ADC-856
D OA=EL Monolithic 10-Bit

Tracking A/D Converter

FEATURES

e Continuous tracking operation
* 10¢ conversions/second

* 10-Bit resolution

® Monotonic over temperature

* Controllable outputs

* TTL/CMOS compatible

POWER
+5VDC GROUND —-5vDC
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COMPENSATION

GENERAL DESCRIPTION REE AP Avp 5
GND - 10) lout

The ADC-856 is a 10-bit tracking A/D con- © TO A CONVERTER 3) aer
verter, capable of supplying continuously REF. AMP. “ ) b/ GND
updated conversion data on full-scale ™
sinusoidal signals up to 300 Hz without the Y ATOR
need for a sample and hold. This converter COMPARATOR (@1 > ue
is linear to +'% LSB minimum and is UP/DOWN COUNTER
monotonic over its operating temperature COMPARATOR (2 p DOWN @ne
range. A number of innovative features crock (1
give this device the flexibility for a wide rer out (8) INTERNAL
range of applications. nes. on )
The circuit is implemented in bipolar, DATA (28] DATA TRANSFER GATES
monolithic form. The chip contains a fast OATA (> T T T T T T T T T T
window comparator, tracking logic, an o ConThoL DATA LATCH/SHIFT REGISTER
up/down counter, a D/A converter, a preci- Nasce @) Logic
sion voltage reference with amplifier, data
transfer gates, and a data latch/shift
register. The external parts required for glolalele
operation have been held to a few passive O e > uTruT oAt .
components, and allow external program-
ming of the analog input voltage range.
Gain temperature coefficient of the circuit
is + 10 ppm/°C, exclusive of reference.

The ADC-856 is optimized for operation in
a continuous tracking mode. In this con-
version technique each conversion of an
analog signal is based on the last con-
verted value of that signal. For signals that
do not vary faster than the converter can
track, or 1 LSB/microsecond, continuous
tracking will provide a valid, updated con-
version result every microsecond.
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MECHANICAL DIMENSIONS INPUT/OUTPUT
INCHES (MM) CONNECTIONS

Logic control inputs contribute to this . & G ML I e
device’s usefulness in many different ap- A B 7 | -svoc 16| DATA CLOCK
plications. The data transfer gates allow 3 COMPENSATION 7 OUTPUT ENABLE
selection of the rate at which the output DATEL 52 o B T NI NI,
latch/shift register is updated. The rate s | ReF oot 20 | BIT 8 0UT
may vary from once every microsecond to 2 — 7 REF_GND 21 BIT 7 OUT
updating only upon receipt of a command ,,,{ et " 8 | D/AGND 22 | BIT60UT
from an external controlier. External con- = T

trol also allows selection of output data | K COMPARATORIN |25 BT 30UT
form, which may be parallel or serial (by o 12| COMPARATORGND |26 | BiT 2 OUT
supplying an optional clock input). The out- , ! 13 +5V0C 27 BIT 1 OUT" (MSB)
puts may be disabled completely in either oues (14| NC 28 | TRANSFERDATA

T “Serial data output when in serial data mode

mode by holding the output enable input ogs _.", _.‘ I-—omz,sl vF.
low. ’

The ADC-856 operates on + 5V dc power
at 50 mA with a power supply rejection of
0.1%/V. The device is packaged in a 28
ceramic DIP and is available in two
operating temperature ranges: 0°C to
+70°C and —55°C to +125°C.
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D AEL

ADC-856
ABSOLUTE MAXIMUM RATINGS
Su| Voltage................ + 7 Volts
Loggan Iuge ............ OV to +Vec

FUNCTIONAL SPECIFICATIONS
Typical at 25°C, +5V Supply and Internal Reference, unless
otherwise noted.

