@ MOTOROLA

Power Switching Regulators

The MCS4166 MC33166 series are high performance fixed frequency

power switching regulators that contain the primary functions required for
dc—to—dc converters. This series was specifically designed to be
incorporated in step-down and voltage—inverting configurations with a
minimum number of external components and can also be used cost
effectively in step—up applications.

These devices consist of an internal temperature compensated
reference, fixed frequency oscillator with on—chip timing components,
latching pulse width modulator for single pulse metering, high gain error
amplifier, and a high current output switch.

Protective features consist of cycle-by—cycle current Ilmltlng,
undervoltage lockout, and thermal shutdown. Also included is a low power
standby mode that reduces power supply current to 36 pA.

Output Switch Current in Excess of 3.0 A.
Fixed Frequency Oscillator (72 kHz) with-On—Chip Timing
Provides 5.05 V Output without External Resistor Divider
Precision 2% Reference

0% to 95% Output Duty Cycle

Cycle-by-Cycle Current Limiting

Undervoltage Lockout with Hysteresis

Internal Thermal Shutdown

Operation from 7.5 V10 40 V

Sténdby Mode Reduces Power Supply Current 1o 36
Economical 5-Lead TO-220 Package with T
Also Available in Surface Mount D2PAK Pagk

ional Leadforms

Thermal
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_This device contains 143 active transistors.

Order this document by MC34166/D

MC34166
MC33166

POWER SWITCHIN

TV SUFFIX
PLASTIC PACKAGE
CASE 314B

Heatsink surface connected to Pin 3.

T SUFFIX
PLASTIC PACKAGE
CASE 314D

1

5

Pin 1. Voltage Feedback Input
2. Switch Output
3. Ground
4. Input Voltage/Veo
5. Compensation/Standby

D2T SUFFIX
PLASTIC PACKAGE
CASE 936A
(D2PAK)

5

Heatsink surface (shown as terminal 6
in case outline drawing) is connected to Pin 3.

ORDERING INFORMATION

Operating
Device = |Temperature Range Package

MC33166D2T] _ Surface Mount
MC33166T Ta = — 40° to + 85°C Straight Lead
MC33166TH Horiz. Mount
MC33166TV Vertipal Mount
MC34166D2T| Surface Mount " |
MC34166T Ta=0°to+70°C Straight Lead
MC34166TH : ‘ Horiz. Mount
MC34166TV Vertical Mount
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S MC34166 MC33166
- MAXIMUM RATINGS ' ‘

