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AT&T CSP1088 GSM Conversion Signal Processor
for Cellular Handset and Modem Applications v2.2

Features

m Seamless interface to the DSP1618 processor and
W2020 RF transceiver

= Complete A/D and D/A functions for voiceband
including digital audio interface

= Complete A/D and D/A functions for baseband

= Event timing and control state machine that
monitors the internal quarter-bit counter and
internal frame counter until a programmed time is
reached, and then executes the control portion of
the register and may issue an interrupt to the DSP

= GMSK modulator that takes 88 or 148 bits of burst
data from an internal register and modulates it to
GSM standards. Phase information is converted
into | and Q output voltages that can be connected
directly to a W2020 transceiver or RF modulator

= Received baseband | and Q signais are A/D
converted and stored in a double buffer that holds
16 | and 16 Q samples before issuing an interrupt
to the DSP to read the sample information

a 14 output control lines that can be used to control
external circuits for such functions as power on/off
or digital gain control

= Serial port that can be used to program an external
RF frequency synthesizer

= Interrupt handling capabilities for voiceband
samples, received baseband data as ciphering,
timing and control interrupts, and for end of
transmission notification

= Voiceband output connects directly to 15 Q

= Voiceband input connects directly to electret
microphone

» /EEE" 1149.1 JTAG controller and boundary scan
register

= Hardware support for A5.1 and A5.2 ciphering
a Frequency synthesizer compatibility with DSP1618
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Description

The AT&T CSP1088 integrates the timing and
control functions for GSM mobile application with the
A/D and D/A functions. It serves as the interface that
connects a DSP to the RF circuitry in a GSM mobile
telephone.

For example, a DSP can load 148 bits of burst data
into the AT&T CSP1088’s internal register, and
program the AT&T CSP1088’s event timing and
control register with the exact time to send the burst.
When the timing portion of the event timing and
control register matches the internal quarter-bit
counter and internal frame counter, the 148 bits in
the internal register are GMSK modulated to GSM
standards, and the resulting phase information is
translated into | and Q differential output voltages
that can be connected directly to an RF modulator.
An end-of-transmit interrupt notifies the DSP when
the transmission is complete.

For receiving baseband data, a DSP can program
the AT&T CSP1088’s event timing and control
register with the exact time to start receiving | and Q
samples. When that time is reached, the control
portion of the event timing and control register will
start the baseband receive section converting | and
Q sample pairs. The samples are stored in a
double-buffered register until the register contains 16
sample pairs. The AT&T CSP1088 then issues an
interrupt to the DSP which has ample time to read
the information out before the next 16 sample pairs
are stored.

The voiceband A/D converter issues an interrupt to
the DSP whenever it finishes converting a 16-bit
PCM word. The DSP then reads the new input
sample and simultaneously loads the voiceband
output D/A converter with a new PCM output word.
The D/A output can be connected directly to a 15 Q
load or higher.

* IEEE is a registered trade mark of The Institute of Electrical and
Electronics Engineers, Inc.
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Description (continued) .

The AT&T CSP1088 is designed to interface a digital signal processor with analog audio and baseband signals, and
programmable events, power timers, and filters. The device provides analog interfacing and timing for a GSM mo-
bile cellular telecommunications terminal requiring low power consumption. Figure 1, is a block diagram of the AT&T
CSP1088 v2.2.
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Pin Information
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Figure 2. AT&T CSP1088 TQFP Pin Diagram v2.2
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Pin Information (continued)

Table 1. Pin Information

1198':;1 Symbol Type* Description
4 MICIN i,a Voiceband Microphone Input
5 MICOUT 0,a Voiceband Microphone Output
99 AUXIN i,a Voiceband Auxiliary Input
98 AUXOUT 0,a Voiceband Auxiliary Output
100 VXVCM i,a Voiceband External Bypass Capacitor, Referance
94 AOUTP o,a Voiceband Positive Output
93 AOUTN o,a Voiceband Negative Output
96 P nc No connect
95 rN nc No connect
3 VREG o,a Voiceband regulated voltage for electrect cond. microphone
97 REFC i,a Voiceband ext. cap. for int. voltage regulator
7 TCO i,d, PD Voiceband Digital Audio Interface, Test Control O
6 TCH i,d, PD Voiceband Digital Audio Interface, Test Control 1
9 DAIRN i,d, PD Voiceband digital audio interface reset not, active-low
10 DAIDI i,d, PD Voiceband digital audio interface data in
11 DAIDO o,d Voiceband digital audio interface data out, reset state is low
8 DAICK o,d Voiceband digital audio interface clock, reset state is low
89 TXIP o,a Baseband Transmit | Component Positive Output
88 TXIN 0,a Baseband Transmit | Component Negative Output
87 TXQP 0,a Baseband Transmit Q Component Positive Output
86 TXQN o,a Baseband Transmit Q@ Component Negative Output
90 TXP o,a Baseband transmit power control
81 TXVCM i,a Baseband transmit external reference. It can set common modes
of TXIP,N and TXQF,N
80 RXIP i,a Baseband Receive | Component Positive input
79 RXIN i,a Baseband Receive | Component Negative Input
78 RXQP i,a Baseband Receive Q Component Positive Input
77 RXQN i,a Baseband Receive Q Component Negative Input
82 VADCM i,a Baseband 2.4 V analog reference for A/D
84 VADP i,a Baseband reference for A/D Positive
83 VADN i,a Baseband reference for A/D Negative
30, 31 MC[1:2] i,d Small Signal Master Clock Input
33—40 DB[15:8] ifo, d Data bus 15—8
42—49 DB[7:0] ifo, d Data bus 7—0
20—13 AB[7:0} i,d Address bus 7—0
23 RWN i,d Read/write not (low = write, high = read)
22 10 i, d Chip select to enable data bus I/O
24 INTR o,d Interrupt output to DSP, active-high, reset state is low
71 EXTDI i,d, PD External digital input, cleared prior to each Rx buffer
25 RESETN i, d Reset not, active-iow

*

PU = on-chip pull-up resistor.

B 0050026 0017?L37 7TL HM

i = input, 0 = output, a = analog, d = digital, pwr = power, gnd = ground, and nc = no connect, PD = on-chip pull-down resistor,

AT&T Wireless Products Data
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CSP1088

Pin Information (continued)

Table 1. Pin Information (continued)

1%()';::'" Symbol Type* Description
52—65 OCTL[13:0] o,d Output control pins 13 through 0, controlled by state machine, reset state
is low
69 SERCK od Serial clock for Programming External Synthesizer, reset state is low
68 SERDA o,d Serial data out for Programming External Synthesizer, reset state is low
70 SERLE o,d Serial data latch for Programming External Synthesizer, active-low, reset
state is high”
26 CLKO 0,a Small Signal Clock Output from PLL, reset state is active
27 CLKOREF 0,a Smalt Signal Clock Output Reference, low-pass filtered CLKO”
72 TDO o,d JTAG Test Data Output, reset state is tri-state”
73 TCK i,d JTAG Test Clock
74 TDI i,d, PU | JTAG Test Data Input
75 TMS i,d, PU | JTAG Test Mode Select
2 vDDV pwr |5V analog supply voiceband
1 GNDV gnd 0 V analog ground voiceband
28 VDDF pwr 5V analog supply PLL
29 GNDF gnd Analog ground PLL
85 vDDB pwr 5 V analog supply baseband
76 GNDB gnd | Analog ground baseband
92 vDDD pwr 5 V quiet digital supply
91 GNDD gnd Quiet digital ground
21,41,51,66 VDDI3:0] pwr | 3V digital supply
12,32,50,67 GND[3:0} gnd Digital Ground
* | =input, o = output, a = analog, d = digital, pwr = power, gnd = ground, and nc = no connect, PD = on-chip pull-down resistor,

PU = on-chip pull-up resistor.
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Architectural Information

Figure 1 on page 3 shows a block diagram of the AT&T
CSP1088. The AT&T CSP1088 integrates the A/D and
D/A functions of the voiceband and baseband channels
along with a GMSK modulator, frequency synthesis
(PLL), A5 Block Generator, and a timing and control
state machine. The timing and control state machine
monitors an internal quarter-bit counter and an internal
frame counter to contro! both baseband receive and
baseband transmit activity. The state machine can also
control up to 14 external elements. The AT&T
CSP1088 has a serial output that is designed to
program an external frequency synthesizer. The 8-bit
address, 16-bit data bus connects easily to the AT&T
DSP1600 family.

Event Timing & Control State Machine

Figure 3 on page 8 illustrates the operation of the event
timing and control (ETC) state machine by an example.
In this example, the state machine has already
executed the control word of ETC register 03, and the
ETC index register is now pointing to ETC register 04.
When the quarter-bit counter (which is currently at
3851) reaches 3984, the control portion of ETC register
04 will be executed. In this example, the AT&T
CSP1088 will send a normal burst of 148 bits that are
held in the burst data register.

After the match, the ETC index register will
automatically be incremented to 05, and the next timing
match wilt occur when the quarter-bit counter reaches
4686. The frame counter will be incremented to 09
when the quarter-bit counter rolls over from 4999 to 0.
Depending upon the state of bit 13 of TCNTRL
(INCQBCFC) the ETC registers can be programmed in
different ways. If INCQBCFC = 0, the ETC index
register will increment with every quarter bit counter
timing match (the quarter-bit counter equaling the EQN
bits from the current ETC register), regardless of the
values of the EVEN and ODD bits in the current ETC
register. This allows the ETC index register to
increment when no event occurs (for example, a timing

match occurs and the frame count is 08, but the EVEN/

ODD bits are programmed in the current ETC register
such that this event only happens on odd frames;
therefore, no event occurs). For INCQBCFC = 1, the
ETC index register increments only when both the
quarter bit timing match occurs and the EVEN/ODD bit
criteria is satisfied. in this case, the ETCI register
increments only when events occur.

No matter the state of INCQBCFC, the ETC index reg-
ister is reset to 0 one half 13 MHz cycle after the ETC
index register has taken on a value greater than or
equal to the value of bits 3 to 0 (DPT [3:0]) in TCNTRL.

Send Burst Data

As an example of how these components work
together, consider how the AT&T CSP1088 sends a
normal burst of 148 bits to the RF modulator. The
DSP synchronizes the AT&T CSP1088's quarter-bit
counter with the base station. The DSP keeps track
of exactly when the burst data should arrive at the
mobile telephone’s RF modulator so that the outgoing
data is sent during its assigned time slot. The DSP
loads this time into the timing portion of one of the
AT&T CSP1088's ETC registers, and it puts the
control word for sending a normal data burst into the
control portion of that register. The DSP loads the
AT&T CSP1088's transmit buffer with148 bits of data.

The AT&T CSP1088 keeps track of the bit count to an
eighth-bit accuracy and keeps track of the frame
number. When the timing portion of the indexed ETC
register matches the bit and frame numbers, the
control portion of the register is executed. In the case
of a data burst, the control word will cause the AT&T
CSP1088’s GMSK modulator to process the data held
in the transmit buffer. This modulator will convert the
data stream into phase information that meets GSM
modulation standards. A frequency correction term is
added to the phase information, and then the phase is
converted into | and Q components. The | and Q
components are converted to analog voltages by the
baseband D/A converters. The analog output voltages
can be connected directly to the | and Q inputs of an
RF modulator.

In addition to the | and Q outputs, a power ramp signal
is generated to ramp the output power amplifier on and
off to avoid frequency spectrum spreading. The power
ramp shape is programmable, and the ramping is
spread over 9-bit intervals, for both ramp up and ramp
down.

B (0050026 0017639 574 W
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Architectural Information (continued)
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Figure 3. Event Timing and Control State Machine Example

Receiving Burst Data

The DSP also has to keep track of exactly when its
next burst of data will be arriving. The DSP loads a
start time into the timing portion of one of the AT&T
AT&T CSP1088’s ETC registers, and it puts the control
word for receiving a burst of data into the control
portion of that register. Once this ETC register is
indexed, the timing portion of the register is compared
to the AT&T CSP1088’s internai bit counter and frame
counter. When the timing portion of the register
matches, the control portion of the register is executed.
After the analog dc offset calibration, the baseband A/D
converters begin to convert the received | and Q
signals into 10-bit digital words.

The AT&T CSP1088 stores the incoming | and Q data
pairs in 32 internal double-buffered registers so that the
DSP does not have to be interrupted so frequently
(each interrupt to the DSP requires some overhead).
Once the AT&T CSP1088 receives 16 | and Q data
pairs, it issues an interrupt to the DSP to read the data.
While the DSP is reading out the 16 | and Q data pairs,
the AT&T CSP1088 continues to receive and convert

| and Q data pairs which it stores in the other half of the
double-buffered registers. The DSP has approximately
59 us to read the 16 sample pairs before the other half
of the doubie buffer fills.

13-8 Conversion Signal Processors

AT&T Wireless Products Data

BN 0050026 0017b40 29- WA



CSP1088

Architectural Information (continued)

Voiceband Conversion

The voiceband A/D converter generates 16-bit samples
at an 8 kHz rate. When a new sample is ready, the
AT&T CSP1088 sends an interrupt to the DSP. When
the DSP services this interrupt, it should not only read
the 16-bit sample from the voiceband input A/D
converter, but it should also load a new sample into the
voiceband output D/A converter.

The gain of the voiceband output can be lowered in

3 dB steps from 0 dB to —45 dB. The voiceband
differential output can be connected directly to a load
as low as 15 Q, such as the earphone of a handset. A
digital AUDIO interface is provided for testing. it
conforms to GSM specifications.

Programming an External RF Frequency
Synthesizer

The AT&T CSP1088 has a serial output port which can
be used to program an external frequency synthesizer.
The DSP can load frequency information into six
different frequency selection registers. The information
in the register is sent out the serial port whenever the
control portion of an ETC register loads that frequency
selection register’'s address. The serial output can be
either 8 bits, 16 bits, or 24 bits, the output rate can be
either 1.08 Mbits/s or 0.54 Mbits/s, and the output data
direction can be least significant bit or most significant
bit first. The output length, output speed, and output
data directions are controlled by the timing and control
registers.

Output Control Lines

The AT&T CSP1088 has 14 output control pins. These
pins are set to logic high or logic low by the control
portion of an ETC register when the timing portion of
that register matches the internal bit and frame
counters. These control lines are typically used to turn
on and off external circuits, and to change the gain of
programmable amplifiers. They are reset to logic low
on RESET. They can also be reset at the end of each
TX and/or RX burst.

Ciphering

The AT&T CSP1088 has hardware A5.1 and A5.2
used for ciphering. The transmit burst data buffer is
initialized and then the cipher unit generates the output
in two blocks under software control.

Frequency Synthesis

An on-chip PLL connects directly to DSP16XX devices
using a small signal clock input buffer. Several options
are available for activating the PLL including automatic
activation via the event timing and control state
machine.

I 005002t 0017kL41 122 WM
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Architectural Information (continued)

Frequency Synthesis (continued)
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Figure 4. CSP1088 Connection Diagram to DSP1618 and W2020
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Register Information

Register Addresses (Memory Map)

WARNING: All unused and reserved register bits must be written with a logic low. Failure to do so may
result in damage to the device or erratic behavior.

Table 2. Register Addresses (Memory Map)

Register Access Hex Value on Description
Method Address Reset
INS/INC R/W 0 0x0000 | Interrupt status on read, and interrupt control on write®
CONTROL RW 0x1 0x0000 | CSP1088 control”
TEST R/W ox2 0x0000 | Test control”
AUDCONF RW Ox4 0x0000 | Audio input/output configuration”
AUDIN R 0x5 X Audio input data sample
AUDOUT w Ox6 X Audio output sample
AUDFCR R/W ox7 0x0000 | Audio sampling frequency correction”
FC R/W 0Ox8 0x0000 | Frame counter value”
QBC RW 0x9 0x0000 | Quarter-bit counter value”
TCNTRL RW Oxa 0x0000 | Timing and control section control word”
ETCI R/W Oxb 0x0000 | Event timing and control index”™
QBCJUMP w Oxc 0x0000 | Quarter-bit jump modification word”
ETC [0:14] R/W 0x10—0x3c X Event time and control word storage
FREQ [0:5] RW 0x40—0x4b X Frequency word storage
BRSTDATA [0:9] RW 0x50—0x59 X Burst data registers
FCR w Ox5a X Transmit frequency correction register
RAMPLVL RW 0ox5f X Power ramp output nominal level value
RAMPUP [0:15] RW 0x60—O0x6f X Power ramp up values
RXBUFF [0:31] R 0x70—O0x8f X Receive data buffer for |, Q values
CLKOCNTL R/W 0x90 0x0000 | Clock output control word
RAMPDN [0:15] RW Oxe0—Oxef X Power ramp down values

There may be up to three 13 MHz cycles before the register is updated with a write. Back-to-back writes in less time should be avoided.

