



















































































































































































































































































































































































































































































HIGH—GROUP FILTER RESPONSE (3045)
Figure 6 }
EACH TIME DIVISION = 10 ms

DTMF INPUT TO FILTER (5V/DIV.)

LOW-GROUP
FILTER OUTPUT (1V/DIV.)

SQUARING CIRCUIT
OUTPUT (5V/DIV.)

STROBE FROM MK5102N-5 . -
(5V/DIV.)

ENVELOPE DECAY DETECTOR

Figure 7 .
Z,=1458
Ry : Z5=2901
%K |
. C3 J_ R3
FROM OWF ImF 15K
LOW-GROUP W O SQUARING
FILTER = = CIRCUIT
100K :
o Imp 1 5K
ENVELOPE DETECTOR OPERATION
Flgure 8
LOW-GROUP

FILTER OUTPUT (1V/DIV.)

INSTANTANEOUS PEAK
DETECTOR (IV/DIV.)

AVERAGE PEAK
DETECTOR (IV/DIV.)

ooqaﬁuyorcgnw&?waw%-'ﬁibao.ja-c»_:w- . LOW_GROUP INPUT
. ’ TO 5102N-5 (5V/DIV.)

m*"‘ﬁ”‘.ﬂ.‘.&"..'.'O.““
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SQUARING CIRCUIT-TO-DECODER COUPLING

The output of the squaring circuit may be tied di-
rectly to the MK5102N-5 if it meets the following re-
quirements:

Logic 1= 4 volts
Logic 0< 1 volt

A squaring circuit with an output that does not meet
these requirements must be capacitively coupled to
the MK5102N-5 with a 0.05uF capacitor. The value
of the coupling capacitor is critical because of the
impedance of the bias circuit at the high-group or
low-group input. As shown in Figure 9, the sudden
appearance of a tone burst causes the DC bias point
to shift upward. Until the DC bias returns to its nor-
mal level, the input comparator will not switch and
the input signal will be ignored, causing an increase in
the dual-tone detection time. Using a 0.05uF capac-
itor will minimize the effect of this DC level shift.

The peak-to-peak value of the coupled signal must be
greater than .9 volts but less than V+ volts.

OUTPUT SIGNALS
D1, D2, D3, and D4 are the data output lines. The

output format present on these pins is determined by
the format control (pin 5) as shown in Table 2.

FORMAT CONTROL FUNCTIONS
TABLE 2

Data
Output Format

Format -
Control Input

vV High Impedance

V+ 4-Bit Binary

Dual 2-Bit Row/Column

Floating

SHIFT IN DC BIAS LEVEL CAUSED BY
APPLICATION OF TONE BURST
Figure 9

HIGH-GROUP INPUT (IV/DIV.)
COUPLING CAP. = 1uF

TONE
DECODERS

SQUARING CIRCUIT
OUTPUT (IV/DIV.)

[a]
=
_<
5%
w
=
e

Table 3 describes the two output cbdes available.
TABLE 3
OUTPUT FORMAT

When all detection criteria are present, the MK-
5102N-5 will latch the proper data into its outputs

4Bit Binary R?,‘v‘:’/'é;.“u',;,. and strobe will go high. After an interdigit time has
Row Column been detected, strobe will go low, but the data will re-
Key Row | Col. | D1 D2 D3 D4 D1 D2 D3 Da main on D1 through DA,
1 1 110 0o o- 1 ]o0 1.0 1
2 1 210 0 1t 0 ]0 1T 1 0 The dual 2-bit row/column code is useful when inter-
2 ; ? 3 ? ) [1, (1) ? g,, 3 1 facing a key-to-pulse converter, as shown in Figure
5 2 210 1 0 1 1 0o 1 o0 10. On this circuit, the MK5102N-5, CD4556 and MK
s 213 PO L 5099 combine to form a tone-to-pulse converter,
8 3 2411 0o 0 0|1 1 1 0 which allows the use of DTMF telephones in rotary
g 3 g : g' : ‘1) (1’ (’) (’) : (‘) exchanges. The DTMF tones are detected by the MK
* 4 111 o 1 11o0 0o o0 1 5102N-5, which then generates the corresponding
# 4 31t 1 o oo 0o 1 1 row/column code. Each CD4556 then uses this 2-bit
Q ; . } } ? (1) ? 8 g g code to select 1 of 4 active-low outputs. The MK5099
c 3 4.1 1 11 |1 1.0 o0 ‘then interprets these signals as a valid key closure and
D 4 1410 0 0 01710 0 0 0 generates a corresponding series of pulses.
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For simple remote-control applications, the circuit of
Figure 11 is useful. After a valid tone is detected,
strobe will go high and one of the 16 outputs on the
binary-to-1-of-16 encoder will go true. Thus, a DTMF

transmitter and 16-key keyboard can be used to con-
trol 1 of 16 functions in a DTMF receiver. Each con-
trol pulse will have its width controlled by Strobe.

TONE-TO-PULSE CONVERTER

i V+ V+
Figure 10 CLASS A KEYBOARD \f T
14 U s 2
= =
13 8|——T 3.579545MHz 3}—J3.579545MH2
Low
2 FILTER SRouP
MK5087 ~-—n (Low 1 U2
4l GROUP) MIGI2NG
TONE ou1'| | A Dé
10
" 18 SQUARING °los
HIGH
| \ of2
FILTER SROU
IN D1
L (HIGH 12 7
6 . 6 4
GROUP) ,
v~ v+ _|v- [sTRoBE
= TRANSMISSION =
MEDIUM
10K 10K
z 2N2222
y -
= A
. :
| |
[ Ej
Iy
B
16-CHANNEL REMOTE CONTROL
H \"
Figure 11 CLASS A KEYBOARD : h
1
— 2
[=) =
| T3 579545MH: 3}—T3:579545MHz
Low
TRANSMISSION
MEDIUM FILTER SRoup
——- {Low 11 y2
| GROUP) 1 MIGI02N5
[
TONE OUT SQUARING 10
6——| KT 9|03
Y HicH b2
| | GROUP| 8
FILTER N b1
[ (HIGH 2. L7
GROUP
! _v- [sTrose
10K —
V> AAA— 10K
L n2222
CD4514/15°
|—cHANNEL D
|—- CHANNEL 1
S2|—3 CHANNEL 2
3]0ATAS  sal—»CHANNEL 3
21pATA1 SA[——™>CHANNEL 4
S aOBE S5 CHANNEL 5
2| Eale  S6[—>CHANNEL 6
S7|—3>CHANNEL 7
S8|— CHANNEL 8
S9|—- CHANNEL 9

CD4514 OUTPUTS ARE ACTIVE HIGH
CD4515 OUTPUTS ARE ACTIVE LOW

o 24
v+ >'—,2 VDD 5100 —p- CHANNEL 0
[P{vss  Stp—a-chanNeL *

S12—» CHANNEL #
$13—» CHANNEL A

Ve PB{FORMAT o1l » CHANNEL B

CONTROL 515|— CHANNEL C
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RECEIVER TESTING

Equipment connections for testing a DTMF receiver
are shown in Figure 12. The setup consists of a cas-
sette player (ideally with a speed adjustment), a digi-
tal frequency counter, and a voltmeter. A Mitel
CM7290 Tone Receiver Test Cassette was used in all
the receiver tests described below. This cassette
checks receiver detection bandwidth, maximum
acceptable amplitude ratio (twist), receiver guard
time, dynamic range and acceptable signal-to-noise
ratio. It also evaluates the receiver talk-off rate with a
condensed speech recording equivalent to many hours
of receiver exposure. The CM7290 is available from
Mitel at the locations listed.

Mitel International Mitel Corp.

Shannon Industrial Estate P.O. Box 13089 Kanata
Shannon, Ireland Ottawa, Ontario, Canada
Telephone: 061-61433 K2K1X3

Telex: 32208 Telephone: 613-592-2122
Telex: 053-4596
Cable Mitelcan

Mitel Inc. Twx: 610-562-8529

St. Lawrence Industrial Park
Ogdensburg, New York 13669
Telephone: 315-393-1212
Twx: 510-259-4071 ‘

EQUIPMENT CONNECTIONS FOR RECEIVER

EVALUATION
L’ TRUE

Figure 12
—_ RMS

- METER

CASSETTE
PLAYER

o O

SET SPEED SO FREQUENCY
OF CALIBRATION TONE = 1KHz

FREQ.
COUNTER

OQUTPUT SPEED
LEVEL  ADJUST
ADJUST

ADJUST LEVEL OF CALIBRATION
TONE TO 2 VOLTS RMS

]

HIGH-GROUP|
FILTER

SQUARING
CIRCUIT

|__12|HIGH-GROUP|
INPUT

—

MK5102N-5

strogE [4—

EVENT
COUNTER

LOW-GROUP

SQUARING 11lLowW-GROUP
FILTER INPUT

CIRCUIT

600

L 0SC. IN
= 3.58MHz O3

w

0SC. OUT

There are several considerations in setting up a re-
ceiver test. First, the recorder should have a speed ad-
justment and an output level adjustment. Each side of
the CM7290 contains a 1kHz calibration tone. To set
up properly for the test, the speed of the recorder
should be adjusted so that the tone frequency is 1TkHz
and the cassette player output level should be ad-
justed to 2 volts RMS. The cassette player must be
able to provide the 2-volt output level without clip-
ping. If a speed adjustment is not available, printed
instructions included with the CM7290 provide a for-
mula for correcting some of the test results. Second,
the strobe output of the MK5102N-5 should be tied
to the input of the event counter and the counter’s
sensitivity input adjusted so as to prevent false trig-
gering. This can easily be done by repeating test 2a on
the CM7290 until consistent results are obtained.
Third, any sources of environmental noise (electric
motors, speed controls, etc) should be eliminated so
that they will not introduce count errors on the event
counter.

FILTER EVALUATION

Two commercially-available filters, the CH1295 and
CH1296 from Cermetek and the 3044 and 3045 from
ITT North Electric Microsystems, were evaluated.
The addresses of these two filter vendors are listed
below:

Cermetek, Inc.

660 National Avenue

Mt. View, CA 94043
Telephone: 415-969-9433
Twx: 910-379-6931

o)
w
[

=5
>0

w

=

=4

ITT North Microsystems Division
700 Hillsboro Plaza

Deerfield Beach, FL 33441
Telephone: 305-421-8450

Twx: 510-953-7523

Figure 13 and Table 5 show the test circuit and test
results for the Cermetek filters. The test circuit and
test results for the North Electric filters are shown in
Figure 13 and Table 4. The tests were performed
using the equipment setup shown in Figure 12. Fig-
ures 14 through 17 show the spectral response of the
filters.
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TEST CIRCUIT FOR CERMETEK AND NORTH ELECTRIC FILTERS

3 Hits on Talk-Off Test

Figure 13
+5
;Fégg'RDER 250 INPUT OUTPUT  MK5102N-5
- +_12>T3 V+ :".GES}GROUP
12>V V+
L] g:’?zgs OR304 V- | .
- HIGH-GROUP5 STROBE‘;,’cT:gtfl\YTEgg
FILTER 0SC.
IN
osc.
20 ouT
Z{INPUT OUTPUT Low.
+12>1—3 V+ GROUP
600 iE_.12>T8 V— INPUT
Y _J—__ GND
= = |CH1295 OR 3044
LOW-GROUP
FILTER
L
01uF 15K
ral
i 193K %1#1: 1.5K
TABLE 4 TABLE 5 '
MITEL TAPE TEST RESULTS FOR NORTH ELECTRIC FILTERS MITEL TAPE TEST RESULTS FOR CERMETEK FILTERS
TEST# RESULTS : TEST# RESULTS
2a,b BW= 4.7 %of fo 2a,b BW= 5.6 % of fo
2c,d BW = 5.2 % of fo 2c,d BW= 5.7 % of fo
2e, f BW= 5.1 % of fo 2e, f BW= 5.0 % of fo
29, h BW= 5.1 % of fo 29, h BW= 5.3 % of fo
2i,j BW= 5.1 % of fo 2i, . BW = 5.2 % of fo
2k, | BW= 4.9 %offo . 2k, | BW = 5.0 % of fo
2m, n BW= 5.5 % of fo 2m, n BW= 5.5% of fo
20,p 1 BW= 5.0 % of fo 20, p BW= 5.0% of fo
3 159 decodes ; 3 158 decodes
4 Acceptable Amphtude Ratio =13.1dB-’ 4 Acceptable Amplitude Ratio = 12.6dB
5 Dynamic Range = 31.33 dB 5 Dynamic Range = 31.67 dB.
6 Guard Time =34.23 m, 6 Guard Time = 33.4 ms
7 99.2 % Successful Decode at N/S Ratio 7 98.33% Successful Decode at N/S Ratio
of -12dbV of -12dbV
8 8 3 Hits on Talk-Off Test
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SPECTRAL RESPONSE OF CH1295 LOW-GROUP
FILTER
Figure 14

FILTER 0

SPECTRAL RESPONSE OF 3044 LOW-GROUP
FILTER
Figure 16

FILTER O

GAIN GAIN
(dB) -10 (dB) .10
.20 I
-30 -30
-50 -50
608
70 :
go MM 3 i ik 5 R S R B 80 : ‘ ! i { i
250 350 450 550 650 750 850 950 1050 1150 1250 250 350 450 550 650 750 850 950 1050 1150 1250
FREQUENCY FREQUENCY
(HZ) (HZ)
SPECTRAL RESPONSE OF CH1296 HIGH-GROUP SPECTRAL RESPONSE OF 3045 HIGH-GROUP
FILTER : FILTER
Figure 15 Figure 17
FILTER O FILTER O
GAIN GAIN
(dB) (dB)

(4 MR Y8 (T

750 950 1150 1350 1550 1750 1950 2150 2350 2550 2750
FREQUENCY
(HZ)

OTHER SYSTEM CONSIDERATIONS

System noise will affect the operation of the
MK5102N-5 by causing the detection bandwidth to
shrink. The instantaneous value of the low-group or
high-group waveform is represented by the following
approximate relationship, a = a sin wyt + ay sin
wpt, where a is the instantaneous amplitude of the
overall waveform, aT is the amplitude of the high-
group or low-group component, and ap is the ampli-
tude of the noise. If the highly-simplified noise term
(apy sin wyt) were removed, then the remaining term
would represent a pure sine wave and the zero cross-
ings of the waveform would be repeatable from cycle
to cycle. All detection criteria would be present and
the DTMF tone would be detected within a = 2.0% to

8015 ] I i veosbrbonie gtk

750 950 1150 1350 1550 1750 1950 2150 2350 2550
FREQUENCY
(HZ)

+ 2.9% bandwidth. However, adding the noise term
introduces instantaneous amplitude variations which
will effectively alter the duty cycle of the sine wave
by causing the zero crossing points to jitter. If 0.5%
jitter is caused by system noise, detection bandwidth
will be decreased by .5%. Therefore, as the system
noise level increases, the detection bandwidth will de-
crease.

As noted in the Filter Requirements paragraph, the
33dB band separation requirement allows for a S/N
ratio of 18dB, with 6dB of twist, which means that
the algorithm in the MK5102N-5 has been set up to
provide a * 2% minimum detection bandwidth in the
presence of noise which is 18dB below the signal
level and in the presence of high-group and low-group
signals with an amplitude difference of 6dB.
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SUMMARY

The MK5102N-5 provides a high-performance solu-
tion for DTMF detection at a lower cost than com-
peting approaches. Band separation requirements for
the MK5102N-5 are not as stringent as for competing
designs, and, as was seen in the test results of Table 4
and Table 5, the MK5102N-5 provides excellent talk-
off rejection. When used in conjunction with either
the Cermetek or the North  Electric filters, the
MK5102N-5 will give the user a high-quality DTMF
receiver which may be used 'in myriad applications.
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APPLICATION BRIEF

TELECOMMUNICATION PRODUCTS

MK5102/S3525A

DTMF Receiver System

An inexpensive DTMF receiver system with a low parts
count may be constructed using the Mostek MK5102 or
MK5103 Tone Decoder with the AMI S3525A Bandsplit
Filter. The S3525A is an 18-pin monolithic CMOS
switched-capacitor filter. It uses a 3.568 MHz crystal as a
time base and has a buffered clock output to drive the
oscillator of the MK5102/3. The S3525A also has on-chip
comparators which can be used to construct adjustable
squaring circuits. o

Using the circuit shown in Figure 1, the duty cycle of the
signals provided to the MK5102 should be within the 50 +
1% range which is required for reliable operation. (Since the
MK5103 requires a 50 + 3% duty cycle, the input signals

will be well within its range.) With the potentiometer
adjusted so that the filter has unity gain, the results listed in
Tables 1, 2, and 3 should be obtained. Tables 1 and 2 show
the Mitel test tape (CM7291) results for the DTMF receiver
system using the S3525A and the MK5102 or MK5103,
respectively. Table 3 shows the Minimum Tone Coin-
cidence Duration for the system using the MK5102 and
MK5103 at various input levels.

The operation of the circuit shown in Figure 1 has been
verified at temperatures of 0°C, 25°C, and 70°C. However,
Tables 1, 2, and 3. show only the data for circuit operation at
25°C.

