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SWITCHING
POWER
SUPPLIES

3 TERMINAL REGULAI-ORS PRELIMINARY

16%® -

g b.)
12 |rj (1 o
3T12AP
37T MODULES STANDARD FEATURES
The three-terminal 20kHz optimize performance and cost * +DC Input (3T12AP
switching regulators are System design using a 3T and 3T5AN)

flexible, inexpensive, efficient
design modules providing a
single adjustable regulated out-
put from a raw positive DC
source. The 3T12AP will provide
a regulated output of +4.5Vto
+ 30V rated at 12A. It requires
an input voltage higher than the
output voltage. The 3TS5AN will
provide a regulated output of

— 4.5V 1o — 30V rated at 5A
This module will provide an out-
put higher or lower in magnitude
than the input

The 3T modules are complete,
functlional blocks; no complex
eleclronic circuilry i1s necessary
to make them operate. The three
major subsections—transistor
switch, magnetics, and feed-
back loop—have been carefully
engineered as a system to

ADVANTAGES OF BUYING VS.
BUILDING A SWITCHER

* Lower design risk

¢ Lower stock inventory
* UL recognition pending
* Shorter design cycle.

switching module is as straight-
forward as a simple linear
design. Eighty-five percent typi-
cal efficiency is an added
advantage of the switcher which
helps reduce transformer and
heat sink requirements over an
equivalent linear regulator. Also,
unlike a linear, efficiency is
essentlially independent of input
voltage. Hence, output current
need not be derated with
increasing input voltage

The 3T modules can be used by
both OEM and hobbyist for
medical, distributed power, and
battery-backup applications
They are more economical than
linear supplies when entire
systems are compared.

¢ +DC OQutput (3T12AP)

» — DC Output (3TS5AN)

® 20kHz Switching Frequency

* 85% Typical Efficiency

* Overload Protection

e Short Circuit Protection

* Low Power Dissipation

* Adjustable Output Voltage

» Adjustable Current Limit

* No External Components
Needed

«

ADVANTAGES OF BOSCHERT 3T MODULE OVER
EQUIVALENT LINEAR MODULE IN A POWER SUPPLY SYSTEM

* Smaller 60Hz transformer
needed.

* No need for multiple trans-
former taps for multiple
outputs.

* No peripheral components
such as inductors or pass
transistors.

* Lighter weight.

® | ess heat.

* Smaller size.

» Smaller rectifier diodes and
input caps needed with higher
bus voltage

* Wider practical input voltage
range.

Scan: Roland Huisman. Technischmuseum.nl




ELECTRICAL CHARACTERISTICS

PARAMETER TMODEL  CONDITIONS ~ TYPICAL VALUES
Line Regulalion B Vout gotn 0.12% /Volt
( Vaut ’ﬂ\f"\)
Load Regulation , 8Vout, 3T12AP V. <15 Volts 0 16%/Amp
(Vo 1 210w) V.. =15 Volts 0 08%/Amp
3T5AN V.. <15 Volts 0.30%/Amp
V.. == 15 Volts 0.15%/Amp
Temperature 2 hVout - Both +3mvIC®
Coefticient Vot In c )
Output Voltage 3T12AP +10VE V,, = +40V +4.5V 10 + 30V
Adjustment Range Vin 2 Vou+3V
3T5AN +10V <V, = +40V —45Vio - 30V
Minimum Input-Output 3T12AP + 3 Volts
Differential 3T5AN see "'Minimum Required
Input Voltage'™ graph
Maximum Average 3T12AP 12A
Output Current 3T5AN 5A
Current Limit Range 3T12AP 0 to 20 Amps
> 3T5AN 0 to 10 Amps
Current Limit Change 3T12AP 170 mA/Volt
with Input Voltage (nlnml 3T5AN BO mA/Volt
lnput ‘Voltage Range ~ Both +10 Volts to + 40 Volts
Noise and Ripple 3T12AP lou = 12A, Vou < 10V, Total PARD 380mV P-P
(PARD) PARD < 10kHz 100mV P-P
Ve = 10V, Total PARD 450mV P-P
PARD < 10kHz 190mV P-P
3T5AN lou = 5A, Ve < 10V, Total PARD 550mV P-P
PARD < 10kHz 100mV P-P
V.. 210V, Total PARD 900mV P-P
PARD <= 10kHz 170mV P-P
Efficiency (Puull ) 3T12AP V.4 <10 Volts 80%
Pin Voa 210 Volts 95%
3T5AN Vou <10 Volts 75%
Vo =10 Volts 82%
Noise Rejection Both 0-500H2 Tl —40dB
L B 500Hz-10kHz —20dB
Quuescent Curranl ~ Both 37mA

