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Dual FET-Input, Low Distortion OPERATIONAL AMPLIFIER

DESCRIPTION

The HT2604 is a dual, FET-input operational ampli-fier designed for enhanced AC performance. Vdistdaion, low

noise and wide bandwidth provide superior performance in high quality audio and other applications requiring excellent
dynamic performance. New circuit techniques and special laser trimming of dynamic circuit performance yield very low

harmonic distortion. The result is an op amp with exceptional sound quality. The low-noise FET input of the HT2604

provides wide dynamic range, even with high source impedance. Offset voltage is laser-trimmed to minimize the need for
interstage coupling capacitors.The HT2604 is available in 8-pin plastic mini-DIP and SO-8 surface-mount packages,

specified for the —2%C to +85C temperature range.

FEATURES

LOW DISTORTION: 0.0003% at 1kHz
LOW NOISE: 10nV/VHz

HIGH SLEW RATE: 25V/us

WIDE GAIN-BANDWIDTH: 15MHz
UNITY-GAIN STABLE

WIDE SUPPLY RANGE: V¢ = 4.5 to £24V
DRIVES 600Q LOADS

APPLICATIONS

o PROFESSIONAL AUDIO EQUIPMENT
e PCM DAC IV CONVERTER

e SPECTRAL ANALYSIS EQUIPMENT
ACTIVE FILTERS

TRANSDUCER AMPLIFIER

DATA ACQUISITION
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HT2604B
PARAMETER CONDITION MIN TYP MAX UNITS
OFFSET VOLTAGE
Input Offset Voltage +1 15 mV
Average Drift +8 pv/ec
Power Supply Rejection Vg = £5 to +24V 70 80 dB
INPUT BIAS CURRENT®
Input Bias Current Vew = OV 100 pA
Input Offset Current Ve = 0V 4 pA
NOISE
Input Voltage Noise
Noise Density: f = 10Hz 25 nV/VHz
f = 100Hz 15 nV/VHz
f = 1kHz 11 nV/VHz
f = 10kHz 10 nV/VHz
Voltage Noise, BW = 20Hz to 20kHz 15 uVp-p
Input Bias Current Noise
Current Noise Density, f = 0.1Hz to 20kHz 6 fAWHZ
INPUT VOLTAGE RANGE
Common-Mode Input Range +12 +13 \
Common-Mode Rejection Veu = £12V 80 100 dB
INPUT IMPEDANCE
Differential 1012 || 8 Q || pF
Common-Mode 1012 || 10 Q || pF
OPEN-LOOP GAIN
Open-Loop Voltage Gain Vo = 10V, R = 1kQ 80 100 dB
FREQUENCY RESPONSE
Gain-Bandwidth Product G =100 15 MHz
Slew Rate 20Vp-p, R, = 1kQ 15 25 Vius
Settling Time: 0.01% G = -1, 10V Step 15 us
0.1% 1 us
Total Harmonic Distortion + Noise (THD+N) G=1,f=1kHz 0.0003 %
Vo = 3.5Vrms, R, = 1kQ
Channel Separation f = 1kHz, R, = 1kQ 142 dB
OUTPUT
Voltage Output R, = 600Q 11 12 \%
Current Output Vo = 12V +35 mA
Short Circuit Current +40 mA
Output Resistance, Open-Loop 25 Q
POWER SUPPLY
Specified Operating Voltage +15 \%
Operating Voltage Range +4.5 24 \%
Current, Total Both Amplifiers lo=0 +10.5 +12 mA
TEMPERATURE RANGE
Specification -25 +85 °C
Storage -40 +125 °C
Thermal Resistance®, 6, 90 °CIW

NOTES: (1) Typical performance, measured fully warmed-up. (2) Soldered to circuit board—see text.

Rev. 01



HTCSEMI
4 k%

HT2604B

TYPICAL PERFORMANCE CURVES

At T, = +25°C, Vg = £15V, unless otherwise noted.

TOTAL HARMONIC DISTORTION + NOISE
vs FREQUENCY
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At T, = +25°C, V, = £15V, unless otherwise noted.
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Settling Time (us)
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SETTLING TIME vs CLOSED-LOOP GAIN
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Short-Circuit Current (mA)
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SHORT-CIRCUIT CURRENT vs TEMPERATURE
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APPLICATIONS INFORMATION

The HT2604 is unity-gain stable, making it easy to use in aand capacitive load will decrease the phase margin and may
wide range of circuitry. Applications with noisy or high lead to gain peaking or oscillations. Load capacitance reacts
impedance power supply lines may require decoupling ca-with the op amp’s open-loop output resistance to form an
pacitors close to the device pins. In most cagéstantalum additional pole in the feedback loop. Figure 2 shows various

capacitors are adequate. circuits which preserve phase margin with capacitive load.
Request Application Bulletin AB-028 for details of analysis
DISTORTION MEASUREMENTS techniques and applications circuits.

