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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED

SGS-THOMSON’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON
Microelectronics. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life sup-

which, are intended for surgical implant into the body port device or system whose failure to perform can be
to support or sustain life, and whose failure to perform, reasonably expected to cause the failure of the life sup-
when properly used in accordance with instructions for port device or system, or to affect its safety or effecti-
use provided in the labeling, can be reasonably expec- veness.

ted to result in a significant injury to the user.
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TWENTY YEARS OF INNOVATION

Way back in 1969 SGS-THOMSON Microelectronics developed the World's first
monolithic audio power amplifier. Called TAA611 this trailblazing device combined
signal circuits with an integrated 1W power stage.

Introduced almost twenty years ago, SGS-THOMSON’s TAA611 (left) was the first integrated
audio power amplifier. The new TDA7360 (right) is twenty-five times more powerful but only nine
times larger.

TAA611(1969)

TDA7360(1988)

Since then SGS-THOMSON has always remained at the forefront of audio amplifier
development, creating classic products such as the much-copied TDA2003 & TDA2005,
innovative solution like the TDA7232/60 class D amplifier kit and new generation devices
like the TDA7360 complementary amplifier. In packages, too, SGS-THOMSON has led
the way with innovations like the Multiwatt plastic power packages and antistress
leadframes that enhance reliability.

SGS-THOMSON audio amplifiers have special “antistress” leadframes that isolate the die from
mounting stresses, enhancing reliability. Notches and a groove between the tab and die flag
ensure that the die is unaffected even when the tab is deformed.

ANTISTRESS




Not just the leader in technology, SGS-THOMSON is also the leader in audio amplifier
sales; to date more than 600,000,000 amplifier ICs have been produced by the company
and more than half of the car radios produced worldwide include SGS-THOMSON
amplifiers.

Audio amplifier are only a part of the present Audio &Radio portfolio. Today the company
is developing advanced signal circuits for the same markets - devices like the TDA7300
audio processor and the M114A digital sound generator.

Whatever your application, you'll probably find the best product for the job right here in
the SGS-THOMSON Audio & Radio Products databook.

Manufactured by a major US manufacturer for high-end car stereo systems, this 25W class D
amplifier module is based on two ICs specially designed for the application by SGS-THOMSON.
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Lyz S05-THOMSON

AM6012
AM6012A

12-BIT HIGH SPEED D/A CONVERTERS

m ALL GRADES 12-BIT MONOTONIC OVER
TEMPERATURE

» DIFFERENTAL NONLINEARITY TO +0.012%
(13 BITS) MAX OVER TEMPERATURE
(A GRADES)

m 250ns TYPICAL SETTLING TIME

m FULL SCALE CURRENT 4mA

» HIGH SPEED MULTIPLYING CAPABILITY

u TTL/CMOS/ECL/HTL COMPATIBLE

u HIGH OUTPUT COMPLIANCE: -5V TO +10V
m COMPLEMENTARY CURRENT OUTPUTS

= LOW POWER CONSUMPTION: 230mW

DESCRIPTION

The AM6012 is an industry standard monolithic
12-bit digital-to analog converter. Complementary
current output and high speed multiplying capabi-
lity make the AM6012 useful in a wide range of ap-
plications such as video displays, process control
circuitry and fast A/D converters. The 6012 is the
first D/A to achieve 12-bit differential linearity wi-
thout the use of thin film resistors or active trim-
ming. The 6012’s unique circuit design insures
monotonicity without the precision trimming asso-
ciated with most other 12-bit DAC architectures.
The AM6012 is packaged in a 20-pin plastic DIP
and is SO-20L for surface mounting. Although te-
sted and specified at + 15V, the AM6012 works well
over a wide range of power supply voltages. Per-
formance is essentially independent of supply vol-
tage over the range of + 5 volts, —12 voltsto +18
volts. The AM6012 series guarantees full 12-bit mo-
notonicity for all grades and differential nonlinea-
rity as high as 0.012% (13 bits) for the A grades
and 0.025% (12 bits) for the standard grades over
the entire temperature range.

Guaranteed monotonicity and low cost make the
AMB6012 an ideal choice for high volume applica-
tions requiring fine local resolution. Typical appli-
cations include printer graphics and video displays.
These applications need a minimum of 12 bits of
resolution, although conformance to an ideal
straight line from zero to full scale is less important.

June 1988

DIP-20 Plastic SO-20L

PIN CONNECTIONS

MSB-B1 Ij 1 ~ 20

+Vs
B2 [] 2 19 [J 1o
B3 [] 3 18 [ 10
B4 [ 4 17 [ -vee
s [] 5 16 [ 1 comp.
Bs L] 6 15 [ 1 VREF (-)
7 (] 7 14 [ VREF (+)
B8 [| 8 13 [ enp/vLe
Bg [] o 12 [ 1 B12-L38
B0l 10 11 [ 811

A6012-2
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AM6012-AM6012A

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range Oto70| °C
Storage Temperature —-65to0 + 125 | °C
Power Supply Voltage +18 \%
Logic Inputs -5t0 +18| V
Voltage at Current Outputs Pins —8to +12 \
Reference Inputs +Vs to —VEE +18V Y
max Differential
Reference Input Current 1.25 | mA

CONNECTION DIAGRAM AND ORDERING INFORMATION

Differential Temperature
Type linearity (%) Range (°C) Package
AMB6012PC 0.025
7 DIP.2
AM6012APC 0.012 0to70 0
AM6012 D 0.025
AM6012 AD 0.012 0to70 S0.20L
BLOCK DIAGRAM
MSB LSB
B4 B2 B3 B4 B5 B6 B7 B8 B9 B10B11B12
J)—-(>-—-<'>—-?——0-—-<'>—<'>——-Q—<)-———
I 2 3 45| 6{7]|8|9]|10{11]12]19 , fout
oIout
SEGMENT
AMB012 DECODER

— T [0

REFERENCE
AMPLIFIER

14

BIAS

0 +VS

NETWORK
CODE SELECTED
0111 1111 1111
COMP.
SEGMENT GENERATOR 17 13
AB012-1 Fe) GND
VEE
THERMAL DATA
Rthj-amb Thermal resistance junction-ambient max ] 100 °C/W
2/12 37 SGS-THOMSON
V7. ICROELEGTRONICS
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AM6012-AM6012A

ELECTRICAL CHARACTERISTICS
These specifications apply for Vs = + 15V, VEg = — 15V, IREF = 1.0mA, over the operating temperature
range unless otherwise specified

AM6012A AM6012
Param. Description Test Conditions Min. | Typ. | Max. | Min. | Typ. | Max. |Units
Resolution 12 12 12 12 12 12 Bits
Monotonicity 12 12 12 12 12 12 Bits
Differential — — +.012) — — +.025 | %FS
DN.L Nonlinearity Deviation from ideal step size
13 — - 12 - — Bits
N.L. Nonlinearity Deviation from ideal straight line | — - +05 | — — +0.05 | %FS
VRer=10.000V
Irs Full Scale Current R14=R15=10.000kQ 3.967 | 3999 | 4.031 | 3.935 | 3999 | 4.063 | mA
Ta=25°C
— +5 +20 — +10 +40 |ppm°C
TClgs Full Scale Temp.Co.
— | £.0005 | +.002 +.001 | +.004 PoFS°C
D.N.L. Specification guaranteed
Voc ggrt‘;‘)ultixggage over compliance range -5 - +10 -5 - +10 \
it RouT>10 megohme typ.
Full Scale
IFss Symmetry IFs-lFs — +0.2 | £1.0 - +0.4 | £20 | pA
Izs Zero Scale Current — — 0.10 - — 0.10 pA
- To +1/2 LSB, all bits ON or
Is Setting Time OFF, Tp=25C - 250 500 - 250 500 | nSec
tpLH Propagation 0 0 _ _
tpHL Delay - all bits 50% to 50% 25 50 25 50 nSec
Cout Output Capacitance - 20 — — 20 - pF
ViL Logic | Logic “0” - - 0.8 — — 0.8
input v
Vin Levels | Logic “1” 20 — — 2.0 - -
Iin Logic Input Current | Viy=-5to +18V - - 40 — - 40 pA
Vis Logic Input Swing Vgg=-15V -5 - +18 -5 - +18 v
Reference Current
IReF Range 0.2 1.0 1.1 0.2 1.0 1.1 mA
l15 Reference Bias 0 -05 | -20 0 -05 | -20 | A
Current
37 SGS-THOMSON 3/12
Y/, HAICROELECTRONICS
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AM6012-AM6012A

ELECTRICAL CHARACTERISTICS (Continued)

AM6012A AM6012
Param. Description Test Conditions Min. | Typ. | Max. | Min. | Typ. | Max. |Units
. Reference Input R14(eq) = 8000 _ _
dildt Slew Rate CC=OpF 4.0 8.0 4.0 8.0 mA/us
PSSIES + xs =i+_1135'?/v o +16.5) — |+.00005| £.001| — |+0.0005| +.001
gower Supply EE DFSI%
ensitivit - -
PSSIFs ¢ xgijr 1;3'5" to ~16:5V — |+.00025| £.001 | — {+.00025 +.001
Vs Power Supply Vour=0V 4.5 - 18 45 - 18 v
Vee Range 18| — |-108] -18| — |-108
I+ — 57 8.5 — 5.7 8.5
Vg =+5V, Vgg=-15V
- Power Supply - -137 [ -180( - -13.7 [ -18.0 | mA
Current
I+ 5.7 8.5 — 5.7 8.5
Vg=+15V, Vgg= -15V
- s EE — | -137{-180| - | -137|-180
p Power Vg= +5V, Vgg=—15V — | 234 | 312 | — | 234 [ 312 | mw
D Dissipation
Vg= +16V, Vgg= - 15V — | 291 | 397 | — | 201 | 397

Fig. 1 - Relative Accuracy Error

Fig. 2 - Example of Nonmonotonic Behavior

A
FULL SCALE A
oUTPUT ouTPUT
CURRENT CURRENT
FULL SCALE
3LSB RELATIVE
ACCURACY ERROR
DIFFERENTIAL LINEARITY ERRORS SEVERE
ENQUGH TO CAUSE NONMONOTONICY
2€R0 ZERO
» l >
DIGITAL INPUT CODE DIGITAL INPUT CODE
A6012-10: : DIS A6012-10: : LIB
an2 y7, SGS-THOMSON
w MICROELECTRONICS
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APPLICATION INFORMATION

FUNCTIONAL DESCRIPTION

The segmented design of the AM6012, shown in
the block diagram, insures that there are no signi-
ficant differential nonlinearities in the transfer cha-
racteristic. The eight major carries of the most
significant bits are not subject to the gross diffe-
rential nonlinearities that can occasionally occur
in an R-2R type DAC. This advantage is due to the
fundamentally different way that the current is han-
dled in an AM6012.

In a conventional R-2R type DAC, when the input
code is increemented past a major carry, a current
representing the new code is substituted for the
sum of all the less significant bit currents that we-
re previously on. To avoid any nonlinearities, the
two total currents must be extremely well matched.
In the case of the MSB major carry in a 12-bit DAC,
the match must be better than one part in 2048 to
maintain monotonicity. However, in the AM6012,
a new current is never substituted for the sum of
several smaller ones, but redirected through alter-
nate channels and incremented one step at a time.
For example, consider the MSB carry in an
AMG6012. In the initial state of 011111111111 as
shown in the block diagram, the switches in the
segment generator are set in such a way that cur-
rents 1o, I] and I2 are steered directly into the no-
ninverting output loyT. In addition, a portion of I3
is directed through the 9-bit DAC that is controlled
by the 9 least significant bits into loyT. With the
9LSBs set to “‘I”’, all of the I3 current is directed
to louT except for the 1/512 that goes to ground
through the right-most transistor in the 9-bit DAC.
After the input word is changed to 100000000000,
the segment decoder switch for I3 will be all the
way to the right, the switch for l4 will be in the mid-
dle, and all the switches in the 9-bit DAC will be
to the left. loyTt will be composed of lg, 11, I2 and
13. None of I4 will be directed into louT until a hi-
gher code is reached. In other words, I3 is now
steered directly to lout instead of being divided
by a factor of 511/512 in the 9-bit DAC. Since no
major current substitution occurs, there is less
chance of a large nonlinearity at this transition than
in a comparable R-2R DAC.

RELATIVE ACCURACY VS. DIFFERENTIAL NON-
LINEARITY

We defines relative accuracy as the maximum de-
viation of the actual, adjusted DAC output from the
ideal analog output (a straight line drawn between
the lowest code output voltage and the highest co-
de output voltage) for any bit combination. Relati-
ve accuracy is often referred to as nonlinearity. The
DAC transfer function shown in Figure 1 has a bow

that results in a maximum relative accuracy error
of 3LSB. This must be distinguished from a diffe-
rential linearity error. Differential nonlinearity is the
measure of the variation in analog value, normali-
zed to full scale, associated with a ILSB change
in digital input code.

For example, for a 4mA full scale output, a chan-
ge of ILSB in digital input code should result in a
0.984A change in the analog output current
(ILSB=4mA x 1/4096 = 0.98uA). If in actual use,
however, a ILSB change in the input code results
ina change of only 0.24,A (1/4LSB) in output cur-
rent, the differential linearity error would be 0.74,A
or 3/4LSB.

The AM6012 has very good differential linearity in
spite of the porr relative accuracy. Conversely, the
DAC of Figure 1 has very good relative accuracy
but poor differential linearity. The anomaly in the
middle of the transfer function is the result of a po-
sitive differential linearity error followed by a ne-
gative differential linearity error greater than 1LSB.
A negative output step for an increase in digital in-
put code is referred to as nonmonotonic behavior.
In general, if a DAC has a differential linearity er-
ror specification greater than 1LSB, it may be non-
monotonic at one or more of the major carries. In
most case the worst differential linearity error will
occur at the MSB transition point.

As noted in the functional description, the 6012’s
unique design minimizes differential linearity errors
at the transition points of the 3MSBs. This results
in a tight specification on maximum differential non-
linearity over temperature. Differential linearity is
verified on all AM6012s with 100% final testing.
In many converter applications, uniform step size
(or minimum differential linearity error) is more im-
portant than conformance to an ideal straight line.
Twelve-bit onverters are usually needed for high
resolution rather than high linearity as evidenced
by the fact that few transducers are more linear
than 0.1%. This is also true in video graphics, whe-
re the human eye has difficulty discerning nonli-
nearity of iess than 5%. The AM6012 is especially
well suited for these applications since it has in-
herently low differential linearity error.

. 5/12
7. 32NN
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APPLICATION INFORMATION (Continued)

ANALOG OUTPUT CURRENTS

Both true and complemented output sink currents
are provided where Io + 10 = IFR. Current appears
at the ‘““true” output when a ““1”’ is applied to each
logic input. As the binary count increases, the sink
current at pin 18 increases proportionally, in the
fashion of a *‘positive logic’’ D/A converter. When
a ‘0" is applied to any input bit, that current is tur-
ned off at pin 18 and turned on at pin 19. A decrea-
sing logic count increase lo as in a negative or
inverter logic D/A converter. Both outputs may be
used simultaneously. If one of the outputs is not
required it must still be connected to ground or to
a point capable of sourcing IFR; do not leave an
unused output pin one.

Both outputs have an extremely wide voltage com-
pliance enabling fast direct current-to-voltage con-
version through a resistor tied to ground or other
voltage source. Positive compliance is 25V above
V — and is independent of the positive supply. Ne-
gative compliance is + 10V above V—.

The dual outputs enable double the usual peak-to-
peak load swing when driving loads in quasi-
differential fashion. This feature is especially use-
ful in cable driving, CRT deflection and in other ba-
lanced applications such as driving center-tapped
coils and transformers.

POWER SUPPLIES

The AM6012 operates over a wide range of power
supply voltages from a total supply of 20V to 36V.
When operating with V — supplies of — 10V or less,
IREF < 1mA is recommended. Low reference cur-
rent operation decreases power consumption and
increases negative compliance, reference ampli-
fier negative common mode range, negative logic
input range, and negative logic threshold range;
consult the various figures fro guidance. For exam-
ple, operation at — 9V with IREF=1mA is not re-
commended because negative output compliance
would be reduced to near zero. Operation from lo-
wer supplies is possible, however at least 8V total
must be applied to insure turn-on of the internal
bias network.

Symmetrical supplies are not required, as the
AM®6012 is quite insensitive to variations in supply
voltage. Battery operation is feasible as no ground
connection is required; however, an artificial ground
may be used to insure logic swings, etc. remain
between acceptable limits.

TEMPERATURE PERFORMANCE

The nonlinearity and mononicity specifications of
the AM6012 are guaranteed to apply over the en-
tire rated operating temperature range. Full scale

6/12 437, SGS:THOMSON

output current drift is flight, typically +10ppm/°C
with zero scale output current and drift essentially
negligible compared to 1/2 LSB.

The temperature coefficient of the reference resi-
stor R14 should match and track that of the out-
put resistor for minimum overall full scale drift.

SETTLING TIME

The AM6012 is capable of extremely fast settling
times, typically 250ns at IReF = 1.0mA. Judicious
circuit design and careful board layout must be em-
ployed to obtain full performance potential during
testing and application. The logic switch design
enables propagation delays of only 25ns for each
of the 12 bits. Settling time to within 1/2 LSB of the
LSB is therefore 25ns, with each progressively lar-
ger bit taking successively longer. The MSB set-
tles in 250ns, thus determining the overall settling
time of 250ns. Settling to 10-bit accuracy requires
about 90 to 130ms. The output capacitance of the
AMB6012 including the package is approximately
20pF; therefore, the output RC time constant do-
minates settling time if RL > 5009Q.

Settling time and propagation delay are relatively
insensitive to logic input amplitude and rise and fall
times, due to the high gain of the logic switches.
Settling time also remains essentially constant for
IREF values down to 0.5mA, with gradual increa-
ses for lower IRgF values lies in the ability to at-
tain a given output level with lower load resistors,
thus reducing the output RC time constant.
Measurement of settling time requires the ability
to accurately resolve +2A, therefore a 2.5kQ load
is needed to provide adequate drive for most oscil-
loscopes. At IRer values of less than 0.5mA, ex-
cessive RC damping of the output is difficult to
prevent while maintaining adequate sensitivity. Ho-
wever, the major carry from 011111111111 to
100000000000 provides an accurate indicator of
settling time. This code change does not require
the normal 6.2 time constants to settle to within
+0.1% of the final value, and thus settling times
may be observed at lower values of IREF.
AMB6012 switching transients or ““glitches’ are very
low and may be further reduced by small capaciti-
ve loads at the output at a minor sacrifice in set-
tling time.

Fastest operation can be octained by using short
leads, minimizing output capacitance and load re-
sistor values, and by adequate bypassing at the
supply, reference, and V| ¢ terminals. Supplies do
not require large electrolytic bypass capacitors as
the supply current drain is independent of input lo-
gic states; 0.1uF capacitors at the supply pins pro-
vide full transient protection.

MICROELECTRONICS
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AM6012-AM6012A

APPLICATION INFORMATION (Continued)

REFERENCE AMPLIFIER SETUP

The AM6012 is a multiplying D/A converter in which
the output current is the product of a digital num-
ber and the input reference current. The referen-
ce current may be fixed or may vary from nearly
zero to +1.0mA. The full range output current is
a linear function of the reference current and is gi-
ven by:

4095
IRF= ——x4x (| =3.999 | .
RF= 1096 (IREF) REF

where IREr=1l14

In positive reference applications, an external po-
sitive reference voltage forces current through R14
into the VREF(+) terminal (pin 14) of the reference
amplifier. Alternatively, a negative reference may
be applied to VReF(-) at pin 15. Reference current
flows from ground through R14 into VREF(+) as in
the positive reference case. This negative reference
connection has the advantage of a very high im-
pedance presented at pin 15. The voltage at pin
14 is equal to and tracks the voltage at pin 15 due
to the high gain of the internal reference amplifier.
R15 (nominally equal to R14) is used to cancel bias
current errors. (Figure 3).

Bipolar references may be accommodated by off-
setting VRer or pin 15. The negative common-
mode range of the reference amplifier is given by:
Vcm— =V — plus (IREF x 3kQ) plus 1.8V. The po-
sitive common-mode range is V+ less 1.23V.
When a DC reference is used, a reference bypass
capacitor is recommended. A 5.0V TTL logic sup-
ply is not recommended as a reference. If a regu-
lated power supply is used as a reference, R14
should be split into two resistors with the junction
bypassed to ground with a 0.1uF capacitor.

For most applications the tight relationship between
IRer and IFs will eliminate the need for trimming
IREF. If required, full scale trimming may be ac-
complished by adjusting the value of R14, or by
using a potentiometer for R14.

MULTIPLYING OPERATION

The AM6012 provides excellent multiplying perfor-
mance with an extremely linear relationship bet-
ween IFs and IREF over a range of 1mA to 14A.
Monotonic operation is maintained over a typical
range of IRer from 100uA to 1.0mA.

REFERENCE AMPLIFIER COMPENSATION FOR
MULTIPLYING APPLICATIONS

AC reference applications will require the referen-
ce amplifier to be compensated using a capacitor
from pin 16 to V —. The value of this capacitor de-
pends on the impedance presented to pin 14. For
R14 values of 1.0, 2.5 and 5 OkQ; minimum values
of Cc are 5, 12 and 25 pF. Larger values of R14
require proportionately increased values of Cc for
proper phase margin (See Figure 4 and 5).

For fastest response to a pulse, low values of R14
enabling small Cc values should be used. If pin 14
is driven be a high impedance such as a transistor
current source, none of the above values will suf-
fice and the amplifier must be heavily compensa-
ted which will decrease overall compensated which
will decrease overali bandwidth and slew rate. For
R14 =1kQ and Cc =5pF, the reference amplifier
slews at 4mA/ms enabling a transition from
IREF=0 to IREF= 1mA in 250ns.

Operation with pulse inputs to the reference am-
plifier may be accommodated by an alternate com-
pensation scheme. This technique provides lowest
full scale transition times. An internal clamp allows
quick recovery of the reference amplifier from a cu-
toff (IREF = 0) condition. Full scale transition (0 to
1mA) occurs in 62.5ns when the equivalent impe-
dance at pin 14 is 8002 and Cc=0. This yields a
reference slew rate of 8mA/us which is relatively
independent of RiN and VN values.

LOGIC INPUTS

The AM6012 design incorporates a unique logic in-
put circuit which enables direct interface to all po-
pular logic families and provides maximum noise
immunity. This feature is made possible by the lar-
ge input swing capability, 40uA logic input current,
and completely adjustable logic inputs may swing
between —5 and +10V.

This enables direct interface with + 15V CMOS lo-
gic, even when the AM6012 is powered froma + 5V
supply. Minimum input logic swing and minimum
logic threshold may be adjusted over a wide range
by placing an appropriate voltage at the logic thre-
shold control pin (pin 13, VLc). For TTL interface,
simply ground pin 13. When interfacing ECL, an
IREF = 1mA is recommended. For interfacing
other logic families, see block titled “‘Interfacing
with Various Logic Families”. For general setup of
the logic control circuit, it should be noted that pin
13 will sink 1.1mA typical, external circuitry should
be designed to accommodate this current (Figure 6).

Ly, SGS-THOMSON n2
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Fig. 3 - Reference amplifier biasing

VI RIN

L°

R14

AM6012

14

IREF

-LOMP
cc

01 a—l—j'z

10 +I0 = IFS
FOR ALL INPUT CODES

2 UF TANT.

T (NOTE 5)
A6012-8: : LIB

Reference Configuration R4 Ris Rin Ce IRer
Positive Reference VR+ ov N/C .01uF VR+/R14
Negative Reference ov VR- N/C .01uF |-VR-/R14
Lo Impedance Bipolar VR +/R14) + (VIN/RIN)
Reference VR+ ov ViN (Note 1) (Note 2)
Hi Impedance Bipolar (VR+ — VIN)/R14
Reference VR+ VIN N/C (Note 1) | (Note 3)
Pulsed Reference (Note 4) VR+ ov VIN No Cap | (VR+/R14) + (VIN/RIN)

Notes:

1. The compensation capacitor a function of the impedance seen at the + Vpgg input and must be at least 5pF x Rq4(eq)
in kQ. For Ry4< 800Q no capacitor is necessary.

. For negative values of Vyy, VR, /Ry4 must be greater than —Vy Max/Rjy so that the amplifier is not turned off.

. For pulsed operation, Vg ;. provides a DC offset and may be set to zero in some cases. The impedance at pin 14

. Reference current and reference resistor - there is a 1 to 4 schale factor between the reference current (IREF) and

2
3. For positive values of V\y, VR4 must be greater than V;y Max so the amplifier is not turned off.
4

should be 800Q or less.
5. For optimum settling time, decouple V - with 202 and bypass with 22xF tantulum capacitor.
6

the full scale output current (Irg). f VRer= + 10V and Igg =4mA, the value of the Rq4 is:

4x10 Volt
Ryg=— = 10k Ry4=R
4 A 15

8/12
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AM6012-AM6012A

Fig. 4 - Minimum size compensation capacitor
(lrs=4mA, Iggr=1.0mA)

Fig. 5 - Reference Amplifier Frequency response

(dB) I O
R“(EQ)(KQ) Ce(PF) | | —— SMALL SIGNAL
10 50 ---~ LARGE SIGNAL
5 25
2 10 3
1 5 PN
5 0 0 = X,
Note: A 0.01 uF capacitor is recommended for fixed reference operation. -3 \
R14=2K \
-6 Cc=10pF N
[ T :
0.01 0.1 1 10
(MHZ)
A6012-11: 0T

Fig. 6 - Interfacing Circuits

Fig. 7 - Accomodating Bipolar Reference

CMOS

O+ 15V

IREF > PEAK NEGATIVE SWING OF Iin

Io
RREF 44 18

VREF (+) o—{—1 O
AME012
© 15 19 ©
—QU— VIN To
HIGH INPUT

IMPEDANCE

VREF (+) MUST BE ABOVE PEAK POSITIVE SWING OF VIN

ﬁ SGS-THOMSON 2
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Fig. 8 - AM6012 Logic Inputs

2 mA
5 KOhm P
1
T I R3 R4
ROFF ,—-I:! -
A14 E ¢ c _1__.
v 410 KOhm Lo vouT
+
REF [} vReF ) o A .
AMB012
VRBEf (=) o B
R15 G R2
A14 = VREF 10 Kohm
1.0mA OPTIONAL
(SEE CODE TABLE)
ROFF = E M
2.0mA 46012-7::LI8
Output MSB LSB| g Iy
Code Format Connec. Scale B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 Vour
Straight bynary a-c Positive full scale t 11 1 1 1 1 1 1 1 1 11399 .000 9.9978
one polarity b-g Positive full scale-LSB t 1t 1 1 1 1 1 1 1 1 1 0] 3998 .001 9.9951
with true input | R{=R2=2.5K |Zero scale 00 0 0 0 0 O0 O O0 0 O .000 | 3.999 .0000
code, true zero '
Unipolar output.
Complementary a-g Positive full scale 00O0O0OOTU OO OO OO OO O O .000 | 3.999 9.9976
binary one b-c Positive full scale-LSB 0000 O0OUOOTU OO O0O 1 .001 | 3.998 9.9951
polarity with R1=R2=2.5K |Zero scale Tt 11 1 1 1 1 1 1 1 1 13999 .000 .0000
complementary
input code, true
zero output.
Straight offset ac Positive full scale t 11 1t 1 1 1 1 1 1 1 11399 .000 9.9976
binary; offset b-d Positive full scale-LSB 1t 11 1 1 1 1 1 1 1 1 013998 .001 9.9927
half scale, sym- -0 (+) Zero scale 1000 O0OTO0OTO0OTO O O 0 0]2000 1999 .0024
metrical about | R1=R3=2.5K |(-) Zero scale ot 1+ 1 1 1 t 1 1 1 1 11999 [ 2000 -.0024
zero, no true R2=1.25K |Negative full scale-LSB o000 O0O0OOT OO OO O 1 .001 | 3.998 | -9.9927
Symmetrical zero output. Negative full scale 0000 O0OO0OTODOU OO O0O O .000 | 3.999 | -9.9976
Offset  [1’s complement a-c Positive full scale 01 1 1 1 1 1t 1 1 1 1 1/[3999]| .000| 9.9976
offset half scale b-d Positive full scale-LSB o1 1 1 1 1 1 1 1 1 1 0]3998 .001 9.9927
symmetrical f-g (+) Zero scale 0000 O0O0OUO O O O O O0]2000}(1.99 .0024
about zero, no | R1=R3=2.5K |(-) Zero scale 1t 11 1 1 1 1 1 1 1 1 111999 | 2.000 -.0024
true zero output R2=1.25K |Negative full scale-LSB 1000 O0O0O0TO0OUO O O 1 .001 | 3.998 | -9.9927
MSB comple- Negative full scale 1000 0 O0O0OOT OO O O .000 | 3.999 | -9.9976
mented (need
inverter at B1).
Offset binary, e-a-C Positive full scale Tt 11 1 1 1 1 1 1 1 1 1399 .000 9.9951
offset half b-g Positive full scale-LSB Tt 11 1 1 1 1 1 1 1 1 013998 .001 9.9902
scale, true zero R1=R2=5K |+LSB 100 0 0 O 0O O O O 0 12001 ) 1998 .0049
output. Zero Scale 1000 O0OO0OO0OO O O 0 02000 (1999 .000
-LSB o1t 1 1 1 1 1t 1 1 1 1 1]1.999 | 2.000 -.0049
Negative full scale+LSB {0 0 0 0 0 0 0 0 0 0 0 1 .001 | 3.998 | -9.9951
Offset with Negative full scale 000O0OUOUOOOTUO O O .000 | 3.999 | -10.000
True Zer0 I complement|  e-ac | Positive full scale 01 1 141 1 1 11 1 1 139 .006]| 9.9951
offset half scale b-g Positive full scale-LSB ot 1+ 1t 1 1t 1 1 1 1 1 0]399%8 .001 9.9902
true zerooutput | R1=R2=5K |+1 LSB 000 0O OO O O0O O 0 1]2001|1.998 .0049
MSB comple- Zero scale 000 0 O O0O O OO O0O O O0 0] 2.000 /{199 .000
mented (need -1 LSB Tt 1t 1 1t 1 1 1 1 1 1 1 1]1999 | 2.000 -0.049
inverter at B1) Negative full scale+LSB {1 0 0 0 0 0 0 0 O O o0 1 .001 | 3.998 | -9.9951
Negative full scale 1 00O0O0OO0OO0OTO0OTO0OTO0O O O .000 | 3.999 | -10.000

ADDITIONAL CODE MODIFICATIONS
1. Any of the offset binary codes may be complemented by reversing the output terminal pair.

10/12
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AM6012-AM6012A

Fig. 9 - Basic Negative Reference Operation

RREF Io
14 18
- AMB012
VREF (=) O——{TF+——
: 15 19
R15 Io

Fig. 11 - CRT Display Driver

Fig. 10 - Recommended Full-scale Adjustment Circuit

RREF Io

VREF o 14 18
AMB0 12 )
15 19
Io

39K

10K

+120V DC(f
60V _COMMGN [I] [‘] [J]
MODE LEVEL ;
"X" INPUT CRT "Y" INPUT
=S = I
AMB012 -15v -15V AMBO 12
T =
A6012-5: : LT
Fig. 12 - 12-BIT High-Speed A/D Converter
! [ SERIAL DATA OUT
E § cC DO
».. 2504 SAR
cLocK
—gLse
+ 46V §
3 wer o
o
*,é‘;" Swsa 10MOhn 2.5Kohm
MSB Ls’Ja‘\
AMBO12 Y § %
o ' NES29
0.4uF COMP /
I 40 .000KOhm 4nF | 4nF
10nF | uF | AuF
Vi) v A6012-9: : LIB
- 11/12
A7, 353 THOMSON
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AM6012-AM6012A

Fig. 13 - Interface with 8-bit Microprocessor Bus

7 AE . MSB
5 0E
3
BUS 3 LS373
2
1
0 [ AM
E2 1 EB 6012
E1l | p3a @3a [ | o3B 638
D2A Q2A +— D2B Q28
D1A Q1A — D1B Q1B
DOA QOA DoB Qo8B
—1 LSB
EA 1/2LS100 1/2LS100 \/
A6012-4:: LIB
Fig. 14 - Interface with digital signal processor TS68930/31
+15V Uref
8. 1uF
_E—'I 18K LI]
Us Uref+
pe-7 | HC374 > * [] >
# B12-5 5K
cp 8
. AMBB12
8 18
v AMBB12A ‘10
DB- 3
11 , cp a B4-2 -10
12 s | HC374 ——[>o— B1 19
7568338/ HCBe4 GND Uref- -VEE comp
31 5 02 11]_ 15 J-is
:%o 18K SBpF
B E1| HC138 i I
As-11 3 Ax 88AMEG12-51
1212
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DAC0808
DAC0807
DAC0806

8-BIT D/A CONVERTERS

m RELATIVE ACCURACY: +0.19% ERROR MA-
XIMUM (DAC0808)

m FULL SCALE CURRENT MATCH: +1LSBTYP

m 7 AND 6-BIT ACCURACY AVAILABLE
(DAC0807, DAC0806)

m FAST SETTING TIME: 150 ns TYP

» NONINVERTING DIGITAL INPUTS ARE TTL
AND CMOS COMPATIBLE

= HIGH SPEED MULTIPLYING INPUT SLEW RA-
TE: 8 mA/us

m POWER SUPPLY VOLTAGE RANGE: +4.5V
to =18V

= LOW POWER CONSUMPTION: 33 mW @ +5V

DESCRIPTION

The DAC0808 series is an 8-bit monolithic digital-
to-analog converter (DAC) featuring a full scale out-
put current settling time of 150 ns while dissipa-
ting only 33 mW with +5V supplies. No reference
current (IReF) trimming is required for most appli-
cations since the full scale output current is typi-
cally +1 LSB of 255 IRgF/256. Relative accuracies
of better than 0.19% assure 8-bit monotonicity and
linearity while zero level output current of less than
4 uA provides 8-bit zero accuracy for IREF=2 mA.
The power supply currents of the DAC0808 series
are independent of bit codes, and exhibits essen-
tially constant device characteristics over the en-
tire supply voltage range.

The DAC0808 will interface directly with popular
TTL, or CMOS logic levels, and is a direct repla-
cement for the MC1508/MC1408.

June 1988

DIP-16 Plastic (0.25) S0-16J

and Ceramic

PIN CONNECTION

U
N.c.[]1 16[ ] comp.
eno |2 15[] () vREF
-vee[ |3 14[] (+) VREF
10 [|4 13[] +vs

a1 []s 12[] a8

a2 [|s 11[] a7

a3 [|7 10[] a6
YRIL g[] as

DACOB0B-13

111
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DAC0808-0807-0806

ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Vs +18 Vv
VEE —-18 \
Digital Input Voltage V5—-V12 -10Vto +18 \
Reference Current, 114 5 mA
Reference Amplifier Inputs, V14, V15 Vce , VEE
Operating Temperature Range
DACO0808L —-55°C<Ta<+125 °C
DAC0808LC/D1 0<Ta<+75 °C
Storage Temperature Range —-65°C to +150 °C
ORDERING INFORMATION
Temperature Plastic Ceramic
Accuracy range DIP-16 DIP-16 S0-16
8 bit 0 to 75°C DACO0808LCN DAC0808LCJ DACO0808D
7 bit 0 to 75°C DACO0807LCN DACO0807LCJ DACO0807D
6 bit 0 to 75°C DACO0806LCN DACO0806LCJ DACO0806D
8 bit —55 to 125°C — DACO0808LJ —
BLOCK DIAGRAM
+VS Al A2 A3 A4 A5 A6 A7 A8
o) 0O 0 O 0 0 0 O
13 5 (6 (7 9 (10 {11 |12 -
BIAS I J 4
O
CURRENT J) J) J) (!) (!) (!) (B vo
14 SWITCHES L~
+O L
VREF ia
-0 15 _
16
L2
COMPO -VEEQO DACOB06-1
THERMAL DATA
Ceramic Plastic
DIP-16 $0-18 DIP-16
Rthj-amb  Thermal resistance junction-ambient max 150°C/W 120°C/W 100°C/W
2/11 SGS- MSON
IS73 u@%@gggmgmﬁ@s
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ELECTRICAL CHARACTERISTICS
(Vs=5V, VEg= — 15V, VREF/R14=2 mA, Ta= TM|N to TMax and all digital inputs at high logic level
unless otherwise noted.)

Parameter Test Conditions Min. | Typ. Max. Unit
E, Relative Accuracy (Error Relative| (Figure 10) %
to Full Scale Ip)
DAC0808L +0.19 %
DACO0807LC/D1 (Note 1) +0.39 %
DAC0806LC/D1 (Note 1) +0.78 %
Settling Time to Within 1/2 LSB | Tp =25°C (Note 2) 150 ns
(Includes tp ) (Figure 11)
:gh’l"_ Propagation Delay Time Ta=25°C (Figure 11) 30 100 ns
TClo Output Full Scale Current Drift +20 ppm/°C
MSB Digital Input Logic Levels (Figure 9)
ViH High Level, Logic ““1” 2 Vpc
ViL Low Level, Logic “‘0” 0.8 Vpe
MSB Digital Input Current (Figure 9)
High Level Vig=5V 0 0.040 mA
Low Level ViL=0.8V —0.003 -0.8 mA
l45 Reference Input Bias Current (Figure 3) -1 -3 pA
Output Current Range (Figure 9)
VEg= —5V ] 2.0 2.1 mA
VEg= —15V, Tp=25°C 0 2.0 4.2 mA
lo Output Current VReF =2.000V.
R14 = 10009
(Figure 9) 1.9 1.99 2.1 mA
Output Current, All Bits Low (Figure 9) 0 4 A
Output Voltage Compliance E;=<0.19%, To=25°C
VEg= ~5V —0.55,+0.4 \
Vgg Below —-10V -5.0 ,+0.4 Vv
SRIger Reference Current Siew Rate (Figure 14) 4 8 mA/us
Output Current Power Supply -5V=Vgg=-16.5V 0.05 2.7 pAIV
Sensitivity
Power Supply Current (All Bits Low) (Figure 9)
Is 2.3 22 A
Ieg -4.3 -13 m
Power Supply Voltage Range Ta=25°C (Figure 9) )
Vg 45| 5.0 5.5 v
VEE —-45|-15 -16.5
Power Dissipation
All Bits Low Vg=5V.Vgg= -5V 33 170 mwW
Vg=5V.VEg = — 15V 106 305 mw
All Bits High Vg=15V.Vgg= -5V 90 mw
Vg=15V.Vgg= - 15V 160 mw

Note 1: All current switches are tested to guarantee at least 50% of rated current.
Note 2: All bits switched.
Note 3: Range control is not required.

57, ST
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Fig. 1 - Supply Current vs

Fig. 2 - Supply Current vs Supply

Fig. 3 - Supply Current vs Supply
Voltage (Vg)

Temperature Voltage (Veg)
Jee LT T T T T T T 1 T T T T 1T T 11
(o5 AL BITS HIGH OR LOWH (xa) {[ALL BITS HIGH OR LOW
8 I 4 =2mA 8 ———
] 1 IEIE (|I1‘|‘ -=:2m:A)
6 EE 6 T T
i EIE ('I14 "1 m'A)
4 4 e
IE E (Ii AI"O . 2mA)
- |
2 Ig 2
s o
0 | 0 1
-50 0 50 100 TL(°C) 0 4 8 12 Vgg(V)
Fig. 4 - Logic Input Current vs Fig. 5 - Bit Transfer Characteristics
Input Voltage
L ("'i? I ] =2ImA
(uA) 14
1 A1l
4 0.8
A1 THROUGH A8 0.6
[ A2
2 0.4
A3
0.2
T A
0—§=70 4 By W 0"=7 0 4 8 12y @
Fig. 7 - Output Voltage Compliance  Fig. 8 - Frequency response
vs Temperature
Vo (dB)
m 4
27 I
SHADED AREA 0 —
8 _é INDICATES \ \ B
—5 PERMISSIBLE OUTPUT -4
|__PVOLTAGE RANGE FOR
0 é Vgg=-15V. T, s2mA -8
/ \ \A
77 7 Z -12 AN
C
-16 " -16
50 0 50 10070 Th 40205 1 2 (MHz)
411

SGS-THOMSO|

Tee [T T T T T T T7
(ma) HALL BITS HIGH OR Low J
8
6
Ieg (I54=2mA)
4
2
Ig (I4=2mA)
0 L1
0 4 8 12 VgV

Fig. 6 - Output Voltage Compliance

Io

(mA) [ALL BITS "ON
2.4
VEg=-15V Vgg=-5V
2T ™1,
I14=2mA
1.6 | ]
1.2 I14=1mA~
0.8 H
0.4 144=0.2mA
{ 1 1 T

0
-14-10 -6 -2 2 6 10 Vo (V)

Unless otherwise specified: R14 =
R15=1kQ, C=15 pF, pin 16 to VgE;
RL =502, pin 4 to ground.

Curve A: Large Signal Bandwidth
Method of Figure 7, Vggr=2 Vp-p
offset 1 V above ground

Curve B: Small Signal Bandwidth
Method of Figure 7, R =250Q,
VRer =50 mVp-p offset 200 mV
above ground.

Curve C: Large and Small Signal
Bandwidth Method of Figure 9 (no
op amp. R_ = 50Q), Rg = 509,
VRep=2V, Vg =100 mVp-p centered
at OV.
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Test Circuits

FIGURE 9. Notation Definitions

+Vs
MSB 5 13? 14 The resistor tied to pin 15 is to temperature com-
A1 O o VREF pensate the bias current and may not be necessa-
A2 07 % R ry for all applications.
" 7% DAC |2 lo=K A1, A2 A3 A4 A5 A6 A7 A8
9
A5 Oio 0808 ) 2 4 8 16 32 64 128 256
A6 O
A7 O AL VREF
A8 01?- 16 where K = R4
Ls8 3
-VEE | ¢ T and AN= “1” if AN is at high level
‘ bacosos-3 AN= “0" if AN is at low level
FIGURE 10. Relative Accuracy
A1
42 BIT| Vo= 0 to 10V
[
Dtoa c 50 Kohm
A8 x
A2 0 ERAOR OUT
(1V=1%)
“355 ?13
—O O—s-
—O ~O—7 ;] VREF (2V)
8 BIT 0 o : DAC
COUNTER|—O- O 51 0808 |, sxonm 100 nF
© Ol
O O] 16
: T.
LsB 3
c DAC0808-4
-VEE
Ly7 SGS-THOMSON 51
Y/, HICROELEGTRONICS
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FIGURE 11. Transient Response and Settling Time

A Vin (V)
2.4 | o]
/ \ 1.4V
0.4 / \
A Vo (V)
Iloo nF 0.7 | — | —  INTERNAL
SETTLING CLAMP LEVEL
TIME
v 0 ~+ +
[}
ts=150ns TYP.
Co <25 pF 0 4 vo (mv)
I TRANSIENT
RESPONSE
15 pF -100 |~====-=-~ 4-
DACO808-5 TPLH TPHL
—B{ —
DACO808-14
FIGURE 12. Positive VRep FIGURE 13. Negative VRgr
+Vs ? +Vs
MSB 13? msBg 131 4,
M O—ZL “ VREF JL at 0 —o—g@i
A2 07 A2 0-7—'
A3 O— A3 O— 508 ovrer
8
A4 o—g DAC ﬁ a4 O DAC —o—-| L
A5 O+ 0808 A5 O~ 0808
A6 O A6 O
—] r 11 ’| I
A7 o—-i; AL A7 O
A8 O— A8 O—
LsB 3 LSB 3
- —VEE
VEE DAC0B08-7 DAC0808-8
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DAC0808-0807-0806

FIGURE 14. Reference Current Slew Rate Measurement

a2y

%
2
a8
)

APPLICATION INFORMATION

CIRCUIT DESCRIPTION

The DAC0808 consists of a reference current am-
plifier, an R-2R ladder, and eight high-speed cur-
rent switches. For many applications, only a
reference resistor and reference voltage need be
added.