lo=0




TYPICAL CURVES

3T12AP

Output Change with Load
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% 0.750
052
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BOTHTYPES
3T12AP Transient Response
Vie= +20V
+5.2v
+5.0v
48V
12A
2A 4
msiON.
3T12AP Transient Response
1 Vin= + 40V
+18.3V
Eg +150V
+14.7V
Sg 124
£ 1
2mSI0V
3T5AN Transient Response
Vip = +20V

o R
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2m5i DIV
3T5AN Minimum Required
Input Voltage
1 OUTPUT CURRENT —
§ +20V 4 ﬁ
3‘ +18V 3 g:
/ 1A
f v /

P —y—
0 -5V -10V - 15V-20V -25V - 30V
OQUTPUT VOLTAGE

3T12AP and 3T5AN Noise Rejection
0B
- 20dB

~40aB

0 1Mz 10Hz 100Hz 1kHz 10kHz




GENERAL SPECIFICATIONS

Parameter
Shock and
Vibration

Conditions

The power supply shall withstand withou! degreda-
tion any reasonable shock and vibration found

in the normal course of storage and operation,

when properly packaged, handied, and installed.

This includes transportation by a commercial

carrier and operation in a non-mobile mainframe.
Operating Ambient
(see Thermal Characteristics curve)

Temperature
Range

Storage Ambient
Semiconductor case never-exceed limit

Relative Humidity

“Non-condensing

Limits

0°Cto +70°C

5% to 80%

—-20°Cto +85°C
110°C

Range : )

Altitude Operating e T T G i A

T NonOperating =, 30,000 ft. max (9144 m;

Mean Time Calculated according to MIL-HDBK-2178B 35,000 hr. min

Between

Fallure

Weight 3T12AP 4 RS 7 0z (0.21kg) DI
3T5AN 90z (0.25 kg)

THERMAL INFORMATION

Proper cooling of the 3T modules is
imperative. With the proper heat
sink, they can be run at full current
at 70°C ambient. The amount of
heat sinking needed can be
calculated using Eq. 1 shown in the
next column.

First, determine the power to be
dissipated by using the graphs to
the right and your operating
conditions

Second, calculate the maximum
thermal resistance of the heat sink
(6s4) using Eq. 3 and the given
values for Tgmaxnand 8ss. Some
representative thermal resistances
are given below 1o give an approxi-
mation of the service area involved.
32° CIW
25° CIW
1.8° CIw

The above figures are for natural
convective air flow, with the flat
plate heat sink in a horizontal plane.
Decrease thermal resistance by
10% lor operation in a vertical
plane. Also, thermal resistance
decreases dramatically if there is
any forced air moving over the sink

EXAMPLE
Given: Vi = + 30V
Vour = + 5V (3T12AP)
lou = 1
Taimax= 50°C
Find: The maximum thermal
resistance of a heat sink, and select
a suitable sink.

Relerring to the dissipation
curves to the right, interpoiation
yields about 20 watts dissipated by
a 3T12AP running at the given
conditions. This value is substituted
into Eq. 3 to find the maximum
thermal resistance

Bare Aluminum, 4" x 4" x1/8"
Bare Aluminum, 5 x5" x 1/8"
Bare Aluminum, 9" x9"x 1/8"

85°C-50°
Bsa = 20W
Bsa =1.45°CIW

Heal sink thermal resistance is
usually listed in a manufacturer's
catalog. Using Thermalloy, for
example, extrusion No. 6175 has
6=1.9°C/W for a 3" length. To a first
approximation, thermal resistance
is inversely proportional to heat sink
length:

3 (1.9°CIW) = x* (1.45°CIW)
x=4"

- 0.3°CIwW

A 4" length of Thermalloy extrusion
No. 6175 should keep the brackel
temperature below 85°C in a 50°C
ambient environment when
dissipating 20 wallts.

