DESCRIPTION

The MC1508/MC1408 series of 8-bit mono-
lithic digital~to-analog converters provide
high speed performance with low cost. They
are designed for use where the output cur-
rent is a linear product of an 8-bit digital
word and an analog reference voltage.

FEATURES
Fast settling time—300ns (typ)

» Relative accuracy $0.18% (max error)

¢ Non-inverting digital inputs are TTL and
CMOS compatible

* High speed multiplying rate 4.0mA/us
(input slew)

¢ Output voltage swing +.5V to -5.0V

¢ Standard supply voltages + 5.0V and
-5.0V to -15V

* Military qualifications pending

APPLICATIONS

Trackmg A-to-D converters
2';,-digit panel meters and DVM's

Waveform synthesis

Sample and hold

Peak detector

Programmable gain and attenuation

CRT character generation

Audio digitizing and decoding

Programmable power supplies

Analog-digital multiplication

Digital-digital multiplication

Analog-digital division

Digital addition and subtraction

Speech compression and expansion

Stepping motor drive

TYPICAL PERFORMANCE
CHARACTERISTICS

D-10 A TRANSFER CHARACTERISTICS

CIRCUIT DESCRIPTION

The MC1508/MC1408 consists of a refer-
ence current amplifier, and R-2R ladder,
and 8 high speed current switches. For
many applications, only a reference resistor
and reference voltage need be added.

The switches are non-inverting in opera-
tion; therefore. a high state on the input
turns on the specified output current com-
ponent.

The switch uses current steering for high
speed, and a termination amplifier consist-
ing of an active load gain stage with unity
gain feedback. The termination amplifier
hoids the parasitic capacitance of the fadder
at a constant voltage during switching, and
provides a low impedance termination of
equal voltage for all legs of the ladder.

The R-2R ladder divides the reference am-
ptifier current into binarily-related compo-
nents, which are fed to the switches. Note
that there is always a remainder current
which is equal to the least significant bit.
This current is shunted to ground, and the
maximum output current is 255/256 of the
reference amplifier current, or 1.992mA for
a 2.0mA reference amplifier current if the
NPN current source pair is perfectly
matched.
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F.N PACKAGE"

RANGE
CONTROL

ano [Z7]
Vee [3]

16| COMPEN

[15) vRer ()
[12] vret -1
1o (2] E Vee
wmsm A, [5] [12] A, user
a; [5] 11] &,
a 7] E A,

A 5] [9] a

"N = Plastic DiP
F = Cerdip

BLOCK DIAGRAM

Ms8 LSB

2,07, 0 Ao AigAsg Asg Al g A,
{ranGe E O ol jg fo " to Bii hio
CONTROL <'0
1 0] CURRENT SWITCHES o 4

INRNEREN 1

EIAS CIﬂCUIT‘F 2
‘ GND

o 13
Vee

I A-2R LADDER

Vet -y
14 o
REFERENCE
CURRENT
AMPLIFIER

15 o
Vief )

o 16
COMPEN

T
Veed 3

NPN CURRENT
SOURCE PAIR

g
2 ~. ABSOLUTE MAXIMUM RATNGS Ta = +25°C unless otherwise specified
2
Q
5! ~ PARAMETER RATING UNIT
5 o,
o
20 ™~ Vce Power supply voltage v
VEE Positive +55
(00000000 INPUT DIGITAL WORD ERREEEEEH! Vs-Vq2 Negative -16.5
Vo Digital input voltage 55,0 v
f14 Applied output voltage +0.5, -5.2 v
V14,V1s  Reference current 5.0 mA
Reference amplifier inputs Vee, VEE \
Pp Power dissipation (package limitation) mw
Ceramic package 1000
Plastic package 800
Ta Operating temperature range °C
MC1508 -55 to +125
MC1408 0to +75
Tstg Storage temperature range -65 to +70 °C
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Vref
DC ELECTRICAL CHARACTERISTICS! Vcc = +5.0Vdc, Vee = -15Vde, =—— = 2.0mA
unless otherwise specified.
MC1508: Ta =-55°C to 125°C. MC1408: Ta =0°C to 70°C