MK5102/S3525A DTMF RECEIVER SYSTEM
Figure 1

5V

0054F 51k
T
Il
1 18 2 1
+l 22 ,F = 1uF Voo CK OUT 5 1K 47]? pF O"iC v+
35V 13 FH OUT| VA
FEEDBACK Il
0.1 F == FORMAT
/ r 20K CONTROL|
25k % Hin-[12 M
/ .05 uF
01.F 8 ° ?I ¥ 330k 12| HIGH- STROBE
. I“ 10K 1 FH SQ | — GROUP
[ — IN- N
DTMF 9 680 K
IN HIIN+ A
K
12N+ I A MK5102
. $3525A aroor OR ol »
14 1K 1" MK5103
FLOUT| AN
3lay ] Il
o REF 8
0.1 uF_[. [ A
20K a.8IT
=1 Lo In-}-2 BINARY
9 OUTPUT
4 FLSQ) {— GROUP
Vss IN
6 680K 10
LOIN+ AN ApF———
v 1 2
0SC IN osc ouT| v-
6 17 5
oM
3.58 MHz
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MK5102 WITH AMI S3525A
MITEL TAPE (CM7291) TEST RESULTS

MK5103 WITH AMI S3525A
MITEL TAPE (CM7291) TEST RESULTS

Table 1 Table 2 :
TEST # | RESULTS TEST # | RESULTS
2a,b BW = 4.6% of fo 2a, b BW = 5.0% of fo
2c,d BW = 4.9% of fo 2c,d BW = 5.1% of fo
2e, f BW = 4.7% of fo 2e, f BW = 4.9% of fo
2g,h BW = 5.0% of fo 2g. h BW = 5.2% of fo
2i,j BW = 4.8% of fo 2i,j BW = 5.1% of fo
2k, | BW = 4.7% of fo 2k, | BW = 5.0% of fo
2m, n BW = 4.8% of fo 2m, n BW = 5.2% of fo
20, p BW = 4.7% of fo 20,p BW = 5.1% of fo
3 160 decodes 3 160 decodes
4 Acceptable Amplitude Ratio = 18.2dB 4 Acceptable Amplitude Ratio = 19.1 dB
5 Dynamic Range = 32 dB 5 Dynamic Range = 32 dB
6 Guard Time = 34.8 ms 6 Guard Time = 32.5 ms
7 99.0% Successful Decode at S/N Ratio of 7 99.9% Successful Decode at S/N Ratio
12dB of 12 dB
8 1 Hit on Talk-Off Test 8 1 Hit on Talk-Off Test
MK5102/3 WITH AMI S3525A
MINIMUM TONE COINCIDENCE DURATION NOTES:
Table 3 . 1. More information reégarding the S3525A is available from:
American Microsystems Inc.
Input Level MK5102 MK5103 3800 Homestead Rd.
dBm (600 ) Decode Time Decode Time Santa Clara, CA 95051
-28 dBm 434 ms 38.9 ms W o105300018
2. More information regarding the MK5102 and MK5103 is available from:
-25 dBm 37.4 ms 34.7 ms Mostek Telecom Dept.
1215 W. Crosby Rd.
_ Carrollton, Texas 75006
20 dBm 37.0ms 34.7 ms Telophone: (214) 3231000
" 3. The AMIS3525A used in this evaluation was a typical part. Slightly diff t
-10dBm 36.3 ms 28.8 ms results may be obtained depending upon the p:rr::zuI:frsasng t\:seld.eren
0 dBm 37.3ms 28.8 ms
+6 dBm 36.5 ms 28.9 ms
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INTEGRATED TONE DECODER

~ MK5103(N)-5

FEATURES

Detects all 16 standard DTMF digits

Requires minimum external parts count for
minimum system cost

Uses inexpensive 3.579545 MHz crystal for
reference

Digital counter detection with period averaging
insures minimum false response

16-pin package for high system density
Single supply: 5 volts £10%

Output in either 4-bit binary code or dual 2-bit
row/column code

Will operate at 14dB S/N ratio under worst-case )
signal conditions

O Latched outputs

DESCRIPTION

The MK5103 is a monolithic integrated circuit
fabricated using the complementary-symmetry MOS
(CMOS) process. Using an inexpensive 3.579545 MHz
televisioncolor-burstcrystal for reference, the MK5103
detects and decodes the 8 standard DTMF frequencies
used in telephone dialing. The requirement of only a
single supply and its construction in a 16-pin package
make the MK5103 ideal for applications requiring
minimum size and external parts count.

The MK5103 detects the high- and low-group DTMF
tones after band splitting using a digital counting
method. The zero crossings of the incoming tones are
counted over several periods and the results averaged

PIN CONNECTIONS

Figure 1

v+ [ e 16 7]
oscin  []2 15 []
oscout []3 14 ]
STROBE [ 4 MK510313 []
FORMAT (N)-5

CONTROL | B 12[]
Vo s 1 P
D O 10 1]
c s "9

N/C
N/C
N/C

N/C

HIGH-GROUP
INPUT

LOW-GROUP
NPUT

o >z

over a longer period. When a minimum of 30
milliseconds of a valid DTMF digit is detected, the
proper data is latched into the outputs and the output
strobe goes high. When a valid digit is no longer
detected, the strobe will return low and the data will
remain latched into the outputs. Minimum interdigit
time is 35 milliseconds.

The MK5103 is designed to interface with the MK5099
Integrated Pulse Dialer with only one additional DIP
package. These two parts working together form a
DTMF-to-Pulse converter that meets the recognized §

telephone standards.

A block diagram of the MK5103 is shown in Figure 2.
Functions of the individual pins are described beginning

on page 2.

V-

BLOCK DIAGRAM

[—T—T

Figure 2
HIGH-GROUP
INPUT
> K
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A STROBE
-
SINGLE
PERIOD
y / HFGRP CNTR \ ;ﬁ’r‘mv
SYSTEM / <
ose .
o 3! osciLLATOR |eock COUNTER DETECTION copE
CIRCUITRY CONTROL - CONTROL ]
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our @ Dpwioer \j i
A e A
PERIOD
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INPUT . /
SINGLE VALIDITY CHECK
INPUT || reERIOD
PERIOD AnD
COUNTER LO-GRP CNTR
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ABSOLUTE MAXIMUM RATINGS*

DC Supply Voltage V+ (Referenced to V=) . ... cvviirn ittt ittt eeeeeeannnns +6.0 Volts
OPperating TEMPEIAtUIE ... .uuvuee ittt teteteeianeeeseeseseeaneennneeeseeseenensnennnnasnnnns 0°C to 70°C
ST (o - T 1= =TT o 1= - {1 - -565°C to 100°C
Maximum Circuit Power DisSipation ... ...ttt iiiiitinnertonoeeoneeennsseineesaeanns .. 300mwW
Voltage on any pin, With reSPeCt 10 V-, ...ttt ittt ittt iiiiiaeeeaianas -0.3 Volt
Voltage on any pin, With respect 10 V+ ... ittt i ittt ittt +0.3 Volt

%Stresses above those listed under ‘*Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
0°C =TA =< 70°C V- =0 Volts

PARAMETER ) CONDITIONS MIN TYP [ MAX |UNITS ; NOTES
Supply Voltage (V+) (V-=0) 4.5 5.5 | Volts
Lo Group & Hi Group 47% - 53% Duty 0.9 V+ | Volts 1,2
Inputs Cycle Rectangular Peak-to-Peak
Wave
STROBE, A, B,C,D “0" Level 0.0 04 |Volt@ 1.6 mA
OUTPUTS
“1" Level (V+)-1 V+ | Volts @ 0.1 mA
FORMAT CONTROL “0"" Level 0.0 0.5 | Volt @ 700uA
INPUT
“1" Level (V+)-0.5 V+ | Volt @ 700uA
Frequency Detect Band Width | +20 +25 | £29 | % of fy
Tone Coincidence Duration 30 ms 4
Interdigit Interval 35 ms . 4
Signal-to-Noise Ratio 14 8 ' 35
Supply Current @ 5.5V Inputs and Outputs
Unloaded 2 5 mA
NOTES: . L o . ) 3. Signal-To-Noise Ratio is defined as:
1. Due to internal biasing, this input must be capacitively coupled with a SN = 20 log SA
low-leakage 0.05 uF capacitor. _ i X .
2 Nocoupingcpacior e heDTME rsarguarwvamenisne 1S4 T RS AP s b et
. g 4. Tone coinciQence dur@tion and intgrdjgit imervalmeasﬁred atHigh'-‘aAnd
m : Log'ic 0 level f 1 Volt (ma'x) tz}?:-agf;eo::)"::p:‘::.r;;ltdeerl:;dt/irc:‘;‘l|mner or comparator characteristics
. Logic 1" level = 4 Volts (min)
5. Signal-To-Noise Ratio with 33db Filter Separation.
FUNCTIONAL DESCRIPTION 3.579545 MHz to give detection of the standard DTMF
frequencies.
OSCILLATOR FORMAT CONTROL (PIN 5)

The‘ MK51Q3 contains an on-board inverter with The Control pin is used to control the output format of
sufficient gain to provide oscillation when working with  Pins 7 through 10. This three-state input selects a 4-bit
a low~_cost televis:gn “color-burst”’ qrystal. The inverter  Binary Code, a Dual 2-Bit Row/Column code, or high-
input is OSC IN (pin 2) and output is OSC OUT (pin 3). - impedance output for use with bus-structured circuitry.
The circuit is designed to work with a crystal cut to This three-state input is controlled as follows:
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Table 3 shows the detection frequency associated with

;gblTé\ll.lAT CONTROL FUNCTIONS each row or column:
DETECTION FREQUENCY
Table 3
FORMAT OUTPUT
CONTROL INPUT DATA FORMAT Low Group fo High Group fo
V- High Impedance Row 1 = 697 Hz Column 1 = 1209 Hz
V+ 4-Bit Binary Row 2 = 770 Hz Column 2 = 1336 Hz
Floating Dual 2-Bit Row/Column Row 3 = 852 Hz Column 3 = 1477 Hz
Row 4 = 941 Hz Column 4 = 1633 Hz
The following table describes the two output codes. OUTPUTS A THRU D
(PINS 7 THRU 10)
Table 2
able Dual 2-Bit Outputs A thru D are CMOS push-pull when enabled
4-Bit Binary Row Column and open-circuited (high impedance) when disabled by
Digit | D c B A D c B A the format control pin.
A thru D are the data out lines. The output datacanbe in
1 0 0 0 1 0 1 0 1 in two formats as described in the section about the
2 0O o© 1 ol o 1 1 0 format control pin (pin 5).
3 0 o0 1 110 1 1 1 The Dual 2-Bit Row/Column code decodes with A and B
4 o 1 o of(1 O o0 1 indicating the column selected, and C and D indicating
5 0 1 0 1 1 0 1 0 the row selected.
6 0 1 1 0 1 0 1 1 o
7 0 1 1 1 1 1 0 1 The two output codes allow the user to obtain either 1-
8 1 0 0 0 1 1 1 0 of-16 or 2-of-8 output data by using only a single
9 1 0 0 1 1 1 1 1 additional package.
0 1 0 1 0 0 0 1 0 N/C (PINS 13 THRU 16)
* 1 (o] 1 1 0 (o] (o] 1
# 1 1 0 0 0 0 1 1 Pins 13 thru 16 are not internally connected and may be
A 1 1 0 1 0 1 0 0 used as tie points.
g . ] 9 P9 8 8 STROBE (PIN 4)
D 6 0 o o0jo0 O 0 o The STROBE outputgoestoa 1" when 30 milliseconds =il
of a valid DTMF signal is detected and remains ata “1" [SE&S
: - — until aninterdigit interval has been detected. The data at Eetely
Figure 3 shows thg relationship between the data A-D are already valid when STROBE goes to a 1" and i3 8
output code shown in Table 2 and the standard DTMF will remain unchanged until the next DTMF digit is
keyboard. detected.
LOW-GROUP INPUT (PIN 11) AND HIGH-GROUP
DTMF DIALING MATRIX INPUT (PIN 12)
Figure 3

The circuitry driving these inputs, as shown in Figure 4,
Col 1 Col 2 Col 3 Col 4 should be squaring circuits which use resistive dividers
to set the output duty cycle to 50%. The squaring circuit
shown was designed to provide hysteresis and allow the
Row 1 E] circuit to respond to signal levels of -28dBm or greater,
where -28dBm corresponds to a peak-to-peak voltage
Row 2 of 87.1mV. Any squaring circuit providing a 47% - 53%
duty cycle over the receiver and dynamic range is
ufficient.
Row 3 suthe

Row 4
in Figure 4. These filters have the response
Note:  Col ais § ial apolicati di " g characteristics shown in Figure 5 and are used to
ote: (e(:et;r;“\:ne .;isa“?‘rg.spema applications and is not normally used in Separate the DTMF signal into its high-group and |0W-
group components.

The high-group and low-group signals are provided by
the high-group filter and the low-group filter, as shown

[ [=] (o] (=]
] & =] [

[e]
B
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SUGGESTED INPUT LIMITER CIRCUIT
Figure 4

HIGH
GROUP
FILTER

DTMF
N MK 5103

1
Low
- GROUP e e
+5

FILTER

10K 680K

APPLICATIONS

Two possible applications of the MK5103 are shown in
Figure 6 and Figure 7. The dual 2-bit row/column code
is useful when interfacing a key-to-pulse converter, as
shown in Figure 6. On this circuit, the MK5103N-5,
CD4556 and MK5099 combine to form a tone-to-pulse
converter, which allows the use of DTMF telephones in
rotary exchanges. The DTMF tones are detected by the
MK5103N-5, which then generates the corresponding
row/column code. Each CD4556 then uses this 2-bit
code to select 1 of 4 active-low outputs. The MK5099
then interprets these signals as a valid key closure and
_generates a corresponding series of pulses.

INPUT BAND SEPARATION FILTER

Figure 5
683 Hz 960 Hz 1185Hz 1666 Hz
od8 +
5B -
-10a84
L
E 548
P Low HIGH
E GROUP GROUP
L FILTER FILTER
-20084
-25dB 4~
-3008-
a8 e I
3 t UL L L L L 1
500 1000 2000 3000
Hz Hz Hz Hz
FREQUENCY
NOTES RELATIVE INPUT LEVEL VS FREQUENCY

For simple remote-control applications, the circuit of
Figure 7 is useful. After a valid tone is detected, strobe
will go high and one of the 16 cutputs on the binary-to-
1-of-16 encoder will go true. Thus, a DTMF transmitter
and 16-key keyboard can be used to control 1 of 16
functions in a DTMF receiver.

TONE-TO-PULSE CONVERTER

. v+ v+
Figure 6 CLASS A KEYBOARD \f T
114 T 2 —_
= - =
13 gb—13.579545MHz 3 T3579545MH2
Low
2 FILTER GR?NUP
MK5087 - (Low 1 u2
" GROUP) MK5103N-5
ouT l A w02
TONE
® oun SQUARING s
| I <
FILTER o
IR (HIGH
8 GROUP)
v-

- TRANSMISSION
MEDIUM

VII-20



16-CHANNEL REMOTE CONTROL

Figure 7

CLASS A KEYBOARD

*CD4514 OUTPUTS ARE ACTIVE HIGH

CD4515 OUTPUTS ARE ACTIVE LOW

YV+ Y v+
1 Format 1 2
——. Control 1
|} V- >——5 =
| T3.579545MHz 3—T3579545MH2
Low
TRANSMISSION GROUP
MEDIUM FILTER "
- — (Low 1 u2
| GROUP) 1 WK5103N-5 A
TONE OUT SQUARING 10
o> CcKT of 2
| | y HigH c
o A
FILTER GF:,?,U b
L — (HIGH 7
GROUP)
STROBE
10K
V+W 10K
= 2N2222
CD4514/15*
S} 53~ CHANNEL D
2 | A S1f5® CHANNEL 1
B S2|—="% CHANNEL 2
21 1e S3f5—» CHANNEL 3
22 |o S4-L—»~ CHANNEL 4

S5 CHANNEL 5

PULSE STROBE
OUTPUT SELECT u% 23 INHIBIT - 56[3 CHANNEL 6

S7|55 CHANNEL 7
S8/~ CHANNEL 8
S2ypy  SIgR CHANNEL 9

10151 CHANNEL 0
_[[Vss  SIlgCHANNEL
— $12|53 CHANNEL #
= $13{55 % CHANNEL A
S$14F2% CHANNEL B
S15(2—3 CHANNEL C
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APPLICATION BRIEF

MOSTEK.

TELECOMMUNICATIONS

DTMF Receiver System

A DTMF receiver system with a low parts count may be
constructed using the MK5102 or MK5103 tone decoder
and the ITT 3040A and ITT 3041A hybrid filter'. The ITT
3040A and ITT 3041A filters have on-chip limiters so that
external squaring circuits are not needed. An alternate
design allowing precise adjustment of external squaring
circuits is described in another Mostek Application Note2.
Tables 1 and 2 show the MITEL (CM7290) tape results
using the ITT 3040A/41A with the MK5102 and MK5103,
respectively.

NOTES:
1) ITT 3040A and ITT 3041A filters with limiters may be obtained from:
ITT North Microsystems Division
700 Hillsboro Plaza
Deerfield Beach, Florida 33441
Telephone: 305-421-8450
TWX: 610-953-7523
MK5102N-5 DTMF Decoder Application Note, “Design Considerations for a
DTMF Receiver System" is available from:
Mostek ® Telecom Dept.
1215 W. Crosby Rd.
Carrollton, Texas 75006
Telephone: 214-323-6000

(2)

Figure 1
+5V +12V
T57 s
1
I 4 MK5102
3041A Limiter Out or
MK5103
High-Group +B5V
Filter T
DTMF ZEG 17 v+ Osc)2
Signal In yeug — . In
-12v 12 :‘i’:p 23 3579545
Osc |3 MH:
boup Osefs T W
5 |4 _ Strobe
+5V/ Jmemmed Format D Z_
+6V +12V - 8
11 '(‘5°W Cl5— ( 4-BitBinary
TS E roup B = { Output
Input A 10
V- e
: I
T a
3040A —
Limiter Out
Low-Group
Filter
=K
- -12v

[a]
w
=
<
w
=
<
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MK5102 with ITT 3040A and ITT 3041A
MITEL TAPE (CM7290) TEST RESULTS

MK5103 with ITT 3040A and ITT 3041A
MITEL TAPE (CM7290) TEST RESULTS

Table 1 Table 2
TEST # |RESULTS TEST# |[RESULTS
2a, b BW =4.7 % of fo 2a, b BW =5.3 % of fo
2c,d BW =4.8 % of fo 2c, d BW =5.2 % of fo
2e, f BW = 5.4 % of fo 2e, f BW =5.0% of fo
29, h EW =4.9 % of fo 2g, h BW = 5.4 % of fo
2i, j BW =5.3 % of fo 2i,j BW = 5.6 % of fo
2k, | BW =5.4 % of fo 2k, | BW =53 % of fo
2m, n BW = 5.6 % of fo 2m, n BW =5.4 % of fo
20, p BW =4.9 % of fo 20, p BW = 5.6 % of fo
3 159 decodes 3 159 decodes
4 Acceptable Amplitude Ratio = 19.7 dB 4 Acceptable Amplitude Ratio = 19.9 dB
5 Dynamic Range = 25 dB 5 Dynamic Range = 30 dB
6 Guard Time = 32.9 ms 6 Guard Time = 23.3 ms
7 99.9% Successful Decode at S/N Ratio 7 99.9% Successful Decode at S/N Ratio
of 12 dB of 12 dB
8 3 Hits on Talk-Off Test 8 9 Hits on Talk-Off Test
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MOSTEK.

TELECOMMUNICATION PRODUCTS

Active Speech Network

MK5242

FEATURES PIN CONNECTIONS
O Direct telephone-line operation with no external power
supply T
GND =—> 1 [] ] 16— DRIVER IN
O Minimum external parts count RCVR OUT 1 <— ) [} ] 15 = PREAMP OUT
RCVROUT2 — 3 14—
O Interfaces directly with Mostek dialers - - MIC IN
BALANCE €— 4 q MK5242 | 113<€— DTMF
O Low voltage operation — 3.2 volts (Tip to Ring) RCVR IN =3 5 q [ 112 <«— MUTE
V+'—>6E 311—‘)VREG
O i .
On-chip loop current regulation RLoop 700 ):1 10 N.C.
0O Automatically adjusted equalization for loop-length CLoop € 8 9 N.C.
compensation
O Direct interface to low-cost transducers
DESCRIPTION
The MK5242 is a monolithic integrated active speech Mostek tone dialers with minimal external circuitry. It
network manufactured using a bipolar process. The provides a voltage regulated output for tone-dialer
MK5242 performs the 2-to-4 wire conversion function applications which require fixed supply operation. The
typically accomplished ‘using a hybrid transformer-type MK5242 will also interface with Mostek pulse dialers.

speech network. In replacing the conventional speech
network, the MK5242 also provides the capability of The MK5242 operates directly from the telephone line with

interface with low-cost transducers for the transmitter and no external power supply and requires a minimal amount of
receiver. external components. It features on-chip loop-current

regulation and will compensate for loop length with
The MK5242 is designed such that it may interface with automatically adjusted equalization.
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MOSTEK.

TELECOMMUNICATIONS

u-265 Law Companding CODEC

MK5116(J/P)

FEATURES an 8kHz rate. A sync pulse input is provided for

synchronizing transmission and reception of multi-
channel information being multiplexed over a single
transmission line.

