ANALOG
DEVICES

FEATURES

3-Port Galvanic Isolation

Guaranteed Monotonic 0 to +70°C
Microprocessor Compatible Interface
Increment/Decrement Backup Control
May be Powered from Loop Supply
Low Power: 450mW typ

QOutput Will Drive 0£2 Loads

Bumpless Transfer, Auto to Manual

in Industrial and Process Control

verter) model DAC1423 is a low powe
4-20mA current output, designed specifically for
and industrial control industry. Its advanced features and
excellent performance make for easy application within new

and existing control systems. The DAC1423 contains a CMOS

holding register, allowing direct interface with microprocessors,

CMOS digital-to-analog converter, voltage-to-voltage isolator
and a voltage-to-loop current converter. The small size and low
profile (2" X 4" X 0.4") allows much greater functional density
than previously available solutions.

DESIGN FEATURES AND USER BENEFITS
Microcomputer Interface: The parallel digital interface is a 5V
CMOS design with independently controllable input latches
and Tri-State* buffers, split into upper and lower sections (an
8-bit and a 2-bit byte) so that 8- or 16-bit bus compatibility
may be achieved.

True 3-Port Isolation: The output connections and power con-
nections are galvanically isolated, both from each other and
from the digital section. Each will accommodate a wide range
of power supply voltages and may be operated from the same
supply, if desired.

Increment/Decrement: Increment/decrement control is
achieved via the input latch/counter. An internal slow speed
clock is supplied for this operation. Overflow/underflow lock-
out circuitry is used to prevent full scale “‘bumps” from
occurring.

*Tri-State is a trademark of National Semiconductor Corporation.

Information furnished by Analog Devices is believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devices
for its use; nor for any infringements of patents or other rights of third
parties which may result from its use. Mo license is granted by implica-
tion or otherwise under any patent or patent rights of Analog Devices.

4-20mA, 10-Bit, Isolated
Digital-to-Analog Converter

Capability). Common Mode Rejection is exg
103dB @ 60Hz for a 25082 load.

Synchronized: The ISO-DAC may be synchronized to an ex-
ternal system clock, multiple DAC1423’s may be on synchro-
nized to one another. In the event of loss of external sync, the
DAC1423 will “free run” on its own oscillator.

at; typically,

Isolated Power Out: An internally derived +5V supply is
brought out so that the user may power a small amount of
application circuitry from the DAC1423’s power supply.
ISA-S850.1: The three terminal output structure conforms to
the Instrument Society of America Standard ISA-S50.1,
“Compatibility of Analog Signals for Electronic Industrial
Process Instruments.”

P.O. Box 280; Norwood, Massachusetts 02062 U.S.A.
Tel: 617/329-4700 TWX: 710/394-6577
Telex: 924491 Cables: ANALOG NORWOODMASS



SPECIFICATIONS (typical @ +25°C, VLoQP = +24 volts unless otherwise specified)

MODEL

DIGITAL INPUTS
Resolution
Levels, CMOS Vpp = 5V

Strobe

ANALOG OUTPUTS
Type

Nominal Range
Compliance

Output Impedance
Minimum Load

Maximum Load
Capacitive Load

Maxim

Adjustability

Initial Error, Untrimmed’

Power Supply Rejection

Noise, 10Hz to 100Hz*

Warm Up Time to Rated Accuracy

Warm Up Drift
ISOLATION

Max CMV, Inputs to Outputs

ac, 60Hz, 1 minute
dc, Continuous

CMR, Inputs to Outputs, 60Hz, Ry = 25082
POWER

Loop Supply Range

Loop Supply Current

Power Supply Range®

Power Supply Current®
ENVIRONMENTAL

Operating Temperature

Storage Temperature
NOTES:

DAC1423

10 Bits

“1”=>3.3V @ 1pA
“0"=<1.7V @ 1pA

Level Sensitive (See Table 2)

ISA S50.1 Type 3 Meets or
Exceeds Class U

4-20mA

VLoop -6V

>4MO @ dc

02

(VLoop -6V/IouT)
Unlimited

Guaranteed, 0 to +70°C
+1/2LSB
t1/2LSB

S0ppy
50ppr/ FSR/°C

149

2L
20ppiN FSR/V
0:1E
5 minutes

0.5LSB

1000V rms
1500V dc

103dB

12—-36V dc
l(JUT + SmA
14—36V dc
20mA

0to +70°C

-25°C 1o +85°C

! Both offset and span error are adjustable to zero. See Figure 2 for details.

% Load = 75082|| 1,000pF and slow clock disabled.

