Amo072

Companding D-to-A Converter for PCM Communication Systems

Distinctive Characteristics

Tested to D3 compandor tracking specification
Absolute accuracy specified — includes all errors over
temperature range

Settling time 300ns typical

Ideal for multiplexed PCM systems

Output dynamic range of 72 dB

Improved pin-for-pin replacement for DAC-86
Microprocessor controlled operations

Multiplying operation

Negligible output noise

Monotonicity guaranteed over entire dynamic range
Wide output voltage compliance

Low power consumption

GENERAL DESCRIPTION

The Am6072 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 Am6072 complies with the
Bell System u-255 companding law, Y = 0.18 In (1 + ux), and
consists of 15 linear segments 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 determined by four step select input bits. The
resulting dynamic range achieved with this 8-bit format is
72dB. Accuracy and monoticity are assured by the internal
circuit design and are guaranteed over the full temperature

range. The Am6072 is tested to the Bell D3 channel bank com-
pandor tracking specification for pulse code modulation
{PCM) transmission systems. The application of the Am6072
in communication systems provides an increased signal-to-
noise ratio, reduces system signal distortion, and stimulates
wider usage of computerized channel switching. Other appli-
cation areas include digital audio recording, voice synthesis,
and secure communications. When used in PCM communica-
tion systems, the Am6072 functions as a complete PCM de-
coder with additional encoding capabilities which make it ideal
for implementation in CODEC circuits.
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ORDERING INFORMATION* SIMPLIFIED CONVERSION TRANSFER FUNCTIONS 1
Decoder Encoder
Characteristic Characteristic
Part Number Temperature Accuracy DIGITAL

Am6072DM | —55°C to +125°C | Confarms to D3 Spec.
Am6072DC 0°C to +70°C Conforms to D3 Spec.

*Also available with burn-in processing. To order add suffix B
to part number.
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Am6072
MAXIMUM RATINGS above which useful life may be impaired

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

VLc Swing o V—plus 8V to V+ | MIL Grade _66°C to +125°C
Output Voltage Swing  V—plus 8V to V— plus 36V | COM'L Grade o 0°C 1o +70°C
Rief%;érlirlpﬁ'ts S V—to V+ | Storage Teﬁ\}é;atu;e' B B —65°C to +150°C
ﬁefér;nce Input [Sifierential Voltage 18V | Power DiSSil;)a’t’i’OndTA < 100°C - 500mwW
Reference Input Current 1.26mA |  For Ta > 100°C derate at o Tomw/°C
Logic ln;as a vV plus 8V oV —pTJ;CféV tead Ssldering Tempér;tral:é"'ﬁ” 77'7730%

GUARANTEED FUNCTIONAL SPECIFICATIONS

Resolution +128 Steps
Monotonicity For both groups of 128 steps and over full operating temperature range
Dynamic Range 72 dB, (20 log {17, 15/10, 1))

ELECTRICAL CHARACTERISTICS (Note 1)

These specifications apply for V4+=+16V, V- = —15V, IREF=528uA, 0°C<Ta <+70°C, forthe commercial grade, -55°C<Ta
< +125°C, for the military grade, and for al 4 outputs unless otherwise specified.

