Intersil High-Reliability Products

ICL7109

GENERAL DESCRIPTION

The ICL7109 is a high performance, CMOS, low power
integrating A/D converter designed to easily interface with
microprocessors.

The output data (12 bits, polarity and overrange) may be
directly accessed under control of two byte enable inputs
and a chip select input for a simple parallel bus interface. A
UART handshake mode is provided to allow the ICL7109 to
work with industry-standard UARTSs in providing serial data
transmission, ideal for remote data logging applications.
The RUN/HOLD input and STATUS output aliow monitoring
and control of conversion timing.

The ICL7109 provides the user with the high accuracy,
low noise, low drift, versatility and economy of the dual
slope integrating A/D converter. Features like true differen-
tiat input and reference, drift of less than 1pV/°C, maximum
input bias current of 10pA, and typical power consumption
of 20mW make the ICL7109 an attractive per-channel alter-
native to analog multiplexing for many data acquisition ap-
plications.

ORDERING INFORMATION

High Reliability 12-Bit pP-
Compatible A/D Converter

FEATURES

® 12 Bit Binary (Plus Polarity and Overrange) Dual
Slope Integrating Analog-to-Digital Converter

¢ Byte-Organized TTL-Compatible Three-State Qutputs
and UART Handshake Mode for Simple Paraliel or
Serial Interfacing to Microprocessor Systems

* RUN/HOLD Input and STATUS Output Can Be Used
to Monitor and Control Conversion Timing

* True Differential Input and Differential Reference

® Low Noise — Typically 15.V p-p

* 1pA Typical Input Current

® Operates At Up to 30 Conversions Per Second

® On-Chip Oscillator Operates With Inexpensive
3.58MHz TV Crystal Giving 7.5 Conversions Per
Second for 60Hz Rejection May Also Be Used With
An RC Network Osclilator for Other Clock
Frequencies

Part Number Temp. Range Package
ICL7109MDL* —55°Cto +125°C 40-Pin Ceramic DIP
* Add /HR to part number for HiRel processing per HR flow.
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(See Figure 2 for typical connection to a UART or Microcomputer)
Figure 1: Pin Configuration and Test Circuit
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ABSOLUTE MAXIMUM RATINGS
Positive Supply Voltage (GNDtoV*+) ............. +6.2v Power Dissipation (Note 3)
Negative Supply Voltage (GNDtoV~) ............. -9V CeramicPackage ...................... 1W @+85°C
Analog Input Voltage (Lo or Hi) (Note 1) ........ VtioV- Plastic Package .................... 500mW @ + 70°C
Reference Input Voltage (Lo or Hi) (Note 1) ..... Vttov- Operating Temperature
Digital Input Voltage v+ +0.3v ICL7109M ... .. ... —55°Cto +125°C
(Pins2-27)(Note 2) ....................... GND -0.3V Storage Temperature ................ —65°C to +150°C

Lead Temperature (Soldering, 10sec) ........... +300°C

to the device. These are stress ratings only and functional
of the sp /s not implied. Exposure to absolute

NOTE: Stresses above those listed under */ Maxi
operation of the device at these or any other conditions above those indk
maximum rating conditions for extended periods may affect device refiability.

Ratings” may cause p
d in the op jonal sectic

ELECTRICAL CHARACTERISTICS (v+=+5V,V—=—-5V,GND=0V, TA=25°C, fcix = 3.58 MHz, unless

otherwise indicated.) Test circuit as shown on first page of this data sheet.

ANALOG SECTION

Symbol Parameter Test Conditions Min Typ Max Unit
: ViN=0.0V _ Octal
Zero Input Reading Full Scale = 409.6mV 0000g | +0000g | +0000g Reading
. . . VIN=VREF 3777g - Octal
Ratiometric Reading VRgF = 204.8mV 3777 4000g 4000g Reading
Non-Linearity (Max deviation Full Scale=409.6mV to 2.048V
- t. +
from best straight line fit) Over full operating temperature ! 2 ! Counts
range. (Note 4), (Note 6)
Roll-over Error (difference Fuli Scale=409.6mV to 2.048V 9 +2 +1 Counts
in reading for equai pos. and {Note 5), (Note 6) ’
neg. inputs near full scale)
S~ . | Vom £tV N=0V
CMRR | Common Mode Rejection Ratio Full Scale = 409.6mV 50 uv/v
VCMR Input Common Mode Range Input Hi, Input Lo, Common (Note 4) | V—+1.5 v+-—1.0 v
o Noise (p-p value not VIN=0V 15 v
n exceeded 95% of time) Full Scale =409.6mV ®
| Leakage current at Input VIN=0,TA=25C 1 10 pA
ILK {Note 4) —55°C<Ta< +125°C 2 5 nA
Zero Reading Drift VIN=0V Ry =09 (Note 4) 0.2 1 pVv/°C
Scale Factor Temperature V|N=408.9mV = >7770g o
Coefficient reading ! 5 ppm/°C
Ext. Ref. 0 ppm/°C (Note 4)
Supply Current V+ to ViN=0, Crystal Osc
+
! GND 3.58MHz test circuit 700 1500 pA
Isupp Supply CurrentV+ toV— Pins 2-21, 25, 26, 27, 29; open 700 1500 MA
Referred to V+, 25k}
VREF Ref Out Voltage botween V+ and REF OUT 24 2.8 3.2 \
Ref Out Temp. Coefficient 25k between V+ and REF OUT 80 ppm/°C
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ELECTRICAL CHARACTERISTICS (vt=+5V,V—= -5V, GND=0V, To=25°C, unless otherwise

indicated.) Test circuit as shown on first page of this data sheet. (Continued)
DIGITAL SECTION

