04401

VARIABLE RATE VOCODER

GENERAL DESCRIPTION

The QUALCOMM Q4401 Variable Rate Vocoder is a
full-duplex speech Encoder and Decoder that produces
near toll-quality speech at compressed data rates of
under 9.6 kilobits per second {kbps]. The Q4401
provides a single-chip solution to the speech
compression requirements for digital telephone,
wireless communications, voice storage, and speech
synthesis systems. The Q4401 uses the proprietary
QUALCOMM Codebook Excited Linear Predictive
{(QCELP) speech coding algorithm to achieve high
speech quality at low data rates.

The Q4401 can encode speech at fixed or variable
data rates. In Fixed Rate Mode, the Q4401 can code
speech at rates of 4 kbps, 4.8 kbps, 8 kbps or 9.6 kbps.
In Variable Rate Mode, the Q4401 automatically adjusts
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the data rate from 800 bps to 8 kbps (Normal Variable
Rate Mode) or from 800 bps to 9.6 kbps (Enhanced
Variable Rate Mode) every 20 milliseconds (ms). When
in Variable Rate Mode, the Q4401 codes speech at

under 7 kbps in continuous speech applications and at

under 3.5 kbps in typical two-way telephone
conversations, without degrading the speech quality.

The Q4401 is a masked ROM version of a digital
signal processor {DSP) device. Digitized speech is
transferred to and from the Q4401 via a digital serial
interface that connects to a 64 kbps p-law or A-law
speech codec. Compressed speech packets are
transferred to and from the Q4401 via an 8-bit parallel
data bus interface that connects to standard
microprocessor buses. The Q4401 is also controlled via
this processor interface.
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FUNCTIONAL OVERVIEW

Figure 1 shows the functional block diagram of the
Q4401. Each of the functions in this diagram is
explained in detail in the following sections.

QCELP ENCODER
The QCELP Encoder is the most complex function of
the Q4401 Variable Rate Vocoder. The Encoder
operates on one 20 ms frame at a time. Each frame
contains 160 PCM samples. The encoding process

includes measurement of the speech energy, data rate

determination, dynamic adjustment of the rate
thresholds, and encoding the speech into packets of
compressed data. The Encoder provides a 25-byte
packet of data to the processor every 20 ms. Each
encoded packet contains one byte that represents the
data rate and 24 bytes of encoded data that represent

the speech in each frame. The length of the packet
depends on the data rate chosen, as shown in Figure 12.
Any extra bits in the last byte of a packet are set to
zero. The processor formats the valid data bits
contained in the packet from the Q4401 for storage or
transmission.

The Encoder operates in one of two compression
modes: Fixed Rate or Variable Rate. The Fixed Rate
Mode compresses the speech at a fixed data rate of
4000, 4800, 8000, or 9600 bits per second {bps).
Variable Rate Mode compresses the speech at data rates
of 800, 4000, or 8000 bps in Normal Variable Rate
Mode and 800, 4800, or 9600 bps in Enhanced Variable
Rate Mode. The Q4401 achieves near toll-quality
speech with both Variable Rate Modes and data rates of
8000 bps or 9600 bps in Fixed Rate Mode.

Figure 1. Q4401 Variable Rate Vocoder Block Diagram
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QCELP DECODER

The QCELP Decoder receives 25-byte packets of
compressed speech from the processor every 20 ms.
Each decoded packet contains one byte that represents
the data rate and 24 bytes of compressed data needed
for reconstructing the speech. The Decoder provides a
reconstructed speech output of 160 8-bit p-law/A-law
companded speech samples every 20 ms to the PCM
interface. The packets input to the Decoder contain a
varying number of valid data bits depending on the data
rate used to encode the frame. The processor must
properly format the data from the transmission channel
or storage device into the packet structure used by the
Decoder.

FRAME TIMING

The Frame Timing section of the Q4401 Variable Rate
Vocoder determines the beginning of each 20 ms frame
for the Encoder and Decoder. A single input signal,
Vocoder Reference Strobe {VRS), provides the basis for
this 20 ms timing. The Encoder frame timing and
Decoder frame timing are independently set by the Tx
Offset and Rx Offset from the VRS. These offsets are
programmed using the Initialize command described in
the Q4401 Variable Rate Vocoder Commands section.
The frame timing is initiated by providing a single
strobe (or a repetitive 20 ms signal) to the VRS input
pin or by a Software VRS command to the Q4401. The
initial VRS typically occurs at initialization or when
the system configuration is changed.

PCM INTERFACE

The PCM Interface of the Q4401 Variable Rate Vocoder
interfaces to a p-law/A-law PCM codec. This interface
receives and transmits 64 kbps u-law/A-law companded
speech samples. These samples are transferred as 8-bit
serial words every 125 ms. The PCM interface is
shown in Figure 2. All data is transferred
synchronously with externally sourced clocks and
strobes. The operation of this interface is discussed in
the Operational Interfaces section. Two optional PCM
interface handshake signals, Tx Buffer Full (TXBF) and
Rx Buffer Empty (RXBE), are provided to facilitate PCM
data transfer for applications that do not require the use
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of a codec.

The p-law or A-law Codec interface format may be
selected by the PCM Interface command. For more
information, refer to PCM Interface command in the
Q4401 Variable Rate Vocoder Commands section.

Figure 2, @4401 Varible Rate Vocoder to PCM Interface
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PROCESSOR INTERFACE

The Q4401 is controlled by a processor via the 8-bit
parallel processor interface. The packets of compressed
data are also transmitted and received over the
processor interface. Communication between the
Q4401 and the processor is governed by a protocol that
defines the Q4401 Variable Rate Vocoder commands
and responses {described in the Q4401 Variable Rate
Vocoder Commands section). The Q4401 acts as a
slave peripheral to the processor. Therefore, the
processor always initiates communication.

Commands sent to the Q4401 from the processor are
called command packets. Responses sent from the
Q4401 to the processor are called response packets.
Data is transferred via the 8-bit data bus using the read
and write signals from the processor. The processor
interface is shown in Figure 3.

The Q4401 has a Sleep Mode that can be enabled
when it is not in use. The power dissipation while in
Sleep Mode is less than 50 mW, about 10% the power
of normal operation. The Q4401 is reinitialized from
Sleep Mode by an Initialize Vocoder command from the
processor.
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Figure 3. Vocoder to Processor Interface
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The Q4401 features two self-diagnostic tests: a
RAM Test and an ALU Test. The RAM Test verifies
that the RAM locations can be written to and read from
properly. The ALU Test verifies that the DSP core is
functioning properly.

INPUT MUTING

The Input Muting function suppresses the input speech
so that it is not encoded. Comfort noise is the only
data that is encoded. The reconstructed signal at the
Decoder contains only comfort noise. In Variable Rate
Mode, the Encoder encodes the input speech at the low,
800 bps data rate. For more information, refer to Input
Muting command in the Q4401 Variable Rate Vocoder
Commands section.

OUTPUT MUTING

The Output Muting function replaces the reconstructed
speech samples with comfort noise before the samples
are sent to the PCM Interface. Output muting is often
used to eliminate pops and glitches that may be caused
by the switching of processing paths or data sources.
When the processor is aware of any system
configuration changes that might cause errors to be
heard, the Output Muting feature should be enabled
and then disabled after the event has passed. For more
information, refer to Output Muting command in the
Q4401 Variable Rate Vocoder Commands section.

OUTPUT VOLUME CONTROL

The Output Volume Control function controls the
volume of the reconstructed speech samples out of the
Decoder. The 16-bit value is completely programmable
from the processor. The output volume control can be
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varied between 42 dB of gain, 42 dB of attenuation, and
muting (i.e., no output). Caution should be used when
applying gain. Large gain increases can cause clipping
of the speech samples sent to the codec, resulting in
distortion. Also, some unavoidable quantization noise
will be added when gain is applied. For more
information, refer to Output Volume Control command
in the Q4401 Variable Rate Vocoder Commands

section.

TONE GENERATOR

The Tone Generator synthesizes single or dual
frequency tones at the RXD output of the Q4401. Two
completely programmable tones can be generated with
arbitrary volume and duration of the tones. Tone
generation overrides the voice output to the PCM
interface. However, the Q4401 continues to operate
during tone generation. Therefore, received packets
must continue to be passed to the Q4401 Decoder to
ensure that the speech is reconstructed properly when
the tones are discontinued. Standard DTMF signals can
be generated using this tone generator. For more
information, see the Tone Generation command in the
Q4401 Variable Rate Vocoder Commands section.

VOX - VOICE ACTIVATED SWITCH

The VOX function is used in real-time, full-duplex
applications where hands-free telephone operation is
required. In hands-free operation, the microphone is
typically near the speaker output, which can result in
feedback between the speaker output and the
microphone. This phenomenon, coupled with the
inherent processing delay of the Q4401, will result in
an echo heard by users at the far end as they speak.
(“Far end” refers to the other end of the link; “near
end” refers to the end with VOX Mode enabled.)] VOX
Mode will allow only one side of the full-duplex link to
be transmitted when there is voice activity, thus
removing the return path for possible echo. VOX Mode
operational parameters are completely programmable
and are described in the Operating Modes section.
Also, see the VOX command in the Q4401 Variable

Rate Vocoder Commands section.
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AUDIO LOOP BACK

The Audio Loop Back function causes the digitized
speech samples provided to the Q4401 PCM input to be
looped back to the PCM output without being
processed by the Encoder. This is useful for verifying
the correct operation of the PCM interface. The output
PCM samples will not match the input PCM samples
on a bit-by-bit basis due to the DC block implemented
by the Q4401, but the speech output will still sound
identical to the input. For more information, see the
Audio Loop Back command in the Q4401 Variable
Rate Vocoder Commands section.

PACKET LOOP BACK

The Packet Loop Back function loops back unchanged
Rx packets to the processor as Tx packets. This is
useful for verifying the correct operation of the
processor interface. For more information, refer to
Packet Loop Back command in the Q4401 Variable
Rate Vocoder Commands section.

OPERATING MODES

The Q4401 Variable Rate Vocoder operates in a variety
of modes to provide maximum performance in a wide
range of applications. The two main operating modes
are Fixed Rate and Variable Rate Modes. Fixed Rate
Mode provides one of four selectable data rates at 4000,
4800, 8000, and 9600 bps. There are two Variable Rate
Modes, Normal and Enhanced, which dynamically
adjust the speech data rate for each frame based on the
speech signal energy. Normal Variable Rate Mode
varies the data rate between 800, 4000, and 8000 bps.
Enhanced Variable Rate Mode varies the data rate
between 800, 4800, and 9600 bps.

In addition to these two main operating modes, the
Q4401 provides other operating modes to enhance
speech compression operation. The Initialization Mode
is used to configure the Q4401 Timing and Operating
Mode for speech encoding and decoding. The Average
Rate Limit Mode is used with Variable Rate Mode to
limit the maximum average data rate to between 4000
and 9600 bps. The VOX Mode is used for hands-free
operation similar to a speaker phone. Sleep Mode saves
power when the Q4401 is not in use at a given time.
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Sample Slipping is a mechanism that adjusts for timing
differences between the PCM Interface and the
transmission channel. Each of these modes is described

in the following sections.

Q4401 VARIABLE RATE VOCODER INITIALIZATION ,

The Q4401 Variable Rate Vocoder must be initialized at

power-up, after a reset condition, or when new system

parameters are required, such as when a new two-way
voice connection is made. The initialization process
specifies the Tx and Rx timing parameters, starts the

20 ms frame timing, and establishes the background

noise estimate for the current environment.

Initialization typically starts after the assertion of
the hardware RESET signal. The Initialize command
may be issued by the processor 1 ms after the reset is
complete to configure the Tx Offset and Rx Offset
timing parameters. Tx Offset and Rx Offset determine
the timing relationships between the VRS and the Tx

Tick and Rx Tick, respectively. This configures the

Q4401 timing so that the Tx Frame and Rx Frame

commands are aligned with the internal processing of

the Q4401. The Initialize command also causes the

Q4401 to look for the VRS, which starts the internal

frame timing. The external hardware VRS signal may

be asserted any time after the Initialize command has
been issued. Alternatively, the Software VRS command
may be issued from the processor 250 micro seconds

{us) after the Initialize command has been issued. Once

the VRS occurs, the Reinitialize Background Noise

Estimate command should be issued to initialize the

data rate thresholds. After the initialization process is

complete, the Q4401 will be ready to perform speech
compression via the Tx Frame and Rx Frame
commands. The following is a summary of the
initialization procedure:

1. Reset the Q4401 Variable Rate Vocoder (Hardware
Reset or Software Reset via the Software Reset
command) and wait 1 ms.