The switches are noninverting in operation, there-
fore a high state on the input turns on the speci-
fied output current component. The switch uses
current steering for high speed, and a termination
amplifier consisting of an active load gain stage
with unity gain feedback. The termination ampli-
fier holds the parasitic capacitance of the ladder
at a constant voltage during switching and provi-
des a low impedance termination of equal voltage
for all legs of the ladder.

The R-2R ladder divides the reference amplifier cur-
rent into binarily-related components, which are fed
to the switches. Nota that there is always a remain-
der current which is equal to the last significant bit.
This current is shunted to ground, and the maxi-
mum output current is 255/256 of the reference am-
plifier current, or 1.992 mA for a 2.0 mA reference
amplifier current if the NPN current source pair is
perfectly matched.

REFERENCE AMPLIFIER DRIVE AND COMPEN-
SATION

The reference amplifier provides a voltage at pin
14 for converting the reference voltage to a cur-
rent, and a turn-around circuit or current mirror for
feeding the ladder. The reference amplifier input
current, 14, must always flow into pin 14, regar-
dless of the set-up method or reference voltage po-
larity.

Connections for a positive voltage are shown in Fi-
gure 12. The reference voltage source supplies the
full current l14. For bipolar reference signals, as
in the multiplying mode, R15 can be tied to a ne-
gative voltage corresponding to the minimum in-
put level. It is possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increa-
sed with increases in R14 to maintain proper pha-
se margin; for R14 values of 1, 2.5 and 5 kQ,
minimum capacitor values are 15,37 and 75 pF.
The capacitor may be tied to either VEg or ground,
but using VEE increases negative supply rejection.

A negative reference voltage may be used if R14
is grounded and the reference voltage is applied
to R15 as shown in Figure 13. A high input impe-
dance is the main advantage of this method. Com-
pensation involves a capacitor to VEg on pin 16,
using the values of the previous paragraph. The
negative reference voltage must be at least 3V abo-
ve the VEE supply. Bipolar input signals may be
handled by connecting R14 to a positive referen-
ce voltage equal to the peak positive input level at
pin 15.

When a DC reference voltage is used, capacitive
by pass to ground is recommended. The 5V logic
supply is not recommended as a reference volta-
ge. If a well regulated 5V supply which drives lo-
gic is to be used as the reference, R14 should be
decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resi-
stors with 0.1 uF to ground. For reference voltages
greater than 5V, a clamp diode is recommended
between pin 14 and ground.

If pin 14 is driven by a high impedance such as a
transistor current source, none of the above com-
pensation methods apply and the amplifier must
be heavily compensated, decreasing the overall
bandwidth.

Ly7, SGS:THOMSON 7
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OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.6
to 0.5V when VEg = — 5V due to the current swit-
ching methods employed in the DAC0808.

The negative output voltage compliance of the
DACO0808 is extended to — 5V where the negative
supply voltage is more negative than — 10V. Using
a full-scale current of 1.992 mA and load resistor
of 2.5 kQ between pin 4 and ground will yield a vol-
tage output of 256 levels between 0 and —4.980V.
Floating pin 1 does not affect the converter speed
or power dissipation. However, the value of the load
resistor determines the switching time due to in-
creased voltage swing. Values of RL up to 500Q
do not significantly affect performance, but a 2.5
kQ load increases worst-case setting time to 1.2 us
(when all bits are switched ON). Refer to the sub-
sequent text section on Settling Time for more de-
tails output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may
be used only for negative supply voltages more ne-
gative than — 7V, due to the increased voltage drop
across the resistors in the reference current am-
plifier.

ACCURACY

Absolute accuracy is the measure of each output
current level with respect to its intended value, and
is dependent upon relative accuracy and full-scale
current drift. Relative accuracy is the measure of
each output current level as a fraction of the full-
scale current. The relative accuracy of the
DACO0808 is essentially constant with temperatu-
re due to the excellent temperature tracking of the
monolithic resistor ladder. The reference current
may drift with temperature, causing a change in
the absolute accuracy of output current. However,
the DACO0808 has a very low full-scale current drift
with temperature.

The DACO0808 series is guaranteed accurate to wi-
thin +1/2 LSB at a full-scale output current of 1.992
mA. This corresponds to a reference amplifier out-
put current drive to the ladder network of 2 mA, with
the loss of 1 LSB (8 pA) which is the ladder remain-
der shunted to ground. The input current to pin 14
has a guaranteed value of between 1.9 and 2.1 mA,
allowing some mis-match in the NPN current sour-
ce pair. The accuracy test circuit is shown in Figu-
re 10. The 12-bit converter is calibrated for a
full-scale output current of 1.992 mA. This is an op-
tional step since the DAC0808 accuracy is essen-
tially the same between 1.5 and 2.5 mA.

81 Ly7, SGS-THOMSON

Then the DACO0808 circuits’ full-scale current is
trimmed to the same value with R14 so that a zero
value appears at the error amplifier output. The
counter is activated and the error band may be di-
splayed on an oscilloscope, detected by compa-
rators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to con-
struct a 16-bit accuracy D-to-A converter. 16-bit ac-
curacy implies a total error of +1/2 of one part in
65,536, or +0.00076%, which is much more ac-
curate than the +0.019% specification provided
by the DACO0808.

MULTIPLYING ACCURACY

The DAC0808 may be used in the multiplying mo-
de with 8-bit accuracy when the reference current
is varied over a range of 256:1. If the reference cur-
rent in the multiplying mode ranges from 16 pA to
4 mA, the additional error contributions are less
than 1.6 4A. This is well within 8-bit accuracy when
referred to full-scale.

A monotonic converter is one which supplies an
increase in current for each increment in the bina-
ry word. Typically, the DAC0808 is monotonic for
all values of reference current above 0.5 mA. The
recommended range for operation with a DC refe-
rence current is 0.5 to 4 mA.

SETTLING TIME

The “worst case’’ switching condition occurs when
all bits are switched ‘‘on’’, which corresponds to
a low-high transition for all bits. This time is typi-
cally 150 ns for settling to within = 1/2 LSB for 8-bit
accuracy and 100 ns to 1/2 LSB for 7 and 6-bit ac-
curacy. The turn off is typically under 100 ns. The-
s?: timers apply when R <500 ohms and Cg <25
pF.

The test circuit of Figure 11 requires a smaller vol-
tage swing for the current switches due to internal
voltage clamping in the DAC0808 A 1.0-kilohm load
resistor from pin 4 to ground gives a typical set-
tling time of 200 ns.

Thus, it is voltage swing and not the output RC ti-
me constant that determines setting time for most

-applications.

Extra care must be taken in board layout since this
is usually the dominant factor in satisfactory test
results when measuring settling time.

Short leads, 100 uF supply bypassing for low fre-
quencies, and minimum scope lead length are all
mondatory.

MICROELECTRONICS
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PROGRAMMABLE GAIN AMPLIFIER OR DIGI-
TAL ATTEPUATOR

When used in the multiplying mode can be applied
as a digital attenuator. See Figure 15. One advan-
tage of this technique is that if Rg =50 ohms, no
compensation capacitor is needed. The small and
large signal band are now identical and are shown
in Figure 8C.

The best frequency response is obtained by not al-
lowing 114 to reach zero. However, the high impe-
dance node, pin 16, is clamped to prevent
saturation and insure fast recovery when the cur-
rent through R14 goes to zero. Rg can be set for
a = 1.0 mA variation in relation to 114. 114 can ne-
ver be negative.

The output current is always unipolar. The quie-
scent dc output current level changes with the di-
gital word which makes accoupling necessary.

CURRENT TO VOLTAGE CONVERSION

Voltage output of a larger magnitude are obtaina-
ble with the circuit of fig. 16 which uses an exter-
nal operational amplifier as a current to voltage
converter. This configuration automatically keeps
the output of the DAC0808 ground potential and
the operational amplifier can generate a positive
voltage limited only by its positive supply voltage.
Frequency response and setting time are primari-
ly determined by the characteristics of the opera-
tional amplifier. In addition, the operational amplifier
must be compensated for unity gain, and in some
cases over compensation may be desirable.
Note that this configuration results in a positive out-
put voltage only, the magnitude of which is depen-
dent on the digital input. The LM301 can be used
in a feedforwerd mode resulting in a full scale set-
ting time on the order of 2.0 us.

COMBINED OUTPUT AMPLIFIER AND VOLTA-
GE REFERENCE

For many of its applications the DAC0808 requi-
res a reference voltage and an operational ampli-
fier. Normally the operational amplifier is used as
a current to voltage converter and its output need
only go positive. With the popular LM723 voltage
regulator both of these functions are provided in
a single package with the added bonus of up to 150
mA output current. See Figure 17. The reference

y 9/11
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voltage is developed with respect to the negative
voltage and appears as a common-mode signal to
the reference amplifier in the D-to-A converter. This
allows use of its amplifier as a classic current-to-
voltage converter with the non-inverting input
grounded.

Since +15V and +5.0V are normally available in
a combination digital-to-analog system, only the
—5.0 V need be developed. A resistor divider is
sufficiently accurate since the allowable range on
pin 5 is from —2.0 to —8.0 volts. The 5.0 kilohm
pulldown resistor on the amplifier output is neces-
sary for fast negative transitions.

Full scale output may be increasing Ro and raising
the + 15V supply voltage to 35 V maximum. The
resistor divider should be altered to comply with
the maximum limit of 40 volts across the LM723
Co may be decreased to maintain the same Ro-
Co product if maximum speed is desired.

PROGRAMMABLE POWER SUPPLY

The circuit of figure 17 can be used as a digitally
programmed power supply by the addition of
thumb-wheel switches and a BCD-to-binary con-
verter. The output voltage can be scaled in seve-
ral ways, including 0 to +25.5 volts in 0.1 —volt
increments, 10 mV.

PANEL METER READOUT

The DACO0808 can be used to read out the status
of BCD or binary registers or counters a digital con-
trol system. The current output can be used to dri-
ve directly an analog panel meter. External meter
shunts may be necessary if a meter of less than
20 mA full scale is used. Full scale calibration can
be done by adjusting R14 or Vref (see fig. 18).

CHARACTER GENERATOR

In a character generation system fig. 19 one
DACO0808 circuit uses a fixed reference voltage and
its digital input defines the starting point for a stro-
ke. The second converter circuit has a ramp input
for the reference and its digital input defines the
slope of the stroke. Note that this approach does
not result in a 16-bit D-to-A converter (see Accura-
cy Section).




DAC0808-0807-0806

TWO-DIGIT BCD CONVERSION FIGURE 15. Programmable Gain Amplifier or Digital

Two 8-bit, D-to-A converters can be used to build Attenuator Cirouit
a two digit BCD D-to-A or A-to-D converter (fig. 21).
If both outputs feed the virtual ground of an opera-

tional amplifier, 10:1 current scaling can be achie- Vsense
ved with a resistive current divider. If current out-
put is desired, the units may be operated at full B
VREF
5 |14

scale current levels of 4.0 mA and 0.4 mA with the
outputs connected to sum the currents. The error
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FIGURE 19. Digital summing and character generation
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FIGURE 20. Analog product of two digital words (High Speed Operation)

v
~lo1 Ro= m'i' (Al R
1

VREF
Vo |02={B] |V0|_ ref
R14, R142 R141
2[I%
f Vret
Since Rg=R14; and K=
R14,

DAC0O808-12

loo=K (A} (B} K can be an analog variable

FIGURE 21. Two-digit BCD conversion

+Ve o_?
3
1 4

VREF R4 “ )
11 “Vo
: DAC |10 |
r Lsso% 0808 | i
oY ! ‘
) 6 2
L ..2s] 16
MSB O—
4,3
-VEE O- T

DAC0O808-11
(%) MOST SIGNIFICANT BCD WORD
(%) LEAST SIGNIFICANT BCD WORD
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Lyz SGS-THOMSON

L272
L272M

DUAL POWER OPERATIONAL AMPLIFIERS

® QUTPUT CURRENT TO 1A
® OPERATES AT LOW VOLTAGES
® SINGLE OR SPLIT SUPPLY

® | ARGE COMMON-MODE AND DIFFER-
ENTIAL MODE RANGE

GROUND COMPATIBLE INPUTS
LOW SATURATION VOLTAGE
THERMAL SHUTDOWN

The L272 and L272M are monolithic integrated
circuits in powerdip and minidip packages in-
tended for use as power operational amplifiers in

The high gain and high output power capability
provide superior performance whatever an opera-
tioral amplifier/power booster combination is
required.

Powerdip (8 + 8)
ORDERING NUMBERS:

Minidip Plastic

a wide range of applications including servo ampli- L272 L272M

fiers and power supplies, compact disc, VCR, etc.

ABSOLUTE MAXIMUM RATINGS

V, Supply voltage 28 \%

Vi Input voltage \'A

Vi Differential input voltage 1V,

lo DC output current 1 A

Ip Peak output current (non repetitive) 1.5 A

Pyot Power dissipation at T,m, = 80°C (L272), Tomp = 50°C (L272M) 1 w
Tease = 75°C (L272) 5 w

Tog, T Storage and junction temperature -40 to 150 °C

BLOCK DIAGRAM

g

I
sO———:D_ o
70—

6 O—
—O03
s o—:[>_
_Ll..s-rs

L272

$.39061

6 O—
5 O—

——O3

Vg
I8

8 b‘—Ol

7 00—

L

L272m

5.5929

1/6
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L272~L272M

CONNECTION DIAGRAM

(Top view)
Y U
output 1|1 16 [Jono OUTPUT 1 ﬂ 1 8 [] npuT-
Y B 15 flono suppLy voLTace [| 2 7 [Jnputas
oureur2 |2 4flone oUTPUT 2 I 6 [Jneute2
oo [le 13[Jeno oo [ . s veur-z
inpuT-2 |5 12{]eNo
S-591
iNpuT2 |6 11[Jeno ’
L272M
npuTa [i7 10]Jeno
iNeuT-1 (I8 9 fleno
$-5905
L272
SCHEMATIC DIAGRAM (one only)
g
Y VJ
) K¢
v
N
+In
o out
+— 0
10pF
-In F
THERMAL K
PROTECTION
|
O
$-5904/1
THERMAL DATA Powerdip Minidip
Rih jcase Thermal resistance junction-pins max 16°C/W *70°C/W
Ren j-amb Thermal resistance junction-ambient max 70°C/W 100°C/W

* Thermal resistance junction-pin 4

2/6 -
57, SRETHONSON
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L272-L272M

ELECTRICAL CHARACTERISTICS (V, =24V, T,mp, = 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply voltage 4 28 \
I Quiescent drain current V. = Vg Vs = 24V 8 12 mA
o=
2
Vg = 12V 75 1 mA
Iy Input bias current 0.3 2.5 MA
Vos Input offset voltage 15 60 mV
los Input offset current 50 250 nA
SR Slew rate 1 V/us
B Gain-bandwidth product 350 KHz
R Input resistance 500 KQ
Gy O.L. voltage gain f = 100Hz 60 70 dB
f = 1KHz 50 dB
eN Input noise voltage B = 20KHz 10 ny
In Input noise current B = 20KHz 200 PA
CRR Corﬁmon Mode rejection f = 1KHz 60 75 dB
SVR Supply voltage rejection
f = 100Hz Vg = 24V 70 dB
Rg = 10KQ Vg = +12V 54 62 dB
VR = 0.5V Vg = £ 6V 56 dB
Vo Output voltage swing
lp = 0.1A 23 \Y
lp = 05A 21 225 A
Cs Channel separation f=1KHz; R_=108; Gy =30dB
Vg = 24V 60 dB
T Vg=1t6V 60 dB
d Distortion f = 1KHz Gy, = 30dB 0.5 %
Vg = 24V R = o
Teq Thermal shutdown 145 °c
junction temperature
‘_7’ SGS-THOMSON 3/6
~ MICROELECTRONICS
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L272- L272M

Fig. 1 - Quiescent current
vs. supply voltage

Fig. 2 - Quiescent drain
current vs. temperature

Fig. 3 - Open loop voltage
gain

G-6118 6-6120
o Iq T 1 (98
(mA)| (mA:
Vs = 24V v
80
10
70
8 § k]
N £0
3 ol N
8 R 50
7 / 7 40
30
6
20 \
6 s 10 \
0 \
4 8 12 16 20 24 Vg (V) S0 0 20 40 60 80 Tping ) 10 10? 10° 104 105t (H2)
Fig. 4 - Output voltage Fig. 5 - Output voltage Fig. 6 - Supply voltage
swing vs. load current swing vs. load current rejection vs. frequency
N 6-6121 G-6122 G- 6123
) W I (d8)
Ve = £12V Vg = 212¢ %0 AR
13 -1 L REF.INPUT ( Gy=10Q)
8c
12 -1z 70
\\ 4
60 |-
\ \
n — -n 50 N
E R e : | \\
- 40
10 =10
0
20 L
200 400 600 1 oap(mA) 200 400 600 1L oap (mA) - 10 10? 10° 108t (H2)
Fig. 7 - Channel separation Fig. 8 - Common mode
vs. frequency rejection vs, frequency
G- 6124 -
(@8 [T (@8) [T
70 iR =207
80 =
60 n>.
™~
1 70
50
60
40 N
30 50 "!3 7
40 i
i
11
10 102 104 t(Hz) 10 10 10° 104 f(H2)
4/6
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L272- L272M

APPLICATION SUGGESTION

NOTE
In order to avoid possible instability occurring — A 100nF capacitor corrected between supply
into final stage the usual suggestions for the pins and ground;

linear power stages are useful, as for instance: — boucherot cell (0.1 to 0.2uF + 1§ series) bet-
— layout accuracy; ween outputs and ground or across the |oad.

Fig. 9 - Bidirectional DC motor control with uP compatible inputs

Vs, = logic supply voltage
Must be Vsz > VS].
E1, E2 = logic inputs

$-5931N1

Fig. 10 - Servocontrol for compact-disc

“"1--
1

E FOCUSING
INTEGRATED
SIGNAL

REFLECTED,
BEAM )] PHOTODIODES

-0
'
|
1
t
!
!

]
LASER HANDLING H TRACKING
: + 12
! |
5-94751/1 | SOPUR |
Fig. 11 - Capstan motor control in video recorders
+Vg
ANALOG
INPUT 2 oot
$-9477
‘_71 SGS-THOMSON 5/6
' MICROBLECTRONICS
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L272- L272M

Fig. 12 - Motor current control circuit

“26V
R2% R8
25K Q22uF 33Ka I
2%
RI¥ n
36K0 o
0.4705%
V=0..:8Y
R3% R4¥ RS
1} f
—J —
36KQ 2.5K0 10KQ 2% $-5930/1

*< 1%
Note: The input voltage level is compatible with L291 (5-BIT D/A converter)

Fig. 13 - Bidirectional speed control of DC motors.

For circuit stability ensure that Ry > —ZEB-R—O—BL where Ry, = internal resistance of motor, The voltage
M °
available at the terminals of the motoris Vyy =2 (V, - st ) + IRl Iyy where IRyl = 2—RR;R1— and
X

Iy is the motor current.

Rx
1
—J
Vin R1
O—{"J—
10KQ
o e
InF
R2
N —
10KQ
$-5909/2
6/6 Ly7 SGS-THOMSON
Y/, MICROELECTRONICS
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KYIW msmg@%?uﬁg%@?m?@% L272D

DUAL POWER OPERATIONAL AMPLIFIER

ADVANCE DATA

B QUTPUT CURRENTTO 1A cations including servo amplifiers and power

B OPERATES AT LOW VOLTAGES supplies, compact disc, VCR, etc. The high gain
and high output power capability provide supe-

® SINGLE OR SPLIT SUPPLY rior performance wheatever an operational

® | ARGE COMMON-MODE AND DIFFER- amplifier/power booster combination is required.

ENTIAL MODE RANGE
® GROUND COMPATIBLE INPUTS
[ ]

LOW SATURATION VOLTAGE P
® THERMAL SHUTDWON SO-164

The L272D is a monolithic integrated circuit

in SO-16 packages intended for use as power ORDERING NUMBER: L272D
operational amplifier in a wide range of appli-

ABSOLUTE MAXIMUM RATINGS

Vs Supply voltage 28 \%
V; Input voltage V,

V; Differential input voltage +V,

lo DC Output current 1 A
Ip Peak output current (non repetitive) 1.5 A
Piot Power dissipation at Tc,ee = 90°C 1.2 w
Tstg, T Storage and junction temperature -40 to 150 °C

CONNECTION DIAGRAMS

U g
N.C. K 6]  we
N.C. (2 15~ Tz.
oureut 1 (I3 14[] INPUT-1 o 1% ~ ;
supPLY voLT [ 4 13[JINPUT+1 13 >‘—-3"'O \
O + i
OUTPUT 2 [ 5 12 [input +2
12
GND (s 11 [JiNPUT-2 O- + 5
——O
- n >—
NC. 0 o we.
N.C. [ 8 s]] nc 3
5-10677 _L S~10678

June 1988 1/4

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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L272D

SCHEMATIC DIAGRAM (one only)

g
T
“ ~—K
v
N
oIn
o out
+—o0
10pF
1o H
THERMAL L——‘K
PROTECTION
]
O
$-5904/1
THERMAL DATA
Rethj-atumina(*) Thermal resistance junction-alumina max 50 °c/W

(*) Thermal resistance junctions-pins with the chip soldered on the middle of an alumina supporting substrate measuring
15 x 20 mm; 0.65 mm thickness and infinite heathsink.

2/4 -
Ly7, 555 THOMSON
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L272D

ELECTRICAL CHARACTERISTICS (V, = 24V, T,mp = 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vg Supply voltage 4 28 \%
Ig Quiescent drain current v Vg Vg = 24V 8 12 mA
o~ -
2
Vg = 12V 75 1 mA
Iy Input bias current 0.3 25 MA
Vos Input offset voltage 15 60 mV
los Input offset current 50 250 nA
SR Slew rate 1 V/us
B Gain-bandwidth product 350 KHz
R; Input resistance 500 KQ
Gy QO.L. voltage gain f = 100Hz 60 70 dB
f = 1KHz 50 dB
en Input noise voltage B = 20KHz 10 v
In Input noise current B = 20KHz 200 pA
CRR Common Mode rejection f = 1KHz 60 75 dB
SVR Supply voltage rejection
f = 100Hz Vg = 24V 70 dB
Rg = 10KQ Vg = £12V 54 62 dB
VR = 0.5V Vg = £ BV 56 dB
Vo Output volitage swing
lp = 0.1A 23 \%
Ip = 0.5A 21 225 \%
Cs Channel separation f=1KHz; R_=109; G, =30dB
Vg = 24V 60 dB
Vg =t 6V 60 dB i
i
d Distortion f = 1KHz G, = 30dB 0.5 %
Vg = 24V R = =
Tsd Thermal shutdown 145 °c ‘
junction temperature !
|
‘_7 SGS-THOMSON 3/4
/. iiGRozLECTRONICS



L272D

Fig. 1 - Quiescent current Fig. 2 - Quiescent drain Fig. 3 - Open loop voltage
vs. supply voltage e current vs. temperaturew‘ gain oo
o lq T (a8
(mA) (mA; [
Vg = 24V
| I 80
10 T t
. | ! 70
8 — 9 ™ 4
| N ] | ‘ 60
8
\ “ 50
7 / 7 N - 40
. : ] 30
L 20
6 5 : : 10 \
| i
L Lo o A
4 12 16 20 24 Vs (V) 20 o 0 4«0 60 80 T €C) 10 10? 10° 0% 10° f (Hz)
Fig. 4 - Output voltage Fig. 5 -~ Output voltage Fig. 6 - Supply voltage
swing vs. load current swing vs. load current rejection vs. frequency
6-6121 G-6122 : G- 6123
) ) (dB)| I |
VoTiTav Vo= 212V %0 Vo= ziav |
13 13 RSEF(NPU\'(GVHKJ )
80
12 -12 70
Tt —
- 60 \
n — " 50 AN
— ) . \\
40 g
10 -10
o
20 &
200 400 600 1L oap(mA) 200 400 600 I oD (mA) 10 10? 10° 0t (H2)
Fig. 7 - Channel separation Fig. 8 - Common mode
vs. frequency rejection vs. frequency
G- 6124 -6
(a8 i Ve = £6V. (dB) T T T
o ﬁ;i 3?/?5,,_,‘_ 1 ;EJ Vg = 24V |r
! . ; : i-‘ﬂ‘ L !
60 / ; Lol
- i ™~ |
|- AN ! y
! i : ml
w0 |- pmme g 7
: P 3
30 | I i i
| |
i ! ! i
P i {
S - - 4l
{ ! — ; ﬁ"
I i I I | i
10 102 103 104 f(H2) 10 10? 10° 104 t(H2)
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(ST B

L293B
L293E

PUSH-PULL FOUR CHANNEL DRIVERS

OUTPUT CURRENT 1A PER CHANNEL

PEAK OUTPUT CURRENT 2A PER CHAN-
NEL (NON REPETITIVE)

INHIBIT FACILITY

HIGH NOISE IMMUNITY
SEPARATE LOGIC SUPPLY
OVERTEMPERATURE PROTECTION

The L293B and L293E are quad push-pull drivers
capable of delivering output currents to 1A per
channel. Each channel is controlled by a TTL-
compatible fogic input and each pair of drivers
(a full bridge) is equipped with an inhibit input
which turns off all four transistors. A separate
supply input is provided for the logic so that
it may be run off a lower voltage to reduce
dissipation.

Additionally, the L293E has external connec-
tion of sensing resistors, for switchmode control.

ABSOLUTE MAXIMUM RATINGS

The L293B and L293E are packaged in 16 and 20-
pin plastic DIPs respectively; both use the four
center pins to conduct heat to the printed circuit
board.

DIP-16 Plastic
(0.4)

Powerdip
16+2+2

ORDERING NUMBERS: L293B (16 leads)
L293E (20 leads)

V, Supply voltage 36 \Y
Vg Logic supply voltage 36 \%)
V; Input voltage 7 \Y
Vinh Inhibit voltage 7 \Y
lout Peak output current (non-repetitive t = 5ms) 2 A
Piot Total power dissipation at Tgyound-pins= 80°C 5 w
Tag, T Storage and junction temperature -40 to 150 °C
DC motor control Bidirectional DC motor control
+Vs Vg
) .
]F P X ?\;‘\ ’
A ~ y
A o 1 3z
?o 1 ?‘IS 14 C ]
l_ lo.vss ?7 6 3 2?
D o,
8 £33
%M% 8
S ov 121293
ni h ’
S-s16an _]i.s,1z.13 o J_A.snz,\a O Vinh
June 1988 1/8
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L293B-L293E

CONNECTION AND BLOCK DIAGRAM (L293)

(top view)

Y
cHip enasLe (|1 6] Vss
INPUT 1 I- 15]] INPUT 4
outpuT 1 [ ul]]  outeuts
GND [« 13]) GND
GND [Is 12(] GND
outrutz [ 1f]  outpurs
INPUT 2 I- 10) INPUT 3
Ve fs 9 [} cHip EnasLE 2
STaes

F
3
H

=
e
A

r 3
2
I_

Y
-4

vs O

CONNECTION AND BLOCK DIAGRAM (L293E)

(top view)

CHIP ENABLE 1[
INPUT 1
oUTPUT 1
SENSE 1
GND
GND
SENSE 2

OUTPUT 2

W S 1

INPUT 2

Vs

Vss
INPUT &
OUTPUT 4

SENSE 4

GND
SENSE 3
OUTPUT 3

I
I
I
I
I} GND
I
I
I
I

INPUT 3

[JcHiP ENABLE 2

2/8
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10-—]_ ! L293E 20 *Vss
e 1
oJL n B

5-38271 4

:

A NS4

+Vs 5-5162/2

‘ SGS-THOMSON
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SCHEMATIC DIAGRAM

AR

R8

T3

* * * *

(7)(8) (3)(4) (2) (2) (14)(13) (18)17)

(*) In the L293 these points are not externally available. They are internally connected to the ground (substrate).
O Pins of L293 () Pins of L293E
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L293B-L293E

THERMAL DATA

Rth j-case
Rth j=amb

Thermal resistance junction-case
Thermal resistance junction-ambient

max
max

14
80

°C/W
°c/W

ELECTRICAL CHARACTERISTICS (For each channel, Vs= 24V, Vss= 5V, Tamp= 25°C,

unless otherwise specified)

Parameter Test conditions Min. Typ. Max Unit
Vs Supply voltage Vss 36 \
Vg Logic supply voltage 4.5 36 \
Is Total quiescent supply V= lo=0 Viph=H 2 6
current Vi=H I5=0 Vinn= H 16 24 | mA
Vinn=L 4
lss Total quiescent logic Vi=L lo=0 Vinh=H 44 60
supply current Vi=H  1,=0  Vipp=H 16 22 | ma
Vinh=L 16 24
ViL Input low voltage -0.3 15 \%
Vin Input high voltage Vg <7V 23 Vs
Vs > 7V 2.3 7 v
L. Low voltage input current | V_= 1.5V -10 uA
lin High voltage input current | 2.3V < Vi < Vg -0.6V 30 100 MA
VinhL Inhibit low voltage \ -0.3 1.5 \
VinhH Inhibit high voltage Vg <7V 2.3 Vs v
Vg > 7V 2.3 7
linhL Low voltage inhibit current | Vi = 1.5V -30 -100 HA
linnn ___ High voltage inhibit 2.3V < Vinpn < Vg -0.6V +10 | pA
current
VcEsatH Source output saturation lo=-1A 14 18 \Y%
voltage
VcEsatL Sink output saturation lo=1A 1.2 1.8 \
voltage
Vgsens  Sensing Voltage 2 Vv
(pins 4,7,14,17) (**)
t, Rise time 0.1t0 0.9 Vg (*) 250 ns
tf Fall time 0.9t0 0.1V, (*) 250 ns
ton Turn-on delay 0.5 Vjto 0.5 Vg (*) 750 ns
toff Turn-off delay 0.5 Vjto 0.5 Vg (*) 200 ns
(*) See fig. 1.

(**) Referred to L293E.

4/8
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L293B- L293E

TRUTH TABLE
Fig. 1 - Switching times

V; (each channel) Vo Vinn. ©°) 05V, /N \
M
H H H
L L H
H (©) L E‘ —————— K, o
FA - — = — - - HM - 0.5v
L (°) L Vo ) N &;o‘wn
(°) High output impedance. tr it
(c°) Relative to the considerate channel. ¢ ¢
on oft
S-417
Fig. 2 - Saturation voltage Fig. 3 - Source saturation Fig. 4 - Sink saturation volt-
vs. output current voltage vs. ambient tempe- age vs. ambient temperature
G- 4345 rature G-4346 G-4347
VeE sat r | ’ Veesath “ ‘ Ve satt
(v) w) (v)
Vg=24V Vg= 24V Vo= 24V
Vinhibit=Yss=5V Vi=Vinhibit=Yss =5V Vinhibit=Vss =5V
3 3 3
To=1.5A
e
: / : | 2 —1 lo = 154
VCE sath 4 | lo=1 A |
I bt 13 2 1A
' e ‘ Lo — "
T——— i —— =0.
= —— ——"
o l 0
o 05 1 15 1o (A) -50 0 50 100 Tpu(*0) -50 o 50 100 Tymp(*C)
Fig. 5 - Quiescent logic Fig. 6 - Output voltage vs. Fig. 7 - Output voltage vs.
supply current vs. logic input voltage inhibit voltage
Supply VOltage G-4398 G- 4303 6-4349
Iss ] Vo T T Vo Vg =24V
(ma) Vg=24V Vgg= Vi =5V |
Vg =24V Vss=Vinhibit =5V I T
50 3,‘,,;:3‘:1" > J57Vee satd Ys e sat
/ lj | Tamb=25°C
e ~ T, = 25°C 111 (A
—— :
// t 2 sec 1] ¢
46 / 40°C /I
w Il
42 / N l /
w Il /
VeE sat L Veesatt
0 10 20 30 Ves(V) ) 15 2 25 ) 1 15 2 Vinhibit (V)
r’l SGS-THOMSON 5/8
W MICROELECTRONICS
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L293B-L293E

APPLICATION INFORMATION

Fig. 8 - DC motor controls (with connection
to ground and to the supply voltage)

Fig. 9 - Bidirectional DC motor control

+Vg g
M1 ) ©
r Y A= A
~ Y
S
A A
A%o n ® 15 14 - -
c 0
1° O+Vss ?7 6 E 2? .
8 2-0ss
712 L293 8
9 O 121293 "
4,512,13 Vinh
S-5163/1 _L e ares J_A.SJZ,D
Vinn | A M1 M2 INPUTS FUNCTION
H H | Fast motor Run C=H; = Turn right
stop
Vinh=H C=L; D=H Turn left
H L | Run Fast motor
stop C=D Fast motor stop
L X | Free running Free running Viph=L c=X; D=X Free running
motor stop motor stop motor stop
= Low H = High X = Don’t care L= Low H = High X = Don't care
Fig. 10 - Bipolar stepping motor control e
0.22uF
o6 & o osk ¢
E 1,_,/ 112°300mA
024 o ok
—-— -—

6/8
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L293B-L293E

APPLICATION INFORMATION (continued)

Fig. 11 - Stepping motor driver with phase current control and short circuit protection

—Osvg
ACIRE
| T Towr
1 20
—O+5V
19
vy 2 OVy
3 18
D2 51 06 DS
= '14-1_ 4 17 -E Laal F‘
5 16|
nn th . s Lz!n!z
D4 03 7 14) o8 07
< 4 g
- 3 ) -
4xIN400Y 4xINGOOY
0 9 12 oV
10 n
L293E
- ’—4
2xIN4I4E RS RS 2 2x1N4148
Yos Yoo a 10 yonyomn
+SV
cP2 R4 ]10
R1 . 1083 KN
ika m 13
Vyet 10K ,,%
A 2
R7
. 1L5MA
R2
510 IOJ’AF
cs4 RS R10 cs
S e Sy T
100K A 1 100K A
+5V O——f__}——¢ C_}
RTI R
CP: CP4 1
s Yo 4 %.Zn
f 114 g 2
LM339 L Ve 1oka 10Kk LM339
L 1T
R13 R15
47KA 47K0
R4 R16 S-s166n
VE< 1.2V @ | =300 mA
D1to D8 : F
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L293B-L293E

MOUNTING INSTRUCTIONS

The Ry jamp Of the L293 and the L293E can
be reduced by soldering the GND pins to a
suitable copper area of the printed circuit board
as shown in figure 12 or to an external heatsink
(figure 13).

Fig. 12 - Example of P.C. board copper area
which is used as heatsink
COPPER AREA 35 THICKNESS

A-0038

\P,C,BOARD

8/8

60

o7 %f@ﬁé‘glé%@@u@%

During soldering the pins temperature must
not exceed 260°C and the soldering time must
not be longer than 12 seconds.

The external heatsink or printed circuit copper
area must be connected to electrical ground.

Fig. 13 - External heatsink mounting

example (Ry,= 30 °C/W)
l-%

Nn9mm
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L293C

PUSH-PULL FOUR CHANNEL /DUAL H-BRIDGE DRIVER

600mA OUTPUT CURRENT CAPABILITY
PER CHANNEL

® 1.2A PEAK OUTPUT CURRENT (NON
REPETITIVE) PER CHANNEL

® ENABLE FACILITY
@ OVERTEMPERATURE PROTECTION

® | OGICAL “0" INPUT VOLTAGE UP TO
1.5V (HIGH NOISE IMMUNITY)

® SEPARATE HIGH VOLTAGE POWER SUP-
PLY (UP TO 44vV)

The L293C is a monolithic high voltage, high
current integrated circuit four channel driver in
a 20 pin DIP. It is designed to accept standard
TTL or DTL input logic levels and drive induc-
tive loads (such as relays, solenoids, DC and step-
ping motors) and switching power transistors.

BLOCK DIAGRAM

PRELIMINARY DATA

The device may easily be used as a dual H-bridge
driver: separate chip enable and high voltage
power supply pins are provided for each H-
bridge. In addition, a separate power supply
is provided for the logic section of the device.

The L293C is assembled in a 20 lead plastic
package which has 4 center pins connected
together and used for heatsinking.

Powerdip
(16+2+2)

ORDER CODE: L293C

IN & ouT 4 QuUT 3 IN3
1 T 1
19 18 13 12
A
\ @ -O ENABLE 2
Vg O— 20
Vg, O 10
s L293C
V51 O *
1
O ENABLE 1
2 3 U 8 $-9287
(l_j o) J) O -LFJ.G.IS,IG
IN1 ouT1 ouT 2 IN2

June 1988
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L293C

ABSOLUTE MAXIMUM RATINGS

62

Lyz, S5, THOMSON

V, Supply voltage 50 \")
Vg Logic supply voltage 7 \%
V; Input voltage 7 \
Ven Enable voltage 7 \
fout Peak output current (non-repetitive t = 5ms) 1.2 A
Piot Total power dissipation at Tgyound-pins = 80°C 5 W
Tstgr T Storage and junction temperature -40 to 150 C
CONNECTION DIAGRAM TRUTH TABLE
(Top view)
INPUT ENABLE OUTPUT
ENABLE 1 [ 1 ~ zo] v H H H
ABL
ss L L
weur1 [f 2 19[ neuts X z
OuTPUT) [ 3 18 ]OUTPUT 4 Z = High output impedance
X = Don't care
o [le 17l wo
6
o s o ono SWITCHING TIMES
GND [ 6 15 J GND /_—\
05V Jf— — — — —
ourput 2 [} 7 wll  mo v, '7 \
weut2 o 13 outeur 3
Vs s w2fl inevrs | AT T T T S‘ g:“llo
VA LN - 0.5
Vs, [ 10 1] ENABLE 2 Yo (AR B "NC—Q—O’W
tr t
5-9288 T
fon toft
S-4171
THERMAL DATA
Rih j-case Thermal resistance junction-case max 14 :C/W
th J-amb Thermal resistance junction-ambient max 80 C/wW
2/3




L293C

ELECTRICAL CHARACTERISTICS (For each channel, Vg = 24V, Vgg = 5V, Tymp = 25°C,
unless otherwise specified)

Parameter Test Conditions Min. | Typ. | Max. | Unit
Vg Supply voltage (pin 9, 10) Vss 44
Vss Logic supply voltage (pin 20) 45 7
Is Total quiescent supply current Vi=1L lp=0 Vegny=H 2 6
(pin 9, 10)
Vi=H; lg=0  Vgn=H 16 | 24 | mA
VEN =L 4
Iss Total quiescent logic supply Vi=1L =0 Vegny=H 44 60
current (pin 20)
Vi=H; 1g=0 Vgn=H 16 | 22 | mA
VEN =L 16 24
ViL input low voltage -0.3 1.5 \%
(pin 2, 8, 12, 19)
ViH Input high voltage 23 Vgs | V
(pin 2, 8, 12, 19)
I Low voltage input current V=15V -10 | uA
(pin 2, 8, 12, 19)
™ High voltage input current 2.3V € V; < Vgg -0.6V 30 | 100 | wA
(pin 2, 8, 12, 19)
VeENnL Enable low volitage (pin 1, 11) -0.3 15
VENH Enable high voltage (pin 1, 11) 2.3 Vss
IENL Low voltage enable current VeEnL = 1.5V -30 | -100 | A
(pin 1, 11)
IENH High voltage enable current 2.3V < VENH < Vg -0.6 +10 | uA
(pin 1, 11)
VcE(satyH Source output saturation voltage lo = -0.6A 14 | 18 | V
(pins 3,7,13,18)
VeE@sat)L  Sink output saturation voltage Io = +0.6A 1.2 118 | VvV
sat) (pins 3,7, 13, 18) °
ty Rise time (*) 0.1 to 0.9 V, 250 ns
t¢ Fall time (*) 09 to 0.1 Vq 250 ns
ton Turn-on delay (*) 0.5 V) to 0.5 V, 750 ns
toff Turn-off delay (*) 05 V; to 0.5 V, 200 ns
(*) See switching times diagram
Ly7z SGS-THOMSON 3/3
’lu MICROELECTRONICS
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Kyz SG5-THOMSON

L293D

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

PRELIMINARY DATA

® 600mA. OUTPUT CURRENT CAPABILITY To simplify use as two bridges each pair of chan-

PER CHANNEL nels is equipped with an enable input. A separate

supply input is provided for the logic, allowing

® 1.2A PEAK OUTPUT CURRENT (NON RE- operation at a lower voltage and internal clamp
PETITIVE) PER CHANNEL diodes are included.

® ENABLE FACILITY This device is suitable for use in switching appli-

cations at frequencies up to 5 kHz.

The L293D is assembled in a 16 lead plastic
® LOGICAL “0” INPUT VILTAGE UP TO package which has 4 center pins connected

® OVERTEMPERATURE PROTECTION

1.5V (HIGH NOISE IMMUNITY)
® INTERNAL CLAMP DIODES

together and used for heatsinking.

The L293D is a monolithic integrated high volt-
age, high current four channel driver designed to
accept standard DTL or TTL logic levels and
drive inductive loads (such as relays solenoides,
DC and stepping motors) and switching power
transistors.

