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FEATURES

High Slew Rate: 120V/usec min

Fast Settling Time: 0.1% in 800nsec
0.01% in 2usec

Low lp: 25nA max (K)

Low Vgs: 2.5mV max (K)

Low Vg Drift: 15uV/°C max (K)

Drives 1000pF

Low Price: $10.00 (100's, J)

to hlgh accuracy. The AD505 achieves a minimum sl "
of 120V/usec, provides an adjustable unity gain bandmdth
product of 4MHz to 10MHz, and settles to 0.1% in 800nsec.

In addition to its superior dynamic characteristics, the AD505
maintains high gain, maximum offset voltage drift of 15uv/°C,

maximum bias currents of 25nA and high output swing.

The circuit has a stable 6dB/octave rolloff for closed loop
operation. It is also capable of being externally adjusted for
up to 35dB of additional closed loop gain at high frequencies,
without causing the small signal or large signal bandwidth to
decrease, and without increasing settling times.

The AD505 is designed for high speed inverting applications
by using a feed-forward technique. It can drive capacitive
loads in excess of 1000pF and is short circuit protected.

The AD505 provides performance superior to most high
speed IC op amps and comparable to modular versions.
Because of its monolithic construction, however, its cost is
significantly below that of modules, and becomes even lower
in large quantities.

All the circuits are supplied in the TO-100 package. The
ADS505] and AD505K are specified for 0°C to +70°C
temperature range opcratlon the AD505S for operation
from —55°C to +100°C.

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

Integrated Circuit
High Speed Operational Amplifier

JUCT HIGHLIGHTS

minimum slew rate of

problems found in most high frequency ampli

SLEW RATE AND SETTLING TIME

Both slew rate and settling time are measures of an amplifier’s
speed of response to an input. Slew rate is an inherent
characteristic of the amplifier and, thus, is generally less
subject to misinterpretation than is settling time, which is
often more dependent upon the test circuit than the
amplifier’s ability to perform.

Slew rate defines the maximum rate of change of output
voltage for a large input step change and can be related to
the full power response (fp) by the relationship . .. ..

S= 21‘(pr0
..... where Eg is the peak output voltage.

(continued on page 3)
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SPECIF|CAT|0NS (typical @ +25°C and +15VDC, unless otherwise noted)

PARAMETER AD505] AD505K AD5058
OPEN LOOP GAIN

RL = 2k{}, Vg = 10V 100,000 min (500,000 typ) 200,000 min (500,000 typ) g

Over Temp Range (T;in 10 Tay) 75,000 min 150,000 min 100,000 min
QUTPUT CHARACTERISTICS

Voltage @ R, = 2k{2

Over Temp Range (T i, 10 Trpay) 10V min (£12V typ) * ¢

Current @ Vg, = 10V £10mA - * 2

Short Circuit Current 25mA ¢ *

FREQUENCY RESPONSE

Unity Gain, Small Signal 4 - 10MHz (adjustable) 3 =

Full Power Response 2.0MHz min (2.5MHz typ) *

Slew Rate 120V /usec min (150V/usec typ) * *
800nsec ¥ 1
2.0usec * »

0 Vmax( l:)-'p} ZSmV max (1.0mV typ} **
1suw C max (8uV/°Ctyp)  20uV/°C max (10uV/°C typ)
Upwv (sow i
INPUTBIASTURRBEN

lnmal 7 nA max (1 SnA max typ e

Over Temp Range (inselygax 40nA max SllnA rnax

Avg vs Temp (T qin t© Tax) 0. lnA %

INPUT IMPEDANCE

QJ/
DC M8 U
Above 10Hz 20k

/L

INPUT NOISE
Voltage, 0.01 to 10Hz(p-p) 2.5uV * *
0.01 to 1.0MHz(rms) 10uV . .
Current, 0.01 to 10Hz(p-p) 0.1nA » *
POWER SUPPLY T~
Rated Performance 15V * -
Operating, Derated Performance (5 to 200V o *
Current, Quiescent B.0mA max (6.0mA typ) 5 .
TEMPERATURE RANGE
Rated Performance (Tiin t0 Tmax) 0°Cto #70°C * —~55°C to +100°C (Note 2)
Operating -25°C 1o +85°C * —55°C to +100°C (Note 2)
Storage 65°C to +150°C L *
PRICE (Note 3)
(1-24) $15.00 $18.00 $21.00
(25-99) $12.00 $14.40 $16.80
(100—-999) $10.00 $12.00 $14.00
NOTES:

