Am6073

Companding D-to-A Converter for PCM Communication Systems

Distinctive Characteristics

® Tested to CCITT A-law tracking specification

® Absolute accuracy specified — includes all errors over
temperature range

® Settling time 300ns typical

® |deal for multiplexed PCM systems

o Output dynamic range of 62 dB

Improved pin-for-pin replacement for DAC-87
Microprocessor controlled operations

Multiplying operation

Negligible output noise

Monotonicity guaranteed over entire dynamic range
Wide output voltage compliance

Low power consumption

The Am6073 is a monolithic 8-bit, companding digital-to-
analog (D/A) data converter with true current outputs and
large output voltage compliance for fast driving a variety of
loads. The transfer function of the Am6073 complies with the
CCITT A-87.6 companding law, and consists of 13 linear seg-
ments or chords. A particular chord is identified with the sign
bit input, (SB), and three chord select input bits. Each chord
contains 16 uniformly spaced linear steps which are deter-
mined by four step select input bits. The resulting dynamic
range achieved with this 8-bit format is 62dB. Accuracy and
monoticity are assured by the internal circuit design and are
guaranteed over the full temperature range. The Am6073 is

GENERAL DESCRIPTION

tested to the CCITT A-law compandor tracking specification
for pulse code modulation (PCM) transmission systems. The
application of the Am6073 in communication systems pro-
vides an increased signal-to-noise ratio, reduces system sig-
nal distortion, and stimulates wider usage of computerized
channel switching. Other application areas include digital
audio recording, voice synthesis, and secure communica-
tions. When used in PCM communication systems, the
Am6073 functions as a complete PCM decoder with addi-
tional encoding capabilities which make it ideal for im-
plementation in CODEC circuits.
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CONNECTION DIAGRAM

Am6073
ENCODE/DECODE SELECT: 1 = ENCODE 1 d e5® v+ [7] 18 POSITIVE POWER SUPPLY
SIGN BIT INPUT: 1= POSITIVE 2 [: SB lobi-} :] 17 DECODER OUT: E/D SB = 00
MOST SIGNIFICANT CHORD BIT INPUT 3 (| B1 lop(n [ ] 16 DECODER OUT: E/D 58 =01
SECOND CHORD BIT INpUT 4 [ B2 l0g(~) |_] 1§ ENCODER OUT: E/D 58 =10
LEAST SIGNIFICANT CHORD BIT INPUT 5 E‘ B3 l0E(+) [] 14 ENCODEROUT:E/DSB =11
MOST SIGNIFICANT STEP BIT INPUT 6 [_| Ba v- [[] 13 NEGATIVE POWER SUPPLY
SECOND STEP 81T INPUT 7 [] 85 VR(-1{] 12 NEGATIVE REFERENCE INPUT
THIRD STEP BIT INPUT 8 [} B VR(+) [[] 11 POSITIVE REFERENCE INPUT
LEAST SIGNIFICANT STEP BIT INPUT 9 [| B7 Vie 10 THRESHOLD CONTROL
Top View

Pin 1 is marked for orientation. LIC-207

ORDERING INFORMATION

Part Number Temperature Accuracy
Am6073DM | —55°C to +125°C | Conforms to CCITT
Am6073DC 0°C to +70°C A-law specification

Other AMD Companding D/A Converters
Am6070DM, DC Conforms to industrial u-law spec.
Am6071DM, DC Conforms to industrial A-law spec.
AMG6072DM, DC Conforms to Bell D3 spec.

SIMPLIFIED CONVERSION TRANSFER FUNCTIONS

Decoder Characteristic Encoder Characteristic

DIGITAL
ANALOG -} OUTPUT(+}

OUTPUT (+}

DIGITAL
INPUT (—1

ANALOG
INPUT (-}

ANALOG
NPUT (+)

DIGITAL
INPUT {+}

ANALOG
- outeut()

DIGITAL
OUTPUT (-}

LiC-298

3-73

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003



Am6073
MAXIMUM RATINGS above which useful life may be impaired

V+ Supply to V— Supply 36V | Operating Temperature

V¢ Swing V— plus 8V to V+ MIL Grade —55°C to +125°C
Output Voltage Swing V- plus 8V to V— plus 36V COM’L Grade 0°Cto +70°C
Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C
Reference Input Differential Voltage +18V | Power Dissipation TA < 100°C 500mwW
Reference Input Current 1.25mA For Tao> 100°C derate at 10mwW/°C
Logic Inputs V— plus 8V to V— plus 36V | Lead Soldering Temperature 300°C (60 sec)

GUARANTEED FUNCTIONAL SPECIFICATIONS

Resolution +128 Steps
Monotonicity For both groups of 128 steps and over full operating temperature range
Dynamic Range 62 dB, (20 log {i7, 15/10, 1

ELECTRICAL CHARACTERISTICS (Note 1)

These specifications apply for V4+=+15V, V—=—15V, IREF = 512uA, 0°C<TA <+70°C, forthe commercial grade, —55°C<TA
< +125°C, for the military grade, and for all 4 outputs unless otherwise specified.

Parameter Description Test Conditions Min. Typ. Max. Unit
ts Settling Time To within £1/2 step at T = 25°C, _ 300 500 ns
Output switched from Izg to Igg

Chord Endpoint Accuracy

Step Nonlinearity
IEN Encode Current
) VREF = +10,000V s

Fult Scale Current Deviation from ldeal RREF+ = 19.53kQ > eATabIe' 1 for absolute accuracy
Ifs{E) RREF_ - 20kS2 limits which cover all errars related
lol+)—1o(-) Full Scale Current Syn_'nmetry Error 5V < VouT < +18V to the transfer characteristic.

