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| 'Specificati(jns and Applications
- | Information

SIX BIT, MULTIPLY NG,

SIX BIT, MULTIPLY ING
DIGITAL-TO-ANALOG CONVERTER |

. . . designed for use where'the odtput current is a linear product
of a six-bit digital word and an analog input voltage.

Digitat Inputs are MDTL and MTTL Compatible
Relative Accurécv — £0.78% Error maximum
Low. Power D'issipétion -- 85 mW typical @ £5.0V
Adjustable' Qutput Current Sca.ling .

Fast Setiling Time - 160 ns typical

Standard Supply Voltage: +5.0V and -5.0V to -15

e o o ® .8 8

DIGITAL-TO-ANALQG
- CONVERTER, " -

SILICON Qg&ﬂﬁ}r’rmc
INTEGRATED CIRCUIT
e _éﬂ’ .

CERAMIC PACKAGE
CASE 632
TG-116
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FIGURE 2 — D-to-A TRANSFER CHARACTERISTICS

INPUT WORD
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Tracking A-to-D Converters .
Successive Approximatian A-to-D Converters
Digital-to-Analog Meter Readout

Sample and Hold .~ '

Peak Detector )
Programmable Gain and Attenuation

Digital Varicap Tuning

Video Systems

EEEENNE RN
EEEEEEREE

TYPICAL APPLICATIONS

-Analog-Digital Multiplication

Stepping Motor Drive
CRT Character Generation
Digital Addition and Subtraction

Digital-Digital Multipiication
Analog-Digital Division
Programmabie Power Supplies
$peech Encoding -

MOTL and MTTL arg trademarks of Materols ine.
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MAXIMUM BATINGS (Tp = +25°C unless otherwise noted.)

Yalue .

Rating Symbol Unit
Power Supply Vottage " Vee +5.5 Vdc
’ : : VEE -16.5
Digital Input Voltage Vg thru Vg +8.0, Vgg- Vdc
Applied Output Voltage Yo +5.0 Vde
Reference Current 112 5.0
Reference Amplifier tnputs V12, Vi3 Voo, VEE
Pawer Dissipation (Package Limitation} P .
-Ceramic Package 1000
Derate above T =+259C 6.7
Operating Temperature Range . Ta ~
B . MC1506L ) -65 to +125
MC1308L Ow+70 N
Starage Temperature Range Tstg -65 10 +150: )
Characteristic Figure Max Unit
Relative Accuracy (Ervor relative to full scale L) 10 +0.78 %
Settling Time (within 1/2 LSB [inctudes tg] T = +256%C) 300 ns
Propagation Delay Time 50 ns
Ta = +259C .
Output Full Scale Current Drift - PPM/°C
Digital Input Logic Levels Vde
High Level, Logic “1" ViH p .} - -
Low Level, Logic "0 ViL - — - pg
Digital input Current 313 ma
High Levet, Vi =560V . - IH - ¢ | +0.01
Low Level, V=08V e - -0.7 -15
He'farence'lnput Bias _Current [Pin13) 143 - -0.002 -0.01 ma
Output Current Range ' 3 lor - mA
VEE = -5.0V 0 2.0 2.1 -
Vgg = 6.0 10 ~16 V ¥ 20 42
Output Cusrent 3 o mA
Vyef= 2,000 Vv, H12-1000k 1.9 197 | 21
Qutput Current - 3 Io{min] Iy
{all bits high) : - 0 10
- Qutput Voltage Comp!ﬁg’ %{;‘f 345 VO+. - "+0.25 0.1 Vdc
(E, < £0,78% at T#:=,225%C) vo.- - ~0.45 |. -0.3
Reference Currenf@ i Rate 8,15 SR Iyt mAfus
Ta = +25/?3§ 9 - 2.0 -
Output (;yl%ent Power Supply Sensitivity 10 PSRR{-} — 0.002 0.010 mASY
Power@;pﬁw Current ' 3,11,12 —
LA Ice - +7.2 +11
Al fthru AB:V i = 24V IEE - 90 | -1
Power Dissipation {alf bits high) Pn my
Vg = -5.0 Vde . - 85 120
VEE = -15 Vde — 175 240

Tiow = 0°C far MC1406L
= _559C for MIC1506L

*Thigh = +70°C for MC1406L
= +126°C for MC 1506L

(MC1 506 - Paﬁe 2)
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The MC1 506L consists 6f a reference current amplifier, |

an R-2R ladder, and six high-speed current switches. For
many applications, only a reference resistor and a reference
supply voltage need be added. '

The switches are inverting in operation, therefore a fow
state at the input turns on the specified output current
cemponent. The switches use a current steering technique
for high speed and a termination amplifier that consists of
an active load gain stage with unity gain feedback, .The
tern‘iination'amplifier holds the parasitic capacitance of the
ladder at a constant voltage durin'g switc'hing and provides
a low impedance termination of equal voltage for all legs
of the ladder.

