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A Unique Converter Configuration
Provides Step-Up/Down Functions
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The use of switching reguimors in new portable equip- .
ment designs is becoming more pronounced over that L s
of linear regulators. This is primarily due to the need for e
reductions in size and weight which dictate an ever-in-
creasing demand for higher power conversion efficiency
from a battery pack. When designing at the  board level
it sometimes becomes necessary to generate a constant
output voltage that is less than that of the battery. The
step-down circuit shown in Figure 1A will perform this ELT i
function efficiently. However, as the battery discharges, -
its terminal voltage will eventually fall below the desired  +Vino-
output, and in order to utilize the remaining battery en- :
) ergy the step-up circuit shown in Figure 1B will be
{ required. B

~0 +Vout

(B) Step-Up Vot = Vip

Figure 1. Basic Switching Regulator Configurations

GENERAL APPLICATIONS
By combining circuits A and B a unigue step-up/down
configuration can be created {Figure 2) which still em-
ploys a simple inductor for the voltage transformation.
Energy is stored in the inductor during the time that tran-
sistors Q1 and Q2 are in the ‘on’ state. Upon turn-off, the
energy is transferred to the output filter capacitor and

load forward biasing diodes D1 and D2. Note that during +Vin o a1
ton this circuit is identical to the basic step-up, but during L_l_é
1off the output voltage is derived only from the inductor

and is with respect to ground instead of Vjp. This allows
the output voltage to be set to any value, thus it may be
less than, equal to, or greater than that of the input. Cur-
rent limit protection cannot be employed in the basic
step-up circuit. If the output is severely overloaded or y
shorted L or D2 may be destroyed since they form a direct Step-Up/Down Vgyt < = Vi
path from Vi t0 Vgyt. The step-up/down configuration

allows the control circuit to implement current limiting

because Q1 is now in series with Vg1, as is in the step- Figure 2. Combined Configuration
down circuit.
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Test Conditions o * " Results
Line Regulation Vin = 7510 145V, I5yr = 120 mA A=2mVorx0.11%
Load Regulation Vin = 126 V. lgyt = 10 to 120 mA A =3mVor = 0.015%
Qutput Ripple Vin = 126 V. lgyt = 120 mA 95 mVp.p
Short Circuit Current Vin=126V,R = 0.110) 1.54 A
Efficiency Vin = 7.5t0 145V, gyt = 120 mA 74%

Figure 3. Step-Up/Down Switching Reguilator Design Example

*HI: This itarn is markaed withthe letters *HI' toindicate that thase documents are includad for Historical Information onty, This document was developed at a Design
Centre strategically located throughout the global community and was originally writtan to support a local need. Whilst the basic concepts of this publication may
have broad giobal applicability, specific Motorola semiconductor parts may be referred to that are currently avaitable for limited distribution in a specific region
and may only be supported by the country of ongin of the document in which it is referenced. However, bafore attempting to design-in a device referenced, the
user should contact the local Motorola suppiier or sales office to confirm product availability and if application support is available,
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A complete step-up/down switching regulator design
example is shown in Figure 3. In order to implement 2
minimum component system, the Motorola MC34063
switching regulator subsystem was selected. This device
features an on-chip 1.5 A switch transistor that was used
to perform the function of Q2. This regulator was de-
signed to operate from a standard 12 V battery pack with
the following conditions:

Vin =75t 1435V Vout = 10V
fmin = 50 kHz lout = 120 mA
Vripple {p-p} = 1% Vout o 100 mVpp

The following design procedure is provided so that the
user can select proper component values for his specific
converter application.

1) Determine the ratio of switch conduction tgn versus
diode conduction toff time.

ton _ Vout + VFD1 + VFD2 _
toff  Vin{min) — VsatQ1 — VsatQ2
10 + 06 +06
75 - 08 - 08
= 1.9 o

2) The cycle time of the L-C network is equal to
ton (max) * off- . :
.
fmin
v
~ 50 x 103
20 us per cycle

ton {max) + toff =

3) Next calculate tgn and toff from the ratio of tgn/
toff in #1 and the sum of ton (max) + toff in #2.

t + 1t
toff = on {max} T loff
LT

taff

20 x 10-6
19 + 1

6.9 us
= 20 us — 6.9 us
13.1 us

-
Q
=3

|

4) The maximum on-time is set by selecting a value
for CT.

