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PWM Power Amplifier for Deflection Yoke Drive

Mr. Seksan Wongsamarn
Mr. Stapon Prutchrearnwanit

Asst Prof. Praphakorn Suwanna ( Advisors )

ABSTRACT

The project is the design and construction of the PWM (PULSE WIDTH
MODULATION) power amplifier for deflection yoke drive intend for using with the EKG
Monitor . The output power amplifier circuit uses power MOSFET as switching drives .
Driving signal is achieved by Pulse - Width Modulation technique . The deflection yoke
under tested is 5 inches. The 200 Hz sawtooth signal tested on the horizontal deflection
yoke and 2 KHz triangle signal is done on the vertical deflection yoke . The experiment is

shown that the maximum efficiency of 98 %
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Basic Structure Symbol

Basic Structure
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(a) Circuit Diagram
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3.3 Switching Characteristics
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ﬁ Power Output Efficiency (%)
1 Wrms 39.86 %
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3 Wrms 74.00 %
4 Wrms 83.00 %
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6 Wrros 89.28 . %
7 Wrms 91.10 %
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9 Wrms 95.20 %
10 Wrms 98.03 %
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0.1 App 1.2
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0.5 App 6.0
0.6 App 7.5
0.7 App 9.0
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Input Sawtooth mmﬁ 2KHz, FLULUNUUNI Vertical (cm)
0.2 App 0.5
0.4 App 1.0
0.6 App 1.3
0.8 App 1.6
1.0 App 2.0
1.2 App 24
1.4 App 2.6
1.6 App 3.0
1.8 App A 3.2
2.0 App 3.6
2.2 App 4.0
2.4 App 4.4
2.6 App 4,7
2.8 App 5.0
3.0 App 5.4
3.2 App 6.0
3.4 App 6.4
3.6 App 6.8
3.8 App 7.0
4.0 App 7.4
4.2 App 8.0
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OTOROLA
MICONDUCTOR TECHNICAL DATA

signer's™ Data Sheet
MOS E-FET ™

ywer Field Effect Transistor
Channel Enhancement-Mode Silicon Gate

is advanced TMOS E-FET is designed to withstand high
gy in the avalanche and commutation modes. The new energy
ent design also offers a drain-lo~source diode with a fast
very time. Designed for low voltage, high speed switching
ications in power supplies, converters and PWM motor

ols, these devices are particularly well suited lor bridge circuits ' rmMOSs

e diode speed and commulating safe operaling areas are
al and offer additional safety margin against unexpected
ge transients.

esigned {o Eliminate the Need for External Zener Transient
1ppressor — Absorbs High Energy in the Avalanche Mode
ommutating Safe Operating Area (CSOA) Specified for Usa
Hatlf and Full Bridge Circuits

ource-to-Drain Diode Recovery Time Comparable to a Discrete
st Recovety Diode

ode is Characterized for Use in Bridge Circuits

SS and Vpg(on) Specified at Elevated Temperature

"

MTP12N10E

Motorola Preferred Device

TMOS POWER FET
12 AMPERES
100 VOLTS
RDS(on) =0.16 OHM

CASE 221A-06, Style 5

TO-220AB
IMUM RATINGS (T¢ = 25 C unless otherwise noted)

Rating Symbol Value Unit
in-Source Voltage voss 100 Vdc
in-Gate Voltage (Rgg = 1.0 M) VDGR 100 Vvde
e—Source Voltage — Continuous vGs +20 Vdc