Symbol Parameter Test Conditions Min Typ Max Unit
VoH Output High Voltage ::fi’:";:_:g?:‘: 18, 20 35 43 v
VoL Output Low Voltage loyt=1.6mA 0.2 0.4 v
Output Leakage Current Pins 3-16 high impedance +.01 +1 pA
Control 1/0 Pullup Pins 18., 19,20 Voyt=V+ -3V 5 WA
Current MODE input at GND
Control /0 Loading HBEN Pin 19 LBEN Pin 18 (Note 4) 50 pF
VIH Input High Voltage 2::;;%;::;7 25 \
ViL Input Low Voltage :?:r::df;é:;? 1 v
Input Pull-up Current Pins 26, 27 VoyT=V*+ —3V 5 pA
Input Pull-up Current Pins 17, 24 VoyT=V+ -3V 25 HA
Input Pull-down Current Pin 21 Voyt=GND +3V 5 HA
OoH Oscillator Output High Vout=2.5V 1 mA
OoL Current Low Vour=2.5V 1.5 mA
BOoH Buffered Oscillator High Vour=2.5V mA
BOoi Output Current Low Vout=2.5V mA
tw MODE Input Puise Width (Note 4) 50 ns
NOTES: 1. Input vollages may exceed the supply voltages provided the input current is limited to £ 100pA
2. Due 1o the SGR structure inherent in the process used to fabri these devi ing any digital inputs or outputs to voltages greater than V+

or less than GND may cause destructive device latchup. For this reason it is recommended that no inputs from sources other than the same power
supply be applied to the ICL7108 before its power supply is established, and that in multiple supply systems the supply to the ICL7109 be activated first.
3. This limit refers to that of the package and will not be obtained during normal operation.
4. This parameter is not production tested, but is guaranteed by design.
5. Roll-over arror for Ta= ~55°C to +125°C is +3 counts maximum.
8. A full scale voltage of 2.048V is used because a full scale voltage of 4.096V exceeds the devicas Common Mode Voltage Range.

2-66




Intersil High-Rellability Products

ICL7109

TABLE 1: Pin Assignment and Function Description

Pin | Symbol Description Pin Symbol Description
1 GND Digital Ground, OV. Ground return for all digital 21 | MODE Input Low — Direct output mode where
logic. CE/LOAD (Pin 20), HBEN (Pin 19) and LBEN
2 | STATUS Output High during integrate and deintegrate (Pin 18) act as inputs directly controlling byte
until data is latched. outputs. o
Output Low when analog section is in Auto- Input Pulsed High — Causes immediate entry
Zero configuration. ;:t(:] ?:?gshake mode and output of data as in
- o 'g -
3 [ POL Polarity — Hi for Positive input. Input High — Enables CE7LOAD (Pin 20),
4 | OR Overrange — Hl if Overranged. HBEN (Pin 19), and LBEN (Pin 18) as
] L ) outputs, handshake mode will be entered and
5 |B12 Bit12 {Most Significant Bit) data output as in Figures 8 and 9 at
6 [ B11 Bit 11 conversion completion.
7 | B10 Bit 10 All 22 |OSCIN Oscillator Input
8 | B9 Bit9 three 23 | OSC OuUT Oscillator Output
9 | B8 Bit8 state 24 | OSC SEL Oscillator Select — Input high configures
10 | B7 Bit7 HI=true output OSC IN, OSC OUT, BUF OSC OUT as RC
N oscillator — clock will be same phasse and
11 | B6 Bite data duty cycle as BUF OSC OUT.
12 | BS Bit5 bits — Input low configures OSC IN, OSC OUT for
13 | B4 Bit4 crystal oscillator — clock frequency will be
1/58 of frequency at BUF OSC QUT.
14 | B3 Bit3 "
25 | BUF OSC OUT | Buffered Oscillator Output
15 | 82 Bit 2 " N -
- — - 26 | RUN/HOLD Input High — Conversions continuously
16 | B1 Bit 1 (Least Significant Bit) performed every 8192 clock pulses.
17 | TEST Input High — Normal Operation. Input Low — Conversion in progress
Input Low — Forces all bit outputs high. completed, converter will stop in Auto-Zero 7
Note: This input is used for test purposes only. counts before integrate.
Tie high if not used. 27 | SEND Input — Used in handshake mode to indicate
18 | LBEN Low Byte Enable — With Mode (Pin 21) low, ability of an external device to accept data.
and CE7LOAD (Pin 20) low, taking this pin low Connect to + 5V if not used.
activates low order byte outputs B1 — B8. 28 [v— Analog Negative Supply — Nominally —5V
with respect to GND (Pin 1).
— With Mode (Pin 21) high, this pin serves as a N
low byte flag output used in handshake mode. 29 | REF OUT Reference V?Itage Output — Nominally 2.8V
See Figures 8, 9, 10. down from V* (Pin 40).
19 | ABEN High Byte Enable — With Mode (Pin 21) low, S0 [ BUFFER Buffer Ampiifier Output
and CE/LOAD (Pin 20) low, taking this pin low 31 | AUTO-ZERO | Auto-Zero Node — Inside foil of Caz
:g'i’a:; high order byte outputs B9 — B12, 32 | INTEGRATOR | Integrator Output — Outside foil of Cyy
T 33 | COMMON Analog Common — System is Auto-Zeroed to
— With Mode (Pin 21) high, this pin serves as a COMMON
high byte flag output used in handshake mode. 34 [ INPUT LO Differential Input Low Side
See Figures 8, 9, 10. 35 | INPUT Hi Differential Input High Side
20 | CE/LOAD | Chip Enable Load — With Mode (Pin 21) low. N N -
E7COAD serves as a master o enable. 36 | REF IN + Differential Reference Input Positive
When high, B1 -— B12, POL, OR outputs are 37 { REF CAP + Reference Capacitor Positive
disabled. 38 | REF CAP Reference Capacitor Negative
— With Mode (Pin 21) high, this pin serves as a 39 | REF IN Differential Reference Input Negative
load strobe used in handshake mode. See 40 | v+ Positive Supply Voltage — Nominally + 5V
Figures 8, 9, 10. with respect to GND (Pin 1).