Powerdip
12+2+2

ORDERING NUMBER: L293D

BLOCK DIAGRAM

Vs ouT1 OuT3 Vss
T 71 i
8 v |3 N Vg 16
10
INTO L O IN3
ENABLE 1 O—] Vg 1 o ENABLE 2
15
IN2O O IN&
4,5,12)3 6 14 L2930
;L d) ) $-6573
ouT2 OUT4

June 1988

1/4
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L293D

ABSOLUTE MAXIMUM RATINGS

Vg Supply voltage 36 \%
Vss Logic supply voltage 36 \%
V; Input voltage 7 \%
Ven Enable voltage 7 \%
lo Peak output current (100us non repetitive) 1.2 A
Piot Total power dissipation at Tgqund-pins= 80°C 5 W
Tetg, Ti Storage and junction temperature -40 to 150 °c
CONNECTION DIAGRAM
U

enaBlet [ 6] Vss

weutr [z 5[] et 4

outeutt |3 1] outeuts

GND [« 13]] onp

GND s 1]l ono

ourput2 |6 n|l outeurs

INPUT 2 E 7 0] euT3

Vs e 9] ENaBLE2

$-.6574
THERMAL DATA
Rth j-case  Thermal resistance junction-case max 14 °c/w
Rin j-amp  Thermal resistance junction-ambient max 80 °C/W
2/4 <74 SGS-THOMSON
V7. HicRoELECTRONICS
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L293D

ELECTRICAL CHARACTERISTICS (For each channel, V, = 24V, V, = 5V, T,np= 25°C,

unless otherwise specified)

Parameter Test condition Min. Typ. Max. Unit
Vs Supply voltage (pin 8) Vg 36
Vs Logic supply voltage (pin 16) 45 36
Ig Total quiescent supply Vi=L =0 Ven = 2 6
current (pin 8)
Vi=H  1g=0 Ve ,=H 16 24 | mA
Ven = a4
lss Total quiescent logic supply i=L =0 Ven=H 44 60
current (pin 16)
(=H  1g=0  Vg,=H 16 22 | mA
Ven =L 16 24
Vi Input low voitage -0.3 1.5 \
(pin 2,7, 10, 15)
Vin Input high voltage V<7V 2.3 Vs
(pin 2,7, 10, 15) \
Vg > 7V 2.3 7
I Low voltage input current ViL=15V -10 KA
(pin 2, 7, 10, 15)
[ High voltage input current 2.3V < Vi < Vi -0.6V 30 100 LA
{pin 2,7, 10, 15)
VenL Enable low voltage (pin 1, 9) -0.3 15 \
VenH Enable high voltage (pin 1, 9) | Vg < 7V 2.3 Vs
\
Ve > 7V 2.3 7
lent Low voltage enable current VenL = 1.5V -30 -100 HA
current (pin 1, 9)
ienH High voltage enable current 2.3V < Vgpy < Vg -0.6V £ 10 HA
(pin 1,9)
VcEsatH  Source output saturation lo =~ 0.6A 1.4 1.8 \
voltage (pins 3,6, 11, 14)
VcEesat  Sink output saturation lo=+0.6A 1.2 1.8 \
voltage (pins 3,6, 11, 14)
Vg Clamp diode forward voltage lo = 600 mA 1.3 \%
1, Rise time (*) 0.1t0 09V, 250 ns
¢ Fall time (*) 0.9t0 0.1V, 250 ns
ton Turn-on delay (*) 0.5V;t0 05V, 750 ns
toff Turn-off delay (*) 0.5 V;10 0.5V, 200 ns
(*) See fig. 1
3/4
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L293D

TRUTH TABLE (One channel)

INPUT ENABLE (*) OUTPUT
H H H
L H L
H L z
L L z

Z = High output impedance
(*) Relative to the considered channel

Fig. 1 - Switching Times

S-417

4, -’
o &7, SETHMEN
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L2720/2/4

LOW DROP DUAL POWER OPERATIONAL AMPLIFIERS

PRELIMINARY DATA

® QUTPUT CURRENT TO 1A They are particularly indicated for driving, in-
® OPERATES AT LOW VOLTAGES ductive loads, as motor and finds applications
® SINGLE OR SPLIT SUPPLY ;\hco:?p:ct-c.hsc VdC:. a:torrt\otltve,etc. i
_ e high gain and high output power capability
o léﬁ?liEL E/I%Ig“EAORNAIMgEE AND DIFFER provide superior performance whatever an opera-
tional amplifier/power booster combination is
® LOW INPUT OFFSET VOLTAGE required.
® GROUND COMPATIBLE INPUTS -
® LOW SATURATION VOLTAGE o~
® THERMAL SHUTDOWN — B
® CLAMP DIODE :
The L2720, L2722 and L2724 are monolithic in- Powerdip Minidip
tegrated circuits in powerdip, minidip and SIP-9 (8 + 8) Plastic SIiP-9
packages, intended for use as power operational ORDERING NUMBERS:
amplifiers in a wide range of applications in- .
cluding servo amplifiers and power supplies. L2720 L2722 L2724
ABSOLUTE MAXIMUM RATINGS
A Supply voltage 28 \%
V, Peak supply voltage (50ms) 50 Vv
Vi Input voltage Vs
A Differential input voltage + Vg
lo DC output current 1 A
Ip Peak output current (non repetitive) 1.5 A
Ptot Power dissipation at Tymp = 80°C (L2720), T,mp = 50°C (L2722) 1 w
Tease = 75°C (L2720) 5 w
Tease = 50°C (L2724) 10 w
Tstgr Ty Storage and junction temperature -40 to 150 °c
BLOCK DIAGRAMS
Vg Vg e
? T T
|2 2 2
8 O—] 8 O— o—
7 O——:D_ k 7 o—:Df—-Ol : o :D'—O'
6 O—§ 6 O— 7 O—
s O_ZD*—-W . 0*_:{>w—03 . :D———oa
J.I"s-ls _Ll' _Ls $-9749
$.5906/1 5-5929
. L2720 L2722 L2724
June 1988 1/7
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L2720/2/4

CONNECTION DIAGRAMS

(Top view)

i hd ] ) J ( 9 INPUT-1

QUTPUT 1 16 {j G -
ND OUTRUT 1 K 8 [ inpuT1 o INPUTe]
Y 1 15 [Jono supPLY vouTaGE [| 2 7 [Jinputer 7= INPUT+2
output 2 [|3 14 [Jeno ouTRUT 2 [ s 6 npurez 6 F——NPUT-2
wo [ oo ( ) s[———0cn0
GNo (- s [Jiveur2 sf———nc.
wput-2 |5 12{]eno
. s-som 3j=————0utpPuT2
INPUT.2 6 11{GND F]| e—

[ ] L2722 %
meuta |7 10[Jeno — 1 F=——=0utPuT!
INPUT -1 [a 9 [Jleno 5-9748

<5905 L2724
L2720
SCHEMATIC DIAGRAM (one section)
g
LAY
+In
O out
DUMP
PROTEC.
_ 10pF
an H
THERMAL K
PROTECTION
-Vs
5-9526 O
THERMAL DATA SIP-9 | Powerdip | Minidip
Rth j-case Thermal resistance junction-pins max 10°C/W 16°C/W | *70°C/W
th j-amb Thermal resistance junction-albient max 70°C/W | 70°C/W | 100°C/W

* Thermal resistance junction-pin 4,

2/7 -
&7, SEETHONEON
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L2720/2/4

ELECTRICAL CHARACTERISTICS (V, =24V, T,n, = 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. | Unit
Vs Single supply voltage 4 28
\%
Vg Split supply voltage +2 + 14
lg Quiescent drain current Vs Vg = 24V 10 15
Vo = mA
2 Vg = 8V 9 15
Ip Input bias current 0.2 1 HA
Vos Input offset volitage 10 mV
los Input offset current 100 | nA
SR Slew rate 2 V/us
B Gain-bandwidth product 1.2 MHz
R;j Input resistance 500 KQ
Gy O.L. voltage gain f = 100Hz 70 80
dB
f = 1KHz 60
eN Input noise voltage 10 InY
B = 22Hz to 22KHz
In Input noise current 200 pA
CMR Common Mode rejection f = 1KHz 66 84 dB
SVR Supply voltage rejection f = 100Hz Vg = 24V 70 dB
Rg = 10KQ Vg = £12V 60 75 dB
Vg = 0.5V Vg = £ 6V 80 dB
VDROP (HIGH) lp = 100mA 0.7 v
Ip = 500mA 1.0 1.5
Vg = 2.6V to £12V
VDROP (LOW) lp = 100mA 0.3
\%
lp = 500mA 0.5 1.0
C Channel separation f = 1KHz = 24av 0
) R_ = 100 Vv go dB
G, = 30dB s
Tsd Thermal shutdown 145 °c
junction temperature
‘_YI SGS-THOMSON 3/7
' MICROELECTRONICS
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L2720/2/4

Fig. 1 - Quiescent current Fig. 2 - Open loop gain vs. Fig. 3 - Common mode
vs. supply voltage : frequency rejection vs. frequency
. G- 6160 o G-6163 (8 J .T.
(mA) V=24
I
12 80 Vg =24V % Il L
70 70
10 ™
"1 60
— 50
' K i
6 40 30
30
4
20
z 10
Il
0
P R I T I Vsv) 102 10° 10¢ 108 108 1(H2) 10 107 10? 0 tHz,
Fig. 4 - Output swing vs. Fig. 5 - Output swing vs.
load current (Vg = £ 5V) load current (V, = = 12V)
G-6164 G -6128
) l )
Vg2 £ 5V Vg = 212V
6 13
5 12
— \\\‘ X
%GATI E NEGATIVE
4 "
—-— — T~
lPOSITIVE Tt Pos e T—1—
3 10 i —
200 400 600 1L 0ap(mA) 200 400 600 1L oan(mA)
Fig. 6 - Supply voltage Fig. 7 - Channel separation
rejection vs. frequency vs. frequency
(dB; . G-6162 . G- 6131
V5= 312/ Vg =6V
80 6= 3048
Vo = 2V
70 I~ - 70
60 T
60 50 ——— —
N\ 40
50
30 ;
20—
10
" L1
1 10 0 10 10z) 1 10 10? 109 104 f(Hz)

4/7 -
Lyy, 555 THOMSON
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L2720/2/4

APPLICATION SUGGESTION

In order to avoid possible instability occurring — boucherot cell (0.1 to 0.2 uF + 182 series) bet-

into final stage the usual suggestions for the
linear power stages are useful, as for instance:

— layout accuracy;

— A 100nF capacitor connected between supply
pins and ground;

ween outputs and ground or across the load.
With single supply operation, a resistor (1KS2)
between the output and supply pin can be
necessary for stability.

Fig. 8 - Bidirectional DC motor control with uP compatible inputs

Vs2
@)

o

S|

g o——3 of; Vg1 = logic supply voltage
12 @ 4 Must be Vg, > Vg,

E1, E2 = logic inputs

$-59311

Fig. 9 - Servocontrol for compact-disc

REFLECTED INTEGRATED

BEAM )| PHOTODIODES SIGNAL

LASER . HANDLING
5-9475('

Fig. 10 - Capstan motor control in video recorders

ANALOG
INPUT

IS %%%é%ﬁ%@&?@s

[
. | FOCUSING
112
1
' |
1 |
' ! TRACKING
U2
j
1 |
| S|
&Vs
—
DIGITAL
INPUT
$-9477
MSON 5/7
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L2720/2/4

Fig. 11 - Motor current control circuit

<24V
R2% R8
25Kn 33KQ I
2%
Ri%
36K0 b
V=0..:8v
R3% R4¥*
o—{3 —{ 3 —
36KQ 25K0 10K 2% 5-5930/1
%< 1%

Note: The input voltage level is compatible with L291 (5-BIT D/A converter)

Fig. 12 - Bidirectional speed control of DC motors.

— e 2R3 ° R1 . .
For circuit stability ensure that Ry > —-—R—E—— where Ry, = internal resistance of motor. The voltage
M V, 2R ° R1
available at the terminals of the motor is Vyy =2 ( V, - 25 ) + IRol. Iy where IR,| = —R and
Iy is the motor current. Y X

Rx
—
—J
Vin R1
oO—{1—
10KQ
C1
nF
10KQ 10k ,
$-590972
6/7 ‘“— SGS-THOMSON
Y/, HICROELECTRONICS
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L2720/2/4

Fig. 13 - VHS-VCR Motor control circuit

uP
78

L L@
Ny LOADING MOTOR
DEE CASSETTE MOTOR

CAPSTAN

8-BIT .
N DAC |H L2720 MOTOR

L]

8-BIT
) DAC [~ L2720

' DRUM
MOTOR

0808 F

uP

— 811

CAPSTAN TACHO
DRUM POSITION

INTER CTL C"’
FACE | mec.ps. VHSZ: : DIS
REEL mm3
TDA | RIGHT O

4 | LeFT
REEL m:uoq O

RESET

or.

S-9482
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KYIW msmg@%@g@g%gm?@g L2726

LOW DROP DUAL POWER OPERATIONAL AMPLIFIER

ADVANCE DATA

® OUTPUT CURRENT TO 1A It is particularly indicated for driving inductive
® OPERATES AT LOW VOLTAGES loads, as motor and finds applications in com-
pact-disc VCR automotive, etc.
® SINGLE OR SPLIT SUPPLY The hiah gai d high ottt bifit
e high gain and high output power capability
® LARGE COMMON-MODE AND DIFFER- provide superior performance whatever an opera-
ENTIAL MODE RANGE tional amplifier/power booster combination is
® LOW INPUT OFFSET VOLTAGE required.
® GROUND COMPATIBLE INPUTS
® | OW SATURATION VOLTAGE
® THERMAL SHUTDOWN B
® CLAMP DIODE
. PP - S0-20
The L2726 is a monolithic integrated circuit (12+4+4)
in SO-20 package intended for use as power
operational amplifiers in a wide range of ap-
plications including servo amplifiers and power ORDER NUMBER: L2726
supplies.
ABSOLUTE MAXIMUM RATINGS
Vs Supply voltage 28 \
A Peak supply voltage (50ms) 50 Y,
Vi Input voltage Vs
V; Differential input voltage Vg
lo DC output current 1 A
Iy Peak output current (non repetitive) 1.5 A
Piot Power dissipation at T,mp = 85°C 1 w
Tease = 75°C 5 w
Tag, Tj Storage and junction temperature -40 to 150 °C
BLOCK DIAGRAM
+Vs
[s |
12 o
>——1— 20
11 o + .
10 =>
i o 2
g o
457 14517
L2726-1::DIS
June 1988 1/4

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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L2726

CONNECTION DIAGRAM
(Top view)

+Vs
ouT 2

O
O
O
GND [
O
0
O

= O O NN WD e

IN 2(+) O 10

20
19
18
17
16
15
14
13
12
11

ouT 1
N.C.
N.C.
GND -
GND
GND
GND
N.C.
IN 1 (=)

U

IN 1(+)

L2726-2: : 0IS

SCHEMATIC DIAGRAM (one section)

N

+In
O

DUMP

PROTEC.

10pF
-in H
THERMAL
PROTECTION

T

THERMAL DATA

5-9526

Rin jcase Thermal resistance junction-case
Rinjamb  Thermal resistance junction-ambient (*)

max
max

15.0
65

- °C/W

°C/W

(*) With 4 sq. cm copper area heatsink

2/4
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L2726

ELECTRICAL CHARACTERISTICS (Vv =24V, T,n, = 25°C unless otherwise specified)

‘—7 73 SGS-THOMSON
" MICROELECTRONICS

Parameter Test Conditions Min. Typ. Max. |[Unit
Vg Single supply voltage 4 28
\"
Vg Split supply voltage +2 +14
Ig Quiescent drain current V] Vg = 24V 10 15
Vg = —2 mA
2 Vg = 8V 9 15
Ip Input bias current 0.2 1 KA
Vos Input offset voltage 10 mV
los Input offset current 100 | nA
SR Slew rate 2 V/us
B Gain-bandwidth product 1.2 MHz
R; Input resistance 500 KQ
Gy O.L. voltage gain f = 100Hz 70 80
dB
f = 1KHz 60
en Input noise voltage 10 uvVv
B = 22Hz to 22KHz
In Input noise current 200 pA
CMR Common Mode rejection f = 1KHz 66 84 dB
SVR Supply voltage rejection f = 100Hz Vg = 24V 70 dB
Rg = 10KQ Vg = 212V 60 75 dB
Vg = 05V Vg = = 6V 80 dB
VpRrop (HIGH) |p = 100mA 0.7 v
Ip = 500mA 1.0 15
- Vs = +2.5V to +12V
VDROP (LOW) Ip = 100mA 0.3 v
lp = 500mA 05 | 1.0 '
C Channel separation f = 1KHz =
: R_ = 100 \\;5 - f;\'/v gg dB
G, = 30dB s
Tsd Thermal shutdown 145 °c
junction temperature
3/4
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L2726

Fig. 1 - Quiescent current Fig. 2 - Open loop gain vs. Fig. 3 - Common mode

vs. supply voltage frequency rejection vs. frequency
G- 6160 L) -
. (@8 N @ m
(mA) Vg=24
12 8 Vg 224V e i mEng
70
10 j— " ™
1 60
50
8 50 H,H
6 40 30
30 il H”
4
20
’ i
10
i
0 2 3 -
4 8 12 16 20 24 VS(V) ‘DZ '03 ‘04 ws ‘05 1(Hz2) 10 10 10 1 t(Hz)
Fig. 4 - Output swing vs. Fig. 5 - Output swing vs.
load current (Vg = = 5V) load current (Vg = + 12V)
G-6164 G-6128
) V)
Vg x & 5V Vg = 12V
6 13
5 12 -
~_| S~ —
EGATNE | [QEGATIVE
4 ~ n ==
rosive —t—] o TeE T
3 10 4|
200 AOQI 600 lLUAD('"A) 200 400 600 'LOAD“"A)
Fig. 6 - Supply voltage Fig. 7 - Channel separation
rejection vs. frequency vs. frequency
o o-si62 oo o- eun
Vo-$12V| VooV
80 Gy = 30d8|.
Vo= 2V .
7 ~ - 70
80 / ~
60 50 -
4“0
50
30 ‘
20 -4
10 7 - !
; !
10 10 10° 10% 1 (Hz) ) 0 102 109 104 ttHz)
4/4 Ly7 SGS-THOMSON
Y/, ICROELECTRONICS
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Lyy SCS-THOMSON

L3654S

PRINTER SOLENOID DRIVER

The L3654S is a printer solenoid driver containing
ten open-collector driver outputs and a ten-bit
serial-in, parallel-out register.

Data is clocked into the shift register serially
and transferred to the open-collector outputs
by an enable input. Serial input data is loaded
by the rising edge of the clock. A serial output
from the tenth bit is provided which changes
at the falling edge of the clock. This output is
not controlled by the enable input and remains
active at all time.

The L3654S is pin to pin compatible with the stan-
dard L3654, but can work with V; down to 4.75V.

Each output is rated at 250mA (sink) and is

ABSOLUTE MAXIMUM RATINGS

clamped to ground internally at 50V to dissipate
stored energy in inductive loads.

The L3654S is supplied in a 16 lead dual in-line
plastic package, and its main fields of applica-
tion comprise thermal printers, cash registers
and printing pocket calculators.

DIP-16 Plastic
(0.4)

ORDERING NUMBER: L3654S

V, Supply voltage 9.5 \
Vi Input voltage 9.5 \%
Vg External supply voltage 45 \%
lo Output current (single output) 0.4 A
Iy Ground current 4.0 A
Piot Total power dissipation (T,,,= 70°C) 1 w
Tstg, Tj Storage and junction temperature -65 to 150 °C
BLOCK DIAGRAM
OUTPUTS
1 1 2 5 6 7 8 9 10
YeN ENapLE ?
ooz f3ps sz |3 4 5 6
Vs
SENSE
voooata 0 IS NG ] ‘
o' INpUT O_W_&?c% &gc%( ngc% " Joock
10
9
Yk O/ >0 S0 - - j— [7
D Q 7
LK 6%"00
5-5013/1 OUTPUT
June 1988 1/4
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L3654S

CONNECTION DIAGRAM

(top view)

ouTPUT ENABLE 1

OUTPUT 6 2]
ouTPUT 7 |
ourput 8 4]
ouUTPUT 9 |
outPUT 10 o]

oaTA oUTPUT 7

16 Vs
15 OUTPUT 5§
14 OUTPUT 4
13 OUTPUT 3
12 OUTPUT 2
11 OUTPUT 1

10 DATA INPUT

GND 8] 9 CLOCK
‘S ~-5012
Fig. 1 -~ Timing diagram
VEN r——-
ff | S —
tencik lcik tCK tmiT tcLK EN

N

In M
VeLk

tset-up tHOLD

Vpi X X
t t
POL, . PDH

. 1T 7 F

OUTPUT— == = = = = e e - = — — —

S - 4891

THERMAL DATA

tPDEH

Rt j-amp  Thermal resistance junction-ambient

max

80

°C/W

2/4
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L3654S

ELECTRICAL CHARACTERISTICS

(Vg =5V, Vg =30V, T mp= 0° to 70°C, unless otherwise

specified)
Parameter Test conditions Min Typ. Max. Unit
Vg Supply voltage 4.75 9.5 \
Is Supply current Tamb= 25°C | VEN=OV; Vpo=0V 27 40 mA
V=95V | Vgpn=26V 55 70 | mA
lo = 250 mA (each bit)
Vg External operating supply 40 \Y,
voltage
heak Output leakage current Vg =40V Ven= 0V 1 mA
(each output)
vV, Internal clamp voltage I, =03A* Ven= 0V 45 50 65 \
Vce sat Output saturation voltage lo =250 mA VeEN= 2.6V 16 \"
Vp) Input logic levels Low State (L) 0.8
Verk  (pins 1,9, 10) v
EN High state (H) 2.6
Ipy Data input current Vp|= 2.6V Tamp=70°C 0.3 0.57
mA
Tamp= 0°C 0.57 0.75
Vpi= 1V Tamb= 70°C 220 uA
leLk Clock input current VeLk= 2.6V Tamp= 70°C 0.2 0.33
mA
Tamp= 0°C 0.33 0.5
Veok= 1V Tamp= 70°C 125 uA
len Enable input current Ven= 2.6V Tamp= 70°C 0.2 0.33
mA
Tamp= 0°C 0.33 0.5
Ven= 1V Tamb= 70°C 125 uA
Rin Input pull-down resistance .
Clock input | Tamp=25C Verk < Vs 8
Enable input | Tymp=25°C Ven < Vs 8 K
Data input | T,mp=25°C Vp < Vg 45
Vpo Output logic levels Low state (L)
(pin 7) Vp=0Vv Ipolpin 7)=0 0.01 0.5 \Y
High state (H)
Vp|= 2.6V 26 3.4 \
IDO (pin 7) =-0.75 mA
Rpo Output pull-down Vp|= 0V Vpo=1V 14 K
resistance (pin 7)
* Pulsed: pulse duration = 300us, duty cycle = 2%
N 3/4
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L3654S

ELECTRICAL CHARACTERISTICS (see fig. 1 and the section “‘definition of terms’’)

Parameter Test conditions Min. Typ. Max. | Unit
Clock, data and enable input
teLk 4
icLk 5.5 us
tSET-UP 1
tHoLD 3
Clock to enable delay
tCLK EN 2tgiT
Enable to clock delay
tEN CLK tBIT
Data output delay
tppH, tpDOL | R =5K®2, C| <10pF 0.8 25 us
Output delay
tpDEL 3 :
us
tpDEH 3.5
Output rise time R =100, C_<100pF 1.2 us
Qutput fall time R =100, C_<100pF 1.2 us
Vpo rise time 0.4 us
Vpo fall time 0.4 us
DEFINITION OF TERMS
Vg : External power supply voltage. The return for open-collector relay driver outputs.
Vo1, Ve, Ven @ The voltages at the data, clock and enable inputs respectively.
Voo : The voltage at data output.
teiT : Period of the incoming clock.
teLk : The portion of tg,t when V¢« = 2.6V.
telk : The portion of tg;1 when V¢ < 0.8V.
tHoLD : The time following the start of tc, « required to transfer data within the shift register.
tseT-up  : The time prior to the end of Tc i required to insure valid data at the shift register input

for subsequent clock transitions.

a/4
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L4901A

DUAL 5V REGULATOR WITH RESET

® OUTPUT CURRENTS: lo; = 400mA
loz = 400mA

® FIXED PRECISION OUTPUT VOLTAGE 5V
+2%

® RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

® RESET FUNCTION EXTERNALLY PRO-
GRAMMABLE TIMING

® RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

@ OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

® [ OW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

® LOW QUIESCENT CURRENT (INPUT 1)

® INPUT OVERVOLTAGE PROTECTION UP
TO 60V

ABSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA

® RESET OUTPUT HIGH

® OUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4901A is a monolithic low drop dual 5V
regulator designed mainly tor supplying micro-
processor systems.

Reset and data save functions during switch on/
off can be realized.

Heptawatt

ORDERING NUMBER: L4901A

Vin DC input voltage

Transient input overvoltage (t = 40 ms)
lo Output current
T; Storage and junction temperature

24

60

internally limited
-40 to 150 °C

<<

BLOCK DIAGRAM

Vi2o- T 2 —{Res.2_} Gi—, 0 Vo2
DISABLE
__l |
THERMAL DELAYED -O RESET
PROTECTION RESET 3 QO TIMING
i $-.7767/2

June 1988
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L4901A

CONNECTION DIAGRAM

(Top view)

~~ 5 ———— QUTPUT 1
ol ——————> OUTPUT 2
s|l—————> RESET
D | S GROUND
k1) | S TIMING CAPACITOR
b3 | R INPUT 2
(I | — ] INPUT 1

5-7768

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 400mA regulator input.

2 INPUT 2 400mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a 10uA constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged.

4 GND Common ground.

5 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high.

5V
Therefore tgp = C; | T0uA ); trp (ms) = C; (nF)

6 OUTPUT 2 5V - 400mA regulator output. Enabled if Vo 1> Vg
and VN2 > Vir. If Reg. 2 is switched-OFF the Cgy
capacitor is discharged.

7 OUTPUT 1 5V - 400mA regulator output with low leakage (in

switch-OFF condition).

THERMAL DATA

Reh jcase Thermal resistance junction-case

max 4 °c/w

£ SGS-THOMSON
Y/. MICROELECTRONICS
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L4901A

TEST CIRCUIT

0.1}JFI IZ.Z/JF

1OnFI

S- 931.8

L

7 Vo1
O,
9 o
5 RESET Vo2
3
'1 4.7}; F

2.2).|F

ELECTRICAL CHARACTERISTICS (Vin; = Ving = 144V, Tymp = 25°C unless otherwise

specified)
Parameter Test Conditions Min. Typ. Max. Unit
Vi DC operating input voltage 20 \%
Vo1 Output voltage 1 R load 1KQ 495 5.05 5.15 v
VoaH  Output voltage 2 HIGH R load 1KQ2 Vo1-0.1 5 Vo1 v
Voar.  Output voltage 2 LOW lg2 = -5mA 0.1 \
lo1 Output current 1 AVgy =-100mV 400 mA
ILo1 Leakage output 1 current VinN =0 1 LA
lo2 Output current 2 AVga = -100mV 400 mA
Vio1 Output 1 dropout voltage (*) | lg; = 10mA 0.7 0.8 \
lop1 = 100mA 0.8 1 Vv
|01 = 300mA 11 1.4 \"
Vit Input threshold voltage Vo1t12! 64 Vo +1.7( V
ViTH Input threshold voltage hyst, 250 mV
AVo1 Line regulation 1 7V < VN < 18V
lo1 = BmA 5 50 mvV
AVga  Line regulation 2 = BmA 5 50 mV
AVo1 Load regulation 1
5mA < lp; < 400mA 50 100 mV
AVga Load regulation 2 5mA < lgg < 400mA 50 100 mV
lq Quiescent current 0 < V<13V 4.5 6.5 mA
7V <V|N<13V 1.6 3.5 mA
|02 = |°1 < B5mA
lQ1 Quiescent current 1 6 3V < V|N1 < 13v 0.6 0.9 mA
1INZ 5oA lo2 =0
419 "‘ SGS-THOMSON
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L4901A

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min., Typ. Max. Unit
VR Reset threshold voltage Vp2-0.15| 49 [Vp-005| V
VrTH  Reset threshold hysteresis 30 50 80 mV
VRH Reset output voltage HIGH Ir = 500uA Voo-1 412 Vo2 \
VRL Reset output voltage LOW Ir = -5mA 0.256 0.4 \
tRD Reset pulse delay Cy = 10nF 3 5 1 ms
tq Timing capacitor discharge Ct = 10nF 20 us

time
AVoL  Thermal drift -20°C < Tamp < 125°C 0.3 mv/°C
AT -0.8
2Y02  Thermal drift -20°C < Tamp < 125°C 0.3 mv/°C
AT amb -08
SVR1 Supply voltage rejection f = 100Hz Vg =05V 50 84 dB
lo = 100mA

SVR2 Supply voltage rejection 50 80 dB
Tyso  Thermal shut down 150 °c

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is

lowered of 25mV under constant output current condition,

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4901A makes it very easy to
supply such equipments; it provides two voltage
regulators (both 5V high precision) with separ-
ate inputs plus a reset output for the data save
function.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg,
rises to the nominal value.

When the input 2 reaches V|1 and the output 1
is higher than Vgt the output 2 (Vq,) switches
on and the reset output (Vg) also goes high after
a programmable time Trp (timing capacitor).

Vo2 and Vg are switched together at low level
when one of the following conditions occurs:

— an input overvoltage

Ly7, 553, THOMSON

— an overload on the output 1 (Vo; < Vgr);
— aswitch off (VIN < Vn- - VITH );

and they start again as before when the con-
dition is removed.

An overload on output 2 does not switch Reg. 2,
and does not influence Reg. 1.

The Vp; output features:

— BV internal reference without voltage divider
between the output and the error comparator;

— very low drop series regulator element util-
izing current mirrors;

permit high output impedance and then very

low leakage current error even in power down
condition.

This output may therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery. The Vy,

5/9
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L4901A

CIRCUIT OPERATION (continued)

regulator also features low consumption (0.6mA
typ.) to minimize battery drain in applications
where the V; regulator is permanently connected
to a battery supply.

The Vg, output can supply other non essential
5V circuits wich may be powered down when
the system is inactive, or that must be powered

down to prevent uncorrect operation for supply
voltages below the minimum value.

The reset output can be used as a “POWER
DOWN INTERRUPT"”, permitting RAM access
only in correct power conditions, or as a “BACK-
UP ENABLE" to transfer data into in a NV
SHADOW MEMORY when the supply is in-
terrupted.

Fig. 1
g v AV Vor
ViNt=Ving L Tl
________________________________ 2 v.
70N I1TH
Vor , T
N - N o n\
= (] 1
¥ |
|
o '
| | | t
T
1 ! |
\PA i i l
4 | H : |
[} 1
vt Vo
7
VR
t
tRD trD trRD tRD
et | - S_17769/t
v v v THERMAL
SWITCH 01 02 IN SHUT SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN | OFF

APPLICATION SUGGESTIONS

Fig. 2 shows an application circuit for a uP
system typically used in trip computers or in
car radios with programmable tuning.

Reg. 1 is permanently connected to a battery
and supplies a CMOS time-of-day clock and a
CMOS microcomputer chip with volatile memory.
Reg. 2 may be switched OFF when the system
is inactive.

Fig. 4 shows the L4901A with a back up battery
on the Vj; output to maintain a CMOS time-of-
day clock and a stand by type N-MOS uP. The
reset output makes sure that the RAM is forced
into the low consumption stand by state, so the
access to memory is inhibit and the back up
battery voltage cannot drop so low that memory
contents are corrupted.

In this case the main on-off switch disconnects
both regulators from the supply battery.

8/9 FI. SGS-THOMSON

The L4901A is also ideal for microcomputer sys-
tems using battery backup CMOS static RAMs.
As shown in fig. 5 the reset output is used both to
disable the uP and, through the address decoder
M74HC138, to ensure that the RAMS are disabled
as soon as the main supply starts to fall.

Another interesting application of the L4901A is
in uP system with shadow memories. (see fig. 6)

When the input voltage goes below V,t, the
reset output enables the execution of a routine
that saves the machine’s state in the shadow
RAM (xicor x 2201 for example).

Thanks to the low consumption of the Reg. 1
a 680uF capacitor on its input is sufficient to
provide enough energy to complete the operation.
The diode on the input guarantees the supply
of the equipment even if a short circuit on V,
occurs.

MICROELECTRONICS
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L4901A

APPLICATION SUGGESTION (continued)
Fig. 2

— v
IN1 1 REG.1 7 (C:)LAJT‘I DD C(iggi
lBATTERV l L
C1 1uF
I 0.22uF I Vop
’ CMOS
uP WITH
VOLATILE
IN2 . RESET
2 REG. 2 6 'L ouT2 RAM
c2 l (;SQOIOpF v
DD
Za I
OTHER
3 LOGIC
c3 @sv
10 nF I L4901A |5 RESET Out RESET
L
$_.77701/3

Fig. 3 - P.C. board component layout of fig. 2 (1: 1 scale)

Cs-0242 () () ()

GND IN1 OUT2 GND

‘ SGS-THOMSON
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L4901A

APPLICATION SUGGESTION (continued)

Fig. 4

1 <lua
7 OUTY LD1= MR vpp

INT 1 M e 1 € MOS
L_RES! | CLOCK
BATTERY
0.22uF
I I Towr
: l BACKUP
BATTERY wuP(3875-2875)
IN2 1 ouT2 v WITH BATTERY
2 REG. 2 6 oo
" F.:L ] .L  to100F BACKUP
T I I RESET RaM
3 Voo
Cr I OTHER LOGIC
10nF I L4901Als  Reset out| REesET Q@ sv
i $-77N12
Fig.5
Vi L INY oun P e 2.8t03v
22 6 mr% 1 %o LiTHIUM
PF I 2|2 our2 é‘-zr Yoo 1BAI‘TERV
L4901A I’ siﬁ%g
AMS
RESET S ez = leil:SEIG
3 cr RIW RIW, OR TC5565
IOnFJ
I GND
L 4 L
s emips 'S
L Vs Voo
RESET WwR 61 vo
ViREQ 57 v
28400 L. [F1:] 2}
M74HC138
A5 [4 Y3ip—
Al B ¥4 |— | 1o otHER
MEMORY
A3 A 73 CHIPS
Y6 b—
wj—
L L $~8053/ 2
8/9

92

KYI. %ﬂ%%é‘@?@gvmu@'g




L4901A

APPLICATION SUGGESTION (continued)

Fig. 6

Vio- : o IN1

,;,eeg
T*

10nF

IN2

I

Fig. 7 -~ Quiescent current
(Reg. 1) vs. output current

6-5795

ourt P2 T vg X2201

IIO,UF BACKUP

L&90IA ADlTSS iAl’l
ouT2 'i_. Vs, € DATA
TO’uF

I 8085

RESET 5 TRAP
GND
$-8055/2

Fig. 8 - Quiescent current
(Reg. 1) vs. input voltage

6-5796/2

[ lay
Q1
(mA) —{ (ma)
Viy=12v Vi3 =0
3 6 Ip€5mA
5
2 4
e 3
/
/
' 2 A
| /
/ N
l y
[ 100 200 1oy (ma) 0 3 6 9 1 15 BV (V)

Fig. 10 - Regulator 1 out-
put current and short circuit
current vs. input voltage

Fig. 11 - Regulator 2 out-
put current and short circuit
current vs. input voltage

6-5925 o-wie
1 1
(mA) (mA)
700
Ise 800 =N
sc
600 v
/ 700
lo 600 —
400 o N\ e Lo l
1 \\
300 A\ 400 :
\ 300
200 \
100 \ \
0 36 9 1”15 18 Vi (V) 0 3 6 9 12 15 18 20 2% Vi (V)

Fig. 9 - Total quiescent cur-
rent vs. input voltage

latot T t I
(mA)

Ior=lgz S5mA
Yi=Viz

6-5797/1

)| )

o 3 6 9 2 % 8 Vv (V)

Fig. 12 - Supply voltage
rejection regulators 1 and 2
vs. input ripple frequence
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L4902A

DUAL 5V REGULATOR WITH RESET AND DISABLE

DOUBLE BATTERY OPERATING

OUTPUT CURRENTS: Io; = 300mA
'02 = 300mA

® FIXED PRECISION OUTPUT VOLTAGE 5V
+2%

® RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

® RESET FUNCTION EXTERNALLY PRO-
GRAMMABLE TIMING

® RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

® OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

® QUTPUT 2 DISABLE LOGICAL INPUT

® | OW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

® RESET OUTPUT NORMALLY HIGH

ABSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA

® INPUT OVERVOLTAGE PROTECTION UP
TO 60V

® QUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4902A is a monolithic low drop dual 5V
regulator designed mainly for supplying micro-
processor systems.

Reset and data save functions and remote switch
on/off control can be realized.

Heptawatt

ORDERING NUMBER: L4902A

ViNn DC input voltage

Transient input overvoltage (t = 40 ms)
lo QOutput current
Tstg, Tj Storage and junction temperature

28 \Y
60 \

internally limited
-40 to 150 °C

BLOCK DIAGRAM

Vi O CI: 1 lREG.‘i ] ] 2 ;’ O Vo1
[esz }——-T 0%
DIS. 3 I
O DISABLE
THERMAL DE LAVED O RESET
PROTECTION RESET 2__OTIMING
J: 5-784013

June 1988
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L4902A

CONNECTION DIAGRAM

(Top view)
7 ——= oureur1
6 |————— > O0UTPUT2
s|—————> RESET
|5 GROUND
: 3 | DISABLE INPUT
2 |/ TIMING CAPACITOR
V(TS INPUT
R | N\ S
S-7841

PIN FUNCTIONS

N° NAME , FUNCTION

1 INPUT 1 Regulators common input.

2 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a 5uA constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged.

3 Vo2 DISABLE INPUT A high level (> Vp7) disable output Reg. 2.

4 GND . ) Common ground.

5 RESET OUTPUT When pin 2 reaches 5V the reset output is switched high.

5V
Therefore trp = Cy (m ); trp (mMs) = C; (nF).

6 OUTPUT 2 5V - 300mA regulator output. Enabled if Vo 1> Vgr.
DISABLE INPUT < VDT and VIN > VIT- If Reg. 2is
switched-OFF the Cq, capacitor is discharged.

7 OUTPUT 1 5V - 300mA. Low leakage (in switch-OFF condition)
output.

THERMAL DATA

Rih jcase . Thermal resistance junction-case max 4 °c/w

Lyy SGS-THOMSON 3/9
Y/, ICROELECTRONICS
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L4902A

TEST CIRCUIT

A/

Dis.

2.2}.1 F I

T |

I L

$-9360 12

="
10nF — I

7 Vo1
6

o
5 RESET Vo2

N

N
T

-

ELECTRICAL CHARACTERISTICS (V,y = 14.4V, T,mp= 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vi DC operating input voltage 24 \
Vo1 Output voltage 1 R load 1KQ 4.95 5.05 5.15 \
Voo  Output voltage 2 HIGH R load 1KQ Vp1-0.1 5 Vo1 \%
Vo2 Output voltage 2 LOW lg2 = -BmA 0.1 Vv
lo1 Output current 1 max. AVg7 =-100mV 300 mA
ILo1 Leakage output 1 current Vin =0 1 KA
Vo1 <3V
lo2 Output current 2 max. AVgp = -100mV 300 mA
Vio1 Output 1 dropout voltage (*) | 1g3 = 10mA 0.7 0.8 \
lp1 = 100mA 0.8 1 \
lo1 = 300mA 1.1 1.4 \
Vit Input threshold voltage Vo1+12 | 64 |Vo1+1.7| V
ViTH Input threshold voltage 250 mV
hysteresis -
AVgq Line regulation 1 7V <V|N< 24V lp; = BmA 5 50 mV
AV Line regulation 2 lo2 = 5mA 5 50 mV
AVo1 Load regulation 1
5mA < lg; < 300mA 40 80 mV
AVg2 Load regulation 2 5mA < lgz < 300mA 50 80 mV
la Quiescent current 0<Vny <13V 45 6.5 mA
7V < VN <13V Vg, LOW 2.7 45 mA
7V <V|N <13V Vo2 HIGH 1.6 35 mA
101 = '02 < 5mA
VRT Reset threshold voltage Vo2-0.15 | 49 |Vpp-005| V
VrTH  Reset threshold hysteresis 30 50 80 mV
4/9
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L4902A

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min, Typ. Max. Unit
VRH Reset output voltage HIGH Ir = 500uA Vo2-1 412 Vo2 \
VRL Reset output voltage LOW Ir = -TmA 0.25 0.4 \Y
trRD Reset puise delay Cy = 10nF 3 5 11 ms
tq Timing capacitor discharge C; = 10nF 20 us

time
VTt V2 disable threshold voitage 1.25 24 \
Ip Vg2 disable input current Vp < 0.4V -150 uA
Vp = 24V -30 kA

Vo1 Thermal drift 120°C < Tymp < 125°C 03 mv/°C
AT -0.8
9AV7°2 Thermal drift -20°C < Tymp < 125°C _833 mV/°C|
SVR1 Supply voltage rejection f=100Hz Vg=05V I, = 100mA 50 84 dB
SVR2 Supply voltage rejection 50 80 dB
Tysp  Thermal shut down 150 °c

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is

lowered of 25mV under constant output current condition.

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4902A makes it very easy to
supply such equipments; it provides two voitage
regulators (both 5V high precision) with common
inputs plus a reset output for the data save func-
tion and a Reg. 2 disable input.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg;
rises to the nominal value.

When the input reaches V|t and the output 1
is higher than Vgt the output 2 (Vg4,) switches
on and the reset output (Vg) also goes high after
a programmable time Tgrp (timing capacitor).

Vo2 and Vi are switched together at low level
when one of the following conditions occurs:
— a high level (> Vpt) is applied on pin 3;

Ly7, S5S;THOMSON

— an input overvoltage;
— an overload on the output 1 (Vo; < Vgt);
— aswitch off (Viny < Vit - Vit )

and they start again as before when the con-
dition is removed.

An overload on output 2 does not switch Reg. 2,
and does not influence Reg. 1.

The Vy; output features:
— BV internal reference without voltage divider
between the output and the error comparator

— very low drop series regulator element util-
izing current mirrors

permit high output impedance and then very
low leakage current even in power down con-
dition.

This output may therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery.

N 5/9
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L4902A

CIRCUIT OPERATION (continued)

The Vy, output can supply other non essential
5V circuits wich may be powered down when
the system is inactive, or that must be powered
down to prevent uncorrect operation for supply
voltages below the minimum value.

The reset output can be used as a “POWER
DOWN INTERRUPT", permitting RAM access

only in correct power conditions, or as a “BACK-
UP ENABLE"” to transfer data into in a NV
SHADOW MEMORY when the supply is in-
terrupted.

The disable function can be used for remote
on/off control of .circuits connected to the Vj,
output.

Fig. 1
A¥inVor, Vo
Ving J@r
Vg de e M ]
17 - 1~ VITH
Vo h
Vor | _ <
B '
1 i I .
1 i e - — — — "0 : :
V, L |
bt ™ ! >
I i | '
i
1 Vo2 !
VR Z;
7% ¢
} >
trD tro |, tRp |, tRD 'R0,
THERMAL
SWITCH Vor Vo2 Vi SHUT Vo2 SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN DISABLE | OFF s-186212

APPLICATION SUGGESTION

Fig. 2 illustrate how the L4902A’s disable input
may be used in a CMOS uComputer application.

The Vp; regulator (low consumption) supply
permanently a CMOS time of day clock and a
CMOS ucomputer chip with volatile memory.
Vo2 output, supplying non-essential circuits, is
turned OF F under control of a uP unit.

Configurations of this type are used in products
where the OFF switch is part of a keyboard
scanned by a micro which operates continuously
even in the OFF state.

Another application for the L4902A is supplying a
shadow-ram microcomputer chip (SGS M38SH72
for exemple) where a fast NV memory is backed
up on chip by a EEPROM when a low level on

&r.
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the reset output occurs.

By adding two CMOS-SCHMIDT-TRIGGER
and few external components, also a watch dog
function may be realized (see fig. 5). During
normal operation the microsystem supplies a
periodical pulse waveform; if an anomalous
condition occours (in the program or in the
system), the pulses will be absent and the disable
input will be activated after a settling time de-
termined by R1 C1. In this condition all the
circuitry connected to Vg, will be disabled,
the system will be restarted with a new reset
front.

The disable of Vg, prevent spurious operation
during microprocessor malfunctioning.




L4902A

APPLICATION SUGGESTION (continued)

Fig. 2
v
INY 1 REo 7 ouTt 0D CMOS
c lc.3 CLOCK
ATTERY .
7 FI wF
L e I Yoo
M
3 Vo2 0I5 0UT PORT ,upc w?TSH
) VOLATILE
REG. 2 6 QuUT 2 IN PORT RAM
‘_Lk 1 to0nF
I
OTHER
2| LOGIC
Crjc2 @sv
10 nF I L4902A |5 RESET Out RESET
ls
S-78431/1

Fig. 3 - P.C. board and component layout of the circuit of Fig. 2 (1: 1 scale)
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L4902A

APPLICATION SUGGESTION (continued)

Fig. 4
Vi ) Vo1
O—1 7 ‘:L VDD
6| Vo2 TO OTHER
. —1=’—'sv CHIPS |10 uF
DISABLE | 49024 opF F' [ Masshr2
3 -
5 RESET
| 2 VsH
4 GND
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Fig. 5
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L4902A

APPLICATION SUGGESTION (continued)

Fig. 6 - Quiescent current Fig. 7 - Quiescent current Fig. 8 - Supply voltage
vs. output current vs. input voltage rejection regulators 1 and 2
vs. input ripple frequence
G-5865/) G- 5866171 6-5924/1
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Lyz SG5-THOMSON

L4903

DUAL 5V REGULATOR WITH RESET AND DISABLE FUNCTIONS

OUTPUT CURRENTS: Io; = 50mA
loo = 100mA

FIXED PRECISION OUTPUT VOLTAGE
5V £2%

RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

RESET FUNCTION EXTERNALLY PRO-
GRAMMABLE TIMING

RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

OUTPUT 2 DISABLE LOGICAL INPUT

LOW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

INPUT OVERVOLTAGE PROTECTION UP
TO 60V

([}

ABSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA
® RESET OUTPUT NORMALLY LOW

® QUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4903 is a monolithic low drop dual 5V
regulator designed mainly for supplying micro-
processor systems.