BRACKET —
3T MODLE \
HEAT SNk
THERMAL GREASE
=031 inJ
Ta Bas Ts B T
relrEAATIRE B P

Eq1: Teimax)= Tamax; + Paisslfas + Bsa)
or

EQ2 8sa = Tomax) — Taimax) _ Has
Pms:.
For the 3T series
Taimax) = 85°C (This allows semi-
conduclor case temperatures 1o meet
but not exceed 110°C)

Bas=0.3°CIW

(This assumes the use of a
%ood thermal grease, such as
ow Corning #340)

Eq3: Bsas

85°C —Tamax) _ g 3°C/W
Pdlss

3T12AP Dissipation low=12A

3ow
28W
20W
15w
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3T12AP Dissipation lou=6A

DISSIPATED POWER

g1t

Vou = + 30V
Vou= + 15V

Vo= +5V
1
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3TSAN Dissipation loui=5A
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TYPICAL APPLICATIONS

Typical Connection Battery Charger

24VAC @ 20A 100PIV 20A 3T12AP 3T5AN | ! DF
v 4 +45V10430V  —45V10-30V a0y - 4oV 3T12AP bl
3TSAN 0-12A 0-5A - 3

*. 2

115 VAC 22004F
" [—' =

Set Vourno load to 13.8V for floal charg-

Higher input voltages lo the 3T module will reduce stress on the rectifier diodes, ing a 12V lead acid battery, or 10 14 4
input capacitor and 3T module for a fast charge. lim Sels max charge
current

5100 Buss Suppl
oy Supply with High Isolation

45V —12v +5V +24V
+35VDC £ 14% AT12AP—bo | 3TSAN }—o  |3Ti2AP|—o | 3T12AP —o

Sl R R b s

Minimizes IR drops, provides excellent local regulation, accepts wide inpul voltage +16VDC
range, including brownout 3T2AP © +5 @ 12A

Battery Backup Supply ‘t o

o 7905 o -5V @ 1A
3% ] T o +24V ] *
- +24V 3T5AN —12v @ 4A
T | ATEAN 3T12AP p—0 +5V |

»—{ ; ] © +18V
A < t,[
15 VAC. LM— 122 2200uF | IT12AP —o +8V
80~ < ‘l‘
e ﬁ g * l t
Bl
1 ﬁK% Tw
© ~18V R ' :
60Hz transformer provides low ground
leakage current, high isolation—can
High Voltage Power Distribution conform to UL544 leakage spec.
e I i, I S L 1 """ SInﬂle Ingut Voltage—
Multiple Outputs

7812 and 7905 are commercially avail-
l N e able three terminal I.C. regulator cir-
cuits
OVERVOLTAGE PROTECTION
Overvoltage protection circuits are Overvoltage Protection Circuit Overvoltage Protection Circuit
recommended to protect the user’s for 3T12A for 3T5AN
load from overvoltages caused by
supply failure. Although the chance 154 108,
of failure is remote, an overvollage o B 3T12AP 1 o o—m—fm:i——.—-—-—e
would cause the zener lo conduct,
firing the SCR, which would blow the p/& SscRY “é +1 01
input fuse. The zener vollage should p 100V
be 10% to 20% higher than the
intended operating voltage The a7
SCR should be rated for 50V, 15A DY/ S8R
and 10W
=

V(D) should be 5% to 10% higher than V(D) should be 5% to 10% higher than
the max outpul voltage the max output voltage.




HOW DOES IT WORK?

QJuL

>—

+ Voul

POSITIVE 3T OUTPUT STAGE

+Vin © AAA,
1
SETS é : : o LATCH
GONTROLLER -
Vot Voul RESET (R-8 FLIP FLOP)
# seT
>
2 SETS
9 lout 20kHz
' OSCILLATOR

A cycle starts when the 20kHz
oscillator provides a pulse 1o the
“set’’ terminal of the latch. The
latch turns on Q and current begins
to ramp up in the inductor L. The
controller monitors the output
voltage rise. When it reaches a level
sel by the voltage adjust pot, the
controller pulses the '‘reset’’ of the
latch which turns off Q. Switch Q
will remain off until a *‘set"’ pulse
from the oscillator starts the next
cycle.

If the output voltage starts to drop,

due to an increased load for

example, the controller will sense
this drop. The controller will allow Q
to remain on for a longer time dur-
ing the cycle which will restore the
output voltage. Thus the output
voltage is regulated by varying the
duty cycle of Q.