2See Figure 1 for test circuit diagram,
+125°C operation is possible with a 100°C/W heat sink.
Subject to change; refer to latest Microcircuit Price List

*Specifications same as AD505]
**Specifications same as AD505K



(continued from page 1)

Settling time is defined as the time elapsed from the
application of a fast step input to the time when the
amplifier output has entered and remained within a specified
error band that is symmetrical about the final value. Settling
time, therefore, is comprised of an initial propagation delay,
an additional time for the amplifier to slew to the vicinity of
some value of output voltage, and a time period to recover
from overload and sertle within the given error band (see
Figure 1).

ADI tests for slew rate and settling time in a unity gain
configuration (Rg = Rf = 10k§2), no capacitive load, and
a —10 volt to a +10 volt output swing.

OSCILLOSCOPE

AMPLITUDE

Figure 1. Settling Time of the AD505.

The full power response of the AD505 is displayed in Figure 2
for supply voltages of £15V and £10V. Note that at

Vg = +15V the full power response is greater than 2MHz and
that it decreases as the supply voltages are lowered.

POWER SUPPLY = £15V
|

1
POWER SUPPLY = £ 10V | \

VouTt PEAK - Volts

& 10k " 100k m oM
FREQUENCY —Hz

Figure 2. Full Power Response of the AD505.

APPLICATIONS CONSIDERATIONS

The AD505 combines excellent DC characteristics and
dynamic performance with ease of application. Because it is
a wideband, fast settling amplifier, certain practical stabiliza-
tion and interconnection techniques are suggested to insure
proper operation and minimize user experimentation.

The feed-forward operation of the AD505 is shown in the
block diagram in Figure 3. The DC signal is via the input
differential current amplifier, followed by a gain stage. An
external 390pF capacitor connected between pins 1 and 9
makes this gain stage an integrator and optimizes settling time.
A 4700pF capacitor in series with a 100§ resistor is connected
between pins 9 and 5 (V—) to provide a lag which insures that
this portion of the amplifier rolls off to below unity gain
above the frequency at which the fast DC amplifier starts its
rolloff. The AC signal is fed forward by an external 0.02uF
capacitor connected between pin 4 and pin 10 into the other
differential input of the fast DC amplifier.

INTEGRATING RESISTOR CAN BE SHUNTED

EXTERNALLY FOR WIDER BW AT HIGH GAIN

'[ INTEGRATING
| CAPACITOR
/

HIGH-FREQUENCY
SIGNALS BYPASS
DC AMPLIFIER

2 STAGES
PROVIDE
DC GAIN OF
<2 500,000
INTEGRATOR AND
FILTER LIMIT THE
PASSBAND OF DC

05, here are

(1) Power supply bypasses should be provided as close to
the amplifier as possible to eliminate ringing due to the
inductance of power supply leads. A tantalum 10uF
capacitor in parallel with a ceramic 0.01uF capacitor
is sufficient for this purpose (see Figure 4).

(2) All ground connections should be made at a single
ground point.

(3) Keep leads short to eliminate stray impedance effects.
Figure 4 shows an optimum wiring diagram of the AD505.
AT00pF|

0.02 a 15V

OuUTPUT
0
oo [ToeF / -
uf || 20w | T3
i
INPUT SIGNAL
COMMON — D_15V
—— POWER COMMON
Figure 4. Wiring Diagram of the AD505.
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GENERAL PURPOSE WIDEBAND COMPENSATION

An approximate high frequency equivalent circuit of the
ADS505 is shown in Figure 5. The unity gain open loop gain
bandwidth product can be adjusted over the range of 4MHz
to 10MHz by selecting resistor (Rgw) which is connected
between pin 4 and pin 3. The lowest gain bandwidth product
is a result of an open circuit (Rgy = ) between pins 3 and
4, while the maximum is achieved by a short circuit

(Rpw = 0). Figure 6 displays the open loop frequency and
phase response of the AD505. Note that as Rpw decreases
the open loop gain increases, and that the amplifier is stable
as long as the loop unity gain crossover is below 10MHz. In
the Rgw = °° condition, the leading phase shift above
200kHz is a result of stray capacitance across the 20k§2
input resistor, and can be used by the designer to increase
network stability.
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Figure 6. Open Loop Frequency and Phase Response.

