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Since the first high power ICs emer-
ged at the end of the 1960s SGS-
THOMSON has set the pace in power
IC process technology, plastic power
packages and innovative circuit de-
sign.

Realized with SGS-THOMSON's unique Mul-
tipower-BCD technology, the L4970 power
switching regulator delivers an impressive 10A
output current. A host of protection features
are integrated.

INDUSTRIAL & COMPUTER PERIPHERAL ICs
FROM THE BRIGHTER POWER

Originally this technology knowhow
was applied to consumer circuits such
as high power amplifiers and TV verti-
cal deflection stages, so when motor
driving ICs arrived at the end of the se-
venties SGS-THOMSON already pos-
sessed a unique understanding of the
problems involved and, more impor-
tant, how they could be solved.

SGS-THOMSON is not just the leader
in smart power technology, it is also
the #1 supplier of smart power ICs in
the western world (Dataquest, May
1988), selling more than any American
or European semiconductor company.

Many of the milestones in smart power
technology have been developed by
SGS-THOMSON and many are still
unmatched. Today’s leading edge is a
family of smart power technologies
integrating bipolar, CMOS and DMOS
on the same chip. Using this technolo-
gy the company has produced a new
generation of ultra-efficient power ICs
that are changing the whole approach
to power system design.

Just one example of the way this tech-
nology can be applied is the L6202
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-

Thanks to the high efficiency of Multipower-BCD technology’s DMOS power transistors, the L6202
H-bridge motor driver delivers 1.5A/48V with no heatsink.

bridge driver, containing a full DMOS
H-bridge power stage plus control cir-
cuits.

Because of the very high efficiency of
the power stage this IC can deliver
70W to the load yet it is assembled in
a DIP package.

Many more world-beating products

are included in this databook: the
L4970 switching regulator, L6230
brushless motor driver, L6114 quad
switch, the industrial power switch
family and much more. So if you're
looking for the brightest solution to
your industrial and computer periphe-
ral application problems you’ll find the
answer right here.
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SOLENOID, HAMMER, NEEDLE, RELAY
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UNIPOLAR STEPPER MOTORS

L297/A — Stepper Motor Controllers
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L7150/52 —Quad Darlington SWItCH .......curuiiriririier e e
L7180/82 — Quad Darlington Switch ..
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BIPOLAR STEPPER MOTORS

{
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L297/A — Stepper Motor CONIOIEIS .......cvieeieeeiiieeireetce et 253
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L6201 — 0.3 ohms DMOS Full Bridge DIIVET ........ccoeiriiriirieiiiiiceeti et 443
L6202 — 0.3 0hms DMOS Full Bridge DIIVET .....c.c.cteuiurieiiieiereinieesrinesesseess s eranes 455
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TEA3718/S — Stepper Motor Driver . .831
TEF3718/S — Stepper Motor Driver . .845
UAB/UAF4718 — Stepper Motor Driver ............ .907
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BRUSHLESS MOTORS
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DC MOTORS
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L298N — DUl FUll BrIAGE DIVEL ...ttt ettt ettt an e s e s eneesnee e s 263
L2720/2/4 — Low Drop Dual Power Operational Amplifier . ..285
L2726 — Low Drop Dual Power Operational Amplifier . ...293
UAA4003 — Switch Mode Regulator For DC Motors...... ...899
VvB100 — High Voltage Intelligent Power SWitCh ........c.ccoiiiiiiiiiiice s 979
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VOLTAGE REGULATORS

L296/P — High Current Switching Regulators ......

L387A — Very Low Drop 5V Regulator.........
L4901A — Dual 5V Regulator With Reset ......
L4902A — Dual 5V Regulator With Reset and Dtsable
L4903 — Dual 5V Regulator With Reset .................
L4904A — Dual 5V Regulator With Reset ..........
L4905 — Dual 5V Regulator With Reset and Disable
L4920/1 — Very Low Drop Adjiustable Regulators......
L4940 SERIES — Very Low Drop 1.5A Regulators.........
L4941/X — Very Low Drop 1A Regulators ....

L4960 — Power Switching Regulator .

L4962 — Power Switching Regulator ........

IN O—I_— 1 5 -O ouT
100nF ‘L
. T 100uF
_L—‘ 4 3 2
RESET
100nF T - out
Page
L200 — Adjustable Voltage and Current Regulator ...........c.cccciiniiiiiiiniiiiciccececene 159

L4964 — High Current Switching Regulator . .389
L4970 — High Current Switching REGUIAION .........c.ceiiiriieieeeieieeeei e 401
SG1524/2524/3524 — Regulating Pulse Width Modulator ............c.cccreeiiiiiiicice e 713
SG1525A/2527A/3527A — Regulating Pulse Width Modulator 721
TL7700A SERIES — Supply Voltage Supervisors ....... .883
UA4002 — Control Circuit for Fast SWItCh ...........ccooiiiiiiiiicicee e 887
UC1840/2840/3840 — Programmable, Off-Line, PWM Controllers .............ccceeierireiiireeeeeeeee e 921
UC1842/2842/3842 — Current Mode PWM Controllers .
UC1843/2843/3843 — Current Mode PWM Controllers .
UC1844/2844/3844 — Current Mode PWM Controllers
UC1845/2845/3845 — Current Mode PWM Controllers
GS-R400 — Switch Mode Regulator Module ...
GS-R400VB — Switch Mode Regulator Module ...
GS-R400/2 — Switch Mode Regulator Module ... .
GS-R51212 — Switch Mode regulator MOUIE .........c.oeeiiiieeieeieeeeeee ettt
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ISTA &t

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

m HIGH SPEED MULTIPLYING CAPABILITY

m TTL/CMOS/ECL/HTL COMPATIBLE

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

m 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 voitsto =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
AMG6012 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