Interrupt Status and Interrupt Control Register, INS/INC (Address 0x0)

Interrupt status and interrupt control registers are both located at address 0. When this register is read, it is
considered the interrupt status register, and Table 3 on page 12 describes the meanings of its 16 bits. When this
register is written to, it is considered the interrupt control register, and Table 4 on page 12 describes what happens
to each bit during a write operation.

This register is designed such that when the DSP reads the interrupt register, it can write the same word back into
the register to reset the serviced interrupt. Typically, the bits 1—7 should be reset to low after they are serviced, so
writing a logic high to any of these bits will reset them to a logic low. Writing a logic low to any of these bits will
leave them unchanged. Bit 0 does not change after an interrupt, so writing a logic high to this bit will set it high, and
writing a logic low to this bit will reset it low.

EE 0050026 0017643 TTS WA

AT&T Wireless Products Data Conversion Signal Processors 13-11




CSP1088

Register Information (continued)

Interrupt Status and Interrupt Control Register, INS/INC (Address 0x0) (continued)

Table 3. Interrupt Status Register (Read Cycle)

Name Bit Number Description
EOTXIES 0 End of transmit interrupt enable status

EOTXI 1 End of transmit interrupt

RXBUFI 2 Receive buffer interrupt

AUDI 3 Audio interrupt

AS5I 4 A5 Interrupt
TIMEI 5 Time-out interrupt
EXTOV 6 External overflow indication, cleared when Rx starts, and at the start of each 16
receive pairs
INTOV 7 Internal overflow indication
ASIES 8 A5 interrupt enable status
r 9—15 Reserved

Table 4. interrupt Control Register (Write Cycle)

Name Bit Number Description
EOTXIE 0 End of transmit interrupt enable. Logic high sets; logic low resets
CEOTXI 1 Clear end of transmit interrupt. Logic high resets; logic low leaves unchanged
CRXBUFI 2 Clear receive interrupt. Logic high resets; logic low leaves unchanged
CAUDI 3 Clear audio interrupt. Logic high resets; logic iow leaves unchanged
CASI 4 Clear A5 Interrupt
CTIMEI 5 Clear time-out interrupt. Logic high resets; logic low leaves unchanged
X 6 This bit cannot be changed by an external write
X 7 This bit cannot be changed by an external write
A5IE 8 A5 interrupt enable
r 9—15 Reserved

EOTXIES: End of Transmit Interrupt Enable Status

When set to a logic high, the end of transmit interrupt,
EOTXI, is enabled.

EOTXI: End of Transmit Interrupt

EOTXI is set to a logic high at the end of a transmitted
burst if enabled by EOTXIES. The transmitted burst is
considered ended on the clock cycle that the power
ramping finishes on.

RXBUFI: Receive Buffer Interrupt

RXBUFI is set to a logic high when 16 receive |
samples and 16 receive Q samples have been stored
in the 32 double-buffered receive registers,
RXBUFF[31:0]. The values of these registers must be
read before the AT&T CSP1088 finishes receiving the
next 16 | and 16 Q samples (which takes about 59 us)
or else the information could be overwritten and lost.
Whenever a receive interrupt occurs, EXTOV and
INTOV interrupt bits are also updated (see description
below).
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CSP1088

Register Information (continued)

Interrupt Status and Interrupt Control
Register, INS/INC (Address 0x0) (continued)

AUDI: Audio Interrupt

AUDI is set to a logic high when a new sample from the
audio input is written into the AUDIN register. This
sample must be read before the next sample arrives
{which is in about 125 pus). The AUDI interrupt is also
considered a request for a new audio output sample,
and a new audio output sample should be written to the
AUDOUT register.

A5l

When logic high, A5l indicates that a block cipher,
either BLOCK 1 or BLOCK 2, has finished.

TIMEI: Time-Out Interrupt

There are 15 event timing and control registers,
ETC[14:0]. When the timing information of a selected
ETC register matches the quarter-bit counter, QBC,
and the frame counter, FC, the control portion of the
word may set the DSP interrupt bit, DSPL. When DSPI
is set to a logic high, an interrupt is issued, and the
time-out interrupt bit, TIMEI, is set to a logic high. Also,
if CLKO had been disabled, TIMEI asserting will enable
CLKO; if CLKO has been enabled, CLKO remains
enabled (see Table 43 on page 35).

EXTOV: External Overflow Indication

EXTOV is set to a logic high if an external overload
condition occurred anytime during the previous
16-sample receive time period. An external overioad
condition is sensed whenever a logic high is applied to
the EXTDI pin for at least one MC cycle. EXTOV is
updated whenever a receive interrupt, RXBUFI,
ocecurs.

INTOV: Internal Overflow Indication

INTOV is set to a logic high if an internal overload of
the I or Q receive ADC occurs anytime during the
16-sample receive time period. INTOV is updated
whenever a receive interrupt, RXBUFI, occurs.

ASIES

When logic high, the A5 interrupt, ASIE, is enabled
(logic high).

EOTXIE: End of Transmit Interrupt Enable

When EOTXIE is set to a logic high, the end of transmit
interrupt, EOTXI, is enabled. When EOTXIE is reset to
a logic low, the end of transmit interrupt, EOTXI, is
disabled.

CEOTXI: Clear End of Transmit Interrupt

When CEOTXI is set to a logic high, the end of transmit
interrupt bit, EOTX], is reset to a logic low (cleared).
When CEOTXI is set to a logic low, EOTXI is
unchanged.

CRXBUFI: Clear Receive Interrupt

When CRXBUFI is set to a logic high, the receive
interrupt bit, RXBUFL, is reset to a logic low (cleared).
When CRXBUFI is set to a logic low, RXBUFI is
unchanged.

CAUDI: Clear Audio interrupt

When CAUDI is set to a logic high, the audio interrupt
bit, AUDI, is reset to a logic low (cleared). When
CAUDI is set to a logic low, AUDI, is unchanged.

CASI

When CABSI is written logic high, the A5l bit is reset to
logic low (cleared). When CAB5I is reset to logic low, A5l
is unchanged.

CTIME!: Clear Timing Interrupt

When CTIMEI is set to a logic high, the time-out
interrupt bit, TIMEI, is reset to a logic low (cleared).
When CTIMEI is set to a logic low, TIMEI is
unchanged.

ASIE

When ASIE is set logic high, the A5 interrupt is
enabled. After either BLOCK 1 or BLOCK 2 ciphers are
generated, and ASIE was set logic high, the INTR pin is
asserted, and A5l is set logic high.
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CSP1088

Register Information (continued)

CSP1088 Control Register, CONTROL

(Address 0x1)

The CONTROL register determines whether the output
controls bits are cleared at the end of a transmit burst

modulation uses clockwise rotation or counter clock-
wise rotation, and the order in which | and Q samples
are received. Table 5 describes how the CONTROL
register regulates output control bits, transmit output
modulation, and | and Q sample receiving.

The CONTROL register has additional bits specified for
use in A5 block generation, device reset, MC disabling,
and receive bandwidth selection.

and/or at the end of a receive burst. The CONTROL
register also determines whether the transmit output

Table 5. CSP1088 Control Register, CONTROL (Address 0x1)

Name Bit Number Description®
CTLCLREOT 0 Log!c high, output control pits OCTL[13:0] are reset low after transmit purst
Logic low, output control bits OCTL[13:0] are not changed after transmit burst
CTLCLREOR 1 Log?c high, output control t_Jits OCTL{13:0] are reset low after receivg burst
Logic low, output control bits OCTL[13:0] are not changed after receive burst
MODROT 2 Logic high, negative or clockwise rqodulation rqtation )
Logic low, normal or counterclockwise modulation rotation
Logic high, receive buffer order first Q then |
RBORD 8 Logic |0\?V, receive buffer order first | then Q
RXDCCAL 4 Logic high, initiates digital RX dc offset calibration
RESET 5 Logic high, generates software reset
MCSTOP 6 Logic high, stops master clock at input pin
r 7 Reserved
RBWS 8 Receive Filter Bandwidth Select: "0" = 75 kHz, "1" = 95 kHz
r 9—10 Reserved
ASENBL 11 AS algorithm enabled (start) self resetting
Write logic high, A5.1 algorithm selected
ASTYPE 12 Write Iogic |oev, A5.2 alg%rithm selected
ASDIR 13 Wr!te Iog!c Iqw, bit; ir) reverse order to register I?its
Write logic high, bits in same order to register bits
Wirite logic low, BLOCK 1
ASBLOCK 4 wiite Iogic high, Generate BLOCK 2
Write logic low, no affect
ASSTAT 15 Write logic high, clear status to zero when read
Read logic high, Block generation complete

* Al bits are exactly as described in the AT&T CSP1088 v2.0 data sheet except bit 8.
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CSP1088

Register Information (continued)

CSP1088 Control Register, CONTROL
(Address 0x1) (continued)

Output Control Bits Clear at End of Transmit,
CTLCLREOT

The output control bits are used to control various
external circuits such as powering up the receiver, or
the power amplifier. If the CTLCLREOT bit is set to a
logic high, then the output control bits, OCTL[13:0], are
reset to a logic low after the end of a transmit burst. If
the CTLCLREOT bit is reset to a logic low, then the

OCTL[13:0] are not reset at the end of a transmit burst.

Output Control Bits Clear at End of Receive, CTL-
CLREOR

The output control bits are used to control various
external circuits such as powering up the transceiver,
or the power amplifier. If the CTLCLREOR bit is set to
a logic high, then the output control bits, OCTL[13:0],
are reset to a logic low after the end of a receive burst.
If the CTLCLREOR bit is reset to a logic low, then the
OCTL[13:0] are not reset at the end of a receive burst.

Modulation Rotation, MODROT

When the modulation rotation bit, MODROT, is setto a
logic high, then the rotation of the output phase at TxI
and TxQ is clockwise, or negative. When MODROT is
reset to a logic low, then the rotation of the output
phase is in the normal counterclockwise direction.

Receive Buffer Order, RBORD

Sixteen | and Q sample pairs are stored in 32 dou-
ble-buffered registers. When the receive buffer order
bit, RBORD, is set to a logic high, then the received
samples are stored first Q then | such that the lowest
address (address 0) is QO0, and the next address
(address 1) is 10, and so on until 115 is stored in the
highest address (address 31). When RBORD is reset
to a logic low, then the received samples are stored in
the normal order of first | and then Q.

Receive Digital dc Offset Calibration, RXDCCAL

When the receive dc offset calibration bit, RXDCCAL is
set high, both | and Q receive channels perform a dc
offset calibration. This must be done once before using
the receive channel for the first time. It is recom-
mended that it be done prior to any other programming
of the AT&T CSP1088. When read, RXDCCAL indi-
cates that the dc offset calibration is completed if logic
low, or that calibration is active if logic high.

System Reset, RESET

Setting this bit high resets the AT&T CSP1088. This
reset is identical to a reset initiated by the reset pin.
This bit clears itself when reset is complete, which
requires approximately eight cycles.

Master Clock Stop Bit, MCSTOP

When the master clock stop bit, MCSTOP, is set high,
the master clock (MC) is stopped at the input pin. Only
the CONTROL register may be written to in this state,
usually to turn the clock on again or reset the AT&T
CSP1088.

RBWS
Receive bandwidth select (see page 16).

AS5 Enable, ASENBL

When set, AGENBL enables the A5 algorithm. When
reset, ASENBL will immediately stop and reset the gen-
erator. Data should be in the TX buffer before enabling
AS. After the BLOCK 2 has been generated, this bit
self-resets.

A5 Type, ASTYPE

When set to logic high, ASTYPE selects the A5.1 algo-
rithm generation. When set to logic low, ASTYPE
selects A5.2 algorithm generation.

A5 Direction, ASDIR

When set to logic high, ASDIR selects key, count, and
block bit ordering as given in Table 33, Table 34, and
Table 36. When set logic low, the key, count and block
bit ordering is as given in Table 31, Table 32, and
Table 35.

A5 BLOCK Select, ASBLOCK

When set logic high, ASBLOCK selects BLOCK 2 gen-
eration. When set logic low, this selects BLOCK 1 gen-
eration. After the BLOCK 2 has been generated, this bit
self-resets.

A5 Status and Control, ASSTAT

When written logic high, ASSTAT resets itself to logic
low. This must be done prior to every block generation.
When read, logic high indicates a block generation has
completed, and logic low means a block generation
has not started or is processing.
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CSP1088

Register Information (continued)

CSP1088 Control Register, CONTROL (Address 0x1) (continued)

Receive Bandwidth Selection (RBWS)

The receive digital filter 3 dB bandwidth is selectable from 75 kHz to 95 kHz. When logic 0, RBWS selects 75 kHz
bandwidth; logic high selects 95 kHz bandwidth. Figures 5 and 7 illustrate a spectral response, including a pass-
band, for the 75 kHz bandwidth, and Figures 6 and 8 illustrate a spectral response, including a passband, for the
95 kHz bandwidth. Selecting 75 kHz bandwidth attenuates a GSM modulated signal with +200 kHz center fre-
quency (the adjacent channel) by 20 dB, whereas the 95 kHz bandwidth attenuates that signal by 16 dB.
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CSP1088

Register Information (continueq)

Test Control Register, TEST (Address 0x2)

The TEST register provides a serial interface for direct access to the audio input and output data streams. This

interface is used to test the audio section of the AT&T CSP1088 and has four modes of operation: 1) normal, 2)
speech decoder/DTX functions on downlink, 3) speech encoder/DTX functions on uplink, and 4) test of acoustic
devices and A/D and D/A functions. The test register, TEST, selects the mode of the digital audio interface. This

register also is used to stop continuous receive or transmit and to select the MC frequency.

Table 6. Test Register, TEST, Bit Definitions

Name Bit Number Description
TCSOURCE 0 Logic high, test control source is hardware pins TC[0:1]
Logic low, test control source is software bits TESTC[0:1]
TESTC[0:1] 1—2 Selects the digital audio interface mode
STOP 3 When the CSP1088 is in a continuous transmit or receive mode, setting this bit to
a logic high will stop the transmission or reception of data
r 4—11 Reserved
MCSEL 12 Master clock frequency select
r 13—15 Reserved

Table 7. Test Register, TEST, Bit Definitions

TC 1 or TESTC 1 TC O or TESTCO Description
0 0 Normal operation of audio circuits
0 1 Output data emulating D/A samples (speech decoding test)
1 0 Input data emulating A/D samples (speech encoding test)
1 1 Test of acoustic devices and A/D and D/A

Test Control Source Bit, TCSOURCE

When the TEST control source bit, TCSOURCE, is set
to a logic high, the digital audio interface is controlled
by the values at the hardware pins TC[0:1]. When reset
to a logic low, the digital audio interface is controlled by
the values of bits TESTC[0:1]. Table 6 shows which
test states are selected for a given input.

Test Control Bits (TESTC[0:1])

When the TCSOURCE is reset to a logic low, the
TESTCIO:1] bits control the digital audio interface.
Table 6 describes the different test states.

Continuous Operation Stop Bit, STOP

Setting the STOP bit to a logic high stops the mode of
continuous transmitting and continuous receiving.

Resetting the STOP bit to a logic low allows the receive
and transmit to operate normally. When transmitting,
the STOP bit causes the current data symbol to finish,
then the ramp down sequence, with guard bits, follows
until transmission stops. When receiving, the current
32 sample buffer finishes filling and one last RXBUFI
interrupt is generated, then the receive mode stops.
This bit is not self-clearing and should be reset to logic
low before using RX or TX.

Master Clock Frequency Select Bit, MCSEL

The Master Clock Frequency is selectable between
26 MHz and 13 MHz. Setting MCSEL to logic 0, the
reset state configures this device for 13 MHz input.
Setting MCSEL to logic 1 configures this device for
26 MHz input.
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CSP1088

Register Information (continued)

Audio Input/Output Configuration Regis-
ter, AUDCONF (Address 0x4)

The AUDCONF register controls the configuration of
the voice input and voice output sections of the AT&T
CSP1088. For the input section, this register selects
the internal gain (18 dB or 8 dB), enables the input or
not, and selects between MICIN and AUXIN inputs. For
the output section, this register selects the gain from

—45 dB to 0 dB in 3 dB steps, enables the audio output
or not, selects dithering or not, and mutes the audio
output or not. Also, this register can select a loopback
mode that takes the digital output of the input A/D con-
verter, and loop it directly back to the digital output sec-
tion for partial testing.

The Audio Output pins Aoutp and Aoutn support a wide
variety of load impedances and power. Three program-
mable bits define a high or low bias condition and four
voltage gains for the output drive stage. This is in addi-
tion to the programmable gain output over a 45 dB
range.

