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Model Name : BUCK 4A-12-5

[ GENERAL SPECIFICATION ]
. INPUT VOLTAGE 8 VDC TO 12VDC
. OUTPUT VOLATGE 5VDC
. OUTPUT CURRENT 0.1ATO4A
. OUTPUT RIPPLE VOLTAGE 50mV
. LOAD REGULATION +-1%
. LINE REGULATION +-1%
. TRANSIENT RESPONSE @ 2ATO 4A, 0.1A/uS
OVERSHOOT / UNDERSHOOT 200mV
SETTLING TIME 500Us
. START UP
RISE TIME 100 mS
OVERSHORT 250 mV
DELAY TIME 0.5mS
. SHORT-CIRCUIT PROTECTION LATCHED
. EFFICIENCY >85% @ I/P: 10V, O/P : 4A
. REMOTE CONTROL HIGHACTIVE
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[ SCHEMATICS]
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[INDUCTOR]
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[ BUCK 4A-12-5 PART LIST]

i PCB f?" *E“rﬁ%iﬁﬂ B Bl
1 R1 RES 10K +/-1%  1/4W 1
2 R2 RES 10K +/-1%  1/4W 1
3 R3 RES 240K +/-1%  1/4AW 1
4 R4 RES 200K +/-1%  1/4W 1
5 RS RES 24K +/-1%  1/4W 1
6 R6 RES 330 +/-1% 1/4W 1
7 R7 RES 5K1 +/-1%  1/4W 1
8 R8 RES 20K +/-1%  1/4W 1
9 R9 RES 1K8 +/-1%  1/4AW 1

10 R10 RES 1K8 +-1% 1/4W 1
11 R11 RES 150K +/-1%  1/4W 1
12 RD2 RES 33 +-1% 1/4W 1
13 RL1 RESNC +/-1%  1/4W 0
14 C1 EC 680U 25V 10X20 1
15 C2 EC 2U2 50V 6X11 1
16 C3 EC 680U 25V 10X20 1
17 C4 EC 680U 25V 10X20 1
18 C5 MLCC 104 50V 1
19 Cé EC 2U2 50V 6X11 1
20 C7 MLCC 104 50V 1
21 C8 MLCC 103 50V 1
22 C9 MLCC 222 50V 1
23 C10 MLCC 103 50V 1
24 C11 MLCC 102 50V 1
25 CL1 MLCC NC 50V 0
26 L1 CHOKE 30U 4A T80-52 1
27 Q1 PMOS IRF9Z34N 55V/19A 1
28 Q2 XTOR NPN 2N2222A 1
29 Q3 XTOR PNP 2N2907A 1
30 Q4 XTOR PNP 2N2907A 1
31 Q5 XTOR NPN 2N2222A 1
32 D1 SBD SBL1660 60V/16A TO220 1
33 U1 IC PWM CONTROLLER TL5001ACP 1
34 H1,H2 HEATSINK 20X30X1 2
35 SCREW SCREW PAN HEAD M3X7 2
36 NUT NUT M3 6
37 INSULATOR T0O-220 2
38 INSULATOR SILICON TO-220 2
39 TP1~9 TEST PIN 0.8D 10mm 9
40 IN/OUT POWER CONNECTOR 4
42 COPPER STAND 4
41 PCB PCB 3X5 BUCK 4A-12-5 1
NTHU EE677000
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CONVERSION EFFICIENCY

LOAD REGULATION

LINE REGULATION

OUTPUT RIPPLE & NOISE (PIN 8 TO PIN 9) (DSO)

DYNAMIC RESPONSE (PIN 8 TO PIN 9) (DSO)

DUTY CONTROL SIGNAL (PIN 4 TO PIN 6) AND DIODE VOLTAGE (PIN 7 TO PIN 9) (DSO)
REMOTE CONTROL (PIN 3 TO PIN 2) (DSO)

START-UP (PIN 8 TO PIN 9) (DSO)

INDUCTOR CURRENT (OPTIONAL) (DSO + CURRENT PROBE)
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3. LINE REGULATION

VO,min input _VO,max input

L5 1 Line Regulation = x 100% @ specified load

VO,min input
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5) Iron Powder Data Sheet

6) Inductor Analysis T80-52 30U 4A

UTC TL5001 Data Sheet
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UTC TLS001 LINEAR INTEGRATED CIRCUIT

PULSE-WIDTH-MODULATION

CONTROL CIRCUITS

DESCRIPTION

The UTC TL5001 incorporates on a single monolithic chip
all the functions required for a pulse-width —modulation
(PWM) control circuit. Designed primarily for power-supply
control, It contains an error amplifier, a regulator, an
oscillator, a PWM comparator with a dead-time-control input,
undervoltage lockout (UVLO),short-circuit
protection(SCP),and an open-collector output transistor.

The error-amplifier common-mode voltage ranges from 0V
to 1.5V. The noninverting input of the error amplifier is
connected to a 1-V reference. Dead-time control (DTC) can
be set to provide 0% to 100% dead time by connecting an
external resistor between DTC and GND. The oscillator
frequency is set by terminating RT with an external resistor to
GND. During low Vcc conditions, the UVLO circuit turns the
output off until Vcc recovers to its normal operating range.

SOP-8

DIP-8

FEATURES

*Complete PWM power control

*3.6-V to 40-V Operation

*Internal Undervoltage-Lockout Circuit

*Internal Short-Circuit Protection

*Oscillator Frequency : 20kHz to 500kHz

*Variable Dead Timer Provides Control Over Total Range

UTC uNISONIC TECHNOLOGIES

CO,, LTD. 1

QW-R103-016,A



UTC TL5001

LINEAR INTEGRATED CIRCUIT

SCHEMATIC FOR TYPICAL APPLICATION
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UTC TLS001 LINEAR INTEGRATED CIRCUIT

DETAILED DESCRIPTION

VOLTAGE REFERENCE

A 2.5-V regulator operating from Vcc is used to power the internal circuitry of the TL5001 and as a reference for the
error amplifier and SCP circuit. A resistive divider provides a 1-V reference for the error amplifier noninverting input
which typically is within 2% of nominal over the operating temperature range.