Decode or Encode Pair
Izs Zero Scale Current
AlfFs Full Scale Current Drift
Voc Output Voitage Compliance Output within limits specified by Table 1 -5 - +18 Volts
iDIS Disable Current Leakage of output disabled by E/D or SB - 5.0 50 nA
'FSR Output Current Range 0 2.0 4.2 mA
ViL Logic Input Logic 0" — — 0.8 Volts

- V=0V

Vi Levels Logic “1" te 2.0 - . Voits
N Logic Input Current VIN = =5V 1o +18V — - 40 A
Vis Logic Input Swing V—=-15V —5 - +18 Volts
IBREF— Reference Bias Current - -1.0 —4.0 nA
di/dt Reference Input Slew Rate 0.12 0.25 — mA/us
PSSIFg+ Power Supply Sensitivity Over Supply Range V+ =+4.5 to +18V, V— = —15V - 0.005 0.1 aB
PSSIEg_ (Refer to Characteristic Curves) V— = —-10.8V to —18V, V+ = +15V - 0.01 0.1
1+ Power Supply Current V+ = +5V to +15V, V— = =16V, - 2.7 4.0 mA
1 lpg = 20mA — —6.7 -8.8
Pp Power Dissipation Y;S ; ;_L?,YAVOUT Tov :1 ; :?;/V : :l: ::: mw

Note 1. In a companding DAC the term LSB is not used because the step size within each chord is different. For example, in the first chord around zera (Cq)
the step size is 1.0pA, while in the last chord near full scale (C7) the step size is 64uA.
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Am6073

ELECTRICAL CHARACTERISTICS (Cont.)

TABLE |
ABSOLUTE DECODER OUTPUT CURRENT LEVELS IN »A
CHORD
STEP T

0 1 2 [ 3 4 | 5 | 8 7
000 16.032 32064 | 64127 | 12825 | 25651 | 513.02 | 1026.04
0 500 | 16500 | 33.000 | 66000 | 13200 26400 ' 52800 | 1056.00
1.000 16.982 J 33.964 ‘ 67.927 135.85 271717 ;. 54342 1086.84
1000 | 17003 | 34007 | 68.014 | 13603 | 27206 54411 | 1088.22
1 1.500 17.500 35000 @ 70.000 140.00 280.00 560.00 1120.00
2.000 18.011 i 36.022 | 72044 144.09 288.18 576.35 1152.70
2.103 17.975 T 35.950 71.900 143.80 287.60 575.20 1150.41
2 2.500 18.500 ;. 37.000 74.000 148.00 296.00 592.00 1184.00
2971 | 19.040 | 38.080 ‘ 76161 | 15232 | 30464 60929 | 1218.57
2945 | 18947 | 37.893 | 75787 | 15157 | 30315 | 60630 | 1212.59
3 3500 | 19500 | 39.000 | 781000 | 15600 31200 [ 624.00 | 1248.00
4160 | 20089 | 40.139 80278 | 16056 32111 . 64222 | 1284.44
4248 | 19918  39.837 79673 | 15935 | 318.69 637.39 | 1274.78
4 4.500 20.500 41.000 | 82.000 164.00 | 328.00 656.00 1312.00

4.767 21.099 l 42.197 84.394 16879 . 337.58 675.16 1350.31
5.192 20.890 ‘ 41.780 | 83.560 167.12 , 33424 | 668.48 1336.96

5 5.500 21,500 43.000 86.000 : 172.00 344.00 688.00 1376.00

5.826 22.128 44256 | 88511 177.02 | 35404 708.08 1416.18

6.136 21.862 1 43723 87.447 17489 | 34979 699.57 1399.14

6 6.500 22500 | 45.000 90.000 180.00 | 360.00 720.00 1440.00

! 6.885 23.157 46.314 92.628 185.26 ., 370.51 741.02 1482.05
7.080 22.833 1 45.667 91.333 182.67 365.33 : 730.66 1461.33

7 7.500 23.500 47.000 94.000 188.00 376.00 | 752.00 1504.00

; 7.944 24.186 48.372 96.745 183.49 386.98 773.96 1547.92
8.025 23805 | 47.610 95.220 = 180.44 380.88 761.76 1623.51

8 8.500 24500 | 49.000 ! $8.000 196.00 | 39200 784.00 1568.00

9.004 25215 | 50431 100.862 20172 | 40345 ; 806.89 1613.79

8.969 24777 49.653 99.106 198.21 396.42 | 79285 . 1586.70

9 9.500 25.500 51.000 102.000 204.00 408.00 816.00 1632.00

10:063 26.245 52.489 104.978 209.96 419.91 839.83 1679.66
9.913 25.748 ' 51.496 102.983 205.99 411.97 823.94 1647.88

10 10.500 26.500 : 53.000 106.000  212.00 424.00 848.00 1696.00
11.122 27.274 | 54.548 109.095 218.18 . 436.38 872.76 174552 !
10.857 26.720 T; 53.440 106.879 21376 | 42752 855.03 1710.07

n 11500 | 27.500 §5.000 110.000 22000 ' 440.00 E 880.00 1760.00
12.181 28.303 56.606 113.212 226.42 45286 | 90570 , 1811.39
) 11.801 27.691 55.383 110.766 221.53 44306 | 88612 | 1722.25
i 12 1 12,500 28.500 57.000 114.000 228.00 456.00 ' 912.00 | 1824.00
13.241 29.332 | 58.664 117.329 . 23466 . 468.32 | 938.63 | 1877.26
12.745 28.663 | 57.326 114.652 22930 , 45861 917.22 | 1834.43
13 13.500 29.500 59.000 118.000 236.00 472.00 944.00 i 1888.00
13.894 30.361 60.723 121.446 242.89 486.78 97157 | 1343.13