Cr

It

4x 10-% ton {max)
4x10-5{13.1x10-9)
524 pF

Use a standard 510 pF capacitor.
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8) The peak switch current is:

- ton )
Ipk(switch) = 2lout (tof‘f +1
2{120x 10-3) (1.9 + 1)
696 mA

B) A minimum value of inductance can now be cal-
culated since the maximum on-time and peak
switch current are known.

Loiny = (Vin{m@-vsatm_vsatoz) .
min = I _ on
pki{switch}
75 -08-038 ‘
= (_—_H-——) 13.1 x 10-6
696 x 10-3
R S 111 MH

A 120 uH inductor was selected for Limin).

7) A value for the current limit resistor, Rge, can be
‘determined by using the current limit level of
Ipk{switch) when Vin = 145 V.

Vin — Vsat01— VsatQ2

L{min)

(14.5 - 0.8 - 08

120 x 10-6
1.41 A .
. .033 -
I pk{switch)

_ 033

RS

0230

Use a standard 0.22 {} resistor.

I"pk(switch) = ( ) ton{max)

) 13.1 x 10-6

8) A minimum value for an ideal output filter capacitor
is:

t

lout
C —o t
° ( Vripple{p-p) ) on
( 120 x 10-3
100 x 10-3

15.7 uF

i

) 13.1 x 10-6

I
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Ideally this would satisfy the design goal, however,
aven a solid tantalum capacitor of this value will have a
typical ESR (equivalent series resistance) of 0.3 {) which
will contribute an additional 209 mV of ripple. Also there
is a ripple component due to the gain of the comparator
equal to:

(-Vf’—“‘) 15 x 10-3
VRef

10
1.25

12 mvV

The ripple components are not in phase, but can be
assumed to be for a conservative design. From the above
it becomes apparent that ESR is the dominant factor in
the selection of an output filter capacitor. A 330 uF with
an ESR of 0.12  was selected to satisfy this design ex-
ample by the following:

Tout \, _fNout .
Vripple{p-p) ~ (T:*) ton —(m) 1.5x 10-3

Vripple(p-p) =

) 15x10-3

ESR = —

Ipk(switch}

9) The nominal output voltage is programmed by the
R1, R2 resistor divider. e

[}

V .
R1 (_ﬂt— ~1) «
VRef -

10
m (525 )
= 7R1

If 1.3 k is chosen for R1, then R2 would be 9.1 k,
both being standard resistor values.

R2

10} Transistor Q1 is driven into saturation with a forced
gain of approximately 20 at an input voltage of 7.5
V. The required base drive is:

Ig = |Ek(s;vitch)
F

696 x 10-3
20

35 mA

The vatue for the base-emitter turn-off resistor Rgg
is determined by:

10 Bf
Ipk{switch)

___10{20)
= 7696 x 10-3

287 1

A standard 300 (I resistor was selected.

Ree =

The additional base current required due to RBE is:

VBEQ1
'RBE = “Rgg

0.8
300

= 3 mA

" The base drive resistor for Q1 is equal t0:
Vin{min) ~ Vsatidriver) ~ VRSC — VBEQ1
3 s + Inge
_ 75-08~0.15-08
(35 + 3) x 10-3
151 Q

=] RB:

A standard 150 Q resistor was used.

The circuit performance data shows excellent line and
load regulation. There is some loss in conversion effi-
ciency over the basic step-up ar step-down circuits due
to the added switch transistor and diode "on’ losses. How-
ever this unique converter demonstrates that with a sim-
ple inductor, a step-up/down converter with current lim-
iting can be constructed. For a more in depth analysis of
the MC34063 operation and the derivation of the above

" design equations, request Motorola Application Note

ANI20A.
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