The input impedance at high frequencies can be represented
by, in effect, a 35082 resistor to common (the “Miller”
impedance of a 1.5pF capacitor®). This low impedance
effectively permits the amplifier to be stable (for large enough
values of Rf) even at low values of signal gain. For example,
with Rgw = 0, a stable gain of 10 (20dB) can be obtained
using Rg = 5k{2 and Rf = 50k{2, since the input impedance
of 50082 dominates the 5k source resistor. Similarly, a gain
of 50.....without any reduction in bandwidth.....can be
obtained using a 1k£2:50k§2 ratio.

= Xc(w)__ 1
Glw) 2m-f-C-Glw)

where G(w) = open loop gain as a function of frequency
and X(w) = reactive capacitance of capacitor.

= 35082 at f = 1MHz,

*Zin

Note: At high frequencies, Z;, is approximately constant
since f and G(w) are inverse functions of frequency.

In order to provide application flexibility and low cost, the
ADS505 is externally compensated with several capacitors.
Several compensation circuits for differing conditions are
shown in Figure 7.

OUTPUT
-

A1
kil

R2 fc
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(c) Connection for 100% feedback (e.g., as low-frequency
integrator)

OUTPUT

390pF Id?OUDF

(d) Connection as unity gain inverter

Figure 7. Compensation Connections of AD505
for Various Conditions of Feedback.



NULLING THE AD505

The offset voltage of the AD505 is extremely small and, there-
fore, nulling is generally not required. However, should offset
nulling be desirable, Figure 8 shows a very effective, high
resolution nulling circuit that may be used without degrading
other performance parameters. This offset arrangement can
also be used to correct for any system error that may be pre-
sent, without affecting the performance of the amplifier.

The indicated values in Figure 8 represent one 3p
and can be easily adjusted to any particular application. If th,
impedance of this network as seen from the positive terminal
of the AD505 is higher than 10k{2, it is suggested that a
0.01uF capacitor to ground be used to bypass the network.

INPUT CHARACTERISTICS

In addition to its superior dynamic characteristics, the AD505
maintains low bias currents of 25nA max and a low Vg drift
of 15uV/°C max.

Figure 9 displays the input bias current vs. temperature
characteristic of the AD505. Note that the bias current at
room temperature is 15nA and increases to less than 25nA
at —55°C.
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Figure 9. Input Bias Current vs. Temperature.

Figure 10 displays the offset voltage drift characteristic of
the AD505. Note that average temperature coefficient

of the offset voltage is approximately 2.5uV/°C for higher
temperatures and 5 .0uv/°C for low temperatures.
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Figure 10. Offset Voltage Drift of the AD505.
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AD505J as Fast Current-to-Voltage Converter.

Fast Output Buffer for Digital/Current Converter

In this configuration, the converter and amplifier settle to
within 0.1% (1 LSB) in 3us, and to within % LSB in 5us,
typically. With the component values indicated, the AD505
can feed load impedance of 5k§2 in parallel with 500pF,
Interwiring capacitance between the converter output and
the amplifier input, plus the converter’s output capacitance,
should be held to within 10pF if possible. When applied
with the bipolar version of MDA-10Z, the built-in feedback
resistor for £10V output is 10k{2. The 20k§2 Ry shunt
should be replaced by about 5k{2,

Although the MDA-10Z is indicated in this example, the
AD505 may be used to unload converters having output
impedance values other than the MDA-10Z’s 1.5k{2. For
example, when used with a 10-bit converter assembled from
MDAC switches and resistor networks, the external Rgwy shunt
may be omitted and a 7.5k{2 load connected from the
summing point to ground.

"



OUTLINE DIMENSIONS
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Preamplifier for Fast IC Multiplier

Preamphﬁcr for Fast IC Multiplier
often prowde their best accuracy when both inputs

TO-100 PIN CONFIGURATION
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In this circuit, the internal 20kS2 resistor has been s TOP VIEW
out for maximum bandwidth. The frequency for —3dB
response in this configuration is typically 1.6MHz, with
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The AD505 is available in chip or wafer form. Because of the
critical nature of using unpackaged devices, it is suggested that
the factory be contacted for specific information regarding
price, delivery and testing.
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