14 14,500 30500 : 61.000 122.000 244.00 488.00 976.00 1962.00
14.923 31.39 ‘ 62.781 125.562 251.12 502.26 | 1004.50 2008.00

16.060 30.606 ‘ 61.231 122.425 244385 489.70 979.40 1958.80

1
|

14.089 29.635 59.269 118.539 237.08 47415 : 948.31 . 1896.62
|

15 15.500 31500 | 63.000 126.000 252.00 504.00 1008.00 2016.00
15.953 32420 : 64840 129.679 259.36 518.72 1037.43 2074.87
STEP
SIZE ! 1 1 2 4 8 16 32 64

Minimum, ideal and maximum values are specified for each step. The minimum and maximum values
are specified to comply with the CCITT A-law compandor tracking requirements. All four outputs are
guaranteed, the encode outputs being specified to limits a half step higher than those shown above. This
takes into account the combined effects of chord endpoint accuracy, step nonlinearity, encode current
error, full scale current deviation from ideal, full scale symmetry error, zero scale current, full scale drift,
and output impedance over the specified output voltage compliance range. Note that the guaranteed
monotonicity ensures that adjacent step current levels will not overlap as might otherwise be implied
from the minimum and maximum values shown in the above table.

TABLE 2
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo)
STEP CHORD
o 1 2 [ 3 4 s 6 7

[} -69.11 -38.74 | -3572 © -2670 | —2068 14.66 -8.64 -2.62

1 -59.57 | -3823 | -32.21  -26.19 | -2017 | -14.15 -8.13 21
L2 -5513 | -37.75 | -31.73  -2671 | -1368 : -13.66 ~7.64 -1.62
o3 -5221 | -3729 | -3127  -2625 © -13923  -13.21 -7.19 -1.17
[ -5003 | -3685 . -3083  -24.81 1879 -12.77 -6.75 -0.73
i 5 -4828 | -3644 ;| -3042 - -2440 : -1838  -1236 -6.34 -0.32
] -4683 | -36.05 | -3003 | -2400 | -17.98  -11.96 -5.94 +0.08

7 -4559 | -3567 | -29.66  -23.63 1761 1159 -557 +0.46

8 -4450 | -3531 | -2028 . -2327 | -17.24 | -1.22 -5.20 +0.82
] —4354 | -3496 | -2884 -2292 . -1650 | -1088 -4.86 +1.16
T ~4267 | -3a62 -2860 . 2258 ' -1656 | —1054 -452 +1.50
In -4188 | -3430  -2828 | -2226 | -1624  -1022 . -420 +1.82
‘ 12 -4115 | -33.99 : -2797 | -2195 | -1593 -991 ' -389 +2.13
IR -4048 | -3369 | -2767 | -2165 | -1563 -9.61 -3.59 +2.43
‘ 14 -39.86 | -33.40 ‘ -27.38 | -2136 | -15.34 -9.32 -330 +2.72
| 15 -39.28 | -3312 | -2710 | -21.08 | -1506 | -9.04 | -3.02 +3.00

The —40dBmo, —50dBmo, and —55dBmo output points significant for the CCITT A-87.6 PCM system
specification can be found between steps 13 and 14 on chord 0, steps 4 and 5 on chord 0, and steps 2 and
3 on chord 0, respectively. Outputs corresponding to points below —55dBmo are specified in Table 1 for
an accuracy of * a half step.
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Am6073

THEORY OF OPERATION

Functional Description

The Am6073 is an 8-bit, nonlinear, digitai-to-analog conver-
ter with high impedance current outputs. The output current
value is proportional to the product of the digital inputs and
the input reference current. The full scale output current, Igs,
is specified by the input binary code 111 1111, and is a linear
function of the reference current, Irer. There are two operat-
ing modes, encode and decode, which are controlied by the
Encode/Decode, (E/D), input signal. A logic 1 applied to the
ED input places the Am6073 in the encode mode and current
will flow into the log(+) Of log(—) output, depending on the
state of the Sign Bit {SB) input. A logic 0 at the E/D input
places the Am6073 in the decode mode.

The transfer characteristic is a piece-wise linear approxima-
tion to the CCITT A-87.6 logarithmic law which can be written
as follows:

Y = 0.18 (1 + In (A [X] )} sgn (X), VA < {X| <
Y = 0.18 (A [X| )} sgn (X), 0=IXl=< 1A

where: X = analog signal level normalized to unity
(encoder input or decoder output)
Y = digital signal level normalized to unity
(encoder output or decoder input)
A =876

The current flows from the external circuit into one of four
possible analog outputs determined by the SB and ED in-
puts. The output current transfer function can be represented
by a total of 16 segments or chords addressable through the
SB input and three chord select bits. The two chords closest
to the origin of the transfer function, chord 0 and chord 1, are
made colinear and contiguous. The beginning of chord 0,
specified by the input binary code 000 0000, is offset by
+0.5uA. Each chord can be further divided into 16 steps, all
of the same size. The step size changes from one chord to
another, with the smallest step of 1.0uA found in the first two
chords near zero output current, and the largest step of 64 A
found in the last chord near full scale output current. This
nonlinear feature provides exceptional accuracy for small
signal levels. The accuracy for signal amplitudes corres-

ponding to chords 0 and 1 is very close to that of an 11-bit
linear, binary D/A converter. The ratio (in dB) between the
chord endpoint current, (Step 15), and the current which
corresponds to the preceding step, (Step 14), is maintained
atabout 0.3dB over the entire dynamic range, with the excep-
tion of chord 0. The difference between the ratios of full scale
current to chord endpoint currents of adjacent chords is
similarly maintained at 6dB over the entire dynamic range.
Resulting signal-to-quantizing distortions due to non-
uniform quantizing levels maintain an acceptably low value
over a 40dB range of input speech signals. Note that the 62dB
output dynamic range for the Am6073 is very close to the
dynamic range of a sign plus 11-bit linear, binary D/A conver-
ter.

