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TCM 2910A is Designed to Be
_ Interchangeable With Intel 2910A

TCM4110 and TCM4910 Offer Improved
Half-Channel Gain Tracking Error

Max Half-Channel Gain Tracking Error for
P| = - 50 dBmO to -37 dBm0Q
TCM2910A TCM4910 TCM4110
+0.9dB £ 0.7 dB +0.6dB

® Compatible with CCITT Recommendations

G.711 and G.712

® 4-266-law Encoding and 8th-bit Signaling

Compatible with AT&T D-type Channel
Banks

TTL-Compatible Digital inpulrs and Outpﬁu
Optional Programmable Time Slot Selection

Low Operating Power Consumption:
Active . .......... 230 mW Typical
Power-downmode ... 33 mW Typical

+ 5% Power Supplies: +12V, 46V, -5 V

High-Reliability, Advanced N-Channel MOS
Technology

Low External Component Count -«--- -
PEP Processing Available
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N AND JW {600-MIL}
DUAL-IN-LINE PACKAGES

(TOP VIEW)
caext [J1 U 24[Jcike
carx2 []2 23[]oc

anGgin[fs  22[]ves
autozero [J4  21[]siex
anLGonD [[5  20[ ] Fsx
sicr [Je 19 ] cLKx
voo []7 18[ ] Fsr
pcm 1N []8 17| J cLkR
pon[Jo 18[Jvee
antGout [Jio  15[] 73X
ne 11 1a[]remout
Nc[ 12 13[ JoGTLGND

NC = Na internal connection

Caution. These devices have limited buiit-in gate protection. The lsads should be shorted together or the device

description

‘EI\ placed in conductive foam during storage or handling to prevent clectrostatic damage to the MOS gates.

These circuits are single-chip pulse-code-modulated encoders/decoders (PCM CODECs) that provide all the functions
required to interface a full duplex (4-wire) voice telephone circuit with a time-division-multiplexed (TDM) system. In-
tegrated into the CODECs are circuits for signaling interface, PCM time-slot control logic, analog-to-digital (A/D) con-
version, and digital-to-analog {D/A) conversion. Primary applications of the devices include:

@ Line interface for digital transmission and switching of T1 Carrier, PABX and Central

Office telephone systems.
@ Subscriber line concentrators
® Digital encryption systems
#® Digital voice-band data storage systems
® Digital signal processing
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functional description

These devices are designed to perform the transmit {encoding o.t A/D oonversién] énd receive tdocoding

“"55C 33952 O
—

e -

or D/A conversion) functions in a pulse-code-modulated system.

The functions of the CODEC are control, transmit, and receive.
a digital-to-analog converter, a multiplexer, and a co
D/A-converter resistor ladder network with an accurate, stable refarence,
A/D output as well as the D/A output. The control

precision voltage reference,
voitage reference supplies the
The analog output, in turn, is used to determine the
register multiplexes incoming receive and outgoing transmit data into the D/A converter.

The control section also enhances the basic CODEC
power-down circuits. These circuits allow dynamic a
small systems this feature could sig
In larger systems the time slot selection circuits can be disa
at a common system location. With either system design,

periods of inactivity, thereby significantly reducing average system power consumption.

functional block diagram - -

- oy
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B

The control section is comprised of a
ntrol register. The

function with programmable time slot allocation and
Hocation of both receive and transmit time slots. In
nificantly reduce per-channel hardware for the first level of switching.
bled, and time slot allocation can be performed

these CODECs can be powered down during

-
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L ________________________________________ ¥
Pin Functional Description 1-75-11 ‘05
Pin | Neme Description
1t | CAPX1 Connection for the transmit holding (analog eampling) capacitor.
2 | CAPX2 Connection for the transmit holding (ansalog sampling) capacitor,
3 | ANLG IN Analog input to be encoded into 8 PCM word. The signal on thie pin is eampled at the same rate as the transmit
frame syncheronization pulse, FSX, and the sample value is held in the external capacitors connected at the
CAPX1 and CAPX2 pins. '
4 | AUTO ZERO| This output is the same as the most significant bit of the encoded PCM word [+ 5 V for negative, =8 V for
positive inputs).

$ | ANLG GND | Analog retum comman to the transmit and receive anslog circuits, Not connected to DGTL GND internally.

6 | SIGR Signafing output SIGR is updated with the Bth bit of the raceive PCM word on signaling framas, and is latched
betwean two signafing frames. TTL-compatible. :

7 | Voo Supply voltage {12 V = 6%) referenced to analog ground.

8 | PCMIN Recelve PCM highway [serial bus) intarface. The CODEC serially receives a PCM word (8 bits) through this pin at
the time defined by FSR, CLKR, and the contents of the receive control register,

8 | PDN Power down output is active (high} when the CODEC is in the power-down state. The open-drain output is
capable of sinking one TTL load {1.68 mAl.

10 | ANLG OUT | Analog output. The voltage present on this pin is the decoded value of the PCM word received on PCM IN and is
held constant batween two conversions. )

11 | NC No internal connection. It is recommended that this pin be connected to ANLG GND.

12 | NC No internal connaction. It is recommendad that this pin be connected to ANLG GND.

13 | DGTL GND | Ground retum common to the logic power supply, Vee.

14 | PCM OUT Qutput of the encader onto the PCM highway. The 8-bit PCM word s serially sent out as defined by FSX, CLKX,
and the control register. TTL three-state output capable of driving two TTL loads {4 mA).

15 | 78X Normally high, the transmit time-slot output goes low while the CODEC is transmitting » PCM word on PCM OUT.
Time slot information is used for diagnostic purposes and also to gate the data on the PCM OUT pin to the PCM
transmit highway. The open-drain output is capable of sinking two TTL loads (3.2 mA).

18 | Voo Supply voltage (B V + 6%) referenced to digital ground.

17 | CLKR Clock input that defines the bit rate on the receive PCM highway (1.544 megabits per second for & T1 carrier).
The maximum rate is 2.1 magabits per second at 50% duty cycle. TTL-compatible.

