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ABSTRACT

A 1.5 KW modular inductorless dc-dc converter is presented in this
thesis. The proposed dc-dc converter can step up and step down output voltage as dc
transformer function by using a duplicated switching module. This can lead to a simple
switching function, compact design, and light weight; however, the proposed dc-dc
converter consists of many power switching devices. The suitable application of the
proposed dc-dc converter proposed in this thesis is a dc microgrid. The simulation study
,used Power Simulation, and experimental results are performed in order to confirm the

proposed methodology.
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DC Microgrid Application)
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4.1 2995Q71UAd (Control Circuit)
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42 29935Mad (Power Circuit)
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Tulassnuguitldaanfiugsz (Capacitor) lua¥ HCGF5A A1 3900 PF Nufn@
1599 IWATI 350 VDC Nuusiawdss (Voltage Surge) Ana 400 VDC 9117995 MMCCC
Tunnd 4.1 azlgdifudszanfamnaiiudium 3 d LRAIAN BB BUBN ARG

MWN 4.9 waz MWN 4.10

: gzlce,blog.‘isic‘mﬁ

ATWN 4.9 a"nﬁmzéhLﬁuﬂszqﬁlﬁuiﬂsaawu

(81999 : http-//gzice.blog.163.com )

ATINN 4.10 ﬁaLﬁuﬂs:qﬁ@iaLﬁwﬁmwsﬁwET@%‘%@



42

4.2.2. 9uUnsola3Iasd9 (Switching Device)
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COLLECTOR :
{BOTTOM SIDE METAL)
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4.2.3 Fwadn1as (Power Relay)
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4.3 29391389n92ud (Bridge Rectifier Circuit)
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4.3.2. lalaml3s9nszud (Bridge Rectifier)
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5.2.5. wavinnszualiiinsziiNes (Ripple Current)
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B ~ JANUARY 1983 — REVISED JULY 1999

Complete PWWM Power Control Circuitry D, N, NS, OR PW PACKAGE
Uncommitted Outputs for 200-mA Sink or (TOPVIEW)

Source Current 1N ] 1 U1e ) one

Output Control Selects Single-Ended or 1IN-{] 2 15 ] 2IN-
Push-Pull Operation FEEDBACK[ 3 14 ] REF

Internal Circuitry Prohibits Double Pulse at DTIC[]4  13[JOUTPUT CTRL
Either Output ctlls  2flvee

Variable Dead Time Provides Control Over RTfjs  1jlc2

Total Range GND 7 0] 2

Internal Regulator Provides a Stable 5-V cifle  ofled

Reference Supply With 5% Tolerance

Circuit Architecture Allows Easy
Synchronization

description

The TL494 incorporates all the functions required inthe construction of a pulse-width-modulation (PWM) controt
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply contro! circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC)
comparator, a pulse-steering control flip-flop, a 5-V, 5%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mede voltage range from -0.3 V to Vo — 2 V. The dead-time control
comparator has afixed offset that provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous multiple-rail power supplies.

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the
output-controf function. The architecture of this device prohibits the possibility of eitheroutput being pulsed twice
during push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494l is characterized for operation from
—40°C o 85°C. ‘

FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
Vi=GND Single-ended or paralte! output
Vi = Vref Normal push-pull operation

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 irformation is cuent as of publication date.
Products confom to specifications per the terms of Texas Instruments

Copyright © 1989, Texas Instruments incorporated

standard warranty. Production processing does not recessarity include Q?
testing of all pagnelers p ' y [ TEXAS

POST OFFICE BOX 635303 #® DALLAS, TEXAS 75265 1
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 1983 — REVISED JULY 1999

AVAILABLE OPTIONS
PACKAGED DEVICES
SHRINK CHIP
T SMALL PLASTIC SMALL SHALL FORM
OUTLINE DIP OUTLINE Y
0 o) NS) OUTLINE )
(PW)

0°Cto 70°C TL494CD TL494CN TL494CNS TL494CPW | TL494Y
~40°C to 85°C TL494ID TL494IN - — —

The D, NS, and PWpackages are available taped and reeled. Add the suffix Rtodevice type {e.g.,
TL494CDR). Chip forms are tested at 25°C.

functional block diagram

OUTPUT CTRL
{see Function Table)
RS ) ©
cr.5 Oscillator al g
1D c1
Dead-Time Control [ 9
4 =01V ¢— Comparator El
DTC 1 E>C1
, P Qn
; Error Amplifier 1 Comparator %QM
b1 DL ). _ L 10 E2
1N-2 _ Pulse-Steering
Flip-Flop
Error Amplifier 2 12
vee
ane 8 N
2N~ 15 _ ! Reference 14 REF
Regulator
(D LA
3
FEEDBACK 0.7 mA

‘@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B - JANUARY 1883 — REVISED JULY 1899

PARAMETER MEASUREMENT INFORMATION

Vee =15V
4
12 150Q 150Q
Veo 2W 2W
4 3
Test DTC c &— Oufput1
loputs 3 | FEEDBACK e}l 1
12k0 " =
RT c2 Output 2
2 er B2 l_L
0.01 uF =
B 1
2 1iN+
16 1iR- Error
l 2IN+} Amplifiers
= 15 2IN-
13{ outPUT Rer |14
CTRL
GND
50 kQ i _L
7
TEST CIRCUIT

. r V
Voltage cc
at C1 i
———————— [1RY
Voltage I Vee
atC2
—————— oV

Voltage
at CT

Threshold Voltage — —

DTC

oV

l
I
l
l
FEEDBACK {
I
t

o7v
{ “ b
Duty Cycle 0% —i—¥ MAX

VOLTAGE WAVEFORMS

Figure 1. Operational Test Circuit and Waveforms

% Texas
INSTRUMENTS

POST OFFJCE BOX 655303 ® DALLAS, TEXAS 75265 !
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS0748 — JANUARY 1983 ~ REVISED JULY 1999

PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test

FEEDBACK

v

Other Amplifier

Figure 2. Amplifier Characteristics

15y

e Ve m
| Each Output
% Circuit ' Output
| =/~ { CL=15pF
| (See Note A)
|
b a2

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A: Cy includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15V

| Each Output
| Circuit

Output
utp 90%

I 680
2W

!
= ) e M
TEST CIRCUIT QUTPUT VOLTAGE WAVEFORM

NOTE A: Cy includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration

“'} TEXAS
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“wi’ TEXAS
INSTRUMENTS

Data sheet acquired from Haris Semiconductor
SCHS046!

