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This study presents a design of 4 phases bidirectional DC converter circuit with interleaved
technique based on the buck and boost converter circuit working principles. For Direction 1 (buck
mode), 24-voltage circuit was transferred into 12-voltage battery load for power storage whereas the

boost converter circuit acted as a voltage-fed circuit to transfer 12V power to a 24V load in

The Study of 4 Phases Bidirectional DC Converter Circuit with
Interleaved Technique

Miss Saowanee Kanta

Electrical Engineering

Associate Professor Boonyang Plangklang, Dr.-Ing.

2016

ABSTRACT

Direction 2 (boost mode).

In this research, a 4 phases bidirectional DC converter circuit was designed and constructed

by using a MOSFET device as a switch mode, switching frequency at 25 kHz, a signal generator, a

microcontroller’s control set, and power management by multi-loop PID control.

The test result from MATLAB program through STM32 microcontroller operated with the

4 phase bidirectional DC converter circuit showed that the circuit could be operated and switched in

both directions of buck and boost circuit modes.

Keywords: bidirectional converter circuit, PID control
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4.4 MINATOUMIMNNUIUANIUL Buck Mode (3995N0OUUTIAU) AANMIN 1

Normally open, OFF switch (0)
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DC Load
Supply Bidirectional Converter 4 phase R10 Ohm
24V

51 4.8 laozunsumsshauilodsdayaa OFF Switch (0) H11 MATLAB

Wwouasuriadne linszuaasedriudnvuia 24 v indulsasnaaeu lagldaiu

4 I [ S o o
Q‘"?I}'nﬂ’nu 10 T@Wilﬂlﬁ}lﬂuiﬁaﬂ WﬁQﬁ]’]ﬂuu‘ﬂﬂﬁﬂﬂiﬂﬂﬂ’]ﬁﬂﬁﬂﬂ?’]ﬂﬂ'sl']\i"’ll'ﬂ\‘]Wﬁaﬁ)'JfJéllu']ﬂ 50%

Tek S.OOKS:’E‘. 9 A_:;qs
| 3 )

1 sias

o0V 'M'fo' Oms Chi 7~ 280mv

ﬂﬁ 4.9 uamiﬂﬂaummumaaﬂmmwgﬂmwsmuuimu (Duty Cycle 50%)

[ [ [ { 4 ) o v J ]
Mmsiausaauviesni Ivaa tisviinisdsuanunieiad 50% Tng MATLAB H1u
4 ] 4 4 o
luTasasuInsatass lavuiaussauliiivieen 11.47 Thad wWierasmiauluaniuznou

TEREITR

68



4.5 MINATOUMIMNNUIUTDIUE Boost Mode (I335NVNTIAY) NANIIN 2

Normally close, ON switch (1)

Boost Mode

DC Load
Suppl od
it o . . R10 Ohm
12v Bidirectional Converter 4 phase

51 4.10 Taezunsumsrhauiiodadaya e ON Switch (1) A MATLAB
. , s ¢
Wouae supply M1 vuia 12V Wnueesnagen Tasl¥anudiumu 10 Teviuly
I A o @ @ @ 2, o Y v Y
WuTnaa ominsIaLsIaUIeen HaInUunaand laenslsuanunesiaanIovua

50%
Tek EIETE 5.00ks/s 9 Acqs
K 4

Sl

-‘.|...‘|... v aan oo foms oo ] s i frrn ]

“EF T0.0mv  M10.0ms Chi #  280mV

ﬂﬁ 4.11 LlﬁﬂQiﬂﬂauLLﬁ\W]umWﬂ@ﬂﬂJm”Lﬂuﬁﬂ%iﬂUlﬁﬂﬂu (Duty Cycle 50%)
[ 1 v Ja 9
ﬂﬂﬁaumﬂuﬁﬂu"lwwWﬂizu’d@N"umﬂ 12V LLaJﬂiUﬂﬁTNﬂﬁTﬂﬂ]ﬂﬂWﬁﬁ!ﬂu 50% LN
o o s Y o o o A v s A
ﬂiJ’N"l]ﬁf"l@un@i!ﬁ@5ﬂ§$l!ﬁ@]iﬂl!aﬁ‘ﬂ”lﬂ”lﬁ'Jﬂl!ﬁ\?ﬂu"ll"lﬁlﬁlﬂﬂiﬁaﬂ"lﬂ 22.91 I’Ja@] LUDINVT

maulugouenunseg

69



a
Unns

Y
ﬁ?ﬂﬂﬁ!!ﬁ%%@!ﬁﬂ@!!ﬂ%

E4
Aav A

Y o = o 14 14 Y|
\1']‘11!’.]5]Eluvlﬂunﬁu'ﬂﬂ'liﬁﬂyulﬁgﬂﬂﬂllﬂllﬂTiVI1\11“%@\13\1%5?]@1“3@5&@@5“11/\'1/\"]