ERROR AMPLIFIER
The error amplifier compares a sample of the dc-to-dc converter output voltage to the 1-V reference and generates
an error signal for the PWM comparator. The dc-to-dc converter output voltage is set by selecting the error —amplifier
gain(see Figure 1),using the following expression.

Vo=(1+R1/R2) (1V)

Compensation 3! COMP
Network ;}

R1
VI(FB)— WV 4,F8B -

R2

F+ To PWM
Comparator
8 IGN i/ Vref=1V

Figure 1.Error-Amplifier Gain Setting

The error-amplifier output is brought out as COMP for use in compensating the dc-to-dc converter control loop for
stability. Because the amplifier can only source 45 ¢ A,the total dc load resistance should be 100k @ or more.

OSCILLATOR/PWM

The oscillator frequency (fosc) can be set between 20kHz and 500kHz by connecting a resistor between RT and
GND .Acceptable resistor values range from 15 k @ to 250 k Q The oscillator frequency can be determined by using
the graph shown in Figure 5.

The oscillator output is a triangular wave with a minimum value of approximately 0.7V and a maximum value of
approximately 1.3V. The PWM comparator compares the error-amplifier output voltage and the DTC input voltage to
the triangular wave and turns the output transistor off whenever the triangular wave is greater than the lesser of the
two inputs.

DEAD TIME CONTORL (DTC)

DTC provides a means of limiting the output —switch duty cycle to a value less than 100%, which is critical for boost
and flyback converters. A current source generates a reference current (IDT) at DTC that is nominally equal to the
current at the oscillator timing terminal, RT. Connecting a resistor between DTC and GND generates a dead-time
reference voltage (VDT), which the PWM/DTC comparator compares to the oscillator triangle wave as described in
the previous section. Nominally, the maximum duty cycle is 0% when VDT is 0.7V or less and 100% when VDT is
1.3V or greater. Because the triangle wave amplitude is a function of frequency and the source impedance of RT is
relatively high(1250 Q ),choosing RDT for a specific maximum duty cycle, D, is accomplished using the following
equation and the voltage limits for the frequency in question as found in Figure 11(Voscmax and Voscmin are the
maximum and minimum oscillator levels):

Rot=(Rt +1250)[D(Vosc max-Vosc min)+Vosc min]
Where
RoT and Rt are in ohms,D in decimal

UTC UNISONIC TECHNOLOGIES CO. LTD. s

QW-R103-016,A



UTC TLS001 LINEAR INTEGRATED CIRCUIT

Soft start can be implemented by paralleling the DTC resistor with a capacitor (Cpr) as shown in Figure 2. During
soft start, the voltage at DTC is derived by the following equation:

VDT=IDTRDT(1—e('UR“TC“T))

6|DTC
uTcC
TL5001

Figure 2. Soft- Start Circuit

If the dc-to-dc converter must be in regulation within a specified period of time, the time constant , RDTCDT, should
be t0/3 to t0/5.The TL5001 remains off unit VDT=0.7V,the minimum ramp value. CDT is discharged every time UVLO
or SCP becomes active.

UNDERVOLTAGE-LOCKOUT (UVLO) PROTECTION

The undervoltage-lockout circuit turns the output transistor off and resets the SCP latch whenever the supply voltage
drops too low (approximately 3V at 25°C) for proper operation. A hysteresis voltage of 200mV eliminates false
triggering on noise and chattering.

SHORT-CIRCUIT PROTECTION (SCP)

The TL5001 includes short-circuit protection (see Figure 3),which turns the power switch off to prevent damage
when the converter output is shorted. When activated, The SCP prevents the switch from being turned on until the
internal latching circuit is reset. The circuit is reset by reducing the input voltage until UVLO becomes active or until
the SCP terminal is pulled to ground externally.

When a short circuit occurs, the error-amplifier output at COMP rises to increase the power-switch duty cycle in an
attempt to maintain the output voltage. SCP comparator 1 starts an RC timing circuit when COMP exceeds 1.5V.If
the short is removed and the error-amplifier output drops below 1.5V before time out, normal converter operation
continues. If the fault is still present at the end of the time-out period, the time sets the latching circuit and turns off
the TL5001 output transistor.

2.5V

Rsch 85k Q
Oy

Csclp scp S12kQ
p B
From Error Amp Q1
- scp ‘ Vref=1V
15V Comparator 1 l\/;L /7-@
’ jis

Figure 3.SCP Circuit

scp
Comparator 2

[> To Output
Drive Logic

UTC UNISONIC TECHNOLOGIES CO. LTD. 4
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UTC TLS001 LINEAR INTEGRATED CIRCUIT

The timer operates by charging an external capacitor (Cscp),connected between the SCP terminal and ground,
towards 2.5V through a 185kQ resistor (Rscp).The circuit begins charging from an initial voltage of approximately
185mV and times out when capacitor voltage reaches 1V.The output of SCP comparator 2 then goes high, turns on
Q2,and latches the timer circuit. The expression for setting the SCP time period is derived from the following
equation:

Vscp =(2.5-0.185)(1-e1)+0.185

Where
|=RscpCscp
The end of the time-out period, tscp, occurs when Vscp=1V. Solving for Cscp yields:
Cscp=12.46*tscp
Where
tis in seconds,Cin uF
tscp must be much longer (generally 10 to 15 times) than the converter start-up period or the converter will not start.