18 | FSR Frame synchronization pulse for the receive PCM highway. Resets the internal time slot counter for the receive
section. Maximum frame synchronization repetition rate is 12 kHz, Also used to difforentiate between non-
gignaling frames and signaling frames for the receive side. TTL-compatible.

18 | CLKX Transmit clock input defining the bit rate on the transmit PCM highway. It is typicaity 1,644 megabits per sec-
ond for a T1 carrier system. Maximum rate Is 2,1 megablts per second at 50% duty eycle. TTL-compatible.

20 | FSX Frame synchronization pulse for the transmit PCM highway. Resets the internal time siot countor for the transmit
section. Maximum repetition rate is 12 kHz. Also used to differentiate between nen-signaling lurnu and signal-
ing frames on the transmit section. TTL-compatible.

21 | SIGX Signaling input. This digitel input is transmitted as the Bth bit of the PCM word on the PCM QUT pin in signaling
frames. TTL-compatible.

22 | Vgp Supply voltage { =5 V = 5%) referanced to ANLG GND,

23| DC Data input to program the CODEC for either the direct or microcomputer mode of operation. TTL-compatible.

24 | CLKC Clock input to clock in the data on the DC pin that defines the mede of operation of the CODEC. When CLKC is
connected to Vo, DC becomes an active-low chip select, TTL-compatible.
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operation ML
* These CODECs are capable of operating as transmitters and receivers in any of the 64 channels of a PCM
system. The receive and transmit sections can be assigned to the same channe! {time slot) or to different
channels, and assignments can be changed under microcomputer control to meet changing system
needs. Table 1 shows the control options.

TABLE 1
OPERATION CONTROL CONFIGURATIONS -
CONTROL
SIGNALS® OPERATION
CLKC _ DC

X Undefined operation

Vee H | Power-down or standby operational status
L
X

Diract-control operation, Receive and transmit in the first time siot. -

Microcomputer-contral operation. Clock in one of & Bite of the control word at the DC input. |

Bits 1and2 .. (See Figure 3) . S
4] 0 Load bits 3 through 8 into transmit and receive time-slot counters.

[} 1 Load bits 3 through 8 into transmit counter only.
17 0 - Load bits 3 through 8 Into receive counter only,
1 1 Power down (Bits 3 through 8 are irrelevani).

Bits 3 through 8 for time slot assignmants 1 through 64, The time slot numbers
equal one more than the decimal equivalent represented by bits 3 {MSB)
thtough 8 {LSB) using positive logic.
Time |
slot Bit3 Bitd4 BrS Brt6é Br7 Bt8

1 ] 0--0 0 0 o

2 o o ©o o 0 1 .

- - - - - w

0

- 6 ©0 O .0 1 0. .4 ..

63 1 1. 1 1 10

64 1 1 1 1 1 1
*H = high level, L = low Svel, sec digitsl interface wblo.
e X o= lrredevent, § = Vige-to-low trsngition. . " - -

in microcomputer control operation, the control word at DC is divided into a mode section (bits 1 and 2)
and a time slot assignment (bits 3 through 8). In mode 00 both the receive and transmit time slot counters
are addressed, and they both receive the same subsequent 6-bit time slot assignment. In mode 01 the
transmit time slot counter is addressed for time slot assignment. Mode 10 assigns a time slot only for the

receive section. Mode 11 puts the device in the standby operational status and ignores the remaining 6
bits of the contro! word. Specific functional considerations for microcomputer-control operation are:

® Al 8 negative-going transitions of CLKC must occur within 125 microseconds for the frame rate of
8 kilobits per second. The first transition of CLKC may occur anywhere within a frame, The CLKC pin
should be at a TTL low level after time slot assignment is completed.

® A dead period of 250 microseconds (2 frames) must be observed between the first positive transi-
tion of CLKC in a time slot assignment and that of any subsequent time slot assignment.

® It is recommended that either mode 00 or mode 01 be transmitted to the control register during
powaer-up or system initialization to ensure that a valid time slot is always transmitted.

® The receive or the transmit section of the CODEC will operate only after both sections have been
assigned a time slot. Therefore, transmit-only and receive-only time slot allocation is not allowed.

® Clocking the control register while the CODEC is active may cause an increase in idle-channel noise.
I — — ——
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. T-75-11-05

Direct-control operation is implemented by connecting the CLKC pin to + 5 volts [Vcc] and using the DC
pin as the chip select pin. When the DC pin is held low, the device transmits in the channel following FSX
"and receives in the channel following FSR. On the other hand, when the DC pin is held high, the device is
in the power-down state. Operational considerations for direct time slot allocation are:

® At least two framing pulses must occur after DC goes low to ensure that the CODEC is in direct-
" control status. '

® Three frames (375 microseconds) are required to enter direct operation after power supply re-
quirements are met and all clocks are available.

® After DC is brought high, two framing pulses are required to put the CODEC into the standby mode.

® The TCM2910A canreplace a 2910 CODEC even though the CLKC characteristics are not the same
for the two devices.

encoding mode
The analog input signal sampled at the ANLG IN pin is held by an external capacitor on pins CAPX1 and
CAPX2. This sampling is done synchronously with the transmit time slot assigned to the device. The
eight-bit digital PCM word will be transmitted on the PCM OUT pin in the frame mmed;ately 1ollowmg the
frame in which the analog signal was sampled See Tabio

decoding mode

When the assigned receive time slot ogcurs, the etght -bit digital PCM word is fetched from the PCM
highway on the PCM IN pin. The word is converted from digital to analog and held with an internal
capacitor until the next assigned receive time-slot update. See Table 3.

signaling - : :