Reset, data save functions and remote switch
on/off control can be realized.

Minidip Plastic

ORDERING NUMBER: L4903

Vin DC input voltage .

Vi Transient input overvoltage (t = 40 ms)
Piot Power dissipation at Ty, = 50°C

Tstg, Tj Storage and junction temperature

24

60

1

-40 to 150

o

0=<<

BLOCK DIAGRAM

Vi O ! ﬁj REG. 1 Il 8 OVol

V; 2 7 v

i20— REG. 2 O Vo2
5

DISO— DISABLE

THERMAL

PROTECTION

6
DELAYVED O RESET
RESET 3 _OTIMING

June 1988

L

S5—9416/ 2
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L4903

CONNECTION DIAGRAM

(Top view)
NN
INPUT 1 L 1 8 |] outPuT
INPUT 2 [ 2 7 JOUTPUTZ
TIMING RESET
CAPACITOR[ 3 6 omgm
v
GND [ 4 Sl oisas iz
INPUT
5-9417

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 50mA regulator input.

2 INPUT 2 100mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a 10uA constant current. When Reg. 2 is switched-
OFF the delay capacitor is discharged.

4 GND Common ground.

5 Voo DISABLE INPUT A high level (> Vp) disables output Reg. 2.

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched low.
Therefore tgp = C; |, 10 ) trp (Ms) = C; (nF).

7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Vg.
DISABLE INPUT < Vpy and Vy2 > Vit. If Reg. 2 is
switched OFF the Cy, capacitor is discharged.

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch-

OFF condition.

THERMAL DATA

Rth j-pin Thermal resistance junction-pin 4 max 70 °c/W
Rinjamp  Thermal resistance junction-ambient max 100 °c/w
3/7
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L4903

TEST CIRCUIT

L]

S-9418

P.C. board and components layout
of the test circuit (1 : 1 scale)

6ND Viz Vit

CS-0245

5664

GND DIS. RS V,q Vo4

ELECTRICAL CHARACTERISTICS (V,y = 14,4V, T,mp= 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vi DC operating input voltage 20 \%
Vo1 QOutput voltage 1 R load 1KQ 4,95 5.05 5.15 \"
VooH  Output voltage 2 HIGH R load 1K§2 Vg1-0.1 5 Vo1 \
Vo2  Output voltage 2 LOW lg2 = -BmA 0.1 \
lo1 Output current 1 max. (*) AVgy = -100mV 50 mA
ILo1 Leakage output 1 current Vin =0 1 MA
Vo1 < 3V
lo2 Output current 2 max. (*) AVgp = -100mV 100 mA
Vio1 Output 1 dropout voltage (*) | g3 = 10mA 0.7 0.8 Vv
lg1 = 50mA 0.756 0.9 \
Vit Input threshold voltage Vo1+1.2 6.4 [Vg1+1.7 \%
Vit Input threshold voltage 250 mV
hysteresis ]
AVo1 Line regulation 1 7V < V|n <18V lg1 = 5mA 50 mV
AVoo Line regulation 2 lg2 = BmA 50 mV
AVoq Load regulation 1 ViN1 = 8V 5mA < lg; < 50mA 5 20 mV
AVo2 Load regulation 2 5mA < lgp < 100mA 10 50 mV
la Quiescent current 0 <V <13V 4.5 6.5 mA
7V <V N < 13V Vg, LOW 2.7 45 mA
7V <V N <13V Voo HIGH 1.6 3.5 mA
lo1 = lo2 < 5MA
lQ1 Quiescent current 1 6.3V < VN1 < 13V
VINZ =0 0.6 0.9 mA
lo1 < 5mA lg2 =0
Al Lyy SGS-THOMSON
~ AY/. iicRosLECTROMICS
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L4903

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
VRt Reset threshold voltage Vo2-04 | 47 Vp2-0.2 v
VrTH  Reset threshold hysteresis 30 50 80 mV
VRH Reset output voltage HIGH Ir = 500uA Vo2-1 4.12 Voo \Y
VrL Reset output voltage LOW Ir = -5mA 0.25 0.4 \
tRD Reset pulse delay C¢ = 10nF 3 5 11 ms
tq Timing capacitor discharge Cy = 10nF 20 us
time
Vot V2 disable threshold voltage 1.25 2.4 \Y
Ip Vg2 disable input current Vp < 04V -150 uA
Vp = 2.4V 30 kA
AV )
M?l Thermal drift -20°C < Tamp < 125°C _8% mV/°C
AV ; o 0.3
A 192 Thermal drift -20°C < Tamp < 125°C Iy mv/°C
SVR1 Supply voltage rejection f=100Hz Vg =0.5V |5=50mA 50 84 dB
SVR2 Supply voltage rejection 1o = 100mA 50 80 dB
TisD Thermal shut down 150 °C

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is
lowered of 25mV under constant output current conditions.

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4903 makes it very easy to
supply such equipments; it provides two voltage
regulators (both 5V high precision) with separate
inputs plus a reset output for the data save func-
tion and Reg. 2 disable input.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg, rises
to the nominal value.

When the input 2 reaches V|t and the output 1
is higher than Vgpy the output 2 (Vg, and Vg)
switches on and the reset output (Vg) goes low
after a programmable time Trp (timing capacitor).
Vo2 is switched at low level and Vg at high level
when one of the following conditions occurs:

IS73 %E&%ﬁ@mn@%

a high level (> Vpy) is applied on pin 5;
an input overvoltage;

an overload on the output 1 (Vy; < Vgt):
a switch off (Vi < Vi1 - Vitu);

and they start again as before when the condi-
tion is removed.

An overload on output 2 does not switch Reg. 2,
and does not influence Reg. 1.

The Vj; output features:

— BV internal reference without voltage divider
between the output and the error comparator

— very low drop series regulator element util-
izing current mirrors

permit high output impedance and then very
low leakage current even in power down con-
ditions.

This output may therefore be used to supply
¢ircuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery.

5/7
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L4903

CIRCUIT OPERATION (continued)

The V,, output can supply other non essential
5V circuits wich may be powered down when
the system is inactive, or that must be powered
down to prevent uncorrect operation for supply
voltages below the minimum value.

The reset output can be used as a “POWER
DOWN INTERRUPT”, permitting RAM access

only in correct power conditions, or as a “BACK-
UP ENABLE” to transfer data into in a NV
SHADOW MEMORY when the supply is in-
terrupted.

The disable function can be used for remote
on/off control of circuits connected to the Vg,
output.

Fig. 1
4901,V
YiIN=ViN2 . 4
________________________________________ -
v 12 — VITH
o h 1
N - > ~ 1
= d ! \
i |
L - Vois. X
[ | ty
™
I !
[ !
P |
v Yoz
VR
t f -
tRD tRo |, tRo |, trp ‘R0 g
THERMAL
SWITCH Vo1 Vo2 Yin SHUT Vo2 SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN DISABLE | OFF S-9u19

APPLICATION SUGGESTION

Fig. 2 illustrates how the L4903's disable input
may be used in a CMOS uComputer application.

The Vg, regulator (low consumption) supply
permanently a CMOS time of day clock and a
CMOS ucomputer chip with volatile memory.
Voo output, supplying non-essential circuits, is

turned OFF under control of a uP unit.

Configurations of this type are used in products
where the OFF switch is part of a keyboard
scanned by a micro which operates continuously
even in the OFF state.

Fig. 2
INY 1| 1 s _ours Yoo CMOS
REG.1
lBATTERV _L —_—J CLOCK
1uF

I 47an Voo
v, OIS CMOS
§ o2 OUT PORT| wP WITH
, | PoRT| YOLATILE

I rec o |
o2 out? RAM
L 1 to10uF

Yop
OTHER
3 LOGIC
cr ®sy

10nF I L4903 |6 RESET out RESET

L
5-9420
/7 ‘_YI SGS-THOMSON
~ MICROELECTRONICS
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L4903

APPLICATION SUGGESTIONS (continued)

Fig. 3 - Quiescent current
(Reg. 1) vs. output current

G- 610011

a1 |
(ma)

Vip=2v

[T viz=0v

1
=
E——
0.5
0 25 50 Ioy(mA)

Fig. 5 -~ Total quiescent

current vs. input voltage
. G-5866/1
la
(mA) L l
loy=lg25 SmA
‘ e |
02 7’
4
. 7|
4
4 2t 7
Py
3 -
———
L Y
1
0 3 6 9 n 5 AL vi (V)

‘ SGS-THOMSON
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Fig. 4 - Quiescent current
(Reg. 1) vs. input voltage
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Fig. 6 - Supply voltage re-
jection regulators 1 and 2
vs. input ripple frequence
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KYIW %f@é‘@&gv%'@sm?@% L4904A

DUAL 5V REGULATOR WITH RESET

PRELIMINARY DATA

® OUTPUT CURRENTS: Ip; = 50mA @ RESET OUTPUT NORMALLY HIGH
loz = 100mA ® OUTPUT TRANSISTORS SOA PROTEC-

® FIXED PRECISION OUTPUT VOLTAGE TION
5V £ 2% ® SHORT CIRCUIT AND THERMAL OVER-
® RESET FUNCTION CONTROLLED BY IN- LOAD PROTECTION
PUT VOLTAGE AND OUTPUT 1 VOLTAGE
® RESET FUNCTION EXTERNALLY PRO- The L4904A is a monolithic low drop dual 5V
GRAMMABLE TIMING regulator designed mainly for supplying micro-
® RESET OUTPUT LEVEL RELATED TQ D 00ess0r systems.
OUTPUT 2 Reset and data save functions during switch on/

® OUTPUT 2 INTERNALLY SWITCHED WiTH  Off ¢an be realized.

ACTIVE DISCHARGING

® LOW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

: Minidip Plasti
® LOW QUIESCENT CURRENT (INPUT 1) inidip Hastic
® INPUT OVERVOLTAGE PROTECTION UP ORDERING NUMBER: L4904A
TO 60V
ABSOLUTE MAXIMUM RATINGS
Vin DC input voltage 24 \%
Transient input overvoltage (t = 40 ms) 60 \
lo Output current internally limited
Piot Power dissipation at T, = 50°C 1 w
T; Storage and junction temperature -40 to 150 °C

BLOCK DIAGRAM

8
Vi20 < 2 [Rec.z | ? 0 Vo2
T ) iy
DISABLE
6
THERMAL DELAYED O RESET
PROTECTION RESET 3 OTIMING
_E s—sm/i

June 1988 1/8
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L4904A

CONNECTION DIAGRAM

(Top view)
N\
INPUT 1 [ 1 s ] OUTPUT1
INPUT 2 [ 2 7 ]ouTPUTz
TIMING RESET
CAPACITOR[ 3 6 ]] outpuT
GND 4 5 ] N.C.
$-9412

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 50mA regulator input.

2 INPUT 2 100mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a 10uA constant current. When Reg. 2 is switched-
OFF the delay capacitor is discharged.

4 GND Common ground.

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high.

5V
Therefore tgp = C; ( TouA ); trp (ms) = C; (nF).

7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Vgt
and Viy2 > Vir. If Reg. 2 is switched-OFF the Cg,
capacitor is discharged.

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch-

OFF condition.

THERMAL DATA

Rinjamp  Thermal resistance junction-ambient max 100 ‘cw
Ny SGS-THOMSON 38
Y/, WMICROELECTRONICS
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L4904A

TEST CIRCUIT

QIpF Izz,;r-‘ 1om=I<;T
I S-941311

P.C. board and components layout

of the test circuit (1 : 1 scale)

8 Vo1
! 7
’ 0
L4904A |6 RESET Voo
v, 2
i2 |
47 pF|
- s

TMPF

ELECTRICAL CHARACTERISTICS (V,y = 14,4V, Tamp= 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
A DC operating input voltage 20 \%
Vo1 Output voltage 1 R load 1KQ 4.95 5.05 5.15
Vo2H  Output voltage 2 HIGH R load 1KQ Vo1 -0.1 5 Vo1
Vo2  Output voltage 2 LOW lg2 = -BmA 0.1
lo1 Output current 1 AVg1 = -100mV 50 mA
I o1 Leakage output 1 current VinN =0 1 uA
loz Output current 2 AVg2 = -100mV 100 mA
Vio1 Output 1 dropout voltage (*) | Ig; = 10mA 0.7 0.8 Vv
lp1 = 50mA 0.75 0.9 \
Vit Input threshold voltage . Vo1 +1.2| 6.4 |Vpop +1.7
ViTH Input threshold voltage hyst. 250 mV
AVo1 Line regulation 7V < Vyn < 18V lp1 = BmA 5 50 v
m
AVo2 Line regulation 2 lp2 = BmA 5 50
AVgy  Load regulation 1 VIN = 8V BmA < lg; < 50mA 5 20 v
m
AVg2 Load regulation 2 5mA < lgz < 100mA 10 50
lq Quiescent current 0 < Vy <13V 4.5 6.5 mA
7V <V N <13V 1.6 3.5 mA
|02 = |°1 < 5mA
lQ1 Quiescent current 1 6.3V < VN1 < 13V 0.6 0.9 mA
Vinz = 0
|°1 < BmA |°2 =0
4/8 Lyy SGS-THOMSON
Y/. WiCRoELECTRONICS
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L4904A

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max Unit
VRT Reset threshold voltage Vg2-0.15| 49 [Vg2-005| V
VrTH  Reset threshold hysteresis 30 50 80 mV
VRH Reset output voltage HIGH Ir = 500uA Vo2 -1 4.12 Voao
VRL Reset output voltage LOW IR = -BmA 0.25 0.4
trRD Reset pulse delay C¢ = 10nF 3 11 ms
tq Timing capacitor discharge Cy = 10nF 20 us
time
AVor Thermal drift -20°C < T < 125°C 0.3 mV/°C
AT amb -0.8
A¥02  1hermal drife -20°C < Tymp < 125°C 0.3 mV/°C
AT amo -08
SVR1 Supply voltage rejection lo = 50mA 50 84 dB
f = 100Hz
— Vg = 0.5V
SVR2 Supply voltage rejection lo = 100mA 50 80 dB
Tysp  Thermal shut down 150 °C

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is
lowered of 26mV under constant output current condition.

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4904A makes it very easy to
supply such equipments; it provides two voltage
regulators (booth 5V high precision) with separ-
ate inputs plus a reset output for the data save
function.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg,
rises to the nominal value.

When the input 2 reaches V7 and the output 1
is higher than Vit the output 2 (Vyz) switches
on and the reset output (V) also goes high after
a programmable time Tgrp (timing capacitor).

Vo2 and Vg are switched together at low level
when one of the following conditions occurs:

— an input overvoltage

437, SESTHAMEN

— an overload on the output 1 (Vo; < Vgr);
— aswitch off (Vi < Vit - ViTh):

and they start again as before when the con-
dition is removed.

An overload on output 2 does not switch Reg. 2,
and does not influence Reg. 1.

The Vy; output features:

— BV internal reference without voltage divider
between the output and the error comparator;

— very low drop series regulator element util-
izing current mirrors;

permit high output impedance and then very
low leakage current even in power down con-
ditions.

This output may therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery. The Vg,
regulator also features low consumption (0.6mA

5/8
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L4904A

CIRCUIT OPERATION (continued)

* typ.) to minimize battery drain in applications
where the V; regulator is permanently connected
to a battery supply.

The Vg2 output can supply other non essential
5V circuits which may be powered down when
the system is inactive, or that must be powered
down to prevent uncorrect operation for supply

voltages below the minimum value.

The reset output can be used as a ‘POWER
DOWN INTERRUPT", permitting RAM access
only in correct power conditions, or as a “BACK-
UP ENABLE"” to transfer data into in a NV
SHADOW MEMORY when the supply is in-
terrupted.

Fig. 1
AVin Vo
Vini=Yinz2 er
veode oo e ] h
1 - Virn
Vor }
wt N ~ A
e i
I !
!
[ ! ',
[ 1
0 !
o !
P V02
77/,
Y% -
WAL / t,
! trRD trD trp tRD V
" e ra—] S_7769/1
v v v THERMAL -
SWITCH 01 02 IN SHUT | SWITCH :
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN | OFF

APPLICATION SUGGESTIONS
Fig. 2 shows an application circuit for a uP
system.

Reg. 1 is permanently connected to a battery
and supplies a CMOS time-of-day clock and a
CMOS microcomputer chip with volatile memory.

Reg. 2 may be switched OFF when the system
is inactive.

Fig. 3 shows the L4904A with a back up battery

6/8
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on the Vy; output to maintain a CMOS time-of-
day clock and a stand by type C-MOS uP. The
reset output makes sure that the RAM is forced
into the low consumption stand by state, so the
access to memory is inhibit and the back up
battery voltage cannot drop so low that memory
contents are corrupted.

In this case the main on-off switch disconnects
both regulators from the supply battery.




L4904A

APPLICATION SUGGESTIO

NS (continued)

Application Circuits of a Microprocessor system (Fig. 2) or with data save battery (Fig. 3). The reset
output provide delayed rising front at the turn-off of the regulator 2.

Fig. 2
— Y
INY ) P 8 cc)ur 1 ol Cirggi
BATTERY _L —J o1
22uF wF
0.22p I I VoD
CMOS
uP WITH
VOLATILE
IN2 ESET
2 REG. 2 ? cg;"z RES RAM
,L 1to10uF
\
W T .
OTHER
3 LOGIC
cr @sv
10 nF I L4904A|6  RESET QuT RESET
L
S-941411
Fig. 3
1 1uA
, INY e our L0 Z MR Voo T Cwos
> CLOCK
BATTERY
0.22uF
I T Tr b L
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- BATTERY P
IN2 1 ouT2 VoD _| WITH BATTERY
| SEALS LR |
,_]__, =L 1to10uF BACKUP
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L
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L4904A

APPLICATION SUGGESTIONS (continued)

Fig. 4 - Quiescent current Fig. 5 - Quiescent current
(Reg. 1) vs. output current (Reg. 1) vs. input voltage
G- 6100/1 6579672
a1 T Tar
(mA) 1 (ma)
W
6 I €5mA |
1 5
- “
-
3
0.5
2
L/ /
4 4
0 25 50 loj{mA) 0 3 6 9 1’ 1B VW)
Fig. 6 - Total quiescent cur- Fig. 7 - Supply voltage
rent vs. input voltage rejection regulators 1 and 2
vs. input ripple frequence
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Lyy S0S-THOMSON

L4905

DUAL 5V REGULATOR WITH RESET

DOUBLE BATTERY OPERATING

® QUTPUT CURRENTS: l; =200mA
lo2 =300mA
® FIXED PRECISION OUTPUT VOLTAGE 5V
1%
® RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

® RESET FUNCTION EXTERNALLY PRO-
GRAMMABLE TIMING

® RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

® OQUTPUT 2 INTERNALLY SWITCHEDWITH
ACTIVE DISCHARGING

® LOW LEAKAGE CURRENT, LESS THAN
1uA AT OUTPUT 1

® LOW QUIESCIENT CURRENT (INPUT 1)

® INPUT OVERVOLTAGE PROTECTION UP
TO 60V

ABSOLUTE MAXIMUM RATINGS

ADVANCE DATA

® RESET OUTPUT HIGH

® QUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4905 is a monolithic low drop dual 5V
regulator designed mainly for supplying micro-
processor systems.

Reset and data save functions during switch on/
off can be realized.

Heptawatt

ORDERING NUMBER: L4905

ViN DC input voltage

Transient input overvoltage (t = 40 ms)
lo Output current
T; Storage and junction temperature

28

60

internally limited
-40 to 150 °C

<<

BLOCK DIAGRAM

— 7
Vi1 O——g— REG. 1 O Vol
L — ] 1<
= I
20— REG. 2 02
R — L
DISABLE
1
THERMAL DELAYED O RESET
PROTECTION RESET 3 _OTIMING
# $-7767/2
June 1988 /8

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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L4905

CONNECTION DIAGRAM

(Top view)

S | m— OUTPUT 1
[ | n——— OUTPUT 2
s|———> RESET
D) | GROUND
kI | E— TIMING CAPACITOR
b3 | R INPUT 2
[ | —— INPUT 1
——1. 1 ——-ﬁ———
5-7768

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 200mA regulator input.

2 INPUT 2 300mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a TOuA constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged.

4 GND Common ground.

5 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high.

5V
Therefore tgp = Ct ( le.l—A ); trD (ms) = Ct (nF)

6 OUTPUT 2 5V - 300mA regulator output. Enabled if Vg 1> Vg
and V,ny2 > V1. If Reg. 2 is switched-OFF the Cy,
capacitor is discharged.

7 OUTPUT 1 5V - 200mA regulator output with low leakage (in

switch-OFF condition).

THERMAL DATA

Rih jcase Thermal resistance junction-case max 4 °c/w
(—'7 SGS-THOMSON /8
/. MICROELEGTRONICS
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L4905

TEST CIRCUIT

Vi1

O.1,JF"L 2.2pF
L1

2

10n

"

$-9348[4

fZ.Z}JF

7 Vo1

6 v —0

5§ RESET Vo2
4.7}; F

ELECTR'CAL CHARACTER'STlCS (VINI = VIN2 = 14,4V, Tamb = 25° unless otherwise

specified)
Parameter Test Conditions Min. Typ. Max. Unit
Vi DC operating input voltage 24 \%
Vo1 Output volitage 1 R load 1KQ 5.0 5.05 5.1 v
VozH  Output voltage 2 HIGH R load 1KQ ' Vo1-0.1 5 Vo1 v
Vo2 Output voltage 2 LOW lg2 = -5mA 0.1 v
lo1 Output current 1 AVpy =-100mV 200 mA
ILo1 Leakage output 1 current Vin=0 1 HA
- Vo <3V
loa Output current 2 AVpo = -100mV 300 mA
Vio1 Output 1 dropout voltage (*) | 191 = 10mA 0.7 08 \
Ig1 = 100mA 0.8 1 v
lg1 = 200mA 1.05 13
Vit Input threshold voltage Vo1+t12| 64 [Vu+17] V
ViTH Input threshold voltage hyst. | 250 mVv
AVoy Line regulation 1 7V < VN < 24V
lo1 = 5mA 5 50 mv
AVpa  Line regulation 2 lo2 = BmA 5 50 mV
AV, Load regulation 1
: 5mA < lg; < 200mA 40 80 mv
AVpy  Load regulation 2 5mA < lgz < 300mA 50 100 mvV
Iq Quiescent current 0<VNy<13V 4.5 6.5 mA
7V < VN <13V 1.6 35 mA
|02 = |01 < BmA
laa Quiescent current 1 6.3V < VN1 < 13V 0.6 0.9 mA
Vv =
Tor & 5mA loz =0
4/8
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L4905

ELECTRICAL CHARACTERISTICS (continued)

Parameter - Test Conditions Min. Typ. Max. Unit
Vet Reset threshold voltage V02-0.15| 49 |V2-005| V
VRrTH  Reset threshold hysteresis 30 50 80 mV
VRH Reset output voltage HIGH Ir = 500uA Vo2-1 4.12 Vo2 \
VRL Reset output voltage LOW Ir = -5mA 0.25 0.4 \
tRD Reset pulse delay C¢ = 10nF 3 5 11 ms
ta Timing capacitor discharge Cy = 10nF 20 us

time
A——Q—A\:_ 1l Thermal drift -20°C < Tymp < 125°C gg mv/°C
802 hermal arift -20°C < Tymp < 125°C 0.3 mv/°C
AT -038
SVR1 Supply voltage rejection f = 100Hz Vi =05V 54 84 dB
Ig = 100mA 50

SVR2 Supply voltage rejection 50 80 dB
Tyso  Thermal shut down 150 °c

*The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is

lowered of 26mV under constant output current condition.

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4905 makes it very easy to
supply such equipments; it provides two voltage
regulators (both 5V high precision) with separ-
ate inputs plus a reset output for the data save
function.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg,
rises to the nominal value.

When the input 2 reaches V|t and the output 1
is higher than Vg the output 2 (V) switches
on and the reset output (V) also goes high after
a programmable time Tgp (timing capacitor).

Vo2 and Vg are switched together at low level

when one of the following conditions occurs:

— an input overvoltage:

73 %ﬁc%@gn‘,'ﬁgm@u@"@

— an overload on the output 1 (Vo; < Vgt):
— aswitch off (VIN < V|T - VITH);

and they start again as before when the con-
qition is removed.

An overload on output 2 does not switch Reg. 2,
and does not influence Reg. 1.

The Vj; output features:

— 5V internal reference without voltage divider
between the output and the error comparator;

— very low drop series regulator element util-
izing current mirrors;

— permit high output impedance and then very
low leakage current error even in power down
condition.

This output may therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery. The Vg,

5/8
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L4905

CIRCUIT OPERATION (continued)

regulator also features low consumption (0.6mA
typ.) to minimize battery drain in applications
where the V; regulator is permanently connected
to a battery supply.

The Vy, output can supply other non essential
5V circuits wich may be powered down when
the system is inactive, or that must be powered

down to prevent uncorrect operation for supply
voltages below the minimum value. ’

The reset output can be used as a “POWER
DOWN INTERRUPT", permitting RAM access
only in correct power conditions, or as a ’‘BACK-
UP ENABLE" to transfer data into in a NV
SHADOW MEMORY when the supply is in-
terrupted. ’

Fig. 1
4¥in Vo
ini=VYinz Ll
T
Vit 4 £ IR, -

I o TN Vith

1

\' 4 -, N > 1

" e | \

1 |

i !
b \ v

T I

| |

1 - ]

) |

1t Vo
|
7 777
7N rf'
AL / t
trD trp | trRD tRD
S.
v v v THERMAL| ren
SWITCH 0 02 IN SHUT | SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN | OFF

APPLICATION SUGGESTIONS

Fig. 2 shows an application circuit for a uP
system typically used in trip computers or in
car radios with programmable tuning.

Reg. 1 is permanently connected to a battery
and supplies a CMOS time-of-day clock and a
CMOS microcomputer chip with volatile memory.

Reg. 2 may be switched OFF when the system
is inactive.

6/8
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Fig. 4 shows the L4905 with a back up battery
on the Vj; output to maintain a CMOS time-of-
day clock and a stand by type N-MOS uP. The
reset output makes sure that the RAM is forced
into the low consumption stand by state, so the
access to memory is inhibit and the back up
battery voltage cannot drop so low that memory
contents are corrupted.

In this case the main on-off switch disconnects
both regulators from the supply battery.




L4905

APPLICATION SUGGESTION (continued)

Fig. 2
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Fig. 3 - P.C. board component layout of fig. 2 (1: 1 scale)
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L4905

APPLICATION SUGGESTION (continued)

Fig. 4
1 <lpa y
%> W P T S oo fcmos
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BATTERY .L L CLOCK
0.22uF =
I I IMF Vsg
_T_ BACKUP
BATTERY s
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1to10mF
4TuF I I RESET RAM
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Cr I OTHER LOGIC
10nF I L4905 |s RESET ouT| RESET Q@ sv
&
S—10541
Fig. 5 - Quiescent current Fig. 6 - Quiescent current Fig. 7 - Total quiescent cur-
(Reg. 1) vs. output current (Reg. 1) vs. input voltage rent vs. input voltage
[ did 657912 G5
1 1,
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L4915

ADJUSTABLE VOLTAGE REGULATOR PLUS FILTER

® OUTPUT VOLTAGE ADJUSTABLE FROM
4 TO 11V

HIGH OUTPUT CURRENT (UP TO 250mA)
HIGH RIPPLE REJECTION

HIGH LOAD REGULATION

HIGH LINE REGULATION

SHORT CIRCUIT PROTECTION

THERMAL SHUT DOWN WITH HYS-
TERESIS

® DUMP PROTECTION

This circuit combines both a filter and a voltage
regulator in order to provide a high ripple rejec-
tion over a wide input voltage range.

BLOCK DIAGRAM

PRELIMINARY DATA

A supervisor low-pass loop of the element pre-
vents the output transistor from saturation at
low input voltage.

The non linear behaviour of this control circuitry
allows a fast settling of the filter.

Power Minidip
(4 + 4)

ORDERING NUMBER: L4915

INO-
o | -

AV

Q2

NON LIN, OTA
Vi l ~ OP1 CURRENT R
ret 5 LIMITING s 4
‘ oP2 Q3 QO out
REF et 1.
3
—O ADJUST

THERMAL
PROTECT.

i 58 5 oo

Crr

Hio

June 1988

S-7894/1
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L4915

ABSOLUTE MAXIMUM RATINGS

\V/ Peak input voltage (300ms) 40 \Y
Vi DC input voltage 28 \Y
lo Output current internally limited
Piot Power dissipation internally limited
Tetg Storage and junction temperature -40 to 150 °C

CONNECTION DIAGRAM
(Top view)

INPUT voLTAGE [|1

FILTERING
CAPACITOR
GROUND

ADJUST

ouTPUT

Fig. 1 - Application circuit

4 ———O Yo
Yi 1 R1
: *

5-8 2 3
L CeT R2%
ITO“F 10KQ
S -7896/2
25(R1+R2)
% OUTPUT VOLTAGE Vo=
R2
THERMAL DATA
Rthjamp  Thermal resistance junction-ambient max 80 °C/W
Rinj-pins  Thermal resistance junction-pins max 20 °C/W
2/5 <72 SGS-THOMSON
Y/, MICROELECTRONICS
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L4915

ELECTRICAL CHARACTERISTICS (Tamp = 25°C, V; = 13,6V, V,, = 8.5V, circuit of Fig. 1,

unless otherwise specified)

Parameter Test Conditions Min. | Typ. | Max. | Unit
Vi Input voltage 20 \
Vo Output voltage Vi=6to 18V 4 1 v
lo =5 to 150mA
AVyo Controlled input-output lo =5 to 150mA 16 21 \
dropout voltage Vi=6to 10V
AVg Line regulation Vi=12to 18V 1 20 mV
lo =10mA
AVq Load regulation lo =5 to 260mA 50 100 mV
ton = 30us
toff = = Tms
AV, Load regulation V=85V 150 250 mV
(filter mode) 1o =5 to 150mA
ton = 30us
toff = = Tms
Vet Internal voltage reference 25 \"
Iq Quiescent current lo =5mA 1 2 mA
Alg Quiescent current change V=6 to 18V 0.05 mA
lo =5 to 150mA
lap Adjust input current 40 nA
AVo .
T Output voltage drift lo = 10mA 1.2 mV/°C
SVR Supply voltage rejection Viac = "Vems
f=100Hz
lo = 150mA
Regulator 71 dB
Filter mode 35 (*) dB
Isc Short circuit current 250 300 mA
Ton Switch on time lo = 150mA
Filter mode 500 (*) ms
Regulator 300 ms
Tj Thermal shutdown 145 °C
junction temperature
(*) Depending of the Cg capacitor.
", SGS-THOMSON 3/5
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-L4915A

PRINCIPLE OF OPERATION

During normal operation (input voltage upper
than V| MIN = VOUT Nom t+ Avl/o). The device
works as a normal voltage regulator built around
the OP1 of the block diagram.

The series pass element uses a PNP-NPN connec-
tion to reduce the dropout. The reference voltage
of the OP1 is derived from a REF through the
OP2 and Q3, acting as an active zener diode of
value VREF'

In this condition the device works in the range
(1) of the characteristic of the non linear drop
control unit (see fig. 2).

The output voltage is fixed to its nominal value:

R1
Voutnom = Veer (1+ 'Ei‘) =

R1
V 1T+ —
crr (1 + R2)

The ripple rejection is quite high (70dB) and in-
dependent to Cg value.

On the usual voltage regulators, when the input
voltage goes below the nominal value, the regula-
tion transistors (series element) saturate bringing
the system out of regulation and making it very
sensible to every variation of the input voltage.
On the contrary, a control loop on the L4915
consents to avoid the saturation of the series
element by regulating the value of the reference
voltage (pin 2). In fact, whenever the input volt-
age decreases below (V| yn the supervisor loop,
utilizing a non linear 6¥A, forces the reference
voltage at pin 2 to decrease by discharging Cg.
So, during the static mode, when the input volt-
age goes below Vy,n the drop out is kept fixed

to about 1.6V. In this condition the device works
as a low pass filter in the range (2) of the OTA
characteristic. The ripple rejection is externally
adjustable acting on Cg1 as follows: -

V; (i)
SVR (j) =|————| =
. Vour (j22)
-6
1+ 10
jWCFT R2

Where:
gm=2+10"° Q7 = OTA’S typical transconduc-
tance value on linear region

R1 _ .. .
R~ fixed ratio

Cgt = value of capacitor in uF

The reaction time of the supervisor loop is given
by the transconductance of the OTA and by Cg.
When the value of the ripple voltage is so high
and its negative peak is fast enough to determine
an istantaneous decrease of the dropout till 1.2V,
the OTA works in a higher transconductance
condition [range (3) of the characteristic] and
discharges the capacitor rapidously.

If the ripple frequency is high enough the ca-
pacitor won’t charge itself completely, and the
output voltage reaches a small value allowing a
better ripple rejection; the device’s again working
as a filter (fast transient range).

With Cgr = 10uF; f = 100Hz; V, = 8.5V a
SVR of 35 is obtained.

Fig. 2 - Nonliner transfer characteristic of the drop control unit

1 A

>
>

VIN~VouT

1) Normal operating range (high ripple rejection)

$-9617/2

4/5

2) Drop controlled range (medium ripple rejection)
2 1 3) Fast discharge of Cg
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L4915

‘dB)
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60

50

Fig. 3 - Supply voltage Fig. 4 -~ Supply voltage Fig. 5 - V, vs. supply volt-
rejection vs. input voltage rejection vs. frequency age (V, =8.5V)
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L4916

VOLTAGE REGULATOR PLUS FILTER

FIXED OUTPUT VOLTAGE 8.5V
250mA OUTPUT CURRENT
HIGH RIPPLE REJECTION
HIGH LOAD REGULATION
HIGH LINE REGULATION
SHORT CIRCUIT PROTECTION

THERMAL SHUT DOWN WITH
HYSTERESIS

DUMP PROTECTION

This circuit combines both a filter and a voltage
regulator in order to provide a high ripple rejec-
tion over a wider input voltage range.

BLOCK DIAGRAM

PRELIMINARY DATA

A supervisor low-pass loop of the element pre-
vents the output transistor from saturation at
low input voltages.

The non linear behaviour of this control circuitry
allows a fast settling of the filter.

Power Minidip
(4 + 4)

ORDER CODE: L4916

. ' IC

o |
AV .
MONOLIN. OTA

Iret
Q3
v,
REF ret

oP1

[¥3

a1

CURRENT R

LIMITING

L-o ourt

Rl

THERMAL
PROTECT.

R2

!

-8
s O GND

June 1988

Cer

51772
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L4916

ABSOLUTE MAXIMUM RATINGS

V; Peak input voltage (300 ms) 40 \Y
V; DC input voltage 28 \
lo Output current internally limited
Piot Power dissipation internally limited
Tag, Tj Storage and junction temperature -40 to 150 °C
CONNECTION DIAGRAM (top view)
INPUT vOLTAGE || 1
FILTERING
CAPACITOR
NG
ouTPUT
THERMAL DATA
Rthjamo  Thermal resistance junction-ambient max 80 °C/W
Rinjpins  Thermal resistance junction pins max 20 °C/W

2/6 57 SGS-THOMSO!
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L4916

ELECTRICAL CHARACTERISTICS (T,,, = 25°C, V, = 13.56V, Test circuit of fig. 1, unless

otherwise specified)

Parameter Test Conditions Min. | Typ. Max. Unit
Vi Input voltage 20 Vv
Vo Output voltage Vi=12to 18V 8.1 85 8.9 \
lo =5 to 150mA
AVy0 Controlled input-output | V; =5to 10V 16 2.1 Y
dropout voltage lo =5 to 150mA
AVq Line regulation Vi=12to 18V 1 20 mV
lo =10mA
AVg Load regulation lo =5 to 2560mA 50 100 mV
ton = 30us
toff = = Tms
AVg Load regulation V=85V 150 250 mV
(filter mode) lo =5 to 150mA
ton = 30us,.
toff = = Tms
lq Quiescent current lo =BmA 1 2 mA
Alg Quiescent current change | V; =6 to 18V 0.05 mA
lo =5to 150mA
AVg ) o
T Output voltage drift lo =10mA 1.2 mVv/°C
SVR Supply voltage rejection Viac = "Vyms
f =100Hz
lo = 150mA
Vipc =12t018V 70 dB
Vipc =61to 11V 35 (¥) dB
Isc Short circuit current 250 | 300 mA
Ton Switch on time lo = 150mA
Vi=5t0 11V 500 (*) ms
Vi=111t0 18V 300 ms
Tj Thermal shutdown 145 °C
junction temperature
(*) Depending of the CeT capacitor.
3/6
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L4916

Fig. 1 - Test and Application Circuit

Vio- ’ 1

oL

01 uF

S 77712

Fig. 2 - P.C. board and component layout of fig. 1 (1 :1 scale)

€S-026
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L4916

PRINCIPLE OF OPERATION

During normal operation (input voltage upper
than V| MIN — VouT nom + VI/O)‘ The device
works as a normal voitage regulator built around
the OP1 of the block diagram.

The series pass element use a PNP-NPN connec-
tion to reduce the dropout. The reference voltage
of the OP1 is derived from a REF through the
OP2 and Q3, acting as an active zener diode of
value Vggg.

In this condition the device works in the range
(1) of the characteristic of the non linear drop
control unit (see fig. 3).

The output voltage is fixed to its nominal value:

Voujr nom = Vger (1+ 'g—;‘) =

Vepr (1+ —g—%')

% = INTERNALLY FIXED RATIO = 2.4

The ripple rejection is quite high (70 dB) and in-
dependent from Cgy value.

On the usual voltage regulators, when the input
voltage goes below the nominal value, the regula-
tion transistors (series element) saturate bringing
the system out of regulation making it very
sensible to every variation of the input voltage.
On the contrary, a control loop on the L4916
consents to avoid the saturation of the series
element by regulating the value of the reference
voltage (pin 2). In fact, whenever the input volt-
age decreases below V)N the supervisor loop,
utilizing a non linear 6TA, forces the reference
voltage at pin 2 to decrease by discharging Cgr.

So, during the static mode, when the input volt-
age goes below VN the drop out is kept fixed
to about 1.6V. In this condition the device works
as a low pass filter in the range (2) of the OTA
characteristic. The fipple rejection is externally
adjustable acting on Cgy as follows:

. V, (jw)
SVR (jw) = |————7—|=
fiw) Vout (jw) ‘
106
+
! gm 1+ R1 )
jWCFT R2

Where:

gn=2-10"5 Q1 = OTA’S typical transconduc-
R1 tance value on linear region
R2

Cgt = value of capacitor in uF

= fixed ratio

The reaction time of the supervisor loop is given
by the transconductance of the OTA and by Cg.
When the value of the ripple voltage is so high
and its negative peak is fast enough to determine
an istantaneous decrease of the dropout till 1.2V,
the OTA works in a higher transconductance
condition [range (3) of the characteristic] and
discharge the capacitor rapidously.

If the ripple frequency is high enough the ca-
pacitor won’t charge itself completely, and the
output voltage reaches a small value allowing a
better ripple rejection; the device's again working
as a filter (fast transient range).

With Ce+= 10 uF; f = 100 Hz a SVR of 35 is
obtained.

Fig. 3 - Nonliner transfer characteristic of the drop control unit

14

- —

-

$-9617/2

. o

Vin-Vout

1) Normal operating range (high ripple rejection)
2) Drop controlled range (medium ripple rejection)
3) Fast discharge of Cg1
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L4916

3

Fig. 4 - Supply voltage Fig. 5 - Supply voltage Fig.6 -V, vs. supply voitage
rejection vs. input voltage rejection vs, frequency
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VOLTAGE REGULATOR PLUS FILTER

PRELIMINARY DATA

FIXED OUTPUT VOLTAGE 8.5V A supervisor low-pass loop of the element pre-
250mA OUTPUT CURRENT vents the output transistor from saturation at
low input voltages.

HIGH RIPPLE REJECTION The non linear behaviour of this control circuitry
HIGH LOAD REGULATION allows a fast setting of the filter.

HIGH LINE REGULATION
SHORT CIRCUIT PROTECTION

THERMAL SHUT DOWN WITH HYSTER-
ESIS

DUMP PROTECTION

Pentawatt

The L4918 combines both a filter and a voltage

regulator in order to provide a high ripple rejec- ORDERING NUMBER: L4918
tion over a wider input voltage range.

BLOCK DIAGRAM

IN

L
‘C
Sk
o | az
AV

MONOLIN. OTA S
. OP1Y CURRENT R
ref N LIMITING s
Q3
Rer et
Ty—o our
R1
|
|
i
| THERMAL
' PROTECT. Rz
| |
L 1 O GND
3
! i
Cer
I $-9407/1
June 1988 1/5

141



L4918

ABSOLUTE MAXIMUM RATINGS

Vs Peak input voltage (300ms) 40 Y
\A DCvoltage 28 \Y
lo Output current internally limited
Pyt - Power dissipation internally limited
Tstgr T Storage and junction temperature -40 to 150 °C

CONNECTION DIAGRAM

(Top view)

(Tab connected to pin 3) S$-9408

> our
— N
> GND
[ FILTER
— 0}

-~ w o

Fig. 1 - Application and test circuit

Vi ! 5 Vo
L4918

[ANTIY
T Lin
10 uF I!pF

S$-9409/1
THERMAL DATA
Rih j<case Thermal resistance junction-case max 4 °C/W
2/5 o7 SGS-THOM:
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L4918

ELECTRICAL CHARACTERISTICS (T,n, =25°C, V, = 13.5V unless otherwise specified)

Parameter Test Conditions Min. | Typ. | Max. | Unit
Vi Input voltage 20 \%)
Vo Output voltage Vi=12to 18V 8.1 85 8.9 \
lo =5 to 150mA
AVy0 Controlled input-output Vi=5to 10V 16 241 \
dropout voltage lo =5 to 160mA
AVg Line regulation Vi=12to 18V 1 20 mV
Io = 10mA
AVg Load regulation lo =5 to 260mA 100 mV
ton = 30us
torf == 1ms
AVq Load regulation V=85V 100 250 mVv
lo =5 to 150mA
ton = 30us
toff == 1ms
[ Quiescent current lo =B5mA 1.0 2 mA
Alg Quiescent current change | V; =6 to 18V 0.05 mA
lo =5 to 160mA
AVe y o
T Output voltage drift lo = 10mA 1.2 mV/°C
SVR Supply voltage rejection Viac = "Vrms
f = 100Hz
lo = 150mA
Vipc =121t0 18V 7 dB
Vipe =610 11V 35 (*) dB
Isc Short circuit current 250 300 mA
ton Switch on time Io = 160mA
V;=5to 11V 500 (*) ms
Vi=111t0 18V 300 ms
Tysp Thermal shut down 150 °c
(*) Depending of the Ck1 capacitor
3/5
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L4918

PRINCIPLE OF OPERATION

During normal operation (input voltage upper
than V| MIN & VOUT NOM + AVl/O) The device
works as a normal voltage regulator built around
the OP1 of the block diagram.