The R-2R ladder divides the reference ampllfler current
into binarily-retated components which -are fed to the
switches. Note that there is always a remainder current

“that is egual 1o the least significant ‘hit. This current is

shunted to ground, and the maximum current is 63/64 of-

the reference amplifier current, or 1.969 mA for a 2.0 mA
reference. current if the NPN current source pair is
perfectl_v matched.
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Vg, OUTPUT VOLTAGE PIN 4 {Vdc)

TEST CIRCUITS AND TYP!CAL CHARACTERISTICS

FIGURE 3 ~ NOTATION DEFINITIONS TEST CIRCUIT
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FIGURE 4 — QUTPUT CURRENT versus QUTPUT VOLTAGE'
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FOWER SUPPLY CUR

TEST CIRCUITS and TYPICAL CHARACTERISTICS (continued)

FIGURE 9 — TRANSIENT RESPONSE
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FIGURE 12 — TYPICAL POWER SUPPLY CURRENT versus VEE
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TYPICAL CHARACTERISTICS {continued)

FIGURE 13 — LOGIC INPUT CURRENT versus INPUT VOLTAGE
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FIGURE 14 — MSB TRANSFER CHARACTERISTICS
versus TEMPERATURE (MSB'1S "WORST CASE”)
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‘the te rmination &

" resister ladder.

'GENERAL INFORMATION

© Output Current Range

The output current maximum rating of 4.2 mA may he

- wysed only for negative supply voltages below -6.0 volts,

due to the increased voltage drop across the 40 \T‘sm
resistors in the reference current amplifier.

Cutput Voltage Compliance
'The MC1806L. current switches hav

current switch is turned "‘offs, the follower emitter is
near ground and a pDSItWEr?_!téﬁ?t e'on the output terminal
can turn “on” the outped e!f‘hgie and increase the output
current level. When & ft switch is turned “on”, the
negative output vgltageisange is restricted. The base of
it Darlingtan amplifier is one diode
voltage beiow g au"ﬁd thus a negative voltage below the
specified sa’ﬁ; «fwel will drive the low current device of the
Darlmégton mto saturation, decreasing the output current

blts With a full scale output current of 20 mA, the
maximum resistor value that can be connected from Pin 4
to.ground is 150 ohms.

' Accuracy

Absolute accuracy is the measure of gach output current
tevel 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 &
fraction of the full scale current. The relative accuracy of
the MC1508L is essentially constant with temperature due
to the excellent temperature tracking of the monolithic
The reference current may drift with
temperatore, causing a change in the ahsolute accuragy
of output current,

The best temperature performance is achieved with a
-6.0 V supply and a reference voitage of -3.0 volts. These
conditions match the voltage across the NPN current source
pair in-the reference amplifier at the towest possible volt-
agé, matching and optimizing the output impedance of
the pair,

The MC1506L/MC 14061 is guaranteed accurate to with-
in £1/2 LSB at +25°C at a full scale output current of
1.969 mA. This corresponds to a reference amplifier cut-
put current drive to the ladder of 2.0 mA, with the loss of
one LSB = 31 pA that is the ladder remainder shunted to
ground. The input current to Pin 12 has a guaranteed
current range value of between 1.9 to 2.1 mA, allowing

{MC15086 — Page 6}, -



GENERALINFORMATION (contmued)

some rnlsmatch in the NPI\i current source pair. The
accuracy test circuit is shown in Figure 10. The 12-bit
converter is calibrated for a full scale output current of
1.969 mA, This is an optional step since the MC1506L

“accuracy is essentially the same between 1.5 to 2.5 mA.

Then the MC1506L full scale current js trimmed to the
same value with R12 so that a zero value appears at the
error amplifier output. The counter is activated and the
error band may be displayed on an oscilloscope, detected
by comparators, or stored in a peak detector.
Two 6-bit D-10-A converters may not be used to con-
‘struct a 12-bit accurate D-to-A converter. 12-bit ac‘éuracy
implies a total error of £1/2 of one part in 4096, or

+0,012%, which is more accurate than the £0.78% spec:ifl-- .

cation provided by the MC1506L..

