ANALOG CMOS LOGDAC
DEVICES | Digitally Controlled Audio Attenuator

FEATURES

Attenuation Range: 0 to 88.5dB Plus Full Muting

Resolution: 1.5dB

Low Distortion: THD Better Than -98dB
IMD Better Than -92dB

Includes Switches for Loudness Compensation

Low Power Consumption

Excellent S/N Ratio: 100dB (20Hz — 20kHz)

Low Cost

Complies with DIN 45403 and DIN 45405

Latch-Proof Operation

APPLICATIONS
Digitally Controlled Audio Gain
Wide Dynamic Range D/A Converters

GENERAL DESCRIPTION FUNCTIONAL DIAGRAM
The AD7110 LOGDACT™ is a2 monolithic CMOS digitally con-
trolled audio attenuator (U.S. Patent No. 4521764). With the Voo 018 16 Re
addition of an external operational amplifier it provides 0 to AD7110 l 1 | tour
L . s - A
88.5.dl'3 of attvenuatxon 1-n.1 .SQB steps, plus full muting of the Vin CMOS MULTIPLYING 2] nono
audio input signal for digital input code 1111XX, where X " p
can be 1 or 0. The audio input is applied to the Vpy pin and s b 4 4 Ves
the device delivers a logarithmically related output current g - Zds
which is determined by a 6-bit binary input code. Loudness = p bECODE _‘
compensation switches are provided on the device to enable = B Loste s LoupnEss
additional bass boost at low volume settings. g Lss & _‘
The device is manufactured using an advanced thin-film on DGND &2 s
CMOS monolithic wafer fabrication process and is packaged
in a l6-p1n DlP AD7110 AUDIO ATTENUATOR
ORDERING INFORMATION PIN CONFIGURATION
Operating \J
Model Package Temperature Range 'OUTl 1] e 16 | R
AD7110KN 16-Pin Plastic DIP 0 to +50°C agno [ 2 15 | vin
D56 (MSB)| 3 14 | Voo
D4 4 AD7110 13} S1
TOP VIEW
D3 E (Not to Scale) 1282
D2] 6 11 S3
D1| 7 10 | VB
DO(LSB)l 8 9 | DGND
*U.S. Patent No. 4521764.
LOGDAC is a trademark of Analog Devices, Inc.
Information furnished by Analog Devices is believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devices One Technology Way; P. O. Box 9106; Norwood, MA 02062-9106 U.S.A
for its use; nor for any infringements of patents or other rights of third X ron ’ ‘ i
parties which may result from its use. No license is granted by implica- Tel: 617/329-4700 Twx: 710/394-6577
tion or otherwise under any patent or patent rights of Analog Devices. Telex: 924491 Cables: ANALOG NORWOODMASS
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AUDIO SPECIF|CAT|0N S (Voo = + 12V, Vgg =0 to — 12V, Pin 11-13 Open, T,=0 to + 50°C unless otherwise noted)

AD7110 AD7110
WITH WITH TLO71

PARAMETER “IDEAL OP AMP” OP-AMP (FIG. 1) UNITS TEST CONDITIONS/COMMENTS
ATTENUATION RANGE 0 to -88.5 0 to -88.5 dB VIN = 10V rms @ 1kHz
RESOLUTION 1.5 max 1.5 max dB Frequency Range: 20Hz to 20kHz
ATTENUATION ACCURACY (Absolute) The AD7110 is guaranteed

0dB to 48dB +0.7 max 0.7 max dB monotonic for all attenuation

-48dB to -88.5dB Monotonic Monotonic settings between 0 and ~88.5dB
TOTAL HARMONIC DISTORTION (THD) -98 max -85 typ dB per DIN 45403, BLATT 2 (with input

) level of 1V rms)

INTERMODULATION DISTORTION (IMD) -92 max -79 typ dB per DIN 45403, BLATT 4
ViN 30 max 10 max V peak for <1% (max) THD (Note 1)

FEEDTHROUGH ERROR

Better than ~85dB @ 1kHz. I’ecdtt;;&ugh is primarily dependent upon printed circuit board layourt.