0O * 5-Volt Power Supplies

O Low Power Dissipation - 30mW (Typ)
The pin configuration of the MK5116 is shown in

O Follows the u-255 Companding Law Figure 1.
O Synchronous or Asynchronous Operation E,'N CONNECTIONS
igure 1
O On-Chip Sample and Hold
Ny
O On-Chip Offset Null Circuit Eliminates Long-Term ANALOG INPUT —3 1@ 116 <€—+Vgep
Drift Errors and Need for Trimming Vs —3 2] []15 <— -Vgee
. . V- —>3[] [7]14 <<—ANALOG GROUND
O Single 16-Pin Package we — 0] [ 13 —> anaLoc outeur
MK5116
O Minimal External Circuitry Required MASTER CLOCK —> 5] [ ]12 <€— DIGITAL INPUT
. XMIT SYNC —» 6 E :| 11 <€— DIGITAL GROUND
m} genalr DatRa tOutput of 64kb/s—2.1Mb/s at 8kHz XMIT CLOCK —3 7] 10 <— Rev cLock
ng Rate
ampiing DIGITAL OUTPUT *— 8[] ] 9 <€— RCV SYNC

O Separate Analog and Digital Grounding Pins Reduce
System Noise Problems A block diagram of a PCM system using the MK5116 is
shown in Figure 2. :

DESCRIPTION PCM SYSTEM BLOCK DIAGRAM
Figure 2

The MK5116 is a monolithic CMOS companding
CODEC which contains two sections: (1) An analog-to- m si16
digital converter which has a transfer characteristic I O [ o
conforming to the x-255 companding law and (2) a %‘ | o= e sl piortac
digital-to-analog converter which also conforms to the ! "
1-255 law. =t s I ettt w2

I AIN RECEIVER 8
These two sections form a coder-decoder which is ! e o | oA
designed to meet the needs of the telecommunications : e oo
industry for per-channel voice-frequency codecs used !

|

in telephone digital switching and transmission

systems. Digital input and output are in serial format. L2220
Actual transmission and reception of 8-bit data words
containing the analoginformation is done at a 64kb/s-
2.1 Mb/s rate with analog signal sampling occuring at

1X-1



FUNCTIONAL DESCRIPTION: (Refer to Figure 3 for
a Block Diagram)

MK5116 BLOCK DIAGRAM

Figure 3
DIGITAL
ouTPUT
TRANSMIT
XMIT ___ |  SECTION
SYNC
XMIT
cLock > BUFFER
lAh’.\:-,ﬁLTOG S&H/DAC
SAR
E :' 13- BIT LATCH
MASTER 813 BIT
cLock CONTROLLER ENC/DEC CONVERTER
13- BIT LATCH
DIGITAL, . 1
Dlar -__Burren
RCV.
SYNC >
RCV. » ALOG
cLock —> GutPuT
RECEIVE
SECTION

POSITIVE AND NEGATIVE REFERENCE
VOLTAGES (+Vggg and -Vgep) Pins 16 and 15

These inputs provide the conversion references for the
digital-to-analog converters in the MK5116. +Vgge and
~Vggr Must maintain 100ppM/°C regulation over the
operating temperature range. Variation of the reference
directly affects system gain.

ANALOG INPUT, Pin 1

Voice-frequency analog signals which are bandwidth-
limited to 4kHz are input at this pin. Typically, they are then
sampled at an 8kHz rate (Refer to Figure 4). The analog input
must remain between +Vpee and -Vpee for accurate
conversion. The recommended input interface circuit is
shown in Figure 9.

MASTER CLOCK, Pin 5

This signal provides the basic timing and control signals
required for all internal conversions. It does not have to
be synchronized with RCV. SYNC, RCV. CLOCK, XMIT
SYNC or XMIT CLOCK and is not internally related to
them.

XMIT SYNC, Pin 6 (Refer to Figure 10 for the Timing
Diagram)

This input is synchronized with XMIT CLOCK. When
XMIT SYNC goes high, the digital output is activated and
the A/D conversion begins on the next positive edge of
MASTER CLOCK. The conversion by MASTER CLOCK
‘can be asynchronous with XMIT CLOCK. The serial
output data is clocked out by the positive edges of XMIT
CLOCK. The negative edge of XMIT SYNC causes the
digital output to become three-state. XMIT SYNC may
remain high longer than 8 XMIT CLOCK cycles, but must
go low for at least 1 master clock prior to the’
transmission of the next digital word(Refer to Figure 12).

XMIT CLOCK, Pin7 (Referto Flgure 10 for the Timing
Diagram)

The on-chip 8-bit output shift register of the MK5116
is unloaded at the clock rate present on this pin. Clock
rates of 64kHz-2.1MHz can be used for XMIT CLOCK.
The positive edge of the INTERNAL CLOCK transfers the
data from the master to the slave of a master-slave flip-
flop (Refer to Figure 5). If the positive edge of XMIT SYNC
occurs after the positive edge of XMIT CLOCK, XMIT
SYNC will determine when the first positive edge of
INTERNAL CLOCK will occur. Inthis event, the hold time
for the first clock pulse is measured from the posntlve
edge of XMIT SYNC.

RCV. SYNC, Pin 9 (Refer to Figure 11 for the Timing
diagram)

This input is synchronized with RCV. CLOCK and serial
data is clocked in by RCV. CLOCK. Duration of the RCV.
SYNC pulse is approximately 8 RCV. CLOCK periods.
The conversion from digital-to-analog starts after the
negative edge of the RCV. SYNC pulse (Refer to Figure
4). The negative edge of RCV.SYNC should occur before
the 9th positive clock edge to insure that only eight bits
are clocked in. RCV. SYNC must stay low for 17
MASTER CLOCKS (min.) before the next digital- word is
to be received (Refer to Figure 13).

RCV CLOCK, Pin 10 (Refer to Figure 11 for Tlmmg
Diagram)

The on-chip 8-bit shift register for the MK5116 .is
loaded at the clock rate present on this pin. Clock rates
of 64kHz-2.1MHz can be used for RCV. CLOCK. Valid.
data should be applied to the digital input before the
positive edge of the internal clock (Refer to Figure. 5).
This set up time, tros, allows the data to be transferred
into the MASTER of a master-slave flip-flop. The
positive edge of the INTERNAL CLOCK transfers the
data to the SLAVE of the master-slave flip-flop. A hold
time, tron, is required to complete this transfer. If the
rising edge of RCV. SYNC occurs after the first rising
edge of RCV. CLOCK, RCV. SYNC will determine when
the first positive edge of INTERNAL CLOCK will occur. In
this event, the set up and hold times for the first clock
pulse should be measured from the positive edge of
RCV. SYNC.

1X-2



A/D, D/A CONVERSION TIMING
Figure 4

"% 125usec > I
7! XMIT SYNC -
I‘— ~15-20usec —)‘
SAMPLE AND HOLD
SAMPLE TIME \ /
~ 32 MASTER CLOCKS / ~
I-‘ = 80usec )'
/ ENABLE SAR o/a SAR GFOATE
SAR REQUIRES conensonsd 0 SO e AOUTRUT
'\ ~128 MASTER CLOCKS REGISTER

/ 5 ~7usec
RCV. SYNC

/ ANALOG OUTPUT UPDATED

DATA INPUT/OUTPUT TIMING

Figure 5
200ns o Required For Data To Transfer MK5116
I"—— From Master to Slave
XMIT
Internal DIGITAL
Clock ouT
<———-|S/M|S/M|5/M S/MlS/M ‘S/M IS/M'S/MI
XMIT SYNC
. XMIT
>< Valid Data XMIT CLOCK :::D_Internm Clock
Required To Transfer Data DIGITAL
| | 200ns From Master to Slave IN
RCV ___..l;/slwslws M/S|M/S|M/s IM/slwsI
Internal RCV SYNC
Clock _— RCV
4>1 l=— 50ns Required to Load Master RCV CLOCK Internal Clock
x Valid Incoming Data

DIGITAL OUTPUT, Pin 8

The MK5116 output register stores the 8-bit encoded
sample of the analog input. This 8-bit word is shifted out
under control of XMIT SYNC and XMIT CLOCK. When
XMIT SYNC is low, the DIGITAL OUTPUT is an open
circuit. When XMIT SYNC is high, the state of the
DIGITAL OUTPUT is determined by the value of the
output bit in the serial shift register. The output is
composed of a Sign Bit, 3 Chord Bits, and 4 Step Bits.
The Sign Bit indicates the polarity of the analog input
while the Chord and Step Bits indicate the magnitude. In
the first Chord, the Step Bit has a value of 0.6mV. Inthe
second Chord, the Step Bit has a value of 1.2mV. This

doubling of the step value continues for each of the six
successive Chords.

Each Chord has a specific value and the Step Bits, 16 in
each Chord, specify the displacement from that value_;
(Refer to Table 1). Thus the output, which follows the
1-255 law, has resolution that is proportional to the
input level rather than to full scale. This provides the
resolution of a 12-bit A/D converter at low input levels
and that of a 6-bit converter as the input approaches full
scale. The transfer characteristic of the A/D converter
(u-law Encoder) is shown in Figure 6.
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DIGITAL OUTPUT CODE n-LAW

Table 1

Chord Code

000
001
010
011
100
101
110
111

ONOOAWN =

EXAMPLE:

1
Sign Bit

011
Chord

Chord Value
0.0mVv
10.11mV
30.3mV
70.8mV
151.7mV
313mV
637mV
1.284V

Step Value
0.613mV
1.226mV
2.45mV
4.90mV
9.81mV
19.61mV
39.2mV
78.4mV

0010 = + 70.8mV + (2 x 4.90mV)

Step Bits

If the sign bit were a zero, then both plus signs would be
changed to minus signs.

A/D CONVERTER (u-Law Encoder) TRANSFER
CHARACTERISTIC

Figure 6

1000 0000
0000 0000

DIGITAL OUTPUTS

IRRERERE!
1111 0000
1110 0000
1101 0000
1100 0000
1011 0000
1010 0000
1001 0000

——
0001 0000
0010 0000
0011 0000
0100 0000
0101 0000
0110 0000
0111 0000
0111 1M

L~

po.

|
]

V4

4

—

“VRer . “VRer
ol

o . *VReF

2

*VReF

ANALOG INPUT (VOLTS)

D/A CONVERTER (u-Law Decoder)
TRANSFER CHARACTERISTIC

Figure 7

ANALOG OUTPUT

(VOLTS)

*VRer

VRer
2

0

11 0000
10 0000
01 0000
00 0000
0011 0000
0010 0000
0001 0000

0
0
[}
0

=]
DIGITAL

000 ooool
00 0000 I

010 0000

INPUTS

DIGITAL INPUT, Pin 12

The MK5116 input register accepts the 8-bit sample
of an analog value and loads it under control of RCV.
SYNC and RCV. CLOCK. The timing diagram is shown in
Figure 11. When RCV. SYNC goes high, the MK5116
uses RCV. CLOCK to clock the serial data into its input
register. RCV. SYNC goes low to indicate the end of
serial input data. The 8 bits of the input data have the
same functions described for the DIGITALOUTPUT. The
transfer characteristic of the D/A converter (u-law
Decoder) is shown in Figure 7.

ANALOG OUTPUT, Pin 13

The analog output is in the form of voltage steps (100%
duty cycle) having amplitude equal to the analog sample
which was encoded. This waveform is then filtered with
an external low-pass filter with sinx/x correction to
recreate the sampled voice signal.

OPERATION OF CODEC WITH 64kHz XMIT/RCV
CLOCK FREQUENCIES

XMIT/RCV. SYNC must not be allowed to remain at a
logic 1" state. XMIT SYNC is required to be at a logic
‘0" state for 1 master clock period(min.) before the next
digital word is transmitted. RCV. SYNC is required to be
at a logic “0" state for 17 master clock periods (min.)
before the next digital word is received (Refer to Figures
12 and 13).

OFFSET NULL

The offset null feature of the MK5116 eliminates
long-term drift errors and conversion errors due to
temperature changes by going through an offset
adjustment cycle before every conversion, thus
guaranteeing accurate A/D conversion for inputs near
ground. There is no offset adjust of the output amplifier
because, since the output is intended to be AC - coupled
to the external filter, the resultant DC error (Vogeger o)
will have no effect. The sign bit is not used to null the
analog input. Therefore, for an analog input of O volts,
the sign bit will be stable.

PERFORMANCE EVALUATION

The equipment connections shown in Figure 8 can be
used to evaluate the performance of the MK5116. An
analog signal provided by the HP3551A Transmission
Test Set is connected to the Analog Input (Pin 1) of the
MK5116. The Digital Output of the CODEC is tied
back to the Digital Input and the Analog Output is fed
through a low-pass filter to the HP3551A. Remaining
pins of the MK5116 are connected as follows:

RCV. SYNC is tied to XMIT SYNC
XMIT CLOCK is tiedto MASTER CLOCK. The signal
is inverted and tied to RCV. CLOCK.

(1)
(2)

1X-4



The following timing signals are required: separated from XMIT CLOCK and MASTER CLOCK
(1) MASTER CLOCK = 1.536 MHz should be separated from RCV. CLOCK. XMIT and RCV.

(2) XMIT SYNC repetition rate = 8kHz CLOCKS are separated also.
(3)  XMIT SYNC width = 8 XMIT CLOCK periods Some experimental results obtained with the

When all the above requirements are met, the setup of MK5116 are shown in Figure 14 and Figure 15. In
Figure 8 permits the measurement of synchronous each case, both the measured results and the
system performance over a wide range of analog inputs. corresponding D3 Channel Bank specifications are
The data register and ideal decoder provide a means of shown. The MK5116 exceeds the requirements for
checking the encoder portion of the MK5116  Signal-to-Distortion ratio (Figure 14) and for Gain
independently of the decoder section. To test the system Tracking (Figure 15).

in the asynchronous mode, MASTER CLOCK should be

SYSTEM CHARACTERISTICS TEST
CONFIGURATION

Figure 8 .
[— —_—— - — —| - mfl';rrug:fm’[ L G ;’Q(T;QTER > IDEAL
TPU DECODER
I 1.004kHz 1 1 MKS116
SIGNAL - ANALOG
| SOURCE \ INPUT 13 ’
| ouTROT —0
l SYSTEM ENCODER
ONLY
| I
! L
| T
| 1.004kHz I
Nout «— NOTCH <9 FILTER
l HP3551A FTeR |
L |
Sout * Nout
NOTE: The ideal decoder consists of a digital decompander and a 13-bit precision DAC.
ABSOLUTE MAXIMUM RATINGS
DC SUPPIY VOIAGE, VA .ottt ettt et ettenennaeeasooseeesonunssossssssasaeasososssesss +6V
DC SUPPIY VoIage, Vo .ottt itteeeee et eetnnnaaneaessasssossnssosnossnnseeesanns -6V
Ambient Operating TemMPerature, Ta « .. vuveueet et enenteiteteieeneneerenrerearereeereninenenaans 0°C to 70°C
StOrage TEMPETAtUIE . ..o ittt ittt e eeennaeeeeeeeseeeonuannsoesesssssnnasssnnns -55°C to +125°C
Package Dissipation at 25°C (Derated 9mW/°C when soldered intoPCB) ............ccciieeevinnennns 500mW
1 T 13 €= LN 13T U P -05V< VNS V+
YN 4T oo T TF ) A V-SVinNS VH+
PV REF ¢ vt veveeerneenensennanennsenenas ettt e et e es et e e e e e teeeene ettt teenaanns -0.5Vg +VRer < V+
B 1= V- < -Vper < +0.5V
Stresses above those listed under “‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or any other condition above those indicated in the operational sections of this specification is not implied. E: e to absol i rating
conditions for extended periods may affect device reliability.
ELECTRICAL OPERATING CHARACTERISTICS
POWER SUPPLY REQUIREMENTS
SYM PARAMETER MIN TYP MAX UNITS |[NOTES
V+ Positive Supply Voltage 4.75 5.0 5.25 \"
V- Negative Supply Voltage -5.25 | -5.0 -4.75 Y,
+VRer Positive Reference Voltage 2.375 25 2.625 \% 1
-VRer Negative Reference Voltage -2.625 | -2.5 -2.375 \Y 1
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TEST CONDITIONS: V+ = 5.0V, V- = -5. OV, + Vpgr = 2.8V, Vigr = ~25V, Ty = 0°C 0 70°C
DC CHARACTERISTICS : R

SYM PARAMETER ; _ ‘ MIN..[ TYP | MAX |UNITS |NOTES
Rinas  *:-|-Analog Input Resnstance During Sampling B c 2 k) 2
Rinans Analog Input Resistance Non-SampIing. o ;lOO A [0
Cna . |Analog Input Capac,i;a_nce' . ’ 1 150 “ 250 | pF 2
Vorrsern | Analog Input Offset Voltage ‘ . +1 * 8 mv | 2
Routa Analog Output Resistance : : 20 50 0
louta Analog Output Current 0.25 0.5 mA
Voresero | Analog Output Offset Voltage ‘ . -200 + 850 mV
linLow Logic Input Low Current (Vin = 0.8V)
Digital Input, Clock Input, Sync Input + 0.1 +10 pA 3
linHigH Logic Input High Current (Vix = 2.4V) :
Digital Input, Clock Input, Sync Input : -0.25 -0.8 mA 3
Coo Digital Output Capacitance 8 12 pF
looL Digital Output Leakage Current - ) +0.1 +10 uA
Vourcow | Digital Output Low Voltage - . . 0.4 4
Vournier | Digital Output High Voltage - . 39 4
I+ Positive Supply Current 4 10 mA 5
|- Negative Supply Current 2 6 mA 5
Iagp+ Positive Reference Current .4 20 pA
Iree- Negative Reference Current 4 20 HA
AC CHARACTERISTICS (Refer to Figure 10 and Figuré 11)
SYM . PARAMETER . | MIN TYP MAX UNITS’ NOTES
Fu  |Master Clock Frequency ‘ 7 15 |1.544 21 | MHz
Fr, Fx * XM]"I:, RCV. Clock Frequency 0.064 |1.544 2.1 © MHz
PWeLk Clock Pulse Width (MASTER, XMIT, RCV.) 260 ns
ltretrc - | Clock Rise, Fali Time(MASTER, XMIT; RCV.)) 25% of :
: PWeik ns
'. trs, trs Sync Rise, Fall Time (XMIT, RCV.) © 2 125% of .
PWewLk ‘ns
tom; tor ;| Data Input Rise, Fall Time o ' 25% of
. , - : cLk ns
twsx, twss | Sync.Pulse Width (XMIT RCV.) - Fx(Fr) us
tes ~ |Sync Pulse Period (XMIT, PCV.) .+~ : 125 us
txes | XMIT Clock-to-XMIT Sync Delay - - |s0%of | ns 6.
: [ ' : trc (trs) o
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AC CHARACTERISTICS (Refer to Figure 10 and Figure 11)

SYM PARAMETER MIN TYP MAX UNITS |NOTES
txcsn XMIT Clock-to-XMIT Sync (Negative Edge) Delay| 200 ns
txss XMIT Sync Set-Up Time 200 ns
txoo XMIT Data Delay (0] 200 ns 4
txop XMIT Data Present 0 200 ns 4
txor XMIT Data Three State 150 ns 4
toor Digital Output Fall Time 50 100 ns 4
toor Digital Output Rise Time 50 100 ns 4
tsrc RCV. Sync-to-RCV. Clock Delay 50% of
tre (trs) ns 6
tRDS RCV. Data Set-Up Time 50 ns 7
thom RCV. Data Hold Time 200 ns 7
trcs RCV. Clock-to-RCV. Sync Delay 200 ns
trss RCV. Sync Set-Up Time 200 ns 7
tsao RCV. Sync-to-Analog Output Delay 7 us
SLEW+ | Analog Output Positive Slew Rate 1 V/us
SLEW- Analog Output Negative Slew Rate 1 V/us
DROOP Analog Output Droop Rate 25 uV/ us
SYSTEM CHARACTERISTICS (Refer to Figures 14 and 15)
SYM PARAMETER MIN TYP MAX | UNITS| TEST COND.
S/D Signal-to-Distortion Ratio 35 39 dB Analog Input=0 to -30dBmO
29 34 dB | Analog Input=-40dBmO
24 29 dB | Analog Input=-45dm0
GT Gain Tracking -04 +0.1 +0.4 dB | Analog Input=+3 to -37dBmO
-0.8 +0.1 +0.8 dB | Analog Input=-37 to -50dBm0
-2.5 +0.2 +2.5 dB | Analog Input=-50 to -55dBm0
Nic Idle Channel Noise 10 18 dBrncO| Analog Input=0 Volts; note 2
TLP | Transmission Level Point +4 dB | 6000
NOTES:

1.