— Single Pulse (tp < 50 us) +40
n Current — Continuous o’ 12 Adc
— Single Pulse (15 < 10 ps) lom 30
{ Power Dissipation @ Tc =25 C Pp 79 Watts
eralc above 25°C 0.53 wrc
rating and Storage Temperature Range Ty Tstg ~5510175 °C
-AMPED DRAIN-TO-SOURCE AVALANCHE CHARACTERISTICS (Ty<175°C)
le Pulse Drain—to-Source Avalanche Energy — Starting Ty = 25°C Eas 290 mJ
DD =25V, VGs = 10 V. L = 4.03mH, R = 25 42, Peak I = 12 A)
ee Figures 15, 16 and 17)
IMAL CHARACTERISTICS
mal Resistance — Junction to Case Rayc 19 “CwW
~— Junction to Ambient RgJa 62.5 T
imum Lead Temperature lor Soldering Purposes. 1/8” from case for 10 seconds s 260 *C

o¢'s Dats for “Worst Case™ Conditions — The Designer's Data Sheet paamuts the design of most circuits entirely from the information presented, SOA Limit

— representng boundanes on cevice charactenstics — are given to lacltate “worst case” design,

ed devices are Motorola recommended chorces lor future use and best overalt value.

rola TMGS Power MOSFET Transisior Device Cata

4-807




MTP12N10E
ELECTRICAL CHARACTERISTICS (T = 25 C unless othenwise noted)

lr Characteristic Symbol I Min l Typ ] Max I Unit I
OFF CHARACTERISTICS R
Drain-to-Source Breakdown Vzltage Vi8R)bSS
(VGs = 0. Ip = 250 pAdc) 100 — - Vdc
Temperature Coefficient (positive) —_ 110 —_ mv/:C
Zero Gate Volage Drain Current Ipss nA
{Vps = 100 V. VGgg = 0) - - 10
(Vpg = 100 V. Vgg = 0, Ty = 150 C) - - 100
Gate-Body Leakage Current, Forward (VGSF = 20 Vde, Vpg = 0) IGSSF - - 100 nAde
Gate-Body Leakage Current, Reverse (VGgR =20 Vde, Vps = 0) IGssR - - 100 nAdc
ON CHARACTERISTICS®
Gate Threshold Valtage VGS(th) Vde
(Vps = Vga I = 250 pAdc) 2.0 3.0 4.0
Temperatne Coelficient (negative) — 6.0 — mvV/-C
Stanc Drain-Source On-Resistance (Vgg = 10 Vdc. Ip = 6 0 Adc) RpS(on) - 0125 0.16 Ohm
Dran-Source On Voltage (Vgg = 10 Vdc) VDS(on) Vdc
(tp = 12 Adc) - 1.5 2.4
Yp=60Adc. Ty=150 C) - 14 1.92
Forward Transconductance (Vpg = 15V, Ip = 50 A) 93 40 5.0 - mhos
DYNAMIC CHARACTERISTICS
ite i — - F
input Capacitance IVpg =25V.YGgg =0. Ciss 600 p
Reverse Transter Capacitance f=1.0MH2) Crss - 70 —_
i 4
Quiput Capacitance See Figure 1 Coss - 230 -
SWITCHING CHARACTERISTICS iTj = 100 C)
Turn-On Delay Time’ td(on) - 10 - ns
Rise Time (Vpp=50V.ip =124, 4 - 64 —
- Vgs=10V.Rg =121
Turn~Of Delay Time See Figure 7 Y(ot) - 21 —
Fall Time i — 30 —_—
Gate Charge Qr - 18 26 nC
(VDs =80 V.ip=12A, Q4 — 40 _—
Vs = 10 Vdc)
See Figures 5 and 6 Q2 - 10 -
Q3 - 80 -
SOURCE-DRAIN DIODE CHARACTERISTICS®
Foraard On-Voltage (Ig=124A,vGgg=0) VsD - 1.0 25 vde
(Is=12A,Vgs =0, Ty =150 C} - 0.83 -
Reversn Recavery Time (lg=12A, Vg5 =0, ter - 10 —_ ns
digidt = 100 Alus, VR = 50 V)
INTERNAL PACKAGE INDUCTANCE
Internal Drain {inductance Ly nH
(Measured from the contact screw on tab to center of die) —_— 35 -
{Measured from the drain lead 0.25" from package to center of die) - 45 -
Intemal Source Inductance - Ls — 75 -

(Measured from the source lead 0.25" from pacrage to source bond pad)
° Pulse Test: Putse Width € 300 ps, Duty Cycle < 2.0%.