OUTPUT NOISE VOLTAGE DENSITY

30 max

70 typ

nV/y/Hz

20Hz to 20kHz (Note 2)

BANDWIDTH

D.C. to 150 min

D.C. to0 250 typ kHz

0dB Attenuation

ELECTRICAL SPECIFICATIONS

(Voo = + 12V, Vgg =00 — 12V, Pin 11-13 Open, T, =0 to + 50°C unless otherwise noted)

PARAMETER LIMIT TEST CONDITIONS/COMMENTS
ANALOG INPUT Input resistance for a given unit is constant
for all input conditions.
Input Resistance of Vin (pin 15) 18k§2 max
9k min Vout = OV
LOUDNESS SWITCHES
Switch ON Resistance
RoN 60082 max Switch Current = 1mA
Switch OFF Leakage Current 1uA max Vswitch = +12V
Switch Coding See Table 1
DIGITAL INPUTS
ViNH 11.5V min
VINL 0.5V max
TINH 1A max
IInL 1A max
Cin SpF typ
POWER REQUIREMENTS
VDD +12V
Vpp Range +5Vto +12V Functionality with degraded performance.
Vip -12v
Ipp ImA max Digital Inputs = Viy or Ving
Igp 100uA max
Total Power Dissipation SmW typ

NOTES

! Output amplifier (and amplifier supplies) must be capable of 30V peak output.
2 Qutput noise voltage density includes op amp noise.

Specifications subject to change without notice.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

16-Pin Plastic DIP
AANANANNAA
[ ]

BONDING DIAGRAM

Dimensions shown in inches and (mm).
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0.11(2.54)
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0.306 (7.78}
0204 .am & — o+
. (7.47) >3 1
14 (3.56) o2 -

0.012 (0.305)

0.008 (0.203)

074 (1.879,

0.045 (115) 0.015 (0.381)

NOTES

1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH

0.095 (2.42)

NOTES:

1. PAD NUMBERS CORRESPOND TO PIN NUMBERS
SHOWN IN PIN CONFIGURATION, PAGE 1

2. PAD 9 (DGND) SHOULD BE BONDED FIRST TO
MINIMIZE ESD HAZARDS.

3. PADS ARE 0.004 X 0.004 (D.102 X 0.102}.

2. LEADS ARE SOLDER-PLATED KOVAR

-2-
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This Materia

ABSOLUTE MAXIMUM RATINGS
(Ta = +25°C unless otherwise noted)

*VpD (toGND) . . . o v e e +14V
*VBB (tOGND). . . .. . o e -14V
Voltage (pins 11,12, 13)to GND. . . . . ... .. .. VgB, +14V
VINGOGND). . .. o e 35V
Digital Input Voltageto GND . . ... ....... -0.3V to Vpp
Output Voltage Pin 1) toGND . . . . . . ... ~100mV to VDD
Power Dissipation (Package) . . . .............. 670mW
Operating Temperature. . . . . .. ..o v oo v v oo 0to +70 C
Storage Temperature . . . . .. .. .. ...... -65°C to +150°C
Lead Temperature (Soldering, 10 seconds). . .. .. .. +300°C

*If Loudness Compensation Switches (S1, S2, S3) are not used, the
negative power supply may be omitted and Vgg ‘(Pin 10) connected
instead to DGND (Pin 9). In this case the absolute maximum rating
of Vpp is +17V.

WARNING!
=3

CAUTION: ESD SENSITIVE DEVICE

ESD (Electro-Static-Discharge) sensitive device. The digital
control inputs are diode protected; however, permanent
damage may occur on unconnected devices subject to high
energy electrostatic fields. Unused devices must be stored

in conductive foam or shunts. The foam should be discharged
to the destination socket before devices are removed.

TERMINOLOGY

RESOLUTION: Nominal change in attenuation when moving
between two adjacent binary codes. The AD7110 resolution
is 1.5dB.

MONOTONICITY: The AD7110 digitally controlled audio
attenuator is monotonic if the analog output decreases (or
remains constant) as the digital input code (attenuation
setting) increases.

FEEDTHROUGH ERROR: That portion of the input signal
which reaches the output when the digital input code is set to
mute the input signal.

_3-

ANALOG CIRCUIT PERFORMANCE:

Table I gives the nominal attenuation in dB for the AD7110
for all digital input codes. It also shows the Loudness Switch
states and the nominal output voltage when using an external
operational amplifier (as shown in Figure 1) and a fixed -10
volt reference applied to Vyy (pin 15). It may be seen that the
transfer function for the circuit of Figure 1 is given by

1.5N
VOUT - V[N 10 exp —3%- E
where N is the binary input for values 0 to 59. For N = 60
through 63 the input is fully muted, that is, the attenuation
is infinite.
HIGH FREQUENCY AMPLIFIERS
Rgp and the output capacitance of the AD7110 create a phase
lag in the output amplifier’s feedback circuit. This phase lag, in
conjunction with the amplifier’s phase lag, may cause ringing
or oscillation. When using a high speed amplifier, shunting the
amplifier input to output with 30—-50pF of feedback capac-
itance (C1) ensures stability.

