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MC33063A-Q1 1.5-A Peak Boost, Buck, Inverting Switching Regulator

1 Features 3 Description

« AEC-Q100 Qualified With the Following Results: Thet M_C33C|)|63]A'Q1 device i_? an 3333/?0'85%_'0
. L containing all the primary circuitry needed for building
— Device HBM ESD Classification Level 2 simple DC-DC converters. The device primarily

— Device CDM ESD Classification Level C4B consists of an internal temperature-compensated
« Wide Input Voltage Range: 3 V to 40 V reference, a comparator, an oscillator, a PWM
. Wi : _ controller with active current limiting, a driver, and a
High Output Switch Current: Up to 1.5 A high-current output switch. Thus, the device requires

* Adjustable Output Voltage minimal external components to build converters in
» Oscillator Frequency: Up to 100 kHz the boost, buck, and inverting topologies.

* Precision Internal Reference: 2% The MC33063A-Q1 device is characterized for
» Short-Circuit Current Limiting operation from —40°C to 125°C.

e Low n rren . .
ow Standby Current Device Information®

2 App”cations PART NUMBER PACKAGE BODY SIZE (NOM)
MC33063A-Q1 SOIC (8) 4.90 mm x 3.91 mm

Automotive:  Buck, Boost, and Inverting

Topologies (1) For all available packages, see the orderable addendum at
the end of the datasheet.

Simplified Schematic
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5 Pin Configuration and Functions

D Package
8-Pin SOIC
Top View

U

oo

Switch Collector| |1 :I Driver Collector

..
Tve

GND| |4 5 :I Comparator Inverting Input

~

Switch Emitter| | 2

Timing Capacitor | |3

=)

Pin Functions

PIN
/0 DESCRIPTION
NO. NAME
Switch .
1 Collector — Switch Collector
2 SW!tCh — Switch Emitter
Emitter
Timing - .
3 Capacitor — Timing Capacitor
4 GND — Ground
Comparator
5 Inverting | Comparator Inverting Input
Input
6 Vee | Supply
lpk | Peak Current
8 Driver — Driver Collector
Collector
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6 Specifications
6.1 Absolute Maximum Ratings®
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Supply voltage, Vcc 40 \%
Comparator Inverting Input voltage range, Vg -0.3 40 \%
Switch Collector voltage, Vc(switch) 40 \%
Switch Emitter voltage, Vegswitchy | Veine =40 V 40 \%
Switch Collector to Switch Emitter voltage, Vceg(switch) 40 \%
Driver Collector voltage, Vcdriver) 40 \%
Driver Collector current, lcgriver) 100 mA
Switch current, Igy 15 A
Operating virtual junction temperature, T; 150 °C
Storage temperature, Tgyg -65 150 °C

(1) 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.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per AEC Q100-002(® +2000
Vesp) Electrostatic discharge Charged device model (CDM), per Corner pins (1, 4, 5, and 8) +750 \
AEC Q100-011 Other pins +500

(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions

MIN  NOM MAX| UNIT
Vce  Supply voltage 3 40 \%

Ta Operating free-air temperature -40 125| °C

6.4 Thermal Information

MC33063A-Q1
THERMAL METRIC® D UNIT
8 PINS
Resa Junction-to-ambient thermal resistance @ 121.9
RaJc(top) Junction-to-case (top) thermal resistance 68.1
Reis Junction-to-board thermal resistance 62.3 CIW
Wit Junction-to-top characterization parameter 19.9
Wis Junction-to-board characterization parameter 61.8
Raic(bot) Junction-to-case (bottom) thermal resistance N/A

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

(2) Maximum power dissipation is a function of Tj(max), Rgja, and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (Tj(max) — Tp) / Rgja. Operating at the absolute maximum T, of 150°C can affect reliability.

