SiliconMAX"). One example of this is that it is now possible to
have a 100V MOSFET in standard D-pak with an Rps(ny 0f 25 mQ, equal to the benchmark



performance of a D2pak device using conventional DMOS technology. The much smaller size of the
D-pak means a large saving in the board space while maintaining the same performance.

In applications such as low voltage, high power Full ‘H’ Bridge DC-DC converters, large package, large
chip MOSFETSs are often used in parallel to achieve the desired low on-state resistance required to
handle the high current. With the progressive development of TrenchMOS into the 100/150/200V
range, smaller, surface mount packages and/or component count reductions are possible.

SiliconMAX: switching benefits

Another advantage of TrenchMOS over conventional DMOS is in switching behaviour, which is of vital
importance as power supply designers strive to achieve ever-higher frequency of operation. All Power
MOSFETSs dissipate energy when switching from a conducting to non-conducting state (and vice
versa). This energy loss from the MOSFET takes the form of increased heat inside the application,
thus leading to even lower efficiencies as wider design safety margins must be considered. The
amount of energy dissipated during switching is directly related to the time taken to change state
(parameters ‘t,, and ‘to’). Switching time is dependent on the size of the capacitances within the
Power MOSFET structure, in particular the component contributing to Qgp (gate-drain charge). Figures
2 and 3 show schematically the built-in capacitor structures in TrenchMOS and DMOS devices giving
rise to Qgp.

This diagram shows the boundary between two adjacent DMOS cells.
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Fig. 2. Capacitances within a conventional DMOS structure



This diagram shows the boundary between two adjacent TrenchMOS cells.
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Fig. 3. Capacitances within a TrenchMOS structure

It can be seen that the gate-drain capacitor in a conventional DMOS is located in the area between
neighbouring cells, and a simple way to reduce Cgp is therefore to bring the cells closer together. As
explained earlier, however, there is a limit to how close we can pack the cells together because of the
physical limitation of the “Junction-FET” effect, which can undesirably increase on-resistance. The
above diagram also shows how in a TrenchMOS structure the gate-drain capacitor is formed within
the narrow confines of the trenches. By a careful optimisation of the trench width and depth, as well as
the doping of the silicon underneath, it is possible to minimise Cgp in a TrenchMOS structure.

In addition, because TrenchMOS allows much better utilisation of silicon in that it gives the same on-
resistance with a smaller chip active area, the total capacitances and gate charges are also
correspondingly reduced.

Laboratory switching measurements have been carried out on comparable TrenchMOS and DMOS
devices in a typical forward converter circuit. A simplified drawing of the circuit is shown in Fig. 4a. The
turn-on behaviour of the MOSFET is schematically shown in the waveforms sketched in Fig, 4b.
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Fig. 4a. Simplified forward converter Fig. 4b. Ve, Vgs and I, waveforms
associated with MOSFET “Q”

As the gate drive is applied, the device Vgs increases, but then reaches a plateau region during which
the drain voltage on the device falls. The source of this plateau is the gate-drain capacitor effect
mentioned earlier, which means that over this period the gate drive current is used to discharge Cgp to
allow Vps to fall. As can be seen from the waveforms, at the start of this plateau region the MOSFET is
already conducting the full current, while the voltage is still in the process of falling to the low on-state
value. This period therefore constitutes significant dissipation in the switching component and limits
efficiency.

The results of the comparison we made between TrenchMOS and DMOS devices in the forward
converter circuit are shown in the ‘Vps vs time’ plots of Fig. 5a,. which were taken in the plateau period
during turn-on.

The two devices have the same specification in terms of BVdss and Rpsen), both being 200V, 180mQ
types. As can be seen, the TrenchMOS device has a much faster Vds fall rate by virtue of its lower
Cop- The difference is even more striking when we compare the energy dissipation plot (integrating |
and V) shown in Fig 5b., which demonstrates how TrenchMOS more than halves the switching losses.

Further trials were carried out on a range of 100V / TO220 devices of different Rds(on) values to
determine an overall comparison between existing 100V DMOS technology and 100V TrenchMOS.
The results are shown in Fig. 6. The dotted line in the plot indicates where two DMOS devices were
tested in parallel to achieve the low 15mQ Rpgs(n) value.

As can be seen, over the entire Rps(n) range, the TrenchMOS technology has half the Qgp and
therefore half the switching loss in the application for a given Rpson).-
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SiliconMAX: Exploiting its benefits

The principal application for 100V, 150V and 200V SiliconMAX TrenchMOS devices is as primary side
switches in Telecoms DC-DC converters having input voltages in the range 24V - 48VDC. The
benefits in these applications include:

« Improved switching efficiency when replacing conventional DMOS devices with SiliconMAX devices
of similar Rpson)-

» The ability to reduce package size for a given rps(on) (€.9. replacing D?pak with Dpak) and hence
reduce overall system size (and weight) and thus improve the converter’s power per unit volume
(W/mm®) rating

» Reduce overall component count by substituting two or more paralleled conventional devices with
one SiliconMAX device.

» The possibility of using 150V devices where previously 200V types were used, as most 48V
converters only require the switching device to withstand 150V. The use of 150V devices would
further enhance the Rps(on) and switching benefits described above.

» The option to provide surface mount solutions for RpsnyS previously available only in pin-through-
hole packages (e.g. a change from a through-hole TO247 to a surface mount szak).

These advantages allow smaller, more efficient converters, leading to higher density racking for the

final application circuit boards (typically telecom Subscriber Line Interface Cards (SLICS)).
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