These devices are compatible with per-channel signaling and are capable of differentiating between the
signaling and nonsignaling frames. A signaling frame is one in which the eighth bit of the PCM word con-
tains signaling information while the seven most significant bits are normal information bits. The signaling
frame is designated by the framing pulse (FSX or FSR) whose length is extended to two full clock periods
as shown in the timing diagrams. A framing pulse of a nonsignaling frame is one full clock period in
length. During a transmit signaling frame, the level present on the SIGX pin is substituted for the 8th bit of
the PCM word. During a receive signaling frame the value of the 8th bit of the PCM word of the recsive
channel will be put on the SIGR pin and the signal level will remain unchanged until it is updated by the
next signaling frame. The remaining 7 bits will be decoded according to the procedure in CCITT Racom-
mendation G.733. See Figure 1 and Figure 2 for transmit and receive timing diagrams.

framing
These devices are compatible with the D3/D4 framing format (T1 framing), which inserts a 193rd bit
after the 24th serial channel {8 bits per channel) frame. The extra bit raises the clock frequency (CLKX
and CLKR) from 1.636 MHz to 1.544 MHz.

standby operation

The CODEC provides for powering down to mndby status from both microcomputer-control and direct-
control operation. The power consumption is reduced from 230 mW to 33 mW., Standby operation
results in the powering down of all the CODEC functions except the DC, CLKC, SIGX, SIGR, and PDN in-
puts. Also, PCM OUT is forced into a high-impedance state thus helping to ensure that the PCM bus will

not be driven. The SIGR output is held low to provide a known condition until changed by & signaling
frame after reactivation.

In microcomputer-control operation, the power-down state is invoked by clocking in 11 at the DC input as
described in Table 1. In direct operation the power-down state is called by taking the DC pin high and con-
necting clock CLKC pin to V. Racovery from the power-down condition is accomplished by forcing DC
to the low level and allowing at least 2 frame synchronization pulses to occur.
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internal reset

These devices are designed to aid the designer in the elimination of certain system power-interruption pro-
blems. Three of the most common of these problems are:
( 1) Plugging a card into a ‘*hot”" system thus causing spikes on the common power supplies
( 2 ) Various transients such as caused by duplicated power supply fauits or power feeder fauits
( 3 ) Transients and spikes that result from turning the power supplies on.

“These devices -are tolerant of transients in the negative power supply (Vgg) provided that Vgg remains
more negative than — 3.5 volts. The device will go into the power-down (standby) status if, during power
up (single-card or system), Vo or Vpp is supplied after Vgg or if a transient causes the positive power
supplies to drop below approximately 2 volts. Since TSX is inhibited in standby operation, any CODEC in
this status can be detected easily.

companding

The amplitude distribution of a speech message is not uniform. Moreover, the probability of occurrence

" for a small amplitude is greater than the probability for large amplitudes. Advantage can be taken of this
fact by ‘‘compressing’’ digital resolution into ‘the lower signal amplitude during transmission and
““expanding’’ the signal upon the reception, thus increasing the overall signal-to-noise ratio. The Bell
system has defined this function and entitled it the p-law.

In [1 +pu|x|]
- . f(x) = sgn{x) ———— for: -1 <x<1

, In(1+pu
where u = 255, x is the normalized input, and sgn(x) is the sign of x. A continuous implementation of
f(x) would be impossible, therefore a piecewise continuous approximation of f(x) is used. The approxima-
tion divides the function into 16 segments, and each segment is divided into 16 equal intervals except for
the first interval of the first segment. Refer to CCITT Recommendation G.711 for the segment and inter-
val implementation details of the p-law used for these circuits.

absolute maximum ratings ,
VCC, VDD, ANLG GND, and DGTL GND with reSpect to VBB « - « « « v e e vevsnvn.. —0.3Vt020V

Allinputs and outputs withrespecttoVBB . .. ... ..o vv v o e e e e e e e -0.3Vto20V
Temperatureunderbias . ..............0v, ... e e e e e e e "—10°Cto80°C
- Storage temperaturerange . .. .. ... ... e e e e e e e . —65°Cto 150°C

NOTE: Stresses in excess of absolute maximum ratings may permanently damage the device. Functional operation outside the recommended operating condi-
tions is not guaranteed. Prolonged exposure to absolute maximum ratings may have an adverse effect on device characteristics.

recommended operating conditions

- MIN NOM MAX UNIT
Supply voltage, Vpp (see Note 1) i 11.4 12 12.6 \Y
Supply voltage, Voo 4.75 5 5.25 - A"
Supply voltage, Vgg -4.75 -5 -5.256 \"
Grounds (ANLG GND and DGTL GND) . 0 \Y
Auto-zero resistor, R1 {see Figures 4 and 5) ) 150 kQ
Auto-zero resistor, R2 (see Figures 4 and 5) 330 Q
Auto-zero resistor, R3 (see Figures 4 and 5) 470 kQ
Analog coupling capacitor, C1 (see Figures 4 and 5) 0.1 uF
Analog coupling capacitor, C2 (see Figure 5} 0.3 uF
Analog sampling capacitor, CAPX, for 8-kHz sampling rate {see Figures 4 and 5) . 1600 2000 2400 pF
Operating free-air temperature, Tp : . : : : o] 70 °Cc