(3) The package thermal impedance is calculated in accordance with JESD 51-7.
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6.5 Oscillator Characteristics

Vee =5V, T, = full operating range (unless otherwise noted) (see block diagram)

PARAMETER TEST CONDITIONS Ta MIN TYP  MAX| UNIT
fosc Oscillator frequency Vpns =0V, Cr=1nF 25°C 24 33 42| kHz
lchg Charge current Vcc=5Vio40V 25°C 24 35 42| pA
lgischg Discharge current Vcc=5Vio40V 25°C 140 220 260| pA
lgischg/lchg ~ Discharge-to-charge current ratio Vpin7 = Vee 25°C 5.2 6.5 7.5
Vipk Current-limit sense voltage ldischg = lchg 25°C 250 300 350 mv

6.6 Output Switch Characteristics®
Vce =5V, T, = full operating range (unless otherwise noted). See the Functional Block Diagram.
PARAMETER TEST CONDITIONS Ta MIN TYP  MAX| UNIT
Saturation voltage — _ .
VeE(sat) Darlington connection Isw =1 A, pins 1 and 8 connected Full range 1 1.3 Y
Saturation voltage — Isw=1A, Rpng = 82 Q to Vg,
Veesay non-Darlington connection® Forced 8 ~ 20 Full range 045 07V
hee DC current gain lsw=1A,Vcg=5V 25°C 50 75
Ic(ofr) Collector off-state current Vcg =40V Full range 0.01 100| pA

(1) Low duty-cycle pulse testing is used to maintain junction temperature as close to ambient temperature as possible.

(2) In the non-Darlington configuration, if the output switch is driven into hard saturation at low switch currents (<300 mA) and high driver
currents (=230 mA), it may take up to 2 ps for the switch to come out of saturation. This condition effectively shortens the off time at
frequencies 230 kHz, becoming magnified as temperature increases. The following output drive condition is recommended in the non-

Darlington configuration:

Forced B of output switch = Ic sw / (Ic driver — 7 MA) 2 10, where ~7 mA is required by the 100-Q resistor in the emitter of the driver to

forward bias the Vy, of the switch.

6.7 Comparator Characteristics

Vee =5V, T, = full operating range (unless otherwise noted). See the Functional Block Diagram.

PARAMETER TEST CONDITIONS Ta MIN TYP MAX| UNIT
25°C 1.225 1.25 1.275
Vin Threshold voltage \%
Full range 1.21 1.29
AV, Threshold-voltage line regulation Vec=5Vitod40V Full range 1.4 5 mv
Is Input bias current ViN=0V Full range —-20 -400| nA
6.8 Total Device Characteristics
Vee =5V, T, = full operating range (unless otherwise noted). See the Functional Block Diagram.
PARAMETER TEST CONDITIONS Ta MIN  MAX| UNIT
VCC:5Vt040V, CT=1nF,
lcc Supply current Veinz = Vee: Veins > Vins Full range 41 mA
Vpin2 = GND, All other pins open
Copyright © 2005-2014, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.9 Typical Characteristics

Vce, Supply Voltage (V)

Figure 5. Standby Supply Current vs Supply Voltage
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7 Detailed Description

7.1 Overview

The MC33063A-Q1 device primarily consists of an internal temperature-compensated reference, a comparator,
an oscillator, a PWM controller with active current limiting, a driver, and a high-current output switch. The
MC33063A-Q1 device requires minimal external components to build converters in the boost, buck, and inverting
topologies.

7.2 Functional Block Diagram

r- - - - - — '|
Drive 8 ! , 1 switch
Collector | | Collector
Hediz= )|
| o |
| a ™
100 W |
ok 7| It 2 Switch
Sense ! ‘ I Emitter
A |
| Oscillator Ct
Vv 6 | | 3 Timing
cc | I Capacitor
| 1.25-V |
Reference |
| Regulator
; .
Comparator ! I GND

Inverting Input

7.3 Feature Description

The device includes the following components:

» Temperature-compensated reference voltage
* Oscillator

* Active peak-current limit

» Output switch

» Output voltage-sense comparator

7.3.1 Reference Voltage

The reference voltage is set at 1.25 V and is used to set the output voltage of the converter.
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Feature Description (continued)