Mult:pi ying Accuracy’

"The MC1508L may be used in the multlplylng mode

with six-bit accuracy when the reference current is varied
over a range of 64:1. The major source of error is the
bias current of the termination.amgplifier. Under “worst
case” econditions these six amplifiers can contribute a total
of 6.0 A extra current at the output terminal. |f the
reference current in the multiplying made ranges frorm*
60 A to 4.0 mA, the. B.0 A contributes an ef
0.1 LSB. This is weil within six-bit accuracy,

A monotonie converter is one which supp i

Settiing Time

The “worst case™ s
- bits are switched “og®

_ 6\&@&5- single swnch is the least significant hit,
whic rﬁ§ "on and settles in 50 ns and turns "off”" in

in a ‘positive-going ramp mode, tHe ”Worst case”
itching condition daes not occur, and a settlmg tlme
of less than 150 ns. may be realized.

" Reference Amplifier Drive and Compem%at_ion'
The referénce amplifier provides a voltage at Pin 12 for
‘converting the reference voltage to a current, and & turn-

MOTOROLA Sem:conductor Praducts J’nc.
- {MC1506 — Page 7)

around circuit or curreht mirror for feeding the ladder.

The reference amplifier input current, 112, must always

flow into Pin 12 regafdless of the setup method or reference
voitage po!arlty

fram p?wM to VEE. The capacntor value must be increased
?‘i”&n R12 is made larger to maintain a proper phase
F‘r@rgln For R12 values of 1.0, 2.5, and 6.0 kliohms,
mimimum capacitor values are 50, 125, and 260 pF."
‘Conrections for a negative reference valtage are shown
in Figure 7. A high input impedance is the advantage of -
this smethod, but Miller feedback cannot be used hecause
it feeds the input signal around the PNP" directly into the
h'igh impedance node, causing siewing problems and high-
frequency peaking. Compensation involves a capacitor
to VEE on Pin 14, using the values of the brevious para-
graph. The negétive' reference voltage must be at least
3.0 V above VEE. Bipolar input signals may be handled

by connecting R12 to a positive reference voltage equal to
_ the peak positive input level at Pin 13,

When a dc reference voltage is used, capacitive bypass
to ground is recommended. The 50V logic supply is not
recommended as a.reference voltage. If a well regulated
5.0 V supply which drives logic is to be used as the refer-

_ ence, R_1 2 should be decoupted by cennecting it to +5.0

through anather re_sislbr and bypassing the junction of
the two resistors with 0.1 pF to ground. For reference
voltages greater than 5.0V, a clamp diade is recoml‘nended

" between Pin 12 and ground.

If Pin 12 is driven by a high |mpedance suc,h as a

" transistor current source, none of the above compensation

methods apply and the amplifier must be heavily compen-
sated, thus decreasing the overail bandwidth,




.-~ APPLICATIONS INFORMATION
FIGURE 16 - QUTPUT CURRENT VOLTAGE CONVERSION
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Voltage outputs of a larger rhagnitude are obtainable
with this circuit which uses an externat operational ampli-
fier as a current to voltage converter.  This configuration
automatically keeps the output of the MC1506L at ground
potential and the operational’ amplifier can generate a
positive voltage limited only by its positive supply voltage.
Frequency response and settling time are primarily deter-
mined by the characteristics of the operational amplifier;

the digital input.

The following circuit shows ho
be used in.a feedforward mode;
settling time on the order of %,Q?’

{Topind  _=— z = 7 .+15V .
f 05L) *—
of MC1406L) ¢ T [uwaons o V0
+
L ~T sONE
= 4
i00pF 1 15V

@ MOTOROLA - _‘Sem.}ic_onductor Products Inc.

MC 1741 or Equiv

compensation. '
order of 2.0 us.
for more details &

FIGURE 18
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The positive voltage range may be extended by cas-
coding the output with a2 high beta common base tran-
sistor, Q1, as shown.

Voo
ulg‘
5k
4
MCF506L G
ot e

The output voltage range for this circuit is 0 volts to
BVcgpo of the transistor. Variations in beta must be
considered for wide temperature range applications. An
inverted cutput waveform may be obtained by using a
load resistor from a positive reference voltage to the
collector of the transistor. Also, high-speed operation is
possible with a large output voliage swing.