CMOS Hex Buffer/Converters

The CD4049UB and CD4050B devices are inverting and
non-inverting hex buffers, respectively, and feature logic-
level conversion using only one supply voltage (Vog). The
input-signal high level (V)) can exceed the V¢ supply
voltage when these devices are used for logic-level
conversions. These devices are intended for use as CMOS
to DTL/TTL converters and can drive directly two DTL/TTL
loads. (Vog =5V, VoL 0.4V, and I 2 3.3mA))

The CD4049UB and CD4050B are designated as
replacements for CD4009UB and CD4010B, respectively.
Because the CD4049UB and CD4050B require only one
power supply, they are preferred over the CD4009UB and
CD4010B and should be used in place of the CD4008UB
and CD4010B in ali inverter, current driver, or logic-level
conversion applications. in these applicafions the
CD4049UB and CD4050B are pin compatible with the
CD4009UB and CD4010B respectively, and can be
substituted for these devices in existing as well as in new
designs. Terminal No. 16 is not connected internally on the
CD4049UB or CD40508, therefore, connection to this
terminal is of no consequence to circuit operation. For
applications not requiring high sink-current or voltage
conversion, the CD4069UB Hex Inverter is recommended.

Features

+ CD4049UB Inverting

+ CD40508B Non-Inverting

+ High Sink Curent for Driving 2 TTL Loads
+ High-To-Low Level Logic Conversion

*» 100% Tested for Quiescent Current at 20V

+ Maximum Input Current of 1pA at 18V Over Full Package
Temperature Range; 100nA at 18V and 25°C

+ 5V, 10V and 15V Parametric Ratings

CD4049UB, CD4050B

August 1998 - Revised May 2004

Applications

» CMOS to DTL/TTL Hex Converter
» CMOS Current “Sink” or “Source” Driver.
+ CMOS High-To-Low Logic Level Converter

Ordering Information
TEMP.

PART NUMBER RANGE (°C) PACKAGE
CD4049UBF3A -5510 125 16 Ld CERDIP
CD4050BF3A -55t0 125 16 Ld CERDIP
CD4049UBD -55t0125 |16 Ld SOIC
CD4049UBDR -55t0125 16 Ld SOIC
CD4049UBDT -55t0125 |16 Ld SOIC
CD4049UBDW -5510 125 16 Ld SOIC
CD4049UBDWR -5510 125 16 Ld SOIC
CD4049UBE 5510125 |16 Ld PDIP
CD4049UBNSR -55t0125 {16Ld SOP
CD4049UBPW -55t0 125 16 Ld TSSOP
CD4049UBPWR 5510125 16 Ld TSSOP
CD4050B8D -5510 125 16 Ld SOIC
CD4050BDR -5510 125 16 Ld SOIC
CD4050UBDT -55t0125 |16 Ld SOIC
CD40508DW -5510 125 16 Ld SOIC
CD4050BDWR -5510 125 16 Ld SOIC
CD4050BE 5510125 |16 LdPDIP
CD4050NSR -551t0 125 16 Ld SOP
CD4050BPW 5510125 16 Ld TSSOP
CD4050BPWR -5510 125 16 Ld TSSOP

NOTE: When ordering, use the entire part number. The suffix R denaotes tape
and reel. The suffix T denotes a small-quantity reel of 250.

Pinouts
CD4043UB (PDIP, CERDIP, SOIC, SOP, TSSOP) CD4050B (PDIP, CERDIP, SCIC, SOP)
TOP VIEW TOP VIEW
Ve [1] e 5] NC vee 1 e [16] ne
6=k 2] [15]L=F 6=A[7] E]L=F
Al ol A[8 o
B [5] 7] K=E B [5] i K=E
1=C 8] 1] £ 1=c [6] i e
cf7] 10 4=D c[7l 9] J=p
s 5 Bl s 3 Bl
1 I CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

Copyright © 2004, Texas Instruments Incorporated
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CD4049UB, CD4050B

Functional Block Diagrams
CD4043UB

CD40508

3 2 _ 3 2
A — G=R A — G=A
5 4 _ 5 4
B H=B B — H=B
7 6 _ 7 [}
c — =€ ¢ — 1=¢
] 16 _ 9 10
D — J=D D — J=D
1 12 1 12
E ———>o——- K=E E —>— K=E
14 15 i 15
F L= F — L=F
1 1
Vcc Vee
8 8
Vg5 —— Vss
NC=13 NC=13
NC=16 NC=16
Schematic Diagrams
Vee
JP
= JL
b—o
ouT
N
e
= Ves — Vss

FIGURE 1A. SCHEMATIC DIAGRAM OF CD4049U8B, 1 OF 6
IDENTICAL UNITS

FIGURE 1B. SCHEMATIC DIAGRAM OF CD4050B, 1 OF 6
IDENTICAL UNITS
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CD4049UB, CD4050B

Absolute Maximum Ratings

Supply Voltage (V+to V). ...... ... ...l -0.5Vto 20V
DC input Current, AnyOne Input. ..................... +10mA
Operating Conditions

Temperature Range......................... 55%Cto125°%C

Thermal Information
Package Thermal Impedance, 84 (see Note1):

E(PDIP)Package ............o.coenvveenn..... 67°CW
D(SOIC)Package ................o.ooeiiill. 73°%Cw
DW (SOIC) Package ...........coovvveniunn.. 57%CW
NS (SOP)Package ...................cooovun... 64°CW
PW (TSSOP)Package.......................... 108°Cw
Maximum Junction Temperature (Plastic Package)......... 150°C
Maximum Storage Temperature Range. .......... 65°C to 150°C
Maximum Leed Temperature (Soldering 10s) . ............ 265°C

SOIC - Lead Tips Only

CAUTION: Stresses above those fisted in “Absolute Maximum Ratings may cause permanent damage lo the device. This is a stress only rating end operation of the
device at these or any other conditions above thase indicated in the operational sections of this specification s not impfied.

NOTE:

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

DC Electrical Specifications

LIMITS AT INDICATED TEMPERATURE (°C)
TEST CONDITIONS 25
Vo Vin
PARAMETER ™M | M |VecM| 55| 40 | 85 | 125 | MIN | TYP | MAX | UNITS
Quiescent Device Cument - 05 5 1 1 30 30 - 0.02 1 pA
'op (Max) - o 10 | 2] 2|6 [e | - [oo2] 2 | ua
- 015 | 15 4 | 4 |10 120] - Joo2| 4 | wA
- 020 | 20 | 20 | 20 | 600 | 600 | - | 004 | 20 | uA
Output Low (Sink) Current 04 | 05 | 45 |33 | 31 |21 ] 18| 26| 52] - | mA
lov (Min) 04 | o5 5 4 | 36 | 20 | 24 | 32 | 64 | - | ma
05 [ o010 | 10 | 10 | 96 |66 | 56| 8 | 16 | - | ma
15 o015 | 15 | 2 | 25 | 20 | 18] 24 ] 48 | - | ma
Output High (Source) Current 46 | 05 5 |-081|-073|-056|-048]065] 12| - | ma
lor (Min) 25 | 05 5 | 26| 24|49 (155 21| 39| - | ma
95 | 010 | 10 | 20 | 46 | 135|148 | 165] -30 | - | ma
135 | 045 | 15 | 52 | 48 | 35| -31 | -43 | -80 | - | mA
Out Voltage Low Level . 05 5 | 005 005|005 | 005 - 0 |oos| v
Vot (Max) - 010 | 10 | 005 | 005 | 005 | 005 | - 0 o005 ]| v
- 015 | 15 | 005 005 | 005 | 005 | - 0o [oos| v
Qutput Valtage High Level - 05 5 | 495 | 495 | 495 | 495 | 495 | 5 - v
Vor (Min) - 010 | 10 | 995 995 | 995 | 895 | 995 | 10 | - v
- 015 | 15 | 1495|1495 | 1495 | 1495 | 1495 | 15 | - v
input Low Voitage, V) (Max) 45 - 5 1 1 1 1 - - 1 \
Cotodoue 9 - 10 2 | 2] 2| 2| - - 2 v
135 - 15 | 25| 25 | 25 | 25 | - - las | v
Input Low Voltage, Vi (Max) 0.5 - 5 15 15 15 15 - - 15 v
CD40508 1 - 10 3 3 |3 | 3| - - 3 v
15 - 15 4 | 4 | 4| 4| - ; 4 v
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CD4049UB, CD4050B