(0.4)

X
[2]
[s¢]

PIN CONNECTION

81 1 ~ 20

B2 [] 2 19 [
B3 [ 3 18 []
B4 [] 4 17 [
85 [] s 16 [
B6 | 6 15 []
B7 L] 7 14 []
B [] 8 13 t]
Ba [] 9 12 [
Btol] 10 11 [

+Vs

Io

Io

-VEE
COMP.
VREF (-)
VREF (+)
GND/VLC
B12-15B
B114

A6012-2

112
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AM6012-AM6012A

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range 0to70 | °C
Storage Temperature —-65t0 + 125 | °C
Power Supply Voltage +18 \'
Logic Inputs —5to +18 \Y
Voltage at Current Outputs Pins —-8to +12 \'
Reference Inputs +Vsto —VEg +18V Vv
max Differential
Reference Input Current 1.25 | mA
CONNECTION DIAGRAM AND ORDERING INFORMATION
Differential Temperature
Type linearity (%) Range (°C) Package
AM6012PC 0.025
AM6012APC 0.012 0to70 DIP.20
AM6012 D 0.025
AM6012 AD 0.012 0to70 SO.20L
BLOCK DIAGRAM
MSB LSB
B4 B2 B3 B4 B5 B6 B7 B8 B9 B10B11B12
o ?—ﬁ—o—?—o——o—-«f—(;—-?—w-
1 2 3 4] 5|6(7(8|9]10[11]{12{19 , fout
© Iout
SEGMENT
AMB012 DECODER
| L5
1
! I
REFERENCE A
14  AMPLIFIER ASRHIRRDRRIRHINRRHE
SIS LIS LIS LI L&
4 =) 4 - . . ad
~ X _ BIAS
15 |- R R AR A NETWORK | Vs
16 CODE SELECTED
Rs2 |l R RY R Rl AL RL Rl R 0111 1111 1111 l
COMP.
SEGMENT GENERATOR 17 13
A6012-4 ) G‘P’ID
VEE
THERMAL DATA
Rthj-amb Thermal resistance junction-ambient l max 100 °C/W
2/2 (37 SGS-THOMSON
Y/, mu@&u,@@m@mgu)@g
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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
D.N.L Nonlinearity Deviation from ideal step size
13 — — 12 - — Bits
N.L. Nonlinearity Deviation from ideal straight line | — — +.05 | — — +0.05 | %FS
VRrer=10.000V .
IFs Full Scale Current R14=R15=10.000kQ 3.967 | 3.999 | 4.031 | 3.935 | 3.999 | 4.063 | mA
Ta=25°C
— +5 +20 — +10 +40 [ppm°C
TClgg Full Scale Temp.Co.
] — +.0005 | +.002 +.001 | £.004 PoFS°C
D.N.L. Specification guaranteed
Voc 8;?5“&;{:::?96 over compliance range -5 — +10 -5 — +10 v
it RouT>10 megohme typ.
IFss g;:'ni‘:':, IFsFs — | 202 | 10| — | £04 | 20 | 4A
Izs Zero Scale Current - - 0.10 - - 0.10 nA
- To +1/2 LSB, all bits ON or
Is Setting Time OFF, Tp=25°C — 250 500 - 250 500 | nSec
tPLH Propagation 0 o _ _
tPhL Delay - all bits 50% to 50% 25 50 25 50 | nSec
Cout Output Capacitance — 20 - - 20 - pF
ViL Logic | Logic “O” - — 0.8 — - 0.8
Input v
ViH Levels | Logic “1” 2.0 — - 2.0 - —
N Logic Input Current | Viy=-5to +18V - — 40 - - 40 uA
Vis Logic Input Swing Veg=-15V -5 — +18 -5 — +18 \
Iner zzfésnce Current 02 [ 10 [ 11 |02 | 10 [ 11 |mA
l45 Reference Bias 0 -05 | -20 0 -05 | -20 A
Current
N7 SGS-THOMSON 3/12
Y/. (11CROELECTRONICS
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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) = 80002
di/dt Slew Rate CC=O0pF 4.0 8.0 — 4.0 8.0 —  [mAls
PSSls + Ye =i*_1135f/" 0 +16.5V) — |<.00005 +.001| — |+00005| 001
gower Supply EE ——
ensitivit, = _
PSSlEs Y \‘;EE; 1 513‘5" to ~16.5V — |+.00025| £.001| — |+.00025] +.001
Vs Power Supply Vour=0v 45 - 18 4.5 - 18 v
Vee Range -8 | — [-108] -18 | — |-108
I+ — 5.7 8.5 - 5.7 8.5
Vg =+5V, Vgg=-15V
- Power Supply — -13.7 | -18.0 - -137 | -180 | 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= +15V, Vgg=-15V — 291 397 - 291 397

Fig. 1 - Relative Accuracy Error Fig. 2 - Example of Nonmonotonic Behavior
A
FULL SCALE \
ouTPUT outeUT
CURRENT] CURRENT
FULL SCALE
3LSB RELATIVE
ACCURACY ERROR
:DIFFERENTIAL LINEARITY ERRORS SEVERE
ENOUGH TO CAUSE NONMONOTONICY
2ERD 2ER0
> l >
> >
DIGITAL INPUT CODE DEGITAL INFUT CODE
A6012-10: : DIS 46012-10::L18
anz 37, SGS-THOMSON
w MICROELECTRONICS
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AM6012-AM6012A

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
AM6012. 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, lj and |2 are steered directly into the no-
ninverting output louT. 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 I4 will be in the mid-
dle, and all the switches in the 9-bit DAC will be
to the left. louT will be composed of lg, |1, I2 and
13. None of I4 will be directed into loyT until a hi-
gher code is reached. In other words, I3 is now
steered directly to loyT 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
0.98pA change in the analog output current
(ILSB=4mA x 1/4096 = 0.98iA). If in actual use,
however, a ILSB change in the input code results
ina change of only 0.24uA (1/4LSB) in output cur-
rent, the differential linearity error would be 0.74xA
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 less than 5%. The AM6012 is especially
well suited for these applications since it has in-
herently low differential linearity error.