a Y A a I o o Ay ¥ 4 9
NTLUANTIVVADINANI 4 tlaaramaiindumosan Iﬂﬂﬂ15u1ﬁiyﬂlu1ﬂ!‘ﬂllﬂinﬂll’ﬂiﬂ'ﬁ51\1
[ S a A d' 9 dy 9 ] 1 J
ﬁﬂul'iUUWil!Ulﬂﬂ')ﬂf’;lll@qﬂﬂf!'ﬂ!ﬁ’l@]“lﬁ“l]'E]Q’J\ﬁ]j‘ﬂﬁfﬂ\ielluﬂ:]ﬂﬂ"lﬁﬁ\?\‘]"ll!W"lL!Iﬂiﬂ@UI'ﬂiﬁlﬁ@ﬁ

STM32T4.

5.1 agUwamsdy
o Y . . A
1NNITNATBUNITH11UA8 11 5UNTUMATLAB/Simulink 1uan1igni Tvaa 10
4 ] 1 4 1
Toviu TaonsdeniuriuldsunsuluInsaeuInsaiaes Host 11ag Target LAZNATOUAT A
[ o o 1A dal a [ 1 s A Y a 4
doyananiugulaeriimsdiuamaid lsaagsiiunelulnsnouInsames o ldlumsaing
MIIMNNUVDITAINUN
AAN19N 1 (Normally open, OFF switch), 11n13918uriaasie lWihnszuansavuia 24
7 LY . ! 4 Y o 1 1 A g a
11ad uaznaaoUADIULAIINIT OFF switch (0) HIUWBIA 5,6,7,8 1A1N5USUAIAIA laiAa
3 1 { o [ [ o
1l 50% wuineesnesnuuu Idauluaauzneuusiay Sa1lsuausaduliihviesnld
[ % 4
MINY 11.47 TIa9.
AAN199 2 (Normally close, ON switch), 11n13918urae Wi nszuansaviia 12
o i o @ 1A 3 a I
Thad taznaeeuaaIuEA8MI ON switch (1) Hiuneia 1,2,3,.4 ud1hmslsumana laaaily
50% W neenuuY lamanluasiuznuusedy Sailsuausedu lnihvieen Idminuy
4
22.91 Taaq.

a

ﬂ?iﬂﬂﬂLLUU!Lﬁgﬂﬂﬁ’t’)U’NflﬁLL‘iJiNFTL!lh\l%Tﬂizllﬁﬁiﬁllﬂﬂﬁﬂﬁﬁﬁﬂiﬁ 4 LV\lﬁﬁl’JﬂLﬂﬂuﬂ
9

a =) o a o o ] 9 ) Y v
aumesa ﬁmwmmmsmmiwmmimqmmumsmuauma”luTﬂiﬂauimam@i"lﬂm

FOINANIWMIMINU IUTDIULIVTNUUTIAULAL VT NOULTIAU.

5.2 iy

@ t4 o v { o
1. M50ONUUDYA Zero-Span U5IAUIIQUNTal Power Op-amp usaau Lifaifvua

S 9 o

4 = a o 9y = A A
2. UaIAN iNﬂ’J“]Jﬂllﬂﬁi/ﬂﬂﬁ"llfN’Ni]ﬂJiﬂﬂlﬂuulﬂ ‘I/Iﬂ“ri’Ni]ﬂJ"lIuW]GlﬁﬂJu oy

A3

@ [

a o ' J
anuAsnaangads udya lddesdldnannulumsasvaeudygulunaazuosa

3

Y 3

Av A = A EY o ' Y a LY
3. \ﬂu’ﬁ]EJHL‘IJHLWENLT’]S@Q@HLLUUfN]lllfT”IﬂJ”lﬁﬂﬁi]ﬁizﬂﬂﬂﬁuyjﬁmqﬂ.

70



Y
5.3 YolaUdUY
a a rfdy I = % EY a =
meniinusiilumsAneinseonisasudasiu lWihinszuaaswuudeosianie 9
< X 9 o 2 Ay A4 g ae o X
dunmadesdulumswanntuae l Taelidodusnuzinerdoluanuiseasil
@ 9y o sq 9 g2 Y a =
L lumswangduvunmsaiedygranlyannluiees niidesnaisaida
d A A 1 Aav A ~ 9 v A 9 A ll
ANNEINInvesgUnIalaIazeNInnaiisswe Nz Inuanudiu ldvse b
79 9 4 o aa A A Aa A ~ A
2. aslszgnalsanuueialssuianadyaiuntnoanllss@nsnung menu
uiud lumsaiedynna
U o S a A AA W o &
3. lumsasdyanalddanuginssiadads lunsaindyanaladyanamnilonsl
[ a ] 4 a EaR [ o a
linegiannmidanuuesueianiugursonuAana1AUIglnIain1n 01 dnari Iving