PERFORMANCE

Resolution ................... 10 Bits
LinearityErmor ................ % LSB maximum
Differential Linearity Error . .. .. .. +1, L.SB

ngCodes ............. Over Oper. Temp. Range
Conversion Time, 1LSB change. . 1 usec.
Conversion Time, Full Scale

Change ..............c00nne 1.024 msec.!
TrackingSpeed ............... 1 LSB/usec. maximum
Tracking Bandwidth, Full Scale .. 300 Hz2
Gain Tompeo ................. 10 ppm/°C*

ZeroTempeco ................. 7 ppm/°C of FSRé
Power SUpply Rejection ........ 0.1%/V
INPUTS

Analog Input Range’, Unipolar .. 0to +5V,0to +10V
Bipolar.... +2.5V, +5V, +10V
ReferenceCurrent ............. 1mA £0.2 mA

Input Logic Level, high(““1°’) .... +2.0V minimum at 50 zA3

Inﬂ Level, low(“0"’) ..... +0.8V maximum at 1 zA3

ClockPulseWidth ............. 100 nsec. minimum

ClockRate ................... 1 MHz maximum

Data Transferinput ............ Hold high for 50 nsec. minimum
to load output latches

OutputEnableinput............ When low, disables data clock
and turns outputs off (high)

DataClockinput .............. When driven by clock at <1 MHz
with minimum pulse width of 100
nsec., provides serial data output
at Pin 27.

OUTPUTS

Reference Voltage . . . . 248V +1.5%

S a0 ppm/°C

Reference Tem
Loa

Data 0 el i i . Parallel or Serial

utput , high (“* .. +2.4V minimum at —

c:gul Logic Levol, low (‘(‘0“) .. +0.4V maximum at 1.6 mA
ng, Unipolar .............. Straight Binary -

Coding, Bipotar ............... Binary

POWER REQUIREMENTS

Supply VoltageRange . ......... + 4. 5V to +5.5V

SupplyCurrent . ............... 50 m

Power Consumption ........... 500 mw

Operating Temperature Range

.................. 0°Cto +70°C
.................. -55°C to +125°C

StongoTompentum Range. .... ~55°C to +125°C .
..................... 28 Pin Ceramic DIP

FOOTNOTES:.

. Cor ® i tima‘is di *f‘, dependent on the magnitude of input signal change.

1

2. propomonal to input signal amplitude, e.g.
bamtmdth is 600 Hz at half scale

3. Vg = £55V

4. Exclusive of Reference.

5. The full scale D/A output current is 4 times lgec.

6. FSR is the Full Scale Range, the differance between maximum and minimum

inputs.
7. Analog input range is programmed by an external resistor.

1-132

TECHNICAL NOTES

1.

The transfer of conversion data to the outputs is controlled by
the transfer gates. When TRANSFER DATA is held high the
outputs update with each conversion. To update the outputs
upon command. TRANSFER DATA is taken high for a
minimum of 50 nanoseconds, no sooner than 150
nanoseconds after the active (negative going) edge of the
main clock. TRANSFER DATA must go low before the next
main clock edge. When TRANSFER DATA is low, the data is
held in the output register.

. Conversion data appears at the outputs in parallel form. Data

may be obtained in serial form by clocking DATA CLOCK at
up to 1 MHz, with a minimum pulse width of 100
nanoseconds and TRANSFER DATA low. Serial output data
(MSB first) is then available at pin 27.

. When OUTPUT ENABLE is taken iow DATA CLOCK is

disabled and all output transistors are turned off (all bit out-

.puts go high).
. The converter tracks the input signal level at a speed of 1

LSB/microsecond; thus the conversion time for any input
signal change is given by

1LSB

= conversion time in microseconds.

. Full Scale D/A output current is four times the reference cur-

rent; for optimum performance the reference current should
be 1 mA. An external reference can be used which can range
from 0.8 mA to 1.2 mA.

. The tracking bandwidth is inversely proportional to the

amplitude of the input signal, e.g., at half scale the:band-
width is 600 Hz.

. The window comparator and tracking logic determine

whether the up/down counter will count up/count down or re-
tain the same value on the negative going edge of the clock
pulse.

. Since the gain tempco of the converter is typically 10

ppm/°C, it is recommended that 10 ppm/°C metal fim
resistors be used for R;, Ry and Rs for best performance over
temperature. The internal reference will typically add 40
ppm/°C to the gain tempco. For improved performance a
high quality external reference should be used.