Parameter Description Test Conditions Min. Typ. Max. Unit
tg Settling Time To within 7&1 /2 stepat Tp =25°C, _ 300 500 ns
Output switched from Izg to IFg
Chord Endpoint Aééuracyw o T :
Step Nonlinearity
tEN Encode Current
VREF = +10,000V
'Fs(O) : Full Scale Current Deviation from Ideal " RREF+ = 18.94kQ Sge Table 1 for absolute accuracy
\gslE) : R - 20k limits which cover all errors related
REF-— to the transfer characteristic.
to+)—lpl=) Full Scale Current Symmetry Error b —sv < voyT < +18V
Izs Zero Scale Current C ;
OlEg Full Scale Current Drift
Voc Qutput Voltage Compliance ;. Qutput within limits specified by Table 1 -5 — +18 Vaolts
Ipis Disabte Current ' Leakage of output disabled by E/D or SB - 5.0 50 nA
IFSR Output Cursrent Range : 0 20 4.2 mA
VL Logic Input Logic 0" i - — 0.8 Valts
e VicT oV
Vi Levels Logic . 2.0 - - Volts
N Logic Input Current T"VIN = —BV to +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
PSSigg+ Power Supply Sensitivity Over Supply Range V+ = +4.5 to +18V, V- = —15Vv - 0.005 0.1 o8B
PSSlpg_ {Refer to Characteristic Curves) V— =—10.8V to —18V, V+ = +15V - 0.01 0.1
1+ V+ =145V to +16V, V— = —-16V, - - 2.7 4.0
Power Supply Current mA
- PRl | irs=20ma o - —6.7 —88
V- =18V, VouT =0V | V+=1+5V - 114 152
P issi mw
D Power Dissipation IEs = 2.0mA |— vt =115V — 11 192

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 zero (Cg)
the step size is 0.54A, while in the last chard near full scale {(C7) the step size is G4uA.
3-55
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Amé6072

TYPICAL PERFORMANCE CURVES
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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 abave 50kHz is due to a slew rate limiting effect which determines the large signa! 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 Jess 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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Am6072

ELECTRICAL CHARACTERISTICS (Cont.)

TABLE 1
ABSOLUTE DECODER QUTPUT CURRENT LEVELS IN uA
STEP CHORD NO.
NO. 0 1 2 3 4 5 6 7
—.250 7.789 24048 56.112 120.24 24B.49 505.00 1018.02
0 000 8.260 24.750 57.760 123.75 256.76 518.76 1047.75
250 8.739 26473 59.436 127.36 263.22 534.93 1078.34
250 8.733 25.991 59.998 12801 264.04 536.10 1080.21
1 .500 9.250 26.750 61.750 131.75 2175 551.75 11175
.750 9.798 27.531 63.563 13560 279.69 567.86 1144.21
150 98677 27934 63.885 135.79 27959 567.19 114233
2 1.000 10.250 2B.750 65.750 139.75 287.75 583.75 1175.75
1.250 10.857 29.590 67.670 143.83 296.15 600.80 121008
1.260 10621 29878 67.771 143.56 295.13 598.28 1204.58
3 1.500 11.250 30.750 69.750 147.75 303.75 615.75 1239.75
1.760 11817 31.648 71.787 152.06 31262 633.73 1275.95
1.750 11.565 31821 71658 151.33 31068 629.37 1266.76
4 2.000 12.250 32.750 73.750 155.76 319.75 647.7% 1303.75
2.250 12.976 33.706 75.804 160.30 329.09 666.66 1341.82
2.250 12509 33.764 756544 159.10 326.22 660.46 132894
5 2.500 13.250 34.750 77.750 163.75 335.75 679.75 1367.75
2.750 14.035 35.765 80.020 168.53 345.56 699.60 1407.69
2.750 13453 35.707 79431 166.88 341.77 691.56 1381.13
6 3.000 14.250 36.750 81.750 171.76 351.76 711,75 1431.75
3.250 15094 37.823 84.137 176.77 362.02 732.53 1473.56
3.250 14.397 37861 83.317 174 .65 357.32 72265 1453.31
7 3.500 15.250 38.750 85.750 179.75 367.75 743.75 1495.75
3.750 16.154 39.882 88.254 185.00 37848 765.47 153943
3.750 15.341 39.594 87.204 182.42 372.86 753.74 1515.50
8 4.000 16.250 40.750 89.750 187.75 383.75 775.75 1559.75
4.250 17.213 413940 92.371 193.23 294.96 798.40 160530
4.248 16.285 41537 91.090 190.20 38B.41 78483 157768
9 4.500 17.250 42.750 93.750 195.75 399.75 807.75 1623.75
4.767 18.272 43.998 96.488 201.47 411.42 B31.34 1671.16
4.720 17.229 43.480 894977 19797 403.95 81592 163987
10 5.000 18.250 44.750 97.750 203.75 415.76 839.75 1687.75
5.296 19.331 46.057 100.604 209.70 427.89 B864.27 1737.03
5.192 18173 45424 98.863 205.74 419,50 B47.02 1702.05
1 5.500 19.250 46.750 101.750 211.75 431.76 871.75 1761.75
5826 19.812 48.115 104.721 217.93 444 .36 897.21 1802.90
5664 19675 47.367 102.750 21352 435.05 878.11 1764.23
12 6.000 20.250 48750 105.750 219.76 447.76 903.7% 1815.75
6.356 20.841 50.174 108.838 22617 460.82 930.14 1868.77
6.136 20.647 49.310 106.636 221.29 450.59 909.20 1826.42
13 6.500 21.250 50.750 109.750 227.76 463.75 935.75 1879.75
6.885 21.871 52.232 112,965 234.40 477.29 963.07 1934 64
6.608 21619 51263 110523 229.06 466.14 940.29 1888.60
14 7.000 22.250 52.750 113.750 236.75 479.76 967.75 1943.75
7415 22.900 54.290 117.072 24263 493.76 996.01 2000.51
7.080 22.590 53.197 114.409 23683 48168 971.39 1950.79
15 7.500 23.250 54 780 117.750 243.75 495,75 999.75 2007.75
7.944 23.929 56349 121.188 25087 5$10.23 1028.94 2066.38
STEP 5 1 2 a 8 16 32 64
SIZE

