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Guest Editor’s Notes

EMPHASIS ON SPEED
This issue¢ of Analog Dialogue
features the fruits of advanced
process technology: two types of
devices that can work together
in high-speed applications. The
ECL 10-bit 75-megasample-per-
second AD9060 analog/digital
converter (with 1ts TTL version,
the 60-MSPS AD9020) is a
monolithic device that performs
better than hybrid- and board-based solutions, with less power
dissipation and lower cost.

A high-speed op amp is needed for many jobs. Not the least of its
applications is 10 help realize the full potential of a high-speed
converter (such as the AD9020/9060) by serving as a buffer for the
input signal. The new pair of current-feedback monolithic op
amps, the AD9617 and AD9618, featured in this issue’(page 6),
are superior choices for this function—and excellent companions
for their fellow devices.

It may also be worth a reminder that, to complete the high-
frequency analog-digital-analog signal path, the AD9712 and
AD9713 DACs (featured in the last issue, 23-4) are optimized for
waveform generation.

NEW IEEE FELLOWS

Two* long-term contributors at Analog Devices were among the
230 Senior Members eclected as Fellows of the transnational
Institute of Electrical and Electronics Engineers (IEEE) this year.
Dr. Richard S. Payne and Daniel H. Sheingold were accorded the
1EEE’s highest rank after a rigorous and exbaustive pracess that
required nominators to provide tangible evidence of accomplish-
ments, references from at least five existing Fellows, and recom-
mendations by a Society within IEEE. Election to [EEE Fellow
grade is acknowledgment of significant and long term contribu-
tions to the state of engineering and its various disciplines and
roles. We’re honored but not surprised by the choice of these rwo
individuals.

Richie Payne, presently Director
of the Automotive/Sensors Group
at Analog Devices Serniconductor,
was cited “for advances in pro-
cesses for the manufacture of
bipolar and CMOS discrete
devices and integrated circuits.”
While at Bell Laboratories, he
invented the first successful pro-
cess for fabricating high-frequency
bipolar transistors using ion implantation. It was introduced into
manufacturing in 1971 and is stil} i use.

In his 10 years at Analog Devices, Richie has contributed to and
managed process development for high-performance linear, digital,
and mixed-signal devices. The strategies and peopte that he put in

*In addition to the above, Dr. Joel Moses, Professor of Computer Scicnce and
Engincering at the Massachusetts Institute of Technology and mernber of
Analog Devices’ Board of Directors, was elected as an [EEE Fellow this year
“for keadership in the development of symbolic algebraic manipulation systems.”

2 ISSN 0161—3626 ©Analog Devices, Inc. 1990

place have significantly enhanced Analog’s leadership position in
high-performance analog and mixed-signal process technology.

He also built and managed a major wafer-fabrication facility that
puts the results of process development to the severest test: the
ability 10 manufacture and ship advanced ICs in quantity. At
present, he is applying this process- and production expertise ta
the development and marketing of silicon-based sensors, special-
ized signal conditioners, and advanced sensor interfaces for
automotive and other markets.

To many of you, Dan Sheingold
is the familiar name and face on
this page. His forma) title “Tech-
pical Marketing Manager™ ob-
scures many details. As originator,
editor, nurturer, and filter of the
contents of Analog Dialogue for
over 20 years, he has provided an
ongoing legacy of articles that
inform, educate, clarify. His writ-
ing and editing in Analog Dialogue, in numerous handbooks, and
in other technical articles unequivocally disproves the cliché that
“engineers can’t write.”

The 1EEE citation accompanying his election specifies “for con-
tributions to the understanding and use of analog devices and data
converters.” When insight into these components and their appli-
cations is important (a superior but inadequately described device
or capability benefits no one), Dan has shown it can be done
clearly, succinctly, and with a style that is a pleasure to read.

Bill Schweber 3

THE AUTHORS
Chuck Lane (page 3), a Project

Engineer at ADI’s Computer Labs
Division, in Greensboro NC, has
design experience with compara-
tors, flash converters, and other
bigh-speed a/d converter architec-
mres. Chuck graduated from
North Carolina State University
with a BSEE in 1986. His hobbies
include racquetball, table tennis,
and reading.

David Duff (page 3) is Product Manager in Strategic Marketing at
the Computer Labs Division. His photo, and a biographical
sketch, appeared in volume 23, number 3.

Pete Predella (page 12) is a Technical Publicity Associate at
Analog Devices, in Norwood, Massachusetts. His photo, and a
biographical sketch, can be found in volume 23, number 3.
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FASTEST 10-BIT ADCs PROVIDE SUPERIOR DYNAMIC PERFORMANCE
60-MSPS AD9020 (TTL) and 75-MSPS AD9060 are monolithic devices
Unique LSB interpolating architecture minimizes input capacitance

The AD9020 (TTL) and AD9060 (ECL)* are the fastest mono-
lithic 10-bit analog-to-digital converters available, with respective
sampling rates of up to 60 and 75 MSPS. Housed in space-saving
68-pin surface-mount packages, they beat known hybrid and
circuit-board solutions in dynamic performance, power consump-
tion, angd price. Both devices achieve rated specifications without
an input track/hold amplifier; all they require is excitation power,
a voltage reference, and a clock to initiate encoding. Applications
abound in digital oscilloscopes and instruments, medical imaging,
communications, professional video, and in radar systems.

Architecture: The AD9020 and AD9060 design' (Figure 1)
begins with the conventional flash a/d architecture: a string of
comparators spaced evenly along a resistor ladder, followed by
decoding circuitry which converts the “thermometer-code” output
of the comparators into a conventionally coded binary word.
Unlike a straightforward 10-bit flash converter design, with
(2'°- 1) = 1,023 comparators, these devices need only 512.
Besides saving real estate, the smaller number of comparators
avoids problems of high input capacitance in the 100-pF + range:
difficult to drive at bigh frequencies—and variations with input
voltage cause distortion and degrade dynamic performance.

In the AD9020 and AD9060, an innovative interpolation schemet
halves the number of input comparators (Figure 2a). The 9 most-
significant bits are quantized conventionally, but each LSB is
determined by combining the outputs of adjacent comparators in
interpolating latches. Thus, 512 input comparators have been
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Figure 1. Functional block diagram.

A 10-Bit 60-MSPS Flash ADC,” by Chuck Lane. Conference Record, IEEE
1989 Bipolar Circuits and Technology Meeting.

*Usc the reply card for technical data,
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eliminated and replaced by S11 additional differential-input
Jatches, which sum the outputs of the rth and the (n + I)th
comparators); but the analog input is not loaded by these laiches.

Figure 2b shows the transfer function of the comparators and the
effective inputs to the interpolating latches with a linearly increas-
ing input. When the input value is between REF1 and REF2, all
comparators below comparator 1 will be saturated, with a high at
their non-inverung outputs (1o be latched as a binary 1); those
above comparator 2 will be in saturation with a high at their
inverting outputs (and latched at 0). However, comparators { and
2 will be working as amplifiers in the transition region, amplifying
the difference between the analog input and the voltage at the
associated 1ap on the reference-divider string.
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Figure 2. Interpolation,

Latch 1A compares the inverting output of comparator 2 (B) with
the noninverting output of comparator 1 (4), producing the sum,
(A + B); as the figure shows, the sum crosses the threshold
halfway between the transitions of comparators 1 and 2. Latch 1A
has a logic 0 output when the input is below this threshold, and 1
above the threshold. Latches 1 and 2 respond 10 (A — A = 2A),
and (B — B = 2B), crossing the threshold at the transitions of
comparators | and 2. Thus latch LA inserts a bit with a weight of
1/2 the LSB between the bits produced by the comparators. Since
latch 1A operates concurrently with latches 1 and 2 to sample the
input, there is no pipeline delay between the two sets of bits.

Besides reducing input capacitance, interpolation improves differ-
ential nonlinearity (DNL). In traditional flash architectures, a
mismatch of 1 LSB between comparators (Figure 3) results in one
code appearing two LSBs wide and one code missing (if adjacent
comparators are ideal). The interpolation technique doesn’t per-
mit this situation to occur, since the code (N — 1) transition is
halfway berween transitions (N — 2) and N (two 1 1/2-LSB
widths), and the (N + 1) transition is halfway between (N + 2)
and N (two 1/2-LSB widths).

Specifications: Both ac and dc specs are given because key spec-
ifications are application-dependent. Signal-to-noise ratio (SNR),
for exarople, is important in radar- and communications-receiver
design, since it limits ultimate sensitivity. Harmonic distortion
measures spurious harmonic signals developed in the a/d con-
verter as a result of device transfer-function imperfections (due to
nonlinearities, internal delay mismatch, and varying input imped-
ance). Two-tone intermodulation distortion (IMD) results in spuri-
ous signals within the passband of a receiver or signal processing
system. It is measured as the log power ratio of the the strongest
3rd-order IMD component to either input signal.

4

The TTL AD9020 and ECL AD9060 are fully characterized for
both static and dynamic input signals, as summarized in the 1able.
Although the converters are specified for encoding rates up to 60
and 75 MSPS, respectively, their performance at other rates and
various input frequencies is important to many designers. Figure
4a shows SNR as a function of input frequency; 4b shows effec-
tive number of bits (ENOB) as a function of conversion rate.
Althonugh maximum conversion rate is defined as the rate above
which SNR degradation exceeds 3 dB at low frequencies, the
graphs show performance beyond this specified maximum.

COMPARATIVE SPECIFICATIONS: AD9%020 & AD%060

AD9S020 AD9060

Differential nonlinearity (LSB) 1.0 1.0
Integra! nonlinearity (LSB) 1.25 1.25
Aperture delay (ns) 1 1
Aperture uncertainty —jitter (ps rms) 5 S
Analog bandwidth (MHZz) 175 175
Transient response (ns) 10 10
Overload recovery time (ns) 10 10

ENOB (bits, f;,=10.3 MHz) 8.5 @ 40 MSPS 8.5 @ 60 MSPS
SNR (dB, f;,=10.3 MHz) 53 @ 40 MSPS 53 @ 60 MSPS
THD (dBc, f;,=10.3 MHz) —~59 @ 40 MSPS -59@ 60 MSPS

2-tone IMD (dBe, f,. = 10.3 MHz) =70 @ 40 MSPS ~70 @ 60 MSPS

Digital codes: Conversion is initiated, and the comparators are
latched, by the rising edge of the encode signal (TTL/CMOS-
compatible for the AD9020; ECL-compatible for the AD9060).
The 10-bit conversion output is a latched parallel word, in one of
four user-selected formats: binary and twos complement—straight
or inverted. The format is selected by strapping 1wo control lines
to ground or the power rail. An 11th output bit, when high, serves
as a flag 10 indicate that the analog input has exceeded the input
range. The overflow bit clears automatically on the next conver-
sion when the input falls below the maximum allowed.

Voltage reference and performance: Both devices require usec-
supplied high- and low voltage references to establjsh the convert-
er’s input range. Applied across the 37-Q resistor string, they
must be driven from stable, jow-impedance sources. Voltage sense

ANALOG INPUT
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/
1 REF N, N+1*

1 1
1 1
1 1

; - REF N-1
[ | 1

t T T REF N-2
o | 1

CODE: , N-2 : N-1 1 WEL CODE N IS MISSING

LSB: | 1 1 H | 1 !

*NOTE: COMPARATOR N HAS 1 LSB OF REFERENCE ERROR.
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1 1 1 |
1 1 1 !
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b. Improvement due to interpolation.
Figure 3. Comparator offset error.
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. [ W Tl |'*°&  Evaluation board: Valid evaluation of high-speed flash converters
L e 60 requires careful attention 1o circuit layout, grounding and ground
) Sl T 09060 (4] . . .
g g N AD9020 % 60 5 planes, and stray inductance and capacitance. Evaluation boards
z " - . . . l [} - .
g S [ 10 %  are available for both devices (Figure 6), differing principally in

a4 : 0 o . .
£ ANALGG INPUT = 2.3MHz @ gccommodations for TTL and ECL. Conversion results, along
z = . . .
3 *® ‘\ 63 with a Data Ready signal (generated via a delayed clock), are
2R \ 50 2 available at a 37-pin connector.
z ENCODE RATE = 40MSPS I
) Loores ! 0 W

] l \ I ‘ t ARARRRRARLI Y I vy >
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Figure 4. Performance of AD9020 and ADS060. a. vs. input w TAPS //,/
frequency. b. vs. conversion rate. 8 FLOATINGB///
000

. . . . 5 V%
lines are provided to eliminate offset errors caused by resistance E ,&
berween the external reference and the connections of the first and © o " / i i
last comparators (o0 the reference ladder. They permit compensa- 2
. N . /
tion of the top and bottom ladder offsets; loading of the sense lines [’
should be < 100 pA 10 avoid added error. Veose "Magr  Vaes 3agr +Veruse

In addition 1o the endpoint connections for the reference voltages,
there are also mid- and gquarter-point ladder taps. These t1aps can
be driven by external sources at 1/4, 1/2, and 3/4 span voltages 10
achieve the stated integral linearity of the converter (Figure 5).
They can be optionally ignored if relaxed specs are permissible.
Alternatively, the integral nonlinearity of a particular device can
be measured and then partially reduced by adjusting the voltages
at the quarter point taps, to improve low-frequency performance.

