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ABTRACT

This research aimed to compare the patterns of the modulation signal in the 5-level-type of
3-phase diode clamp inverter and to reduce harmonic distortion of the output voltage (THD,,) of the
inverter which caused distortion pressure from the sine wave in the power system and resulted in the
damage of the electrical equipment within the system.

The experiment consisted of the simulation of MATLAB / Simulink and practical
experiment from the comparison of the two-principle modulation: Sine PWM and HIPWM, and then
each was experimentally compared by three more principles: PD, POD and APOD. The inverter in
this study rate at 120 VDC, 1000 W approximately. The control circuit was the application of interface
card version STM32F4171G. Approximately 1 kHz switching frequency was utilized to form various
type of the control signal.

The result was as follows: when the 500€2 load resistance was connected to the inverter, it
was found that the THD,, output voltage of the Sine PWM modulation by the principles of PD, POD
and APOD were 13.80%, 21.00% and 22.60% respectively. The HIPWM modulation by the
principles of PD, POD and APOD were 10.30%, 17.00% and 18.80%, respectively. This showed that

the HIPWM modulation by the PD principle was the lowest THDj,.

Keywords: HIPWM (Harmonic Injected Pulse Width Modulation), PD (Phase Disposition), POD

(Phase Opposition and Disposition), APOD (Alternative Opposition and Disposition)
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Topolo Number Number Nurg}ber Number of Nurst;a;o; bC
POIOBY  of levels of IGBT . Capacitors* g
Diodes measurement
. 3 12 6 4 2
Diode 4 18 18 9 3
Clamped 5 24 24 16 4
3(n-1)(n-
Inverters n 6(n-1) ( 2))( (n-1)? n-1
3 12 0 7 4
Flying 4 18 0 24 7
Capacitor > 24 0 o8 ) 10
Inverters n 6(n-1) 0 (n-1)2+3. z i2 3(n-2)+1
i=0
3 12 0 3 3
Cascade 4 18 0 4 4
5 24 0 6 6
Inverters
3.n-3 3.n-3
-Bri n 6(n-1 0 ( ) ( )
H-Bridge (n-1) Int 5 Int 5

Y a T . . 19 Ia 14 14 [
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Number of Possible

Number of

Topology Nigrpepgilevels states Difference states
Diode 3 27 19
4 64 37
Clamped 5 125 61
Inverters n n3 n3-(n-1)3
. 3 64 19
Flying 4 512 37
Capacitor 5 4096 61
Inverters n 23(n-1) n3-(n-1)°
3 64 19
Cascade 4 512 37
Inverters S 4096 61
H-Bridge n 23(n-1 n3-(n-1)°
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9
1 v < aAa

dy 1 v Y o J A A
MU ’JLﬂUﬂﬁ&%ﬁgﬂWﬂﬂigﬂqWWHG]’JG]TIWH‘L!GL‘L!’Ni]‘i’s’fu‘]JL‘]JEJ‘iGlJm$ul®i]‘]J1/I!, b\

) = o Ao d 9 ~
wuInIsud Glﬁwa\'i\'ﬂuﬁ$ﬁll‘l/]@]'JLﬂ‘U‘iJﬁgﬂqﬁuJ’]'iﬂﬁ1h1ﬂ%1ﬂﬁ3Jﬂ15ﬂ 2.15

W = %CVS2 (2.20)

@ dyl v 1 v o Y @ 4 A
wmqmumuimy%gﬂmam"lﬂmmmumummwﬂiﬁum‘uaimms"laﬁmw

A o 2 o w Ao Y @ 'fdy Y =
UUINTSLE G]f\?ﬂ']a\illV‘Iﬂ']W@'Jﬁ'lucﬂ']ushv!f]\ﬁliﬁuutﬂ@ﬁl‘lﬁ'lllﬂﬁnﬂﬁllﬂ'ﬁﬂ 2.16
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2.9 35mM51¥ MATLAB/Simulink
. . & ' { A a v
T1Us5unsy MATLAB/Simulink (T4 Tdsunsuluarvuimaaudiun luldsunsy
% I o Aa o { S ] 9 Py
MATLAB dutluTilsunsusuiaugsduaunise Temiodavianviate wu n13ldaudanagu
a :{3'/ o Aa o A Y 9 1 @ r'd 4

nenaamaassugs mmuda luddwswennannis mslsnusiunuasausjuny
v I Y U . . Y g 4 {q Y 4 o
At tudu lugiuves Simulink Wwitlwnseslionlslums@ouldsunsuionidaeuves

a J Y . < [ Y ]
AUNINNWAUATNT Iﬂﬂi%gﬂllﬂﬂﬂlﬁlﬁ Block Diagram LﬂUﬁﬁfW]'lﬁl‘ﬁilﬂ'l'lll\‘]'lﬂl!ﬁ$ﬁgﬂjﬂiﬂﬂ

d%' ) o J

Y
udmsvesntsenevveallsunsuiiu swansaaianuusiansld Iasld Building Blocks

. @)D

731119910 Simulink Library Browser ﬁﬂgﬂﬁ 2.30[49]

-

_1Simulink Library Browser. EE@

File Edit Yiew Help

O a4 ¢h |

Bus Creator: This block creates a bus signal from its inputs.-

|
-

= Tgh| Simulink. -~
Constant
|Drag this icon inko a model bo insert the Constant bIDck|

m Conkinuous

y Discontinuities

y Discrete

#+ Lagic and Bit Cperations

| Lockup Tables

] Math Operations |

2] Model Verification |

#] Madel-wide Utilities |

| Ports & Subsystems

2 signal Attributes

y Signal Routing

| sirks |

| sources !

2 User-Defined Funchions |
|
|
|
|

|
|
19 y
=) Conert [rata Type Conversion
|
]

|
|
| I Diemus

K Ts

Diigcrete-Time Integrator

H

Gain
Ground

Il

+- 2| additional Math & Discrete
+- W Aerospace Blockset

+.. T CDMA Reference Blockset [f’.l
£ I | *

Integratar

R R

Logical Operator [V]

I
=
=}

Ready

5111 2.30 Block Diagram ﬁu;@ 101U Simulink Library Browser

U

S i1
TuTa)suns Simulink 1 m‘m‘ﬁamﬂmmmﬂamsﬁ%’mmugn (Simulation Diagram) LWO 13
o a 3 1 1 (3 9 é 1 1 = é 1 9
DUUA NTTU UASTINTUTYYINU magamﬂblockwm%gﬂmmu”lﬂaﬂblockwuﬂﬂﬂﬂzmumu
4 1 J @ § v J [ e
FoNADTEHINNY InefiasngHaansvetoya lanareanbmzna Oscilloscope #30 Display

Tagawnsadoninludiuved Sink as31i 2.31 uaz 2.32
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‘AB Help or Demos from the Help menu.

D& Hdh|

Bus Creator: This black creates a bus signal from its inputs.

= @] Smuink
] Commanly Used Elocks
2] Continuous
2] Discontinuities
m Discrete
y Lagic and Bit Operations
1] Lockup Tables
m Math Cperations WTs
] Model erfication m
] Modeide Utiiies

2] Ports & Subsystems D

m Signal Attributes

] signal Rauting E
2] Ginks
] Sources

2] User-Defined Functions

Constant

E Data Type Conversion

Drernug

Discrete-Time Integratar

Gan

Giround

Int

e
= untitled:

File Edit Yew Smulstion Format Took Help

DeES

W Momal = =)

Bi=p3

Ready 100%

1 2.31 wihadmSuaseszuusiaoawed Simulink

adeds

O =ES

Sine Wave

Ready

1100%

Integrator

Scope

—— = ———

Jodeds

519 2.32 MIFDUADTLNI BlockUdd Simulink

U

9
2.9.1 NGV Block Wug1ulu Simulink

2.9.1.1 unaanuiladaya s (Source) HATUNAIAAITYYIY (Sinks) NYUUDI
A o Y 9 4 o a 9 A [ 1 1 o a U A
Source N UAN IR szNoVAIBUMAIN AT YA I DAYV 1FU HKHAIAUTAAIAIN
' o A [ v J 1 o A @ 4
(Constant), 4N UUATYYUIUNWAT (Pulse Generator) memzuﬂﬁmumumgﬂhlcvu (Sine Wave)
1 o A o a { o § o ° <3 [ {
Wsourastuadyauun (Clock) Mnldedunaimssasetdyruiludu asgii 2.33

' . < ' { 9 v ] Y
nguYe3 Sinks 1Hunquiaz lddmsumnudeya (To Workspace) taguaaanauean1suigm)

(Scope Display) Audu ﬁﬂgﬂ‘ﬁ 2.34
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L1 Simulink ibrary Browser
File Edit Yiew Help

DS+ |

Digital Clock: Output current simulation time at the specified rate.

=1 gl Simulink. ~ Chirp Signal
] Commanly Used Blocks
m Conkinuous

y Discontinuities

m Discrete

m Logic and Bit Operation
#¥| Lookup Tables

2| Math Operations

#1 Madel verffication

] Model-wide Utilities
| Ports & Subsystems

] Signal Attributes - Digital Clack

m Signal Routing

Fram File
. prted mat]
2| User-Defined Functions
w23 Additional Math & Discr From ejeiksgace

+ W Aerospace Elockset

+. Wl COMA Reference Blockset Ll E Ground
< 11l

Clack

Canstant

Counter Free-Funning

Courter Limited

a E]

Ready

gﬂﬁ 2.33 ﬂtjll Block U84 Source

Simulik Cibrary Browser
File Edit Wiew Help

O&E 4= dh |

To Workspace: ‘wiite input to specmed arra_l,l ar structure in MATLAR's main workspace [rata iz not available until the simulation is
stopped or paused.

= !l Sirmulink Al ee ol |
y Commonly Used Blacks Display

m Conkinuous
y Discontinuities |

y Discrete

=]

Floating Scope

2+ Logic and Bit Operation Outl
y Lookup Tables |
2] Math Operations | Seope

] Model Verification |

21 Madel-wide Utilities

y Ports & Subsystems |

| signal Attributes !

y Signal Rauting |
|
|

Stop Simulation

Termninator

] sirks
y Sources
2+ User-Defined Functions |
4+ P Additional Math & Discr
+- W/ Aerospace Blockset

+. Tl Coma ReFarence Elockset [_] | | X
[il T #Y Graph &

Ready 4

ToFile

311 2.34 nNqu Block Y04 Sinks
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2.9.1.2 MIAWTUMINAAAMAAS (Math Operation) NG Math Operation &I
NNNNEITEIRUMIAUTUMIARANTAT A1) 15U PTUIN (Add) Wansuneadiamans

. o . I
(Math Function) 1a8gm3naiails (Gain) 1Hudu

_1'Simulink Cibrary Browser;
File Edit “iew Help

O & = dh |

Math Function: Mathematical functions including logarithmic, exponential, power, and modulus functions. ‘when the function has more
than one argument, the first argument comresponds to the top [or left] input port,

=X

=1 T Simuiink ]
m Commonly Used Blocks
m Conkinuous
y Discantinuities
y Discrete
y Lagic and Bit Operation
2 Lockup Tables

Absg

Add

Algebraic Constraint

= Azzignment
2| Model verification

2] Model-wide Utilities

2| Ports & Subsystems

2| Signal Attributes

2| Signal Routing

2] sinks

y Sources

1+ User-Defined Functions

+- | Additional Math & Disch

+ El Aerospace Blockset

7. W CDOMA Reference Blockset | 2
£ i ]

Ready

Biaz

Complex to Magnitude-&ngle

Complex to Real-lmag

Divide:

Dot Product M

ﬂﬁ 2.35 ﬂt’;m Block U84 Math Operations

29.1.3 mqmuﬁmmwm (Slgnal Routlng)

Fil=  Edit Vlew Help

0= 4= dh |

Bus Asslgnmenl. This block aéceptg-a bus as inp&t’éﬁaaﬂo@-s-i‘g-r{a\s in the bus to be’ass_ig_r{ed with ﬁéw-s_ignal valuez. The left
listbox shows the signals in the input bus. Use the Select button to select the signals that are to be assigned. The right listbox shows
the zelections. Use the Up, Down, or Remove button to reorder the selections.