2.

+VREF and -VRgg must be matched within £ 1% in order to meet system
requirements.
Sampling is accomplished by charging an internal capacitor; therefore, the
designer shou'z avoid excessive source impedance. Input related device
characteristics are derived using the Recommended Analog Input Circuit.
See Figure 9.

. Whenatransition froma 1" to a 0" takes place, the user must sink the *1"

current until reaching the 0" level.

. Driving 30pF with Igy = -1004A, Ig_ = 500uA.
. Results in 30 mW typical power dissipation (clocks applied) under normal

operating conditions.

. This delay is necessary to avoid overlapping CLOCK and SYNC.
. Thefirstbit of data is loaded when the Sync and Clock are both *“1"* during bit

time 1 as shown on RCV. timing diagram.

RECOMMENDED ANALOG INPUT CIRCUIT

Figure 9

CODEC
| |
' |
| : TYPICAL
SOURCE ‘ 1 uF l 1 cINA, RINAS
IMPEDANCE | "} i
T | P

i

150 pf

Hi—
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TRANSMITTER SECTION TIMING
Figure 10

twsXx

XMIT SYNC

tFs

IXCSN—>|

tXCSs | txss

4 5 6 7 8 9\
XMIT ! 2 3
CLOCK
'RC" L‘FC PWCLK ‘l PWCLK
'XDD tXDD IXDT—>

2 tDOF — lﬂ—toon ‘
xop= |+
\ NN CHORD BIT CHORD BIT CHORD BIT STEP BIT STEP BIT STEP BIT STEP BIT

THREE STATE SIGN BIT MS B OF 2ND LSB OF Ls8 OF MSB OF 3RO LSB OF 2ND LSB OF i
\ \\ Ms8 CHORD . CHORD 4\ cromo STEP STEP STEP

INITIAL DATAZ - /
NOT VALID ) PCM DATA PRESENT

NOTE: Ali rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.

RECEIVER SECTION TIMING

Figure 11

tWSR
WSR

RCV SYNC o ' | ‘-|\‘___

a tSRC
tRCS [l
RCV 1 2 3 ) 4 5 6 7 8
CLOCK : ’I L ’l L
. tRc.l |‘th ) ) PWcLK PWCLK

tRDH
tRDS
DIGITAL INPUT

tSAQ—»

ANALOG OUTPUT

— 7

NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.
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64kHz OPERATION, TRANSMITTER SECTION TIMING
Figure 12

< 125usec >

PW L] 1 masTeR
e —{osen
s 1L FL L L LT

— |<—— XDD
STEP BIT STEP BIT STEP BIT STEP \THREE/SIGN BIT
MSB OF 3RD LSB OF 2ND LSB OF BIT

AR TAY
NTHREE CHORD BIT CHORD BIT CHORD BIT
A SIGN BIT MSB OF 2ND LSB OF LS8 OF s
ASTATE msg CHORD CHORD CHORD STEP Ls8 / 7“5 (NEXT WORD)

hd
PCM DATA PRESENT

XMIT SYNC

STEP STEP

NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.

64kHz OPERATION, RECEIVER SECTION TIMING
Figure 13

<€ 125usec |

RCV SYNC 17 MASTER
CLOCK

PW PERIODS
— P , , —> =iy

NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.

MK5116 S/D RATIO VS: INPUT LEVEL MK5116 GAIN TRACKING PERFORMANCE
Figure 14 Figure 15

MK5116

3
= 301 D3 CHANNEL BANK SPECS 2]
z
4
S
&
s
%
e n—l + 8
e . Q
o D3 CHANNEL BANK SPECS v
o . s v Xq
] 2 o
@ 2 05 o
107 2 0 ) 10 -20 -30 -40 50 -56  -80
Q PR ———— T T —T
H -0 o on o0 s =2
= -0
H]
T T T T T T

v INPUT LEVEL (dBmO) MKB116
+10 30 -10 -20 -3 40 -5 =50 had -1 -1

INPUT LEVEL (dBm0)

-2

-3 -://m
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MOSTEK. -

TELECOMMUNICATIONS

u-255 Law Companding CODEC

MK5151(J/P)

FEATURES

O *5-Volt Power Supplies

O Low Power Dissipation - 30mW (Typ)
O Follows the u-255 Companding Law

O Zero Code Suppression and Sign-Magnitude Data
Format

O On-Chip Sample and Hold

O On-Chip Offset Null Circuit Eliminates Long-Term
Drift Errors and Need for Trimming

O Single 24-Pin Package
0O Minimal External Circuitry Required

O Serial Data Output of 64kb/s - 2.1Mb/s at 8kHz
Sampling Rate

0O Separate Analog and Digital Grounding Pins Reduce
System Noise Problems

DESCRIPTION

The MK5151 is a monolithic CMOS companding
CODEC which contains two sections: (1) An analog-to-
digital converter which has a transfer characteristic
conforming to the u-255 companding law and (2) a
digital-to-analog converter which also conforms to the
u-255 law.

These two sections form a coder-decoder which is
designed to meet the needs of the telecommunications
industry for per-channel voice-frequency codecs used
in telephone digital switching and transmission
systems. Digital input and output are in serial format.
Actual transmission and reception of 8-bit data words
containing the analog information is done at a 64kb/s-
2.1 Mb/s rate with analog signal sampling occuring at

an 8kHz rate. A sync pulse input is provided for
synchronizing transmission and reception of multi-
channel information being multiplexed over a single

transmission line.

The pin configuration of the MK5151 is shown in Figure

1.

PIN CONNECTIONS
Figure 1

DIGITAL OUTPUT <¢— 1]}
XMIT CLOCK —32 []
A/B SEL (XMIT)—»3]
B SIGNAL IN—»4 []

A SIGNAL IN—»5 ]
RCV. SYNC—>6 []
RCV. CLOCK—»7
A/B SEL. (RCV.)—3»8 ]
A SIGNAL OUT<«—9(]
B SIGNAL OUT~&—10[]
DIGITAL INPUT—»11[]}

DIGITAL GROUND —»12(]

MK5151

[124—N/C

[ 23— XMIT SYNC

) 22-«—MASTER CLOCK
[ 21--—V+

] 20<€— ANALOG INPUT
[ 194—+VREFR
[]184—-VREF

[ 17-«— ANALOG GROUND
[116—N/C
[15—N/C

[] 14— ANALOG OUTPUT
1 13-—V-

A block diagram of a PCM system using the MK5151 is

shown in Figure 2.

PCM SYSTEM BLOCK DIAGRAM

Figure 2

MK§151

TRANSMITTER
(a/D)

o DIGITAL
MUX TRUNK

FROM
OTHER
CHANNELS

X
CODECs

RECEIVER
(D/A)

OIGITAY _ piGiTAL
Joemux

10
OTHER  q=—1
CHANNELS
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FUNCTIONAL DESCRIPTION: (Refer to Figure 3 for
a Block Diagram)

MK5151 BLOCK DIAGRAM
Figure 3

DIGITAL
OUTPUT

A SIG.
IN

BSIG.
N

TRANSMIT

XMIT »| .SECTION
SYNC 4 @
XMIT >

CLOCK BUFFER -

ANALOG
INPUT

A/B SEL.
(XMIT)

A

SEQUENCE
CONTROLLER

¥

MASTER -
CLOCK

8/13-BIT
CONVERTER

ENC/DEC

A/B SEL.

(RCV.) 13- BIT LATCH

DIGITAL >

INPUT BUFFER

RCV.
e~

ANALOG
RCV. OUTPUT
o — K

RECEIVE
SECTION

Yy

BSIG. ASIG
our out

POSITIVE AND NEGATIVE REFERENCE
VOLTAGES (+VREgF and -VRgF) Pins 19 and 18

These inputs provide the conversion references for the
digital-to-analog convertersinthe MK5151. +Vgggand
-VREF must maintain 100ppM/°C regulation over the
operating temperature range. Variation of the reference
directly affects system gain.

ANALOG INPUT, Pin 20

Voice-frequency analog signals which are bandwidth-
limited to 4kHz are input at this pin. Typically, they are
then sampled at an 8kHz rate (Refer to Figure 4.). The
analog input must remain between +VRgg and -VRgF
for accurate conversion. The recommended input interface
circuit is shown in Figure 11.

MASTER CLOCK, Pin 22

This signal provides the basic timing and control signals

_required for all internal conversions. It does not have to
be synchronized with RCV. SYNC, RCV. CLOCK, XMIT
SYNC or XMIT CLOCK and is not internally related to
them.

XMIT SYNC, Pin 23 (Refer to Figure 12 for the
Timing Diagram)

This input is synchronized with XMIT CLOCK. When
XMIT SYNC goes high, the digital output is activated and
the A/D conversion begins on the next positive edge of
MASTER CLOCK. The conversion by MASTER CLOCK
can be asynchronous with XMIT CLOCK. The serial
output data is clocked out by the positive edges of XMIT
CLOCK. The negative edge of XMIT SYNC causes the
digital output to become three-state. XMIT SYNC must
go low for at least 1 master clock prior to the
transmission of the next digital word. (Refer to Figure
14).

XMIT CLOCK, Pin 2 (Refer to Figure 12 for the Timing
Diagram)

The on-chip 8-bit output shift register of the MK5151 is
unloaded at the clock rate present on this pin. Clock
rates of 64kHz-2.1MHz can be used for XMIT CLOCK.
The positive edge of the INTERNAL CLOCK transfersthe
data from the master to the slave of a master-slave flip-
flop (Refer to Figure 5). If the positive edge of XMIT SYNC
occurs after the positive edge of XMIT CLOCK, XMIT
SYNC will determine when the first positive edge of
INTERNAL CLOCK will occur. Inthis event, the hold time
for the first clock pulse is measured from the positive
edge of XMIT SYNC.

RCV. SYNC, Pin 6 (Refer to Figure 13 for the timing
diagram)

This input is synchronized with RCV. CLOCK and serial
data is clocked in by RCV. CLOCK. Duration of the RCV.
SYNC pulse is approximately 8 RCV. CLOCK periods.
The conversion from digital-to-analog starts after the
negative edge of the RCV. SYNC pulse (Refer to Figure
4). The negative edge of RCV. SYNC should occur before
the 9th positive clock edge to insure that only eight bits
are clocked in. RCV. SYNC must stay low for 17
MASTER CLOCKS (min.) before the next digital word is
to be received (Refer to Figure 15).

RCV CLOCK, Pin 7 (Refer to Figure 13 for Timing
Diagram)

The on-chip 8-bit shift register for the MK5151 is loaded
at the clock rate present on this pin. Clock rates of
64kHz-2.1MHz can be used for RCV. CLOCK. Valid data
should be applied to the digital input before the positive
edge of the internal clock (Refer to Figure 5). This set up
time, trps, allows the data to be transferred into the
MASTER of a master-slave flip-flop. The positive edge of
the INTERNAL CLOCK transfers the data to the SLAVE
of the master-slave flip-flop. A hold time, trpu, is
required to complete this transfer. If the rising edge of
RCV. SYNC occurs after the first rising edge of RCV.
CLOCK, RCV. SYNC will determine when the first
positive edge of INTERNAL CLOCK will occur. In this

1X-12



A/D, D/A CONVERSION TIMING
Figure 4

l—‘ 125usec )‘
f XMIT SYNC  \ J_/
l-‘—m‘l 5-20usec —3|
SAMPLE AND HOLD r
SAMPLE TI
~ 32 MASTER CLOCKS \
[ — =~ 80,15%—————,-‘
F ENABLE SAR ofa SAR UPOATE
SAR REQUIRES
\__ =128 MASTER CLOCKS CONTINUES f\recisten

/ S =7 usec
RCV. SYNC

/ ANALOG OUTPUT UPDATED

DATA INPUT/OUTPUT TIMING

Figure 5
', '200ns Required For Data To Transter
XMIT I‘ —] From Master to Slave MK5151
Internal DIGITAL
Clock ouT
i < __IS/M s/M|s/Mm|s/m S/M! S/MIS/M S/m|
XMIT SYNC
X Valid Data XMIT
XMIT CLOCK Internal Clock
Required To Transfer Data ]
RCV. —»l l<« 200ns From Master to Slave DIGITAL
Internal N M/SiM/s [M/S M/s| m/s|M/siM/s M/
Clock RCV SYNC
l«—50ns Required to Load Master RCV CLOCK Rev
Internal Clock
X Vahd Incoming Data

event, the set-up and hold times for the first clock pulse
should be measured from the positive edge of RCV.

SYNC.
DIGITAL OUTPUT, Pin 1

The MK5151 output register stores the 8-bit encoded
sample of the analog input. This 8-bit word is shifted out
under control of XMIT SYNC and XMIT CLOCK. When
XMIT SYNC is low, the DIGITAL OUTPUT is an open
circuit. When XMIT SYNC is high, the state of the
DIGITAL OUTPUT is determined by the value of the
output bit in the serial shift register. The output is
composed of a Sign Bit, 3 Chord Bits, and 4 Step Bits.
The Sign Bit indicates the polarity of the analog input

while the Chord and Step Bits indicate the magnitude. In
the first Chord, the Step Bit has a value of 0.6mV. In the

second Chord, the Step Bit has a value of 1.2mV. This §

doubling of the step value continues for each of the six
successive Chords.

Each Chord has a specific value and the Step Bits, 16 in
each Chord, specify the displacement from that value
(Refer to Table 1). Thus the output, which follows the
u-255 law, has resolution that is proportional to the
input level rather than to full scale. This provides the
resolution of a 12-bit A/D converter at low input levels
and that of a 6-bit converter as the input approaches full
scale. The transfer characteristic of the A/D converter
(u-law Encoder) is shown in Figure 6.
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DIGITAL OUTPUT CODE n-LAW

Table 1
Chord Code Chord Value | Step Value

1. 1111 0.0mV 0.613mV
2.1110 10.11mV 1.226mV
3.1101 30.3mV 2.45mV
4.1100 70.8mV 4.90mV
5.1011 151.7mV '9.81mV
6. 010 313mV 19.61mV
7.1001 637mV 39.2mV
8.1 000 1.284V 78.4mV-
EXAMPLE: v
1 100 1101 = +70.8mV + (2 x 4.90mV)
Sign Bit Chord Step Bits

If the sign bit were a zero, then both plus signs would be
changed to minus signs.

A/D CONVERTER (u-Law Encoder) TRANSFER
CHARACTERISTIC

Figure 6
1000 0000 ]
1000 1111
1001 1111 Vd
1010 1111
1011 1111
» 1100 1111
5
> 1101 1111
5 1110 1M
[SERRERERE -
: —-
2‘0111 111
= 0110 1111
Q
Q 1
2 0101 1111
0100 1111
0011 1111
0010 1111 —
0001 1111 L
0000 1111
0000 00XX
SIGNALING =1, XX = 01 v -V 0 W W
SIGNALING =0, XX = 10 REF REF BEF REF

! 2 - 2
NO SIGNALLING, XX =10 ANALOG INPUT (VOLTS)

D/A CONVERTER (u-Law Decoder) TRANSFER
CHARACTERISTIC

Figure 7
+VREF
+VREF
5 /
ANALOG OUTPUT Yy
(voLTS) 0
—VBEE'
2
~VREF
Xe m o= e e e e e
XECTcEroEr c -8
a- = c|lsfc =228
oo o = - =
883 2125825838
s8¢ g ltEZz2gsse
A -2 e
SIGNALING = 1, XX = 01 =
SIGNALING = 0, XX =10 : e
NO SIGNALLING, XX = 10 34
s
DIGITAL INPUTS

DIGITAL INPUT, Pin 11

The MK5151 input register accepts the 8-bit sample of
an analog value and loads it under control of RCV. SYNC
and RCV. CLOCK. The timing diagram is shown in
Figure 13. When RCV. SYNC goes high, the MK5151
uses RCV. CLOCK to clock the serial data into its input
register. RCV. SYNC goes low to indicate the end of
serial input data. The 8 bits of the input data have the
same functions described for the SERIAL OUTPUT. The
transfer characteristic ‘of the D/A converter (u-law
Decoder) is shown in Figure 7.

ANALOG OUTPUT, Pin 14

The analog output is in the form of voltage steps (100%
duty cycle) having amplitude equal to the analog sample
which was encoded. This waveform is then filtered with
an external low-pass filter with sinx/x correction to
recreate the sampled voice signal. When the 8th bit of
the word is a signalling bit, it is assigned a value of V2
step. This results in a lower system quantization error
rate than would result if the bit were arbitarily set to O
(no step) or 1 (full step).

OPERATION OF CODEC WITH 64kHz XMIiT/RCV.
CLOCK FREQUENCIES

XMIT/RCV. SYNC must not be allowed to remain at a
logic 1" state. XMIT SYNC is required to be at a logic
0" state for 1 master clock period (min.) before the next
digital word is transmitted. RCV. SYNC is required to be
at a logic 0" state for 17 master clock periods (min.)
before the next digital word is received (Refer to Figures
14 and 15).

A/B SIGNAL IN, Pins 4 and 5

These two pins allow insertion of signalling information
into the transmitted data stream. The inserted
information occurs as the 8th bit (LSB) in the

" transmitted word. A positive transition occuringon A/B

SEL (XMIT) selects A SIGNAL IN while a negative
transition selects B SIGNAL IN.

A/B SIGNAL OUT, Pins 9 and 10

These two pins are provided to output received
signalling information. A positive transition on A/B SEL
(RCV) routes the signal bit to A SIGNAL OUT while a
negative transition routes the signal bit (bit 8) to B
SIGNAL OUT. Refer to Figure 8.

A/B SEL (XMIT), Pin 3

This input selects either A SIGNAL IN or BSIGNAL IN as
described in the A/B SIGNAL IN paragraph above, and
should be changed only at the start of the 6th and 12th
frames as shown in Figure 9.
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A/B SELECT TIMING
Figure 8

XMIT SYNC,

TIME SLOT 1

e
TIME SLOT 24 7[\ 1.4v
M e e e e e = e — e e o e e

XMIT 8 |
CLOCK .