Gy, SGS-THOMSON Shz
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AM6012-AM6012A

APPLICATION INFORMATION (Continued)

ANALOG OUTPUT CURRENTS

Both true and complemented output sink currents
are provided where lo + 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 Ip 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
AMB6012 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

612 Gy, 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
AMG6012 including the package is approximately
20pF; therefore, the output RC time constant do-
minates settling time if RL > 5000.

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 +2uA, therefore a 2.5k 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.
AMG6012 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; 0.1xF 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:

IRF P xax (IREF) =3.999 IREF,

_ 4
4096
where IREF =114

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 ampilifier.
R15 (nominally equal to R14) is used to cancel bias
current errors. (Figure 3).

Bipolar references may be accommodated by off-
setting VREF or pin 15. The negative common-
mode range of the reference amplifier is given by:
Vcm— =V — plus (IRer 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 0.1xF capacitor.

For most applications the tight relationship between
IREF and Irs 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 1TmA to 1xA.
Monotonic operation is maintained over a typical
range of IREF from 100xA 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 overall 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 V|N 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).

L7, SGS-THOMSON 7n2
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AM6012-AM6012A

Fig. 3 - Reference amplifier biasing

L°

VIN. RIN

VIN .___!) R15
f—o

R14

AMB012

14

IREF

REFERENCE
AMPL .

I0

10 +I0 = IFS
FOR ALL INPUT CODES

COMP. —-
o |t LotL e ur Tant.
T T I woes

v- v+ v- A6012-8: : LIB
Reference Configuration Rig Ris RiN Cc IREF
Positive Reference VR+ ov N/C .01uF VR +/R14
Negative Reference ov VR- N/C .01xF [-VR-/R1a
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.

[N A WON

in kQ. For R14< 8002 no capacitor is necessary.
. For negative values of V|N, VR4 /R14 must be greater than — V| Max/R|y so that the amplifier is not turned off.
. For positive values of V|\, VR4 must be greater than V|y Max so the amplifier is not turned off.

should be 800Q or less.

The compensation capacitor a function of the impedance seen at the + Vggr input and must be at least 5pF x R14(eq)

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

. For optimum settling time, decouple V - with 202 and bypass with 22uF tantulum capacitor.

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

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

4x10 Volt
4=

8/12

= 10kQ Ry4=Rys

28
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AM6012-AM6012A

Fig. 4 - Minimum size compensation capacitor

(lrs=4mA, Iggr=1.0mA)

Fig. 5 - Reference Amplifier Frequency response

R KQ Ce(pF (dB) I I l [ 1
14€0)(K9) c(pF) ——  SMALL SIGNAL
10 50 ---— LARGE SIGNAL
5 25
2 10 3
1 5 b
5 0 0 =
Note: A 0.01 uF capacitor is recommended for fixed reference operation. -3 \
-6 R14=2K \
Cc=10pF \
[ ] .
0.01 0.1 1 10
(MHZ)
A6012-11:: DT
Fig. 6 - Interfacing Circuits Fig. 7 - Accomodating Bipolar Reference
C M O S VREF +

O+ 15V

IIHHHHIHHI"

