a HARRIS I- 5680

12-Bit Low Cost Monolithic
Digital-to-Analog Converter

HI-5680

Features

e DAC 80 ALTERNATE SOURCE

MONOLITHIC CONSTRUCTION
(SINGLE CHIP)

FAST SETTLING

GUARANTEED MONOTONIC

WAFER LASER TRIMMED

APPLICATIONS RESISTORS ON-CHIP
ON-BOARD REFERENCE

DIELECTRIC ISOLATION (DI) PROCESSING
& 112V POWER SUPPLY OPERATION

@eC to 750C

Applications

¢ HIGH SPEED A/D CONVERTERS
® PRECISION INSTRUMENTATION
® CRTDISPLAY GENERATION

Description

The HI-5680 is a monalithic, direct replacement for the gopular
DAC80-CBI, DAC80Z-CBI, and DAC85C-CBI, incorporating
the best features of each. Single chip construction, alang with
several design innovations, make the HI-5680 the optimum
choice for low cost, high reliability applications.

Harris" unigue Dielectric Isolation(D1) processing reduces inter-
nal parasitics, resulting in fast switching times and minimum
glitch. On-hoard span resistors are provided for good tracking
over temperature, and are laser trimmed to high accuracy. These
may be used with the on-board op-amp {voltage output models;
HI-5680V), or with a user supplied external amplifier (H1-5680f),

Internally, the HI1-5680 eliminates code dependent graund cur-
rents hy routing current from the positive supply to the internal
ground node, as determined by an auxiliary R-2R ladder. This
results in a cancellation of code dependent ground currents
allowing virtually zero variation in current through the package
common, pin 21.

The HI-5680 is available in both current and voltage output
models which are guaranteed over the §0C to +750C temp-
erature range. All models include a buried zener reference
featuring low temperature coefficient. In addition, the voltage
output models include an on-board output amplifier. Both
versions operate with a +5V logic supply and a *Vg in the range
of 2{11.4V to 16.5V).
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Pinouts
TOP VIEW
MSBYBIT1 []1 ~ 2a[] 6.3v REF OUT
BTz ]2 23] GAN ADJUST
BIT3 []3 22| +vs
RiT4 |4 21[] common
gits []s 20 3 JuNcTioN
BIT6 |6 19[] 20v RANGE
a7 [ 7 18[] 10V RANGE
girs[]s 17[7] BIPOLAR OFFSET
aiTe ¢ 16 ] REF INPUT
giT10 [0 15] vour
BIT1H [ 11 1] -vs
(LSBYBIT 12 [] 12 13[_] LOGIC SUPPLY
HI-5680V

VOLTAGE OUTPUT

TOP VIEW
mse)eiTy 1 ™ 24[] 6.3V REF OUT
BiT2 []2 23[] GAIN ADJUST
eiT3 {3 22[] +vs
giTa {4 21[] cOMMON
BITS ] 20[] SCALING NETWORK
BIT6 (|6 1907] SCALING NETWORK
BIT7]7 18] SCALING NETWORK
BITg []8 17| ] BIPOLAR OFFSET
BITa ]9 16]] REF INPUT
BiT 10 [ 15[ lout
ati n 4[] -vs
iLseyBIT 12 (] 12 13[J LOGIC SuPPLY
HI-56801
CURRENT OUTPUT
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Hi-5680

Functional Diagram Voltage Output
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Speciftications HI-5680

Absolute Maximum Ratings ({Note 1)

Power Supply Inputs

+Vg +20V Junction Temperature

1750C
-V =20V .
+VLOGIC  +20V Operating Temperature Range
HI-56801/v-§ 80C to +759¢
Reference Input {pin 16) +V;
Output drain ~ 2.5mA Storage Temperature Range —65°C to +150°C
Digital Inputs Bits 1 to 12 -1V to +12V
Electrical Specifications
{Tp = +250C, Vg = X 15V, VL pgic = +5V, Pin 16 connected to Pin 24 unless otherwise specified.)
Hi-5680
PARAMETER CONDITIONS MIN TYP MAX UNITS
DIGITAL INPUT {3}
Resclution 12 Bits
Logic Levels TTL Compatible
Logic “1” at +1 uA +2 +5.5 Valts
Logic “0" at -100uA 0 +0.8 Volts
ACCURACY (3)
Linearity Errer Q0C to +750C +h +% LSB
Differential Lin. Error 0OC to +750C % +3% LSB
Gain Error (2} 0.1 +0.3 %FSR(4)
Offset Error (2) +.05 +0.18 %FSR
Monotonicity 00C to +750C Guaranteed
DRIFT (3) 0°C to +75°C
Tota! Bipolar Drift
{Includes gain, offset
and linearity drifts.) +20 ppm/0C
Total Errar 09C to +750C
Unipotar (Note 6) £0.08 +0.15 %FSR
Bipolar {Note 6) 006 +1 %FSR
Gain Inc{uding internal
reference +15 130 ppm/OC
Exclusive of internal
reference +h +7 ppm/oC
Unipolar Offset +1 +3 ppm/oC
Bipolar Gffset +5 +10 ppm/oC
CONVERSION SPEED (3)
Yoltage Models
Settling time (3) to +0.01% of FSR for
FSR Change
With 10k{2 Feedback 3 s
With 5k Feedback 1.5 us
For 1 LSB change 1.5 Hs
Slew Rate 10 15 Vius
Current Models
Settling time {3) to +0.01% of FSR for
FSR Change
10 to 10052 load 300 ng
1k€Y foad 1000 ns
ANALOG OUTPUT
Voltage Models
Output current 15 mA
Output Resistance .05 Q
Short Circuit Duration to common continuous
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Specifications HI-5680