» ) ‘ - .- - Rating .. | Symbol " Value Unit
o Power Supply Input Voltage s Vee _ 40 v
Switch Output Voltage Range | Vo(switch) |- —15t0+Vin Y N
Voltage Feedback and Compensation Input | VFB, YComp "—1.0t0+7.0 v -
- Voltage Range : . . :
|- Power Dissipation g . S S
Case 314A, 314Band 314D (Tp = +25°C) .- - Pp. Internally Limited w
Thermal Resistance, Junctlon—to—Amblent T OJA ‘ . 65 | CW | .
* Thermal Resistance, Junctlon—to—Case 1. .84c - 5.0 °C/W .
~ Case 936A (D2PAK) (Ta =+25°C) .. Pp Internally Limited | W
Thermal Resistance, Junctlon—to—Amblent © YA S 70 °C/W
. Thermal Resistance, Junction-to—Case . (e -+ 5O - | °C/W
Operating Junction Temperature Ty | - +150 B ®
Operating Ambient Temperature {Note 3) . TA o °C
MC34166 . 0to+70 )
. MC33166 ' : ’ - - - —=401to0+ 85
Storage Temperature Hange ' Tstg - 65t0 150 °C
. ELECTRICAL CHARACTERISTICS (VCC =12V, for typical values TA +25°C, for min/max ( s the operating ambient
temperature range that applles [Notes 2, 3], unless otherwise noted ) . .
' - Characteristic ' | Symbol - |4 Min | Typ | Max | ~ Unit |
OSCILLATOR S ‘ : '
Frequency (Vcc 75V to 40 V) = Ta=+25°C ~ fo 72 79 “kHz
TA=Tiowto Thigh =" |~ - 81 o
~ ERROR AMPLIFIER , :
| Voltage Feedback lnput Threshold - - Ta= +25°C 4,95 5.05 5.16 - v
: TA = Tiow 10 Thigh , 485 | - 5.2
: Lrne Regulation (Vcc 7.5V10 40V, Tp =+25°C) Regline - 0.03 - 0078 | %NV
Input Bias Current (VEB = VFB(th) +0.15V) B - 015 - 1.0 " pA .'
Power Supply Ftejectron Ratio (Voo =10 V1020V, i= 120 PSRR - | ..60 80 - dB
Output Voltage Swing . : i . o , A
ngh State (ISource = 75 l.l.A VFB 4.5 V) VOH 4.2 : 49 -
Low State (Igink = 0.4 mA, VEg = 5.5 V) VoL - 1.6 1.9
- PWM COMPARATOR ‘
Duty Cycle : . ) . %
*"Maximum (VEg = 0 V) DC(max) - /| 92 - 95 100 ‘
o Minimum (Vgomp = 1.9 V) DC{min) - o 0 0
. SWITCH OUTPUT -
| Output Voltage Source Saturati (Vec =75V, Isurce = 3.0A) . Vsat - Vce (Vce v
L o R ' e , -15) | -18)
Off-State Leakage. (Vg C v, Pin2 = Ghd) - A lsw(off) - - 0 100 | pA
Current ernt:l' : S | Ipk(switch) 33 43 60 | A
Switching Time c=40V, ka 30A L=375 p.H TA +25°C)' ‘ . R R o ns
, J Rise Time - L tr o= 100 200
" Ouf tage Fall Time . - P tf = 50 100
' OLTAGE LOCKOUT . s , . o
up Thréshold (Voo lncreasmg, TA = +25°C) . ‘ Vih(UVLO) 55" 59. . 6.3 vV
‘ Hysteresrs (Vog Decreasing, TA +25°C) o : | VHuvLO) 06 0.9 12 \Y
- TOTAL DEVICE o o ,
Power Supply Current (Tp = +25°C ) , _— o - lee - - , , s
Standby (Vcc =12V, Vgomp < 0.15 V) ‘ f . o - - .36 100 pA
- Operating (Vcc =40V, Pin 1 =Gnd for maximum duty cyclé) - = 31 55 mA
< NOTES: 1. Maximum package power dlssmatlon limits must be observed to prevent thermal shutdown activation. - o A
L 2. Low duty cycle pulse.techniques are used during test to maintain junction temperature as close to ambient as possible. )
3 T.,,w = 0°C forMC34166 . Th,gh = +70°C for MC34166 . -

= - 40°C for M033166 = +85°C for MC33166

' 'MOTOROLA ANALOG IC DEVICE DATA
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MC34166 MC33166

s Figure 1. Voltage Feedback Input Threshold ' Figure 2. Voltage Feedback Input Bias
=Y versus Temperature Current versus Temperature
3 525 100
2| ve [y ~ V| i} | VI N | |
[ = =5.15 j y
£ R 2 b\ Veg=t2v |
e L = NG VB = VFB(th)
S 500" — £ 6 N
é =" VEB(th) Typ=5.05V ; 3 T~
o (423
<<
8 501 f—t—" B 40
w VEB(th)Min =495V | 2
[©] - =
= 493 & 20
O E—
=
£ 485 0
r -55 -25 0 25 50 75 100 125 ~-55 -25 0 75 100 125
= Ta, AMBIENT TEMPERATURE (°C) ERATURE (°C)
Figure 3. Error Amp Open Loop Gain and igure’4. Error Amp Output Saturation
Phase versus Frequency versus Sink Current
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versus Compensation Voltage
100
£ L
Vgg=12V o Vec=12V
o & TA = +25°C r
5 A //
E o /
[a] / .
5
. ’ &
2 40
N % ;
=
2 s 2 /
o (7] Ve
g 8 Ve
O -2 . - 0
< -55 -25 0 25 50 75 100 125 1.5 20 25 3.0 35 4.0 45

TA, AMBIENT TEMPERATURE (°C) v Vcomp: COMPENSATION VOLTAGE (V)

MOTOROLA ANALOG IC DEVICE DATA : R ' 3


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

MC34166 MC33166

. .- Figure 7. Switch Output Source Saturation ' - Figure 8. Negaﬁ've Switch Output Voltage
s - versus Source Current ' ‘ versus Temperature
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MC34166 MC33166

Figure 13. MC34166 Representative Block Diagram
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. combination prevents multiple output pulses during

MC34166 MC33166

INTRODUCTION

; The MCS4166 MC33166 senes -are monollthlc power
‘switching regulators that are optlmrzed for de—to—dc converter
- ‘applications. These devices operate as. fixed frequency,
voltage mode regulators . containing all the active functions

~required to directly 1mplement step~down and :

. voltage—inverting -converters ‘with a minimum number of . .