DC Electrical Specifications  {Continued)

LIMITS AT INDICATED TEMPERATURE (°C)
TEST CONDITIONS 25
Vo VIN
PARAMETER ! M [VecV)| 55 | 40 | 8 | 125 | MIN | TYP | MAX | UNITS
Input High Voltage, Vi Min 05 - 5 4 4 4 4 4 - - \'
Ch4o4sUB 1 - 10 8 8 8 8 8 - - \'
15 - 15 125 | 125 | 125 | 125 | 125 - - \'
input High Voltage, Vi Min 45 - 5 35 35 35 35 35 - - \
CD40508 g - 10 7 7 7 7 7 - - "
135 - 15 11 1 1 1 11 - - \'
input Current, ljy Max - 0,18 18 0.1 | 01 kx| 1 - #1075 | 104 PA
AC Electrical Specifications Ty = 25°C, Input t;, ty = 20ns, C| = 50pF, R| = 200k
TEST CONDITIONS LIMITS {ALL PACKAGES)
PARAMETER VIN Vee TYP MAX UNITS
Propagation Delay Time 5 5 60 120 ns
éﬁéﬂ&g;’ tpLH 10 10 32 65 ns
10 5 45 90 ns
15 15 2 50 ns
15 5 45 90 ns
Propagation Delay Time 5 5 70 140 ns
é‘g;;%gégh’ teL 10 10 40 80 ns
10 5 45 90 ns
15 15 30 60 ns
15 5 40 80 ns
Propagation Delay Time 5 5 32 65 ns
oot 10 10 20 10 ns
10 5 15 30 ns
15 15 15 30 ns
15 5 10 20 ns
Propagation Delay Time 5 5 55 110 ns
gig:;go;“‘ tPHL 10 10 2 55 ns
10 5 50 100 ns
15 15 15 30 ns
15 5 50 100 ns
Transition Time, Low to High, tr 5 5 80 160 ns
10 10 40 80 ns
15 15 30 60 ns
Transition Time, High to Low, ti4 5 5 30 60 ns
10 10 20 40 ns
15 15 15 30 ns
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TOSHIBA

TLP250

TOSHIBA Phbtocoupler GaAtAs Ired & Photo-IC

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 MOSFET. 2802025

o Input threshold current: [F=bmA(max )
¢ Supply current (I¢C): 11mA(max.)
o Supply voltage (Voo): 10-35V
«  Output current (I0): £1.5A (max.)
+ Switching time (tpLH/tpHL): 1.5ps(max.)
o Isolation voltage: 2500Vyms(min.)
o UL recognized: UL1577, file No.E67349
¢ Option(D4)
VDE Approved : DIN EN60747-5-2
Maximum Operating Insulation Voltage : 890Vex

Unit in mm

H] e
M~
H e
F en

6.4%0.25

-t
o
o
N

7.6240.25

.

1
02538

3.6525%

12£0.155
it

0.8 £0.25

0501

254+0.25

$1-10C4

TOSHIBA 11-10C4
Weight: 0.54 g(Typ.)

Highest Permissible Over Voltage :4000Vek
(Note):When a EN60747-5-2 approved type is needed, Pin Configuration {top view)
Please designate “Option(D4)”
1[4 11 ] 8
D= sl
-
-
Truth Table Jt s
1 - T2 4L 5
Input On On Off
LED Off Off On 1:NG. 5:GND
2:Anode 6: Vo (Output)
3:Cathode 7:Vo
4:NC. 8:Vce
Schmatic
Vee
IF
-
2+ Vo
Vg 2}3{
3 Vo
GND
* A 0.1pF bypass capcitor must be 5
comnected between pin 8 and 5 (See Note 5).
1 2005-08-18

77



78

Maximum Ratings (Ta = 25°C)
Characteristic Symbadl Rating Unit
Forward current Ip 20 mA
Forward current derating (Ta 2 70°C) Alp/ATa -0.36 mA/°C

a]

u Peak transient forward curent (Note 1) IFPT 1 A
Reverse voltage VR 5 )
Junction temperature T 125 °C
“Hpeak output cument (Pyy < 2.5us,f < 15kHz) (Note 2) loPH -15
“L*peak oufput current (Pyy< 2.5ps f S 15kHz) {Note 2) lopL +15

(Ta£70°C) 35
Output voltage Vo A

5 (Ta=85°C) 24

3 (Ta<70°C) 35

3 Supply voltage Vee v

(Ta = 85°C) 24

Qutput voltage derating {Ta = 70°C) Ao/ ATa -0.73 v/°c

Supply voltage derating {Ta 2 70°C) AN/ ATa -0.73 vieC

Junction temperature T 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tsg -55~125 °C
Lead soldering temperature (10 s) Tsol 260 °C
Isclation voltage (AC, 1 min., R.H.< 60%) (Note 4) Bvs 2500 Vs

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

Note 2. Exporenential wavefom

Note3: Exporenential wavefom, lopH <—1.0A( <2.5ps), lopy. < +1.0A{ £2.5s)

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

together.

Note5: A ceramic capacitor(0.1pF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplfier. 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 (NoteB) IFon) 7 8 10 mA
Input voltage, off VF(OFF) 0 — 0.8
Supply voltage Vee 15 — 30 20
Peak output current loPHAOPL - — 0.5
Operating temperature Topr -20 25 70 85 °C

Note 6: Input signal rise time(fall time)<0.5us.