2. Issue the Configuration command.

Select Tx Offset and Rx Offset via the Initialize

command.

4, Issue an External Hardware VRS or the Software
VRS command 250 us after the Initialize command.

G
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5. Initialize background noise by issuing the Initialize
Background Noise Estimate command.

6. Start data transfer using the Tx Frame and Rx
Frame commands.

After initialization, the first encoded frame will be a

“Blanked” frame (i.e. no valid data will be present).

Each frame following the “Blanked” frame will be

encoded and decoded based on the parameters defined

by the Tx Frame and Rx Frame commands,

SPEECH ENCODING AND DECODING

After the initialization sequence is complete, speech
encoding and decoding may begin. PCM data samples
at the TXD Input are internally grouped together into
20 ms frames (160 PCM samples per 20 ms frame].
These frames are encoded into packets and output to
the processor every 20 ms via the Tx Frame command.
The Decoder path of the Q4401 receives packets of
compressed speech data from the processor every 20
ms via the Rx Frame command. Each frame of
compressed speech information is decoded and
provided to the RXD Output as PCM samples.

For the encoding operation, the processor receives
an encoded packet of compressed speech data every 20
ms by issuing a Tx Frame command to the Q4401.
The Tx Frame command must be issued within a 19
ms window after the Tx Frame Tick. (This is discussed
in detail in the Processor Interfaces section.) Each
packet of compressed speech data is transferred to the
processor in the Tx Frame response packet. Due to
double buffering of the packets in the Q4401, the data
contained in the Tx Frame response packet
corresponds to the speech encoded during the previous
20 ms frame. The Tx Frame response packet contains
the data rate for the frame as well as the valid data bits.
The Tx Frame command contains the maximum and
minimum data rate limits for the next 20 ms frame to
be processed. Alternatively, the processor can also
provide data rate parameters only for the current frame
being processed using the Tx Frame Rate Only
command, which is discussed in the Operational
Interfaces section. Each packet of compressed speech
data received by the processor is then formatted for
transmission over a digital communications channel or
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for sending to a storage medium. The processing delay
between the arrival of the first PCM sample in a 20 ms
frame and the completion of the encoding process for”
that frame is approximately 47.5 ms.

The decoding process begins when the processor
receives a packet of information from the transmission
channel or storage medium and constructs an Rx Frame
command packet to send to the Q4401. The Rx Frame
command provides a frame of compressed speech data
from the processor to the Q4401 for decoding. The Rx
Frame command is issued every 20 ms within a 19 ms
window before the Rx Frame Tick. The Rx Frame
command packet contains the data rate for the frame as
well as the valid data bits needed to reconstruct the
speech signal. The Decoder reconstructs the speech
from the received packet and provides the
reconstructed PCM speech samples to the RXD output.
The processing delay between the arrival of the Rx
Frame command packet and transmission of the first
PCM sample to the codec is approximately 3 ms.

The Q4401 contains a feature that allows selected
data frames to be “Blanked” or “Erased” to reduce the
effects of system noise and transmission errors. The
result of system noise and transmission errors are pops
and clicks heard at the Decoder end. The “Blank”
feature is used by the Encoder to eliminate the pops and
clicks when a known disruption in the system occurs.
Such disruptions could include configuration changes
or transmission of a frame of control information
instead of compressed speech data. The “Blank”
indication is provided in the Tx Frame command and
sent to the Decoder in an Rx Frame command. The
“Erase” feature eliminates the pops and clicks caused
by transmission errors over the transmission medium.
This feature is used by the processor on the Decoder
side when a packet of information is received from the
transmission channel with bit errors. One bit error
could have a major effect (or minor effect depending on
which bits are in error) on the decoded speech quality.
Therefore, when a packet is received with errors, it is
best to use the “Erase” feature. The “Erase” indication
is sent by the processor to the Decoder in the Rx Frame
command. Both the “Blank” and “Erase” features
command the Decoder to estimate what the
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reconstructed frame of speech data should be without
compressed speech data.

FIXED RATE MODE

In Fixed Rate Mode, the same data rate is used for
compressing and decompressing each frame. This is
accomplished by setting the maximum and minimum
data rate limits in the Tx Frame command to be equal.
Valid fixed rates are 4000, 4800, 8000, and 9600 bps.
The Decoder operates the same way as described above
in the Speech Encoding and Decoding section.

VARIABLE RATE MODE

Variable Rate Mode dynamically varies the data rate of
each frame based on the speech signal energy. There
are two Variable Rate Modes: Normal Variable Rate
Mode which selects from data rates of 800, 4000, and
8000 bps, and Enhanced Variable Rate Mode which
selects from data rates of 800, 4800, and 9600 bps. The
Enhanced Mode will provide slightly better voice
quality because of the higher data rates.

Variable Rate Mode determines the data rate for each
frame based on the energy of the speech. If the signal
energy is high, the maximum {or full) rate will be used.
If the signal energy is at a medium level, the
intermediate {or half) rate will be used. If the signal
energy is low, the 800 bps data rate will be used. Full
Rate is defined as 8000 bps for Normal Variable Rate
Mode and 9600 bps for Enhanced Variable Rate Mode.
Half Rate is defined as 4000 bps for Normal Variable
Rate Mode and 4800 bps for Enhanced Variable Rate
Mode.

The Tx Frame command provides the maximum and
minimum data rate parameters. In Normal Mode the

maximum is set to 8000 bps, and the minimum is set

to 800 bps. In Enhanced Mode, the maximum is set to
9600 bps, and the minimum remains set to 800 bps.
The Tx Frame response packet contains the data rate
that the Encoder selects for each frame and the
compressed speech data.

The Q4401 Encoder also contains a unique feature
for tracking the background noise level to optimize the
voice quality and compression rate when in Variable
Rate Mode. The Background Noise Estimate gradually
adjusts the adaptive rate thresholds to float above the
level of the background noise. A Reinitialize
Background Noise Estimate command may be issued at
any time to immediately set the compression rate
thresholds. The processor typically issues the
Reinitialize Background Noise Estimate command
when the Q4401 is initialized or at the initial onset of
valid PCM data to the vocoder.

The Decoder operates the same way as described in
the Speech Encoding and Decoding section.

AVERAGE RATE LIMIT

The Average Rate Limit command is used when the
desired maximum average encoded data rate must be
limited between Half Rate and Full rate for active
speech. One of the Variable Rate Modes must be
selected for the Average Rate Limit command to
operate propetly. This command will force some
frames that would normally be encoded at Full Rate to
be encoded at Half Rate instead. For example, an
Average Rate Limit selection of 74 will cause 75% of
the Full Rate frames to be encoded at Full Rate and
25% of the Full Rate frames to be encoded at Half Rate,
The resulting maximum average is 7000 bps in Normal
Mode and 8400 bps in Enhanced Mode. See Figure 4 for

an example. This feature affects only the Encoder side

Figure 4. Average Rate Limit Operafion During Speech
20 msec Frame
Full Rate _ |
(8,000bps) — [ ] [ P b1 Averoge
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of the Q4401. The processor handles the compressed
data from the Tx Frame and Rx Frame commands
exactly as described in the Speech Encoding and
Decoding section.

VOX MODE

VOX Mode is used to eliminate potential echo during
hands-free telephone operation {i.e. speakerphone
applications). This mode can be used in conjunction
with Fixed, Variable, or Average Rate Limit Modes. In
VOX Mode, the Q4401 operates in one of three states:
Idle, Tx, and Rx. The Idle state allows transmission in
both directions, whereas the Tx and Rx states allow
half-duplex operation only. The VOX Mode will
remain in the Idle state until the Decoder signal energy
and background noise energy differ by a programmable
amount. Once the VOX leaves the Idle state, the active
states (Tx or Rx| are entered by comparing the
Encoder’s signal and background noise energy to the
Decoder’s signal and background noise energy. The
Decoder typically has priority over the Encoder.
Therefore, if both users are speaking at the same time,
the user at the far end will have priority.

The VOX Mode command enables and establishes
the parameters for VOX Mode operation. There are five
programmable parameters that enable the processor to
tailor the VOX Mode operation to the specific
requirements of the system. These parameters include:

* Energy Decay Factor: Selects the sensitivity for

the near-end speech input so that it will not be
cut off during pauses.

¢ Background Noise Decay Factor: Selects the rate

at which the background noise estimates are
allowed to increase.

¢ Decoder Background Noise Floor: Sets the lower

limit of the Decoder background noise threshold.
This is required because VOX Mode will not
operate efficiently if the background noise is too
low.

¢ Decoder VOX Threshold: Sets the receive signal

{from the far end) energy threshold. VOX is not
required if the receive energy from the far-end is
less than 6 dB above the Decoder’s background

noise.
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* Encoder Weighting Factor: Sets a weighting
factor, which scales the Encoder’s speech energy
before the Encoder/Decoder energy comparison is
made to determine which side will have priority.

For more information, see the VOX Command in the

Q4401 Vocoder Commands section.

SLEEP MODE

Sleep Mode conserves power when the Q4401 Variable
Rate Vocoder is not in operation. The Q4401 can be
commanded to enter the Sleep Mode by issuing the
Sleep Mode command or by issuing the Diagnostic Test
command. (The Q4401 will automatically enter Sleep
Mode when the diagnostic tests are complete.) The
power dissipation during Sleep Mode is less than

50 mW compared to almost 500 mW during normal
operating conditions.

Sleep Mode essentially performs a software reset and
remains in the reset condition until the processor
writes an Initialize command. At that time, the
initialization sequence must be performed to configure
the Q4401 for desired operation.

SAMPLE SLIPPING
Sample Slipping is a mechanism to adjust the Tx Offset
and Rx Offset relative to the VRS without having to
reinitialize the Q4401. This mode is available to
compensate for differences between the PCM timing
and the transmission channel timing.
Two alternate commands, Tx Offset + 1 and
Tx Offset - 1, may be used in place of the Tx Frame
command to adjust the Tx Offset either backward or
forward by one PCM sample relative to the VRS. When
the value of the Tx Offset is increased by one, a sample
from the PCM input is deleted, and the internal Q4401
Encoder timing is shifted back one sample. When the
value of Tx Offset is decreased by one, a sample from
the PCM input is repeated, and the internal Q4401
Encoder timing is shifted forward one sample.
Similarly, there are two alternate commands,
Rx Offset + 1 and Rx Offset - 1, that may be used in
place of the Rx Frame command to adjust the Rx Offset
either backward or forward by one PCM sample period
relative to the VRS. When the value of Rx Offset is
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increased by one, a PCM output sample is repeated and
the internal Q4401 Decoder timing is shifted forward
one sample. When the value of Rx Offset is decreased
by one, a PCM output sample is deleted, and the
internal Q4401 Decoder timing is shifted back one
sample.

The Tx Offset and Rx Offset commands take effect
immediately. Therefore, the timing of the Tx Frame
and Rx Frame commands that follow these alternate
commands must be moved accordingly, either forward
or backward.

OPERATIONAL INTERFACES

The Q4401 Variable Rate Vocoder operational
interfaces are comprised of the system interface, PCM
interface, and processor interface. Figure 5 shows the
Q4401’s interfaces. The system interface provides
connections for the general purpose signals used by the
Q4401. The PCM interface provides all connections
necessary for interfacing to a standard p-law/A-law
codec. The processor interface provides all connections
for interfacing to a standard 8-bit microprocessor data
bus. The operation and use of each of these interfaces
are discussed in detail below.

Figure 5. Q4401 Variable Rate Vocoder Interface
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SYSTEM INTERFACE

The system interface contains the RESET/, CLKIN,
CLKIN2, VRS, and CLKOUT signals. The following is
a description of each of these signals.

RESET/

The RESET/ signal is an active “Low” input that resets
the entire Q4401 Variable Rate Vocoder. A “High”-to-
"Low” transition causes the Q4401 to enter the reset
state and remain in this condition until the signal
returns “High” again. The RESET/ signal must remain
active for at least six input clock periods (198 ns). All
output signals are tri-stated during reset, and all
internal timers and registers are cleared. After the reset
condition is removed, the Q4401 will initialize the
internal QCELP algorithm and wait for the Initialize
command. There must be at least 1 ms between the
end of the reset condition and when the Initialize
command is passed to the Q4401.