The distortion produced by the HT2604 is below the mea- For the unity-gain buffer, Figure 2a, stability is preserved by
surement limit of virtually all commercially available equip- 2dding a phase-lead networl, &¢d .. Voltage drop across

ment. A special test circuit, however, can be used to extend thékc Will reduce output voltage swing with heavy loads. An
measurement capabilities. alternate circuit, Figure 2b, does not limit the output with low

. . . . load impedance. It provides a small amount of positive feed-
Op'amp distortion can be con.s,ldered.an internal error SOUICE, - ek to reduce the net feedback factor. Inputimpedance of this
Wh!Ch can be referred to the_ mpu_t. Figure 1 sho_ws a CIrCUIt eyt falls at high frequency as op amp gain rolloff reduces
which causes the op amp distortion to be 101 times greatef, bootstrap action on the compensation network.

than normally produced by the op amp. The addition,abR ) i )

the otherwise standard non-inverting amplifier configuration Figures 2c and 2d show compensation techniques for
alters the feedback factor or noise gain of the circuit. The Noninverting ar_npllflers. Like the follower circuits, the circuit
closed-loop gain is unchanged, but the feedback available fof Figure 2d eliminates voltage drop due to load current, but
error correction is reduced by a factor of 101. This extends theat the penalty of somewhat reduced input impedance at high
measurement limit, including the effects of the signal-source frequency.

purity, by a factor of 101. Note that the input signal and load Figures 2e and 2f show input lead compensation networks for
applied to the op amp are the same as with conventionalnverting and difference amplifier configurations.

feedback without R

Validity of this technique can be verified by duplicating NOISE PERFORMANCE

measurements at high gain and/or high frequency where thép amp noise is described by two parameters—noise voltage
distortion is within the measurement capability of the test and noise current. The voltage noise determines the noise
equipment. Measurements for this data sheet were made witfperformance with low source impedance. Low noise bipolar-
the Audio Precision System One which greatly simplifies input op amps such as the OPA27 and OPA37 provide very
such repetitive measurements. The measurement techniquew voltage noise. But if source impedance is greater than a
can, however, be performed with manual distortion measure-few thousand ohms, the current noise of bipolar-input op amps

ment instruments. react with the source impedance and will dominate. At a few
thousand ohms source impedance and above, the HT2604
CAPACITIVE LOADS will generally provide lower noise.

The dynamic characteristics of the HT2604 have been
optimized for commonly encountered gains, loads and oper-
ating conditions. The combination of low closed-loop gain

Rl R2
W W SIG. | DIST.
— GAIN |GAIN| Ry R, R,
~ 1 101 o 5kQ | 50Q
R3§ H12604 Ovozlovp_p 10 | 101 [500Q | 5kQ |500Q
(3.5Vrms) 100 | 101 | 50Q | 5kQ |
Generator Analyzer
Output Input

1
]
Audio Precision % Ry IBM PC
System One > 1kQ or
1 I

Analyzer* Compatible

* Measurement BW = 80kHz

FIGURE 1. Distortion Test Circuit.
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NOTE: Design equations and component values are approximate. User adjustment is required for optimum performance.
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FIGURE 2. Driving Large Capacitive Loads.
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POWER DISSIPATION Copper leadframe construction used in the HT2604 im-
proves heat dissipation compared to conventional plastic
packages. To achieve best heat dissipation, solder the device
edirectly to the circuit board and use wide circuit board traces.

The HT2604 is capable of driving 60Q0oads with power
supply voltages up te24V. Internal power dissipation is
increased when operating at high power supply voltage. Th
typical performance curve, Power Dissipation vs Power Sup-

ply Voltage, shows quiescent dissipation (no signal or no oyTPUT CURRENT LIMIT
load) as well as dissipation with a worst case continuous sin
wave. Continuous high-level music signals typically produce
dissipation significantly less than worst case sine waves.

eOutput current is limited by internal circuitry to approxi-
mately #40mA at 28C. The limit current decreases with
increasing temperature as shown in the typical curves.

R,
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I
R, R, R, 100pF
Vi —/ WA ? \/W 2
2.7kQ l 22kQ 10kQ HT2604 —O Vg
Cl — C2 +
I 3000pF T~ 2000pF
— = = fp = 20kHz
FIGURE 3. Three-Pole Low-Pass Filter.
B
Ry Ry HT2604 *—O Vo
Vi © WAN W :
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1000pF
% R, A B Low-pass
4.02kQ < 3-pole Butterworth
HT2604 f 545 = 40kHz
7 - —
OPA2604
+ - C;
1000pF
R4
5.36kQ
See Application Bulletin AB-026
c, for information on GIC filters.
1000pF

FIGURE 4. Three-Pole Generalized Immittance Converter (GIC) Low-Pass Filter.
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FIGURE 5. DAC I/V Amplifier and Low-Pass Filter.
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FIGURE 6. Differential Amplifier with Low-Pass Filter.
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FIGURE 7. High Impedance Amplifier.

FIGURE 8. Digital Audio DAC |-V Amplifier.
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FIGURE 9. Using the Dual HT2604 Op Amp to Double the Output Current to a Load.
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