Minimum, ideal and maximum values are specified for each step. The minimum and maximum values are
specified to comply with the Bell D3 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, fult
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 tevels 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)
CHORD
° 1 2 3 4 5 6 7
STEP
] - 4873 | -35.18 2782 22120 | —148a 874 265
1 -69.07 | -4373 | -3451 —27.24 -2066 | -1437 -8.22 -213
2 6305 | —4284 | -3388 ~26.70 —2015 | -1387 773 —1.65
3 -5953 | —4203 | 3330 -26.18 —1966 | —1340 -7.27 -1.19
a ~57.03 | -a1.29 3275 —25.70 1921 ~12.96 683 075
s -55.10 | -a061 —32.24 ~25.24 —18.77 -1253 —6.41 -0.33
6 -5351 | -39.98 3175 —24.80 1836 | 123 601 +0.06
7 5217 | 3939 | -31.29 —24.39 1796 | -11.74 -562 +044
8 5101 | -3884 | -3085 -2399 1758 | -1137 526 +0.81
9 ~a998 | -38.32 -3044 —2361 21722 —11.02 a3t +1.16
10 -4g07 | -3783 | -30.04 ~23.25 ~16.87 -1068 —457 +1.49
1 —48.25 | -3737 -29.66 ~2290 —1654 | -1035 425 +1.82
12 -4749 ; 3693 | —2029 —2257 1622 | -1003 -393 +2.13
13 —4680 | -3651 -28.95 ~22.25 -1691 973 -3863 +2.43
14 -46.15 | -36.11 ~28.61 -21.94 —15.61 943 334 +2.72
15 —asss | -3573 | -28.20 -2163 -1532 915 —3.06 +3.00

The —37 dBmo and —50 dBmo output points significant for the Bell D3 system specification can be found
between steps 11 and 12 on cherd 1, and steps 8 and 9 on chord 0, respectively. Outputs corresponding to
points below —50dB are specified in Table 1 for an accuracy of + a half step.
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Am6072

THEORY OF OPERATION

Functional Description

The Am6072 is an 8-bit, nonlinear, digital-to-analog conver-
ter with high impedance current cutputs. The output current
value is praportional to the product of the digital inputs and
the input reference current. The full scale output current, lg,
is specified by the input binary code 1111111, and is a linear
function of the reference current, Iggg. There are two operat-
ing modes, encode and decode, which are controlled by the
Encode/Decode, (E/D), input signal. A logic 1 applied to the
ED input places the Amb6072 in the encode mode and current
will flow into the log(+) O loe(—) output, depending_on the
state of the Sign Bit (SB) input. A logic 0 at the E/D input
places the Am6072 in the decode mode.