. external components. They can also be used cost effectively,
in 'step—up. converter applications. Potential markets include

‘automotlve computer industrial, and cost sensitive-consumer
products. A description of each section of the device is given

below with the representatlve block dlagram shown in

Figure 13.

" Oscillator

The oscillator frequency is lnternally programmed to

72 kHz by capacitor CT and a trimmed current source. The
charge to discharge ratio is conirolled to.yield a 95%

,fmaxmum duty cycle at the Switch ‘Output. During the
- discharge of CT, the oscillator generates an internal blariking

" :pulse that holds the inverting input of the: AND gate high,

(disabling the output switch transistor. The nominal oscillator

;peak and valley thresholds are4.1V. and 23V respectrvely

Pulse Width Modulator _

.. The Pulse Width Modulator consists of a comparator with
“the oscillator ramp voltage applied to the. noninverting input,
- while the error amplifier output is applied into the inverting

" .input. Output switch conduction is initiated. when CT is .

.discharged to the oscillator valley voltage. As CT charges to
~a voltage that exceeds the error amplifier output, the latch
-resets, terminating output transistor - conduction. for the
‘duration of the oscillator ramp-up perlod This PWM/Latch

" " oscillator clock cycle. Figures 6 and 14 illustrate th
-.output duty cycle versus the compensation voltage

" “Current Sense -

The MC34166 series utlhzes cycl
limiting as a means of protecting the. outp
-from overstress.. Each on-cycle is:tre
" situation. Current limiting is-im

‘output’ switch transistor current buildup during conduiction, and
- upon sensing an overcurren n
the switch for the durati scillator ramp—up period.
. The collector -curre iconverted to a voltage by an
~iinternal trimmed re i compared agalnst a reference

e current

|gh gain Error Ampllfler is provrded W|th access to the

inverting input and output. This amplifier features a typical de

“ voltage. gain. of. 80 dB, and a .unity gain bandwidth of
. 600 kHz with 70 degrees of phase margin (Figure-3). The

v ' s nomnvertung input is biased to the internal 5.05 V reference .
. :and is not pinned out. -The reference has an accuracy of

-+ 2.0% at room temperature. To provide 5.0 V at the load, the

~ reference i is programmed 50 mV above 5.0 V to compensate

. for a:1.0% voltage drop in the cable and connector from the

E stability. A simple low—pass filter is formed by co

“ and a series resistor-capacitor (RF, Cg) betwee

.. stability over the tested operating ¢

.. simplest way to optimi

final circuit she

ch transistor -
as a separate :
ed by monitoring the

immediately turning off

: converter output If the converter. de5|gn requires an output

voitage greater than 5.05'V, resistor R4y must be added to

“ ‘form adivider network at the feedback input as shown in
_ Figures 13 and 18. The equation for determining the output

voltage with the divider network is:

o ' (R
'Vout.= 5.05 (ﬁ?’“) :

"External loop compensation is required for con |

resistor (Ro) from the regulated output to the inyer

5. The compensation network compone
each. of the applications circuits: were
he step—-down
»{o compensate for
and voltage—inverting
&.as continuous conduction
e difficult to compensate. The
compensation network is to
output voltage to a step load
RF and CF for critical damping. The
erified for stability under four boundary
 conditions are minimum and maximum
h minimum and maximum loads.

converter (Figure 18) is the eas
stability. The step-up (Fig
(Figure 22)-configurations op
flyback converters, and are

observe the response
change, while a

5) %o less than 150 mV, the internal circuitry will be
into a low power standby mode, reducing the power
ply current to 36 A with a 12 V supply voltage. Figure 10
strates the standby supply current versus supply voltage.
The Error Amplifier output has a 100 pA current source

. 'puII—up that can be used to implement soft—start. Figure 17
“shows the current source charging capacitor Cgg through a

series diode. The diode disconnects Cgg from the feedback
loop when the 1.0 M resistor charges it above the operating