Table 8. Audio YO Configuration Register, AUDCONF, Bit Definitions

Name N ug::) or Description
AUDIE 0 Audio Input Enable. Logic high enables audio input. Logic low disables audio input
AUDIG 1 Audio Input Gain. Logic low selects 8 dB of internal gain before A/D converter. Logic
high selects 18 dB of internal gain
AUDIS 2 Audio Input Select. Logic high selects AUXIN. Logic low selects MICIN
AUDCHR 3 Audio Input Charge. Charge extemnal reference capacitor
AUDOE 4 Audio Output Enable. Logic high enables audio output. Logic low disables audio out-
put
AUDOGI0:3] 5—8 | Audio Output Gain. Gain of the audio output can be selected from —45 dB (all low) to
0 dB (all high) in 3 dB steps
AUDOM 9 Audio Output Mute. Logic low mutes. Logic high unmutes
ADITH 10 Audio Output Dithering. Logic low selects dithering to decorrelate periodic modular
quantization noise. Logic high selects no dithering
r L Reserved.
AUDPGA[1:0] | 13:12 | Audio PGA.
AUDHD 14 Audio High Drive.
r 15 Reserved. Reset to logic low
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CSP1088

Register Information (continued)

Audio Input/Output Configuration
Register, AUDCONF (Address 0x4)
(continued)

Audio Input Enable, AUDIE

When the audio input enable, AUDIE, is set to a logic
high, the audio input is enabled. When AUDIE is reset

to a logic low, the audio input section is powered down.

Audio Input Gain, AUDIG

When the audio input gain bit, AUDIG, is reset to a
logic low the internal gain before the A/D converter is
8 dB, with either MICIN or AUXIN selected. If AUDIG is
set to a logic high, the internal gain of the audio input is
18 dB.

Audio Input Select, AUDIS

When the audio input select, AUDIS, is set to a logic
high, the AUXIN input is selected. When AUDIS is reset
to a logic low, the MICIN input is selected.

Table 9. Audio Output Gain Bit Definition

Audio Input Charge, AUDCHR

When the audio input charge, AUDCHR, is set to a
logic high, the external reference capacitor is charged.
When AUDCHR is reset to a logic low, the external
reference capacitor is connected to the common mode
through a 100 k< resistor. This bit should be logic high
for 30 ms + 10 RIC1 time constants and then reset
before using the voice input section.

Audio Output Enable, AUDOE

When the audio output enable, AUDOE, is setto a
logic high, the audio output section is powered on.
When AUDOE is set to a logic low, the audio output
section is powered down.

Audio Output Gain, (AUDOG[0:3])

The audio output gain bits, AUDOG[0:3], vary the gain
of the audio output section from —45 dB to 0 dB in 3 dB
steps. Table 9 describes the gain added by each bit
when set to a logic high.

Bit Description
AUDOG 0 Logic high adds 3 dB. Logic low adds 0 dB
AUDOG 1 Logic high adds 6 dB. Logic low adds 0 dB
AUDOG 2 Logic high adds 12 dB. Logic low adds 0 dB
AUDOG 3 Logic high adds 24 dB. Logic low adds 0 dB
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CSP1088

Register Information (continued)

Audio Input/Output Configuration
Register, AUDCONF (Address 0x4)

(continued)

Audio Output Mute, AUDOM

When the audio output mute bit, AUDOM, is setto a
logic low, the audio outputs, AOUTP and AOUTN, are
muted. When AUDOM is set to a logic high, the audio
outputs are not muted.

Audio Output Dither, ADITH

When the audio output dither bit, ADITH, is resetto a
logic low, dithering is enabled. Dithering decorrelates
the periodic modulator quantization noise of the output
sigma-delta converter. if ADITH is set to a logic high,
dithering is disabled.

Table 10. Audio PGA, AUDPGA [2.0], Bit Definition

Audio Loopback Mode, ALM

When audio loopback mode, ALM, is set to a logic
high, the single-bit output of the audio-input
sigma-delta A/D converter is looped back into the
single-bit input of the audio-output delta-sigma D/A
converter. Loopback mode is used for testing. When
ALM is reset to logic low, loopback is disabled.

Audio PGA, AUDPGA[1:0]

The audio output analog gain is selected by AUD-
PGA[1:0]. The differential impedance of the load on
pins Aoutp and Aoutn, and the requirement for distor-
tion at the output, determine the settings for these bits.
The minimum load depends on the maximum output
current.

Full-Scale Vout rms Minimum Load Impedance
AUDPGA1| AUDPGAO| at AUDOG[3:0]=0dB | (Max Distortion=1% for 1 kHz
Setting Sine Wave Output)
0 0 1.5 200 Q
0] 1 0.75 80 Q
1 o} 0.375 30Q
1 1 0.1875 15 Q*

* Itis recommended that audhd be set to a logic high for this condition.

Audio High Drive, AUDHD

Set to logic high, AUDHD places the audio output driver into high bias, which reduces the analog distortion by

about half. When reset logic low, the driver dissipates about 3 mW less quiescent power. We recommend setting
AUDHD to logic high for load impedances less than 30 Q.

Audio Input Double-Buffered Register, AUDIN (Address 0x5)

Audio input is converted into 16-bit 2’s complement numbers at an 8 kHz rate. As each 16-bit sample becomes
available, it is stored in the double-buffered register AUDIN, an audio interrupt is initiated, and the audio interrupt
bit in the interrupt status register, INS, is set to a logic high.

When the DSP reads the audio-input register, it should update the audio-output register, AUDOUT, also.

Table 11. Audio Input Double-Buffered Register, AUDIN

Bit#| 15| 14 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Label| Al [ AI{ Al [ AL | Al | Al | Al { Al | AL [ Al | Al | Al | Al | Al | Al| Al
15| 144 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Register Information (continued)

Audio Output Register, AUDOUT (Address 0x6)

The audio output D/A converter takes linear 16-bit, 2's complement numbers at an 8 kHz rate. Each 16-bit number
must be loaded into the audio output register, AUDOUT. The audio output register should be updated whenever an
audio interrupt, AUDI, occurs.

Table 12. Audio Output Registe{, AUDOUT

Bit# | 15 (14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0
Label| AO] AO| AO| AO| AO| AO | AO AO AO AO AO
15| 14| 13 | 12| 11 | 10 9 8 7 6 5 4 3 2 1 0

Audio Frequency Correction Register, AUDFCR (Address 0x7)

Because the mobile’s master clock frequency may differ from the serving cell’s, adjustment to the audio sampling
rate is necessary to match the serving cell's rate. The audio section’s sampling frequency is modified through the
AUDFCR register. The parts per million master clock cycles of correction is determined by the following equation:

ASFCppm =

1086

Table 13. AUDFCR Register Bit Definition

13(8192 - MAG[12:0]) (128 - 112 SFCR)

Bit # 7 6 5 4 3 2 1 0
Label MAG7 MAG6 MAGS5 MAG4 MAG3 MAG2 MAG1 MAGO
Bit # 15 14 13 12 " 10 9 8
Label ASFCE | ASFCR | ASFCS | MAG12 | MAG11 [ MAG10 | MAG9Y MAGS8

Audio Frequency Correction Magnitude, MAG[12:0]

The magnitude of the correction is determined by the
MAG([12:0] bits, ranging from O to 8191.

Audio Frequency Correction Sign, ASFCS

The sign of frequency correction is defined by ASFCS.
Set logic high, ASFCS makes the nominal 8 kHz sam-
pling frequency lower by ASFCppm. Reset logic low,
ASFCS makes the frequency higher.

Audio Frequency Correction Range, ASFCR

There are two ranges of audio frequency correction,
high and low, defined by ASFCR. For low ppm correc-
tion, ASFCR should be reset logic low. For higher ppm
correction, ASFCR should be set logic high.

Audio Frequency Correction Enable, ASFCE

Audio sampling frequency correction is enabled by
ASFCE. Set logic high, frequency correction is
enabled. If ASFCE is reset logic low, audio frequency
correction is disabled, providing a sampling frequency
of MC/1625 or MC/3250 depending on MCSEL in the
test register.

Audio Sampling Rate Example

The AUDFER register allows adjustments to the audio
rate (nominally 8 ks/s) over a range of +20 ppm with a
resolution of less than 0.1 ppm. To cover this range
with the indicated resolution, the ASFCR bit should be
set to ZERO to make adjustments within the £7.5 ppm
range and set to 1 otherwise. Given the desired ppm
adjustment, the decimal value to be programmed into
MAG[12:0} is given by:

108

MAG = 8192- (126 712+ ASFCR)

13 ASFCppm
Example, if the desired correction is +1.7 ppm; ASFCR
=0, ASFCppm = 1.7, then Mag is 7838 from the equa-
tion above. The AUDFCR register should be pro-
grammed to 0x9e9e. If the desired correction had been
—1.7 ppm, then the ASFCS bit would have been set to
t1and AUDFCR register would have been programmed
to Oxbe9e.
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Register Information (continued)

Frame Counter Register, FC (Address 0x8)

The frame counter register, FC, is either a modulus 51 counter, or else a moduius 26 counter, depending on the
setting of the MFRAME bit in the timing control register, TCNTRL. When MFRAME is set high, the FC counter is
modulus 51 (counter cycles 0 through 50 and then back to 0, i.e., frame MOD 51), and when MFRAME is reset low,
the FC counter is modulus 26.

FC keeps track of the value of the frame number and can be preset to any numbar from 0 to decimal 50. FC
increments when the quarter-bit counter, QBC, rolls over from 4999 to 0. The value of FC can be read at any time.

Table 14. Frame Counter Register

Bit# | 15} 14| 13| 12 | 11 | 10| 9 8 7 6 5 4 3 2 1 0
Label [ X X X X X X X X X X |FC|FC|FC|FC| FC| FC

Quarter-Bit Counter Register, QBC (Address 0x9)

The quarter-bit counter register is a modulus 5000 counter (cycles from 0 to 4999 and then back to 0) that counts
in half-quarter (1/8) bit increments, or at a rate of 13/6 MHz. The counter can be preset to any number from 0 to
decimal 4999, and can be read at any time. Note that the counter is written and read with quarter-bit accuracy, and
the half-quarter (1/8) bit is only affected by the 13/6 MHz clock, or the INCR/DECR bits in TCNTRL.

Table 15. Quarter-Bit Counter Register Bit Definition

Bit#| 156 | 14| 13| 12 | 11 10 9 8 7 6 5 4 3 2 1 0

Label| X X X | QBC|{QBC|QBC| QBC| QBC| QBC| QBC| QBC| QBC| QBC| QBC| QBC| QBC
12 11 10 9 8 7 6 5 4 3 2 1 0

QBC Jump, QBCJUMP[12:0] (Address 0xC)

The AT&T CSP1088 supports synchronous QBC offset modification of the QBC register value for large offsets.
The QBC register accepts unsigned magnitude values of 0 through 4999. When QBCJUMP is written, the QBC
counter will change to its current value plus the QBC Jump value modulus 5000, i.e., (QBC + N) MOD 5000. Thus,
it QBCJUMP is written N, then written 5000 — N, the original QBC timeline will remain exactly as if QBC Jump was
never written, except for the time between writes. FC, the frame counter, is not affected by QBCJUMP. The delay
from RWN rising edge to change in QBC value is no more than two quarter-bit clocks (i.e., half a symbol). The new
QBC value is used immediately in the comparisons for time match given that TCNTRL remained constant.

Table 16. QBCJUMP Register Bit Definition

Bit # 7 6 5 4 3 2 1 0
Label QBCJ7 | QBCJ6 | QBCJ5 | QBCJ4 | QBCJ3 | @BCJ2 | QBCJ1 | QBCJO

Bit # 16 14 13 12 11 10 9 8
Label r r r QBCJ12| QBCJ11 | QBCJ10| QBCJ3 | QBCJ8
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Register Information (continued)

Timing and Control Register, TCNTRL (Address 0xA)

The timing and control register, TCNTRL, sets the modulus of the ETCI counter and the modulus of the frame
counter. It also can reset the quarter-bit and frame counters to 0, and it controls the serial output port. TCNTRL can
also be used to increment or decrement the quarter-bit counter in eighth-bit steps.

Table 17. Description of the Timing and Control Register, TCNTRL

Bit # 7 6 5 4 3 2 1 0
Label| SERSPE | SERLEN| SERLENO SERDIR DPT3 DPT 2 DPT 1 DPT O

1
Bit # 15 14 13 12 11 10 9 8
Label r r INCQBCFC | TIMECLK DECR INCR CRESET | MFRAME

Depth (DPT[3:0]) Bits

The event timing and control index counter, ETCI, indexes which one of the 15 event timing and control registers,
ETC[14:0], is active. The ETCI counter increments from 0 up to one less than the number specified in the depth
bits, DPT[3:0], and then returns to 0 within two 13 MHz clock cycles. The depth bits, therefore, set the modules of
the ETCI counter.

In the case of the DPT [3:0] bits all set to a logic low, none of the ETC[14:0] words are ever indexed, and no events
are generated.

In the case of the DPT[3:0] bits set to 0001, the ETCI counter will only index Event Timing and Control Register 0
(ETC0). Given a nonmodified (no increment or decrement) quarter-bit counter scenario, a DPT[3:0] = 0001
condition will cause ETCO to be executed six times when the EQN bit of ETCO equals the quarter-bit counter.
When this is happening, it may not be obvious for most ETCO values, but when the DSPI bit is set in ETC, the
INTR pin of the CSP1088 may behave abnormally, depending on the interrupt servicing latency of the software.

Serial Output Direction Bit, SERDIR

The frequency selection registers, FREQ[5:0], can be used to program an external frequency synthesizer via the
serial output pins, SERCK, SERDA, and SERLE. The serial output direction bit, SERDIR, controls whether the
data is clocked from LSB to MSB, or from MSB to LSB. When the SERDIR bit is set to a logic high, the data is
transmitted from MSB to LSB. When the SERDIR bit is reset to a logic low, the data is clocked from the LSB to the
MSB.

Serial Output Length Bits (SERLEN[1:0])

The frequency selection registers, FREQ[5:0), can be used to program an external frequency synthesizer via the
serial output pins, SERCK, SERDA, and SERLE. The serial output length bits, SERLEN[1:0], control whether the
output is 8 bits, 16 bits, or 24 bits long.

Table 18. Serial Output Length Bit Definition

SERLEN 1 | SERLENO Description
0 0 Send first 8 bits (FS[7:0])
0 1 Send first 16 bits (FS[15:0])
1 0 Send first 24 bits (FS[23:0])
1 1 Reserved
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Register Information (continued)

Timing and Control Register, TCNTRL
(Address 0xA) (continued)

Serial Output Speed Bit, SERSPE

The frequency selection registers, FREQ[5:0}, can be
used to program an external frequency synthesizer via
the serial output pins, SERCK, SERDA, and SERLE.
When the serial output speed bit, SERSPE, is setto a
logic high, the serial output data rate is 1.08 Mbits/s.
When SERSPE is reset to a logic low, the serial output
data rate is 0.54 Mbits/s.

Modulus of Frame Counter Bit, MFRAME

When the MFRAME bit is set to a logic high, the frame
counter, FC, is a modulus 51 counter (that is, the
counter will cycle from 0 to 50 and back to 0 again).
When the MFRAME bit is reset to a logic low, the frame
couriter is a modulus 26 counter and cycles from 0 to
25 and back to 0.

Counter Reset Bit, CRESET

When the counter reset bit CRESET is set from a logic
low to a logic high, the frame counter, FC, and quarter
bit counter (QBC) are reset to 0. The CRESET bit
self-resets to 0, one 13 MHz clock cycle after the logic
low to logic high transition has been synchronized to
the AT&T CSP1088 internal clock. Resetting the
CRESET bit to a logic low does not affect the frame
counter or quarter bit counter.

INCR/DECR

The INCR and DECR bits, embedded in the TCNTRL
register, adjust the QBC clock by 1/8 symbol. Each
logic high write to INCR causes the QBC counter to
advance by 1/8 of a symbol time; a logic low write to
INCR has no affect on the QBC clock. Each logic high
write to DECR causes the QBC counter to delay by 1/8
of a symbol time; a logic low write to DECR has no
affect on the QBC clock.

Note that back-to-back writes of the INCR/DECR bits
(to quickly increment or delay the QBC counter) need
to be separated by two NOP's if the DSP is running at
higher than 26 MIPS. For a DSP running at 26 MIPS or

lower, back-to-back writes need not be separated by
NOPs. (Due to the asynchronous DSP-CSP interface.)

Timer Clock Enable Bit, TIMECLK

When the timer clock enable bit, TIMECLK, is set to a
logic high, the clock to the quarter-bit counter is
enabled. When reset to a logic low, the clock to the
quarter-bit counter is disabled.