OUTPUT TRANSISTOR

The output of the TL5001 is an open-collector transistor with a maximum collector current rating of 21mA and a
voltage rating of 51V.The output is turned on under the following conditions: the oscillator triangle wave is lower than
both the DTC voltage and the error-amplifier output voltage, the UVLO circuit is inactive, and the short-circuit
protection circuit is inactive.

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE
RANGE (unless otherwise noted)*

PARAMETER SYMBOL VALUE UNIT
Supply Voltage (note 1) Vee 41 V
Amplifier Input Voltage ViEs) 20 \Y
Output Voltage Vo 51 \
Output Current lo 21 mA
Output Peak Current lo(peak) 100 mA
Continuous Total Power Dissipation See dissipation rating table
Operating Ambient Temperature Range Ta -20 to 85 °C
Storage Temperature Range Tstg -65 to 150 °C
Lead Temperature 1.6mm(1/16 inch) from Tease 260 °C
Case for 10 Seconds.

Note 1: All voltage values are with respect to the network ground terminal.

*Stresses beyond those 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.

DISSIPATION RATING TABLE

PACKAGE TA<25°C DERATING FACTOR TA=70°C TA=70°C TA=70°C
POWER RATING ABOVE TA=25°C POWER RATING [ POWER RATING | POWER RATING

SOP-8 725mW 5.8mW/°C 464mwW 377TmW 145mwW

DIP-8 1000mW 8.0mW/°C 640mwW 520mW 200mwW

UTC UNISONIC TECHNOLOGIES CO. LTD. s

QW-R103-016,A




UTC TL5001

LINEAR INTEGRATED CIRCUIT

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL MIN MAX UNIT

Supply Voltage Vee 3.6 40 V

Amplifier Input Voltage ViEsg) 0 1.5 \Y

Output Voltage Vo, OUT 50 V

Output Current lo, OUT 20 mA
COMP Source Current 45 A
COMP dc Load Resistance 100 k Q
Oscillator Timing resistor Rt 15 250 kQ
Oscillator Frequency fosc 20 500 kHz
Operating Ambient Temperature Range Ta -20 85 °C

ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR
TEMPERATURE RANGE (Vcc=6V, fosc=100kHz, all typical values at Ta=25°C, unless otherwise noted)

PARAMETER | TESTCONDITIONS [ MIN | TYP [ MAX | UNIT

Reference

Output Voltage COMP Connected to FB 0.95 1 1.05 \

Input Regulation Vce=3.6V to 40V 2 12.5 mV

Output Voltage Change with Temperature TA= -20°C to 25°C -10 -1 10 mV/V
TA= 25°C to 85°C -10 2 10

Undervoltage Lockout

Upper Threshold Voltage TA= 25°C 3 V

Lower Threshold Voltage Ta= 25°C 2.8 \

Hysteresis TA= 25°C 100 200 mV

Reset Threshold Voltage TA= 25°C 21 2.55 \Y

Short Circuit Protection

SCP Threshold voltage Ta= 25°C 0.95 | 1.00 | 1.05 V

SCP Voltage, Latched No pullup 140 185 230 mV

SCP voltage, UVLO Standby No pullup 60 120 mV

Input Source Current TA= 25°C -10 -15 -20 ©A

SCP Comparator 1 Threshold Voltage 1.5 )

Oscillator

Frequency Rt=100kQ 100 kHz

Standard Deviation of Frequency 15 kHz

Frequency Change with Voltage Vce=3.6V to 40V 1 kHz

Frequency Change with Temperature TA=-40°C to 25°C -4 -0.4 4 kHz
TA= -20°C to 25°C -4 -0.4 4 kHz
TA= 25°C to 85°C -4 -0.2 4 kHz

Voltage at RT 1 \%

Dead-time Control

Output (source) Current V(Tm)=1.5V 0.9*IrT 1TA*IRT| KA

(NOTE) (NOTE)

Input Threshold Voltage Duty cycle=0% 0.5 0.7 \%
Duty cycle=100% 1.3 1.5

Error Amplifier

Input Voltage | Vce=3.6V to 40V [ o ] [ 15 | v

UTC UNISONIC TECHNOLOGIES CO. LTD. s

QW-R103-016,A




UTC TL5001

LINEAR INTEGRATED CIRCUIT

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Input Bias Current -160 | -500 nA
Output Voltage Swing |Positive 1.5 2.3 V
Negative 0.3 0.4 V
Open-loop Voltage Amplification 80 dB
Unity-gain Bandwidth 15 MHz
Output (sink) Current Virg=1.2V, COMP=1V 100 | 600 LA
Output (source) Current Virs)=0.8V, COMP=1V -45 -70 ©A
Output
Output Saturation Voltage lo=10mA 1.5 2 V
Off-state Current Vo=50V,Vcc=0 10 wA
Vo=50V 10
Short-circuit Output Current Vo=6V 40 mA
Total Device
Standby Supply Current (Off state) 1 15 mA
Average Supply Current Rt=100kQ 1.4 2.1 mA
Note: Output source current at RT
PARAMETER MEASUREMENT INFORMATION
CoMm 2.3V,
R m\\\/\ N
eTe YAAA A 2 G VA VA VAV \Y,
osc
PWM/DTC_[ _l _| |—, |-| |-| I
Comparator
. A | Y I B
scp
Comparator 1
v
scp
<«—>»— SCP Timing Period
sop ov

Comparator 2

/1 3V
Vce

NOTE A:The waveforms show timing characteristics for an intermittent short circuit and a longer short circuit that is sufficient to activate SCP.

