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DC/DC Converter Control Circuits

FEATURES

Operation from 3.0V to 40V Input

Low Standby Current

Current Limiting

Output Switch Current to 1.5A

Output Voltage Adjustable

Frequency Operation to 100kHz

Precision 2% Reference

Available in an 8-Pin PDIP and SOIC Package

TYPICAL APPLICATIONS

Adapter Cards

Set-Top Boxes
Industrial Controllers
Network Boxes
Wireless Base Stations

TYPICAL APPLICATION

GENERAL DESCRIPTION

The TC33063A Series ia a monolithic control circuit
containing the primary functions required for DC/DC con-
verters. These devices consist of an internal temperature
compensated reference, comparator, controlled duty cycle
oscillator with an active current limit circuit, driver and high
current output switch. This series was specifically designed
to be incorporated in Step—Down and Step—Up and Volt-
age—Inverting applications with a minimum number of exter-
nal components.

ORDERING INFORMATION

Part Temperature
Number Package Range
TC33063AEPA 8-Pin PDIP —40° to +85°C

TC33063AEOQA 8-Pin SOIC —40° to +85°C

PIN CONFIGURATIONS
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This device contains 51 active transistors
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TC33063A

DC/DC Converter Control Circuits

ABSOLUTE MAXIMUM RATINGS*

Power Supply Voltage...........cccccvvvveveeeeeeeenn. Vcee = 40Vpe
Comparator Input Voltage Range ... V|g =—0.3 to +40Vpc
Switch Collector Voltage .................... VeswiteH) = 40Vpe

Switch Emitter Voltage (VPin 1 = 40V) .. VgiswitcH) =40Vpe
Switch Collector to Emitter Voltage .. VceswitcH) = 40Vpe

Driver Collector Voltage ............c........ VcoRIVER) = 40Vpc
Driver Collector Current (Note 1) ....... lc(orivEr) = 100mA
SWItCh CUITENT....veviiiiieee e Isw = 1.5A

Power Dissipation and Thermal Characteristics
PDIP Package
TAZ25°C i Pp = 1.25W
Thermal Resistance.........cccocceevvenen. 035 = 100°C/W

SOIC Package

TAZT25%C i Pp = 0.625W
Thermal Resistance.........c.ccc.ceeeeeee. 03a = 160°C/W
Operating Junction Temperature ..................... T3 =150°C
Operating Ambient Temperature Range
TC33063A ..o Ta=-40to +85°C
Storage Temperature Range ........ Tstg = —65 to +150°C

*This is a stress rating only, and functional operation of the device at these
or any other conditions beyond those indicated in the operation section of
the specifications is not implied. Exposure to absolute maximum ratings
conditions for extended periods of time may affect device reliability.

ELECTRICAL CHARACTERISTICS: Vcc =5.0V, Ta =-40°C to + 85°C [Note 3], unless otherwise specified.

Symbol Parameter Test Conditions Min Typ Max Units

Oscillator

fosc Frequency (Vpin 5 =0V, Ct =1.0nF, Ta = 25°C) 24 33 42 kHz

IcHe Charge Current (Vcc = 5.0V to 40V, Ta = 25°C) 24 35 42 HA

IbIscHG Discharge Current (Vcc = 5.0V to 40V, Ta = 25°C) 140 220 260 MA

IbiscHe/lcHg Discharge to Charge Current Ratio (Pin 7 to Vcc, Ta = 25°C) 5.2 6.5 7.5 -

V|PK(SENSE) Current Limit Sense Voltage (Ichc = IbiscHa, Ta = 25°C) 250 300 350 mV

Output Switch

VCE(SAT) Saturation Voltage, Darlington Connection (Note 4) — 1.0 1.3 \%
(Isw = 1.0A, Pins 1, 8 connected)

VCcE(sat) Saturation Voltage, Darlington Connection — 0.45 0.7 \Y
(Isw = 1.0A, Rpin 8 = 82W to V¢, Forced B =20)

hre DC Current Gain (Isw = 1.0A, Vcg = 5.0V, Ta = 25°C) 50 75 — —

Ic(oFF) Collector Off-State Current (Vcg = 40V) — 0.01 100 MA

Comparator

VTH Threshold Voltage Ta=25°C 1.225 1.25 1.275 \%

1.21 — 1..29

Reguine Threshold Voltage Line Regulation — 1.4 5.0 mV
(Vcec = 3.0V to 40V)

lis Input Bias Current (Viy = 0V) — -20 -400 nA

Total Device

lcc Supply Current (Vcc = 5.0V to 40V, CT =1.0nF, Pin 7 = Vcc, — — 4.0 mA

VPin 5 > V1, Pin 2 = GND, Remaining Pins Open)

NOTES: 1. Maximum package power dissipation limits must be observed.