In order to achieve a smoother transition between adjacent
chords, the step size between these chord end points is equal
to 1.5 times the step size of the lower chord. Note that this
does not apply to chord 0 and chord 1 where adjacent end
points differ by only one step, because these two chords are
colinear and have the same step sizes. Monotonic operation
is guaranteed by the internal device design over the entire
output dynamic range by specifying and maintaining the
chord end points and step size deviations within the allow-
able limits.

Operating Modes

The basic converter function is conversion of digital input
data into a corresponding analog current signal, i.e., the
basic function is digital-to-analog decoding. The basic de-
coder connection for a sign plus 7-bit input configuration is
shown in Figure 1. The corresponding dynamic range is
62dB, and input-output characteristics conform to the stan-
dard decoder transfer function with output current values
specified in Table 1. The E/D input enables switching be-
tween the encode, log(+) Of log(—), and the decode, lgp(+) Or
lop(—). outputs. A typical encode/decode test circuitis shown
in Figure 2. This circuit is used for output current measure-
ments. When the E/D input is high, (a logic 1), the converter
will assume the encode operating mode and the output cur-
rent will flow into one of the Igg outputs (as determined by
the S8 input). When operating in the encode mode as shown
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Figure 1. Detailed Decoder Connections.
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Figure 2. Output Current DC Test Circuit.
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Am6073

in Figure 3, an offset current equal to a half step in each chord
is required to obtain the correct encoder transfer characteris-
tic. Since the size of this step varies from one chord to
another, it cannot easily be added externally. As indicated in
the block diagram this required half step of encode current,
lgn. is automatically added to the lgg output through the
internal chip design. This additional current will, for exam-
ple, make the ideal full scale current in the encode mode
larger than the same current in the decode mode by 32uA.
Similarly, the current levels in the first chord near the origin
will be offset by 0.5uA, which will bring the ideal encode
current value for step 0 on chord 0 to +1.0uA with respect to
the corresponding decode current value of 0.5uA. This addi-
tional encode half step of current can be used for extension
of the output dynamic range from 62dB to 66dB, when the
converter is performing only the decode function. The cor-
responding decoder connection utilizes the E/D input as a
ninth digital input and has the outputs lgp(+) and log(+) and
the outputs lgp(—) and lgg(—) tied together, respectively.

When encoding or compression of an analog signal is re-
quired, the Am6072 can be used together with a Successive
Approximation Register (SAR), comparator, and additional
SSlI logic elements to perform the A/D data conversion, as
shown in Figure 3. The encoder transfer function, shown on
page 1, characterizes this A/D converter system. The first task
of this system is to determine the polarity of the incoming
analog signal and to generate a corresponding SB input
value. When the proper START, (S), and CONVERSION COM-
PLETE, (CC), signal! levels are set, the first clock pulse sets
the MSB output of the SAR, Am2502, to a logic 0 and sets all
other paralle! digital outputs to logic 1 levels. At the same
time, the flip-flop is triggered, and its output provides the E/D
input with a logic 0 level. No current flows into the Igg out-
puts. This disconnects the converter from the comparator
inputs, and the incoming analog signal can be compared
with the ground applied to the opposite comparator input.
The resulting comparator output is fed to the Am2502 serial
data input, D, through an exclusive-or gate. Atthe same time,
the second input to the same exclusive-or gate is held at a
logic 0 level by the additional successive approximation
logic shown in Figure 3. This exclusive-or gate inverts the
comparator’s outputs whenever a negative signal polarity is
detected. This maintains the proper output current coding,
i.e., all ones for full scale and all zeros for zero scale.

The second clock pulse changes the E/D input back to a logic
1 level because the CC signal changed. it also clocks the D
input signal of the Am2502 to its MSB output, and transfers it
to the SB input of the Am6073. Depending upon the SB input
level, current will flow into the lgg(+) or log(—) output of the
Am6073.

Nine clock pulses are required to obtain a digital binary
representation of the incoming analog signal at the eight
Am2502 digital outputs. The resulting Am6073 analog out-
put signal is compared with the analog input signal after
each of the nine successive clock pulses. The analog signal
should not be allowed to change its value during the data
conversion time. In high speed systems, fast changes of the
analog signals at the A/D system input are usually prevented
by using sample and hold circuitry.

Additional Considerations and Recommendations

In Figure 1, an optional operational amplifier converts the
Am6073 output current to a bipolar voltage output. When the
SB input is a logic 1, sink current appears at the amplifier's
negative input, and the amplifier acts as a current to voltage
converter, yielding a positive voltage output. With the SB
value at a logic 0, sink current appears at the amplifier's
positive input. The amplifier behaves as a voltage follower,
and the true current outputs will swing below ground with
essentially no change in output current. The SB input steers
current into the appropriate {+) or (—) output of the Am6073.
The resulting operational amplifier's output in Figure 1
should ideally be symmetrical with resistors R1 and R2
matched.

In Figure 2, two operational amplifiers measure the currents
of each of the four Am6073 analog outputs. Resistor toler-
ances of 0.1% give 0.1% output measurement error (approx-
imately 2uA at full scale). The input offset currents of the A1
and A2 devices also increase output measurement error and
this error is most significant near zero scale. The Am101A
and 308 devices, for example, may be used for A1 and A2
since their maximum offset currents, which would add di-
rectly to the measurement error, are only 10nA and 1nA
respectively. The input offset voltages of the A1 and A2
devices, with output resistor vaiues of 2.5k(2, also contribute
to the output measurement error by a factor of 400nA for

ANALOG INPUT
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Figure 3. Detailed Encoder Connections.
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Am6073

every mV of offset at the A1 and A2 outputs. Therefore, to
minimize error, the offset voltages of A1 and A2 should be
nulled.