#The DAC1423 can be entirely powered from the loop supply. See Figures

4 and 5 for details.
Specifications subject to change without notice.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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(See Figure 13)

PIN DESIGNATIONS

PIN = FUNCTION PIN FUNCTION
1| lout 72 | NC
2 NC Fal NC
3 NC 70 NC
4 NC 69 NC
5 NC SYNC IN
6  +Vioor 67  +V POWER
7 NC 66 SYNC OUT
8 NC 65 NC
9 COMMON 64 PWR COMMON
10 NC 63 NC
1 NC 62 NC
12 NC 61 NC
13 WIDE SPAN 60 NC
14 PRECISION SPAN 59 NC
15 = +VRer 58 NC
16 WIDE OFFSET 57 NC
17 PRECISION OFFSET 56 NC
18 SPAN COMMON 55 NC
19 DIGITAL COMMON' 54 | NC
20 +BVgut 53  DIGITAL COMMON'
21 LOAD HIGH 52 CLOCK IN
22 LOAD LOW 51 LSB OUT
23 NC 50 BIT 8 OUT
24 LSB IN 49 BIT 8 OUT
25 NC 48 BIT 7 OUT
26 BIT9IN 47 BIT 6 OUT
27 BITEIN 46 BIT50UT
28 up/ON 45 READ HIGH
29 BIT7IN a4 READ LOW
30 BITEIN 43 BIT 4 OUT
ki BIT5IN 42 BIT30UT
32 BIT4IN 41 | BIT20UT
i a3 BIT3IN 40 | MSBOUT
34 BITZIN 39 | CLOCK OUT
35 MSE IN 38  Cr
36 CLEAR 37 | DIGITAL COMMON'

TPINS 19, 37 and 53 ARE INTERNALLY CONNECTED.



THEORY OF OPERATION

The ISO-DAC produces an isolated 4 to 20mA output current
which is proportional to the input digital word. Each ISO-DAC
contains a dcomputer compatible input section consisting of

a 10-bit input latch, a 10-bit tri-state output and the associated
control lines for read and write operations, A 10-bit CMOS
digital-to-analog converter converts the digital word to a volt-
age that is modulated, carried across the isolation barrier,
demodulated, and converted to a 4 to 20mA current output,

The remarkable performance of the ISO-DAC is derived from
the carrier isolation technique which is used to transfer both
signal and power between the input circuitry and the output
stage. High CMV isolation, with excellent linearity, is achieved
by the transformer coupling between the internal DAC, modu-
lator section and the current output circuitry.
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Figure 1. Block Diagram of the DAC1423

OFFSET AND SPAN ADJUSTMENTS

The DAC1423’s initial offset and span accuracies are typically
+2LSB’s (£0.2% FSR) each. If offset and span adjustments are
not necessary, use the connections shown in Figure 2a.

Both offset and span errors are adjustable to zero with two
external potentiometers, as shown in Figure 2b. To adjust the
offset, apply a digital input of 0000000000 and adjust the
offset potentiometer until an output of 4mA is obtained. Once
the appropriate offset adjustment has been made, apply a
digital input of 1111111111 and adjust the span potentio-
meter until 19.984mA is obtained. The offset and span adjust-
ments are slightly interactive.

The offset and span potentiometers can provide a wide adjust-
ment range to satlsfy the partu,uldr needs of the application.

i NOMINAL CURRENT
DIGITAL INPUT

OUTPUT
. BmaryCode
GREEEBEGHE +19.984mA
;0000000001' + 4.016mA
| 0000000000 + 4.000mA

Tab!e 1. Nominal fnput Outpur Refatmnshrps

The adjustment range of the span control will be typically
+10% full scale range (¥2mA), while that of the offset contro
will be £10% of offset (£0.4mA). Owing to the impedances
involved, it is suggested that the adjustment pots be located
near their respective connections or be well-guarded in order
to avoid noise pickup.

DAC1423 DACTAZE

PRECISION
OFFSET

Figure 2b.

Figure 2a.

Figure 2. Precision and Adjustable Offset and Span

APPLICATION HINTS

The power supply should be carefully checked for noise, which
would affect performance, and overshoot which could damage
the device.

Unused digital inputs must always be grounded or taken to
D to ensure correct operation, Particular care should be
al inputs are routed to another PC card. Itis

galvanically isolated from any other part ¢
may be subjected to the full common mode
to either digital common or output common. Simila
output connections (pins 1, 6, 9) are isolated in the same man-
ner from either power common or digital common.