13

IREF > PEAK NEGATIVE SWING OF Iin

Io
RREF 44 18

VREF (+) o—— O
E AMBO 12
C L O {7} O
, 15 19
- VIN To
HIGH INPUT

IMPEDANCE

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

- 912
&7, 365 THomson -



AM6012-AM6012A

Fig. 8 - AM6012 Logic Inputs

2 mA
§ KoOhm -—
| |
| l A3 Rt
RoFF —— —
o on A
m
+10V [} VREF (0 A b—e YOUT
REF D
AMB012
VHBE: =) B
RA15 6 A2
R14 = VREF 10 Kohm
1.0mA OPTIONAL
(SEE CODE TABLE)
ROFF = REF M
2.0mA A6012-7::LIB
Output MSB LSB| Ig lg
Code Format Connec. Scale B1 B2 B3 B4 B5 B6 B7 BB BY B10 B11 B12 Vour
Straight bynary a-c Positive full scale Tt 1t 1t 1 1 1 1 1 1 1 13999 .000 9.9978
one polarity b-g Positive full scale-LSB t 11 1+ 1 1 1 1 1 1 1 0| 3998| .001 9.9951
with true input | R{=R2=2.5K |Zero scale 0000 OUOOOTOTO O0O O .000 | 3.999 .0000
code, true zero ’
Unipolar output.
Complementary a-g Positive full scale 000 O0OO0OUOOOTO0O 0 O .000 | 3.999 9.9976
binary one b-c Positive full scale-LSB 0000 0 O0OOOTU OO0 0 1 .001 | 3.998 9.9951
polarity with R1=R2=2.5K (Zero scale t 11 1 1 1 1 1 1 1 1 123999 .000 .0000
complementary
input code, true
zero output.
Straight offset a-c Positive full scale Tt 11t 1 1 1 1 1 1 1 1 1 | 3.999 .000 9.9976
binary; offset b-d Positive full scale-LSB T 11 1 1 1 1 1 1 1 1 0 ] 3.998 .001 9.9927
half scale, sym- -0 (+) Zero scale 100 0 0O 0O 0O O O O O O] 2000/ 1999 .0024
metrical about | R1=R3=2.5K |(-) Zero scale o1+ 1 1 1t 1t 1 1 1 1 1 1]1999 (2000 -.0024
zero, no true R2=1.25K |Negative full scale-LSB 000O0O0OTOOTU OOWOT OO 0 .001 | 3.998 | -9.9927
o . zero output. Negative full scale 000O OO OO OOTOTO OO .000 | 3.999 | -9.9976
Y
Offset 1's complement ac Positive full scale 01t 1t 1 1 1 1t 1 1 1 1 1]399 | .000 | 9.9976
offset half scale b-d Positive full scale-LSB o1+ 1 1 1 1 1 1 1 1 1 013998 .001 9.9927
symmetrical f-g (+) Zero scale 000 0 OO OOTOTO O 0 O0]2000 |1.999 .0024
about zero, no | R1=R3=2.5K |(-) Zero scale t 11t 1 1 1 1 1 1 1 1 11999 | 2.000 -.0024
true zero output R2=1.25K |Negative full scale-LSB 1000 O0OOUOUOTU OO O 1 .001 | 3.998 | -9.9927
MSB comple- Negative full scale 1000 0 O0OOUOUO O O O .000 | 3.999 | -9.9976
mented (need
inverter at B1).
Offset binary, e-a-c Positive full scale Tt 1 1 1 1 1 1 1 1 1 1] 3.999 .000 9.9951
offset half b-g Positive full scale-LSB t 11 1 1 1 1 1 1 1 1 0]3998 .001 9.9902
scale, true zero R1=R2=5K |+LSB 1000 0 O0OO0O O O O 0 12001 ]| 1998 .0049
output. Zero Scale 100 0 0 0 OO O O 0 0] 2000 |1.99 .000
-LSB o1+ 1t 1 1 1 1t 1 1 1 1 11999 [2.000 -.0049
Negative full scale+LSB |0 0 0 0 0 0 0 0 0 0O 0 1 .001 | 3.998 ( -9.9951
Offset with Negative full scale 000O0O0OUO0OTO0COTU OO 0 O .000 | 3.999 | -10.000
True zero 2's complement e-a-c Positive full scale o1+ 1+ 1+ 1 1 1 1 1 1 1 113999 .006 9.9951
offset half scale b-g Positive full scale-LSB o1+ 1+ 1 1t 1 1 1 1 1 1 0]3998 .001 9.9902
true zerooutput | R1=R2=5K |+1LSB 000 0 O O0OO0OOTUO O 0 1]2001 | 199 .0049
MSB comple- Zero scale 0000 0 O0OOOO0OO O O 0] 2000 |(1.999 .000
mented (need -1LSB t1 1 1 1 1 1 1 1 1 1 11999 | 2.000 -0.049
inverter at B1) Negative full scale+LSB {1 0 0 0 0 0 0 O 0 O o0 1 .001 | 3.998 | -9.9951
Negative full scale 1000 00 O0O OO0 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.
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AM6012-AM6012A

Fig. 9 - Basic Negative Reference Operation
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AM6012-AM6012A

Fig. 13 - Interface with 8-bit Microprocessor Bus
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Fig. 14 - Interface with digital signal processor TS68930/31
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DAC0808
DAC0807
DAC0806

8-BIT D/A CONVERTERS

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

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

m HIGH SPEED MULTIPLYING INPUT SLEW RA-
TE: 8 mAlus

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 Irer/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) SO-16J
and Ceramic

PIN CONNECTION

—
n.c.[]1 16[ ] comp
eno [ 2 15[ ] (-) VREF
-vee[] s 14[] (+) vREF
10 [|4 13;] +vs
a1 []s 12[] a8
a2 [|s 11[] a7
A3 E7 10[] 46
s [|8 (] as
DACO808-13

111
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Vs +18 \Y
VEE -18 \"
Digital Input Voltage V5-V12 —-10Vito +18 \"
Reference Current, l14 5 mA
Reference Amplifier Inputs, V14, V15 Vce , VEE
Operating Temperature Range
DAC0808L -55°C<Ta<+125 °C
DAC0808LC/D1 0<Ta<+75 °C
Storage Temperature Range —-65°Cto +150 °C
ORDERING INFORMATION
Temperature Plastic Ceramic
Accuracy range DIP-16 DIP-16 So-18
8 bit 0 to 75°C DACO0808LCN DAC0808LCJ DAC0808D
7 bit 0 to 75°C DAC0807LCN DAC0807LCJ DAC0807D
6 bit 0 to 75°C DACO0806LCN DAC0806LCJ DAC0806D
8 bit —55to 125°C — DAC0808LJ —
BLOCK DIAGRAM
+VS Al A2 A3 A4 AS A6 A7 A8
o) 0O Q 000 O 0 O
13 5 |6 |7 |8 |9 |10 |11 |12
BIAS I I 4
‘ O
CURRENT & (g (‘) LJ) (5 (B CB g) vo
14 SWITCHES =4 L= -] LT L™
+0O L_
VREF ia
-0 15 _
16
IE
COMPO -VEEO DACOB08-1
THERMAL DATA
Ceramic Plastic
DIP-16 $0-16 DIP-16
Rthj-amb * Thermal resistance junction-ambient max 150°C/W 120°C/W 100°C/W
2/11 "
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DAC0808-0807-0806