CLKIN AND CLKIN2

The CLKIN and CLKIN2 inputs are used for the
external 30 MHz clock. Two types of clocks may be
used, a CMOS level clock input or a crystal clock input.
If a CMOS level clock signal is used, this clock signal
should be connected to CLKIN. In this case, CLKIN2
should be left open. If a 30 MHz crystal is used, then
one of the two pins of the crystal should be connected
to CLKIN, and the other pin should be connected to
CLKIN2. In this configuration a 10 pF capacitor is
required between each of these inputs and V$s (ground).
Figure 6 shows a typical clock input configuration
using a CMOS logic level clock input and a crystal
clock input.

Figure 6. Clock Input Configuration

5 30.00 MHz -
CLKIN ==— Clock (CMOS CLKIN <=
levels) 30.00 Mz
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VRS

The VRS is used to set the 20 ms frame timing for the
Encoder and Decoder. This signal is used by the Q4401
to synchronize the transmission and reception of coded
speech data to and from the processor. The Encoder
Frame Timing and Decoder Frame Timing are
independent from each other but both are derived from
the VRS via the Tx-Offset and Rx-Offset parameters in
the Initialize command. This input can be a single
active “High” pulse occurring one time after the
Initialize command has been issued or a continuous
stream of pulses spaced 20 ms apart. The pulse must be
“High” for at least 2 s, but no more than 250 us. The
VRS signal must be asserted each time that the Q4401
has been reset or has been reconfigured by the Initialize
command. The VRS function can also be performed by
issuing the Software VRS command after the Initialize
command has been issued.

CLKOUT
The CLKQUT signal is a buffered version of the CLKIN
signal {i.e., 30 MHz). This output can be used to clock

other devices in the system.

PCM INTERFACE

Figure 5 shows the Q4401 Variable Rate Vocoder
interface to a PCM codec via the serial PCM interface.
The input samples from the codec to the PCM interface
control the timing of the Q4401. A frame is encoded
every 160 PCM input samples or 20 ms. The TXD and
RXD signals are the data lines in and out of the Q4401.
The TXSTB and RXSTB signals are used to gate the data
in and out of the vocoder. The TXCLK and RXCLK
signals are used to clock the data in and out of the

Q4401. The TXBF and RXBE are optional signals for
transferring data to and from the Q4401 without a PCM

codec device.

TXD AND RXD

TXD and RXD are the serial data input and serial data
output signals. The Q4401 sends and receives serial
PCM data to and from the PCM codec. The serial data
word length is 8 bits, with the MSB transmitted first
and the LSB transmitted last.

TXCLK AND RXCLK

The rising edge of the TXCLK input is used to clock
each of the eight TXD serial data bits from the PCM
codec into the Q4401. This clocking operation is
enabled by the TXSTB input. Likewise, the rising edge
of the RXCLK input is used to clock each of the 8 RXD
serial data bits out of the vocoder. This clocking
operation is enabled by the RXSTB input. In
applications where the input and output timing are
synchronous, the TXCLK and RXCLK signals can be
connected, and the TXSTB and RXSTB signals can be
connected. The frequency of the TXCLK and RXCLK
can be from 64 kHz to 15 MHz. The Tx Timing and Rx
Timing between the Q4401 and the codec are shown in

Figure 7.

TXSTB AND RXSTB

The TXSTB and RXSTB inputs are used to enable the
clocking of PCM samples into or out of the Q4401.
These active “Low” inputs must be supplied at an

8 kHz (125 ps) rate. The TXSTB and RXSTB inputs can
pulse “Low” for one bit period or pulse “Low” for up to
the entire 8-bit transfer. For more information, refer to

Figure 7. Tx and Rx PCM Timing
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PCM Tx Timing and PCM Rx Timing under the Timing
Characteristics section.

TXBF AND RXBE

The optional TXBF and RXBE output signals are used
when transferring PCM data to and from the Q4401
without a PCM codec. The TXBF output indicates
whether or not the vocoder’s PCM input buffer is full.
Data input to the PCM input buffer when it is full will
be lost. The RXBE output indicates whether or not the
Q4401 PCM output buffer is empty. There are several
applications where these signals can be used. One such
application might be in a system where digitized PCM
speech samples are stored in memory and a processor is
used to transfer the samples to the Q4401 PCM
Interface. These two handshake signals may be
monitored by the processor to speed up the data
transfer and minimize external circuitry. The strobes
and clocks are still required by the Q4401 for proper
data transfer but can be generated by the processor.

PROCESSOR INTERFACE

The Q4401 communicates with the processor via the
8-bit parallel processor interface shown in Figure 5. All
communication to and from the Q4401 must be
initiated by the processor, since the Q4401 acts as a
slave to the processor. Consequently, the packets sent
by the processor to the Q4401 are called command
packets. Packets sent by the Q4401 to the processor are
called response packets. This section also contains a
description of the Frame Timing, the data transfer
between the Q4401 and the processor, the Tx and Rx
Frame data bit definition, and the Read and Write
protocol.

RD/ AND WR/

The Read and Write inputs are active “Low” signals
driven by the processor. When the RD/ signal goes
“Low”, the Q4401 will place one byte (8 bits} of the
response register contents on the processor data bus.
The rising edge of the WR/ signal is used to latch data
from the processor into the Q4401.

DO TO D7

The processor data bus is an 8-bit wide parallel bi-
directional bus. Command and response information is
transferred between the Q4401 and processor using this
bus.

FRAME TIMING

Transmission and reception of packets of compressed
speech to and from the processor occur independently.
The Tx Offset and Rx Offset parameters are used by the
Q4401 to configure its internal timing with the timing
of the Tx Frame and Rx Frame commands from the
processor. Upon reset of the vocoder, the processor
provides the Tx Offset and Rx Offset parameters (in
units of PCM samples) from the VRS via the Initialize
command as shown in Figure 8.

There are typically only two commands transferred
between the processor and the Q4401 during each
20 ms frame. Due to double buffering of the Tx and Rx
Frame data, the processor may send the Rx Frame data,
via the Rx Frame command, to the Q4401 any time
within a 19 ms window before the Rx Frame Tick.
Similarly, the processor may obtain Tx Frame data via
the Tx Frame command from the Q4401 any time
within a 19 ms window after the Tx Frame Tick as

shown in Figure 9.

Figure 8. Frame Timing and Encoding Delay
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1 msec window where Tx frame

command must occur if the embedded

frame rote is fo take effect for the

current frame being processed.
Tx Frome Rate Only command may also

be issued within this 1 msec window.

Figure 9. Tx and Rx Frame Timing
Vocoder Reference
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Tx Offset | 19 msec Window Where Tx Frome
(ommand May Occur

Tx Frame Tick | -

}...

Rx Offset
Rx Frame Tick |
19 msec Window Rx Frame
Command May Occur

The Tx Frame command also contains the data rate
parameters for the next frame. If the data rate must
change for the current frame being processed, then the
Tx Frame command must be issued within the first
1 ms after the Tx Frame Tick. If the 1 ms window is
missed, then the new data rate limits will not take
effect until the next frame. If the data rate for the
current frame must change and the Tx Frame command
cannot be issued within the 1 ms window, then the Tx
Frame Rate Only command may be issued. This
command is simple to issue within the 1 ms window
since data is not transferred and the additional
processing during this period is minimal.

Q4401 VARIABLE RATE VOCODER AND PROCESSOR DATA
TRANSFER

Data transfer between the Q4401 Variable Rate Vocoder
Vocoder and the processor is always initiated by
sending a command packet from the processor to the
Q4401. The processor will always read a response
packet from the Q4401 after a command packet has
been sent. The command packet always consists of a
length byte, followed by a command byte, the
associated data bytes (if any), and a checksum byte.
Figure 10 shows the format of the command packet.
The checksum byte is calculated as the binary sum of
bytes 0 through n-1 with the carry bits added back in.
For example, if the sum of bytes 0 through n-1 equaled
5BA (hex), then 5 would be added to BA {hex) to equal a
checksum of BF (hex). If an overflow occurs when the
carry bits are added back into the checksum, then the
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Figure 10. Command Packet Format
Byte 0 Length=n
Byte 1 Command
Byte 2
: Data (Optional)
Byten Checksum

new overflow value must also be added into the
checksum. The command packets from the processor
are always acknowledged by the Q4401 using response
packets. Response packets always contain two bytes
that verify the command was received correctly. First,
the Q4401 indicates whether the packet was received
with a good checksum in the form of an Acknowledge
{ACK - OA hex) or Not Acknowledged (NACK - 05 hex).
Second, the Q4401 indicates that it understands and is
carrying out the command function by echoing the
command back to the processor. Following the
command echo are the associated data bytes {if any) and
then a checksum byte. The checksum byte is
computed in the same manner as the checksum byte in
the command packet. Figure 11 shows the format of
the response packet.

The processor initiates communication by only
writing the length byte of a command packet to the
Q4401. The processor then polls {continuously reads)
the Q4401 until it signals that it is ready to receive the
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Figure 11. Response Packet Format

Byte 0 length=n
Byte 1 ACK/NAK
Byte 2 Command Echo
Byte 3

: Data (Optional)
Byten Checksum

Table 1. Status Bytes to the Processor

| STATUS MEANING
00 Hex Not Ready
55 Hex Read Ready
FF Hex Write Ready

remaining bytes of the command packet. Writing the
length byte orders the Q4401 to prepare to receive a
command packet that is n-bytes long.

The Q4401 needs up to 27 us to get ready to receive
the rest of the command packet. During this waiting
period, the Q4401 provides a “Not Ready” (00 hex)
indication when the processor reads the Q4401. After
the length byte is written, the processor must continue
to poll the Q4401 until the status byte changes from
“Not Ready” {00 hex) to “Write Ready” (FF hex). This
is an indication to the processor that all the remaining
bytes of the command packet can now be written to the
Q4401.

After the remaining command packet bytes have
been written, the Q4401 needs up to 27 ps to process
this data and compose a response packet. During this
waiting period, the Q4401 provides a “Not Ready” (00
hex) indication when the processor reads the Q4401.
After the command packet is written, the processor
must continue to poll the Q4401 until the status byte
changes from “Not Ready” (00 hex) to “Read Ready”
{55 hex). This is an indication to the processor that the
response packet bytes can be read from the Q4401.

After all the bytes of the response packet have been
read, the Q4401 provides a “Not Ready” indication
until the length byte of the next command packet is
written. The “Not Ready” indication is available for
the processor to read upon power-up and after each
packet transfer. Table 1 defines the status bytes that
the Q4401 provides to the processor. The latency of
this protocol is described in the Read and Write
Protocol section.
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TX AND RX FRAME DATA BIT DEFINITION

Packets of compressed speech data are transferred
between the processor and Q4401 by the Tx Frame and
Rx Frame commands. The number of valid
compressed data bits varies based on the data rate. The
first byte contains the encoded data rate information.
The remaining bytes contain a varying number of valid
data bits based on the selected encoded data rate.
Figure 12 illustrates the Tx and Rx frame data bit map
that the processor follows to extract useful data for
transmitting or storing.

Figure 12. Q4401 Tx and Rx Frame Data Bit Definition

Data Rate
Byte
First Bit
of Speech
Data

9600 bps 8000 bps 4800 bps  4000bps 800 hps

192 bits 160 bits 96 bits 80 bits 16 bits

@Data Rate Bits  mValid Compressed @ Additional “Stuff” Bits
Speech Bits {Don't Care)
READ AND WRITE PROTOCOL

The data transfer protocol between the Q4401 and the
processor is governed by the timing requirements
stated in this section. Figure 13 shows a pictorial
representation of the Read and Write timing
requirements.

After the processor initiates a data transfer by
writing the length byte of a command packet to the
Q4401, the vocoder requires up to 27 ts to make a
“Write Ready” byte available for the processor to read.
During this time interval, the processor continuously
reads the Q4401 status until the “Write Ready”
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Figure 13. Packet Transfer Latency

PROCESSOR

Q4401

Processor Writes
Length Byte of
Command Packet

Q4401 Provides

< 100 psec

Remaining Bytes

04401 Reads

i Not Ready Status T
(00 Hex) ,
7
Processor Reads A
(4401 Status L
T Minimum Read .
04401 Provides
<27 psec Time > 0.67 psec Write Rendy
¢ (FF Hex)
Processor Writes

appears. Therefore, the maximum time that it could

take for the processor to read the “Write Ready” status

is 27 pus + t, (where t, is the maximum time interval

between successive processor read strobes). The

minimum time interval between successive reads from

the processor during this time is 0.67 us. The time
interval from a Q4401 “Write Ready” to a processor

write must not exceed 27 us. Once the processor

detects the “Write Ready” status byte, it may

consecutively write the remaining bytes in the

entire write operation from the length byte to the
checksum byte MUST NOT exceed 100 ps.