Analog input: The AD9020 and ADS%060 are optimized for
+1.75-V references and analog input range. For smaller spans,
the differental nonlinearity will increase because the internal
comparator mismatch is larger r¢lative to the LSB. For example, a
test resulting in 9 effective bits and 56-dB SNR with a =1.75-volt
range will decrease to 8.1 effective bits and 51-dB SNR for a
=~(0.8-volt range, under otherwise unchanged conditions.

The analog input of the converters presents 7-k{) input resistance
and 45-pF input capacitance. The input should be driven from a
low-distortion, low-noise amplifier such as the AD9%617 (this
issue, page 6), isolated by a small series resistor (24 Q1 for the
ADB9617) to improve ac performance of the amplifier.

-5V

Vi

Figure 5. Improvement in integral linearity achieved by
driving reference ladder taps.

The evaluation board also incorporates a 12-bit reconstruction
DAC to reconvert the digitized values 1o analog. The DAC allows
a quick visual check on perforrnance of the converter (is the
device working reasonably well, or are there gross malfunctions?)
This is not easily determined by looking at 10-bit words appearing
at 60 or 75 MSPS. In addition, the original analog waveform and
its reconstructed value (polarity inverted) can be summed 10
observe qualitatively converter linearity and the effects of adjust-
ing tap voltage or other performance parameters.

The 60-MSPS ADY9020 and 75-MSPS AD9060 are packaged in
68-pin leaded and leadless chip carriers. The TTL AD9020
requires a =3-volt supply; the ECL. AD9060 requires +5/—5.2 V.
Typica) power consumption (both devices) is 2.8 W at 25°C and
3.5 W maximum over the full operating temperature range. Prices
(100s) begin at $165/3185 for the AD9020/AD9060. (>
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MONGLITHIC OP AMPS HAVE WIDE BANDWIDTH, LOW DISTORTION

Current-feedback AD9617 and AD9618 are optimized for choice of gains
Proprietary architecture offers exceptional dynamic performance

The AD917% and AD9618* monolithic op amps use current
feedback and an innovative architecture (patent pending) to pro-
vide high speed operation at low cost. The two devices (see Table)
are very similar; both have flat wideband closed-loop frequency
response and low harmonic distortion, combined with superior dc
linearity —commensurate with 16-bit applications.

SPECIFICATION AD9617 AD9618
Gain Range (V/V) =1 to =40 +5/—1 to =100
Distortion at 20 MHz (2nd h, dBc) -67 -63
Small-Signal Bandwidth (MHz) 190 (Ay=+3) 160 (Ay=+10)
Large-Signal Bandwidth (MHz) 150 (4 Vp-p) 150 (5 Vp-p)
Seuling time (ns) 910 0.1%

14 10 0.02%
Input Offset Voltage (mV) 0.5 tvp, 2.2 max
Input Offset Voltage Drift (nV/°C) 3 yp, 10 max
Ioput Bias Current, Inverting (pA) 50 (max) 45 (max)
Outpur Impedance at de (£)) 0.07 0.08
Qutput Current, 50-(2 Load (mA) 60 60

The op amps differ in their optimal closed-loop gain range: the
ADY617 is intended for lower gains—from =1 10 *15—but will
provide desirable performance at gains up to =40 V/V; the
ADY618 is moare suitable for the higher gains up to =100 (but can
be used down to gain of +5 and —1). The AD917’s second-
harmonic distortion spec at 20 MHz is —67 dB¢, and it maintains
190-MHz small signal bandwidth at gain of +3 V/V and 150-MHz
large-signal bandwidth at 4 V peak-to-peak output. For the
AD9618, the corresponding specifications are —63 dBc distorion
at 20 MHz, with 160 MHz small signal bandwidth at gain of
+10 V/V and 150 MHz large signal bandwidth with 5-V p-p
{ull-scale output.

Applications for these op amps include driving flash a/d
converters, such as the AD9020 and AD9060 (see page 3),
current-to-voltage conversion of fast d/a-converter outputs, and
preamplification stages for photodiodes and CCD sensors. They
will be found in jnstrumentation designs, communications sys-
tems, and video processors. The performance of the AD9617 and
ADY618 is superior in most respects 1o hybrid devices, and their
8-pin DIP or small-outline surface mount IC packages save
considerable space.

0 Vo

v ;

Figure 1. Equivalent circuit.

*Use the reply card for echnical daia.
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Architecture: Feedback amplifiers (of which operational amplifi-
ers are a subclass) employ 1wo basic types of topology: voltage
feedback and current feedback (see “Current Feedback and Tran-
simpedance,” Analog Dialogue 23-3, page 22). Circuits designed
for voliage feedback generally have a relatively constant gain-
bandwidth product, which forces the closed-loop bandwidth to
vary inversely with the closed loop gain. In addition, slew-rate
limiting in these amplifiers causes the large-signal bandwidth 1o
be much less than the small-signal value.

Current feedback, also used in Analog Devices’ op amps such as
the AD844 (Analog Dialogue 23-2) and AD9610 (Analog Dialogue
21-1) provides two advantages over voltage-feedback: slew-rate
limiting is avoided, so large signal bandwidth js nearly equal to

+¥: O

*OPTIONAL
SEE TEXT

*OPTIONAL
SEE TEXT

Figute 2. Configurations for noninverting (left) and invert-
ing (right} operation.
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Figure 3. Inverting frequency response.

the small-signal value, and bandwidth decreases only slightly as
gain is increased (due to the inherently low open-loop inverting
input resistance). However, dc performance tends to suffer,
because the effective open-loop voltage gain is low compared 10
that of precision voliage-feedback amplifiers. The consequence is
inferior de linearity and precision, and increased distortion at the
higher frequencies (due to open-loop gain rolloff).

The AD9617 and AD9618 are designed to take advantage of the
best features of both topologies, while minimizing the drawbacks
of each. The result combjnes the key attributes of lower-
frequency precision amphifiers with high frequency characteristics
that are independent of the closed-loop gain.

The simplified equivalent circuit (Figure 1), shows basic dc oper-
ation and gain. Note that the feedback circuit looks very much
like that of voltage-input amplifiers. But in this case, for inverting
operation, the input-signal error current (/) is amplified by the
open loop transimpedance gain, T, and the output signal gener-
ated is T, X Ig. As in the case of voltage amplifiers, the overall
closed-loop gain, G, is ideally —R/R,. Figure 2 compares the
external circuitry in inverting and non-inverting circhit operation
(the dashed-line circuitry can be omitted in an alternate mode of
power-supply connection where sockets are already wired for
other high-speed op amps).

For noninverting operation, the input signal is apphed to the
high-impedance buffer (noninverting) input. Again, the feedback
current, I, is furnished to the low-impedance inverting input;
the closed-loop gain is the same as for voltage-input amplifiers,
(1 + R, /R;). The noninverting input should be driven from a
low- impedance source to preserve the op amp’s full bandwidth.

Closed-loop bandwidth at high frequencies is determined prima-
rily by the rolloff of the transresistance open-loop gain. Although

Vewr = Vpp | % Vour = 9pp | y
| —— 2D HARMONIG /] 2NO RARMONIC v
=60 [ _ -~ 3rD HARMONIC // }\ [~ ——— 3RD HARMONIC f
& -e0 w[el[x 7 AJ: e ////- 7
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é M i y /7 1004t A 7 /
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: RV AEE IR
~90 <at Y } d pot) | | |
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Figure 4. Harmonic distortion.
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Figure 5. Capacitive loading test circuit and settling time.

bandwidth does decrease as closed loop gain increases, the change
is relatively small because the Jow equivalent series input imped-
ance (effectively in parallel with R,) maintains an essentially con-
stant ratio (0 Ry (see Analog Dialogue 21-1, page 22). For low
gains, Ry can be reduced to increase bandwidth and produce
faster pulse response, but overshoot and ac peaking may increase
settling time.

Layout is, of course, critical at high frequencies. In application,
ground planes should be used on the component side of the board
in the area of the amplifier, with proper decoupling close to the
IC. The pinouts of the AD9617 and AD9648 match industry-
standard op amps, so these devices can be retrofitted into existing
designs (with appropriate feedback resistance). However, for min-
imum settling time and lowest distortion, pin § should also be
connected 10 +V,, along with pin 7; similarly, pin 5 should be
connected to —V,, along with pin 4.

Performance: The inverting frequency response at a variety of
gains for each op amp with =5-V supplies is shown in Figure 3,
with R of 400 2 (AD9%617) and 1 k) (AD9618). Figure 4 shows
the harmonic distortion of each device. Outputs are protected
against short circuits to ground.

The output buffer design and low inverting input resistance (Ry)
allow these devices to drive load capacitances of up to 20 pF
(AD9617) and 10 pF (AD9618) directly. For the configuration
shown in Figure S, settling tme (10 0.02%) will decrease as
indicated for larger loads. To facilitate driving larger capacitive
loads (up to 100 pF) or for faster seutling time, in applications
where dc gain accuracy is not critical, series resistance up to 25 Q)
(outside the feedback loop) can be used to decouple the output.

A commercial-temperature-range (“J"-grade) device is available in
an 8-pin plastic miniDIP and SOIC, and two grades of devices for
industrial (A,B) and military (S,T) temperature ranges are avail-
able in hermetic Cerdip. Quiescent current from each rail of a
+5-V supply is 43 mA maximum. Prices for either op amp begin
at $11.55 (100s). O



A SPICE MACROMODEL OF THE AD9617

Macromodels allow design engineers to simulate electronic com-
ponents using programs such as SPICE (or its many derivatives).
Reasonably accurate models of digital components have been
available for several years, but the complexity and subueties of
analog components (in both the linear and non-linear domains)
makes models for them more difficult to generate.

Unlike a model based on semiconductor process variables and
device geometries, a macromodel uses a simplified equivalent
circuit and describes the devices within the circuit by their volt-
ages, currents, parameters, and dependencies. For a design inves-
tigation by the user of a macromodel, the complex component
(which may have dozens of active and passive devices) is reduced
to a multiterminal “black box” behavioral model (represented by
the netlist) to be interconnected within the final system schematic.

The macromodel listing for the AD9617 is based on the equivalent
circuit shown and four basic transistor device models (the model
for the AD9618 is nearly identical). The SPICE user of this
macromodel calls up a five-terminal device: model node 1 is IC
pin 3 (V,,.); node 2 is pin 2 (V;,—); node 15 is pin 6 (Vou); and
nodes 100 and 110 are the power rails of pins 7 and 4 respectively
(Vee and Vig), paralleled with 8 and 5.

Unlike some macromodels—based on overall specifications or
simplified representations—which oversimplify by ignoring how
the IC is actually built, this model attempts to capture the realities
of the analog world. For instance, it emulates the diodes (Q1 and
Q2) in the AD9617/AD9618 input stage by using transistors—-
since that is how these diodes are built. This allows accurate
simulation of changes in input circuitry and dc performance with
temperature (for example, power supply rejection versus temper-
ature can also be simulated accurately). The graph compares
measured and modelled open-loop transimpedance magnitude and
phase.