The transfer characteristic is a piece-wise linear approxi-
mation to the Bell System u-225 logarithmic law which
can be written as follows:

Y =0.182n (1 + p IX}) sgn (X)

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)
u = 255

The current flows from the external circuit into one of four
possible analog outputs determined by the SB and E/D 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. 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 0.5uA found in the first chord near zero output cur-
rent, and the largest step of 64uA found in the last chord near
full scale output current. This nonlinear feature provides
exceptional accuracy for small signal levets near zero output
current. The accuracy for signal amplitudes corresponding
to chord 0 is equivalent to that of a 12-bit linear, binary DIA
converter. However, the ratio {in dB) between the chord

endpoint current, (Step 15), and the current which corres-
ponds to the preceding step, (Step 14), is maintained atabout
0.3dB over most of the dynamic range. The difference bet-
ween the ratios of full scale current to chord endpoint cur-
rents of adjacent chords is similarly maintained at approxi-
mately 6dB over most of the dynamic range. Resulting
signal-to-quantizing distortions due to non-uniform quantiz-
ing levels maintain an acceptably low vaiue over a 40dB
range of input speech signals. Note that the 72dB output
dynamic range for the Am6072 corresponds to the dynamic
range of a sign plus 12-bit linear, binary D/A converter.

In order to achieve a smoother transition between adja-
cent chords, the step size between these chord end points
is equal to 1.5 times the step size of the iower chord.
Monotonic operation is guaranteed by the internal device
design over the entire output dynamic range by specify-
ing and maintaining the chord end points and step size
deviations within the allowable limits.

Operating Modes

The basic converter function is conversion of digital input
data into a corresponding analog current signa!l, 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
72dB, 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 bet-
ween the encode, log(4) 0r lpg(—), and the decode, lop(+) or
lop(—). outputs. A typical encode/decode test circuit is 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
witt assume the encode operating mode and the output cur-
rent wili flow into one of the lgg outputs {as determined by
the SB input). When operating in the encode mode as shown
inFigure 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,
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Figure 1. Detailed Decoder Connections.
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Figure 2. Output Current DC Test Circuit.
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lgn, is automatically added to the log 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 arigin
will be offset by 0.25uA, which will bring the ideal encode
current value for step 0 on chord 0 to +£0.25u..A with respectto
the corresponding decode current value of 0.0uA. This addi-
tional encode half step of current can be used for extension
of the output dynamic range from 72dB to 78dB, 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 Igp(+) and lgg(4) and
the-outputs lgp(—) and lpg(—) 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
SS! 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 Complete,
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
parallel 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 outputs. 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 result-
ing comparator output is fed to the Am2502 serial data input,
D, through an exclusive-or gate. At the same time, the sec-
ond 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 com-
parator’s outputs whenever a negative signal polarity is de-
tected. 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 lagic
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 Am6072. Depending upon the SB input
level, current will flow into the lgg(4) or log(—) output of the
Am6072.

Nine total clock pulses are required to obtain a digital binary
representation of the incoming analog signal at the eight
Am2502 digital outputs. The resulting Am6072 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
Am6072 output currentto 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
currentinto the appropriate (+) or (—) output of the Am6072.
The resuiting operational amplifier's output in Figure 2
should ideally be symmetrical with resistors R1 and R2
matched.