- W Simulink, ‘o i \
1| Commonly Used Blocks N 1:
23] Continuous I i
| Discontinuities |E)
1 Discrete |
m Logic and Bit Operation|
y Lockup Tables
1| Math Operations
| Model verification
| Model-wide Utilities
1 Ports & Subsystems
m Signal attributes

™)

Ervironment Controller

Fram

Goto

Gota Tag Visibility

Index Vector

tanual Switch

3] Sinks
m Sources
] User-Defined Functions
+)- P+ Additional Math & Discry
= R
£ —rr— )

Ready

Merge

tultiport Switch u
~

‘ﬂﬁ 2.36 ﬂmJ Block U84 Signal Routing
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o Ao v Y g}/ = o Y = o T W 1
TunstaeaszuuniaNNF TN VNATIIANUT T UABILMITUAITYIUINEIU
né 1 1 é né 9y 9 d' ] o ,é
nilweoaszuy ligdnaiunilsvesszuy Fams ladwrouein luazainlunsiiam ¥ Block
v A . . o Y as < ~ 2
Tunguitiuilszian GOTO, FROM ag Multiplexing 9z 1vunugiianuiiuszidisnunnauy
193170 2.36
2.9.2 MamuuaaIAINlumMsiaeatfyn (Parameters Configuration)
o a 4 g’/ A 9Y o d‘ Y = v A d‘
miaosdymluasunineiiuy Ylodunanaoanes i Asszezanauly
o [ o ] a 4 o
lumstaeslymnuszeznarlumsasstym isuneuiumeionn ldszoznarlumssians
] s A =\ a A o Y A a Iq Y
MInoUaUDd 119 10 U0 voaszuuRauluies 1 310 M ldszeznaiNaounInes 1% 1y
o A ] o o Y =} a a o A
msmaevvestainanle ldasenu lunmssaesdam TaeldsilionisiFeanavi Step
. = 1 ~ . . 1 4 A A Y A [J Y
Size HiA1 liAeh (Variable Step Size) A1 Step Size mnﬂwqﬂuazuawqﬂmmmmwuﬂ%
1 < = ax a o = . o = . . 3 axa o a EY
a8 l5nAuT2ouITIFaAa VN Step Size HA1AIN (Fixed Step Size) 11 1ITNNInazHon1F 1y

o d‘ 1 A ~ Y 1 o [ A
msmaaqﬂiym L‘L!E’Ni]"IﬂZ‘T"Ill"Iiﬂ58u"If’NL’mTViiE]i]ﬂﬂJﬂQL’JEﬂVIﬁuGli]llﬂBEJNmJuEJ'I @leﬂ‘lfl 2.37

=] Configuration Parameters: untitled/Configuration

Salect Simulation time
- Solver Start time: 0.0 Stop time: [10.0
- Data | port/E sport
- D ptimization m
[=1- Diagnoshics Zlafi ntn
g---Sample Time Type: | Vatisble-step j Solver: | oded5 (Domand-Prince) ;'
’ Data Inh.agnly Max step size: |auto Aelative tolerance: |1 e-3
- Conversion > \
- Connectivity | Min step size: |auto Absolute tolerance: |auto
i Compatibility Initia] step size: lauto
- Model Referencing ] : -
.- Hardware Implementation | Zeia crossing contiol [ Use local settings _j
- Model Referencing

- Fleal-Time “Workshop
- Comments

i Custom Code
== Debug

i Interface
4| S | »f
QK | Cancel | Help | Apply

- Symboals e

517 2.37 mihanlgmvuamasilumsiaealym

U
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2.10 VoIANIUAN (STM32F4171G)

4 o 9 dl dl 1 o o 9

veianuaN M Mi¥Feuaeuuuiiasin1siiIuszuuaIuguale T sunsu

MATLAB/Simulink NUN3£UIUNI3939 1A8K1YU Blocksets taza11130l5uldeuamnimes
A9 N00ALLUAI81IA1954 UBSARILANYTLADUARITIUIUTBY A/D, D/A, PWM, Digital I/O

& 9 o [ ] 4 o Y 4
1182 Encoder 4 1¥d S ussuuaiuan 15u miniuquuemes IWinszuaaauaionnaesng
aruguuaunatazmsnruannszuumsuun liidludadundudewiudu audnyazve

4 a 4
N15a oUmesINd (STM32F4171G)

< J o Y a . ] [
- Lﬂuu@ﬁﬂﬁ'lﬂ'i‘]Jﬂ'JUﬂllll‘UUl'Ja'miﬂ (Real- Time) H1UAADH ARM Cortex-M4

1 [ o

- BIAQYIY A/D U 24 FBI ANNALIDYA 12 LA 16 Ua UTIAUDUNA +- 5V

' [

- eIdy N D/A TIUIU 8 B9 ANNAIDEA 16 UA UTIAUDUNA +- 5V

e

[ [J

- Ay PWM 91194 24 %09

- A9A9A IO 91U 54 FOIUUVYUIY

- Feadyanudmivueuldames 91U 2 %4

- gesdyanudumeslanuueynIuiU RS232, Rs48s
- Weureruaeuiuae; /U USB 2.0

- asneSaenanisd sy MATLAB/Simulink

5111 2.38 vesAnIUAN (STM32F417IG)
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3

Y

CLK, NE [2:0], A[22:0],

N D[at:0], OEN, WERN,

¥] MBL[2 0], ML, NREG,
WWAITAGRDY, CD
NIORD, 10YR, INT]2:3]
| INTH, NIIS16 as AF

HEYNG, VEYNG
PUIXCLK, D[12:0]

DP
DM
SCL, S0A, INTN, ID, ¥BUS, SOF

VDD =18t0 3.6V
VES
VCAP1 WCRAZ

b

:> VDDA, WE5A
NRST

:> OSC_IN
OSC_0UT

M External memony
NJTRST, JTOT, contraller (FSMC) %
ITCKISNELE TGasw | wru K== SRAM, PSRAM, NOR Flash, [N
ITOOEWD, ITD TTh [ PG Card (ATA), MAND Flash
TRACECUﬂ oo A5
TRACED[2:0 APM Cortex-Ma K1LL| TDES, AES256
L1 |
168 MHz  pus Kt » =
FPU Y E Zu| | Plash | HasH
sEUS KA N =88 o
& o 25 up to - e
Ml ot AMII asAj Ethemet MAC | Dias|” JERK=ES 1 MB
MDIO as AF 10H00 FIFO K = < Camera
&= _SRAN 12 KB S interface
e = I 1 2 SHAM 16 KB =
wrok. oz, i, ST e K E| OTG Hs | rrok—={a@ T e 1=
SCLADA INTH, D, VBLIS, S0F A N = A =il TG Po T
2 S L]
DMAZ i * TRET 158 M=
DMAA &&5tmams —— AHB1 168 MHz
F -
L~
@YDDA ror @ybh
| Supply
Pa[15:0] GFIOPORT A L_AGHS reggtl  suparvision
—t_RCLS | it POR/FOR
Feis ol )| GPIOPORT B | e el "l_EmEl:l
PO
PC[15:0] GRIOPORT C
@yDOA @VDD
rops0 <3 aPIoPORTD Fcose g
4- 16z [
SETEOR qunly IS ——— Feset & > e 4
clock —
PF[5:0] “ GPIOPORT F control !
T T &b Standby v
PG[15:0] “ interface /
GPIO PORT G MM par |
PRI (o GRIo PORT H g£g¢g k=t L ]
-
RATC
Pils:0] GPIOPORT | - AW
o Backup reister
- 4 KB BKPSRAM
= TIM2 b
ﬁ K= T  1éb
Dotz Diad
7 K= TIrA4 16b
140 AF — AHBAPB2 | aHEAPEA <:=b TIME azh
D[7-0] ki T2 16b
D, CK asAE| P oy
N Ld
srpl. channets (TIMH_GH1[1 -4]H, K= T3 1éb
4 channels (TIM1_CHA[1:4]ETR,

BKIN a8 AF K= TIM14 - 16b
srpl. channels (TIMA _CHA[1:4]M, meard
4 charnels (TIM1_CH1[1-4[ETR, T = USARTZ ypy

BAN 32 A R 57! et

2channels as AF TIka 16b USARTE pp
n
I K= UaFRT4
1 channel as AF Tii0  18b (::>§
3
.-.(ﬁ) UaRTS
1 channel as AF TInAA 160 1= % o
3 £
R, TX, CK smcard — Tl SP2/282
CTS, ATS as AF el 6 16b [G(E pemyp
X, TX, CF, smoard e K=
CTS, FTS as AF iDs_ USARTE TIM7  16b K %
MOSI, MISO, LK 12C1/SMBUS
50K, NS5 as AF SPiH = =
VIR, k= 12CosMBUS
WDDREF_ADG F |
. t ) "emperature sensor |kt ke 12 CA/SMBUS
analog INputs common
tothe 3 ADCs I&,
8 analeg inputs common ADGS K= ]
1o the ADCT & 2 IF = S bXCAMT |0
& analog inputs for ADG3 I& 4:{) b AN 2 m

DAC1_OUT DAG2_ouT
as AF as AF

1 2.39 vdenlaszunsuasaniueianiugy (STM32F417IG)
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WBAT =185 to 3.6V
SCaz_IN
Osc22_oUT