= o S a A 9
mademenuglnisiaiaraluices 14

71



(1]

(2]

(3]

(4]

[5]

(6]

(7]

(8]

[9]

VI TUYNTY

91MAe1 YU MysenuuuNTulasdunyudweeiav-gda-yad  Ineriinug
AWNNTINANAATUMITUNA, VH1INBIADNA T TADIIFNINATYLY
Prats, M.M., Franquelo, L.G., Portillo, R., Leon, J.I., Galvan, E. and Carrasco, J.M., A Bi-
directional converter for solar energy, IEEE Power Electronics Letters, Vol.1, Issue 4, Dec.
2003, pp.110—-114

Holtz J., Pulse width modulation for interleave boost converter, Proceedings of the IEEE, vol.
82, no. 8, Aug. 1994

Holmes D.G. and Lipo T.A., Pulse Width Modulation for Power Converters, Principles and
Practice, Wiley-Inter science and IEEE Press, 2003

Tallam, R.M., Naik, R. and Nondahl, T.A., A carrier-based PWM for converter, Industry
Applications, IEEE Transactions on,Vol.41, Issue 6, Nov.-Dec. 2005 , pp.1734 - 1743

C.U. Ogbuka and M.U. Agu, A Bidirectional converter 3 phase with DC motor , The Pacific
Journal of Science and Technology, Vol. 10, No. 2, pp. 21-26, November 2009.

Phuong Hue Tran, MATLAB/SIMULINK IMPLEMENTATION AND ANALYSIS OF
THREE PULSE-WIDTH-MODULATION (PWM) TECHNIQUES, Master of Science in
Electrical Engineering, Boise State University,2012

57.07.35219HF TURY 1Ay AT @Na 51315 TATHY, BiAnNToNndMSEI(POWER
ELECTRONICS), Amgamnssumans, aaiwmaluladnszaoundudinunns
AANTT1Y, 2547

R. Kumar Ahujal, A. Kumar, MATLAB Simulation and Analysis of PWM in converter,

International Journal of Innovative Research in Science Engineering and Technology, 6 June

2014,pp. 13626-13633

[10] Wanchai Subsingha, 2008, Power Electronic (Academic book), Thailand. RMUTT printing

[11] Vitezslav Benda, Power semiconductors - state,. Global Journal of Technology & Optimization

V.2, 2011, pp.29-36.

72



73



AAKNUIIN N

paanuazgnyeifidingy

74



n.1 uanyuzminduaesla STM32F417IG

‘ ' 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)

— Upto 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

This is information on a product in full production

www.st.com




STM32F415xx, STM32F417xx Description

2.2 Device overview

Figure 5. STM32F41xxx block diagram
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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
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1. This figure shows the package top view.
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M&555, NESSS, SASGS, BESSS
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2.2 adnyuz lotues 74HCT73

Fhilllps Samdsonduators Product cpectfoation
. ____________________________________________________________________________________________|

Dual JK flip-flop with reset; negative-edge trigger TAHC/HCTT3

FEATURESR Thee TARGHTTTE are dual negative-sdge mggend
. _ ".-';.rptl pfops feaburing Indvidual J, K :nl:l._lrrC.-Pl.r-d
* Dttt capabify: standard reset A Inpats; akc complementany @ and & cufpus.
® | op CREgory: fip-Tiops
e Thee J and K inputs messt be sable one set-up tme prior o
the HIGHHo-LOW cock ransition for prediciabie

GENERAL DEZCRIPTIGN operabion.

The T4HSHETT ans high-speed Si-pate CAIDE devices The reset (R Is an asymchronows actve LOW Input.
and are pin oormpattls with low power Scholticy TTL Winen LOW, It owverrides the ciock and dal inpets, forcing
[LETTL). Theey ar= specfied In complance wih JEOEC the @ cafpat LOW and the O cutpat HEGHL

stamadsrd na. TA
Echmit-irigger acton In e cock nput makes e oot

highily Solerant o shower chock rise and Tall Bmes.

FNCHK REFEREMCE DATA
GMD = 0V Tyop = 25 oG m = E N5

TYPRZAL
SYMBOL PARAMETER COMDITIOHE UHIT
HE HCT

[ PO Sy Gy = 1S pF Voo =S Y

nCE bo ni 15 15 ns

ncFE b na 18 1= ns

nA o pd, NE 15 15 ns
fme maxmum chack FeEqueEncy T Fic) MHZ
[+ Inpet capacEance 35 35 pF
Cpn power dssipation capactance per fiip-fiop notes 1 and 2 30 30 pF
Motsc

1. Cpp b5 used o determine the dyramic power dissipafion (Fp, in pii:
Pp= Cpn* Woo? 4 # E Gy = %Woo? ® To) where:

fj = Inpatt frequency n Mz

£, = et frequency In MHz

E 0L = Ve T 2 L) = sum of outputs

Ty = oulput koaed capatitance in pF

Wi = Supply woitage in W

For HC T condition s V) = GED 10 Yoo

For BT the comdibon & W)= GHD D Yo — 150

[B]

CRIDERING IHFORMATIOHN

S TAROHC TWHCLHCMWIE Loghc Packaps Infonmaion .