The same requirements hold true for transferring a
response packet from the Q4401 to the processor. After
the checksum byte of the command packet has been
written to the Q4401, the processor must continuously
read (minimum time between successive reads is 0.67
us) the Q4401 until a Read Ready appears. Therefore,
the maximum time required for the processor to read
the “Read Ready” status is 27 us + t,. The time interval
from a Q4401 “Read Ready” to a processor read must
not exceed 27 us. Once the processor detects the “Read
Ready” status byte, it may consecutively read all the
bytes in the response packet with a maximum read rate
up to 0.67 us per byte. The entire read operation from
the read ready indication to the checksum byte MUST

After the initialization sequence is completed, the
Tx Frame and Rx Frame commands are typically input
to or output from the Q4401 to perform speech
encoding and decoding. A Tx Frame command Write
and Read timing example is shown in Figure 14 and an
Rx Frame command Write and Read timing example is

of Command Packet Command
Minimum Write Packet
Time > 0.67 pusec
NOT exceed 100 ps.
Q4401 Provides T
Processor Reads Not (Roe; t:i);)s(;ulus < e
T 04401 Stotus J
4 Minimum Read .
04401 Provides
<27 s Time > 0.67 pusec Read Ready
¢ (55 Hex)
e Processor Reads 04401 Provides shown in Figure 15.
Response Packet Response
Minimum Read Ie’:':kel
Time > 0.67 pusec
¥
idle Time 04401 Provides
Between Not Ready Status
Commands {00 Hex)

command packet with a maximum write rate of up to
0.67 ps per byte. A typical transfer rate is 3.0 us. The
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Figure 14. Tx Frame Command Timing Example
Tx Frame Command Packet Tx Frame Response Packet
Byte 0=04 4 Bytes fo Follow Byte 0 = 1( 28 Bytes to Follow
Byte 1 = 01 Tx Frame Command Byte 1 = 0A ACK
Byte 2 = 04 Highest Frame Rate Allowed Byte 2 = 01 Tx Frame
~ Byte 3 = 01 Lowest Frame Rate Allowed Byte 3 = 04 Tx Frame Rate
Byte 4 = 0A Checksum Byte4101B = XX | Tx Frame Data
Byte 10 = XX Checksum
o Processor 04401
Not Ready (00 H)
. Wite Length Byt (04 H) b b Y
>0.67 s
Read Status {00 H) ¢ o
0.67 pisec
Read Status (00 H) e
: <100 pusec <27 psec
- Read Status {00 H) l
N 45067 psec Write Ready (FF H)
ead Staty -
0.67 psec
Write Command Byte (01 H) §>0 Hsec
>0.67
- Write Highest R (04 H) : e
0.67 pusec
Write Lowest Rate (01 H) { e
>0.67 sec
Write Checksum Byte (0A H) v .
) Read Satus (00 H) ?2:; et ot Rendy
>0.67 pusec
- Read Staus (00 H) a
: <27 psec
Read Stafus (00 H) }
Read Status (55 H) N ¢>0.67 Jusec Ready Ready (55 H)
ad Status -
vl Longh by (1CH) $>047 psec Length Byte (1 H)
R KBy 1 $>0.67 psec ACK Byte (0A H)
_ e o Cmmand (01 ¢>0.67 usec Command Echo (01 H)
ead Echo (o = »
Read Tx Frame Rate (04 ) <100 pisec ¢>0.67 usec Tx Frame Rate (04 H)
ead Tx Frame Rate e
35067 psec Tx Frame Data (XX H)
Read Tx Frame Data (XX H) .
. [ ]
° Tx Frame Data (XX H)
Read Tx Frame Data (XX H) :
Read Checksam Byte AX H) v ¢>~0).gwpnxsec Checksem (XX H)
Not Ready (00 H)
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Figure 15. Rx Frame Command Timing Example

Rx Frame Command Packet

Rx Frame Response Packet

Byte 0=18 27 Bytes to Follow Byte 0 = 03 3 Bytes to Follow
Byte 1 =02 Rx Frame Command Byte 1 = 0A ACK
Byte 2 = 04 Rx Frame Rate Byte 2 = 02 Rx Frame
Byte 3to 1A= XX | Rx Frame Data Byte 3 = OF Checksum
Byte4=18=XX | Checksum
Processor 04401
Not Ready (00 H
WriteLength Bye (1B H) == et of Ready (00 H)
Read Status (00 H) . ¢>0 fpsec s
.67
Read Staus (00 H) St
: <100 psec :
o St (FF $50.67 s Write Ready (FF H)
0.67
Write Command Byte (02 H) i’m Hsec ,
.67
Wite Rx Frame Dota (XX H) e
[
® o
Write Rx Frame Data (XX H) tuu e
Write Checksum Byte (XX H) L S il oS
Read Status (00 H) ‘ ¢>0.67 Jsec Not Ready
0.67
Read Stotus (00 H) s s
[ ] L ]
[ ®
Read Status (00 H) SR S
Rood Sttus (S5 H) ~—f= 4 $087 e " Reody Ready (55H)
Read Length Byte (03 H) i S t >067 LR Length Byte (03 H)
Read ACK Byte (0A H) <]00 e ¢>067wc e ACK Byte (OA H)
Read Echo Command (02 H) o ¢>067 psee Commond Echo 02 )
Read Checksum Byte (OF H) —f—- v o067 e Checksum (OF H)
Not Ready (00 H)
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Q4401 VARIABLE RATE VOCODER COMMANDS
Control of the Q4401 and data transfer to and from the
processor is accomplished with a predefined command
set and response set. This section describes each
command and response to and from the Q4401.

Table 2 provides a summary list of the Q4401

commands and Table 3 provides a summary of
responses from the Q4401. Data items that are
required for each command are described within the
angle brackets. Tables 6 through 23 describe the
individual commands and responses.

Table 2. Q4401 Varioble Rate Vocoder Commands
Command # of Data Commund Name and Description
Bytes

01 2 Tx Frame <Frame Rate for Next Tx Frame>
02 25 Rx Frame <Frame Rote, Frome Dota>
03 2 Tx Frame Rate Only <Frame Rate for Next Frame>
04 0 Reserved {Not Used)
05 0 Reserved {Not Used)
06 0 Reinitialize Background Noise Estimate
07 1 Dingnostic Test <Type of Test>
08 0 Sleep Mode (Enter Sleep Mode)
09 11 Voice Operated Switch <VOX Parameters>
0A 2 Initialize <Tx Offset, Rx Offset>
08 2 Output Volume Control <Qutput Volume Muliiplier>
0C 0 Test Result
0D 8 Tone Generation <Tone Parameter>
1] 1 Input Muting <On or Off>
OF 1 Output Muting <On or Off>
10 9 Advance TX Frame + 1 <Frame Rate for Next Tx Frame>

New Tx Offset = Old Tx Offset + 1 (Q4401 Deletes an Input Sample.)
1 9 Slip Tx Frame - 1 <Frame Rate for Next Tx Frame>

New Tx Offset = Old Tx Offset - 1 (Q4401 Repeats an Input Sample.)
17 2 Advance Rx Frame + 1 <Frame Rate, Rx Frame Data>

New Rx Offset = Old Rx Offset + 1 (Q4401 Repeats an Output Sample.)
13 % Slip Rx Frame - 1 <Frame Rate, Rx Frame Data>

New Rx Offset = Old Rx Offset - 1 (Q4401 Deletes an Qutput Sample.)
14 2 Average Rate Limit <Rate Limit Flag, Rate Limit Factor>
15 1 Audio Loophack <On or Off>
16 1 Packet Loophatk <On or Off>
17 0 Software VRS
18 ] PCM Interface (ui-low or A-law)
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Table 3. Q4401 Variable Rate Vocoder Responses
Command Echo # of Data Response Name and Description
Bytes

01 25 Tx Frame <Rate, Tx Frame Data>

02 00 Rx Frame Command Received

03 00 Tx Frame Rate Only Command Received

04 0 Reserved {Not Used)

05 0 Reserved (Not Used)

06 0 Background Noise Estimate Reinitinlized

07 10 Diagnostic Test Received <Firmwore Version #, Time, Date>

08 0 Sleep Mode Command Received

09 0 Voice Operated Switch Command Received

0A 0 Initialize Commund Received

08 0 Output Volume Conrol Command Received

0C 1 Test Results <Diagnostic Test Result>

0D 0 Tone Generation Command Received

OE 0 Input Muting Command Received

OF 0 Qutput Muting Command Received

10 95 Tx Frome Advanced by 1 <Rate, Tx Frame Data>
New Tx Offset = Old Tx Offset + 1 (04401 Deletes an Input Sample.)

" % Tx Frame Slipped by 1 <Rate, Tx Frame Dato>
New Tx Offset = Old Tx Offset - 1 (Q4401 Repeats an Input Sample.)

12 0 Rx Frome Advanced by 1 New Rx Offset = Old Rx Offset + 1
{Q4401 Repeats an Qutput Sample.)

13 0 Rx Frame Slipped by 1 New Rx Offset = Old Rx Offset - 1
{Q4401 Deletes an Output Sample.)

14 2 Average Rate Limit Command Received

15 0 Audio Loopback Command Received

16 0 Packet Loopback Command Received

17 0 Software VRS Command Received

18 0 PCM Interface Command Received

FF 0 Bad Command Received

PACKET TRANSFER ERROR CONDITIONS

If a command packet is received with a bad checksum
or if a time-out occurs during the data transfer, the
NACK response packet is sent to the processor as
shown in Table 4. If a length byte of more than 31 is

followed by a NACK response packet.

received, a “Read Ready” is sent to the processoz, in Table 5.

If the command packet is received properly, but the
Q4401 is unable to process this command (because of
unknown commands or missing qualifiers), a “Bad
Command” response is sent to the processor as shown

Table 4. NACK Response Packet

Table 5. Bad Command Response Padket

Byte 0 = 02 (Hex) 2 Bytes fo Follow | Byte 0 = 03 (Hex) 3 Bytes to Follow

Byte 1 = 05 (Hex) NACK (I Byte 1 = 0A (Hex) ACK

Byte 2 = 07 (Hex) Checksum (I Byte 2 = FF (Hex) Bad Command Received
Byte 3 = 0D (Hex) Checksum
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TX FRAME COMMAND

Command 01 (hex)
Function Transfers one packet of compressed speech data from the Q4401 to the processor.
Number of data bytes Command Packet = 2

Response Packet = 25

Description

This command orders the Q4401 to transfer a packet of compressed speech data to the processor. The response
packet from the Q4401 contains the compressed speech data for the current frame along with a byte containing
the specific data rate for the frame. Table 6a and 6b show the Tx Frame command and response packet structures.

The highest and lowest allowable data rates for the next frame to be processed are also embedded in this
command. It is with these data rate parameters that the Fixed Rate, Normal Variable Rate, or Enhanced Variable
Rate Mode is selected. If one of the Fixed Rate Modes is desired, the highest data rate and lowest data rate bytes
will contain the same selection. (Valid Fixed Rate selections are 4000, 4800, 8000, 9600 bps and “Blanked”.] The
“Blanked” selection will cause a Tx Frame response packet to be transferred with no valid data. This is typically
used when a system control packet must be transmitted over the channel in place of a compressed speech data
packet. This is required to synchronize the Q4401 at both ends. {Note: the receive side must send the Q4401 a
“Blanked” selection, versus an “Erased” selection, upon receiving a system control update.)

The Normal Variable Rate Mode is enabled by selecting 800 bps for the lowest data rate and 8000 bps for the
highest data rate. (Valid Normal Variable Rate selections are 800 and 8000 bps, 800 and 4000 bps, or 4000 and
8000 bps.) The Enhanced Variable Rate Mode is enabled by selecting 800 bps for the lowest data rate and 9600 bps
for the highest data rate. (Valid Enhanced Variable Rate selections are 800 and 9600 bps, 800 and 4800 bps, or 4800
and 9600 bps.)