The recommended operating range for the reference current
Inee is from 0.1mA to 1.0mA. The full scale output current,
Igs, is a linear function of the reference current, and may be
calculated from the equation lgg = 3.94 Igge. This tight re-
lationship between lggr and Igg alleviates the requirement
for trimming the Iger current if the Rper resistor values
are within 1% of the calculated value. Lower values of
lper will reduce the negative power supply current, {1-),
and will increase the reference amplifier negative com-
mon mode input voltage range.

The ideal value for the reference current lggr = Vrer/RRer is
512uA. The corresponding ideal full scale decode and en-
code current values are 2016uA and 2048uA, respectively. A
percentage change from the ideal IggF value produced by
changes in Vgef or Rreg values produces the same percen-
tage change in decode and encode output current values.
The positive voltage supply, V+, may be used, with certain
precautions, for the positive reference voltage Vggr. In this
case, the reference resistor Rrgr(+) should be split into two
resistors and their junction bypassed to ground with a
capacitor of 0.014F. The total resistor value should provide
the reference current lgge = 512uA. The resistor Rger(—)
value should be approximately equal to the Rggg(+) value in
order to compensate for the errors caused by the reference
amplifier’s input offset current.

An alternative to the positive reference voltage applications
shown in Figures 1, 2 and 3 is the application of a negative
voltage to the V() terminal through the resistor Rger(—)
with the Rpeg(+) resistor tied to ground. The advantage of
this arrangement is the presence of very high impedance at
the Vg(—) terminal while the reference current flows from
ground through Rrgp(+) into the Vg4 terminal.

The Am6073 has a wide output voltage compliance suitable
for driving a variety of loads. With Iggr = 512uA and V- =
—15V, positive voltage compliance is +18V and negative

voltage compliance is —5.0V. For other values of Iggr and
V-, the negative voltage compliance, Voc(—) may be calcu-
lated as follows:

Voci—) = (V=) + 2(Igge+1.55kQ) + 8.4V,
where 1.55k) and 8.4V are equivalent worst case values for
the Am6073.
The following table contains Vog(—) values for some specific
V-, Iggg, and lgg values.

Negative Output Voltage Compliance VOC( -)

IRer Ufs)
V-
256.A 512,A 1024uA
(1mA) {2mA) (4mA)
—12v —28V —2.0V —0.4v
~15V -5.8V -5.0V ~3.4v
—18V -8.8V -8.0V -6.4V

The V¢ input can accommodate various logic input switch-
ing threshold voltages allowing the Am6073 to interface with
various logic families. This input should be placed at a poten-
tial which is 1.4V below the desired logic input switching
threshold. Two external discrete circuits which provide this
function for non-TTL driven inputs are shown in Figure 4. For
TTL-driven logic inputs, the V| ¢ input should be grounded. If
negative voltages are applied at the digital logic inputs, they
must have a value which is more positive than the sum of the
chosen V- value and +10V.

With a V— value chosen between —15V and —11V, the
Voc(—). the input reference common mode voltage range,
and the logic input negative voltage range are reduced by an
amount equivalent to the difference between —15V and the
V- value chosen.

With a V+ value chosen between +5V and +15V, the refer-
ence amplifier common mode positive voltage range and the
V, ¢ input values are reduced by an amount equivalent to the
difference between +15V and the V+ value chosen.

ECL CMOS, HTL, NMOS

TO PIN 10
Vie

TOPIN 10
Lc
3
R
6.2ke2
1400uA.}

LIC-302
(See Notes 2 and 3)

Figure 4. Interfacing Circuits for ECL, CMOS, HTL,
and NMOS Logic Inputs.

DIGITAL INPUTS
v,
REF
+10v +10v +5.0v

L

) 4.88%s1
19.53k52 2 ‘ P

8 |5

B; Bg Bs By By By 8y SBED ]
n v
R loei-)
— Ameo73
REF 10D+
VRi-)
12
!
20 V- ve Ve 0P e
Kt
I 3 l\s J_m
= 15V 15V = LIC-303
OQUTPUT VOLTAGE (V)
_INPUT CODE
(E/D, $B, By, ..., By} AT “B” “err DIFF
10 1111111 0
10 1101111 +500 | N/A N/A N/A
10 000 0000 +10.00
o111t 1111 -500 | +5.00 | -10.00
01110 1111 +000 | +5.00 -5.00
01 000 0000 Na | 1900 | +500 0
00 000 0000 +5.00 | +5.00 0
001101111 +5.00 | +0.00 +6.00
00111 1111 +500 | —500 | +10.00

Figure 5. Resistive Output Connections.

Notes: 2. Set the voltage “A" to the desired logic input switching threshold.

3. Allowable range of logic threshold is typically =5V to +13.6V when operating the companding DAC on +15V supplies.
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ADDITIONAL DECODE OUTPUT CURRENT TABLES

Table 3

Normalized Decoder Output (Sign Bit Excluded)

CHORD (C)
0 1 2 3 4 5 6 7
STEP (S) 000 001 010 011 100 101 110 1M1
0 0000 1 33 66 132 264 528 1066 2112
1 0001 3 35 70 140 280 560 1120 2240
2 0010 5 37 74 148 296 592 1184 2368
3 0011 7 39 78 156 312 624 1248 2496
4 0100 9 41 82 164 328 656 1312 2624
5 0101 1" 43 86 172 344 688 1376 2752
6 0110 13 45 90 180 360 720 1440 2880
7 0111 15 47 94 188 376 752 1504 3008
8 1000 17 49 98 196 392 784 16568 3136
9 1001 19 51 102 204 408 816 1632 3264
10 1010 21 53 106 212 424 848 1696 3392
1" 1011 23 55 110 220 440 880 1760 3520
12 1100 25 57 114 228 456 912 1824 3648
13 101 27 59 118 236 462 944 1888 3776
14 110 29 61 122 244 488 976 1952 3904
15 1 31 63 126 252 504 1008 2016 4032
STEP SIZE 2 2 4 8 16 32 64 128

all entries in Table 3.