NOTE 1: Voltages at the analog input, analog output, and Vpp terminals are with respect to the analog ground terminal. All other voltages are referenced to
the digital ground terminal unless otherwise noted. :
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-
[‘ electrical characterlstlcs over recommended ranges of operating free-air temperature and
L supply voltages (unless otherwise noted)
digital interface
PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT
Viy High-level input voltage - : 2 \"
Vy  Low-level input voltage ’ 0.6 \
iy High-level input current ) V| =56.5V 10 A~
> iy  Low-level input current Vi=0V ~10 pA
v High-level output voltage PCM OUT lgg = 15 mA 2.4 v
OH (see Note 2) SIGR lop = 80 pA 2.4
PCM OUT lop = 4 mA 0.4
VoL Low-level output voltage SIGR log = 0.5 mA 0.4 v
PDN lgp = 1.6 mA 0.4 :
TSX IOL 3.2 mA 0.4
analog interface . e ) L .
PARAMETER . TEST CONDITIONS MIN TYP* MAX UNIT
Analog-input impedance (between ANLG IN and ) .
CAPX1) in series with CAPX to ANLG GND ’ 'V|' = —3.1Vto 3.1V 125 300 500 T Q
during sampling of ANLG IN ) o o ’ ’ -
Small-signal impedance at ANLG OUT Vg= -3.1Vt3.1V 100 180 300. Q
) Serial 11111111 h ’
D . —
ecoder output offset voltage v to PCM IN 50 50 mV
Serial 11111111
i fset volt N - .
: < Encoder input offset voltage (see Note 3) from PCM OUT 5 1.5 5 mV
. _ Peak neg.attlve output voltage at auto zerot 400 Kk to ANLG GND Vg +2 VgB \
_ Peak positive output voltage at auto.zero Vee—-2 Vee \"
power supplies . ) o .
: PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT
Ibp1 Vpp standby current 0.7 1.1 mA
_ 'CC1 Vc standby current Vpp = 12.8V, 4 7 mA
: lag1 Vpgp standby current Vee = 5.28V, -1.4 -2.5 mA
13 Ipp2 Vpp operating current Vgg = -4.75V, 1 16 mA
lcc2 Ve operating current fcLk = 2.048 MHz, 13 21 mA
BB2 Vgp operating current ) See Note 4 -4 -6 mA
tLimits are expressed as magnitudes. For example, if Vgg = —5 V, the typical value is — 5 V and the minimum value is -3 V.

- * Typical values are for TA = 25 °C and nominal power supply veltages
NOTES: 2. PDN and TSX outputs are open-drain transistors that only sink current to DGTL GND. External pull-up devices are required to source current.
3. External auto-zero must be used when the required input offset is less than +4 code steps or approximately 2.7 mV. The external auto-zero
circuit shown in Figure 5 will bias the CODEC at the zero-crossing point and reduce the input offset voltage to zero.
4. These measurements apply to the microcomputer and direct modes. All output pins are left open. The DC input (pin 23} is at 5 V for standby cur-
rent and at O V for operating current. All other input pins are grounded with the clocks operating.
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operating characteristics over recommended ranges of operating free anr temperature and o ")
supply voltages and R = 600 Q (unless otherwise noted). - .

gain and dynamic range

PARAMETER - ) - TEST CONDITIONS MIN TYP* MAX UNIT
- - - Nominal supply voltages, Ta = 25°C, .
Digital milliwatt response -
9 See Note 5 and Figure 8 5.63 5.63 5.73 dBm
Temperature coefficient of . Nominal supply voltages, . . —0.001 —0.002 dB/°C
digital milliwatt response - See Note 5
H R -~ e e Supply voltages changing 5%,
: Change in digital milliwatt response
: TA = 25°C, See Note 5 +0.07 d8
H RMS input d ic volta . Nominal supply voltages, . :
i nput dynamic voltage , pply voltag 217 . 220 2.23 v
H range using dc and ac tests _. ; Ta = 25°C, See Note 6 and Flgure 8
Temperature coefficient of R . Nominal supply voltages, ..... .. . _0.5 mv/°C
RMS input dynamic voltage range .. - See Note 6 -
. . . Supply voitages changlng +5%, -
Change in RMS input dynamic voltage range
" = 25°C, See Note 6 +18 mVv
i RMS output dynamic voltage range Nominal supply voltages, Tp = 25°C 2.13 2.16 2.19 v
fici f RMS :
Temperature co.ef ictent o Nominal supply voltages - ) -0.5 mV/°C
output dynamic voltage range
E Change in RMS output dynamic voltage range Supply voltages changing £5%, .. | . .- +18 mvV
: ' Ta = 25°C : -
Self-loop gain = 0 dBm O at 1.02 kHz, 4B )
P9 See Note 7 and Figure 7 -0.2

*Typical values are at Tp = 25°C, Vpp = 12V, Vg = 6V, Vgg = -5 V. - - - — - -
NOTES: 5. The input to PCM IN is a repetitive digital word sequence specified in CCITT Recommendaﬂon G.711. Measurement is made at ANLG OUT.

R Limits are not corrected for (sin x)/x degradation and no C- message-welghted filter is used. See Table 2 on Page 15.
. 6. In the dc procedure, the positive and negative clipping levels are measured and dynamic voltage range is calculated. In the ac procedure, a
sinusoidal input signal to ANLG IN is used and input dynamic voltage range is measured directly.
7. The CODEC acts as both encoder and decoder (PCM OUT = PCM IN} in a digital loop-back configuration. Specified gain is in addition to normal
{sin x)/x insertion loss. See Note 8.
8. In the term {sin x}/x i ) i L

measurement frequency
sampling frequency
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gain tracking error at f = 1.02kHz- - -~ -
MOST MOST '
- : - - TEST CONDITIONS T I
PARAMETER 0 _ NEG. YP POS. UNIT
g - . i P = -37 dBmO to 0 dBmO -0.4 0.4
En 't°‘e""F_9a‘-“ ‘:‘" L T P, = —50 dBmO to — 37 dBmO 0.8 0.8] dB
error {see Figure 6) ’ P, = —55dBm0 to —50 dBmO -2.4 2.4
. : P = -37 dBmoO to O dBmO -0.3 0.3
- o T TCM2910A P = —50dBm0 to —37 dBmO -0.9 09| dB
Half ch‘ nnel-'- ;in trackin i : P, = —-55 dBmO to —50 dBmO -1.5 1.5
air-chal rackli
oo N 9 Pi = —37 dBmO to 0 dBmO ~0.25 0.25
ror lencoderony . | tcmM4110 [ P, = —50 dBmO to — 37 dBmO ~0.5 05| dB
with ideal decoder) .
P = —55dBm0 to —50 dBm0O - ~-1.2 1.2
See Figure 8
S R - P = —37 dBmO to 0 dBmO -0.27 0.27
L "TCM4910 P = -50 dBmO to —37 dBmO - ~-0.7 0.7 | dB
Py = —55 dBmO to —50 dBmO -1.2 1.2
. - P| = —37 dBmO to O dBmO -0.3 0.3
o @ . . | TCM2910A | P = ~50dBmoO to —37 dBmO -0.9 0.9 dB
T . , Py = -55 dBm0to —50 dBmO -1.5 1.5
Half-channel gain tracking
- ) . Py = —37 dBmO to O dBmO -0.256 0.25
error (decoder only "~ - ot -
e -TCM4110 Py = —50dBm0 to —37 dBmO -0.5 0.5 | dB
with ideal encoder}-- - -—-{ - - - -
. Py = —-55 dBmO to —50 dBmO -1.2 1.2
See Figure 8 -
e E P, = ~37 dBmO to O dBmO -0.27 0.27
TCM4810 Py = —50dBmO to —37 dBmO -0.7 0.7 ] dB
) Py = -55 dBmO to —50 dBmO . -1.2 1.2
transmission characteristics (see Figure 8), f = 1.02 kHz (unless otherwise noted)
PARAMETER MIN TYP MAX UNIT
Signal-to-total-distortion ratio, C-Message weighting, End-to-End See Figure 9
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Signal-to-total-distortion ratio, C-message weighting (half-channel)