R
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TEST MC1508-8 MC1408-8 MC1408-7
PARAMETER UNIT
CONDITIONS Min Typ Max Min Typ Max Min Typ Max
Er Relative accuracy|Error relative +0.19 +0.19 +0.39 %
to full scale
lo, Figure 3
ts Settlng time? To within 1/2 LSB. 300 300 300 ns
includes t'PLH,
TA=+25°C,
Figure 4
Propagation delay| ns
t tinlf)w to-high T +25°C
PLH -to- A= ,
tPHL High-to-low Figure 4 30 100 30 100 30 100
TClo OQutput full scaie -20 -20 -20 PPM/°C
current drift
Digital input Vvde
logic level (MSB)
VIiH High Figure 5 20 2.0 2.0
Vi Low 0.8 0.8 0.8
Digital input Figure 5 mA
current (MSB)
i High ViH = 5.0V 0 0.04 4] 0.04 0 0.04
i Low ViL = 0.8V -0.4 -0.8 -0.4 -0.8 -0.4 -0.8
15 Reference input |Pin 15, Figure 5 -1.0 -3.0 -1.0 -3.0 -1.0 -3.0 uh
bias current
1oR Output current Figure 5 mA
range
Vee = -5.0V o] 20 2.1 Q 20 2.1 o] 2.0 2.1
Vee = -6.0V to 0 20 4.2 0 20 4.2 0 2.0 4.2
-15V
lo Qutput current Figure 5
Vret = 2.000V, 19| 199 2.1 1.9 1.99 21 1.9 1.99 2.1 mA
R14 = 10001
loiminy  Off-state All bits low 0 4.0 0 4.0 0 4.0 wA
Vo Output voitage Er<0.19% at Vdc
compliance Ta=+25°C.
Figure 5
Vee = -5V -0.6, +0.5 -0.8, +0.5 -0.6, +0.5
Vee below -10V -5.0, +0.5 -5.0, +0.5 -5.0, +0.5
SRlret Reference current|Figure 6 4.0 4.0 4.0 mA/us
slew rate
PSRR(—;Output current  |lret = TMA 05 2.7 0.5 2.7 0.5 2.7 pA/N
power supply
sensitivity
Power supply mA
current
Icc Positive All bits low, +13.5 +22 +13.5 +22 +13.5 +22
IEE Negative Figure 5 -75 -13 -7.5 -13 -7.5 -13
Power supply vde
voltage range
Vcer Positive Ta = +25°C, +45| +5.0 +5.5 +4.5 | +5.0 +5.5 +45 | +5.0 +5.5
VEER Negative Figure 5 -4.5 -15 -16.5 ~-45 -15 -16.5 -45 -15 -16.5
Po Power dissipation| All bits low, mwW
Figure 5
VEE = -5.0Vdc 105 170 105 170 105 170
VEg = -15Vdc 180 305 190 305 180 305
All bits high,
Figure 5
Ve = -5.0Vdc 90 90 90
VeE = -15Vdc 160 160 160
NOTES

1 Al bits switched
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EQUIVALENT CIRCUIT SCHEMATIC
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FUNCTIONAL DESCRIPTION

Reference Amplifier Drive
and Compensation

The reference amplifier provides a voltage
at pin 14 for converting the reference volt-
agetoacurrent, and a turn-around circuit or
current mirror for feeding the ladder. The
reference amplifier input current t112) must
always flow into pin 14 regardless of the
setup method or reference valtage palarity.

Connections for a positive reference volt-
age are shown in Figure 1. The reference
voltage source supplies the fuil current t1a.
For bipolar reference signals, as in the mui-
tiplying mode, R1s can be tied to a negative
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
increased with increases in R14 to maintain
proper phase margin; for R14 values of 1.0,
2.5 and 5.0k}, minimum capacitor values
are 15, 37, and 75pF. The capacitor may be
tied to either Veg or ground, but using Veg
increases negative supply rejection.

A negative reference voltage may be used if
Ri4is grounded and the reference voltage is
applied to R1s as shown in Figure 2. A high
input impedance is the main advantage of
this method. Compensation involves a ca-
pacitor to VEg on pin 16, using the values of
the previous paragraph. The negative refer-
ence voltage must be at least 3.0V above the
Vee supply. Bipolar input signals may be

SHNOTES

handled by connecting Ri4 to a positive
reference voltage equatl to the peak positive
input tevet at pin 15.

When a dc reference voltage is used, capac-
itive bypass to ground is recommended.
The 5.0V logic supply is not recommended
as a reference voltage. If a weil regulated
5.0V supply which drives logic is to be used
as the reference, R4 should be decoupled
by connecting it to +5.0V through another
resistor and bypassing the junction of the 2
resistors with 0.1uF to ground. For refer-
ence voltages greater than 5.0V, a ¢lamp
diode is recommended between pin 14 and
ground.

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

QOutput Voitage Range

The voltage on pin 4 is restricted to a range
of -0.6 to +0.5V at -24° C, due to the current
switching methods employed in the
MC1508/MC1408. When a current switch is
turned off, the positive voitage on the output
terminal can turn on the output diode and
increase the output current levei. When a
current switch is turned on, the negative
output voltage range is restricted. The base
of the termination circuit Darlington transis-
tor is 1 diode voltage below ground when
pin 1 is grounded, so a negative voltage
below ground when pin 1 is grounded, so a
negative voltage below the specified safe
level will drive the low current device of the
Darlington into saturation, decreasing the
output current level.