Note: All digital levels are positive true.
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Figure 2B: Typical Connection Diagram Parallel Interface With 8048 Microcomputer

DETAILED DESCRIPTION

Analog Section

Figure 3 shows the equivalent circuit of the Analog Sec-
tion of the ICL7109. When the RUN/HOLD input is left open
or connected to V *, the circuit will perform conversions at a
rate determined by the clock frequency (8192 clock periods
per cycle). Each measurement cycle is divided into three
phases as shown in Figure 4. They are (1) Auto-Zero (AZ),
(2) Signal Integrate (INT) and (3) Deintegrate (DE).
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Auto-Zero Phase

During auto-zero three things happen. First, input high
and low are disconnected from their pins and internally
shorted to analog COMMON. Second, the reference capaci-
tor is charged to the reference voltage. Third, a feedback
loop is closed around the system to charge the auto-zero
capacitor Caz to compensate for offset voltages in the buff-
er amplifier, integrator, and comparator. Since the compara-
tor is included in the loop, the AZ accuracy is limited only by
the noise of the system. In any case, the offset referred to
the input is less than 10uV.
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Figure 3: Analog Section
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Figure 4: Conversion Timing (RUN/HOLD Pin High)

Signal Integrate Phase

During signal integrate the auto-zero loop is opened, the
internal short is removed and the internal high and low in-
puts are connected to the external pins. The converter then
integrates the differential voltage between IN Hl and IN LO
for a fixed time of 2048 clock periods. Note that this differ-
ential voltage must be within the common mode range of
the inputs. At the end of this phase, the polarity of the inte-
grated signal is determined.

De-Integrate Phase

The final phase is de-integrate, or reference integrate. In-
put low is internally connected to analog COMMON and in-
put high is connected across the previously charged (during
auto-zero) reference capacitor. Circuitry within the chip en-
sures that the capacitor will be connected with the correct
polarity to cause the integrator output to return to zero
crossing (established in Auto Zero) with a fixed slope. Thus
the time for the output to return to zero (represented by the
number of clock periods counted) is proportional to the in-
put signal.
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Differential Input

The input can accept differential voltages anywhere with-
in the common mode range of the input ampilifier; or specifi-
cally from 1.0 volts below the positive supply to 1.5 volts
above the negative supply. In this range the system has a
CMRR of 86dB typical. However, since the integrator also
swings with the common mode voltage, care must be exer-
cised to assure the integrator output does not saturate. A
worst case condition would be a large positive common
mode voltage with a near full-scale negative differential in-
put voltage. The negative input signal drives the integrator
positive when most of its swing has been used up by the
positive common mode voltage. For these critical applica-
tions the integrator swing can be reduced to less than the
recommended 4V full scale with some loss of accuracy. The
integrator output can swing within 0.3 volts of either supply
without loss of linearity.

The ICL7109 has, however, been optimized for operation
with analog common near digital ground. With power sup-
plies of +5V and —5V, this allows a 4V full scale integrator
swing positive or negative thus maximizing the performance
of the analog section.

Differential Reference

The reference voltage can be generated anywhere within
the power supply voltage of the converter. The main source
of common mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capaci-
ty on its nodes. If there is a large common mode voltage,
the reference capacitor can gain charge (increase voltage)
when called up to deintegrate a positive signal but lose
charge (decrease voltage) when called up to deintegrate a
negative input signal. This difference in reference for (+) or
(—) input voltage will give a roll-over error. However, by
selecting the reference capacitor large enough in compari-
son to the stray capacitance, this error can be held to less
than 0.5 count for the worst case condition (see Component
Values Selection below).

The roll-over error from these sources is minimized by
having the reference common mode voltage near or at ana-
log COMMON.

Component Value Selection

For optimum performance of the analog section, care
must be taken in the selection of values for the integrator
capacitor and resistor, auto-zero capacitor, reference volt-
age, and conversion rate. These values must be chosen to
suit the particular application.