A/B SELECT XMIT

A/BIN §

————— i —_—— — —
TIME SLOT 24 ZZ“ 1.4V RCV. SYNC. TIME SLOT 1
e - - - - = - = = V] -

RCV.
CLOCK

<

A/B SELECT RCV.

YN/BO—| [—
} 1.4V

A SIGNAL OUT OR B SIGNAL OUT

SIGNALLING TIMING REQUIREMENTS FOR
PERFORMANCE EVALUATION ‘
Figure 9

evoswe LU L LTl L]

(XMIT) ,_‘_'_|—I__'—‘—_——l
A/B SEL. (RCV)

ASIGNALIN [ 1 : |

B SIGNAL IN

A/B SEL (RCV.), Pin 8

This input routes the signalling bit, bit 8, either to A
SIGNAL OUT or to B SIGNAL OUT as described in the
A/B SIGNAL OUT paragraph above; and should be
changed only at the start of the 6th and 12th frames as
shown in Figure 9.

OFFSET NULL

The offset null feature of the MK5151 eliminates long-
term drift errors and conversion errors due to
temperature changes by going through an offset
adjustment cycle before every conversion, thus
guaranteeing accurate A/D conversion for inputs near
ground. There is no offset adjust of the output amplifier
because, since the output is intended to be AC - coupled
to the external filter, the resultant DC error (Vorrser/o)
will have no effect. The sign bit is not used to null the
analog input. Therefore, for an analog input of O volts,
the sign bit will be stable.

PERFORMANCE EVALUATION

The equipment connections shown in Figure 10 can be
used to evaluate the performance of the MK5151. An
analog signal provided by the HP3551A Transmission
Test Set is connected to the Analog Input (Pin 20) of the
MK5151. The Digital Output of the CODEC is tied back
to the Digital Input and the Analog Output is fed through
a low-pass filter to the HP3551A. Remaining pins of the
MK5151 are connected as follows:

(1) A/B SEL. (RCV) is tied to A/B SEL. (XMIT).

(2) RCV. SYNC is tied to XMIT SYNC.

(3) XMIT CLOCK istiedto MASTER.CLOCK. The signal
is inverted and tied to RCV. CLOCK.

The following timing signals are required:

" {1) . MASTER CLOCK = 1.536 MHz

(2) XMIT SYNC repetition rate = 8kHz

(3) XMIT SYNC width = 8 MASTER CLOCK periods

Additional timing signals are shown in Figure 9.

. When all the above requirements are met, the setup of

Figure 10 permits the measurement of synchronous
system performance over a wide range of analog inputs.
The data register and ideal decoder provide a means of
checking the encoder portion of the MK5151
independently of the decoder section. To test the system
in the asynchronous mode, MASTER CLOCK should be
separated from XMIT CLOCK and MASTER CLOCK
should be separated from RCV. CLOCK. XMIT CLOCK
and RCV. CLOCK are separated also.

Some experimental results obtained with the MK5151
are shown in Figure 16 and Figure 17.In each case, both
the measured results and the corresponding. D3
Channel Bank specifications are shown. The MK5151
exceeds the requirements for Signal-to-Distortion ratio
(Figure 17) and for Gain Tracking (Figure 16).
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SYSTEM CHARACTERISTICS TEST

CONFIGURATION
Figure 10
N DIGITAL 1 4.,] pata >
e B B Bl e
| 1.004 kHz | 20 MKS5151
SIGNAL | ANALOG
SOURCE | INPUT i
[ anatog |14 O
| | ovreur SYSTEM ENCODER
| ONLY

! N

| 7

I 1.004 kHz I

NoUT ~——] NOTCH <9 FILTER
FILTER I
I HP3551A
Sout * Nout

NOTE: The ideal decoder consists of a digital decompander and a 13-bit precision DAC.
ABSOLUTE MAXIMUM RATINGS :
DC Supply Volage, Vit .o e i ittt ittt e e e e ettt et e e, +6V
DC Supply Volage, Ve .ot ittt e e e ettt ittt e e e e -6V
Ambient Operating Temperature, Ta......ouoviiiniininernneeiiienii i enieeeineeeennnennns 0°C to 70°C
StOrage TeMPEIAtUIE . .. .vet vttt ettt et e esen e e et e teeeeanennaeaseessanaaainsaneeenn -55°C to +125°C
Package Dissipation at 25°C (Derated 9mW/°C when soldered into PCB) .....c.coviiiiiiinneinnnnn.. 500mW
Digital INpUL. ..o e -0.5V =V =V+
ANalog IMpUL L e e e V-=+V|Ny = V+
= T =1 P e -0.5V < +VRgg =V+
SV REF ++ vt vt v e e e et e, V- <-VRgg =0.5V

Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating onlyandfunclfonal operation of
the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

ELECTRICAL OPERATING CHARACTERISTICS
POWER SUPPLY REQUIREMENTS

SYM PARAMETER MIN TYP MAX UNITS NOTES

V+ Positive Supply Voltage 475 5.0 5.25 \
V- Negative Supply Voltage . -6.25 -5.0 -4.75 \
g | Positive Reference Voltage 2.375 25 2625 v 1
-VRer Negative Reference Voltage . -2.625 -25 -2.375 \% 1

TEST CONDITIONS: V+ =50V, V- = -50V, + Vggr = 25 V, Vgge = -2.5 V, Tp = 0°C t0 70°C
DC CHARACTERISTICS ‘ -

SYM PARAMETER : MIN | TYP | MAX |UNITS | NOTES
Rinas Analog Input Resistance During Sampling ; 2 kQ 2
Rinans Analog Input Resistance Non-Sampling 100 MQ .
Cina Analog Input Capacitance 150 | 250 pF 2
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DC CHARACTERISTICS CONTINUED

SYM PARAMETER MIN | TYP | MAX |UNITS | NOTES
Vorrseta | Analog Input Offset Voltage +1 *8 mV 2
Routa Analog Output Resistance 20 50 Q
louta Analog Output Current 025 | 05 mA
Vorrser,o | Analog Output Offset Voltage -200 | =850 | mV
IinLow Logic Input Low Current (V}y = 0.8V)
Digital Input, Clock Input, Sync Input +0.1| =10 HA 3
NHIGH Logic Input High Current (V) = 2.4V)
Digital Input, Clock Input, Sync Input -0.25|( -0.38 mA 3
Cpho Digital Output Capacitance 8 12 pF
IpoL Digital Output Leakage Current +0.1 | £10 | wA
Voutiow | Logic Output Low Voltage
Digital Output, A/B Signal Out 04 \ 4
VoutHigH | Logic Output High Voltage
Digital Output, A/B Signal Out 3.9 \ 4
I+ Positive Supply Current 4 10 mA
- Negative Supply Current 2 6 mA 5
IREF+ Positive Reference Current 4 20 HA
IReF- Negative Reference Current 4 20 pA
AC CHARACTERISTICS (Refer to Figure 12 and Figure 13)
SYM PARAMETER MIN | TYP | MAX (UNITS | NOTES
Fm Master Clock Frequency 15 (1544 21 MHz
Fr. Fx Receive, Transmit Clock Frequency ‘ 0064 |1.544| 21 MHz
PW¢ Clock Pulse Width (MASTER, XMIT, RCV.) 200 ns
tre Clock Rise Time (MASTER, XMIT, RCV.) 25% of
. PWei | ns
trsitrs Sync Fall, Rise Time (XMIT, RCV.) 25% of
PWe | ns
tor tpe | Digital Input Rise, Fall Time 25% of
PWei | ns
. 8
twsx twsr | Sync Pulse Width (XMIT, RCV.) FlFa) Hs
tpg Sync Pulse Period (XMIT, RCV.) 125 us
50%of
txcs XMIT Clock-to-XMIT Sync Delay tec (tgg) ns 6
tycsn XMIT Clock-to-XMIT Sync (Negative Edge) Delay 200 ns
tyss XMIT Sync Set-Up Time 200 ns
twpD XMIT Data Delay 0 200 ns 4
typp XMIT Data Present 0 200 ns 4
txoT XMIT Data Three State 150 ns 4
thor Digital Output Fall Time 50 100 ns 4
tbor Digital Output Rise Time 50 100 ns 4
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AC CHARACTERISTICS CONTINUED (Refer to Figure 12 and 13)

SYM PARAMETER MIN [ TYP | MAX |UNITS | NOTES
. 50% of

tspe RCV. Sync-to-RCV. Clock Delay tre (trs) ns 6

tros RCV. Data Set-Up Time 50 ns 7

trRpH RCV. Data Hold Time 200 ns 7

tres RCV. Clock-to-RCV. Sync Delay 200 ns

trss R(',;V. Sync Set-Up Time 200 ns 7

tsa0 RCV. Sync-to-Analog Output Delay 7 us

ta/BI A/B Signalling Input Setup Time 200 ns

ta/BSH A/B Select Hold Time 200 ns

ta/BSS A/B Select Setup Time 400 ns

ta/BO A/B Signalling Output Delay 200 | 400 ns

SLEW+ Analog Output Positive Slew Rate 1 V/us

SLEW- Analog Output Negative Slew Rate 1 V/ us

DROOP Analog Output Droop Rate 25 uV/ us

SYSTEM CHARACTERISTICS (Refer to Figures 16 and 17)
SYM | PARAMETER MIN TYP MAX UNITS TEST COND.
S/D Signal-to-Distortion Ratio 35 39 dB Analog Input=0 to ~-30dBm0O
29 34 dB Analog Input=—40dBmO
24 29 dB Analog Input=-45dm0
GT Gain Tracking -04 +0.1 +0.4 dB Analog Input=+3 to ~-37dBm0
-0.8 +0.1 +0.8 dB Analog Input=-37 to -50dBm0

. =25 +0.2 +2.5 dB Analog Input=-50 to -55dBm0

Nic Idle Channel Noise 10 18 dBrncO Analog input=0 Volts

TLP Transmission Level Point +4 dB 6000

NOTES:

1.

2.

+VREF and ‘VREF must be matched within :t 1% in order to meet system
requirements.

Sampling is accomplished by charging an internal capacitor; therefore, the
designer should avoid excessive source impedance. Input related device
characteristics are derived using the Recommended Analog Input Circuit.
See Figure 11.

When a transistion froma 1" toa 0" takes place, the user must sink the
“1" current until reaching the 0" level.

Driving 30pF with IOH = -100uA, IOL = 500uA.

Results in 30 mW typical power dissipation (clocks applied) under normal
operating conditions.

This delay is necessary to avoid overlapping CLOCK and SYNC.

The firstbit of data is loaded when the Sync and Clock are both *'1" dunng
bit time 1 as shown on RCV timing diagram.

RECOMMENDED ANALOG INPUT CIRCUIT
Figure 11

CODEC
RCE TYPICAL
sou
IMPEDANCE | 1+F Cina Rinas

2K I -
150 pf
£

3K

-
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TRANSMITTER
SECTION TIMING
Figure 12

twsx

2.4V
1.4V

XMIT SYNC O,AV:Z

]

tFS |<—

tXCSN—»|

d_i"’f_”*

6

5
tnc»’ Lth LPWCLK Al LPWCLK

D{s]s]
tDOF - tDOR °
tXDP : -
\ SIGN BIT CHORD BIT CHORD BIT CHORD BIT STEP BIT STEP BIT STEP BIT STEP BIT
THREE-STATE mse MSB OF 2ND LSB OF LSB OF MSB8 OF 3RD LSB OF 2ND LSB OF Ls8
CHORD CHORD CHORD STEP STEP STEP

INITIAL DATAZ N
NOT VALID

IXDT~»

<
7l 8
T

Vv
PCM DATA PRESENT

NOTE: All nse and fall umes are measured from 0.4V and 2.4V
All delay times aremeasured from 1.4V.

RECEIVER SECTION TIMING
Figure 13

' 1.4V
RCV SYNC

DUT . L_.I ‘

1SAQ —

ANALOG OUTPUT

NOTE: All rise & fall times are measured from 0.4V and 2.4V. All delay times are
measured from 1.4V.
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64kHz OPERATION, TRANSMITTER SECTION TIMING
Figure 14

125 usec

XMIT SYNC

<]

]

J!|
X

1 MASTER
CLOCK

PERIOD
l 8 l I 1 \ (MIN)

CHORD BIT CHORD BIT CHORD 8IT STEP BIT STEP BIT STEP BIT STEP }HR;E\ / SIGN BIT
N THREE SIGN BIT MSB OF 2ND LSB OF LSB OF MSB OF 3RD LSB OF 2ND LSB OF BIT ;YATE MSB
STATE MSB CHORD CHORD CHORD STEP STEP STEP Lse (NEXT WORD)
(V)
PCM DATA PRESENT
NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are
measured from 1.4V.
64kHz OPERATION, RECEIVER SECTION TIMING
"Figure 15
- 125usec _7:
17 MASTER
RCV SYNC . . CLOCK
PERIODS
'4—— PWGLK (MIN)

—>|
el L e U e U

/

VALID
DATA,

NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are
measured from 1.4V.

6U7U8

NENENENE

[

VALID
DATA
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MK5151 GAIN TRACKING PERFORMANCE MK5151 S/D RATIO VS. INPUT LEVEL
Figure 16 Figure 17

3 a2 a2
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MOSTEK

TELECOMMUNICATIONS

A-Law Companding CODEC

MK5156(J/P)

FEATURES

O +5-Volt Power Supplies

O Low Power Dissipation - 30mW (Typ)
O Follows the A-Law Companding Code

O Includes CCITT Recommended Even-Order-Bit
Inversion

O Synchronous or Asynchronous Operation
0O On-Chip Sample and Hold

O On-Chip Offset Null Circuit Eliminates Long-Term
Drift Errors and Need for Trimming

O Single 16-Pin Package:
0O Minimal External Circuitry Required

O Serial Data Output of 64kb/s-2.1 Mb/s at 8kHz
Sampling Rate

O Separate Analog and Digital Grounding Pins Reduce
System Noise Problems :

DESCRIPTION

The MK5156 is a monolithic CMOS companding
CODEC which contains two sections: (1) An analog-to-
digital converter which has a transfer characteristic
conforming to the A-law companding code and (2) a
digital-to-analog converter which also conforms to the
A-law code.

These two sections form a coder-decoder which is designed
to meet the needs of the telecommunications industry for
per-channel voice-frequency codecs used in digital
switching and transmission systems. Digital input and
output are in serial format. ‘Actual transmission and
reception of 8-bit data words containing the analog
information is done at a 64kb/s-2.1 Mb/s rate with analog
signal sampling occuring at an 8kHz rate. A sync pulse input

is provided for synchronizing transmission and reception of
multi-channel information being multiplexed over a single
transmission line.

The pin configuration of the MK5156 is shown in
Figure 1.

PIN CONNECTIONS
Figure 1

N\
ANALOG INPUT —3 1 []® [116 <—+vger
v+ —32 ] 115 €— Vg
V- —=3 ] 14 <<—ANALOG GROUND
Ne — 4 —3 ANALOG OUTPUT
Hmks1seP '3

MASTER cLock —»5 [ :1 2 <— DIGITAL INPUT

XMIT SYNC —36 [] ] 11 <— DIGITAL GROUND
110 <€— RCV CLOCK

] 9 <€—RCV SYNC

XMIT cLOCK —37 []
DIGITAL OUTPUT €— 8]

A block diagram of a PCM system using the MK5156 is
shown in Figure 2.

PCM SYSTEM BLOCK DIAGRAM
Figure 2

MK5156.

GAIN
ADJUST BAND. 1 8

X
CODECs
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IMUX TRUNK
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CHANNELS| gl

GAIN
aogust [ o] a3

PASS
FoEeR| ) eiradeeniciTaL
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FUNCTIONAL DESCRIPTION: (Refer to Figure 3 for
a Block Diagram)

MK5156 BLOCK DIAGRAM

Figure 3
DIGITAL
ouTPUT
XMIT TRANSMIT
SYNC™™™]  secTion |
XMIT
CcLOCK BUFFER
o8 S&H/DAC
| SAR I
13- BIT LATCH
MASTER SEQUENCE 8/13 BIT
cLock CONTROLLER ENC/DEC CONVERTER
13- BIT LATCH
DIGITAL
INPUT BUFFER r
RCV.
SYNC
gfgcx———p- ANALOG
OuTPUT
RECEIVE
SECTION

POSITIVE AND NEGATIVE REFERENCE
VOLTAGES (+VRgf and -VREF) Pins 16 and 15

These inputs provide the conversion refere'nces for the
digital-to-analog converters in the MK5156. +VRgg
and -VRgg must maintain 100ppM/°C regulation over
the operating temperature range. Variation of the
reference directly affects system gain.

ANALOG INPUT, Pin 1

Voice-frequency analog signals which are bandwidth-
limited to 4kHz are input at this pin. Typically, they are
then sampled at an 8kHz rate (Refer to Figure 4.). The
analog input must remain between +VRgp and -VRgf
for accurate conversion. The recommended input interface
circuit is shown in Figure 9.

MASTER CLOCK, Pin 5

This signal provides the basic timing and control signals
required for all internal conversions. It does not have to
be synchronized with RCV. SYNC, RCV. CLOCK, XMIT
SYNC or XMIT CLOCK and is not internally related to
them.

XMIT SYNC, Pin 6 (Refer to Figure 10 for the Timing
Diagram)

This input is synchronized with XMIT CLOCK. When
XMIT SYNC goes high, the digital output is activated and
the A/D conversion begins on the next positive edge of
MASTER CLOCK. The conversion by MASTER CLOCK
can be asynchronous with XMIT CLOCK. The serial
output data is clocked out by the positive edges of XMIT
CLOCK. The negative edge of XMIT SYNC causes the
digital output to become three-state. XMIT SYNC must
go low for at least 1 master clock prior to the
transmission of the next digital word (Refer to Figure
12).

XMIT CLOCK, Pin 7 (Refer to Figure 10 for the Timing
Diagram)

The on-chip 8-bit output shift register of the MK5156
is unloaded at the clock rate present on this pin. Clock
rates of 64kHz-2.1MHz can be used for XMIT CLOCK.
The positive edge of the INTERNAL CLOCK transfers the
data from the master to the slave of a master-slave flip-
flop (Refer to Figure 5). If the positive edge of XMIT SYNC
occurs after the positive edge of XMIT CLOCK, XMIT
SYNC will determine when the first positive edge of
INTERNAL CLOCK will occur. Inthis event, the hold time
for the first clock pulse is measured from the positive
edge of XMIT SYNC.

RCV. SYNC, Pin 9 (Refer to Figure 11 for the Timing
Diagram)

This input is synchronized with RCV. CLOCK and serial
data is clocked in by RCV. CLOCK. Duration of the RCV
SYNC pulse is approximately 8 RCV. CLOCK periods.
The conversion from digital-to-analog starts after the
negative edge of the RCV. SYNC pulse (Refer to Figure
4). The negative edge of RCV. SYNC should occur before
the 9th positive clock edge to insure that only eight bits
are clocked in. RCV. SYNC must stay low for 17
MASTER CLOCKS (min.) before the next digital word is
to be received (Refer to Figure 13).