Table 4

The normalized decode current, (Ic,s), where C is chord number and S is step number, is calculated
using: Ics = 2%(S + 16.5) for C = 1, and Ig,s = 25 + 1 for C = 0. The ideal decode current, {lop), in uA is
calculated using: lop = (ic,s/17,15(norm.)) *lrs(nA), where I¢ s is the corresponding normalized current.
To obtain normalized encode values the corresponding normalized half-step value should be added to

Decoder Step Size Summary

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght

Step Size | Step Size as Resolution
Step Size Step Size | Step Size in dB at | a % of Reading | & Accuracy
Normalized | in uA with | as a % of Chord at Chord of Equivaient
Chord |to Full Scale| 2016.A F. S.| Full Scale Endpoints Endpoints Binary DAC
[} 2 1.0 0.05% 0.58 6.45% Sign + 11 Bits
1 2 1.0 0.05% 0.28 3.17% Sign + 11 Bits
2 4 2.0 0.1% 0.28 3.17% Sign + 10 Bits
3 8 4.0 0.2% 0.28 3.17% Sign + 9 Bits
4 16 8.0 0.4% 0.28 3.17% Sign + 8 Bits
5 32 16.0 0.8% 0.28 3.17% Sign + 7 Bits
6 64 32.0 1.6% 0.28 3.17% Sign + 6 Bits
7 128 64.0 3.2% 0.28 3.17% Sign + 5 Bits
Table §
Decoder Chord Size Summary
Chord Endpoints Chord Endpoints Chord Endpoints Chord Endpoints
Normalized in £A with asa % in dB Down
Chord to Full Scale 2016uA F. S. of Full Scale from Full Scale
0 31 15.5 0.77% -42.28
1 63 3156 1.56% -36.12
2 126 63.0 3.13% -30.10
3 252 126.0 6.25% -24.08
4 504 252.0 12.5% -18.06
5 1008 504.0 25.0% -12.04
6 2016 1008.0 50.0% —-6.02
7 4032 2016.0 100% 0
3-79
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BASIC CIRCUIT CONNECTIONS

+10V RANGE ENCODER/DECODER
CONNECTIONS

£10V INPUT

DIGITAL INPUTS

COMPLIANCE EXTENSION
USING AC COUPLED OUTPUT

VREF DIGITAL INPUTS R,
VRee sV 25K
10V
19.53 1953
k2 kll‘
By By Bg By By By By SBE/D (o) 85 Bg Bs By By By By SBE/D (4)
Ve e Ve ‘o€ (,
x|, Ameso73 sokn = sokn inee |, Ame073
o N e
50V
2060 20k
= = v s2v = 50V
IDEAL VALUES:
IREF = B12uA
LIC-304 IFg = 2016uA LIC-305
LOW INPUT IMPEDANCE CONNECTION HIGH INPUT IMPEDANCE CONNECTION
DIGITAL INPUTS DIGITAL INPUTS
VREF VReF
AREFs Rrer-
20 e R I
N RIN -— By 8 Bg By By By By SBED (+)
in O v o€ e Ang073
L m
N .RE; Am8o73 Vin ) 'RE; Vaisy
RREF- RREF-
L —15v +15V = = -5V +15V =
IREF = VIN/RIN + VREF/RREF+ IREF = (VREF — VIN/RREF+
IFs ~ 4lIREF) Irs ~ 4lREF)
RREF- = ((RRer+) (RINH/(RREF+ + RN} LIC-306 LIC-307
LOGARITHMIC DIGITAL GAIN CONTROL REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT
(Notes 4, 5)
VREF
ATCGRIonORD  cHaNNEL 25 oV v
VREF * BSTER oy ' F:EESO;',;“T;C‘V 20k
1oV TEST
A 8, Bg Bg B, By B, By SBED ()
20K82 0P AMP. —{— Vae loe |,
B, Bg Bg By By By By SBED (1) L ) chanmat Am8073 DISTORTION
trer L Ve, loe = ouTPuUT 1 QUTPUT THD 001%
v,~%> — m Ve Am8o73 25k w2
wpUT
20 oF-aMP b —
y LEFT
- e .
LIC-308

LiC-309

Notes: 4. Low distortion outputs are provided over 62dB range.