Comparator
Inverting Input

Output —ANN—
R2 R1

V,, = 1.25(R2/R1 + 1) -

Figure 6. Reference Voltage Circuit

7.3.2 Current Limit

Current limit is accomplished by monitoring the voltage drop across an external sense resistor located in series
with VCC and the output switch. The voltage drop developed across the sense resistor is monitored by the
current-sense pin, Ipk. When the voltage drop across the sense resistor becomes greater than the preset value
of 330 mV, the current-limit circuitry provides an additional current path to charge the timing capacitor (CT)
rapidly, to reach the upper oscillator threshold and, thus, limiting the amount of energy stored in the inductor. The
minimum sense resistor is 0.2 W. Figure 7 shows the timing capacitor charge current versus current-limit sense
voltage. To set the peak current, Ipk = 330 mV/Rsense.

30

| T,=25C
g 10 VAN =—— —
L 3 771V =5V
S y. V4
£ 11/
3 1 1/
S 03 H
e
o <
lm Ol ’I/' , Ichg = Imsch
_5 II
0.03 I
0 0.2 0.4 0.6 0.8 1

Vs — Current-Limit Sense Voltage —V

Figure 7. Timing Capacitor Charge Current vs Current-Limit Sense Voltage

7.3.3 Current Limit of Typical Operation Waveforms

The output switch is an NPN Darlington transistor. The collector of the output transistor is tied to pin 1, and the
emitter is tied to pin 2. This allows the designer to use the MC33063 device in buck, boost, or inverter
configurations. The maximum collector-emitter saturation voltage at 1.5 A (peak) is 1.3 V, and the maximum
peak current of the output switch is 1.5 A. For higher peak output current, an external transistor can be used.
Figure 8 shows the typical operation waveforms.
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Feature Description (continued)

1 I‘I I'I
Comparator Output I "
0

Timing Capacitor, C, /\/\/\/\/\A/\/\

On

Output Switch off I LI I_I I Il I I I |

Nominal Output Voltage

Output Voltage

|¢— Startup—ple———Quiescent Operation ——»|

Figure 8. Typical Operation Waveforms

7.4 Device Functional Modes

The oscillator is composed of a current source and a current sink that charge and discharge the external timing
capacitor (CT) between an upper and lower preset threshold. The typical charge current is 35 mA, and the typical
discharge current is 200 mA, yielding approximately a 6:1 ratio. Thus, the ramp-up period is six times longer than
that of the ramp-down period (see Figure 9). The upper threshold is 1.25 V, which is same as the internal
reference voltage, and the lower threshold is 0.75 V. The oscillator runs constantly, at a pace controlled by the

value of CT.
\%
A/ Upper Threshold (1.25V Typical)
Lower Threshold (0.75V Typical)
| .
=P Time
>l t
—6t—» X
X Discharge
Charge
Figure 9. Oscillator Voltage Thresholds
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8 Application and Implementation

NOTE

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The MC33063A-Q1 device requires minimal external components to build converters in the boost, buck, and
inverting topologies.

8.2 Typical Applications

8.2.1 Step-Up Converter

170 mH
Y'Y YN\
L
*—\\\— 8-[
180 W |
>> Q Q2 |
| Q1 |
| — R
71 | 2
! |
Rsc | lok | 7
0.22 W Cr
" o | el
o—e——— v Cr
12V cc
| 1.25-V | 1500 pFI
¥ Reference -
Comparator Regulator

Figure 10. Step-Up Converter

Vour
28 V/175 mA

1.0 mH

R2
Vour 125(1 39

+

100 mFI

Optional Filter

10

Submit Documentation Feedback

Product Folder Links: MC33063A-Q1

Copyright © 2005-2014, Texas Instruments Incorporated


http://www.ti.com/product/mc33063a-q1?qgpn=mc33063a-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLS654C&partnum=MC33063A-Q1
http://www.ti.com/product/mc33063a-q1?qgpn=mc33063a-q1