Decermber 1590
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Frilllps. Semiconduchors Product speclcaton

Dual JK flip-flop with reset; negative-edge trigger TAHCHCTT3

FUNCTION TAELE

CFERATING INFUTE OUTFUTE

WODE nA | nCF | 2 K @ [

FSYNOTONoUS reset L x x X L H

toggie [ i h h ) q

1 oaed 0" (resed) H - h L H

o *1" (set) B 1 f | H L

hold "no change" [ i I q I

Hotec

1. H = HIGH volage l=ve

h =HIGH weiiage level one sef-up time prior io the HIGHHo-LOW CP
transbon

L = LOAW volage leve

E | = LOWY voltage level one set-up ime prior o the HEGH-8e-LOW CF
transition

q = WpEr casE jetiers indcate e shabe of the nefearsned cutput ome
s2i-Up ‘tme prior 1o e HIGHIo-LOW CP tanston

X = don't can

+ = HFEH-Bo-LOW CF franshiion

Fig4 Functonal dagram

Fig.5 Logic diagram (or= Sip-flop].

Decemiber 1930 a
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2.3 audnyuz loFwes74HCT123

74HC123; 74HCT123

Dual retriggerable monostable multivibrator with reset
Rewv. 10 — 3 December 2015 Product data sheet

1. General description

The T4HC123; T4HCT123 are high-speed Si-gate CMOS devices and are pin compatible
with Low-power Schottky TTL (LSTTL). They are specified im compliance with JEDEC
standard na. TA.

The T4HC123; T4HCT123 are dual retriggerable monostable multivibraters with output
pulse width control by three methods:

1. The basic pulse is programmed by selection of an extermal resistor (RexT) and
capacitor (SEXT).

2. Once triggered, the basic output pulse width may be extended by retriggering the
gated active LOW-going edge input (nA) or the active HIGH-going edge input (nB). By
repeating this process, the cutput pulse perod (nQ = HIGH, nQ = LOW) can be made
as long as desired. Alkermnatively an output delay can be terminated at amy time by a
LOW-going edge on input nRD, which also inhibits the tiggering.

3. An internal connection from nRD ta the input gates makes it possible to trigger the
circuit by a HIGH-going signal at input nRD as shown in Table 3.

Schmitt-trigger action in the nd and nB inputs, makes the circuit highly tolerant to slower
input rise and fall times.

The T4HC123; T4HCT123 are identical to the T4HC423; 74HCT423 but can be triggered
via the reset input.

2. Features and benefits

DC triggered from active HIGH or active LOYV inputs
Retriggerable for very long pulses up to 100 % duty factor
Direct reset terminates cutput pulse

Schmitt-trigger action on all inputs except for the reset input
ESD protection:

# HEM JESD22-A114F exceeds 2000 W

* MM JESD22-A115-A exceeds 200 WV

B Specified from —40 °C to +85 *C and from —40 *C to +125 °C
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tarningd 1 w3
TAHCT 23 Irechac airad B
T4HCT123 s D {E] nemen
15 1] O (8] e 150 [3) (%] et
12 [£] [15] 1m=nTmET 13D {iz] 1
175 =] [14] 1c=xt za [5) {iz| &
13 E % 1 20ENT [B) [weqn | (1) HO
za[= 12] 25
TREATICERT [T o=
zoExT [B ] 1] =5 K F,;] |';‘| @
FREATEXRT [T [10] = 0o
a0 [E (=] =& £ AP
s Trarsparart iop wiaw

{1} This s nat a supply pin. The sunstrate is atached to this
pad using conductive di2 attach materal. There Is no
electrcal or mechanical reguirement 1o salder this pad.
However, IT It 15 solderad, the solder |and shawld remain
fnating or be connected 10V .

Fig5. Pin configuration for 016, 550P16 and Fig6. Pin configuration for DHVQFHN16
TSS0P16
5.2 Pin description
Table 2.  Pin description
Symbol Pin Description
1A 1 nepative-edge triggered input 1
1B 2 posiive-edge riggered mput 1
iRD 3 direct reset LOW and positive-edge riggered input 1
1Q 4 active LOW output 1
20 5 active HIGH output 2
2CEXT g external capacitor connection 2
ZREXTICEXT 7 external resistor and capacitor connection 2
GMND B ground {0 V)
25 o negative-edge triggered input 2
2B 10 posiive-edge triggered mput 2
ZRD 1 direct reset LOW and positive-edge riggered input 2
20 12 active LOW output 2
0 13 active HIGH output 1
1CEXT 14 extemnal capacitor connecton 1
1REXTICEXT 15 external resistor and capacior connection 1
Ve 1@ supply voltage
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.4 udnyuz loFiues SNs4LS0s