The most important consideration is that the integrator
output swing (for full-scale input) be as large as possible.
For example, with +5V supplies and COMMON connected
to GND, the nominal integrator output swing at full scale is
+4V. Since the integrator output can go to 0.3V from either
supply without significantly affecting linearity, a 4V integra-
tor output swing allows 0.7V for variations in output swing
due to component value and oscillator tolerances. With
+ 5V supplies and a common mode range of + 1V required,
the component values should be selected to provide +3V
integrator output swing. Noise and rollover errors will be
slightly worse than in the +4V case. For larger common
mode voltage ranges, the integrator output swing must be
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reduced further. This wili increase both noise and rollover
errors. To improve the performance, supplies of +6V may
be used.

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100pA of quiescent current. They supply
20pA of drive current with negligible non-linearity. The inte-
grating resistor should be large enough to remain in this
very linear region over the input voltage range, but small
enough that undue leakage requirements are not placed on
the PC board. For 4.096 volt full scale, 200k(} is near opti-
mum and similarly a 20k for a 409.6mV scale. For other
vatues of full scale voltage, Ry should be chosen by the
relation
R _ tull scale voltage
INT 20pA
Integrating Capacitor

The integrating capacitor Cyyt should be selected to give
the maximum integrator output voltage swing without satu-
rating the integrator (approximately 0.3 volt from either sup-
ply). For the ICL7109 with *+5 volt supplies and analog
common connected to GND, a £3.5 to t4 volt integrator
output swing is nominal. For 7-14, conversions per second
(61.72kHz clock frequency) as provided by the crystal oscil-
lator, nominal values for Cyyt and Caz are 0.15uF and
0.33pF, respectively. If different clock frequencies are used,
these values should be changed to maintain the integrator
output voltage swing. In general, the value of C)yT is given
by
Cinr = (2048 X clock period)(20u.A)

INT integrator output voltage swing

An additional requirement of the integrating capacitor is
that it have low dielectric absorption to prevent roll-over er-
rors. While other types of capacitors are adequate for this
application, polypropylene capacitors give undetectable er-
rors at reasonable cost up to 85°C. For the military tempera-
ture range, Teflon® capacitors are recommended. While
their dielectric absorption characteristics vary somewhat
from unit to unit, selected devices should give less than 0.5
count of error due to dielectric absorption.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence
on the noise of the system: the smaller the capacitor the
lower the overall system noise. However, Cpz cannot be
increased without limits since it, in parallel with the integrat-
ing capacitor forms an R-C time constant that determines
the speed of recovery from overloads and more important
the error that exists at the end of an auto-zero cycle. For
409.6mV full scale where noise is very important and the
integrating resistor small, a value of Caz twice CNT is opti-
mum. Similarly for 4.096V full scale where recovery is more
important than noise, a value of Caz equal to half of CyyT is
recommended.

For optimal rejection of stray pickup, the outer foil of Caz
should be connected to the R-C summing junction and the
inner foil to pin 31. Similarly the outer foil of Cyyt should be
connected to pin 32 and the inner foil to the R-C summing
junction. Teflon®, or equivalent, capacitors are recommend-
ed above 85°C for their low leakage characteristics.
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Reference Capacitor

A 1uF capacitor gives good results in most applications.
However, where a large reference common mode voltage
exists (i.e. the reference low is not at analog common) and
a 409.6mV scale is used, a larger value is required to pre-
vent roll-over error. Generally 10uF will hold the roll-over
error to 0.5 count in this instance. Again, Teflon®, or equiva-
lent capacitors should be used for temperatures above 85°C
for their low leakage characteristics.

Reference Voltage

The analog input required to generate a full scale output
of 4096 counts is Vyy = 2VRer. Thus for a normalized scale,
a reference of 2.048V should be used for a 4.086V full
scale, and 204.8mV should be used for a 0.4096V full scale.
However, in many applications where the A/D is sensing
the output of a transducer, there will exist a scale factor
other than unity between the absolute output voltage to be
measured and a desired digital output. For instance, in a
weighing system, the designer might like to have a full scale
reading when the voltage from the transducer is 0.682V.
Instead of dividing the input down to 409.6mV, the input
voltage should be measured directly and a reference volt-
age of 0.341V should be used. Suitable values for integrat-
ing resistor and capacitor are 33k and 0.15uF. This avoids
a divider on the input. Another advantage of this system
occurs when a zero reading is desired for non-zero input.
Temperature and weight measurements with an offset or
tare are examples. The offset may be introduced by con-
necting the voltage output of the transducer between com-
mon and analog high, and the oftset voltage between com-
mon and analog low, observing polarities carefully. Howev-
er, in processor-based systems using the ICL7109, it may
be more efficient to perform this type of scaling or tare sub-
traction digitally using software.

Reference Sources

The stability of the reference voltage is a major factor in
the overall absolute accuracy of the converter. The resolu-
tion of the ICL7109 at 12 bits is one part in 4096, or
244ppm. Thus if the reference has a temperature coefficient
of 80ppm/°C (onboard reference) a temperature difference
of 3°C will introduce a one-bit absolute error.

For this reason, it is recommended that an external high-
quality reference be used where the ambient temperature is
not controlied or where high-accuracy absolute measure-
ments are being made.

The ICL7109 provides a REFerence OUTput (pin 29)
which may be used with a resistive divider to generate a
suitable reference voltage. This output will sink up to about
20mA without significant variation in output voltage, and is
provided with a pullup bias device which sources about
10uA. The output voltage is nominally 2.8V below V+, and
has a temperature coefficient of +80ppm/°C typ. When us-
ing the onboard reference, REF OUT (Pin 29) should be
connected to REF— (pin 39), and REF+ should be con-
nected to the wiper of a precision potentiometer between
REF OUT and V. The circuit for a 204.8mV reference is
shown in the test circuit. For a 2.048mV reference, the fixed
resistor should be removed, and a 25k} precision potenti-
ometer between REF OUT and V+ should be used.