The negative ocutput voltage compliance of
the MC1508/MC1408 may be extended to
-5.0V by opening the circuit at pin 1. The
negative supply voltage must be more neg-
ative than -10V. Using a full scaie current of
1.992mA and load resistor of 2.5k} be-
tween pin 4 and ground will yield a voltage
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 increased voltage
swing. Values of RL up to 5000 do not
significantly affect performance, but 2.5k}
load increases worst case settling time to
1.2us (when all bits are switched on). Refer
to the subsequent text section on settliing
time for more details on output loading.

If a power supply value between -5.0V and
-10V is desired, a voltage of between 0 and
-5.0V may be applied to pin 1. The value of
this voltage will be the maximum allowable
negative output swing.

Output Current Range

The output current maximum rating of
4.2mA may be used only for negative supply
voltages more negative than -7.0V, due to
the increased voltage drop across the 350Q
resistors in the reference current amplifier.

Accuracy

Absolute accuracy is the measure of each
output current level with respect to its in-
tended value, and is dependent upon rela-
tive 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
MC1508/MC1408 is essentially constant
with temperature due to the excellent
temperature tracking of the monolithic re-
sistor ladder. The reference current may
drift with temperature, causing a change in
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the absolute accuracy of output current.
However, the MC1508/MC1408 has a very
low full scale current drift with temperature.

The MC1508/+MC1408 series is guaranteed
accurate to within £1/2LSB at +25°C atafull
scale output current of 1.982mA. This corre-
sponds to a reference amplifier output cur-
rent drive to the ladder network of 2.0mA,
with the loss of 1 LSB == 8.0u,A which is the
ladder remainder shunted to ground. The
input current to pin 14 has a guaranteed
value of between 1.9 and 2.1mA, altowing
some mismatch in the NPN current source
pair. The accuracy test circuit is shown in
Figure 3. The 12-bit converter is calibrated
for a full scale output current of 1.992mA.
This is an optional step since the
MC1508/MC1408 accuracy is essentiaily
the same between 1.5 and 2.5mA. Then the
MC1508/MC1408 circuits’ full scale current
is trimmed to the same value with R14 so
that a zero value appears at the error ampti-
fier output. The counter is activated and the
error band may be displayed on an oscilio-
scope, detected by comparators. or stored
in a peak detector.

Two 8-bit D-to-A converters may not be
used to construct a 16-bit accurate D-to-A
converter. Sixteen-bit accuracy implies a
total error 12 of 1 part in 65,536, or
+0.00076%, which is much more accurate
than the +0.19% specification provided by
the MC1508/MC1408.

Muitiplying Accuracy

The MC1508/MC1408 may be used in the
muitiplying mode with 8-bit accuracy when
the reference current is varied over a range
of 256:1. The major source of error is the
bias current of the termination amplifier.
Under worst case conditions, these 8 ampli-
fiers can contribute a total of 1.6uA extra
current at the output terminal. If the refer-
ence currentin the multiplying mode ranges
from 16uA to 4.0mA, the 1.6u4A contributes
an error of 0.1 LSB. This is well within 8-bit
accuracy.

A monatonic canverter is one which sup-
plies an increase in current for each incre-
ment in the binary word. Typically, the
MC1508/MC1408 in monotonic for all val-
ues of reference current above 0.5mA. The
recommended range for operation withadc
reference current is 0.5 to 4.0mA.

Settling Time

The worst case switching condition occurs
when all bits are switched on, which corre-
sponds to a low-to-high transition for all
bits. This time is typically 300ns for settling
to within +1/2 LSB for 8-bit accuracy and
200ns to 1/2 LSB for 7-bit accuracy. The
turnoft is typically under 100ns. These times
apply when Ry < 5000 and Cg 25pF.

S{HNEtiES
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The slowest single switch is the least signifi-
cant bit, which turns on and settles in 250ns
and truns off in 80ns. In applications where
the D-to-A converter functions in a positive
going ramp made, the worst case switching
condition does not occur, and a settling
time of less than 300ns may be realized. Bit
AT turns on in 200ns and off in 80ns, while
bit A6 turns on in 150ns and off in 80ns.

Thetest circuit of Figure 4 requires a smalier
voltage swing for the current switches due
to internal voltage clamping in
MC1508/MC1408. A 1.0k} load resistor
from pin 4 to ground gives a typical settling
time of 400ns. Thus, it is voltage swing and
not the output Rc time constant that deter-
mines settling 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, 100uF supply
bypassing for low frequencies, and mini-
mum scope lead length are all mandatory.



TEST CIRCUITS
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TRANSIENT RESPONSE AND SETTLING TIME
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