SN5408, SN54LS08, SN54508
SN7408, SN74L508, SN74508
QUADRUPLE 24INPUT POSITIVE-AND GATES

SOLEN33 - DECEMEER: 1583 — REVIZED MARCH 1585
N

* Package Optionz Include Plastic “*Small
Qutline’’ Packages, Ceramic Chip Carriers
and Flat Packages, and Plastic and Ceramic

DiPs

* Dependable Texas Instruments Quality and
Rediability

description

These devices contain four independent 2-input
AMND gates,

The SN5408, SNBALS08, end SNEAS0B are
characterized for operation over the full military
temperature range of —B5°C to 126°C, The
SN7408, SNT74L508 and SNT450B are
characterized for operation from 0% te 70°C,

FUNCTION TABLE (sach pata)

INPUTS oUTPUT
A B W
HoOH H
L x L
X L L
logic symbal T
Attt = o
a2 RG>
TA ) 1]
18] ———=2Y
2‘_
gatot -
3y
38 —0_]
12
an—i12 (L
a2

T This syrminel i in eccordance with ANSI/IEEE $td $1-1984 and
|EC Publication 617-12,
P urnbara ahown ara for 0, J, N, and W packages.
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SNBADE, SNGALSODE, SNS4508 . . . J OR W PACKAGE
SNTA0E . . . J OR N PACKAGE
SNTALE0E, SN74508 . . D, J OR N PACKAGE
(TOP VIEW)

14,

15?
1v 0
2a (]
28]
2

GND ]

SNEALS0E, SNS4508 . . . FK PACKAGE
[TOP VIEW]

910111213

MNC—HMa intemal connsstian

legic diagram [positive logic)

&

1w
D)
3a

ay
aa
A8,

Ay
4B

Y=ABo Y=

BERa

+‘
mi



SN5408, SN54L508, SN54508
SN7408, SN74L508, SN74508
QUADRUPLE 2-INPUT POSITIVE-AND GATES

SOLEN33— DECEMEER: 15383 — REVESED MARCH 1388
]

recommended operating conditions

ShSA SN Ta0R
UMIT

MIN WOM MAX | MIN NOM  MAX
Ve Supply valege 4.5 5 55 | 478 E 515
VW High-bewel input valtage z 2
WiL  Lowlevel input voitage 0.8 0.8
Igy  Highelevel output cunrent —08 =08 m#,
gL Lowlevel cutput currend 18 16 | ma
T Operating freeasic tmparsture —E& 175 [} wl| ‘¢

glectrical characteristics over recommended operating free-air temperatura rangs (unless otherwise noted) '

PARAMETER TEST CONDITIONS T — e T

MIN TYPFE MAX | MIN TYP§ MAX

VK Ve = MIN, 1T = 12ma -15 -15 ] W

Vol Voo = MM, Vg =2V, lgn=— 08 maA 24 34 24 34

Vol Wiop T MIN, WL TO08Y, gL =18 mA 02 a4 0z 04

1 Voo =MAaX, W= 55V 1 1 mA ]

™ Voo = MAX, WiT 24wV 40 40| es

iy Wpe " MAX,  Wy=D4 v ~ 1.6 =16 | ma

los§ Woe = MAX -2 -85 | - 18 —-55 | ma

=] Voo s MAX, W =45 7 mn Fi 11 | ELE]

ool Voo T MAX,  VmOv f] 33 el Bl oma

I For conaitions shawn & MIN 07 MAX, use the aparoprists veive speoitisd under recommended oparateng canditian
AN tymical values are Bn Vop = B W, Ty = 285
i- MO GTE TEn ona suEut iheuld be thories a1 & e,

switching characteristics, Voo = B Y, Ta = 25°C [ses note 2)

FROM T
PARAMETER TEST COMNDITIONS MM TYP MAX | UNIT
{IMPLUIT) |QUTPUT)
BLH 178 n m
+* - €y =15pF
— Ao B A =400 4, L g 12 13| m

HOTE 2- Lood circuits and voltsga waveforms ase shown in Section 1.
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9.5 puanyUze0IoUILDS LF353-N

{}
INSTRUMENTS LF353-N

e Hoocim EMCEBHIF —AFRL 1935 -REVIZED MARCH 2013

LF353-N Wide Bandwidth Dual JFET Input Operational Amplifier

Chack for 5amples: LF353-H

FEATURES DESCRIPTION

+ Internally Trimmed Offset Voltage: 10 mY These devices are low cost, high speed, dual JFET
input operational amplifiers with an internally trimmmed
input offset woltage (BI-FET Il technology). They
*  Low Input Noise Voltage: 25 nV/vHz require low supply current yet maintain a large gain
+  Low Input Noise Current: 0.01 pAiHz bandwidth product and fast slew rate. In addition, well
. . - e matched high waltage JFET input dewvices provide
Wide Gain Bandwidth: 4 MHz wery low input bias and offset curents. The LF353-M
+ High Slew Rate: 13 Vips is pin compatible with the standard LM1558 allowing
+  Low Supply Current: 3.6 mA designers  to  immediately upgrade the overall
performance of existing LM1558 and LM358 designs.