ICL7109

Note that if pins 29 and 39 are tied together and pins 39
and 40 accidentally shorted (e.g., during testing), the refer-
ence supply will sink enough current to destroy the device.
This can be avoided by placing a 1k{2 resistor in series with
pin 39.

DETAILED DESCRIPTION
Digital Section

The digital section includes the clock oscillator and scal-
ing circuit, a 12-bit binary counter with output latches and
TTL-compatible three-state output drivers, polarity, over-
range and control logic, and UART handshake logic, as
shown in Figure 5.

Throughout this description, logic levels will be referred to
as “low” or “high”. The actual logic levels are defined in the
Electrical Characteristics Table. For minimum power con-
sumption, all inputs should swing from GND (low) to V+
(high). Inputs driven from TTL gates should have 3-5kQ2
pullup resistors added for maximum noise immunity.

MODE input

The MODE input is used to control the output mode of the
converter. When the MODE pin is low or left open (this input
is provided with a pulldown resistor to ensure a low level
when the pin is left open), the converter is in its ‘“Direct”
output mode, where the output data is directly accessible
under the control of the chip and byte enable inputs. When
the MODE input is pulsed high, the converter enters the
UART handshake mode and outputs the data in two bytes,
then returns to “direct” mode. When the MODE input is left
high, the converter will output data in the handshake mode
at the end of every conversion cycle. (See section entitled
“Handshake Mode™ for further details).

STATUS Output

During a conversion cycle, the STATUS output goes high
at the beginning of Signal integrate (Phase Il), and goes low
one-half clock period after new data from the conversion
has been stored in the output latches. See Figure 4 for de-
tails of this timing. This signal may be used as a ““data valid”
flag (data never changes while STATUS is low) to drive in-
terrupts, or for monitoring the status of the converter.

RUN/HOLD Input

When the RUN/HOLD input is high, or left open, the cir-
cuit will continuously perform conversion cycles, updating
the output latches after zero crossing during the Deinte-
grate (Phase lll) portion of the conversion cycle (See Figure
4). In this mode of operation, the conversion cycle will be
performed in 8192 clock periods, regardiess of the resulting
value.

If RUN/HOLD goes low at any time during Deintegrate
(Phase llIl} after the zero crossing has occurred, the circuit
will immediately terminate Deintegrate and jump to Auto-
Zero. This feature can be used to eliminate the time spent in
Deintegrate after the zero-crossing. If RUN/HOLD stays or
goes low, the converter will ensure minimum_Auto-Zero
time, and then wait in Auto-Zero until the RUN/HOLD input
goes high. The converter will begin the Integrate (Phase II)
portion of the next conversion (and the STATUS output will
go high) seven clock periods after the high level is detected
at RUN/HOLD. See Figure 6 for details.
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Using the RUN/HOLD input in this manner allows an
easy “convert on demand” interface to be used. The con-
verter may be held at idle in auto-zero with RUN/HOLD low.
When RUN/HOLD goes high the conversion is started, and
when the STATUS output goes low the new data is valid (or
transferred to the UART — see Handshake Mode). RUN/
HOLD may now be taken low which terminates deintegrate
and ensures a minimum Auto-Zero time before the next
conversion.

Alternately, RUN/HOLD can be used to minimize conver-
sion time by ensuring that it goes low during Delntegrate
after zero crossing, and goes high after the hold point is
reached. The required activity on the RUN/HOLD input can
be provided by connecting it to the Buffered Oscillator Out-
put. In this mode the conversion time is dependent on the
input value measured.
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If the RUN/HOLD input goes low and stays fow during
Auto-Zero (Phase I), the converter will simply stop at the
end of Auto-Zero and wait for RUN/HOLD to go high. As
above, Integrate (Phase 1} begins seven clock periods after
the high level is detected.

Direct Mode

When the MODE pin is left at a low level, the data outputs
(bits 1 through 8 low order byte, bits 9 through 12, polarity
and over-range high order byte) are accessible under con-
trol of the byte and chip enable terminals as inputs. These
three inputs are all active low, and are provided with pullup
resistors to ensure an inactive high level when left open.
When the chip enable input is low, taking a byte enable
input low will allow the outputs of that byte to become active
(three-stated on). This allows a variety of parallel data ac-
cessing techniques to be used, as shown in the section enti-
tled “Interfacing.” The timing requirements for these out-
puts are shown in Figure 7 and Table 2.
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Table 2 — Direct Mode Timing
Requirements
(See Note 4 of Electrical Characteristics)

SYMBOL | DESCRIPTION | MIN | TYP | MAX | UNIT

tsea | Byte Enable Width | 350 | 220 ns
Data Access Time

toas from Byte Enable 210 350 ns
Data Hold Time

‘ons from Byte Enable 150 f 300 ns

tcea Chip Enable Width | 400 | 260 ns
Data Access Time

'DAC | f1om Chip Enable 260 | 400 | ns
Data Hold Time

toHe from Chip Enable 240 | 400 ns

CEA

FABEN
AS INPUT

[BER
AS INPUT

[

DATA L _—
VALID

- te-10HC

HIGH 8YTE _
DATA

LoOwBYIE _ _ _ batA
OATA ——— - vaLo f- =

=== = HIGH IMPEDANCE

0122-8
Figure 7: Direct Mode Output Timing

It should be noted that these control inputs are asynchro-
nous with respect to the converter clock — the data may be
accessed at any time. Thus it is possible to access the
latches while they are being updated, which could lead to
erroneous data. Synchronizing the access of the latches
with the conversion cycle by monitoring the STATUS output
will prevent this. Data is never updated while STATUS is
low.