Figure 4. PWM Timing Diagram

UTC UNISONIC TECHNOLOGIES CO. LTD. -
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UTC TL5001

LINEAR INTEGRATED CIRCUIT

TYPICAL CHARACTERISTICS

Figure 5 Oscillator Frequency
vs Timing Resistance
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UTC TLS001 LINEAR INTEGRATED CIRCUIT

Figure 11 PWM Triangle Wave Amplitude Voltage

Figure 12 Error Amplifier Output Voltage
vs Oscillator Frequency

vs Output(Sink)Current
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Figure 14 Error Amplifier Output Voltage
vs Output(Source)Current

vs Ambient Temperature
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UTC TLS001 LINEAR INTEGRATED CIRCUIT

Figure 17 Output Duty Cycle Figure 18 Scp-Time-Qutput Period
vs DTC Voltage 12 vs SCP Capacitance
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UTC TL5001

LINEAR INTEGRATED CIRCUIT

APPLICATION INFORMATION

\l 4
c1 L
100 uF
10V

5V
GND

SCP

Vce
Vo

comP
uTC
TL5001

DTC

FB

GND

o
TPS1101

L1

ce
0.012 yuF

R4
5.1 kQ

R7
RS

§ RS 2.0k
1%

c7
® 0.0047 pF

48

Partial Bill of Materials:

Q1 TPS1101 Texas instruments
Ll CTX20-1 or Coiltronics
23 turns of #28 wire on
Micrometals No. T50-26B core
c1 TPSD107M010R0100 AVX
c2 TPSD107M010R0100 AVX
CR1 MBRS14073 Motorola
NOTES: A. Frequency = 200 kHz

Duty cycle = 90% max

vow

SCP TC =70 msA

Soft-start time constant (TC) = 5.6 ms

Figure 21. Step-Down Converter

UTC

UNISONIC TECHNOLOGIES

11

CO,, LTD.

QW-R103-016,A



PD-9.1485B

IRF9Z34N

HEXFET® Power MOSFET

International
IR Rectifier

e Advanced Process Technology b

e Dynamic dv/dt Rating Vpss = -55V
e 175°C Operating Temperature |7

e Fast Switchin

e P-Channel k G \4 Rps(on) = 0.10Q
e Fully Avalanche Rated

Description s Ip =-19A
Fifth Generation HEXFETSs from International Rectifier

utilize advanced processing techniques to achieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal

resistance and low package cost of the TO-220 TO-220AB
contribute to its wide acceptance throughout the
industry.
Absolute Maximum Ratings
Parameter Max. Units

Ipb @ Tc =25°C Continuous Drain Current, Vgs @ -10V -19
Ip @ Tc =100°C Continuous Drain Current, Vgs @ -10V -14 A
Iom Pulsed Drain Current ® -68
Pp @T=25°C Power Dissipation 68 w

Linear Derating Factor 0.45 wi°C
Vas Gate-to-Source Voltage +20 \%
Eas Single Pulse Avalanche Energy® 180 mJ
AR Avalanche Current® -10 A
Enr Repetitive Avalanche Energy® 6.8 mJ
dv/dt Peak Diode Recovery dv/dt @ -5.0 Vins
T, Operating Junction and -55 to + 175
Tste Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.6mm from case )

Mounting torque, 6-32 or M3 screw 10 Ibfein (1.1Nem)
Thermal Resistance

Parameter Typ. Max. Units

Reic Junction-to-Case —_— 2.2
Recs Case-to-Sink, Flat, Greased Surface 0.50 —_— °CIW
Rgia Junction-to-Ambient _— 62

8/25/97



IRFO9Z34N International

IGR Rectifier
Electrical Characteristics @ T ; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions
V(BRr)DSS Drain-to-Source Breakdown Voltage 55 | — | — V | Vgs =0V, Ip = -250pA
AVerypsg/AT;y | Breakdown Voltage Temp. Coefficient | — |-0.05| — | V/°C | Reference to 25°C, Ip = -1mA
Rps(on) Static Drain-to-Source On-Resistance | — | — | 0.10 | Q | Ves =-10V,Ip =-10A ®
VGs(th) Gate Threshold Voltage 20 | — | 4.0 \Y Vps = Vgs, Ip = -250pA
Ofs Forward Transconductance 42 | — | — S | Vps =25V, Ip =-10A
Ipss Drain-to-Source Leakage Current — | =2 PA Vs = -55V, Vs = OV
— | — | -250 Vps = -44V, Vgg = 0V, T; = 150°C
loss Gate-to-Source Forward Leakage — | — | 100 nA Vgs = 20V
Gate-to-Source Reverse Leakage — | — | -100 Vgs = -20V
Qg Total Gate Charge — | —| 35 Ip=-10A
Qgs Gate-to-Source Charge — | —1 79 nC | Vpg =-44V
Qgd Gate-to-Drain ("Miller") Charge — | — | 16 Vgs = -10V, See Fig. 6 and 13 @
td(on) Turn-On Delay Time —_— 13 | — Vpp = -28V
tr Rise Time — | 55 | — ns Ip = -10A
td(off) Turn-Off Delay Time — | 30 | — Rg =13Q
ts Fall Time — | 41 | — Rp = 2.6Q, See Fig. 10 ®
. Between lead, P
Lp Internal Drain Inductance — | 45| — 6mm (0.25in.) g: >
nH A
from package
Ls Internal Source Inductance — | 75| — .
and center of die contact s
Ciss Input Capacitance — | 620 | — Vgs = OV
Coss Output Capacitance — | 280 | — | pF | Vps=-25V
Crss Reverse Transfer Capacitance — | 140 | — f = 1.0MHz, See Fig. 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Conditions
Is Continuous Source Current N B T MOSFET symbol o
(Body Diode) A showing the
Ism Pulsed Source Current integral reverse G
(Body Diode) @ — || %8 p-n junction diode. s
Vsp Diode Forward Voltage —| — -1.6 V | Tj=25°C, Is=-10A,Vgs =0V ®
tir Reverse Recovery Time — | 54| 82 ns | Ty;=25°C, Ig=-10A
Qrr Reverse RecoveryCharge —— | 110| 160 | nC | di/dt =-100A/us @
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg+Lp)
Notes:
0] Repet?tive _rating; pulse width Iimite_zd by ® Igp < -10A, di/dt < -290A/us, Vpp < V(BRr)DSS:
max. junction temperature. ( See fig. 11) T;<175°C
@ Starting Ty= 25°C, L = 3.6mH @ Pulse width < 300us; duty cycle < 2%.