The series pass element use a PNP-NPN connec-
tion to reduce the dropout. The reference voltage
of the OP1 is derived from a REF through the
OP2 and Q3, acting as an active zener diode of
value VREF'

In this condition the device works in the range
(1) of the characteristic of the non linear drop
control unit (see fig. 2)

The output voltage is fixed to its nominal value:

VouT nom = Vger (1 + -l-;—;—) =

R1

\ 1+ —

CFT R2

R1
R2

The ripple rejection is quite high (71 dB) and in-
dependent from Cgt value.
On the usual voltage regulators, when the input
voltage goes below the nominal value, the regula-
tion transistors (series element) saturate bringing
the system out of regulation making it very sen-
~sible to every variation of the input voltage. On
the contrary, a control loop on the L4918 con-
sents to avoid the saturation of the series element
by regulating the value of the reference voltage
(pin 2). In fact, whenever the input voltage
decreases below V), mn the supervisor loop,
utilizing a non linear OTA, forces the reference
voltage at pin 2 to decrease by discharging Ce.
So, during the static mode, when the input volt-

= INTERNALLY FIXED RATIO = 24

age goes below Vi the drop out is kept fixed
to about 1.6V. In this condition the device works
as a low pass filter in the range (2) of the OTA
characteristic. The ripple rejection is externally
adjustable acting on Cgt as follows:

v, (i
Vout (iw)
1+ 10°°
jWCFT R2

Where:
gm = 2+10"5 1= 0TA'S typical transconduc-
tance value on linear region

Rl fixed ratio
R

Cgr = value of capacitor in uF

The reaction time of the supervisor loop is given
by the tranconductance of the OTA and by Cg.
When the value of the ripple voltage is so high
and its negative peak is fast/enough to determine
an istantaneous decrease of the dropout till 1.2V,
the OTA works in a higher transconductance
condition [range (3) of the characteristic] and
discharge the capacitor rapidously.

If the ripple frequency is high enough the ca-
pacitor won’t charge itself completely, and the
output voltage reaches a small value allowing a
better ripple rejection; the device’s again working
as a filter (fast transient range).

With Cgy= 10 uF; f = 100 Hz a SVR of 35 is
obtained.

Fig. 2 - Nonliner transfer characteristic of the drop control unit

14

-

$-9617/2

4/5 £77 SGS-THOMSON

ViN-Vour

1) Normal operating range (high ripple rejection)
2) Drop controlled range (medium ripple rejection)
3) Fast discharge of Cgt
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L4918

(dB)
%0
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50
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30

Fig. 3 - Supply voltage Fig. 4 - Supply voltage
rejection vs. frequency rejection vs. input voltage
G- 65199
1 =100mA (d8) [} 150ma
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s [
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Fig. 5 - Output voltage vs

input voltage
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Lyz 35S THOMSON

L4920
L4921

VERY LOW DROP ADJUSTABLE REGULATORS

® VERY LOW DROP VOLTAGE

ADJUSTABLE OUTPUT VOLTAGE FROM
1.25vV TO 20V

® 400mA OUTPUT CURRENT
LOW QUIESCENT CURRENT

® OVERVOLTAGE AND REVERSE VOLT-
AGE PROTECTION

® +60/-60V TRANSIENT PEAK VOLTAGE

® SHORT CIRCUIT PROTECTION WITH
FOLDBACK CHARACTERISTICS

® THERMAL SHUT-DOWN

The L4920 and L4921 are adjustable voltage
regulators with a very low voltage drop (0.4V
typ. at 0.4A), low quiescent current and com-
prehensive on-chip protection.

These devices are protected against load dump

PRELIMINARY DATA

A foldback current limiter protects against load
short circuits.

The output voltage is adjustable through an
external divider from 1.25V to 20V. The mini-
mum operating input voltage is 5.2V.

These regulators are designed for automotive,
industrial and consumer applications where low
consumption is particularly important.

In battery backup and standby applications the
low consumption of these devices extends bat-
tery life.

Minidip (4 + 4)

Pentawatt
ORDERING NUMBERS:

transients of = 60V, input overvoltage, polarity L4920 L4921
reversal and over heating.
BLOCK DIAGRAM
INPUT OUTPUT
o —0+
BANDGAP
REFERENCE
PREREGULATOR AND [] Rl
ERROR j
AMPLIFIER
1 -
ADJUST
-0
DUMP
PROTECTION
e
FOLDBACK
THERMAL CURRENT
PROTECTION LIMITER
GND
O
—— $-7916/
June 1988 1/4
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L4920-1L4921

ABSOLUTE MAXIMUM RATINGS

Vi DC input operating voltage 26 \Y
Vi Positive transient peak voltage (t= 300ms 1% duty cycle) +60 \
Vi Negative transient peak voltage (t = 100ms 1% duty cycle) -60 \
Vi Reverse input voltage -18 \'
Tstg Storage temperature -55 to 150 °c
Top Operating junction temperature -40 to 150 °c
CONNECTION DIAGRAMS (top view)
\ 4
ree [ o] sE——— oureur
W  REF
OUTPUT {]2 7
ﬂ ] GROUND k] I GND
INPUT |“3 6 ] z‘:> N.C.
|| — Y]V}
NC. ;4 s{]
: S-791%
S Tab connected to pin3
Minidip Pentawatt
APPLICATION CIRCUIT
lo
IN ouTt
GND REF, - R1+R2 y
V, 0.1 pF c °" R2 REF
1
\ Q
O—4 . O
5791712
C = 100uF is required for stability (ESR < 39 over T range)
R2 = 6.2KQ.
Minidi
THERMAL DATA 4+a Pentawatt
Rthjamb  Thermal resistance junction ambient max 80°C/W 60°C/W
Rinjpins  Thermal resistance junction pins max 15°C/W —
Rinjcase  Thermal resistance junction case max - 4°C/W
2/4 <72 SGS-THOM
/. mn@@@gmggm(@'g
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L4920-L4921

ELECTRICAL CHARACTERISTICS (For V; = 14.4V, Vo= 5V; T; = 25°C; C = 100uF; R2 =

6.2KQ unless otherwise noted)

Parameter Test Conditions Min. Typ. Max. Unit
Vi Operating input Vo > 45V Vo+0.7 26 \%
voltage lo = 400mA
VREF < Vo <45V 5.2 26 \%
lo = 400mA
VREF Reference voltage 5.2V < V; < 26V 1.20 1.25 | 1.30 Vv
lo < 400mA (*)
AV Line regulation Vo +1V < Vi< 26V Vo = 4.5V 1 10 | mV/V,
lo =5mA
AV, Load regulation 5mA < lo < 400mA (*) Vo > 45V 3 15 | mV/V,
Vp Dropout voltage lo=10mA 0.05 \"
lo = 150mA 0.2 04 \
lo = 400mA 0.4 0.7 \
Ip Quiescent current lo = OmA
Vo + 1V < Vi< 26V 0.8 3 mA
lo = 400mA (*)
Vo+ 1V < Vi< 26V 65 100 mA
lo Maximum output 750 | 1000 [ mA
current
losc Short circuit output 200 350 500 mA
current (*)
VR Reverse polarity input | Vo = -15V R_ < 5000 -18 \"
voltage (DC)
(*) Foldback protection
{yy SGS-THOMSON 3/4
Y/, MICROELEGTRONIGS
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L4920- L4921

Fig. 1 - Output voltage vs.

Fig. 2 - Foldback current

Fig. 3 - Quiescent current

temperature - limiting . vs.outputcurrent (V, =5V)
G-5872 581311 65874
s o F¥assass
v) ™ "
To=SmA v I f T
Vo= 5V
5.2 Vo=5V 4
il
5. i
= — s RN
49 +—+ +
. 80 t
“8 R A 60 ; A
2 %0 t 4
) 20
=
~40-20 0 20 40 60 80 100 Tj o) o 200 400 600 800 1(mA) 0 100 200 300 400 ig(mA)

APPLICATION INFORMATION

1) The L4920 and L4921 have VREF = 1.25V. Then the output voltage can be set down to VREF but Vi must be

greater than 5.2V,

2) As the regulator reference voltage source works in closed loop, the reference voltage may change in foldback con-

dition.

3) For applications with high V;, the total power dissipation of the device with respect to the thermal resistance of

the package may be limiting the application. The total power dissipation is:

Ptot = Vilg+ (Vi - Vo) Io

A typical curve giving the quiescent current | as a function of the output current lo is shown in fig. 3.

4/4

150

' MICROEBLECTRONICS



Ly 3TN0

L4940 Series

VERY LOW DROP 1.5A REGULATORS

PRELIMINARY DATA
® PRECISE 5V, 8.5V, 10V, 12V OUTPUTS
® LOW DROPOUT VOLTAGE (500mV TYP
AT 1.5A)
TO-220

VERY LOW QUIESCENT CURRENT
THERMAL SHUTDOWN

SHORT CIRCUIT PROTECTION
REVERSE POLARITY PROTECTION

INTRODUCTION

The L4940 series of three terminal positive re-
gulators is available in TO-220 package and with
several fixed output voltages, making it useful in
a wide range of industrial and consumer appli-
cations. Thanks to its very low input/output volt-

BLOCK DIAGRAM

age drop, these devices are particularly suitable for
battery powered equipments, reducing consump-
tion and prolonging battery life. Each type em-
ploys internal current limiting, antisaturation cir-
cuit, thermal shut-down and safe area protection.

IN ouT
(e, O
: T I V4 2
PREREGULATOR |  [SOA PROTECT.
AND & ANTISAT.
PROTECTION CIRCUIT [],
REFERENCE ERROR
VOLTAGE AMPLIFIER
THERMAL [j
SHUtFONN GND
O
3
88L4940-01

June 1988
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L4940 Series

CONNECTION DIAGRAM AND ORDERING NUMBERS

(Top view)

awol- (1)

2 [ ——— output
3 T/ GROUND

»

S-2568/1

1 ——— INPUT

ORDERING NUMBERS OUTPUT VOLTAGE
L4940V5 5V
L4940V85 8.5V
L4940V10 10V
L4940V 12 12v
ABSOLUTE MAXIMUM RATINGS
Vi Forward input voltage 30 Vv
Vigr Reverse input voitage (Vo =5V Ro = 10082) -15 \Y
(Vo =85V Rg = 18082)
(Vo =10V Rg =20092)
lo Output current Internally limited
Prot Power dissipation Internally limited
T, Tag Junction and storage temperature -40 to 150 °C
THERMAL DATA
Rin jcase Thermal resistance junction-case max 3 °C/W
Rin j-amb Thermal resistance junction-ambient max 50 °c/wW
2/8 GS-THOMSON
G-I: %D@ﬁz@@m@gm@mn@&%
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L4940 Series

TEST CIRCUITS

Fig. 1 - DC Parameters

1 2
3
CiTmFF
O

COTZZFF

e

Fig. 2 - Load Regulation

Fig. 3 - Ripple Rejection

- $-10157/1

510
1 2 9 —O0 1 2
3
N 270pF ci Co
Ci Col Y 0.1uF 22 RL

01 n== pF
WF HF

2N 'e)

6121 100 0 470pF .

O—s O
- 5-10158 11 120Hz —GII]_‘
5-10159/1

ELECTRICAL CHARACTERISTICS (Refer to the test circuits T, = 25°C, C; = 0.1uF, C, = 22uF,
unless otherwise specified)

&7, SSTHINE0N

Parameter r Test Conditions Min. (Typ. ‘Max. Min. lTyp. lMax. Unit
OUTPUT VOLTAGE 5 85 \Y
INPUT VOLTAGE (unless otherwise specified) 7 105 \Y
Vo  Output voltage lo = 0.5A 4.9 5 5.1 |83 |85 | 87

Io =6 mA to 1.6A 4.8 5 5.2 |8.15]| 85 |8.85 v
(Vi=6.51t0 16V) |(V;=10.2t0 16V)
Vi Operating input lo=5mA 17 17 \Y
voltage
AV, Line regulation lo=56mA 4 10 4 9 mV
(Vi=6V to 17V) (Vi=9.5t017V)
AV,  Load regulation lo =5 mAto 1.6A 8 25 12 30 v
m
lo=05A1t0 1A 5 15 8 16
lq  Quiescent current lo=56mA 8 4 8
lo=15A 30 | s0 30 | s0 | ™A
(Vi=6.5V) (Vi=10.2V)
Al Quiescent current lo =5 mA 3 25
’ lo=15A 15 15 | MA
(Vi=6.5t0 16V) |(V;=10.21t0 16V)
Vg Dropout voltage Io = 0.6A 200 | 400 200 | 400
mV
lo = 1.5A 500 | 900 500 | 900
AV, Output voltage 0.5 0.8 mv/°C
AT  drift
SVR Supply voltage f=120 Hz 58 68 58 66 dB
rejection o= 1A
lsc  Short circuit V=14V 2 2.7 2 2.7
current limit A
22 129 22 129
(Vj=6.5V) (Vi=10.2V)
Zs Output impedance | f=1 KHz 30 32 m
lo = 0.56A
en  Output noise B =100 Hz to 100 KHz 30 30 MV,
3/8
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L4940 Series

ELECTRICAL CHARACTERISTICS (Refer to the test circuits T; =25°C, C; = 0.1uF, C, = 22uF,
unless otherwise specified)

Parameter Test Conditions Min. |Typ. lMax. Min. |Typ.| Max. | Unit
OUTPUT VOLTAGE 10 12 \Y%
INPUT VOLTAGE (unless otherwise specified) 12 14 Vv
Vo Output voltage lo = 0.6A 9.8 10 110.2 {11.75] 12 [12.25

\%
lo =5 mA to 1.6A 9.6 10 1104 1151 12 | 125
(Vi=11.7 t0 16V) | (V;= 13.8 t0 17V)
Vi Operating input lo =5 mA 17 17 \"
voltage
AVo Line regulation lo=5mA 3 8 3 7 mV
(V;i=1110 17V | (V;= 13 t0 14V)
AVo Load regulation lo=5mAto 1.6A 15 | 35 15 35
mV
lo=0.5Ato0 1A 10 20 10 25
lq  Quiescent current lo=5mA 4 8 4 8
lo= 1.5A 30 |50 30 | s0 [ ™A
(Vy=11.7V) (V;=13.8V)
Al Quiescent current lo=5mA 2 1.5
change mA
lo = 1.6A 13 10
(Vi=11.7 to 16V) (V;=13.8V)
Vq Dropout voltage lo = 0.6A 200 | 400 200 | 400
mV
Io=15A 500 | 900 500 | 900
AVo  Output voltage 1 1.2 mv/°C
AT drift
SVR Supply voltage f=120 Hz 56 62 55 61 dB
rejection Io=1A
lsc  Shortcircuit V=14V 2 2.7 2 2.7
current limit A
V=117V 22 |29 - —
Zy Output impedance | f=1KHz 36 40 mQ
lo =0.5A
eN Output noise B = 100 Hz to 100 KHz 30 30 uV/V,
voltage
4/8 Lyy SGS-THOMSON
Y/, icRozlEeTRONICS
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L4940 Series

Fig. 4 - Dropout voltage vs.
output current

G- 639471

\L]
)
0.6
05 L
A
0.4
03 /,/
0.2 v
0.1
] 02 04 06 08 1 12 15 (A)
Fig. 7 - Output voltage vs.
temperature (L4940V85)
6-6396/1
vO
)
8.5 /
845 =]
840 V; =105V
Io =5mA
8.35
830
8.25]
8.20
“50 -25 0 25 SO 75 100 Tj 0
Fig. 10 - Quiescent current
vs. temperature (L4940V5)
- 2
o oo grand,
(mA) )
Vi=rv 1o =154
30
25
20
15
10 Ho=0.5A —
|- 3 1
lo=5mA
° |
-80 -25 0 25 S0 75 100 Tl('C)

Fig. 5 - Dropout voltage vs.
temperature

G -6388./1

Fig. 6 - Output voltage vs.
temperature (L4940V5)

G- 639811

\7 Vo
W) W
To=1SA
06 g 505 A
! 1o =5mA
05 *
0.4 [ 1 5.00
/
03 | ] 054 ] I~
1
P ]
0.2 - 495
— 5mA
) ——
4] 490
-50 =25 0 25 50 75 100 Tj(C) -50 =25 0 25 50 75 100 T;(O)
Fig. 8 - Output voltage vs. Fig. 9 - Output voltage vs.
temperature (L4040V10) temperature (L4940V12)
G-639M1 G- 6398/2
o T Vo
V) V)
100 1210
1000 1200
— A N
930 11.50 ~
™~
980 Vi 212V 1.80 Vi =14V
lo =5mA Io =5mA
9.70 11.70
9.60 11.60 -
. 11.50
-50-26 0 25 S0 75 100 T;(C) -50 -25 0 25 S50 75 100 T;(*C)

Fig. 11 - Quiescent current
vs. input voltage (L4940V5)

Fig. 12 - Quiescent current
vs. output current
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L4940 Series

Fig. 13 - Short circuit cur-
rent vs. temperature
(L4940V5)

Isc
(A)
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25
20 — Vi '=z_v
Vi =14V

0.5

0
=50 -25 0 25 S50 75 100 T;(*C)

Fig. 16 - Low voltage be-
havior (L4940V85)

G-6392/1
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Fig. 19 - Supply voltage re-
jection vs. frequency

(L4940V5)
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Fig. 14 - Peak output cur-
rent vs. input/output dif-
ferential voltage (L4940V5)
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05
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Fig. 17 - Low voltage be-
havior (L4940V10)

Fig. 15 - Low voltage be-
havior (L4940V5)

6-6403

Vo
(2]

To=15A

5 vV

Fig. 18 - Low voltage be-
havior (L4940V12)
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Fig. 20 - Supply voltage re- Fig. 21 - Load dump charac-
jection vs. output current teristics (L4940V5)
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L4940 Series

Fig. 22

- Line transient

response (L4940V5)
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Fig. 23 - Load transient
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Fig. 24 - Total power

response dissipation
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157054 - T
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5-10325/1

L4940VS

g. 25 - Distributed supply with on-card L4940 and L4941 low-drop regulators

QSV-1.5A

Fig. 26 - Distributed supply with on-card L4940 and L4941 low-drop regulators

LF
. 2F

390

L5l

BYWB0

150,»1

220pF| IZOPF

)/
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ADVANTAGES OF THESE APPLICATIONS ARE:

— On card regulation with short circuit and thermal protection on each output.
— Very high total system efficiency due to the switching preregulation and very low-drop postregulations.

&7

MﬂW@E&E@mMD@S

SGS-THOMSON

L4940VS OSv-15A
Tr L T

$-10326 /1
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L4940 Series

Fig. 27

L4940V12 ——012V-15A

TZPF
o]

ADVANTAGES OF THIS CONFIGURATION ARE:

— Very high regulation (line and load) on both the output voltages.
— 12V output short-circuit and thermally protected.
— Very high efficiency on the 12V output due to the very low drop regulator.

8/8
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IYIW %E@%@‘EEE%%'@SM?@% L4941

VERY LOW DROP 1A REGULATOR

LOW DROPOUT VOLTAGE (450mV TYP
AT 1A)

VERY LOW QUIESCENT CURRENT
THERMAL SHUTDOWN

SHORT CIRCUIT PROTECTION
REVERSE POLARITY PROTECTION

INTRODUCTION

The L4941 is a three terminal 5V positive re-
gulator available in TO-220 package, making
it useful in a wide range of the industrial and
consumer applications. Thanks to its very low
input/output voltage drop, this device is par-

BLOCK DIAGRAM

PRELIMINARY DATA

TO-220

ORDERING NUMBER: L4941

ticularly suitable for battery powered equipment,
reducing consumption and prolonging battery
life. 1t employs internal current limiting, anti-
saturation circuit, thermal shut-down and safe
area protection.

IN ouT
o, —O
: ] ] Vi 2
PREREGULATOR SOA PROTECT.
AND . & ANTISAT.
PROTECTION CIRCUIT []
REFERENCE ERROR
VOLTAGE AMPLIFIER
THERMAL []
SHUTFONN GND
O
; 3
88L4940-041

June 1988

1/6
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L4941

CONNECTION DIAGRAM

(Top view)

—
2 ——> output
GND-—@» 3 ——> GROUND
1 ——> INPUT
I
S-2568/1

ABSOLUTE MAXIMUM RATINGS

V; Forward input voltage 30 v
Vir Reverse input voltage (R = 10092) -15 \
lo Output current Internally limited
Piot Power dissipation Internally limited

i Tstg Junction and storage temperature -40 to 150 °C
THERMAL DATA

Rinjcase  Thermal resistance junction-case max 3 °C/W
Rtn j-amb Thermal resistance junction-ambient max 50 °C/W

2/6 .
_ &7, 353 THOMSON
160




L4941

TEST CIRCUITS
Fig. 1 - DC Parameters

2

coT 2,F
O

5-10157/1

Fig. 2 - Load Regulation

- $-10158/1

Fig. 3 - Ripple Rejection

5-10159/1

ELECTRICAL CHARACTERISTICS (Refer to the test circuits T; = 25°C, C; = 0.1uF, C, = 22uF,

unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
OUTPUT VOLTAGE 5
INPUT VOLTAGE (unless otherwise specified) 7
Vo Output voltage lo =BmA to 1A 4.8 5 5.2 \
V=6V to 14V
Vi Operating input lo =5mA 16 \
voltage
AVq Line regulation V=6V to 16V 5 20 mV
1o =5mA
AVq Load regulation lo =5mA to 1A 8 20 mV
lo =0.6A to 1A 5 15
la Quiescent current lo =BmA 4 8
Vi =6V mA
lo =1A 20 40
Alg Quiescent current lo =5mA 3
change Vi=6V to 14V mA
lo=1A -10
Vg Dropout voltage I, = 0.5A 250 450
mV
lo=1A 450 700
AV, Output voltage drift 0.6 mV/°C
AT
SVR Supply voltage f=120Hz 58 68 dB
rejection lo =0.5A
lse Short circuit current V=14V 1.6 2.0
limit A
V; =6V 1.8 2.2
Z, Output impedance f=1KHz 30 mQ
Io = 0.5A
en Output noise voltage B = 100Hz to 100KHz 30 uV/Vy i
|
Lyz SGS-THOMSON 3/6 i
Y/, (11CROELECTRONICS



L4941

Fig. 4 - Dropout voltage vs.

Fig. 5 - Dropout voltage vs.

Fig. 6 - Output voltage vs.

output current temperature temperature
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Fig. 7 - Quiescent current Fig. 8 - Quiescent current Fig. 9 - Quiescent current
vs. temperature vs. input voltage vs. output current
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L4941

Fig. 13 - Supply voltage re- Fig. 14 - Supply voltage re- Fig. 15 - Load dump charac-
jection vs. frequency jection vs. output current teristics
i | :-,-;‘:; SR G -6406/1 Vi G- 6416
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vy 1o=05A L] +
%) Co=22uF LOAD CURRENT| 10 ~ T
s 1 I A Y N
srnowxee 0 20 40 60 t (ps) S I\i\ \
CHANGE Ll [NO HEAT-SINK [ ] N
60 . — AN
0 10 20 30 {us) ﬁ-ﬁ-N &
0 25 S0 75 100 Tamp(*C)
5-9461 /1
Fig. 19 - Distributed supply with on-card L4940 and L4941 low-drop regulators
g
10
|SOEH
2
220uF| 220uF |
BYWS0 ke r
47-?-
GNDO- 5-10326 11

ADVANTAGES OF THESE APPLICATIONS ARE:

— On card regulation with short circuit and thermal protection on each output.
~ Very high total system efficiency due to the switching preregulation and very low-drop postregulations.

‘ MSON 5/6
mu@m@m@m@mﬂ@g
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L4941

Fig. 20 - Distributed supply with on-card L4940 and L4941 low-drop regulators

Vi

5$-10325/1 I’v‘ F IIPF
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L4960

2.5A POWER SWITCHING REGULATOR

2.5A OUTPUT CURRENT

5.1V TO 40V OUTPUT VOLTAGE RANGE
PRECISE (+ 2% ) ON-CHIP REFERENCE
HIGH SWITCHING FREQUENCY

VERY HIGH EFFICIENCY (UP TO 90%)
VERY FEW EXTERNAL COMPONENTS
SOFT START

INTERNAL LIMITING CURRENT
THERMAL SHUTDOWN

The L4960 is a monolithic power switching
regulator delivering 2.5A at a voltage variable
from 5V to 40V in step down configuration.

Features of the device include current limiting,

ABSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA

soft start, thermal protection and 0 to 100%
duty cycle for continuous operation mode.

The L4960 is mounted in a Heptawatt plastic
power package and requires very few external
componeénts.

Efficient operation at switching frequencies
up to 150KHz allows a reduction in the size
and cost of external filter components.

Heptawatt

ORDERING NUMBER : L4960 (Vertical)
L4960H (Horizontal)

Vi Input voltage 50 \%)
V) - Vy Input to output voltage difference 50 \%
Vs, Negative output DC voltage -1 Y

Negative output peak voltage at t = 0.1us; f = 100KHz -5 \
V3, Vg Voltage at pin 3 and 6 5.5 \
Vs, Voltage at pin 2 7 \Y)
I3 Pin 3 sink current 1 mA
ls Pin 5 source current 20 mA
Peot Power dissipation at Teae < 90°C 15 w
T Tetg Junction and storage temperature -40 to 150 Cc
BLOCK DIAGRAM i

l_l SAWTOOTH l Comp L4960
-L ) output 7 A Yo
Tl G
T cercnnce I
g s Q % :
Il
_ . s Yo l
=157
:
I =

June 1988 1/13
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L4960

CONNECTION DIAGRAM

&

/AR

... §
|

|———> ourpul

SOFT START
———>  O0SCILLATOR
————" GND
—————> FREQ. COMP
""" FEEDBACK INPUT
| ee——— TV} ¢

LTab connected to pin 4

THERMAL DATA

$-779%

Rinjcase  Thermal resistance junction-case max 4 °c/w
Rthjamb  Thermal resistance junction-ambient max 50 °c/w
PIN FUNCTIONS

N° NAME FUNCTION

1 SUPPLY VOLTAGE Unregulated voltage input. An internal regulator powers
the internal logic.

2 FEEDBACK INPUT The feedback terminal of the regulation loop. The
output is connected directly to this terminal for 5.1V
operation; it is connected via a divider for higher volt-
ages.

3 FREQUENCY A series RC network connected between this terminal

COMPENSATION and ground determines the regulation loop gain charac-
teristics.

4 GROUND Common ground terminal.

5 OSCILLATOR A parallel RC network connected to this terminal
determines the switching frequency.

6 SOFT START Soft start time constant. A capacitor is connected bet-
ween this terminal and ground to define the soft start
time constant. This capacitor also determines the average
short circuit output current.

7 OUTPUT Regulator output.

213 SGS-THOMSON
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L4960

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T, = 25°C, V, = 35V, unless

otherwise specified)

Parameter Test Conditions Min. | Typ. | Max. | Unit
DYNAMIC CHARACTERISTICS
Vo Output voltage range V| =46V Io=1A Vief 40 \%
Vi Input voltage range Vo = Vet to 36V lo=25A 9 46 \
AVq Line regulation Vi=10V to 40V V=V, e 1o =1A 15 50 mV
AVq Load reguiation Vo = Vyes lo =0.5A to 2A 10 30 mVv
Vief Internal reference voltage V=9V to 46V Io=1A 5 5.1 5.2 \
(pin 2)
AVyes  Average temperature T;=0°C to 125°C 0.4 mv/°C
AT coefficient of refer. voltage | 1o =1A
\ Dropout voltage lo=2A 1.4 3 \
lom Maximum operating load V=9V to 46V 25 A
current Vg = Vyes to 36V
Iy Current limiting threshold V| =9V to 46V 3 4.5 A
(pin 7) Vg = Vyet to 36V
IsH Input average current V;=46V; output short-circuit 30 60 mA
n Efficiency f = 100KHz Vo = Vyet 75 %
lo=2A Vo =12V 85 %
SVR Supply voltage ripple AV =2V ms 50 56 dB
rejection fripple = 100Hz
Vo = Vyet lo=1A
f Switching frequency 85 100 115 KHz
Af Voltage stability of V=9V to 46V 0.5 %
E/—' switching frequency
Af Temperature stability of T;=0°C to 125°C 1 %
AT, switching frequency
fmax Maximum operating Vo = Vyet lo =2A 120 150 KHz
switching frequency
Tsa Thermal shutdown 150 °c
junction temperature
Lyy SGS-THOMSON 87138
V7. i91CRoELECTRONICS
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L4960

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. | Typ. | Max. Unit
DC CHARACTERISTICS
ha Quiescent drain current 100% duty cycle 30 40 mA
pins 5 and 7 open
0% duty cycle V) =46v 15 20 | mA
-l7L Output leakage current 0% duty cycle 1 mA
SOFT START
leso Source current 100 130 150 MA
lgs| Sink current 50 70 120 MA
ERROR AMPLIFIER
VinH High level output voltage Vo = 47V I3 = 100uA 3.5 \"
ViL Low level output voltage Vo = 5.3V I3 = 100uA 0.5 \
I3y Sink output current Vy, = 6.3V 100 150 MA
-l3gso  Source output current Vo = 47V 100 180 BA
I3 Input bias current Vy = 6.2V 2 10 kA
Gy DC open loop gain V3z = 1V to 3V 46 55 dB
OSCILLATOR
-ls Oscillator source current 5 mA
4/13 iy7 SGS-THOMSON
Y/, MICROELECTRONICS
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L4960

CIRCUIT OPERATION (refer to the block diagram)

The L4960 is a monolithic stepdown switching
regulator providing output voltages from 5.1V
to 40V and delivering 2.5A.

The regulation loop consists of a sawtooth oscil-
lator, error amplifier, comparator and the output
stage. An error signal is produced by comparing
the output voltage with a precise 5.1V on-chip
reference (zener zap trimmed to * 2%).

This error signal is then compared with the saw-
tooth signal to generate the fixed frequency
pulse width modulated pulses which drive the
output stage.

The gain and frequency stability of the loop can
be adjusted by an external RC network con-
nected to pin 3. Closing the loop directly gives
an output voltage of 5.1V. Higher voltages are
obtained by inserting a voltage divider.

Output overcurrents at switch on are prevented
by the soft start function. The error amplifier
output is initially clamped by the external capa-

Fig. 1 - Soft start waveforms

citor C, and allowed to rise, linearly, as this
capacitor is charged by a constant current source.
Output overload protection is provided in the
form of a current limiter. The load current is
sensed by an internal metal resistor connected to
a comparator. When the load current exceeds a
preset threshold this comparator sets a flip flop
which disables the output stage and discharges
the soft start capacitor. A second comparator
resets the flip flop when the voltage across the
soft start capacitor has fallen to 0.4V.

The output stage is thus re-enabled and the out-
put voltage rises under control of the soft start
network. |f the overload condition is still present
the limiter will trigger again when the threshold
current is reached. The average short circuit cur-
rent is limited to a safe value by the dead time
introduced by the soft start network. The
thermal overload circuit disables circuit oper-
ation when the junction temperature reaches
about 150°C and has hysteresis to prevent
unstable conditions.

OSCILLATOR CLAMPED- ERROR
OuUTPUT AMP OUTPUT
NOMINAL l
ERROR AMP —»R\g -~ —- - - - C —
ouTPUT
1 | '
N | | I
IRIREREIDS
! |
ouTPUT ! l ' | J/ ’\/
CURRENT i |
I
SOFT START RAMP o
- $-5835
Fig. 2 - Current limiter waveforms
'
CURRENT
LIMITER
TRIGGERS
LIMIT
THRESHOLO B q- —— — e mmm—— - ————m—— - A~
m 1
] ]
71 4 1 1
AVERAGE [ S— ] C _________ _ﬂ ______
SHORT CIRCUIT
CURRENT . 3 >
$-7797 t
‘ y I SGS'THOMSON 5/13
~n MICROELECTRONICS
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L4960

Fig. 3 - Test and application circuit

R1 R4
g S
15KN R;
C3 ‘Ra !
33nI 3 2
L1
v, O ! L 4960 ! ~ s 0%
150).|H
2x220pf:
1000 k= ¢ 5 4 5 =3 40V
W T r‘ c7 [Ce
c2 CcS SGSBRZO
22 []R2 £
-[nF 4.3KN 2.2p Brweo

C6, C7: EKR (ROE)

L1 =150uH at 5A (COGEMA 946042)
CORE TYPE: MAGNETICS 58206-A2 MPP
N° TURNS 45, WIRE GAUGE: 0.8mm (20 AWG)

Fig. 4 - Quiescent drain
current vs. supply voltage
(0% duty cycle)

G- 6065

Fig. 5 - Quiescent drain
current vs. supply voltage
(100% duty cycle)

6-6066

ha
(mA)

ha
(mA)

S- 7798/2

Y1a
(ma)

Fig. 6 - Quiescent drain cur-
rent vs. junction tempera-
ture (0% duty cycle)

6-6067

v, =35V

20 30 0 VW

6/13

30 W VW
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L4960

Fig. 7 - Quiescent drain cur-
rent vs. junction tempera-
ture (100% duty cycle)

Fig. 8 - Reference voltage
(pin 2) vs. V,

Fig. 9 - Reference voltage
vs. junction temperature
(pin 2)

6069 G-Sn8/1
ha Vret I Vret
(mA) (v) w
Vi =35V 1o=1A
Vj=3BV
5125 loe2A
40 5.150
5.100
35 5.125 ~
30 e 5 S0 P ™~
—
25 5. 075 5
20 5.
-25 0 25 50 75 100 Tj o) 10 20 30 O v -5 0 25 S0 75 W0 (O
Fig. 10 - Open loop fre- Fig.. 11 - Switching fre- Fig. 12 - Switching fre-
quency and phase responde quency vs. input voltage quency vs. junction tem-
of error amplifier - - perature -
Gy d t t
(dB) f (KHg) (KHz) l
60 VosVret Vi=35V
[ Vo=Vret 1—
Y. [
%0 \ 104 "o
“0 f'\\ -« 102 108
30 N, -80 100 100 //
N 98 95
20 -120
\ 96 90
0 -180
0
=10
1 10 100 1K 0K 100K M 1 (Mz) 10 15 20 25 30 35 40 45 Vi(V) -25 0 25 SO 75 100 125 150 Y (°C)
Fig. 13 - Switching frequen- Fig. 14 - Line transient Fig. 15 - Load transient
cy vs. R2 (see test circuit response response
t G- a2 , T T 6-6070 Vi G-6071
) i
(xhz) INPUT VOLTAGE | VosVgep (V) I :“
s lostA | T
. AN 30 LOAD CURRENT
, \\\ 20
\Q\ 10
00 Neamsnr v, o 50
. (mv) OUTPUT VOLTAGE CHANGE.
. 50 0
N\
. AN o 50 Il
Cy= zzuﬁ\ \\ 5o avo
2 {mV)
NN
0 2 . 68 1 . [
) 10 R1 (kD) 1 2 3 t (ms) 05 1 1.5 2 t (ms)
7/13
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L4960

Fig. 16 - Supply voltage
ripple rejection vs. frequency

- 608

Fig. 17 - Dropout voltage
between pin 1 and pin 7
vs. current at pin 7

Fig. 18 - Dropout voltage
between pin 1 and 7 vs.
junction temperature

G- 6072 -6073
SVR m T T Vo Vo
(dB) ) AV =2V L ) W
. V235V
70 ‘I':::’;ev - H
60 S 2 T)=125°C 2
|||| %.— ~40°C
50 16 p—25°C| 18
4“0 ™ 1.2 — 16
N — 17=2A
30 M 0.8 A 14 =1
20 0.4 12 _~~\
10 1
17=1A
0 0.8 +
. 1l
, 0 100 K g 05 1 15 2 25 19(A) -25 0 50 100 0
Fig. 19 - Power dissipation Fig. 20 - Efficiency vs. Fig. 21 - Efficiency vs.
derating curve o output current o cone output current Cvors
Ptot L] n l
(W) (%) (")
Vo= V,
:' ::sv - sokr)
15 80 o ret ts gg::az —
H
o \ o 100KHz %
\‘%,, % I~~~  200KHz 80 — Vi #15V
10 \‘?/‘% G 60 70 |—F—1 -~
%;s' %\"‘ = DIODE &0 |DIODE
G vy BYW80 BYW80
5 \% w0
h,
0 20 40 60 80 100 120 T,mb(*C) 05 1 15 2 25 1o (A) 05 1 1.5 2 Io (A)
Fig. 22 - Efficiency vs. Fig. 23 - Efficiency vs.
output current output voltage
G-6076/1 . G -6077
n n
(%) I (%)
1 = S0KHz|
Vo =Vret
" 12 100KHz 90 /// =y
o0 o V; =15V 8
6’ 3sv /
70 P To=2A
7 l’:‘ !;3;100—_‘
g0 DIODE :
BYWS80
60
0.5 1 15 2 25 1o (A) 5 10 15 20 25 Vo (V)
8/13
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L4960

APPLICATION INFORMATION

Fig. 24 - Typical application circuit

V.
1 4 vo
L4960
—6
5 4 3 2 R4
(4] ‘
= | Rt
o Ez},p 15K 0
R3
100pF| 63V | oo g? C3 47K0
4,3K0 33nF
2.2
nF
oL AV B
GND S- 932241 GND

Ci,Cg, C7: EKR (ROE)
Dy BYWBO0 OR 5A SCHOTTKY DIODE
SUGGESTED INDUCTOR: L; = 150uH at 5A
CORE TYPE: MAGNETICS 58206 - A2 - MPP
N° TURNS: 45, WIRE GAUGE: 0.8mm (20 AWG), COGEMA 946042
U15/GUP15: N° TURNS: 60, WIRE GAUGE: 0.8mm (20 AWG), AIR GAP: 1mm, COGEMA 969051.

Fig. 25 - P.C. board and component layout of
the Fig. 24 (1 : 1 scale)

€5-0216;
Resistor values for
standard output voltages
Vo R3 R4
12v 47K 6.2KQ
15V 4.7KQ 9.1KQ
18v 47K 12KQ
24V 4 7KQ 18K
(7 SGS-THOMSON on3
Y/, AICROELECTRONICS
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L4960

APPLICATION INFORMATION (continued)

Fig. 26 - A minimal 5.1V fixed regulator; Very few component are required

Y j00nF
50v
)
SAWTOOTH comp L4960
OSCILLATOR )
2.2 5
Y ) *
F PWM 150 uH =5.1V
"L KAl coMP ouTRUT 7 e Voss
I v STAGE SGSER20 ] O
’ IBYW80 *%
5.1V Engo
+*— I
3 /{OR REFERENCE, o
) AMP 2
s
X . S Q A1
33 5y
InF INHIBIT
FLIP
© C.4V FLOP .
INR _ Yo l
RESET R a4
CcOM
THERMAL 1) Qr
SHUTDOWM
3 $.7799/4
* COGEMA 946042 (TOROID CORE) |4 % fes
969051 (U15 CORE) 22 uF
** EKR (ROE)
Fig. 27 - Programmable power supply
40VA
8Y251 .
4700,F
20V v * ouh
LINE EYF 1 1500
20V~ 7 7% O+
SGS8R20 Jg" i .
BY251 6 L 4960 BV%GO M
- 40V 10K
5 4 3 2 9 :
- 33nFL_
22pF D‘]
e 43 15 Ko
2.2nF apm berd .I;go Ko
pF
O -
Vo =5.1V 10 16V 5_;800/2 :
lo = 2.5A max

Load regulation (1A to 2A) = 10mV (V4 =5.1V)
Line regulation (220V * 15% and to Ig = 1A) = 16mV (V4 =5.1V)

10/13
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L4960

APPLICATION INFORMATION (continued)

Fig. 28 - Microcomputer supply with + 5.1V, -5V, +12V and -12V outputs

Vi3V FUSE
D
gs%JOOpF ve iprF
EVF

I sn

L

3 15 1

1] SAWTOOH
0SCILLATOR

L 296

220uF

ouTPUT

L 4960

.
¥ L1302
S o IN5822 -5V
0.2A
15K —
m INHIBIT 100 uF
il EKR
R at— ho +5.1V
22nF O3.5A
I L L 1000F
12 25V KA
H— EKR
THERMAL M Q, RESET 14 -0
SHUTDOWN 13 RESET
8 3 H l‘ 2.2uF
L fZ.Z'JF o
O
INHIBIT

% SGS8R20 OR BYWS80

-12v
100mA

100 uF
EKR
$12v

5-7802/ 3

&7, SETHMRN

O 2a

4.7 =
470 uF
Ka 25V
EKR

11/13
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L4960

APPLICATION INFORMATION (continued)
Fig. 29 - DC-DC converter 5.1V/4A, + 12V/2.6A; a suggestion how to synchronize a negative output

150 uH
30v, 50 uH +12W12.5A
Ul Lz.960 7 e
; y j__zlxzzo,;F -
2x * —bOV
o+ 2200 ;33 EKR 6.2K 0
N

=]
50V
_leve T ) .
Ko LKA
—7 250 uH
L296 2 200
9 L2 \—_I-E"ZZO"F
3 5 9 8,6 10 % 20V
MAINS
L m—=iinF EKR
12 OpF mpm 4.7,
T"T E

+5.1VILA

150 uH
1 LLSGO 7
1 5 . 2
—

~ 22004F -|-33 ‘ 6.2K0
~ -

47Kﬂfg T T E DAJKI}.

nF
J ~12VI2.5A
~O

% SGSBR20 OR BYWSO S-9323/2
L1, L3 = COGEMA 946042 (969051)
L2 = COGEMA 946044 (946045)

D;, D5, D3 = SGS8R20 or BYW80

Fig. 30 - In multiple supplies several L4960s can be synchronized as shown

L4960

L 4960

12/13 K
&7, 352 THINON
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L4960

APPLICATION INFORMATION (continued)
Fig. 31 - Regulator for distributed supplies

I 33nF

15K Q. 47K

! , Impf -L 'Izzpr

1.2K 0

l L4940V5S SV-15A

10
1

L4941 5v-1A

0.1uF 22uF
$-10325/1 I # -L I K

MOUNTING INSTRUCTION

The power dissipated in the circuit must be and the package it is better to insert a layer of
removed by adding an external heatsink. silicon grease, to optimize the thermal contact,
Thanks to the Heptawatt package attaching the no electrical isolation is needed between the
heatsink is very simple, a screw or a compression two surfaces.

spring (clip) being sufficient. Between the heatsink

Fig. 32 - Mounting example

5-6392

13/13
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L4962

1.5A POWER SWITHING REGULATOR

® 1.5A OUTPUT CURRENT

® 5.1V TO 40V OUTPUT VOLTAGE RANGE
® PRECISE (+ 2 %) ON-CHIP REFERENCE

® HIGH SWITCHING FREQUENCY

® VERY HIGH EFFICIENCY (UP TO 90%)
® VERY FEW EXTERNAL COMPONENTS
® SOFT-START

® INTERNAL LIMITING CURRENT

® THERMAL SHUTDOWN

The L4962 is a monolithic power switching

regulator delivering 1.5A at a voltage veriable
from 5V to 40V in step down configuration.

Features of device include current limiting,
soft start, thermal protection and 0 to 100%
duty cycle for continuous operating mode.

The L4962 is mounted in a 16-lead Powerdip
ABSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA

plastic package and Heptawatt package and
requires very few external components.