RCV CLOCK, Pin 10 (Refer to Figure 11 for Timing
Diagram)

The on-chip 8-bit shift register for the MK5156 is
loaded at the clock rate present on this pin. Clock rates
of 64kHz-2.1MHz can be used for RCV. CLOCK. Valid
data should be applied to the digital input before the
positive edge of the internal clock (Refer to Figure 5).
This set up time, tros, allows the data to be transferred
into the MASTER of a master-slave flip-flop. The
positive edge of the INTERNAL CLOCK transfers the
data to the SLAVE of the master-slave flip-flop. A hold
time, tron, is required to complete this transfer. If the
rising edge of RCV. SYNC occurs after the first rising
edge of RCV. CLOCK, RCV. SYNC will determine when
the first positive edge of INTERNAL CLOCK will occur. In
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A/D, D/A CONVERSION TIMING
Figure 4

7Z XMIT SYNC \

125usec

»'

l<—~15-20psec———>

SAMPLE AND HOLD
SAMPLE TIME
=~ 32 MASTER CLOCKS

|- ———————————— = B0usec

—
—
J

{

/ ENABLE SAR
SAR REQUIRES
~128 MASTER CLOCKS

\m—>| UPDATE
SAR OuTPUT
convznsuo'isxco NTINU EJTEGISTEH

=7 usec
RCV. SYNC

/ ANALOG OUTPUT UPDATED

DATA INPUT/OUTPUT TIMING
Figure 5

200ns Required For Data To Transfer
XMIT From Master to Slave MK5156
Internal
Clock DIGITAL
out _IS/MIS/Mls/M S/M|S/MIS/MlS/M‘ S/M l
XMIT SYNC
X Valid Data
XMIT CLOCK XMIT
Required To Transfer Data EEE—— Internal Clock
RCV — |« 200ns From Master to Slave DIGITAL
Internal I—N—-———PIM/SI M/$| M/SI M/S[M/S' M/Sl M/s| M/ﬂ
Clock RCV. SYNC
——, l«—50ns Required to Load Master RCV. CLOCK RCV
4>< Valid Incoming Data Internal Clock

this event, the set-up and hold times for the first clock
pulse should be measured from the positive edge of
RCV. SYNC.

DIGITAL OUTPUT, Pin 8

The MK5156 output register stores the 8-bit encoded
sample of the analog input. This 8-bit word is shifted out
under control of XMIT SYNC and XMIT CLOCK. When
XMIT SYNC is low, the DIGITAL OUTPUT is an open
circuit. When XMIT SYNC is high, the state of the
DIGITAL OUTPUT is determined by the value of the
output bit in the serial shift register. The output is

composed of a Sign Bit, 3 Chord Bits, and 4 Step Bits.

The Sign Bit indicates the polarity of the analog input
while the Chord and Step Bits indicate the magnitude. In
the first two Chords, the Step Bit has a value of 1.2mV.
In the third Chord, the Step Bit has a value of 2.4mV.
This doubling of the step value continues for each of the
five successive Chords.

Each Chord has a specific value and the Step Bits, 16 in
each Chord, specify the displacement from that value
(Refer to Table 1). Thus the output, which follows the A-
law, has resolution that is proportional to the input level
rather than to full scale. This provides the resolution of a
12-bit A/D converter at low input levels and that of a 6-
bit converter as the input approaches full scale. The
transfer characteristic of the A/D converter (A-law
Encoder) is shown in Figure 6.

DIGITAL INPUT, Pin 12

The MK5156 input register accepts the 8-bit sample
of an analog value and loads it under control of RCV.
SYNC and RCV. CLOCK. The timing diagram is shown in
Figure 11. When RCV. SYNC goes high, the MK5156
uses RCV. CLOCK to clock the serial data into its input
register. RCV. SYNC goes low to indicate the end of
serial input data. The 8 bits of the input data have the
same functions described for the DIGITALOUTPUT. The
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DIGITAL OUTPUT CODE: A LAW

Table 1

Chord Code Chord Value  Step Value
1. 101 0.0mVvV 1.221mV
2. 100 20.1mV 1.221mV
3. 111 40.3mV 2.44mV
4. 110 80.6mV 4.88mV
5. 001 161.1TmV 9.77mV
6. 000 332mV 19.53mV
7. 011 645mV 39.1mV
8. 010 1.289V 78.1mV -
EXAMPLE:
1 110 0111= +80.6mV+ (2 x 4.88mV)
Sign Bit Chord Step Bits

If the sign bit were a zero, then both plus signs would be
changed to minus signs.

A/D CONVERTER (A-Law Encoder) TRANSFER
CHARACTERISTIC

Figure 6 1010 1010 —
1010 0101 P
1011 0101
1000 0101 T
1001 0101

1110 0101
1111 0101

1101 0101} 1100 0101
_—

0101 0101 | 9100 0101
0111 0101
01100101
0001 0101
0000 0101 ol
0011 0101
0010 0101
0010 1010

DIGITAL QUTPUTS

-VREF -VREF 0 +VREF *VREF
:NALOG INPUT (\%ns)
D/A CONVERTER (A-Law Decoder) TRANSFER

CHARACTERISTIC

Figure 7
+VREF
+VREF
2 /
ANALOG OUTPUT : -
(VOLTS) =
—VREF 4
2
—VREF
25555555 (55558888
253555555 ocSoéog,
29-952-8 8258582
53588550 | 25288553
——

DIGITAL INPUTS

transfer characteristic of the D/A converter (A-law

" Decoder) is shown in Figure 7.

ANALOG OUTPUT, Pin 13

The analog output is in the form of voltage steps (100%
duty cycle) having amplitude equal to the analog sample
which was encoded. This waveform is then filtered with
an external low-pass filter with sinx/x correction to
recreate the sampled voice signal.

OPERATION OF CODEC WITH 64kHi XMIT/RCV.
CLOCK FREQUENCIES

XMIT/RCV. SYNC must not be allowed to remain at a
logic 1" state. XMIT SYNC is required to be at a logic
‘0" state for 1 master clock period (min.) before the next
digital word is transmitted. RCV. SYNC is required to be
at a logic 0" state for 17 master clock periods (min.)
before the next digital word is received (Refer to Figures
12 and 13). .

OFFSET NULL

The offset null feature of the MK5156 eliminates
long-term drift errors and conversion errors due to
temperature changes by going through an offset
adjustment cycle before every conversion, thus
guaranteeing accurate A/D conversion for inputs near
ground. There is no offset adjust of the output amplifier
because, since the output is intended to be AC - coupled
to the external filter, the resultant DC error (Vorrser/o)
will have no effect. The sign bit is not used to null the
analog input. Therefore, for an analog input of O volts,
the sign bit will be stable.

PERFORMANCE EVALUATION

The equipment connections shown in Figure 8 can be

" used to evaluate the performance of the MK5156. An

analog signal provided by the HP3552A Transmission :
Test Set is connected to the Analog Input (Pin 1) of the
MK5156. The Digital Output of the CODEC is tied
back to the Digital Input and the Analog Output is fed
through a low-pass filter to the HP3552A. Remaining
pins of the MK5156 are connected as follows:

(1) RCV. SYNC is tled to XMIT SYNC: :
(2)  XMIT CLOCK istiedto MASTER CLOCK. The sngnal
is inverted and tied to RCV. CLOCK.

The following timing signals are required:

(1) MASTER CLOCK = 1.536 MHz
(2) XMIT SYNC repetition rate. = 8kHz
(3) "XMIT SYNC width = 8 XMIT CLOCK periods

When all the above requirements are met, the setup of .
Figure 8 permits the measurement of synchronous
system performance over a wide range of analog inputs.
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The data register and ideal decoder provide a means of should be separated from RCV. CLOCK. XMIT CLOCK
checking the encoder portion of the MK5156 and RCV. CLOCK are separated also. Some
independently of the decoder section. To test the system experimental results obtained with the MK5156 are
in the asynchronous mode, MASTER CLOCK should be shown in Figures 14 and 15.

separated from XMIT CLOCK and MASTER CLOCK

SYSTEM CHARACTERISTICS TEST

CONFIGURATION
Figure 8
12 DIGITAL ‘8 =] DATA L IDEAL
[_ - —| . " sbwir REGISTER g DECODER
| 1.020kHz [ MK5156
SIGNAL | ANALOG
| SOURCE | InpuT 13 .
Bunsse -0
| l SYSTEM ENCODER
‘ ONLY

! L

| T

| 1.020 kHz l

NouT — NOTCH <9 FILTER
FILTER
l HP3552A l
Sout *Nout

NOTE: The ideal decoder consists of a digital decompander and a 13-bit precision DAC.
ABSOLUTE MAXIMUM RATINGS
DC SUPPIY Volage, Vot .ottt ittt ittt tte it eee e eaeeetaeenneeeansieesaneeennneeennns +6V
DC SUPPIY Volage, Vo oottt it e ettt ettt et e e e s N -6V
Ambient Operating Temperature, T . .. ..oueuuteite i i ittt iaieataneaanaans 0°C to 70°C
StOrage TEMPEIAtUIE .. v vttt ettt ettt et teee e e e e eaeeeaeeannaeseaeeeeeesenanenneeennnns -55°C to +125°C
Package Dissipation at 25°C (Derated 9mW/°C when soldered into PCB) .......c.ooviia ... 500mW
Digital INpUL .. oo e e -0.5V =V = V+
ANalog INPUL L. e V-SV|y=V+
= =S U -0.5V < +VRgp =V+
V4= = =2 V- < -VRgg = +0.5V

Stresses above those listed under “‘Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 3
conditions for extended periods may affect device reliability.

CODECs

ELECTRICAL OPERATING CHARACTERISTICS
POWER SUPPLY REQUIREMENTS

SYM PARAMETER MIN TYP MAX UNITS [ NOTES
V+ Positive Supply Voltage 475 5.0 5.25 \

V- Negative Supply Voltage -5.25 -5.0 -4.75 Vv

+VREF Positive Reference Voltage 2.375 25 2.625 \Y 1
~VREF Negative Reference Voltage -2.625 | -25 -2.375 \% 1
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TEST CONDITIONS: V+ = 5.0V, V- =-5.0V, + Vggr = 2.5V, -Vpgr = -2.5V, T = 0°C to 70°C
DC CHARACTERISTICS

SYM PARAMETER MIN TYP MAX | UNITS | NOTES
Rinas Analog Input Resistance During Sampling 2 kQ 2
Rinans Analog Input Resistance Non-Sampling 100 MQ
Cina Analog Input Capacitance 150 250 pF 2
VoFrsem Analog Input Offset Voltage *1 +8 mV 2
Roura Analog Output Resistance 20 50 0
loura Analog Output Current 0.25 0.5 mA
(Vorrsero)| Analog Output Offset Voltage -200 + 850 mV
linLow Logic Input Low Current (V) = 0.8V)
Digital Input, Clock Input, Sync Input +0.1 *+10 uA 3
linniGH Logic Input High Current (V| = 2.4V)
Digital Input, Clock Input, Sync Input -0.25 -0.8 mA 3
Coo Digital Output Capacitance 12 pF
IpoL Digital Output Leakage Current *+0.1 *10 uA
VourLow Digital Output Low Voltage 04 \Y 4
Vournicn | Digital Output High Voltage 3.9 Y 4
I+ Positive Supply Current 4 10 mA 5
- Negative Supply Current 2 6 mA 5
IREF+ Positive Reference Current 4 20 uA
IREF- Negative Reference Current 4 20 pA
AC CHARACTERISTICS (Refer to Figure 10 and Figure 11)
SYM PARAMETER MIN TYP MAX . | UNITS .NOTES
Fum Master Clock Frequency 1.5 2.048 2.1 M_Hz
Fr, Fx XMIT, RCV. Clock Frequency 0.064 |2.048 21 MHz
PWeLk Clock Pulse Width (MASTER, XMIT, RCV.) 200 né
tre, trc Clock Rise, Fall Time (MASTER, XMIT, RCV.) 25% of
PWoeLk ns
trs,tFs Sync Rise, Fall Time (XMIT, RCV.) 25% of
PWeLk ns
toir, toIF Data Input Rise, Fall Time 25% of :
PWeLk ns
-8
twsx, twsr | Sync Pulse Width (XMIT, RCV.) Fx(Fr) us
tes Sync Pulse Period (XMIT, RCV.) 125 us
txcs XMIT Clock-to-XMIT Sync Delay 50% of
tec(trs) ns 6
txcsn XMIT Clock-to-XMIT Sync (Negative Edge) Delay | 200 ns
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'AC CHARACTERISTICS CONTINUED (Refer to Figure 10 and Figure 11)

SYM PARAMETER MIN TYP MAX UNITS | NOTES
txss XMIT Sync Set-Up Time 200 ns
txop XMIT Data Delay 0 200 ns 4
txpp XMIT Data Present 0 200 ns 4
txpr XMIT Data Three State 150 ns 4
tooF Digital Output Fall Time 50 100 ns 4
toor Digital Output Rise Time 50 100 ns 4
tsrc RCV. Sync-to-RCV. Clock Delay 50% of
v tre (trs) ns 6
tros RCV. Data Set-Up Time 50 ns 7
trRDH RCV. Data Hold Time 200 . ns 7
tres RCV. Clock-to-RCV. Sync Delay 200 ns
trss RCV. Sync Set-Up Time 200 ns 7
tsao RCV. Sync-to-Analog Output Delay 7 ©us
SLEW+ Analog Output Positive Slew Rate 1 V/us
SLEW- Analog Output Negative Slew Rate 1 V/us
DROOP Analog Output Droop Rate 25 uV/us
SYSTEM CHARACTERISTICS (Refer to Figures 14 and 15)
SYM PARAMETER MIN TYP MAX UNITS T‘EST COND.
S/D Signal-to-Distortion Ratio 35 39 dB | Analog Input=0 to -30dBmO
29 34 dB | Analog Input=-40dBmO
24 29 dB. | Analog Input=-45dm0O
GT Gain Tracking -0.4 +0.1 +0.4 dB | Analog Input=+3 to ~-37dBmO
-0.8 +0.1 +0.8 dB | Analog Input=-37 to -50dBmO|
-2.5 +0.2 +2.5 dB | Analog Input=-50 to -55dBmO|
Nic Idle Channel Noise -80 -68 dBmOp | Analog Input=0 Volts; note 2.
TLP Transmission Level Point +4 dB 60042
NOTES:
1. +VREgF and -VRgg must be matched within + 1% in order to meet system RECOMMENDED ANALOG INPUT CIRCUIT
requirements. Figure 9
2. Sampling isaccomplished by charging an internal capacitor; therefore, the CODEC
designer should avoid excessive source impedance. Input related device )
characteristics are derived using the Recommended Analog Input Circuit. »
See Figure 9. >< B
3. T iti T i “o” . u rmu i 20
g T 20 1 e etk veoa | B
INAS

4. Driving 30pF with Igy = -100 pA, IgL = 500 wA. IMPEDANCE
5. Results in 30 mW typical power dissipation (clocks applied) under normal
operating conditions.
6. This delay is necessary to avoid overlapping Clock and Sync.
7.  The firstbit of data is loaded when Sync and Clock are both “*1"* during bit
time 1 as shown on RCV. timing diagram. =

150 pf
L

1 1
| |
| |
| |
i 1 uF |1 Cinar
| |
I 3« |
! |
| l
| |
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TRANSMITTER SECTION TIMING
Figure 10

twsx

tFS:

tXCSN —>|
txss
XMIT 3

1 2 4 5 6 7
'Rc” ’o(;c vl I‘PWCLK ’j LPWCLK
XDD

tXDD IXDT—|
'XDP‘“*—H ——l Ic-tnop —»1 |‘-toon
N\ \ \\ N SIGN BIT CHORD BIT CHORD BIT CHORD BIT STEP BIT STEP BIT STEP BIT STEP BIT
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RECEIVER SECTION TIMING
Section 11
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64kHz OPERATION, TRANSMITTER SECTION T!MING
Figure 12
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64kHz OPERATION, RECEIVER SECTION TIMING

Figure 13
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1X
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NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.
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MK5156 S/D RATIO VS. INPUT LEVEL " M5156 GAIN TRACKING PERFORMANCE

Figure 14 Figure 15
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PRODUCT PROFILE

MOSTEK.

TELECOMMUNICATION PRODUCTS

Companding CODEC wiith Filters

MK5316(J)

FEATURES
O Per-channel, single-chip CODEC with filters
O AT&T D3/D4 and CCITT compatible
O Pin-programmable u-law/A-law/power-down
O On-chip stable voltage reference
O +5 volt power supplies, + 5%
O Low power dissipation
* 40 mW operating (typ)
® 100 puW standby (typ)

O TTL/CMOS-compatible digital inputs and outputs

O Gain adjust available at the transmit and receive filter
stages

O Synchronous or asynchronous operation
O Serial data rate from 64 kb/s to 4.096 Mb/s

O Separate internal analog and digital grounds reduce
system noise problems

O Single 16-pin package

O Minimal external component count

DESCRIPTION

The MK5316 is a monolithic device containing a
companding CODEC and PCM filters on a single chip. This
device has been designed to meet the needs of the
telecommunications industry for per-channel, voice-
frequency CODECs and PCM filters. Both the transmit and
receive sections have been incorporated into a single
package with negligible loss of crosstalk immunity. Typical
device applications are PBX systems, central offices,
channel banks, and other telephone digital switching and
transmission systems.

The MK5316 transmit section is composed of an input
amplifier, a band-pass filter, and a compressing A/D

PIN CONNECTIONS
Figure 1

N
GRDA —» 1 []e 16 —GS,
VF,0 *+—2 O D 15 <—VF,I”
Vgg—>3 [114—>VF,0,
Voo ™4 ksare P13V
D, —5 [] | 112 <—PD/p-A
GRDD — 6 ] 111 —»D,
Fs,—=7 [} 110 w—Fs,
CLK, —8 ] [1 9 -—cik,

converter. The operational amplifier’s output is available for
use in an inverting gain configuration at the transmit stage.
By disabling the amplifier, this output can be used as a
noninverting high-impedance input to the band-pass filter.
The band-pass, switched-capacitor filter provides rejection
of the 50-60 Hz power line frequency and the band-limiting
required for an 8 kHz sampling system. The A/D converter
transforms the band-limited, voice-frequency signals into
8-bit words using one of two selectable companding laws.
The encoded data is transmitted in a serial format under the
control of the transmit clock and transmit synchronization
inputs.

The receive section of the MK5316 is composed of an
expanding D/A converter and a low-pass filter. The D/A
converter receives 8-bit words in a serial format under
control of the receive clock and receive synchronization
inputs. The low-pass, switched-capacitor filter smooths the
voltage steps of the D/A converter and provides
compensation for the sinx/x decoder response. The receive
filter output may then be adjusted to system levels by use of
a voltage divider network.

The MK5316 also features a stable on-chip voltage
reference. This reference provides excellent gain stability
over a wide temperature range and under various supply
voltage conditions.

IX-33
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MOSTEK.

INTEGRATED PCM CODEC

INTRODUCTION

A general trend towards the conversion of voice sig-
nals to digital information is currently occurring.
TDM PCM is the most popular form of digital trans-
mission.