This command may be issued any time within a 19 ms window after the Tx Frame Tick. The data rates in this
command affect the next 20 ms frame. If new data rates need to be applied to the current frame in process, this

command must be issued within a 1 ms window after the Tx Frame Tick. This is described in the Operational
Interfaces section.
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Table 60. Tx Frame Command Structure

Byte # Valve Desaiption
0 OFO0JOJ OO T ]0] 0| 4BytestoFolow (04 Hex)
1 0JojJojojojgojo]t | TxFame(Command
2 01 0J0JO]N]IN]N]NJ N=-Highest Data Rate
3 01000 IMEMIM]J M| M=Llowest Data Rate
4 cpojoyoepcyog ] C=8bitChecksum
Table 6b. Tx Frame Response Structure
Byte # Value Description
0 0400 Vg1 B 1 J0] 0F 28BytestoFollow (1( Hex)
1 0Jojojgojrjojr oAk
2 010100 0J0FJ0]07] 1 | TxFrameResponse
3 0JOJoOJoOFFLF]F]F ] F=DataRate
4001B | X P X P XXX ) XTX] X ] X=TxFrame Dota
1( Cpejoepcepajog g c C=8bitChecksum
Data Rate Definition: Value Description
00 (Hex) "Blanked"
01 (Hex) 800 bps
03 (Hex) 4000 bps
04 (Hex) 8000 bps
0B (Hex) 4800 bps
0C (Hex) 9600 bps

Note: The response packet length will not change for frames that are not full rate.
Instead, the unused bytes will contain invalid data.
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RX FRAME COMMAND

Command 02 {hex)
Function Transfers one packet of compressed speech data from the processor to the Q4401.
Number of data bytes Command Packet = 25

Response Packet = 0

Description

This command orders the Q4401 to receive a compressed packet of speech data from the processor. The data rate
for the packet is also included in this packet. An “Erasure” may be used by the processor when transmission
errors are detected. The processor must detect that errors are present within a packet and then issue an “Erasure”
to mask the error. The Q4401 estimates what the reconstructed speech will be when an “Erasure” or a “Blanked”
selection occur. The “Blanked” selection is discussed in the Tx Frame Command section. Tables 7a and 7b show
the Rx Frame command and response structures. The response from the Q4401 acknowledges that the command
was properly received. This command may be issued any time within a 19 ms window before the Rx Frame Tick.

Table 7a. Rx Frame Command Structure

Byte # Valve Description
0 01000 T B 1 FOJ 11 ] 27BytestoFollow (1B Hex)
] OJOQOJoOy O ORT1 | O ¢ RxFromeCommond
2 0JOJOJOLF]LFE]LF | F | F=DataRate
JtoTA L X P X P XXX X)X X X=RxFrame Data
18 Cpreqayajog ey ] ] C=8bitChecksum

Table 7b. Rx Frame Response Structure

Byte # Valve Description |
0 OJO0JOjJogoJo] 1] 3sytestoFolow(03 Hex)
1 0Jojojofirjofi1jol]ack
2 01 0JOJOJOJ O] 1] 0] RxFrameResponse
3 0J0jJopof 1 gy ] 8bicheckssm(OF Hex)
Data Rate Definition: Valve Description

00 (Hex) "Blanked"
01 (Hex) 800 bps

03 (Hex) 4000 bps
04 (Hex) 8000 hps
0B {Hex) 4800 bps
0C (Hex) 9600 bps
OE (Hex) "Erasure”
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TX FRAME RATE ONLY COMMAND

Command 03 (hex)
Function Uses the specified range of data rates for the current frame being processed.
Number of data bytes Command Packet = 2

Response Packet =0

Description

This command changes the data rate parameters of the Encoder without transferring data. This command is used
when the data rate for the current frame must change and a Tx Frame command cannot be issued within the
required 1 ms window after the Tx Frame Tick. The Tx Frame Rate Only command must be issued within the

1 ms window after the Tx Frame Tick in order for the new data rate ranges to take affect on the current frame.
Tables 8a and 8b show the Tx Frame Rate Only command and response structures. The response packet from the
Q4401 acknowledges that the command was properly received.

Table 8a. Tx Frame Rate Only Command Structure

Byte # Valve Description
0 CFOJOJOJO] 1707 0] 4B8ytestoFolow(04 Hex)
1 CpojJojJojojog 1] TxFrame Rate Only Command
2 OJoJojJoj NI NJNJN]JN-=-HighesData Rate
3 OFOJOJoOJMEIMIM]M] M=Lowest Data Rate
4 cjcjopcajogcg ] ] C=8bhitChecksum

Table 8b. Tx Frame Rate Only Response Structure

Byte # Valve Description
0 OJOJogojgojogt ]| 3B8ytestoFolow(03Hex)
1 0101001010 ]AK
2 oJojJojgojgojJojJt ]| rxFrameRateOnly Response
3 oJojJojurjoqgoyo] o] 8bichecksm(l0Hex)
Data Rate Definition: Valve Description
00 (Hex) "Blonked"
01 (Hex) 800 bps
03 (Hex) 4000 bps
04 (Hex) 8000 bps
0B (Hex) 4800 bps
0C (Hex) 9600 bps
3N
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REINITIALIZE BACKGROUND NOISE ESTIMATE COMMAND

Command 06 {hex]
Function Reinitializes the Q4401 background noise estimate.
Number of data bytes Command Packet =0

Response Packet = 0

Description

This command reinitializes the background noise estimate to optimize the data rate thresholds in the Encoder
when Variable Rate Mode is enabled. This command is typically issued at the onset of valid PCM input data to
the Q4401. This feature is described in the Speech Encoding and Decoding section. Tables 9a and 9b show the
Background Noise Estimate command and response structures. The response packet from the Q4401

acknowledges that the command was properly received.

Toble 9a. Reinitiolize Background Noise Estimate Command Structure

Byte # | Valve

Description

0 0 Q0 J OO0 ] OJOJ 7T | 0] 2BytestoFollow (02 Hex)

] 0JOJOJOJOJ 11} 0] Reinitalize Bkgd Noise Est Command

2 03O0 O0FOd 1 0] 0] 0| 8bitcChecksum{08 Hex)

Table 9b. Reinitialize Background Noise Estimate Response Struciure

| Byte # Value Description
0 0J 0] O O0]JOfoO] 1] 1 ] 3BytestoFolow(03Hex)
1 0JOJoOJo]vyoyr]olac
2 010103030 1] 71} 0] Reinitialize Bkgd Noise Est Response
3 0JOoJopg v ooy )1 | 8bicheksm(l3Hex)
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DIAGNOSTIC TEST COMMAND

Command 07 {hex|
Function Perform Q4401 self diagnostics.
Number of data bytes Command Packet = 1

Response Packet = 10

Description
This command performs an ALU test and a RAM test on the Q4401. Each test is selectable by setting the
associated bit in the data word to a “1” as shown in Tables 10a and 10b. The Q4401 will enter the Sleep Mode
after completion of these diagnostic tests.

The response packet from the Q4401 acknowledges that the command was properly received along with the
firmware version and time. {Note: This response does not contain the diagnostic test results. The diagnostic test
results will come from the Get Diagnostic Test Results command.) Tables 10a and 10b show the Diagnostic Test

command and response structures.

Table 10a. Diagnostic Test Commund Structure
Byte # Valve Description
0 0JOJOJoJojJoOj] 1] 1] 3Bytestobfolow(03Hex)
1 0JOJOJOJOJRT 11 ] 1 ] DiagnostTest Commond
2 010105 0)]0 M IM2] 0] TypeofTests. M1 = ALU, M2 = RAM
3 cpopopopog oy oy C=8bitChecksum
Table 10b. Diagnostic Test Response Structure
Byte # ?= Description
0 0 O0JOJOF 1§ 1 J 0§ 1] 13BytestoFollow(0DHex)
1 0JojojJojtjofji1io]Ak
2 OJOJOJ OO 1§11 ) 1 § DiagnostiTestResponse
3 XEXFPXP X X] X] X] X ] Frmware Version (Major Rev #)
4 XP X1 X)X X]X]X] X| Firmware Version {Major Rev#)
Time Minutes after 00:00
S5t7 | X XIXEXIXIXX]X Jon. 6, 1980
Reserved Bytes
8tnOCJOJoOjoOjoOjofjogogo (Al 5 Bytes = 00 Hex)
0D cpejopcjoy g e ] C=28-hit Checksum
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SLEEP MODE COMMAND

Command

Function

Number of data bytes

Description

08 (hex)

Commands the Q4401 to enter sleep mode.

Command Packet =0

Response Packet = 0

This command orders the Q4401 perform a software reset, enter Sleep Mode, and then wait for an Initialize
command from the processor. Sleep Mode may be entered to conserve power when there is no requirement for
speech compression. Tables 11a and 11b show the Sleep Mode command and response structures. The response
packet from the vocoder acknowledges that the command was properly received.

Table 11a. Sleep Mode Command Structure

Byte # | Value Description
0 0 JOJOJOJoJoO] 1] 0 2BytestoFolow(02Hex)
] OJojoyoji1pojol o] SleepModeCommand
2 0go0Jo g jo] 1 f o] 8bitChecksum(0AHex)

Table 11b. Sleep Mode Response Struciure

Byte # Valve l Description
0 0JO0JOJOJOJO LT |1 ] 3BytestoFolow(03Hex)
] 0OfJo0pojojurgogurfol]acx
2 0JO0JOJoOjJ1J07]07] 0] SleepModeResponse
3 0JOJoOf v o jo] 1] 8hicChecksm(15Hex)
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VOX COMMAND

Command 09 (hex)
Function Enables or Disable the VOX function.
Number of data bytes Command Packet = 11

Response Packet =0

Description

This command enables or disables the VOX function and configures the VOX parameters. The VOX function is
enabled when hands free telephone operation is required. The VOX feature is described in the Operational Modes
section. Tables 12a and 12b show the VOX command and response structures and Table 12c shows the VOX
parameters. The response packet from the Q4401 acknowledges that the command was properly received.

Table 120. VOX Command Structure
Byte # Value Description
0 0J0JOJOJ 11 JO]J 1| 13BytestoFolow(0D Hex)
1 ojojojofjijogolj | voxModeCommand
X = YOX Enable or Disable
2 OJoOfooyofoyo] 1 = Enable 00 = Discble
3 XEXEXDEXEXEX] X] X Energy Decay Factor MS Byte
4 XPEXEXEXPX) X)X X ] Energy Decay Facior LS Byte
5 s lxlxlxbx bl sl Background Noise Decay Factor
MS Byte
6 1A rr Background Noise Decay Factor
LS Byte
7 XPXP X Xfx} x g X | X | Decoder Background Noise MS Byte
(] XP XD X X] X X] X ] X ] Decoder Background Noise LS Byte
9 XEXP XXX X ] X ] X Decoder VOX Threshold MS Byte
A XPXTXP XXX ] X | X ] Decoder VOX Threshold LS Byte
B XEXTXE XD XD X1 X} X ] Encoder Weighting Factor MS Byte
( XPXT X XU XX ] X} X Encoder Weighting Factor LS Byte
D cjojojoycgcyg cfcyC=8-bitChecksum
Table 12b. VOX Response Structure
Byte # Value Description
0 0Q0JOJOJOROJ 1§11 3BytestoFolow(03 Hex)
] 0JO0JOJ O 1O T JO]AK
2 DJoJogoli1 o] aljf 1 ] voXModeResponse
3 oJojJofuvqgof ]} 0| 8bitcChecksum (16 Hex)
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Table 12¢. VOX Parameters

Parameter Destription
) 0 = Disable
Enable/Disable 1  Enable
Reasonable values are between 0.5 and 1.0. Typical value is 0.875. This value must be multiplied by 2'4 o get
Energy Decay Factor the correct parameter for the VOX command. (2'4 x 0.875 = 14336 => 3800 hex). The Energy Decay factor is
<MS Byte, LS Byte> used to keep the VOX Mode from disabling the near-end speaker during pauses between words and syllables.
This parameter allows the user to select the speech energy decay time.
Background Noise Decay Reasonable values ore between 1.0 and 1.2. Typical value is 1.01. This value must be multiplied by 2'* to get the
correct parameter for the YOX command. (24 x 1.01 = 16548 => 40A4 hex). This parameter determines how
Factor <MS Byte,LS Byle>

fost the background noise estimate is allowed 1o incrense.

Decoder Background Noise

Typical value is 40. This value must be multiplied by 4 fo get the correct parameter for the VOX command.
(4 x40 = 160 => 00AD hex). This parameter limits how low the Decoder background noise is allowed to drop.