5. Up to 4 channels of output may be selected by £/D and SB logic inputs.
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TYPICAL PERFORMANCE CURVES
Reference Amplifier
Total Harmonic Distortion Reference Amplifier
Versus Frequency (80kHz Filter) Reference Amplifier Input Common-Mode Range
(Notes 6, 7, 8) Input Frequency Response (Note 9)
10 4 32
® Ta=Tmint©o T,
z ° H 1 ! H 2 28 A[ M['" L
See Note 8 ] <
E oz 8 ‘2’ 0! E 2af——
- Vo= -8V -
g o 5 _,| swaiisional A = 20 S sy
g 008 3 100mV PEAK S IReF = 0.5mA |
o 2 -8} 1% MODULATION) & 18
2 oo O 3
z oo o » 5
z £ ol LTI LT 5 12
2 0005 3 LARGE SIGNAL ~ |\ £ os IREF = 0.25mA }_._
2 - LARGE SIGNAL & -2} (sLEw 2\‘4\:5::(””“) 3 1
5 0002 | A TION —14] (50% MODULATION) 04 o
* 0.001 " veli Lo g ° |
10 100 1.0k 10k 100k 100 1tk 10k 100k M 10M Z14-10 8 -2 2 6 10 14 18
FREQUENCY — Hz FREQUENCY — Hz REFERENCE COMMON-MODE VOLTAGE
AT Vggg PIN -V
Output Current Versus
Power Supply Currents Power Supply Currents Output Voltage
Versus Power Supply Voltages Versus Temperature (Output Voltage Compliance)
8.0 8.0 44
< r v l < ll— 4.0 1 | ]
E 70 i oy E 70 -1 : [ = 1.0mA
! 1 | S P g ‘é 36 [ REF
= 60 1 = 6.0 |
2 ol 3 L 32T Ta=Twin 0 Tmax
£ s0 I so0 > 28fF v-=-15V
3 : =] Igg = 2.0mA w 24
S ap } S a0 c IREF = 0.5mA
o] ! % 3 20
g a0 1+ vs. v+ —— & 30 v £ 18 ;
2 ——t T 1 ] 2 2 . 1T 1
c 20 T 1 < 20 5 12 IREF = 0.25mA ]
g ! ‘ I W 3 ose T
Q 1.0[ ALLBITS "HIGH OR “LOW" —— § 10} ALLBITS "HIGH" OR “LOW" —— i |
Igg = 2.0mA V+ =418V, V= = —15V 0.4 0
0 [ SRS N DU S B | 0 L 0 Il
0 20 40608010 12 14 16 18 20 -75 -50 o 50 100 150 —-14 -10 -6 -2 2 6 10 14 18
POSITIVE OR NEGATIVE POWER SUPPLY — V TEMPERATURE — °C OUTPUT VOLTAGE - V
Logic input Current
Versus Input Voltage
Bit Transfer Characteristics and Logic Input Range Output Full Scale Current
(Note 10) (Note 11) Versus Reference Input Current
<
03T T T T 71 T 0T TTTTT ? 5.0 T v
I 1rer = 0.5mA . | Ta = TMiN t© TMAX
0.30 i 4 ! < - 'REF = 0.5mA 2 ALL BITS “HIGH"
Pl I : V- =15V " 40
E B1_| | | L 20 ViemoV -
| 0.25 o244 2 &
- - w -4
= « = 3.
i 020 £ 3
z S 10 S
b}
3 o1s ] 5 g 20
5 V- = —15V z §
g 010 S 5o <
5 Vo=-12v 82 11 g 2 1o
SRy SNV W 0055 Q -
TR IN T 5 pping 5
0.1 o
AERIREE 1 ° £
12 8 4 0 4 8 12 16 -1z -8 4 0 4 B 12 18 3 [ 0.5 1.0
LOGIC INPUT VOLTAGE — V LOGIC INPUT VOLTAGE — V REFERENCE CURRENT, IRgg — mA LI-310
Notes: 6. THD is nearly independent of the logic input code.
7. Similar results are obtained for a high input impedance connection using VR(—) as an input.
8. Increased distortion above 50kHz is due to a slew rate limiting effect which determines the large signal bandwidth. For an input of +2.5V peak (25%
modulation}, the bandwidth is 100kHz.
9. Positive common mode range is always {(V+) —1.5V.
10. All bits are fully switched with less than a half step error at switching points which are guaranteed to lie between 0.8V and 2.0V over the operating
temperature range.
11. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply.
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TIME SHARED CONVERTER CONNECTIONS

XMT
ATTENUATOR

ATTENUATOR

SINGLE CHANNEL PCM CODEC — PARALLEL DATA 1/0

cLock

+5.0V

I

APPLICATION INFORMATION
1.

To perform a transmit opération cycle the START pulse
must be held low for one clock cycle; the receive opera-
tion is performed without the successive approximation
register, SAR.

. XMT and RECEIVE command signals are mutually exclu-

sive.

. Duration of the RECEIVE command signal must

accommodate the Am6073 settling time plus the sam-
pling time required by the sample and hold, (S & H),
circuit used at the CODEC’s analog output. The receiving
data must not change during this time.

. A XMT command signal must be issued after a high-to-

low transition of the CONVERSION COMPLETE, CC, sig-
nal. Its duration depends on the time required by the
digital time division switch circuitry to sample the 8-bit
parallel transmit data bus.

. Data conversion for atransmit operation is completedin 9

clock cycles because the SAR must be initialized before

START.
RECEIVE CONVERSION XMT
l COMMAND Im = COMMAND
SAMPLE COMMAND w1sv | ss0v l +5.0V
FOR A XMT CYCLE & 10 16 8 L
1/4 7486 = = 4 N\
ANALOG (Am)LF3ss Am311 D— oo B Vee GND 8 e
INPUT
XMT 174 7486 Am2502 € ; =
FILTER ";:OM N 3 7 SUCCESSIVE APPROXIMATION E““
“ ’]D__. REGISTER (SAR) | T
I MsB LsB :'
32| 6 s |a]3
I 25k 118 7486 3] AmaT2s |5
_ 10 30
| 1 L 15V o
- - lo 2
i 3 : | b3
®
E
Q >
cL 1 15 2
— o c £
172 7474 r
opb— 2
PR 1 15
1 = 2
13 14 g
w ]
“5.0V
D 1
LR —
o
1361005 3 [12]s [7 ]a 12fe |7 |4 |13]10]6 |3 AmST2s |5
8 o 15|15 8 z}"
B/E =
2
= Am8T26 T AmaT28 =
+5.0v — RIE RE —— Z’.—
+6.0V
wins |2 = s |2
RECEIVE - Vrer 8 16 ; ;
l +10v —
[ERERENCRE 6|7 |8 [0 50V
p R
bt /‘oz(n €0 8 B, B, By 84 Bg Bg By e
SAMPLE COMMAND 15 "
FOR A RECEIVE CYCLE
°! Py VN logi-) Amgo73 VR
COMPANDING
{Am)LF398 D TO A CONVERTER 12
V(=)
ANALOG
OuUTPUT
RECEIVE v+
FILTER

Vic
18 Jjo

+15V
LIC-311

every new conversion. Data conversion for a receive op-
eration corresponds to the Am6073 settling time; the re-
ceiving and transmit data transfers can be done simul-
taneously by employing separate transmit and receive
data buses and utilizing data storage devices for the re-
ceive data.