Today there are several important applications for

this TDM scheme:

1. A high speed digital data link between central
offices to pass many conversations over one pair
of wires.

2. The electronic connection of two different circuit
paths.

3. Concentrators

Traditionally this connection had been done by
electromechanical crossreed switches. Very low “on’’
resistance, low crosstalk, and immunity from the
large ringing or transient voltages were required. Since
the electromechanical technique was deemed to be of
lower reliability, an all electronic approach was
desired. Electronic cross point switches were designed
and built, but because the electrical requirements
mentioned above are extremely difficult to meet, the
results were not entirely satisfying.

The digital approach obviates the analog switch pro-
blem by first performing an A to D conversion, then
assigning a time slot for each voice channel. For the
D3 channel bank, 24 channels of digital data of 8 bits

Technology Update

per word are transmitted in a serial bit stream at
1.544 Mbits/sec. Each voice channel is sampled at an
8kHz rate so this signal must be bandlimited to less
than 4kHz in order to prevent undesirable aliasing.

Figure 1 shows how a 1kHz input signal is sampled
every 125 usec. At each of these sampling times, the
analog information is converted into an eight-bit
digital word that is later sent out in serial format at
the 1.544 Mbits/sec rate.

Figure 2 shows how the 24 voice channels are time
division multiplexed onto one wire (for simplicity
only simplex operation is shown).

Channel 1 analog information is first bandlimited to
less than 4kHz, then sampled and converted to a com-
panded digital code. This 8 bit word is serially trans-
mitted to a multiplexer where digital information
from all the other channels are assimalated. The final
bit stream of 1.544mbit/sec is sent to the demulti-
plexer where the appropriate alphanumeric channel is
connected to numeric channel. This control (se-
lection) is done by the main computer or processor.
One may see that any numeric channel could be con-
nected to any alphanumeric channel by means of a
different time slot assignment. This completes the
switching in a completely digital manner.

8kHz SAMPLING SYSTEM
Figure 1

IX-35
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24 CHANNEL MULTIPLEXING
Figure 2
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For T1 carrier systems, the digital PCM information
might be transmitted between central offices. For
PBX applications, the PCM technique is used to allow
the switching to be done digitally. The accuracy of
the subsequent D-A conversion preserves the voice
quality so that insertion loss is not a problem.

We selected the metal gate CMOS process for several
reasons. First it is extremely low power, which is of
great concern. Secondly, it allows for high-quality,
matched capacitors in a minimum of chip size. Criti-
cal analog circuit design is done well in CMOS: for
example, high gain amplifiers and comparators. Also,
the metal gate CMOS process is one that is well
proven in high volume production.

By using the CMOS process, only two supplies are
necessary, plus and minus five volts. To minimize
power, all the digital logic is run from the plus 5V
supply to ground, and only the analog section ope-
rates from £ 5 volts.

CHIP ARCHITECTURE

Figure 3 shows the block diagram representation of
the CODEC chip. The important features of the
scheme used are listed below:

1. Two independent DAC’s for encode and decode
functions provide system isolation not achievable
using shared DAC approach. The capacitive two
DAC approach also eliminates external sample/
hold capacitors as well as an external filter for offset
which is required in the shared DAC approach. This
minimizes the external components required.

~ 2. Complete signalling compatibility with D3 chan-

nel bank requirements.

3. Since the companding law is implemented using 8
to 13 bit converter, the DAC is a linear DAC thus
minimizing the number of analog components to
only the minimum required for system implemen-
tation, namely two: one comparator and only one
op-amp on the entire chip. Minimizing the linear
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CODEC BLOCK DIAGRAM

Figure 3 DIGITAL
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components helps reduce system operating power
which was the overriding consideration in chip de-
sign. Using the CMOS process, the digital portions
dissipate power only during transitions. The linear
sections consume power continuously.

4. The digital companding section allows easy con-
version from mu-law to A-law. The CODEC allows
data input/output rates from 64kHz to 2.1 MHz.

5. Asynchronous or synchronous operation.

MODES OF OPERATION

The XMIT and Receive function are completely inde-
pendent of each other and of the master clock. Thus

the chip can operate in synchronous/asynchronous b
mode at various input/output clock rates. The chip
timing diagram is shown in Figure 4 and the Receive

and XMIT modes of operation are described in detail
below:

(a) Receive Mode of Operation
In the receive mode of operation, the serial input
data is shifted into the input buffer at the receive
clock rate during the period receive sync. is high.

1X-37

The encode process is halted after the falling edge
of receive sync pulse) for about 5 to 7us, and the
translated data from 8 to 13 bit converter is latched
into the 13 bit receive latch which updates the
output of the receive DAC with 100% duty cycle. The
receive DAC acts as a sample and hold and is
buffered by the unity gain op amp to the output.
During the signalling frame-a 7 bit decode is per-
formed and the 8th data bit is latched into the
SigA/SigB output latch as selected by the A/B Se-
lect (RCV) input. When the eight bit of a word is
a signalling bit, it is assigned the value of 2 step.
This results in a lower S/D ratio than if it were
arbitrarily set to either a one or zero. '
Transmit Mode of Operation:

In this mode of operation the analog signal is
sampled in the input sample/hold which performs
the offset-null function simultaneously as described
in the circuit operation section. Following the hold
mode, the encoding process is completed using
successive approximation technique. The operation
of the XMIT DAC is similar to the operation of the
receive DAC as described earlier. After the encode

X
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A/D AND D/A CONVERSION TIMING
Figure 4
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process is completed, the output of the SAR is
loaded into the output buffer. The data is trans-
mitted serially at the output clock rate during the

period the XMIT SYNC is high. During the signalling

frame, signalling information (SigA/SigB) is in-
serted into the output bit stream in place of the 8th
data bit as selected by the A/B select (SMIT) input.

CIRCUIT DESCRIPTION

The system timing is controlled by the sequence con-
troller which operates at master clock rate of 1.5 - 2.1
MHz. All necessary signals, e.g. and S&H, SAR clock
Encode/Decode control, etc; are generated in this
section. To insure proper encode operation, decode
interrupt is allowed only when the internal SAR clock is

low thus resulting in a variable (5-7us) decode interrupt
interval.

The 8 to 13 bit converter gives a one-to-one transla-
tion between 8 bit companded code at its input to a
13 bit linear code at its output thus allowing the use
of a linear DAC in the dlgltal-to-analog conversion
process.

The 13-bit linear DAC operates on the charge distri-
‘bution prmmpal of a binary weighted capacitor
ladder.

As shown in Figure 5, the capacitor ladder has two
sections of 7 bits (7 most significant bits) and 6 bits
(6 least significant bits) connected by a 64:1 capac-
itor divider. The equivalent circuit of the two sections
can be drawn as shown in Figure 6.

CAPACITOR LADDER

DAC OUTPUT

1DI‘L 1pf J— 2pr 4pf l 8pf = —IGle‘BprJ' LO:'S:f J‘ ;pt ‘LA;af 8pf ‘L nf‘—32r>f 64nf "
e LI T T J
IR R

+—o-

[j [i]

20

[

-Vref O—
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CAPACITOR LADDER EQUIVALENT CIRCUIT

Figure 6 1.016pf

}—1——> DAC OUTPUT

127pt %

Wn = 0 or 1 for the n th bit.
Cp = n th bit capacitor.

Wn Cn Vy
1 127

T M

m—o—+1

WHERE

Vy = Reference Voltage (+Vyef or -Vyef)

The output of the DAC can be written as:

128 Z WhCh + =
n=1 n=8

Wn (Ch/64)

which is equivalent to the output of a 13 bit DAC
with an equivalent output capacitance of 128pF.

Initially S1 is connected to Vijn and S2 is.closed. The
op. amp. is operating as a unity gain follower and its
offset voltage (V¢), along with the analog input voltage,
is stored on the capacitor.

Then switch So is opened and S1 is switched to ana-
log ground. The voltage at the inverting input of the
op-amp is now Voff-Vin. Thus when the amplifier
operates with S2 open it acts as a comparator with
effectively zero offset and -Vjn applied on its
inverting input. The other end of the capacitor can
now be operated as a DAC. Thus the capacitor ladder
performs all the necessary functions of offset-null
sample-hold as well as a DAC in the encode section of
the chip.

EXPERIMENTAL RESULTS

The set up of Figure 8 was used to evaluate the chip
performance.

CHIP PERFORMANCE
Figure 8

Unit #1 Unit #2'
In the encode section this equivalent capacitor of xmT1 | XMIT 2
128pF . is also employed to perform the additional X - -
‘function of ‘offset- nuII and sample- hold as shown in RCV 1 = . - RCv2
Figure’ 7. -

OFFSET NULL/SAMPLE HOLD

The MK5151 CODEC performance exceeds the AT&

Figure 7 ?2 T D3 channel bank specifications. Figure 9 shows the
signal-to-quantizing distortion as a function of input
Vin——o0 128pf level

Idle channel noise of 13-14dBrnCO is better than the
D3 spec by 9-10dB. Gain tracking is shown in Figure
10.

SIGNAL-TO-NOISE RATIO
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GAIN TRACKING

Figure 10
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Operating power measured at room temperature typi-  version of the CODEC is also available and is simply a
cally is 30mW. This is low enough that a stand-by metal mask variation of this product. Chip siz_}e is 170
mode is not-deemed necessary. The European A-law  x 184 mils.
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PRELIMINARY

MOSTEK.

TELECOMMUNICATION PRODUCTS

PCM Transmit/Receive Filters

MK5912(J)-3

FEATURES

O Monolithic device includes both transmit and receive
filters

Transmit filter includes 50/60Hz rejection
Receive filter includes sin x/x compensation

External gain adjustment, both transmit and receive
filters

Low power consumption:
e 35 mW typical without power amplifiers
e <1 mW typical in power-down mode

Direct interface with transformer or electronic telephone
hybrids

O =+ 5% power supplies; +5V, -5V
O Standard 16-pin pabkage

O Industry standard pin connections
DESCRIPTION

The MK5912-3 is a monolithic device containing the two
filters required for use in telephone digital switching and
transmission systems. The device has been designed to
minimize power dissipation, maximize reliability and
provide a low-cost alternative to hybrid filters. A block
diagram is shown in Figure 3, with the pin connections in
Figure 1. The device consists of two switched-capacitor
filters, transmit and receive, and power amplifiers which
may be used to drive a transformer hybrid (2-to-4 wire
converter) or an electronic hybrid (SLIC). If an electronic
hybrid is used, the power amplifiers are not needed and may
be deactivated to minimize power dissipation. The transmit

PIN CONNECTIONS

Figure 1
A .
VR I+ — 1] 116 —» VF,0
VF,I- — 2[] [ 115 «— GRDA
GS, <— 3[] [114 «— CLKS
VF,0 <— 4[] yks912.3 [113 <+— PDWN

PWRI —» 5[]
PWRO* <— 6[]
PWRO- <—— 7(]

Vegg —> 8]

112 <— CLK
[]11 <— GRDD
[ 110 «— VF,I
[1 9 «— v,

filter is a band-pass filter which will pass frequencies
between 300 Hz and 3200 Hz and provides rejection of the
50/60 Hz power line frequency as well as the antialiasing
needed in an 8 kHz sampling system. The receive filter is a
low-pass filter which smooths the voltage steps present in
the CODEC output waveform and provides the sin x/x
correction necessary to give unity gain in the passband for
the CODEC-decoder-and-receive-filter pair. A typical line
termination is shown in Figure 2.

The MK5912-3 is designed to be used with the Mostek
family of CODECS (MK5116, MK5156, and MK5151).

X-1

TYPICAL LINE TERMINATION
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MK5912-3 BLOCK DIAGRAM

Figure 3
BAND-
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cLock cLK
14
GENERATOR CLKs
2 pown
PWRO* w2
.
LOW-PASS
FILTER
PWRI 52
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N
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FUNCTIONAL DESCRIPTION
VFyI*, Pin 1

Pin 1 is the non-inverting input of the gain adjustment op
amp in the transmit filter section. The signal applied to this
pin typically comes from the transmit leg of a 2-to-4 wire
hybrid. This input may be ac or dc coupled. This signal
passes through the op amp to the transmit (band-pass)
switched-capacitor, filter which will pass frequencies
between 300 and 3200 Hz, will provide rejection of the
50/60 Hz power line frequency and will provide antialiasing
for an 8 kHz sampling system. The transmit filter transfer
characteristics and specifications are shown in Figure 4.

VFyl-, Pin 2

Pin 2 is the inverting input of the gain adjustment op amp on
the transmit filter. A return path for the op amp output is
provided by GSy, Pin 3. Pins 2 and 3 may be used to provide
gain up to 20 dB without degrading the noise performance
of the filters.

TRANSMITFILTER TRANSFER CHARACTERISTICS
Figure 4
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TRANSMIT AND RECEIVE GAIN ADJUSTMENT
Figure 5

MK5912-3
VFyl* 1
X > TRANSMIT 16
VFxI™ 2 FILTER VFx0
GSx 3 (Band-Pass)
R2 R2
IN=1+ —
[_m GAl "’
VFRO RECEIVE B
R 4 FILTER S vegl
(LOW-PASS)
R3
{ZL R4

RAZL 510k

WHERE: Ry = R3 + m =

This op amp has a common mode range of £ 1.77V, low dc
offset (2.5 mV typ.) and can provide a voltage gain greater
than 2000. The unity gain bandwidth is approximately
2 MHz. The transmit filter, excluding the input op amp,
provides a gain of +3 dB in the passband.

GSx, Pin3

Pin 3 is connected to the output of the gain-adjustment op
amp in the transmit filter section. For proper operation, the
load impedance connected to the GSy output should be
greater than 10 kQ in parallel with 20 pF (Refer to Figure 5).
VFRO, Pin 4

Pin 4 is the output of the receive (low-pass) filter and is
capable of driving high impedance electronic hybrids. The

TYPICAL CONNECTION OF THE OUTPUT POWER
AMPLIFIER STAGE . :

Figure 6
MK5912-3
RECEIVE
VFRO 4 FILTER 10 VFgl
- (LOW-PASS)
PWRI ¢
R2
TRANSFORMER =
i PRWO* 6 i
! 4
I
|
|
| RL PRWO-7
| J

WHERE: R1, R2 = GAIN SETTING RESISTORS
R = SERIES LOAD RESISTOR

X-3

gain of the receive signal may be attenuated by using a
resistor divider as shown in Figure 5. The resistive load
connected to VFRO should be greater than 10 k(.. The
maximum output voltage range is £2.5 V and the output
offset is less than 200 mV.

If the receive filter is to drive a transformer hybrid, VFRO
should be connected to PWRI (Pin 5) as shown in Figure 6.

PWRI, Pin 5

Pin 5 provides the input to the power driver amplifiers which
interface the receive filter to a transformer hybrid. PWRlis a
high impedance input which can be driven by VFgO directly.
The input voltage range is = 2.5V and the gain for a bridged
output is 6 dB. The power amplifiers may be deactivated
when not being utilized by tying PWRI to Vgg.

PWRO" and PWRO", Pins 6 and 7

This balanced differential-output amplifier stage is provided
to drive low impedance loads directly. The gain of the
receive signal may be adjusted by a voltage divider as
shown in Figure 6. The series impedance of a load resistor
and the hybrid transformer should present an ac load
impedance of 600 Q (min.) to the amplifiers in a bridged
configuration. With a 600 ) load between pins 6 and 7, the
maximum voltage swing across the load is = 5.0 volts.
These amplifiers may also be used to drive loads which are
connected to ground.

Power consumption is cut significantly by tying PWRIto Vg
which deactivates the power amplifiers.

Vgg. Pin 8

Pin 8 is the negative supply pin. The voltage supplied to this
pin should be -5 V £ 5%.

Vcer Pin 9

Pin 9 is the positive supply pin. The voltage supplied to this
pin should be +5 V + 5%.

VFgl, Pin 10

Pin 10 is the analog input to the receive filter. The receive
signal is typically generated by the decoder section of a u or
A-law companding CODEC. The receive filter is a low-pass
switched-capacitor filter which will pass frequencies up to
3200 Hz and provides the sin x/x correction needed to give
the CODEC decoder and receive filter pair unity gain over
the passband.

The receive filter transfer characteristics and specifications,
including the sin x/x response introduced by the decoder,
are shown in Figure 7.




RECEIVE FILTER TRANSFER CHARACTERISTICS
Figure 7
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NOTES

1. The broken line shows the x/sinx response of the filter only. This response
corrects the sin x/x response of the sample and hold output of the CODEC and
provides unity gain in the passband.

2. Thetypicalfilter transfer function shown is the combined response of the CODEC
and the receive filter. The combined response meets the stated spécifications.

GRDD, Pin 11

Pin 11 serves as the digital ground return for the internal
clock. The digital ground is not internally connected to the
analog ground. The digital and analog grounds should be
tied together as close as practical to the system supply
ground.

INPUT CLOCK SELEC
Table 1 ;

) MK5912-3 MK5912-3
CODEC Clock Bits/ | CLK Input _ CLKS Input
Clock Frame Pin12 Pin 14
1.536 MHz | 192 1536 MHz | Vgg -5V
1.544 MHz | 192 * Vgg -5V
2.048 MHz | 256 2048 MHz | V¢ 45V
2.560 MHz | 320 2.560 MHz Open Circuit

*The MK5912-3 can be used with a 1.544 MHzclock in the mode shown above.
This is accomplished by externally suppressing every 193rd bit from the
incoming train of 1.5644 MHz clock bits.

CLK, Pin 12

The digital clock signal should be supplied to Pin 12. Four
clock frequencies (1.536 MHz, 1.544 MHz, 2.048 MHz, or
2.5660 MHz) may be used. The desired clock frequency is
selected by the CLKS input (Refer to Table 1). For proper
operation this clock should be tied to the receive clock of the
CODEC.

PDWN, Pin 13

This control input is used to place the MK5912-3 in the
standby power-down mode. Power down occurs when the
signal on this input is pulled high. Standard TTL levels may
be used. An internal pull up to the positive supply is
provided. A settling time of 15 ms (typ.) should be allowed
after power is restored. :

CLKS, Pin 14

The voltage level on this pin will select the desired clock
frequency to drive Pin 12. Table 1 defines the clock
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selection. When using the open circuit (2.660 MHz clock
frequency) mode, the capacitance to adjacent signal lines
should be minimized.

GRDA, Pin 15

Pin 15 serves as the ground return for the analog circuits of
the transmit and receive sections. The analog ground is not
internally connected to the digital ground. The digital and
analog ground should be tied together as close as practical
to the system supply ground.

VF4O, Pin 16

Pin 16 is the analog output of the transmit filter. The output
voltage range is £ 2.5 volts and the dc offset is less than

250 mV. This output should be ac coupled to the transmit
(encoder) section of the CODEC.

DECOUPLING RECOMMENDATIONS

PC board decoupling should be sufficient to prevent power
supply transients (including turn on and turn off) from
exceeding the absolute maximum rating of the device. A
minimum of 1uF is recommended for each power supply.

A 0.05 uF bypassing capacitor should also be connected
from each power supply to GRDA at the MK5912-3 device.
However, this decoupling may be reduced depending on
board design and performance.