ETCI Increment Control Bit, INCQBCFC

When the ETCI increment control bit, INCQBCFC, is
set to a logic high, the ETCI increments when both a
quarter bit timing match occurs and the criteria defined
by the current ETC register’s EVEN/ODD bits are met.
When reset to a logic low, the ETCI increments only
when a quarter bit timing match occurs.

Event Timing and Control Index Register,
ETCI (Address 0xB)

The event timing and control index register, ETCI,
points to one of 15 event timing and control registers,
ETC[14:0]. See page 7, under Event Timing and
Control State Machine, for ETCI increment criteria. The
ETCI counter is programmable, and the depth that the
ETCI counter counts to before resetting to 0 is set in
the TCNTRL register.

Event Timing and Control Registers,
ETC[14:0] (Address 0x10—0x3C)

There are 15 event timing and control registers, each
containing three 16-bit words, ETCO0[14:0], ETC1[0:14},
and ETC2[14:0]. The ETCI index counter points to
which one (if any) of the 15 ETC registers is active.
When the timing portion of the indexed register
matches the quarter-bit counter, QBC, and the EVEN
and ODD bit criteria are met, then the control portion of
the indexed ETC register is executed. The ETCI
counter is automatically incremented to point to the
next ETC register.

Table 19. Event Timing and Control Index Register ETCI

Bit# | 15 (14| 13| 12| 11| 10| 9 8

7 6 5 4 3 2 1 0

Label| X | X X X X X X X

X X X X | ETCI| ETCI| ETCI| ETCI
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Register Information (continued)

Event Timing and Control Registers, ETC[14:0] (Address 0x10—0x3C) (continued)
Table 20. Event Timing and Control Word 0, ETC0[0:14] Bit Definition

Bit # 7 6 5 4 3 2 1 0
Label| EQN [ EQN | EQN | EQN | EQN | EQN | EQN [ EQN

7 6 5 4 3 2 1 0

Bit # 15 14 13 12 11 10 9 8
Label| DSPI { ODD | EVEN| EQN | EQN | EQN | EQN [ EQN

12 11 10 9 8

Table 21. Event Timing and Control Word 1, ETC1[14:0] Bit Definition

Bit # 7 6 5 4 3 2 1 0
Label | BOE BIE EFN EFN EFN EFN EFN EFN

5 4 3 2 1 0

Bit # 15 14 13 12 " 10 9 8
Label r BIG BIG BIG BIG FR FR FR

3 2 1 0 2 1 0

Table 22. Event Timing and Control Word 2, ETC2[14:0] Bit Definition

Bit # 7 6 5 4 3 2 1 0

Label | OCTL | OCTL [ OCTL | OCTL | OCTL | OCTL | OCTL | OCTL
7 6 5 4 3 2 1 0

Bit # 15 14 13 12 " 10 9 8

Label| BL BL | OCTL| OCTL | OCTL | OCTL | OCTL | OCTL
1 0 13 12 " 10 9 8

Event Quarter-Bit Number, EQN[12:0] (Bits 12:0 of ETC0[14:0] registers)

The quarter-bit counter must match this portion of the indexed ETC register for any time match to occur. EQN[12:0]
values greater than 4999 are valid, but a time match will never occur because the QBC value cannot be greater
than 4998.

EVEN and ODD Bits
Table 23. EVEN and ODD Bit Definition

EVEN| ODD Description
0 0 | Match on frame indicated by EFN bits
0 1 Match on ODD frames only
1 0 | Match on EVEN frames only
1 1 Match on all frames

During normal full-rate transmission, the EVEN and ODD bits are usually set to logic high, and a timing match can
occur on any frame.
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Register Information (continued)

Event Timing and Control Registers,
ETC[14:0] (Address 0x10—0x3C) (continued)

Typically used in half-rate transmission, if the ODD bit
only is set to a logic high, then a timing match can
occur on all odd-numbered frames.

Typically used in half-rate transmission, if the EVEN bit
only is set to a logic high, then a timing match can
occur on all even-numbered frames.

If both ODD and EVEN bits are set to a logic low, the
frame number must match the EFN[5:0] bits for a
timing match to occur.

DSP Interrupt (DSPI) Bit (Bit 15 of ETCO[14:0]
Registers)

When a timing match occurs and this bit is set to a logic
high, a time-out interrupt is issued, and the TIMEI bit of
the interrupt status register, INS, is set to a logic high.
Additionally, if the Clock Output buffer was disabled,
this time-out interrupt enables the Clock Output with
the previously selected frequency.

Event Frame Number (EFN[5:0]) Bits

When the EVEN and ODD bits of the indexed ETC
register are reset to a logic low, the frame number
counter must match this portion of the indexed ETC
register for a timing match to occur. The quarter-bit
counter must also match the number in the EQN[12:0]
bits.

Baseband Input Enable (BIE) Bit

When the baseband input enable bit is set to a logic
high, the baseband input section is first initialized to

correct the dc offset voltages of the programmable-
gain amplifier, the antialiasing filter, and the dc offset of
the external transceiver amplifier. After the
initialization, the Rxl and RxQ A/D converters begin
converting the baseband input. The time delay from
when the BIE bit is set to when the first Rxl or RxQ
sample is written into the double buffer is 144 symbol
times (531.7 us).

After 16 samples of Rxl and RxQ each are written into
the first half of the double-buffered register, an interrupt
is issued, and the RXBUFI bit of the interrupt status
register, INS, is set to a logic high. The 16 Rxl and 16
RxQ samples must be read before the other half of the
double buffer is filled (which takes about 59 pus).
Normally, this process continues until ten interrupts
have been issued (that is, until 160 bits have been
received).

If the burst length bits BL[1] and BL[0] are both setto a
logic high, then the sampling and buffering process will
continue until the STOP bit of the TEST register is set

to logic high.

Baseband Output Enable (BOE)

When the baseband output enable, BOE, bit is setto a
logic high, there is a delay of 56 quarter-bit cycles
before the power ramp at the TXP output starts (see
start in Figure 9). 2.5 symbols after this stan, the
modulator begins sending a preamble. The delay from
setting the BOE bit to the start of the preamble is 66
quarter-bit cycles. After the 4-bit preamble, the
modulator begins sending the data stored in the burst
data registers, BRSTDATA[9:0]. The BRSTDATA
registers must be completely loaded before the
preamble starts.
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Register Information (continued)

Event Timing and Control Registers, ETC[14:0] (Address 0x10—0x3C) (continued)

Frequency Register (FR[5:0]) Bits

The frequency register bits select which one, if any, of the six frequency selection registers, FREQ[5:0}, is used to
program the external frequency synthesizer via the serial output section. The timing and control register, TCNTRL,
sets the output length, rate, and direction of the serial output.

Table 24. Description of Frequency Register Bits, FR[2:0]

FR[2] { FR[1] | FR[O] Description

0 0 0 No serial output

¢] 0 1 Use Frequency Selection Register FREQ[O]
0 1 0 Use Frequency Selection Register FREQ[1]
0 1 1 Use Frequency Selection Register FREQ[2]
1 0 0 Use Frequency Selection Register FREQ[3]
1 0 1 Use Frequency Selection Register FREQ{4]
1 1 0 Use Frequency Selection Register FREQ[5]
1 1 1 No serial output 4

Baseband Input Gain (BIG[3:0]) Bits

The four baseband input gain bits define the baseband input gain in 2 dB steps ranging from 0 dB gain to 18 dB
gain. BIG[0] is the LSB, and BIG[3] is the MSB.

Table 25. Description of Baseband Input Gain Bits, BIG[3:0]

BIG[3] BIG[2] | BIG[1] | BIG[O] Gain
o o] 0 0 0dB
0 0] 0 1 2dB
0 0 1 0 4 dB
0 0 1 1 6 dB
0 1 0 0 8 dB
0 1 0 1 10 dB
0 1 1 0 12 dB
0 1 1 1 ~ 14dB
1 0 0 0 16 dB
1 0 0 1 18 dB
1 0 1 0 reserved
1 0 1 1 reserved
1 1 0 0 reserved
1 1 0 1 reserved
1 1 1 0 reserved
1 1 1 1 reserved
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Register Information (continued)

Event Timing and Control Registers, ETC[14:0] (Address 0x10—0x3C) (continued)

External Control (OCTL[13:0]) Bits

The external control OCTL[13:0] bits set the values to the output control pins, OCTL{13:0]. These 14 outputs can
be used to control external components such as powering on/off the external transceiver amplifiers or frequency
synthesizer.

Burst Length (BL[1:0]) Bits

Table 26. Burst Length Bit Definition

BL1 | BLO Description

0 0 | No transmit or receive

0 1 Transmit normal burst (148 bits)
Receive normal burst (160 bits)

1 0 | Transmit access burst (88 bits)
Receive normal burst (160 bits)

1 1 Continuous transmit if BOE is set
Continuous receive if BIE is set

Frequency Selection Registers, FREQ[5:0] (Address 0x40—0x4B)

The frequency selection registers, FREQ[5:0], can be used to program an external frequency synthesizer via the
serial output pins, SERCK, SERDA, and SERLE. The output can be either 8 bits, 16 bits, or 24 bits long. Because
the output can be as long as 24 bits, each register uses two 16-bit words, FREQWO[5:0] and FREQW1[5:0]. Word
FREQWO will be the lower address in a frequency register. The event timing and control word 1 selects which one
of the six FREQ[5:0] registers is used.

The timing and control register, TCNTRL, controls whether the output is 8 bits, 16 bits, or 24 bits, whether the
output rate is 1.08 Mbits/s or 0.54 Mbits/s, and whether the output is written from LSB to MSB or from MSB to LSB.
Table 27. Frequency Selection Word 1 (Lower Address), FREQW0[5:0] Bit Definition

Bit#| 15| 14 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0

Label| FS|FS| FS| FS| FS| FS| FS| FS| FS| FS| FS| FS| FS| FS | FS | FS
15 (14| 13| 12| 11 10 9 8 7 6 5 4 3 2 1 0

Table 28. Frequency Selection Word 2 (Upper Address), FREQW1[5:0] Bit Definition

Bit#| 15 (14| 13 | 12 | 11 | 10| 9 8 7 6 5 4 3 2 1 0

Label| X X X X X X X X|FS!{FS|FS|FS| FS|FS| FS| FS
231 22121 | 20| 19| 18 | 17 | 16
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Register Information (continued)

Frequency Selection Registers, FREQ[5:0] (Address 0x40-—0x4B) (continued)

Table 29. Frequency Selection Word Addresses

Frequency Selection Register Frequency Selection Word Address (hex)
FREQWO[0] 0x40
FREQ(O] FREQW1[0] 0x41
FREQWO[1] 0x42
FREQ(1] FREQW1[1] 0x43
FREQWO[2] Ox44
FREQ(2) FREQW1[2] 0ox45
FREQWO[3] 0x46
FREQ(3] FREQW1[3] Ox47
FREQWO[4] 0x48
FREQ[4] FREQWA1[4] 0x49
FREQWO[5] Ox4A
FREQ[S] FREQWI[5] Ox4B
Table 30. Burst Data Bit Locations
Memory mMsB Middle Bits LSB
Addresses
BRSTDATA[O] Bit15 | —} —{| —| —| —| — —| = —| — — —_ —_ Bit0
BRSTDATA[1] Bit31 | —| —| —|—{ —| — — = = - — —_ -— Bit 16
BRSTDATA[2] Bit47 |—|—|—|—|—| — - — =1 = — — Bit 32
BRSTDATA[3] Bited | —| —| —| —| —{ — — === — — — Bit 48
BRSTDATA[4] Bit79 |—| —| —| —| —| — —| == —] — — — Bit 64
BRSTDATA[5] Bites |—| —| —| —| —| — 87| —|—|—| — — — Bit 80
BRSTDATA[6] | Bit 111 | —| —[ —| —| —| — — | === — — — Bit 96
BRSTDATA[7] | Bit127 | —| —| —| — —| — — === — — — Bit 112
BRSTDATA(8) | Bit143 | — —| —| —[ —| — —_l == =] - — — Bit 128
BRSTDATA[9] | Bit159 | —| —| —| —| —| — —| —1 —| — | Bit 147 | Bit 146| Bit 145| Bit 144
Burst Data Registers, BRSTDATA[9:0] The AT&T CSP1088 generates, through mask options
(Address 0x50—0x59) and software interface, the cipher blocks A5.1 and

The burst data registers store up to 160 bits of data in
ten 16-bit registers. Data has to be already loaded into
these registers before the start of a burst. The burst
data is transmitted in ascending order starting with bit
0. The length of the burst is either 88 bits for an access
burst or 148 bits for a normal burst. Which burst length
is used is set by the burst length bits, BL[1:0], of the
event timing and control word 2, ETCW2. When the
burst length bits, BL[1:0], select the continuous mode,
all 160 bits are transmitted repeatedly in a cyclic
manner.

Ciphering

The burst data registers also serve to support the A5
ciphering.

A5.2. To generate the BLOCK 1 and BLOCK 2 ciphers,
write Kc, the key bits, and Count, and the TDMA frame
number, into the BRSTDATA registers (see Table 32
on page 30); start BLOCK 1 generation by using the
control register; read the BLOCK 1 cipher from the
BRSTDATA registers; start BLOCK 2 generation by
using the CONTROL register; and read the BLOCK 2
cipher from the BRSTDATA. The block generation
function uses the BRSTDATA buffer to store each
block as it is generated. Thus, the A5 block generation
must be used prior to loading the transmit burst data.
The A5 status may be polled in the CONTROL register,
or an interrupt can be enabled by the INS and INC reg-
isters. When enabled, it takes approximately 350

13 MHz cycles to generate BLOCK 1 data. When
BLOCK 2 is enabled, it takes approximately 150 13
MHz cycles to generate BLOCK 2 data.
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Register Information (continued)

Ciphering (continued)
Table 31. A5 Kc Data Bit Definition for ASDIR=0

Register Bit #
15(14{13}12|11|10| 9 | 8| 7} 6} 54| 3| 2| 1 0
BRSTDATAO o] 1 2|1 31 4| 5| 6|78} 9}10(11| 12| 13| 14| 15

BRSTDATA1 ~ | 16| 17| 18( 19| 20| 21| 22|23 24| 25| 26| 27| 28| 29| 30| 31
BRSTDATA2 32| 33|34|35{36|37|38|39|40|41|42| 43| 44 45| 46| 47
BRSTDATA3 48| 49| 50| 51| 52| 53| 54| 5556|5758} 59|60]|61] 62|63

Register Word

Table 32. A5 Count Data Bit Definition for ASDIR = 0

Register Bit #

15| 141312 11|10 9| 8| 7| 6| 5| 4} 3| 2] 1] 0
BRSTDATA4 0(1|12}13|4|5|6|7|8|9([10]11}12| 13| 14|15

BRSTDATAS 16 17 18| 19| 20| 21 r r r r r r r r r r

Register Word

Table 33. A5 Kc Data Bit Definition for A5DIR = 1

Register Bit #

1611413/ 1211|110 9| 8| 7| 6 51 41 3| 2]1]0
BRSTDATAO 15|114( 13112 11|10 9| 8| 7 [ 6| 65| 4| 3| 2| 1

BRSTDATA1 31130 29| 28|27 26| 25| 2423|221 21|20(19| 18| 17| 16
BRSTDATA2 47146 45[ 44431 42| 41140( 3938} 37|36 35|34 33| 32
BRSTDATA3 63{62| 61| 60|59 58| 57| 56|55 54| 53|52(51|50(49]| 48

Register Word

Table 34. A5 Count Data Bit Definition for ASDIR = 1

Register Bit #
15| 14| 13| 12(11(10| 9| 8| 7| 6| 6| 4| 3| 2| 1 0
BRSTDATA4 15|14 (13| 12(11|10( 9| 8| 7| 65| 4| 3| 2] 1

BRSTDATAS r r r r r r r r r r1211204 19| 18 17| 16

Register Word

Note: r = reserved, must be zero.
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Register Information (continued)

Ciphering (continued)

Table 35. BLOCK 1 and BLOCK 2 Data Bit Definition for A5DIR = 0

Register Bit #
1561141131211 |(10| 9 ( 8| 7| 6| 85| 431 2]1]o0
BRSTDATA2 0 1 2 3 4 5 6 7 8 9| 10] 11|12} 13| 14| 15

BRSTDATA3 16|17 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31
BRSTDATA4 321 33| 34(35|136|37|38|39|40] 41| 42] 43| 44| 45 46| 47
BRSTDATAS 48 49| 50| 51| 52| 53| 54| 55| 56| 57| 58] 59|60| 61|62| 63
BRSTDATAS6 64| 656667 (68| 69| 70( 71|72 73| 74| 75|76| 77| 78| 79
BRSTDATA7 80| 81182 83/84|85|86|87(88|89|90|91|92|93|94]| 95
BRSTDATAS 96| 97| 98} 991100} 101| 102} 103| 104| 105( 106} 107| 108| 108( 10| 111
BRSTDATA9 12(113] r r r r r r r r r r r r r r

Register Word

Table 36. BLOCK 1 and BLOCK 2 Data Bit Definition for ASDIR = 1

Register Bit #
15( 1411312111110 9 | 8 7 6 51 4} 3]} 2 1 0
BRSTDATA2 151141 13| 12{ 11 { 10| 9 8 7 6 5 441 31 2 1

BRSTDATA3 31(30| 29|28 27|26 25| 24| 23| 22| 21|20 19| 18| 17| 16
BRSTDATA4 47 | 46| 45| 441 43| 42| 41| 40| 39| 38| 37| 36| 35| 34| 33| 32
BRSTDATAS 63| 62| 61| 60|59 58(57|56|55]54|53|52|51|50{49]| 48
BRSTDATA®6 79| 78| 77| 76| 75| 74| 73| 72|71} 70] 69| 68| 67| 66] 65| 64
BRSTDATA7 95| 94|193|92|91(90|89(88|87|86]85|84| 8382|8180
BRSTDATAS 111( 110| 109| 108| 107| 106| 105| 104} 103{ 102{ 101| 100| 99 | 98 | 97 | 96
BRSTDATA9 r r r r r r r r r r r r r r 1 113( 112

Register Word

Frequency Correction Register, FCR stream, and then write the difference into the FCR prior
(Address 0x5A) to the next transmit burst.

