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Summary of chapter 4

1. How an SPST ideal switch can be realized using semiconductor devices
depends on the polarity of the voltage which the devices must block in the
off-state, and on the polarity of the current which the devices must conduct
in the on-state.

2. Single-quadrant SPST swilches can be realized using a single transistor or
a single diode, depending on lhe relative polarities of the off-state voltage
and on-state current.

3. Two-quadrant SPST switches can be realized using a transistor and diode,
connected in series (bidirectional-voltage) or in anti-paralle! (bidirectional-
current). Several four-quadrant schemes are also listed here.

4. A “synchronous rectifier” is a MOSFET connected to conduct reverse
current, with gate drive control as necessary. This device can be used

where a diode would otherwise be required. If a MOSFET with sufficiently
low R, is used, raduced conduction loss is obtained.
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4.2. A brief survey of power semiconductor devices

+ Power diodes

» Power MOSFETS g Td;’ N *‘
= Bipolar Junction Transistors (BJTs) <

» Insulated Gate Bipolar Transistors (IGBTs)

s Thyristors (SCR, GTO, MCT)

+ Onresistance vs. breakdown voltage vs. swilching times
+ Minority carrier and majority carrier devices
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High-side driver

Low-side driver

Fig. 1. Circuit diagram of dc-to-dc synchronous
buck converter.
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MOSFET: Off state
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MOSFET: on state
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Dicect FET o422 D Swisss high

2oV Synchrongve FET 6620 21zt
MOSFET PACKAGING

Table. Typical MOSFET specifications.



Fig. 5. JBSFET structure and its equivalent circuit with Junction Barrier controlled Schottky diode.
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Typical MOSFET characteristics
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Characteristics of several commercial power MOSFETSs
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Fig. 4. SSCFET structure and its internal resistance distribution.
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Fig. 3. The ripple-current factor KﬂF
verter and must be established early in the design process. It is typically:
assigned a value between 0.1 and 0.2




Pulse-width modulation: a con-
- trol strategy for power converters,
wherein the device is switched on

and off with a d
the aEHWWh
ing period equal 1o the desized volt-

age value.

Rectifier: a power converter for ac-
to-dc conversion, in which the pow-
er flows predominantly from the ac
to dc side.

Safe operating area: a domain of
voltage and current values within
which the sustained operation of a
device in various modes is safe. The
modes include turn-on, turn-off, and
on and off states.
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™ Power lines (Pp)

Vps (V)

Fig. 2. Power MOSFETs optimized for switched-mode designs have
limited ability to operate in the corner of the FBSOA graph, where
electro-thermal instability can occur as shown here for a typical
n-channel power MOSFET.
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Fig. 3. Avalanche damage to Planar FETs (left) and Trench FETs {right). The bond-wire has been
-cut and moved out of the way to expose the damage in the part at upper right.



MOSFET body diode
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operated in CCM, the reverse-recovery current of the boost diode
significantly contributes to the switching losses of the MOSFET.
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Fig. 5. The normalized switching losses of the SuperFET/SIC Schortky
diade combination and the planar-MOSFET/Si diode combination

reveal the substantial gains in efficiency provided by the former

configuration. ‘




Flg. 6. The efficiency of the SuperFET/SIC Schottky diode combination
vs. the planar MOSFET/SI diode combination in a 400-W COCM PFC
design directly translates into lower temperatures, higher power
densities and reduced hearsink requirements.
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Meore E.Mﬂ':q]},ua-\u J—CV

Switchin lo% Lauu;,d by
semiconductor output capacitances

Buck converter example

Ca

ya

Energy lost during MOSFET turn-on transition
(assuming linear capacitances):

We=2(Co+C) Vi
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Some other sources of this type of switching loss
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Transformam inductance

il ]
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S Interconnection and package inductances v *‘r oN
* Diodes $Vress
* Transistors ?ﬂ‘;" ."f 3!:‘
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Fig. 1. Sync-buck dc-dc converter topology.