HI-5680X
PARAMETER CONDITIONS MIN TYP MAX UNITS
ANALOG QUTPUT
Current Models
Qutput Current
Unipolar -1.6 -2 -2.4 mA
Bipolar 08 +1 1.2 mA
Qutput Resistance
Unipolar 2.0 k2
Bipolar 20 k2
Compliance Limit (3) -25 +10 \
INTERNAL REFERENCE
Output Voltage +6.174 +8.3 +6.426 v
Cutput Impedance 1.5 Q
External Current +2.5 mA
Tempco of Drift 20 ppm/oC
POWER SUPPLY
SENSITIVITY (3}
+15V supply .002 %FSR
—15V supply .002 AV
+5V supply 002
POWER SUPPLY
REQUIREMENTS (5}
Range
+15V +11.4 +15 +16.5 Vv
—15V -11.4 -15 -16.5 Vv
+5Y + 45 +5 +16.5 Vv
Current
+16V 8 1 mA
-15V -12 -20 mA
+HY 45 8 mA

NOTES:

1. Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the circuit
may be impaired. Functional eperatian under any of these
conditions is not necessarily implied.

2. Adjustable to zero using external potentiometers,

3. See definitions.

4. FSR is "Full Scale Range’ and is 20V for £ 10V range, 10V
tor £ 5V range, etc., or 2mA { £ 20%) far current output.

5. The HI-6680 will operate with supply voitages as fow as
* 114V, Itis recommended that output voltage range -10V
to +10V not be used if the supply voltages are less than
f12v.

6. With gain and offset errors adjusted to zero at 250C.

Die Characteristics

Transistor Caunt
Die Size:
Thermal Constants;  fja

Tie Substrate to:
Process:

259
210 x 125 mils
490C/W
120C/W
Ground
Bipolar - DI
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HI-5680

Definitions of Specifications
DIGITAL INPUTS
The HI-B680 accepts digital input codes in complementary

hinary, complementary offset binary, and complementary
two’s complement binary.

ANALOG OUTPUT

Complemeniary | Complementary

OIGITAL Complementary 0ffset Two's
INPUT Binary Binary Complement ~

MSB LSB

000...000 + Fuli Scale + Fuil Scale -L.sB
100..000 | Mid Scale -1 LSB -1 LS8 + Full Scale
IRARAR] Zero - Full Scale 2Zero

ol +"5 Full Scale Zere - Full Scale

* Invert MSB with external inverter tn nhtain CTC Coding

SETTLING TIME

That interval between applicatian of a digital steg input, and
final entry of the analog output within a specified window about
the settled value. Harris Semiconductar usually specifies a
unipolar 10V or bipoiar full scale step, to be measured from
60% of the input digital transition, and a window of +% LSB
abaut the final value, The device output is then rated actarding
to the worst (longest settling) case: low ta high, or high to low.

DRIFT

GAIN DRIFT — The change in full scale analog output over the
specified temperature range expressed in parts per million of
full scale per °C {ppm of FSR/°C). Gain error is measured with
vespect ta +25°C at high (Tl and Jow (T|} temperatures.
Gain drift is calculated for both high {Ty -25°C) and low
ranges (+25°C—T) by dividing the gain error by the respective
change in temperature. The specification is the larger of the
twa representing worst case drift.

QFFSET DRIFT — The changs in analeg autput with afl bits
OFF over the specified temperature range expressed in parts
per mitlion of full scale range per °C (ppm of FSR/C). Offset
errgr is measured with respect to +25°C at high (Ttand low
{T|) temperatures. Offset Orift is calculated far both high
(Ty —25°C! and low (+25°C —T|) ranges by dividing the
offset error by the respective change in temperature. The
specification given is the larger of the two, representing worst-
case drift,

ACCURACY

INTEGRAL NONLINEARITY — The maximum deviation of the
actual transfer characteristic from an ideal straight line. The
ideal fine is positioned according to “end~point linearity” for
D/A converter products from Harris Semicanductor, i.e. the line
is drawn between the end-points of the actual transfer charac-
taristic (cades DD...0 and 11...1).