NETLIST

.SUBCKT LGAMP 1 2 15 100 110
« | =VIN +, 2=VIN —, 15=VOUT, 100=VCC, 110=VEE
Cl1 135 1.15P

C217 6 1.15P

C31220.5P

C4563.5P

C5501.0P

Cs661.0P

C71201.5P

CINN 10 1.5P

CINI 20 1.5P

F1100 13 VM1 1.5

F2 17 110 VM2 1.5

GM1 129 POLY(2) 0 5 0 6 2.5M, —2.0M, -2.0M
GM2 10 12 POLY(2) 0 6 0 5 2.5M, 2.0M, 2.0M
I1 100 3 DC 1.98M

12 100 5 DC 3.93M

13 4 110 DC 2.0M

14 6 110 DC 4.0M

15 100 12 5.0M

16 12 110 5.0M
Q1331110QNA 1.05
Q2532110 QNA 1.05
Q3441100 QPA 1.05

Q4 642100 QPA 1.05

QS5 110 12 13 100 QPA 1.25

Q6A 100 13 14 110 QNB 1.05
Q6B 100 13 14 110 QNB 1.05
Q7100 12 17 110 QNA 1.11

Q8A 110 17 16 100 QPB

Q8B 110 17 16 100 QPB

R1 12 15 500

R214155S

R315165

R4 100 5 190K

R5 50 25K

R6 6 110 395K

R7 60 12K

R8 7 20 350

VB157DC 1.6

VB2206 DC 1.6

VM1 100 10 DC 0

VM29 110 DC O

*

.MODEL QNA NPN RB=75, IRB=0, RBM =7, RC=20, RE=0.7,
+1S = S40E-18, XTB=2.4, BF=1380, +IKF=15M, VAF =30,
ISE = 22E-16, ISC=3SE-21, + TF =25P, CJE=16E-14, VJE=1.0,
+CJC=2.2E-13, XC]JC=.2, +C]S=4E-13, M]§=0.3

.MODEL QNB NPN RB=24, IRB=0, RBM=2, RC=6, RE=0.5,
+1S=18E-16, XTB =2, BF =380, +IKF =49M, VAF =30,

ISE = 72E-16, ISC=115E-21, +TF=25P, CJE=54E-14, VIE=1,
+CJC=6E-13, XCJC=.2, +C]JS=7E-13, MJS$=0.3

.MODEL QPA PNP RB =83, IRB=0M, RBM =14, RC=18, RE=0.5,
+1S=26E-17, XTB=2, BF =150, +IKF =24M, VAF =15, ISE=7E-15,
ISC =30E-19, +TF=35P, CJE=11E-14, VJE=1, +CJC=3.1E-13,
XCJC=0.2, +CJS=9E-13, M]§=0.35,

.MODEL QPB PNP RB=25, IRB=0, RBM =4, RC=5, RE=0.2,
+1S=88E-17, XTB =2, BF =190, +IKF =84E-3, VAF=15,

ISE =22.3E-15, ISC=100E-19, +TF=35P, CJE=36E-14, VJE=1,
+CJC=8.5E-13, XC]C=0.2, +CJS=1.4E-12, M]§=0.35,

*
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Equivalent circuit of the AD9617 macromodel. Open-loop
transimpedance magnitude and phase vs. frequency.

The AD9617 and AD9618 were designed by Roy Gosser, and the
model was developed and tested by Bill Tolley. All are at Analog
Devices” Computer Labs Division, Greensboro, North Carolina.  [3
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APPLICATION DECIDES OPTIMAL DSP PROCESSOR ARCHITECTURE

ADSP-2100 family best suited for real-world signal processing
Instruction set, arithmetic, data flow, program sequencing are keys

Selecting an appropriate digital signal processor (DSP) involves
many tradeoffs. First, there are traditional engineering factors like
cost, memory, speed, programming effort, power consumption.
But unlike the selection of an op amp or a/d converter, a DSP’s
sujtability for a given job also involves an aspect more difficult to
characterize: the appropriate processor architecture. It makes a
processor easier 10 program optimally —a major consideration—
and able to accomplish the complete digital signal-processing
(DSP) algorithm in less time while requiring less memory and
other support.

Real-world DSP applications include digital filters, such as the
finite impulse-response (FIR) system modeled in Figure 1, and
the decimation-in-time fast Fourier transform, shown schemau-
cally in Figure 2; the lauer’s algorithm flow chart appears in
Figure 3. Both applications involve a repetitive pautern of dara

x{n) DELAY

* bz % Py,

yin}
N-TAP FILTER

Figure 1. FIR filter principle.

handling and unique symmetries in data structure, To be effec-
tive, DSP architectures for processing real-world signals in real
time (or at least fast enough to be truly useful) must provide:

a. fast and flexible arithmetic, including single-cycle mulaoplica-
tion (often with accumulation), shifting, and logic operations.
b. extended dynamic range on mulliply-and-add —needed for this

commonly used DSP function—to protect against overflow,
resulting from many successive accumulations.

STAGE 1

STAGE 2 STAGE 3

Figure 2. Eight-point decimation-in-time FFT.

2Use the reply card (or technical information.
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by Bob Fine and David Fair
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Figure 3. Flow chart for decimation-in-time FFT.

¢. single-cycle fetch of two operands, as data and coefficient for
repeated multiply-and-add calculations.

d. eircular buffering in hardware, for efficient execution and min-
imal software burden in address generation for appljcations such
as digital filtering.

e. looping and branching with zero overhead: frequently employed
DSP algorithms are often inherenily repetitive; commonly imple-
mented as program loops, they should execute without undergo-
ing the penalty of extra cycles for checking the end of the loop or
for conditional branching out of the loop.

Real-time signal-pracessing applications are especially critical 1o
three aspects of DSP architecture: arithmeric processing (a and b),
data addressing (c and d), and program sequencing (¢). The ADSP-
2100 family* of DSP processors is designed with these factors
especially optimized for timely signal processing, in contrast to
general processing and off-line calculations.

ARITHMETIC PROCESSING

The arithmetic section of the ADSP-2100 has three computational
units (Figure 4)—linked, but independent of one another. The
arithmeti¢/logic unit (ALU), multiplier/accumulator (MAC), and
barrel shifter are connected via the R (“results”) bus, so that the
output of any unit can be used as an input for itself or any other
unit on the next ¢ycle. Operands for the ALU and MAC can come
from program- or data memory—or specified on-chip registers.

ALU operations can be done on any X-Y pair of the two X and
two Y input registers, which in turn can be loaded with data
words from any combination of program or data memory buses,
or other data registers within the processor. Here's an example of
a multifunction ALU instruction combining addition and two
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Figure 4. Simplified block diagram of ASDP-2100 arithmetic
section.

memory reads (AR is the ALU output register, AX0 and AY 1 are
two of the ALU input registers):

AR = AX0 + AY1, AX0 = DM(I0,M3), AYl = PM(14,M7)

The ficst part (up to the first comma) is the addition, the second
part loads one X input register with a new operand from data
memory, and the third part Joads a Y register with a new operand
from program memory. The terms in parentheses specify the
memory locations to be computed by a pair of address generators.
The entire operation is completed in a single cycle (80 ns for a
12.5-MHz-clocked ADSP-2]100A).

In contrast, some DSP architectures require one operand to come
from the accumulator while the other comes from either the
multiplier or from the data bus (via a shifter). When these other
architectures are used to add two numbers, the accumulator is
first loaded with one data number, then the second number is
added 10 the accumulator—a two-cycle operation. In addition, for
this result to be used as an input for anything but another ALU
operation, the data must first be transferred from the accumulator
to data memoary. These restrictions result in a severe arithmetic
throughput penalry.

The MAC in the ADSP-2100 performs the complete multiply-
and-add operation in one cycle; like the ALU, it has two X and
two Y input registers. MAC operands may be loaded from any
combination of program memory and data memory, or other
processor registers; the MAC feedback and result registers can
serve as operands for any MAC operation. Two new operands can
be loaded into the input registers during a computation cycle; thus
a new MAC operation, with new operands, can start with every
cycle (even when accessing off-chip memory).

By comparison, some DSP architectures do not have a multiplier/
accumulator as a single entity; the multiplier is separate from the
ALU, and the ALU is used for MAC accumulations. A complete
MAC operation thus requires two cycles: one to multiply and one
to accumulate. The interdependency of ALU and multiplier
means that MAC operations cannot be intermingled easily with
ALU operations; the order of calculations for the final algorithm
may have to be changed to avoid conflicts. In addition to requir-
jng more system time, the instructions for the two-step process
require more program memory, in contrast to the multifunction
instruction of the ADSP-2100.

The barrel shifter of the ADSP-2100 accepts as input any result
register in the processor, including its own result (or its swn input
register). The shifter can place a 16-bit input value anywhere

10

within a 32-bit field in a single cycle, and shift any nurnber of
input bits from off-scale nght to off-scale left. Functions such as
exponent detection, normalization and denormalization, and
block floating-point manipulation can be realized via this shifter.
All shifts, regardless of number of bits to be shifted, are per-
formed in a single cycle.

DATA ADDRESSING

Fast arithmetic is of course wasted if the required data cannot be
fetched at a commensurate speed, regardless of source. To fully
utilize the separate data and program memories of the “Harvard”
architecture used jn most DSPs (in contrast 1o the single inter-
leaved program/data memory of the Von Neumann computer
architecture), the data addressing must support simultaneous
dual-operand fetches. The circular buffers often found in DSP
algorithms are supported in some DSP processors via built-in
address-pointer wraparound; processors lacking this wraparound
are at a serious disadvantage in application effectiveness.

The ADSP-2100 has two separate address generators: one 1ypi-
cally supplies addresses for data-fetch from program memory
(PM) while the other supports data-memory (DM) data feich.
Each address generator’s multiple registers store pointers
(addresses), address modifiers, and buffer lengths—for circular
(modulo) addressing. For efficient FFT execution, the address
generator can reverse (with zero overhead) the order of bits in an
address as it is being sent out.

Both indirect and direct addressing are available. In indirect
mode, the address index register js updated by the contents of a
modify rtegister, while being put on the bus. The pairing of the
various base-address and modify registers is up to the program-
mer, useful for two-dimensional array addressing or for painter
increment/decrement. The  24-bit-wide iostruction word
(Figure S) includes 4 two-bit ficlds 1o point to specific PM and
DM address registers, plus their respective modify registers.

24 B7 5 3 10

L i e

DATA MEMORY
MODIFY REGISTER
DATA MEMORY

ADDRESS REGISTER

PROGRAM MEMORY
MODIFY REGISTER

PROGRAM MEMORY
ADDRESS REGISTER

Figure 5. Indirect addressing portion of instruction word

A special lengrh register is used for circular addressing. Loading a
non-zero buffer length into this register automatically activates the
modulus logic. The address and its modulus are maintained trans-
parently by the address generator without explicit calculation by
the programmer; and this snternal calculation has zero overhead-
—like many other ADSP-2100 functions.

Some DSPs support both direct and indirect addressing, but with
a very Jimited set of address and modifier registers. This limits
flexibility in interleaving several indirect sequences for complex
algorithms since the old modify value must be stored and a new
one written before the new indirect mode is used. Similar con-
straints exjst for-base-address switching.

PROGRAM SEQUENCING
An efficient DSP for signal processing wastes little or no overhead
in maintaining the desired control of data flow. Loops are funda-
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mental to many signal processing algorithms (typified by the
ubiquitous multiply-and-add operation). When a DSP program
can be expressed in loop form, the coding is simplified and
shortened; further, changes require less work (for example,
changing the number of taps in the FIR filter). Equally critical,
branching specifies conditions under which the program flow is
redirected and program execution begins at 2 new point.

The ADSP-2100's program sequencer (Figure 6) selects the next
address for the address bus from either the program counter (for
sequential addressing), the instruction word itself (for direct
jumps and subroutine calls), the program counter stack (for
returns from subroutines and interrupts), or the interrupt logic (10
vector to the interrupt routine when an external interrupt is
asserted). All address selection and execution occurs in a single
cycle; when an interrupe occurs all processor status registers are
automatically pushed onto the status stack for later recall.

When address looping is used, it is automatic and transparent.
Without any extra checking cycles, the processor determines if a
loop should terminate (either because it has run the specified
number of cycles or another termination ¢ondition is met), and it
outputs the next instruction address; if loop iterations continue,
the address of the first loop instruction is output. In one cycle the
last instruction of the loop is executed, and on the very next cycle
the next instruction js executed (either within the loop—or out-
side, when terminated).

