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Integrated Voice Chip Sets
VoiceChip™ Family 770 Series

APPLICATIONS

Ideal for Short/Medium Loops of ~2000 ft, 26 AWG, and
5 REN loads

Voice over IP/DSL - Integrated Access Devices, Smart
Residential Gateways, Home Gateway/Router

Cable Telephony — NIU, Set-Top Box, Home Side Box,
Cable Modem, Cable PC

Fiber—Fiber in the Loop (FITL), Fiber to the Home
(FTTH)

Wireless Local Loop, Intelligent PBX, ISDN NT1/TA

FEATURES

M Integrated Dual-Channel Chipset
— Switching regulator support
— 44-pin TQFP Package
— 3.3 V Operation
B Subscriber Loop Test/Self-Test
— GR-909 compliant drop test capability in both
measurements and pass/fail
— Hazardous Potential
— Foreign Electromotive Force
— Resistive Faults
— Receive off-hook
— Ringers Test
— Loop length
— Realtime automatic line fault detection & reporting
— Loop Supervision
— AC/DC Faults
— Integrated self tests
— Loopback tests
— Checksum of programmed values
p-law, A-law, ADPCM or linear coding
Industry Standard Interfaces
— PCM/SPI or GCI
H World Wide programmability:
— Ringing waveform generation and control
— Two-wire AC impedance
— Trans-hybrid balance with Adaptation
— Gain
— Programmable loop closure/ringtrip thresholds
— Metering Tone Generation
— Call Progress Tones
DTMF Generation AND Detection
FSKI/Caller ID Tone Generation -Type |, Type I, & world-
wide
Modem/Fax Tone Detection
Low power dissipation

RELATED LITERATURE

080696 Le77D11 Data Sheet

080790 Le77D21 Data Sheet

080716 Le77D11 /Le78D11 Chip Set User’s Guide
080729 VoicePath™ API Software Product Brief

080727 WinSLAC™ Software Product Brief

ORDERING INFORMATION

A VoiceChip™ 770 series SLIC device must be used with this part.

Device Package
Le78D110VC 44-pin TQFP
DESCRIPTION

Legerity’s Le78D11 codec has enhanced and optimized
features to directly address the requirements of Voice over
Broadband (VoB) applications. Their common goal is to reduce
system level cost, board space, and power through higher
levels of integration. In addition, this solution reduces the total
cost of ownership of the end product by promoting higher
quality of service through integrated line and self test
capabilities. The VoiceChip™ 770 series chip set uses two
devices to provide a completely software configurable solution
to perform the BORSCHT functions for two lines, including
provision of a single line battery voltage. The resulting system
is less complex, smaller, and denser, yet cost-effective with
minimal external components.

Easy integration into the end application is enabled by the
VoicePath™ API Software. Written in ANSI “C,” the software
development kit reduces the complexity of adding voice into a
product and makes use of the more sophisticated chip set
functions, such as Caller ID. It includes a management tool that
works with the WinSLAC™ Coefficient Generator to easily
support multiple market applications.

Note:

Wherever the Le77D 11 device is mentioned throughout this document,
the information will also apply to the Le77D21 device,
unless otherwise specified.
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PRODUCT DESCRIPTION

The Le78D11 codec contains high performance circuits that provide A/D and D/A conversion for two sets of voice (codec), loop
supervision, and line diagnostic functions. Fixed function DSP resources in the device are used to perform modem detection,
DTMF detection, ADPCM voice compression, and echo cancellation. Although the device offers a high degree of
programmability, the available WinSLAC and VoicePath™ software packages allow the user to easily configure and control the
Voice Line Circuits (VLC) and the programmabile filter coefficients and loop supervision data are easily calculated.

The main functions that can be observed and controlled through the Le78D11 codec are:

«  Off Hook detection

* Ring trip detection

* Line Fault Indication

*  Ground Key detection

*  DTMF detection

+ Faxand Modem tone (1100 Hz and 2100 Hz) detection
* DC Loop Current Limit

* Ring Generation

*  Subscriber line impedance matching
*  Metering Signal Generation

+ Line Circuit test

In order for the Le78D11 codec to accomplish the above functions, it must receive input from the Legerity Le77D11 devices, which
sense the following parameters and scale them appropriately for the Le78D11 codec:

* V|n: A metallic AC voltage that is proportional to the upstream AC loop current

* Iyt A current that is proportional to the DC + AC loop current

- FA logic Low indicates a fault or ground key condition

The Le78D11 codec then outputs the following to the Le77D11 SLIC device:

*  Vpc: DC loop current limit threshold control voltage

*  VouTt Downstream voice and low level metering signals or internal ringing or test signals

The Le78D11 codec performs the codec and filter functions associated with the 4-wire section of the subscriber line circuitry in
a digital switch. These functions involve converting an analog voice signal into digital PCM samples and converting digital PCM
samples back into an analog signal. During conversion, digital filters are used to band-limit the voice signals. The user
programmable filters set the receive and transmit gain, perform the transhybrid balancing function, permit adjustment of the 2-
wire termination impedance, and provide frequency distortion adjustment (equalization) of the receive and transmit paths. An
Adaptive Transhybrid Balance filter is included that allows the Le78D11 codec to dynamically adjust to changing line conditions
minimizing objectionable echo. All programmable digital filter coefficients can be calculated using WinSLAC software. The PCM
codes can be either 16-bit linear two's complement, 8-bit companded A-law or p-law, or 32 kbit/s or 24 kbit/s ADPCM.

4 Le78D11 VoiceChip™ Family 770 Series Codec Data Sheet
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Figure 1. Le78D11 Codec Block Diagram
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The following provides an overview of the functions of the Le78D11 codec. Detailed descriptions and command sets are provided
in the Le77D11/Le78D11 Chip Set User’s Guide (document ID# 080716).

The Le78D11 codec supports two digital interface modes: (1) PCM/MPI, where voice and control data are carried over separate
serial interfaces, and (2) GCI, where the voice and control data are combined onto a single serial bus. The two modes are
exclusive and the associated pins have dual functions. The naming convention for the pins lists the PCM/MPI interface function
first then the GCI function.

PCM Interface and Time Slot Assigner (TSA)

The Le78D11 codec powers up in PCM/MPI mode. If a signal is detected on PCLK (PCM Clock) and FS (Frame Sync) is toggling
at a slower rate, the PCM interface and time slot assigner functions are maintained. This block uses five signals: PCLK, FS,
DXA, DRA and TSCA.

The PCM Interface is a synchronous serial mode of communication between the system and the Le78D11 codec for exchanging
the encoded voice signals on a “PCM highway”. This highway uses FS as a nominally 8kHz synchronization (frame) reference
and PCLK as a data strobe that determines the rate at which the data is shifted out of the DXA pin and into the DRA pin. The
Le78D11 codec transmits/ receives either 8-bits of (A-law/p-law) compressed voice data, 4bits of 32 kb/s ADPCM data, 3 bits of
24 kb/s ADPCM data, or 16-bits of linear two's complement voice data every frame. The PCLK frequency can be any multiple of
the FS frequency from 128 kHz to 8.192 MHz for compressed data, and from 256 kHz to 8.192 MHz for linear data. The position
of the data within the frame is controlled by the TSA and determined by a combination of three programmable variables. The first
is the Transmit and Receive Clock Slot Register which allows setting from 0 to 7 PCLK periods of clock skew in the system. The
second is the XE bit, also in the Transmit and Receive Clock Slot Register, which selects the clock edge used for transmitting or
receiving data. Finally, the Transmit and Receive Timeslot Register allows the data for each channel to be offset within a frame
by 8 bit increments or timeslots.

Microprocessor Interface (MPI)

The Le78D11 codec Microprocessor Interface (MPI) is used in conjunction with PCM operation. It is a simple synchronous serial
interface. It consists of six signals: reset (RST), serial data in (DIN), serial data out (DOUT), data clock (DCLK), a chip select (CS)
and an Interrupt (INT). The serial input consists of 8-bit commands sent by the external controller to the Le78D11 codec that can
be followed with additional bytes of input data or can be followed by the Le78D11 codec sending out bytes of data. All data input
and output is MSB (D7) first and LSB (DO) last. All data bits are shifted in/out with respect to the DCLK while CS is Low. The MPI
will not accept a command or data byte of less than 8 bits; if more than 8 bits are sent while CS is Low, only the last 8 bits will be

Le78D11 VoiceChip™ Family 770 Series Codec Data Sheet 5
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interpreted as the command or data byte when CS makes a transition to the High state. DCLK may be stopped in the High or
Low state indefinitely without loss of information, but CS must only go high when DCLK is High. All data bytes are read or written
one at a time, with CS going High for at least the minimum off period before the next byte can be read or written.