The frequency correction word is a 13-bit, 2's
The AT&T CSP1088's modulation section uses the complement number. The MSB is equal to = radians,
contents of the frequency correction register, FCR, to and the LSB is equal to n / 212 radians per symbol.

compensate for broadcast frequency deviations of the Also, the LSB is equal to 270,833.33 divided by 213, or

mobile. It accomplishes this by modifying the effective 33 06 Hz. When writing the FCR, 13-bit values should
frequency of the transmitted data. The DSP should be sign-extended to 16 bits.

calculate the difference between the base station
frequency and that of the mobile from the received data
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Register Information (continued)

Frequency Correction Register, FCR (Address 0x5A) (continued)

Table 37. Frequency Correction Register Bit Definition

Bit#[ 15| 14| 13 | 12| 11| 10| 9 8 7 6 5 4 3 2 1 0
Label | FCR| FCR| FCR| FCR{ FCR| FCR| FCR| FCR| FCR| FCR| FCR| FCR| FCR| FCR| FCR| FCR
1212112112 | 11| 10| 9 8 7 6 5 4 3 2 1 0

Ramp Level Register, RAMPLVL (Address 0x5F)

The function of the transmit power level output, TXP, is to turn on and turn off the output of the power amplifier with
a controlled waveshape that limits the frequency spectrum spreading caused by burst modulation. The ramp level
register, RAMPLVL, sets the amplitude of TXP during the burst. When TXP is first enabled, its dc level will start at
about 0.5 V. From there, TXP can ramp up to as much as 2.25 V, which is full scale. The output level is generated
by a 9-bit D/A converter (0—511).

Table 38. Ramp Level Register, RAMPLVL, Bit Definitions

Bit# | 15 14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0
Label| X X X X X X X |RL8|RL7[|RL6[{RLS5|RL4} RL3}RL2|RL1|RLO

Ramp Up and Ramp Down Levels Registers, RAMPUP[15:0] (Address 0x60—0x6F);
RAMPDN[15:0] (Address OXE0O—OxEF)

The function of the transmit power level output, TXP, is to turn on and turn off the output of the power ampilifier with
a controlled waveshape that limits the frequency spectrum spreading caused by burst modulation. During the first
symbol intervals during ramp up, the magnitude of TXP is incremented to the values held in RAMPUP[0] through
RAMPUP[15], sequentially, then from RAMPUP[15] to RAMPLVL. When TXP is first enabled, its dc level will start
at about 0.5 V. From there, TXP can ramp up to as much as 2.25 V, which is full scale. The output level is
generated by a 9-bit unsigned integer (0—511) D/A converter. After the ramp up interval, the output level is set by
the contents of the ramp level register, RAMPLVL. The ramp down sequence is a mirror image of the ramp up
sequence, and uses the values held in the RAMPDN[0] through RAMPDN(15] registers.

When the transmitter is operating in the continuous mode (burst length bits BL[1:0] = 0x3), the output level of TXP
after the ramp up interval and before the ramp down interval, can be modified by writing the value of the desired
output to RAMPLVL.

Table 39. Ramp Up and Ramp Down Levels Registers, RAMPUP[15:0] and RAMPDN[15:0] Bit Definitions

Bit#| 156 | 14 13 [ 12 | 11| 10 9 8 7 6 5 4 3 2 1 0

Label | X X X X X X X |RM[RM|[RM| RM|{ RM | RM | RM| RM| RM
8 7 6 5 4 3 2 1 0

Double-Buffered, 32-Sample | & Q Registers, RXBUFF[31:0] (Address 0x70—0x8F)

RXBUFF[31:0] is a double-buffered, 32-sample register that stores | & Q sample pairs. After a group of 16 1 & Q
sample pairs fills the first half of the double buffer, an RXBUFI interrupt is issued. The data in the buffer needs to be
read within 59 ps, before the other half of the buffer fills and issues the next RXBUFI interrupt.
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Register Information (continued)

Double-Buffered, 32-Sample | & Q Registers, RXBUFF[31:0] (Address 0x70—0x8F)
(continued)

Each sample is a 10-bit, 2's complement word that is sign extended to provide a 16-bit 2’s complement

representation.

For a normal burst receive mode, the read process will continue until 10 groups of 16 sample pairs have been col-
lected. The normal burst receive mode is set by the burst length bits BL[1:0] of the event timing and control word 2
(ETCW2). The DSP has approximately 59 us to read each buffer of 16 1/Q samples sample pairs.

The first I-Q sample is written into the lowest addresses RXBUFF[0] and RXBUFF[1], and successive samples are
written into succeeding higher addresses. The sixteenth and final sample pair is written into the highest addresses
RXBUFF[30], and RXBUFF[31]. When the RBORD bit of the CONTROL register is set to a logic low, the sample
pairs are read in first | and then Q. When RBORD is set to a logic high, the sample pairs are read in first Q

and then I.

Table 40. RXBUFF Bit Definition

Bit#) 15 14| 13 | 12| 11 | 10| 9 8 7 6 5 4 3 2 1 0
Label | IQ | IQ | IQ} Q| IQ|IQ(IQ|IQ[IQ[IQ]IQ]IGjIQ}IQ]1Q] IQ
9 9 9 9 9 g 9 8 7 6 5 4 3 2 1 0
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Register Information (continued)

Double-Buffered, 32-Sample | & Q Registers, RXBUFF[31:0]
(Address 0x70—O0x8F) (continued)

Table 41. RXBUFF 1/Q Sample Locations

Contents of Registers Contents of Registers
RXBUFF Register Address when RBORD = Low when RBORD = High
RXBUFFI[O0] o] Qo
RXBUFF[1] Qo 4]
RXBUFF[2] H Q1
RXBUFFI[3] Q1 I
RXBUFF{4] 2 Q2
RXBUFF[5] Q2 12
RXBUFF[6] 13 Q3
RXBUFF[7] Q3 13
RXBUFFI[8}] 14 Q4
RXBUFF[9] Q4 14
RXBUFF[10] 15 Q5
RXBUFF[11] Q5 15
RXBUFF[12] 16 Qb6
RXBUFF[13] Q6 16
RXBUFF[14] 17 Q7
RXBUFF[15] Q7 17
RXBUFF[16] 18 Q8
RXBUFF[17] Q8 18
RXBUFF[18] 19 Q9
RXBUFF[19] Q9 19
RXBUFF[20] Ho Q10
RXBUFF[21] Qto 110
RXBUFF[22] 111 Qi1 |
RXBUFF[23] Qn 111
RXBUFF[24] 2 Q12
RXBUFF[25] Q12 112
RXBUFF[26] 13 Q13
RXBUFF[27] Q13 113
RXBUFF[28] 114 Qi5
RXBUFF[29] Q4 114
RXBUFF[30] "5 Q15
RXBUFF[31] Q15 "5
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Register Information (continued)

Clock Output Control, CLKOCNTL
(Address 0x90)

The clock output takes the internal 13 MHz clock and
provides a variety of clock output options with which to
drive a companion DSP16XX device. After reset, the
contents of this register are 0.

Table 42. PLL Register Bit Definitions

Name Bit # Description
PLLENBL 0 PLL enable
r 1 Reserved, reset to 0
r 2 Reserved, set to 1
r 3 Reserved, reset to 0
r 4 Reserved, set to 1
PCNTL[1:0] 6—5 | PLL control
r 9—7 Reserved, reset to 0
PFBDIV[4:0]| 14—10 | PLL feedback divide ratio
PLLACQ 15 PLL acquire (lock) status
PLL Enable (PLLENBL) Bit

When set to logic high, PLLENBL activates the PLL.
The PLL requires a finite time (see PLLACQ) to lock to
the final frequency, determined by the PFBDIV[4:0]
bits. When locked, PLLACQ will set to logic high. The
CLKO output will not switch to the PLL frequency until
PLLACQ is logic high. When set to logic low, PLLENBL
turns off the PLL if it was on, or does not affect opera-
tion if this bit was previously low.

PLL Control (PCNTL[1:0])Bits

Table 43. PCNTL[1:0] Bit Definition

PCNTL1 | PCNTLO| Output Frequency, MHz
0 0 13 MHz (no PLL required)
0 1 13 MHz (no PLL required)
1 0 PLL frequency determined by
PFBDIV[4:0]
1 1 CLKO, output disabled (D.C.)

When selecting the PLL output, PCNTL1:PCNTLO = 1:0,
the output frequency will not change to the new PLL fre-
quency until PLLACQ is logic high. Therefore, if
PLLENBL is not set logic high, the CLKO outputs will
remain at the prior frequency. For example, writing the
words 0xXX14 then 0xXX55 in sequence will first make
the output 13 MHz; the second word starts the PLL and
after the PLL has acquired (see PLLACQ for time delay)
the output will change to the frequency programmed by
PFBDIV[4:0].

When selecting CLKO output disabled, the CLKO and
the CLKOREF pins both become about equal to Vss
independent of all other settings in this register. When
the DSP then writes to PCNTL[1:0] other than
PCNTL1:PCNTLO = 1:1, the new mode is activated. If
the TIMEI interrupt asserts any time that
PCNTL1:PCNTLO = 1:1, then the CLKO outputs are acti-
vated to the setting prior to entering the CLKO output
disable mode. Thus, the DSP must set CLKO to the
desired wakeup setting prior to disabling CLKO if the
TIMEI interrupt will be used to wake up CLKO and
CLKOREF.

Example:To generate a 26 MHz output clock:
CLKOCNTL = 0x3c55

PLL Feedback Divide (FBDIV[4:0]) Bits

The PLL feedback divide ratio, M, is set by the PFB-
DIV[4.0] bits. The CLKO output frequency is given as
Fclko = 13*(M+1)/8, where M denotes the decimal value
of PFBDIV([4:0], M = 8 through 31. M = 0 throughM =7
is a reserved state.

PLL Acquire Status (PLLACQ) Bit

The PLL acquisition, or lock status is indicated in the
PLLACQ bit. Reading a logic low from PLLACQ indi-
cates that the PLL is not locked or is off. Reading a logic
high from PLLACQ indicates that the PLL is on and the
output frequency is phase-locked. The time from PLL
enabled to PLL lock is 315 pus. Only a logic low write to
this bit is allowed.
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Baseband Input Section

Figure 9 shows a block diagram of the baseband input
section. The baseband input section has an | channel
and a Q channel, each channel with a 10-bit A/D con-
verter. As incoming | and Q samples are converted, the
samples are stored in an internal 32-register double
buffer. After 16 | and 16 Q sample pairs are stored in
the first half of the double buffer, the AT&T CSP1088
issues an interrupt and continues storing | and Q sam-
ples in the other half of the double buffer. The DSP has
about 59 us to read the data out of the first half of the
buffer before the next 16 sample pairs are received.

The RF demodulator and the baseband receive chan-
nel have dc offsets that vary with AGC and PGA gain
setting. Before the start of each receive burst, the dc
offset for both the RF demodulator and the baseband
receive channels are stored in the baseband channel.

The offsets that are stored during this offset storage
cycle are used to cancel the dc offset present in the
channel during burst reception. The dc offset storage
takes approximately 450 ps. The stored dc offset
decays at a rate specified in Table 54. Since the offsets
in the receive channel (RF+ baseband) change with
gain setting and the stored offsets decay over time, the
offset storage cycle must be repeated prior to every
burst.

In addition to the dc offset correction cycle that occurs
with each burst, a one time digital dc offset calibration
must be done before using the baseband receive chan-
nel. This calibration corrects the A/D offset. The RXDC-
CAL bit in the control register must be set once after
powerup to complete this calibration.

The input section has a programmable gain amplifier,
PGA, whose gain can be varied from 0 dB to +18 dB in
2 dB steps. When the PGA is set to 0 dB, the full-scale
input is 1 Vpeak-peak differential.

€

| DiGITAL |-

BUFFER [

DIGITAL

1 10-bit AJD —r FILTER
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Figure 9. Block Diagram Showing the Baseband Input Section

The input A/D converter uses three external references during the conversion process: VADP, VADN, and
VADCM. Each reference must be connected to a 1.0 uF ceramic bypass capacitor as shown in Figure 11. These
capacitors should be located as close as practical to the pin. Before using or calibrating the receive channel, the
first time after powering up the CSP1088, the receiver should be turned on for a minimum of 7.0 ms to charge

these capacitors.

A timing diagram for the receive channel is shown in Figure 10. It illustrates the timing for a 148 (160) bit burst. RF
dc offset correction is performed for the first 130 symbol times.

" BIE } j‘)jl‘ _

{W2020 IN GORREGTION - . |
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Figure 10. Baseband Input Timing Diagram
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Baseband |nput Section (continued) When one of the event timing and control registers,
ETC[14:0], sets the baseband output enable bit, BOE,

to a logic high, it activates the baseband output section
which performs a dc offset calibration prior to initiating a
burst. For a normal burst, 148 bits of data from the burst
data registers, BRSTDATA[9:0], are sent to the modula-
tor section, and for an access burst, 88 bits of data are
sent. The continuous cycle mode, which is used prima-
rily for testing, cycles all 160 bits of data from the BRST-
DATA[9:0] registers in a continuous loop until the STOP
bit in the test register is set to a logic high.

The modulator adds four preamble bits, all 1s, and four
postamble bits, also all 1s, to the data, and then differ-
entially encodes the data stream before GMSK modu-
lating it. The tables below show the differentially
encoded data streams for normal, access, and continu-
ous cycle modes,

A/D REFERENCES

GSM STANDARD 3
GMSK MODULATION |-,
AND FREQUENCY ;;
CORRECTION

TRANSMIT

Figure 11. External Reference Connection BUFFER
160 bits

Baseband Output and GMSK Modu-
lation

Figure 12 shows a block diagram of the baseband out-
put section of the AT&T CSP1088. The baseband out-
put consists of 1) a transmit buffer, BRSTDATA, that Figure 12. Baseband Output Block Diagram
holds up to 160 bits of data, 2) a GMSK modulator sec-

tion that modulates the data to GSM specifications, 3)

D/A converters and filters to convert the modulated

data into analog output signals, and 4) a power ramp

output, TXP, which is used to ramp on and off the

power amplifier with a well-controlled waveform.

i

e
R NI S

Table 44. Normal Burst Differentially Encoded Data (B0—B147)
(P11 D1[1D1[1D1[B0D1 [B1DB[B2DBI[B3DB2[+ [+ [« ..
= [« [+ [B146@B145 [B147@B146 [1DB147 [1D1][1D1[1D1]

Table 45. Access Burst Differentially Encoded Data (B0—B87)
[1O1[1 P11 P1[1D1[BoD1 [BiDBo[B2@BI[B3®B2[* [+ [
- [ |- [pss®Bs5s [Bs7®Bes [1®B87 [1D1[1D1[1D1]

Table 46. Continuously Cycled Encoded Data (B0—B159)

(1@1[1@11D1[1D1[BID1 [BI®B0o[B2DBI[B3DB2[s [+ |
.« [= ] [B158 ®B157[B159 ®B158[|B0 D B159 [B1®B0 [+ [+ |-
« [+ [+ [Bn@®@Bnt [1®Bn [1D1[1O1[1D1]
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Baseband Output and GMSK Modulation (continued)

Modulator Section

Figure 13 shows a block diagram of the modulator section. Data from the BRSTDATA[9:0] registers (B0, B1,

B2, ...) are differentially encoded with an exclusive OR function. After that, the data are GMSK modulated to GSM
standards. The output of the GMSK modulator is phase angle, and to this phase angle, a frequency correction term
is added from the frequency correction accumulator. The values of the | and Q outputs are generated from the
phase angle. If the MODROT bit of the CONTROL register is set to a logic high, then the rotation of the output is
reversed from the normal counterclockwise rotation to a clockwise rotation.