* Low Input Bias Current: 50pA

+ High Input Impedance: 1070
+  Low Total Harmonic Distortion - <0.02% These amplifiers may ke used in applications such as
- high speed integrators, fast DVA converters, sample

* Low 1 Noise Corner: 50 Hz ar?d hnl:lld -:ircui;gand many other circuits requiring Izw
+ Fast Settling Time to 0.01%: 2 ps input offset voltage, low input bias current, high input
impedance, high slew rate and wide bandwidth. The

devices also exhibit low noise and offset valtage drift.

Typical Connection
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TexAS
INSTRUMENTS

LF353-N
wrara Lo

SNOZEHIT —AFRIL 1538 -REVISED MASCH 2013

Simplified Schematic

Ll

INTLAMALLY
ALl 1]

STIRAALLY
TAIMMFL

Figure 1. 1/2 Dual

Wi O

DualHn-Ling Package
Top View

OFTrFUT & =

AVEATIYG LT & e auteurs

INVEAT ARG INFUT &

RERNIEATIRE 2
INFUT &

2 o HIHIWIRTAE
IWFUT B

.

Figure 2. 8-Pin S0IC (See D Package)
B-Pin PDIP (See P Pachkage)
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.6 AUANYULAINFINTIUFAADT 2N222

NSCRETE SEMICONDUCTORS

|.fi-*{'x"|'f.{*;'x, QY |'|. ||

{ |
eV e '-:3:-'.. L LE

=
-y

2N2222; 2N2222A
NPN switching transistors

Product specification 1097 May 20
Supersedes data of September 1984
File under Discrete Semiconductors, SC04

L T PHILIPS
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Philips Semiconductors Product specification

NPN switching transistors 2N2222; 2N2222A
FEATURES PINMING
+ High curment (mac 500 mA) PIN DESCRIFTION
* Low woltage (maee 40 V). 1 emitter
base
AFPPLICATIONS 3 collector, connected to case

# Linear amplification and switching.

DESCRIFTION ’
b o
MNPM switching transistor in a TO-18 metal package. Q«f‘:' -
PNP complement: 2M2907A ps/al 2
3 -i ] AT

Fig.1 Simplified outline (TO-18) and symibol.

QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIM. MAX. UNIT
Vesao collector-base voltage open emitier
MZ222 G0 W
2MZ222A 75 W
Viesao collector-emitter vaoltage open base
Z222 30 W
INZI22A 40 W
Iz collector current (DC) 200 A
Pt total power dissipation Tarm = 25°C 500 iy
he= CZ current gain Iz = 10 m&; Weg =10V 75
fr transition frequency Iz = 20 mA; Vo =20 F= 100 MHz
2MZ2222 250 MHz
2MZ222A 300 MHz
to= tum-off time lzon = 150 mA; lgan = 15 mé&; lger = -15 mA 250 ns




LIMITING VALUES
In accordance with the Absolute Masdmum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX UNIT
Veso caollector-base voltage apen emitter
2NZ222 - 60 v
INZ2I2A - 75 v
Vieeo collector-emitter voltage open base
NZIF2 - 30 v
INZIT2A - 40 v
Veso emitter-base voltage open collecior
2NZ222 5 W
2NZZZ2A i v
Iz collector current (DC) BOO mA
lzm peak collector current BOO mé
lzps peak base current 200 e
Pot total power dissipation Tamp = 25 "C 500 vy
Teaze <25 7°C 1.2 W
Teg storage temperaturs 85 +150 “C
T junction tempearature 200 C
Tamn operating ambient temperature 85 +150 C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UMNIT
Fin a thermal resistance from junction to ambient | in free air 350 KA
Fin o thermnal resistance from junction to case 146 KA
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.1 Design of a Bi-directional DC-DC 4 Phase Interleave Converter for PV Applications

ResearchGate

See discussions, stats, and author profiles for this publication at:
https:) fwwin_reseanc higate net) publication265TETTIT

Design of a Bi-directional DC-DC 4 Phase
Interleave Converter for PV Applications

Article in Emergy Procedia - September 2014

DOk 10,0016 . egypro2014.07.199

READS
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3 authors, including:
r B F W Cia
4..___ Fajamangala University of Technology. .. Rajamangala University of Technology. ..
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1. Imtrodoction

Blowadays, renewable enerzy from solar energy is 3 world-wide implementstion becanse solar energy 1s clean
and no polluiion. However, there is limited capacity becamse solar has in the deyiime oaly. Therefore, the enerzy
Teserves in the bamery when no elecinicity demand is 5o essential. When the voliage stored in the battery is sall low,
it 15 mot possible to brng thess energies to the load directly. Then this paper proposes the desigm 3 Bi-Dhrectional
DiC-DC comverter with the principle of the ransfer of enerzy from the battery to contnmously supply to the load
with inferlesve technigue to a higher power. The advantages of the imperlesve techmigne are reduce losses across
hizh switching device and help fo rednce owrent ripple in D load.