In Figure 2, two operational amplifiers measure the cur-
rents of each of the four Am6072 analog outputs. Resistor
tolerances of 0.1% give 0.1% output measurement error
(approximately 2uA at fuil scale). The input offset currents
of the A1 and A2 devices also increase output measure-
ment error and this error is mast 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 directly to the measurement error, are
only 10nA and 1nA, respectively. The input offset voltages
of the A1 and A2 devices, with output resistor values of

ANALOG INPUT

(GROUNDED FOR _
SINGLE-ENDED [~
INPUTS)

= 25k p:
p:

<

1/4 7486

CLOCK +50V

START
Iy 9L 79 1
= T SERIAL
O DATA

é\o 16 B auTPUT
H Vee GND l

9

—1C
Am2502 = CONVERSION
7], successive approximaTioN € IO O CoMPLETE
REGISTI

1/4 7486
4

€R (SAR)
+5.0V mSB [
wisfz[ 1] e 5| af 3

oL PARALLEL
a c DATA
127478 ouTPUT

PR

v
i wwov i

1] 2| 3] a} 5| 6| 7] 8f 9

PREF(+)
14 18.34kst

0SB 8, B, By By By Bg By

/
loet
15

1
VREF (+)

Yok Am6072
COMPANDING
DTOACONVERTER 12
REF{-1

lop(-) v- v

18
+15V

RREF(-)

Vic
‘ °_l_ 2045

LIC-280

Figure 3. Detailed Encoder Connections.
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2.5k}, also contribute to the output measurement error by
a factor of 400nA for 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 cur-
rent lpgr is from 0.1mA to 1.0mA. The full scale output
current, Igg, is a linear function of the reference current,
and may be calculated from the equation lgg = 3.8 Iggr.
This tight relationship between lgge and teg alleviates the
requirement for trimming the Iggr current if the Rger re-
sistors values are within =1% of the calculated value.
Lower values of Iger will reduce the negative power sup-
ply current, {I-), and will increase the reference amplifier
negative common mode input voltage range.

The ideal value for the reference current lngr = Vrer/Rrer is
528uA. The corresponding ideal full scale decode and en-
code current values are 2007.75uA and 2039.75uA, respec-
tively. A percentage change from the ideal Irgp value pro-
duced by changes in Vgep or Rge values produces the same
percentage change in decode and encode output current
values. The positive voltage supply, V+, may be used, with
certain precautions, for the positive reference voltage Vrer-
Inthis case, the reference resistor Rggr(+) should be splitinto
two resistors and their junction bypassed to ground with a
capacitor of 0.01uF. The total resistor value should provide
the reference current ingr = 528u1A. The resistor Rrep(—)
value should be approximately equal to the Rrgr(4) valuein
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 Vg(_ terminal through the resistor Ragp(—)
with the Rggp(+) 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 Rpgp(4) into the Vg4 terminal.

The Am6072 has a wide output voltage compliance suit-
able for driving a variety of loads. With lggr = 528uA and
V- = -15V, positive voltage compliance is +18V and
negative voltage compiiance is —5.0V. For other values of
lner and V—, the negative voltage compliance, Vpc(-)
may be calculated as foliows:

Voci—y = (V=) + (2 = Ipgr * 1.5k} + B.AV.

The following table contains Vgg(—) values for some
specific V—, Iggr, and Igg values.

Negative Qutput Voltage Compliance VQ{—)

::‘EF) 264uA | 528uA | 1056uA

V- FS'| (1mA) (2mA) (4mA)
—-12v —2.8V —2.0v —0.4V
—15V —5.8v —5.0V —3.4V
—-18V —B8.8V -8.0v —6.4V

The V¢ input can accommodate various logic input
switching threshold voltages allowing the Am6072 to in-
terface with various logic families. This input should be
placed at a potential 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 Vi ¢
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
Vac(—) 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 equivalentto the
difference between +15V and the V+ value chosen.

ECL CMOS, HTL, NMOS

2N3904 2N3904

oTOPIN 1O

B
20ks2
Vie &

L _oTennio
Ve

2
2 621 R 2 400:A
S

~52V
Lic-281
(See Notes 2 and 3}

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

VRer DIGITAL INPUTS

LI

+10v +5.0V

B; Bg Bg B4 B3 By By SBED 10E ()
1
VR
Tner Ame072
VRi-:
=1 VR
[
n | v- v vy '0nt-)
Py

LIC-282

13 18 1
-5V 415V =

OUTPUT VOLTAGE (V)
INPUT CODE
(€/D.$8B,Bq,...,B7) | “a” | “B" | “C" | DIFF
11111 o
103101111 +6.02 N/A NiA N/A
10 900 0000 +10.00
o111t 500 +5.00 -10.00
011101111 +0.02 +5.00 —4.98
01 000 DOOC N/A +6.00 +6.00 o
00 DOO DOCO +5.00 +5.00 o
001101111 +5.00 +0.02 +4.98
. [CoRRRIRRAE] +S.00 5.00 +10.00

Figure 5. Resistive OQutput Connections.