To achieve speed, some other DSP architectures use a three-level
pipeline (for instruction prefetch, decode, and actual execution) in
the program sequencer . They also require an extra instruction to
check for loop count or branching conditions. Any deviation from
the sequentia) flow of instructions—such as for returning to the
beginning of a loop or terminating the loop—requires that the
pipeline be emptied and then refilled.

Besides making analysis of program flow complex (and bench-
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Figure 8. Program-sequencer architecture.
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marks hard to calculate), such approaches encourage straight-line,
non-looping coding of algorithms. These are inefficient to pro-
gram, inflexible, and consume more memory than loops (often by
a factor of hundreds for larger data sets or matrices). A separate,
explicit instruction 10 check loop count and branching adds one
cycle of overhead for each iteration.

RISC vs. CISC vs. DSP ARCHITECTURES

As central processor architectures matured, their instructions sets
became “richer”. The complex-instruction-set computer (CISC)
includes instructions for basic processor operations, plus single
instructions that are highly sophisticated— for example, o evalu-
ate a high-order polynomial. But CISC has a price: many of the
instructions execute via microcode in the CPU and require numer-
ous clock cycles—plus silicon real estate for code storage.

In contrast, the reduced-instruction-set computer (RISC) recog-
nizes that, in many applications, basic instructions such as LOAD
and STORE-with simple addressing modes—are used much
more frequenily than the advanced instructions, and should not
incur an ¢xecution penalty. These simpler instructions are “hard-
wired” in the CPU logic to execute in a single clock cycle, reduc-
ing execution time and CPU complexity.

RISC and DSP Applications: Although the RISC approach
offers many advantages in general purpose computing, it is not
well-suited to DSP. For example, most RISCs do not support
single-instruction multiplication, a very common and repetitive
operation in DSP. The DSP is optimized to accomplish i1s
task fast enough to be “real-time” in the context of the apphca-
tion, which requires single-cycle arithmetic operations and
accumulations.

DSP algorithms have unique needs not found in gencral-purpose
computing: circular buffering, pointer updating and fast looping
with zero overhead, bit reversing, barrel shifting, scaling, and
data-dependent execution branching. Each of these should exe-
cute within the DSP instruction, and not as a scparate time-
consuming instruction cycle. The computational unit within the
DSP must be run efficiently, with daca arriving from at least two
separate data memories with no time penalty for data access.
CISCs and RISCs support virtnally none of these needs.

Software programming also differs. RISCs and CISCs are pro-
grammed in high-level languages (HLLs) to minimize software
development time and hide the instruction sct from the program-
mer. For real-ume DSP applications, however, code optimization
(primarijly of execution time, but also of memory usage) requires
that the software engineer use assembly language to get sauisfac-
tory performance. Critical sections of the program are examined
and recoded if necessary, to reduce overall execution time, after
simulation and run-time histograms.

In theory, any processor can accomplish any software task, given
enough nnte. However, DSPs are optimized for the unique compu-
tational requirements of real-world signal processing, while CISCs
and RISCs are better-suited for general- purpose calculations that
can often be performed off-line, ]
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14-BIT 2-CHANNEL SYNCHRO/RESOLVER-TO-DIGITAL CONVERTER

The AD2S44 features two independent channels and error-detection circuitry,
accuracy to within 2.6 arc-min over temperatures from —25 to +85°C

by Pete Predella

The AD2S44* is a dual-channe!, continuously tracking synchro/
resolver-to-digital converter. It can independently accept ac sinu-
soidal signals from two synchros or two resolvers—using indepen-
dent references—and convert them to 14-bit digital words that
represent angular position. Its maximum error (U grade) is only
+2.6 arc-minutes (2 LSB) over temperatures from —25 to +85°C
(increasing to only *4.0 arc-min from =55 to +125°C), at speeds
up to 20 revolutions per second. Housed in a 32-pin hybrid
package, the compact AD2S44 offers a low-cost, space-saving
solution to dual-axis servo-loop position-control systems.

Efectronic systems that measure and/or control the motion of
mechanical devices need to determine linear and angular displace-
ments continuously. In many cases, rotations around pairs of
orthogonal axes must be measured; examples include radar, gyro
compasses, smart munitions, and aircraft and missile control sys-
tems. For instance, in order to guide a large missile accurately
toward its target, it is necessary to measure the target’s azimuth
and elevation (by positioning an infrared sensor to track the
target), the missile’s attitude (relative to two gyroscopically estab-
lished axes), and the angular positions of the contro] fins.

Synchro apd Resolver Input Formats: The AD2544 accepts
signals in both synchro- (three signals ac 120°) and resolver (two
signals 90° apart) formats (Figure 1); they are applied to the
converter according to the following convention:

Synchro Format
Eis3 = Exto-ryys SN wr sin 0
Egy 52 = Erpo_rpy S0 @7 sin (6 - 120°)
Esss1 = Erro_ruy Sin w7 sin (6 - 240°)
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a. Synchro has three windings 120° apart.
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b. Resolver has two windings 90° apart.

Figure 1. Synchro and resolver winding wave forms with
linearly increasing angle.

*Use the reply card for technical data.
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Resolver Format

Esi.s3 = Egpo g Sin wr sin 0
Esz_\g,‘ = ERLO‘RH/ sin wT ¢os 0

The terminal designations in these equations relate to the connec-
tions to the inputs of unit A or unit B in Figure 2.

RATIOMETRIC CONVERSION

Because angular position information resides in the ranos of the
magnitudes of the transducer’s outputs to one another, the best
method to digitize these input signals is a ratiometric conversion
technique —like that used in the AD2544 —that ignores absolute
magnitude. The process involves continuous error-signal integra-
tion in a tracking feedback loop, and the converter features high
noise immunity, tolerance of harmonic distortion, and common-
mode voltage rejection up to 2)0 volts d¢. In addition, sizeable
voltage drops (i.e., =10% of FS) in Jong lead lengths from the
transducer to the converter go relatively unnoticed.

When shaft-angle data must be processed at a considerable dis-
tance from the wransducer, synchras or resolvers are prefecred to
optical or contact encoders. Data transmitted by an encoder over
great distances, sent as either serial pulses or as a parallel word, is
susceptible 10 noise, jitter, interference, and signal tran-
sients—leading 10 false counts. Synchros and resolvers, on the
other hand, can transmit analog information over distances up to
2 kilometers, using three- or four-wire twisted-pair shielded
cable. The AD2S44 integrates this signal with a high degree of
noise immunity, effectively ignoring transients, and can withstand
high common mode voltages.

Input Signal Conditioning: In the basic signal conversion process
(Figure 2) the digital output angle (¢) at the counter output is
continuously compared with the synchro/resolver input angle (6),
and the tracking loop acts to pull their difference. The input
signals are fed directly to a solid-state Scou-T signal conditioner,
which serves as a precision attenuator to reduce the amplitude of
high-level ac signals 10 levels the converter can process; this
condstioner can eliminate the need for external transformers in
many designs because of its high common-mode rejection.

The signal conditioner produces two independent output voltages:
V, = KEpsin wrsin 0
V, = K E; sin wr cos 6
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where 6 is the angle of the syachro/resolver shaft, E, sin wr is the
reference signal, and K is the scaling constant. V, and V,, and a
feedback angle (&) from the up/down counter, go to a high-speed
multiplier which computes V, cos ¢ and V, sin ¢:

K E, sin wr sin § cos ¢
K E, sin w7 cos b sin ¢

These signals are then subtracted by an error amplifier; the result
is an error voltage (¢) proportional to sin (0 - ¢):

¢ = K E, sin w7 (sin 8 cos & — cos & sin &)
= K E, sin wr sin (0 — $)

The phase-sensitive detector (PSD) generates a de¢ signal propor-
tional to sin (8 — &). This signal is integrated and fed to the VCO
input, which clocks the up-down counter. Once the tracking loop
is synchronized, the output angle will track constant-velocity
inputs without lag error and the digital outpur is a direct repre-
sentation of the shaft angle.

BUILT-IN TEST

The error voltage signal of both channels is continuously moni-
tored; if either error signal exceeds =50 LSBs (about *+1°), the
converter produces a Jogic signal (BIT) to indicate one or more of
the following fault conditions:

® Over velocity—a condition where the maximum tracking rate
of 20 rps is exceeded.

e DPower up—BIT is active until the converter is synchronized
with the input

® Instantaneous step inputs > (°

Input signal failure—loss of reference voliage or input signal

e System failures—including excessive acceleration errors, poor
supply-voltage regulation, or excessive noise.

BIT is typically valid within 50 ns of a fault occurrence, which
must last for at least one period of the reference signal. Reset
occurs when the error signal drops below the equivalent of
>45 LSBs. The built-in *=5-LSB hysteresis reduces flickering as
error thresholds are crossed.

Input Scaling: Input signal and reference voliages greater than
the converter’s 10% signal tolerance can be scaled using external
resistors. Because a 0.1% resistor value mismatch will contribute
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Figure 2. Block diagram of the AD2S44.
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as much as 1.7 arc minutes of error and reduce the input signal’s
common-mode rejection ratio, the use of precisely matched
(e.g. 0.01%) resistors is recommended.

Acceleration error: The acceleration constant, K, (= 62,000 s72)
can be used to del(ine the error due to acceleration as;

Input Acceleration
Error in Output Angle = pT

K, can be used to estimate an output position error. The con-
verter can Support maximum errors of =5° without losing track.
This implies that the maximum acceleration is 5° K,
(= 310,000 s? or about 860 revolutions/s®). In reality, most
mechanical systems couldn’t sustain these levels of acceleration
without serious destructive consequences. The output position
error in LSBs due to acceleration is:

Input acceleration [LSB/s?)

Error in LSBs = K, [0

For example, the error for acceleration of 50 rev/s?® is:

50 (rev s™7] x 214 [LSB/rev]
- 5,000 (] - 13.2 LSB

Therefore, an acceleration of 50 rev/s? would not trigger BIT.

Maximum tracking rate: The AD2544 can track constant-velocity
signals at up to 20 rps without error. Although this maximum
tracking rate is more than adequate for most applications, the
intervention of BIT is particularly important in fail-safe designs.
For example, BIT can be used 1o shut down runaway/open-loop
servo-control systems.

Reliability: Mean tine between failures (MTBF) is a calculated
measure of a product’s reliability, based primarily on its design
and operating environment as a function of time (years). Hybrids
with few components offer inherently higher MTBF rates than
hybrids or discrete designs with many active components. For the
AD2S844, the calculated MTBF for Naval Sheltered conditions, in
accordance with MIL-HDBK-217E, is >80 years a1 a steady
+25°C case temperature, and 11 years at +85°C.

The AD2S44 is available in three accuracy grades, with options
for all industry-standard signal and reference-voltage levels. The
AD2S44's input reference-frequency range is from 400 Hz to
2.6 kHz. Prices in 100s begin at $418 (i.e., $209 per channel).

The AD2544 was designed by Paul Blacknell, of ADI’s Mentory

Devices Droision, in East Molesey (Surrey), England. O
KEY SPECIFICATIONS
Parameters AD2S4  Units Comments
Resolution 14 Bits Natural Binary

(1 LSB = 1.3 arc min)
Accuracy: Max Ecror
AD25S44UM =4

arc-min -5510 +125°C
=26 arc-min —25 to +85°C

AD2S44TM =4 arc-min -55 10 +125°C
AD2SHSM =5.2 arc-min -55 10 +125°C

Tracking Rate 20 rev/s

Acceleration Constant 62,000 s 72

Repeatability 1 LSB

Bandwidth 100 Hz

Min CMR 74 dB

Step Response
179° 75 ms, max To < | LSB
2° 30 ms, max To < | LSB



12-BIT, 100-KSPS COMPLETE SAMPLING A/D CONVERTER ICS
Monolithic AD7875, AD7876 have 0 to +5-V, =10-V input ranges
Footprint, serial and parallel outputs: same as +3-volt-input AD7870

The AD7875 and AD7876* use a high-density lincar-compatible
bipolat/CMOS process (LC’MOS) 1o combine a 12-bit a/d con-
verter (ADC), sample/hold (SHA), reference, and interface logic
on a single monolithic chip. Their high dc accuracy and high
conversion rate (100 ksps with a 2.5-MHz clock), are useful in
high-speed traditional measurement-and-control  applications
—especially where large numbers of channels are multiplexed
—formerly requiring 2 separate SHA and ADC. In addition, the
AD7875's dynamic specifications are useful in spectrum analysis,
speech processing, and telecommunications.