Efficient operation at switching frequencies
up to 150KHz allows a reduction in the size
and cost of external filter components.

Heptawatt

Powerdip
(12+ 2 +2)
ORDERING NUMBER:

L4962 (12 + 2 + 2 Powerdip)
L4962E (Heptawatt)
L4962EH (Horizontal Heptawatt)

V5 Input voltage 50 \'%
Vs -V, Input to output voltage difference 50 \
Vs, Negative output DC voltage -1 \
Output peak voltage at t = 0.1us, f = 100KHz -5 \
Vi1, Vis  Voltage at pin 11, 15 5.5 \Y
Vio Voltage at pin 10 7 \
11 Pin 11 sink current 1 mA
l14 Pin 14 source current R 20 mA
Piot Power dissipation at Tpins < 90 C (Powerdip) 4.3 w
Tease < 90 C (Heptawatt) 15 W
Ty, Tag Junction and storage temperature -40 to 150 C
BLOCK DIAGRAM
L Q .
I P
) I
I 0.4
Pin X = Powerdip
o 3 v sman Pin (X) = Heptawatt
June 1988 1/12
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L4962

CONNECTION DIAGRAMS

(Top view) s
N.C 0 5] N.C
outeur f2 15 []SOF T START
N.C 3 14 [] osciLLATOR TE——o oureut
. [ ] o | SOFT START
s[>  OSCILLATOR
ono  [fe 13) GND : o
—— .
eno  [Is =] GND 2 FREQ. COMP
2 |[[——————> FEEDBACK INPUT
SE———
N.C [ls 11 [|Frea. come A ! INPUT
neut |7 10]] FeeDBACK f 5-779%
Tab connected to pin 4
NC s sf NC

THERMAL DATA Heptawatt Powerdip
Rih j-case Thermal resistance junction-case max 4°c/wW o=
th j-pins Thermal resistance junction-pins max o 14 C/W
th j-amb Thermal resistance junction-ambient max 50" C/W 80°C/W*

* Obtained with the GND pins soldered to printed circuit with minimized copper area.

PIN FUNCTIONS

HEPTAWATT | POWERDIP | NAME FUNCTION

1 7 SUPPLY VOLTAGE Unregulated voltage input. An internal regu-
lator powers the internal logic.

2 10 FEEDBACK INPUT The feedback terminal of the regulation loop.
The output is connected directly to this ter-
minal for 5.1V operation; it is connected via a
divider for higher voltages.

3 1 FREQUENCY A series RC network connected between this

COMPENSATION terminal and ground determines the regulation
loop gain characteristics.

4 4,5,12,13 |[GROUND Common ground terminal.

5 14 OSCILLATOR A parallel RC network connected to this ter-
minal determines the switching frequency. This
pin must be connected to pin 7 input when the
internal oscillator is used.

6 15 SOFT START Soft start time constant. A capacitor is con-
nected between this terminal and ground to
define the soft start time constant. The capaci-
tor also determines the average short circuit
output current,

7 2 OUTPUT Regulator output.

1,3, 86, N.C.
8,91
2/12 <74 SGS-THOMSON
/A mu@@@@&@@m@s%
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L4962

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T; = 25°C, V; = 35V, unless

ctherwise specified)

Parameter Test Conditions Min. Typ. Max Unit
DYNAMIC CHARACTERISTICS
Vo Output voltage range V; = 46V lo=1A e 40 v
2 Input voltage range Vo = Vyes to 36V Io=15A 9 46 \
AV, Line regulation Vi=10V to 40V Vo=V es Ig=1A 15 50 mvV
AVq Load regulation Vo = Vyes Io =0.5A to 1.6A 8 20 mV
Vies Internal reference voltage V=9V to 46V Io=1A 5 5.1 5.2 \
(pin 10)
AVyes  Average temperature T;=0°C to 125°C 0.4 mv/°C
AT coefficient of refer. voltage Io=1A
V4 Dropout voltage lo=156A 1.5 2 \
lom Maximum operating load V=9V to 46V 15 A
current Vg = Vyes to 36V
lop Current limiting threshold V| =9V to 46V 2 3.3 A
(pin 2) Vo = Vyes to 36V
IsH Input average current V;=46V; output short-circuit 15 30 mA
n Efficiency f = 100KHz Vo = Vyet 70 %
o= 1A Vo =12V 80 %
SVR Supply voltage ripple AV =2Vyms 50 56 dB
rejection frippte = 100Hz
Vo = Vyes lo=1A
f Switching frequency 85 100 115 KHz
Af Voltage stability of V; =9V to 46V 0.5 %
AV switching frequency
Af Temperature stability of T;=0°C to 125°C 1 %
AT; switching frequency
fmax Maximum operating Vo = Vyet lo=1A 120 150 KHz
switching frequency
Teq Thermal shutdown 150 °c
junction temperature
Lyy SGS-THOMSON 3112
Y/, MICROELECTRONIGS
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L4962

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
DC CHARACTERISTICS
7@ Quiescent drain current 100% duty cycle 30 40 mA
pins 2 and 14 open
0% duty cycle V=46V 15 20 mA
-lop Output leakage current 0% éuty cycle 1 mA
SOFT START
lisso  Source current 100 130 160 LA
li5s] Sink current 50 70 120 MA
ERROR AMPLIFIER
Viin  High level output voltage Vip=4.7V 131 = 100uA. 3.5 \
Vi;L  Low level output voltage Vip =5.3V 111 = 100pA 0.5 v
l11s1 Sink output current V10 =5.3V 100 150 kA
-l13so  Source output current Vio =47V 100 150 BA
lio Input bias current Vi =5.2V 2 10 KA
Gy DC open loop gain Vi1=1V to 3V 46 55 dB
OSCILLATOR
FIM Oscillator source current l 5 I ‘ mA J
anz Ly7 SGS-THOMSON
Y/. WicrosLECTRONICS
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L4962

CIRCUIT OPERATION (refer to the block diagram)

The L4962 is a monolithic stepdown switching
regulator providing output voltages from 5.1V
to 40V and delivering 1.5A.

The regulation loop consists of a sawtooth oscil-
lator, error amplifier, comparator and the output
stage. An error signal is produced by comparing
the output voltage with a precise 5.1V on-chip
reference (zener zap trimmed to * 2% ).

This error signal is then compared with the saw-
tooth signal to generate the fixed frequency
pulse width modulated pulses which drive the
output stage.

The gain and frequency stability of the loop can
be adjusted by an external RC network con-
nected to pin 11. Closing the loop directly gives
an output voltage of 5.1V. Higher voltages are
obtained by inserting a voltage divider.

Output overcurrents at switch on are prevented
by the soft start function. The error amplifier
output is initially clamped by the external capa-

Fig. 1 - Soft start waveforms

OSCILLATOR
QuUTPUT

NOMINAL
ERROR AMP —»>
ouTPUT

citor Ci and allowed to rise, linearly, as this
capacitor is charged by a constant current source.
Output overload protection is provided in the
form of a current limiter. The load current is
sensed by a internal metal resistor connected to
a comparator. When the load current exceeds a
preset threshold this comparator sets a flip flop
which disables the output stage and discharges
the soft start capacitor. A second comparator
resets the flip flop when the voltage across the
soft start capacitor has fallen to 0.4V.

The output stage is thus re-enabled and the out-
put voltage rises under control of the soft start
network. |f the overload condition is still present
the limiter will trigger again when the threshold
current is reached. The average short circuit cur-
rent is limited to a safe value by the dead time
introduced by the soft start network. The
thermal overload circuit disables circuit oper-
ation when the junction temperature reaches
about 150°C and has hysteresis to prevent
unstable conditions.

CLAMPED-ERROR

AMP OUTPUT

T
ouTPUT l
CURRENT

SOFT START RAMP

Fig. 2 - Current limiter waveforms
124
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A
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L4962

Fig. 3 - Test and application circuit (Powerdip)
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1) Dy: BYW98 or 3A Schottky diode, 45V of VRRM;
2) Ly: CORE TYPE - MAGNETICS 58120 - A2 MPP

N° TURNS 45, WIRE GAUGE: 0.8mm (20 AWG)
3) Cg,Cy: ROE, EKR 220uF 40V

Fig. 4 - Quiescent drain
current vs. supply voltage
(0% duty cycle)
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Fig. 5 - Quiescent drain
current vs. supply voltage
(100% duty cycle)
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Fig. 6 - Quiescent drain
current vs. junction tem-
perature (0% duty cycle)
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L4962

Fig. 7 - Quiescent drain
current vs. junction tem-
perature (100% duty cycle)

Fig. 8 - Reference voltage
(pin 10) vs. V, rdip) vs. V;

Fig. 9 - Reference voltage
(pin 10) vs. junction tem-
perature

- 6069 G528
I1a Vret Vret
(mA) (V) (v)
Vv, =35V fo=1A V=3BV
s lo=1A
.125
40 5.150
5.000
35 5.125
\ - . || /J/ \,\
3 1
A/(
25 5075 5.050
20 S.
5.02
-25 0 25 50 75 100 Tj 0 10 20 3 o vim 25 0 25 50 T 100 [0
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Fig. 16 - Supply voltage
ripple rejection vs. frequency

Fig. 17 ~ Dropout voltage
between pin 7 and pin 2 vs.
current at pin 2

Fi:g. 18 - Dropout voltage
between pin 7 and 2 vs.
junction temperature
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L4962

APPLICATION INFORMATION
Fig. 25 - Typical application circuit

Vi

ct
100pF [ 63v

15
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L4362

4,51213 1110
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22uF

R2
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2.2
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Cc3 4.7K (L
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)
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GND

C;. Cg. C7: EKR (ROE)

D;: BYW98 OR VISK340 (SCHOTTKY)
SUGGESTED INDUCTORS (L;): MAGNETICS 58120 - A2MPP - 45 TURNS - vv..1E GAUGE 0.8mm (20AWG) -

COGEMA 946043

S-9340

OR U15, GUP15, 60 TURNS 1mm, AIR GAP 0.8mm (20AWG) - COGEMA 969051

Fig. 26 - P.C. board and component layout of the circuit of Fig. 25 (1

: 1 scale)

GND

Resistor values for

standard output 7 voltages

Vo R3 R4
12V 4.7KQ 6.2KQ
15V 4.7KQ 9.1KQ
18V 47K0 12KQ
24v 4.7KQ 18KQ

€S-0241
£ SGS-THOMSON
Y/, HiCROELECTRONICS
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APPLICATION INFORMATION (continued)

Fig. 27 - A minimal 5.1V fixed regulator; very few components are required
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100uF
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Fig. 28 - Programmable power supply
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Load regulation (0.5A to 1.5A) = 10mV (V4 =5.1V)
Line regulation (220V * 15% and to ig = 1A) = 15mV (V,=5.1V)

10/12

O
=
T

M
4oV

IS74 %I]G@‘E.gég?l‘xl@wﬂ@g
188



L4962

APPLICATION INFORMATION (continued)
Fig. 29 - DC-DC converter 5.1V/4A, £ 12V/1A. A suggestion how to synchronize a negative output
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L1, L3 = COGEMA 946043 (969051)

L2 = COGEMA 946044 (946045)

Fig. 30 - In multiple supplies several

L4962s can be synchronized as shown
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Fig. 31 - Preregulator for distributed supplies
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L2 and C2 are necessary to reduce the switching frequency spikes

when linear regulators are remote from L4962
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MOUNTING INSTRUCTION

The Rinjamp of the L4962 can be reduced by
soldering the GND pins to a suitable copper
area of the printed circuit board (Fig. 32).

The diagram of figure 33 shows the Ry jamp a$
a function of the side ‘2" of two equal square
copper areas having the thickness of 35u (1.4

Fig. 32 - Example of P.C. board copper area which is

used as heatsink
COPPER AREA 351 THICKNESS

/

mils). During soldering the pins temperature
must not exceed 260°C and the soldering time
must not be longer than 12 seconds.

The external heatsink or printed circuit copper
area must be connected to electrical ground.

Fig. 33 - Maximum dissi-
pable power and junction to
ambient thermal resistance

vs. side “R"
8-3984
Prot Rin
(w) ocrw)
4 80
Newn j-amb
3 \\ [
\‘\‘
\\ .
2 &
41 i
LTPiot (Tamp *70°C)
1 1
0 0
o 10 20 EY w0 t(mm)

S-08
P.C.BOARD
12/12 £ SGS-THOMSON
Y/, SiCROELECTRONICS
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KYIW %%%égﬁg%gm?@g L6201

0.3Q DMOS FULL BRIDGE DRIVER

ADVANCE DATA

INTERNAL LOGIC SUPPLY
HIGH EFFICIENCY (TYPICAL 90%)

® SUPPLY VOLTAGE UP TO 48V to 48V and efficiently at high switching speeds.
™ 2AMAX PEAK CURRENT Compatble. Eah channel (haif-bridge) of the
® TOTAL RMS CURRENT UP TO 1.0A devi(':a: is c.ontrolled by a separate Iggic input,
® RDpson) 0.3Q2 (TYPICAL VALUE AT 25°C) while a common enable controls both channels.
= CROSS CONDUCTION PROTECTION Even at_the ful rated corrent and volrage. e
® TTL COMPATIBLE DRIVE external heatsink is required at normal opigati:g
® OPERATING FREQUENCY UP TO 100KHz temperatures.

® THERMAL SHUTDOWN

]

]

The L6201 is a full bridge driver for motor con-
trol applications realised in Multipower-BCD
technology which combines isolated DMOS
power transistors with CMOS and Bipolar circuits
on the same chip. By using mixed technology it
has been possible to optimise the logic circuitry
and the power stage to achieve the best possible
performance. The DMOS output transistors can .

deliver 1.0A RMS at motor supply voltages up ORDERING NUMBER: L6201

$0-20
(12+4 +4)

BLOCK DIAGRAM ot out2
CBooT1 CooT 2
12 11 9 " 19] Vsqo
VOLTAGE CHARGE
REFERENCE] PUMP
20
ENABLE i
2 —] - =
IN1 e -t
3 H 5 "8" 2
THERMAL
SHUTDOWN
1 SENSE _L 4,5,6,7 ,14,15,16,17
$-10491
June 1988 1/12

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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L6201

ABSOLUTE MAXIMUM RATINGS

V Power supply 52 \
Vin: VEN Input or Enable voltage -03to7 \
lo DC output current (note 1) 1 A
- non repetitive (< 1ms) 5 A
Vsense Sensing voltage -1to 4 \%
Vyp Boostrap peak voltage 60 \
Piot Total power dissipation (Tp,s = 90°C) 4 w
(Tamp = 70°C no copper area on PCB) 0.9 w
Tetg, T; Storage and junction temperature -40 to 150 °C
Note 1 : Pulse width limited only by junction temperature and the transient thermal impedance.
CONNECTION DIAGRAM
(Top view)
SENSE (I 1 ~ 20 D vref
ENABLE (T] 2 19 [T BOOT 2
N.C. (] 3 1BL_'[:)IN.2
GND (1] 4 17 [1J GND
GND (T 5 16 E GND
GND (T} 6 15 GND
GND (T 7 14 [T GND
N.C. (I 8 13 [IT3 IN.1
out.2 O 9 12 [1J BOOT 1
+vs (I 10 11 [TJ OoUT.1
86L6204-C1
THERMAL DATA
Rin j-pins Thermal resistance junction-pins max 15 °C/W
2/12 57 SGS-THOMSON
Y. ICROELECTRONIGS
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L6201

PIN FUNCTIONS

PIN NAME FUNCTION

1 SENSE A resistance Rgnge connected to this pin provides feed-
back for motor current control

2 ENABLE When a logic high is present on this pin the DMOS
POWER transistors are enabled to be selectively driven
by IN1 and IN2.

3 NO CONNECTION

4,5,6,7 GND Common ground terminal.

8 NO CONNECTION

9 0ouT2 Output of the half bridge.

10 Vy Supply voltage.

1 ouT1 Output of the half bridge.

12 BOOT1 A boostrap capacitor connected to this pin ensures ef-
ficient driving of the upper POWER DMOS transistor at
high switching frequencies.

13 N1 Digital input from the motor controller.

14,15,16,17 GND Common ground terminal.

18 IN2 Digital input from the motor controller.

19 BOOT2 A boostrap capacitor connected to this pin ensures ef-
ficient driving of the upper POWER DMOS transistor at
high switching frequencies.

20 Vet Internal voltage reference, a capacitor from this pin to

GND increases stability of the POWER DMOS logic drive
circuit.

$GS-THOMSON 3/12
HMICROELECTRONIGS
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L6201

ELECTRICAL CHARACTERISTICS (Refer to the test circuits T; = 25°C, V4 = 36V, unless
otherwise stated)

Parameter Test Conditions Min. Typ. Max. Unit
Vg Supply voltage 12 36 48 Vv
Vyef Reference voltage 135 \
Is Quiescent supply current EN=H V|y=L 10 mA
EN=H Viny=H I_=0 10 mA
EN=L Fig.10 8 mA
fe Commutation frequency 30 100 KHz
T Thermal shutdown 150 °c
T4 Dead time protection 100 ns
TRANSISTORS
OFF
Ipss Leakage current Fig. 11 J ! 100 I : I uil
ON
Rps On resistance 0.3 Q
Vbs(oN) Drain source voltage » Ips = 1.0A Fig. 9 0.36 \
Vsens Sensing voltage -1 4
SOURCE DRAIN DIODE
Vg Forward ON voltage Isp = 1.0A EN=L 0.9 V-
tyy Reverse recovery time Ir = 10A _g_;i = 25A/us 300 ns
tey Forward recovery time 200 ns
LOGIC LEVELS
VinbL, VEnL  Input Low voitage -0.3 0.8 \%
VinL: VENH  Input High voltage 2 7 \%
hni 'ENnL Input Low current VIN: VEN = -10 KA
hinH: lENH- Input High current Vin, VEN = H 30 rA
LOGIC CONTROL TO POWER DRIVE TIMING
ty (Vy) Source current turn-off delay Fig. 12 300 ns
tp (V) Source current fall time Fig. 12 200 ns
t3 (Vvy) Source current turn-on delay Fig. 12 400 ns
tg (Vj) Source current rise time Fig. 12 200 ns
ts (Vy) Sink current turn-off delay Fig. 13 300 ns
tg (V;) Sink current fall time Fig. 13 200 ns
ty (V) Sink current turn-on delay Fig. 13 400 ns
tg (V}) Sink current rise time Fig. 13 200 ns
4/12

&7, 355 THONON
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Fig. 1 - Typical Ig normal-

Fig. 2 - Quiescent current

Fig. 3 - Typical I§ normal-

ized vs. T; vs. frequency ized vs. Vg
G- 631! G- 6326 G- 6316
1g Ig Is
(mA)] (Norm)| -
12 40 1
- /
11 35 0.9
3
1 S 0 0.8
0.9 ] 25 0.7
08 20 0.6
0.7
15 0.5
06 AT "
05 10 0.4}~
0.4 5 0.3
03
-25 0 +25 +50 +75 T 0 50 00 150 200 f(KHz) 5 10 15 20 25 30 35 40 45 Vs(V)
Fig. 4 - Typical diode Fig. 5 - Typical Rps (on)
behaviour in synchronous vs. Vg = Vet
rectification o omon e
Isp n RpsoON
() )
18
7 16 I
6 14 ‘
5 12 \
4 4 :)_0
.8
3 2 06 \\
2 A 04 I
1 A 0.2
02 04 6 08 1 12 14 16 Vep(V) T4 68 0 % =REF
Flg. 6 - oRDs (ON) normal- Flg 7 - RDS (ON) VS. DMOS
ized at 25°C vs. temperature transistor current
typ|Ca| Va‘ues G- 6313 G- 6417
& RosoN
w
.1 Roson(Tj)
18— Rpson(25%)
16 05
14 // 0.4
12 03
1 0.2
0.8 0.1
0.6
=50 -25 0 +25 +50 +75 +100 T) (°C) 1 2 3 “ s 6 1A
‘_7’ SGS-THOMSON 5/12
' MICROELECTRONICS
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Fig. 8 - Typical power dissipation vs. |_
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Fig. 8¢ - Enable chopping

"o Db
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TEST CIRCUITS
Fig. 9 - Saturation voltage
a) Source outputs b) Sink outputs
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O
1
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S$-10492

For IN1 source output saturation :

For IN2 source output saturation :

V1="H"
SL=A  va=
Vi

s._ B § Vo=

7

= H

SGS-THOMSON
MICROELECTRONICS

vz 16201 [ ey
Lo

v @’
GND

= $-10493
For IN1 sink output saturation : V1 = "‘H"
s,_ At va=m
For IN2 sink output saturationi: V= ”H"
s, = g
SL=8 B} ve=L
7/12
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TEST CIRCUITS (continued)

Fig. 10 - Quiescent current
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SWITCHING TIMES

Fig. 12 - Source current delay times vs. input
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Fig. 11 - Leakage current
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Fig. 13 - Sink current delay times vs. input
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L6201

CIRCUIT DESCRIPTION

The L6201 is a monolithic full bridge switching
motor driver realized in the new Multipower-
BCD technology which allows the integration of
multiple, isolated DMOS power transistors plus
mixed CMOS/bipolar control circuits. In this way
it has been possible to make all the control
inputs TTL, CMOS and uC compatible and
eliminate the necessity of external MOS drive
components.

LOGIC DRIVE

INPUTS
OUTPUT MOSFETS (*)
INT | IN2
L L Sink 1, Sink 2
Ven = H L H Sink 1, Source 2
EN H L | Source 1, Sink 2
H H Source 1, Source 2
Ven=1L X X All transistors turned oFF

L =Low H = High X =Don't care
{*) Numbers referred to INPUT 1 or INPUT2 controlled
outputs stages

CROSS CONDUCTION

Although the device guarantees the absence of
cross-conduction, the presence of the intrinsic
diodes in the POWER DMOQOS structure causes
the genaration of current spikes on the sensing
terminals. Thisis due to charge-discharge phenom-
ena in the capacitors C1 & C2 associated with the
drain source junctions (Fig. 14). When the output
switches from high to low, a current spike is
generated associated with the capacitor C1. On

Fig. 14 - Intrinsic structures in the POWER.

DMOS transistors ve

5

O—{: A

"L
T

| [Rsense
5-9425

e —JH

O Vout

7L
)
Ll

‘_ SGS-THOMSON
Y/, HICROELECTRONICS

the low-to-high transition a spike of the same
polarity is generated by C2, preceded by a spike
of the opposite polarity due to the charging of
the input capacity of the lower POWER DMOS
transistor. (Fig. 15)

Fig. 15 - Current typical spikes on the sensing pin
Vout —_— e
Vgu 36V
lp=QSA
1s100ns

Isense

5-10662

TRANSISTOR OPERATION

ON STATE

When one of the POWER DMOS transistor is
ON it can be considered as a resistor Rpg(on)
(= 0.392) throughout the recommended oper-
ating range. In this condition the dissipated
power is given by :

Pon = Rosony * lps?
The low Rpson) of the Multipower-BCD
process can provide high currents with low power
dissipation.

OFF STATE

When one of the POWER DMOS transistor is
OFF the Vpg voltage is equal to the supply volt-
age and only the leakage current lpgs flows. The
power dissipation during this period is given by:

Porr = Vs * lpss

The power dissipation is in the order of pW and
is negligible in comparison to that dissipated
in the ON STATE.

TRANSITIONS

Like all MOS power transistors the DMOS
POWER transistors have as intrinsic diode
between their source and drain that can operate
as a fast freewheeling diode in switched mode

9/12
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L6201

applications. During recirculation with the
ENABLE input high, the voltage drop across the
transistor is Rps (on) * Ip and when the voltage
reaches the diode voltage it is clamped to its
characteristic. When the ENABLE input is low,
the POWER MOS is OFF and the diode carries
all of the recirculation current. The power dis-
sipated in the transitional times in the cycle
depends upon the voltage and current waveforms
in the application.

Pirans. = lps (t) = Vps (t)

BOOSTRAP CAPACITORS
To ensure that the POWER DMOS transistors are

driven correctly gate source voltage of about 10V:

must be guaranteed for all of the N-channel
DMOS transistors. This is no problem for the
lower POWER DMOS transistors as their sources
are refered to ground but a gate voltage greater
than the supply voltage is necessary to drive the
upper transistors. In the L6201 this achieved by an
internal charge pump circuit that guarantees cor-
rect DC drive in combination with the boostrap
circuit charges the external Cg capacitors when
the source transistor is OFF and the sink tran-
sistor is ON giving lower commutation losses

in switched mode operation. For efficient

charging the value of the boostrap capacitor
should be greater than the input capacitance of
the power transistor which is around 1nF. It is
recommended that a capacitance of at least
10nF is used for the bootstrap. If a smaller
capacitor is used there is a risk that the POWER
transistors will not be fully turned on and they
will show a higher Rps (on)- On the other hand
if a elevated value is used it is possible that a
current spike may be produced in the sense
resistor.

REFERENCE

To stabilise -the internal drive circuit it is re-
commended that a capacitor be placed between
this pin and ground. A value of 0.22uF should
be sufficient for most applications.

This pin is also protected against a short circuit
to ground.

DEAD TIME

To protect the device against simultaneous
conduction in both arms of the bridge and the

10/12 [,7 SGS-THOMSON

resulting rail to rail short, the logic control
circuit provides a dead time greater than 40ns.

THERMAL PROTECTION

A thermal protection circuit has been included
that will disable the device if the junction tem-
perature e reaches 150°C. When the temperature
has fallen to a safe level the device restarts under
the control of the input and enable signals.

APPLICATION INFORMATION

RECIRCULATION

During recirculation with the ENABLE input
high, the voltage drop across the transistor is
Rps (on)- I for voltages less than 0.7V and is
clamped at a voltage depending on the charac-
teristics of the sourceMrain diode for greater
voltages. Although the device is protected against
cross conduction, current spikes can appear on
the current sense pin due to charge/discharge
phenomena in the intrinsic source drain ca-
pacitances. In the application this does not
cause any-problems because the voltage created
across the sense resistor is usually much less
than the peak value, although a small RC filter
can be added if necessary.

POWER DISSIPATION

In order to achieve the high performance pro-
vided by the L6201 some attention must be paid
to ensure that it has an adequate PCB area to
dissipate the heat. The first stage of any thermal
design is to calculate the dissipated power in the
application, for this example the half step ope-
ration shown in figure 16 is considered.

RISE TIME T,

When an arm of the half bridge is turned on cur-
rent begins to flow in the inductive load until
the maximum current |,_ is reached after a time
T,. The dissipated energy Eopp/on is in this
case:

Eorron = [Rps(ony * 1L * Tp]- 2/3

MICROELECTRONICS
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ON TIME Ton

During this time the energy dissipated is due to
the ON resistance of the transistors Egpn and the
commutation Econ. As two of the POWER
DMOS transistors are ON Eqy is given by :

Eon = 'Lz * Rosony "2 Ton
IN the commutation the energy dissipated is:
Ecom = Vs * IL * Teom * fswiteH * Ton
Where:

Tcom = Commutation Time and it is assumed
that;

Tcom = Trurn-on = Trurn-orF = 100ns

fswitcn = Chopper frequency

QUIESCENT ENERGY

The last contribution to the energy dissipation is
due to the quiescent supply current and is
given by: :

Equiescent = lquiescent * Vs * T

TOTAL ENERGY PER CYCLE

Eror = Eorrjon + Eon + Ecom +

+ Eonjorr + EquiescenT
The Total Power Dissipation Pp g is simply:

Pois = Etor/T

T, = Rise time
FALL TIME T¢ Ton = ON time
For this example it is assumed that the energy T; = Fall time
dissipated in this part of the cycle takes the same Ta = Deqd time
form as that shown for the rise time: T = Period

Eonjore = [Roson * IL2* Te] + 2/3 T=T +Ton+Te+Tyg
Fig. 16 - Load current in half step operation
I
P Te | Ton | T¢ Ta 1 S-9761
Lyy SGS-THOMSON 11/12
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Fig. 17 - Two phase Bipolar stepper motor control circuit with chopper current control and translator
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0.3Q2 DMOS FULL BRIDGE DRIVER

PRELIMINARY DATA

® SUPPLY VOLTAGE UP TO 48V device is controlled by a separate logic input,

® 5A MAX PEAK CURRENT while a common enable controls both channels.
The L6202 is mounted in an 18-lead powerdip

® TOTAL RMS CURRENT UP TO 1.5A package and the six center pins are used to

® Rps (on) 0.3 (TYPICAL VALUE AT 25°C) conduct heat to the PCB. Even at the full rated

® CROSS CONDUCTION PROTECTION current and voltage no external heatsink is re-

e TTL COMPATIBLE DRIVE quired at normal operating temperatures.

® OPERATING FREQUENCY UP TO 100KHz

® THERMAL SHUTDOWN

® INTERNAL LOGIC SUPPLY

HIGH EFFICIENCY (TYPICAL 90%)

The L6202 is a full bridge driver for motor con-
trol applications realized in Multipower-BCD
technology which combines isolated DMOS
power transistors with CMOS and Bipolar circuits
on the same chip. By using mixed technology it
has been possible to optimise the logic circuitry
and the power stage to achieve the best possible
performance. The DMOS output transistors can
deliver 1.5A RMS at motor supply voltages up
to 48V and efficiently at high switching speeds.
All the logic inputs are TTL, CMOS and uC
compatible. Each channel (half-bridge) of the

Powerdip 12+3+3

ORDERING NUMBER: L6202

BLOCK DIAGRAM

OuT1 ouT2
CBooT1 CB0oT 2

VOLTAGE E CHARGE
REFERENCE] PUMP

VReF 18
ENABLE J
: —43%&4 £ =

o D>
12 16

IN 2

T3

THERMAL
SHUTDOWN

1 SENSE — 4:5/6.13,14,15
$-9392/1

June 1988 1/16
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ABSOLUTE MAXIMUM RATINGS

Vv, Power supply 52 \
Vob Differential output voltage {Between pins 10 and 8) 60 \J
Vin: Ven Input or Enable voltage -0.3 to 7 \
lo Pulsed output current (note 1) 5 A
- non repetitive (< 1ms) 10 A
Veense Sensing voltage -1to 4 \
b Boustrap peak voltage 60 \
Piot Total power dissipation (T s = 90°C) 5 w
(Tamp = 70°C no copper area on PCB) 1.3 w
(Tamb = 70°C 4cm? copper area on PCB) 2 w
Tstg, Ty Storage and junction temperature -40 to 150 °c
Note 1 : Pulse width limited only by junction temperature and the transient thermal impedance.
CONNECTION DIAGRAM
(Top view)
\
sense [0 8]] Veer
enasLef] 2 17{] Boor 2
NC. 3 16 a IN2
GND 4 15]]  ono
GND 5 14 ] GND
GND 6 13]] N
NC. 7 12]] Nt
ouT 2 8 1 [] soor1
Ve 9 10{] ourt
$-9424
THERMAL DATA
Rtn j-pins Thermal resistance junction-pins max 12 °C/W
Rth j-amb Thermal resistance junction-ambient (Fig. 21) max 60 °c/w
2/16
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PIN FUNCTIONS

PIN NAME FUNCTION

1 SENSE A resistance Rgnse COnnected to this pin provides feed-
back for motor current control.

2 ENABLE When a logic high is present on this pin the DMOS
POWER transistors are enabled to be selectively driven
by IN1 and IN2.

3 NO CONNECTION

4 GND Common ground terminal.

5 GND Common ground terminal.

6 GND Common ground terminal.

7 NO CONNECTION

8 ouT2 Output of the half bridge.

9 Vs . Supply voltage.

10 ouT1 QOutput of the half bridge.

11 BOOT1 A boostrap capacitor connected to this pin ensures ef-
ficient driving of the upper POWER DMOS transistor at
high switching frequencies.

12 IN1 Digital input from the motor controller.

13 GND Common ground terminal.

14 GND Common ground terminal.

15 GND Common ground terminal.

16 IN2 Digital input from the motor controller.

17 BOOT2 A boostrap capacitor connected to this pin ensures ef-
ficient driving of the upper POWER DMOS transistor at
high switching frequencies.

18 Vet Internal voltage reference, a capacitor from this pin to

GND increases stability of the POWER DMOS logic drive
circuit.

-THOMSON
MICROELECTRONIGS
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ELECTRICAL CHARACTERISTICS (Refer to the test circuits T; = 25°C, Vs = 42V, unless
otherwise stated)
Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply voltage 12 36 48 \
Vref Reference voltage 135 \Y
IREF Output current 2 mA
Is Quiescent supply current EN=H Viy=L 10 mA
EN=H V,y=H I_=0 10 mA
EN=L Fig.10 8 mA
fe Commutation frequency 30 100 KHz
T Thermal shutdown 150 °c
Ta Dead time protection 100 ns
TRANSISTORS
OFF
Ipss Leakage current Fig. 11 Vg =52V 1 mA
ON
Rps On resistance 0.3 Q
Rps (oN) Drain source voltage Ips=12A Fig. 9 0.36 Vv
Vsens Sensing voltage -1 4
SOURCE DRAIN DIODE
Vg Forward ON voltage Isp=12A EN=L 0.9 \
tyr Reverse recovery time Ir=12A % = 25A/us 300 ns
tey Forward recovery time 200 ns
LOGIC LEVELS
VinL, VEnL  Input Low voltage -0.3 0.8 \
VinL VeEnH  Input High voltage 2 7 v
hnw lenc Input Low current Vine VEN= L -10 HA
Nk lENH Input High current ViN, VEN = H 30 A
LOGIC CONTROL TO POWER DRIVE TIMING
t (V) Source current turn-off delay Fig. 12 300 ns
ty (V) Source current fall time Fig. 12 200 ns
t3 (Vy) Source current turn-on delay 4 Fig. 12 400 ns
tg (Vy) Source current rise time Fig. 12 200 ns
t5 (Vy) Sink current turn-off delay Fig. 13 300 ns
tg (Vy) Sink current fall time Fig. 13 200 ns
t7 (Vy) Sink current turn-on delay Fig. 13 400 ns
tg (V;) Sink current rise time Fig. 13 200 ns
e &7, SESTHONSON
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Fig. 1 - Typical |5 normal-

Fig. 2 - Quiescent current

Fig. 3 - Typical |5 normal-

ized vs. T, vs. frequency ized vs. Vg
6-6315 G- 6326 G- 6316
Is ] Is Is
(riA)| (Norm)
12 40 1
: /
11 35 0.9
y < 30 0.8
0.9 .y 25 0.7
0.8 20 0.6
0.7
15 7 0.5
0.6 L1
05 10 0.4
0.4 5 0.3
0.3
-25 0 +25 +50 +75 7 ¢0) 50 100 150 200 f(KHz) 5 10 15 20 25 30 35 40 45 Vs(V)
Fig. 4 - Typical diode Fig. 5 - Typical Rps on)
behaviour in synchronous vs. Vg = Vit
rectification
oone
Isp RpsoN
(A) @)
18
7 16 \
6 14
5 1.2 \\
1.0
4 0.8 \
3 P! A 0.6 N
2 = 0.4 I
1 0.2
= 2 6 8 10 Vs =V
02 04 06 08 1 12 14 16 Vgp(V) ¢ . =VREF(Y)
Fig. 6 - 0RDS (onN) normal- Fig. 7 - Ros (on) vs. DMOS
ized at 25°C vs. temperature transistor current
typical values 6-em o
& Rps on|
w
gl Rpson (T})
18— RDSson(25°)
05
16
” // 0.4
1.2 03
1 0.2
0.8 0.1
0.6 =
=50 =25 0 +25 +50 +75 +100 T, (*C) 1 2 3 4 5 6 1(A)

71 %P@gégggmm’g
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Fig. 8 - Typical power dissipation vs. I,_

P G- 6325/2
d T
Vg=36V

w) - I L=1mH
2 "WWIT =2ms
24
22

fs =100KHz[ ]
20 20KHz 7
18 7
16 4 ~———— PHASE CHOPPING
14 7 /i — —~ENABLE CHOPPING
12 :
10 LAy 4

i //

8 Y /4
6 '. - /
4 // s
2 V=

1 2 3 4 5 6 7 I.(A)

Fig. 8a - Two phase chopping

"o D> oD
¢

INT=L
iy ﬂ IN2=H
EN =H
EN=H S-980171 S-9802/1

Fig. 8b - One phase chopping

ot T i = N o
i

INT=H
INZ=H
EN =H
S~ 980411
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Fig. 8c - Enable chopping

1
2=
N=

ub-23
T T

"o D
wot LD o
i

5- 980111

DD
i ) D i —OIN2
INT

IN1=X
IN2 =X
EN =L
S - 9806/1

TEST CIRCUITS

Fig. 9 - Saturation voltage

a) Source outputs

2

I , L6202
I 4151613114115
S-9754 l

For IN1 source output saturation : Vj =
g| =_f>‘ } V2 =y
L=

For IN2 source output saturation : V3 =""H"

s/=8 g
s_=B § va="H

b) Sink outputs

Vs
o)
A 9 1"‘
S; o— 12
B 16 A
1W0}—o S
V2 L6202 ——
2 E—
I — 3
vi v@"
I 1I4I516 113114115

—t— S$-9753

For IN1 sink output saturation : V= “H"”
S| =A TR
SL =A } V2 L

o

For IN2 sink output saturation: Vj =
gl =:-BB ‘ V2 PRURY
L=

r" SGS-THOMSON 7/16
Y/, MICROELECTRONICS
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TEST CIRCUITS

(continued)

Fig. 10 - Quiescent current

Vs

S3

H] h"’]

1/41516113114115

5-9755

SWITCHING TIMES

Fig. 12 - Source current delay times vs. input chopper

s =42V

IN O—]

EN O—

9
1216 10/8

L6202

2
4151613114115

350 ll L

$-9757

Fig. 11 - Leakage current

a) Source outputs

w0

415161314115

5-976611

Iy
1,,,3,_-1.2AL\
0% - —— = — - — - -

b) Sink outputs

Vs

1/4/1516113/14/15.

W0hft—t N — — —— f 4o

Sv

Vin
50% N\-- - - - ——

Fig. 13 - Sink current delay times vs. input chopper

Vg =42V
o
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CIRCUIT DESCRIPTION

The L6202 is a monolithic full bridge switching
motor driver realized in the new Multipower-
BCD technology which allows the integration of
multiple, isolated DMOS power transistors plus
mixed CMOS/bipolar control circuits. In this way
it has been possible to make all the control
inputs TTL, CMOS and uC compatible and
eliminate the necessity of external MOS drive
components.

LOGIC DRIVE

INPUTS
OUTPUT MOSFETS (*)
IN1T | IN2
L L | Sink 1, Sink 2
v =H L H Sink 1, Source 2
EN H L | Source 1, Sink 2
H H Source 1, Source 2

Ven= L X X All transistors turned oFF

L=Low H = High X =Don’t care
(*) Numbers referred to INPUT 1 or INPUT2 controlled
outputs stages

CROSS CONDUCTION

Although the device guarantees the absence of
cross-conduction, the presence of the intrinsic
diodes in the POWER DMOS structure causes
the generation of current spikes on the sensing
terminals. This is due to charge-discharge phenom-
ena in the capacitors C1 & C2 associated with the
drain source junctions (Fig.14). When the output
switches from high to low, a current spike is
generated associated with the capacitor C1. On

Fig. 14 - Intrinsic structures in the POWER
DMOS transistors

)
oy
=

i

O Vout

3T
»i
Ll

"I

Rsense

S$-9425

the low-to-high transition a spike of the same
polarity is generated by C2, preceded by a spike
of the opposite polarity due to the charging of
the input capacity of the lower POWER DMOS
transistor. (Fig. 15)

Fig. 15 - Current typical spikes on the sensing pin
Vout ’——'——

V=42V
1p=05A
1=100ns

°

Isense
594260

TRANSISTOR OPERATION

ON STATE

When one of the POWER DMOS transistor is
ON it can be considered as a resistor Rpg on;
(= 0.3Q2) throughout the recommended oper-
ating range. In this condition the dissipated
power is given by :

Pon = Rpsony * los?
The low Rpgoon) of the Multipower-BCD
process can provide high currents with low power
dissipation.

OFF STATE

When one of the POWER DMOS transistor is
OFF the Vpg voltage is equal to the supply volt-
age and only the leakage current I pgg flows. The
power dissipation during this period is given by:

Porr = Vg *. lpss

The power dissipation is in the order of pW and
is negligible in comparison to that dissipated
in the ON STATE.

TRANSITIONS

Like all MOS power transistors the DMOS
POWER transistors have as intrinsic diode
between their source and drain that can operate
as a fast freewheeling diode in switched mode

c' y SGS-THOMSON 9/16
Y/, HICROELECTRONICS
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applications. During recirculation with the
ENABLE input high, the voltage drop across the
transistor is Rps (on) * Ip and when the voltage
reaches the diode voltage it is clamped to its
characteristic. When the ENABLE input is low,
the POWER MOS is OFF and the diode carries
all of the recirculation current. The power dis-
sipated in the transitional times in the cycle
depends upon the voltage and current waveforms
in the application.

Pirans. = Ips (t) * Vps (t)

BOOSTRAP CAPACITORS

To ensure that the POWER DMOS transistors are
driven correctly gate source voltage of about 10V
must be guaranteed for all of the N-channel
DMOS transistors. This is no problem for the
lower POWER DMOS transistors as their sources
are refered to ground but a gate voltage greater
than the supply voltage is necessary to drive the
upper transistors. In the L6202 this achieved by an
internal charge pump circuit that guarantees cor-
rect DC drive in combination with the boostrap
circuit charges the external Cg Capacitors when
the source transistor is OFF and the sink tran-
sistor is ON giving lower commutation losses
in switched mode operation. For efficient
charging the value of the boostrap capacitor
should be greater than the input capacitance of
the power transistor which is around 1nF. It is
recommended that a capacitance of at least
10nF is used for the bootstrap. If a smaller
capacitor is used there is a risk that the POWER
transistors will not be fully turned on and they
will show a higher Rpg (on). On the other hand
if a elevated value is used it is possible that a
current spike may be produced in the sense
resistor.

REFERENCE

To stabilise ‘the internal drive circuit it is re-
commended that a capacitor be placed between
this pin and ground. A value of 0.22uF should
be sufficient for most applications.

This pin is also protected against a short circuit
to ground.

DEAD TIME

To protect the device against simultaneous
conduction in both arms of the bridge and the

10/16
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resulting rail to rail short, the logic control
circuit provides a dead time greater than 40ns,

THERMAL PROTECTION

A thermal protection circuit has been included
that will disable the device if the junction tem-
perature e reaches 150°C. When the temperature
has fallen to a safe level the device restarts under
the control of the input and enable signals.

APPLICATION INFORMATION

RECIRCULATION

During recirculation with the ENABLE input
high, the voltage drop across the transistor is
Rps (on)- I for voltages less than 0.7V and is
clamped at a voltage depending on the charac-
teristics of the source-drain diode for greater
voltages. Although the device is protected against
cross conduction, current spikes can appear on
the current sense pin due to charge/discharge
phenomena in the intrinsic source drain ca-
pacitances. In the application this does not
cause any problems because the voltage created
across the sense resistor is usually much less
than the peak value, although a small RC filter
can be added if necessary.

POWER DISSIPATION

In order to achieve the high performance pro-
vided by the L6202 some attention must be paid
to ensure that it has an adequate PCB area to
dissipate the heat. The first stage of any thermal
design is to calculate the dissipated power in the
application, for this example the half step ope-
ration shown in figure 16 is considered.