DIFFERENTIAL NONLINEARITY — The difference hetween
ane LSB and the output voltage change correspanding to any
two consecutive cades. A Differential Nonlinearity of 1 LSB or
less guarantees monatonicity.

MONOTONICITY — The property of a D/A converter’s transfer
function which guarantees that the output derivative will not
change sign in response to a sequence of increasing (or de-
creasing) input codes. That is, the only output response to a
code change is to remain constant, increase for increasing code,
or decrease for decreasing code.

POWER SUPPLY SENSITIVITY

Pawer Supply Sensitivity is a measure af the change in gain and
aoffset of the O/A converter resulting from a change in ~15V,
ar +15V supplies. It is specifisd under DC conditions and
expressed as parts per million of full scale range per percent of
change in power supply {(ppm of FSA/%).

COMPLIANCE

Compliance Valtage is the maximum output voltage range that
can be tolerated and still maintain its specified accuracy. Com-
pliance Limit implies functional operation only and makes no
claims to accuracy.

GLITCH

A glitch on the autput of a O/A converter is a transient spike
resulting fram inegual internal ON-OFF switching times. Worst
case glitches usually pccur at half-scale ar the major carry cade
transition fram 011..1 ta 100..0 or vice versa. For example,
if turn ON is greater than turn QFF far 011...1 to 100...Q, an
intermediate state of 000..0 exists, such that, the output
momentarily glitches toward zere autput. Matched switching
times and fast switching will reduce glitches cansiderably.
(Measured as ane half the product of duratian and amplitude.]
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Operating Instructions

DECOUPLING AND GROUNDING

Far best accuracy and high frequency performance, the ground-
ing and decoupting scheme shown in Figure 1 should be used.
Decoupling capacitors should be connected close to the HI-
5680 (preferrably to the device pins) and should be tantalum
or electrolytic bypassed with ceramic types for best high fre-
quency noise rejection,

v

D.01ut 0.0Vt

n

H{-56801

16

ANALOG GROUND

FIGURE 1
REFERENCE SUPPLY

An internal 6.3Volt reference is provided on board ali HI-5680
models. This voltage (pin 24) is accurate to +2% and must be
connected to the reference input (pin 16) for specified operation.
This reference may be used externally, pravided current drain
is limited to 2.5mA. An external buffer amplifier is recommend-
ed if this reference is to be used to drive other system compon-
ents. Qtherwise, variatians in the load driven by the reference
will result in gain variations of the H1-5680. All gain adjustments
should he made under constant load conditions.

VOLTAGE OUTPUT HI-5680V

1R

by 751 Y S

19E T 00T

FIGURE 2

RANGE CONNECTIONS

CONNECT

PIN | PIN | PIN
RANGE 15 17 19

Unipolar 0 to +5V 18 NC. | 20
0to+ 10V 18 | N.C. | N.C.

Bipolar *25v 18 20 20
15V 18 20 | N.C.

v 19 20 15

CURRENT QUTPUT Hi-5680i1

vs
DR T 10087

tRp should equal the DAC's output resistance, which is 2K ) //
RFEEDBACK.

EXTERNAL AMPLIFIER CONNECTIONS
To use the HI-56801 with an external amplifier, connect as follows:

Ay O——AAA—O

FIGURE 3

RANGE PIN 17 | PIN 18| PIN 19| PIN 20
to to to 0
0to+10V N.C. 8 18* 19
0to+5V N.C. B 15 N.C.
Hov 15 N.C. B N.C.
5V 15 B 18 19*
*2.5v 15 B 15 N.C

*these connections help reduce stray capacitance in the feedback
lacp.

GAIN AND OFFSET CALIBRATION

(Applies to Figure 2 and 3.)

UNIPOLAR CALIBRATION

Step 1 Offset
Turn all bits OFF (11..1)
Adjust Ry for zero volts out

Step 2:  Gain
Turn alf bits ON {00..0)
Adjust Rq for FS-1LSB
That s:
4.9988 for 0 to +5V range
9.9976 for 0 to +10V range

BIPOLAR CALIBRATION

Step 1:  Offset
Turn afl bits OFF {11..1)
Adjust R for Negative FS
That Is:
—10V for £10V range
=5V for 5V range
—2.5V far +2.5 range

Step 2: Gain
Turn all bits ON (00...0)
Adjust Rt for pesitive FS-1LSB
That Is:
+9.9951V for £10V range
+4.9976V for +5V range
+2.4388V for +2.5V range
This Bipolar procedure adjusts the output range end points.
The maximum error at zero (half scale} will not exceed
the Linearity error. See the "Accuracy” specifications.
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