Bn' ‘en
GMSK MODULATOR

1-bit SHIFT
REGISTER

K vQ
ROTATION—#1 cENERATION |

©Qn

iy

REGISTER, 13 bits -

ACCUMULATOR, 13 bits

. 13/48 MHz
* (1 SYMBOL INTERVAL).

Figure 13. GMSK Modulator Block Diagram

Frequency Correction

The mobile corrects its output frequency by adding a
correction phase to each output symbol. For example,
if a correction of 0.1° is added to the first symbol, then
0.2° is added to the second symbol, 0.3° to the third
symbol, and so on. With the symbols being broadcast
at about 270.8 Kbits/s, advancing the phase 0.1° at
each symbol increases the output frequency by about
75 Hz.

The difference between the base station’s reference
frequency and the mobile’s reference can be calcu-
lated from the received burst by the DSP. The differ-
ence can include frequency shifts due to the mobile

moving, such as if the mobile is in a moving car. When

the DSP calculates the difference, it can load a correc-
tion phase into the frequency correction register, FCR.
This register is 13 bits wide and is scaled to 360°.
Therefore, one LSB is 360°/213 or approximately
43.945 x 103, which at 270.8 Kbits/s represents about
33.06 Hz of frequency correction.

The frequency correction accumulator, FCA, adds the
contents of the frequency correction register to itself at
every symbol interval. The accumulator contains the
net phase correction for each symbol and is added to
the modulator output. Because the accumulator is
scaled to 360°, it is cyclic and overflow can be ignored.
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Baseband Output and GMSK Modu-
lation (continued)

Output Timing and Power Ramp

The function of the transmit power level output, TXP, is
to turn on and turn off the output of the power amplifier
with a controlled waveshape that limits the frequency
spectrum spreading caused by burst modulation.

Figure 14 shows the timing of the power ramp relative to
the output symbols. The shape of the power ramp is
controlled by the values held in the registers
RAMPUP[15:0} and RAMPDN[15:0]. The values from
RAMPUP[15:0] load sequentially into the 9-bit ramping
control at one half the symbol rate. These values are
interpolated once to provide four values per symbol; the
values inserted between programmed values is the lin-
ear interpolation between any two. The value in RAM-
PLVL register sets the final D.C. level for the normal
part of the burst. Note that the time 0 in Figure 14 is 56
quarter bit counts after BOE went active.

See Figure 14 for a detailed description of the ramp tim-
ing. The 4 bits of preamble are modulated during the

powerup ramp, where the start of the TXI and TXQ-
modulation for m0 corresponds to the TxP D/A con-
verter having the value of RAMPUP[5].

The values held in the registers RAMPDNI[15:0] control
the shape of the post modulation power. These values
are loaded into the ramping control at one half the sym-
bol rate, and are interpolated once, providing four vai-
ues per symbol similarly to the ramp up sequence.
Typically, the shape of the ramp down is programmed
similarly to the ramp up.

Output Common Mode

Input pin TXVCM allows the user to change the
common-mode voltage at the TXIP,N and TXQP,N
outputs from its default value of 1.575 V. The
common-mode voltage at these outputs is defined as
(TXIP + TXIN)/2 and/or (TXQP + TXQN)/2. TXVCM
has an input resistance range of 15 kQ to 45 kQ.
Although this input voltage is filtered on chip, the user
should supply a quiet, well-regulated voltage source to
minimize noise on this pin. If TXVCM is unused, it
should be unconnected. The acceptable input voltage
range for TXVCM is shown in Table 56.

Figure 14. Power Ramp timing
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Voiceband Input

Analog Input Section

Figure 15 shows a block diagram of the voiceband
inputs to the A/D converter. The AT&T CSP1088 can
switch between a microphone input, MICIN, and an
auxiliary input AUXIN. The MICIN input is selected
when the audio input select bit, AUDIS, of the AUD-
CONF register is reset to a logic low. The AUXIN input
is selected when AUDIS is set to a logic high.

These two input amplifiers are standard, low-noise op
amps with external feedback resistors so that the gain
of the input stage can be matched to the sensitivity of
the microphone. Their outputs are at full-scale when
they are 88 mVms.

As an example, if the full-scale output of a microphone
is 1 mVms, then the input amplifier should have a
closed-loop gain of 88. One feedback resistor combi-
nation that gives a gain of 88 is Rt = 1 MQ, and

Ri = 11.4 kQ, where R: includes the source impedance.
An electret microphone, for example, might have a
source impedance of about 1.6 kQ. In that case, the
input resistor, Ri, would actually be 9.8 k2 to set the
gain at 88. The input capacitors (Ci1, Ci2) should be
chosen such that RICI > 3.4 us.

Following the input stage and input multiplexer is the
additional gain of 8 (about +18 dB), and a 4.0 kHz
low-pass antialiasing filter. The output of the antialias-
ing filter is clamped at + 1.0 Vpeak to keep from over-
driving the A/D converter which has a full-scale input of
707 mVims.

;ié o i o Loy, Y «\'w‘;fj’ M -
S UEREIAN DI " WHIEN 88.4 rVims/280 mVems aouth | |
LT amcouT!  INPUT TO AID IS FUE.LSCALE—
. Y. T 0 . - Vs
RIS N .. LOW-PASS
. | aupic “PLTER
e | sHGH) ol R ]
i ST A T 258 (Lom™] R "? ToAD)
AR B¥ cumpenmv;mak
C A FULLSCALE‘-!Vpsak
R STER B WHEN 88,4 V280 Vi .
, R iNPUTTONDISFULLSCALE
O N
o Fﬁ-ﬁf—g— AP
Gt | - |erERENCE
. ?{9.2231:‘1“
s Gwvh +

Figure 15. Analog External Configuration
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Voiceband Input (continued)

Analog Input Section (continued)

The gain of the input section can be reduced —10 dB by
setting the audio input gain bit, AUDIG, to a logic low.
When AUDIG is set to a logic low, the internal gain is
reduced from 8 to about 2.53.

The AT&T CSP1088 supplies a 3 V + 10% reference to
bias an electret condenser microphone. The output can
supply at least 250 pA of current. VREG must be stabi-
lized with external bypass capacitors, typically

0.1 uF and 40 pF, and has less than 100 nV of random
noise (typically about 40 nV at room temperature) over
the input frequency range. If the reference is not used,
a stabilization capacitor must be connected, or the ref-
erence may oscillate.

REFC must be bypassed with a 0.22 uF capacitor and
VXVCM with a 1.0 pF capacitor. Before activating the
voiceband input section, the AUDCHR bit in the AUD-
CONF register must be set to logic high for 30 ms + 10
RICI time constants and then set to logic low. This
charges ali input nodes to the appropriate levels.

A/D Modulator and Digital Filters

The audio input A/D converter converts the incoming
signal to 16-bit two’s complement linear PCM words at
an 8 kHz rate. Following the A/D converter, the signal
is digitally filtered, both high-pass and low-pass.
Because the filtering is done digitally, the filter
response is invariant with processing.

Voiceband Output

The AT&T CSP1088 has a differential voiceband out-
put, pins AOUTP and AOUTN, and with a full-scale
PCM input, the output is 1.5 Vrms, For load resistances
less than 200 £, the full-scale output needs to be
reduced using the AUDPGA register. (see Table 10 on
page 20.)

The gain of the output stage can be adjusted from 0 dB
to —45 dB in -3 dB steps. The audio output gain bits,
AUDOG[3:0}, of the AUDCONF register set the gain.

The audio output mute bit, AUDOM, of the AUDCONF
register, when set to a logic low will mute the output.
When data is not being outputted through the DIA, it is
recommended that AUDOM = 0. The audio output
enable bit, AUDOE, when reset to a logic low, wilt
power down the output section altogether, and if
AUDOE is set to a logic high, it will come on.

The AT&T CSP1088 has a dithering scheme which
decorrelates the periodic quantization noise of the
sigma-delta D/A converter to make it white noise. With-
out dithering, the low-level periodic noise due to the
quantization noise of the sigma-delta converter can be
objectionable. Dithering is enabled (the normal state)
by resetting the audio output dithering bit, ADITH, of
the AUDCONF register to a logic low. For applications
other than audio, such as data communications, the
dithering can be disabled by setting the ADITH bit to a
logic high and the signal-to-noise ratio will be approxi-
mately 2 dB better.

Programming an External RF
Frequency Synthesizer

The AT&T CSP1088 has a serial output port for pro-
gramming an external frequency synthesizer. The
serial port has three output leads: SERDA (data),
SERCK (clock), SERLE (latch enable). Figure 16
shows a timing diagram. The timing and control regis-
ter, TCNTRL, controls whether the output is 8 bits, 16
bits, or 24 bits long, whether the output rate is

1.08 Mbits/s or 0.54 Mbits/s, and whether the output is
from LSB to MSB or from MSB to LSB.

The DSP can load data into any of six frequency selec-
tion registers. Output is started whenever an event tim-
ing and control register selects the address of one of
these six registers.

The timing diagram shows that the latch enable lead,
SERLE, goes to a logic low at the start. One half cycle
later, the SERCK output lead goes to a logic high which
clocks the first data bit into the frequency synthesizer.
The AT&T CSP1088 continues clocking data into the
frequency synthesizer until all 8 bits, 16 bits, or 24 bits
are sent. One half cycle later, the SERLE goes high
which latches the data into the frequency synthesizer.
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Programming an External Rl Frequency Synthesizer (continued)

1st BIT 2nd BIT (N=2)th BIT (N~ 1)th BIT Nth BIT

wor X IX T TXTX

SERCK - - s

=
i

SERLE C * i

~—~1/2f'i-; ' ‘<——

A. Synthesizer intetface can send 8, 16, or 24 bfts

B. Clock frequiency.can be éither 541.67 kiHz or 1,083.33 KHz.
C. The clock shuts off after the last bit is clocked in. .
D. The duty cycle of SERCK is about 50%.

E. The output'is clocked on the positive-going edge.

Figure 16. Serial Port Timing Diagram
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JTAG

The TAP controller is a 16-state sequential circuit which generates the control signals for the JTAG. The state
assignments are defined by the standard and are shown in Figure 18. The TMS input increments the state
machine and is latched on the rising edge of TCK.

The CSP1088 also contains a boundary-scan register for all digital 1/0.

Boundary-Scan Conformance

All Boundary-Scan logic is verified for conformance to the 1149.1 standard by vectors generated by the conform-
ance vector generator, TAPDANCE ®,

l DEVICE IDENTIFICATION REGISTER [———————‘

=; BOUNDARY-SCAN REGISTER !_‘——‘—"

zYy

-—-—i’l BYPASS REGISTGER E
- ) & .

N ] IR DECODER
. l»

™I ««-w——#bi INSTRUCTIONAL REGISTER

) PO S

TCK:: { TAP CONTROLLER "t ' - =

o
5y

TRST - >

et ds ' L .

" BOUNDARY-SCAN BLOGK,

Figure 17. Boundary-Scan Block Diagram
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JTAG (continued)

Boundary-Scan Conformance (continued)

STESTLOGIC SN0 s e mre
' RES_E—L/‘ ‘) A S ) o

RUN TEST R - 1 7 SELECTIR
/ADLE 7 ) SCAM

*The logic value adjacent to a state-transition arc corresponds to the value of TMS.

Figure 18. TAP Controller State Diagram
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JTAG (continued)

Boundary-Scan Conformance (continued)

JTAG is an IEEE 1149.1 (see Figure 18 for the state
diagram) compatible test access port controller. State
assignments used are from the 1149.1 specifications
and are generated in the JTAG subnetwork. it also
includes the bypass register, 2-bit instruction register,
instruction decoder, and data MUX. This block has the
additional logic to support the device identification reg-
ister. The instruction decoder is wired to the following
OP codes. (See Table 47.)

Table 47. OP Code Listing

capture-IR controlier state. Cell 3 (MSB of IR) is tied to
status signal PINT, and cell 2 is tied to status signal
JINT. The state of these signals can therefore be cap-
tured during capture-IR and shifted out during SHIFT-IR
controller states.

The behavior of the instruction register is summarized in
Table 49. Cell 0 is the LSB (closest to TDO).

r | =input cell
= O = 3-state output cell
= B = bidirectional (I/O) cell

s DC = bidirectional control cell

Table 49. JTAG Boundary-Scan Register

OP Code Instruction Cell Type Signal Name/Function
00 EXTEST (Mandated By Standard) 0 I TCA
01 SAMPLE 1 I TCO
10 DEVICE ID (Selected Up Reset) 2 O | DAICK
11 BYPASS (Mandated By Standard) 3 1 DAIRN
4 1 DAIDI
5 O |DAIDO
JTAG Test Port 613 T [ABI0]
The CSP1088 uses a JTAG/IEEE 1149.1 standard 14 t_|vo
four-wire test port; there is no separate TRST input pin. 15 ! RWN
- . ) . 16 O |INTR
An instruction register, a bgunfjary-‘spaq register, a 17 ' RESETN
bypass register, and a device identification register
have been implemented. The device identification reg- 18 I [Mct
ister coding for the CSP1088 is shown in Table 50. The 19—26 B | DB[15:8]
instruction register (IR) is 2 bits long. The instruction for 27 DC | Control Cell
accessing the device ID is OxE (1110). 28—35 B | DB[7:0]
Table 48. JTAG Instruction Register 36 | __|EXTDI
37 O |SERLE
IR Cell #: 3 2 1 0 38 O |SERCK
paraliel input ? Y Y N N 39 (o] SERDA
always logic 1 ? N N N Y 40—53 0 [OCTL[13:0]
always logic 0 ? N N Y N

The first line shows the cells in the IR that capture from
a parallel input in the capture-IR controller state.

The second line shows the cells that always load a
logic 1 in the capture-IR controller state. The third line
shows the cells that always load a logic 0 in the

Table 50. CSP1088 32-bit JTAG 1D Register

Bit 31—28 27—19 18—12
Field 0011 0x01 111000

11—0
0x03B
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DSP1600 Programming Examples

The following examples contain DSP1600 program fragments for common interactions with AT&T CSP1088.
Typically, the following sequence of events is used to program and initialize the AT&T CSP1088:

1. Perform system self-test by writing/reading an AT&T CSP1088 register(s), set up interrupt service routines, ini-
tialize Mwait, etc.

Power up receiver for 7.0 ms to charge external reference capacitors.

Perform receiver dc offset calibration.

Program event timing and control, but leave inactive.

Program RAMPUP[15:0], RAMPDN][15:0], and RAMPLVL with power ramping profile.

If AUDIO conversion is needed, activate the AUDCHAR bit in AUDCONF to initialize AUDIO converters, then
deactivate.

7. Activate event timing and control unit.
8. Process interrupts, perform frequency correction, adjust QBC timing, etc.

o oA LN

Example 1. Wait-States

When DSP1600 is operated at 26 MIPS, two wait-states are required when accessing AT&T CSP1088. Typically,
AT&T CSP1088 is connected to the 10 memory space of DSP1600. Thus, the following instruction would be
required before accessing AT&T CSP1088:

mwait = 0x0020 /* 2 wait-states for IO space ERAM accesses */

Example 2. dc Offset Calibration and Software Reset

A dc offset calibration must be done at powerup. It is also suggested that calibration be done after extended peri-
ods of inactivity. The following code fragment shows how to perform dc offset calibration for the AT&T CSP1088.
Software reset is activated in an analogous manner. Note that receiver must have been powered up (using BIE in
ETC word 1) for 7.0 ms to change reference caps, before running dc offset calibration.

/* CSP1088 dc Offset Calibration */

dc_offset:

a0 = a0”al /* clear a0 */
a0 = DC_OFFSET_BIT /* set dc offset calibration bit */
r0 = CONTROL_ADDRESS /* CSP1088 CONTROL REG. Address */
*r0 = a0 /* start calibration */
offset_cal:
af0 = *ro0 /* check CONTROL register to *x/
a0 = a0h & DC_OFFSET_BIT /* determine if dc offset */
if (gt) goto offset_cal /* calibration is completed */

BN 005002k 00L7?L7?8 214 HA
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DSP1600 Programming
Examples (continued)

Example 3. Receive Buffer Data Move

Moving data from AT&T CSP1088 into the DSP can
require a significant number of processor cycles. The
next two examples show how to do this in a minimum
number of cycles.