See Figures 8 & 9

Harmonic distortion {2nd or 3rd overtone) measured at ANLG OUT, P| = O dBmO

quiet code (serial 11111111 to PCM IN})

. —48 -44 dB
See Figure 8.
- Coet R ST RS L - no external auto zero 2 10
Encoder idle-channel noise measured at mid-tread See Figure 4 dBrncO
{no quantizing noise) C-message weighting with no signaling with external auto zero 8
- See Figure 5 -
Encoder idle-channel noise measured at the riser {quantizing noise included) 17 | dBrnco
C-message weighting, no signaling ' ‘ '
. . . no external auto zero
Encoder idle-channel noise measured at mid-tread ] 10 13
See Figure 4
(no quantlzmg noise}, C-message weighting, - dBrncO
- with external auto zero
6th and 12th frame sngnallng per AT&T System requnrements i . 13
See Figure b
Decoder idle-channel noise, no sign-bit toggling, no signaling, -~ ~10 7 | dBrnco
quiet code {serial 11111111 to PCM IN)
Decoder idle-channel noise with sign-bit toggling, no signaling, 13 17 | dBrnco
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- TEXAS gINSTR LLIN/INTFCY 55 OE] aqe172y 0033960 3
TYPES TCM2910A, TCM4110, TCM4910
PCM u-LAW COMPANDING CODECS

8961724 TEXAS INSTR (LIN/INTFC)  55C 33960 D -
clock timing requirements over recommended ranges of operating conditions (see note 10) T-75-11-05
PARAMETER MIN NOM MAX | UNIT }
t(CLK) Clock period for CLKX, CLKR{2.048-MHz systems) 485 ns e
.t Rise and fall times for CLKX, CLKR, and CLKC 5 ) 30| ns
tw(CLK) Clock pulse duration for CLKX, CLKR, and CLKC ~ 215 ns
Clock duty cycle [tw(CLK)/tc(CLK)] for CLKX and CLKR ) 45 55 %

transmit timihg requirements over recommended ranges'of operating conditions (see note 10)

PARAMETER - MIN NOM MAX | UNIT

¢ - Analog input conversion time referenced to ’ 20 time

conv(X) leading edge of transmit time slot,(see Note 9} - - : slots
td(ESX) Frame sync delay time - o 20 160 | ns
tsu(SIGX) Setup-time before Bit 7 falling edge - - [ ns
thiSIGX) Hold time after Bit 8 falling edge - : _ 100 ns

receive timing requirements over recommended ranges of opefating conditions {see note 10)

PARAMETER o . - MIN NOM MAX | UNIT
¢ Analog output update from Ieadin_g e Ce ) 7116 time
conv(R) edge of the channel time siot R ’ slots
t4(FSR) Frame sync delay time 20 160} ns
tsu(PCM IN) Receive data setup time ) o 20 ns
thpcm IN)__ Receive data hold time ) 60 ns
control (microcomputer operation) timing requirements over recommended ranges of operating
conditions" ‘ ) :
PARAMETER MIN NOM MAX | UNIT
tsu(DC) Control data setup time ) 100 ns
th(DC) Contro! data hold time . 100 ns

propagation delay times over recommended ranges of operating conditions (see note 10
and timing diagrams)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

From rising edge of transmit clock Bit 1

tpd1 . to Bit 1 data valid at PCM OUT Cy = Oto 100 pF 50 180| ns

(data enable time on time slot entry) Ce e e - -

From falling edge of transmit clock Bit n

tpd2 to Bit n+1 data valid at PCM OUT o la
{data valid time)

- From falling edge of transmit clock Bit 8
tpd3 . to Bit 8 Hi-Z at PCM OUT CL
(data float time on time slot exit)

From rising edge of transmit clock Bit 1

to TSX active (low) (time slot enable time)
From falling edge of transmit clock Bit 8

to TSX inactive (high) (time slot disable time)
From falling edge of receive clock Bit 8

on signaling frames to updated .- A4 -
signaling bit on SIGR output
(receive signaling update time)

0 to 100 pF 80 230| ns

-

0, See Note 10 75 2451 ns

tpd4 CL=0t100pF |30 220| ns

CL

tpd5 0, See Note 10 70 225] ns

1 tpde 1000| ns

NOTES: 9, The 20-time-slot minimum ensures that the complete A/D conversion will take place under any combination of receive interrupt or asyn-
chronous operation of the CODEC. If only the transmit channel is operated, the A/D conversion can be completed in a minimum of 11 time slots.
10. All timing parameters are referenced to 2 V except tp43 and 'Epd5, which reference a high-impedance state.
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TEXAS INSTR {LI

rNr/W]?T;ITFCV} Eu\'zllzl'?ELl DDBEH[:L 3
 TYPES TCM2910A, TCM4110, TEMAG10
'PCM 1-LAW COMPANDING CODECS.