RISE TIME T,

When an arm of the half bridge is turned on cur-
rent begins to flow in the inductive load until
the maximum current |_ is reached after a time
T,. The dissipated energy Eorrj/on is in this
case:

Eorr/on =[Rpsony * 1% * Tr]* 2/3
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ON TIME Ton

During this time the energy dissipated is due to
the ON resistance of the transistors Eqy and the
commutation Ecom. As two of the POWER
DMOS transistors are ON Eqpy is given by :

Eon = 1% * Rosony * 2 ° Ton
In the commutation the energy dissipated is:
Ecom = Vs * IL " Tcom * fswiten * Ton
Where:

Tcom = Commutation Time and it is assumed
that;

Teom = Tryurn-on = Trurn-oFr = 100ns

fswitcn = Chopper frequency

FALL TIME T;

For this example it is assumed that the energy
dissipated in this part of the cycle takes the same
form as that shown for the rise time:

Eonjorr = [Rps (ony *IL* Tl * 2/3
Fig. 16

Iy

DC MOTOR SPEED CONTROL

Since the L6202 integrates a full H-Bridge in a
single package it is idealy suited for controlling
small DC motors. When used for DC motor
control the L6202 provides the power stage re-
quired for both speed and direction control.
The L6202 can be combined with a current re-
gulator like the L6506 to implement a transcon-
ductance amplifier for speed control, as shown in

IS73 u@%@grﬁmuc'g

QUIESCENT ENERGY

The last contribution to the energy dissipation is
due to the quiescent supply current and is !
given by:

Equiescent = lquiescent * Vs ° T

TOTAL ENERGY PER CYCLE

Eror = Eorron + Eon + Ecom +

+ Eonyorr + EquiegcenT
The Total Power Dissipation Pp,g is simply:

Pois = Etor/T

T, = Rise time
TON = ON time
T¢ .= Fall time
Ty = Dead time
T = Period
T = Tr+TON+Tf+Td
Tda 1 S-9761

figure 17. In this particular configuration only half
of the L6506 is used and the other half of the
device may be used to control a second motor.

In this configuration the L6506 sense the voltage
across the sense resistor, Rsgnsg, to monitor the
motor current. The L6506 then compares the
sensed voltage against the current control input
and chops the input signals to the L6202 to
control the motor current.

. 11/16
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Fig. 17 - Bidirectional DC motor control

¢ SV 7 36V
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Sv 80071 f—1
Us
Sensef Sense Uref
T L6506 L.
osc Rsense L6262 T nF
- 8816262-51 ——

BIPOLAR STEPPER MOTORS APPLICATIONS

Bipolar stepper motors can be driven with an
L297 or L6506, two L6202 bridge BCD drivers
and very few external components. Together
these three chips form a complete micropro-
cessor-to-stepper motor interface.

As shown in Fig. 18 and Fig. 19, the controller
connect directly to the two bridge BCD drivers.
External component requirements are minimal:
an RC network to set the chopper frequency
and a resistive divider to establish the comparator
reference voltage (pin 15 for L297, pin 10 and
15 for L6506). These solutions have a very high
efficiency because of low power dissipation.

When the voltage drop across the Rgense is more
negative than -0.4V, diodes must be used between
each schottky sense output and ground.
Depending on the PCB configuration, a snubber
network would be connected between pins 8
and 10 of each IC (Generally 0.1microF in series
to 10 ohm).

HIGH CURRENT MICROSTEP DRIVE FOR
STEPPER MOTORS

The L6202 can by used in conjunction with the
L6217 to (figure 20) implement a high current
microstepping controller for stepper motors.
In this application the L6217 is used as a control

12/16 GZ SGS-THOMSON

circuit and its outputs are used only to drive the
inputs of the L6202. The application allows
easy interface to a microprocessor since the
L6217 may be connected directly to the micro-
processor bus.

In the circuit shown in Figure 20, the L6217
senses the motor current by monitoring the
voltage across the sense resistors, Rsgnse, and
compares this value to the output of a 6 bit
(7 bit if the L6217A is used) D to A Converter.
The L6217 controls the current using a fre-
quency modulated, constant off time, switching
controller. The off time of each coil may be
set using and external resistor and capacitor con-
nected to PTA and PTB.

In this configuration the microprocessor simply
loads the appropriate value for the direction of
current flow through the coil and the data for
the DAC into the L6217. The L6217 and L6202
then forms the complete interface between the

‘micro and the motor.

When the pins 3 and 4 of the L6217 (Test A and
B) are low, the bridges must be in tri-state con-
dition.

For this reason two LM339 comparators must be
used. The outputs of the comparators act on the
enable inputs of the L6202 ICs.

A bilevel operation can be used for decreasing
the minimum controllable load current. The mi-

MICROELECTRONICS
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nimum current that can be controlled is given by
the following expression :
Vs

I (avg) =
Rsense + (ZRDSon + RL.OAD)/DC

where R_oap is the equivalent resistance of
the load DC is the duty cycles given by

Ton
Ton +Toff

If 12V is forced on pin 18 (Reference voltage)
and the supply voltage V; is reduced below 12V
the on resistance tends to increase above the nor-
mal guaranteed 0.3ohm.

Consequently the minimum current will also be
reduced, as given in the above expression. When
a minimum current operation is required, a high
signal at point (A) can disable the pnp transistors
in fig. 20. So it's possible to operate at a V¢ of
(7V - Vgg).

Fig. 18 - Two phase Bipolar stepper motor control circuit with chopper current control

8.1ufF IH 1Y RESET ENABLE 8. 1uF || f Us
IN 1 3 —ll—l
ﬂZZKo 1 L5292 MOTOR
IN 2 L~ _ll_l VINDING
EZZ(D
[ o
IN 3 43 _l
ﬂzzn h
N L6282 : MOTOR
N4 ; D) —"-l VINDING
P
su —l T |
= 5" :
L6SB6 —
I
- i .U- -rl SENSE
i RESISTORS

88L6282-52-1
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Fig. 19 - Two phase Bipolar stepper motor control circuit with chopper current control and translator
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Fig. 20 - High current microstepping controller for stepper motors
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THERMAL CHARACTERISTICS

Fig. 21 - Ry, with two “on board’’ square heatsink vs. side £
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Fig. 23 - Peak transient Ry, vs. pulse width and duty cycle
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0.3Q2 DMOS FULL BRIDGE DRIVER

PRELIMINARY DATA

SUPPLY VOLTAGE UP TO 48V deliver 4A RMS at motor supply voltages up to
5A MAX PEAK CURRENT 48V and efficiently at high switch speeds.

All the logic inputs are TTL, CMOS and uC
TOTAL RMS CURRENT UP TO 4A compatible. Each channel (half-bridge) of the
Ros (on) 0-3Q2 (TYPICAL VALUE AT 25°C) device is controlled by a separate logic input,

while a common enable controls both channels.
CROSS CONDUCTION PROTECTION The L6203 is mounted in a 11-lead Multiwatt

TTL COMPATIBLE DRIVE package.
OPERATING FREQUENCY UP TO 100KHz
THERMAL SHUTDOWN

INTERNAL LOGIC SUPPLY

HIGH EFFICIENCY (TYPICAL 90%)

The L6203 is a full bridge driver for motor con-
trol applications realized in Multipower-BCD
technology which combines isolated DMOS
power transistors with CMOS and Bipolar circuits
on the same chip. By using mixed technology it
has been possible to optimise the logic circuitry
and the power stage to achieve the best possible
performance. The DMOS output transistors can

Multiwatt-11

ORDERING NUMBER: L6203

BLOCK DIAGRAM

ouT1 OuT2
Caim Coapk)
4 3 1 8| %2
VOLTAGE CHARGE
REFERENCE]| PUMP
VREF 9 [a e
ENABLE
=D N |fLras
INY o ™
5 W H - N2
7
THERMAL
SHUTDOWN
10 SENSE s 1 GnO

$-9520

k) Suggested value for CgooT31 and CgpooT2: 10nF

June 1988 1/16
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ABSOLUTE MAXIMUM RATINGS

Vg Power supply 52 \Y)
Vob Differential output voltage (Between pins 1 and 3) 60 \Y)
Vin: VeEn Input or Enable voltage -0.3to7 \
lo Pulsed output current (note 1) 5 A
- non repetitive (< 1ms) 10 A
Vsense Sensing voltage -1to4 \
Vp Boostrap peak voltage 60 \Y
Piot Total power dissipation (Tcae = 90°C) 20 w
(Tamp = 70°C free air) 2.3 w
T, Tj Storage and junction temperature -40 to 150 °C
Note 1 : Pulse width limited only by junction temperature and the transient thermal impedance.
CONNECTION DIAGRAM
(Top view)
e = en
ABLE
@ 10/ T —> SENSE
) m— > VRer
8| T—T—> BOOT.2
TS IN2
6 > GND
ST T——> IN1
LTI > BOOT.1
3ICT—> out1t
$ P4 | e — Y
\ ‘.i — L] | o e em— R 0 [V )
7\
z ] $-9514
Tab connected to pin6
THERMAL DATA
Rth jcase Thermal resistance junction-case max 3 °C/W
Rih j-amb Thermal resistance junction-ambient max 35 °C/W
2/16 R
: 7. 3TN
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PIN FUNCTIONS

PIN NAME FUNCTION

1 ouT2 Output of the half bridge.

2 V, Supply voltage.

3 ouT1 Output of the half bridge.

4 BOOT1 A boostrap capacitor connected to this pin ensures ef-
ficient driving of the upper POWER DMOS transistor at
high switching frequencies.

5 IN1 Digital input from the motor controller.

6 GND Common ground terminal.

7 IN2 Digital input from the motor controller.

8 BOOT2 A boostrap capacitor connected to this pin ensures ef-
ficient driving of the upper POWER DMOS transistor at
high switching frequencies.

9 Vyef Internal voltage reference, a capacitor from this pin to
GND increases stability of the POWER DMOS logic
drive cricuit.

10 SENSE A resistance Rgnse Connected to this pin provides feed-
back for motor current control.
1 ENABLE When a logic high is present on this pin the DMOS

POWER transistors are enabled to be selectively driven
by IN1 and IN2.

SGS-THOMSON 3/16
MICROELECTRONICS
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ELECTRICAL CHARACTERISTICS (Refer to the test circuits T; = 25°C, V5 = 42V, unless

otherwise stated)

Parameter Test Conditions Min. Typ. Max. Unit
Vg Supply voltage 12 36 48 \"
Vyet Reference voltage 135 \
IREF Output current 2 mA
Ig Quiescent supply current EN=H V|ny=L 10 mA
EN=H V;ny=H I_=0 10 mA
EN=L Fig. 10 8 mA
fe Commutation frequency 30 100 KHz
Tj Thermal shutdown 150 °C
Tq Dead time protection 100 ns
TRANSISTORS
OFF
Ipss Leakage current Fig. 11 V¢ =52V 1 mA
ON
Rps On resistance 0.3 Q
Vbs (ON) Drain source voltage Ips = 3A 0.9
Vsens Sensing voltage -1 4
SOURCE DRAIN DIODE
Vg Forward ON voltage Isp=3A EN=L 1.35 \
tyr Reverse recovery time Ig = 3A _qdl_f_ = 25A/us 300 ns
tey Forward recovery time 200 ns
LOGIC LEVELS
VinL: VeEnL  Input Low voltage -0.3 0.8 \
VinH, VENH  Input High voltage 2 7 v
hnw leENL Input Low current Vine VEN = L -10 BA
hNH TENH Input High current Vine VEn = H 30 HA
LOGIC CONTROL TO POWER DRIVE TIMING
ty (Vy) Source current turn-off delay Fig. 12 300 ns
ty (Vy) Source current fall time Fig. 12 200 ns
t3 (Vy) Source current turn-on delay Fig. 12 400 ns
tg (V) Source current rise time Fig. 12 200 ns
ts (V;) Sink current turn-off delay Fig. 13 300 ns
te (V)) Sink current fall time Fig. 13 200 ns
t7 (V) Sink current turn-on delay Fig. 13 400 ns
tg (V) Sink current rise time Fig. 13 200 ns
e 557, 5SS
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Fig. 1 - Typical Ig normal- Fig. 2 - Quiescent current Fig. 3 - Typical | normal-
ized vs. T vs. frequency - ized vs. Vg
G-631 G-6326 G- 6316
Is T Is Is
(miA)| (Norm)
12 40 1
’ /
1 - 3 0.9
1 S 30 0.8 7
0.9 < 25 0.7
0.8 B 20 0.6
07 15 ¥ 0.5
06 A1
s 10 - 0.4
0.4 5 0.3
0.3
-25 0 +25 +50 +75 T (C) 50 100 150 200 f(KHz) 5 10 15 20 25 30 35 40 45 Vg(V)

Fig. 4 - Typical diode F|g 5 - Typical Rps (on)
behaviour in synchronous VS, Vg = Vgt
rectification e
G-6310/1
Isp RpsoN
() o)
18
7 1.6
; pmmmm
5 1.2 \
1.0
4 08 N
3 0.6 N
2 0.4 e~
f 0.2
02 04 06 08 1 12 14 16 Vgp(V) z ¢ ¢ 8 0 % =¥REF)
Flg 6 - RDS (ON) normal- Flg 7 - RDS (ON) VS. DMOS
ized at 25°C vs. temperature transistor current
typical values o o
& RpsoN ]
w
;1 Boson(T;)
18— Robson(25%)
. 05
16
14 L 0.4
12, . A 03
1 e 0.2
0.8] 0.1
0.6—
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Fig. 8 - Typical power dissipation vs. I
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Fig. 8¢c - Enable chopping
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TEST CIRCUITS

Fig. 9 - Saturation voltage

a) Source outputs

S-9768

For IN1 source output saturation : Vy
S| =A

For IN2 source output saturation :

= oy

=A

L=
S|=B = g
S_=8B f va="H

or.

b)" Sink outputs

For IN1 sink output saturation :
} Vy = "H"

For IN2 sink output saturation :

SGS-THOMSON

S-9767

vy =
AT v
Vi = H
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TEST CIRCUITS (continued)

Fig. 10 - Quiescent current

5

Fig. 11 - Leakage current

a) Source outputs

b) Sink outputs

2 Vs
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Fig. 12 - Source current delay times vs. input chopper
Vg =42V L
Imax=3A
T o L N .
IN O—]5/7 3n
0% -+ N —— —- f 4
L6203 %o l’L - y
sy | A1t Ltalte
EN O— 11 Vin
6 50% N\-- — = - — - —
-L 5-9770 /1 5-9807 ’
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CIRCUIT DESCRIPTION

The L6203 is a monolithic full bridge switching
" motor driver realized in the new Multipower-
BCD technology which allows the integration of
multiple, isolated DMOS power transistors plus
mixed CMOS/bipolar control circuits. In this way
it has been possible to make all the control
inputs TTL, CMOS and uC compatible and
eliminate the necessity of external MOS drive
components.

LOGIC DRIVE

INPUTS :
OUTPUT MOSFETS (*)
IN1 | IN2 .
L L Sink 1, Sink 2
Ven = H L H Sink 1, Source 2
ENT H L | Source 1, Sink 2
H H Source 1, Source 2
VeEn=L X X All transistors turned oF F
L=Low H = High X =Don't care

(*) Members referred to INPUT 1 or INPUT2 controlled
outputs stages

CROSS CONDUCTION

Although the device guarantees the absence of
cross-conduction, the presence of the intrinsic
diodes in the POWER DMOS structure causes
the generation of current spikes on the sensing
terminals. This is due to charge-discharge phenom-
ena in the capacitors C1 & C2 associated with the
drain source junctions (Fig. 14). When the output
switches from high to low, a current spike is
generated associated with the capacitor C1. On

Fig. 14 - Intrinsic structures in the POWER MOS
transistors v

IO7- Al

the low-to-high transition a spike of the same
polarity is generated by C2, preceded by a spike
of the opposite polarity due to the charging of
the input capacity of the lower POWER DMOS
transistor. (Fig. 15)

Fig. 15 - Current typical spikes on the sensing pin

Vout

Vg=42V
1p=05A
1=100ns

i
1
1
|
|
1
i
'
|
[

lsense B
L
5-9426N

TRANSISTOR OPERATION

ON STATE

When one of the POWER DMOS transistor is
ON it can be considered as a resistor Rpg (o)
(= 0.3Q2) throughout the recommended oper-
ating range. In this condition the dissipated
power is given by :

Pon = Ropson * los?
The low Rpgoon) of the Multipower-BCD
process can provide high currents with low power
dissipation.

OFF STATE

When one of the POWER DMOS transistor is
OFF the Vpg voltage is equal to the supply volt-
age and only the leakage current I pgs flows. The
power dissipation during this period is given by:

Porr = Vg * lpss
The power dissipation is in the order of pW and

is negligible in comparison to that dissipated
in the ON STATE.

TRANSITIONS

Like all MOS power transistors the DMOS
POWER transistors have as intrinsic diode
between their source and drain that can operate
as a fast freewheeling diode in switched mode

9/16
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applications. During recirculation with the
ENABLE input high, the voltage drop across the
transistor is Rps (on) * Ip and when the voltage
reaches the diode voltage it is clamped to its
characteristic. When the ENABLE input is low,

the POWER MOS is OFF and the diode carries

all of the recirculation current. The power dis-
sipated in the transitional times in the cycle
depends upon the voltage and current waveforms
in the application.

Pirans, = lps (t) * Vps (t)

BOOSTRAP CAPACITORS

To ensure that the POWER DMOS transistors are
driven correctly gate source voltage of about 10V
must be guaranteed for all of the N-channel
DMOS transistors. This is no problem for the
lower POWER DMOS transistors as their sources
are refered to ground but a gate voltage greater
than the supply voltage is necessary to drive the
upper transistors. In the L6203 this achieved by an
internal charge pump circuit that guarantees cor-
rect DC drive in combination with the boostrap
circuit charges the external Cg capacitors when
the source transistor is OFF and the sink tran-
sistor is ON giving lower commutation losses
in switched mode operation. For efficient
charging the value of the boostrap capacitor
should be greater than the input capacitance of
the power transistor which is around 1nF. It is
recommended that a capacitance of at least
10nF is used for the bootstrap. If a smaller
capacitor is used there is a risk that the POWER
transistors ‘will not be fully turned on and they
will show a higher Rpg (on). On the other hand
if a elevated value is used it is possible that a
current spike may be produced in the sense
resistor.

REFERENCE

To stabilise the internal drive circuit it is re-
commended that a capacitor be placed between
this pin and ground. A value of 0.22uF should
be sufficient for most applications.

This pin is also protected against a short circuit
to ground.

DEAD TIME

To protect the device against simultaneous
conduction in both arms of the bridge and the

10/16 [’7 SGS-THOMSON

resulting rail to rail short, the logic control
circuit provides a dead time greater than 40ns.

THERMAL PROTECTION.

A thermal protection circuit has been included
that will disable the device if the junction tem-
perature e reaches 150°C. When the temperature
has fallen to a safe level the device restarts under
the control of the input and enable signals.

APPLICATION INFORMATION

RECIRCULATION

During recirculation with the ENABLE input
high, the voltage drop across the transistor is
Rps (on)- L for voltages less than 0.7V and is
clamped at a voltage depending on the charac-
teristics of the source-drain diode for greater
voltages. Although the device is protected against
cross conduction, current spikes can appear on
the current sense pin due to charge/discharge
phenomena in the intrinsic source drain .ca-
pacitances. In the application this does not
cause any problems because the voltage created
across the sense resistor is usually much less
than the peak value, although a small RC filter
can be added if necessary.

POWER DISSIPATION

In order to achieve the high performance pro-
vided by the L6203 some attention must be paid
to ensure that it has an adequate PCB area to
dissipate the heat. The first stage of any thermal
design is to calculate the dissipated power in the
application, for this example the half step ope-
ration shown in figure 16 is considered.

RISE TIME T,

When an arm of the half bridge is turned on cur-
rent. begins to flow in the inductive load until
the maximum current |_ is reached after a time
T,. The dissipated energy Eoggjon is in this
case:

Eorr/on = [Rosony * 1L * T;]+ 2/3

MICROELECTRONICS
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ON TIME Ton

During this time the energy dissipated is due to
the ON resistance of the transistors Egy and the
commutation Econm. As two of the POWER
DMOS transistors are ON Eqpy is given by :

Eon =1 * Ros ony 2 * Ton
In the commutation the energy dissipated is:
Ecom = Vs * I * Tecom * fswiteH * Ton
Where:

Tcom = Commutation Time and it is assumed
hat;

Tcom = Trurn-on = TTurn-oFr = 100ns

fswiTcn = Chopper frequency

FALL TIME T;

For this example it is assumed that the energy
dissipated in this part of the cycle takes the same
form as that shown for the rise time:

Eonjorr = [Rps ony * 107 Tl * 2/3
Fig. 16

I

P T | Ton | T4

DC MOTOR SPEED CONTROL

Since the L6203 integrates a full H-Bridge in a
single package it si idealy suited for controlling
small DC motors. When used for DC motor
control the L6203 provides the power stage re-
quired for both speed and direction control.
The L6203 can be combined with a current re-
gulator like the L6506 to implement a transcon-
ductance amplifier for speed control, as shown in

QUIESCENT ENERGY

The last contribution to the energy dissipation is
due to the quiescent supply current and is
given by:

- Equiescent = lauiescent * Vs © T

TOTAL ENERGY PER CYCLE

Etor = Eorr/on + Eon + Ecom *

+ Eonjorr + EquiescenT
The Total Power Dissipation Pps is simply :

Pois = Eror/T

T, = Rise time
TON =" ON time
Ts = Fall time
Tq = Dead time
T = Period
T=T +Ton+T¢+ Ty
Tq { $-9775

figure 17. In this particular configuration only half
of the L6506 is used and the other half of the
device may be used to control a second motor.

In this configuration the L6506 sense the voltage
across the sense resistor, Rggnse, to monitor the
motor current. The L6506 then compares the
sensed voltage against the current control input
and chops the input signals to the L6203 to
control the motor current.

- 11/16
37, S THONSON
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Fig. 17 - Bidirectional DC motor control
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BIPOLAR STEPPER MOTORS APPLICATIONS

Bipolar stepper motors can be driven with an
L297 or L6506, two L6203 bridge BCD drivers
and very few external components. Together
these three chips form a complete micropro-
cessor-to-stepper motor interface.

As shown in Fig. 18 and Fig. 19, the controller
connect directly to the two bridge BCD drivers.
External component requirements are minimal:
an RC network to set the chopper frequency
and a resistive divider to establish the comparator
reference voltage (pin 15 for L297, pin 10 and
15 for L6506). These solutions have a very high
efficiency because of low power dissipation.
When the voltage drop across the Rgense is more
negative than -0.4V, diodes must be used between
each schottky sense output and ground.
Depending on the PCB configuration, a snubber
network would be connected between pins 1 and
3 of each IC (Generally 0.1microF in series to 10
ohm).

HIGH CURRENT MICROSTEP DRIVE FOR
STEPPER MOTORS

The L6203 can by used in conjunction with the
L6217 to (figure 20) implement a high current
microstepping controller for stepper motors.
In this application the L6217 is used as a control

12/16
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circuit and its outputs are used only to drive the
inputs of the L6203. The application allows
easy interface to a microprocessor since the
L6217 may be connected directly to the micro-
processor bus.

In the circuit shown in Figure 20, the L6217
senses the motor current by monitoring the
voltage across the sense resistors, Rgensg, and
compares this value to the output of a 6 bit
(7 bit if the L6217A is used) D to A Converter.
The L6217 controls the current using a fre-
guency modulated, constant off time, switching
controller. The off time of each coil may be
set using and external resistor and capacitor con-
nected to PTA and PTB.

In this configuration the microprocessor simply
loads the appropriate value for the direction of
current flow through the coil -and the data for
the DAC into the L6217. The L6217 and L6203
then forms the complete interface between the
micro and the motor. '

When the pins 3 and 4 of the L6217 (Test A and
B) are low, the bridges must be in tri-state con-
dition.

For this reason two LM339 comparators must be
used. The outputs of the comparators act on the
enable inputs of the L6203 ICs.

A bilevel operation can be used for decreasing
the minimum controllable load current. The mi-
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nimum current that can be controlled is given by
the following expression :

Vs
Rsense T (2Rpson + RLoap)/DC

where R_oap is the equivalent resistance of the
load DC is the duty cycle given by

Ton
Ton +Toff

I (avg) =

Fig. 18 - Two phase Bipolar stepper motor control circ

If 12V is forced on pin (Reference voltage) and
the supply voltage V, is reduced below 12V the
on resistance tends to increase above the normal
guaranteed 0.3ohm,

Consequently the minimum current will also be
reduced, as given in the above expression. When a
minimum current operation is required, a high si-
gnal at point (A) can disable the pnp transistors
in fig. 20. So it's possible to operate at a V, of
(7V - Vgg).
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Fig. 19 - Two phase Bipolar stepper motor control circuit with chopper current control and translator
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Fig. 20 - High current microstepping controller for stepper motors

@, 1uF -E 16K
L

18K

8. 1uF

+12V

8. 1uF

f
|
|
|
|
|

<l b

12 18

09

2 32 4

——i48

D1
7

02
—

03

04

oS

06

39

38

37

36

s

—_—3

PH

578

A/8

33

42

{44
17:29,41

43

L6217

6 S 11

16

2

i1 16

L6263 v

4,3,68
13,14,15

TL.

Y

SENSE

14/16

232

&r.

SGS-THOMSON
MICROELECTRONIGS

[OTIYTRY Y

86L6263-54

B8YJse-3@



L6203

THERMAL CHARACTERISTICS

Fig. 21 - Ry, jamp of Multiwatt package vs. dissipated power
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Fig. 22 - Comparison of transient Ry, for single pulses with and without heatsink
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Fig. 23 - Peak transient Ry, vs. pulse width and duty cycle
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L6210

DUAL SCHOTTKY DIODE BRIDGE

MONOLITHIC ARRAY OF EIGHT
SCHOTTKY DIODES

HIGH EFFICIENCY

4A PEAK CURRENT

LOW FORWARD VOLTAGE

FAST RECOVERY TIME

TWO SEPARATED DIODE BRIDGES

The L6210 is a monolithic IC containing eight
Schottky diodes arranged as two separated
diode bridges.

This diodes connection makes this device versa-
tile in many applications.

They are used particular in bipolar stepper motor
applications, where high efficient operation,

ABSOLUTE MAXIMUM RATINGS

due to low forward voltage drop and fast reverse
recovery time, are required.

The L6210 is available in a 16 Pin Powerdoip
Package (12+2+2) designed for the 0 to 70 C
ambient temperature range.

Powerdip 12+2+2

ORDERING NUMBER: L6210

I¢ Repetitive forward current peak 2 A
V, Peak reverse voltage (per diode) 50 \
Tamb Operating ambient temperature 70 °c
Tstg Storage temperature range -55 to 150 °c
BLOCK DIAGRAM
16,9
O 18 } % O
5
o2 B o
7 0
O— L
, T * 11,14
o 3,6 )| 3 o
J_ $-9320/1
4,512,13
June 1988 1/3
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L6210

THERMAL DATA

' Rinj<case Thermal impedance junction-case ' max 14 °c/wW
Rinj-amp Thermal impedance junction-ambient without external heatsink max 65 °C/W

CONNECTION DIAGRAM

(Top view)
k[ h 6f K
ourt [Jz 15 [Jour 4
' E ] A
ono ] & 13]] eND
oo [|s 12[] GND
A le nf a
ourzfl 7 10 uour 3
ko [le 9 J K

$-9321

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vs Forward voltage drop l¢ = 100mA 0.65 0.8
Iy = 500mA 0.8 1 1 Vv
Ig = 1A 1 1.2
I Leakage current VR = 40V Tamp = 25°C 100 KA
NOTE: At forward currents of greater than 1A, a parasitic current of approximately 10 mA may be collected by adiacent
diodes.
2/3 <72 SGS-THOMSON
Y/, ICROELECTRONICS
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L6210

Fig. 1 - Reverse current vs.
voltage
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MOUNTING INSTRUCTIONS

The Ripjamp Of the L6210 can be reduced by
soldering the GND pins to a suitable copper
area of the printed circuit board as shown in
figure 3 or to an external heatsink (Figure 4).

Fig. 3 - Example of P.C. board copper area
which is used as heatsink

A-0038

\P.C.BOARD

Fig. 2 - Forward voltage vs.
current

68064
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03} T=2sC —>,7
/

WL

0 02 0.4 06 08 1 12 Vg (v)

During soldering the pin temperature must not
exceed 260°C and the soldering time must not
be longer then 12s. The external heatsink or

printed circuit copper area must be connected
to electrical ground.

Fig. 4 - Example of an
external heatsink

o
N 1\
53 \'E\ \.I U

" 3/3
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L6233

PHASE LOCKED FREQUENCY CONTROLLER

® PRECISION PHASE LOCKED FREQUENCY
CONTROL SYSTEM

XTAL OSCILLATOR

® PROGRAMMABLE REFERENCE FRE-
QUENCY DIVIDERS

® PHASE DETECTOR WITH ABSOLUTE FRE-
QUENCY STEERING

® DIGITAL LOCK INDICATOR

® DOUBLE EDGE OPTION ON THE FRE-
QUENCY FEEDBACK SENSE AMPLIFIER

® TWO HIGH CURRENT OP-AMPS
® 5V REFERENCE OUTPUT

The L6233 is designed for use in phase locked
frequency control loops. While optimized for
precision speed control of DC motors, these
device is universal enough for most applications
that require phase locked control. A precise
reference frequency can be generated using the
device’s high frequency oscillator and program-
mable frequency dividers. The oscillator operates
using a broad range of crystals, or, can function
as a buffer stage to an external frequency source.

The phase detector on these integrated circuit
compares the reference frequency with a fre-
guency/phase feedback signal. In the case of a
motor, feedback is obtained at a hall output or
other speed detection device. This signal is
buffered by a sense amplifier that squares up the

CONNECTION DIAGRAMS

(Top views) _r
ow ws setect |1 16]) GROUND
owv 2148 SELECT [| 2 5[] osc. ieur
LOCK INDICATOR 3 1f] osc. ourpur
SSTAESI osrecmn[ L 13 J in
e e [ s
msewe [e o 85485
sv Rer oureut ] 7 o] Auxame
el I o) O%
DIP-16 5-912

June 1988

ADVANCE DATA

signal as it goes into the digital phase detector.
The phase detector responds proportionally to
the phase error between the reference and the
sense amplifier output. This phase detector
includes absolute frequency steering to provide
maximum drive signals when any frequency
error exists. This feature allows optimum start-
up and lock times to be realized.

Two op-amps are included that can be con-
figured to provide necessary loop filtering.
The outputs of these op-amps will source or sink
in excess of 16mA, so they can provide a low
impedance control signal to driving circuits.
Additional features include a double edge option
on the sense amplifier that can be used to double
the loop reference frequency for increased loop
bandwidths. A digital lock signal is provided
that indicates when there is zero frequency error
and a 5V reference output allows DC operating
levels to be accurately set.

20 PLCC

DIP-16 Plastic (0.25)

ORDERING NUMBERS: L6233 (DIP-16)
L6233P (20 PLCC)

zQ

Pl
o9
Cc
z
o

v o
m [
- o
m b
- z
°
=
=

owo
=M=z
oM
Qs
3

3
m
P
m
o
Q

NSicatoR

INDICA

OUTsoT “ 18] osc. ourPut
PHASE DETECT[]s ‘7E *le
ouTPUT

) - Y
Bosaste 2ot [ 15 ouTPUT

8

AUX. AMP.
&g’rge AMP NON. INV. INPUT

w(

s- 9

O
CHIP CARRIER 3z
(oPLCC) SR

1/8

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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L6233

ABSOLUTE MAXIMUM RATINGS

Ve Supply voltage R 14 \Y
Piot Power dissipation (Tymp < 70 C) 1 w
Top Operating temperature range 0to 70 °C
Tstg Storage temperature -65 to 150 °c
BLOCK DIAGRAMS
(DIP-16)
15 14 1 2 $-9311
N Jour I |
osc DIV. DIV. DIV. L6233
[ ] 1024 | 4/5 [ |2/74/8 "_‘l
=| PHASE | |
DETECT.
6 I HALL AMPLIF. f
> 3 | out
DOUBLE EDGE LOGIC 3
LOCK
INDICATOR
5 AUX.
ouT
SR-E°FV AMPLIFIER
LOOP +2.5V 10
AMPLIFIER IN 11
9 8 7 13 16 12
(PLCC PACKAGE)
19 18 2 3. $-9310
IN Iour | |
osc DIV. DIV.| [DIV. L6233P
. 1024 [ | 4/5 2/4/8 __|
= PHASE | | _
8 ‘_jﬁ‘\u- AMPLIF. D_r DETECT. b
21 ) | out
DOUBLE EDGE LOGIC 4
+1.5V LOCK
INDICATOR
7 AUX
out .
SR-QFV AMPLIFIER
Loop T}—o +2.5v 13
AMPLIFIER | IN 14
12 10 9 17 20 15
2/8 ‘YI SGS'THOMSOH
 MICROELECTRONICS
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L6233

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for T,mp =

OOC to +70°C; +VIN = 12\/)

Parameter Test Conditions Min. | Typ. |Max. | Unit
Is Supply current 20 mA
REFERENCE
Vrer  Output voltage 475 [ 50 {5256 | V
AVRerF Load Regulation louT=0to 7mA 50 | 20 | mV
AVReF Line regulation +Vin =8 to 12V 20 | 20 | mV
Isc Short circuit current VouT =0V 35 mA
OSCILLATOR
Gy DC voltage gain Oscillator input to oscillator output 16 dB
Vs Input DC level Oscillator input pin open, Tj =25°C 1.3 \")
Z)n*  Input impedance ViN=V gt 05V, T;=25°C 1.6 K
Vo Output DC level Oscillator input pin open T] =25°C 1.4 \%
fomAax Maximum operating frequency 10 MHz
DIVIDERS
fomAx Maximum input frequency Input = 1Vpp at oscillator input 10 MHz
Input =5V (Div. by 4) 160 | 500 | nA
Div. 4/5 input current
Input = OV (Div. by 5) -5.0 | 00 | 5.0 | A
VTH Div. 4/5 threshold 05 (16 |22 | V
Input = 5V (Div. by 8) 150 (500 | mA
Div. 2/4/8 input current
Input = 0V (Div. by 2) -500 |-150 MA
Div. 2/4/8 open circuit voltage | Input current = OuA (Div. by 4) 15 [ 25 | 3.5 \)
Div. by 2 threshold 0.35 | 0.8 \2
Div. by 4 threshold 1.5 35 | V
Div. by 8 threshold Volts below VReg 0.35 | 0.8 Vv
SENSE AMPLIFIER
VT Threshold voltage Percent of Vgep 30 %
Hr Threshold hysteresis 10 mV
Ip Input bias current Input = 1.5V -0.2 uA
DOUBLE EDGE DISABLE INPUT
Input =5V (Disabled) 150 | 500 | uA
\4 Input current
Input =0V (Enabled) -5.0 [ 00 | 5.0 | uA
Vr Threshold voltage 05 |16 | 22 \%
3/8
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L6233

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions - Min. | Typ. | Max. | Unit
PHASE DETECTOR
VoH High output level Positive Phase/Freq. Error, Volts Below Ve 0.2 | 0.5 \
VoL Low output level Negative Phase/Freq. Error 02 | 05 \%
Vom Mid output level Zero Phase/Freq. Error, Percent of VRgg 47 50 53 %
High level maximum source VouT = 4.3V 2.0 | 80 mA
current
Low level maximum sink curr. | VouT=0.7V 20 | 5.0 mA
Mid level output impedance louT = -200 to +200uA Tj =25°C 6.0 KQ
(Note 2)
LOCK INDICATOR OUTPUT
Vsat Saturation voltage Freq. Error, louT=5mA 03 |045 | V
Leakage current Zero Freq. Error VouT= 12V 0.1 | 1.0 | wA
LOOP AMPLIFIER
NON INV. reference voltage Percent of VReg 47 | 50 | 63 %
Ip Input bias current Input = 2.5V -0.8 | -0.2 LA
Gy Open loop gain - 60 75 dB
SVR Supply voltage rejection +V N =8to 12V 70 | 100 dB
Source, VouT=0V 16 | 35 mA
IsH Short circuit current
Sink, VouTt=5V 16 | 30 mA
AUXILIARY OP-AMP
Vos Input offset voltage Vem = 2.5V 8 mV
Iy Input bias current Vem = 2.5V 200 mA
los Input offset current Vem = 2.5V 10 mA
Gy Open loop gain 70 | 120 dB
SVR Supply voltage rejection +Vin =810 12V 70 | 100 dB
CMR Common mode rejection Vem =0 to 10V 70 | 100 dB
Source, VouTt=0V 35 mA
IsH Short circuit current
Sink, VouTt=5V 30 mA
* These impedance levels will vary with T; at about 1700ppm/°C
THERMAL DATA
Rinj-amp  Thermal resistance junction-ambient max 100 °c/w
e 57, 555NN
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L6233

APPLICATION INFORMATION

Determining the Oscillator Frequency

The frequency at the oscillator is determined by:
the desired RPM of the motor, the divide ratio
selected, the number of poles in the motor, and
the state of the double edge select pin.

fosc {(Hz) = (Divide Ratio) * (Motor RPM) -
(1/60 SEC/MIN) * (No. of Rotor Poles/2) *
(x 2 if Pin 5 Low)

The resulting reference frequency appearing at
the phase detector inputs is equal to the oscil-
lator frequency divided by the selected divide
ratio. If the double edge option is used, (Pin 5
low), the frequency of the sense amplifier input
signal is doubled by responding to both the rising
and falling edges of the input signal. Using this
option the loop reference frequency can be
doubled for a given motor RPM.

Fig. 1 - Recommended Oscillator Configuration Using AT Cut Quartz XTAL
$<10MHz

~1Vpp
MAY BE 0.01uF
REQUIRED
TO PREVENTY
OSCILLATION

r
Il
SPURIOUS 4700 :
|
1
1
|

Fig. 2 - External Reference Frequenéy Input

. 00IuF
exrernaL Rererence —J—4

/Nozvpp'/\/'

or

200mVppto 2V I LJ

OSCILLATOR Q

1

T W,

1
1
1
|
|
1

S-9314

5-9315

Fig. 3 - Method for Deriving Rotation Feedback Signal From Analog Hall Effect Device

VREF OUT

|
>300mVpp :
LOW LEVEL [+15
ANALOG HALL i AMPLIFIER
ouTPUT ! 5-9316
* This signal may require filtering if chopped mode drive scheme is used.
[_7 7 SGS-THOMSON 5/8
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L6233

APPLICATION INFORMATION (continued)

Phase detector operation

The phase detector on these devices is a digital
circuit that responds to.the rising edges of the
detector’s two inputs. The phase detector output
has three states: a high, 5V state, a low, OV state,
and a middle, 2.5V state. In the high and low
states the output impedance of the detector is
low, the middle state output impedance is high,
tipically 6.0K2. When there is any static fre-
quency difference between the inputs the detec-
tor output is fixed at its high level if the +input
(the sense amplifier signal) is greater in frequency,
and fixed at its low level if the -input (the refer-
ence frequency signal) is greater in frequency.

When the frequencies of the two inputs to the
detector are equal the phase detector switches
between its middle state and either the high or
low states, depending on the relative phase of
the two signals. If the +input is leading in phase
then, during each period of the input frequency,
the detector output will be high for a time
equal to the time difference between the rising
edges of the inputs, and will be at its middle level
the remainder of the period. If the phase re-
lationship is reversed then the detector will go
low for a time proportional to the phase dif-
ference of the inputs. The resulting gain of the

Fig. 4 - Typical Phase Detector Output Waveforms

T (ONE PERIOD
OF REFERENCE
FREQUENCY)

phase detector, K¢ , is 5V/4m, radians, or about
0.4V/radian. The dynamic range of the detector
is £ 27 radians.

The operation of the phase detector is illustrated
in the figures below. The upper figure shows
typical voltage waveforms seen at the detector
output for leading and lagging phase conditions.
The lower figure is a state diagram of the phase
detector logic. In this figure, the circles represent
the 10 possible states of the logic and the con-
necting arrows the transition events/paths to
and from these states. Transition arrows that
have a clockwise rotation are the result of a
rising edge on the +input, and conversely, those
with counter-clockwise rotation are tied to the
rising edge on the-input signal.

The normal operational states of the logic are
6 and 7 for positive phase error, 1 and 2 for a
negative phase error. States 8 and 9 occur during
positive frequency error, 3 and 4 during negative
frequency error. States 5 and 10 occur only as
the inputs cross over from a frequency error to
a normal phase error only condition. The level
of the phase detector output is determined
by the logic state as defined in the state diagram
figure. The lock indicator output is high, off,
when the detector is in states 1,2, 6 or 7.

SENSE AMPLIFIER INPUT

i

LEADING REFERENCE
FREQUENCY INPUT
BY 90 DEGREES

ov

5V

SENSE AMPLIFIER INPUT
TRAILING REFERENCE

' —r [ FREQUENCY INPUT
U I l BY 90 DEGREES

25V — — y—
) - l-—|

6/8
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L6233

Fig. 6 - Phase Detector State Diagram

RISING EDGE RISING EDGE
ON PHASE DETE‘CTOR ON PNAS[ DETECTOR
IN
(NCFERENCE) \.) (SENS[ AMP)

1 1
OUTPUT = 5V foureur=a2sv | OUTPUT = OV

DIG!TAL LOCK INDICATOR HIGH DURING STATES 1, 2. 6. AND 7

5-9421
Fig. 6 - Suggested Loop Filter Configuration
J.E,“ - VouT ) = RS ~ 1+Sjwz
Vin R2 a VIN R1 1+ S/wP
FROMREE | —— " L—
rn.?ga ' Vout 10 POWER
! DRIVE STAGE 1
DRL* WP =
i R2C1
)
i LOOP AMP
! 1
VapJ.SVorov S-9m wZ = ———
. (R1 + R2) C1
where: |aVout! = Ivour-25Vli
coat . . : d V = DC Operating Voltage At Loop
* The statistic phase error of the loop is easily adjusted and VouT o .
by adding resistor, R4, as shown. To lock at zero ﬁ;’;’:ﬁ"f'er Output During Phase
phase error R4 is determined by :
(VouT-2.5) > 0 R4 Goes to OV
g o 25V o R3 {VouT- 2.5) < 0 R4 Goes to 5.0V
lavour |
Lyy SGS-THOMSON 78
Y/, ICROELECTRONICS
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L6233

Fig. 7 - Reference Filter Configuration

a
il

R1

FROM Vin
PHASE DETECTOR
outeuT

AUXILIARY
OP AMP

Fig. 8 - Reference Filter Design Aid - Gain

\
ouT (g) - : 1 :
v 2 S
Vout 10 LOOP ™ 1+ :'N—*” o
O FILTER
INPUT 1
WN = ———
+/ R1R2C1C2
5-9318
11 .
s . 1 /2 R1 + R2
2Q 2 C1 +/ R1R2
Note: with R1 = R2 & = /S2_

C1

Fig. 9 - Reference Filter Design Aid - Phase

Response Response
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L6235

R-DAT BRUSHLESS DC MOTOR DRIVER

® 400mA OUTPUT CURRENT, CONTROLLED
IN LINEAR MODE

® COMPATIBLE WITH ANI F-TO-V CON-
VERTER AND PLL SPEED CONTROL
SYSTEM

® [NHIBIT FUNCTION

® SLEW RATE LIMITING FOR EMI REDUC-
TION

® CONNECTS DIRECTLY TO HALL EFFECT
CELLS

® THERMAL SHUTDOWN WITH HYSTER-
ESIS

® THREE-STATE OPERATION ALLOWS
NEGLIGIBLE POWER DISSIPATION DUR-
ING 1/3f CYCLE

® [NTERNAL PROTECTION DIODES
® FEW EXTERNAL COMPONENTS

The L6235 is single~chip driver for three-phase
brushless DC motors capable of delivering 400mA
output current with supply voltages to 18V.
Designed to accept differential input from the
Hall effect sensors, the device drives the three
phases of a brushless DC motor and includes
all the commutation logic required for a three
phase drive.