I,

TEXAS
INSTRUMENTS

www.ti.com

MC33063A-Q1

SLLS654C —APRIL 2005—REVISED DECEMBER 2014

Typical Applications (continued)

VIN

__________ - e
0—/\/\/\,8I i1 HIOVOUT 0—’\/\/\/8I
| T |
[ | - [
7! | 71
i ' : i
Rsc I I T L Rsc I
6 I D v 6
| l & |
| | |
|—I—O
N | L
*R

a) EXTERNAL npn SWITCH

8.2.1.1 Design Requirements

0 for constant V;,

b) EXTERNAL pnp SATURATED SWITCH (see Note A)

Figure 11. External Switches

Table 1. Step-Up Converter

TEST

CONDITIONS

RESULTS

Line regulation

ViN=8V 1016V, Ig = 175 mA

30 mV * 0.05%

Load regulation

Vin=12V, o = 75 mA to 175 mA

10 mV £ 0.017%

Output ripple Vin=12V, Ig =175 mA 400 mVpp
Efficiency Vin=12V, Ig =175 mA 87.7%
Output ripple with optional filter ViN=12V, o =175 mA 40 mVpp

8.2.1.2 Detailed Design Procedure

CALCULATION STEP UP STEP DOWN VOLTAGE INVERTING
.- Vour + V- Vin(min) Vour + Vg Vour + Ve
onoff Vin(min) - Vgat Vin(min) = Vsat - Vout Vin - Vsat
1 1 1
(ton + torr) T T ¥
ton + toff ton + toff ton + toff
Lot fton | 4 fon , 4 fon , 4
Loff ' Loff Loff
ton (ton + toff) = torr (ton * toff) - ot (ton + toff) = tofr
Cy 4 x 1075 ¢y, 4 x 1075 ¢, 4 x 1075 ¢,
I i 2 (to_n * 1) 2l ut(max) 2 (to—” + 1)
pk(switch) out(max) tor out(max) to
0.3 0.3 0.3
Rsc lok(switch) lok(switch) | ok(switch)
(Vin(min) - Vsat) (Vin(min) - Vsat - Vout) t (Vin(min) - Vsat)
L(min) | - ton(max) | - on(max) ] - ton(max)
pk(switch) pk(switch) pk(switch)
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CALCULATION STEP UP STEP DOWN VOLTAGE INVERTING
9 loutton ka(switch)(ton + toff) 9 loutton
Co v, 8V vy
ripple(pp) ripple(pp) ripple(pp)

8.2.1.3 Application Curve

Voltage Across
Switch Q1
VCE

Diode D1
\oltage
VKA

Switch Q1
Current

Diode D1
Current

Inductor
Current

Capacitor C
Current

Capacitor C
Ripple Voltage

Yally = low)

Vo, +V,, *\ |

out

S

/)

7

i

\y Vrlﬁprm \/

Figure 12. Boost Switching Regulator Waveforms
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8.2.2 Step-Down Converter

|

Rsc | Ipk

’ | Oscillator Cr
VIN 6

1.25-V
Reference
Comparator Regulator

Vour v
5V/500 mA out

R2
125(1 R%

R1 Co

100 mF
1.2 kw 470 mF I I

Rsc
VIN
a) EXTERNAL npn SWITCH b) EXTERNAL pnp SATURATED SWITCH
Figure 14. External Current-Boost Connections for I Peak Greater Than 1.5 A
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8.2.2.1 Design Requirements
Table 2. Step-Down Converter
TEST CONDITIONS RESULTS
Line regulation Vin=15Vto 25V, Ig =500 mA 12 mV £ 0.12%
Load regulation ViN =25V, Ig =50 mA to 500 mA 3mV +0.03%
Output ripple Vin =25V, Ig =500 mA 120 mVpp
Short-circuit current ViNn=25V,RL=0.1Q 11A
Efficiency Vin =25V, Ig =500 mA 83.7%
Output ripple with optional filter Vin =25V, Ig =500 mA 40 mVpp