Control FET

1;1! (tot)
@10V Package
[nC |
STSi12NH3lL 30 12 14* 9.5" 50-8
STD38NHoz2L 20 38 13.5 18 DPAK
STBsoNHozL 20 50 13.5 18 D?*PAK
STDsaNHo2L 20 50 10 22 DPAK

*Available in 01 2003. Yalues refer to 4.5V VGS

STDgoNHozL 20 60 [ 47.5 DPAK
STDiooNHozL 20 60 4.8 62 DPAK
STBi1zoNHozl 2o 90 b4 69 D2PAK
STS2gNH3LL 30 25 3.5 50 50-8
STDigoNHozL 20 L 3.3 69 lipPAF

{1 )same footprint as DPAK



| Texas Instruments introduces a new synchronous buck
driver for today's low output voltage, nonisolated high-
efficiency power converters. The UCC27222 employs
Predictive Gate Drive™ technology, which is a self-
contained feedback system that looks ahead and

optimizes the overlap of the two gate drive transitions.

| Predictive Ge i Switch Node Wi i : : o i
TR o N O i s . Adjusting for changing operating conditions, the Predictive

Gate Drive minimizes body diode conduction and reverse recovery losses for up to 4% efficiency gain

over adaptive drive technologies and up to 40% improved thermal dissipation for higher reliability,
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"~ Mold
(10.5mm x 10.5mm Paterned
x 2 mm) :Hhm
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ON Semiconductor's NIS3001 implements the company's package-within-a-pack-
age technology, which typifies the arriving breed of power devices that extends
the building-block multichip module approach to de/de converters.




A simple MOSFET equivalent circuit
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MOSFET nonlinear
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Fig.8. Capacitances of a WFET vs. drain voltage.



Qg (nC)

Fig. 1. A typical MOSFET gate-charge graph.

Power Electionics Technology | November 2004




Fig.3. When a i’i.*IObFETawrrrh is activated at zero 'u';,, the Mrﬂer pi’nteau'
goes away.
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STMicroelectronics tweaks gate geome-
tries and cell densities to improv
of merit-)-the product of on-resistance

and gate charge—in its StripFET Il line.
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MDmesh Cuts Ron x Qg

35 On resistance x gate charge |£1 X nC]

Standard
400V/0.44)
(TO-247)

MDmesh
STP12NMAD*
(TO-220)

*500V/0. 3502 max
Fhe MDmesh structure achieves a
phenomenal reduction of both on-resistance
and gate charge, making it the most
suitable switch for high efficiency and
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MOSFET: conclusions

« A majarity-carrier device: fast switching speed

» Typical switching frequencies: lens and hundrads of kHz

» On-resistance increases rapidly with rated blocking voltage
» - Easy to drive

+ The device of choice for blocking voltages lass than 500V

+ 1000V devices are available, bul are useful only at low power levels
(100W)

« Part number is selected on the basis of on-resistance rather than
current rating
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MOSFET: conclusions
SR TTee g e .--:-.hm-_ﬂ

« A majority-carrier device: fast switching speed ‘1'0 3“ "%
 Typical switching frequencies: tens and hundreds of kHz (OO 4. 2
« On-resistance increases rapidly with rated blocking voltage
« Easytodrive Vps= 000 ?. =y~
» The device of choice for blocking voltages less than 500V
1000V devices are available, but are useful only at low power Iavals}
(100W)

+ Part number is selgctad on ]he basii ﬂ E"‘ﬁﬁiiﬁﬂ“& rather than

current rating
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Tuside o Failed
?ﬁw.c'r MM‘FET

Fig.6. FETs destroyed by the capacitor-dump test. Planar is on the left; Trench is on the right.
Note the dual damage sites on the trench part.
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4.3.4. Efficiency vs. switching frequency
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where Pa = fixed losses (independent of load and f, ) ')\
P,,.; = conduction losses S L‘l—] L)) q' <
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Fig. 2. DMOSFET structure and its internal resistance distribution.



Fig. 4. Schematic cross section of a W-
Gated Trench MOSFET (WFET).
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Fig. 3. Trench of UMOSFET structure and its internal resistance distribution.






Fig. 1. Planar {left) and Trench (right) test FETs with their die
exposed.






Fig.5. SEM cross section of a W-Gated Trench
MOSFET WFET.




Table: Comparison of WFET and conventional
. trench MOSFET characteristics.




Fig.6. Measured Gate Charge of a WFET vs.a
Conventional Trench MOSFET.
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Fig. 9. Measured efficiency vs. output current for
a PWM switch-mode 4-phase dc-to-dc buck
converter with 19VV, and 1.3VV,, .



Fig. 2. Schematic cross section of
conventional Trench MOSFET.
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