P O o
B g i R e gt
LA N e NPt A
k\- ot U s *‘vaggt;ﬁ,i .
W ELLE

[ .08 T
s 3

Figure 19. DSP1600 Memory Maps and Pointers

The DSP1600 Y memory map and pointers are shown
in Figure 19. Compound addressing is used to effi-
ciently move the data. The j increment is used as a
decrement into internal RAM, and the k increment is
used to get the next receive data word (effectively
RXBUFF++). In receive mode, it is assumed that ten
interrupts will be taken to read in an entire receive
burst. This implies that the rx_data pointer will be
changing versus RXBUFF which is a constant. This
means it is necessary to calculate the j decrement
value and the k increment value on an interrupt by
interrupt basis. This calculation is not shown in the
code fragment since it is dependent on main program's
operation. This value is represented by “Decrement” in
the code fragment. The following code fragment shows
how the DSP1600 can move the data in four cycles per
16-bit word.

/* CSP1088 Receive buffer data move */
/* NOTE: Decrement is not an ADDRESS or a constant. It should be */
/* calculated based on the current number {(out of 320 for */
/* a complete RX burst) of words read. */
rx_burst

j = Decrement /* RXBUFF - current rx_data pointer */
k = -{(Decrement - 1) /* increment to next CSP1088 RX word */
r0 = RXBUFF /* point to CSP1088 RX buffer */
al = *r0++ /* get first value *x/
*r0jk:al /* move 32 values into internal RAM */
*rO0jk:al /* buffer. 4 cycles total, including */
*rOjk:al /* 2 wait-states */

(total 32 rO0jk:ail)

ER 005002k 0017679 150 HH
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DSP1600 Programming Examples (continued)

Example 4. Transmit Buffer Data Move

Transmit data can be moved into ATET CSP1088 1n a manner similar to the receive buffer

/* CSP1088 Transmit Buffer Data Move */
tx_burst:

/* use compound addressing to move 148 (160) bits */

/* from internal RAM to CSP1088 */

r0 = tx_data

/* NOTE: BRSTDATA_ADDR is a constant, so the next */
/* 2 statements only contain 1 label. */
/* This makes them relocatable instead of */
/* absolute when linking. */
/* This is possible because the TX burst */
/* is serviced by a single interrupt. */
/* lst increment to BURST data buffer */
j = (BRSTDATA_ADDR - (tx_data + 1))

/* Second decrement back to NEXT TX word */
k = -(BRSTDATA_ADDR - (tx_data + 1)) + 1

al = *rO0++ /* get first value */
*rOjk:al /* move 32 values into internal RAM */
*rOjk:al /* buffer. 4 cycles total, including */
*rOjk:al /* 2 wait-states */

(total 10 rOjk:al)

Example 5. Ciphering

The following code fragment illustrates how A5 ciphering is used in a polling mode. It can also be used with inter-
rupts, and compound addressing can be used for more efficient data moves.

/* CSP1088 AS51 encryption */
a5l1_enc:
a0l = 0
all = 0
vyl =20
kc_wr:
r0 = kc_data
rl = BRSTDATA_ADDR
do 4 { /* move cypher key into */
a0 = *r0++ /* BRSTDATA(3:0] */
*ri++ = al

B 0050026 0017680 97e |
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DSP1600 Programming Examples (continued)

Example 5. Ciphering (continue)

tdma_wr:
: r0 = tdma_data
do 2 { /* move tdma frame number into */
| al = *r0++ /* BRSTDATA[4:5] */
‘ *rl++ = a0
}
/* start AS51 encryption */
/* Note: ASENBL must remain high until block 2 */
/* generation is complete */
r0 = CONTROL_ADDRESS
a0 = 0x1800 /* ASENBL = 1, ASTYPE = 1 */
*r0 = a0
blkl_gen: /* wait for block 1 completion */
y = *r0

al = a0 — vy
if eqg goto blkl_gen

blkli_rd:
r0 = blklout
rl = BRSTDATA2
do 8 { /* move block 1 from BRSTDATA */
a0 = *rl++ /* starting at BRSTDATA[{2] and */
*r0++ = a0 /* store in RAM at blklout */
}
/* clear status bit and start block2 generation */
r0 = CONTROL_ADDRESS
a0 = 0xd800 /* ASENBL = 1, AS5TYPE = 1 */
*r0 = a0 /* ASBLOCK = 1, ASSTAT = 1 */
a0 = 0x5800
blk2_gen: /* wait for block2 completion */
vy = *rQ

al = a0 - y
if eq goto blk2_gen

blk2_rd:

r0 = blk2out

rl = BRSTDATA2

do 8 { /* move block 2 from BRSTDATA */
a0 = *rl++ /* starting at BRSTDATA[2] */
*r0++ = al /* store in RAM at blk2out */

}

/* clear status bit and control signals */

rQ0 = CONTROL_ADDRESS

a0 = 0x8000 /* ASSTAT = 1 */

*r0 = a0

B 0050026 D0O)7k&1 407 WA
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Device Characteristics

Absolute Maximum Ratings

The AT&T CSP1088 can be damaged if its absolute maximum ratings are exceeded, and prolonged exposure to
the absolute maximum rating will degrade its reliability. Absolute maximum ratings are different from the recom-
mended operating conditions which are specified in Table 51.

External leads can be bonded and soldered safely at temperatures of up to 300 °C in approximately 10 s.

Voltage Range on @any PiN........ ettt et Vss-05VtoVDD+0.5V
POWET DISSIPALION ...c.eveeereteeriieiasrersisetisrssteer e ne s ar e se e et e e et st e b s s e e bt R e E e b SR a ST s R e E et st e e b s san s s n e s e s nasean 1w

Ambient Temperature Range .............
Storage Temperature Range ...

..m85°C to + 150°C

Handling Precautions

Although the inputs are protected, proper precautions should be taken to avoid exposure to electrostatic discharge
during handling and mounting. AT&T employs a human-body model for ESD testing of 100 pF and 1500 . The
breakdown voltage for the AT&T CSP1088 is greater than 500 V.

Recommended Operating Conditions

Table 51. Recommended Operating Conditions

Clock Digital Supply Voltage | Analog Supply Voltage .

Speed Package VoD (V) VoD, VODB, VDDV Ambient Temperature Ta
Min Max Min Max Min Max

76.9 ns TQFP 27V 525V 475V 525V —40°C 85°C

Package Thermal Considerations
The recommended operating temperature range is based on standard industrial specifications. The temperature of
the chip, TJ, can be calculated from:

TI=Ta+ (P x QuA)
where TA is the ambient temperature, P is the power dissipation, and ©JA is the thermal impedance of the pack-
age.

Maximum Junction Temperature (TJ) in 100-Pin TQFP ....o..ermrin e 125°C
100-pin TQFP Maximum Thermal Resistance in Still-Air-Ambient (@JA).......c.coeriiiiiiiiiiiiee 110 °C/W

WARNING: The user should be careful that the maximum junction temperature does not exceed 125 °C in
any application.

B 0050026 0017L&2 745 WA
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Electrical Characteristics

Voiceband Input

Table 52 summarizes the electrical characteristics of the voiceband input section of the AT&T CSP1088.

Table 52. Audio Input Electrical Specifications (MICIN & AUXIN)

Parameter Symbol Test Conditions Minimum] Typical | Maximum| Unit
Input Gain Accuracy — — -1.0 — 1.0 dB
Vieg Output Voltage — 40 uF capacitor 2.7 3.0 3.3 Vv
Vreg Output Current — 40 pF capacitor 250 — — pA
Vreg Output Noise —_ 40 uF capacitor — 45 100 HVRMS
Full Scale at MICOUT —_ 18 dB gain setting — 88.4 — MVRAMS
Fuli Scale at MICOUT — 8 dB gain setting — 280 — mVRMS
Signal-to-distortion Plus | SDNR 0 dBmo0 50 _ —_— —_
Noise Ratio SDNR —10 dBmo 40 — — dB
SDNR —30 dBmO 35 — — dB
SDNR —40 dBmO 29 — — dB
SDNR —45 dBm0 24 — — dB
Gain Tracking, Relative — +3 dBmO to —35 dBm0O 0.5 —_ 05 dB
to 0 dBmO, 18 dB Gain
Setting
Frequency Response — 100 Hz -34 — -18 dB
_ 200 Hz -12 — 0 dB
— 300 Hz -0.25 — 0.25 dB
— 1000 Hz -0.25 — 0.25 dB
— 3000 Hz -0.25 — 0.25 dB
— 3400 Hz -0.9 — 0.25 dB
— 4000 Hz — —_— -6 dB
— 4600 Hz —_ — -35 dB
— 8000 Hz — — —45 dB
Power Supply Rejection | PSRR 3 kHz 35 — — dB
Idle Channel Noise — AUDIN register at 18 dB or 8 dB — — —65 dBmO
BW =4 kHz
Crosstalk from D/A —_ — — — —65 dB
Filter Group Delay — <800 Hz — — 2.8 ms
Filter Group Delay —_— 2800 Hz - — 0.8 ms
Response Time — Change AUDIG or AUDIS — — 100 ms
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Electrical Characteristics (continued)

Voiceband input (continued)
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Figure 20. V x A/D Response BW = 4 kHz Figure 21. V x A/D Response BW = 8 kHz

Voiceband Output

Table 53 summarizes the electrical characteristics of the voiceband output section of the AT&T CSP1088.
Table 53. Audio Output Electrical Specifications

Parameter Symbol Test Conditions Minimum Typical Maximum Unit
Differential Load RL Vout = 1.5 VRMS 200 — — Q
RL Vout = 0.75 VRMS 80 —_ — Q
RL Vout = 0.375 VRMS 30 —_ —_ Q
RL Vourt = 0.188 VRMS 15 — — Q

Differential Swing — RL = 600 Q —_ —_ 15 Vrms

Idle Channel Noise — — — — 300 pvrms
Power Supply Rejection | PSRR 3 kHz, RL= 0.6 kQ 35 — — dB
Image Frequency — >4600 Hz 35 — — dB

Attenuation

Response Time AUDOG — — — — 100 ms
Signal-to-noise Plus Dis-| SNDR 0 dBmoO 50 — — daB
tortion SNDR —10 dBmoO 40 — — dB
SNDR —30 dBmOQ 35 — e dB
SNDR —40 dBm0 29 — —_ dB
SNDR —-45 dBm0 24 — _ dB
Gain Tracking, Relative — +3 dBm0 to —40 dBmO -0.5 — 0.5 dB
to O_dBmO. 18 dB Gain — —40 dBmO to —-50 dBmO -0.8 —_ 0.8 dB
Setting — | —50 dBmoO to —55 dBm0 12 = 12 dB

mm 0050026 0017kL&4 518 -
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Electrical Characteristics (continued)

Voiceband Output (continued)

Table 53. Audio Output Electrical Specifications (continued)

Parameter Symbol Test Conditions Minimum Typical Maximum Unit
Frequency Response - 100 Hz —-34 — -18 dB
— 200 Hz -12 — 0 dB
— 300 Hz -0.25 — 0.25 daB
— 1000 Hz -0.25 — 0.25 dB
— 3000 Hz —0.25 — 0.25 dB
_ 3400 Hz -0.9 —_ 0.25 dB
—_— 4000 Hz — — -6 dB
—_ 4600 Hz — - -35 dB
- 8000 Hz — — —45 dB
Allowabie CLK Input — — — — 5 ns
Jitter, Peak
Filter Group Delay — <800 Hz — —_ 2.8 ms
Filter Group Delay — =800 Hz — — 0.8 ms
Output Gain — 0 dB setting -0.5 — 0.5 dB
— -3 dB setting -3.51 -3.01 —2.51 dB
— -6 dB setting —6.52 —6.02 —5.52 dB
— —45 dB setting —45.65 —45.15 —44.65 dB
L e e ARAERARAE BARAR R R 20 P TTR T
[ ] 0 3 .
05 [ . \\ ]
s ] -20 .
[ ] -40 \ ]
8 0 - ‘\ 4 %-60 L 'Y \vfﬁ\\:
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-1 I AP IO I TS PP P I | T R/ Qi T TR TE MRS FPETE ST PYRTH FTET RTETE FTETh
0 500 1000 1500 2000 2500 3000 3500 4000 0 1000 2000 3000 4000 5000 6000 7000 8000
Frequency (Hz) Frequency (Hz)
Figure 22. V x D/A Response BW = 4 kHz Figure 23. V x D/A Response BW = 8 kHz
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Electrical Characteristics (continued)

Baseband Receive Channel

Table 54 summarizes the electrical characteristics of the baseband receive channel of the AT&T CSP1088.

Table 54. Baseband Receive Channel Electrical Characteristics (Rxl & RxQ)

Parameter Symbol Test Conditions Minimum | Typical |Maximum| Unit
Word Length - — — 10 — bits
Output Word Rate per —_ — - 270.83 — kHz
Channel
Sampling Mismatch — — — — 20 ns
Relative Gain Error — — 0.4 — 0.4 dB
Absolute Gain Error — — -1.0 — 1.0 dB
Gain Matich Ito Q — —_ — —_ 0.4 dB
Signal-to-noise + Distortion SNDR PGA =0dB, 1.0 Vpp 56 59 — dB
Ratio 10 kHz Input
dc Offset with Correction — PGA=18dB -3 — 3 LSB

Voffset RXIN™ = £30 mV
Oftset Correction Decay Rate PGA=18dB 0.025 —_ LSB/ms
Voffset RXIN® = +30 mV
t<51ms

Rx Powerup Time From Vops = 0, RxPD =0 7.0 ms
Common-mode Input Range — Vob=5 1.3 — 35 v
Common-mode Input — — 40 — — kQ
Resistance
Differential Input Resistance — —_ 20 — — kQ
Differential Input Voltage —_ PGA=0dB — — 1.0 Vp-p
* Voffset_RXIN = Maximum dc input offset voitage present at baseband receiver differential inputs (RXIP — RXIN, RXQP — RXQN).
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Electrical Characteristics (continued)

Baseband Receive Channel (continued)
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Electrical Characteristics (continued)

Transmit Power Control

Table 55 summarizes the electrical characteristics of the transmit power control channel (T x P).
Table 55. Electrical Characteristics of the Transmit Power Control Channel (T x P)

Parameter Symbol Test Conditions Minimum | Typical | Maximum Unit
Word Length — — — —_ 9 bits
Min. Output Voltage Vmin TxP=0 0.25 0.40 0.55 \
Max. Qutput Voltage Vmax TxP=>511 3.97 4.25 4.52 A
Voltage Swing Vp-p Fuli-Scale Amplitude 3.58 3.85 415 \
Differential Nonlinearity DNL — -1 — 1 LSB
Integral Nonlinearity INL — -1 +0.5 1 LSB
Sample Rate —_ — — 13/12 — MHz
Temp. Coefficient Te TxP=255 —_ 50 — PPM/°C
Temp. Tracking w/TX VCM TxP=0 30 — mv
Load R RL — 10 kQ
Load C Cr — 25 pF

Baseband Transmit Channel

Table 56 summarizes the electrical characteristics of the baseband transmit channel of the AT&T CSP1088.

Table 56. Baseband Transmit Channel Electrical Specifications (Txl & TxQ)

Parameter Symbol Test Conditions Minimum| Typical | Maximum| Unit
Word Length — — — — 9 bits
| and Q Channel Mismatch — Full-Scale Amplitude — 0.2 0.3 dB
Differential Output — TXVCM = 1575V 0.9 1 1.1 Vp-p
Voltage Range Full-Scale Ampiitude
Differential Offset: TxIp to — With dc Offset Correction -5 — +5 mV
TxIn, or TxQp to TxQn TXVCM =1575V
Passband Bandwidth — -3dB 150 275 500 kHz
Passband Ripple —_ —_ -1 — 1 dB
Passband Delay — — —_ — 2.5 ps
Distortion
Differential Nonlinearity DNL — -1 _ 1 LSB
Integral Nonlinearity INL —_ -1 +0.5 1 LSB
Sample Rate — — — 13/6 — MHz
I and Q Sampling — — — — 20 ns
Mismatch
Load Resistance Ru dc coupled 10 — — kQ
Load Capacitance CL — — — 50 pF
Common-Mode dc — — 1.5 1575 1.65 Vv
Tx Common-Mode dc Range | TXVCM — 1.5 — 2.75 Vv
TXVCM Output Resistance — TXPD =1 — 100 — kQ
During Powerdown

13-56 Conversion Signal Processors
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CSP1088

Electrical Characteristics Voiceband Section (continued)

Baseband Transmit Channel (continued)
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CSP1088

Electrical Characteristics (continued)

The electrical characteristics in Table 57 are preliminary and are subject to change. Electrical characteristics refer
to the behavior of the device under specified conditions. Electrical requirements refer to conditions imposed on the
user for proper operation of the device. The parameters below are valid for the conditions described in the Recom-
mended Operating Conditions section.