Floor <HS Byte, LS Bye> VOX Mode does not work efficiently if the Decoder background noise goes below a certain level.
Typical value is 6dB. This value must be multiplied by 28 to get the correct parameter for the VOX command.
2:;; rLeerZOé'Ll;is:lold (28 % 4.0 = 1024 => 0400 hex). If the fur-end speaker energy is less than & dB above the Decoder's background
! noise, then there is no need for echo suppression, and the VOX Mode stays in the idle state.
Typical value is 0. This value must be multiplied by 28 to get the correct parameter for the VOX command.
(28 x0=0=> 0000 hex). The Encoder's energy is weighted by this parameter to allow switching to be varied on
- the relative loudness of the two speakers. For typical conversations, it has been found that good performance is
Encoder Welghtng Foco | 1 e by sing tis porcmeler o a1 s hat the fo-ond speker hos compltepriry, Setfin
<HS Byte 1S Byte> y settling this parameter fo zero so that the far-end speaker has complete priority. Settling this

parameter to o fractional amount will allow the near-end speaker to interrupt the far-end speaker by speaking
toudly. It is not recommended to set this parameter fo values obove one because parts of speech may be cut out
due to noise in the environment,
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INiTiALIZE COMMAND

Command 0A (hex)
Function Sets the Tx Offset and Rx Offset and instructs the Q4401 to look for the VRS.
Number of data bytes Command Packet = 2

Response Packet =0

Description

The Initialize command sets the Q4401 Tx Offset and Rx Offset (Frame Timing). The two data bytes specify the
relative timing of the Tx Frame Tick and the Rx Frame Tick to the VRS. This command resets the memory inside
the Q4401. Therefore, this command should not be used a second time without ensuring that the Q4401 on the
other end {if the application has one) is at the same reset state as well. Tables 13a and 13b show the Initialize
command and response structures and Table 13c shows the Tx/Rx Offset Parameters. The response packet from
the Q4401 acknowledges that the command was properly received.

Table 13a. Initialize Command Structure

Byte # Value Desription |
0 0JOg OO 0] 1] 0] 0] 4B8ylestoFollow(04 Hex)
1 OfJojogojryoqgn] o] niize Command
i XEXP XX X)X | X ] X | TxOffset (010 AO (160 Samples))
3 XEXPXEXR X)X X ] X | RxOffset (0o 0A {160 Samples))
4 cycqojopcypcygcycy C=8bitChecksum

Table 13b. Initialize Response Structure

Byte # Valve Description
0 OJOJOJOROJ O] 1] 1] 3B8ytestokFolow(03 Hex)
] pjojojojirjogijo]Ak
2 0JOJOJoO1]J0} 1] 0] niolze Response
3 0§ O0JOF1HOfF 1] 1§ 1| 8hitChecksm({l7Hex)

Table 13¢. Tx/Rx Offset Parameters

Parameter Description |
Tx Offet Sets the time from VRS to the Tx Frome Tick. This value represents the number of
PCM samples (125 ms) from VRS to the Tx Frame Tick.
R Offset Sets the fime from VRS fo the Rx Frame Tick. This value represents the number of
PCM somples {125 ms) from VRS fo the Rx Frame Tick.
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OUTPUT VOLUME CONTROL COMMAND
Command 0B (hex)

Function Sets output volume.

Number of data bytes

Response Packet =0

Description

Command Packet = 2

This command controls the Q4401 output volume. The volume control multiplier is in the linear domain. It
consists of a 16-bit word with eight fractional bits {i.e., 0100 represents unity gain; 0200 is two times; and 0080 is
Y4). Tables 14a and 14b show the Output Volume Control command and response structures. The response
packet from the Q4401 acknowledges that the command was properly received.

Table 14a. Output Volume Control Command Structure

Byte # | Valve Description
0 0JOQOROJ O] 110 0] 4BytesioFollow (04 Hex)
1 0J0fjo0foj1yoy1 ]| OutputVolume Control Command
2 X1 XP XD X)X ) X} X ] X] Ovtput Volume Multiplier MS Byte
3 X XE XD XEX DX ) X)X Quiput Volume Multiplier 1S Byte
4 cpepaejoepagog e C=8bit Checksum

Table 14b. Output Volume Control Response Structure

Byte # Value Description
0 01 0q0fO0JoOfojJ 18 1| 3Bytstofollow(03 Hex)
] OJo0Jofgojurjojurypo]ac
2 0FO0JORORTJO] 1] 1 | OutputVolume Control Response
3 QOO 11 10] 0] 0] 8bitChecksum (18 Hex)

Control Parameters: 16-bit Volume Conirol Multiplier Word

QUALCOMM Incorporated, ASIC Products
6455 Lusk Boulevard, San Diego, CA 92121-2779, USA
Vocoder Data Book

Data Subject to Change Without Notice

3-31
http://www.qualcomm.com/ProdTech/asic
E-mail: asic-products@qualcomm.com
Telephone: {619} 658-5005

Fax: {619)658-1556

B 9003336 000L477 119 =



TEST RESULT COMMAND

Command

Function

Number of data bytes

Description

0C {hex])

Transfers diagnostic test results from the Q4401 to the processor.

Command Packet = 0

Response Packet = 1

This command sends the diagnostic test result to the processor. The test result byte provided in the response
packet contains a bit indicating that the test result is ready and 3 bits indicating the results of the two tests
(RAM, and ALU). Each bit is set to “1” if the test passed and “0” if the test failed. Tables 15a and 15b show the

Test Result command and response structures.

Table 15a. Test Result Command Structure

Table 15b. Test Result Response Structure

| Byte # Valve Description |
0 ojJojojojojogu 2 Bytes 1o Follow {02 Hex)
1 gjpojojojijigo Test Result Command
2 ojJojgojoqiqgi| 8-bit Checksum (OF Hex)

Byte # Volve Description |
0 JOJOJOJoOJoOT 1007V 0] 4BytestoFollow(04fex) |
1 0jo0go0jojigogi ACK
2 ojofjojogirgtijo Test Result Response

Test Result:
3 R{ojojgofo0mIm R = Result Ready {1 = Ready)

M1 = ALU, M2 = RAM {1 = Passed)
4 cjejejejeqegc ( = 8-bit Checksum
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TONE GENERATION COMMAND
Command 0D (hex)

Function Performs tone generation.

Number of data bytes

Response Packet = 0

Description

Command Packet = 8

This command enables or disables and configures the Tone Generation feature of the Q4401. Single tones or

DTMF tones may be generated by providing the frequency, volume, and duration parameters. The Q4401
continues operating during tone generation; thus, received packets must continue to be passed to the Q4401 even
though tone generation overrides voice output. The Q4401 must receive the Initialize command before tone

generation can occur. Sending this command a second time with new frequencies while tones are being generated

will cause all parameters to be overwritten and an instantaneous change in output frequency will occur. However,

sending this command again with the same frequencies results in no change in phase of the output tones. This
allows the duration to be extended by sending multiple commands. Tables 16a and 16b show the Tone Generation
command and response structures and Table 16¢ shows the Tone Generation parameters. The response packet
from the Q4401 acknowledges that the command was properly received.

Table 160. Tone Generation Command Structure

Byte # Value Description
0 0 JOJOJORYR O] 1] 0] 10BytestoFollow (0A Hex)
1 0103010131 ]1F0] 11 ToneGeneration Command
2 XX P XX P X)X F X | X ] FTone MSByte
3 XPXP XD XPXP X X] X]F TonelSByle
4 X P X P XXX | XE X] X ] F2Tone MS Byte
5 X P XD XD XX QX)X ] X | F2TonelSByte
6 XPXPX P X P X P X | X X] Volume Tone MS Byte
7 XPX P XX PX] X ] X] X] VolumeTone LS Byte
8 X1 X P X P XPXQX] X X] Duration MS Byte
9 X1 XP XX X])X] X X[ Duration LS Byte
A Cpaejoepepcyp g} C=8hit Checksum

Table 16b. Tone Generation Response Structure

Byte # Value Description
0 0JOJOJOJOJOJ U] 3BytestoFolow (03 Hex)
1 010JO0JOGtvjolv)o]ax
2 001 0FOF 1 f T ] 0] 1 | ToneGeneration Response
3 JojJoJojuypuvrjoduyfo] ebicheksum(1AHex)
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Table 16¢. Tone Generation Parameters
| Parameter Description
First Tone (F1) <MS Byte, LS Byle> Expressed os 32768 x cos (xF1,/4000)
Second Tone (F2) <MS Byte, LS Byte> Expressed as 32768 x cos (F2/4000)
Volume <MS Byte, LS Byte> 7FFF is Full Scale of o p-law Codec
Duration <MS Byte, LS Byte> Duration of the fones in 5 ms increments is expressed as
uralio negafive number. For example, 20 ms is expressed os FFFC hex.
INPUT MUTING COMMAND
Command OE (hex|
Function Enables or Disables Input Muting.
Number of data bytes Command Packet = 1

Response Packet =0

Description

This command enables or disables the Input Muting feature of the Q4401. Input muting causes “comfort noise”
Tx packets to be encoded at 800 bps. Tables 17a and 17b show the Input Muting command and response
structures. The response packet from the Q4401 acknowledges that the command was properly received.

Table 170, Input Muting Command Structure

Byte # Valve Description
0 OJO0JOJOJoOJO] T ] 1] 3BytestoFolow (03 Hex)
1 0Qojojog 1110 InputMuting Commend
2 0JoJoJoOJoOJoOJO]X]X=0n=10f=0
3 cjojoy ooy gy C] C=8bit Checksum

Table 17b. Input Muting Response Structure

Byte # Valve Description
0 OJOJogoJogog ] 1] 3BytestFolow(03He)
1 0JO0JoOJO1JoOFUT]o]AK
2 0JO0JOJOJ 1 R1 R 1 J O InputMutingResponse
3 CJOJoOg v v oyt ]| 8bitChecksm{1B Hex)
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OUTPUT MUTING COMMAND

Command

Function

Number of data bytes

Description

OF {hex)

Enables or Disables Output muting.

Command Packet = 1

Response Packet = 0

This command enables or disables the Output Muting function of the Q4401. Output muting consists of
replacing the output samples with “comfort noise” at the estimated background noise level. It overrides voice
outputs but not tone generation outputs. Tables 18a and 18b shows the Output Muting command and response
structure. The response packet from the Q4401 acknowledges that the command was properly received.

Table 18a. Output Muting Commond Structure

| Byte # | Value Description T
0 01 0J OO OO0 71 ] 1| 3BytestFolow(03 Hex)
| Dpofjogogirptv gt OuputMuting Commend
2 0J0JO0JOJOJOJO]X]X=0n=10f=0
3 Crojoy ooy ] O] C=8bitChecksum

Table 18h. Output Muting Response Structure
Byte # Valve Description
0 010101000771 ] 71} 3ByiestoFollow{03 Hex)
] 0Jofojogi1pogurjolac
2 00 0JOROF 1T Q1] ] OutputMuing Response
3 0JO0JOY 11 F1 10§ 0| 8bitChedksm(1CHex)
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ADVANCE TX FRAME +1 COMMAND

Command 10 {hex])

Function Transfers one packet of compressed speech data from the Q4401 to the processor

and advances Tx timing by 1 sample.

Number of data bytes Command Packet = 2
Response Packet = 25

Description

This command orders the Q4401 to transfer a packet of compressed speech data to the processor while advancing
the Tx Frame Tick by one sample. Otherwise, this command is identical to the Tx Frame command. This
command is used in place of the Tx Frame command. Refer to the Tx Frame Command in this section for

additional information and for the command and response structures.

SLIP TX FRAME -1 COMMAND

Command 11 {hex]

Function Transfers one packet of compressed speech data from the Q4401 to the processor
and slips Tx timing by 1 sample.

Number of data bytes Command Packet = 2
Response Packet = 25

Description

This command orders the Q4401 to transfer a packet of compressed speech data to the processor while slipping the
Tx Frame Tick by one sample. Otherwise, this command is identical to the Tx Frame command. This command
is used in place of the Tx Frame command. Refer to the Tx Frame Command in this section for additional
information and for the command and response structures.
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ADVANCE RX FRAME +1 COMMAND
Command 12 (hex)

Function Transfers one packet of compressed speech data from the processor to the Q4401
and advances Rx timing by 1 sample.

