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4.1 DI MOSFET

Field oxide Gate oxide

Source

/

__ Drain

channel
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Current: >1 A

Power MOSFETS {
Voltage: >10V

State-of-Aurt:
100 A/ 30 V;
10 VV / 1500A
60V/200A/2MHz
500V/50A/100kHz

Power Integrated Technology Lab



" A
Bipolar = > Power MOSFET

v"Voltage control

v"high input impedance in steady-state

v'small gate currents provided by integrated circuit

v'unipolar device

v'fast switching speed (MR 75 HD

v'superior ruggedness

v"Negative temperature coefficient-- be paralleled easily because
the forward voltage drop increases with increasing temperature,
ensuring an even distribution of current among all components.
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First, the drain-source spacing has to be increased in order
to obtain a high voltage blocking capability and there is
strong effective channel length effect.

| N

S __ | G D 5 [T g D

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ N . +
W T -~ » i channel / B

epletion layer e — Depletién laysr-------
z 7 . =

P-substrate ' P-Slilbstrate
1
(@) (b)

Lateral MOSFET structure supporting larger drain-source voltage. (a)
conventional structure showing the effect of the drain-substrate depletion
layer reducing the effective channel length from L to L’. (b) use of a lightly
doped drain diffusion to minimize channel-length modulation.
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" J
v'The second disadvantage of the lateral power MOS transistor
arises from the need to make all three connections on the same,
upper surface. While this facilitate the monolithic integration of
components, it complicates the metallization required for a single

power devices.
v'But there is thus a low silicon utilization factor.

Field oxide Gate oxide

/ Gate / - Drain

P-substrate
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Ment of power MOS devices

Source - ate Source
— _-"'-..II

P-base N
V-groove MOSFET
(VMOSFET) (Late MOS channel
1970s)

N+ substrate

Drain

IS 57 NN &2 A B (=R N - sl B IV

2. FEYRAE T (A AE

3. RimHimEs N, B KAESTHHEE, aaffdis
4. Y\mastt, I E S (current density)
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V-groove Is formed by anisotropically etching
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4.2.2 VUMOS
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4.2.3 VDMOS---- vertical double-diffusion MOSFET

source

JFET
region

drain

< Y ) A
% <100> 54T iR Rk
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N-substrate
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4.2.4. UMOS (Trench-gate MOSFET, TMOS, UMOSFET, Rectangle-
gate MOSFET, RMOS )

High cell density such as 30
M cell/inch? for 2SK2985
trench power MOSFET of
TOSHIBA:
Vpss=60 V,
Rps (0n)=5.8 mQ MAX;
March 2002,
H™ b strate AATI: TrenchDMOS™

ad 287M cell/inch? (0.35um)

SN oC i B (DMOSZ AN Jo i IF i)
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4.3.2 BT EERE

A Dbasic single MOSFET cell is made up of four semiconductor
layers: the N*-N--p-n* structure as show as following.

1 N+4JJEE 2 AMNIEAE K N-
R IERSTINEEN 4 XY HUE Bp
* gate
source ‘I l
N
P
/ N* layer:  101%/cm?
P layer: 10%%/cm?
N- N-layer:  1014-1015/cm3
N* substrate

drain
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N
W In the p-region beneath the gate layer

between the n* source and the n- drain region. The p-region is also
called the body region. The bulk of the body region is electrically
shorted to the source region thus effectively shorting the n*p
junction. The n- layer serves as the drift region to support the
drain blocking voltage. (Ron~BV)

« gate

source ’I ‘

Q_/y

N* substrate

drain
2009-3-22 Power Integrated Technology Lab



" J
In many applications, especially in the high-voltage applications,
a n-buffer layer is added between the n-drift region and N* substrate.

In the surface, a P* region Is used as shown in below to restrain the
effect of the parasitic bipolar transistor.

ate
source | ;

| |
n+

R RN, 27PN | pr 2 g

N drift
PT4E  Nbuffer layer
— N*substrate ——

drain
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Layout Overview of the Power MOSFET

IS R At B MR A L e S I
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»A power MOSFEET is a discrete device but has tens or

hundreds of thousands of individual cells paralleled
together in order to reduce the resistance.

»Varies cell patterns have been studied involving a
consideration of the on-state resistance.

 C. Hu, M. —-H. Chi, and V. M. Patel, “Optimum
design of power MOSFET’s”, IEEE Trans. Electron
Devices, 1693-1700 (1984);

“* H. -R. Chang and B. J. Baliga, “Impact of cell
breakdown upon power DMOSFET on-resistance”,
IEEE Trans. Electron Devices, 2360 (1987).

NI, Wik, =Mk ?
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The layout overview of a power MOSFET
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J‘ r J.‘:." )

ains an mtegral pn'n* diode from the p-

The MOSFET cell cont
base region to the drain terminal. This is called the body diode.
The p-base region is in contact with the source metal, hence, the
p-1-n diode appears in anti-parallel with the MOSFET device.

D @
source ﬁ 1
==
P Rg
li
O x
G —
N- RB
N* S |

2000222 drain Power Integrated Technology Lab



Parasitic Bipolar Transistor

Besides the integral body diode, a parasitic BJT also exists in the MOSFET
structure. The p-region serves as the base of this parasitic BJT. The BJT must be kept
cut off at all times. This is done by shorting the base (p-body) to the emitter (n*
source) by a common metal covering. The internal base of the transistor is connected
to the source metal through a resistance Rg, the resistance of the lateral p-region.
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source

The potential distribution of the power MOSFET at the high drain bias.
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source

*Channel Length Limiting

» The channel length has a strong influence on the on-resistance.

»The channel length is also determined by the premature reach-through
breakdown.
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» In the on-state, the MOSFET operates in the ohmic mode.

» The conduction loss of the power MOSFET is specified by the
on-resistance.

»Specific On-Resistance R, o, = on-resistance x area
R il Ron(cell)
on
|\Icell
N IS the total number of the cell in the chip.

The on-state resistance is the equivalent resistance between the
source and drain terminals.
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drain
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Reduce Source Resistance:

source

n+

R drain
LS
Rsource : pN* X d ) XZ
N
WA S TR A
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JFET resistance source

P+ n* —

P base P ?t/

N drift

No JFET effect

N* substrate

drain
Cell Pitch
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Power Loss
conduction loss + turn-on10% ----—- — -
loss + turn-off loss+gate . o Vs
drive loss T iy
td(on)J f td(ofﬂj f

Switching time waveforms.

Limitation of high frequency

{ The transmit time across the drift region

The rate of charging of the input gate capacitance

Dominating for power MOSFET due to large
active area.
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Reverse transfer capacitance (Miller capacitance) :

source

1 1 1

Csp IS @ nonlinear function of
voltages and Is the most
Important parameter because it
provides a feedback loop
between the output and the
input of the circuit.
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2, C::lep
GD C
/ GD1

=

Vas=o GATE TO
DRAIN VOLTAGE

»Vep=Ves Vos.

» At high Vs and no gate bias we have V;p=-Vs and C IS
dominated by the depletion capacitance Cp;.

»When V. Increase to above V,, the device turns on, Vg
collapses to near zero and V;p=Vgs. The gate-to-drain capacitance
then becomes dominated by the oxide capacitance.
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Input capacitance:
Ciss=CaestCop

when the drain and source electrode are shorted

Output capacitance:
Total capacitance between the drain and the source with
the gate and source shorted together.

Coss - CGD + CDS
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