Handshake Mode

The handshake output mode is provided as an alternative
means of interfacing the ICL7109 to digital systems, where
the A/D converter becomes active in controlling the flow of
data instead of passively responding to chip and byte en-
able inputs. This mode is specifically designed to allow a
direct interface between the ICL7109 and industry-standard
UARTSs (such as the Intersil IM6402/3) with no external log-
ic required. When triggered into the handshake mode, the

ICL7109

ICL7109 provides all the control and flag signals necessary
to sequentially transfer two bytes of data into the UART and
initiate their transmission in serial form. This greatly eases
the task and reduces the cost of designing remote data ac-
quisition stations using serial data transmission.

Entry into the handshake mode is controlled by the
MODE pin. When the MODE terminal is held high, the
ICL7109 will enter the handshake mode after new data has
been stored in the output latches at the end of a conversion
(See Figures 8 and 9). The MODE terminal may also be
used to trigger entry into the handshake mode on demand.
At any time during the conversion cycle, the low to high
transition of a short pulse at the MODE input will cause
immediate entry into the handshake mode. If this pulse oc-
curs while new data is being stored, the entry into hand-
shake mode is delayed until the data is stable. While the
converter is in the handshake mode, the MODE input is
ignored, and although conversions will still be performed,
data updating will be inhibited {(See Figure 10) until the con-
verter completes the output cycle and clears the handshake
mode.

When the converter enters the handshake mode, or when
the MODE input is high, the chip and byte enable terminals
become TTL-compatible outputs which provide the control
signals for the output cycle (See Figures 8, 9, and 10).

In handshake mode, the SEND input is used by the con-
verter as an indication of the ability of the receiving device
(such as a UART) to accept data.

Figure 8 shows the sequence of the output cycle with
SEND held high. The handshake mode (Internal MODE
high) is entered after the data latch pulse, and since MODE
remains high the CE/LOAD, LBEN and HBEN terminals are
active as outputs. The high level at the SEND input is
sensed on the same high to low internal clock edge that
terminates the data latch pulse. On the next low to high
internal clock edge the CE/LOAD and the HBEN outputs
assume a low level, and the high-order byte (bits 9 through
12, POL, and OR) outputs are enabled. The CE/LOAD out-
put remains low for one full internal clock period only, the
data outputs remain active for 1-% internal clock periods,
and the high byte enable remains low for two clock periods.
Thus the CE/LOAD output low level or fow to high edge
may be used as a synchronizing signal to ensure valid data,
and the byte enable as an output may be used as a byte
identification flag. With SEND remaining high the converter
completes the output cycle using CE/LOAD and [BEN
while the low order byte outputs (bits 1 through 8) are acti-
vated. The handshake mode is terminated when both bytes
are sent.

Figure 9 shows an output sequence where the SEND in-
put is used to delay portions of the sequence, or handshake
to ensure correct data transfer. This timing diagram shows
the relationships that occur using an industry-standard
IM6402/3 CMOS UART f{o interface to serial data channels.
In this interface, the SEND input to the ICL7109 is driven by
the TBRE (Transmitter Buffer Register Empty) output of the
UART, and the CE/LOAD terminal of the ICL7109 drives
the TBRL (Transmitter Buffer Register Load) input to the
UART. The data outputs are paralleled into the eight Trans-
mitter Buffer Register inputs.
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Figure 9: Handshake — Typical UART Interface Timing
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Figure 10: Handshake Triggered By Mode

Assuming the UART Transmitter Buffer Register is empty,
the SEND input will be high when the handshake mode is
entered after new data is stored. The CE/LOAD and HBEN
terminals will go low after SEND is sensed, and the high
order byte outputs become active. When CE/LOAD goes
high at the end of one clock period, the high order byte data
is clocked into the UART Transmitter Buffer Register. The
UART TBRE output will now go low, which halts the output
cycle with the HBEN output low, and the high order byte
outputs active. When the UART has transferred the data to
the Transmitter Register and cleared the Transmitter Buffer
Register, the TBRE returns high. On the next ICL7109 inter-
nal clock high to low edge, the high order byte outputs are
disabled, and one-half internal clock later, the HBEN output
returns high. At the same time, the CE/LOAD and LBEN
outputs go low, and the low order byte outputs become ac-
tive. Similarly, when the CE/LOAD returns high at the end of
one clock period, the low order data is clocked into the
UART Transmitter Buffer Register, and TBRE again goes
low. When TBRE returns to a high it will be sensed on the
next ICL7109 internal clock high to low edge, disabling the
data outputs. One-half internal clock later, the handshake
mode will be cleared, and the CE/LOAD, HBEN, and LBEN
terminals return high and stay active (as long as MODE
stays high).