Number of data bytes Command Packet = 25

Response Packet =0
Description
This command orders the Q4401 to receive a packet of compressed speech data from the processor while
advancing the Rx Frame Tick by one sample. Otherwise, this command is identical to the Rx Frame command.
This command is used in place of the Rx Frame command. Refer to the Rx Frame command in this section for
additional information and for the command and response structures.

SLIP RX FRAME -1 COMMAND
Command 13 (hex]

Function Transfers one packet of compressed speech data from the processor to the Q4401
and slips Rx timing by 1 sample.

Number of data bytes Command Packet = 25
Response Packet =0

Description

This command orders the Q4401 to receive a packet of compressed speech data from the processor while slipping
the Rx Frame Tick by one sample. Otherwise, this command is identical to the Rx Frame command. This
command is used in place of the Rx Frame command. Refer to the Rx Frame command in this section for
additional information and for the command and response structures.
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AVERAGE RATE LIMIT COMMAND

Command 14 {hex)
Function Limit the average data rate of the Q4401.
Number of data bytes Command Packet = 2

Response Packet = 0

Description

This command limits the maximum average data rate of the Q4401 Encoder. The average maximum limit is
selectable between half and full rates. The average rate is programmed by selecting a rate factor value along with
one of the Variable Rate Modes of operation. For example, if “S” = 1 and Normal Variable Rate is selected, the
average rate of ¥ is equal to 6000 bps. If Enhanced Variable Rate is selected, the maximum average rate of % is
equal to 7200 bps. If “S” = 14 by setting bit 1 of the Rate Flag to 0 and the Rate Factor to 2), the maximum
average rate is %3. Tables 19a and 19b show the Average Rate Limit command and response structures and Table
19c shows the Average Rate Limit Parameters. The response packet from the Q4401 acknowledges that the

command was properly received.

Table 190. Average Rate Limit Command Structure

Byte # Valve Description
] 0JOJOJOJOJRT1 ] 0] 0] 4BytestoFolow(04 Hex)
1 OJoOJoOfJ 1o 1]0] 0| AverageRate Limit Command
2 0JojJojJojog]o]Rl]RO]J RateLimit Fag (See Table 19c.)
3 XPXP X XE X1 X] X X | Ratelimit Facior (See Table 19c.)
4 clcycjoyrcycyg g ] C=8bitChecksum

Table 19b. Average Rate Limit Response Structure

Byte # Valve Description
0 01 0FOQOJOJ O] 1] 1 | 3BytestoFollow(03 Hex)
1 0JojojJoiJoli]o]AcK
2 01 03O0 1 0] 1] 0] 0] AverageRate Limit Response
3 0Jojurjojojoqoj ] ehichecksm (2l Hex)

Table 19c. Averoge Rate Limit Parameters

Parameter Description
BitRO 1= Enuble Average Rate Limit
. 0 = Disable Average Rate Limit
Rate Limit Flag ] X . g
Bit R1 1 ="5" = Rate Limit Factor
0="S"=1/Rate Limit Factor
. An 8-bit Unsigned Integer
Rate Limit Factor . g g .
The maximum overage rate of the Q4401 is equal to (25 +1)/(2(S+1)).
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AUDIO LOOP BACK COMMAND

Command
Function

Number of data bytes

Description

15 (hex)

Enables Audio Loop Back Mode.

Command Packet = 1
Response Packet = 0

This commands the Q4401 to loop back the PCM samples from the Encoder’s input to the Decoder’s output.
Tables 20a and 20b show the Audio Loop Back command and response structures. The response packet from the
Q4401 acknowledges that the command was properly received.

Table 20a. Audio Loop Back Command Structure

Byte # Value Description |
0 010100 0F0F0] 1 ] 1| 38ytestoFollow (03 Hex)
1 0101031001110 1| AvdioloopBack Command
2 010]JO0JO03J0J040] X]?1=Enable 0=Disoble
3 CRPCOpCfC] Oy CfC=8hitChecksum
Table 20b. Audio Loop Back Response Structure

I_ Byte # | Valve | Description -
0 0 JOJOROJOJOGF T |1 ] 3BytestoFollow(03 Hex)
| 0J030Q0 71001 }0]AK
2 0 JORgORT1JO] 1 ]0] 1 ] AudioloopBack Response
3 0JOgt 0O 0] 1§ 0] 8hicheksum(22Hex)
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PACKET LOOP BACK COMMAND

Command 16 {hex]
Function Enables Packet Loop Back Mode.
Number of data bytes Command Packet = 1

Response Packet =0

Description

This commands the Q4401 to loop back the Rx packets as Tx packets to the processor. Tables 21a and 21b shows
the Packet Loop Back command and response structures. The response packet from the Q4401 acknowledges that
the command was properly received.

Table 21a. Packet Loop Back Command Structure

Byte # Valve Description
0 010 OJOJOJoOJ 1] 1 1 3BytestoFollow{03 Hex)
1 OJojgojgiJo] 1] 1 10| PacketloopBack Command
2 plofoJojoJo]ogX]?)=Enable0=Disable
3 cjepcjajopay ] €] C=8-bitChecksum

Table 21b. Packet Loop Back Response Structure

Byte # Value Description

0 0JO0FOJOJoOJojf 1§ 1 | 3Bytestofolow(03 Hex)

1 gJojojJojuipojuryo]ak

2 0JOJoOJ 1o ] 1§ 0] PacketloopBack Response

3 0JOF1JOJoOJoOf1 ]| 8hitChecksm(23 Hex) |
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SOFTWARE VRS COMMAND

Command 17 (hex)
Function Replaces the external reference strobe function.
_ Number of data bytes Command Packet = 0

Response Packet = 0

Description

This command may be used instead of the hardware VRS input. This command may be issued one time after the
-~ Initialize command has been issued to establish the Tx Frame and Rx Frame timing. Tables 22a and 22b show the

- Software VRS command and response structures. The response packet from the Q4401 acknowledges that the
command was properly received.

Table 22a. Software VRS Command Structure

Byte # Value I Description l
B 0 0JOJOJOJOJO] 1] O} 2BytestoFolow(02 Hex)
1 0J OO T Oy g SofwareVRS Command

2 0JOJoOJ 11O a] 1] 8bitChecksum (19 Hex)

Table 22b. Software VRS Response Structure

Byte # Valve Description
0 0J0JO0JO0OFORO] T ]| 3BytestoFollow (03 Hex)
] 0JO0JOJOJUTROT1]O]AK
. 2 0JoqJogur o111 ] SoftworeVRSResponse
3 0JOoOJ1pojJogrt1 0] 0] 8bitchecksm(24Hex)
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PCM INTERFACE COMMAND

Command 18 {hex|
Function Selects either m-Law or A-Law Interface.
Number of data bytes Command Packet = 1

Response Packet = 0

Description

This command selects either a u-Law interface or an A-Law interface. The default interface is the p-Law interface
if this command is not issued. If the p-Law interface is selected then a p-Law codec must be used. If the A-Law
interface is selected then an A-Law codec must be used. This command must be issued after the Initialize
command. Tables 23a and 23b show the PCM Interface command and response structures. The response packet
from the Q4401 acknowledges that the command was properly received.

Table 230. PCM Interface Command Structure
Byte # Valve Description
0 0Jo0JOfJoJoJoji1 1] 3BytestoFolow(03Hex)
1 0OJojJoguirpi130j07] 0] PCMInterface Command
2 0JO0JOJOJOJOJO]N]Jplow=0 Alaw=1
3 cjpopcepcojoy] ] ] ¢} C=8-bit Checksum
Table 23b. PCM Interface Response Structure
Byte # Value Description
0 OFOJOJOJOJOF 11 ] 1 | 3BytestoFollow(03 Hex)
] Ofojoqoi1o1 oAk
2 0Jojoj 11 J0] 0] 0] PCMinterface Response
3 oqoqg110g0F1] 0] 1 f8hitcChecksum(25Hex)
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TECHNICAL SPECIFICATIONS Figure 16. Q4401 Varible RateVocoder Pinout (PQFP Package)
PIN DESCRIPTIONS (PQFP PACKAGE) o -
Following are the functions and operations of the input E§§§§§§§§S§S§§§5§§§§§§§ £
and output pins of the Q4401 in the PQFP package. Eﬁﬁﬁﬁ;%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
Figure 16 shows the location of the pins; Table 24 e 1an - v
. . . W/C 160 D86 GROUND
describes the function of each pin. N 170 (185 N/
WC 180 D8 /G
WC 190 b3 N/
Vo 200} b62 GRouUND
WC b1 GROUKD
N/ 2208 D80 N/C
N¢ 230 179 Vg
1 0 F78 WR/
N 250 Q4401 077 RO/
SN PIN ASSIGNMENTS pre we
ol 48 o B g
#C 300 b2 01
W and ToP b
Vy 320] vIEW b7 03
N/C 3300 D6% Vo
N/C 34 168 D4
W 350 b7 05
WC 380 D66 Db
We a7d hes 07
GROUND 380 D64 GROUND
oo o o000 oo g
BT YRISST ST RANRRRRRRABSIS
5§$§§$§S§§§§%Eggi&ggiiiif
Table 24. Q4401 Variable Rute Vocoder Pin Functions (PQFP Package)
Name Pins Type Function
Clock input for CMOS clock or crystal input.
LN 1 50 Input Use 10 pF cap to Vs for erystal input.
Other clock input for crystal input. Use 10 pF cap to
CLKiNZ | 51 Input Vs for erystal input. Leave open for CMOS clock.
RESET/ | 52 input 04401 Reset (Active Low)
(LKOUT| 53 Output 04401 Cock Qutput
YRS |56 Input Vocoder Reference Strobe
D7- DO | 65, 66, 67,68, 70,71,72,73 Input/Output | CPU Duta Bus Interface Pin 65 is the MSB
RD/ |77 Input Output Data Strobe
WR/ {78 Input Input Data Strobe
RXD |9 Output PCM Data Quiput
RXSTB | 92 Input PCM Qutput Load (8 kHz)
RXCLK |93 Input PCM Output Clock
XK |94 input PCM Input Clock
TXSTB |95 Input PCM Input Load (8kHz)
™ |97 Input PCM Data Input
TXBF |99 Quiput PCM Input Buffer Full
RXBE | 100 Qutput PCM Output Buffer Empty
Voo |13, 20,32, 39, 63, 69,79, 89, 98 Power +5 Vol Power
7,14,6, 78, 38, 45, 49, 54, 57, 58, 64, )
Vs 75, 81 82, 86, 88, % Ground Digital Ground
1-6,8-12,15-19, 21-25, 27, 29-31,
N/C | 33-37, 40-44, 46-48, 55, 59-62, 74, 76, | Unused Make no connection to these pins.
80, 83-85, 87, 90 _
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PIN DESCRIPTIONS (TQFP PACKAGE) Figure 17. Q4401 Variable Rate Vocoder Pinout (TQFP Package)
Following are the functions and operations of the input e e
and output pins of the Q4401 in the TQFP package. E§S§§§§§§SS§§§§E§§§§§§SSE
Figure 17 shows the location of the pins; Table 25 %ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ:ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁi
describes the function of each pin. mm,'.'}% ;E ¢ p1s G“%uuu
W 30 F173 GROUND
WC 3 b72 W
W 50 b7l WA
W 80 70 W/
Vip 70 F169 GROUND
N 8CY 168 GROUND
B/C 90 h67 N/C
W/C 104 b6 Voo
N/C 110G n65 WR/
N/ 120 0440 164 R/
SOWt g PIN ASSIGNMENTS S
GROUND 150 100 TQFP b6l W/
N/C 180 b6 0
We 174 h59 I
N/C 180 T0P 58 D2
Vyp 190 view b7 m
W/C 200 b36 Voo
= b5 04
W 20 b54 D5
WC 239 b33 06
NC 229 b5 o7
GROUND 25 F151 GROUND
e e S
BESSSSSSSSSSERSESLEaISsSF
Table 25. Q4401 Variable rate Vocoder Pin Functions (TQFP Package)
Name Pins Type Function
Clock input for (MOS clock or crystal input.
CLKIN | 97 Input Use 10 pF cap to VSS for crystal input.
Other clock input for crystal input. Use 10 pF cap to
CLkiNZ | 38 Input VSS for crystal input. Leave open for (MOS dlock.
RESET/ | 39 Input Q4401 Reset (Active Low)
(LKOUT | 40 Quiput Q4401 Clock Output
VRS |43 Input Vocoder Reference Strobe
D7-D0| 52, 53, 54, 55, 57, 58, 59, 60 input/Output | CPU Data Bus Interface Pin 52 is the MSB
R/ |64 input Ouiput Data Strobe
WR/ |65 Input Input Data Strobe
RXD |78 QOutput PCM Data Qutput
RXSTB |79 Input PCM Output Load (8 kHz)
RXCLK | 80 Input PCM Output Clock
XK | 81 input PCM Input Clock
TXSTB | 82 Input PCM Input Loud (8kHz)
™ |84 Input PCM Data Input
TXBF |86 Output PCM Input Buffer Full
RXBE |87 Output PCM Output Buffer Empty
VDD [ 7,19,26, 50,56, 66,76, 85,100 Power +5 Volt Power
1,13,15,25, 32, 36,41, 44, 45, 51, 62, -
Vss 68, 69, 73, 75, 83, 94 Ground Digital Ground
76,812, 14, 16-18, 20-24, 2731,
N/C | 33-35, 42, 46-49, 61, 63, 67,70-72, 74, | Unused Make no connection 1o these pins.
77, 88-93, 95-99
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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Table 26 provides the absolute maximum rating for the
Q4401. Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to

the device. These are stress ratings only and functional

operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

Table 26. Absolute Maximum Ratings

PARAMETER SYMBOL | MIN | MAX |[ UNITS |
Storage Temperature Ts -65 ] +150 °(
Operating Temperaiure Ta -40 | +85 °(
Junction Temperature Ty - | +115 °(
Voltage on Any Input Pin - -05 | +575 v

DC ELECTRICAL CHARACTERISTICS
Table 27 shows the DC electrical characteristics for the
Q4401.