- range of Pin 5.

lSwﬂch Output
The output transistor is designed to switch a maximum of

40V, with a minimum peak collector current of 3.3 A. When

conflgured for. step—down or voltage—inverting applications,
as-in Figures. 18 and 22, the inductor will forward bias the

- output rectifier when the switch turns off. Rectifiers with a

mp?ng the voltage on the error amplifier output

high forward voltage drop or long turn—on delay time should

not be used. If the emitter is allowed to go sufficiently
negative, collector current will flow, causing additional device
heating and reduced conversion efficiency. Figure 8 shows

* . that by clamping the emitter to 0.5 V, the collector current will
- be in the range of 100 pA over temperature. A 1N5822 or
- equivalent Schottky barrier rectlfler is recommended to fulfill
" these requirements.

" Undervoltage Lockout

An Undervoltage Lockout comparator has been
incorporated to guarantee that the integrated circuit is fully
functional before the output stage is enabled. The internal

.. 5,05 V. reference is monitored by thecomparator which

enables the output stage when Vo exceeds 5.9 V. To |

" prevent erratic output switching.as the threshold is crossed, -
+. 0.9V of hysteresrs is provided.

"MOTOROLA ANALOG IC DEVICE DATA
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MC34166 MC33166

Thermal Protection

Internal Thermal Shutdown circuitry is provided to protect
the integrated circuit in the event that the maximum junction
temperature is exceeded. When activated, typically at 170°C,
the latch is forced into a ‘reset’ state, disabling the output
switch. This feature is provided to prevent catastrophic failures

DESIGN CONSIDERATIONS

Do not attempt to construct a converter on wire-wrap
or plug-in prototype boards. Special care should be taken

‘o separate ground paths from signal currents and ground

paths from load currents. All high current loops should be
kept as short as possible using heavy copper runs to
minimize ringing and radiated EMI. For best operation, a tight

Figure 15. Low Power Standby Circuit

Compensation & 5

JL

| = Standby Mode =

from accidental device overheating. It is not intended to be
used as a substitute for proper heatsinking. The MC34166
is contained in a 5-lead TO-220 type package. The tab of the
package is common with the center pin (Pin 3) and is normally
connected to ground.

component layout is recommended. Capac
all feedback components should be placed
as physically possible. It is also imp
diode connected to the Switch Outpy
the IC as possible. )

4, CO, and
e tothe IC
t the Schottky
gcated as close to

Vshutdown = Vzener + 0.7

Figure 17. Soft-Start Circuit

1.0M T Ces

Erkor
Amp ; t |

| 1
N
— AN

{Soft-Start = 35,000 Cgg
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Figure 18. Stép—Down Converter
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Oscillator . [—

Thermal

Vo
5.05V/3.0A

Test Conditions _Results

5.0 mV = £0.05% o .

25At03.0A | 20mV=10.02%

Line Regulation

" Load Regulation - e

Output Ripple 10mVpp
Short Circuit Current V,RL=01Q 43A
Efficiency -12V,10=3.0A | 828%

al Magnetics Technology GMT-0223, 42 tums of #16 AWG on. -
pre. Heatsink = AAVID Engineering Inc. 59038, or 5930B.

L =Coilcraft M1496—,
Magnetics Inc. 5

n Figure 18. The output switch transistor Q4:interrupts the input voltage, generating a squarewave at the LCq filter
ducing a dc output voltage that can be set to any level between Vi, and Vet by controlling the percent conduction
time. If the converter design requires an output voltage greater than 5.05 V, resistor R4 must be added to form-a divider

_The.Step—-Down Converter applicati

" input. The filter averages the squar

< time of Q1 fo that of the total oscillat
" network at the feedback inpu :

Figure 19, Step-Down cbnvertér Printed Circuit Board and Component Layout
. 7 . - L | ) ’ C
3.0 - —

R

Z =
o ]
(/] y .
‘o | & a
g b 8
- .
i o
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o ‘(BqttomView) o S . N A ) (Top View)
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Figure 20. Step-Up/Down Converter

Vin
12V
S
: + ILIMIT
go ——— :
in
| t Oscillator ; 330
| : s
| l Q Dy
- 1N5822
| R
| PWM | ° i
| UVLO | =
| % I
| L | Dy
: Thermal il I 1h4148
| Reference I
| |
| |
| | ‘
| Vo
| Co 28V/0.6 A
I 1000
L =