. ESD data available upon request.

2

3. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.

4. If the output switch is driven into hard saturation (non—Darlington configuration) at low switch currents (< 300mA) and high driver currents
(= 30mA), it may take up to 2.0usec for it to come out of saturation. This condition will shorten the off time at frequencies = 30kHz, and is
magnified at high temperatures. This condition does not occur with a Darlington configuration, since the output switch cannot saturate. If a
non—Darlington configuration is used, the following output drive condition is recommended:

Forced b of output switch : Ic outPUT

—= e >10
Ic brRIVER — 7.0 MA*

*The 100Q resistor in the emitter of the driver device requires about 7.0mA before the output switch conducts.
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DC/DC Converter Control Circuits

TC33063A
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Test Conditions Results
Line Regulation ViN = 8.0V to 16V, loyt = 175mA 30mV = +0.05%
Load Regulation Vin =12V, loyt = 75mA to 175mA 10mV = +£0.017%
Output Ripple ViNn =12V, loyt = 175mA 400mVpp
Efficiency Vin =12V, lout = 175mA 87.7%
Output Ripple With Optional Filter Vin =12V, loyt = 175mA 40mVpp

Figure 1. Step-Up Converter
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DC/DC Converter Control Circuits

TC33063A

2a. External NPN Switch 2b. External NPN Saturated Switch (See Note Below)

AAA

VIN o—e— Lo ViNO

NOTE: If the output switch is driven into hard saturation (non—Darlington configuration) at low switch currents (< 300mA)

and high driver currents (.30mA), it may take up to 2.0usec to come out of saturation. This condition will shorten the off time at
frequencies .30kHz, and is magnified at high temperatures. This condition does not occur with a Darlington configuration, since the
output switch cannot saturate. If a non—Darlington configuration is used, the following output drive condition is recommended.

Figure 2. External Current Boost Connections for IC Peak Greater than 1.5A
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Test Conditions Results
Line Regulation ViN = 15V to 25V, loyTt = 500mA 12mV = +0.12%
Load Regulation ViN = 25V, loyt = 50mA to 500mA 3.0mV = +0.03%
Output Ripple ViN = 25V, loyt = 500mA 120mVpp
Short Circuit Current ViN=25V, RL=0.1Q 1.1A
Efficiency Vin =25V, louT =0.1Q 83.7%
Output Ripple With Optional Filter VN = 25V, loyt = 500mMA 40mVpp

Figure 3. Step-Down Converter
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DC/DC Converter Control Circuits

TC33063A

4a. External NPN Switch 4b. External PNP Saturated Switch
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Test Conditions Results

3.0mV = +£0.012%

Line Regulation

VN = 4.5V t0 6.0V, oyt = 100mA

Load Regulation

Vin = 5.0V, lout =10mA to 100mA

0.022V = +0.09%

Output Ripple VN = 5.0V, lout = 100mA 500mVpp
Short Circuit Current ViN=5.0V, R =0.1Q 910mA
Efficiency Vin = 5.0V, loyTt = 100mA 62.2%
Output Ripple With Optional Filter Vin = 5.0V, lout = 100mA 70mVpp
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Figure 5. Voltage Inverting Converter
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DC/DC Converter Control Circuits

6a. External NPN Switch

6b. External PNP Saturated Switch
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Figure 6. External Current Boost Connections for IC Peak Greater than 1.5A
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Figure 7. Printed Circuit Board and Component Layout (Circuits of Figures 1, 3, 5)
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DC/DC Converter Control Circuits

TC33063A
Inductor Data
Converter Inductance (UH) Turns/Wire
Step-Up 170 38 Turns of #22 AWG
Step-Down 220 48 Turns of #22 AWG
Voltage-Inverting 88 28 Turns of #22 AWG

All inductors are wound on Magnetic Inc. 55117 toroidal core.