ELECTRICAL CHARACTERISTICS
(Vs=5V, VEE= — 15V, VREF/R14=2 mA, TaA=TmIN 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 lp)
DAC0808L +0.19 %
DAC0807LC/D1 (Note 1) +0.39 %
DACO0806LC/D1 (Note 1) +0.78 %
Settling Time to Within 1/2 LSB | Ta=25°C (Note 2) 150 ns
(Includes tp ) (Figure 11)
:Eh‘: 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 Vpc
MSB Digital Input Current (Figure 9)
High Level V=5V 0 0.040 mA
Low Level ViL=0.8V —0.003 -0.8 mA
l45 Reference Input Bias Current (Figure 3) -1 -3 rA
Output Current Range (Figure 9)
Vgg= -5V 0 2.0 21 mA
Vgg= —15V, Ta=25°C 0 2.0 4.2 mA
lo Output Current VRerF=2.000V.
R14 =1000Q
(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%, Tp=25°C
VEg= -5V —0.55,+0.4 \
Vgg Below —10V -5.0 ,+0.4 \
SRIger Reference Current Siew Rate (Figure 14) 4 8 mA/us
Output Current Power Supply —5V=Vgg=-16.5V 0.05 2.7 rAIV
Sensitivity
Power Supply Current (All Bits Low) (Figure 9)
Is 2.3 22 mA
153 -43 -13
Power Supply Voltage Range Ta=25°C (Figure 9)
Vs 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.Vgg=—-15V 106 305 mwW
All Bits High Vg=15V.Vgg= -5V 90 mW
Vg=15V.Vgg = - 15V 160 mwW

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.

3/11
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Fig. 1 - Supply Current vs

Fig. 2 - Supply Current vs Supply

Fig. 3 - Supply Current vs Supply

Temperature Voltage (Vgg) Voltage (Vg)
T T T T 1T 1T T 11 | I S IS B T T T 1T T T 11
I cc
(ImCAC) —]ALL BITS HIGH OR Lowl- (chc) HALL BITS HIGH OR LOWH (pa) [{ALL BITS HIGH OR Loﬂ
Z A
8 Iy 4 =2mA 8 [ 8
I (I;4 =2mA)
EE 114 =M
: Setee| s 5
Teg (Ig 4 =1mA) Teg (Ig4=2mA)
4 4 et 4
Tg g (14 4=0.2mA)
T |
I
2 = IS 2 T 2
' Is Ig (I,4=2mA)
0 | ! 0 L0
-60 0 50 100 T,(°C) 0 4 8 12 Vgg (V) 0 4 8 12 Vg (V)

Fig. 4 - Logic Input Current vs

Input Voltage
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2
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Fig. 5 - Bit Transfer Characteristics

Fig. 6 - Output Voltage Compliance

Fig. 7 - Output Voltage Compliance
vs Temperature

Fig. 8 - Frequency response
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10 Vo (V)

Unless otherwise specified: R14 =
R15=1kQ, C=15 pF, pin 16 to Vgg;
R =50Q, pin 4 to ground.

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

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

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




Te

st Circuits

FIGURE 9. Notation Definitions
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DAC0808-0807-0806

FIGURE 11. Transient Response and Settling Time
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DAC0808-0807-0806

FIGURE 14. Reference Current Slew Rate Measurement
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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 vaiues are 15,37 and 75 pF.
The capacitor may be tied to either VEE 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.

o7.
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DAC0808-0807-0806

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 5000
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 DAC0808 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 nA) 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.

8/11 Ly7 SGS-THOMSON
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Then the DAC0808 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 DAC0808.

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 yA to
4 mA, the additional error contributions are less
than 1.6 pA. 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-
se timers apply when RL <500 ohms and Cp <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.
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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 l14 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. Rs can be set for
a +1.0 mA variation in relation to 114. l14 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

‘7_1 SGS-THOMSO

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 Vet (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).

N 9/11
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DAC0808-0807-0806

TWO-DIGIT BCD CONVERSION

Two 8-bit, D-to-A converters can be used to build
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-
ved with a resistive current divider. If current out-
put is desired, the units may be operated at full
scale current levels of 4.0 mA and 0.4 mA with the
outputs connected to sum the currents. The error
of the D-to-A converter handling the least signifi-
cant bits will be scaled down by a factor of ten and
thus an DAC0806 may be used for the least signi-
ficant word.

FIGURE 16.
+5v

MSB g 13? 14_ 5
AL O VREF=10V
A2 O'—7"
A3 O 15 __ SKkohm
A O% DAC |2

9 5Kohm

A5 O+ 0808 |,
AB OH
A7 O
ae 023 1

LsB

3 {
100nF|
-15v0O DAC0B08-2

FIGURE 17. Combined output amplifier and voltage
reference circuit

RO = 5K

g -
COgq 25pF
1=

bAcosos-17

10/11

‘y—l SGS-THOMSON

FIGURE 15. Programmable Gain Amplifier or Digital
Attenuator Circuit
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FIGURE 18. Panel meter readout circuit

? +Vs
13
14  R14

4
DAC [156
<<

1 ['s})
0808 2 E

o

VREF

055550

-
-

16

3 ‘i ¢ Dacosos-10
~VEE ()—éJ

(%) DIGITAL WORD FROM COUNTER/REGISTER

Ts?

w MICROELECTRONICS

42



DAC0808-0807-0806

FIGURE 19. Digital summing and character generation
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FIGURE 20. Analog product of two digital words (High Speed Operation)
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‘FIGURE 21. Two-digit BCD conversion
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ESM1600B

a MINIMUM HYSTERESIS VOLTAGE AT EACH
INPUT : 0.3V

s OUTPUT CURRENT : 15 mA

s LARGE SUPPLY VOLTAGE RANGE : + 10 Vto
+35V

s INTERNAL THERMAL PROTECTION

= INPUT AND OUTPUT CLAMPING PROTEC-
TION DIODES.