Ry
15k

Test Results
28mV=x041%

3.0 mV =+£0.005%

Line Regulation

Load Reguiation

Output Ripple 100 mVpp
Short Circuit Current 12V,RL=0.1Q : 40A
Efficiency 82.8%

L = Coilcraft M14
Magnetics Inc.,
Heatsink = AAVID |
: 6: 59038, or 5830B

3055EL: 5925B ‘
e configured as a step—up/down converter with the addition of an external power MOSFET. Energy is stored in the
inductor during the on~timer rs Q4 and Qp. During the ofi-time, the energy is transferred, with respect to ground, to the output filter capacitor and load.
This circuit configuration:has gnificant advantages over the basic step-up converter circuit. The first advantage is that output short—circuit protection is
provided by the MC3: ince Qq is directly in series with Vi and the load. Second, the output voltage can be programmed to be less than Vi, Notice that during
the off-time, the in Ward biases diodes D1 and Dy, fransferring its energy with respect to ground rather than with respect to Vip,. When operating with Vi,
greater than 20 ) otection network is required for the MOSFET. The network consists of components Rg, D3, and D4

Figure 20 shows that the MC;

Flgure 21. Step—UpIDown Converter Printed Circuit Board and Component Layout

3457 — >
.-

197

M) mc34166 STEP-UP/DOWN
ee 21Eb

@) Wesviee:

(Bottom View) ‘ ’ : (Top View)
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Figure 22. Voltage-Inverting Converter

_L' | ’ Oscillator : ‘
I - »

PWM L
: 190 pH

Dy
: ) 1N5822
Thermal -

Reference

|
|

‘}

= |
|

|

|

[

[

Vo
-12VA.0A
Lo

r'_______________.f____

Resuits
3.0mV =1+0.01%
4.0mV=+0.017%

Test : Conditions

Line Regulation

Load Regulation

“Output Ripple 80 mVpp
. Short Circuit Current 374 A
Efficiency - =12V, Ip=1.0A’ 81 2%

Magnetics Technology GMT—0223, 42 turns.of #16 AWG on’
re. Heatsink = AAVID Engineering Inc. 5903B, or 5930B.

standard voltage-inverting converter with the MC34166. First, the Switch Output emiitter is limited to —1.5 V with
Amplifier's noninverting input is internally committed to the reference and is not pinned out. Both of these problems -
to the converter’s negative output as shown in Figure 22: This keeps the emitter of Q¢ positive with respect to the

the Error Amplifier inputs. Note that the voltage drop across R is equal to 5.05 'V when.the output is in regulation.

L = Coilcraft M1496— G
Magnetics Inc. 58

Two potential problems arise when desi
respect to the ground pin and secon
. are resolved by connecting the IC gr
-ground pin and has the effect of revers

 23. Voltage—anerting Converter Printéd Circuit Board and Component Layout
- 30" ——» : '

N ; ;
gl o
E 2
1 =1
o N -
© > mm
- <3
g-'- & ‘\
S| 2 o
Eg s
= 3
ol 5
> g
@ I )
(BotomViewy s T (TopView) ,
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Figure 24, Triple Output Converter

Vin
24V
A i' ________________________
w |3
I @
| t Oscillator [ 5
|
Tl ¢
| ' R
. I PWM
| 03
| 000 -12VA00 mA
| =L
| Thermal T
L Vo
I Reference UR110 I+1°°° 12 V/300 mA
|
|
| Vor
l 5.05V/2.0 A
|
R
, 5
Tests Results
5.0V | Vin=15V1030 Wloi =2.0 A, g2 =300 mA, Igz =100 mA 4.0 mV =+0.04%

. Line Regulation

12V 450 mV = +1.9%
12V 350 mV = £1.5%
Load Regulation 50V | Vi 500 mA to 2.0 A, Ig2 =300 mA, Ipg = 100 mA 20mV =+0.02%
12V |V 2.0A, ig2 =100 mA to 300 mA, Igz = 100 mA 420 mV = +1.7%
-12V V., lp1=2.0A, gz =300 mA, loz =30 mA o 100 mA 310 mV =£1.3%
Output Ripple V,lo1=2.0A,lp2 =300 mA, I3 =100 mA 50 mVpp
25 mv
pp
10 mVpp
Short Circuit Current Vin=24V,RL=0.1Q 43 A
1.83A
_ 147 A
Efficiency Vin=24V, g1 =2.0A,lp2 =300 mA, Ing =100 mA 83.3%
T1 =Primary;