RTC_AF1
RTC_AF1

4 channels, ETR asaF
dchannels, ETR asaF
4 channels, ETH as AF
4 ghannels

2 channels as AF
1channel ag AF

1 channel as AF

RX, TX as AF

CTS, RTS as AF

FX, TX as AF
CTS, ATS as AF

RX, TX as AF

RX, TX as AF

MOSIAD0, MISCSD _ext, SCKICK
NSSAVS, MOK as AF

MOSI/SD, MISO/SD_ext, SCI/CK
NSSAVS, MCK as AT

SCL, SO0, SMBR as AF

SCL, SO8, SMBK as AF

SCL, SDA, SMBA as AF

TX, RX

Tx RX



2.10.1 M3AONADLDIANILAN STM32F417IG AL NATOUMIIHOUAD ST-Link
2.10.1.1 MIAAAIUBSANIUAL STM32F417IG 1¥euse ST-Link taz e

1ALDTA aMG F4 Connect2 9133117 2.40[50]

Indicator (LED) for
Vdd status
ST-Link

N

Power supply 9V
(aMG Power Supply 9V 1A)

‘Ijﬁ 2.40 ﬂﬁ@’lﬂﬁ\‘]‘ﬂ’ﬂiﬂﬂ’l‘ﬂﬂﬂ STM32F4171G uag ST-Link

o 4 ' 5 o a 4 y A
2.10.1.2 Vl'lfﬂ'il%ﬂﬂﬁf) ST-Link ﬂ‘]Jﬂf]ﬂJW'Jmﬂﬁﬁ,’JfJﬁ']fJ USB 91nuuila

T1J5un3u ST-Link Utilities A931/N 2.41

r hl
B sTMa2STUNK Uity i e Mo L > B | = [ B |t
File Edit View [Target| ST-LINK ExtemalLoader Help
' Connect ; "
= E % @‘m t Seie[:t menu: “Target ->"Connect
Memary display SR < Device Information
, Erase Chi CTRL+E U Devies STM32F400¢/F 4 L0x
Address:  0x080 P 2bits e P\
EE) Revision ID Rev Z
Device Memary @& Erase Bank2 Flash size 1MBytes
Target memary, Add Erase Sectors,. )- J a \\ N [CLiveUpdate
Address =
P
008000000 s 4
Program & Verify... CTRL+P
0:08000010
008000020 Blank Check
008000030 Target memery compare with file
DOEHGD Option Bytes..  CTRL+B
008000050
008000060 MR8 "
008000070 Automatic Mode...
SA0S000020 Settings... CTRL+S

008000090

MRNNNN AN NANNN217 NANNN219 NANNA1 R NRONN71 M T
< |

(1] | 3

TL 70,03 « CVILE 110511 JILE . L0y s

-

5 T-LINK SN SDFF6D0649 77535549 158

: ST-LINK Firmware version : V212154

J : Connected via SWD.

1:47:11 : Connection mode : Connect Under Reset.

I 1:47:11 : Debug in Low Power mode enabled.
: Device ID:0x413

: Device flash Size : IMBytes

: Device family :STM32F 40 F41xx

2. Display the MCU information, indicate
the ST-LINK and Target MCU
connection is Ok.

Debug in Low Power mode enabled. pevioe ID:0x413 kore State : Live Update Disabled

.

s 2.41 uaraantea 1asun sy ST-Link Utilities iiioaoudo ST-Link
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2.10.1.3 Lﬁaﬂmyg “Target”->“Connect” Lﬁamﬁaumsﬁawia
2.10.1.4 gouzveamsiFeunevzuaauiiuioni Winiitoyaves
luTnsaew InsamesuansuuniiavesTsunsudagud 2.41 Funneaimh mageuse
Fuilnd
2.10.1.5 WaTisunsy ST-Link
2.10.1.6 wdniaS A uNATOUMSIFeNAD ST-Link AldaunstaTdsunsy
ST-Link Utilities Lﬁeﬂmﬁusﬁ’a AANaIR lung L%ﬂmi@uaz Download Model #28 Waijung
Blockset
2.10.2 M3 Build 1az Download 1Wd azdregamsldarn (11 Waijung Blockset)
TilddredramslFamdmSuuesaniuny STM32F4 0glu Demo Directory:
waijungroot\targets\stm32f4_target\stm32f4\demo\ &n¢ 10619 M3 1FaU Digital Output ﬁ"l% UADU
Download ﬁﬂ‘ﬁ
2.10.2.1 uu 11/5un54 Matlab L‘ﬂﬁﬂu Current Directory (Working directory) Taléa
waijungroot\targets\stm32f4 target\stm32f4\demo\digital output demo a. 33 ﬂﬁ 2.42

2.10.2.2 11Ja demo model 11ldo: stm32f4 digital output demo.mdl

[ 4 vanse 7.0 v SR R D, /> =]

File Edit View Debug Desktop MWindow Help —
A= =N TR Ay NagC |ﬂm\waijung14_19c\targets\stm3Zf-ll_target\sthZf-d\demn\digital_nutput_demh ~|[E @
: Shortcuts [#] How to Add (2] What's New N~ S == N
i, N e g0 VAT o
a B I:j <« digital_output_demo '-E - l: E 6 - | & ‘ . s o~ | ‘ w L_\“ - o nff’. ‘ ! 'E] » g
L4 s ~TEF 7 E, % LT TR DITeciory -
D) Nome ~ R =l el [ [#T0 2
= Simulink Model File E
B stm32f4_digital_output_demo.madl ‘3_
stm32f4_digital_output_subsystem_demo.mdl g
oy
=

stmi32f4_digital_output_demo.mdl (Simulink Mod: ¥ Command Window + 0 A X
(no description available) fx s
4\ Start

511 2.42 M31JAgu Current directories UMM 11/51n053 MATLAB

Y
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2.10.2.3 m3tiufin¥e 11d Tase Directory t1az 11d Model Ao4'laid)
A ' ' A o A =
IATDININBFOIIIHTBENVTEDUY TINDIMB ne
¥ 1 v 0w ¢
2.10.2.4 14 Target Setup block 1rtaamms I¥anudmsylulnsnouInamesuu

VBIANILAY STM32F417IG Aegiil 2.43

F ™y
E Block Parameters: Target Setup ﬁ

stm32f4_target_setup (mask) {ink)

Use this block to setup STM32F4 Target in a Simulink madel.

The sample time of this blodk is the system base sampletime. It is automatically
computed based on sampletime of every block in the system model and is used to
configure Systick Counter of the target.

Set the MCU part number to
STM32F4171G to support FiO2 board

Compiler [GNU ARM 4 -

—=____
CU [STM32F417IG (LQFP176); STM324H1GEVAL -
___-'-.-

Clock Configuration ISTM32F4DISCD'«'ER‘|’ Default (HSEQSC-8MHzHCLK-168MHz) ]

Parameters

] Show memory configuration
Enable Auto Compile and Download
[ Full Chip Erase before Download

Programmer /[Debugger [ST—Link -

Show fEdit Control Strings (Recommended for advanced users only)

Compiler Control String

mb-interwork -mﬁbEIt-abi =hard -n:|ﬁ:||.|_=ﬁ:lv5—sp-d 16 -—ﬁ';:lstmé“ﬂﬁ “Wall Wextra -Ofast
Assembler Control String

This=8(<:.5=.lst) -D_ STACK_SIZE=§(STACK _SIZE) -0__HEAP_SIZE—$(HEAP_SIZE)
Linker Control String

Run Application After Download

Enable Execution Time Profiler [None - ]

Manuzlly set base sample time : f
: Configure the desired base

~ Sample time, normally 0.01 or
0.001 Second

[ Ok H Cancel H Help ] Apply

|8

9
v

gﬂ‘ﬁ 2.43 791319911 Target Setup block §M5VVBSA STM32F417IG ST-Link

2.10.2.5 M3 Update model Tagnatjy Curl+D ogharfaudeensa ifle Update
Diagram naziu Sample time

2.10.2.6 A29ADUA1 Sample time TULAAL blocks 1a8NALjy Ctrl+] A1 Sample

. {0 o 1 <
time ﬁ@n\‘]ﬂu(luuﬁag block llﬁﬂ\‘]@@ﬂuuﬂulﬂﬂ%
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-
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Signal
Selected signal: 5 cycles. FFT window (in red): 3 cycles
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Signal

Selected signal: 5 cycles. FFT wmdow (inred): 3 cycles
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Signal
Selected signal: 5 cycles FFT wmdow (inred): 3 cycles
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Signal
Selected signal: 5 cycles. FFT window (in red): 3 cycles
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Modulation Modulation Line voltage THD,, Line voltage THD,,
Carrier Signal Technique (Load 500€2) (No Load)

PD SPWM 13.80% 12.90%
HIPWM 10.30% 9.60%
POD SPWM 21.00% 19.50%
HIPWM 17.00% 15.40%
APOD SPWM 22.60% 19.90%
HIPWM 18.80% 17.40%

M99 4.2 ooy THD, Y9598 UAIUPONIINMATLAB/Simulink 1A21AT0IAULLIY

Modulation Modulation Line voltage THD,, Line voltage THD,,

Carrier Signal Technique (Load 500€2) (No Load)

MATLAB/  (A3098UIUY MATLAB/  IA399@ULAI

Simulink Simulink
PD SPWM 12.39% 13.80% 12.12% 12.90%
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5 - Level H-NPC Inverter, Research Journal of Applied Science, Engineering and

Technology, Vol. 6, No. 12, pp. 2227-2282, 2013
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n.1 quanyuzmindumesila STM32F4171G

‘ ' life.augmented

STM32F415xx
STM32F417xx

ARM Cortex-M4 32b MCU+FPU, 210DMIPS, up to 1MB Flash/192+4KB RAM,
crypto, USB OTG HS/FS, Ethernet, 17 TIMs, 3 ADCs, 15 comm. interfaces & camera

Features

March 2016

Core: ARM® 32-bit Cortex®-M4 CPU with FPU,

Adaptive real-time accelerator (ART

Accelerator™) allowing 0-wait state execution

from Flash memory, frequency up to 168 MHz,

memory protection unit, 210 DMIPS/

1.25 DMIPS/MHz (Dhrystone 2.1), and DSP

instructions

Memories

— Up to 1 Mbyte of Flash memory

— Up to 192+4 Kbytes of SRAM including 64-
Kbyte of CCM (core coupled memory) data
RAM

— Flexible static memory controller
supporting Compact Flash, SRAM,
PSRAM, NOR and NAND memories

LCD parallel interface, 8080/6800 modes

Clock, reset and supply management

— 1.8V to 3.6 V application supply and 1/Os

- POR, PDR, PVD and BOR

— 4-to-26 MHz crystal oscillator

— Internal 16 MHz factory-trimmed RC (1%
accuracy)

— 32 kHz oscillator for RTC with calibration

— Internal 32 kHz RC with calibration

Low-power operation

— Sleep, Stop and Standby modes

— Vpgat supply for RTC, 20x32 bit backup
registers + optional 4 KB backup SRAM

3x12-bit, 2.4 MSPS A/D converters: up to 24
channels and 7.2 MSPS in triple interleaved
mode