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

3. Allowable range of logic threshold is typically —5V to +13.5V 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 on 100 101 110 111
4] 0000 [o] 33 99 23 495 1023 2079 4191
1 0001 2 37 107 247 527 1087 2207 4447
2 0010 4 41 115 263 559 1151 2335 4703
3 0011 8 45 123 279 591 1215 2463 4959
4 0100 8 49 131 295 623 1278 2591 5215
5 0101 10 53 139 311 655 1343 2719 5471
6 0110 12 57 147 327 687 1407 2847 5727
7 o111 14 61 155 343 719 1471 2975 5983
8 1000 16 65 163 359 751 1635 3103 6239
9 1001 18 69 1m 375 783 1599 3231 6495
10 1010 20 73 179 el 815 1663 3359 6751
1 1011 22 77 187 407 847 1727 3487 7007
12 1100 24 81 195 423 879 1791 3615 7263
13 1101 26 85 203 439 911 1855 3743 7519
14 1110 28 89 2H1 455 943 1919 3871 7775
15 111 30 93 219 471 975 1983 3999 8031
Step Size 2 4 8 16 32 64 128 256

The normalized decode current, {(I¢, 5), is calculated using:
Ic,s = 2(26(S + 16.5) — 16.5)
where C = chord number; S = step number. The ideal de-

where Ig, g is the corresponding normalized current. To ob-
tain normalized encode current values the corresponding
normalized half-step value shouid be added to all entries in

code current, (lgp), in A is calculated using: Table 3.
lop = (lc, s/l7, 15(morm.)} * les (A}
Table 4
Decoder Step Size Summary
Resolution &
Step Size Step Size Step Size Step Size in Step Sizeasa % Accuracy of
Normalized in 4A with as a % of dB at Chord of Reading at Equivalent
Chord to Full Scale 2007.75uA FS Full Scale Endpoints Chord Endpoints Binary DAC
o] 2 0.5 0.025% 0.60 6.67% Sign + 12 Bits
t 4 1.0 0.05% 038 4.30% Sign + 11 Bits
2 8 2.0 01% 032 3.65% Sign + 10 Bits
3 16 4.0 0.2% 0.31 3.40% Sign + 9 Bits
4 32 8.0 0.4% 0.29 3.28% Sign + 8 Bits
5 64 16.0 0.8% 0.28 3.23% Sign + 7 Bits
6 128 320 1.6% 0.28 3.20% Sign + 6 Bits
7 256 64.0 3.2% 0.28 3.19% Sign + 5 Bits
Table 5
Decoder Chord Size Summary
Chord Endpoints Chord Endpoints Chord Endpoints Chord Endpoints
Normalized to in uA with as a % of in dB Down
Chord Full Scale 2007.75uA FS Full Scale from Full Scale

4] 30 75 0.37% —48.55

1 93 23.25 1.16% —38.73

2 219 54.75 2.73% -31.29

3 471 117.75 5.86% —24.63

4 975 243.75 12.1% —18.32

5 1983 485.75 24.7% —12.15

6 3999 999.75 49.8% —6.06

7 8031 2007.75 100% o]
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BASIC CIRCUIT CONNECTIONS