DC PERFORMANCE OF AD7110

For fixed-reference applications, an output amplifier with low
offset voltage (less than 50uV) is required, e.g. the AD517L.
This combination will provide the utmost stability at the
expense of slow settling times.

Vin Vbp (+12Vv)
[ ¢
4
15 1 Res
D5 (MSB) 0— 3 16 ®
]
' 1
1 c1
I I
lout 2 7
DO (LSB) o— 8 1 ® '~ 6
AD7110 , AGND 3 1Lg7>-—$—o
s1 0— 13 ﬂ
$2 06— 12
s3 0— 11
10 9
—t DGND
Vgg {-12V) v
Figure 1.
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Table |
i Digital Input  Attenuation R Switches'
N D5 Do dB ©os1 S2 S3

000000 00
000001 15
00 00 10 3.0
000011 45
000100 6.0
o101 75
000110 90
000111 105
001000 120
001001 = 135
001010 150
001011  16.5
- 0011 00 ,18.0,,
001101 195
L001110 210
001111 225
010000 240
010001 255
010010 270
01too11 285
010100 30,0
010101 o315
otorio 330
010111 345
011000 360
011001 375
011010 3990
011011 405
011100 420
011101 L. 435
_oririo 450
011111 465
100000 480
100001 495
100010 510
. 100011 525
1100100 540
100101 555
100110 570
.. 100111 585
101000  60.0
101001 615
101010  63.0
S lo1o1r 645
101100 660
1011 01 67.5 )
101110 690
101111 705
110000 = 720 .
110001 735
110010 750

11 00 11 , 76.5
_110100 780
110101 795
+ 110110 810

110111 g5
1110 00 ;. 840
11 10 01 855
111010 870
1111011 ggs
1111 Xx°

IECTEINTICN PPS I VS NS A

. 0.00251
_0.00211
~ 0.00178
.. 0.0015

NOTES:

' Switch closed in shaded area.

2ViN = -10V dc

*X=1oro0. Output is fully muted
for N=60.

oo
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SUPPLY CURRENT — pA
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Vop = +12v

VB = -12v

ViNH = Vpp

ViNL = 0V

INPUT CODE = 000000
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Figure 2. Power Supply Current vs. Temperature

Ta = +25°C
Vpg = -12V

SHADED AREA DENOTES
THRESHOLD HYSTERESIS

2 4 6 8 10 12 14 16
POWER SUPPLY — Vpp

Figure 3. Digital Threshold Voltage vs. Power Supply Voltage
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Figure 4. Loudness Switch On Resistance vs. Temperature
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LEAKAGE CURRENT — nA

250

Vop = +12V
Vgg = -12V
LOUDNESS SWITCHES OFF

200

0 10 20 30 40 50 60 70
TEMPERATURE —°C

Figure 5. Loudness Switch Leakage Current vs. Temperature

Vin = 1V rms | R
50| TA_= +25°C | : SR v,
AD7110 PLUS TLO71 (LOUDNESS SWITCHES
T OPEN) (SEE FIGURE 1)
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Figure 6. Total Harmonic Distortion vs. Frequency
Figure 6 shows that the total harmonic distortion of the

attenuator circuit of Figure 1 is almost totally dependent on
the characteristics of the operational amplifier used.
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Figure 7. Typical dc Attenuation Error vs. Attenuation

Applications Information
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Figure 9. Single Channel Audio Attenuator with Loudness
Compensation
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Figure 8. Typical dc Attenuation Error vs. Attenuation &
Temperature

—
Phesd

=« == LOUDNESS IN

LOUDNESS OUT

-40
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DIGITAL INPUT — 0101 00 {ALL SWITCHES OPEN)

DIGITAL INPUT — 10 00 00 (S1 CLOSED}

DIGITAL INPUT — 10 10 00 (S2 CLOSED)

S
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Figure 10.
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Figure 10 shows the Attenuation vs. Frequency for the circuit
of Figure 9. The attenuation is plotted against frequency for
the two digital input codes at which the loudness compen-
sation switches S1 and S2 are activated.

Copyrighted By Its Respective Manufacturer

007794 K X v

s

C553c-2-3/88

PRINTED IN U.S.A.