AGND REF OUT Vin Voo
AD7870
ap7876 [ mpuT
SCALING
TRACK HOLD
coMP
v 12.81T
REFERENCE DAC
LK
SAR +
COUNTER
HpCLy CONTROL
CONVET LI PARALLEL AD7870/ADT575/
AND SERIAL AD7876
INTERFACE

|

H
5

Figure 1. Block diagram.

Both devices (Figure 1) bave a track-hold amplifier with 2-ps
acquisition time, a 12-bit a/d converter with 8-ps conversion time,
a 3-volt on-chip precision reference, a laser-trimmed clock, and a
versatile interface capable of communicating in parallel, byte-

'— INPUT FREQ = 25%H2
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Ta=25"C
=-30
=
°
1
ad
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FREQUENCY - k#rx

Figure 2. FFT plot for AG7875KN with 25-kHz input signal
sampled at 100 kHz.

*Use the reply card for technical data.
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serial, and bir-serial. The interface’s 57-ns data-access time makes
these devices compatible with modern 8- and 16-bit microproces-
sors and digital signal-processors.

Both units guarantee no missing codes at 12-bit resolution for all
grades over the specified temperature ranges. In addition, the
premium L and C grades have =1/2-LSB maximusn integral
nonlinearity over temperature; this is a useful feature in
measurement-and-control applications. They differ principally in
input voltage range—0 to +5 volts for the AD7875 and = 10 V for
the AD7876. On the other hand, the AD7875 is also specified
dynamically in terms of ac response: 71-dB minimum signal-to-
noise (including distortion) over temperature for the Cand L
grades, with —80-dB maximum total harmonic distortion and
peak spurious response¢. Figure 2 is a 2,048-point FFT plot of a
typical AD7875's response to a 25-kHz sine wave sampled at
100 ksps. Note that the peak spurious signal is at about —88 dB;
the SNR is computed as 72.6 dB.

These ac specifications are useful in communications, spectrum
analysis, and applications involving digital signal processing. Fig-
ure 3 shows a serial interface to the ADSP-2101 DSP chip.

Both high-performance devices are available in 1wo grades cach
for 0 to +70°C (K & L) and —40 to +85°C (B and C),with a “T”
(/1883B) grade for -55 to +125°C. The extended temperature
grades are available in hermetic DIP packages, while the K and L.
grades have a choice of plastic DIP and PLCC (AD7875) or SOIC
(AD7876). Prices begin at $20.00 (100s).

The AD7875 and AD7876 were designed by Ray Speer ar Analog

Devices BV, in Limerick, Ireland. [ |
CONVST
ADSP-2101/ :
ADSP-2102 4.?kll:E zmii :{:% ﬁ 12/B/CLK
3 -5V
RFS + ssTRE AD7870/
SCLKE SCLK ig;g;g{
DR SDATA

*ADDITIONAL PINS GMITTED FOR CLARITY

Figure 3. Serial interface to ADSP-2101 single-chip Digital
Signal Processor.
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ISOLATION AMPLIFIER FOR LOW-LEVEL SIGNALS

High-precision AD208B has 1.5-kV rms isolation, 1-to-1,000 V/V gain range
Combines 0.0125% nonlinearity, +1.5 V/°C max drift, —40 to +85°C

The AD208* is a high-precision two-port transformer-coupled dc
jsolation amplifier designed far millivolt-level applications requir-
ing signal isolation, high common-mode rejection and linearity,
wide gain range, and low drift. It is packaged in a compact
2.08” x 0.26" x 0.625" plastic single in-line package.

Applications abound in instrumentation and process-control mea-
surements, especially in the isolaton and precise amplifying of
signals from thermocouples and RTDs. The AD208 is also useful
as a general-purpose isolated front end for inputs to measurement
systems requiring ]2-bit linearity and resolution.

T
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10 f AD208
UNCOMMITTED SIGNAL
INFUT OP AMP —t
IN-(3 - 38) OUT HI
MODULATOR DEMODULATOR
N+ (1 + 37) OUT LO
—] i
:I
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= CLK IN
v . ] POWER {15V pk-pk,
#o > *—| CONVERTER H
et ISOLATED i fg:v:’ Square
POWER ||
SUPPLY
Visa— A5 Hs 32) CLK COM

INPUT PORT n—i—..t)uwur PORT

Figure 1. Functional block diagram.

Figure 1 illustrates the physical features of the AD208. Included
are: an uncommitted input op amp that can be connected for
flexible input functions, including any gain value from 1 to
1,000 V/V; up to =8 V (@ =5 mA of isolated front-end power for
excitation or auxiliaries, e.g., op amps and references; and two-
port transformer-coupled isolation of up to 1,500 Vrms, 2,000 V
peak ac & d¢ (“B” grade). Primary power is a 25-kHz 15-volt p-p
square wave, furnished by an external clock source, such as the
AD246] clock driver. The AD246, available in a SIP “Y* pack-
age, can drive as many as 16 fully loaded AD208s.
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Figure 2. Common-mode rejection as a function of
common-mode signal frequency and source imbalance at
G = 1,000 V/V.

*Use the reply card for technicat data.
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The AD208's performance includes low offset and drift, referred
to the input (+0.27 mV max, *1.5 pV/°C max at G = 1,000;
15 mV and 22 pV/°C max at G = 1); low nonlinearity (0.015%
max, “B” grade, *5-V output swing); and low gain error and gain
drift (*2.5% and =20 ppm/°C, max). Associated with its 1.5 kV
of isolation (“B”") are cormmon-mode rejection of 100 dB (60 Hz,
Rs < | kQ) and 2-pA max Jeakage current (at 60 Hz, input-to-
output, 246 Vrms applied). Figure 2 shows common-mode rejec-
tion as a function of frequency and source unbalance.

Dynamic specs include: full-signal bandwidth (10-volt output
span) of 4 kHz at G = 1 V/V, 400 Hz at G = 1,000), 0.1 V/yus
slew rate, and 2 ms settling time 10 0.1% of a 10-V step (G = 1).
Two grades are available, “A” and “B”, differing only in max
nonlinearity  (0.03%/0.0]15%) and max CMV (750 Vrms,
*),000 V peak/1,500 Vrms, *2,000 V peak). Prices (100s) are
$32 and $36 for “A” and “B”, respectively.

In Figure 3, the input of the AD208 is configured for gains
> 1 V/V, with the op amp connected as a follower-with-gain. The
100-pF capacitar (for gains > 50 V/V) minimizes switching noise
and nonlinearity. The 2-kQ) input resistor limits input current in
the off condition and reduces overload recovery time.

The AD208 was designed by Jeffrey Greenwald at ADI's Industrial
Products Division, Norwood, Mass. O

115V pk-ph,
25kHz SOQUARE WAVE)

CLK COM

Figure 3. Input configuration for gains > 1 V/V.

15



COMPUTER INTERFACE PANEL HANDLES EIGHT ANALOG OUTPUTS
STB-AOT interfaces RTI® and xMAC® board families to field wiring
Each channel has cheice among four voltage- and two current ranges

The STB-AOT* Analog Output Panel provides eight channels of
non-isolated analog output via terminals for field wiring. The
panel is compatible with the RTI-820, -220, -222, and -1266 bus
interface boards, as well as the pMAC-6000, -1050, and uDCS-
6000 family of data-acquisition/control subsystems (see Analog
Dialogues 20-2, 23-3 and 23-4).

The interchangeable analog signal-conditioning panels in the STB
family provide “mix and match” capability for isolated and non-
isolated input and output, to/from a wide variety of actuators,
recorders, and transducers. While providing different interface
capabilities, all panel rypes in the family are addressed in the same
format, transparent to the user’s software.

The multiplexed interface between the STB-AOT and the
computer-based subsystem it supports (in the RTI or LMAC
family) minimizes the number of interconnection signal lines,
reducing wiring and I/O costs while increasing flexibility (see the
description of the RTI-220 and —222 on the facing page). For
each channel, a choice among six analog output ranges is select-
able by jumper: =5V, =10V, 0to +5V, 0to +10V, Dto
20 mA, and 4 to 20 mA. Each channel has a dedicated sample-
/hold amplifier which holds the output value sent to it (when
addressed) by the digital/analog converter on the host subsystem.

The update rate for each sample-hold depends on the host; the
RTI-220 updates every 2.5 ms. Droop is 30 uwV/ms when voltage
output is selected and 60 nA/ms for current output. Output
accuracy is typically to within %0.05% of span. For current
output, an on-board dc-de converter supplies the output loop; its
compliance ranges up to 10.5 V; if higher compliance volage is
needed, an external loop supply of from 18 to 32 volts increases

User field wiring is attached 1o the quick-disconnect screw con-
nectors ranged along one edge of the STB-AOT. A single supply
of +5 volts at 1.2 A is required (unless an external loop supply is
also used); all other voltages required for analog output are devel-
oped within the STB-AOT. Two panels, each 8.25" wide X 6.8”
high x 2.0” deep, can be mounted side-by-side in a standard 19”
equipment rack. An optional cover provides protection for the
panel circuitry and rerminations, as well as space for function- and
wiring labels. Price of the STB-AOT in small quantity is $600.

The STB-AOT was designed by Elissa Edelsiein, of Analog Devices

compliance from 13 10 27 V (the external loop supply minus S V). Industrial Products Division, Norwood, Massachuselts. O
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Figure 1. Block diagram of the STB-AOT, showing details of one channel,

*Use the reply card for 1echnjcal data.
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REAL-WORLD INTERFACE CARDS FOR MICRO GHANNEL SYSTEMS
RT(-220 & —222 support up to 64 analog inputs and 16 outputs (12 bits)
for IBM PS/2; are compatible with 5B and STB signal conditioners

The RTI-220* and —222* are plug-in analog input/output cards
for Micro Channel systemns, employed in IBM PS/2 Models 50,
60, 70, and 80—and fully equivalent personal computers. Both
boards provide up to 16 analog outputs, and the RTI-220 YO
board, in addition, handles up to 64 analog input channels,

As Figure | shows, the RTI-220 has a single a/d converter with
logic to keep track of 64 analog input channels multiplexed on the
analog input bus and—like the RTI-222—a single d/a converter
with 16 output channejs multiplexed on its output bus. This type
of multiplexing architecture provides high ¢channel capacity at low
cost-per-channel and permits quite flexible signal conditioning.

A wide selection of signal-conditioning options are available for
interfacing the analog input and output buses to real-world sen-
sors and transducers. For example, the /O may be conditioned by
highly configurable 5B-type modules* (Analog Dialogue 20-2,
1986), multiplexed via the SB02 panel, as well as by a series of
general- and special-purpose (e.g., Model STB-TC thermocouple)
panels, which offer lower cost per point. The STB-AOT, oppo-
site, exemplifies an analog output panel.

Micro Channel eliminates jumpers on the board. Options may
instead be configured through POS (programmable option select,
for registered options) or software drivers. An ADF (Adapter
Description File is furnished to support POS configuration.

The analog input circuitry consists of a 12-bit successive-
approximation a/d converter, with a choice of 0-to-5 or *=5-volt
mput ranges. The card allows selection of one of 64 channels
(using six external address lines), either input range, and a program-
mable delay time before allowing the next conversion to start (it
holds off a conversion until the selected channel is ready 1o be read).
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Figure 1. Block diagram of RT1-220.

*Use the reply card for 1echnical dala.
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by Bob Eaton

The analog output circuitry uses a microcontroller o control the
channel selection and update rates 10 the analog output modules
or panels. The micro continuously updates the 16 analog outputs;
each channel is updated every 32 ms. The 12-bit d/a converter’s
output range is =5 V. The interface panels and 5B modules
permit the signal to be converted to a variety of vohage and
current ranges for driving (for example) control valves, chart
recorders, output transducers, and servomechanisms. The micro-
computer controlling the analog outputs runs independently of
the PS/2 system. If the PS/2 were not able 10 talk to the card or
received a Reset, the outputs will continue 10 hold their present
values. The outputs can be selected to power up at 0 or —5 volts,
even if the PS/2 was not able to boot up properly.

The boards are supported by software drivers in six popular
tanguages running under PC DOS. Included are: 1BM Interpreted
BASIC, Microsoft Interpreted and Compiled BASIC, C, Quick-
BASIC, and Borland International’s TURBO Pascal. They are
also supported by such application software as LABTECH
NOTEBOOK, LT/CONTROL, Control EG, and THE FIX.