+10V RANGE ENCODER/DECODER
CONNECTIONS

COMPLIANCE EXTENSION
USING AC COUPLED OUTPUT

IReF = VIN/RIN + VREF/RREF
IFs ~ 4 * IREF

0V iNPUT
v, g VREF DIGITAL INPUTS R
Ve DIGITAL INPUTS soun Ve N
1 -
8, Bg Bg By By By By SBED (i) 8; 85 Bs By B3 82 By SBE/D (1)
1], toE Ny, 'oe
Ri) “ VR [
frey AmM6072 iner |, Amé072 -
Ve Vie ) 5.0V
2040 20k02
= IDEAL VALUES:
IREF = 52BuA
LIC-283 {rg = 2007.75uA LIC-284
LOW INPUT IMPEDANCE CONNECTION HIGH INPUT IMPEDANCE CONNECTION
DIGITAL INPUTS DIGITAL INPUTS
VREF VREF e
| RReF Rper
Zn=R d =
INTTUN - 1} erosespiBs BBy sE ED 14y By Bg Bg By By By By SBE/D (1)
vin A VR 10k () o
RN foer

IREF = (VREF — VIN)/RREF
IFs =~ 4 » IREF

LEFT
L CHANNEL
ouTPUT

LIC-287

LIC-285 LiC-286
LOGARITHMIC DIGITAL GAIN CONTROL REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT
(Notes 4 & 5)
ATTENUATION
~ 6dB/CHORD  CHANNEL 25Kk
VRer = 3dB/STEP  SELECT
+10v —_—
om0 ) ap.aw? o B7 B 8 By 8 B, 8; 58 1D 17
B y RIGHT Vais) Toe
" 87 Bg 85 By B3 By By S8 EI’D ) = CHANNEL Am6072
Vam oE |, OUTRY VRio) DISTORTION
AmMS0TZ 25K
Vin O o ] Ve oo ©!
-5.0v
neuT
100K

LIC-288

Notes: 4. Low distortion outputs are provided over a 72dB range.

5. Up to 4 channels of output may be selected by €/D and SB logic inputs.

3-62

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



Am6072

TIME SHARED CONVERTER CONNECTIONS

SINGLE CHANNEL PCM CODEC — PARALLEL DATA I/O

ECEIVE

+5.0v

(Am)LF358

ANALOG
QuTPUT
RECEIVE
FILTER

APPLICATION INFORMATION

1.

To perform a transmit operation cycle the START pulse
must be held iow 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 Am6072 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. lts duration depends on the time required by the
digital time division switch circuitry to sample the 8-bit
parallel transmit data bus.

cLocK START. .
RECI INVERSION p XMT
l COMMAND I [comne?! | ——l- mnmo
SAMPLE COMMAND 1
FOR A XMT CYCLE HBY | 450V 10 % v
: VAN
14 7488 =
° ¥ Vee GND B T“
e
2 1
114 7486 Am2502 =
A ; SUCCESSIVE APPROXIMATION E—-—
] D REGISTER (SAR] | o
7. ms8 LS8 : I_..
9
"Wz 6 |5 |4 {3
1/4 7488 | Amat2s {6
10 3.—
= = ~15V O}
L 2
—
3 1z
1
—0f e
Q B
cL 1 % »
W _; £
V27474 L
ofp—d g
PR 1 s 5
»
13 1" g
e
+5.0V
HYBRID L L
3 9 '—-
jafrols {3 [rz[o]7 ]« 12f9 (7 ja {13]10]6 {3 AmaT28 |5
8 e |54 8 3“
ey € L
=, AmeT26 o Am8T28 = 2
+5.0V 0— RiE R/E —e }
+5.0V
wlnls 27 =
= 1af11]s |2 _L‘ P
] VREF L.
[ ]2]s]s]s 6 {7 ]sfs " +5.0V
18 B RREF+
E/D SB By 8. By Bg Bg B;
IO (41 h 8, 83 4 B5 Bg By 18
SAMPLE COMMANG - '0E t+) 18.98k02
FOR A RECEIVE CYCLE
25ka ToE(-) Am8072 VREF(+}
COMPANDING
Am)LF398 D TO A CONVERTER
lopt+) VREF(-)

5.

6.

7.