DESCRIPTION

The ESM1600B is a quadruple comparator intented
to provide an interface between signal processing
and transmitting lines in very noisy industrial sur-
roundings.

Output of each comparator, used as line driver, sup-
plies a constant current (PNP output stage) and is
specially well protected against powerful overvol-
tages. The open collector output circuit allows the
connection of several comparators to a single trans-
mitting line.

The ESM1600B can operate as receiver on a line
transmitting noisy high-voltage signals. Hysteresis
effect, internally implemented on inputs of each
comparator provides an excellent noise immunity.
In addition, each input is also protected against
overvoltages.

PIN CONNECTIONS (top view)

QUAD COMPARATOR INTERFACE CIRCUIT

The ESM1600B can operate in a wide supply vol-
tage range (standard operational amplifier + 15 V
supply or single + 12 V or + 24 V supplies used in
industrial electronic sets).

Moreover, internal thermal protection circuitry cuts
out the output current of the four comparators when
power dissipation becomes excessive.

DIP-14/2
(Plastic)

ORDER CODES : ESM1600B (DIP-14)
ESM1600BFP (SO16J)

DIP-14 SO16J
1 -Inverting input 1
A4 2 -Non-inverting input 1
1 -Inverting input 1 10 :I 16 3-Outputt
A4 2 -Non-inverting input 1 2] J ) 4 -Non-inverting input 2
10 s 3-Output 1 5 5-Inverting input 2
2 4 -Non-inverting input 2 3 14 6 -Output 2
0 Ne nver :
5 - Inverting input 2 s 7-GND
3] 010 6-Output 2 Q ARE 8-N.C.
7-GND 5 12 9-N.C.
4 011 8 -Output 3 g j 10 -Output 3
5 012 9 - Inverting input 3 6 [: 111 11 -Inverting input 3
10 - Non-inverting input 3 12 -Non-inverting input 3
it 113 11 -Output 4 70 [0 13 -Output 4
7 N1a 12 -Non-inverting input 4 s [ Mo 14 -Non-inverting input 4
13 - Inverting input 4 15 -Inverting input 4
14 -Vee 16 -Vec
September 1988 1/7

45



ESM1600B

ABSOLUTE MAXIMUM RATINGS

|Symbol ‘ Parameter value —““T Unit 7
| Voo | Supply Voltage B 45 v
| Vip | Differential Input Voltage 45 i Y |
| Vi | Input Voltage - 0.7 to + 45 Y \
{ 1o (max) | Output Current - internally Limited | mA |
Piot Power Dissipation o _Internally Limited W‘\ w :
| Top | Operating Ambient Temperature Range B B  —2510+85 i _17 °C |
| Tstg Storage Temperature Range — 40 to + 150 ‘ °C |
SCHEMATIC DIAGRAM
4 Vee
1000 2500 500 25
- 2 Q2 2 Q2
X
Common supply
a:md the(m?' L ]
SRR (
, 1: 2kQ 2k2
Non-inverting
input
i< \Y
I . D] o]
O
7 3 y
-
‘: 600 2 600 2 120 2
GND
1/4 ESM1600B N
2/7
‘_ SGS-THOMSON
Y/ icroeLECTRONICS

46



ESM1600B

ELECTRICAL CHARACTERISTICS Voe =+ 35V, -25 °C < T,y < + 85 °C (unless otherwise
specified)

| Value
| Symbol | Parameter . Unit Fig.
| - Min. Typ. Max. ‘
IRV | Input Voltage Range - Note 1 Y% -
Vi Non-inverting Input 0 - 33 '
| Inverting Input 2 - 33
o Ve i Input Control Voltage (2 V < Veu < 33 V) - Note 2 150 - 500  mvV 1
| lig | Input Bias Current - Note 3 b= 1 5 uA L -
Isc | Short-circuit Output Current mA 2
| | Vec=+10to +35V L6 - 25
Vee—Vo | Output Saturation Voltage (high level) - (Io =— 10 mA) | - ) 1 15 Vv
loL | Output Off-state Current (V\"* =2 V, V| =33 V) - 1 5 HA
| lon |
lcc | Supply Current
‘ R = = for the 4 Comparators - 3 5 mA 5
| 7 i RL Common for the 4 Comparators - 9 12
| Svo | Output Slew-rate (Ri =3 kO, Tamy =+ 25 °C) T - - Vius -
‘ Ve | Input Protective Diode Forward Voltage (I = 20 mA, - - 1.5 Vv -
| Tamo =+ 25 °C) |
\ - i Energy of Pulses against which Circuit Output is |
‘ Protected. [ - 20 m -
‘ | (Tamo =+ 25 °C) - Note 4 |
J - | Pulsed Current Applied to Protective Output Diodes A 6
| (Tamb =+25 OC) - Note 5 — 04 —

Notes : 1. When negative input is biased between 0 and 2 volts output is always low.

2. Comparator hysteresis voltage on positive input on the one hand and negative input on the other hand equals sum of input control
voltages Vei + Vez or Ves + Ves

3. Input current flows out of the circuit owing to PNP input stage. This current is constant and independent of output level. So no load
change is transmitted to inputs.

4. By definition, a circuit is immunized against powerful signals when no durable characteristic change occurs after the application of
these signals and when the circuit has not been destroyed.

In industrial surroundings, parasitic signals contain usually high voltage (over 200 V) AC harmonics having variable impedance of
500 Q to 10 KQ.

The power dissipation of these signals is divided between clamping diodes and the Vcc. Simulation is used to determine the maxi-
mum energy level. The injected current value cannot in any case exceed 3 A.