The Le78D11 codec is designed such that a single CS can be used to interface several Le78D11 codecs to the system controller.
This is accomplished by daisy chaining several devices together. (Refer to the Le77D11/Le78D11 Chip Set User’s Guide,
document ID# 080716, for more information.)

The Le78D11 codec can also be used with microcontrollers that do not have separate DIN and DOUT pins, but only contain a
single bidirectional serial data pin. This is accomplished by connecting the DOUT and DIN pins of the Le78D11 codec together
and tying them to the bidirectional DIO pin of the microcontroller.

General Circuit Interface (GCI) Mode

The Le78D11 codec switches between PCM/MPI and GCI modes, depending on the pin assignment of FS/DCL and PCLK/FSC.
The Le78D11 codec powers-up assuming a PCM interface and therefore assumes PCLK is on the pin labeled PCLK/FSC and
Frame Sync is on the pin labeled FS/DCL. While in PCM mode, if forty-eight or more cycles are detected on DCL between two
rising edges of FSC, the Le78D11 codec enters GCI mode. If at any time while the part is in GCI mode, a valid MPI command
sequence appears on the DCLK/ S0 and CS pins, the part immediately reverts to PCM/MPI mode. This is detected by counting
eight low-to-high transitions of DCLK/SO with CS low.

GCI Channel Assignment

In the channel control block, the 8 kHz FSC pulse identifies the beginning of a frame, and all GCI downstream and upstream
channels are referenced to it.

When the GCI mode pin (TSCA/G) is connected to DGND, the Le78D11 codec selects standard GCl mode supporting two voice
channels per GCI channel. Each device occupies a single GCI channel, and eight devices can be controlled over a single GCI
bus. Logic inputs DCLK/SO0, DIN/S1 and INT/S2 on the Le78D11 codec determine the GCI channel assignment. These pins are
normally hard-strapped to the selected channel. Downstream data coming in on the DD pin is extracted from the data stream and
sent to the DSP core and control logic for sequential processing while data from the DSP and control circuits is sent out on the
upstream DU pin.

When TSCA/G is connected to VCCD, the Le78D11 codec selects a special mode of GCl operation where only one voice channel
occupies each GCI channel, and the B2 voice channel is not used. When the single bearer channel mode is used, four Le78D11
codecs handle the maximum of eight subscribers on the GCI bus. In this case, the S2 pin is ignored and the S1 and SO pins
identify the group of two GCI channels assigned to the Le78D11 codec. This mode provides for support of 16 bit linear voice data
over the GCl interface.

GCI Bus Format and Command Structure

The GCI bus provides communication for both control and voice data to the Le78D11 codec. Each GCI bus consists of eight,
four-byte GCI channels that contain voice and control information. Depending on the GCI mode, the Le78D11 codec sends one
or two complete GCI channels upstream on the DU pin and receives one or two channels from the downstream DD pin every
125 ps.

The four-byte GCI channels contain the following:

+  One or Two voice bearer channels
—  For standard GCI mode, B1 and B2 are reserved for voice channels 1 and 2.
— In single bearer channel mode, B2 is unused except when linear PCM mode is selected. In this case B1 and B2 data

bytes are combined.

*  One Monitor (M) channel for reading and writing control data and coefficients to the chip set.

*  One Signaling and Control (SC) channel containing a 6-bit Command/Indicate (C/I) field for control information and a two
bit field with Monitor Receive and Monitor Transmit (MR and MX) bits for handshaking functions. All principal signaling (real
time critical) information is carried in the C/I field.

PLL Clock Generator

The PLL clock generator derives the Le78D11 codec’s internal DSP clock (49.152 MHz) and system clock (16.384 MHz) from a
512 kHz reference input This input can come from a number of sources depending on the device mode of operation.

In the GCI mode, the Le78D11 codec automatically detects whether a 2.048 MHz or 4.096 MHz data clock (DCL) is being used
and programs the Device Configuration Register 1 accordingly to provide the required reference.

In the PCM/MPI mode, the reference input clock can be derived from either PCLK or MCLK. The clock being supplied must be
communicated to the Le78D11 codec using the MPI by specifying its source and frequency in Device Configuration Register 1.
If the PCLK or MCLK frequency is not an exact multiple of 512 kHz, the difference must be communicated to the Le78D11 codec
by programming the Master Clock Correction Register.

If the PCLK frequency falls outside the range of 512 kHz to 8.192 MHz, then the MCLK pin must be selected as the reference
input clock. In this case MCLK must still be synchronous to PCLK/FSC.

6 Le78D11 VoiceChip™ Family 770 Series Codec Data Sheet
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SLIC Device Interface (SLI)
The SLIC Interface logic block controls the state of each Le77D11 device channel through the C3;, C2;, and C1; control pins. The

SLIC state presented on these pins is decoded from the programmed codec state. In the PCM/MP| mode, the codec state is
controlled by using the “Write VOSLAC Channel State” command, and by the downstream C/I field in GCI mode.

The SLIC device loop current limit is controlled by the voltage output on the VDC pin. The VDC output can be programmed to
one of seven different levels using the “Write VoSLAC Channel State” command, providing a wide range of loop current settings.

Finally, the chopper clock output (CHCLK) can be programmed to either 85.3 or 256kHz operation, with a 10% high duty cycle.
(applicable to the Le77D21 device only)

Table 1. Device Operating States

Le77D11 Device Le77D21 Device _—n
cs c2 c1 Operating Mode Operating Mode Description
0 0 0 Low Power Standby Low Power Standby Voice .tnjansmlssmn disabled. ngmum loop current
capability and loop current sensing range are reduced.
0 0 1 Disconnect Disconnect SLIC channel is shut down ar.md presents a h|gh
impedance to the line. Switching power supply is shut off.
. . SLIC channel fully operational. A (TIP) is more positive
0 ! 0 Normal Active Normal Active than B(RING). Also used for on-hook transmission.
Similar to normal active, but DC polarity is reversed so
0 1 1 Reverse Polarity Reverse Polarity that the B(Ring) lead is more positive than the A (TIP)
lead. Also used for on-hook transmission.
Ringing state with Vapg set to Kg * V. The switching
1 0 0 Ringing Ringing supply n?alntams.rrlmlrpum headroom.fo.r the sourcing
and sinking amplifiers in order to maximize power
efficiency.
Similar to ringing state with reduced bias currents for
1 0 1 Line Test State Line Test State lower noise. Loop current sensing range is limited. See
IMT pin specifications.
1 1 0 Reserved Active + Test Load Normal Actlve. with test switch enabled. (applicable to
Le77D21 device only)
1 1 1 Reserved Ringing + Test Load Rlngmg with test switch enabled. (applicable to Le77D21
device only)

Line Supervision Processing

The loop supervision functions include loop, ring trip, ground key and fault detection. To perform these functions, the Le78D11
codec uses the following signals:

*  Metallic current (IMT;*)

— The Le77D11 device sets IMT; to 1/500th the loop current. It is converted to a voltage, VT, by either an internal or ex-
ternal (programmable) 4.7K resistor placed between the IMT; pin and VREF. The full scale for the IMT input is 204 pA,
which corresponds to a metallic current of 102 mA.

* Logic level fault indication (Fi)
— The Le77D11 device’s fault detection outputs, E1 and sz are driven low when a longitudinal current fault or foreign volt-
age occurs.
«  Tip (VA), Ring (VB;) and Sense (VS)) voltages
— External 475K resistors placed between the voltages being sensed and the VA;, VB; and VS; Le78D11 codec inputs
allow voltages up to +/-100V to be measured. Then either internal or external (programmable) 4.7K resistors are placed
between the VA, VB; and VS; Le78D11 codec inputs and VREF to form voltage dividers.
Note:
*"i" denotes channel number.

Loop Detection

Loop detection is enabled for all Le78D11 device channel states except Disconnect and Ringing. The Le78D11 codec detects an
off-hook condition using the Hook Switch current threshold (ITH) variable. Every 500 ys the IMT value coming from the Le77D11
device is compared to ITH. When the result has stayed constant for the duration of the programmed debounce interval, the Hook
bit will be set accordingly.

The threshold levels and debounce periods are independently programmable.

Le78D11 VoiceChip™ Family 770 Series Codec Data Sheet 7
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Ring Trip Detection

Ring trip detection is mutually exclusive to Loop detection. In the ringing state, the Le78D11 codec computes the mean square
current in the ringing current IMT waveform over one cycle of ringing. The result of this computation is compared to RTSL, a
programmable ring trip threshold. The integration period is programmable in 4 ms increments through the ring trip period

parameter, RTSLP, which should be chosen to be close to the period of the ringing voltage (i.e. 12 for 20 Hz ringing and 10 for
25 Hz, default is 11 = 44ms).