Rg = 25Q, Ias = -10A. (See Figure 12)
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IRFO9Z34N
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-Vgs , Gate-to-Source Voltage (V)

Fig 3. Typical Transfer Characteristics

IGR Rectifier
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IRFOZ34N

International
IGR Rectifier

1200 20
Vgs =0V, f=1MHz Ip = -10A
Ciss =Cgs +Cgd , Cds SHORTED
Py Crss = ng ’; =
1000 \ Coss = Cds + Cqd © 16 Vps =-44V
. N = Vps = -28V: >
- N g %
o Ss °
= 800 ‘\ S > /
@ N\ ™ 312 7,
< N \ = //
= 600 Cos o /
(=) A [ n /
I N . /
o p=] /
S ~N I
- 400 M, © /
&) N G}
Crss - /
e \\ »
200 M~ =2 /
'\-‘ !
FOR TEST CIRCUIT
SEE FIGURE 13
0 0
1 10 100 0 10 20 30 40
-Vpg . Drain-to-Source Voltage (V) Q¢ . Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
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-Vsp , Source-to-Drain Voltage (V)

Fig 7. Typical Source-Drain Diode
Forward Voltage

-Vpg , Drain-to-Source Voltage (V)

Fig 8. Maximum Safe Operating Area
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IGR Rectifier

20 Rp
N Vbs
N D.U.T.
N y
—~ 15 N -
$ \ _"_; VDD
5
s 110V
O 10 \‘ Pulse Width < 1 ps
£ \ Duty Factor < 0.1 %
g I
S >
A \ Fig 10a. Switching Time Test Circuit
£ . L
\ tdon) tr tdoff) tf
V T - [ A
“ ST\ | N/
0 10%

T T
25 50 75 100 125 150 175 : :

Tc, Case Temperature  (°C) | |
I
|

90% L

Vps

Fig 9. Maximum Drain Current Vs.

Case Temperature ] o ]
Fig 10b. Switching Time Waveforms
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—
O
m
< -
N D = 0.50,
= 1
g —0.20 i —
—
S 0.1 T—
N = T
[0 — I
g [_0.054 — = Py
T 01 =002 —L~—"  SINGLEPULSE
€ 001 (THERMAL RESPONSE t1-]
2 e
'_
Notes:
1.DutyfactorD=t;/t »
2.Peak T 3=P pmXx Zwic +Tc
0.01
0.00001 0.0001 0.001 0.01 0.1

t1, Rectangular Pulse Duration (sec)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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International

IGR Rectifier
L 500 |
VDs D
7 i TOP -4.2A
,/T_\”\ l \ -7.2A
R ID.UT BOTTOM -10A
/\/G/“(AJ\H__//‘ ¥ ::VDD 400 \
1T [|'As
I_zov_,' . DRIVER
t Y0.0 1Q
P \/ T3 300

15v

Fig 12a. Unclamped Inductive Test Circuit

Ias

\

—

V(BR)DSS

Fig 12b. Unclamped Inductive Waveforms

-10V

e Qgs e Qep —

Charge —

Fig 13a. Basic Gate Charge Waveform

E,g . Single Pulse Avalanche Energy (mJ)

200

100

F

NN
NN
NN

|

25 50 75 100 125 150 175
Starting Ty, Junction Temperature (°C)

ig 12c. Maximum Avalanche Energy
Vs. Drain Current

Current Regulator

Ic ~ Ip
Current Sampling Resistors

Fig 13b. Gate Charge Test Circuit
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IGR Rectifier

Peak Diode Recovery dv/dt Test Circuit

—<+ Circuit Layout Considerations
D.U.T*
Y — « Low Stray Inductance

A e « Ground Plane
* Low Leakage Inductance
Current Transformer

—<-

+
@

| L

L

A
Rg :1 « dv/dt controlled by Rg |+
* Igp controlled by Duty Factor "D" T Vob

« D.U.T. - Device Under Test )

* Reverse Polarity of D.U.T for P-Channel

@ Driver Gate Drive PW
Period D= Period

[—P.W:

t
[veg=10v] ***

(( '
)]

@ D.U.T. Igp Waveform (C

DD
Reverse
Recovery Body Diode Forward
™ Current /’
di/dt

Current

@ D.U.T. Vpg Waveform

Diode Recovery —
/ dvi/dt AN [\*/ ]
JD
Re-Applied 4T 7

((
Voltage Body Diode ’’ Forward Drop

@ Inductor Curent
\/\S%\/Q\

Ripple < 5%

*** \/gs = 5.0V for Logic Level and 3V Drive Devices
Fig 14. For P-Channel HEXFETS
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IGR Rectifier

IRFOZ34N

Package Outline

TO-220AB Outline
Dimensions are shown in millimeters (inches)