ADVANCE DATA

To limit EMI emission the L6235 controls the
rise and fall times of the output stage. In ad-
dition the device is designed to limit power
dissipation: during recirculation the output stage
is switched to an off state, reducing dissipation
to a very low value and minimizing torque ripple.

A speed control input controls the base current
to the lower transistors to limit the motor cur-
rent and hence control the speed. Any type of
speed control system, including F to V and
PLL system, may be used with the L6235 by
providing an analog signal at this input. The
motor current may be sensed by an external
resistor connected to a sensing pin on the device.

The power stage of the device is designed to
eliminate the possibility of simultaneous conduc-
tion of the upper and lower power transistors
of one output driver, when operating in the
right loop.

PLCC (15+5)

ORDERING NUMBER: L6235

BLOCK DIAGRAM e wVamszv
+Ve -
3Kohm S 17
o ' L6235
ne ﬁ.svi S0pF CH
——
> a Y
:De:[:w Al AR R
5 o 50pF :
10 H3 § '_} CH:{-‘ T 3
4 s'Oif__l CH::J__‘ Io.i\\
INHIBIT . —3 14 ﬁ
THERMAL 2 2onn
snu”TA <" = 0.1uF
oo ‘E—l 11 15 ] s-979

June 1988

l VSENSE
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This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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L6235

CONNECTION DIAGRAM
(Top view)

20 19
INHIBIT [« 18] ouT |
INDEX 5 [ +Vg
H1(+) 6 16 ouT 2
H1(-) 7 15CJCURRENT SENSING
H2(+) e 1 ouT 3
9 10 11 12 13
imimininln! 5-9793
I I I
Nuok
ONCI-JON
ABSOLUTE MAXIMUM RATINGS
Vy Supply voltage 18 \Y
lo Peak output current each channel
— non repetitive (100us) 1.5 A
— repetitive (80% on - 20% off; ty,, = 10ms) 500 mA
— DC operation 400 mA
Vi Logic and analogic inputs +Vs
Piot Total power dissipation at Tyj,s = 50°C 5 w
Top Operating temperature range 0to 70 °C
Tj, T Storage and junction temperature -40 to 150 °Cc
THERMAL DATA
Rth j-amb Thermal resistance junction-ambient max 100 °c/w
Rin j-pins Thermal resistance junction-pins max 20 °C/W
Ry Transient thermal resistance (t = 2sec.) max 30 °C/W

2/7
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L6235

PIN FUNCTIONS

N° NAME 1/0 FUNCTION
4 INHIBIT I Output stage inhibit. When this pin is high all three out-
put stages are in a high impedance state!
5 INDEX (0] Signal pulse proportional to the motor speed. In PLL
speed control applications, this is the feedback to the
PLL. One pulse per electrical rotation. This is an open
collector output.
6 H1 (+) | Positive input of differential amplifier on channel 1.
Interfaces with Hall Effect sensor, S1, from motor.
7 H1 (-) I Negative input of differential amplifier on channel 1.
Interfaces with Hall Effect sensor, S1, from motor.
8 H2 (+) | Same as pin 3 for channel 2.
9 H2 (-) I Same as pin 4 for channel 2.
10 H3 (+) | Same as pin 3 for channel 3.
11 GND Ground connection.
12 H3 (-) | Same as pin 4 for channel 3.
13 Ve | Speed control input. Connected to output of PLL in
PLL speed control applications.
14 Out 3 0 Output motor drive for phase 3.
15 Sense | Current Sensing. Input for load current sense voltage for
output stage.
16 Out 2 (0} Output motor drive for phase 2.
17 Vs Motor supply voltage.
18 Out 1 (0] Output motor drive for phase 1.

SGS-THOMSON 377
MICROELECTRONICS
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L6235

ELECTRICAL CHARACTERISTICS (T,mp = 25°C; V, = 12V unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit

Vg Supply voltage 10 12 \%

lg Quiescent supply current Without Load 30 60 mA
HALL AMPLIFIERS

Vem Common mode voltage range 0 10 \

Vio Input offset voltage V; = 6V 2 10 mV

lip Input bias current Vi = 6V 2 10 kA

lio Input offset current Vi = 6V 0.1 kA
SPEED CONTROL INPUT (V)

Vi Input voltage range 0 5 A\

lip Input bias current Ve < Vsgens 1 5 HA

Vic Input clamping voltage 59 \%
INHIBIT INPUT

Vin Input high voltage 2 Vg \%

ViL Input low voltage 0 0.8 Vv

WH Input high current 10 RA

he Input low current -5 -50 nA
HALL LOGIC OUTPUT

Vio Low output voltage I = 5mA 0.8 \Y

IR Leakage current Vcg = 12V 10 LA
OUTPUT POWER STAGE

Vsat Total saturation voltage lo = 0.16A 2.2

lo = 04A 25 \%
lo = 1.0A 2.7

Vosr Output voltage slew-rate 100 V/ms

Vsens Sense voltage range 0 0.7 \
THERMAL SHUTDOWN

Tj Junction temperature 150 °C

Th Hysteresis 30 °C
4/7 Ly7 SGS-THOMSON

Y/, IGROELECTRONICS
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L6235

DESCRIPTION

The L6235 is a three-phase brushless motor
driver IC containing all the power stages and
commutation logic required for a three-phase
drive. When the INHIBIT INPUT is high all
three OUTPUTS ARE PLACED in a high - IM-
PEDANCE STATE.

Logic signals from the motor’s Hall effect sensors
are decoded to generate the correct driving
sequence according to the truth table of Fig. 1.

When one of the push-pull output drivers is
activated the upper transistor is always in sa-
turation while the lower transistor is controlled
in linear mode to set the desired speed in steady
state conditions.

In PLL speed control applications the device
provides a signal proportional to the motor
speed at pin 2 (it is the buffered H1 input).
The output of the PLL is connected to the speed
control input of the device at pin 10, V¢.

In addition, a 1V offset is added to the speed
demand voltage to match the minimum output
of the PLL.

An external resistor, R, senses the output
stage current. The sensing voltage across this
resistor is amplified in the device by a factor of
7 to allow a reduction in the voltage drop the
resistor.

The amplified sensing voltage is then compared
with the speed demand signal from the PLL
and the resulting error signal sets the amplifier
output accordingly.

Fig. 1 - TRUTH TABLE

The output current is related to the speed con-
trol voltage by:
(Ve - 1)

7 R,

lo
The value of the sensing resistor is given by:

Rs = (Vx = D/{7 Inax)

where Vi is the full scale voltage of V.

In this way the V¢/lgyy characteristics can be
modified. Note that Vx max is clamped at 5.9V.

The most important feature of the L6235 is
slew rate control. With this device a typical
value of 0.1V/us is achieved, reducing EMI to a
very low value.

Another key feature is three-state operation;
when the current is recirculating the correspond-
ing phase driver is switched off and power dissi-
pation is negligible. Current recirculates through
the free-wheeling diodes in the acceleration
phase and through the motor is steady-state
conditions. Torque ripple is also minimized.

The L6235 can also operate with a brushless
motor connected in a star configuration, leaving
the centre floating.

The Hall inputs are ground compatible com-
parators and can work with direct active digital
Hall signals on three terminals {(of the same
polarity) and a TTL level on the other three
terminals.

HALL EFFECT

UPPER DRIVER

LOWER DRIVER

DIFF. INPUT STATUS STATUS
1= POSITIVE 1=0N 1=0N
0 = NEGATIVE 0 =OFF 0 =OFF

H1 H2 H3

ubD1 UD2 UD3

LD1 LD2 LD3

1 0 [¢] (o] 0 1 1 0 0
1 1 0 0 0 1 0 1 0
1 1 1 1 0 0 0 1 0
0 1 1 1 0 0 0 0 1
0 0 1 0 1 0 0 0 1
0 0 0 0 1 0 1 0 0

(37, SGS-THOMSON
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L6235

Fig. 2 - Timing diagram

HALL [
EFFECTS °
DIFFER. °
INPUTS
UPPER DRIVER .UDY
LOWER DRIVER LO4
un2
LD2
uo3
L03
I out
(LTRSS SUUUUY VOO IREEE SUUUONE SO S /OUO0 SUUOUNN \ G SO SO 0
$-9484
DETERMINING HALL EFFECT SEN- Fig. 3
SOR CODING s3
The L6335 assumes that the positioning of the
Hall Effect sensors in a three-phase brushless DC 82
bipolar motor are at 30 intervals. One can
imagine two ““windows’ on the rotor each of 60
which is 90 wide and 180 apart, see fig. 4. As 30
a window passes over a sensor, the sensor output S1

goes high. The timing diagram, fig. 2, shows the
waveforms produced. These waveforms must
appear at the Hall Effect Inputs of the L6235.
Note that the rotation in fig. 3 must be counter-
clockwise for forward rotation of the motor in
whatever manner that is defined for the motor.

Fig. 3 is a stylized concept for determining the
Hall Effect code pattern and does not reflect the
actual direction of rotation of the motor in a
physical sense. If a motor is chosen whose sensor
outputs do not match the L6235 desired input
pattern, a signal set conversion must be deter-
mined. It is helpful to visualize this by develop-
ing a diagram similar to that of fig. 4.

6/7
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For example, let us examine the output pattern
of a different type of motor (fig. 4). Assuming
90 windows at 180 intervals, then with respect to
fig. 3, a similar diagram, fig. 5, results in sensors
60 apart with the windows rotating clockwise.
The situation results in a “forward’’ rotation of
the motor.




L6235

Since S3 is the first sensor encountered by the
window in fig. 5, this should be used for the
L6235 Hall Effect Input, H1. After 30 of rota-
tion CW, the H2 input of the L6235 must go
high. The inverse of S1 from the motor would
satisfy this. After an additional 30 of rotation,
the H3 input must go high. The S2 sensor is
encountered by the window. Thus, S2 is applied
to this input, H3. By continuing around the dia-
gram, one can develop a pattern which matches
that for the L6235.

Fig. 4
St N e N
SN e B
sa |l LI L

5 }lgbilié& E;& 4

ANGLE OF ROTATION

Fig. 5

S1

5-9483

Thus the conversion table for this particular
motor is:

Motor Sensors L6235 Inputs

S3 H1
S1 H2
S2 H3

Note, for the inverted signal from S1 an actual
inverter gate is not necessary with the L6235.
Since the L6235 has differential inputs, the nega-
tive input pin may be used. Therefore, with TTL
compatible Hall Effect sensors, the positive input
is connected to a reference point along with the
other negative inputs.

Fig. 6 - Application circuit using the L6233 PLL-Controller

LOCK INDICATION O

outeuT 7.8643MHz L O
8 10pF ’—_L 10uF
4.7K0 0 I 0.221F o I
19 17 A -
8 5
I 10nF
L6233P L6235

30KN

L
I

270M0

13 1% 15 10 sV 7 8 126 9 10 115
"a 1
9K 9IKA
0.47uF SKO H1 H2 H3 R Io-'MF
0.47F] SEme (5 HALL LOGIC 2x0.4740

SGS-THOMSON
Y/, MICROELECTRONICS

INPUTS
SKA 5-979¢/1
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L6236

BIDIRECTIONAL R-DAT BRUSHLESS DC MOTOR DRIVER

® 400mA OUTPUT CURRENT, CONTROLLED
IN LINEAR MODE

® COMPATIBLE WITH ANI F-TO-V CON-
VERTER AND PLL SPEED CONTROL
SYSTEM

® SLEW RATE LIMITING FOR EMI REDUC-
TION

© CONNECTS DIRECTLY TO HALL EFFECT
CELLS

® THERMAL SHUTDOWN WITH HYSTERESIS

® THREE-STATE OPERATION ALLOWS
NEGLIGIBLE POWER DISSIPATION DUR-
ING 1/3f CYCLE

® INTERNAL PROTECTION DIODES
® FEW EXTERNAL COMPONENTS

The L6236 is a single-chip driver for three-phase
brushless DC motors capable of delivering
400mA output current with supply voltages to
18V. Designed to accept differential input from
the Hall effect sensors, the device drives the three
phases of a brushless DC motor and includes
all the commutation logic required for a three
phase bidirectional drive. Both delta and wye
configurations may be used.

BLOCK DIAGRAM

INDEX

ADVANCE DATA

To limit EMI esmission the L6236 operates in a
linear mode and controls the rise and fall times
of the output stage. In addition the device is
designed to limit power dissipation: during
recirculation the output stage is switched to an
off state reducing dissipation to a very low value
and minimizing torque ripple.

A speed control input controls the base current
to the lower transistors to limit the motor cur-
rent and hence control the speed. Any type of
speed control system, including F to V and PLL
systems, may be used with the L6236 by pro-
viding an analog signal at this input. The motor
current may be sensed by an external resistor
connected to a sensing pin on the device.

The power stage of the device is designed to eli-
minate the possibility of simultaneous conduc-
tion of the upper and lower power transistors of
one output driver, when operating in the right
loop.

PLCC (15 +5)

ORDERING NUMBER: L6236

+Ve=12V

3Kohm 5

o

DECODER

FWO/REV

THERMAL
SHUT
DOWN

S5-9828

June 1988
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VSENSE
J{ﬂ.

17
L6236
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“___‘ cH2 14 Io' ]
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Ll

1/7
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L6236

CONNECTION DIAGRAM

(Top view)
@
z
lw)
/_LJ guuad
3 2 1 20019
FWDIREV[] ¢ 18] ouT 1
INDEX [J5 17 +Vs
H1(+) [Js 16 ouT 2
Hi(-) 7 15sJCURRENT SENSING
H2(+) [Js 1. ouT 3
9 10 11 12 13
mimimininl 5-9841
I T I
Nw @
ORCE-ROIS
ABSOLUTE MAXIMUM RATINGS
Vs Supply voltage 18 \
lo Peak output current each channel
— non repetitive (100us) 1.5 A
— repetitive (80% on - 20% off; ty, = 10ms) 500 mA
— DC operation 400 mA
V; Logic and analogic inputs +V,
Piot Total power dissipation at Tp,;,s = 50°C 5 w
Top Operating temperature range 0to 70 °C
Ti, Teg Storage and junction temperature -40 to 150 °C
THERMAL DATA
Rin j-amb Thermal resistance junction-ambient max 100 °C/W
th j-pins Thermal resistance junction-pins max 20 °C/wW
it Transient thermal resistance (t = 2sec.) max 30 °C/W
2/7 SGS-THOMSON
El-m mu@lﬁ}@@&.ﬁ@?ﬁ@g
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L6236

PIN FUNCTIONS

o

N NAME 1/0 FUNCTION
4 FWD/REV | Direction Control. When this pin is low, the motor will
run in the forward direction. A high will drive the motor
in the reverse direction. Direction is defined by the
positive of the sensors in the motor.
5 INDEX [0} Signal pulse proportional to the motor speed. In PLL
speed control applications, this is the feedback to the
PLL. One pulse per electrical rotation. This is an open
collector output.
6 H1 (+) | Positive input of differential amplifier on channel 1.
Interfaces with Hall Effect sensor, S1, from motor.
7 H1 (-) | Negative input of differential amplifier on channel 1.
Interfaces with Hall Effect sensor, S1, from motor.
8 H2 (+) | Same as pin 3 for channel 2.
9 H2 (-) | Same as pin 4 for channel 2.
10 H3 (+) | Same as pin 3 for channel 3.
11 GND Ground connection.
12 H3 (-) | Same as pin 4 for channel 3.
13 Ve | Speed control input. Connected to output of PLL in
PLL speed control applications.
14 OuUT3 (0] Output motor drive for phase 3.
15 SENSE 1 Current Sensing. Input for load current sense voltage for
output stage.
16 ouT2 (0] Output motor drive for phase 2.
17 Vg Motor supply voltage.
18 ouT1 (o} Output motor drive for phase 1.

SGS-THOMSON 3/7
MICROELECTRONICS
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L6236

ELECTRICAL CHARACTERISTICS (T,.,, = 25°C; V, = 12V unless otherwise specified)

Parameter Test Conditions Min. Typ. Max Unit

Vg Supply voltage 10 12 \%

Ig Quiescent supply current 30 60 mA
HALL AMPLIFIERS

Vem Common mode voltage range 0 10 \%

Vio Input offset voltage V; = 6V 2 10 mV

lip Input bias current Vi = 6V 2 10 HA

lio Input offset current V; = 6V 0.1 BA
SPEED CONTROL INPUT (V)

Vi Input voltage range vO 5 \%

lib Input bias current Ve < Vsens 1 5 HA

Vic Input clamping voltage 5.9 \%
FWD/REVERSE INPUT

Vin Input high voltage 2 Vg \Y

ViL Input low voltage 0 0.8 \%

I Input high current 10 KA

TR Input low current -5 -50 BA
HALL LOGIC OUTPUT

Vio Low output voltage | = BmA 0.8 \%

N Leakage current Vce = 12V 10 HA
OUTPUT POWER STAGE

Vsat Total saturation voltage lo = 0.15A 2.2

lo = 04A 25 \%
lo = 1.0A 2.7

Vosr Output voltage slew-rate 100 V/ms

Vsens Sense voltage range 0 0.7 \
THERMAL SHUTDOWN

Tj Junction temperature 150 °C

TH Hysteresis 30 °c
- . &7, 35 THONSON
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L6236

DESCRIPTION

The L6236 is a three-phase brushless motor
driver IC containing all the power stages and
commutation logic required for a three-phase
bidirectional drive.

Logic signals from the motor’s Hall effect sensors
are decoded to generate the correct driving
sequence according to the truth-table of Fig. 1.

The direction of rotation is controlled by the
forward/reverse input (pin 1). When this pin is
at a low level the motor rotates in the forward
direction. :

When one of the push-pull output drivers is
activated the upper transistor is always in sa-
turation while the lower transistor is controlled
in linear mode to set the desired speed in steady
state conditions.

In PLL speed control applications the device
provides a signal proportional to the motor
speed at pin 2 (it is the buffered H1 input). The
output of the PLL is connected to the speed
control input on the device at pin 10, V¢.

In addition, a 1V offset is added to the speed
demand voltage to match the minimum output
on the PLL.

An external resistor, Rg, sense the output stage
current. The sensing voltage across this resistor is
amplified in the device by a factor of 7 to allow
a reduction in the voltage drop in the resistor.

The amplified sensing voltage is then compared
with the speed demand signal from the PLL and
the resulting error signal sets the amplifier output
accordingly.

The output current is related to the speed con-
trol voltage by:

lo = (Ve -1)/7Rq
The value of the sensing resistor is given by :
Ry = (Vy -1)/(7 Imax)

where Vy is the full scale voltage of V¢.

In this way the Vc/loy characteristics can be
modified. Note that Vy max is clamped at 5.9V.

The most important feature of the L6236 is
slew rate control. With this device a typical value
of 0.1V/us is achieved, reducing EMI to a very
low value.

In a delta configuration a key feature is three-
state operation; when the current is recirculating
the corresponding phase driver is switched off
and power dissipation is negligible. Current re-
circulates through the integrated free-wheeling
diodes in the acceleration phase and through the
motor in steady-state conditions. Torque ripple
is also minimized.

The L6236 can also operate with a brushless
motor connected in a star configuration, leaving
the center floating.

The Hall inputs are ground compatible com-
parators and can work with direct active digital
Hall signals on three terminals (of the same
polarity) and a TTL level on the other three
terminals.

Fig. 1 - TRUTH TABLE FOR FORWARD ROTATION

HALL EFFECT

UPPER DRIVER

LOWER DRIVER

DIFF. INPUT STATUS STATUS
1 =POSITIVE 1=0N 1=0N
0 = NEGATIVE 0 = OFF 0 =OFF

H1 H2 H3

UuD1 UD2 UD3

LD1 LD2 LD3

1 0 0 1 0 0 0 0 1
1 1 0 0 1 0 0 0 1
1 1 1 0 1 0 1 0 0
0 1 1 0 0 1 1 0 0
0 0 1 0 0 1 0 1 0
0 0 0 1 0 0 0 1 0

(57 SGS-THOMSON

Y/, MICROELECTRONICS
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L6236

Fig. 2 - Timing diagram

.0 .1 .2 .3, 4,86,0,1.2.,3.4.8
HALL 1 _‘r .................. + ................................................................... 0
EFFECTS JSUFE SORUON cyveressvvevn:wvsvevs NTUIEUUININE SUVNUN corpures svovsonwouuss NUTRINR SUDRINE SOVOUINE °
orFrer. M2 B 0
meurs M3
UPPER DRIVER UDY
LOWER DRIVER LD
up2
LD2
un3 I
L03
1 ouT
(CH. 4 b i, / ......................... 0
5-9484
DETERMINING HALL EFFECT SEN- Fig. 3
SOR CODING
S3
The L6236 assumes that the positioning of the
Hall Effect sensors in a three-phase brushless DC 52
bipolar motor are at 30 intervals. One can
imagine two “windows” on the rotor each of 60

which is 90 wide and 180 apart, see fig. 4. As
a window passes over a sensor, the sensor output
goes high. The timing diagram, fig. 2, shows the
waveforms produced. These waveforms must
appear at the Hall Effect Inputs of the L6236.
Note that the rotation in fig. 3 must be counter-
clockwise for forward rotation of the motor in
whatever manner that is defined for the motor.

Fig. 3 is a stylized concept for determining the
Hall Effect code pattern and does not reflect the
actual direction of rotation of the motor in a
physical sense. If a motor is chose whose sensor
outputs do not match the L6236 desired input
pattern, a signal set conversion must be deter-
mined. It is helpful to visualize this by develop-
ing a diagram similar to that of fig. 4.

6/7
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For example, let us examine the output pattern
of a different type of motor (fig. 4). Assuming
90 windows at 180 intervals, then with respect to
fig. 3, a similar diagram, fig. 5, results in sensors
60 apart with the windows rotating clockwise.
The situation results in a “forward”’ rotation of
the motor.




L6236

Since S3 is the first sensor encountered by the
window in fig. 5, this should be used for the
L6236 Hall Effect Input H1. After 30 of rota-
tion CW, the H2 input of the L6236 must go
high. The inverse of S1 from the motor would
satisfly this. After an additional 30 of rotation,
the H3 input must go high. The S2 sensor is
encountered by the window. Thus, S2 is applied
to this input, H3. By countinuing around the dia-
gram, one can develop a pattern which matches
that for the L6236.

Fig. 4
Skl e I e N

2 L
S I e N e O

1
0 90 180 270
ANGLE OF ROTATION

Fig. 5
S3 g2

120
60

S1

— 5-9483

Thus the conversione table for this particular
motor is:

Motor Sensors L6236 inputs

S3 H1
S1 H2
S2 H3

Note, for the inverted signal from S1 actual
inverter gate is not necessary with the L6236.
Since the L6236 has differential inputs, the nega-
tive input pin may be used. Therefore, with TTL
compatible Hall Effect sensors, the positive input
is connected to a reference point along with the
other negative inputs.

Fig. 6 - Application circuit using the L6233 PLL-Controller

LOCK INDICATION
OuTPUT

78643MHz oo ol
4.7K0 H 0.22pF
s
19 17
L]
I 10nF
L6233P

®a ]4:
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Q22pF
I S-9830

skn H1 H2 H3 Rs
AL 2x0.470

=

HALL LOGIC

INPUTS
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LM1837

DUAL LOW NOISE TAPE PREAMPLIFIER WITH AUTOREVERSE

® PROGRAMMABLE TURN-ON DELAY

® TRANSIENT-FREE MUTING AND POWER-
UP — NO POPS

® | OW-NOISE — 0.6 uV CCIR/ARM
® HIGH POWER SUPPLY REJECTION — 95dB

® L OW DISTORTION — 0.03% AND HIGH
SLEW RATE — 6V/us

® SHORT CIRCUIT PROTECTION

® INTERNAL DIODES FOR DIODE SWITCH-
ING APPLICATIONS

The LM1837 is adual autoreversing high gain tape

preamplifier for applications requiring optimum
noise performance. It has forward (left, right)

Fig. 1 — Autotoreversing tape plyback application

and reverse (left, right) inputs which are selectable
through a high impedance logic pin. It is an ideal
choice for a tape playback amplifier when a com-
bination of low noise, autoreversing, good power
supply rejection, and no power-up transients
are desired. The application also provides transi-
ent-free muting with a single pole grounding
switch.

DIP-18 Plastic

ORDERING NUMBER: LM1837

Vg=12v

12M0 [10KQ

15Ma%x

10F3V | R4 220F

w
~

C3
RIGHT FORWARD l
INPUT 470pF

_kL X25

470pR

RIGHT REVERSE
INPUT

LEFT FORWARD _LCS
INPUT 470pF

LEFT REVERSE
INPUT

y

R6
10Kk

= RIGHT
. outePuT
-0
J " J]

[] 10K
R8
LEFT

18 ouTPUT
O

) 4

470pF ;3 l‘o )

O
LOGIC
FORWARD =05V
REVERSE 2 22V

5 1.2M0
lo

10K Ig R

270Kn 270K
JouF 6Kk RS R7
Lo _:._J fe

15M % OPTIONAL MUTE
R10

R14

June 1988
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LM1837

ABSOLUTE MAXIMUM RATINGS

Vg Supply voltage 18 \
Voltage on pins 1 and 18 18 \
Piot Package dissipation 1390 mw
Tetg - Storage temperature -65t0 150 °C
Top Operating temperature 0to70 °C
Minimum voltage on any pin -0.1 \
CONNECTION DIAGRAM
(top view)
A wl) e
RIGHT outpuT (] 2 v1[] LeFT outeuT
R(+)IN [ 3 16 ] L (+)IN
R(=)IN LG 15] L (-)IN
RIGHT x25 ouUT  [|5 w[] eFt x2s0ur
BIAS Qs 13]] LoGIC
RIGHT FORWARD [} 7 12[] LEFT FORWARD
RIGHT REVERSE [ 5 11[] LEFT RevERSE
W B 10 GND
S=- 6446
SCHEMATIC DIAGRAM
13
; I
o I |8 9
|
|
|
I
I
| ™
I
e
|
y S |
_ > H »
i "
.o s
S LL
J)s o712 S-6447 05,14 8,10 Ou,5 03,16 217 |,|e<g
2/8 SGS-THOMSON
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LM1837

THERMAL DATA

Rinj-amb Thermal resistance junction-ambient max 90 °C/W
ELECTRICAL CHARACTERISTICS (T,mp = 25°C, Vg = 12V, see test circuits)
Parameter Test conditions Min. Typ. Max. Unit
Vg Supply voltage R5 removed from circuit for 4 18 \%
low voltage operation
I Supply current Vg =12V 9 15 mA
d Total harmonic distortion f=1KHz Vi=0.3mV 0.03 %
pins 2 and 17, see test circuit
THD + noise (note 1) f=1KHz Vo =1V 0.1 0.25 %
pins 2 and 17, see test circuit
SVR Power supply rejection input ref, f= 1KHz, 1 Vrms 80 95 dB
Cs Channel separation (note 2) f=1KHz, output =1 Vrms
Output to output
Left to right 40 60 dB
Forward to reverse 40 60 dB
S/IN Signal-to-noise (note 3) Unweighted 32Hz - 12.74 KHz
(note 1) 58 dB
CCIR/ARM (note 4) 62 dB
A weighted 64 dB
CCIR, peak (note 5) 52 dB
en Noise Output voltage CCIR/ARM (note 4) 120 200 nY
INPUT AMPLIFIERS
Ip Input bias current 0.5 2 uA
Input impedance f=KHz 150 KQ
AC gain 27 28 29 dB
AC gain imbalance +015| £ 05 dB
Vo DC output voltage 2.1 25 29 \
Vo Output voltage mismatch pins 5 and 14 -200 30 200 mV
lo+ Output source current pins 5 and 14 2 10 mA
lo- Output sink current Pins 5 and 14 300 600 KA
LOGIC LEVEL
Forward 05
Reverse 2.2
Logic pin current 2 6 uA
DC voltage change Change logic state -100 20 100 mV
at pins 5 and 14
Ly7 SGS-THOMSON 3/8
Y/, 1CROEECTRONICS
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LM1837

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. | Typ. | Max. Unit
OUTPUTS AMPLIFIERS
Closed loop gain stable operation 5 VIV
Gy Open loop voltage gain DC 100 dB
Gain bandwidth product 5 MHz
Slew rate 6 V/us
Vos Input offset voltage 2 5 mV
los Input offset current 20 100 nA
I Input bias current ' 250 | 500 | nA
lot Output source current Pin2or17 2 10 mA
lo- Output sink current Pin2or 17 400 900 MA
Vo Output voltage swing Pin2or 17 11 Vp-p
Output diode leakage Voltage on pins 1 and 18 = 18V 0 10 7

Note:

1 — Measured with an average responding voltmeter using the filter circuit in figure 4. This simple filter is approxima-
tely equivalent a “’brick wall” filter with a passband of 20Hz to 20KHz (see Application Hints). For 1KHz THD the
400Hz high pass filter on the distortion analyzer is used.

2 — Channel separation can be measured by applyng the input signal through transformers to simulate a floating source
(see Application Hints). Care must be taken to shield the coils from extraneous signal. Actual production test
techniques simulate this floating source with a more complex op amp circuit.

3 — The numbers are referred to an output level of 160mV at pins 2 and 17 using the circuit figure 2. This corresponds

4 — Measured with an average responding. voltmeter using the Dolby lab’s standard CCIR filter having a unity gain
reference 2KHz. :

5 — Measured using the Rhode-Schwartz psophometer, mode UPGR.

4/8 .
7. 3E5THOMEON
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LM1837

Fig. 2 — Test circuit
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LM1837

Fig. 6 — Noise voltage vs. Fig. 7 — Noise current vs. Fig. 8 — Total harmonic
frequency frequency. distortion vs. frequency
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LM1837

Fig. 15 — Input amplifier Fig. 16 — Frequency re-
DC output voltage vs. tem- sponse of test circuit
perature (pins 5, 4)
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Fig. 17 — Simple 32Hz - 12740Hz filter and meter
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APPLICATION INFORMATION
EXTERNAL COMPONENTS (Figures 1 and 18)

Component Normal Range of Value and Function
R1, C2 2K ~40K2, 0.1uF-10uF (low leakage).
and R12, C9 | Set turn-on delay and second amplifier’s low frequency pole. Leakage current in C2 results in DC
offset between the amplifier’s inputs and therefore this current should be kept low. R1 is set equal
to R2 such that any input offset voltage due to bias current is effectively cancelled. An input offset
voltage is generated by the input offset current multiplied by the value of these resistors.
R2, R3 2K -40KQ, 500KQ ~10KS2.

and R13, R10

Set the DC and frequency gain of the output amplifier. The total input offset voltage will also be
multiplied by the DC gain of this amplifier. They are threfore essential to keep the input offset
voltage specification in mind when employing high DC gain in the output amplifier; i.e., 5mV x
400 = 2V offset at the output.

R4, C1 10KQ2-200K2, 470pF to 10nF.
and R11, C8 | Set tape playback equalization characteristics in conjunction with R3 (calculations for the com-

ponent values are included in the application (Hints section).

R6, R8 2K -47KQ.
Blas the output diode in DC switching applications. These resistors can be excluded if diode
switching is not desired.

C3...C6 100pF-1000pF
Often used to resonate with tape head in order to compensate for tape playback losses including
tape head gap and eddy current. For a typical cassette tape head, the resonant frequency selected
is usually between 13KHz and 17KHz.

R5, R14 100K -10MQ.
Increase the output DC bias voltage from the nominal 2.5V value (see Application information).

R7, R9 Optionally used for tape muting. The use of these resistor can also provide ‘no-pop’ turn-off if

desired (see Application information).

G R 7/8
&7, RESTHOMEON
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APPLICATION INFORMATION (continued)
Fig. 18 - Autoreversing tape plyback application.
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Fig. 19 - P.C. board and components layout of the circuit of Fig. 18 (1 : 1 scale)
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LS404

HIGH PERFORMANCE QUAD OPERATIONAL AMPLIFIERS

® SINGLE OR SPLIT SUPPLY OPERATION
® VERY LOW POWER CONSUMPTION

® SHORT CIRCUIT PROTECTION

® | OW DISTORTION, LOW NOISE

® HIGH GAIN-BANDWIDTH PRODUCT

® HIGH CHANNEL SEPARATION

The LS404 is a high performance quad oper-
ational amplifier with frequency and phase com-
pensation built into the chip. The internal phase
compensation allows stable operation as voltage
follower in spite of its high gain-bandwidth

range, and it is partucularly intended for pro-
fessional and telecom applications (active fil-
ters, etc.).

The patented input stage circuit allows small
input signal swings below the negative supply
voltage and prevents phase inversion when the
input is over driven.

DIP-14 Plasti -
product. The circuit presents very stable electri- (0‘25)as e S0-144
cal characteristics over the entire supply voltage
ABSOLUTE MAXIMUM RATINGS
Vs Supply voltage +18 \Y
V; Input voltage (positive) + Vg
(negative) -V, — 05 \%
V; Differential input voltage (Vg-1)
Top Operating temperature LS 404 -25to + 85 °C
LS 404C Oto+70 °C
Piot Power dissipation (Tamp = 70°C) 400 mw
Tetg Storage temperature -55 to + 150 °C
June 1988 1/10
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CONNECTION DIAGRAM AND ORDERING NUMBERS

(top view)
\J
outeut A [n % ] ouTRUT D
wvane a2 3] wwneo
Type DIP 14 SO-14
NoN iNv.iNR A [[3 12[] NoN INv.INR D
LS 404 - LS 404M
LS 404C LS 404CB | LS 404CM + Vg [ 4 n ] Vs
LS 8404 — LS 8404M 3
LS S0 - LS Sa9a0M NONINV.INRB [[5 0[] NoN INv.INRC
wvane s [fs ] INV. INP.C
OUTPUT B [ 7 8 ] OUTPUT C

$-3901

SCHEMATIC DIAGRAM (one section)

tv R20|

/ R19

INVERTING NON INVERTING
INPUT INPUT
[e]

==t LI}m

oY
o250}

—C

T —

.\015
an Q23 .—@1_
% ; < m
RS
Q10 Q3 Q22 %020
R6 R10 [I] @
IR1Y R12
Xo anz
$-3900
THERMAL DATA ' DIP 14 S0-14
Rtnj-amb T hermal resistance junction-ambient ) max 200°C/W | 200°C/W*

(*) Measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm.)

2/10 . SON
K’l. %&@%@E&@u@g
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ELECTRICAL CHARACTERISTICS (V=% 12V, T, = 25°C, unless otherwise specified)

LS 404 LS 404C
Parameter Test conditions Unit
Min. | Typ. Max. Min. Typ. Max.
Ig Supply current 1.3 2 15 3 mA
I Input bias current 50 200 100 300 | nA
Rj Input resistance f=1KHz 0.7 25 0.5 5 MQ
Vos Input offset voltage | Rg = 10KQ 1 1 mV
AV Input offset Rg = 10K o
—7~  voltage drift Trmin < Top < Tmax 5 5 WVI°C
los Input offset current 10 40 20 80 nA
Algg Input offset ) nA
(= current drift Tmin < Top < Tmax 0.08 0.1 oC
lse Output short 23 23 mA
circuit current
Gy Large signal open R =2KQ V=112V 90 100 86 100 dB
loop voltage gain Vg = 24V 95 95
B Gain-bandwidth
product f = 20KHz 1.8 3 15 25 MHz
en Total input noise f=1KHz
voltage Rg =508 8 15 10 nV
Rg= 1KQ 10 12
g JHz
Rg = 10KQ 18 20
d Distortion unity gain
R =2KQ | f= 1KHz 0.01 0.04 0.01 %
Vo =2Vpp | f=20KHz 0.03 0.03
Vo DC output R =2KQ |[Vg=+12V |10 +10
voltage swing ) Vg =14V +3 +3 v
Vo Large signal f=10KHz |R_=10KQ 22 22 v
voltage swing IRL=1KQ 20 20 PP
SR Slew rate unity gain
R = 2KQ 08 15 1 V/us
CMR Comm. mode V=10V 920 94 80 90 dB
rejection
SVR Supply voltage V=1V f = 100Hz 90 94 86 90 dB
rejection
Cs Channel separation f=1KHz 100 120 120 dB
Lyy SGS-THOMSON 3/10
Y/, 1CROELECTRONICS
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Fig. 1 - Supply current vs.

supply voltage

Fig. 2 - Supply current vs.
ambient temperature

Fig. 3 - Output short circuit
current vs. ambient tem-

perature
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Fig. 4 - Open loop fre-
quency and phase response
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Fig. 5 - Open loop gain vs.
ambient temperature
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Fig. 8 - Output voltage

Fig. 6 - Supply voltage re-
jection vs. frequency
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APPLICATION INFORMATION
Active low-pass filter:

BUTTERWORTH

The Butterworth is a ““maximally flat’”” amplitude response filter.
Butterwarth filters are used for filtering signals in data acquisition
systems to prevent aliasing errors in sampled-data applications
and for general purpose low-pass filtering.

The cutoff frequency, f., is the frequency at which the amplitude
response in down 3 dB. The attenuation rate beyond the cutoff
frequency is -n6 dB per octave of frequency where n is the order
(number of poles) of the filter.

Other characteristics:

® Flattest possible amplitude response.

® Excellent gain accuracy at low frequency end of passband.

BESSEL

The Bessel is a type of ““linear phase” filter. Because of their linear
phase characteristics, these filters approximate a constant time
delay over a limited frequency range. Bessel filters pass transient
waveforms with a minimum of distortion. They are also used to
provide time delays for low pass filtering of modulated waveforms
and as a “running average’’ type filter.

The maximum phase shift is :2’_\1 radians where n is the order
(number of poles)of the filter. The cutoff frequency, f., is defined
as the frequency at which the phase shift is one half to this value.
For accurate delay, the cutoff frequency should be twice the ma-
ximum signal frequency. The following table can be used to ob-
tain the -3 dB frequency of the filter.

) 2 pole 4 pole 6 pole 8 pole
-3 dB frequency 0.77f. | 067 f. | 057 f. | 0.50 f.

Other characteristics:

® Selectivity not as great as Chebyschev or Butterworth.
® Very small overshoot response to step inputs

® Fast rise time.

CHEBYSCHEV

Chebyschev filters have greater selectivity than either Bessel or
Butterworth at the expense of ripple in the passband.

Chebyschev filters are normally designed with peak-to-peak
ripple values from 0.2 dB to 2 dB.

Increased ripple in the passband allows increased attenuation
above the cutoff frequency.

The cutoff frequency is defined as the frequency at which the
amplitude response passes through the specified maximum ripple
band and enters the stop band.

Other characteristics:

® Greater selectivity

® Very nonlinear phase response

@ High overshoot response to step inputs.

Fig. 10 - Amplitude response

6-364

Ay |
(dB)
0 N
N
NS
AN
™
-40
“ nes \ =4
n=6‘
-60 |
01 05 1 3 flc

Fig. 11 - Amplitude response
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Fig. 12 - Amplitude response
(+ 1 dB ripple)
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APPLICATION INFORMATION (continued)

The table below shows the typical overshoot and settling time response of the low pass filter to a step
input.

PEAK "
NUMBER OVERSHOOT SETTLING TIME (% of final value)
OF POLES

% Overshoot + 1% +0.1% + 0.01%

2 4 1.1/f¢ sec. 1.7/f sec. 1.9/f; sec.
4 1 1.7/, 2.8/f, 3.8/f,
BUTTERWORTH 6 14 2.4/, 3.9/f, 5.0/
8 16 3.1/, 5.1/f¢ 7.1/,
2 0.4 0.8/f 1.4/f 17/
4 0.8 1.0/f¢ 1.8/f¢ 2.4/%¢
BESSEL 6 06 1.3/f¢ 2.1/, 2.7/f;
8 0.3 1.6/f, 2.3/f¢ 3.2/,
2 "o 1.1/f¢ 1.6/f¢ -
CHEBYSCHEV 4 18 3.0/f¢ 5.4/f -
(RIPPLE £ 0.25 dB) 6 21 5.9/f¢ 10.4/%, -
8 23 8.4/t 16.4/f -
2 21 16/fc | . 27/ -
CHEBYSCHEV 4 28 438/f 8.4/f -
(RIPPLE + 1 dB) 6 32 8.2/f¢ © 16.3/f¢ -
8 34 16/, | 248/, -

Design of 29 order active low pass filter
(Sallen and Key configuration unity gain op-amp)

Fig. 13 - Filter configuration

n $-3567/2
| 1]
Vin Ri R2
O—{(1— OVout
I
Vo _ 1 where:
Vi1 49 ¢ s .® W =27 f, with f. = cutoff frequency
wc <AJC2

¢ = damping factor.

6/10 y7 SGS-THOMSON
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APPLICATION INFORMATION (continued)

. . TAB. 1

Three parameters are needed to characterize A

the frequency and phase response of a 2nd Filterresponse | £ | @ | Cutoff ff“’q“e“"y

order active filter: the gain (G,), the damping o

factor (£) or the Q-factor (Q= (2 £)-1), and Bessel V3 | 1| Frequency at which

the cutoff frequency (fc). 2 | /3 |phase shift is -90°

The higher order responses are obtained with a

series of 2"d order sections. A simple RC section Butterworth V21 greguencv at which

is introduced when an odd filter is required. 2 [+2|Gy=-30B

The choice of ‘£’ (or Q-factor) determines the

. Chebyschev V2 1| Frequency at which

filter response (see table). <~——2 > 5 | the amplitude
response passes
through specified
max. ripple band
and enters the stop
band

Fig. 14 - Filter response vs. damping factor

6

6

(dB) H T M
\._§=o.|77
4 —c=025
™ £.2035.
Sy N
0 : £=05
4 | €=0707
4 5 ) \
-8 N
12 \
-16
—&l
o 02 05 1 2 5 (t1fg)
EXAMPLE:

Fixed R= R, = R,, we have (see fig. 13)

01=1__£._

C2= R £,

The diagram of fig. 14 shows the amplitude response for different
values of damping factor £ in 2"d order filters.

Fig. 15 - 5t order low pass filter (Butterworth) with unity gain configuration.

i ne2 . [T 5-356611
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Ci T : clI A c -
: i 3
: ; T
| )
ll 1
1Storder 2" order 2" rder
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APPLICATION INFORMATION (continued)

In the circuit of fig. 15, for f. = 3.4 KHz and Tab. |l
R;= R;=R2= R3= R,4= 10 K, we obtain: Damping factor for low-pass Butterworth filters
= Ao 1
Ci =1.354 R 27 fC 6.33nF Order| C; | C4 |C2 | C3 | Ca|C5 |Ce | Cy| Cg
1 1 . 2 0.707| 1.41
C,=0421 -5 7 1.97 nF 3 [1.392]0.202] 354 | .
4 092 | 1.08{0.38 | 261
1 1
C,=1.753 R T, = 8.20nF 5 [1.354/0.421] 1.75 |0.309(3.235
6 0.966(1.035(0.707)1.414/0.259| 3.86
C;=0.309 - % 27: . = 1.45nF 7 |1.336|0.488| 153 [0.623(1.604]0.222| 4.49
8 098 | 1,02/ 083 | 1.20 | 0.556| 1.80 |0.195/5.125
= A1
Ca=3325 g gp = 15.14nF
The attenuation of the filter is 30 dB at 6.8 KHz
and better than 60 dB at 15 KHz.
The same method, referring to Tab. Il and f