Thermal Overload

When the die temperature around the two-wire interface of a Le77D11 device channel reaches approximately 165° C, the
Le77D11 device pulls the corresponding IMT; pin above the IMT TEMPA threshold voltage. The Le78D11 codec sets the TEMPA
bit in the Signaling Register.

DC Fault Detection

Foreign DC voltages can be detected using the VFTD threshold. VFTD is compared against the output of a low pass 5 Hz filter
whose input is VA+VB. Whenever the output is greater than VFTD, the DCFAULT bit in the signaling register is set.

B-to-ground faults that produce currents within the range of normal ground key currents cannot be recognized as a fault.
However, this type of fault can be recognized as a ground key that persists for an excessively long time.

AC Fault Detection

Low level power crosses can occur that fail to activate any of the external protection devices. In this situation, the chip set must
differentiate between unacceptable power cross voltage levels and low level longitudinal levels that do not affect the operation of
the Voice over Broadband SLIC/codec line card. This is controlled by the AC fault threshold VFTA. VFTA is compared against
|X;], where X; is the AC portion of VA, + VB;, which is rectified and averaged over a 44 ms period. Whenever the sum is greater
than VFTA, the ACFAULT bit in the signaling register is set.

Loss of Power

When either of the VS; voltages sensed by the Le78D11 codec drops below a programmable threshold, TVS, the Le78D11 codec
signals this condition by setting the appropriate VS; bits in the Global Device Status register. The polarity of the voltage is inverted:
negative VS voltages will read back as positive values. When setting the sense threshold using the “Write Loop Supervision
Parameter" command, a positive value should be used when monitoring negative voltages.

Clock Failure Alarm (CFAIL)

The internal 16.384 MHz system clock produced by the PLL is validated by comparing it with the frame sync signal which is
assumed to be always toggling at an 8 kHz rate. The number of 16.384 MHz system clocks that occur between the rising edges
of the frame sync signal are constantly monitored and if the number of system clocks exceed 2052 or fall below 2044, the
Le78D11 codec indicates this condition by setting the CFAIL bit located in the Global Device Status Register. During the time
CFAIL is set, the Le78D11 codec digital signal processor is halted, preventing processing errors due to an inaccurate system
clock.

Voice Signal Processing

The principle function of the Le78D11 codec is to handle the analog-to-digital and digital-to-analog conversions, along with the
compression and expansion functions in order to interface the analog voice signal to the digital backplane. The Le78D11 codec
may be programmed to perform A-law or p-law companding, ADPCM compression, or 16-bit linear two's complement conversion.

In addition, the Le78D11 codec has a number of digital filters that provide gain adjustments, distortion correction and equalization,
2-wire impedance matching, and 4-wire echo cancellation. Coefficient generation software (WinSLAC™) is available for
optimizing the programmabile filters in order to satisfy the system transmission requirements of multiple markets. From the
Le78D11 codec's point of view, the signal path from the digital-to-analog side is the receive path, while the analog-to-digital
direction is the transmit path.

Codec Function

The companding type (A-law/u-law/ADPCM) is software programmable and may be disabled to send the 16-bit linear two's
complement sequence directly to the backplane. When ADPCM at 32 kbps or 24 kbps (as defined in ITU recommendation G.726.
ADPCM) is selected, data is output in the normal 8-bit PCM time slot. The data is output in the most significant bits of the time
slot, and the unused bits (the 4 LSBs for 32 kbps, the 5 LSBs for 24 kbps) are filled with zeroes.

Two-Wire Impedance Matching

Two programmable digital feedback paths are provided in the Le78D11 codec that allow some components of the transmit signal
(V)N) back into the receive path (Voyt) in order to modify the effective two-wire input impedance of the Le77D11 device. The
objective is to program each of these feedback paths to create an impedance match at tip and ring in order to minimize two-wire
echo.

8 Le78D11 VoiceChip™ Family 770 Series Codec Data Sheet
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Frequency Response Correction and Equalization

The Le78D11 codec contains digital, programmable filters in both the receive and transmit directions that can be programmed
for line equalization or correction of any attenuation distortion introduced by input impedance matching.

4-Wire Echo Cancellation

A digital, programmable balance filter is used to cancel 4-wire echo by summing a filtered version of the receive signal into the
transmit path. The purpose of the this filter is to replicate an inverted echo signal so that the actual echo will be eliminated from
the transmit path. In the Le78D11 codec, this filter has a single tap IR component and 13 taps for the FIR portion, with a sampling
rate of 16 kHz. The Le78D11 codec may be programmed with static filter coefficients based on expected line conditions. It may
also be placed in adaptive balance mode, in which case the DSP uses an adaptive algorithm to modify the filter coefficients in
order to minimize the 4-wire echo. The Le78D11 codec decides when to update the filter coefficients and when to stop adaptation
based on user programmable control parameters.

Gain Adjustments
The Le78D11 codec has programmable gain blocks in both receive and transmit paths.

The transmit path has two programmable gain blocks. The AX gain block is immediately before the A/D converter (ADC) and
gives a gain of 0 dB or +6.02 dB. The digital GX block is designed to provide a gain from 0 to +12dB with better than 0.1db step
size. Other gains up to a maximum of 15.6dB may be programmed, including the ability to cut-off the transmit signal.

The receive path has two programmable loss blocks. The AR analog gain occurs immediately after the D/A converter (DAC) and
may be programmed to be 0 dB or —6 dB. The digital GR block is designed to provide from 0 to —12dB of loss with better than
0.1dB step size. Additional loss may be programmed, including the ability to cut-off the receive path.

Tone Detection and Signal Generation
Dual Tone Multi-Frequency (DTMF) Detection

DTMF allows signaling using voice frequency signals. This function is typically used for telephone keypad tone dialing. The
Le78D11 codec decodes the dual tone signals into a 4-bit number and puts it into the signaling register with indication that a new
digit has been detected.

Modem/Fax Tone Detection

When the relative power in the frequency band of 2100 + 20 Hz or 1100 + 38 Hz is greater than 6 dB with respect to the power
outside the band, then a modem/fax tone is detected. There are modem/fax tone detectors in both the receive and transmit paths
of the Le78D11 codec. If either tone detector determines that a modem/fax tone is present, the TONE bit transitions from 0 to 1
and an interrupt may be generated. The DTMF3:DTMFO bits in the signaling register indicate which tone was detected
(0011 = 1100 Hz, 0001 = 2100 Hz). Once a modem/fax tone is detected, the TONE bit remains high until the HOOK bit transitions
from 1 to 0. The detection of an on hook transition automatically resets the TONE bit to 0.

Signal Generation

The Le78D11 codec has 3 tone generators available per channel for general call progress tone generation and test signal
generation. In addition, the following special purpose tone generation functions are available.

Ringing Generation

The Voice Access chip set can generate and output a ringing signal without the need for an external ringing generator and ring
relay. Both trapezoidal and sine wave ringing signals can be generated from the Le78D11 signal generator A. The ringing
frequency, amplitude, DC offset, and crest factor for trapezoidal waveforms are programmable. Internal ringing is always initiated
synchronous to the line voltage Vg, and may be terminated after a ring trip detection, either immediately (ZXR = 1), or at the
zero crossing (ZXR = 0).

DTMF Generation

DTMF generation can be accomplished easily with command 66h/67h Write/Read Signal Generator B Control. This command
automatically programs Signal Generator B with one of the 16 standard DTMF tones.

FSK Generation

The Le78D11 codec has the ability to generate phase continuous FSK tones at a 1200 baud rate. These tones can be used for
a variety of purposes such as Calling Number Delivery (CND), better known as Caller ID, and Visual Message Waiting Indication
(VMWI) . It allows the called Customer Premises Equipment (CPE) to receive a calling party's name and directory number along
with the date and time of the call.

There are a number of protocols defined, which the chip set can support. In one case the information is sent between the first
and second ring bursts, starting as early as 500 ms after the first ring, and ending at least 200 ms before the second ring burst.
The information is sent using analog, phase coherent FSK at a 1200 bps rate. The Le78D11 codec is designed to provide this
feature and can be programmed to initiate or terminate the Caller ID stream as required.

Le78D11 VoiceChip™ Family 770 Series Codec Data Sheet 9
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Teletax Generation

Teletax signals send call charge information to the subscriber equipment. These signals are normally sent during the Active
Normal mode. The Le78D11 codec supports teletax through metering tone bursts which are summed into the receive path DAC
and output on VOUT. The 12 or 16 kHz metering burst ramps up over 20ms to the metering target level, MVO, when the teletax
state is selected, and ramps back down when the active state is selected. MVO is specified as the peak value of the metering
voltage (0 to 1020 mV) at the VOUT pin. If the ABRUPT bit is set, the 12 or 16 kHz signal ramps up or down almost immediately
(<5 ms).