ISOLATION BARRIER:
1.5V dec CONTINUOUS (MAX}
1kV ac 60Hz FOR 60 SEC
ACROSS THIS BARRIER
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Figure 3. lllustration of Isolation Barrier Within the DAC1423

Figures 4 and 5 show two methods of utilizing the isolation
characteristics of the DAC1423. In Figure 4, the DAC1423

is shown with separate loop supply and power supply. This
configuration is useful when it is desirable to derive power for
the module from the system without losing output isolation.
This configuration is also useful when using external synchron-
ization or multiple units, since the sync controls are referenced
to power common. Figure 5 shows the use of a single supply
for both power and loop current. This technique is useful when



the loop supply is the most secure power source, since the
DAC1423 will remain operable even though the system has
failed, as long as the loop supply continues to operate,
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SYNCHRONIZATION

The DAC1423 contains an internal oscillator which generates
the carrier frequency for the modulation process. In most
cases, there is no appreciable leakage from this oscillator, and
it may be ignored by the user. However, when a DAC1423 is
used in a system which contains a clock at or near this carrier
frequency, or when several DAC1423’s are used adjacent to
one another, it is possible that a heterodyning phenomenon
can occur which results in beat notes that may (or may not)
fall within the system’s passband. For this reason, the DAC1423
contains provisions for external or multiple synchronization.
Pin 68 is the SYNC IN pin which can be driven from an ex-
ternal clock. The external clock should be within 15% of free
running frequency of the DAC1423 (200kHz *15%). It should
be a 5V CMOS level (50% duty cycle) via a 2200pF capacitor
in series with pin 68.

If external sync is not used, leave the SYNC IN pin uncon-
nected; the DAC1423 will free run at approximately 200kHz,
Note that the SYNC IN signal is referred to power common,
not loop common or digital common.

When multiple DAC1423’s are used, it is recommended that
their sync provisions be “daisy chained” as shown in Figure 6,
The SYNC OUT pin of one DAC1423 is used as the external
sync drive for the next DAC1423. Note that the first DAC1423
in the chain may either “free run’ or be synchronized from an
external source.

DAC1423 DAC1423

DAC14Z

TO ADDITIONAL

FROM EXTERNAL 5YNC OR DAC1423

LEFT OPEN, IN WHICH #1
BECOMES THE MASTER
SYNC GENERATOR

Figure 6. Synchronizing Multiple DAC1423’s

The performance of the DAC1423 running in the sync mode
is essentially no different from the free running mode, except
that there may be slight offset and span shifts (= 1LSB) if the
carrier frequency is pulled appreciably from its free running
frequency. In no case should the carrier frequency be pulled
more than £15% from its nominal free running frequency.

DIGITAL INTERFACE (PARALLEL)

The parallel interface of the DAC1423 isa 5V CMOS design,
arranged to offer a great deal of interfacing flexibility to a
variety of user systems.

The interface consists of a 10-bit input latch, a 10-bit tri-
state output, and the associated control lines for read and
write operations. As shown in Figure 7, the 8 lower bits and
2 upper bits of both the latch and the tri-state are separately
controlled, allowing interfaces to both 8-bit and 16-bit bus
architectures. For 10-bit or greater bus operation, the LO and
HIGH write lines may be connected together, as well as the
LO and HIGH read lines.

28IT
CMOS
TRISTATE

EN

ouT 8
ouT 8

READ HIC L——I
ouT’? ai
ouT & :5
ouT s
47 88T
ouT 4 CMOS
ouT 3 TRISTATE

outz
ouT 1
outo

= S

READ LOG

iNg

|
N MOS L

T
b
L E
k]

21
OAD H,

N
ING

S € 8617
55 CMOS LATCH/
IE COUNTER
Nz f’;
N
S €71
Foy
Loap oGt e |

% +6

CLEARC

19 i.‘:)? 53 120
DIGITAL Vo OUT
COMMON

MNOTE: IN PARALLEL OPERATION, INCREMENT/
DECREMENT LINES ARE STILL ACTIVE

Figure 7. DAC1423 Digital Interface Architecture

An example of an 8-bit microprocessor interface is shown in
Figure 8. In this case, the data is arranged as two bytes, right
justified. The digital inputs to the DAC1423 are CMOS, there-
fore, rigid logic levels are required. In some cases, double buf-
fering may be required for bus interface.

The output drive capability of the tri-statesis 1 TTL load; in
general, the DAC1423 may be used directly on most NMOS
or CMOS microcomputer buses if the 3.3V minimum logic
“17 level is observed. In some cases, pullups may be required.

In the event of computer failure, the bus inputs must go to
either a high or a low state, but read, write and clear lines
must go to a low state.

BUMPLESS TRANSFER

In process control applications, there will be times when the
computer power fails and critical controls must be operated
manually. To avoid causing a “bump” in the process, such as
commanding a manually closed valve to fully open when
switched to automatic control, it is essential that the com-
puter knows the exact condition of the system when it re-
sumes control. This is known as “bumpless transfer’”.