+-38C5 tAotorcle TMOS Power V'OSFET Transistor Device Data
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TYPICAL ELECTRICAL CHARACTERISTICS
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Motorola TMOS Power MOSFET Transistor Device Data
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MTP12N10E

SAFE OPERATING AREA INFORMATION

FORWARD BIASED SAFE OPERATING AREA

The FBSOA curves define the maximum drain-to—source
voltage and drain current that a device can safely handle

The power averaged over a complete switching cycle must
be less than: N

when it ts lorward biased, or when it is on, or being turned on. TJ(max) ~-Tc
Because these curves include the fimitations of simultan<ous RyJC
high voltage and high current. up to the rating of the device, 1
they are especially useful to designers of linear systems. The "F vpp=sov I=F '
curves are based on a case temperature of 25°C and a maxi- Fip=12A —L <y
mum junction temperature of 175°C. Limitations for repetitive [ vgg=10V = 4o
pulses at various case lemperatures can be determined by L Ty=25°C : 5/ 1°
using the thermal response curves. Motorola Application = 10 s =
Note, AN569, “Transient Thermal Resistance—General Data & ~— t4fon)
and lts Use" provides delailed instructions. = —
[ _— l — -
SWITCHING SAFE OPERATING AREA '3 = 4 L e—=i=
The switching safe operating area (SOA) of Figure 9 is the ] :
boundary that the load line may traverse without incurring : T :
damage to the MOSFET. The fundamental hmits are the ; H T
peak current, Ipm and the breakdown voltage. BYpss. The ! 3 I 00 10
switching SOA shown in Figure 9 is applicatie for both turn—~ ' Re: GATE RESISTANCE (OHMS
on and turn-off ol the devices for swilching imes less than G GATE RESISTANCE (OHMS!
. one microsecond. Figure 7. Resistive Switching Time
versus Gate Resistance
1000 [=rmpm=t 2
_ s = .
2100 i - T LTc=e5C £
3 OPERATION LIMITED IN THIS 5= : E ]
= AREA BY Rpg H =~ .
c oSt 7o Z ;
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Figure 8. Maximum Rated Forward Biased Figure 9. Maximum Rated Switching
Safe Operating Area Safe Operating Area
1 — r
==t — : ; : T S ———— !
[~ D=05 L — ; — ; I
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Figure 10. Thermal Response

Mctorola TMOS Power MOSFET Transistor Device Data
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COMMUTATING SAFE OPERATING AREA (CSOA)

The Cojnmutating Sale Gperating Area (CSOA) of Fugiice
 defines the limits of sal2 operation for commutated sour-
-drain guirent versus re-applied drain voltage when the
urce-drdin diode has undergone forward bias. The curve
WS theflimutahons ol IFns and peak Vpg for a given rale of
ange of source current, it is applicable when waveforms
nilar lo those of Figure 11 are present. Full or hall-bridge
NM DC motor controllers are common applications requir-
g CSOA data.

Device stresses increase with increasing rate of change of
urce current so dig/dt is specified with a maximum value.
gher values of dis/dt require an appropriate derating of IFp,
ak Vpg.or both. Uttimately dig/dt is limited primarily by de-
e, pachage. and circuit impedances. Maximum device
ess oceyrs during tye as the diode goas from conduchion to
verse blocking.

VDS(pk) is the peak drain-to~-source voltage that the device
Jst sustain during commutation; Igp is the maximum for-
ird source-drain diode current just prior to the onset of
mnmutatipn.

VR is specttied al rated BVpgs to ensure that the CSOA
ess is maximized as Ig decays from Igp to zero.