5. Output protective diodes are tested individually by means of positive and negative discharge voltages of a capacitor. The negative
discharge control occurs through a single diode. During positive discharge, due to the properties of integration, a grounded collec-
tor PNP transistor appears in parallel with the clamping diode connected to Vcc. A part of the current flows through this transistor,
Vce being greater than Vce. If T is the total discharge duration, energy dissipated in the circuit is :

Comparator output p——O VCC

T )
W=f [i1 . vd +i2 (vee « va) J ot
(e}

For a certain injected current, the lower the current Iz, that is to say the lower the PNP current gain the smaller the energy is dissipated in !
the circuit. Topology and technological processes have been chosen to shorten this current gain.

37
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ESM1600B
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INPUT BIAS CURRENT (LA)

OUTPUT SATURATION VOLTAGE (V)

Figure 1: Input bias current
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Figure 3: Output saturation voltage
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Figure 2: Output saturation veltage
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ESM1600B

TYPICAL APPLICATIONS
Figure 5 : Conversion of DTL, TTL, MOS Signals on a Transmitting Line.
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10 kQ

A +15V
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— 1/4
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S—Ts} +
10 k02 e
~ 14 K ’
ESM16008
g l & Lr %
10 kQ
Figure 6 : Reception of Highly Noisy Signals.
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ESM1600B

TEST CIRCUIT
Figure 7.

Vol
Vet Ve2
vo=fivh |*=—— |7/ *
3
Vee

- +254_
lo +325V 1

Vo=fv, ) ]=

Ves Vca
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Figure 8.

Figure 9.
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Figure 10.
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ESM1600B

Figure 11. Figure 12.
v
Vee 4cc
133V O—
14 13121110 9 8 +
1/4 500 §2
. ESM16008
E’M‘GGJB
3 4 6 7 P + 200 V
i 40 nf
12V O
cc 800 Q2
Figure 13 : Response Time.
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ESM1602B

QUAD COMPARATOR INTERFACE CIRCUIT

= MINIMUM HYSTERESIS VOLTAGE AT EACH
INPUT : 0.3V

= OUTPUT CURRENT : 15 mA

» LARGE SUPPLY VOLTAGE RANGE : + 10 V
TO+35V

= INTERNAL THERMAL PROTECTION

= INPUT AND OUTPUT CLAMPING PROTEC-
TION DIODES

DESCRIPTION

The ESM1602B is a quadruple comparator inten-
ded to provide an interface between signal proces-
sing and transmitting lines in very noisy industrial
surroundings.

Output of each comparator, used as line driver, is
well protected against powerful overvoltages. The
output is a common emitter stage including comple-
mentary transistors. This arrangement ensures that
no simultaneous conduction of high and low stages
can occur in the presence of noise signals. Short-
circuit currents toward Vcc and ground are limited
to the same value.

The ESM1602B can operate as receiver on a line
transmitting noisy high-voltage signals. It has the
same input stage as ESM1600B. Hysteresis effect,
internally implemented on inputs of each compara-
tor provides an excellent noise immunity. In addition
each input is also protected against overvoltages.

PIN CONNECTION (top view)

DIP-14
1 - Inverting input 1
2 - Non-inverting input 1
~7 3 - Output 1
1[0 s 4 - Non-inverting input 2
2] 1K 5 - Inverting input 2
6 - Output 2
30 1o 7 anp
4[] 711 8 - Output 3
5 ] 12 9 - Inverting input 3
10 - Non-inverting input 3
6 (] 113 11 - Output 4
7 [J14 12 - Non-inverting input 4
13 - Inverting input 4
14 - Vce

The ESM1602B can operate in a wide supply vol-
tage range (standard operational amplifier + 15 V
supply or single + 12 V or + 24 V supplies used in
industrial electronic sets).

Moreover, internal thermal protection circuitry cuts
out the output current of the four comparators when
power dissipation becomes excessive.

l
DIP-14/2

(Plastic) !

| SO-16J |

ORDER CODES : ESM1602B (DIP-14) j
| ESM1602BFP (SO-16)

- Inverting input 1

- Non-inverting input 1
- Output 1 |
- Non-inverting input 2 |
- Inverting input 2 '
- Output 2 l
-GND

-N.C. !

10 gm
2 15
qo b
4[] 013
5 [ 712
sE 11
7 [ 10
8 [ 19

0 N s WN =

©

-N.C.

- Output 3

- Inverting input 3

- Non-inverting input 3

- Output 4 |

- Non inverting input 4 J
i
\

a s 0N = O

- inverting input 4
- Vee

(=}
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ESM1602B

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter T Value Unit
Vee Supply Voltage 45 \
Vip Differential Input Voltage 45 Y
Vi Input Voltage — 0.7 to + 45 \

lo(max) | Output Current Internally Limited mA
Piot Power Dissipation Internally Limited w
Top Operating Ambient Temperature Range —25t0 + 85 °C
Tstg Storage Temperature Range —40to + 150 °C

SCHEMATIC DIAGRAM

l {dVcc
r 1; 1000 2500(] 800 (] 500 25
Q Q Q Q Q
Common supply |
and thermal
protection +— ]F
. . 1: 2k 2k
Non inverting H
input 1
1
Inverting e
input O 4 ¢ Vo
'
[] 70
kQ2
) 4 %t
! 120 1
rey IV
600 800 50 28
Q Q K2 Q
1 GND
A\
1/4 ESM16028 ’
28 (57 SGS-THOMSON
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ESM1602B

ELECTRICAL CHARACTERISTICS Ve =+35V,-25C<Ty, <+85°C
(unless otherwise specified)