1. Primnciple of DT Bidirectional Converter

The civoait for DC Bidirectonal Converter nsing the principle of Buck and Boost comverter cirouif is designed
using IGET to be saitching devices to reduce the voltags scross the component. The operation fior this converber
will mansfar energy to be o directions as show in Fig 1.

R
- e

Fig l. Digram of DMC-Bidirectonal Converiar.

There are 2 steps 1o be considered Step 1 i to charge battery with buck converter mode when no elecmicity
demand (messuring fom current sensor) but 5l have power cufput fom solar cells, Step 2 is to dischargs hattsry
with boost comverter mode The power cinouit is bock comverter mode to drop voliage fom D BUS 1200 fo 0.

The battery is Lead-acid mype 12V, To discharge battery when no power owiput fom solar cell, the power ciromit is
boost converter mods to Tansfer snergy Som battery to bead and incrsase voltzze from 0V to 120 VI, The main
equipment for this cinout is inductsnce becanse it is responsible for the collected and discharged enersy to the

ousat voltage hisher than the inpus

O i

Fig.2. Equivalent circwit of hoost comnerter.

To calculate the inductance from equation as below,

Vs D
L= &)
Al
Ll
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Dnaty cycle iz aqual to 0.5, and the frequency of te switching frequency is 25 kHz which acdvates the device can
oparate. Dty cycle is equal w0 0.5, and the frequency of the swinching frequency is 25 kHz, which acdvates the
device can operate.

The input ripple omrent is 13 percent of the mput owerent. The prnciples of inferlegved with the infroducton of
ot comverier I ciyonif to connect in parallel. And phase of the siznal drving the switch to working Tme oveslap,
which can be caloulated from equation as below (2).

Swich Angle=360 /N @

N is mumaber of cimonit in parallel this cironit used 4 phase parallel Then switch angle for this crowit of esch phase
will be 00 degres. Then size of the mdoctor nmst be at least 92 uH. Canse of high losd 1KW, so it can be desizmed
by adding mterlesved technique used for reduce the size of ourrent rpple while ransfer power enerTgy.

4] @il &N

=z Bz RE: B2 "
|1 | T | N P— -

R Ep

LT o L3y

L& v T &

* el & 2 [

[EN ey Jj}

Fig 3. Circuits of the Bi-directional 4 Phase Interlesve Converper

This parallel phase current flowing through each phase is 44 of all flows as shown in Fiz 3, so the voltage across
amd the total loss in the switchines devices was reduced The size of the indwctor in the cironit is smaller and the
power fo the system was incTessed.

= S

Fiz 4. Control mode of Bidirections! 4 Phase Interlesve Converter
Firstly, to creaie the conditions that apply to PI comroller fo control the charpe |/ discharge of the battery the
received the input signal from I bus, WV bns, T bat, V bat are nsed then system sent PWW ziznal to contrel switch
on'off power cirounit of each mode to charge and discharge mode. Violome I W BUTS and the SOC of the battery is
the main varisble to control these converters, with condition as followins.
Buck Mode when the batery is 0.4 <2200 0.9 and P Bus nmest be greater than P Bat. Boost Mode on battery
S0C= 0.9 and P Bat nmest be greater than P Bus.
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Cumel
5}
T
1
1
1
1
1

1 1 1 1 1 1 1 1 1
L '\ ' | __ | I I ]
r i a 1 T r ~ T a
1 1 1 1 1 1 1 1 1
' ' ' ' ' ' ' ' '
apf———— L [ i P Ao | | [
+ T 1 1 I 1 1 1 1 I
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
st = | R, demeem demamm demmem [ [ [ ..
] I I I I 1 1 I I
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
a - — - I R [ P N [ Lo [ —
xx L3 L3 13 = LI ] L L L 14
i

Fig 10 Current value at inductor of each phase.

Simmlation results on & comverter cirouit work as 3 buck converter. It can be seen that the voltage at the battery
voltaze was increases to S0V as show in Fipare @, and the flow of elecmic carrent through the inductor is same in
each phase as shown in Figure 10, totally the output cumrent is 124 battery volume all the coordinates of Lead-Acid
batteries per researchers have designed 1240 /12V.