$961724 TEXAS INSTR (LINVI'IVNTFC) - ) 55C 33961 )

N

TIMESLOT 1-

C" B CLKC

3 -
td(FSX) ‘r—-’i |-— tf—] po— H
| I- td(FSX) : tw(CLK)—®  b— b
ESX INPUT . ' ——f  to(CLK) ———
(NONSIGNALING FRAMES)
——i td(FSX) —»| la—td(FSX)

X

FSX INPUT
(SIGNALING FRAMES)

FIGURE 1a— TRA

NSMIT FRAME SYNCHRONIZATION TIMING

TIMESLOTN

CLKX
T ‘pd1——-|
tpd2

— |@—1pd3 -

PCMOUT BT X 8

XX XX T

——Dl ld—tp.m

TSX OUTPUT ——-;F

l —» I-—tpds

tsu(SIGX)—PI I‘— —p ‘G—‘h(SIGX)

SIGX INPUT

DON‘T CARE f VALID DON'T

FIGURE 1b — TRANSMIT OUTPUT TIMING -

-

TIMESLOT 1
CLKR 1 2 3 6 7 8

< : ——| td(an)|
FSR INPUT _a(_'!‘ td(FSR)

> I‘_ tf_" I'— ﬁ-"w(CLK)

l"‘c(CLK)"'

(NONSIGNALING FRAMES)
- ——l I-—tdu:sm ——|

FSR INPUT
{SIGNALING FRAMES) J

I‘_td(FSR)
X

FIGURE 2a — RECEIVE FRAME SYNCHRONIZATION TIMING

TIMESLOT N ——

CLKR
tsu(PCM IN)
th(PCM IN)

! SIGR OUTPUT

VALID XVALID

Ie—

¢ MODE SELECT -bjé———————TIME SLOT ASSIGNMENT ———————b]

FIGURE 3 — CONTROL TIMING
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TEXAS INSTR {LIN/INTFC} 55 De]] adui7auy oo3aqea sr

TYPES TCM2910A, TCM4110, TCM43910
PCM p-LAW COMPANDING CODECS

8961724 TEXAS INSTR (LIN/INTEC) 55L 33962 D
T-75-11-05
power supply rejection and crosstalk attenuation . . :

. PARAMETER - TEST CONDITIONS MIN TYP* MAX UNIT
SVRR1 Vpp supply voltage rejection ratio Decoder alone, See Note 11 45 556 dB
SVRR2 Vpgp supply voltage rejection ratio Decoder alone, See Note 11 35 38 dB
SVRR3 Ve supply voltage rejection ratio Decoder alone, See Note 11 50 80 dB
SVRR4 Vpp supply voltage rejection ratio Encoder alone 50 75 dB
SVRR5 Vpgg supply voltage rejection ratio Encoder alone 45 70 dB
SVRR6 Ve supply voltage rejection ratio Encoder alone 50 86 dB
SVRR7 Vpp supply voltage rejection ratio Self loop, See Note 12 40 50 dB
SVRR8 Vpgg supply voltage rejection ratio Self loop, See Note 12 35 38 dB
SVRRY V(- ( supply voltage rejection ratio Self loop, See Note 12 50 80 dB

XT Crosstalk attenuation See Figure 10, See Note 13 75 >80 dB

*Typical values are for Ta
_ NOTES: 11.

= 25°C and nominal power supply voltages.

are made at the remote encoder output with the decoder in idle-channel conditions.

With the test device acting as a decoder, a 200 mV peak-to-peak, 1.02-kHz signal is applied to the appropriate supply pin and measurements

. With the test device acting as encoder and decoder, a 200 mV peak-to-peak, 1.02-kHz signal is applied to the appropnate supply pin and
measurements are made at the decoder output with the encoder in idle-channel conditions,

13. The analog input power is O dBmO at 1.02 kHz and the decoder is under idie-channel conditions, Measurement is made at ANLG OuT.

s s s - P

FILTER g CODEC
r———— - - —-—_— = = — = — = — = -
i I 1 . N
A ] I 0.3uF o R éAPX‘l |
ENCODER
| N '_' L AT oo AN |
| FILTER [ I : |
, N s
| 150 ke I . p
: | | —o” 0—] pac CAPX2 |
| o —|AUTOZERO | —_— . |
e LT e, I R R B , - |
| | ANLGGND | L [+ l
l | | - T 2mV |
| | DEcODER | 4 | - . T ... OFFSET‘
: FILTER I :ANLG ouT - |
|
| I f- - ANLG GND !
IO I e e e e e d

S . -

FIGURE 4 — ANALOG INTEHFP;CE WITHOUT EXTERNAL AUTO ZERO

R N e - S

Y 2 T -
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TEXAS INSTR {LINZINTFC} 55

ve] aduivzy 00333 2

“TYPES TCM2910A, TCM4110, TCM4910
PCM n-LAW COMPANDING CODECS

. 1 T-75-11-05
TYPICAL APPLICATION INFORMATION
" FILTER o _ Cobec __ ________
I [ {
| |
| |
| ENCODER o o — A capxi |
: FILTER |
| | I carx _L
| I . - | 2000pF
I | 7, | bac capx2 | I
| | R
[ | |
| B £
= : -_2 mV |
i DECODER - OFFSET |
i FILTER i ANLG OUT |
- 2 '3"-'?"";‘7“,-- - e '
| | B R ANLG GND |
L __1 Y SO -
FIGURE 5 — ANALOG INTERFACE WITH EXTERNAL AUTO ZERO
PARAMETER MEASUREMENT INFORMATION
prpres ANLG PCM ANLG PCM .
N ouTt -{in OUT |-
ADRET 2230 i
(or equivalent) CODEC CODEC ANALOG
LEVEL METER
~ pcm ANLG PCM ANLG W & G PLM.95
IN out IN ouT (or equivalent)

FIGURE 6 — END-TO-END GAIN TEST CIRCUIT

ANALOG
SOURCE

ADRET 2230 -
(or equivalent)

ANLG - PCM
IN ouT
CODEC
PCM ANLGH=
N ouT

ANALOG
LEVEL METER
W& G PLM-95
(or equivalent)