2005-08-18



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 VF — IF=10mA,Ta=25C — 1.6 1.8 \'s
Temperature coefficient of _ _ . _ o
forward voltage AVE/! ATa IF=10mA -2.0 mv/°C
Input reverse current IR — [VR=5V,Ta=25C - - 10 pA
Input capacitance CcT — |V=0,f=1MHz , Ta=25°C — 45 250 pF
ap IF=10mA
H level ! 1 -0.5 -1.5 —
OPH Vee=30v | Ve6=4V
Output current ) A
) IF =0
1" level lopL. 2 Vg5=25V 05 2 -
wpr Veet =+15V, VEg1 =15V
H level VoH 3 Ry = 2000, If = 5mA i1 128 -
Oulput voltage A
o Vet =+15V, VEg1 =-15V .
L” level VoL 4 RL = 2000, VE = 0.8V -142 | 125
Vee = 30V, iF = 10mA . 7 _
“H level IccH — |Ta=25C
Vee =30V, IF=10mA — — 1
Supply current CC=30V, If = 10m mA
Vee =30V, [F=0mA o 75 _
L level L | — |TB=%T
Vee =30V, [F=0mA - - 11
Threshold input “Output ) IFLH _ | Veet =+15V, VEg1 =-15V _ 12 5 mA
current L-H R =200Q, Vo >0V
Thresheld input “Output X VFHL Voot =+15V, VEgy =-15V 08 _ _ "
voltage H-L RiL.=200Q, Vo <0V _
Supply voltage Vee — 10 — 35 v
(?apacﬂance Cs _ |vs=0 ,ﬂf =1MHz _ 10 20 bk
(input--output) Ta=25C
. Vg =500V, Ta =25°C 12 14
Resistance(input-output) Rs — RH.< 60% 1x10 10 - Q

* All typical values are at Ta=25°C  (*1): Duration of Ig time <50us

3 2005-08-18



TOSHIBA TLP250

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

Test
Characteristic Symbol Cir- Test Condition Min Tywp.* Max Unit
cuit
Propagation L-H tplH —~ ] 015 | 05
delay time Hol tHL IF=8mA - 0.15 05
5 Veet = +15V, Vggy =-16V us
Output rise time tr R =200Q - - —
Output fall time ff — —_ —
Common mode transient _ _
immunity at high level CaH Vou= ggSV'TLF;éTé 5000 | — — {vis
output 6 cc ’
Common mede transient - =
immunity at low level oML vou = B0V = A s000 | — | — |vips
output cc !
All typical values are at Ta = 25°C
Test Circuit 1 :lopH Test Cireuit 2 : ippL
8
8 1
[ 1 l il I
Vee
‘ ] = O1yF = [ :] T Otk
IF (D ]_ Vo6 [ } Vee
loPH . OPL
4[] ]—‘ o] Ves
P l A
Test Circuit 3 : VoH Test Circuit 4 : VoL
8 8
1 I: 1 E
Veet v
1 CCi1
] T OAyF = E__{ ] < 0AF -
I VE

R

W

T T VEE
VEE{ 4.[

4 2005-08-18



TOSHIBA TLP250
Test Circuit 5: tpl H, tpHL, tr tf
s I I
[ | IF t .
I Lk ] Lo 1 Veet - d y
T 9w r oH  80%
L N
H T ps 4 Vo, 80%
1000 [ ]—« lH | | bHL
1. VER > o
Test Circuit 6: CmH, CML
8
-
1[ |
sw IF 0.1yF
—_ -
7 LVec
Ag'o B
j :I_ %vo
a[] 1+
Vewm
M o
U 1
600V
v 90% |
oM
= i ﬁ» 480
_ — Chi= V)
SWA(lF=8mA) trus)
\/ CH CMH=£$Qﬂ)-
Vo /\_3\, — 26V (us)
CHL
SW :B(iF=0)

CmL(Cpn) is the maximum rate of rise (fal]) of the common mode voltage that can be sustained with the output

voltage in the low (high) state.

2005-08-18
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PD - 94901

IRFP460PbF

Infernational
TGR Rectifier

HEXFET® Power MOSFET

¢ Dynamic dv/dt Rating
* Repetitive Avalanche Rated D
® {solated Central Mounting Hole
® Fast Switching

¢ Ease of Paralleling

¢ Simple Drive Requirements

VDSS = 500V

RDS(OH) = 0.27.Q

® Lead-Free

Description

Third Generation HEXFETs from Intemational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, fow

; I, = 20A

on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels predude the use of TO-220 devices. The TQ-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to

meet the requirements of most safety specifications.

\\

TO-247AC
Absolute Maximum Ratings
Paramster Max. Units
ip® Tc=25°C | Continuous Drain Current, Vs @ 10V 20
lp@® T¢=100°C | Continuous Drain Cument, Vgs @ 10V 13 A
Ion Pulsed Drain Current ® 80
Pp @ Tc=25°C_| Power Dissipation 280 w
Linear Derating Factor 22 WG
Ves Gate-to-Source Voltage 120 \4
= Single Pulse Avalanche Energy @ 960 mJ
lar Avalanche Current © ] - i A
[ Repetitive Avalanche Energy € 28 md
dvidt Peak Diode Regcovery dvidt @ 35 Vins
T Operating Junction and -56 to +150
Tsra Storage Temperature Range oG
Soldefing Temperalure, for 10 seconds 300 {1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 tbfein (1.1 Nem)
Thermal Resistance
"~ Pamameter Min. Typ- | Max Units
Rac Junction-to-Case — — 045
Rics Case-lo-Sink, Flal, Greased Surface — 0.24 - CW
Ran Junction-to-Ambient — — 40
www.irf.com
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IRFP460PbF International
ISR Rectifier
Electrical Characteristics @ Ty = 25°C {unless otherwise specified)
Parameter Min. { Typ. | Max. | Units Test Conditions
Vigrioss Drain-to-Source. Breakdown Voltage 500 | — | — V| Vgs=0V, lo= 250pA
AVieripss/AT,; Breakdown Voltage Temp. Coefficient : — | 083 | — | VPC | Referanceto 25°C, lo=1mA
Ros(on Static Drain-to-Source On-Resistance | — | — | 0271 Q |[Ves=10V,p=12A @
Vs Gate Threshald Voltage 20 § — | 40 ! V |Vps=Ves, lo=250pA
Qts Forward Transconductance 13 -1 — S | Vos=50V, Ip=12A @
Ioss Drain-to-Saurce Leakage Current = il B LA Vos=500V, Ves=0V
— — | 250 Vos=400V, Vgs=0V, T;=125°C
less Gate-to-Source Forward Leakage — — ; 100 A Ves=20V
Gate-to-Source Reverse Leakage —_ ] = ]-100 Vag=-20V
Q, Total Gate Charge — 1 — | 210 1=20A
Qys Gate-lo-Source Charge — ¢ — | 20 | nC ivpg=400V
Qg Gate-to-Drain {"Miller”) Charge — | — | 10 Vgs=10V See Fig. 6 and 13 @
taton) Tum-On Delay Time —~ | 18 — Vop=250V
1 Rise Tima — {89 — ns Ip=20A
Lol Tum-Off Delay Time — |10} — Re=4.3Q
4 Fall Time — 58 — Rp=13Q See Figure 10 &
Lo Internal Drain Inductance - |50} — ge,:,‘fl“e?on zlesfl:-) . ;
nH | from package @
Ls Internal Source Induetance — | 13 — and center of R
die contact [
: Ciss Input Capacitance — 4200 — Vas=0V
Coss Qutput Capacitance — 8701 — | pF |Vps=25V
Crss Heverse Transfer Capacitance — 30| — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. j Units Test Conditions
Is Continuous Source Current _ _ 20 MOSFET symbot 2
(Body Diode) A showing the ﬂ\
lssa Pulsed Source Current — 1 — g integral reverse “1‘@_)
(Body Diode) @ p-n junction diode. is
Vso Diode Forward Voltage — | — 118 | V {Tg=25C, ls=20A, Vgs=0V &
b Reverse Recovery Time — | 570 | 860 | ns !T=25°C, 1¢=20A
Qe Reverse Recovery Charge — | 57| 86 | uC idi/di=100Als @
fon Forward Tum-On Time Intrinsic turn-on time is neglegible (tum-on is dominated by Ls+Lg)
Notes:
O Repetitive rating; pulse width limited by D Isp<20A, didt<160A/S, VDDZV(BR)DSS.
max. junction temperature (See.Figure 11) Ty<150°C