RGs should be minimized during commutation. T y has only
second order effect on CSOA.

Stray inductances in Motorola’s test circuit are assumed to
- practical minimums,

15
i
1
12 Ty<175°C —
Ig=12A ]
dlsidt < 100 A'ns
) VR 100Y —
6
-
ki
0

0 20 40 60 B0 100 120 140 160
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS)

180 200

Figure 12. Commutating Safe Operating
Area (CSOA)
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|

|__ MAX. CSOA
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Figure 11. Commutating Waveforms
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t
P e (1 s b 3
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Figure 13. Commutating Safe Operating Area
Test Circuit

1atorola THIDS Power MOSFET Transistor Device Data
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SERMICONDUCTOR TECHMICAL DATA

Designer's™ Data Sheet —

S et MiP12P10
Power Field Effect Transisior _
P—-Channel Enhancement-Mode Silicon Gate

This TMOS Power FET is designed for medwm voltage, high
speed power switching applications such as switching regulators.

[ TMOS POWER FET
converters, solenoid and relay drivers. ,

12 AMPERES
100 VOLTS

* Siticon Gate for Fast Switching Speeds — Switching Times
Rps(on) = 0.3 OHM

Specified at 100°C

¢ Designer's Data — Ipgg, VDS(on). VGS(th) and SOA Specified
at Elevatad Temperature

« Rugged — SOA is Power Dissipation Limited

» Source-to-Orain Diode Characterized for Use With Inductive Loads D .
]
so UM
s %%

CASE 221A-06, Style 5

TMOS | .

TO-220A8
MAXIMUM RATINGS (T¢ = 25°C unless otherwise noted)
Rating Symbol Value Unit
Drain-Source Voltage Vpss 100 Vde
Drain-Gale Voltage (Rgg = 1.0 Ms2) VoGR 100 vde
Gate-Source Voltage — Continuous VGs +20 Vdc
— Non-repetitive (tp < 50 us) VGSM +40 Vpk
Drain Current -~ Continuous Ip 12 " Ade
— Pulsed lom 28
Total Power Dissipation Po 75 Viatts
Derate above 25°C 0.6 .| wirc
Operating and Storage Temperature Range Ty ngg -6510 150 *C
THERMAL CHARACTERISTICS ’
Therma! Resistance — Junction to Case Royc 1.67 ‘CW
~— Junction to Ambient Rgya 62.5 :
Maximum Lead Temperature for Soldering Purposes. 1/8” from case for 10 seconds T 260 °C

Designer’s Data for “Wnrst Case™ Conditions - Thr Dectgners [hata Shest pernuts the design of mast orcuts entirely from the information prasantad, SOA Limit
curves — represanting boundaries on device charactenstics — are given to facilitate “worst case” design.

REV 1

Motorota TMOS Power MOSFET Transistor Device Data 4-813



MTPt2P1{0
ELECTRICAL CHARACTERISTICS (T = #3°C urtess otherwisa noted)