Line Measurement

There is one line measurement block per Le78D11 codec, which allows measurement of various line and circuit parameters such
as leakage resistance, line capacitance, ringer capacitance, receiver off hook, foreign voltage, idle channel noise, echo gain, etc.
Most tests are performed in combination with appropriate signal generation. When a line measurement is initiated, the adaptive
feature of the echo cancellation filter is frozen for both channels. The line measurement block automatically connects to the
enabled channel.

Band Gap Voltage Reference

All analog reference voltages are derived from a band gap reference with a very low temperature coefficient. Bias currents are
derived from the IREF pin current.

CONNECTION DIAGRAM

N N RS R
S¢gsoEEes8Y
RN
/7 44 43 42 41 40 39 38 37 36 35 34
VIN, (|1 ® 33| IMT,
AGND, [ |2 32 | VIN,
VOUT, [ |3 31 | AGND,
VCCA, [ |4 30 | voOuT,
F, [ 5 29 | VCCA,
c3, [ |8 44-pin TQFP 28 | F,
C2, [|7 271 | €3,
Cl, [ |8 26 | c2,
CHCLK [ |9 25 | Ct,
DGND, [ ] 1o 24| DGND,
INT/S2 [ | 11 23 | RS

K 12 13 14 15 16 17 18 19 20 21 22/

HiNENInNENE.

N o~ EFE X A —

8855583883
¥x208Qo0LQaz3Z|S
360> 20EX[3
a 8 [apaly

Note:
1. Pin 1 is marked for orientation.
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PIN DESCRIPTIONS

L

Pin Name

Type

Description

Power

AGND;, AGND,

Analog section ground return for each channel

DGND;, DGND,

Digital section ground returns

VCCA,, VCCA,

+3.3 VDC supplies to the analog section in each channel

VCCD

+3.3 VDC supply to all digital sections

PCM Interface

DRA/DD

Input®

PCM mode, the receive PCM data is input serially through the DRA pin. The data input is received
every 125 ps and is shifted in, MSB first, in 8-bit PCM or 16-bit linear bursts at the PCLK rate. For
the GCIl mode, downstream receive and control data is accepted on this pin.

DXA/DU

Output*

For the PCM highway, the transmit PCM data is transmitted serially through the DXA pin. The
transmission data output is available every 125 us and is shifted out, MSB first, in 8-bit PCM or
16-bit linear bursts at the PCLK rate. DXA is high impedance between bursts and while the device
is in the inactive mode. For the GCI mode, upstream transmit and signaling data is transferred on
this pin.

FS/DCL

Input®

For PCM operation, this pin functions as the Frame Sync input. PCM operation is selected by the
presence of an 8 kHz Frame Sync signal on this pin in conjunction with the PCLK (see below).
This 8 kHz pulse identifies the beginning of a frame. The Le78D11 codec references individual
time slots with respect to this input, which must be synchronized to PCLK. In GCI mode, the rate
at which data is shifted into or out of the pin is a derivative of this DCL clock.

MCLK

Input®

For PCM backplane operation, a DSP master clock is connected to this pin. A signal is required
only for PCM backplane operation when PCLK is not used as the master clock. MCLK can be a
wide variety of frequencies. Upon initialization the MCLK input is disabled, and relevant circuitry
is driven by PCLK. The MCLK connection is established under user control. This pin is not used
in GCl mode, and should be tied to ground.

PCLK/FSC

Input®

For PCM operation, this pin is the PCM Clock input. PCM operation is selected by the presence
of a PCLK signal on this pin in conjunction with the FS on the FS pin (see below). This clock
determines the rate at which PCM data is serially shifted into and out of the PCM ports. PCLK
must be an integer multiple of the FS frequency. The minimum clock frequency for linear/
companded data plus signaling data is 256 kHz. For GCI operation, this pin functions as Frame
Sync. The FSC signal is an 8 kHz pulse that identifies the beginning of a frame. The Le78D11
codec references individual time slots with respect to this input, which must be synchronized to
DCL.

TSCA/G

Output
(PCM)
Input
(GCI)*

For PCM backplane operation, TSCA is active low when PCM data is output on the DXA pin. The
outputs are open-drain and are normally inactive (high impedance). Pull-up loads should be
connected to VCCD. When GCI mode is selected, one of two GCI modes may be selected by
connecting TSCA/G to DGND or VCCD.

MPI Interface

cs

Input®

For PCM backplane operation, a logic low placed on this pin enables serial data transmission into,
or out of, the DIN/DOUT pin. Not used in GCI mode (pin should be pulled high in GCI mode).

DCLK/SO

Input®

Data clock for the MPI control interface. For GCI operation, this pin is device address bit 0.

DIN/S1

Input®

For PCM backplane operation, control data is serially written into the Le78D11 codec via the DIN
pin with the MSB first. The data clock (DCLK) determines the data rate. This pin may also be tied
to DOUT, on systems using a single bi-directional data line (Bit 7 in register DCR2 must be low
when DIN is tied to DOUT). For GCI operation, this pin is device address bit 1.

DOUT

Output*

For PCM backplane operation, control data is serially read out of the Le78D11 codec via the

DOUT pin with the MSB first. The data clock (DCLK) determines the data rate. This pin may also
be tied to DIN, on systems using a single bi-directional data line (Bit 7 in register DCR2 must be
low when DIN is tied to DOUT). This pin is not used in GCI mode, and must remain unconnected.

INT/S2

Output
(PCM)
Input
(GClI)y*

For PCM operation, when a subscriber line requires service, this pin goes to a logic 0 to interrupt
a higher level processor. Several registers work together to control operation of the interrupt:
Signaling and Global Interrupt Registers with their associated Mask Registers, and the Interrupt
Register. See the description at configuration register 6 (Mask) for operation. Logic drive is
selectable between open drain and TTL-compatible outputs. In GCI mode, this pin functions as
device address bit 2.

Input®

Active low reset for the Le78D11 codec.
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Pin Name Type Description
Line State Control
C14, C24, C34 . L
Output Per channel outputs which control the Le77D11 device line states.
C1,, C2,, C3,
VDC. VDC Outout Sets a programmable current limit threshold for the DC feed in the Le77D11 device. Connects to
1 2 utpu the corresponding RDC1 and RDC2 pins of the Le77D11 device through the Rpg; resistors.

= = . Fault detect pin for channels 1 and 2. A low indicates a fault for the respective channel, which can
Fq, Fo Input . -

be triggered by large longitudinal voltages or ground key.
CHCLK Output Software programmable 256 or 85.3 kHz clock for the switching regulator in the Le77D11 device

Note:

(applicable to the Le77D11 device only).

Line Supervision Processing Inputs

IMT4, IMT, Input Connects to the IMTi leads of the Le77D11 device. Iyt = lLoop * Kpc
VA4, VA,, .
Input Connects to the A and B, leads of the Le77D11 through a 475 kQ resistor.
VB4, VB,
VS, VS Inout General purpose voltage sense inputs of the Le77D11 devices can connect to high voltage
1Ee2 P supplies through a 475 kQ resistor.
Voice Data
These pins are the inputs for the analog transmit signals (VOUTi) from the Le77D11 device. The
VINy, VINy Input Le78D11 codec converts these signals to digital words and processes them. After processing,
they are multiplexed into serial time slots and sent out of the DXA pin.
The Le78D11 codec extracts and processes voice data from time slots on DRA serial data port.
VOUT,, VOUT, Output After processing, the Le78D11 codec converts the voice data to analog signals and outputs it at

these pins to the Le77D11 device.

Band Gap Voltage Reference

IREF

Input

A 69.8 k external resistor (Rggr) connected between this pin and analog ground generates an
accurate, on-chip reference current for the A/D's and D/A's on the Le78D11 chip.

VREF

Output

This pin provides a 1.4 V, single ended reference to the Le77D11 device to which the Le78D11
codec is connected.

*5 V tolerant pin.

12

Le78D11 VoiceChip™ Family 770 Series Codec Data Sheet




ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed under Absolute Maximum Ratings can cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maximum Ratings for extended periods can affect device reliability.