8.2.2.2 Detailed Design Procedure
See Detailed Design Procedure.

8.2.2.3 Application Curves

V,+V.
Voltage Across v T
Switch Q1 "
VCE V
sat
V, -
Diode D1 V, -V,
\oltage
Via 0
Ve +
Switch Q1 b T
Current
lm = IC(AVG)
0 -
Diode D1 e T
Current
ID(AVG) -+
0
Inductor b T /\ /\ /\
Current
Lo = ka 2= lZ(A\/G) + 'D(AVG) \/ \/ \
0

Capacitor C
Current 0

[ |
; V
Capacitor C o F Vo ‘I’ N
Ripple Voltage v /\ I : v /\
)
\/ o

X
Tipplef

Lot t,

Figure 15. Buck Switching Regulator Waveforms
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8.2.3 Voltage Inverter Converter

: Bl
I L
7]
! |
Rsc | Tpk |
0.24 W
| Oscillator Cr
6
VINO—@—— V¢ ! 3
45Vt0 6.0V | 1.25.V | 1N5819
| :1 F Reference _1*
I 00m | Comparator Regulator |1500 PF T~
! \—J—4»
- - 1.0 mH
R1 Vour
® V 1.25(1
-12 V100 mA out (
100 mF

953 W
R2 Co
8.2 kW 1000 mFT

Figure 16. Voltage-Inverting Converter

I

Optional Filter

R2)
R1

! !
Vour
| | IO
| ' T T
7 |2 -
| | 1
Rsc I I -
VIN GI _=_°
| I
| I
;i_o
a) EXTERNAL npn SWITCH b) EXTERNAL pnp SATURATED SWITCH
Figure 17. External Current-Boost Connections for Voltage Inverter Converter
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8.2.3.1 Design Requirements
TEST CONDITIONS RESULTS
Line regulation Vin=45V1to6V, Ilg=100 mA 3mV +0.12%
Load regulation ViN=5V, lp =10 mA to 100 mA 0.022 V £ 0.09%
Output ripple ViNn=5V, lp =100 mA 500 mVPP
Short-circuit current Vin=5V,R . =0.1Q 910 mA
Efficiency ViNn=5V, lp =100 mA 62.2%
Output ripple with optional filter ViNn=5V, lp =100 mA 70 mVPP
8.2.3.2 Detailed Design Procedure
See Detailed Design Procedure.
8.2.3.3 Application Curves
V, —
Voltage Across V. _V
Switch Q1 "%
Vee
Vio = (=Vou Vi) L TR
Diode D1 Vi = Vea
\oltage
Via 0
v, 4 —
Switch Q1 Lo
Current
Im = IC(AVG)
0
Diode D1 Lo
Current
out 1
0 + v
|
Inductor e T |
Current |
|
0
I | |
Capacitor C P o T [ ,'/
Current Yol = Loy 7
(I = o) ////{,///'
0 . 27 Q
o] T
out
ﬁ-toﬂ*ﬂ— tun_ﬂ
) tpf
Capacitor C Vo TV, 1» /( i Y
. P o ™ | /\Vrmplew»p) /\
rppieotace Ve N
_Vam _Vpk ‘V
Figure 18. Inverter Switching Regulator Waveforms
16 Submit Documentation Feedback Copyright © 2005-2014, Texas Instruments Incorporated

Product Folder Links: MC33063A-Q1


http://www.ti.com/product/mc33063a-q1?qgpn=mc33063a-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLS654C&partnum=MC33063A-Q1
http://www.ti.com/product/mc33063a-q1?qgpn=mc33063a-q1

13 TEXAS

INSTRUMENTS
MC33063A-Q1

www.ti.com SLLS654C —APRIL 2005—REVISED DECEMBER 2014

8.2.4 12V Battery Based Automotive Supply

NOTES:
1) Locate U3 near C2 and C3.
2) Use R6 for additional hysteresis.