@ Vpp=50V, starting Ty=25°C, L=4.3mH
RG=25Q, Iag=20A (See Figure 12}

@ Pulse width £ 300 ys; duty cycle £2%.

www.irf.com



International IRFP460PbF

ToR Rectifier

TO-247AC Package Outline

Dimensions are shown in millimeters (inches)

365 (.143) E

15.90(626) 9 355(140) 530 (209
e 70z 00 @O[6 @ 410189
e -~ = | _ 250(089)
LA =50 (069
sz 1 a
2020 (800) J /
1970 (775 [ x g S22 NOTES:
480177 1 DIMENSIONNG & TOLERANGING
PER ANSI Y14.5M, 1982
2 3 i 2 CONTROLLING DMENSION : INCH.
3 CONFORMS TO JEDEC OUTLINE
12800569 TO-247-AC.
4, & H i
1z(ssa) |l |l 70016
LEAD ASSIGNMENTS
v Hexfet IGBT
240 (094 1.40 (056) J 080(03h 1-Gate 1-Gale
200 2().?79) F=3X 100(039) — 0.40(016) % [S)(r,ain 2-CE&lIecbr
3 260 (102 -Source  3- Emitler
R 8o  Saioen  4-Drain 4 Collector
S 300(118)
TO-247AC Part Marking Information
EXAMPLE: THIS 1S AN IRFPES0
WITH ASSENBLY D O PART NUMBER
LOY CCDE 5667 INTERNATIONAL
ASSEMBLED ON WW 35, 2000 RECTRER ~_ | it
INTHE ASSEMBLY LINEH® Loz ;m = M
Nots: 'P"in assembly fino /' DATE QODE
positan ndcales 1eatFres” ASSEMBLY VEARO= 2000
LOT CODE WEEK 35
UNEH

Data and specifications subject to change without notice.

Infernational
IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903

Visit us at www.irf.com for sales contact information.12/03
wwiw.irf.com /
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]
FAIRCHILD
]
SEMICONDLUICTOR®

Date Sheer

40A, 600\ UF S Series N-Channel IGBT
with Anti-Parallel Hyperfast Diode

The HGTG20NG0B3 Dis a 0S5 gated high wltage
switching device combining the best features ofdOSFETs
and bipolar ransistors. The device has the high input
impedance of a MOSFET and the low on-state conduction
lossofa bipolar transistor. The much lower on-state voltage
drop aries onfy mo derately between 25%C and 150°C. The
diode used in andi-parallel with the 1GBT is the RHRP3060.

The IGBT is ideal ©or manyhigh witage switching
applications operating at moderate frequencies where low
conduction lo ses are e ssential.

Formerly developmental type TA49016.

Ordering Information
PART NUMBER PACKAG E BRAND
HGTG20NG08 30 T0-241 G20NGOE 3D

NOTE: Wie v oidering, s5e te e rtie parta imber.

Symbof

HGTG20N60B3D

Decempey 2007

Features

« 404 600%at Tg=29°C

« Typical Fall Time. ... ... ... 140ns at 150°C
= Short Orcuit Rated

= Low Conduction Loss

= Hyperfit Anti-Parallel Diade

Packaging
JEDEC STYLE TO.247

COLLETOR
[BOTTOM SDEMETAL)

FAIRCHILD SE MOONDUCTOR IGBT PRODUCT 15 QOVERED BY ONEOR HOREOF THE FOLLOWMNG U.5. PATENTS

4364073 L1135 IR HH3931
1533 451 1605918 1520211 4531564
{ER.1% 1634413 1594313 17679
{553 480915 LM {BI0BES
BT 390,163 90112 4804509

4 466,176 151610 1532534 1561113
3B 1638162 641,162 3120
11332 1183590 1194 432 1301 886
{88 16 1831 06 4§50 030 1583161
1533140 1963951 4,969 027

8211 Farchid Semizorduclor Compmlion

HGIGANIMEX Feu. 8

87



HGTG20N60B3D

Absolute Maximum Ratings T¢ =25, Unless Otherwise Specified

HGTG20NG60B3D UNITS
Collector to Emitter Voltage . . ......... .. ... o BVeEes 600 v
Cdlector to Gate Voltage, Rge=1MQ ...l BVcGR 600 Vv
Collector Current Continuous. . ...l . 40 A
ATe=1100C 20 A
Average Diode Forward Current at 110°C 20 A
Collector Current Pulsed (Note 1) ................. i lom 160 A
Gate to Emitter Voltage Continuous. . ........ ... ...l VGES 20 \
Gate to Emitter Voltage Pulsed . .......... ... ... .. .. ... VGEM 130 \
Switching Safe Operating Area at T =150C ... ..... ... il SSOA 30A at 600V
Power Dissipation Tofatat Te=25%C ...........ooiiiin i Pp 165 W
Power Dissipation Derating Te>25%C . /... ..o 1.32 wric
Operating and Storage Junction Temperature Range . ....................... T3, TsTG -40to 150 oc
Maximum Lead Temperature forSoldening ... ........... ... ... oo il T 260 °c
Short Circuit Withstand Time (Note 2)at Vgg =15V, ..., tsc 4 us
Short Circuit Withstand Time (Note 2)at Vge =10V........ ...l tsc 10 us
CAUTION: Stresses above those fisted in “Absolute Maximurn Ratings” may cause permanent damage fo the device. This is a sfress only rafing and operafion of the
device &t these ar any other condfions above those indicated in the operational sections of this specification is nof impfied.
NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. Voe =360V, Tc =125°C, Rg =25
Electrical Specifications T¢ =25°C, Unless Otherwise Specified
PARAMETER SYMBOL TESTCONDITIONS MIN TP MAX | UNITS
Collector to Emitter Breakdown Voitage BVcES Ig = 250pA, Vgg = 0V 600 - - \
Callector to Emitter Leakage Current Ices VcE =BVeEs Tc=25°C - - 250 A
Te=1509C - - 20 mA
Catiector to Emitter Saturation Vottage Vegisan  |le=leto. Te=25% - 1.8 20 \
Ve =13V Te=150°C - 241 25 v
Gate to Emitter Threshold Voltage Veea | lo=250uA, Vee =VgE 30 5.0 6.0 v
Gate to Emitter Leakage Current IcES Ve = 20V - - 100 nA
Switching SOA SSOA T =150°C Veg = 480V 100 - - A
Vee =13V, V= 600V 30 - - A
Rg=10Q,
L =45uH
Gate to Emitter Plateau Voltage VGEP Ic =l¢110. VcE= 0.5 BVCES - 8.0 - \
On-State Gate Charge Qa(ony Ic=lct10. Vge=15V - 80 105 nC
Vee=05BVeEs |Vgg=20v - 105 | 135 nC
Current Turn-On Delay Time taon)l T = 150°C, - 25 - ns
Current Rise Time t lce=l¢110 - 20 - ns
Current Turn-Off Defay Time taoFFy \\;gg : :).SSVBVcES, - 220 275 s
Current Fall Time i Rg=100, - 140 175 ns
Tum-On Energy Eon L =100uH - 475 - w
Tum-Off Energy {Note 3) EorrF - 1050 - ud
Dicde Forward Voltage VEC IEc =20A - 1.5 19 )
Diode Reverse Recovery Time tr Igc = 20A, dlgg/dt= 100AMs - - 55 ns
[ec = 1A, digc/dt = 100Akts - - 45 ns
Thermal Resistance Rejc IGBT - - 076 | %cm
| Diode - - 12| %cw
NOTE:

3. Tum-Off Energy Loss (Egr) is defined as the integral of the instantaneous power loss starting at the trailing edge ofthe input pulse and ending

at the point where the colfector current equals zero ([ = 0A) The HGTG20N60B3D was tested per JEDEC standard No. 24-1 Method for

Measurement of Power Device Tum-Off Switching Loss. This test method produces the true total Tum-Off Energy Loss. Turn-On {osses include

diode losses.

©2001 Fairchild Semiconductor Corporation

HGTG20NGOB3D Rev. B
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TOSHIBA ULN2003,04AP/AFW

TOSHIBA BIPOLAR DIGITAL INTEGRATED CIRCUIT  SILICON MONOLITHIC

ULN2003AP,ULN2003AFW,ULN2004AP,ULN2004AFW
(Manufactured by Toshiba Malaysia)

7CH DARLINGTON SINK DRIVER

The ULN2003AP / AFW Series are high—voltage, high—current ULN2003AP
darlington drivers comprised of seven NPN darlington pairs. ULN2004AP
All units feature integral clamp diodes for switching inductive
loads.

Applications include relay, hammer, lamp and display (LED) -
drivers.

FEATURES

® Output current (single output) 500 mA MAX.

High sustaining voltage output
50 VMIN.

Output clamp diodes

Inputs compatible with various types of logic
Package Type-AP @ DIP-16pin

Package Type—AFW : SOL-16pin

DIP16-P-300-2.54A

ULN2003AFW
ULN2004AFW

SOL16-P-150-1.27A

Weight
DIP16-P-300-2.54A :1.11g(Typ.)
SOL16-P-150-1.27A : 0.15 g (Typ.)

EH>

PIN CONNECTION (TOP VIEW)
2003AP | AFW
M e prerreye W AL LICIE LY E:
LiALi
213 a Y 16 17

GND
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TOSHIBA ULN2003 04AP/AFW
SCHEMATICS (EACH DRIVER)
ULN2003AP / AFW ULN2004AP / AFW
COMMON COMMON
rH—s0 rH—+0
INPUT : ——1-0 +——0
i 1ouTPUT ' 1 outeyt
e E“K ) L
x e | XX ]
] Pt '
] it 11
- 55— 0 Fayy 0
GND GND
Note:  The input and output parasitic diodes cannot be used as clamp diodes.
MAXIMUM RATINGS (Ta = 25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Output Sustaining Voftage VCE sUs) -0.5~50 v
Output Current lout 500 mA/ch
Input Voltage VIN -0.5~30 Y
Clamp Diode Reverse Voltage VR 50 v
Clamp Diode Forward Current I 500 mA
AP 1.47
Power Dissipation Pp W
AFW 05470625
{Note)
Operating Temperature Topr -40~85 °C
Storage Temperature Tstg -55~150 °C
Note:  On glass epoxy PCB (30 x 30 x 1.6 mm Cu 50%)
2 20010705
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TOSHIBA ULN2003,04AP/AFW

RECOMMENDED OPERATING CONDITIONS (Ta = -40~85°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN | TYP. | MAX [ UNIT
Output Sustaining Voltage VCE(sus) 0 — 50 Vv
' Tw=25ms | Duty=10% 0 - 370
AP
7 Circuits Duty =50% 0 — 130
Output Current lout mA/ch
Ta=85°C Duty = 10% 0 — 233
AFW
Tj=120°C Duty =50% 0 - 70
Input Voltage Vin 0 - 24 \
Input Yoltage ULN2003A Vi |[UT=400mA 21— 1%,
(Qutput On) ULN2004A hrg = 800 62 | — | =
Input Voltage ULN2003A Vin(oFR) 0 — 0.7 Y
(Output Off ULN2004A - o | — | 10
Clamp Diode Reverse Voltage VR - — 50 \'4
Clamp Diode Forward Current g - - 350 mA
X AP Ta=85°C - - 0.76
Power Dissipation Pp w
AFW Ta=85°C (Note)| — — | 0325

Note:  On glass epoxy PCB (30 x 30 x 1.6 mm Cu 50%)

3 2001-07-05



TOSHIBA

ULN2003,04AP/AFW

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN | TYP. | MAX | UNIT
CuIT
Vee =50V, Ta=25°C - — 50
Output Leakage Current leex 1 pA
Vee=50V, Ta=85C - - 100
lout =350 mA, Iy = 500 pA - 13 16
Codllector-Emitter Saturation Voltage VCE (saty 2 |loyt =200mA, Ipg = 350 pA — 11 13 Vv
lout =100 mA, Iy =250 pA — 08 11
DC Current Transfer Ratio hee 2 |Vee=2V,Igyr=350mA 1000 - -
Input Current ULN2003A ViN=2.4V, lgyT =350 mA - 0.4 0.7
(Output On) new | 3 mA
ULN2004A ViN=9.5V, lgyT =350 mA - 0.8 1.2
Input Current (Output Off) IiN(OFF) 4 oy =500 pA, Ta=85°C 50 65 - HA
loyt =350 mA - — 26
ULN2003A o
Input Vollage Vin 5 [Vee=2v lour=200mA | — | — | 20 v
(Output On) v N ON) MrE=800 1o r=3s0mA | — | — | 47
ULN2004A
lout =200 mA - —_ 44
Vg =50V, Ta=25"C — - 50
Clamp Diode Reverse Current IR 6 BA
Vg =50V, Ta=85"C — - 100
Clamp Diode Forward Voltage VE 7 JiF=350mA - - 20 A
Input Capacitance CIN — - 15 — pF
. Vour =50V, R =125(2 _
Tum~-On Delay ton 8 CL=15pF — 0.1
s
Vout=5V,R =125Q _ _
Tum~Off Delay toFf 8 CL=15pF 0.2
4 2001-07-05
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Compact, Low-cost 30-A Power
Relay for PC Board or Panel-
mounted Applications

B ROHS compliant.