Storage Temperature

—60°C < Tp < +125°C

Ambient Temperature, under Bias

-40°C < Tp < +85°C

Ambient relative humidity (non condensing) 5 to 95%
Vcca With respect to DGND —0.4to+4.0V
Ve With respect to Voep —-04t0o+04V
Vcep With respect to DGND —0.4to+40V
AGND with respect to DGND +50 mV

5V tolerant digital pins with respect to DGND

—0.4 to 5.5V or Vep + 2.37 V, whichever is
smaller

Any other pin with respect to DGND

-04to VCCD +04V

Latch up immunity (any pin)

+100 mA

OPERATING RANGES

.(

( Legerity

Legerity guarantees the performance of this device over commercial (0° to 70°C) and industrial (-40° to 85°C)
temperature ranges by conducting electrical characterization over each range, and by conducting a production test
with single insertion coupled to periodic sampling. These characterization and test procedures comply with section
4.6.2 of Bellcore TR-TSY-000357 Component Reliability Assurance Requirements for Telecommunications

Equipment.
Environmental Ranges
Ambient Temperature -40°C £ Tp < +85°C
Ambient Relative Humidity 15 to 85%
Electrical Maximum Ranges
Analog Supply V +3.3 V£ 5%
u
g Supply Veea Veep  50mV
Digital Supply Vcep +3.3V+5%
DGND oV
AGND 10 mV
5V Tolerant Digital Pins DGND to +5.25V

ELECTRICAL CHARACTERISTICS

Power Dissipation

Description Test Conditions Min Typ Max Unit
Two channels Standby 100 120
Le78D11 codec Power Dissipation | One channel Active, one channel Standby 140 160 mwW
Two channels Active 180 210
Le78D11 VoiceChip™ Family 770 Series Codec Data Sheet 13
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SPECIFICATIONS
System Specifications

The performance targets defined in this section are for a system using the VoiceChip 770 series chip set. Specifications for the
Le77D11 device are published separately.

No Item Condition Min Typ Max Unit Note
1 | Peak Ringing Voltage E'Lnf'?gorgogf’ 70 90 v
2 Qutput Impedance during internal Ringing.mo.de, Le78.D1.1 codec 200 Q
ringing generating internal ringing
Ringing mode,
3 Sinusoidal Ringing THD R = 1500 Q generating internal 2 %
sinusoidal ringing
Signaling Performance Limits
1 Hook switch threshold ITH =10 mA 7 13 mA
2 Hook switch hysteresis All ITH settings 10 % 2.
3 Internal Ring Trip Accuracy RTSL=22W -20 +20 %

Device DC Specifications

Typical values are for TA = 25°C and nominal supply voltages. Minimum and maximum values are over the temperature and
supply voltage ranges given in Operating Ranges except where noted.

No. Item Condition Min Typ Max Unit Note
Digital Input Low Voltage 0.80 v 1.
2 Digital Input High Voltage 2.0 1.
Digital Input Leakage Current 0<V<Vcep -15 +15
3
(except MCLK) Otherwise -120 +180 uA
4 MCLK Digital Input Leakage 0105.35V ~120 +180
Current
5 Digital Input hysteresis (F; PCLK, 015 0225 03 1,
FS, MCLK, DIN, DRA)
Digital Output Low Voltage _
loL=1mA
6 | (all digital pins) oL=1m 0.4
7 D|_g|ta| Output Low Voltage lo, = 14 mA 0.4
(INT, TSCA)
Digital Output High Voltage (All v
8 | outputs except INT in open drain | loy =400 pA %Cf
mode and TSCA) "
o . Drive low 400
9 Digital Output source impedance . - Q
Drive high 1000
10 | Digital Output leakage current, 0<V<Vcep -15 +15 oA
high impedance state Otherwise ~120 +180
VIN; Input voltage range (Relative | AX=0dB +1.02
11 Vpk 4.
to VRer) AX=6.02dB +0.51
12 | Offset voltage allowed on VIN; -50 +50 mV
13 | VIN; Input Impedance 1.0 MQ
14 | VIN; Leakage Current -10 10 HA
15 | VREF Output voltage Load current = 0 to 10 mA 1344 | 14 | 1456 | vV
Source or Sink
16 | Output drive current for VREF 10 25 mA
Capacitance load on VREF or
17 VOUT, 0 200 pF 1.
VOUT;, Output Voltage range AR=0dB +1.02
18 . Vpk 4.
(Relative to Vrgf) AR =-6.02 dB +0.51
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No. Item Condition Min Typ Max Unit Note
DISN off —40 +40
19 | VOUT, offset Voltage ° mv 4
DISN on -80 +80
20 | VOUT, Output leakage current 0 <Vout < Veea -10 10 uA
21 Input Impedance for VA, VB;, and | Internal resistor mode 3490 Q
VS; pins External resistor mode 1 MQ
Int | resist d 3525 Q 1.
22 | Input impedance for IMT; pins nternal resistor mode -
External resistor mode 1 MQ 1.
3 Maximum input current for VA, Int | resist d 950
VB, VS; and IMT, pins nternal resistor mode
A
” Input leakage current for Ext | resist g ] ] H
— +
VA, VB,, VS, and IMT, pins xternal resistor mode
25 | IMT TEMPA threshold voltage 2.5 2.65 2.8 \Y
26 | IMT TEMPA duration 125 us
27 | VDC voltage accuracy 02t0o 14V -70 +70 mV
Transmission Specifications
Table 2. 0 dBmO0 Voltage Definitions with Unity Gain in X, R, GX, GR, AX, and AR
Signal at Digital Interface Transmit Receive Unit
A-law digital mW or equivalent (0 dBmO) 0.5026 0.5026
u-law digital mW or equivalent (0 dBmO) 0.4987 0.4987 Vrms
+5,800 peak linear coded sine wave 0.5026 0.5025
No. Item Condition Min Typ Max Unit Note
0 dBmO, 1014 Hz
Gain accuracy, D-A or A-D AR =AX=GR=GX=0dB, -0.25 0 +0.25
1 DISN, R, X, B and Z filters disabled
A-D + D-A Temperature = 70°C -0.15 0 +0.15 3.
A-D + D-A Variation over temperature -0.1 0 +0.10
Level set error (Error between A-D AX + GX
2 . -0.1 0 0.1
setting and actual value) D-A AR + GR
GX step size 0<GX<12dB 0.1 1.
GR step size —12<GR<0dB 0.1 dB 1
DISN gain accuracy Gdisn = £0.9375, 0 dBm0, 1014 Hz | —-0.5 +0.5 1.
DRA o DXA qain in full diaital 0 dBm0, 1014 Hz
6 to DXA gainin full digital | \p_Ax=GR=GX=0 dB, -03 +0.3
loop back mode
DISN, R, X, B and Z filters disabled
7 Single frequency distortion 0dBm0, 1014 Hz -46
0 dBm0, 1014 Hz
8 Second harmonic distortion X -46
RX -55
g Idle Channel Noise, Digital input = 0 A-Law -78 dBmOp
VOUT; Digital input = 0 u-law 12 dBrnCO
5.
10 | 'dle Channel Noise, Vini = 0 VAC A-Law 69 dBmop | =
DXA Vini = 0 VAC p-law 16 dBrnCO
1" )C()r?der Offset decision value, A-D, Input signal = OV _7 +7 Bits
Input: 4.8 to 7.8 kHz, 200 mV p-p
12 PSRR (V¢e) Measure 8000 Hz-Input frequency 4B 1
Image frequency A-D 37 55 -
D-A 37 55
Le78D11 VoiceChip™ Family 770 Series Codec Data Sheet 15
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No. Item Condition Min Typ Max Unit Note
13 Crosstalk TXto RX | 0 dBmO 300 Hz to 3400 Hz -75 dBmo
same channel RX'to TX | 0 dBmO 300 Hz to 3400 Hz -75
14 Crosstalk TX/RXto TX | 0 dBmO 300 Hz to 3400 Hz -76 4Bmo
Between channels TX/RX to RX | 0 dBmO 300 Hz to 3400 Hz -78
15 End-to-end group delay B=Z=0;X=R=1 525 us 2., 6.
. . 12.0 kHz or 16.0 kHz
16 Maximum metering voltage AR =0 dB +1.02 Vpk
17 | Metering voltage accuracy 12.0 kHz or 16.0 kHz, 0.5 Vpk —0.7 +0.7
(MTRA) 4B
) . 0.5 Vpk (MVO = 3F)
18 Metering noise from 0 to 80 kHz TBD -40 TBD 2.
Metering frequency accuracy _ o
19 (MTRA) 12.0 kHz or 16.0 kHz 0.1 +0.1 % 2.,7.
20 | IMT; accuracy TBD TBD TBD
21 VA, VB and VS accuracy TBD TBD TBD

Note:

O A WD

7.

Not tested or partially tested in production. This parameter is guaranteed by characterization or correlation to other tests.
Guaranteed by design.

Overall 1.014 kHz insertion loss error of the Voice Access chip set is guaranteed to be < 0.34 dB

These voltages are referred to Vger.

When relative levels (dBm0) are used, the specification holds for any setting of (AX + GX) gain from 0 to 12 dB or (AR + GR) from
Oto-12 dB.