A Unilives disk, which contains an ADF, menu-driven software
program (EXER200), and menu-driven calibration program
(CAL220) accompanies each board. EXER200 can be used for
debugging or to become familiar with the capabilities of the board
prior to developing an application program. CAL220 allows the
user to calibrate a board’s analog I/O circuitry. Graphic represen-
tations of potentiometers to be adjusted are identified and dis-
played with a brief set of instructions; the graphics eliminates
guesswork and guides users through simple calibration routines.

For real-world imerfacing of isolated or non-isolated high-level,
low-level, and precondijtioned signals, the RTI-220 and -222 inter-
face with Analog Devices 5B signal conditioners and I/O interface
panels (TC, TCI, HLO2, HLI, and AOT) for direct connection 10
sensors and transducers. The RTI-220 and -222 are priced at $650
and $450 (single units).

At the Analog Devices Industnal Products Division, the design of the
RTI-220 and RTI-222 was initiated by Steve Zella and completed by
the author. Software drivers were designed by Ben Rogers. O
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New-Product Briefs

REGISTER FILE HAS 5 16-BIT PORTS

Supports 40 MFLOPS microcoded DSP systems
Configure it as 128 16-bit words or 64 32-hit words

PRECISION OP AMP
0.6 wV/°C max, 0.6 pA/°C
AD705’s I is Only 100 pA max
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The AD705* is a low-power low-cost oper-
ational amplifier with an exceptional combi-
nation of low offset voltage & drift and low
bias current & drift. Specifically, the
AD705T has 25 uV max offset at +25°C,
60 LV max from —55 to +125°C, and max-
imum dnft of 0.6 pV/°C; yet maximum Iy
is only 100 pA, 250 pA over lemperature
(0.6 pA/°C max).

Such performance, useful in low-frequency
active filters, precision integrators and other
instrumentation, is not achicvable with
FET inputs; they tend to have signihcantly
higher offset, drift, and voltage noise than
the best of bipolar. Their bias current is low
injtially, but doubles (approximately) with
each 10°C temperature increase above 25°C
(1,000< for a 100° change).

Instead, bipolar technology is used, the
input stage cmploys superbeta transistors
for low bias current; this technology couples
low bias current and drift with the already
excellent voliage offset and drift found in
devices like the AD707* (Dialogue 22-1,
p- 7). The AD705 directly replaces LT-1012
and OP-97 devices—and upgrades perfor-
mance in applications for the ADOP-07,
providing the same levels of performance
with much higher source impedances, yet
drawing only 1/6 as much supply current,

Minimum open-loop gain is 200 V/mV, and
the T grade has 114 dB minimum rejection
of common-made and power-supply. Unity-
gain bandwidth is 800 kHz, slew rate is
0.15 V/us, and the device is capable of driv-
ing 10,000 pF without instability.

The AD705 is available for all 3 temperature
ranges and in various performance grades,
packaged in 8-pin plastic mini-DIP, her-
metic ceramic, and surface-mount (SOIC)
packages. Prices siart at 89¢ in 1000s. [3J

*Use the reply card for technical daia.
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The ADSP-3128A* is a S-port register file
designed for temporary data storage in high-
speed digital signal-processing (DSP) sys-
terns. It is a faster and otherwise improved
version of the ADSP-3128, described in
these pages in 1987 (21-1, p. 17).

With its five 16-bit ports—two for input,
two for output, and one bidirectiopal, it is
able to read or write twice per clock cycle
on ¢ach port, in double-precision mode. It
can store 128 16-bit words or 64 32-bit
words and is cascadable for increased word-
length and/or storage depth. It readily sup-
ports 40-MFLOPS systems employing the
floating-point ADSP-3212 multiplier and
ADSP-3222 ALU in single- or double-
precision computations.

With the above advantages, plus its flex-
ible latching modes, the ADSP-3128A is
configurable to address almost any high-
performance  multi-access  data-storage

\lﬂs \i\w
ADDRESSES
7

A PORT B PORT N
16 RANDOM ACCESS MEMORY: [ oS
D~ EPORT 128 WORDS OF 16-BITS OR  [*—>
64 WORDS OF 32-BITS S
C PORT D PORT :

T

requirement. It makes possible heavily
pipelined paralle] microcoded architectures,
which maximize system throughput. Typical
applications inclnde uses as a high-speed
local data cache and crassbar data switch in
high-performance microcoded processors
and for crossbar data switching in muli-
processing applications.

The ADSP-3128A, housed in a 144-pin grid
array, is available in two grades for both the
0 to +70°C (J,K) and =55 10 +125°C (§,T)
temperature ranges; 883B versions of (S,T)
are available. Prices (100s) start at $145. [

SOFTWARE SUPPORT TOGLS FOR ADSP-2101
ADDS-2101-SW for DSP includes C compiler, System
Builder, Assembler, Linker, PROM Slitter, Simulator

The ADDS-2101-SW* is a set of software
support tools for design and development
of DSP systems using the ADSP-2101)
and ADSP-2102 single-chip microcomput-
ers. The software modules include System
builder, Assembler, Linker, Simulator,
C Compiler, and PROM splitter. The tools
are useful in developing any system using
these chips, as well as in evaluating them.

The System builder defines a hardware archi-
tecture. The Assembler, Linker, and PROM
splitter prepare applications firmware for
memory devices. The Simulator provides a
means of system modeling and code devel-
opment, allowing hardware and software
development w0 proceed before prototypes
are constructed. The C compiler translates
C language files intc ADSP-210)’s clear,
concise, and powerful assembly language,
allowing development of applications soft-
ware in a high-level language.

The ADSP-2101 Cross-Software Develop-
ment System is currently available for

L
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PC-DOS™ (IBM) and MS-DOS¥ (Micro-
soft). The ADSP-2101 Cross-Softeare Man-
ual, supplied with the Cross Software, pro-
vides a complete programmer’s reference to
all directives, operation of each Cross-
Software module, and details of the ADSP-
2101 assembly language. Consult Analog
Devices about the avajlability of Cross Soft-
ware on other platforms.

Available packages include an Assembly
package (System Builder, Assembler,
Linker, PROM Splitter), Simulator only,
and a complete software package. O

Analog Dialogue 24-1 1990



New-Product Briefs

DIGITAL-TO-RESOLVER CONVERTERS
Hybrid AD2S65/66 for 14/16-hit resolution
Accuracy to =1 arc-min, dc autonulling optional

The AD2S65 and AD2S66* are 14- and 16-
bit digital-to-resolver converters (DRCs).
They accept 14- or 16-bit binary words,
representing angle (8); and their output is 2
pair of sine- and cosine voltages, 1.e., sinu-
soidal voltages 90° out of phase. The sine
and cosine are amplitude modulated at the
input reference frequency.

They are applicable in polar-to-rectangular
coordinate conversion and axis rotation
wherever resolvers are used for angular
measucement and control: e.g., fire-control
systems, simulation systems, automatic test
cquipment, PPI displays, etc. The 2565/66
are ideal for testing resolver 10 digital convert-
ers, such as the 2580.

Autonulled versions are available, with low
dc offset (=0.5 mV typical, *+2.5 mV max-
yimum) over the full frequency- and operat-
ing temperature ranges. Low offset voltage

means that external trim adjustments are
not required, particularly important in dis-
play and test applications.

The AD2S65/66, pin-companble replace-
ments for the DRC1765/66, are available in
accuracy grades of =1, =2, and *4 arc-min
error; and radius error (wransformation
ratio) is only 0.03%—important in coordi-
nate conversion and display applications, as
well as simulation and test of RDCs. Both
devices are housed in hermetically sealed
welded metal packages, and are specified
for 0 to +70°C and -55 to =125°C temper-
ature ranges. Prices start at $359 (1-9). 3

50-MB/s DATA QUALIFIER FOR DISK DRIVES

Provides three levels of qualification:
Amplitude, time abhove threshold, and data polarity

Was there a pulse, and when did it occur?
The AD891A* Data Qualifier, with its com-
panjon chip, the AD890 Wideband Channel
Processor (Analog Dialogue 22-1, 1988,
pp. 3-6), can recover binary information
from differentiating channels with transfer
rates exceeding S0 megabits per second.
Like the more-basic AD891, the ADSSIA
qualifies on amplitude; however, it also con-
siders the additional criteria of wmmne above
threshold and data polarity.

A pair of comparators allows + & — swings
of the incoming pre-conditioned signal to be
compared against separate amplitude-
qualification levels. The comparators drive
NAND-gated flip-flops, via single-resistor-
programmable resettable delay lines—by
which the user can define the minimum
time a data pulse must exceed the level
before a zero-crossing can be ascertained.

A third comparator detects zero crossings
out of an external differentiating network to

«Usc the reply card for technical data.
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find signal peaks and initiate trials to deter-
mine validity and polarity. When a valid
pulse has been identified, a time-domain-
filter one-shot generates a pulse of single-
resistor-programmable width. While the
output is generated, the NAND-gated flip-
flop is disabled to prevent the detection of
additional zero-crossing events.

Thetemperature-compensated, 10 KH ECL-
compatible AD89JA is specified to operate
over the 0 10 +70°C temperature range. [t is
housed in a 20-pin PLCC package. Prices
start at $4.12 (10,000s). >

6850 DIGITAL 1/0

24 input-or-output channels

The 6B50* is a digital input/output board
that is compatible with the other members
of the 6B Series (see Analog Dialogue 23-1,
1989, pp. 3-5) at the system level. Its real-
world interface consists of 24 one-bit digital
channels, which may be individually config-
ured as inputs or outputs; at the other ¢nd,
it can interface 10 other 6B-series back-
planes via RS-485—or to a host via RS-232
(6B50-2). A serial-interface device, it has a
command/responsc protocol similar to that
of other 6B modulcs.

In response to a command from a bost, it
produces logic levels suitable for interfacing
with industry-standard optoisolated digital
/O panels. All VO channels can be config-
ured for input or output, using bit (single-
channel) or byte (groups of 8) addressing. It
can be connected to opto-isolated solid-state
relays, using (for example) a DB-16 or a
DB-24 backplane and a standard 50-
conductor cable. The status of the port can
be read back by the host, 10 confyrm the /0
configuration.

Typical applications are in remote monitor-
ing and factory automation, as well as dis-
tributed data acquisition and control, indus-
trial pilot-plant control, machine control,
and energy management.

The 6BS0 has an on-board microprocessor
that communicates with the host to
exchange command and status information.
An EEPROM stores system paramcters
(address, baud rate, ctc.) and /O configu-
ration information.

The 6B50 board profile is 3.47" x 6.5". It
requires a +5-volt supply (*5%) at 225 mA
quiescent plus external load current. It is
designed to operate over a 0 to +70° tem-
perature range. Price in small quantity is

$220. (6B50-1). a
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Ask the Applications Engineer—6

by James Bryant

OP-AMP ISSUES
Q. Why are there so many different types of operational amplifier?

A. Because there are so many parameters that are important in
different applications, and because it is impossible 10 optimize all
of them at once. Op amps may be selected for speed, for noise
(voltage, current or both), for input offset voltage and drift, for
bias current and its drift, and for common-mode range. Other
factors might include power: output, dissipation, or supply, ambi-
ent temperature ranges, and packaging. Different circuit architec-
tures and manufacturing processes optimize different performance
parametes.

Q. Is there any common facior in the design of op-amps?

A. Yes—most classical (voltage input) op-amps are three-stage
devices, consisting of an input stage with differential input and
differential output—with good common-mode rejection—fol-
lowed by a differential-input, single-ended output stage having
high voltage-gain and (generally) a single-pole frequency
response; and, finally, an output stage, which usually has unity
voltage gain.

QUTPUT
DIFFERENTIAL GAINSTAGE MTPU
STAGE SINGLEPOLE — ummy =
— | | Frecuency o
HIGH CMAR RESPONSE ATA

Q. So where are the differences?

A. There are many possible variations on this basic design. One
of the most fundamental is the structure of the input stage. This
stage is almost always a long-tailed pair—that is to say, a pair of
amplifying devices connected as in the figure—but the choice of
devices has a profound effect on the input parameters of the
op amp. The figure was drawn with thermionic tubes to avoid any
suggestion of partiality in favour of any particular semiconductor
device. Since thermjonic devices at present are not genegally avail-
able in IC chip form, a monolithic op-amp will have an input stage
built with bipolar or field-effect transistors.