1054 (415) 3,78 (149) 8-
287 (113) 10.29 (405) /—¢354(139) 4,69 (185)
( )-l * 4.20 (.165) — *}%Egiég
_{,:}/ 6.47 (.255) -
[} \ 6.10 (.240)
15.24 (600) !
14.84 (584)
al 1.15 (045) LEAD ASSIGNMENTS
MIN 1-GATE
12113 _i — 2 -DRAIN
3-SOURCE
| | 4 -DRAIN
14.09 (555) . )
13.47 (530) 4.06 (.160)
355 (140)
_’j | 5y 0.93(037) = ax 055 (022)
140 (055 0.69 (027) 0.46 (.018)
ax b 3
115 (045) [®] 036 (019) WTs]a W] . 292 (115)
264 (104
2,54 (.100) ~ (104

2X
NOTES:
1 DIMENSIONING & TOLERANCING PER ANSIY145M,1982.
2 CONTROLLING DIMENSION :INCH

3 OUTLINE CONFORMS TO JEDEC OUTLINE TO-220AB.
4 HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.

Part Marking Information
TO-220AB

EXAMPLE :

THIS IS AN IRF1010
WITH ASSEMBLY
LOT CODE 9B1M

INTERNATIONAL O PART NUMBER

RECTIFIER \ |RF1010—/
LOGO IeR9246\
_~198 1M DATE CODE
ASSEMBLY YYWW)
LOT CODE VY = YEAR
WW = WEEK

International
IR Rectitier

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, Tel: (310) 322 3331

EUROPEAN HEADQUARTERS: Hurst Green, Oxted, Surrey RH8 9BB, UK Tel: ++ 44 1883 732020

IR CANADA: 7321 Victoria Park Ave., Suite 201, Markham, Ontario L3R 2Z8, Tel: (905) 475 1897

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 6172 96590

IR ITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 39 11 451 0111

IR FAR EAST: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo Japan 171 Tel: 81 3 3983 0086
IR SOUTHEAST ASIA: 315 Outram Road, #10-02 Tan Boon Liat Building, Singapore 0316 Tel: 65 221 8371
http://www.irf.com/ Data and specifications subject to change without notice. 8/97



LITE[®] | stvconoucror ~ SBL1630CT thru 1660CT

REVERSE VOLTAGE - 30 to 60 Volts

SCHOTTKY BARRIER RECTIFIERS FORWARD CURRENT - 16 Amperes

TO-220AB
FEATURES
e Metal of silicon rectifier,majority carrier conducton
e Guard ring for transient protection yi= B o, L=™ TO-220AB
e Low power loss, high efficiency c DIM. MIN. | MAX.
e High current capability, low VF ] 'D A 1422 | 1588
¢ High surge capacity K- \ A (B: !;.65 12.637
o Plastic package has UL flammability classification 94V-0 E 5 5':: 6.36
e For use in low voltage,high frequency inverters,free - E 8.26 9:28
whelling,and polarity protection applications ‘; E = '_ 6.35
- G 12.70 | 14.73
G
MECHANICAL DATA H | 229 | 279
Case : TO-220AB molded plasti - I-l= o8 L
¢ tase: 10- molded plastic J 030 | 064
e Polarity : As marked on the body el N - K 3535 4092
e Weight : 0.08 ounces, 2.24 grams L 3.56 4.83
e Mounting position : Any M 1.14 1.40
PIN 1 ::j—o PIN 2 N 203 | 292
PIN 3 CASE All Dimensions in millimeter

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Ratings at 25C ambient temperature unless otherwise specified.

Single phase, half wave, 60HZ, resistive or inductive load.

For capacitive load, derate current by 20%

SBL SBL SBL SBL SBL SBL
CHARACTERISTICS SYMBOL| 1630cT | 1635CT | 1640CT | 1645CT | 1650cT | 1660CT | WNIT

Maximum Recurrent Peak Reverse Voltage VRRM 30 35 40 45 50 60 Vv
Maximum RMS Voltage VVRMS 21 24.5 28 315 35 42 \Y
Maximum DC Blocking Voltage \Vbc 30 35 40 45 50 60 \%
Maximum Average Forward

Rectified Current (See Fig.1) @Tc=95C lav) 16 A
Peak Forward Surge Current

8.3ms single half sine-wave IFSM 250 A

superimposed on rated load (JEDEC METHOD)

Maximum Forward Voltage

at 8A DC (Note 1) VF 0.55 0.7 v
Maximum DC Reverse Current @Ti1=25C 0.5 A
at Rated DC Blocking Voltage @T1=100°C IR 50 m
Typical Junction

F
Capacitance (Note 2) S 350 P
Typical Thermal Resistance (Note 3) Reic 2.5 ‘CIW
Operating Temperature Range TJ -55to +125 °C
Storage Temperature Range Tste -55 to +150 °C
NOTES : 1. 300us Pulse Width, 2% Duty Cycle. REV. 3, 13-Sep-2001, KTHC03

2. Measured at 1.0MHz and applied reverse voltage of 4.0V DC.
3.Thermal Resistance Junction to Case.



RATING AND CHARACTERISTIC CURVES LITE [‘] N I
SBL1630CT thru SBL1660CT A

FIG.1 - FORWARD CURRENT DERATING CURVE FIG.2 - MAXIMUM NON-REPETITIVE SURGE CURRENT

s
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£ \ Z 300
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g \ S 20
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fa) Q
%) 20 N
<u \ D ™N
E w s A U 150 N
0% \ s N
2= = N
< iz ™N
w \ = <100 .
Q 4 x T~
é \ Q \\
w _RESISTIVE OR INDUCTIVE LOAD § 50 —8.3ms Single Half-Sine-Wave = ——
z < (JEDEC METHOD)
0 \ \ \ W I I
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CASE TEMPERATURE ,°C NUMBER OF CYCLES AT 60Hz
FIG.3 - TYPICAL REVERSE CHARACTERISTICS FIG.4 - TYPICAL FORWARD CHARACTERISTICS
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S = o SBL1650CT ~ SBL1660CT —
0 1 I 1 s
8 10 Ti=75¢C — g /| /
8 = Z10 7 y 4
z = < 7
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FIG.5 - TYPICAL JUNCTION CAPACITANCE