- ‘ !
rSymboI Parameter J _Value | unit | Fig.
! ! Min. | Typ. | Max. | |
E Input Voltage Range - Note 1 ‘ ; ‘ VA |
[ v~ Non-inverting Input | 0 |- | 33 | \ ‘
| ] - Inverting Input |2 o 33 i | J
Lk\iggﬁilppgiggg}rol Voltage (2 V < Vcm < 33 V) - Note 2 | 150 | - | 500 | mv | 8 |
[ e Input Bias Current - Note 3 o= 1 5 | uA -
AL s oles VEE T | : | !
[ lsc Short-circuit Output Current i | ! | mA |
| Vee =+ 10to + 35V L 6 | - 1 25 | °
| Vce-Vo | Output Saturation Voltage (high level) - (Io =— 10 mA) | - | 1 |15 ‘ Vv 11
[ 222 T2 | | | I 1

Vo Output Saturation Voltage (low level) - (Io =+ 10 mA) - 1 16 | v | 12
- po o T 0w U | | | |
\ lce Supply Current | | { | mA |
‘ R = for the 4 Comparators [ - ‘, i
j R Common for the Comparators ' - | 10 [ 13 | | 13,14
[ Svo | Output Slew-rate (R, =3 K, Tamp = + 25 °C) IR _L Vs :_ -
[ Ve Input Protective Diode Forward Voltage (I = 20 mA, [ - o= | 15 Vv -
J ' ’ |

Tamb =+ 25 °C) - - L [ e

[ - Energy of Pulses against which Circuit Output is | } | | mJ | -
| Protected ' | | |
J (Tamo = + 25 °C) - Note 4 | - | - | 20 | '
| - Pulsed Current Applied to Protective Output Diodes | - i A [ 15
L | (Tamy =+25°C)-Note5 B I LT T R R
Notes : 1. When negative input is biased between 0 and 2 volts output is always low.

2. Comparator hysteresis voltage on positive input on the one hand and negative input on the other hand equals sum of input control

Comparator output

For a certain injected current, the lower the current Iz, that is to say the lower the PNP current gain the smaller the energy is dissipated in
the circuit. Topology and technological processes have been chosen to shorten this current gain.

voltages Vei + Vez or Ves + Vea.

. Input current flows out of the circuit owing to PNP input stage. This current is constant and independent of output level. So no load

change is transmitted to inputs.

. By definition, a circuit is immunized against powerful signals when no durable characteristic change occurs after the application of

these signals and when the circuit has not been destroyed.

In industrial surroundings, parasitic signals contain usually high voltage (over 200 V) AC harmonics having variable impedance of
500 Q to 10 KQ.

The power dissipation of these signals is divided between clamping diodes and the Vcc. Simulation is used to determine the maxi-
mum energy level. The injected current value cannot in any case exceed 3 A.

. Output protective diodes are individually by means of positive and negative discharge voltages of a capacitor. The negative dis-

charge control occurs through a single diode. During positive discharge, due to the properties of integration, a grounded collector
PNP transistor appears in parallel with the clamping diode connected to Vcc. A part of the current flows through this transistor, Vce
being greater than Vcc. If T is the total discharge duration, energy dissipated in the circuit is :

T . .
W=f [i1-vg+i2 (Vec + vg) ]dt
o

]
|
i
|
|
|
|
|
i
|
|
I
|
l
J
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ESM1602B

Fig. 1 — INPUT BIAS CURRENT.
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TYPICAL APPLICATIONS
Figure 5 : Conversion of DTL, TTL, MOS Signals on a Transmitting Line.
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Figure 6 : Reception of Highly Noisy Signals.

120 k2

33 k2 60 kQ

1/4
100 k(2 ESM1602B
Line = g —{ }

Line

__ESM16028

5/8

— - - G ST

57



ESM1602B

Figure 7 : Free-running Square Wave Oscillator.
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ESM1602B

Figure 9. Figure 10.
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ESM1602B

Figure 16 : Response Time.
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T SGS-THOMSON
/4 MICROELECTRONICS GS-D050

0.5 A SWITCH MODE BIPOLAR STEPPER MOTOR
DRIVER MODULE

s« NO EXTERNAL COMPONENT REQUIRED 1 |

= INPUTS TTL/CMOS COMPATIBLE

= LOGIC INHIBIT/ENABLE ! !

=« CHOPPER REGULATION OF MOTOR BIPO- | |
LAR CURRENT |

»« PROGRAMMABLE MOTOR CURRENT
(0.5 A max) (by steps or continuously)

= WIDE VOLTAGE RANGE (10-46 V) |

= FULL-STEP, HALF-STEP AND QUARTER- |
STEP OPERATIONS |

« OVERTEMPERATURE PROTECTION

DESCRIPTION ‘ ORDER CODE : GS-D050 |
The GS-DO050 is a driver for bipolar stepper motors | '
that directly interfaces a microprocessor and two i
phase permanent magnet motors. |

The motor current is controlled in a chopping mode | |
up to 0.5 A. The small outline makes the GS-D050
ideal when space is a premium. ' —

ABSOLUTE MAXIMUM RATINGS

| symbol | ~ Parameter | vale | Unit|
S (N ket A Bl

' Vg I Supply Voltage - [ 46 |V

| Ve | logoSuppyVotge | 7T V|

| Vi ' Logic Input Voltage 6 \

;_. SIS S S S — r_ _

1o | Peak Output Current S R S N N

[ Vet 1_F{eference Input Voltage | 5 Y}

|  Tsig | Storage Temperature Range | —40to + 105 | °C

: Tcop | Operating Case Temperature Range | -20to+85 777_»_'1“_“9*4

THERMAL DATA

| Rt ca) J Case-ambient Thermal Resistance Mg{J:;ijO_4 | ;C/Vi
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GS-D050

MECHANICAL DATA (dimension in mm)
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~_GS-D050

EQUIVALENT BLOCK DIAGRAM OF GS-D050
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