B Compact, yet capable of switching up to 30-A i
loads. | R EEnhen
B Complies with UL873 and UL508 column A 3
spacings (%" through air, 4" over surface).
& UL Class F insulation standard.

B Withstands of up to 6,000 V under 1.250 ps
impulse wave or ring wave.

A A selection of contact forms: SPDT and
SPST-NO.

B Quick-connect terminals versions ideal for PC
board and panel mounting.

& Flanged mounting available.

8 |deal for home and industrial appliances,
HVAC (heating, ventilating, and air
conditioning), and many other applications.

Ordering Information

Classification Contact Form Enclosure Rating
Mounting style Terminals Opem Unsealed Fully Sealed

PCB mounting PCB SPST-NO G8P-1AP G8P-1A2P G8P-1A4P
SPDT G8P-1CP GsP-1C2P G8P-1C4P
SPST-NO G8P-1ATP G8P-1A2TP G8P-1A4TP
SPDT G8P-1CTP G8P-1C2TP G8P-1C4TP

Flanged mounting Quick-connect - SPST-NO - G8P-1A2T-F -
SPDT - G8P-1C2T-F -

Note: 1. The contacts described above are AgCdO.

2. When ordering, add the rated coil voltage to the model number
Example: GBP-1AP 12 VDC

T Rated coil voltage

Model Number Legend

i2 34 5 6

. 1. Number of Poles 3. Enclosure Ratings 4 5. Mounting
1: 1 pole r2\|one: (E)Jpen o None: PCB mounting
: nseale . ;
2. Contact Form P Fully-Sealed F: Flanged mounting

A: SPST-NO ]

C. SPDT 4. Terminals 6. Rated Coil Voltage
p: Straight PCB for contacts and coil 5’:‘ 12, 23’ 4?’ 110 tabl
T: Quick-connect (#250 terminals for contacts Other rated coil voitages available.

and #187 terminals for coil)
TP: Quick-connect (#250 terminals) and

straight PCB for contacts,

and straight PGB for coil

2
Kty
[
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-
[
2
3
a



 Specifications
a Coil Ratings

Rated voltage 5 VDG avDGC 12 VDG 24 VDC 48 VDC 110VDC
Rated current 185 mA 93 mA 77 mA 36 mA 19 mA 9mA
Coil resistance 27T Q a7 Q 155 Q G660 2,480 @ 12,400 Q

Must operate voitage

75% max. of rated voltage

Must release voltage

10% min. of rated voltage

Max. voltage

120% of rated voltage

Power consumption

Approx. 800 mwW

Note: The rated current and ¢oil resistance are measured at a cait temperature of 23°C with tolerances of +10%.

= Contact Ratings

ltem

SPST-NO

SPDT

Load

Resistive load {cosg = 1)

Rated load

30 A at 250 VAG;

20 A/10 A* at 250 VAG;

20 A ar 28 VDG 20 A/10 A" at 28 VDC
Contact material AgSnin
Rated carry current 30A 20 A/10 A"

Max. switching voltage

250 VAG, 28 VDG

Max. switching current

AG: 30 A DG:20A

AG: 20 A/10 A, DG: 20 A/10 A"

Max. switching capacity

7,500 VA, 560 W

5,000/2,500 VA, 560/280 W*

Mote: *NO contact/NC contact.

e Characteristics

Gontact resistance 100 mEmax.
Operatetime 15 ms max.
Rejease time 10 ms max.

Max. Operating Frequency

tMechanical: 18,000 operations/hr
Electrical: 360 operations/hr (under rated load)

Insulation resistance

100 ME min. (at 500 VDG)

Dielectric strength

2,500 VAG, 50/60 Hz for 1 min between coil and contacts
1,500 VAGC, 50/60 Hz for 1 min between contacts of same polarity

Insulation

Craepage (Typ)

4.08 mm {min.)

Distance

Clearance (Typ) | 1.6 mm {min.)

Tracking Resistance {CTI)

175V

Impulse withstand voltage

6,000 V {1.2/50 ps) between coil and contacts

Vibration resistance
hours

minutes

Destruction: 10 to 55 to 10 Hz, 0.825-mm single amplitude {1.65-mm double amplitude) for 2

Malfunction: 10 to 55 to 10 Hz, 0.825-mm single amplitude {1.65-mm double amplitude} for 5

Shock resistance

Destruction: 1,000 m/s? (approx. 100G)
Malfunction: 100 m/s? (approx. 10G)

Endurance

Mechanical: 10,000,000 operation min. {at 18,000 operations/hr)
Electrical: 100,000 operations min. {at rated load)

Ambient temperature

Operating: -55°C to 105°G {with no icing)

Ambient humidity

Operating: 5% to 85%

Weight

GBP-1CP: Approx. 21 g, GBP-1CTP: Approx. 24 g
G8P-1C4P: Approx. 28 g, GBP-1C4TP: Approx. 31 g
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& Approved Standards
UL (File No. E41643)/CSA (File No. LR34815-101)

EN 61810-1 (VDE Reg No. 40004714)

Type

Contact form Coil ratings

Contact ratings

G8P-1A

SPST-NO- 5to 110 VDC

30 A, 277 VAC (G.P/Res.)

30 A, 250 VAC, 100 k ops. (Res.)

20 A, 120-240 VAC, 70°C, 100 k ops. {G.P/Res.)
20 A, 28 VDC (Res.)

20 A, 240 VAC, 105°C, 100 k ops. (Res.)
1 hp, 125-250 VAC

2 hp, 250 VAC

A300 Pilot Duty

12FLA/72LRA, 250 VAC, 100 Kk ops.

20 FLA/96 LRA, 125 VAC, 100 k ops.

5 A, 250 VAC (Tungsten)

20 A, 120-277 VAC (Ballast)

25A, 250VAC

G8P-1C

SPDT 510 110 VDC

30 A/30 A, 250 VAC (Res.}

30 A/30 A, 277 VAC, 40°C, 100 k opns (NO) and
50 k opns (NC)

20 A/15 A, 120-240 VAC, 105°C, 100 k ops. (Res.)
20 A/10 A, 120-240 VAC, 70°C, 100 k ops. (G.P/Res.)
20 A/10 A, 28 VDC (Res.)

1/2 hp/ 1/2 hp, 125 VAG, 100 k ops.