u1
R1 MC33063A-Q1 L
at 05 —gon_c sw_c;— 220uH 1 U1
w2 TP . 5|3459L>\g Zoi — sw_gl2 Y i[5y @ 0.25A
A < Ny I Svee  T_cap? 2| | eno
GND R2 2 b1 ~ 2'3 H oNDj
20K T 1sv x s 1 [Comp INV_IF c1 N +f c2 | c3 | ca TP2
TP6 o 100ELF 220pF h D2 ’-\467:?\;1F__0pen__open L Y
R3 kY MBRA160T3 | 6.
10K
I [ ’
43 R4 R5
) AM—
ENABLE 2 Q2 6.65K 20K R6
GND DTC144EUA open U2
= TPS3803-01-Q1
N SISNs/NC NG
OND[2+—
4voo RS T
= Rr7 RS
13.7K 20K eI
—— N —— RESET
5 cklos
u3
TLV1117-Q1 S
Y
IN OuUT| 3.3V @ 0.2A
Adi/and 2| | eNnD
R1Q
L 249 P4
Co== | c7
open 1 < 22uF
6.3V
c8= R11
open 412

-

Figure 19. 12 V Battery Based Automotive Supply Schematic

8.2.4.1 Design Requirements

Input Supply Voltage: 7 to 40 V

Output Supply Voltage: 5V at 0.25 A

An additional supply rail of 3.3 at 0.2 A along with a power supply supervisor is required for this application.

8.2.4.2 Detailed Design Procedure
See Detailed Design Procedure.
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8.2.4.3 Application Curve

78%
77%
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75% /

74%
3%

2% /
71% /
70% /

59%

Efflclency (%)

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Output Current (A}

Figure 20. Application Example 4 Efficiency

9 Power Supply Recommendations

The input decoupling capacitors must be located as close as possible to the MC33063-Q1. In addition, the
voltage set-point resistor divider components must also be kept close to the IC to eliminate any noise pick-up into
the feedback loop.

18 Submit Documentation Feedback Copyright © 2005-2014, Texas Instruments Incorporated
Product Folder Links: MC33063A-Q1


http://www.ti.com/product/mc33063a-q1?qgpn=mc33063a-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLS654C&partnum=MC33063A-Q1
http://www.ti.com/product/mc33063a-q1?qgpn=mc33063a-q1

13 TEXAS

INSTRUMENTS
MC33063A-Q1
www.ti.com SLLS654C —APRIL 2005—REVISED DECEMBER 2014
10 Layout

10.1 Layout Guidelines

Layout is a critical portion of good power supply design. There are several signals paths that conduct fast
changing currents or voltages that can interact with stray inductance or parasitic capacitance to generate noise
or degrade the power supplies performance. To help eliminate these problems, the input voltage pin should be
bypassed to ground with a low ESR ceramic bypass capacitor with X5R or X7R dielectric. Care should be taken
to minimize the loop area formed by the bypass capacitor connections, the input pin, and the anode of the catch
diode.

10.2 Layout Example

Feedback components away from the power
path and close to the IC
(to avoid noise coupling)

A
TP6 TPS

Placed Nearby

Supply Decoupling Capacitor

Switching components (D2, C2, C3, L1)
Minimize this loop area to reduce ringing

Figure 21. MC33063A-Q1 Layout Top Layer Example
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Layout Example (continued)
TP6 TPS
| J2
M
-
—55 &2 Q2
f R4 R5 i N
<
& U1 N 3 F
Ty
© |
[» | -~
D2 C2 C3 |
R7
\'-'7~IIL (1] ]
[7a]
RS
+ R1@ R11
. 8
> 1P3 P4
Figure 22. MC33063A-Q1 Layout Middle Layer Example
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Layout Example (continued)

Multiple vias connect the input and output to the ground plane

Large ground plane to reduce noise and
ground-loop errors

Figure 23. MC33063A-Q1 Layout Bottom Layer Example
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11 Device and Documentation Support

11.1 Trademarks
All trademarks are the property of their respective owners.

11.2 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y'\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.3 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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OTHER QUALIFIED VERSIONS OF MC33063A-Q1 :
o Catalog: MC33063A

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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MECHANICAL DATA
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NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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