1000

CAPACITANCE , (pF)
[~
8

TJ=257C, f= IMHz

w | [ [
01 1 4 10 100

REVERSE VOLTAGE , VOLTS

REV. 3, 13-Sep-2001, KTHC03




TEAPO ELECTRONIC CORPORATION ALUMINUM ELECTROLYTIC CAPACITORS

SC [ For Low Impedance and Low E.S.R
Suitable for Output of Mother Board ]

105°C Single-Ended Lead Aluminum Electrolytic Capacitors For High Frequency Applications

ELECTRICAL CHARACTERISTICS

Working Voltage : 6.3 ~ 100V

sl Operating Temperature : -40° ~ +105°C
@ Rate Capacitance Range : 4.7 ~ 15000uF

Capacitance Tolerance : -20 ~ +20%

DC Leakage Current (uA) :1 = 0.01 CV(uA) or 3uA Whichever is greater.
( Measurements shall be Made After a 2 Minute Charge at Rated Working Voltage )

Dissipation Factor : at 120 Hz, 25°C
WV (V): 63 10 16 25 35 50 63 80 100

DESCRIPTION DF (%) : 15 14 12 10 10 8 8 7 7
For capacitor whose capacitance exceeds 1000uF. The value of D.F(%) is increased by 2% for every

addition of 1000uF.

Used in switching regulator applications in

computers. Especially for high frequency. e BE_ b e 2s 55 0 & W0
Impedance : Z-40°C/Z + 20°C 10 8 5 4 4 4 4 4

Low impedance and E.S.R., high permissible Load Life : 3000 Hours at 105°C Assured with Full Rated Maximum Ripple Current Applied

ripple current at high frequency and higher 5x 11 ~ 10 x 12 : Life = 2000 Hours

operating temperature (-40°C to +105°C). 10 x 15 or Higher : Life = 3000 Hours
(a) Capacitance Change : Within 20% of Initial Value

High Temperature Load Life at 105°C for (b) Dissipation Factor : Not Exceed 200% of Initial Requirement

3000 Hours (c) Leakage Current : Not Exceed the Initial Requirement

Shelf Life : 1000 Hours, No Voltage Applied, at 105°C

(a) Capacitance Change : Within 20% of Initial Value

(b) Dissipation Factor : Not Exceed 200 % of Initial Requirement
(c) Leakage Current : Not Exceed 200% of Initial Requirement

For Detail Specifications, Please Refer to
Engineering Bulletin No. 2063

DIAGRAM OF DIMENSIONS

Dimensions : mm

GRYY. Dg F do
40 15 045
X}Ir\!/ylc ?Ieeve /Rubber End Seal E/';?/YIC §|eeve /Rubber End Seal 50 2.0 05
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CASE SIZE OF STANDARD PRODUCTS Dg = 6mm with Safety Vent at Can Bottom

DxL:mm

CAP. (uF) RATED VOLTAGE WV

6.3 10 16 25 35 50 63 100

8 (13) (20) (32) (44) (63) (79) (125)
47 5x11 5x11 5x11 5x11
6.8 5x11 5x11 5x11 5x11
10 5x11 5x11 5x11 6x11
15 5x11 5x11 5x11 6x11
22 5x11 5x 11 6x 11 8x11
33 5x11 6x 11 6x 11 8x 15
47 5x11 6x11 6 x11 8x11 10 x 15
68 5x 11 6x 11 6x 11 8x11 8x11 10x 19
100 5x11 5x11 6x11 8x11 8x15 8x20 13x 20
120 5x 11 6x 11 8x11 8x11 8x20 10 x 15 13x 25
150 5x11 6 x 11 6 x 11 8x11 8x15 10 x 12 10 x 15 13 x 25
220 6 x 11 6 x 11 8x11 8x15 10 x 12 10 x 15 10 x 19 16 x 25
330 8x11 8x11 8x 15 8 x 20 10x 19 10x 19 13 x 20 16 x 32
470 8x11 8 x 15 10 x 12 10 x 15 10 x 19 13x 20 13x 25 18 x 36
680 8x 15 10 x 12 10 x 15 10x 19 13x 20 13 x 25 16 x 25
820 8 x 20 10 x 15 10 x 19 10 x 19 13x 20 16 x 25 16 x 32
1000 8x20 8x20 10 x 19 13 x 20 13x 25 16 x 25 16 x 32
1200 10 x 15 10 x 19 13 x 20 13 x 25 16 x 25 16 x 32 16 x 36
1500 10 x 19 10 x 19 13x 20 16 x 25 16 x 25 16 x 36 18 x 36
2200 13 x 20 13 x 20 13 x 25 16 x 32 16 x 36 18 x 40
3300 13 x 25 13 x 25 16 x 25 16 x 36 18 x 36
4700 16 x 25 16 x 25 16 x 36 18 x 36
6800 16 x 32 16 x 36 18 x 36
8200 16 x 32 18 x 36
10000 16 x 36

15000 18 x 36
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PERMISSIBLE RIPPLE CURRENT AT 10K~100KHZ,105°C mA, rms