With the MODE input remaining high as in these exam-
ples, the converter will output the results of every conver-
sion except those completed during a handshake operation.
By triggering the converter into handshake mode with a low
to high edge on the MODE input, handshake output se-
quences may be performed on demand. Figure 9 shows a
handshake output sequence triggered by such an edge. In
addition, the SEND input is shown as being low when the
converter enters handshake mode. In this case, the whole
output sequence is controlied by the SEND input, and the
sequence for the first (high order) byte is similar to the se-
quence for the second byte. This diagram also shows the
output sequence taking longer than a conversion cycle.
Note that the converter still makes conversions, with the
STATUS output and RUN/HOLD input functioning normally.
The only difference is that new data will not be latched
when in handshake mode, and is therefore lost.

Oscillator

The ICL7109 is provided with a versatile three terminal
oscillator to generate the internal clock. The oscillator may
be overdriven, or may be operated with an RC network or
crystal. The OSCILLATOR SELECT input changes the inter-
nal configuration of the osciliator to optimize it for RC or
crystal operation.
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When the OSCILLATOR SELECT input is high or left
open (the input is provided with a puliup resistor), the oscil-
lator is configured for RC operation, and the internal clock
will be of the same frequency and phase as the signal at the
BUFFERED OSCILLATOR OUTPUT. The resistor and ca-
pacitor should be connected as in Figure 11. The circuit will
oscillate at a frequency given by f=0.45/RC. A 100k re-
sistor is recommended for useful ranges of frequency. For
optimum 60Hz line rejection, the capacitor value should be
chosen such that 2048 clock periods is close to an integral
multiple of the 60Hz period (but should not be less than
50pF).

25

BUFFERED

v+ OR OPEN

Josc=.45RC

0122-12
Figure 11: RC Oscillator

When the OSCILLATOR SELECT input is low a feedback
device and output and input capacitors are added to the
oscillator. In this configuration, as shown in Figure 12, the
oscillator will operate with most crystals in the 1 to 5SMHz
range with no external components. Taking the OSCILLA-
TOR SELECT input low also inserts a fixed + 58 divider
circuit between the BUFFERED OSCILLATOR OQUTPUT
and the internal clock. Using an inexpensive 3.58MHz TV
crystal, this division ratio provides an integration time given
by:

T = (2048 clock periods) < [ ] =33.18ms

58
3.58MHz
This time is very close to two 60Hz periods or 33.33ms. The
error is less than one percent, which will give better than
40dB 60Hz rejection. The converter will operate reliably at
conversion rates of up 1o 30 per second, which corresponds
to a clock frequency of 245.8kHz.

cLocK
+58
BUFFERED
CARYSTAL
0122-13
Figure 12: Crystal Oscillator
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If at any time the oscillator is to be overdriven, the over-
driving signal should be applied at the OSCILLATOR IN-
PUT, and the OSCILLATOR QUTPUT should be left open.
The internal clock will be of the same frequency, duty cycle,
and phase as the input signal when OSCILLATOR SELECT
is left open. When OSCILLATOR SELECT is at GND, the
clock will be a factor of 58 below the input frequency.

When using the ICL7109 with the IM6403 UART, it is pos-
sible to use one 3.58MHz crystal for both devices. The
BUFFERED OSCILLATOR OUTPUT of the ICL7109 may be
used to drive the OSCILLATOR INPUT of the UART, saving
the need for a second crystal. However, the BUFFERED
OSCILLATOR OUTPUT does not have a great deal of drive
capability, and when driving more than one slave device,
external buffering should be used.

Test Input

When the TEST input is taken to a level halfway between
V+ and GND, the counter output latches are enabled, al-
lowing the counter contents to be examined anytime.

When the TEST input is connected to GND, the counter
outputs are all forced into the high state, and the internal
clock is disabled. When the input returns to the Y, (V+
—GND) voitage (or to V+) and one clock is applied, all the
counter outputs will be clocked to the low state. This allows
easy testing of the counter and its outputs.

INTERFACING
Direct Mode

Figure 13 shows some of the combinations of chip enable
and byte enable control signals which may be used when
interfacing the ICL7109 to parallel data lines. The CE/LOAD
input may be tied low, allowing sither byte to be controlled
by its own enable as in Figure 13A. Figure 13B shows a
configuration where the two byte enables are connected
together. In this configuration, the CE/LOAD serves as a
chip enable, and the HBEN and LBEN may be connected to
GND or serve as a second chip enable. The 14 data outputs
will all be enabled simultaneously. Figure 13C shows the
HBEN and LBEN as flag inputs, and CE/LOAD as a master
enable, which could be the READ strobe available from
most microprocessors.

Figure 14 shows an approach to interfacing several
ICL7109s to a bus, ganging the HBEN and LBEN signals to
several converters together, and using the CE/LOAD inputs
{perhaps decoded from an address) to select the desired
converter.
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Figure 14: Tri-stating Several 7109’s to a Small Bus

0122-17

Some practical circuits utilizing the parallel three-state
output capabilities of the ICL7109 are shown in Figures 15
through 20. Figure 15 shows a straightforward application to
the Intel 8048/80/85 microprocessors via an 8255PP1,
where the ICL.7109 data outputs are active at all times. The
1/0 ports of an 8155 may be used in the same way. This
interface can be used in a read-anytime mode, although a
read performed while the data latches are being updated
will lead to scrambied data. This will occur very rarely, in the
proportion of setup-skew times to conversion time. One way
to overcome this is to read the STATUS output as well, and
if it is high, read the data again after a delay of more than 14,

converter clock period. f STATUS is now low, the second
reading is correct, and if it is still high, the first reading is
correct. Alternatively, this timing problem is completely
avoided by using a read-after-update sequence, as shown
in Figure 16. Here the high to low transition of the STATUS
output drives an interrupt to the microprocessor causing it
to access the data latches. This application also shows the
RUN/HOLD input being used to initiate conversions under
software control.