2x12-bit D/A converters

General-purpose DMA: 16-stream DMA

controller with FIFOs and burst support

Up to 17 timers: up to twelve 16-bit and two 32-

bit timers up to 168 MHz, each with up to 4

IC/OC/PWM or pulse counter and quadrature

(incremental) encoder input

Debug mode

— Serial wire debug (SWD) & JTAG
interfaces

— Cortex-M4 Embedded Trace Macrocell™

Datasheet - production data

\ )
\/
LQFP&4 (10 x 10 mm)
LQFP100 (14 x 14 mm)

LQFP144 (20 x 20 mm)
LQFP176 (24 x 24 mm)

UFBGA176
WLCSP90 (10 % 16 mm)

(4.223x3.969 mm)

Up to 140 I/O ports with interrupt capability

— Upto 136 fast I/Os up to 84 MHz

— Upto 138 5 V-tolerant I/Os

Up to 15 communication interfaces

- Upto 3 x I2C interfaces (SMBus/PMBus)

— Upto4 USARTs/2 UARTs (10.5 Mbit/s, ISO
7816 interface, LIN, IrDA, modem control)

— Up to 3 SPIs (42 Mbits/s), 2 with muxed
full-duplex IS to achieve audio class
accuracy via internal audio PLL or external
clock

— 2 x CAN interfaces (2.0B Active)

— SDIO interface

Advanced connectivity
— USB 2.0 full-speed device/host/OTG
controller with on-chip PHY

— USB 2.0 high-speed/full-speed
device/host/OTG controller with dedicated
DMA, on-chip full-speed PHY and ULPI

— 10/100 Ethernet MAC with dedicated DMA:
supports IEEE 1588v2 hardware, MII/RMI|

8- to 14-bit parallel camera interface up to
54 Mbytes/s

Cryptographic acceleration: hardware
acceleration for AES 128, 192, 256, Triple
DES, HASH (MD5, SHA-1), and HMAC

True random number generator

CRC calculation unit

96-bit unique ID

RTC: subsecond accuracy, hardware calendar

Table 1. Device summary

Reference Part number

STM32F415xx

STM32F415RG, STM32F415VG, STM32F415ZG,
STM32F4150G

STM32F417xx

STM32F417VG, STM32F417IG, STM32F417ZG,
STM32F417VE, STM32F417ZE, STM32F417IE

DoclD022063 Rev 7

1/205
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STM32F415xx, STM32F417xx Description

2.2 Device overview

Figure 5. STM32F41xxx block diagram

CCM data RAM 64 KB NS External memory I CLK, NE [30), 4125 8],
NJTRST, JTDI, controller (FSMC) ~ | oj3 1.9, 0EN, wew,
STCKISWELK JTAG& SW|  MPU SRAM, PSRAM, NOR Flash, [\ V| iz, e,
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S At cogim: T = TDRS. ARS30 LT, Nis16 as 4F
168 MHz vaus K > HASH
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saus 5 i
RNG
il e RMil 25 AF Ethemet MAC | omw H 1MB
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L Velage C:> VDD =181036V
e sThizy vee
veap, voe2
T
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r—1 -~
Patso) GPIO PORTA > — reelq] _supervsion
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s 2 BOR. VDA, vSSA
isa <o) GPIO PORTB ¥y | =1l 2 oy [
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K= VBAT =185t 38V
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G R ) [ER— T a . | g Ty ] 0sca2 ouT
- RTC
e p—— = — Ay RTC AF1
- Bacup regter RTC AF1
1w I=| ~ |[4KB BKPSRAM
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(4 K> 4 chanvels, ETR asaF
140F — \Yae Ttk 4 cnansels, E7R sa 4
upEl SZ K *ctannols
MO, CKaz AF
s AHBIAPB2 | AHB/APB1 KD 2 cnommin saae
4 compl. channels (TIM1 CHI[1.4N,
A channes (M1 CHI[1:GETR, K.~ ~ > 1 chanol as AF
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4 compt channets (TIM1 CHI[14N, < :’ 1 chanmel a8 AF
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M S
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G RTS e AF 2 e
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DACI QUT  Dac2 OUT
— b ai18511d

1. The timers connected to APB2 are clocked from TIMXCLK up to 168 MHz, while the timers connected to APB1 are clocked
from TIMxCLK either up to 84 MHz or 168 MHz, depending on TIMPRE bit configuration in the RCC_DCKCFGR register.

2. The camera interface and ethemnet are available only on STM32F417xx devices.
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Pinouts and pin description

STM32F415xx, STM32F417xx

Figure 15. STM32F41xxx LQFP176 pinout
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The above figure shows the package top view.
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STM32F415xx, STM32F417xx

Pinouts and pin description

Figure 16. STM32F41xxx UFBGA176 ballout

1 2 8 4 5 6 7 8 9 10 1 12 13 14 15
A 'pge PE2 PE1 PEO B8 PES PG14 | Pa13 PB4 B3 PD7 pci2 | pats | Pats | Pais
B PE4 PES PES PBY PB7 = pais | patz | part | Pato | PDe PDO pcit | Pcio | Patz
c | vear PI7 PI6 PI5 VoD |ppRoON| oD | vDD VoD PGY PDS PDI P13 P2 PAN1
o | pcis Pi8 P9 Pl vss | BooTo | vss Vss VsS D4 FD3 PD2 PHIS Pit PA1O
E PC14 PFO Plto Pt PH13 PH14 Plo PAS
F | reis vss VDD PH2 vss UES vss vss Vss vss | veapz| Peo PAs
G| rHo vss VDD PH3 vss NES vss Vss G vss | vop PC8 pC7
H | PHI PF2 PF1 PH4 vss VES Vss Vss Vss vss | voD PGS PCE
J | NmsT PF3 PF4 PHS vss vss vss vss vss vop | vob PG7 PGE
K PF7 PF6 PF5 VDD vss VSS Vss vss vss PH12 PGS PG4 PG3
L PFiO PFo PFe Bv‘:gf;,-_ PH11 PHI0 | PD15 PG2
M| vssa PCO PC1 pC2 PC3 B2 PG Vss vss | veap_1| e PHE pHe | PD14 | PD18
N | VvREF PA1 PAO Pa4 PC4 pr1a | PGo | wvoo | voo voo | PEI1Z | PHZ ep12 | PD11 | PDIO
P | vrer. PA2 PAB Pas PCS PF12 | PF15 PER PES PEtt | PE14 | Pe12 | PBIB PO9 PDB
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1. This figure shows the package top view.
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2.1 audnyuz loFues 741504

]
FAIRCHILD
| sessnes e

SEMICONDUCTORTM

DM74LS04
Hex Inverting Gates

General Description

This device contains six independent gates each of which

performs the logic INVERT function.

August 1986
Revised March 2000

Ordering Code:

Order Number

Package Number

Package Description

DM74LS04M M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
DM74L.S04SJ M14D 14-Lead Small Qutline Package (SOP), EIAJ TYPE II, 5.3mm Wide
DM74LS04N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X" to the ordering code.

Connection Diagram

Vee A8 ] a5 3 Ya
Ilﬁ ||3 ||1 ||| |IU l3

1 lz IJ |4 Is ]7
A1 v A2 2 A3 GND

Function Table

Y=A
Input Output
A Y
L H
H L

H = HIGH Logic Level
L =LOW Logic Level

© 2000 Fairchild Semiconductor Corporation

DS006345
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DM74LS04

Absolute Maximum Ratingsmote 1)

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range 0°C to +70°C
Storage Temperature Range —-65°C to +150°C

Recommended Operating Conditions

Note 1: The "Absolute Maximum Ratings" are those values beyond which
the safety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings.
The "Recommended Operating Conditions” table will define the conditions
for actual device operation

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 525 vV
Viy HIGH Level Input Voltage 2 A
Vi LOW Level Input Voltage 0.8 A\
lon HIGH Level Output Current -0.4 mA
loL LOW Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C

Electrical Characteristics

over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (N:Z:z) Max Units
Vi Input Clamp Voltage Voo =Min, [=—-18 mA -1.5 v
YoH HIGH Level Yoo =Min, lgy =Max, 55 55 i

Output Voltage Vi =Max
VoL LOW Level Voo =Min, g = Max, 035 05
Output Voltage Vig=Min \
ToL =4 MA, Voo = Min 0.25 04
T IApUt Current @ Max Voo = Max, ¥, = 7V 01 mA,
Input Voltage
IiH HIGH Level Input Current Voo = Max, V= 2.7V 20 WA
I LOW Level Input Current Voo =Max, V=04V —0.36 mA
Tos ‘Short Circuit OUtpUE Current Ve = Max (Note 3) 20 ~100 A
leeH Supply Current with Outputs HIGH Ve =Max 1.2 24 mA
lecL Supply Current with Outputs LOW Voo =Max 36 6.6 mA

Note 2: All typicals are at Voo =5V, Ty =25°C

Note 3: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Switching Characteristics

at Voo =5Y and T, =25°C

R =2 kQ
Symbol Parameter Cy =15pF Cp =560pF Units
Min Max Min Max

tpLH Propagation Delay Time /. A I - v
LOWto-HIGH Level Output

tpHL Propagation Delay Time 3 ™ » e ez
HIGH-to-LOW Level Output

www.fairchildsemi.com 2
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2.2 udnyuz lodues SN74HTC244

SN54HCT244, SN74HCT244
OCTAL BUFFERS AND LINE DRIVERS
WITH 3-STATE OUTPUTS

SCLS175D — MARCH 1884 — REVISED AUGUST 2003

Operating Voltage Range of 4.5V to 5.5V

High-Current Outputs Drive Up To 15
LSTTL Loads

Low Power Consumption, 80-uA Max Igg
Typical tpd = 13 ns

+6-mA Output Drive at 5V

Low Input Current of 1 uA Max

Inputs Are TTL-Voltage Compatible

3-State Outputs Drive Bus Lines or Buffer
Memory Address Registers

description/ordering information

These octal buffers and line drivers are designed
specifically to improve both the performance and
density of 3-state memory address drivers, clock
drivers, and bus-oriented receivers and
transmitters. The '"HCT244 devices are organized

SN54HCT244...J OR W PACKAGE

SN74HCT244...DB, DW, N, NS, OR PW PACKAGE

(TOP VIEW)
10E (|1 “ [ Vee
1A1 ]2 19]] 20E
2Y4 (|3 18] 11
1A2 [} 4 17[] 2A4
2Y3 |5 16]] 1Y2
1A3 (|6 15(] 2A3
2y2 [} 7 14[] 1Y3
1A4 (|8 13]] 2A2
2Y1 (|9 12]] 1v4
GND[J10  11]]2A1

SN54HCT244 ... FK PACKAGE
(TOP VIEW)