A sample command pulse for a transmit operation can
coincide with the START pulse; its duration depends on
the sample and hold circuit used at the CODEC’s analog
input.

. Asample command pulse for a receive operation mustbe

delayed from a low-to-high transition of the RECEIVE
command signal by an amount equai to the Am6073 set-
tling time. Its termination can coincide with a high-to-low
transition of the RECEIVE command signal.

. The code assignment for outgoing or incoming paraliel

data provides uncomplemented binary values for sig-
nal sign and magnitude. The data bus, as a result,
yields ““high zeros” density for small signal amplitudes.
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TIME SHARED CONVERTER CONNECTIONS (Cont.)

SINGLE CHANNEL PCM CODEC — SERIAL DATA /0

150V CLOCK START 5OV
XMT RECEIVE
COMMAND COMMAND

1/4 7486

XMT DATA

SAMPLE COMMAND
FOR A XMT CYCLE

H

1/4 74126

RECEIVE DATA

loe(-) Ameo73s

1474128 Qe i 3
5 Vee GND
9 VERSION
xmT p— ce Am2802 a
FILTER 7 [
O o Successive approximaTion ©° [
¢ REGISTER (SAR)
1a 78126 msa Lse
wfifizfnfe s [« [s
xMT cL
ATTENUATOR a c
1/27474
o
PR
VREeF
HvBRID = oV Y
R
]1 [2{s a5 |6 |7 {8 |s e
“ e
/ €/D S8 B, B, By By Bg Bg 8
RECEIVE SAMPLE COMMAND OF
ATTENUATOR s Al
FOR A RECEIVE CYCLE VR+)
12

COMPAN' NG
D TO A CONVERTER

oo+ VR
ANALOG
FILTER \ = - p Reer—
(Am)LF388 l 20k$2
; = ~15v 418V = = Lic-312
APPLICATION INFORMATION
gister, with data supplied from data storage devices.

1. Before beginning either a transmit or a receive operation, 5. A sample command pulse for a transmit cycle must be is-
the START signal must be held low for one complete clock sued before a XMT command signal; its duration depends
cycle. on the sample and hold, S & H, circuit used.

2. XMT and RECEIVE command signals are mutually exclu- 6. A sample command pulse for a receive cycle must be de-
sive. Their durations must accommodate the time required layed by a time equal to the Am6073 settling time after a
for conversion of an outgoing or an incoming series of 8 di- high-to-low transition of the CONVERSION COMPLETE,
gital bits, respectively. cc, signal occurs.

3. Data oonve_rsion for either operation, transmit or receive, is 7. The code assignment for outgoing or incoming parailel
completed in 9 clock cycles. data provides uncomplemented binary values for sig-

4. During the receive cycle the successive approximation re- nal sign and magnitude. The data bus, as a result,
gister, SAR, is acting as a serial-in to parallel-out shift re- yields “high zeros” density for small signal amplitudes.

8 LINE CODEC TDM PCM/PABX SYSTEM — BLOCK DIAGRAM

I I | Firen
HYBRID :
ATT...
g S | L___]_t:
—_— —] s
8 LINES D [ S&H W + SUCCESSIVE
i MUX comp APPROXIMATION
N | | | FILTER | A -
HYBRID ATT..
= 8
TO TOMS
8
sl TIME-
o oIVISiON
MUX
COMPANDING SwiTeH
CONVERTER FROM YOMS
! Futen,
ATT.. -
-] s
~—] CHANNEL
- ANALOG
— MUX
-
FILTER,
ATT...
| | = LIc-313
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CCITT A—LAW COMPANDOR TRACKING SPECIFICATION
T T T T
30 {
I
275 ‘L
|
25 . + *
CCITT A—LAW
SPECIFICATION
(MAXIMUM}
225 + + T 1
i
2.0 t t
@ i i
g
1
g 195 —— |
= |
<
2 |
' & 18 il |
L z !
i <
! S
; 125 1
¥
|
! 10
t
I
i 0.75 |-—
I
05 % —_
Am6073 :
SPECIFICATION :
(MAXIMUM) i |
0.25 t
i
0 i 1‘
60 -55 -50 40 ~30 -20 -10 0 +3 +6
INPUT SIGNAL LEVEL — dBmo
LIC-314

COMPANDOR TRACKING TEST BLOCK DIAGRAM

(HP-200CD
OSCILLATOR
OR EQUIVALENT)

ATTENUATOR

{

FILTER

l

ENCODER
(Am8073)

{PCM)

DECODER
{Am8073)

i

FILTER

!
©

(HP-400D
VOLTMETER
OR EQUIVALENT)

LIC-315

CCITT NOISE AND DISTORTION SPECIFICATION

The Am6073 has a negligible idle channel noise contribution. Signal-to-quantizing-distortion ratio, (S/D),
is guaranteed to exceed the minimum values specified for PCM channels at audio frequencies as

follows:

Input Level 1020 Hz Sinewave

S/D, C-Message Weighting

0 to —30 dBmo
At —40 dBmo
At —45 dBmo

33dB
27dB
22 dB

Metallization and Pad Layout

8y
By 82
Bg 8y
Bg s8
87
Vie
(2]
VREF (+) ve
lopi-)
VREF (-} opi+)
V- loe(-)
ToE (e}

80 X 114 Mils
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