The group delay specification is defined as the sum of the minimum values of the group delays for the transmit and the receive paths. It is
valid only when channels 1 and 2 occupy consecutive time slots in the frame and PCLK frequency is 1.536 Mhz or higher. Programming
channels in nonconsecutive time slots or using a PCLK frequency less than 1.536 Mhz may add 1 frame delay in the group delay
measurements. See Figure 4 for group delay distortion.

Accuracy depends on the PCLK’s (or MCLK’s) accuracy.

TRANSMIT AND RECEIVE PATHS

In this section, the transmit path is defined from the analog input of the Le78D11 codec (VINi) to the DXA/DU PCM voice output
of the Le78D11 codec A-law/p-law/linear speech compressor. The receive path is defined from the DRA/DD PCM voice input to
the Le78D11 codec speech expander to the analog output of the Le78D11 codec (VOUTI).

All limits defined in this section are tested withB=0,Z=0and X=R =1.
When AR is enabled, a nominal gain of —-6.02 dB is added to the analog section of the receive path.
When AX is enabled, a nominal gain of +6.02 dB is added to the analog section of the transmit path.

When relative levels (dBmO) are used in any of the following transmission characteristics, the specification holds for any
setting of (AX + GX) gain from 0 to 12 dB or (AR + GR) from 0 to —12 dB.

These transmission characteristics are valid for 0° to 70°C.

16
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Attenuation Distortion

L

The signal attenuation in either path is nominally independent of the frequency. The deviations from nominal attenuation will stay
within the limits shown in Figure 2 and Figure 3. The reference frequency is 1014 Hz and the signal level is —10 dBmO0.

Figure 2. Transmit Path Attenuation vs. Frequency
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Figure 3. Receive Path Attenuation vs. Frequency
2
o
°
5 1 —
g b
S 06
g
0.125
0 Acceptable Region
-0.125
S -
o o o
0 S8 ) Frequency (Hz) 8 ¢ 9
a ™ © [e] (sp] [sp]

0.80
0.65

0.2

Le78D11 VoiceChip™ Family 770 Series Codec Data Sheet

17



o

( Legerity

Group Delay Distortion

For either transmission path, the group delay distortion is within the limits shown in Figure 4. The minimum value of the group
delay is taken as the reference. The signal level should be 0 dBmO.

Figure 4. Group Delay Distortion

420 L
Delay (uS)
150
Acceptable
Region
90
|| | | |
0 1 \ \ \
% § § Frequency (Hz) % %

Gain Linearity

The gain deviation relative to the gain at —10 dBmO is within the limits shown in Figure 5 (A-law) and Figure 6 (u-law) for either
transmission path when the input is a sine wave signal of 1014 Hz.

Figure 5. A-law Gain Linearity with Tone Input (Both Paths)

[
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0.55
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o+
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Figure 6. p-law Gain Linearity with Tone Input (Both Paths)
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Overload Compression

Figure 7 shows the acceptable region of operation for input signal levels above the reference input power (0 dBm0). The
conditions for this figure are:

1.

2.
3.
4

1dB<GX<+12dB

-12dB<GR<-1dB

Digital voice output connected to digital voice input.
Measurement analog to analog.

Figure 7. AJ/A Overload Compression
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Fundamental Input Power (dBmO)
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Total Distortion Including Quantizing Distortion

The signal to total distortion ratio will exceed the limits shown in Figure 8 for either path when the input signal is a sine wave
signal of frequency 1014 Hz.

Figure 8. Total Distortion with Tone Input (Both Paths)

Acceptable Region

B A

A-Law  p-Law
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¢ B 355dB 35.5dB
b C 30dB  31dB
D 25dB  27dB

Signal-to-Total
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-45  -40 -30 0
Input Level (dBmO)

Single Frequency Distortion

The output signal level, at any single frequency in the range of 300 to 3400 Hz, other than that due to an applied 0 dBmO sine
wave signal with frequency f in the same frequency range, is less than —46 dBm0. With f swept between 0 to 300 Hz and 3.4 to
12 kHz, any generated output signals other than f are less than —28 dBmO. This specification is valid for either transmission path.

Intermodulation Distortion

Two sine wave signals of different frequencies (f; and f,, not harmonically selected), ranging from 300 to 3400 Hz, of equal levels
between —4 and —21 dBmO, do not produce 2*(f; - f5) products greater than —42 dB relative to the level of the two input signals.

A sinusoidal wave in the frequency band from 300 to 3400 Hz with an input level of =9 dBmO along with a 50 Hz signal with an
input level of —23 dBmO, do not produce intermodulation products exceeding —-56 dBm0.

The specifications are valid for either transmission path.
Discrimination Against Out-of-Band Input Signals

When an out-of-band sine wave signal of frequency f, and level A is applied to the analog input, there may be frequency
components below 4 kHz at the digital output which are caused by the out-of-band signal. These components are at least the
specified dB level below the level of a signal at the same output originating from a 1014 Hz sine wave signal with a level of A
dBm0 also applied to the analog input. The minimum specifications are shown in the following table..

Frequency of Out-of-Band Signal Amplitude of Out-of-Band Signal Level below A
16.6 Hz<f<45Hz —25 dBm0 <A <0 dBm0 18 dB
45Hz <f<65Hz —25dBm0 <A <0dBm0 25dB
65 Hz <f< 100 Hz —25 dBm0 <A <0 dBmO 10dB

3400 Hz < f <4600 Hz —25dBm0 <A <0 dBm0 see Figure 9
4600 Hz < f < 100 kHz —25 dBmO0 < A <0 dBmO 32dB

The attenuation of the waveform below amplitude A, between 3400 Hz and 4600 Hz, is given by the formula:
(4000 —f )

Attenuation (db) = 14 - 14sin(
1200
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Figure 9. Discrimination Against Out-of-Band Signals
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Discrimination Against 12- and 16-kHz Metering Signals

If the Le78D11 codec is used in a metering application where 12 kHz or 16 kHz tone bursts are injected onto the telephone line
toward the subscriber, a portion of these tones also may appear at the VIN terminal. These out-of-band signals may cause
frequency components to appear below 4 kHz at the digital output. For a 12 kHz or 16 kHz tone, the frequency components below
4 kHz are reduced from the input by at least 70 dB. The sum of the peak metering and signal voltages must be within the analog
input voltage range.

Spurious Out-of-Band Signals at the Analog Output

With PCM code words representing a sine wave signal in the range of 300 Hz to 3400 Hz at a level of 0 dBmO applied to the
digital input, the level of the spurious out-of-band signals at the analog output is less than the limits shown below.

Frequency Level
4.6 kHz to 40 kHz —-32 dBm0
40 kHz to 240 kHz —46 dBm0
240 kHz to 1 MHz —36 dBmO

With code words representing any sine wave signal in the range 3.4 kHz to 4.0 kHz at a level of 0 dBmO applied to the digital
input, the level of the signals at the analog output are below the limits in Figure 10. The amplitude of the spurious out-of-band
signals between 3400 Hz and 4600 Hz is given by the formula:

A=|-14- 14 5in( T(=4000))

}dBmO
1200
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Figure 10. Spurious Out-of-Band Signals

-28 dBm

Level (dB) 30 — 32 dB

Acceptable Region

3.4 4.0 46

Frequency (kHz)

SWITCHING CHARACTERISTICS

The following are the switching characteristics over operating range (unless otherwise noted). Min and max values are valid for
all digital outputs with a 100 pF load, except DOUT, DXA, INT, and TSCA which are valid with 150 pF loads.

Microprocessor Interface
See Figure 12 and Figure 13 for the microprocessor interface timing diagrams.