¥zl 8P
~N -

as two 4-bit_buffers/drivers with separate
output-enable (OE) inputs. When OE is low, the 1A2 [14 %12 1915[ 1Y1
device passes noninverted data from the A inputs 2Y3 5 17[] 2A4
to the Y outputs. When OE is high, the outputs are 1A3 [16 16[] 1Y2
in the high-impedance state. av2 17 15[ 2A3
1A4 []8 14[] 1Y3
9 10 11 1213
9> d
o~ 0] N — N
ORDERING INFORMATION
ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER MARKING
PDIP-N Tube of 20 SN74HCT244N SN74HCT244N
Tube of 25 SN74HCT244DW
SOIC—DW HCT244
Reel 0f 2000 | SN74HCT244DWR
) ) SOP -NS Reel 0f 2000 | SN74HCT244NSR HCT244
—40°C to 85°C
SSOP -DB Reel 0f2000 | SN74HCT244DBR HT244
Tube of 70 SN74HCT244PW
TSSOP - PW Reel 0f 2000 | SN74HCT244PWR HT244
Reel of 250 SN74HCT244PWT
CDIP—J Tube of 20 SNJ54HCT244J SNJ54HCT244J
-55°C 10 125°C [ CFP-W Tube of 85 SNJS4HCT244W SNJ54HCT244W
LCCC — FK Tube of 55 SNJ54HCT244FK SNJS4HCT244FK

T Package drawings,

available at www.ti.com/sc/package.

standard packing quantities, thermal data, symbolization, and PCB design guidelines are

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is cumert as d]ptﬁdnn date.
conform to specifications per the terms of lnshsmn::'s
does not i

lnsin]d"p.-—n

{f’ TEXAS

to MIL-PRF-38535, all

Copyright @ 2003, Texas Instruments Incorporated
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SN54HCT244, SN74HCT244
OCTAL BUFFERS AND LINE DRIVERS
WITH 3-STATE OUTPUTS

SCLS175D — MARCH 1984 — REVISED AUGUST 2003

FUNCTION TABLE
(each buffer/driver)

INPUTS OUTPUT
OE A Y
L H H
L L L
H X Z
logic diagram (positive logic)
158 A g[> 25E 19 4>
Tﬂ T"
1812 > 18 44 a1 1 > 2
N1 N1
4 16 13 7
1A2 P 1Y2 2A2 P 2v2
b ]
|\E 14 [{ 5
13 5 > 1Y3 2a3 13 > 2v3
8 I{ 12 17 |( 3
1A4 P 1Y4 2A4 P 2v4

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply:voltage range; Vee: =« « Nop\\le « ol Qe = v o Yflagfam 5w w s v mmoa v o 7 @ vt s i socs -05Vto7V
Input clamp current, ik (V< 0orVy>Vee) (seeNote 1) ... o 120 mA
Output clamp current, ok (Vo <0orVg >Vee) (seeNote 1) ... 20 mA
Continuous output current, Io (Vo =0toVeg) - oo 35 mA
Continuous current through Voo or GND L. .o 170 mA
Package thermal impedance, 04 (see Note 2): DBpackage ...................cooiiiiiiiin.. 70°C/W
BVADRCREAGE  SoZ N -+ e s e s s o i s 58°C/W
N PACRAGE N /il ¢ i 5 e s v & s & st 4 3 69°C/W
NSpackage ...... .. ... i 60°C/W
P Lo el CTo I \ NN G o g SN 83°C/W

Storage temperature range, Tgtg

T Stresses beyondthose listed under “absolute maximum ratings’ may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1.

The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

U

EXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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SN54HCT244, SN74HCT244
OCTAL BUFFERS AND LINE DRIVERS
WITH 3-STATE OUTPUTS

SCLS175D - MARCH 1984 — REVISED AUGUST 2003

recommended operating conditions (see Note 3)

SN54HCT244 SN74HCT244 UNIT
MIN NOM MAX| MIN NOM MAX
Vee Supply voltage 4.5 5 55 4.5 5 55 A%
VIH High-level input voltage Vec=45Vto55V 2 2 V
VIiL Low-level input voltage Vec=45Vto55V 0.8 0.8 v
V| Input voltage 0 Vce 0 Vce v
Vo Output voltage 0 Vee 0 Vee \'4
At/AV Input transition riseffall time 500 500 ns
TA Operating free-air temperature =55 125 —-40 85 e

NOTE 3: All unused inputs of the device must be held at Vo or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

Ta =25°C SN54HCT244 | SN74HCT244
PARAMETER TEST CONDITIONS Vee UNIT
MIN TYP MAX MIN  MAX MIN  MAX
I0H =20 4.4 4499 4.4 4.4
VOH V=V or VL Ohy ue 45V A
loH =-6mA 3.98 43 37 3.84
loL =20 0.001 0.1 0.1 0.1
VoL Visvporyy  poL=20wA 45V v
loL =6 mA 017 0.26 0.4 0.33
I V| =Vcg or 0 55V 0.1 +100 +1000 +1000 [ nA
loz Vo=Vegor0, V)=V or Vi 55V +0.01 10.5 +10 5 HA
oo V| = Ve or 0, I5=0 55V 8 160 80| pA
Oneinputat 0.5V or2.4V,
Alect Other inputs at 0 or Voo 55V 1.4 2.4 3 29| mA
G t:éﬁ‘iv\l 3 10 10 10 pF

T This is the increase in supply current for each input that is at one of the specified TTL voltage levels, rather than 0 V or V.

switching characteristics over recommended operating free-air temperature range, C| = 50 pF

(unless otherwise noted) (see Figure 1)

CARAMETER FROM To 3 Ta = 25°C SNsaHCT244 [ SNraHCT244 [
(INPUT) (OUTPUT) CC I"MIN TYP MAX| MIN WMAX| MIN WAX
45V 15 28 42 35
tpd A Y ns
55V 13 25 38 32
r 1] # 45V 21 35 53 44
ns
en ] 55V 19 32 48 40
: \\ 2 45V 19 35 53 4
i ns
diz PR 55V 18 32 48 20
45V 8 12 18 15
tt Y- ns
55V 7 16 14
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3
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SN54HCT244, SN74HCT244
OCTAL BUFFERS AND LINE DRIVERS
WITH 3-STATE OUTPUTS

SCLS175D — MARCH 1984 — REVISED AUGUST 2003

switching characteristics over recommended operating free-air temperature range, C|_ = 150 pF
(unless otherwise noted) (see Figure 1)

T FROM T0 " Tp = 25°C SN54HCT244 | SN74HCT244 |
(INPUT) (OUTPUT) CC "MIN  TYP WMAX| MIN MAX| WMIN WAX
45V 21 45 68 56
tpd A Y ns
55V 18 40 61 51
. __ v 45V 25 52 79 65
ns
en OE 55V 22 47 7 59
45V 17 42 63 53
t Y ns
55V 14 38 57 48
operating characteristics, Tp = 25°C
PARAMETER TEST CONDITIONS | TYP| UNIT
de Power dissipation capacitance per buffer/driver No load 40 pF

{'f Texas
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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SN54HCT244, SN74HCT244
OCTAL BUFFERS AND LINE DRIVERS
WITH 3-STATE OUTPUTS

SCLS175D - MARCH 1984 — REVISED AUGUST 2003

PARAMETER MEASUREMENT INFORMATION

Vee
PARAMETER RL CL $1 S2
s1 tpzH S0pF | open | Closed
Te.St ten 1 kQ or
From Output Point R tpzL 150 pF | Closed | Open
HnelsrTast tPHZ Open | Closed
CL tdis 1kQ | 50 pF
(see Note A) I s2 tpLz Closed Open
— 50 pF
— tpd or tt — or Open Open
150 pF
LOAD CIRCUIT
—— 3V
Input 4 3y | 2.7V 27V | 13V
03V | | 0.3V oV
| |
— [t —> —t
VOLTAGE WAVEFORM

INPUT RISE AND FALL TIMES

| I o VOH
In-Phase |
I 1.3v | 0% 90% N 1.3v
10%
oL
| f

VOLTAGE WAVEFORMS
PROPAGATION DELAY AND OUTPUT RISE AND FALL TIMES

NOTES: A. C| includes probe and test-fixture capacitance.

Output

Control 2
fiaweLavel | 13V 1.3V .
Enabling) '™ ' - -
tpzL —14—b| h—ﬂ- tpLz
Output I | I | ~Vee
Waveform 1 I
(See Note B) | 10%__ vor
tpzH —N—D: k—ﬂl— tPHZ
Output | 0% VoH
Waveform 2 13V %
(See Note B) =0V
VOLTAGE WAVEFORMS

ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

9]

. tpLz and tpyz are the same as tgjs.
. tpzL and tpzH are the same as ten.
. tpLH andtpy_ are the same as tpq.

®mmo

Phase relationships between waveforms were chosen arbitrarily. All input pulses are supplied by generators having the following
characteristics: PRR <1 MHz, Zp =50 Q, ty = 6 ns, tf=6 ns.
The outputs are measured one at a time with one input transition per measurement.

Figure 1. Load Circuit and Voltage Waveforms

{I? Texas
INSTRUMENTS
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MECHANICAL DATA

0.010 (0,25) NOM

N (R—PDIP—T**) PLASTIC DUAL—IN—-LINE PACKAGE
16 PINS SHOWN
PINS **
A
oM 14 16 18 20
& ’ 0775 | 0775 | 0920 | 1.060
i e M B i B e W e e W A MAX | (969) | (19,69) | (23,37) | (26.92)
0.260 (6,60 0.745 0.745 0.850 0.940
) m((m) A MN | 1892) | (18.92) | (21,59) | (23,88)
MS-001
S o e . vy g 2 v & VARIATION AA BB AC AD
_J L 0.070 (1,78
0.045 51 14§ A
0.045 (1,14) 0.325 (8,26,
r 0.0%0 (0.76) & £020 (7-5') HN 0300 (7,62)
r_1 0.015 (0,38)
’ | BER "\ ozool(rsoa) MAX
! ! : ) — Tcuuge Plane
\. | | Seating Plane {l_]
I

-
1 0.125 (3,18) MIN

[0.100 (2,54)]
0.021 (o 53)

0.015 (0,38)
[$]0.010 (0.25)@] /

14/18 Pin Only
\ / 20 Pin vendor option A

4>l 0.430 (10,92) MAX L—

4040049/E 12/2002

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

A Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
& The 20 pin end lead shoulder width is a vendor option, either half or full width.

TEXAS
INSTRUMENTS

www.tl.com
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2.3 audnyuz lodues TLP250

TOSHIBA

TLP250

TOSHIBA Photocoupler

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

e Input threshold current: Ir=5mA(max.)

e Supply current (Icc): 11mA(max.)

e Supply voltage (Vce): 10-35V

e Output current (I0): £1.5A (max.)

e Switching time (tpLH/tpHL): 1.5ns(max.)

e Isolation voltage: 2500Vyms(min.)

e UL recognized: UL1577, file No.E67349

e Option (D4) type
VDE approved: DIN VDE0884/06.92. certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

(Note) When a VDEO0884 approved type is needed,
please designate the "option (D4)"
e Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.)