. Ry and R, compensate for the input bias currents of the

reference amplifier and comparator whose inputs are at vir-
tual ground. Thus R; = R;and R, = the parallel combination
of R4, Rs and Re. The paraliel combination of Rs, Rs and Rg
should be as close to 625Q as possible as this determines the
D/A setting time and therefore the conversion time. Refer to
the resistor tables for a list of typical values for these
resistors.
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D OA=L ADC-856

THEORY OF OPERATION TIMING DIAGRAM
Hi 100 nsec. MIN.

The ADC-856 converters employ a track-
ing conversion technique. Tracking con- cLlock Lo 900 nsac. MIN-
verters are most effectively used in single- T
channel operations on a continuous sig- ' : CONVERSION T'“E‘—‘—"l
nal. In this technique each conversion is —{ 190 59
based on the previous conversion value. A H i .
fast window comparator determines 50 nsec. MIN. !
whether an up/down counter increments DVONSFER | o MUST GO LO BEFORE NEXT CLOCK soes——u

by 1 LSB, decrements by 1 LSB or re-
mains at its last value. The digital word in

the counter controls a D/A converter with a w e .
precision reference; the analog output —-] = 100 nsec. MIN. !
goes to the comparator and is compared a1 500 nsec. MAX. ——=

with the analog input signal.

For signals with a rate of change less than
the converter's maximum rate of change
(tracking speed), each comparison
represents a valid conversion and the con-

HI
DATA OUTPUT ENABLED j

verter is therefore tracking the signal. AR wllalelvadiibisbiisintliin P
Tracking is not possible when the input
signa| Varies at a rate greater than the con- &LRQ#SF.ﬁERRSIDEARTQJ%:Fk%U!rJSFg THE COUNTER OUTPUTS APPEAR DIRECTLY AT THE BIT OUTPUTS.
verter's maximum or is discontinuous, as
in multiplexed applications. In these cases
the converter will change at its maximum CODING TABLES
rate (1 LSB/microsecond) until it attains
the new signal level. While this acquisition UNIPOLAR OPERATION BIPOLAR OPERATION
is in progress, each converter step is STRAIGHT BINARY OFFSET BINARY
available to the output as data, even SCALE CODE SCALE CODE
though it does not yet represent the input +FS -11SB 111111111 +FS —11LSB 1111111111
signal level. The time required to acquire a +% FS 1100000000 +%2 FS 1 ‘0000000?
new signal level is directly proportional to +¥2 FS .1000000000 +2] LS8 }888888880
its difference from the previous level; for a +% FS 0100000000 _1LSB 0111111111
full scale change this period is over 1 * (13 LsB 8ggggggg°‘ —%2 FS 0100000000
microsecond. Allowance should be made 00 -FS +1LSB 0000000001
for the acquisition time when a rapid signal —FS 0000000000
change is introduced.
OUTPUT LOGIC CONTROL
UNIPOLAR OPERATION

Zero and Gain Adjustments iy
1. Apply an analog input voltage of zero

+14, LSB.
2. Adjust the zero adjustment so that the TRANSFER

ouput code flickers between DATA TRANSFER

000. . .000 and 000. . .001. Bo——— GATES
3. Apply an analog input voltage of

+F.S. -1, LSB.
4. Adjust the gain adjustment (R3) so oATA

that the output code flickers between B OUTPUT

111...110and 111.. . 111, » Ic_:gngcROL _— DATA LATCH/SHIFT REGISTER

QUTPUT
BIPOLAR OPERATION ENABLE
LSB MSB/SERIAL OUTPUT DATA

Offset and Gain Adjustments ~— 9
1. Apply an analog input voltage of PARALLEL DATA OUTPUTS

—full-scale + 5 LSB.
2. Adjust the offset adjustment (R4) so TRANSFER DATA (PIN 28} DATA CLOCK (PIN 16) QUTPUT ENABLE (PIN 17)

that the output code flickers between HI: Min. uz)dr:sc ";;u':e ":eransf/evs HI: 'Clocked atup to 1 MHz HI: Data available at

iral Ha da il

000. . .000 and 000. . .001. D e e o Ko i e Qo ot
3. Apply an analog input voltage of latch/shift register. May