4. Conchosion

From the simulation results with MATL AR SIMULINE, the designed Bi-directional 4 phasze interleave cinomit
can be able to charge battery when no load demand and can ransferred power energy to load 1EW 120VDC that
used confroller to control chargs /discharse condition by received the it sizmal from I bus, WV bus, I bat, V bat.
The total energy can be contnmously transferred to system The technique of parallel 4 phase interleave shows that
power losses of the switches was reduced. Inductance in the ciroait is smaller and power energy was increased.

Reference:

[1] E M. Hasan M. E. Hagque and M Negnevitsky “Coabol of Energy Storage Interface with 3 Bidirectional
Comverter  for Photovoltalc  Systems™ Australasian  Undversiies Power Engineering  Conference
(AUPEC'DE)20:0E. P-138 page 3

[2] P Thounthong, P.Sethaknl 5. Fael and B.Davat “Diesign and Inplementation of 2-Phase Interleaved Boost
Comwerer for FuelCell Power Source.” Proc. IET-PEMD. York, UE. 2008 pp. 91-85

[3] D.G. Holmes. B P McGrath D Seramn snd WY, Eonz * Dhmemic Control of & 20 kW Interleaved Boost
Comverter for Traction Applicatdons” Industry Applications Society Anmnz] Meeting IAS | 2008, pp. 1-B

[4] E. Epwronlis and K Eslaitzakis “Movel battery charging regulation system for photoveltic applications™
IEE Proc. Electr. Power Appl, wol 151, no. 2, Mar. 2004, pp. 191-197

[Z1 D . J. Bigla, 5. Inoue, “Bi-directional jzolated De-D comvener fior nexs: ver distribution
- comparison of converters using 5i and SiC devices.™ in Proc. JEEE PCC, Magoya, Japan April 2007, pp.
510-517
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3. Experiment resmlts.
To simmlate a 4 Phase miberlezve bidirectional coomerter wing MATLAR ¢ SIMULINE by dividing the work mto
twio parts of the cironit and the control cromt.

%E_ﬁ—c—ﬂ‘ o N

Yy

Fig 5 MATI AR/ STMVULTNE maodel

The confrel signal portion was create 3 refersnce FWAL siznal to drve the switch in each set Simmilstion of the

circwt while the cirouit being Buck Boost mode.
Test Dischargs mode condition by send the PWA signal to drve the switches 1, &3, G5, &7 cooverter cirouit

works as boost comverter. From battery 600 w0 120% DiC.

Fig.6. PWM Signal to drive switch G1, G3, G5, GT.
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Study of Bidirectional 3 phase converter for DC motor with interleave technical.

Ao 1 o < 1

anild fudz ' uaz yoyds Udanang
| A a 9 a s a o ~ o A
mandmnssu llih amgdrnssumans uninendoma Tuladssuenasoys
0.5980-UATUIEN A.AABINN B.5Y1YT 9.NNBI 12110 Tnsdi: 0-2549-3400 E-mail: saowanee_kanta@hotmail.com
- 1
Unaagye
Nyﬁ' o = o v a o v
unaNiiunistinguan1s@nEniseanwuuagasilasi Wi wuuaasiAnegniunama Suinnsuansa

o

AR 24 VDC /12 VDC, 350W. e ldudnnisnisnunasnanuusss s lninnssuansausuann 3 ma 2 AANI19nIn1senaednig

! '
A o

frenuaeesruulnaldiUsunsy MATLAB / SIMULINK LA@RIN133ATIEHANAINT LA LAY LI MENn9a s ageiu

AaalinluAAntausnifluneamuusasiu (Boost Converter) HRANENAINUIHALIZUL 24Vde WASHANINARITUTRNGU

1l1n99sMauKas (Buck Converter) WanIN 9 ALNALAALLAIAEI1WA 12Vde.

o

1NNNINARALNIINLF1AINBENRLLAIN TR N A UNA BB lulummeTuasaemnaenuliiuseuy s

agasiailias Tnadnsvualiinandinfuunmesdiianoiaome 124 Wuliauiinnaesuuniag? Lead —Acid AERs8vNNg

aanuuulBaun 12v, 12Ah.

o o

fdnny: 2sudasdu Iihnszuanss WO ,umm@%
Abstract

This paper presents a design of a bidirectional 3 phase interleave converter specifically for DC motor. The proposed
model has rated capacity of 12 to 24 VDC, 350W. The Design of this DC-DC bidirectional 3 phase interleave converter to investigate
the behavior of the system used MATLAB/SIMULINK. The simulation results are observed to determine the output voltage value.
The first step is boost converter to transfer power from battery to motor 24v and the second step is working as buck converter to store
energy into the battery 12vdc when no load required. Mathematical models for boost and buck modes are being derived and the
Simulink model is constructed in order to simulate the system of both step designs. The results of simulation found that the designed
converter is able to charge battery and discharge battery and deliver power to load as designed. The output current is 12A per battery

capacity of selected Lead-Acid battery per designed is 12Ah.

Keywords: Bidirectional converter, Motor, Battery.
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