GaAlAs Ired & Photo-IC

Unit in mm

e
Ha
S

"o

TOSHIBA

11-10C4

Weight: 0.54 g

Schmatic Pin Configuration (top view)
Vee 1[0 .
IF
: St b
2+ C Vo 1<
VF :} :; { p [ :] .
3- C Vo
4 [ * - ] 5
5 ShD 1:N.C.
A 0.1pF bypass capcitor must be 2 : Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5:GND
6 : Vo (Output)
7:Vo
8:Vce
Truth Table
Tr1 Tr2
Input On On Off
LED off off On
1 2004-06-25
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Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Alg/ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) lepT 1 A
Reverse voltage VR 5 \"
Junction temperature Tj 125 °C
“H'peak output current (Pyy < 2.5ps f < 15kHz) (Note 2) lopH -1.5 A
“L"peak output current (Pyy < 2.5us,f < 15kHz) (Note 2) lopL +1.5 A
(Ta £70°C) 35
Output voltage Vo v
5 (Ta = 85°C) 24
3 (Ta £70°C) 35
3 Supply voltage Vce A
(Ta = 85°C) 24
Output voltage derating (Ta 2 70°C) AVp / ATa -0.73 Vv/°C
Supply voltage derating (Ta 2 70°C) AVec / ATa 0.73 Vvi/°C
Junction temperature T 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) (Note 4) Tsol 260 €
Isolation voltage (AC, 1 min., R.H.£ 60%) (Note 5) BVg 2500 Vrms

Note 1:  Pulse width Pyy < 1ps, 300pps

Note 2:  Exporenential wavefom

Note 3:  Exporenential wavefom, lopH = —1.0A( = 2.5ps), lopL = +1.0A( =2.5us)

Note 4:  Itis 2 mm or more from a lead root.

Note 5:  Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together.

Note 6: A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max Unit
Input current, on (Note 7) IF©oN) 7 8 10 mA
Input voltage, off VF(OFF) 0 — 0.8 \%
Supply voltage Vee 15 = 30 | 20
Peak output current lopH/lopL — —_ 0.5 A
Operating temperature Topr -20 25 70 l 85 °C

Note 7: Input signal rise time (fall time) < 0.5 us.

2004-06-25
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TOSHIBA TLP250

Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — IF=10mA K Ta=25°C 16 1.8 A\
Temperature coefficient of _ a
forward voltage AVE/ATa —_ IF=10mA — -2.0 — mV/°C
Input reverse current IR — VR =5V, Ta =25°C — 10 uA
Input capacitance Ct — V=0,f=1MHz , Ta=25°C — 45 250 pF
“H’ level lor 3 {;;S‘SRA 05 | -15 _
Output current }/,,‘1:? =30v A
' E=0
L" level lopL 2 Ve 5= 2.5V 0.5 2 —
apyn Veet = +15V, Vg1 = -15V o
H’ level Vou 4 |ri%2000 Ir = Bma 11 12.8
Output voltage A\
- Vet = +15V, Vg1 = -15V s _ 3
L" level VoL 5 RS 2000 Vi =0 6v 14.2 125
Vee =30V, Ig = 10mA _ 7 _
“H level IccH — |Ta=z25°C
Vee =30V, I =10mA - - 1
Supply current L E mA
Vce =30V, I =0mA o 75 o
“L" level lccL — |Ta=25°C
Vee = 30V, IF = 0OmA = - 11
Threshold input “Output \ Veet = +15V, Vegg = -15V
i FLH = - 12 5 mA
current L—H R = 200Q, Vo > 0V
Threshold input “Output . BAL _ Vcet = +158V, Ve = -15V 0.8 — = \
voltage H-L R = 200Q, Vo < OV
Supply voltage Vee - 10 — 35 \
Capacitance c Vg=0,f=1MHz
o — 1 ; F
(input—output) 3 Ta=250 g 29 P
Resistance(input-output) Rs S XSH=55€(5)8‘\',I6' Ta =25°C 1x10"2 | 10™ — Q
* All typical values are at Ta = 25°C  (*1): Duration of |0 time < 50ps
3 2004-06-25
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TOSHIBA TLP250

Switching Characteristics (Ta = —20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max. Unit

cuit
Propagation L—H tpLH - 015 05
delay time Hol toHL IF = 8mA (Note 7) - 0.15 05

6 Veet = +15V, VEgg = -15V Hs
Output rise time tr R =200Q —_ —_ —_
Output fall time 13 — — —
Common mode transient
. p 7 Vem = 600V, IF = 8mA
immunity at high level CMH 7 S &g 5000 — — V/us
output Vee =30V, Ta =25°C
Common mode transient
3 - Vcm = 600V, I = OmA - o
Io"t]?;ﬂ?“y at low level CmL T Ve = 30V, Ta = 25°C 5000 V/us
* All typical values are at Ta = 25°C
Note 7: Input signal rise time (fall time) < 0.5 ps.
4 2004-06-25

136




TOSHIBA TLP250

Test Circuit 1 : Test Circuit 2 : IOPL

10 s 1[0
O ] 0
0 ] 0
+[ s +[

—
=3

0.1uF

Vee
=
lopL
Ves

T T o

Test Circuit 3 : IOPH Test Circuit 4 : VOH
8 8
1 E ] t 1[0 ]
l Vee | Veet
(D_E :| = 01pF ’ £ CD_E :] T 0.4pF L
Ig 8-6 IF R
] }ﬂj —] H—y—w
loPH Von
«[ [H +[ [
17
VEE1
Test Circuit 5 : VoL
[ -
— ] 7 owF Lo
VE =+ R
VoL
[ iz
! ’7’
I VEE1
5 2004-06-25
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TOSHIBA TLP250
Test Circuit 6: tpLH, tpHL. tr tf
T he el
J L | owF 1 Veet = i
I 14 - 4+ VoH  80%
L 1 RL Vo GND
n e — VoL 80%
— E } . toLH tpHL
L Vegs
Test Circuit 7: CmH, CmL
8
-
1 L
a I 0.1pF
o ] = | Vee
A B T
] H—
4 |: ]—‘
Vem
I(m\
il e 1
600V
T 90% |
Vem 4oy _
r
t 1 CumL= igﬂ\—/l
SW :A(Ip=8mA) ()
CmH CmH = 1——480 )
Vo ~N Y V— 2 ¥
CHL
SW :B(Ig=0)

CmML(CmH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output

voltage in the low (high) state.

2004-06-25
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TOSHIBA

TLP250

IF=VEF

g "3%
u g1
- y A
g ’%
2 o
3 5 7
° &
o 7
3
S o1
005
003 7
01 A
10 12 14 16 18 20
Forward voltage VE (V)
Ip-Ta
40
k] 30
2
3
3
E —_
it
5 2
oL
r- N
g
Ed 10
0
0 20 40 60 80 100
Ambient temperature Ta (°C)
lopH, lopL - Ta
p—pap—
PWZ=25us, FE15KHz
€
2
5
o
S
-1
5a
x o
ic \
o
820
©
E
o
<
3
0 20 40 60 80 100

Ambient Temperature Ta (°C)

Allowable supply voltage Vo (V)

Forward voltage temperature
coefficient AVE/ ATa(mV/°C)

AVE/ ATa-If
26
-24
22
N
n
20
18
16
14
01 03 05 1 3 5 10 30
Forward current I (mA)
Vee -Ta
4
30 \
2]
(1} 20 40 60 80 100

Ambient temperature Ta (°C)
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.4 naanyue I Toa RFUH20TF6S

ROHM Data Sheet

Super Fast Recovery Diode

RFUH20TF6S

®Serise e®Dimensions(Unit : mm) e®Structure
Super Fast Recovery

45 8
32 fu et

®Applications 5 5
General rectification Wf ( m

RFUH20
®Features %FSOS ] 3
1)Ultra low switching loss gl i T "— 2
2)High current overload capacity é‘J =

12

15y
12302

8102

X

14 308
F
T

e Construction
Silicon epitaxial planer type

254 w05 28483 062 Mo l \ 6 403
ROHM : TO220NFM

[C@] Manufacture Year

i Manufacture Week

® Absolute Maximum Ratings(Tc=25°C)

Parameter Symbol Conditions Limits Unit
Repetitive peak reverse voltage Vem Duty =0.5 600 A%
Reverse voltage Vr Direct voltage 600 \Y
Average rectified foward current lo 60Hz half sin wave , Resistive load ] Tc=27°C 20 A
Forward current surge peak lrsm 60Hz half sin wave , Non-repetitive at Tj=25°C 100 A
Junction temperature Tj 150 °C
Storage temperature Tstg -55to0 +150 °C

®Electrical Characteristics(Tj=25°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
Forward voltage Ve 1e=20A > 1.8 2.8 \Y
Reverse current Ir V=600V - 0.1 10 pA
Reverse recovery time tre 1=0.5A,1g=1A,1rr=0.25xIg = 18 35 ns
Thermal resistance Rth(j-c) Junction to case - — 25 °C/W

www.rohm.com
©2012 ROHM Co., Ltd. Al rights reserved. 1/4 2012.06 - Rev.A
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RFUH20TF6S Data Sheet
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Ti=150°C
Tj=125°C
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2 10 s & e
& oA Ti=125°C = 1000 15
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5 TITTTTTT o
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£ 9
= 1 &
z L
EEEPRT=25°C z
2 : b
o1 L
0 500 1000 1500 2000 2500 3000 3500 0 100 200 300 400 500 600
FORWARD VOLTAGE Ve(mV) REVERSE VOLTAGE Va(V)
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p=20a 3 vess00v
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2 3
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www.rohm.com
© 2012 ROHM Co., Ltd. All rights reserved. 2/4 2012.06 - Rev.A
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RFUH20TF6S

Data Sheet
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AVE:192A

180

ITS ABILITY OF PEAK SURGE
FORWARD CURRENT e gy(A)

Ll

1000

Irsw DISPERSION MAP
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www.rohm.com

© 2012 ROHM Co,, Ltd. All rights reserved.
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RFUH20TF6S Data Sheet
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2.5 puanyuzgUnsalain¥eiduues IRG4PHA0UD

PD- 91621B

International
IGR Rectifier IRG4PH40UD

INSULATED GATE BIPOLAR TRANSISTOR WITH UltraFast CoPack IGBT

ULTRAFAST SOFT RECOVERY DIODE

Features c

 UltraFast: Optimized for high operating Vces = 1200V
frequencies up to 40 kHz in hard switching,
>200 kHz in resonant mode