APPLICATIONS INFORMATION (contlnued)

Comblned Output Amplifier and Voitage Reference

‘For many of its applications the MC1506L requires a
reference voltage and an operational amplifier. Normally
the operational amplifier is used s a current to voltage
converter and its outpui need only go positive, With the
" popular MC1723G voltage requlator both of these functions

are provided in a single package with the added bonus of

-up to 150 mA of output current, see Figure 19, Instead
of powering the MC1723G from a single. positive voltage
supply, it uses a negative bias as well. Although the refer- '
ence voltage of the MC1723G is then developed with
respect to that negative voltage it appears as a common-
mode signal 1o the reference amplifier in the D-to-A con-
- verter. This allows use of its output amplifier as' a
classic current-to- -voltage converter with the non- mvertmg
-input grounded,

Since 15 V and +56.0 V are normally avallable in a
oornl:nnatlon digital-to-analog systern, only the -b.0 V
need be developed, A resistor divider is sufficiently accu-
rate since the allowablie range on pin 5 is from -2.0 to
-8.0 volts. The 5.0 kilohm pulldown resistor on the ampli-
fier output is necessary for fast negative transitions.

- Full scale output may be increased to as much as 32 volts
by increasing Rg and raising the +15 V supply voltage to
35 V maximum. The resistor divider should be altered to
comply with the maximum limit of 40 volts across the

MC1723G. Cg may be decreased to maintain the game®

RoC(j product if maximusm speed is desired.

Progra mmable Power Suhply"
The circuit of Figufe 19 can be u

}udzng 0 10 +6.3 volts
©0r 0 to 31.5 volts in

' age can be scaled in several wa
in 0.1-volt increments, +0. OE*
0.5 valt |ncrements, +0.2 ﬁm

FIGURE 19 — chBmeﬁ ouTePUT AMPLIFIER and
VOLT&Q‘E BEFERENCE CIRCUIT

MC1506L
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Sentting time lor 10V step a 1.0

. MOTOROLA Sem:conductor Praducts Inc:. : -

'Bipolar or Negative Output Voltage

- The circuit of Figure 20 is a variation from the standard -
voltage output circuit and will produce bipolar output
signals. A positive current may be sourced into the sum-
ming node to -offset the output voltage in the negative
direction For example if apprbximately 1. OImA'%’ '

ai a 6-bit 1’5" complement offset binary,,
used as this auxuhary referénce.

fo Rg=2R12 -
0k RiZ= A1}

3 -5y

Voot A2 A3 B4 BS BB, Vi
vn m(ﬂm |— T"‘?“E*sz M]-—{RO!

Polarity Swatchlng Clrcuﬂ 6-Bit Magnﬂude Plus
Sign D-to-A Converter _

' Bipolar outputs may also be obtained by using a polaiity
switching circuit. The circuit of Figure 21, gives 6-bits
magnitude plus-a sign bit.  In this configuration the oper-
ational amplifier is switched between a gain of +1.0 and
-1.0. .Although ahqther operational amplifier is required,

. ng more space is taken when a dual operational amplifier

such as.the MC1558G is used. The transistor should be

selected for a very Jow saturation voltage and resistance. -

FIGURE 21 — POLARITY SWITCHING CIRCUIT |
{6-Bit Magnitude Plus Sign D-ta-A Converter)

LU A
NUTPUT & A,
OP-AMPL

b—e v = VP - YoP

_ Pl Ay=-t
POLARITY - [ Pl A=t
CONTROL BIT
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. APPLICATIONSINFORMATION (continued}

Programmable Gam Ampllher or Dlgltal Attenuator

When used in the multiplying modg the MC1506L can
be applied as a digital attenuator. See Figure 22 One ad-
vantage of this technique is that it Rg = B0 ohms, no
compensation capacitor is needed and a wide large signal
bandwidth is achieved. The small and large signal band-
widths are now identical and are shown in Figure 15.

FIGURE 22 — PROGRAMMABLE GAIN AMPL!FIEH_OR
DIGITAL ATTENUATOR CIRCUIT

When Vg =0,112=2mA
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Panel Meter Reaclout

The MC1506L can be used to read out
BCD or binary reglsters or counters in a@g‘iﬁi ontrol
system. The current output can be used’ m‘ :%e d|rectlv
an analog panet meter, External maté{:
- necessary if a: meter of less than 2
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Semiconductor Products Inc.
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"The best frequency response is obtained by not allowing
112 to reach zero, Rg can be set for a+1.0 mA variation
in retation to 112. 112 can never be negative, -

The output current is always unipolar. The qulesé'é t
dc output current level changes with the digital wggd*ﬁi,haf'
" makes ac coupllng necessary.

