
goes high, R4 and R2 form a parallel
resistance of 6.67 M�, and the voltage
across C1 must reach 3.37V to deliver
a 1.245V input to the comparator. IC1’s
output drives a photocoupler, IC2, a
Toshiba (www.semicon.toshiba.co.jp)
TLP190B. Unlike other photocouplers,
IC2 includes an array of photodiodes
that, when illuminated, delivers a volt-
age output. Although weak by power-
conversion standards, the photocou-
pler’s output can deliver several micro-
amperes at an open-circuit voltage that
exceeds 7V, or enough to drive a MOS-

FET’s gate or a microprocessor’s input
pin. In addition, the TLP190B carries
a 2500V-rms emitter-to-detector isola-
tion-voltage rating.

When a telephone is not in use, the
on-hook voltage across its line of
approximately �48V produces a cur-
rent of 7 to 8 �A through R1, which
imposes a low-leakage requirement on
C1. The prototype version of the circuit
uses an X5R-characteristic ceramic
capacitor. When the voltage across C1
exceeds 5.06V, IC1’s output goes high
and drives IC2 through R5, discharging

C1. When the voltage across C1
decreases to 3.37V, IC1’s output goes
low, and C1 recharges. The output from
IC2 comprises a 1.4-msec-wide voltage
pulse with a repetition period of
approximately 240 msec. When the
phone is off the hook, the voltage
across its lines drops to a few volts,
which don’t sustain pulse genera-
tion.EDN

R E F E R E N C E
www.fcc.gov/wcb/iatd/part_

68.html.
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Figure 1 Drawing minuscule amounts of power from a telephone line, this isolated-output circuit indicates whether the
line is in use.
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High-speed DACs, such as
Analog Devices’ AD9776/

78/79 TxDAC family, offer differential
outputs, but, for low-end ac applica-
tions or high-precision level-setting
applications, a single-ended current-
output DAC with a differential-con-
version circuit provides a novel ap-
proach to generating differential-
waveform-control functions. The basic
circuit in Figure 1 combines a current-
output DAC, IC1, such as the 8-bit

AD5424 DAC, with a single-ended-to-
differential op-amp stage—IC2,  IC3A,
and IC3B—to generate the desired out-
puts. For dual-power-supply applica-
tions, you select the DAC’s unipolar
mode of operation to achieve optimum
performance from the DAC. Using a
single op amp, the DAC provides two-
quadrant multiplication or a unipolar
output-voltage swing. The DAC’s out-
put requires a buffer because changing
the code applied to the DAC’s input

varies its output impedance.
This equation defines the circuit’s

output voltage: VOUT��VREF�
(D/2N), where N defines the number of
input bits, VREF is the reference voltage,
and D is the decimal equivalent of the
binary code. To generate a positive
common-mode voltage, you use a neg-
ative voltage for the DAC’s reference
voltage. The DAC’s internal design
accommodates ac reference input sig-
nals of �10 to �10V. In this mode, the
DAC provides a 5M-sample/sec maxi-
mum update rate for one-quarter full-
scale code changes when you operate it
from a 5V power supply. Use resistors
R1 and R2 only if your application
requires adjustable gain.

Circuit converts DAC’s outputs 
from single-ended to differential mode

�

Liam Riordan, Analog Devices, Limerick, Ireland
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Figure 2 In this configuration, a positive reference voltage produces a positive output voltage.
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The single-ended-to-differential
stage comprises two cross-coupled op
amps, which resistors R5 and R6 con-
figure as a unity-gain follower. To yield
a symmetric circuit, the outputs also
drive each other as unity-gain invert-
ers through R7 and R8. The voltage you
apply to the positive terminal of op amp
IC2 sets the circuit’s common-mode
voltage. Resistors R3 and R4 control the
amplitude of the differential voltage.
Review your application’s output-load

requirements and the op amps’ input-
and output-voltage capabilities.