No. Symbol Parameter Min Typ Max Unit Note
1 tbcy Data clock period 122
2 tocH Data clock HIGH pulse width 48
3 tocL Data clock LOW pulse width 48
4 tbcr Rise time of clock 15
5 tbcr Fall time of clock 15
6 ticss Chip select setup time, Input mode 30 tpcy—10
7 ticsH Chip select hold time, Input mode 0 tpcH—20
8 ticsL Chip select pulse width, Input mode 8tpcy
9 ticso Chip select off time, Input mode 2000 1
10 tips Input data setup time 25
11 tipH Input data hold time 30 ns
12 toLH SLIC output valid 300
13 tocss Chip select setup time, Output mode 30 tpcy—10
14 tocsH Chip select hold time, Output mode 0 tpcH—20
15 tocsL Chip select pulse width, Output mode 8tpcy
16 tocso Chip select off time, output Mode 2000 1
17 toop Output data turn on delay 50 2
18 tooH Output data hold time 3
19 tobor Output data turn off delay 50
20 tooc Output data valid 0 50
21 tRsT Reset pulse width 50 us
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PCM Interface
See Figure 14 and Figure 15 for the PCM interface timing diagrams.
A pull up resistor to VCCD of 240 Q is attached to TSCA
No. Symbol Parameter Min. Typ Max Unit Note
22 trcy PCM clock period 0.122 7.8125 us 3
23 tecH PCM clock HIGH pulse width 48
24 tpcL PCM clock LOW pulse width 48
25 tpck Fall time of clock 15
26 tpcr Rise time of clock 15
27 trss FS setup time 30 tpcy—30
28 trsH FS hold time 50
29 trsp Delay to TSCA valid 5 80 4
30 trso Delay to TSCA off 5 ns 4,5
31 toxp PCM data output delay 5 70
32 toxu PCM data output hold time 5 70
33 toxz PCM data output delay to high Z 10 70
34 tbrs PCM data input setup time 25
35 tDRH PCM data input hold time 5
36 tesT PCM or frame sync jitter time —-97 97
Master Clock
For 2.048 MHz +100 PPM, 4.096 MHz +100 PPM, or 8.192 MHz +100 PPM operation.
See Figure 16 for the Master Clock timing diagram.
No. Symbol Parameter Min Typ Max Unit Note
Period: 2.048 MHz 488.23 488.28 488.33
37 tmey Period: 4.096 MHz 244 11 24414 24417 6
Period: 8.192 MHz 122.05 122.07 122.09
38 tMeR Rise time of clock 15 ns
39 tmcE Fall time of clock 15
40 tmeH MCLK HIGH pulse width 48
41 tmeL MCLK LOW pulse width 48
Chopper Clock
See Figure 17 for the Chopper Clock timing diagram.
No. Symbol Parameter Min. Typ Max Unit Note
Chopper Clock Period, CHP = 0 (default) 11.71875
42 teHeLky - 7
Chopper Clock Period, CHP = 1 3.90625
43 tcHCLKH Chopper clock high time tg%%'-;;(so us
44 tcHCOLKL Chopper clock low time tgz%g;
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GCI Interface

No. Symbol Parameter Min Typ Max Unit Note
45 tr, tp Rise/fall time 60
46 ooy Period, Fpc| = 2048 kHz 488.23 488.28 488.33
FpcL = 4096 kHz 244 11 24414 24417
47 twhs twi Pulse width 90
48 tsr Setup time 70 tpc—50
49 thr Hold time 50 ns
50 twEH High pulse width 130
51 topc Delay from DCL edge 100
52 tboF Delay from FS edge 150
53 tsp Data setup twH+20
54 tHp Data hold 50
Note:
1. The Le78D11 codec requires 2.0 us between MPI operations. If the MPI is being accessed while the MCLK (or PCLK if combined with

MCLK) input is not active, a Chip Select Off time of 20 us is required when accessing coefficient RAM.

_ 2pus-8.192 MHz

Immediately after reset, ticso = fPCLK , where fpg,  is the applied PCLK frequency. Once DCR1 is programmed for the

applied PCLK and MCLK, tcso is per table specification.

The first data bit is enabled on the falling edge of CS oron the falling edge of DCLK, whichever occurs last.

The PCM clock (PCLK) frequency must be an integer multiple of the frame sync (FS) frequency and synchronous to the MCLK frequency.
The actual PCLK rate is dependent on the number of channels allocated within a frame. A PCLK of 1.544 MHz can be used for standard
US transmission systems. The minimum clock frequency is 128 kHz using companded data, and 256kHz using linear data to allow
simultaneous access to both channels.

TSCA is delayed from FS by (TTS «8 +TCS) * tpcy, where TTS is the transmit time slot and TCS is the transmit clock slot.

trso is defined as the time at which the output driver turns off. The actual delay time is dependent on the load circuitry. At 8.192 MHz the
maximum load capacitance on TSCA is 150 pF using the minimum pull-up resistance of 240 Q.

PCLK and MCLK are required to be integer multiples of the frame sync (FS) frequency. Frame sync. is expected to be an accurate 8kHz
pulse train. If PCLK or MCLK has jitter, care must be taken to ensure that all setup, hold, and pulse width requirements are met.
Chopper clock accuracy is relative to PLL input reference clock accuracy (i.e. PCLK or MCLK).

Switching Waveforms

Figure 11. Input and Output Waveforms for AC tests
\Y

H
24V Vou oV
20V
TEST
POINTS
\Y
Vi O.SOIV 08V

04V

VCC =33V +5%, AGND=DGND=0V
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DCLK

Figure 12. Microprocessor Interface (Input Mode)
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Figure 13. Microprocessor Interface (Output Mode)
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Figure 14. PCM Highway Timing for XE = 0 (Transmit on Negative PCLK Edge)
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Figure 15. PCM Highway Timing for XE = 1 (Transmit on Positive PCLK Edge)
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Figure 16. Master Clock Timing
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Figure 17. Chopper Clock Timing
& 42 »
4 (aa) >

4 N
OH
VOL
(4> « > (s
Le78D11 VoiceChip™ Family 770 Series Codec Data Sheet 27



.(

Legerity

Figure 18. 4.096 MHz DCL GCI Operation
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Figure 19. 2.048 MHz DCL GCI Operation
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SINGLE CHANNEL APPLICATION CIRCUIT WITH THE LE77D11 DEVICE

RSAZi

SB2i

i 33V
CLPFi

c, r‘ =
TIP, [ 1 I 1
G A7 | vce LPF,
VOUT,
RING, [ ] { K2 o0 ] B, (RING)
PTC2i
R VHP,
sz RAMP
R[] FSET CFILT,
ﬁ) LIMi =+ —
VSW* U1 F
Cswi Csw l + % Le77D11 ..
Place close _ DD2 f— i
to VSW pin c IMT,
BDi
ILS, *VREF
c D Qswi @W = sD, *CHCLK
VREG11 SWi BDi c1
P c i
71 Lyreai l, L e VREG, c2
. FLi n Swi C3,
CHS,
i J: AGND*  BGND, NPRFILT
Chsi J J7

To base of
QSW on
other channel

w}—‘

.IC
I(

NPRi
optional)

VCCA,
VA,
AGND,
VB,
VCCA,
VOUT,
VIN, AGND,
VCCD
DGND,
DGND,
F, U2 TSCA
Le78D11 DRA
VDC, DXA
IMT, FS
VREF PCLK
CHCLK MCLK
ct, DCLK
c2. CSL
C3. DIN
| bout
INT
VS, IREF RS

C, T
0 3.3V
T,
1A
PCM
Interface
MPI
Interface

Note:

* denotes pins that are common to both channels.

i = per channel component/pin

Protection is voltage tracking device

VSi

REF
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APPLICATION CIRCUIT PARTS LIST FOR THE LE77D11 DEVICE

The following list defines the parts and part values for a low cost solution required to meet target specification limits for 70 Vpy
ringing with Vg, = 12 V for two channels of the line card. The protection circuit is not included.

Quantity

Item (see note 1) Type Value Tol. Rating Comments Note
Chsi 2 Capacitor 1nF 10% 50V Panasonic / ECJ-1VC1H102J, 0603
Cgpi 2 Capacitor 10 nF 10% 16V Panasonic / ECJ-1VB1C103K, 0603
C4, Cy, C3, . .

c 4 Capacitor 100 nF 10% 16V Panasonic / ECJ-1VB1C104K, 0603
4
CNPRi 2 Capacitor 100 nF 10% 16V Kemet / C0805C104K8RAC (optional)
CyREGi 2 Capacitor 100 nF 10% 100V Nova Cap / 1206B104J101N
Chpi 2 Capacitor 1.5 uF 10% 10V Kemet / C0805C115K8RAC
) . 4.7 uF
CLpFi 2 Capacitor Tantalum 10V Kemet / T491A475K010AS
CrLi 22 F Alum
CvREG11» 4 Capacitor Eleit ' 100V Panasonic / EEUFC2A220
CvReG22 '
C 1 Capacitor 220 uF 20% 50V Nichicon / UPW1H221MPH
sw P Alum. Elect. °
Cswi1 1 Capacitor 100 nF 10% 50V DIGI-KEY / PCC1840CT-ND,0805
PNP
Qswi 2 Transistor FZT953 100 V Zetex | FZT953
Dswi 2 Diode ES2C 2A General Semi. / ES2C
DD1 1 Diode 4148-SOT 600 mA | Fairchild / MMBD4148CC
DD2, DD3 2 Diode BAVO9TA 250 mA | Zotex/ BAVOITA (DIGIKEY #

BAV99ZXTR-ND)

Lswi 2 Inductor 47 uH 295A Cooper Coiltronics / DR127-470

Panasonic / ELJ-PA180KF

L .

VREG 2 Inductor | 18 uH 205MA 1 (DIGI-KEY / PCD1487CT-ND)
PTCy; .