Lic-280

Data conversion for a transmit operation is completed in 9
clock cycles because the SAR must be initialized before
every new conversion. Data conversion for a receive op-
eration corresponds to the Am6072 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.
A sample command pulse for a receive operation must be
delayed from a low-to-high transition of the RECEIVE
‘command signal by an amount equal to the Am6072 set-
tling time. Its termination can caincide with a high-to-low
transition of the RECEIVE command signal.
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TIME SHARED CONVERTER CONNECTIONS (Cont.)

SINGLE CHANNEL PCM CODEC — SERIAL DATA I/O

TART
+6.0V cLock s +6.0V
L

L I L

XMT
COMMAND

SAMPLE COMMAND
FOR A XMT CYCLE +15V
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APPLICATION INFORMATION

}
12
VREF (-]
Yic
I AREF -

XMT DATA

RECEIVE DATA
10 16 8
{Am])LF398 1474126 9
Am311 5 Vee GND
AN 25k 9 CONVERSION
xmr it N 1/4 7486 p— cp Am2502 | comeere
FILTER .
> o
STER (SAR)

LIC-291

4. During the receive cycle the successive approximation re-

1. Before beginning either a transmit or a receive operation, gister, SAR, is acting as a serial-in to parallel-out shift re-
the START signal must be held low for one complete clock gister, with data supplied from data storage devices.
cycle. 5. A sample command pulse for a transmit cycle must be is-
2. XMT and RECEIVE command signals are mutually exclu- sued before a XMT command signal; its duration depends
sive. Their durations must accommodate the time required on the sample and hold, S & H, circuit used.
for conversion of an outgoing or an incoming series of 8 di- 6. A sample command pulse for a receive cycle must be de-
gital bits, respectively. layed by a time equal to the Am6072 settling time after a
3. Data conversion for either operation, transmit or receive, is high-to-low transition of the CONVERSION COMPLETE,
completed in 9 clock cycles. CC, signal occurs.

8 LINE CODEC TDM PCM/PABX SYSTEM — BLOCK DIAGRAM
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— —] s
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COMPANDOR TRACKING SPECIFICATION

COMPANDOR TRACKING TEST BLOCK DIAGRAM

T T T T 1kHz
| ] || encooer
o | _ ] ATTENUATOR FILTER (Amso12)
: B s rs
g o AXUIT oS kAT
aQ 05 #
8 l ‘ ® FILTER OECOOER
025 wr (Am8072} | ooy
H SPECIFICATION
i {MAXIMUM) i
Ew —50 -40 37 -30 -20 -0 0 +3 +10 o:géﬂrf:f:m
INPUT SIGNAL LEVEL — dAmo.
LIC-290 LIC-204
D3 NOISE AND DISTORTION SPECIFICATION
The Am6072 has a negligible idle channel noise contribution. Signal-to-quantizing-distortion ratio, {(S/D), is
guaranteed to exceed the minimum values specified for D3 channels as follows:
Input Level 1020 Hz Sinewave S/D, C-Message Weighting
0 to —30 dBmo 33dB
At —40 dBmo 27d8
At —45 dBmo 22dB
DECODER OPERATION DURING SIGNALLING FRAME
VREF DIGITAL INPUTS
v —_— R‘
25k
Tg Ta T7 Ts T5 Ta Tst T| M
1::“:;1 B, Bg Bg By 83 By B, SB ED . 1 —-— |
1" aEin) 15 -
. VR(+) 10E(-)
ReR ~—= Am6072 > —0 gureur
VR{-} lopi) =
ﬂ ‘op (- ¥ -
“l;s:r—l V- v Vie 17
l!! l!B _Lm
= -15V 415V = = LIC-285

The AmB072 can perform the decoding function in a D3 channel bank system. During signalling frames the
least significant bit, B7, of each 8-bit word is used for signalling messages and only seven bits are used for
sample coding. In order to minimize the quantizing error during these signalling frames, the Am6072 output
is increased by a half step from its corresponding decode output value by switching the E/D input from a
logic level O to a logic 1.

Metallization and Pad Layout
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Bg By
Bg sB
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DIE SIZE: 0.080" X 0.114"
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