[ Characteristic I Symbol Min l Max I Unit j
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(BR)DSS 100 —_ Vde
(VGgs = 0. 1p = 0.25 mA) ’ '
Zeio Gate Voltage Drain Curtent loss ftAdc
(Vns = Raled Vpgs. Vgs = 0) — 10
(Vps = Rated Vpss. Vgs = 0, Ty = 125°C) —_ 100
Gate -Body Leakage Current, Forward (VG sF = 20 Vdc. Vpg = 0} IGSsF —_ 100 nAdc
Gate~Body Leakage Current, Reverse (VGsR = 20 Vdc, Yps = 0) IGSSR — 100 nAdc
ON CHARACTERISTICS®
Gate Threshold Voltage (Vs = VGs. Ip = 1 0 mA) VGs(ih) 20 4.5 Vde
Ty=100C 15 4.0
Static Drain-Source On-Resistance (Vgg = 10 Vdc. Ip = 6.0 Adc) RpS(on) — 0.3 Ohm
Drain-Source On-Voltage (Vg = 10 V) Vosion) Vdc
(Ip = 12 Adc) — 42
(Ip = 6.0 Adc, Ty = 100°C) - 3.8
Forward Transconductance (Vpg = 15 V. Ip = 6.0 A) 9gFs 20 — mhos
DYNAMIC CHARACTERISTICS
Input Capacitance (VoS = 25V, Vgs =0, Ciss —_ 920 pF
Output Capacitance f=10MHz) Coss — 575
e F
Reverse Transier Capacitance Sex Figure 10 Crss — 200
SWITCHING CHARACTERISTICS® (Ty = 100°C)
Turn-On Delay Time td{on) — 50 ns
Rise Time (VDD =25 V.1p=0.5Rated Ip, t _ 150
Rg =501
Turm-Off Delay Time See Figures 12 and 13 td(off) - 150
Fall Time t - 150
tal Gate Ch T 50 c
Total Gate Charge (Vos = €8 Rated Vpss. Qq 33 (Typ) n
Gate—-Source Charge Ip = Rated Ip. Vgg = 10 V) Ogs 16 (Typ) —
£
Gate-Drain Charge See Figure 11 Qqa 17 (Typ) _
SOURCE-DRAIN DIODE CHARACTERISTICS®
Forward On-Voltage Vsp 4.0 (Typ) l 5.5 I Vdc
N {ls = Rated Ip, o T
Forward Turn—On Time VGs = 0) ton Limited by stray inductance
Reverse Recovery Time ter 300 {Typ) l — I ns
INTERNAL PACKAGE INDUCTANCE (TO--204)
Internat Driun Inductance Ly S.0(Typ) - nt
(Measured from the contact screw on the header closer
to the source pin and the center of the die)
Internal Source Inductance Lg 12.5 (Typ) _—
(Measured from the source pin, 0.25" from the package ~
to the source bond pad)
INTERNAL PACKAGE INDUCTANCE (T0~220)
Intemal Drain Inductance Ly nH
(Measured from the contact screw on tab to center of die) 3.5 (Typ) —
(Measured from the drain fead 0.25" frorm package to center of die) 4.5 (Typ} -
Intemal Source Inductance Lg 7.5 (Typ) —
(Merasured from the source lead 0.257 from package to source bond pad)

* Pulse Test Pulse Width 5 300 s, Duty Cvcle 5 2%.
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MTP12P{0
TYPICAL ELECTRICAL CHARACTERISTICS
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MT®12P10

SAFE OPERATING AREA INFORMATION
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Figure 7. Maximum Rated Forward Biased
Safe Operating Area

FORWARD BIASED SAFE OPERATING AREA

The FBSOA curves define the maximum drain-to-source
voltage and drain current that a device can salely handle
when itis lorward biased, or when it is on, or being turned on.
Because these curves include the limitations of simultaneous
high voltage and high current, up to the rating of the device,
they are especially useful to designers of linear systems. The
curves are based on a case temperature of 25°C and a maxi-
mum junction temperature of 150°C. Limitations for repetitive
pulses at various case temperalures can.be delermined by
using the thermal response curves. Motorola Application
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Figure 8. Maximum Rated Switching
Safe Operating Area

SWITCHING SAFE OPERATING AREA

The swilching safe operating area (SOA) of Figure 8 is the
boundary that the load line may traverse without incurring
damage to the MOSFET. The fundamental limits are the
peakcurrent, Ipp andthe breakdown voltage, V(BR)DSS- The
switching SOA shown in Figure 8 is applicable for both turn—~
on and turn-off of the devices for switching times less than
one microsecond.

The power averaged over a complete switching cycle must
be less than:

Note. ANS569, “Transient Thermal Resistance-General Data Tymax) - Tc
and Its Use" provides detailed instructions. Reuc
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Figure 9. Thermal Response
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