For single-supply applications, you
can use a current-output DAC in
reverse mode, in which you apply the
reference voltage, VIN, to the DAC’s
IOUT1 pin and take the output voltage
from the DAC’s VREF terminal (Figure
2). In this configuration, a positive ref-
erence voltage produces a positive out-
put voltage. This circuit does not use
the DAC’s feedback resistor, RFB, and

its connection to IOUT1 prevents stray
capacitance effects. The DAC’s refer-
ence input “sees” an impedance that
varies with the applied code and thus
requires a low-impedance source. 

Note that the switches in the DAC
ladder no longer have the same source-
to-drain drive voltage, which in turn
limits the input voltage to low voltages.
As a result, the switches’ on-resistanc-
es differ and degrade the DAC’s lin-
earity. Also, this mode limits the max-
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Figure 1 This basic circuit combines a current-output DAC, IC1, with a single-ended-to-differential op-amp stage—IC2,
IC3A, and IC3B—to generate the desired outputs.
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imum update rate to 1.5M sam-
ples/sec. You can use sections of
a dual op amp to buffer the
DAC’s input and to amplify the
DAC’s output voltage (Figure
3). The circuit’s intended
application determines your
choice of supporting amplifiers.
For lower speed, precision ap-
plications, the op amp requires
low input-bias currents and low
input-offset voltage to avoid
degradation of the DAC’s
DNL (differential-nonlineari-
ty) performance. For example,
the AD8628 offers 100-pA
maximum bias current at room
temperature and 5-�V maxi-
mum input-offset voltage. The
op amp’s low-frequency noise is
important in precision level-setting
applications, and the AD8628 specifies
0.1- to 10-Hz noise of less than 0.5 �V
p-p. Its rail-to-rail inputs and outputs
make it ideal for use in single-supply
circuits.

For high-speed-system applications,
the op amp’s slew rate must not domi-
nate the DAC’s slew rate. The op amp’s
bandwidth must be large enough to
drive the feedback load and must not
limit the circuit’s overall bandwidth,
and the DAC’s output- voltage settling

time should determine the cir-
cuit’s maximum update rate.
The AD8042 in figures 1 and
2 offers 170-MHz bandwidth
and a 225V/�sec slew rate,
allowing it to easily achieve
these results. Other high-speed
op amps, such as the AD8022,
AD8023, and AD8066, also
work well in this application. 

The DAC consumes only 0.4
�A of power-supply current,
and the op amps thus dominate
the circuit’s power consump-
tion. To minimize the area for
the circuit on a pc board, you
can replace all four op amps in
Figure 2 with a single AD8044
quad op amp. The single-

ended-to-differential conversion of a
digitized, eight-point sine wave in the
presence of a 1.4V common-mode
voltage and a 0.6V differential signal
produces differential outputs (Figure
3).EDN
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Figure 3 The single-ended-to-differential conversion
of a digitized, eight-point sine wave produces differ-
ential outputs.

DOWN
1 System with both analog

and digital waveforms
2 Sine, square, triangle, and

sawtooth are examples
3 External stimulus that initi-

ates instrument functions
7 Technique used to ensure

instrument clocking occurs
at the same time

9 Unwanted signals
10 The smallest amount of input

signal change that an instru-
ment or sensor can detect.

11 Next generation, high-
bandwidth, high speed PC 
bus based on PCI

14 Frequency at which the ADC
converts analog to digital data

16 -3dB below the passband 
frequency

17 Needs to be matched
18 Annual conference of virtual

instrumentation held in
Austin, TX

20 Low Voltage Differential
Sampling

ACROSS
3 Years since National

Instruments was founded
4 Process of determining and

adjusting an instrument’s 
accuracy

5 Converts a complex digital
data to an IF or RF signal

6 PC-Based Oscilloscope
8 RF

12 PCI Extensions for
Instrumentation

13 Clock used for mixing in RF 
circuits

15 Revolutionary graphical devel-
opment software for test, con-
trol, and design applications

19 Technique used to output vary
sine wave from low to high 
frequency

21 National Instruments test 
management software

22 Technique to reduce or elimi-
nate conductive paths between
two electrical systems

23 Adding noise to reduce
quanization error

24 Deviation from an ideal timing
event often seen in clocks
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