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A Study on Temperature Dependent Super—junction
Power TMOSFET

Young Hwan Lho™™
Abstract

It is important to operate the driving circuit under the optimal condition through precisely sensing the power
consumption causing the temperature made mainly by the MOSFET (metal-oxide semiconductor field-effect
transistor) when a BLDC (Brushless Direct Current) motor operates. In this letter, a Super—junction (SJ) power
TMOSFET (trench metal-oxide semiconductor field-effect transistor) with an ultra-low specific on-resistance of

0.96 mQ-em? under the same break down voltage of 100 V is designed by using of the SILVACO TCAD 2D

device simulator, Atlas, while the specific on-resistance of the traditional power MOSFET has tens of mEZ-ch,

which makes the higher power consumption. The SPICE simulation for measuring the power distribution of 25
cells for a chip is carried out, in which a unit cell is a S] Power TMOSFET with resistor arrays. In addition,
the power consumption for each unit cell of S] Power TMOSFET, considering the number, pattern and position
of bonding, is computed and the power distribution for an ANSYS model is obtained, and the SJ] Power
TMOSFET is designed to make the power of the chip distributed uniformly to guarantee it's reliability.

Key words: MOSFET, BLDC motor, on-resistance, Super—junction TMOSFET, breakdown voltage

[. Introduction
NpWy =N, W, (1)

For a conventional MOSFET, there is a trade

- . where N, and N, are the doping concentrations
-off between specific on-state resistance

of the P and N pillars in an S] TMOSFET, respectively.
In the SJ] TMOSFET, the breakdown voltage is
proportional to the length of the drift region of

(Ron.sp) and breakdown voltage (Vpg). In

order to overcome the trade—off, a SJ (super-
junction) power TMOSFET (trench metal-oxide

. ! i L, as shown in Eq. (2).
semiconductor field-effect transistor) structure [1]

1s proposed, which has P and N pillars with
equal widths, W, and W), respectively. The Vir = Eclp @)

relationship between the doping concentrations

and widths of the pillars is as follows. where FE( is the critical electric field.
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[I. Sd TMOSFET with Temperarute
Sensor

1. On-resistance
The on-resistance [1] of an S] TMOSFET
can be determined by currents flowing from the
between the source and the drain
which

Channel resistance and drift region resistance

channel

electrodes, 1s consisted of 6 types.
mainly affect on-resistance, and the other types
of resistance can be quantitatively ignored.

The channel resistance is given by

R _ LCH W:ell
CHSE 200 Cox (Vg — Vi)

3)

where L.y is the channel length, W, is the
width of unit cell, u,; is the channel electron
mobility,
Ve
threshold voltage.

Cpx 1is the channel gate capacitance,

is the gate voltage, and Vjy 1is the
The drift region resistance contributed from
the be

considering a small segment(dy) of the drift

mesa region can computed by
region at a depth y from the bottom of the
gate electrode. The drift resistance of the drift

region is obtained by

[

0

W: ell
Wy

1

qm, (y)Np, (y) @

Rpi,sp = ( dy

where W, is the cell width, W), is the width
of N pillar, L, is the length of the drift region,
q is the charge, pu,(y) is the channel electron
mobility, and Nj,(y) is the doping density of

the drift region. An additional drift resistance of
the TMOSFET

considered as the buffer layer positioned below

Rpysp In structure is

the bottom of the trenches.

LTI,

R = (5)
b2.sp q/’LnND W/IV

W:e 1%

2. Temperature Sensor
For temperature sensing, the temperature change
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of the base-emitter voltage (Vpp) under a constant
emitter current is measured.
VBE: VBE(TR)+5VBE(T_ TR) (6)

where Vyp(Ty) is the temperature dependent

base-emitter voltage, T, 1is the reference
temperature, and BVBE is the temperature
coefficient of -2 mV/K [2].

The  relationship  between power  and

temperature is given by

T,—T,=PxR,, 7)

where T, and T, represent junction and case

temperature, respectively, P indicates power, and
Ry,
characteristics of an S] TMOSFET with bipolar
sensor are shown in Table 1.

represents thermal resistance. The main

Table 1. Specifications of SJ] TDMOSFET

Device Value Device Value
Parameter Parameter
. Trench 1.75
Cell pitch 24 pm depth um
N P P illar 16 Trench 0.28
doping LX10% em i, m
concentration H
Qate oxide 500 A N+§ource 0.25
thickness(t,,,) width pm
+
P well depth P~ body
1.2 pum contact 15 pum
(Xj) :
width

The structure of SJ] TMOSFET [3] with diode
type temperature sensor is shown in Fig. 1, and
the cross section [4] is designed in Fig. 2.
Fig. 3 shows the vertical doping profile for the
cathode layer, which is consistent to the design
of 1x10'"%/em®. The

voltage of 132 V, which is composed of 33

parameter breakdown
contour lines with 4 V each line and met with
the design specification, is obtained as shown in
Fig. 4.
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Fig. 1. Structure of S]J TMOSFET.
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Potential distribution when Vdrain is 132V.
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The simulation circuit is consisted of 5x5 SJ
TMOSFETSs and 4x4 arrays. Every node point at
the resistor array located at the source metal is
connected to the source. The area of the chip is
1 mm?®, and the drift resistance between grid points
is calculated to be about 25 m< and the
resistance of bonding wire is 0.1 mQ.

The power dissipation [5-7] becomes both
widely and uniformly distributed as the number
of bonding wires increases. The power is more widely
dispersed in the stripe bonding structure case,

which is similar to four bondings, than one and

. -
e F“b
2 R4 RS
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) Hjh

Fig. 5. Equivalent resistance model of 5x5 SJ
TMOSFETSs arrays.

two bondings. The power dissipations for the
various different bonding schemes are shown in
Fig. 6. For a single bonding wire, the maximum
and minimum powers are measured as 4.38 W
and 1.57 W, respectively. Similarly, the values
for two bondings are 293 W and 157 W. In
the case of four bonding wires, the maximum
power of 238 W and the minimum of 2.69 W
are obtained, respectively. These values are similar
to those of the stripe bonding in Fig. 6. A SPICE

[8] self-heating electro-thermal model from the
Fairchild TO220 package is applied.
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Fig. 6. Power distributions of 5x5 array meshes for

different bondings.

[1l. Conclusion

The SJ] TMOSFET with an embedded temperature
sensor was successfully designed to meet the breakdown
voltage of 100 V class and an ultra-low specific
on-resistance of 096 mQ -em? for a BLDC motor.
When assembling the SJ] TMOSFET, the number
of bonding wires and their positions should be
considered dispersing the hot spot area locating
near the bonding area. The hot spot area is
dispersed as the number of bonding wires
increases, and the stripe bonding type shows a

suitable effective S] TMOSFET package.
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