+ 300V

HISTORIC “LONG-TAILED PAIR" <
DIFFERENTIAL AMPLIFIER

O DIFFERENTIAL
———o OUTPUT

DIFFERENTIAL
INPUT

A long-tailed pair built with bipolar transistors is shown in the
next figure. Its strong features are its low noise and, with suitable
uimming, low voltage offset. Furthermore, if such a stage is
trimmed for minimum offset voltage it will inherently have mini-
mum offset drift. Its main disadvantage stems from the propor-
tionality of the emitter and base currents of the transistors; if the
emitter current is large enough for the stage to have a reasonable
bandwidth, the base current—and hence the bias current—will be
relatively large (50 o 1,000 nA in general-purpose op-amps, as
much as 10 pA in high-speed ones).
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SIMPLE BIPOLAR TRANSISTOR
DIFFERENTIAL AMPLIFIER

ol é

The bias currents in the inverting and non-inverting jnputs are
unipolar and well matched (their difference is called offset current),
and they decrease in a minor way with increasing temperature.
In many applications, the accurate matching may be used to
compensate for their high absolute value. This figure shows a bias
compensation circuit where the bias current in the non-inverting
input flows in R, (known as the bias compensation resistor); this
compensates for the voltage drop as the bias current in the invert-
ing input flows through R2. R, is made nominally equal 1o the
parallel combination of R, and R,.—it can be trimmed 10 mini-
mize error due to non-zero offset current).

WHEN I,=l,  V=Vog
L= B gy =B laa

R2
A gy
Vi -
toz il
A BIAS COMPENSATION +
RESISTOR CAN MINIMIZE
BIAS CURRENT ERRORS Ac=PRiR;

BIAS COMPENSATION RESISTOR
[ONLY USEFUL IF lgy ~lg |

Such bias compensation is only useful when the bias currents are
well-matched. If they are not well-matched, a bias compensation
resistor may actually infroduce error.

If a bipolar input stage is required without the drawback of such a
high bias current, a different form of bias compensation may be
used by the chip designer (next figure). The same long-tailed pair
is used, but the major portion of the current required by each base
is supplied by a current generator on the chip. This ¢an reduce the
external bias current to 10 nA or less without affecting the offset,
teroperature drift, bandwidth or voltage noise. Bias current vari-
ation with temperature jis quite low.

NET BIAS =
gy = laci)

NET BIAS =
llgz=lgcs)

NET BIAS CURRENT
MAY FLOW IN EITHER
DIRECTION

BIAS COMPENSATED

BIPOLAR INPUT STAGE
There are two disadvantages to such an architecture: the current
noise is increased and the external bjas currents are not well
matched (indeed, they may acrually flow in opposite directions, or
change polarity as chip temperature changes). For many applica-
tions these features are no drawback; indeed, one of the mast
popular low-offset op-amp architectures, the OP-07, uses just
such an architecture, as do the OP-27, OP-37 and the AD707,
which has a guaranteed offset voltage of only 15 pV. Bias-
compensated amplifiers of this type are often recognizable when
their data sheets explicitly specify bipolar bias current, for exam-
ple, *4.0 nA.

Where bias currents of even a few nanoamps are intolerable,
bipalar transistors are usually replaced by field-effect devices. In
the past, MOSFETSs have been somewhat noisy for op-amp input
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stages, although modern processing techniques are overcoming
this drawback. Since MOSFETS also tend to have relatively high
offset voltages, junction FETs (JFETs) are used for high-
performance low-bias-current op amps. A typical JEET op-amp
input stage is shown in this figure.

h B
FET OP AMP INPUT STAGE A 9T /4
OFFSET AND DRIFT
MUST BE TRIMMED
SEPARATELY

OFFSET
é TRIM

The bias current of a JFET bears no relationship to the cucrent
flowing in the device, so even a wideband JFET amplifier may
have a very low bias current—values of a few tens of picoamperes
are commonplace, and the ADS549 has a guaranteed bias current of
less than 60 fA (one electron per three microseconds!) at room
ternperature.

The qualification “at room temperature” is critical —the bias cur-
rent of a JFET is the reverse leakage current of its gate diode, and
the reverse leakage current of silicon diodes approximately dou-
bles with every 10°C temperature rise. The bias current of a JFET
op-amp is thus not stable with temperature. Indeed, between 25°C
and 125°C, the bias current of a JFET op-amp increases by a
factor of over 1,000. (The same law applies 10 MOSFET amplifi-
ers, because the bias current of most MOSFET amplifiers is the
leakage current of their gate-protection diodes.)

The offset voltage of a JFET amplifier may be trimmed during
manufacture, but minimum offset does not necessarily correspond
to minimum temperature drift. It has therefore been necessary o
rim offset and drift separately in JFET op-amps, which results in
somewhat larger values of voltage offset and drift than ace avail-
able from the best bipolar amplihers (values of 250 pV and
S pV/°C are typical of the best JEET op-amps). Recent studies at
Analog Devices, however, have resulted in a patented trimming
method which s expected o yield much betcer values in the next
generation of JFET op-arups.

We thus see that there are trade-offs between offset voltage, offset
drift, bias current, bias current temperature variation, and noise
in operational amplihers—and that different architectures opu-
mize different features. The table compares the features of the
three commonest op-arap architectures. We should note one more
category, typified by the new AD705 (introduced bricfly on page
18), using bipolar superbeta input transistors; it combines low offset
voltage and drift with low bias current and drift.

CHARACTERISTICS OF OP-AMP INPUT STAGES

SIMPLE BIAS-COMPENSATED
BIPOLAR BIPOLAR FET
OFFSET VOLTAGE Low LOW MEDIUM
OFFSETDRIFT Low Low MEDIUM
BIAS CURRENT HIGH MEDIUM LOW-VERY LOW
BIAS MATCH EXCELLENT | POOR (CURRENT CAN | FAIR
BE IN OPPOSITE
DIRECTIONS
BIAS/TEMP VARIATION | LOW LOW BIAS DOUBLES FOR
EVERY 10°C RISE

NOISE LOW Low FAIR

Q. What other features of op amps should the user know about?

A A common problem encountered with JFET op-amps is phase
inversion. If the input common-mode voltage of a JFET op-amp
approaches the negative supply too closely, the inverting and
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non-inverting input terminals reverse functions. Negative feed-
back becomes positive feedback and the circuit may latch up.
This latchup is unlikely 1o be destructive, but power may have to
be switched off to correct it. This figure shows the effect of such
phase inversion in a circuit where laich-up does not occur. The
problem may be avoided by using bipolar amplifiers, or by
restricting the common-mode range of the signal io some way.

PHASE INVERSION
WHEN INPUT

APPROACHES THE
MNEGATIVE SUPPLY
INPUT/OUTPUT

INPUT
QUTPUT

-V,

A more serious form of latchup can occur in both bipolar and
JFET op-amps if the input signal becomes more positive or neg-
ative than the respective op-amp power supplies. If the input
terminals go more posjtive than +Vs + 0.7 V or more negative
than -Vs - 0.7 V, current may flow in diodes which are normally
biased off. This in turn may tum on thyristors (SCRs) formed by
some of the diffusions in the op-amp, short-circuiting the power
supplies and destroying the device.

To avoid such destructive latch-up it is important to prevent the
input terminals of op-amps from ever exceeding the power sup
pliecs. This can have important implications during device tum-
on: if a signal is applied to an op-amp before it is powered it may
be destroyed at once when power is applied. Whenever there s a
risk, either of signals exceeding the voltages on the supplies, or of
signals being present prior to power-up of the op-amp, the termi-
nals at risk should be ¢lamped with diodes (preferably fast low-
forward-voltage Schottky diodes) to prevent latchup from occur-
ring. Current-limiting resistors may also be needed to prevent the
diode current from becoming excessive (see the figure).

"V,

PROTECTIVE
CIRCUITRY

-V

This protection circuitry ¢can cause problems of its own. Leakage
current in the diode(s) may affect the error budget of the circuit
(and if glass-encapsulated diodes are used, their leakage current
may be modulated at 100 or 120 Hz due to photoelectric effects if
exposed to fluorescent ambient lighting, thus contributing hum as
well as dc leakage current); Johnson noise in the currenc-limiting
resistor may worsen the circnit’s noise performance; and bias
current flowing in the resistor may produce an apparent increase
in offset voltage, All these effects must be considered when
designing such protection,

The important subjects of nosse, interference, bypassing, and
grounding demand  discussion—but we're owt of space! We'll
come back 1o them again in future chars; meanwhile you may want
to take a look at some of the references in the footnotes on page 7
of Analog Dialogue 23-3. (|
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Worth Reading

APPLICATION NOTES*

AD7672 converter delivers 12-bit 200-kHz sampling systems, by
Jobn Reidy (8 pages). Shows how to build a 200-kHz sampling
ADC system that maintains 12-bit performance for full-power
signals up to 75 kHz. The ADC is the 12-bit, 3-us AD7672, used
with a discrete sample-bold design.

Asynchronous clock interfacing with the AD7878, by John
Reidy (2 pages). The AD7878 (Analog Dialogue 22-2, page 21)is a
fast, complete 12-bit a/d converter with a versatile 8-word FIFO
DSP interface. Its data sheet shows ways of interfacing
synchronously, using the processor’s clock. This Application Note
shows how to interface asynchronously 10 such processors as the
ADSP-2100A, TMS320C25, and DSP56000, using an external
clock, when synchronous interfacing is either not possible or not
desirable.

Bandwidth, OFF isolation, and crosstalk performance of the
ADG5XXA multiplexer series, by Dan Sheehan and Matt Smith
(6 pages). The ADGSXXA multiplexer series is a family of single
§/16-channel and dual 4/8-chanpel latched and unlatched CMOS
multiplexers (Analog Dialogue 22-1, 1988, pp. 16-17). This appli-
cation note attempts to answer the most-frequently asked ques-
tions concerning crosstalk, isolation, and bandwidth; results
described include bandwidths in excess of 40 MHz with isolation
better than 60 dB at that frequency.

FIFO operation and boundary conditions in the AD1332 and
AD1334, by Stephan Goldstein (2 pages). The ADI1332/4 are
12-bit 1- and 4-channel sampling a/d converters that contain 32-
word FIFOs. This Application Note provides additional detail
(beyond the data sheet) about timing, overflow, underflow, and
generation of interrupts when the FIFO is used.

Simulitaneous and independent sampling of analog signals with
the AD1334, by Stephan Goldstein (4 pages). This Application
Note supplements and clarifies the data sheet’s description of
these operating modes. As a bonus, Figures 1 and 2 correct slight
errors in the handling of the Sample inputs in Figures 15 and 16
of the first printing of the data sheet.

Implement infinite sample-and-hold circuits using apalog input/
output ports, by Mike Byme (4 pages). Zero-droop or infinite
sample-hold? However you describe it, the function is c¢lear. And
it's easily implemented on monolithic /O ports—devices that
independently combine at Jeast anc ADC and one DAC. Such a
circuit was described on the AD7569 data sheet. Here now are
descriptions of single- and dual-channel infinite sample-holds
using the AD7569, AD7669, and AD7769.

Using the 2880 Resolver-to-Digital Converters with synchros:
sofid-state Scott-T circuit, by Mark Schirmer (4 pages). This
Application Note describes a simple circuit that can be used to
intecface synchros 1o the 2S80 family of monolithic resolver-to-
digital converters. The solid-state Scott-T discussed here is a
viable alternative 1o the larger and more-costly transformers that
are usually employed for format conversion.