IMPEDANCE AT 100KHZ,25°C Ohm

uF WV uF WV
6.3 10 16 25 35 50 63 100 6.3 10 16 25 35 50 63 100
4.7 115 115 115 120 4.7 1200 200 220 200
6.8 120 120 120 140 6.8 1000 185 200 185
10 140 140 140 200 10 0900 170 185 150
15 170 180 200 250 15 0690 120 170 120
22 190 200 250 300 22 0420 070 120 079
33 200 250 300 450 33 0420 060 090 059
47 150 250 300 450 550 47 0420 0370 052 070 035
68 150 200 300 450 550 650 68 0420 0370 0220 035 052 024
100 150 200 250 450 550 650 800 100 0420 0370 0220 0140 025 035 018
120 200 250 300 550 650 800 1050 120 0370 0320 0200 0130 021 030 015
150 200 250 300 550 650 800 1050 1300 150 0420 0320 0220 0140 0100 016 020 011
220 250 300 550 750 800 1050 1300 1400 220 0320 0220 0140 0100 0069 010 015 0071
330 400 550 750 800 1050 1300 1400 1550 330 0180 0140 0100 0069 0044 0072 010 0049
470 550 750 800 1050 1300 1400 1550 1700 470 0140 0100 0085 0064 0039 0060 0064 0.038
680 700 800 1050 1100 1400 1550 1700 1900 680 0100 0085 0064 0039 0038 0050 0052 0028
820 750 1050 1100 1250 1550 1700 1900 2100 820 0085 0064 0044 0039 0034 0040 0048 0025
1000 800 1080 1250 1450 1700 1900 2100 2550 1000 0069 0065 0039 0038 0029 0039 0042 0025
1200 1000 1250 1450 1600 1900 2100 2550 2800 1200 0064 0044 0038 0029 0028 0025 0036 0025
1500 1250 1450 1600 2000 2100 2550 2800 1500 0044 0039 0034 0028 0024 0025 0.033
2200 1450 1600 2000 2200 2550 2800 2200 0043 0038 0028 0024 0019 0025
3300 1700 2000 2200 2550 2800 3300 0035 0028 0024 0019 0019
4700 1800 2200 2550 2800 4700 0028 0024 0019 0019
6800 2000 2550 2800 6800 0024 0019 0019
8200 2350 2800 8200 0019 0.019
10000 2550 10000  0.019
15000 3000 15000  0.019
LOAD LIFE
Capacitance Change Ratio Leakage Current Change
W 100
0
acic 4, ~_ | 1000uF 16v %
(%)
-20
0 1000 2000 3000 Lc
Dissipation Factor Change Time in Hours (o %
N
20 05
15
([?'/;’s 10 100 IO 1000mF 16v
. - —
g 0 1000 2000 3000 ° 1000 2000 ) ?OOO
Time in Hours

Time in Hours
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Toroidal Cores T80 thru T90

COLOR CODE

‘g ﬂ:ﬁ&};ﬂj D —» TYPICAL PART NO.

-14  Black/Red T106-26 /
=18 Green/Red " .

-19  Red/Green Y OO0 in 100th inches | I

=26  Yellow/White Hit Micrometal Mix No., -

-30  Green/Gray Letter Indicates Allernate Heigh

-34  Gray/Blue A Code Area For Other Characteristics— J
=36  Yellow/Gray

-38  Gray/Black

-45 Black/Black
-62 Green/Blue

MAGNETIC DIMENSIONS
MICROMETALS A oD ID Ht 4 A v
Part No. nH/N2 in/mm inf/mm inf/mm cm cm? cm?d
T80-2 55
T80-8/90 18
T80-14 74
T80-18 31
T80-19 3 795/20.2 | 495/126 | .250/6.35 514 0.231 1.19
T80-26 46
T80-38 48
T80-40 395
T80-45 56
T80-52 42
T80-8B/90 295
T80-14B 1
T80-18B 46.5
T80-19B 46.5
T80-26B 71 .795/202 | 495M126 | .375/9.53 514 0.347 1.78
T80-38B 72
T80-40B 59
T80-45B 84
T80-52B 63
T80-26D 92
T80-40D 79 .795/202 | 495M126 | .500/12.7 514 0.453 2.33
T80-52D 83
T90-8/90 30
T90-18 47
T90-19 47
T90-26 0 .900/22.9 550/14.0 | .375/9.53 5.78 0.395 2.28
T90-38 73
T90-40 57
T90-45 85
T90-52 64




MICROMETALSINDUCTORS FOR POWER FILTER APPLICATIONS

DC BIASED OUTPUT FILTER INDUCTANCE ANALYSIS

CORE PART NUMBER T80-52 X1 NO. IN STACK
WIRE GAGE / STRANDS 1.0 mm X1
NUMBER OF TURNS 31
DC BIAS CURRENT 4.0 AMPERES
PEAK INDUCTOR VOLTAGE 12.0 VOLTS
DC OUTPUT VOLTAGE 55 VOLTS
FREQUENCY 100 K Hz
AMBIENT TEMPERATURE 27 °C
ELECTRICAL PROPERTIES
INDUCTANCE 30.56 uH CORE LOSS 0.267
DC RESISTANCE 16.80m Q COPPER LOSS 0.269
AC RESISTANCE 16.80m Q TOTAL LOSSES 0.535
RIPPLE CURRENT 123 Ap-p
DC BIAS 303 Oe SURFACE AREA 13.72
AC FLUX DENSITY 263 Gauss TEMP RISE 21.16
PERCENT PERM % % TIME TO 115% LOSS 300K
CORE AL VALUE 42 nH LIFE LIMIT 100M
MECHANICAL PROPERTIES
CORE OD 0.795 in WIRE DIA 0.043
CORE ID 0.495 in WIRE LENGTH 2.400
CORE HEIGHT 0.250 in WIRE WEIGHT 0.012
CORE WEIGHT 0.018 Ib WINDOW FILL 19.6
CORE VOLUME 1.187 cm3 WOUND OD 0.878
MAGNETIC Ac 0.231 cm? WOUND HEIGHT 0.333
MAGNETIC Lm 5140 cm
INDUCTANCE vs CURRENT
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