A similar interface to Motorola MC6800 or Rockwell
R650X systems is shown in Figure 17. The high to low tran-
sition of the STATUS output generates an interrupt via the
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Figure 15: Full-time Parallel Interface to 8048/80/85 Microprocessors
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Figure 16: Full-time Parallel Interface to 8048/80/85 Microprocessors With interrupt

Control Register B CB1 line. Note that CB2 controls the
RUN/HOLD pin through Control Register B, allowing soft-
ware-controlied initiation of conversions in this system as
well.

The three-state output capability of the ICL7109 allows
direct interfacing to most microprocessor busses. Examples
of this are shown in Figures 18 and 19. It is necessary to
carefully consider the system timing in this type of interface,
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to be sure that requirements for setup and hold times, and
minimum pulse widths are met. Note also the drive limita-
tions on long buses. Generally this type of interface is only
favored if the memory peripheral address density is low so
that simple address decoding can be used. interrupt han-
dling can also require many additional components, and us-
ing an interface device will usually simplify the system in this
case.
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Figure 17: Full-time Parallel Interface to MC680X or MCS650X Microprocessors
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Figure 18: Direct Interface — ICL.7109 to 8080/8085
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Figure 19: Direct ICL7109 — MC680X Bus Interface
Handshake Mode under software control. Note that one port of the 8255 is not

The handshake mode allows ready interface with a wide
variety of external devices. For instance, external latches
may be clocked by the rising edge of CE/LOAD, and the
byte enables may be used as byte identification flags or as
load enables.

Figure 20 shows a handshake interface to intel micro-
processors again using an 8255PPI. The handshake opera-
tion with the 8255 is controlled by inverting its Input Buffer
Full (IBF) flag to drive the SEND input to the ICL71089, and
using the CE/LOAD to drive the 8255 strobe. The internal
control register of the PP! should be set in MODE 1 for the
port used. If the 7109 is in handshake mode and the 8255
IBF flag is low, the next word will be strobed into the port.
The strobe will cause IBF to go high (SEND goes low),
which will keep the enabled byte outputs active. The PPl will
generate an interrupt which when executed wilt result in the
data being read. When the byte is read, the IBF will be reset
low, which causes the ICL7109 to seguence into the next
byte. Fhis figure shows the MODE input to the ICL7109 con-
nected to a control line on the PPL. If this output is left high,
or tied high separately, the data from every conversion (pro-
vided the data access takes less time than a conversion)
will be sequenced in two bytes into the system.

If this output is made to go from low to high, the output
sequence can be obtained on demand, and the interrupt
may be used 1o reset the MODE bit. Note that the RUN/
HOLD input to the ICL7109 may also be driven by a bit of
the 8255 so that conversions may be obtained on command
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used, and can service another peripheral device. The same
arrangement can also be used with the B155.

Figure 21 shows a similar arrangement with the MC6800
or MGCS650X microprocessors, except that both MODE and
RUN/HOLD are tied high to save port outputs.

The handshake mode is particularly convenient for direct-
ly interfacing to industry standard UARTS (such as the Inter-
sil IM6402/6403 or Western Digital TR1602) providing a
minimum component count means of serially transmitting
converted data. A typical UART connection is shown in Fig-
ure 2A. In this circuit, any word received by the UART caus-
es the UART DR (Data Ready) output to go high. This drives
the MODE input to the ICL7109 high, triggering the ICL7108
into handshake mode. The high order byte is output to the
UART first, and when the UART has transferred the data to
the Transmitter Register, TBRE (SEND) goes high and the
second_byte is output. When TBRE (SEND) goes high
again, LBEN will go high, driving the UART DRR (Data
Ready Reset) which will signal the end of the transfer of
data from the ICL7109 to the UART.

Figure 22 shows an extension of the one converter —
one UART scheme to several ICL7109s with one UART. In
this circuit, the word received by the UART (available at the
RBR outputs when DR is high) is used to select which con-
verter will handshake with the UART. With no external com-
ponents, this scheme will allow up to eight ICL7109s to in-
terface with one UART. Using a few more components to
decode the received word will allow up to 256 converters to
be accessed on one serial line.
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Figure 20: Handshake Interface — ICL7109 to 8048, 80/85
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Figure 21: Handshake Interface — ICL7109 to MC6800, MCS650X
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Figure 22: Multiplexing Converters with Mode Input
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The applications of the ICL7109 are not limited to those
shown here. The purpose of these examples is to provide a
starting point for users to develop useful systems, and to
show some of the variety of interfaces and uses of the
ICL7109. Many of the ideas suggested here may be used in
combination; in particular the uses of the STATUS, RUN/

HOLD, and MODE signals may be mixed.

APPLICATION NOTES

A016 “Selecting A/D Converters”

A017 “The Integrating A/D Converters”

A030 “The ICL7104 — A Binary Output A/D Converter for
Microprocessors”

A032

“Understanding the Auto-Zero and Common Mode

Performance of the ICL7106 Family”
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