FIGURE 24 — DC COUPLED DIG[TA WENUATOR
and DIGITAL suam.&?c‘rlow
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Progremmable Amplilier. .
Connect digital inpuls 2o & = B

Vo~ {I} l‘-fmn VraIZJ

RtZ1  Rizz|
This digital subtraction application is useful for indi-
cating when one digital word is approaching another in
value, More information is available than with & digitat
comparator. '

" Bipolar inputs can be acceptéd by. using any of the
previously described methods, or applied differentially to
. B121 and R129 or R137 and R1332. Vg will be a bipolar
signal defined by. the abave equation, Note that the circuit
shown accepts bipolar differential signals but does not have
a negative common-mode range. A very useful method is
to connect R127 and R122 to a positive reference higher
‘than the most pdsitive input, and drive R131 and R132.
This vields high input impedance, bipolar differential and
common-mode range. The compensation depends on the
input method used, as shown in previous sections.




APPL I[CATIONS INFORMATION {continued) -

FlGUH E 25 — DIGITAL SUMMING and CHARACTER

GENERATION
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'FIGURE 26 — PEAK DETECTING SAMPLE and HOLD.
{Featuresinfinite hald time and optional digital output.).
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In a character generation system one MC1506L circuit uses a
. fixed reference valtage and its digital input defines the starting

point for a stroke. The second converter circuit-has a ramp input

for the reference and its digital input defines the slope of the
.stroke. Mote that this approach does not result in a 12-bit D-to A
converter {see Accuracy Section}.

FIGURE 27 — PROGRAMMARBLE PULSE GENERATOR
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_ Fast rise and fall times require the use of h“_igff éed swnchung
transistors for the differential pair, Q4 an Qiy Linear ramps
and’ sine waves may be generated b Wopnate refaranoe
input. -

FIGURE 29 — ANALOG BY DIGITAL WORD
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* This circuit” ylelds tha inverse of a digital word scaled by a
constant. For minimum error over the range of Operatlon g can
be set at 62 #A'so that | 12 will bave a maximum value of 3.938 mA
for a digital bit input configuration of 111110. )

Compensation is necessary for |gop stability and depends on
the type of operational amplifier used, If a standard 1.0 MHz
operational amplifier is emplayed, it should be overcompensated

_when -possible.  [§ this cannot be done, the reference amplifier
can furnish the doeminant pole with extra Miller feedback from

_used, the reference amplifier should always be overcornpensated.

the counter and MC1506 .-m%gsmg the comparator inputs, and
r i‘ﬁr unipalar operation. .
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Current pulses, ramps, staircases, and sine waves may be generated
by the appropriate digitat and reference inputs. This circuit is
esprecially useful in curve tracer applications.

FIGURE 30 — ANALOG QUOTIENT OF TWO
DIGITAL WORDS
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If the MC1723 or. another wideband amplifier is
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- APPUICATIONS INFORMATION {continued)

FIGURE 31 — ANALOG PRODUCT OF TWO DIGITAL WOHDS
'legh-Spead Operation)
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sinca Rop = R12zand K = Vrgif12y

|gg=x{-i}'{§}

K can be an analog variable.

. DUTLINE DIMENSIONS

CASE 632.02
TO-116

ma
w

INCHES
MAX | MIN ] MAX
168 1199 0.66D | 0.785
"~ Two Digit BCD Coanversion _ 8 _| 85% | 711 | 0.220 [ 0.280
MC1806L parts which meet the specification for 7-bit : CD [IEBI 3234 0615 gggg
accuracy can be used for the most significant word when £ {77 | 1.77 | 0.030 | 0.070
building a two digit BCD D-to-A or A-to-D converter. If 55 0020534 Bﬁ%al 36130]35025 .
both outputs feed the virtuat ground of an cperational < 2':}4 - 11100
. amplifier, 10:1 current scaling can be achieved with a L 7.62 8SC 0.300 BSB
resistive current divider. |f currerit output is desired, the ':I‘ I : tI]5706 75 01053“0
units may be pperated at full scale current levels of 4.0 mA p - 395 | — (0305
and 0.4 mA with the outputs connected to sum the curren
{TAL QUOTIENT of TWO ANALOG VARIABLES
Sor ANALOG-TO-DIGITAL CONVERSION
RESET
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The circuit shown a simple counter- Tq
ramp conyeiter “An UP/DOWN counter 158
and dugl i Shold comparator can be : . 16|
used ;30 “hrovide faster operation and i 01 9
confinuags Conversion. Vil R12 12 — 8 HEJ'; .
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Circuit diagrams utilizing Motorota products are included as a means
of illustrating typical semiconductor applications; cunsaquently
complete information sufficient, for construction purposes is not
necassarllv given. The information has been carefully checked and -

is balisved to be ta{\tirel\,.r raliable.
assumed for inaccuracies.
convey to the purchaser of tha semiconductor devicas described any
license under the patent rights of Motarala Inc. or others.

Howevear, no responsibility is
Furthermore, such information does not
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