4 PTC 50 Q AsiaCom / MZ2L-50R

PTC,,
Ruwmi 2 Resistor | 0.1 Q, 5% 172W | Vishay / CRCW1210R100JNTALR
Repi 2 Resistor | 330 Q 1% 1/16 W | Vishay / CRCWO0B03P330F25RT6
Roci 2 Resistor | 20 K 1% 1116 W | DIGI-KEY / P15.0KHCT-ND, 0603
RRer 1 Resistor | 69.8 K 1% 116 W | DIGI-KEY / P69.8KHCT-ND, 0603
R 2 Resistor | 100 K 1% 1/16 W | DIGI-KEY / P100KHCT-ND, 0603
RRAMP 1 Resistor | 280 K 1% 1/16 W | DIGI-KEY / P280KHCT-ND, 0603
Rysi 2 Resistor | 475K 1% 1/16 W | DIGI-KEY / P475KHCT-ND, 0603
Roar Rsain

SATh T SBII 8 Resistor | 237k 1% 1/8W | DIGI-KEY / P237KFCT-ND, 1206
Rsa2i, Rspi

Note:
1. Quantities required for a complete two-channel solution.
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SINGLE CHANNEL APPLICATION CIRCUIT WITH THE LE77D21 DEVICE

SA2i

SB2i

VCCA, *j
AGND, T

33V
VoA, [V

AGND,

VCCD T

DGND,

DGND,

TSCA | —
DRA
DXA

FS

PCLK | —

MCLK
DCLK | —
csL
DIN
DOUT
INT
RS |

PCM
Interface

MPI
Interface

C4 :}H&SV CLF’Fi
F’TC1i ’—*'{q VA,
TPi [ [ ] LIkt K18 = vB
2 la 7 A | VCC*  LPFi i
U3 B VIN, VOUT,
3 INC AE; A\ (TIP)
VOuUT, VIN,
RINGi [ [ 1 4 k2 Ko B, (RING)
R,
PTC,, VHP IMTi
14 i
BATH — 19 VBH,
BHi VBL, CFILT; Chip
ahd N F F u2
BATL VBLS,  Le77D21 Roci Le78D11
Cowi — | Ceu T RDC, VDG,
*VREF VREF
RLBi CHOLK
LM, c1, c1,
c2 c2
LA LR, c3, cs,
AGND*  BGND, NPRFILT,
Vs, IREF
J CNPRi
1 I (optional)
RVSi =
Note:

* denotes pins that are common to both channels.

i = per channel component/pin
Protection is voltage tracking device

REF
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APPLICATION CIRCUIT PARTS LIST FOR THE LE77D21 DEVICE

The following list defines the parts and part values for a low cost solution required to meet target specification limits for 70 Vpy
ringing for 2 channels of the line card with VBH = 95 V and VBL = 27 V. The protection circuit is not included.
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Item 8:;?,2}2‘1’) Type Value Tol. Rating Comments Note
81 €2,C3, 4 Capacitor | 100 nF 10% 16V Panasonic / ECJ-1VB1C104K, 0603
CNPRi 2 Capacitor 100 nF 10% 16V Kemet / C0805C104K8RAC (optional)
CgLi 2 Capacitor 100 nF 10% 100V Kemet / C1210C104K1RAC
CgHi 2 Capacitor 100 nF 10% 100V Kemet / C1210C104K1RAC
Chpi 2 Capacitor | 1.5 uF 10% 10V Kemet / C805C115K8RAC
CLpFi 2 Capacitor izIaYn’:;'I:um 10% 10V Kemet / T491A475K010AS
DgHj, DBLi 4 Diode 150mA 100V

EDF1DS
U3, Us 2 Diode Diode General Semiconductor / EDF1DS
Bridge
Prci: P1ci 4 PTC 50 Q AsiaCom / MZ2L-50R
Rpci 2 Resistor 20.0 K 1% 1/16 W | DIGI-KEY / P20.0KHCT-ND, 0603
Rrer 1 Resistor 69.8 K 1% 1/16 W | DIGI-KEY / P69.8KHCT-ND, 0603
Rivmi 2 Resistor 100 K 1% 1/16 W | DIGI-KEY / P100KHCT-ND, 0603
Rysi 2 Resistor 475K 1% 1/16 W | DIGI-KEY / P475KHCT-ND, 0603
Rsatis
Rsg1i, Rsa2i, 8 Resistor 237K 1% 1/8 W DIGI-KEY / P237KFCT-ND, 1206
Rsg2i
Riai RiBi 4 Resistor 1.35K 5% 1w
Note:
1. Quantities required for a complete two-channel solution.
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PHYSICAL DIMENSIONS
TQFP 044

[D]o.20®]c]A-BSD[S)
Dlo.20@[H[A-BRD[O
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i
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=] IE
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EAiTemy S EVEN LFAD SIDES
= E, b o s | v
E WITH LEAD FINISH ] 451733?7
= by / - f
N - h
N 009/016  0.09/0.20 E—
4 IIIHIHI" \
DETAIL Y
& 2aiall 1 BASE METAL SEE DETAIL "A”

Dj {BOEO@[H[A@}B[D[@] SEE DETAIL "A” I ’/. l \\\‘ ) 10.0510

1]0.05 MM/MM[A-B] f oM \ A,
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\ 1111 SEATING PLANE
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A2 \’\“II (mininininiu)n) - A DETAIL X
ﬂmm@m\ T T
|
11°—-13°
l-1.00 REF. Dwg rev. AS; 08/00
PACKAGE TQFP 044 NOTES:
1. ALL DIMENSIONS AND TOLERANCES CONFORM TO ANSI Y14.5M—1982.
JEDEC | MS-026 (C> ACB 2. DATUM PLANE IS LOCATED AT THE MOLD PARTING LINE AND IS
COINCIDENT WITH THE BOTTOM OF THE LEAD WHERE THE LEAD
SYMBOL | MIN | NOM | MAX EXITS THE PLASTIC BODY.
A — — 1.20 3. DIMENSIONS "D1" AND "E1” DO NOT INCLUDE MOLD PROTRUSION.
Al ALLOWABLE PROTRUSION IS 0.254mm PER SIDE.
005 | —— | 0I5 DIMENSIONS “D1” AND "E1” INCLUDE MOLD MISMATCH AND ARE
A2 | 095 | 1.00 | 1.05 DETERMINED AT DATUM PLANE
4. DIMENSION "B” DOES NOT INCLUDE DAMBAR PROTRUSION.
D 1200 BSC ALLOWABLE DAMBAR PROTRUSION SHALL BE 0.08mm TOTAL IN
EXCESS OF THE b DIMENSION AT MAXIMUM MATERIAL CONDITION.
D1 10.00 BSC DAMBAR CAN NOT BE LOCATED ON THE LOWER RADIUS OR THE
FOOT.
E 1200 BSC 5. CONTROLLING DIMENSIONS: MILLIMETER.
E1 1000 BSC 6. DIMENSIONS "D” AND "E” ARE MEASURED FROM BOTH
INNERMOST AND OUTERMOST POINTS.
L | o045 | 0.60 | 0.75 7. DEVIATION FROM LEAD—TIP TRUE POSITION SHALL BE WITHIN +0.076 MM.
FOR PITCH >0.5mm.
N 44 AND WITHIN £0.04 FOR PITCH < 0.5 mm.
o 080 BASIC 8. LEAD COPLANARITY SHALL BE WITHIN: (REFER TO 06—500)
1- 0.10 mm FOR DEVICES WITH LEAD PITCH OF 0.65-0.80 mm.
b 0.30 037 0.45 2— 0.076 mm FOR DEVICES WITH LEAD PITCH OF 0.50 mm.
COPLANARITY IS MEASURED PER SPECIFICATION 06-—500.
bl 0.30 0.35 0.40 9. HALF SPAN (CENTER OF PACKAGE TO LEAD TIP) SHALL BE
15.30i.165{.602"1.0065"§
TOLERANCES OF FORM 10.  "N" IS THE TOTAL NUMBER OF TERMINALS.
AND POSITION 11. THE TOP OF PACKAGE IS SMALLER THAN THE BOTTOM OF THE

PACKAGE BY 0.15 MILLIMETERS.
12, THIS OUTLINE CONFORMS TO JEDEC PUBLICATION 95 REGISTRATION

ccc 0.10

MS—026.

ddd 0.20 13. THE 160 LEAD IS A COMPLIANT DEPOPULATION OF THE 176 LEAD
MS—026 VARIATION BGA.

0a0 0.20
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REVISON HISTORY
Revision B1 to C1

In Power Dissipation, added Max values
In System Specifications, first paragraph, removed Ty = 0 to 70°C
In Transmission Specifications, Maximum metering voltage, added typ value of £1.02 V and condition of AR = 0 dB
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