* New IGBT design provides tighter

VCE(on) typ. = 2.43V

parameter distribution and higher efficiency than .
previous generations @Vge=15V,Ic=21A
« IGBT co-packaged with HEXFRED™ ultrafast, 5
ultra-soft-recovery anti-parallel diodes for use in n-channel
bridge configurations
* Industry standard TO-247AC package
Benefits
« Higher switching frequency capability than
competitive IGBTs
« Highest efficiency available
* HEXFRED diodes optimized for performance with
IGBT's . Minimized recovery characteristics require
less/no snubbing
TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
Vces Collector-to-Emitter Breakdown Voltage 1200 Vv
Ic @ Tc =25°C Continuous Collector Current 41
Ic @ Tc =100°C | Continuous Collector Current 21
lom Pulsed Collector Current ® 82
ILm Clamped Inductive Load Current @ 82 A
Ir @ Tc =100°C | Diode Continuous Forward Current 8.0
lem Diode Maximum Forward Current 130
Ve Gate-to-Emitter Voltage +20 \'J
Pp @ Tc =25°C Maximum Power Dissipation 160 W
Pp @ Tc =100°C | Maxi Power Dissipation 65
T, Operating Junction and -55 to + 150
Tste Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm) from case )
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
Resc Junction-to-Case - IGBT — — 0.77
Rouc Junction-to-Case - Diode - — 17 °C/W
Rocs Case-to-Sink, flat, greased surface —_ 0.24 —_
Roua Junction-to-Ambient, typical socket mount —_ — 40
Wt Weight — 6 (0.21) — g (02)
www.irf.com 1

7/7/2000
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International

IRG4PH40UD IR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
Vierjces Collector-to-Emitter Breakdown Voltage® [1200| — | — Vv Vge = 0V, Ic = 250pA
AVigrices/ATy | Temperature Coeff. of Breakdown Voltage | — | 0.43| — | V/°C | Vge =0V, Ic = 1.0mA
VeE(on) Collector-to-Emitter Saturation Voltage | — [2.43| 3.1 Ilc =21A Vge = 15V
— |297| — | V [Ic=41A See Fig. 2, 5
— |47 — Ic =21A, T, = 150°C
Mﬁ\ Gate Threshold Voltage 30| — | 6.0 Vce = Vg, Ic = 250pA
AVGg(/ATy | Temperature Coeff. of Threshold Voltage — | -11 | — |mV/°C| VcE = Vg, Ic = 250pA
ie Forward Transconductance @ 16 | 24 — S Vee = 100V, Ic = 21A
lces Zero Gate Voltage Collector Current — | — [ 250 | pA | Vge =0V, Vge = 600V
— — | 5000 Vge = 0V, Vg = 600V, T = 150°C
Vem Diode Forward Voltage Drop — | 26| 383 A Ic = 8.0A See Fig. 13
— | 24| 31 Ic = 8.0A, Ty = 125°C
laes Gate-to-Emitter Leakage Current — | — |+100| nA | Vgg==+20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [ Max. [ Units Conditions
Qq Total Gate Charge (turn-on) —-|-86| 180 lc=21A
Qge Gate - Emitter Charge (turn-on) — 13 | 20 nC | Vcc = 400V See Fig. 8
Eg_c Gate - Collector Charge (turn-on) —_ 29 | 44 Vge = 15V
td(on) Turn-On Delay Time — 46 — Ty=:25°C
tr Rise Time — |i3sl] — ns | lc=21A, Vgc = 800V
tagotn) Turn-Off Delay Time — (@] 150 Vge = 15V, Rg = 10Q
t Fall Time — | 240 | 360 Energy losses include "tail" and
Eon Turn-On Switching Loss — |1.80| — diode reverse recovery.
Eoit Turn-Off Switching Loss —. [1.98| — mJ | See Fig. 9, 10, 18
Eis Total Switching Loss — |3.73| 4.6
taon) Turn-On Delay Time e | 42 T,=150"C, See Fig. 11,18
tr Rise Time — | 32 — ns | lc=21A, Vgc = 800V
| tagofty Turn-Off Delay Time —d PR N =54 Vge = 15V, Rg = 10Q
t Fall Time — |510| — Energy losses include "tail" and
Eis Total Switching Loss — |7.04| — mJ | diode reverse recovery.
Le Internal Emitter Inductance AXS 13" |8 & nH | Measured 5mm from package
Cies Input Capacitance — |1800| — Vge =0V
Coes Qutput Capacitance — | 120 | — pF | Ve =30V See Fig. 7
Cres Reverse Transfer Capacitance — 18 — f=1.0MHz
tor Diode Reverse Recovery Time — 63 | 95 ns | T,=25°C See Fig.
— | 106 | 160 M = 1£5°C 14 I =8.0A
Iy Diode Peak Reverse Recovery Current | — | 4.5 | 8.0 A Ty =25°C See Fig.
—7 |” AN T)=125°C 15 Vg = 200V
Qi Diode Reverse Recovery Charge — | 140 380 | nC | T,=25°C See Fig.
— | 335 | 880 Ty=125°C 16 | di/dt=200A/us
direcywdt Diode Peak Rate of Fall of Recovery — | 183 | — | Afus | T, =25°C  See Fig.
During tp =)|%85 | = T, =125°C 17
2 www.irf.com
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International

TIGR Rectifier IRG4PH40UD
25
[
For both:
. Duty cycle: 50%
20 i T) =125°C —
— Tsink = 90°C
< Gate drive as specified
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2 voltage \
O 4o
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Fig. 1 - Typical Load Current vs. Frequency
(Load Current = Igyg of fundamental)
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Ve, Collector-to-Emitter Voltage (V)

Fig. 2 - Typical Output Characteristics

www.irf.com

Vge, Gate-to-Emitter Voltage (V)

Fig. 3 - Typical Transfer Characteristics
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International

IRG4PH40UD TR Rectifier
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4 www.irf.com

147



International

IGR Rectifier
G VGE =0V,  f=1MHz
Cies =Cgo + Cge, Cco SHORTED
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Fig. 7 - Typical Capacitance vs.

Collector-to-Emitter Voltage

5.0

Voo = 800V

VGE = 15\{

Ui =25 G
= Ilc =21A
€ 45
@
[
@
3 //
D 4.0
c
£ //
g i
=
D]
8 35
=)
=

3.0
0 10 20 30 40 50

Rg , Gate Resistance ()

Fig. 9 - Typical Switching Losses vs. Gate
Resistance

www.irf.com

148

IRG4PH40UD

o Vee =400V
Ic =21A
=
5 18
o
£t
o
>
5 12
£ v
B /
$ s 4
b
3
i .
]
=1
0
0 20 40 60 80 100
Qg, Total Gate Charge (nC)
Fig. 8 - Typical Gate Charge vs.
Gate-to-Emitter Voltage
1CTRE =100
Vge = 15V
Vee = 800V
%\
E
17
% lc= 42A
g 1T T
o 10 =
o Ilc= 21A ]
s ot
-§ =11 1
&» Lt i l_l T IA ]
= ‘_,.— Ic=10.5 i
~ L
|
.—'"'—
-——""

1
60 -40 -20 0 20 40 60 80 100 120 140 160
Ty, Junction Temperature (°C )

Fig. 10 - Typical Switching Losses vs.
Junction Temperature



IRG4PH40UD et

Total Switching Losses (mJ)

16

:

Re =10Q | Vee =20V
Ty =150°C ‘/ T, =125°C
Vce =800V =
VGE = 15V / pes HI
12 1
/ 3 100
/ E
H =
8 / uEJ
/ £
// g 10
(1)
4 7 3 7
< ]
2 | Tl
5 g I SAFE OPERATING AREA
9 10 o E 40 o 1 10 100 1000 10000
I ¢, Collector-to-emitter Current (A) Vg, Collector-to-Emitter Voltage (V)
Fig. 11 - Typical Switching Losses vs. Fig. 12 - Turn-Off SOA
Collector-to-Emitter Current
100 T
=1
<
o
=
-4
2 )
o
2
o 10
g
S FT, = 150°C
g F
s LT, = 125°C
2 /
8 ][_ T)= 25°C
=
)
(%]
=
1

0 2 4 6 8 10
Forward Voltage Drop - Vey (V)

Fig. 13 - Maximum Forward Voltage Drop vs. Instantaneous Forward Current

6 www.irf.com

149



International

IR Rectifier
200 | E e
Vg = 200V
Ty=125°C === k-
e Ty=25°C
160 ¢
‘\
-
‘A
~ o > =
M - IF = 16A
120 S

t - (ns)
IL';
DA XA
\y”
At

S S S
80 =
- -,
AR
P — 'b%. Y
e
\ M~ :_~ r:'g.
40 <
ﬁ“‘n-
0
100 1000

dif /dt - (A/ps)

Fig. 14 - Typical Reverse Recovery vs. digdt

800
Vg =200V

T,=125°C ===
Ty=25°C e -

- )
-
-

-

400

e = ]

300 =gt

G = (D6)

/
\/[ s

200

\‘
=

100

100 1000

dif /dt - (A/us)
Fig. 16 - Typical Stored Charge vs. di¢dt

www.irf.com

150

IRG4PH40UD

100 .
] v = 200V
1 T)= 125°C ===
| 1) o500 —
= Ip = 16A~ ,.;:‘
~ - -,
! IF = 8.0A~L el ods?2 A
= 10 e e
R T S e i o =
P L
22°*
p2oo22 7~
==
1
100 1000

dif /dt - (A/ps)
Fig. 15 - Typical Recovery Current vs. dig/dt

1000

di(rec)M/dt - (A/ps)

Ty= 125°C ===
Ty=25°C

I

1L
L
rd
rs
. +—3
/) te
"y '’
S
5
24
":.’
2
=t |r = 16A
Vg = 200V

100

dif /dt - (A/ps)

Fig. 17 - Typical di(ecyw/dt vs. dig/dt

1000



IRG4PH40UD et

N 90% Vge
+Vge
VCW
4 | 90% Ic
80% = . i
of Vee le 0% VC{ 5 Ie
\ 5% I
| N\

458
Eoff= fVce lc dt
il

Fig. 18a - Test Circuit for Measurement of

i

H

i

td{offj——smi  te— p—ﬁ—»i

i

i

Im: Eonv Eofidiode)s trrr Qirs iy td(on)s tr tagofs b i

Fig. 18b - Test Waveforms for Circuit of Fig. 18a, Defining
Eoth, tagorn b

tr
GATE VOLTAGE D.U.T. 2 — {1 ——] Q"=/Ic -
Ix
10% +Vg
+Vg / /(
x '~
---------------- 10% Vee 10% I s
cc
Toe DUT VOLTAGE
AND CURRENT Vpk
iy —av -
10% Ic
L \90% le . Ipk = ‘ Z
\ f DIODE RECOVERY
: WAVEFORMS
5% Vee =" |

td{on})

14
Erec= f Vd Ic dt

DIODE REVERSE o

RECOVERY ENERGY

3

)
i

Fig. 18¢ - Test Waveforms for Circuit of Fig. 18a,  Fig. 18d - Test Waveforms for Circuit of Fig. 18a,
Defining Eop, tyion), b Defining Erec, trr, Qrr, Iir

8 www.irf.com

151



L IRG4PH40UD

| Vg GATE SIGNAL
| I | DEVICE UNDER TEST

CURRENTD.U.T.

-

VOLTAGE IN D.U.T.