Secon

-Hea

# TURNS(SEC) =

M1496-A or General Magnetics Technology GMT—0223 42 turns of #16 AWG on Magnetics Inc. 58350-A2 core.
loo — 65 tums of #26 AWG - )

Vo3 — 96 tums of #28 AWG

\VID Engineering Inc. 5903B, or 5930B.

iliary outputs can easily be derived by winding secondaries on the main output inductor to form a transformer. The secondaries must be connected so that
rgy is deliveredto the auxiliary outputs when the Switch Qutputtumns off. During the OFF time, the voltage across the primary winding is regulated by the feedback
ielding a constant Volts/Tum ratio. The number of tums for any given secondary voltage can be calculated by the following equation: '

VO(SEC) + VF(SEC)

VO(PRI) + VF(PRI)\
#TURNS(PRI)

Note thatthe 12V windingis stacked on top of the 5.0 V output. This reduces 1he number of secondary tums andimproveslead regulatlon Forbestauxiliary regulatlon,
the auxiliary outputs should be less than 33% of the total output power.

MOTOROLA ANALOG IC DEVICE DATA
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Figure..2'5. Negative Input/Positive Output Regulator
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¥ 1 h
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|
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_______ -
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o

y when Vi, is greater than 20 V.

Test

Results

Line Regulation

250 mV =+ 0.35%

Load Regulation

" Vin=-12V, I = 0.025.

790 mV =11.19%

Output Ripple

80 mVpp

Efficiency

- 79.2%

L = Coilcraft M1496-A or ELMACO CHK

Heatsink = AAVID Engineering Inc. 580
‘Figure 26. Variabl

50k
¢ Faster

Test

- Conditions

- Results

Low Speed Line Regulation “Vin=12Vto24V 1760 RPM +1% .
High Speed Line Regulation | Vin=12V1024V | 3260 RPM 6%
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Figure 27. Off-Line Preconverter

™

0.001

MBR20100CT

The MC34166 can be used cost effectively in off-lin

method for converting the AC line voltage down fo
provides output isolation from the AC line and.j
characteristics of To. Multiple MC34166 p

= ‘tILZZO.

MJE13005

MBR20100CT

33

1N4003

T4 = Core and Bobbin — Coilcraft PT3595
Primary — 104 fums #26 AWG"

Base Drive - 3 tums #26 AWG
Secondaries — 16 tums #16 AWG

Rg.ja: THERMAL RESISTANCE

”

* . Total Gap - 0.002"

i e
1t
=)
<

MBR20100CT

MC34166
Step-Down
Converter

MC34166
Step-Down
Converter

0

g

+
0

3

s ) o
I—-T;—J 10005

0.001

T

MC34166
Step-Down
Converter

g

+
0

§

To=Core-TDKT6 x 1.5 x 3H5C2
14 tums center tapped #30 AWG

Heatsink = AAVID Engineering Inc.
MC34166 and MJE13005 — 5903B
MBR20100CT - 59258

80 T 1 1
PD(max) for Ta = +50°C

= 70 Free Air : -
S T\\\ Mounted /4/
T g  Verticall P 2.0 0z Copper
< L~ | fe—
|'o— \\
5 50 >,</ L Minimum —f
5 / P NGy Size Pad L
= < ]
=) g/ P

_ HTJA —

30

0 5.0 10 15 20 25 30

"L, LENGTH OF COPPER {mm)

Figure 28. D2PAK Thermal Resistance and Maximum
Power Dissipation versus P.C.B. Copper Length

3.5

30
25
12,0

H15

1.0

Pp MAXIMUM POWER DISSIPATION (W)

utput 1

utput 2

utput 3

tions even though it is limited to a maximum input voltage of 40 V. Figure 27 shows a simple and efficient

preconverter has a total power rating of 125 W with-a conversion efficiency of 90%. Transformer T4
 Between each of the secondaries. The circuit self-oscillates at 50 kHz and is controlied by the saturation
rs can be used to provide accurate independently regulated outputs for a distributed power system.
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©  NOTES: 1. Vgt~ Switch Output source saturation voltage; refer to Figure 7.