SERIAL PUBLICATION
DSPatch®— The Digital Signal-Processing Applications News-
letter, Number Fourteen (winter, 1989) is now available, with 20

“Usc the reply card to request Application Notes and DSPatch.
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pages (up 25% from previous issues). This issue features the
ADSP-3212/22 chipset and the ADSP-3128A Register File
(briefly described here on page 18). Also included are two stories
describing customer applications: the MAST (multiprocessor
array space technology) computer, a high-performance computer
from SCI Technology, Inc., currently in use at NASA and sched-
uled to be used on board a future Space Shuttle flight; and the
Ketema Model 5400 Underwater Telephone. “How to talk ana-
log” begins a scries on sigma-delta conversion technology, and a
useful Applications piece describes the nitty-gritty details of boot-
ing the ADSP-2101 one byte at 2 time. In addition there are the
usual informative columns on product and program status. 3

MORE AUTHORS (Cowutinued from page 2)

Bob Fine (page 9) is Applications
Engineering Manager for the DSP
division at Analog Devices. After
graduation with a BSEE f(rom
Northeastern University in 1979,
he joined Analog Devices as an
analog designer of Doard-leve)
products for measurement and
control. Since he joined the DSP
division in 1982, he has been
working on applications projects. He now manages the Applica-
tions group, which provides training, publishes application notes,
and assists customers in the uses of ADI’s DSP products.

David Farr (page 9) is ASIC Mar-
keting Manager of Analog Devices
Semiconductor’s Converter Oper-
ating Group. Previously he was
the Product Marketing Manager
of ADI’s Digital Signal Processing
Division. He has a PhD in the
Philosophy of Science from Prince-
ton and a BA in Physics from
Pomona College. His interests
include bicycling, digital audio, and (belatedly) fatherhood.

Bob Eaton (page 17} is an Engi-
neer Assistant in the Subsystems
Design Group of the Industrial
Products Division, Norwood,
Massachusetts. In his more than
five years at ADI, he has served in
Systems Support Engineering and
in  Subsystems Design. He is
approaching completion of a
BSEE progcam at Northeastern
University and has an AS in Horncuhure He enjoys reading,
gardening, and woodsvorking.

James Bryant (page 20) is European Applications Manager for
Analog Devices, based in Newbury, England. His photo and a
biographical sketch appear in Analog Dialogue 23-2.

Cover design: The front-cover pictorial of this issue of Analog
Dialogue—and of many previous issues—was designed and
executed by Shelley Cohane, of Design Encounters, Hingham,
Massachuseus. >
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Potpourri

An Edlectic Collection of Miscellaneous Items of Timely and
Topical Interest. Further Information on Products
Mentioned Here May Be Obtained Via the Reply Card.

ERRATA: . . . AD9020 & AD90G0 data sheets: page 2, ENOR ar 10.3 MHZ

shonld be 8.0 ¢ ' pin numbers 66 £ 67
pin No., oppositiaggofma?d- . AD9060 data She:::t::():°sl"”“;’m“beud IN THE LAST ISSUE
e Volume 23, Number 4, 1989, 24 Pages

data sheet: at top of page 8, R_ should be 400 Q not 400 k&2 . . . N N
Editor's Notes, Anthors
AD9696/98 data sheet: page 2, Input Bias Current max at 25°C should . 7 . .
2hg Pin Elecrronics for High-Specd Automatic Testing (AD1315/721122)

be 55 , not 35; max over temperature should be 110, not 70; page 3, ; .

Negative Supplv Current (-5.2 V) max for AD9696 should be 4.0, not 12-Bit DACs Optimized for Direct Digital Synthesis (ADS71213)

3.0 (both columns); max for AD9698 should be 8.0, not 6.0 (both 8-Bit Dual Analog 1/O Pori Jor Position Monitoring & Conirol (AD7769)

columns) . . . For these fixed-point DSP products, the most-correct Floating-Point Daw-Acquasition System (AD1330)

information is in the DSP Products Databook ; discard lcose data Disiributed Data Acquisition & Conrrol with Flexibility (WMAC-1030)

sheets: ADSP-1008A, -1009A, -1010A, -1012A, -1060A, -1080A, -1081A. High-Performance Elecvometer Op Amp in 8-Pin Plasiic DIP (AD346K)

Indusery's Fastest Monofithic FET-Input Op Amp (AD8A3)

TIMELY TOPICS: . . . Come see us at theseshows during 1990 : Complete Monolithic 12-Bit DAC Inierfaces with Fast DSPs (AD7848)

IEEE ICASSP in Albuguerque, NM, April 3-6; IEEE CICC/90 in Boston, AMonolithic Dual 12-Bit DACPORT: Save Space, Power, Cost (AD7237/47)

May 13~-16; Sigaraph ‘90 in Dallas, August 6-10; ISA *90 in New Fast Precision Comparator Has Wide Differennal Input Range (AD790)

QOrleans , October 14-19; Electronic Imaging ‘90 1n Roston, Ulrafest Single and Dua! TTL-Compatible Comparators (AD9696/98)

October 30-November 1 , . .Ihree-day Analog Devices workshops on the New-Product Bricfs:

Wn&!of single chi—p 'qulul Siqn‘all ‘.Proc?ss'ors ulll be WAL Tc?(. Boards Enhance Mixcd-Signal Bench Test System (LTS)

1990, For information, CWYLSO.* Or for information about the ; Fast Precision FET-Input Dual Op Amp (AD746 = 2 x AD7TH)
& RN S s 3 (6 Monolithic Cold-Junction Compensator for 1851 (AC1226)

Updating the Disk Sclection Guide

- 8 data birts, 1 stop bit, no parity, 300/1200/2400 baud). L .
461-4228 { 7L e = e Ask the Applications Engincer—5: Comparaior Problems

PRODUCT NOTES: . . . The ADSP-2101 free Simulator Demonstration Worth Reading, More Authors
disk is now available in a 360-kilobvte double-sided double-density Potpourn (Last Issve, Errata, Product Notes, Updates, Patents)
5 1/4% disk, as well as the originall.2-megabyre disk . CWYLSO* Advenisement

. . . The UMAC-1050 (see the last issue) can now be used with LABTECH

NOTEBOOK and LABTECH CONTROL, from Laboratory Technologlies. CWYLSO*

. . . The AD900S 12-bir, 10-MSPS a/d converter is now available in a significantly lower-cost “J® version with slightly higher
differential nonlinearity and just 1 dB more of harmonic distortion. CWYLSO* . . . The venerable ADRS69 16-bit IC DAC (ANALOG
DIALOGUE 20-2, 1986) is available In a variety of package alternatives, Including plastic and hermetic cavities and through-hole

sprface-mount technologles, It’s also avallable in an /8838 version . CWYLSO* . . . The RTI-800 Series DOS Drivers kave been

Q_hm in several ways: they now support Borland Inrerpatiopal Turbo C (Rev. 2.0) andIllBBD_.EASﬂLL Rev. 5.5; and the RTI-820
calibration program supports the STB-AOT Analog Output Panel. CWYLSO* . . . libr h

new i{nternationa) standard volt that became effective 1 January, 1990 . . . The MLLEDL&CRS_LM&&Z directly ln most
applications, with improved performance (it is also used as the analog input section in the AD363R and AD364R). However, it is
. sensitive to power-supply sequencing, and a destructive latchup condition can occur i€ the +5-volr supply is turned on ahead of

he +15- 3 . Simple pretection strategles exist; for help, call Applications Englineering at ADI’s Microelectronics Division
(508) 657-7960. Alsoc, as with most CMOS circuitry, unused input channels should be connected “somewhere,” usually Lo ground, to
provide a return path for leakage currents. Incldentally, for stable 5.12-V and 10.24-V scale factors, you should interpose a fixed
attenuator and follower, rather than adding series input resistance (CWYLSO*) , . . The lé-bit, S0-kHz AD1380°‘s sample-hold has

an input Iimpedance of 4 kfd (£20%). If a buffer {s needed, the AD711 op amp works quite well! . . . For the 12-bit AR1332 and
AD1334 samoling ADCs allow 217 clock periods after the trailing edge of the RESET slgnal before starting a new conversion
(CWYLSO*) . . . Improved specs: the AD1856 and ADIB60 16- and 18-bit audio DACs now dissipate only 110 mW typical, 150 mW max (40%
and 57% less than some other devices that might be considered) . . . More and more products {including more than 100 CMOS converter
familles) have commercial versions avallable in PICC and SOYC and/or are avaflable in tape- £ reel packagipg . CWYLSO,.*

MILITARY ROLL CALL: . . . The ADSP-1010B 16X 16-bit fast multiplier/accumulator (ANALOG DIALOGUE 23-2) can now be ordered
against Standard Military Drawing (SMD) 5962-88733 in DIPs and PGAswith 55-, 5=, and 75-ns speed grades . . . The AD2701 -10-volt
Reference is available with elther standarxd /883B screening (data sheet avallable) or to SMD 5962-85030. . . The innovative and

highly accurate AD598 LYDT/RVDT monolithic signal condirioner (ANALOG DIALOGUE 23-3) is now available with processing conforming
to /BB3IR (data sheet avallable) . . . Radiation test information (RADTESTSM Data Service) is avallable in brief summary form for
each of nearly 100 products. CWYLSO* , . . The AD2S80 serjes of menolithic resolver-to-digital copverter includes units screened
to /BR38 in two package options, a 40-pin ceramic DIL and a 44-contact 1CC . . . Military surface-mount applicarions now served by
the commercial-only 2582 carn use the AD2S80SEB83B and the AD2SS80TE883B (LCCs); those packages have the same pinout as the 2582, but
with no VCO output (pin 41 is a no-connect).

PATENTS RECEIVED . . . 4,791,318 to Stephen lewis and Scott lefton for MOS Threshold Control Circuit . . . 4,825,816 Lo

A. Paul Brokaw for MOS Current Mirror with High Output Impedance and Cemplliance . . . 4,862,073 to Jeff Barrod for Repetitive Wave
sampler . . . 4,864,454 to Ed Wolfe for Means for Reducing Damage from Electrostatic Discharge . . . 4,866,505 to Carl Roberts

for Aluminum-Backed Wafer and Chip . . . 4,878,770 to Paul Ruggerio and Cynthia Anderson for IC Chips with Self-Aligned Thin-Film
Reslstors . . . 4,879,505 to Jeff Barrow and A. Paul Brokaw for Temperature and Power-Supply Compensatlon Circult for Integrated
Circuih . . . 4,884,075 to Christopher Mangelsdorf for Decoding Circuit for Flash-Type Analog-to-Digital Converter. . .

885,585 to Jeff Barrow and A, Paul Brokaw for Ramp Generator Reset Circuit,

*CWYLSO = Check with your local sales office . . . Trademarks in this issue: UMAC®, RTI®, DSPatch®: Analog
Devices, Inc. ¢ IBM, Micro Channel, PS/2, PC, PC DOS: International Business Machines Corporation ¢ THE FIX: Intellution, Inc.
MS-DOS, Microsoft, QuickBASIC: Microsoft Corporation e TURBO Pascal: Borland International Corp. ¢ Control EG: Quinn-Curtis o
LABTECH NOTEBOOK, LT/Control: Laboratory Technologies Corporation.
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The uMAC-1050 low-cost
data acouisition front end.

. Optonal analog and
discrete I/0 expansion
at each unit.

Ideal for energyman-
agement, environmen-
tal montloning, and
other remote data acqui-
sition applicahions.

Variely of third party Mudtidrop up to 64
application software, UMAC-1050s om a
plus drivers for stan- single serial link.

dard DOS languages.

.........

The remote, fimetionally complete
single board solution.

Your search for a powerful, yet compact, data acquisition front end has ended.
Because now there's the xMAC-1050, a small, distributed fixed function machine

Commun - that provides a remote interface to awide variety of signals.

';"5”;';‘5(‘;"“ Connect the uMAC-1050 to a computer running application software and
RS:422/4£ you've got acomplete monitoring and control solution capable of handling real-

world data (with up to 58 analog and 64 discrete /O channels.)
But the real power of the pMAC-1050 is in how much it simplifies your tasks.
Its intelligent, built-in functions, including alarming and scaling to engineering
R . units, and its /O configuration are all stored in EEPROM. So you only have to
set themup once.
Get our free demo disk and see for yourself just how simple remote data
acquisition can be with the cost-effective WMAC-1050.

Call your nearest Analog Devices office. AN ALOG

—— DEVICES

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106. Offices and g’li?atiom support available wortdwide Austria: (222) 883504-0; Belgium: (3) 237 1672;
Denmark; (42) 45800: France: (1) 4666-25-25; Holland: (1620) 81500, Isracl; (52) 911415; Jualy: (29614057 L2614 L (2)6N59; Japan: (3) 263-6820; Korea: (2) SS43301: Sweden: (8) 282740;
Swilzerland: (22) 73 57 60; United Kingdom: (932) 232222: West Germany: (89) 570050; U.S. andall others: (617) 329-4700.
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