Table 57. Electrical Characteristics and Requirements

Parameter Symbol Min Typ Max Unit | Note

Input Voltage:

Low ViL — — 0.3 VoD

High VIH 0.7 — — VbD
Input Current:

Low (VIL=0V, VDD =5.25V) it -5 — —_ mA

High (VIH=5.25 V, Vob = 5.25 V) IiH — — 5 mA
Output Low Voltage:

Low (loL = 2.0 mA) VoL — — 0.4 \%
Output High Voltage:

High (loH = —2.0 mA) VOH |[VDD-0.4V — — \

Output 3-State Current:

Low (VDD =5.25V, ViL=0V) lozL -10 — — mA

High (VDD =5.25V, VIH=5.25 V) lozH — — 10 mA
Input Capacitance, Digital Pins Cl — — 10 pF
Small Signal Peak-to-Peak Voltage on MC1 Vpp 1.0 — —_ A 1
Small Signal input Duty Cycle, 13 MHz DC13 48 50 52 % 2
Small Signal Input Duty Cycle, 26 MHz DC26 45 50 55 % 2
Small Signatl MC1 Input Voltage Range Vin 0.2 x Voo — 0.6 x Vop \'
Small Signal Input Buffer Start-up Time tssi — — 10 us
Small Signal Output Buffer Peak-to-Peak Vppo — 1.0 — \ 3
Voltage on CLKO (CL = 20pf, f = 26 MHz,
Vob=2.7V
Small Signal Output Buffer Common Mode Veme — 141 — Vv
Voltage (CL= 20 pf, f = 26 MHz, Vbb=2.7 V)
Small Signal Output Buffer Load Cuo 5 — 20 pF
Capacitance (CLKO and CLKOREF)
Small Signa!l Output Buffer Load Current lo —_ — 5 uA
(CLKO or CLKOREF)
Small Signal Output Buffer Start-up Time tsso — — 10 us
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Electrical Characteristics (continued)

Small Signal Clock Applications

1. The small signal input buffer must be used in a “single-ended” mode where an ac waveform (sine or square) is

applied to MC1 and a dc voltage approximately equal to the average value of MC1 is applied to MC2, as shown
in the figure below:

MC2

Figure 32. Small Signal Single-Ended Buffer
A diagram of an external network that produces signals for MC1 and MC2 from an oscillator unit is shown below.

VoD
o1 RI
R4
[ mMci
- A -
R2 A3

OSCILLATOR
(SINE OR SQUARE WAVE) @ MC2

C2T
Il

Figure 33. External Network for MC1 and MC2

The dc level will be set by R1 and R2, with the amplitude at MC1 being set by R3 and R4. C1 and C2 should be
large enough so that their reactances at 13 MHz will be small compared to the resistors. Also, R1 and R2 should
be much greater then R3 and R4. R3 should be sufficiently small so that the 5 <A leakage current will cause no

more than 10 mV offset between MC1 and MC2. The equations for selecting component values would be as fol-
lows:

. _ . . R3
MC1 (amplitude) = (oscillator amplitude) A3+ R

R2
MC1, MC2 (dC Ievel) = VDD-WH2 i10}.1A(R2 ” Rl)

MC1, MC2 (offset) = 5 uA.R3
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Electrical Characteristics (continued)

Small Signal Clock Applications (continued)

For example, suppose that VDD = 3.3, and the TCXO is a CMOS square wave with a 50/50 duty cycle. The follow-
ing values meet the small signal input buffer requirements:

R1 =16 k2, R2 = 11 kQ, k3 = 500 ©, R4 = 850 Q, C1 = 100 pF, C2 = 1000 pF
The start-up time for the RC network is determined by the component values.

2. Duty cycle for a sine wave is defined as the percentage of time during each clock cycle that the voltage on MC1
exceeds the voltage on MC2. For 26 MHz operation, the input clock must be divided by 2 internally by setting
the MCSEL bit of the Test Control Register. If a bias circuit that adjusts the voltage on MC2 to equal the aver-
age voltage on MC1 (see Figure 33) is used, then a 45/55 or a 55/45 duty cycle on the external oscillator is
acceptable for 13 MHz operation.

3. The small signal output buffer produces two signals, CLKO and CLKOREF, that can be used to drive the CKI
and CKI2 inputs, respectively, of a DSP1616/17/18/11 with a small signal input clock option. CLKO is an ac
waveform, and CLKOREF is a low-pass filtered version of this, as shown in the figures below. Nothing else
should be connected to CLKO or CLKOREF, except for an optional external capacitor from CLKOREF to
ground for the purpose of reducing noise on CLKOREF. Note that additional capacitance on CLKOREF will
increase the start-up time. If the output buffer is disabled, both CLKO and CLKOREF will go to Vss.

4. When designing the printed-circuit board layout, the input and output small signal clocks (MC1,MC2 and
CLKO,CLKOREF) should be treated as sensitive analog signals. They should be routed in such as way as to
minimize trace length and coupling from other signals. CLKO and CLKOREF should be routed such that their
load capacitances are approximately equal, or such that CLKOREF sees a higher capacitance than CLKO.

CLKOREF

Figure 34. 26 MHz Operation

oo /TN N\

CLKOREF N N

Figure 35. 13 MHz Operation
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CSP1088

Electrical Characteristics (continued)

Differential Signals

g oo ¥
0.25 V| k
RXIP|"SVS N, /-\ /-\ P05 Vroame SINGLE ENDED
N2 i
v ¥
025V, k
RXIN |15V ; - Po5 Ve SINGLE ENDED
A0y
v 0.5 Vpeak
RXI| %Y 'Y 10Vee RXI=RXIP—RXIN

Figure 36. Differential Signal Definition
Vax (differential) = RXIP - RXIN
Differential Input Resistance:

RXIP
\M = R (diff) Rin (diff)
IPIN

RXIN
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Electrical Characteristics (continued)

Digital Output Buffer Drive

VDD -0.0
VDD -0.1
VDD -0.2
VDD -0.3
VDD -0.4
VDD -0.5

VDD -0.6

QOutput Voltage (V)

VDD -0.7

vDD-0.8
VDD -0.9
VDD 1.0

vDD 1.1

VDD -1.2
0

1.04

Output Voltage (V)

0.40
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N

DEVICE
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1||—0 §

Figure 37. Plot of VOH vs. IoH, Typical Operating Conditions

= VIOUT
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Figure 38. Plot of VoL vs. loL, Typical Operating Conditions
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CSP1088

Electrical Characteristics (continued)

Power Dissipation

Power dissipation is highly dependent on device activity and power supply. The following electrical characteristics
are preliminary and are subject to change. All analog supplies (Voop, Voos, Voor, and Vbov) are assumed to be
50V.

Table 58. Power Dissipation

Operating Mode Typical Power Dissipation
(Unused Inputs at VDD or VSS)  [(Digital Supply) 5.0 V| (Digital Supply) 3.0 V| (Digital Supply) 2.7 V

Typical TDMA Operation 118 mW 76 mW 75.0 mW
RX Mode (voice active) 227 mW 152 mW 147.0 mW
RX Mode (voice disabled) 190 mW 118 mW 112.0 mW
TX Mode (voice active) 160 mW 114 mwW 110.0 mW
TX Mode (voice disabled) 115 mW 75 mW 72.0 mW
PLL (f = 26 MHz, QBC on) 60 mW 17 mwW 14.0 mW
Standby (QBC on, PLL off) 34 mW 8 mW 5.8 mwW

The power dissipation listed is for internal power dissipation only. Total power dissipation, including external para-
sitic load capacitance, can be calculated by adding C x (V) 2 x f for each digital output, where C is the external
load capacitance and f is the output frequency.

Power dissipation due to the digital input buffers is highly dependent on the input voltage level for digital pins. At
full CMOS levels, essentially no dc current is drawn. However, for levels between the power supply rails, especially
at or near the threshold of Vbp/2, high currents can flow. Therefore, all unused input pins should be tied to their
inactive state, either VDD or Vss. The applications' maximum power, the package type, and the maximum ambi-
ent temperature determine the maximum activity factors for AT&T CSP1088. For more information, refer to the
Absolute Maximum Ratings section. The following equations show how to calculate maximum power and junction
temperature:

P= AFRX ' PRX + AFTX ! lDTX + AFMONITOR : F’MONITOR + AFST}\NDBY ! PSTJ’ANDBY + |:,E)(TERNAL

(T,=P-©,,+85°C) <125°C
where:
P = Maximum power in mW
AFgy = Activity factor for RX mode
Pgx = Power dissipation in mW for RX mode operation
AFx = Activity factor for TX mode
Prx = Power dissipation in mW for TX mode operation
AFponiTor = Activity factor for monitor mode
PuvoniTor = Power dissipation in mW for RX mode with voice disabled
AFgTanDBY = Activity factor for standby mode
Pstanpey = Power dissipation in mW for sleep mode operation
PexternaL = Power dissipation in mW for output switching power

TJ = Junction temperature
Q,a = Thermal conductivity of 100 TQFP package = 110 °C/W
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CSP1088

Electrical Characteristics and Requirements (continued)

Power Dissipation (continued)

For example, for a TQFP device in a 5 V application with 12.5% RX activity, 12.5% TX activity, 5% monitor activity
(RX with voice disabled), and 70% standby activity, the equation would look like this:

P = 0.125 . Py +0.125 - Py +0.05 - Pyyonror + 0-7 - Psranoay

(81.7 mW x 110 °C/W + 85 °C = 94.0 °C) £ 125 °C

The above example demonstrates the maximum operating capability in the TQFP package. For low-voltage appli-
cations, the activity factor parameters become less critical.

Timing Characteristics

The following timing characteristics and requirements are preliminary information and are subject to change. Tim-
ing characteristics refer to the behavior of the device under specified conditions. Timing requirements refer to con-
ditions imposed on the user for proper operation of the device. All timing data is valid for the following conditions:

Ta=-40 °C to +85 °C

27V <Vpp<525V,Vss=0V

Capacitance load on outputs (CL) = 50 pF

Output characteristics can be derated as a function of load capacitance (CL).

All outputs: d/dC. < TBD ns/pF for 0 < Ct < 50 pF at ViH for rising edge
dt/dCL < TBD ns/pF for 0 < CL < 50 pF at Vi for falling edge

For example, if the actual load capacitance is 30 pF instead of 50 pF, the derating for a rising edge is
(30 - 50) pF x TBD ns/pF = TBD ns less than the specified rise time or delay which includes a rise time.

Test conditions for inputs:

Rise and fall times of 4 ns or less
Timing reference levels for delays = ViH, ViL
Test conditions for outputs (uniess otherwise noted):

Croap = 50 pF
Timing reference levels for delays = Vi1, ViL
3-state delays measured to the high-impedance state of the output driver

AT&T CSP1088 is designed to interface directly to DSP1600 via the following signals: 10, RWN, INTR (usually
connected to INT1 of DSP1600), AB[7:0], and DB[15:0]. When DSP1600 is operated at 26 MIPS (typical for GSM),
then two wait-states are required when accessing AT&T CSP1088. Unless otherwise noted, CKO in the timing dia-
grams is the wait-stated DSP1600 CKO.
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CSP1088

Timing Characteristics (continued)

CSP1088 Input Clock Generation and Reset

MC1
!
v A\
RESETN
Figure 39. Master Clock Small Signal Differential
Table 59. Timing Requirements for Small Signal Input Clock (13 MHz)
Abbreviated .

Reference Parameter Min Typ Max Unit
4 Clock In Period (high to high) 76.9 — — ns
t2 Clock in Low Time 34.7 — — ns
i3 Clock in High Time 347 — — ns
t4 RESETN Enable Time (low to active) — — 500 ns
t5 RESETN Disable Time (high to inactive) — — 200 ns

Note: Device is fully static, t1 is tested at 100 ps, and register hold time is tested at 0.1 s.
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Timing Characteristics (continued)

Digital Audio Interface

' . )

DAICK m—
)
. 1

Figure 40. Digital Audio Interface Timing Diagrams

Table 60. Timing Requirements for Digital Audio Interface

A:;:‘:::Zd Parameter Min Typ Max Unit
té Reset Active 4 — — ms
t7 Clock Out Period — 9615 — ns
8 Data in SETUP TIME 100 — — ns
t9 Data in Hold Time 0 — — ns
110 Data Out Delay — —_ 50 ns

8 0050026 0017b98 002 WA
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Timing Characteristics (continued)

Data Read Timing

DSP1600 mwait = 0x0020
2 WAIT-STATES FOR I/O |
DSP1618 CKO

S TV WA

t11

o - -
VH x 4
v — N /

DB | 113 t14
ViH
ViL  — READ DATA

AB t12 t15
VH
ViL  — READ ADDRESS

Figure 41. Data Read Timing Diagram (RWN Is Set to Logic High)

Table 61. Timing Characteristics for Read Access (RWN Is Set to Logic High.)

Abbreviated Reference Parameter Min Typ | Max | Unit
t11 Enable Width (low to high} 110 — — ns
112 Address Valid (enable low to valid) — — 4 ns
113 Read Data Setup (data valid to 10 high) 25 —_ —_ ns
t14 Read Data Hold (data hold from 10 high) 0 — — ns
t15 Address Hold (address hold from IO high) 0 — —_ ns
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Timing Characteristics (continued)

Data Write Timing

DSP1618 CKO

VH
VIL =

DSP1618 mwait = 0x0020
2 WAIT-STATE FOR /O l

t16

VIH
viL —

RWN

VH
ViL -—

DB

ViH

I t19

23

ViL -_—

AB

{ WRITE DATA

21

22

VH
Vi —

WRITE ADDRESS

Figure 42. Data Write Timing Diagram

Table 62. Timing Characteristics Data Write

Abbreviated Reference Parameter Min | Typ | Max | Unit
t16 Enable Width (low to high) 110 — — ns
117 RWN Advance (RWN high to enable high) 0 — — ns
118 RWN Delay (enable low to RWN low) 0 — — ns
t19 Write Data Setup (data valid to RWN high) 50 — — ns
120 RWN Width (low to high) 66 — — ns
t21 Write Address Setup (address valid to RWN low) 0 — — ns
t22 Write Address Hold (address hold from 10 high) 0 — — ns
123 Write Data Hold (data hold from 1O high) o] — — ns
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Timing Characteristics (continued)

Serial Interface

t24
OCTL[12:0] ™
Vi —
ViL
125
SERLE f—— 30
Vi —
ViL =~
26 | t27
SERCK >
Vi — Z \
Vi T
29
SERDA 128
>R
Vv, A\
IH = BITO BIT 1 BITN
VlL (XY
A
Figure 43. Serial Interface and OCTL[12:0] Timing Diagram
Table 63. Timing Characteristics for Serial Interface and OCTL[12:0]
. Abbreviated Reference Parameter Min Typ { Max | Unit
124 Skew Between any Two OCTL Pins 0 — 15 ns
125 Serial Interface Active Delay (relative to OCTL) 5.0 —_ 8.0 us
126 Serial Clock Active for 542 kHz/1.08 MHz Mode 400/900 — — ns
127 Serial Clock Period for 542 kHz/1.08 MHz Mode | 923/1846 | — — ns
128 Serial Data Delay (relative to SERLE low) 0 — 50 ns
t29 Serial Data Delay (relative to SERCK low) 0 — 50 ns
30 Final Rising Edge of Serial Clock to SERLE High| 400/900 — — ns
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Timing Characteristics (continued)

JTAG VO Specifications

l¢——— 13—
lt— {32 —it— 133 —>|

ViH — —
TCK —\_/ \ \ /
ViL — N
jat— t34-
>t e

e = XX KXXKX WXXXX
'36_‘_—:| 137 ,
o XXXXX— RXKKXK ™ XXXKXXX
ot

|- t38
139

00 yor XX XA XXXXX

Table 64. Timing Requirements for JATG /O

A::";‘::t;d Parameter Min Max | Unit
t31 TCK Period (high to high) 150 —_ ns
t32 TCK High Time (high to low) 35 — ns
33 TCK Low Time (low to high) 35 — ns
t34 TMS Setup Time (valid to high) 10 —_ ns
t35 TMS Hold Time (high to invalid) 5 — ns
t36 TDI Setup Time (valid to high) 10 — ns
t37 TDI Hold Time (high to invalid) 5 —_ ns

Table 65. Timing Characteristics for JATG VO

Abbreviated . .
Reference Parameter Min Max | Unit

X t38 TDO Delay (low to valid) —_ 25 ns

139 TDO Hold (low to invalid) 0 — ns
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Outline Diagram

100-Pin Thin Quad Flat Pack TQFP

All dimensions are in millimeters.
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