FIGURE 7 — SELF-LOOP GAIN TEST CIRCUIT
W & G: WANDEL AND GOLTERMANN
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TEXAS INSTR {LIN/INTFC 55 DEJ] adu172y oo3zdss 9 |

= 7 1aeq N
TYPES TCM2910A, TCM4110, TCM4910 , T-75-11-05
PCM u-LAW COMPANDING CODECS ' :

PARAMETER MEASUREMENT INFORMATION ,j ;
ANALOG - IDEAL DECODER]| _ ANALOG
SOURCE ANLG pcM|__| W&G ENCODER LEVEL LEVEL METER
ADRET 2230 IN out PCD-64 _ W & G PLM-95
(or equivalent) R (or equivalent) ) {or equivalent)
CODEC - - . §1 SNe——— 52
DIGITAL DATA ) ' ’ NOISE LEVEL , N
GENERATOR PCM ANLG . " glgl;’ﬁv'l‘D‘l
W & G PCG-1 ™ ouT . ) PMD-
(or equivalent) DECQDER NOISE (or equivalent)
FIGURE 8—TRANSMISSION PARAMETER TEST CIRCUIT .
W & G: WANDEL AND GOLTERMANN ~ -~ - .
40
55 . .__..; .
= /’/ D
"."’/’,
2; 30—t
KA d
o -"‘.'/,’
=
P24 'd
& 257 /
Z .
g |/
2
S 20
7
=]
RN I oo « TCM2910A, TCM4110, TCM4910 TYPICAL, HALF-CHANNEL
< 15 —
§ -—== TCM2910A, TCM4110, TCM4910 MINIMUM, END-TO-END
é ——— MINIMUM END-TO-END, AT&T D3 CHANNEL BANK
o1 COMPATIBILITY SPECIFICATION (ISSUE 3, 10-77) |
< v . -
2
o
“ 5
0
-45 40 . -3% -30 —-25 —20 -15 -10 -5 0
INPUT LEVEL —dBm0O
FIGURE 8 — SIGNAL-TO-TOTAL-DISTORTION RATIO . -
682

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



R BV R

E

M

Tt ok

682

TEXAS INSTR {LIN/INTFC} 55 DEI 8901724 0033965 O - :
TYPES TCM2910A, TCM4110 TCM4310

PCM -LAW COMPANDING CODECS

) TN
T-75511—05
PARAMETER MEASUREMENT INFORMATION
DIGITAL-TO-ANALOG TEST
IDEAL DECODER ANALOG
ANLG PCM W&G LEVEL METER
— N out PCD-64 W & G PLM.95
(or equivalent) {or equivalent)
DIGITAL DATA CODEC
GENERATOR 0 dBm0 Code |
W & G PCG-1 2 1020 Hz PCM ANLGI=.
. IN ouT
(or equivalent) - .
ANALOG-TO-DIGITAL TEST
ANALOG ) .
SOURCE 0 dBm0 Code ANLG PCM} . R -
ADRET 2230 at 1020 Hz IN ouTt
(or equivalent)
- : CODEC
DIGITAL DATA S . - ANALOG
GENERATOR 11111111 PCM ANLG LEVEL METER
W & G PCG-1 Code IN ourt W & G PLM-95
(or equivalent) {or equivalent)

FIGURE 10 — CROSSTALK ATTENUATION TEST CIRCUIT

W & G: WANDEL AND GOLTERMANN

TABLE 2
u-LAW DIGITAL WORD SEQUENCE FOR THE DIGITAL
MILLIWATT.RESPONSE PER CCITT RECOMMENDATION G.711

Bit Number
1/2]3]a|s|6{7]8
ilolojo [1[1[1]1]0
2|00 ool 1[0 11
g(3fofofofo]1fo]1]1
E[a]o oo [1[1[1]1]0
g Jofolrl 17170
Sle|1[ofJoJolr]o]1]n
711|000 1011
g8|1]0]0 |1 ]1][1][1]0

TExXAS INSTRUMENTS 15
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TTEXAS INSTR {LIN/INTFCY 55 71>EiAé“=i;ﬁéAﬁ 003396k 2 I e
TYPES TCM2910A, TCM4110, TCM4910 ' £ 1.75-11-05. N
PCM n-LAW COMPANDING CODECS

_TABLE 3a—u - LAW, POSITIVE INPUT VALUES ] .
Reproduced from ccITT# (Volume 111 — 2 on Line Transmission) : :
Recommendation G.711 on Pulse Code Modulation of Voice Frequencies ¢
1 2 3 .4 5 . 6 7 8
ignal
Number Value .. Decisi Character sign Value Decoder
Segment | of intervals | at segment Decision alcxslon {see Note 3) at decoder output
number | X interval end value v ;e x'll output y, value
N size points number 1 (see Note 1) Bit number (see Note 4) number
12345678
8159 (128) (8159) =t e e .
10000000 —803|1 12"1 :
3
127 7903 : i : \
8 16 X 256 ! - (see Note 2) ! i
| | | [}
113 4319 ! ( |
10001111 — 4191 112
4063 1Y) 4063 - T 1 !
s 0 I . i 1 :
7 16 X 128 - ! (see Note 2) ! i
| N 1 1
of 2143 1 ] i
- memse : 10011111 = 2079 96
2015 96 2015 Y ! |
. R | ] ) i : |
6 16 x 64 RE o (see Note 2) i |
[ ' ! ; i \
- 81 1055 ! | 1
- 10101111 - 1023 80
991 80 991 : 1 {
’ 1 | | | _
5 16 x 32 e b- - o (see Note 2) ! ! f:)
) ! | | |
65 511 1 1 1 h
10111111 - 495 64
479 64 479 T 1 I
{ ] 1 1 |
4 16 x 16 | ! (sec Note 2) i !
i | l | I
49 239 1 - 1 [
11001111 ~ 231 48
223 48 223 T [ !
] i i : :
3 16 x 8 ! ! (see Note 2) i 1
P i ! i !
33 103 1 | {
; 11011111 = 99 32
95 32 95 T I I
1 | 1 1 1
2 16 X 4 ' ! (see Note 2) : '
1 o ! \ I
. 17 35 i I
11101111 p 33 16 .
31 16 31 T | 1
N | | 1 | 1
152 1 ! (see Note 2) ! !
| | i | | {
i ! i l \
2 3 1 1
1 ‘ 11111110 -~ 2 1
1 B |
l 1x1 11111111
_ 0 0 0 0
NOTES: 1. 8159 normalized value units correspond to the value of the on-chip voltage reference.