ABSOLUTE MAXIMUM RATINGS

Temperature UNder Bias . .. vovveuie ettt ittt i tteenneeeannesoonseesuanseeannnennns -10°C to +80°C
] o= o TSR =T 04T 1T = - N -65°C to +125°C
Supply Voltage with Respectto Vgg . ....... e ettt et et e e i e, -03Vto+120V
All Input and Output Voltages with Respect to Vg ..ot vvivniiiiiiiiiiiiiiiiiiiiiiiiniianns -03Vto+120V
Al OUIPUL CUITENTS « « v vttt te et e e ettt e e e e aaeeeesseennnsaeaaseeeesenaneaseeeseenananeeeeeeeenns + 50 mA
Package Dissipation at 25°C (Derated 9 mW/°C when soldered into PCB)............oooviiiiiiinnn, 500 mW

Stresses above those listed under “Absolute Maximum Ratings'* may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating

conditions for extended periods may affect device reliability.

DC AND OPERATING CHARACTERISTICS

Tp=0°Cto +70°C, Voo = +5V £ 5%, Vgg = -5 V £ 5%, GRDA =0V, GRDD = 0V, unless otherwise specified.

DIGITAL INTERFACE

LIMITS
SYM | PARAMETER MIN | TYP | MAX | UNIT|TEST CONDITIONS
e Input Load Current 10 LA Vg = VL min to V| max
Lo Input Load Current, CLKS 50 A [V)y = Vgg to V) max
L Input Load Current, PDWN -40 A Vg = V) minto V|, max
ViL Input Low Voltage (except CLKS) -0.3 0.8 \
ViH Input High Voltage (except CLKS) 2.2 Veet \
0.25

Vi Input Low Voltage, CLKS Vgg Vgg* v

, 05
ViHo Input High Voltage, CLKS . Vee0.5 Vee \
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POWER DISSIPATION

Analog inputs = 0V, outputs unloaded, unless otherwise specified.

SYM | PARAMETER MIN | TYP | MAX |UNITS|TEST CONDITIONS
leco Vc Standby Current 100 | wA |PDWN =V, min
lsgo | Vag Standby Current 100| wA |PDWN =V, min
lect Ve Operating Current, Power :

Amplifiers Inactive 35 mA | PWRI = Vgg
Igg1 Vgg Operating Current, Power

Amplifiers Inactive 35 mA | PWRI = Vgg
leca V¢ Operating Current 6 mA
Iz Vgg Operating Current 6 mA

DC AND OPERATING CHARACTERISITCS
TA =0°Cto +70°C, Ve = +6 V £ 5%, Vgg = -5 V & 6%, GRDA = 0V, GRDD = OV, unless otherwnse specnfled

ANALOG INTERFACE, TRANSMIT FILTER GAIN SETTING AMPLIFIER

SYM | PARAMETER MIN | TYP | MAX | UNIT|TEST CONDITIONS
Igxi Input Leakage Current, VFyI™, VFyl~ 200 | nA [-17V<V <17V
Rixi Input Resistance, VFyl*, VFyI- 8 MQ
Vosxi | Input Offset Voltage, VFyIt, VFyI™ 25 mV [-1.7V<Vy <17V
CMRR; | Common Mode Rejection, VFyI*, VFyl- 45 dB |Input at VFyI™; VF,I- tied
to GSy
(-1 25V<V,N<1 .25V)
or 0dBm0=0.88 Vpyis
CMRR;| Common Mode Rejection, VFyl™, VFyI~ 40 dB [-1.7V<Vy<17V
AyoL DC Open Loop Voltage Gain, GSy 2000
fe Open Loop Unity Gain Bandwidth, GSy 2 MHz
Voxi Output Voltage Swing, GSy +1.77 V. |R.=10kQ
Cix Load Capacitance, GSy 20 pF
Rixi Minimum Load Resistance, GSy 10 kQ) | Minimum R,
ANALOG INTERFACE, TRANSMIT FILTER
SYM | PARAMETER MIN | TYP | MAX | UNIT|TEST CONDITIONS
Rox Output Resistance, VFyO 100 | O ‘
Vosx | Output DC Offset, VF,O 250 | mV |VFyi* Connected to
GRDA, Input Op Amp
at Unity Gain
PSRR,; | Power Supply Rejection of 1 kHz 30 35 dB [ Input Op Amp at Unity
Ve at VRO 3 kHz 18 25 Gain. Vgg=-5V; Vc=+5 V
20 kHz 30 45 with 70 mVgyg injected




ANALOG INTERFACE, TRANSMIT FILTER (Cont’d)

SYM | PARAMETER MIN [ TYP |MAX [UNIT | TEST CONDITIONS
PSRR, | Power Supply Rejection of 1 kHz 25 30 dB | Input Op Amp at Unity
Vpg at VFyO 3 kHz 14 18 Gain. Ve=+5V; Vgg=-5V
20 kHz 20 30 with 70 mVgy,g injected
Cix Load Capacitance, VFyO 20 pF
Rix Minimum Load Resistance, VFyO 3 kQ [ Minimum R
Vox Output Voltage Swing, 1 kHz, VFy +25 V [ R_=3kQ
ANALOG INTERFACE, RECEIVE FILTER
SYM | PARAMETER MIN | TYP | MAX | UNIT | TEST CONDITIONS
Igr Input Leakage Current, VFgl 25 A [-2B5V V<25V
Rir Input Resistance, VFgl 1 MQ
Ror Output Resistance, VFRO 100 Q
Vosr Output DC Offset, VFRO 200 mV | VFgl Connected to
GRDA
PSRR3 | Power Supply Rejection of 1 kHz 30 35 dB | Vgg=-5V; V=15 V with
V¢ at VFRO 3 kHz 20 30 70 mVRys injected
20 kHz 30 45
PSRR, | Power Supply Rejection of 1 kHz 30 35 dB Vee=+5 V; Vgg=-5V with"
Vgg at VFg0 3 kHz 13 18 70 mVgyg injected
20 kHz 25 30
Cr Load Capacitance, VFRO 20 pF
Rir Minimum Load Resistance, VFRO 10 kQ | Minimum R
Vor Output Voltage Swing, VFR0 +25 V |R.=10kQ

DC AND OPERATING CHARACTERISTICS .
Tp =0°Cto +70°C, Ve = +5 V 1+ 6%, Vgg = -5 V £ 5%, GRDA = 0V, GRDD = 0V, unless otherwise specified.

ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE

SYM | PARAMETER MIN | TYP | MAX | UNIT | TEST CONDITIONS -

lsRA Input Leakage Current, PWRI 200 nA |25V V<25V

Rira Input Resistance, PWRI 1 MQ

Rora | Output Resistance, PWRO™, PWRO™ 4 Q | |lgyur]l <10mA Eu_
22w
set
£

Vosra | Output DC offset, PWRO™, PWRO™ 50 mV | PWRI Connected to

GRDA
Cira | Load Capacitance, PWRO™, PWRO™ 100 | pF
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ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE'(Cont’d)

SYM

PARAMETER

MIN

TYP

MAX

UNIT

TEST CONDITIONS

Vora1

Output‘\/.oltage Swing Across R,
PWRO™, PWRO™ Single Ended
‘Connection; R| Connected to GRDA

25

R =3000

Vora2

Differential Output Voltage Swing Across
R.. PWRO™, PWRO- Balanced Output
Connection; R_Connected Between
PWRO+ and PWRO"~

R, = 600 O

AC CHARACTERISTICS _
Tp =0°Cto +70°C, V¢ = +5V £ 5%, Vgg = -
Clock Input Frequency:

TRANSMIT FILTER TRANSFER CHARACTERISTICS

CLK = 2.048 MHz % 0.1%, CLKS = V,,; (Tied to V)

CLK = 2.560 MHz * 0.1%, CLKS = Open Circuit

5V + 5%, GRDA'= 0V, GRDD = 0V, unless otherwise specified.
CLK = 1.536 MHz £ 0.1%, CLKS =V, (Tied to Vgg) ’

SYM PARAMETER MIN | TYP | MAX | UNIT [TEST CONDITIONS
Ggry Gain Relative to Gain at 1 kHz 0 dBmO Input Signal
Below 50 Hz -28 dB__|Gain Setting Op Amp at
50 Hz -36 |-295| -28 dB |Unity Gain
60 Hz -30 -26 dB -
200 Hz -1.8 -125 | dB |0 dBmO Signal=.88 Vs,
300 Hz to 3000 Hz -0.125 +0.125] dB |Input at VFyI™
3300 Hz -0.65 0.03 dB
3400 Hz -1.4 -0.1 dB [Output at VF,O
4000 Hz -145 | dB |is=1.25 Vgyg
4600 Hz and Above -33 dB
Gax Absolute Passband Gain at 1 kHz, VFxO 2.85 30 3.15 dB |Gain Setting Op Amp at
Unity Gain; 25°C
Gaxr | Gain Variation with Temperature at 1 kHz .0005 dB/°C{0 dBmO Signal Level
Gaxs Gain Variation with Supplies at 1 kHz 0.05 dB/V |0 dBmO Signal Level,
Supplies + 5%
CTar Cross Talk, Receive to Transmit, Measured -60 dB  |VFgl = 1.25 Vgys P
at VFy0 V at 1 kHz. VFyI" to GRDA.
. VFyI™ to GSy.
GSy through 10 k(1 to GRDA|
Nexa Total C Message Noise at Output, VFxO 6 12 '|dBrnCO|Gain Setting Op Amp
: . at Unity Gain, TLP=+4 dB
10 16 | dBrnC|at VFyO .




TRANSMIT FILTER TRANSFER CHARACTERISTICS (Cont’d)

SYM PARAMETER . MIN | TYP [ MAX | UNIT | TEST CONDITIONS

Nexa Total C Message Noise at Output, VF,O 10 14 |dBrnco|Gain Setting Op Amp
at 20 dB Gain, TLP=+4 dB
14 18 | dBrnC |at VF,O

Dpx Differential Envelope Delay, VF,O

1 kHz to 2.6 kHz 40 us
Dax Absolute Delay at 1 kHz, VFyO 195 us
DPy4 Single"Frequency Distortion Products -48 dB |0 dBm Input Signal at
1 kHz
DPy, Single Frequency Distortion Products -45 dB 0.125 Vgpg 1 kHz Input
at Maximum Signal Level of Signal at VFXI+. Gain
+3 dBmO at VF,O Setting Op Amp at 20 dB

Gain. The +3 dBmO
signal at VFyO is 1.77

Vams:

AC CHARACTERISTICS
T, =0°Cto +70°C, Voo = +6 V £ 5%, Vgg = -6 V £ 5%, GRDA = 0V, GRDD = 0V, unless otherwise specified.

Clock Input Frequency: ~ CLK = 1.636 MHz = 0.1%, CLKS =V,  (Tied to Vgg)
CLK = 2.048 MHz £ 0.1%, CLKS = V| (Tied to V)
CLK = 2.560 MHz * 0.1%, CLKS = Open Circuit

RECEIVE FILTER TRANSFER CHARACTERISTICS

SYM PARAMETER MIN | TYP | MAX [UNIT|TEST CONDITIONS
Ggrr Gain Relative to Gain at 1 kHz with 0 dBmO Input Signal
sin x/x correction; CODEC and filter
Below 200 Hz 0.156 | dB |0dBmO Signal=1.25 VgpgX
200 Hz -0.10 0.15 | dB ) ot af
300 Hz to 3000Hz ~0.10 015 | a8 |\ z000// \& )
3300 Hz -0.65 003 | dB '
3400 Hz -14 -0.1 dB |Input at VFgl
4000 Hz -145 | dB
4600 Hz and Above -32 dB
Gag Absolute Passboard Gain at 1 kHz with -0.15 0 +0.16 | dB |[25°C
sin x/x correction; CODEC and filter
GaRT Gain Variation with Temperature at 1 kHz 0.0005 dB/°C|{0 dBmO Signal Level
Gars Gain Variation with Supplies at 1 kHz 0.05 dB/V |0 dBmO Signal Level,
Supplies + 5%




RECEIVE FILTER TRANSFER CHARACTERISTICS (Cont’d)

SYM |PARAMETER MIN | TYP | MAX| UNIT |TEST CONDITIONS
CTtg Cross Talk, Transmit to Receive, -60 dB |VFylt = .88 Vgus
Measured at VFRO at 1 kHz. Gain
Setting Op Amp at
Unity Gain. VFgl
connected to GRDA.
Ncg | Total C Message Noise at Output, VFRO 6 14 |dBrnCO|VFRO Output or
10 | 18 |dBmC [pWRO* and PWRO™;
Connected with Unity
Gain, TLP=+4 dB at VFgl
Dpr Differential Envelope Delay, VFRO, 120 us
1 kHz to 2.6 kHz
Dar Absolute Delay at 1 kHz, VFRO 125 us
DPg; Single Frequency Distortion Products -48 dB [0dBm Input Signal at
1 kHz
DPg, Single Frequency Distortion Products -45 dB [+3 dBmO Signal Level

at Maximum Signal Level of
+3 dBmO at VFRO

of 1.77 Vas, TkHz
Input at VFRO




APPLICATION BRIEF

MOSTEK.

TELECOMMUNICATIONS

CODEC/ /Filter Demo Board

INTRODUCTION

Mostek's CODEC and filter series consists of four parts: the
MK5151 and MK5116 u-255 law companding CODECs,
the MK5156 A-law companding CODEC, and the MK5912
filter which contains both transmit and receive filters. Any
one of these CODECs and a MK5912 filter make up a
complete interface circuit for use in a digital Central Office
or PBX switching system. This interface circuit performs the
necessary filtering, A/D conversions, and D/A conversions
to interface the voice-frequency signals at the telephone
line input to the digital bus of the switching system.

This demonstration board shows the basic operation and
performance of the CODEC/filter pair. The board also
shows the small number of external components that are
required for a typical system.

BOARD DESCRIPTION (Refer to Figure 1)

This demonstration board uses the MK5912 filter in
conjunction with the MK5116 CODEC. However, the
MK5156 may be substituted for the MK5116 due to the
identical pin assignments.

A 2.048 MHz crystal oscillator provides the master clock for
both the MK5912 and the CODEC. A dual binary counter
supplies the CODEC with the necessary transmit/receive
clock and sync puises. Although the CODEC transmit/
receive clock rate may be any frequency between 64kHz
and 2.1MHz, a clock rate of 128kHz is used for simplicity.
Two LM 10 op amps, which have an on-chip low-voltage
reference, are used to provide the k£ 2.5V reference
required by the CODEC. The gain of the LM 10 is set to
match the +2.6V reference within 1% of the -2.5V
reference. In an actual system, the clock and reference may
be shared by many CODECs and filters.

PC BOARD COMPONENT LAYOUT

(Component Side)
Figure 1
- = O|<=—ANAL0G GROUND
by o vam o E GND
A
@ 1
) Y
ANALOG INPUT _ 8 1 X sy
(TRANSMITTER) *O \ | Of<—-
ANALOG OUTPUT _ "~ |rour s » »
(RECEIVER) € OX I I SRR
» () C S
Jé
+ —1 () 2 I
POWER AMP ¢ e — 1
OUTPUT - S mmﬂ R == R ==
2 (O ==
PWR AMP =) O"'_+5V
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GROUND Ew
Ste
Ol<«——DIGITAL GROUND x28E
GND qQuT
D Em
Y1
=0
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There are also a few more external components required by
the CODEC /filter series. One of the external componentsis
an AC coupling capacitor, C1, which is required to block any
DC offset voltage present at the transmit filter output. An
external resistor, R4 is also required to provide a DC path
from the analog input of the CODEC to ground. The
resistance of R4 should be 3k(). The receive side requires
similar circuitry with R8 being 50k} and C7 being 0.1uF.
External resistors R2 and R3 may be used to adjust the gain
of the transmit filter input op amp. No other external
components are required except the recommended bypass
capacitors which are connected to the two power supplies.

CIRCUIT OPERATION (Refer to Figure 2)

The analog input signal applied to pin 1 of the MK5912
passes through the input gain-adjustment op amp to the
transmit band-pass filter, which passes frequencies
between 300Hz and 3200Hz. The transmit filter of the
MK5912, excluding the gain of the input op amp, has 3dB of
gain in the passband. The output of the transmit filter is AC
coupled to the input of the CODEC, which performs the A/D
conversion. The resulting 8-bit words are shifted out of pin8
of the CODEC by the positive transitions of the transmit
clock while the transmit sync is high. With jumpers J4, J5,
and J6 in place, the 8-bit words are shifted into the digital
input by the positive transitions of the receive clock, which is
inverted with respect to the transmit clock. The data is

converted back to an analog signal by the receive section of
the CODEC and is fed to the MK5912 receive filter input, pin
10. The receive filter is a low-pass filter which smooths the
voltage steps of the CODEC analog output and also provides
(sinx)/x correction to give the CODEC/filter pair unity gain
in the passbanid. The output of the receive filter is capable of
driving a 10k{} load.

Jumper J1 can be used to connect the receive filter output
to the input of the power-driver amplifiers. The differential
output of the power amplifiers is capable of driving low-
impedance loads such as the receive leg of a hybrid
transformer. If the power amplifiers are not needed, they
may be deactivated to reduce power éonsumption. This is
accomplished by jumper J2 which connects the power
amplifier input to Vgg. Internal logic sets the power
amplifiers in the deactivated mode when the power supply
is connected to the filter.

Jumper J3 controls the power-down input, pin 13, of the
MK5912. When this pin is pulled high or left open circuit,
the MK5912 goes into a power-down mode which reduces
the power dissipation of the chip to less than TmW.

This circuit operates on = 5V + 5% power supplies. The
analog and digital grounds should be connected together at
the power supply.



CIRCUIT DIAGRAM

Figure 2
ANALOG INPUT  ANALOG OUTPUT POWER AMP
(TRANSMITTER)  (RECEIVER) OUTPUT
R3*
J1J2
40
R2 v
IDL 1 2 3 |4 |5
| =) 12 [VFXI- VFy1- GSx VFRO0 PWRI
CLK
XTAL  2.048 MHz 15V 91 Vee o1 PWRO* 8
N U3 MKS 7
) [ S8, PWRO-
b AAA———
R9 oM ) 15{ |cLKks PDWN GRDD VFRI VFx0
|14 13 |11 10 [16
3 0 oV TC1 1
us Ly s L
4049 ué
4049
12 Cc7
2.048MHz 0.1 4F™* &
5V -5V
15V 128kHz s |14|2 |3 13 |1
14 Yis| 6 8kHz CLK GRDA V+ V- VFRO VFyl
Q403 Qp Q7 v, Q4 Q3 03 Q, 2l b1,y VRer-|18
C 5 C 8 U4 MKs116 116
US | 4520 DiGoyr )
J CLKy CLKg GRDD SYNy SYNg
R EC VssR E C 7101.11 s To
15 1(ﬂ9 18 |7 P 1 L
= 4BV 14 15
- 4
= Ja J6
U6 4049
R5 27.4k(), 1% TOL.
15V
7
sfut~ | .
LM19 2.37k(),1% TOL.
R1 4 2.37kQ,
.
i 2.37k, L 1% ToL, 1% TOL.
1
wv 2 2
Cé Cc8
, . s wsy_C8 ca
+5V > .05uF(4x_)|_
1 oo T 1TTIT C3, .05 uF
U6 4049 D
(SPARES 3 PLCS) GND
A S
AT
-5V .O5uF
-

*Unity gain voltage follower configuration may be used by shorting R2 and omitting R3. -
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PC BOARD LAYOUT
Figure 3
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