Bumpless transfer, when switching between automatic and
manual control, is provided by the readback capability of

the ISO-DAC’s output tri-state logic. It constantly monitors
the status of the input register; therefore, when switching
from manual to automatic control, the computer can read the
status of the ISO-DAC before resuming the algorithm,
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SYMBOL MEANING MIN TYP | MAX | UNITS
tsp Strobe to Data Time - 315! —  ns
tps Data Set-Up Time 4] = = ns
DH Data Hold Time - 100 | — ns
tws Write Strobe Width - 100 s ns
tgp | Output Enable Time - 100 | — ns
top Output Disable Time . 80 - ns
tep Clock to Data Time = 315 = ns
tew | Clock Width - 200 — ns
tups Up/Down Set-Up Time i 2507 — ns
tcr | Clock Repetition Period - - 330 ns

Table 2. Timing Requirements

INCREMENT/DECREMENT CONTROL
Increment/decrement operation under computer or manual
control is possible with the input latch/counter in the:
DAC1423. The DAC1423 also contains overflow/underflow
lockout circuitry, and a slow speed clock output is provided.
The timing diagram shown in Figures 9 and 10 give guidelines
for increment/decrement operation. Figure 11 shows the 1SO-
DAC in the manual back-up mode using increment/decrement
control logic. In this circuit, part of Z; latches the direction
ipe, UP/DN. Z; and the remainder of Z; gate the clock
RC time delay. The RC time delay is de-
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Figure 11. Increment/Decrement Control

SLOW CLOCK OPERATION

The DAC1423 provides a slow speed clock circuit for the
user’s convenience in operating the increment/decrement
feature. This clock requires a resistor and capacitor to set
its operating frequency, as shown in Figure 12, When the
slow clock is not used, connect pin 38 to digital common
(pin 37) and disable the slow clock to prevent any feed-
through of the clock signal to the output.
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Figure 12. Using the Slow Clock



CLEAR
In many industrial controls, it is desirable to have the ISO-

DAC go to a known state when the system is first powered #

up. The clear pin, pin 36, is provided for just such cases. PIN pRUCTION. . FIN ;‘;:%Tﬁ”
. . . . 1 MSB IN A
Strobing the clear pin will reset the input latch/counter to 2 BIT2IN B BIT20UT
0° 1 1 1 3 BIT3IN [ BIT 30UT
all 0’s. Tying pin 36 to thc computer reset bus provides an Ao o b
asynchronous means to initiate the system to a known state. 5  BITSIN E  BITSO0UT
6 BITG IN F BIT 6 OUT
+5V OUTPUT 7 BITTIN H o BIT70UT
B . . 8 BITH IN J BIT 8 OUT
A +5V output is provided for powering a small amount of g lmiIToIn K BIT90UT
user supplied circuitry. This output is referred to digital ol S o
common and is, therefore, isolated both from the loop and 12 WRITELOW N READ LOW
ces 13 CLEAR P DIGITAL COMMON
from the.powcr supply. The outbf)arq dr:v'lcc.s may draw up o S i
to a maximum of 0.5mA from this pin (pin 20); however, 15 NC s NC
s ; i o ST o A 16 NC T NC
it is suggested thaqt the user by pass thls: pin to digital com e T eower: JUr  PwRCOMMON
mon with a 0,14F or greater capacitor in order to avoid 18 SYNCIN vV SYNCOUT
i . s . . - - W NC
externally injected glitches from disturbing the internal cir- b & NG
cuitry of the DAC1423, 2 +Vigor Y LOOP COMMON
22 NC Z NC
AC1582 MOUNTING CARD 5 o
PIN FUNCTION PIN  FUNCTION
A DIG COM 1 +Vioor
B DECREMENT 2 lout
C INCREMENT 3 LOOP COMMON

Table 3. AC1582 Mounting Card Connector Designations

In addition, the
configurations:

1. 8- or 16-bit bus interface;
2. Single supply for both power and loop current.

Options - User-Installed ]umpers
/ Bus Interfac Gl B j2 74,715

delivered via Py or TBy; s llcSSup%le(V
3. Separate loop supply and power supply; L Oupply gor
4. Offset and Span—fixed or adjustable, Offset gga
These configurations can be programmed by user-installed
jumpers, as shown in the wiring chart of Table 3. Jumper Notes:
locations are not shown in Figure 13, but are labeled on the ! Jumper locations are not shown in Figure 13, but are | d on AC1582.

mounting card. ? Loop supply normally accessible via TB1.
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Figure 14. Schematic Diagram for AC1582 Mounting Card
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