The PCM word corresponding to positive input values between two successive decision values numbered n and n + 1 (see column

4) is {255 — n) expressed as a binary number.

The PCM word on the highways is the same as the one shown in columnn 6.

The voltage output on the ANLG OUT lead is equal to the normalized value given in the table, augmented by anoffset.The offset -~
value is approximately 15 mV.
X128 is a virtual decision value.

o P po

t The International Telegraph and Telephone Consultative Committee.
Published by the International Telecommunication Union, Geneva, Switzerland.
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’ TEXAS INSTR {LIN/INTFC} 55 DE. &9L1724 00339L7 Y4 r_ T
' TYPES TCM2910A, TCM4110, TCM4910
PCM n-LAW COMPANQING CODECS
T-75-11-05 -
- TABLE 3b — u- LAW, NEGATIVE INPUT VALUES -
( Reproduced from CCITT! (Volume tI — 2 on Line Transmission)
Recommendation G.711 on Pulse Code Modulation of Voice Frequencies
1 2 3 o 47 B 5 ‘ 6 7 8
Number Value Decisi Decision- Character signal Vaiue Decoder
Segment | of intervals | at segment CC;SIOH alcxs:on (see Note 3) at decoder . output
number X interval end . vatl:: ( v ;e txnI) output yp value
. size points ¥ number 7 see Note 1 Bit number {see Note 4) | number
' 12345678
| o 0 0 0 0
; 1x1 o | 01111111 | :
LT 1 -1 : -
1 s o 01111110 —% 1
_ - 3 |
SEE BT H I H ! !
15x 2 2 : T : - (see N|0(6 2) : :
’ . [} |
- 231 16 -31 1 1 1
: 01101111 } -33 16
Il B 17 - . -35 I - ] : |-
LT .
2 | 16xa- |- L Eool b (see Note 2) A H
’ . : 1 |
‘ —3 32 1. -95 . 1 SRR T
- : ' 01011111 — ~ -99 32
- B 33 . -103 . S I
" . T i ( 1. ! !
3 .16 x 8 o : . : (see l\:ote 2) { '
' 1 ] 1
-223 48 . -223 L i I
= , Y 01001111 |- =231 48
( : : : 49 -239 Y | |
.. . I R IR T § { | : ' :
4 16 X 16 o ’ : : (see N|ote 2) i {
] |
4379~ 64 | -479 1 i 1
P 00111111 p— -495 64
65 -511 Y ! !
- |- R P | -y H : :
5 16 X 32 : : (see b{ote 2) | '
i 1
-991 80 -991 1 1 1
00101111 p— -1023 80
81 ~1055 t I i
1 1 1 1 ! !
6 16 X 64 ! : (sec Note 2) ' H
i |
~2015 96 ~2015 1 I ]
00011111 }— --2079 96
97 -2143 I | !
1 i ( ! !
, 7 16 X 128 : : (see Nlote 2) i |
i |
4063 112 -4063 1 1 1
00001111l p— 4191 112
{ 113 —4319 i :
1 i (see Note 2) : i
8 16 X 256 126 ~7647 i 1
. 00000001 p— -7775 126
127 ~7903
00000000 —-8031 127
-8159 (128) (—8159) == ~mm o s o s e e ey

. 8159 normalized value units correspond to the value of the on-chip voltage reference.

. The PCM word corresponding to negative input values between two successive decision values numbered n and n + 1 (see column
4) is (255 — n) expressed as a binary number. L

. The PCM word on the highways is the same as the one shown in column 6.

. The voltage output on the ANLG OUT lead is equal to the normalized value given in the tabla,augmented by an offset, The offset

NOTES:

g AW N2

value s apgroximate.lx 15 mV. + The International Telegraph and Telephone Consuitative Committee,
.. X128 is a virtual decision value. Published by the international Telecommunication Union, Geneva, Switzerland.
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TEXAS INSTR {LIN/INTFCr 58 >el 8961724 00339ca u B
TYPES TCM2910A, TCM4110, TCM4910 r r r A
PCM n-LAW COMPANDING CODECS

TYPICAL APPLICATION INFORMATION :

2

* Codec Interface with TCM2912A Filter -

e ) SIGR . SIGX ' DIGITAL
INTERFACE - . CODEC INTERFACE
— o e «
4 FROM SYSTEM
T™ CONTROL
TCM 29124 e I [ oc[7} <
XMIT| :
XMIT _r™{an
"‘; anLe i+ ANLS i vas[ o
ANAgroG 3‘
INPU xmIT ANLG AUTO
’_E ANLG IN — GND ;E ZERO siex :_
GAIN ADJUSTMENT ._E GsX oK _rE AnLG Fx 3 —«
REC
f— (' | P
ELECTRONIC HYBRIDS «{] ANL ron[_} {sien cukx[ ] < pem
FRAME SYNC
POWER AMPLIFIER ,_E mk cLK :__ :'E Voo ESR 3 < AND BIT CLOCKS
: PWR DGTL . 3__: pcM
- . CLKR
TRANSFORMER ‘_E ouT + GND :‘1— IN :_—_0'4'
HYBRIDS owR Reck—y —
S 0 SR Lo - Vee :——1—
v, v, f]anLG 5l ) T N
88 cc E_ qout - T >
E Ne PCM a
? s outjd >
PCM
DGTL
E NC GND j‘._L > HIGHWAY
LEGEND- , : .
ANALOG DIGITAL S
GROUND GROUND " )
cc <
v L iy +
T T .
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