B - MC34166 MC33166
‘Table_1.Design Equations -

~Caleulation : Step-Down ) . " - Step-Up/Down Voltage-Inverting
A Vout + VE : Vout + VF1 + VFp . Voutl + VE
(Notes1,2) © | Vin — Vsat = Vout ~ Vin= VsatQ1 - VsatQz Vin — Vsat
Cln | . lon
”1 . toff T Toff
fose{-20 + 1) fon , 4
5] | wf=
Duty Cycle . : . ) E
V(N)!)teys) , tqn‘fosc_ S . ton fosc
ILavg - v o lout » |out(En + 1)
Ipk(sWItCh) ‘ . IL avg + TL ) 'R avg + TL
o | {Vin— Veat - V Vin — VsatQ1 — VsatQ2
L in — Vsat out) in — VsatQ sa )
: ( AL ton ) “AIL - fon
Vripple(op) | AlL ) —1—)2 + (ESR)2 ,(m + 1) ( 1 ')2 + (ESR)2 ) ( 1 )2 + (ESR)2
8foscCo/ toff foscCo : foscCo
: : o : o e :
Vout Vref(h—f + 1) C ’ Vref(‘Fﬁ + 1) Vref(H—f + 1)

2. Vg~ Output rectifier forward voltage drop. Typical value for 1N5822 Séhottky barrier re

~ 3.Duty cycle is calculated at the minimum operating input voltage and must not exceed th %ara‘nteed minimum DC(max) specification of 0.92.

- The following converter characteristics must be chosen
Vout — Desired output voltage.
lout — Desired output current.

Alp_— Desired peak-to~peak inductor npple current For maximum ou

that Al|_ be chosen to be less than 10% of the average induct

minimum current limit threshold of 3.3 A. If thé design i

reduce the converter's output current capablllty

Vnpple(pp) ~ Desired peak-to—peak output ripple voltage. For be S

should be alow equnvalent series resnstance (

t especially when the duty cycle is greater than 0. 5, itis suggestéd
rrent i ayg- This will help prevent 'pk(swnch) from reaching the guaranteed
se & minimum inductance value, let Al|_=2 (I avg)- This will proportionally

inance, the npple voltage should be kept to less than 2% of Vout Capacitor Cp
rolytic designed for swﬂchlng regulator applications.
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MC34166 MC33166

OUTLINE DIMENSIONS
TH SUFFIX
PLASTIC PACKAGE
CASE 314A-03
: | SEATING NOTES:
: PLANE 1. DIMENSIONING AND TOLERANCING PER ANS!
- Y14.5M, 1982
- B —» —» Cle— 2. CONTROLLING DIMENSION: INCH.
) © 3. DIMENSION D DOES NOT INCLUDE
ga : C E—>] fe INTERCONNECT BAR (DAMBAR) PROTRUS|
OPTIONAL & DIMENSION D INCLUDING PROTRUSION
\C) ‘T CHAMFER L NOT EXCEED 0.043 (1,092) MAXIMUM
T : T INCHES
U ‘ A T ] DIM[ MIN | MAX
i . L F A | 0572 { 0613
K B | 0.390 541
12845] { g 0.170 33;:
! E 1.397
) F 14.859
G‘ . G 1.702 BSC
‘ L 0381 | 0635
. JspL 18.542 {18923
— § 8.128 | 9071
DseL _ . 3566 | 3.886
: 0.014 (0.356)M|T| P 5334 | 6.604
Iq}l ( )®| I @l 11.888 [12.897

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI

~ Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH,

3. DIMENSION D DOES NOT INCLUDE
INTERCONNEGT BAR (DAMBAR) PROTRUSION,
DIMENSION D INCLUDING PROTRUSION SHALL

1. NOT EXCEED 0.043 (1.092) MAXIMUM,

o : OPTIONAL
' CHAMFER

INCHES | MILLIMETERS |
MIN | MAX MIN MAX
0.572 | 0.613 | 14.529 | 15570
0390 | 0415 | 9.906 | 10.541
0170 | 0.180 | 4.318 | 4.572
0.025 | 0.038 | 0.635 | 0.965
0.048 | 0.055 | 1.219 | 1.397
0.850 | 0.935.| 21.590 | 23.749 | .