CURRENT IN D1

t0 t1 ti

s

Figure 18e. Macro Waveforms for Figure 18a's Test Circuit

Ry o800V
L="4XIc @25°C
0-800V
2K A\

sovE L -

8000uF

100V
Figure 19. Clamped Inductive Load Test Circuit Figure 20. Pulsed Collector Current

Test Circuit
www.irf.com 9

152



IRG4PH40UD e

Notes:

@ Repetitive rating: Vge=20V; pulse width limited by maximum junction temperature
(figure 20)

@ V0=80%(ViEs), Vae=20V, L=10pH, Rg=10Q (figure 19)
® Pulse width <80ps; duty factor<0.1%.
@ Pulse width 5.0ps, single shot.
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Abstract

This article is stuady a comparative modulation of Sinusoidal
PWM and Third Harmonic Injected PWM Reference signal with carrier
signal PD POD and APOD on 5 Level Diode Clamp on a R-L load. All
of process was simulate with computer program MATLAB/Simulink.
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7.2 A Comparative Study of Sinusoidal PWM and Third Harmonic Injected PWM

Reference Signal on Five Level Diode Clamp Inverter
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A Comparative Study of Sinusoidal PWM and Third Harmonic Injected
PWM Reference Signal on Five Level Diode Clamp Inverter

Wanchai Subsingha”,Chaiwat Pangpun

Department of Electrical Engineering, Facully of Engineering, Rajamangala University of Tech

logy Thanyaburi, F hani 12110, Thailand

Abstract— This paper present the comparative modulation of Sinusoidal PWM and Third Harmonic Injected PWM Reference
signal with carrier signal PD, POD, and APOD on 5 Level Diode Clamp on a R-L load. All of process are simulate with computer
program MATLAB/Simulink. The result of simulation has shown value of THDy line-line output voltage on both SPWM inverter
and Third Harmonic Injection modulation inverter with PD carrier signal generate a minimum THDy.

Keywords— DC-MLI, SPWM, Harmonic Injected PWM, PD, POD, APOD, THDv

1. INTRODUCTION

Multilevel inverter is a most popular for the industrial and
electric power systems, because of it 1s high performance and
low Harmonics. There are various types of Multi-Level
Inverters such as Neutral-point clamped (NPC) or Diode
Clamped (DC) inverter, Flying capacitor inverter and Cascade
inverter. The difference among these kinds is as follow, when
level of output voltage of Neutral-point clamped (NPC) or
Diode Clamped inverter is increased, a number of diodes 1s also
increased accordingly. When level of output voltage of Flying
capacitor inverter is increased, a number of capacitor is also
increased. It leads into higher cost and more switching losses.
Cascaded multilevel inverters have advantages and benefits
than the other, because it need no require in balancing
capacitors and diodes, in another way it just need a separate DC
source for each H-Bridge. [1]

Therefore, in this paper, Diode Clamped inverter is used for
comparative study, especially in carrier based SPWM and
HIPWM. However the configuration of their modulation
techniques are PD, POD and APOD as shown Fig.1.

o] o] [

SPWM

| PD I | POD I |:\P()D|

Fig.1. Structure of the modulation scheme that is used in
this paper.

2. BACKGROUND

2.1 Diode clamp inverter

The first invention in multilevel converters was the so-
called neutral point clamped inverter. It was initially proposed
as a three level inverter. [2]

The main advantages and disadvantages of this topology are:
e High efficiency for the fundamental switching frequency.
o  The capacitors can be pre-charged together at the desired
voltage level.
e  The capacitance requirement of the inverter is mimimized
due to all phases sharing a common DC link.

*Corresponding author; email: wanchai.s@en.rmutt.ac.th

2.2 Reference signal
2.2.15PWM

To generate Sinusoidal PWM signal a sine wave is
provided as a reference signal. The frequency of a sine wave is
equal to the frequency of the desired output voltage to the
modulation of the carrier signal. The switching frequency of
carrier signal must be higher than the reference signal frequency
as triple-N number. When both signals are modulated, it will
generate the signal pulse for the switching devices for the
inverter. [3] as shown in Fig.2

N

V2 i

s

T (T T

T

1

oo 002 oo

oow oou 002

§

Tine omset 0

Fig.2. Sinusoidal pulse width modulations

2.2.2 HIPWM

In order to generate a Harmonic injection PWM signal, it may
considered in a reference signal. The frequency of a reference
signal must be the same of the desired output frequency. The
reference signal i1s composed of fundamental and third
harmonic frequency components as following equations. [4]

Vina = m - sin(wet) + ksin(3wet)

Vg = m - sin(wpt + 120°) + ksin(3wyt)
Vine = m - sin(wet + 240°) + ksin(Bwyt)
Vg = ksin(Bw,t)

Amplitude of k is between 0.15 and 0.2

As a result, the waveform shown in Fig.3
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Fig.3. Harmonic Injection

The reference signal that is a Harmonic injection signal
which will be modulated with carrier signal as shown in Fig.3.
After modulation, it will generate the signal pulse to the
switching devices in the inverter as shown in. Fig.4
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Fig.4. Harmonic Injected Pulse Width Modulation

TR | PR BT =

oty

et

2.3 Modulation techniques

The modulation techniques that used in this paper are in 3
models Phase Disposition (PD), Phase Opposition
Displacement (POD), and Alternative Phase Opposition
Displacement (APOD) [5]

Phase disposition (PD) modulation techniques means that all
of the carrier signals are in phase as shown in Fig.5.

L )
10 0002 0004 0006 0008 001 0012 0014 0016 0018 002
Time (S)

Fig.5. Phase Disposition (PD) for the Five-Level DC-MLI

Phase Opposition Disposition (POD) modulation techniques
means that the carrier signals above the zero line of sinusoidal
modulating waveform are 180° out of phase, comparing with the
carrier signal below the zero line as shown in Fig.6.

d, June 11-14, 2015

A 4
0 0002 0004 0006 0008 001

Time (S)

0012 0014 0016 0018 0.02

Fig.6. Phase Opposition Disposition (POD) for the Five-Level
DC-MLI

Alternative  Phase Opposition Disposition (APOD),
modulation techniques means that each carrier signal is phase
shifted by 180° from its adjacent carriers as shown in Fig.7.

)
0012 0014 0016 0018 0.02

Time (S)

Fig.7. Alternative Phase Opposition Disposition (APOD) for the
Five-Level DC-MLI

3 SIMULATION RESULTS

3.1 Modulation signal
A modulation signal a carrier based SPWM and HIPWM
on various method such as PD, POD, and APOD are shown as
Fig.8 to Fig.13.By the way, these simulation results are done
by using MATLAB/ Simulink program.

[T T
L LR R

} | W
T A B AU A

B VARt LR YT

| | AREN| |

VSa3|

S PG

1
VSad

T

0002 0004 0006 0008 001 0012 0014 0016 0018 002
Time (S)

Fig.8. Modulation signal use SPWM on PD
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3.2 Five Level Diode Clamp Inverter

Therefore, this modulation method as described above
has done by a five level diode clamp inverter which supported
modulation and compare the values from section 3.1. The
parameters from Table 1 is used with the circuit of 5 level DC-
MLI as shown in Fig.14.

Table 1. Experimental Parameters

Parameter value
Output Frequency S50Hz
Switching frequency 4850 Hz
Input Voltage 540 Vdc
C1,C2,C3,C4 22,000 pF
Load RL 1kW ,PF 0.8
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Fig.12. Modulation signal use HIPWM on POD
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Fig.14. Five-level diodes-clamped Inverter
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Table 2. Switching states for the Five-Level DC-MLI.

Vi | Sal | Sa2 | Sa3 | Sa4 | Sa’l | Sa’2 | Sa’3 | Sa’4
Va2 1 1 1 1 0 0 0 0
Val/4 | 0 1 1 1 1 0 0 0

0 0 0 1 1 1 1 0 0
Va2 | 0 0 0 1 1 1 1 0
-Vadd | 0 0 0 0 1 1 1 1

3.3 FFT Analysis of THDv

This paper will study impact of the THDy of the output
voltage of the five level diode clamp inverter .Either no-load
and RL load a 1kW and PF = 0.8 with modulation signal from
section 3.1.

As a result, the THDv value of Va of each modulation
scenario has shown as Fig.15 to Fig.26.

o Y Y s e A T o A
!‘- o
:

Fig.15. THDv of Vab state no load use SPWM on PD
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Fig.17. THDv of Vab state no load use SPWM on APOD
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Fig.18. THDv of Vab state no load use HIPWM on PD
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Fig.19. THDv of Vab state no load use HIPWM on POD
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Fig.20. THDv of Vab state no load use HIPWM on APOD

1 l

= ‘ Funsmmen (@oK = se) L THOS Je s
’ B ‘ bocs . R e e WO B ..:I l!;. \I l

Fig.21. THDv of Vab load 1kW,PF0.8 use SPWM on PD
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Fig.22. THDv of Vab load 1kW,PF0.8 use SPWM on POD
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Fig.23. THDy of Vab load 1kW,PF0.8 use SPWM on APOD
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Fig.24. THDv of Vab load 1kW,PF0.8 use HIPWM on PD
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Fig.25. THDv of Vab load 1kW,PF0.8 use HIPWM on POD
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Fig.26. THDv of Vab load 1kW,PF0.8 use HIPWM on APOD

168




12" Eco-Energy and Materials Science and Engineering Symp

, Krabi, Thail

d, June 11-14, 2015

60
400 l
20 | |
A A AV A A
-200- | 1
RN AN FRE FRE N
-600| H H H 1 { i i
0 0.01 0.02 003 0.04 C.05 0.06 0.07 0.08 00¢ 01

Time (S}

Fig.27. Voltage waveform use HIPWM on PD load 1kW,PF0.8
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Fig.28. Current waveform use HIPWM on PD load 1kW,PF0.8

4 CONCLUSION
Table 3. Compares the output voltage THDv.

Carrier | Modulation Line voltage Line voltage
Signal | Technique THDv (Load RL | THDv (No Load)
1KkW,PF0.8)
SPWM 18.13% 16.20%
PD
HIPWM 12.38% 12.05%
SPWM 12.59% 20.42%
POD
HIPWM 12.59% 12.31%
SPWM 26.96% 24.23%
APOD
HIPWM 12.59% 12.23%

A comparative modulation of Sinusoidal PWM and
Third Harmonic Injected PWM Reference signal with carrier
signal PD, POD, and APOD on 5 level diode clamp with a R-L
load=1kW PF=0.8 and no load are studied in this paper, The
result of simulation shown that a PD carrier signal have a
minimum value of THD, line-line output voltage on Third
Harmonic Injection modulation
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A Comparative Study of Sinusoidal PWM and Third Harmonic Injected PWM Reference Signal
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Abstract

I'his paper present the comparative modulation of Sinusoidal
PWM and Third Harmonic Injected PWM Reference signal with carrier
signal PD, POD, and APOD on S Level Diode Clamp on a R-L load. All
of processes are simulate with computer program MATLAB/Simulink.
T'he result of simulation has shown value of THDV line-line output
voltage on both SPWM inverter and Third Harmonic Injection

modulation inverter with PD carrier signal generate a minimum THDv.
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