The current limit is performed in
an analogous way. When output cur-
rent reaches a point predetermined
by the current limit adjustment, the
controller will adjust the duty cycle
of Q to maintain a constant output
current. (The output voltage will
drop, and the supply will act as a

constant current source.)

Each type of 3T module has a
distinctly different output configura-
tion. The positive 3T configuration is
known as a “‘buck’’ stage, because
the positive output voltage is always
lower than the positive input
voltage. This type of converter
“bucks’’ the input voltage down 1o a
lower voltage.

The negative 3T configuration is
known as a buckboost, because the
negative output can be lower or
higher in magnitude than the
positive input.

MECHANICAL SPECIFICATIONS

Note Terminals are intended for solder conneclion. Dimensions are ininches and (cm.)

00
2.7}
(GROUND
)

o

ﬂlﬂl 5 |
- QUTPUT

‘ n'_ VOLTAGE

t-CURRENT

00 LIMIT
\ﬂlﬂ ‘

+INPUT —

—

J

1 =
4
¥ r= A P
‘- 8-32 THREAD
I e ST

3T12AP-1001

500 -
0zn PP

OUTPUT
VOLTAGE
CURRENT
LiMiT

~OuTPUT

3T5AN-1001

logohert

SWITCHING
POWER
SUPPLIES

Boschert Incorporated

384 Santa Trinita Avenue
Sunnyvale, California 94086
408/732-2440 TWX 910-339-9241

Printed in USA & 1979 Boschert Incorporaled 07/79-C5M



Tor Simon

3/12/80

INITIAL SET-UP 3T12AP-1001

1. Ensure D.C. input power switch is OFF, and all loads are OFF.

2 Set the current 1imit pot (R18) on the unit under test about
center position.

TEST SEQUENCE

1. Turn on the power switch and increase the D.C. input voltage
until the voltage on the input reads from 19.5 to 20.5 volts.

o Set the output voltage from the unit under test (UUT) to read
from 4.99 to 5.01 volts, by adjusting R13 on the uuT.

Adjust the load to 18 Amps output current.
Adjust the current limit pot (R18) on the UUT slowly CCW until
the output current drops to approximately 16 Amps .

5. Turn the load down to 9 Amps then back up to recheck the current
1imit, the maximum point the current obtains with increase in
load. It should be between 16.8 and 17.2 Amps. If not, readjust
R18.

6. Set the load to 12 Amps; the output voltage should be from 4.96 to
5.04 volts.

INITIAL SET-UP 3T5AN-1001

1. Ensure D.C. input power ewitch is OFF, and all loads are OFF.

2. Set the current limit pot (R18) on the unit under test about
center position.

TEST SEQUENCE

1. Turn on the power switch and increase the D.C. input voltage
until the voltage on the input reads from 19.5 to 20.5 volts.

2 Set the output voltage from the unit under test (UUT) to read
from -4.99 to -5.01 volts, by adjusting R13 on the UuT.

Adjust the load to 9 Amps output current.
Adjust the current limit pot (R18) on the UUT slowly CCW until
the output current drops to approximately 7.5 Amps .

5. Turn the load down to 5 Amps then back up to recheck the current
limit, the maximum point the current obtains with increase in
load. It should be between 7.8 and 8.2 Amps. If not, readjust
R18.

6. Set the load to 5 Amps; the output voltage should be from -4.96
to -5.04 volts.
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PIN ORIENTATION

Input — 7T —»® 7 B

; @f—;— Output

Ground _———//—Uj\ \2;
=

}o 4 o

Current
Limit

Adjust

&

Output
Voltage
Adjust
| Turn clockwise to increase magnitude of
output voltage

Turn clockwise to increase

PIN VOLTAGE MODEL NO. 3T5AN-] 001
INPUT +10V to +40V  wro. assemsLy No. 10469
OUTPUT #1 -4.5V to -30V
oo o O
OUTPUT #3 MATING
L a TONITR e connector  None - solder terminals
T, T AR
____ OUTPUT#6
RETURN AUTOMATIC SHORT CIRCUIT RECOVERY O
NOT USED AUTOMATIC SHORT CIRCUIT SHUT DOWN

Current Limit