Design Formula Table

Calculations Step-Up Step-Down Voltage-Inverting
ton/ torr Vourt + VE = ViN(min) Vout + VF I Vout | + VF
ViN(min) — VsaT ViNmin) — VsaT — Vout VIN = Vsar
(ton + toFF) 1 1 1
f f f
torF ton + torr ton + torr ton + torrF
ton +1 tON+1 t0N+1
torr torr torr
ton (ton + torF) — torr (ton + torF) — toFr (ton + torF) — torrF
Cr 4.0 x 107° ton 4.0 x 107° toy 4.0 X 107° ton
| t t
PK(SWITCH) 2l ouT(max) ( ON 4 1) 2l ouT(max) 2l ouT(max) (70N + 1)
torr torr
Rsc 0.3/lpk(swiTch) 0.3/lpk(swiTch) 0.3/lpk(swiTch)
L(mi V in —V V in —V -V V in —V
(mln) / IN(min) SAT\ tON(max) { IN(min) SAT OUT\ tON(max) IN(min) SAT tON(max)
\ lekewitcrH) / Ipk(swITCH ) Ipk(SWITCH)
Co g loutton Ipk(switch)(ton + torF) g loutton
VRIPPLE(pp) 8VRIPPLE(pp) VRIPPLE(pp)

Vin — Nominal input voltage.

lout — Desired output current.

VsaT = Saturation voltage of the output switch.
Ve = Forward voltage drop of the output rectifier.

Vout — Desired output voltage, Voutl =1.25 (1 +|;—i)

The following power supply characteristics must be chosen:

fmin — Minimum desired output switching frequency at the selected values of Viy and Ip .

VRippLE(pp) — Desired peak—to—peak output ripple voltage. In practice, the calculated capacitor value will need to be increased due to its
equivalent series Vpp) — resistance and board layout. The ripple voltage should be kept to a low value since it will directly affect the
line and load regulation.
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DC/DC Converter Control Circuits

TYPICAL CHARACTERISTICS

VIPK(sense), CURRENT LIMIT SENSE

VCE(sat), SATURATION VOLTAGE (V) ON-OFF,OUTPUT SWITCH
ON-OFF TIME (usec)

VOLTAGE (V)

Figure 9. Output Switch On-Off Time vs.
Oscillator Timing Capacitor
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Figure 11. Emitter Follower Configuration Output
Saturation Voltage vs. Emitter Current
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Figure 10. Timing Capacitor Waveform
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Figure 12. Common Emitter Configuration Output
Switch Saturation Voltage vs. Collector Current
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Figure 14. Standby Supply Current vs.
Supply Voltage
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NOTE: 4. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.
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DC/DC Converter Control Circuits

TC33063A

TAPE AND REEL SPECIFICATIONS

PIN 1

User Direction of Feed

P

Standard Reel Component Orientation
for TR Suffix Device

Carrier Tape, Number of Components Per Reel and Reel Size

Component Taping Orientation for 8-Pin SOIC (Narrow) Devices

Package

Carrier Width (W)

Pitch (P)

Part Per Full Reel

Reel Size

8-Pin SOIC (N)

12 mm

8 mm

2500

13in

TC33063A -1 5/9/00
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DC/DC Converter Control Circuits

PACKAGE DIMENSIONS

PIN 1
&&&JT

(e

P!

‘¢.07o (1.78)
.040 (1.02)

.045 (1.14) H ‘
.030(0.76) "1 ™ T

|l-— 400 (10.16) — .|
348 (8.84)
.200 (5.08) - H_ M
140 (3.56) U 1 040102
020 (0.51)
.150 (3.81) *
115 (2.92)

e

.022 (0.56)
.015 (0.38)

il
.090 (2.29)

PIN 1

HAHAHHA W
f

157 (3.99) .244 (6.20)
150 (3.81) .228 (5.79)

. f
FEEE. |

.050 (1.27) TYP.

™7.189 (4.80) |

‘ .197 (5.00) ‘

‘ .069 (1.75)
| | 053(1.35) {

8-Pin PDIP (Narrow)

.310 (7.87)

.290 (7.37)
.015(0.38)__ __3°MIN.
.008 (0.20) [T ™

8-Pin SOIC (Narrow)

‘k .400 (10.16) »‘
310 (7.87)

_1.010(0.25)

8° MAX

.020 (0.51) .010 (0.25)

‘ ‘

T 007 0.18)

.013 (0.33)

.050 (1.27)

.004 (0.10) o8 020

Sales Offices

TelCom Semiconductor, Inc.
1300 Terra Bella Avenue

P.O. Box 7267

Mountain View, CA 94039-7267
TEL: 650-968-9241

FAX: 650-967-1590

E-Mail: liter@telcom-semi.com
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