0.067 BSC 1.702 BSC

0.166 BSC 4.216 BSC
0015 | 0.025 | 0381 | 0.635

->1<——WV

© JspL—> 0900 | 1.100 | 22,860 | 27.940
0320 | 0365 | 8128 ] 9.om
$lo2s 0610 @{T] 0320850 | 8.12885C

0.140 | 0,153 | 3.556 | 3.886

_ - los20| - |15748
0468 | 0,505 | 11.888 | 12.827
—T | SEATNG . 0735 | - | 18668

§<=mczrx=.::m-nmuom>]§

PLANE =
. 0090 | 0110 | 2.286 | 2794

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability. arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidenial damages. “Typical” parameters which may be provided in Motorola
datasheets and/or specifications can and dovary in differentapplicalions and actual performance mayvary overtime. All operating parameters, including“Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applicationsintended to support or sustain life, or for any other application in which the fallure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola

- and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attomey fees

arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that

Motorola was negligent regarding the design or manufaciure of the part. Motorola and @ are registered trademarks of Motorola, inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer. ’ : .
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MC34166 MC33166
OUTLINE DlMENSlONS

e C |—
E— [e—

]

D5PL_»l la— H—> je—

l»eb! 0356(0 o14)® [7] o@ |

T SUFFIX
PLASTIC PACKAGE
CASE 314D-03

SEATING
=T | pLang

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
o Y14.5M, 1982,
2, CONTROLLING DIMENSION: INCH.
.. 3. DIMENSION D DOES NOT INCLUDE
INTERCONNECT BAR (DAMBAR) PROTRUSION.
" DIMENSION D INCLUDING PROTRUSION SHALL
- NOT EXCEED 10.92 (0.043) MAXIMUM.

INCHES MILLIMETERS |
MIN | MAX | MIN ] MAX
.0.672 | 0.613 |14.529
0.390 | 0.415 | 9.906
0170 | 0.180 | 4.318
0.025 | 0.038
0.048 | 0.055
~_0.067 BSC
0.087
0.015
1.020

mcor—xh::omuom:-l

'D2T SUFFIX

: NOTES:
TERMINAL 6 1 DIMENSIONING AND TOLERANGING PER ANSI

Y14.5M, 1982.
* u > 2 CONTROLLING DIMENSION: INCH.
- 3.TAB CONTOUR OPTIONAL WITHIN DIMENSIONS

"AANDK.
4 DIMENSIONS U AND V ESTABLISH A MINIMUM
MOUNTING SURFACE FOR TERMINAL 6.
5 DIMENSIONS A AND B DO NOT INCLUDE MOLD
. FLASH OR GATE PROTRUSIONS. MOLD FLASH
. AND GATE PROTRUSIONS NOT TO EXCEED
0.025 (0.535) MAXIMUM.

INCHES MILLIMETERS
MIN | MAX | MIN | MAX
0.385 | 0403 | 9.804 [10.936
0356 | 0.368 | 9.042 | 9.347
0.170 | 0180 | 4.918 | 4.572
0026 | 0035 | 0.660 | 0.914
0.045 | 0,055 | 1.143 | 1397
0.067 BSC 1,702 BSC
0539 [ 0570 [13.691 [14.707
0.050 REF 1.270 REF
0000 [ 0.010 | 0.000 [ 0.354
0088 | 0.102 | 2.935 | 2501 |
0018 | 0.0% | 0.457 | 0.660
0.058 | 0.078 | 1473 | 1.981
5°REF 5°REF

0.116 REF 2.945 REF
0.200 MIN 5.080 MIN

0.250 MIN 6.350 MIN

<=w:n-uz'=:-z:mmaom>|

How to reach us: : )
“USA/EUROPE/ Locations Not Listed: Motorola Literature Dlstnbutlon, :
P O Box 5405 Denver, Colorado 80217 303—675—2140 or 1—800—441—2447

S ‘Mfaxﬂ'I RMFAXD@emall sps.mot.com — — TOUCHTONE 502—244-6509

. —US &Canada ONLY 1—800—774—1 848
Y-INTERNET http //www mot com/SPS/ o

Mfax is a trademark of Motorola Inc. -

JAPAN: Nlppon Motorola Lid.; Tatsuml—SPD—JLDC 6F Senbu—Butsuryu—Center,‘

" 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 81-3-3521-8315

"ASIAIPACIFIC Motorola Semlconductors HK. Ltd,; 8B Tai Ping Industrial Park, .

51 Tng Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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