Table 27. DC Electrical Performance Characteristics

PARAMETER SYMBOL I MIN MAX UNITS NOTES
Supply Voltage Vop 475 5.25 ] -
High-level Input Voltage (Non-dock Inputs) Viy 0.7 xVpp - v -
Low-level Input Voltage {Non-clock Inputs) Vit - 0.3 x Vpp v -
(lock High-leve! Input Voliage {(CMOS Input) Vi 0.7 xVpp - v -
(lock Low-level Input Voltage (CMOS Input) Vi - 0.3 xVpp v -
Frequency of Fundamental Mode Crystal Fx - 30 MHz -
Series Resistance of Fundamental Mode Crystal
(pns: CLKIN, CLKIN2) ks 0o e
Mutual Capacitance of Fundamental Mode Crystol G - 7 pF -
he - pA -
Input Current
nput Curren " = ; m —
. V()H VDD -0.7 - v |0H =-20mA
High-level Output Voltage Vor Yop-02 — m n= S0 A
Vo - 04 v lp. = 2.0 mA
Low-level Output Yoltage Vo — 0 m o= S0l
. lozL -10 - uA -
QOuiput Tri-state Current o — 0 ) —
Input Capacitance ( - 10 pF -
Power Dissipation _ Vop=5.0V
(Active Mode) b A
Power Dissipation B Voo=5.0V
{Sleep Mode) Po 4 m Fx = 30 MHz
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TIMING CHARACTERISTICS
Figures 18 - 25 and Tables 28 - 35 provide the timing
specifications for the Q4401. These specifications are
valid only for the following conditions:

Ta =-40°C to +85 °C

Vbp=5V+5%,Vsgg=0V

Capacitance Load on Qutputs (CL) = 50 pF

Figure 18. Q4401 Variable Rote Vocoder Qock Timing Diagram

tm

T —=f— o —1

j

(LKOUT
Vo—
o
Table 28. Q4401 Variuble Rate Vocoder lock Timing Parameters

PARAMETER SYMBOL | MIN | MAX | UNITS

CLKIN Period (High to High) i 13 - ns

CLKIN Low Time (Low to High) tnL 15 - ns

(LKIN High Time (High 1o Low) TinK 15 -~ ns

(LKOUT Delay (High to High) o - 21 ns

CLKOUT Period (Low 1o Low) tour tw - ns
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Figure 19. Reset Timing Diagram

Voo
Ramp
RESET/ " [V
|
Qutput Vor ] f'
Pins Vou | #;
~— 1D —itRe
Vi
CLKIN FU_\ Wi
Table 29. Reset Timing Parameters
PARAMETER SYMBOL [ MIN | MAX || UNITS |
Power On to RESET Low thpt 20 - ms
Reset Pulse (Low to High) e 6T - ns
Voo Ramp Vi - 10 ms
RESET Disable Time {Low to Tri-sinie) o - 100 ns
RESET Enable Time (High to Valid) R - 100 ns

=ty
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Figure 20. Reset Synchronization Timing Diagram

top + ZHour

(LKIN

RESET/

(LKOUT,

(LKOUT,

Table 30. Reset Synhcronization Timing Parameters

=2 |2

Note: CLKOUT; and CLKOUT; are two possible CLKOUT states before RESET/. CLKOUT is free-running.

figure 21. Vocoder Reference Strobe Timing Diagram

PARAMETER SYMBOL MIN= MAX || UNITSI
Reset Setup (High to High) 1xs 4 11/2-5 " ns II
T =t

tvp
Vin —
VRS
Vi —
|
Table 31. Vocoder Reference Strobe Timing Parameters

PARAMETER SYMBOL || MIN | MAX ][ uNITS |
Pulse Period {Low to High) Iy " blig - || ns |
T=tw
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Figure 22, Write Timing Diagram
twr
Viw — [
WR/
L [
Vin — 3
D0-D7 >—7
W — ]
L] Iy
Table 32. Write Timing Parameters
PARAMETER SYMBOL || MIN | MAX || UNITS
WR/ Pulse Width {Low to High) twr T - ns
D0-D7 Setup Time (Volid to High) tsy 8 - ns
D0-D7 Hold Time (High to Valid) t 0 - ns
*T = 'm
Figure 23. Read Timing Diagram
L]
Vig — !
RD/
—tpaz
e - I
Toay —  |—H
Vou — )
D0-D7 } s
Voo - T
Toble 33. Read Timing Parameters
PARAMETER SYMBOL || MIN | MAX (| UNITS
RD/ Pulse Width {Low to High) to T ~ ns
RD/ Low 10 DO to D7 Valid toav - 28 ns
RD/ High to DO to D7 Tri-state towz - 20 ns
Data Hold After RD/ Rising ton 6 - ns
= 'm
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Figure 24. PCM Tx Timing Diogram

o e

Vin— 1
TXCLK
Vi—

sy |t fusy | tw

s

Vin— -
TXSTB &
Vi—

)

I

M

tosu ton
VIH _ 1 A h
XD TXD7 TXD0
Vi
tep
Von—
TXBF
VOI. - It
Table 34. PCM Tx Timing Parameters
PARAMETER SYMBOL | MIN | MAX || UNITS
TXCLK Period (High to High) e 66 - ns
TXCLK Low Time (Low to High) a 30 - ns
TXCLK High Time (High to Low) txcH 30 - ns
TXSTB High Setup (High to High) hisy 5 - ns
TXSTB Low Setup {Low to High) tusy 5 - ns
TXSTB Hold (High to Invalid) ty 4 - ns
TXD Setup (Valid to High) tosu 5 - ns
TXD Hold (High to Invalid) ton 4 - ns
{L_TXBF Delay (High to Invalid) treo - 35 ns
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Figure 25. PCM Rx Timing Diagram

trx
texen | TRxe
Vin— 1 -
RXCLK
Vi—
fsu | tusy | hw
VIH _ 17
RXSTB
Vi— .
)] toh ton
VOH _ 1M
RXD RXD7 RXDO
Yo i ] ]
trep
VOH _ 1T
RXBE
Vo—
Table 35. PCM Rx Timing Parameters
PARAMETER | sYmeoL || MIN | max ] unirs |
RXCLK Period (High to High) thy 66 - ns
RXCLK Low Time (Low to High) et 30 - ns
RXCLK High Time (High to Low) tRxc 30 - ns
RXSTB High Setup (High to High) tsy 5 - ns
RXSTB Low Setup {Low to High) tusy 5 - ns
RXSTB Hold {High to Invalid) im 4 - ns
RXD Delay (High to Valid) tp - 35 ns
RXD Hold {High to Invalid) tok 5 - s
RXBE Delay (High io High) thep - 35 ns
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Q4401 VARIABLE RATE VOCODER PACKAGING

The Q4401 can be packaged in either a 100-pin plastic
quad flat pack (PQFP) or a 100-pin thin gquad flat pack

(TQFP). Figures 26 and 27 show the package outlines

and dimensions. A recommended socket for the PQFP
package is: 3M P/N 2-0100-07243-000-018-007.

Figure 26. Q4401 Variable Rate Vocoder 100-pin PQFP Packaging

0.897 (22.78)/0.903 (22.94) SQ.
0.875 (22.23)/0.885 (22.48) Q. ——————————>

All dimensions are in inches
and (millimeters).

0.747 (18.97)/0.753 (19.13) SQ. ——————>
0.737 (18.72)/0.743 (18.87) SQ. ——>
s 0.005 R TYP .
¢/
¢ INUAIIAnRnanQAnRnRRNNIARIA
Y\ M 1
— N
— Pin #1
— Identifier
38
I
39 63
7% All Around Detail B Detail A
/V\ 0.067 (1.7

0.042\(1.07)/
0.056 (1.42)

0.076 (1.93)/

0.080 ((2.03) TYP
0.035 (0.889)
MIN (TYP) l‘_
0.058 (1.47)/
0.062 (1.57)
32.4° TYP
A
64
Bumper Detail

0) 1 0.073 (1.85)

AN

~
0.180 (4.57)

Uy

Hﬂﬂﬂﬂﬂ

MAX

I
i

—
[+ o s

/|

0.042 (1.07)/
0.056 (1.42)

0.006 (0.152)/
o 015 (0.381)
3°TYP
0.020 (0.508)/ 4,! L_.
0.030 (0.762)
Detail A

;

Detail

0.008 (0.20)/
0.012 (0.30)

ViR
¥

< UUH i g d~__.7
0.025 (0.64) 0.008 (0.20)/  0.020 (0.51)
TYP "_ _>||‘—oo12(oso) MIN
0.010 (0.254)
0.020 (0.508) 0.014 (0.36)
MAX |~
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Figure 27. Q4401 Variable Rate Vocoder 100-pin TQFP Packaging
0.618 (15.7)/0.641 {16.3) SQ.
~——— 0.547(13.9)/0.555(14.1)5Q. ———

0.472 (12.0) REF SQ.
Pin #1 |dentifier
ﬂ H LIOTLG [LOMTATTD
O

75

LORANTRARIRARTONCTIRIN,
HHUHHUHUUHUHUHHUUUUHUUHUH

5 31

QUUUUUUUHUUUUHHUUUUUUUHUQ
12° All Around
ﬂ /\ Ve Detail B Detail A ~

|
T = ’
\

J 0.016(0.40)
0.024 (0.60)
3.053(1.35) BI
057 (1.45)
Ll ,lu 0° 1o 7° MAX

iy

Detail A

All dimensions are in inches and {millimeters).

ooz;oo)J | 0018(045) 0.007 {0.17) |l
0.006 (0.75) b 0.030(0.75) 0.0171(0.27) o
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APPLICATIONS INFORMATION

Figure 28 illustrates how the Q4401 Variable Rate
Vocoder can be used in a voice compression system.

Timing Generator
2.048MHz 8KHz 20msec

Figore 28. Typical 04401 Variable Rate Vocoder Configuration Exsmple

sl 0401
ok % e VOCODER
- T Strobe_%5.
Analog IN—>{ plow/ [* Fxnr:m A gf,"’
A-law
Codec Re Dot 91 {pur

Analog QUT «—

R Srobe 92 {pucr

W

R Gock % pxer

v

10pF

{NChe—22{ TYBF
{NCle—19 RyBE

Connect fo VSS (GND) — RSE/ S lereer

Pins 7, M, 26, 28, 35, 50 CLKIN
45,54, 57, 58, 64, 75, 30 MHz==
81,82, 86,88, % E s ({07

L INT

5 DainBi7
EZ 5 DomBite gz
05 / Dota Bit 5 »1D5
04 768 Dot B4 _fng

n .,
D3} 33" B 13 Processor
V]34 a Bit 2 02
P LT T

73 DooBit)
DO - Wit/ »|Do
o - W/
RD/ = RD/

Connect 10 VDD {+5V)
cLkouTEw{NO) Pins 13, 20, 32, 39,

gll]pl‘

Note: Pin numbers correspond to the PQFP package option.

63, 69,79, 89,98
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