2 hp/ 1/2 hp, 250 VAC

1 hp/ 1/4 hp, 125 VAC

B150 Pilot Duty

5 A/3 A, 250 VAC (Tungsten)

6 A/3 A, 277 VAC (Ballast)

Engineering Data

Maximum Switching capacity

SPST-NO
3
— 100
f=y
e
£
3 AC resistive load
£ il
g 20 DC resistive
a B foad
a 4
o 10
Bt
L]
T 5
4 10 50 100 250

Rated operating voltage (V)
Endurance

SPST-NO
T T
1 I
2 500
o
= 300
ERS AN
3 o0l N
s NN | 250 VAC resistive load
NN Ir'd
) T~
= 100
k3
o [-28vDC
= resistive load:
© 50
kel
=
D
%) E

o 10 20 30 a0 50

Load current (A)

SPDT
<
= 100
c
2
z % AC resistive load (NO
o 211
£ AC resistive Joad {NC!
® L
o BC resistive =
o ¥ load {NO
<] 10| esistive
E’ Fload {NC)
L]
T 5
| L1 J
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T
T
1]
5 [ ]
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ot I 11 [ ‘
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T
T
I
1

]

7
501—NC contact
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SltE0e 3 S& Si; s - “tandq ;| Ripple cuirent . Rete ach size and. |Ripplecumentf < - - 0 N
o ot oo ] Poserame | PG o oo R ] Prstrome
350V(2V) 390 | 36-53 A5 0.20 45 | HCGF5A2vagli 400V(2G) 330 36-53 A5 0.20 4.1 | HCGF5A2G3311

470 | 36-83 A8 0.20 58 | HCOFS5A2v4711 390 | 36-83 A8 0.20 53 | HCGF5A2G3811
560 | 36-83 A8 0.20 64 | HCGF5A2VS611 4701 36-83 A8 0.20 5.8 | HCGF5A2G4711
680 | 35-83 A8 0.20 7.0 | HCGF5A2vE811 560 | 36-83 A8 0.20 6.4 | HCGF5A2G5611
820 | 36-100 | A10 0.20 83 | HCGF5A2v8211 680 | 36-100 | A0 | 0.20 76 | HCGF5A2G6811
1000 { 36-100 | A10 0.20 9.2 | HCGF5A2vV1021 820 | 36-100 | A10 | 0.20 8.3 | HCGF5A2G8211
1200 | 51-75 C8R | 0.20 10.3 | HCGF5A2V122Y 1000 | 51-75 C8R | 0.20 94 | HCGF5A2G102Y
1500 | 51-75 C8R | 0.20 115 | HCGF5A2V1i52Y 1200{ 51-75 C8R | 0.20 103 | HCGF5A2G122Y
1800 | 51-96 CI10R | 0.20 139 | HCGF5A2v182Y 1800 | 51-96 C10R | 0.20 12.7 | HCGF5A2G152Y
2200 | 51-96 C10R | 020 154 | HCGFSA2vV222Y 1800 | 51-96 Ci0R | 0.20 13.8 | HCGFS5A2G182Y
2700 | 51-130 | C13R | 0.20 19.3 | HCGF5A2V272Y 2200 | 51-130 | C13R | 0.20 17.4 | HCGF5A2G222Y
3300 | 51-130 | C13R | 0.20 214 | HCGF5A2v332Y . 2700 | €4-96 D10R | 0.20 18.8 | HCGF5A2G272Y
3900 | 64-115 | DI2R | 0.20 | 24.2 | HCGF5A2V392Y 3300| 64-115 | Di2R | 0.20 | 222 | HCGF5A2G332Y
4700 | 64-130 | DI3R | 020 | 27.9 | HCGF5A2v472Y 3900 64-130 | D3R | 0.20 | 254 | HCGF5A2G392Y
5600 | 77-115 | E12R | 020 | 30.7 | HCGF5A2V562Y 4700] 77-115 | E12R | 0.20 | 282 | HCGF5A26472Y
6800 ] 77-130 | E13R | 020 354 | HCGF5A2vE82Y 5600 77-130 | E13R | 0.20 322 | HCGFSA2G562Y
8200 | 77-155 | E16R | 0.20 | 41.7 | HCGF5A2vE22Y 6800 | 77-165 | E16R | 0.20 | 380 | HCGF5A2G682Y
10000 | ©0-157 | F18R | 020 | 49.0 | HCGF5A2V103Y 8200 | 90-157 | Fi16R | 0.20 | 444 | HCGF5A2G822Y
12000 | ©6-157 | Fi6R | 0.20 54.1 | HCGF5A2V123Y 10000 | 90-157 | F16R | 0.20 | 494 | HCGF5A2G103Y
15000 | 80-196 | F20R | 020 | 66.2 | HCGF5A2VIS3Y 12000 | 90-196 | F20R | 0.20 | 58.1 | HCGF5A2G123Y
18000 | 90-236 | F24R | 020 | 77.9 | HCGF5A2V183Y 15000 | 90-236 | F24R | 0.20 | 711 | HCGF5A2G153Y

e [

WD 4o 130k
A5 0.20 3.7 HCGF5A2W27T 11,
A8 0.20 4.9 HCGF5A2W3311
A8 0.20 5.3 HCGF5A2W3911
A8 0.20 5.8 | HCGF5A2WAT1L
Al0 0.20 6.9 HCGF5AW5611

Case cods L Prudijcg nama

150V |

680 | 36-100 Al18 0.20 7.6 | HCGF5A2WE81H
820 | 51-75 C8R 0.20 8.6 | HCGF5A2WB21Y
1000 51-75 C8R 0.20 9.4 HCGF5A2WH 02Y
% 1200 | 51-96 C10R | 0.20 114 | HCGF5A2W122Y
1500 | 51-116 | C12R | 0.20 13.7 | HCGF5A2W152Y
1800 | 51-130 | CI13R | 0.20 15.8 | HCGF5A2WI182Y
2200 [ 84-98 DI1OR | 0.20 17.0 | HCGF5A2W222Y
2700 | 64-115 | D12R | 0.20 20.2 | HCGF5A2W272Y
3300 64-130 | DI13R | 0.20 234 | HCGF5A2W332Y
3900 ) 77-115 | E12R | 0.20 25.6 | HCGF5A2W392Y
4700 ] 77-130 | E13R | 0.20 294 | HCGF5A2WAT72Y
5600 | 77-155 | E16R | 0.20 34.6 | HCGFSA2W562Y
6800 | 90-157 | F16R [ 0.20 405 | HCGF5A2WES2Y
8200 | S0-157 | F18R | 0.20 44.6 | HCGF5A2WB22Y
10000 | S0-186 | F20R | 0.20 53.9 | HCGF5A2W103Y
120001 90-236 | F24R | 0.20 63.8 | HCGF5A2W123Y

Hitachi AIC Inc. 56
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Abstract

A modular inductorless dc-dc converter is presented in
this paper. The proposed dc-dc converter can step up and step
down output voltage as dc transformer function by using a
duplicated switching module. This can lead to a simple switching
function, compact design, and light weight; however, the proposed
de-dc converter consists of many power switching devices. The
suitable application of the proposed dc-dc converter proposed in
this paper is dc microgrid. The simulation study and experimental
resuit are also illustrated in order to confirm the proposed

methodology.

Keyword: a modular inductorless dc-dc converter, module,

dc microgrid
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