+full-scale — 115 LSB. R et xagh for continuous LO: Output data in paraliel LO: Output transistors
4. Adjust the gain adjustment (R3) so format at pins 18.27 e s tched

that the output code flickers between LO: Data in latches held, new H

111...110and 111.. . 111, transferred to data latches
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ADC-856 D OAN=EL

CONNECTION AND CALIBRATION

CALIBRATION PROCEDURE CONNECTION AND CALIBRATION DIAGRAM

1. Connect the converter as shown in the —Svde +5vdo
connection diagram. Note that Pin 6 is
connected to R; and R, only when the +] ,ﬂt—’
internal reference is used (dotted line 1 2 3 13
on diagram). Ry (BIAS COMP) . MSB/SERIAL DATA OUTPUT

2. Select R, through Rg from values given ~
in the resistor table or calculate from s
the equations that accompany it.

3. Drive the MAIN CLOCK input (Pin 15) . 6 !
|

N . . PARALLEL
with a compatible clock signal at up to 1 o - DATA OUTPUT

MHz and apply a logic high to f 7
|

s

TRANSFER DATA (Pin 28). ADC-856

£

CALIBRATION RESISTOR VALUES _Pg GAN Blio

: . . EXT. V, Lse
R, adjusts the offset for bipolar operations; et (P Craer

in unipolar operations R, is replaced with a 1
zero adjustment circuit shown in applica- Rg
tions. In either mode Rj adjusts the gain. If Ao o
the predicted values of these resistors do INPUT 1
not supply the transition points expected, 2 45 6 17 = MINC
their values should be regglculated. Each Fo (1S CQMP){

may be tnmmeq Wlth_a 100 ppmloc _t”m- *CONNECT WHEN USING CLOCK DATA OUTPUT TRANSFER
ming pot used in series with the resistor. INTERNAL REFERNECE CLOCK ENABLE  DATA
The trim pots should be constrained to ap-

proximately 1% of the nominal value

calculated.

The values of R, through Rg are calculated
from the following: UNIPOLAR ZERO

*R; = Rz *Ry= the parallel combination

of R,, Rs and Rs.
V - VgerR
Ry = —“REF_ p _ ~VeerRs
1.0 mA Viymin
FSR**
Rs = ———— VRer
lout{max) ZERG
. . 1 MEG. SERD ADJUST
*Re is chosen so that the parallel combina- ADJUST
tion of R4, Rs and Rg is approximately 00K
625Q. This determines the D/A time con- 00K
stant and conversion time.
*The nearest preferred value may be used ‘
for these resistors. INTERNAL REFERENCE EXTERNAL REFERENCE
**F.S.R. is the Full Scale Range, the dif- FOR UNIPOLAR OPERATION WHERE R, APPROACHES
ference between maximum input voltage % AND A ZERO ADJUSTMENT IS REQUIRED,
and minimum input voltage. THIS CIRCUIT MAY BE USED TO REPLACE R,.
RESISTOR TABLES
ANALOG INPUT
RANGE Vaer? R’ R,' R, R, Rs Re' ORDERING INFORMATION
0 to +2.5V 25V 2.5K 6250 | 25K oo 6250 o0
0 to +5.0V 25V 25K | 6250 | 25K o | 125K | 125K MODEL OPER. TEMP. RANGE
+2.5v 2.5V 2.5K 6250 | 25K | 1.25K | 1.25K % ¥ o
0to +10V 25v | 25K | 6250 | 25Kk | = | 25k | 8350 ﬁgg gggﬁ (s)sgcto + 7?;C°C
+5V 25V 2.5K 6250 | 25K | 125K | 25K 25K - - to +125
+10V 2.5V 25K | 6250 | 25K | 125K | sK 1.67K
THESE CONVERTERS ARE COVERED BY
NOTES: 1. The nearest preferred value may be used for Ry, Rz and Re. GSA CONTRACT
2. For external reference set Ry = Vgee (Kohms)

1-13¢  DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



