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Phantom DAA Chip
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FEATURES

¢ Single-chip DAA controller for:
- Modems
— Speech interfaces

¢ Phantomoperationreportsloop currentchanges back
to host

¢ Allows the DAA to use an existing phone line unobtru-
sively

® Transmit/receive interface connects directly to 600
ohm phone-line coupling transformers

® On-chip electronic 2- to 4-wire converter

¢ |ntegrates FCC Part—68 DAA requirements:
- Ring detection
-~ 2-second billing delay
- Transmit power limiter

® Onbeoard, low-pass filtering of transmit and receive
signals

¢ Replaces up to 20 discrete components

® Voice/data switching

® Software-controlled receive gain

® 3-wire serial control port

& +5 Volt single-supply operation

® DS1360S surface mount version available

DESCRIPTION

The DS1360 Phantom DAA Chip is a CMOS device that
integrates FCC requirements for interfacing data and
voice to the telephone network. The DS1360 meets
FCC Part-68 specifications such as 2-second billing
delay, transmit signal power limiting, and ringing detec-
tion. It also offers programmable transmit and receive
gains and an on-chip 2- to 4-wire converter (hybrid). By
adding a coupling transformer, arelay, and an optocoup-
ler, a complete DAA circuit can be quickly designed.

PIN DESCRIPTION
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DS1360 20-Pin DIP
(300 Mil.)

A unique feature ofthe DS 1360 is its ability to sense loop
currentusing an on-chip, 8-bit A/D converter. By using
an external optocoupler (for properisclation), the phone
loop current can be digitized and monitored through the
serialportby a hostprocessor. The DS1360 can also be
programmed by external resistors to report when the
currenthas changed by a certain percentage. Loop cur-
rentsensing is importantfor monitoring the activity of ex-
tension phones or for determining loop length for cable
compensation.
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PIN DESCRIPTION Table 1

PIN

sYM

TYPE

DESCRIPTION

1

TXO

0

Transmit Output. This is the transmit output which is the
sum of the signals at AUX| and TXI (minus any attenuation
needed to prevent excessive power transmission). This
oulput can be connected to a telephone coupling
transformer through an appropriate line matching resistor
(typically 600 ohms).

TXI

Transmit Input. This is the transmit analog signal input
which can be AC-coupled to any low-impedance source
such as a modem chip output or an op-amp. The transmit
limiter circuitwill gradually attenuate the sum of the TXl and
AUXI signals until the level output at TXO is less than 0.5
Vrms. If the sum of TXI and AUXI is less than 0.5 Vims,
then no adjustment is made. If more than 10 dB of
attenuation is required, the TXO output is disabled until
GSRST is toggled or power is cycled. This input is also
controlled by the Control register in the software mode.

AUXI

Auxiliary Input. Anauxiliary analog signal can be fed here
to be summed with the TX! analog signal before
transmission to the phone line. This input is controlled by
the Control register in the software mode. The auxiliary
input operates identically to the TXI input with regard to
signal limiting and gain.

DLTSET

Delta Volitage Set. This pin is used in conjunction with the
VSENSE pin in programming the voltage percentage at
which the delta detector trips (DLTDET goes high).

VSENSE

Voltage Sense In. This is the input to the A/D converter
which is used for the delta detector circuit or for digitizing
low-frequency signals in general.

DLTDET

Delta Detect Out. This oulput goes high when the voltage
at VSENSE has changed by more than a percentage as
determinedby extemnalresistors. The operation of the delta
detect circuit is controiled by the Control register in the
software mode.

CLK

Serial Clock In. This inputis used to clock serial portdata
in and out of the D/Q pin. The maximum clock frequency
is 4 MHz. When SPS=0, this pin is used in conjunction with
CS to program the RXMON gain.

DIQ

o

Serial Port Data /O. This pin is used for transferring data
to or from the serial port registers. Input data is sampled
on rising edges of CLK; output data is updated on falling
edges of CLK. When SPS=0, resampling of the DLTSET
input is initiated by a rising edge at D/Q.

CSs

Chip Select Input. This input should transition high to
initiate serial port read or write operation. Retuming CSto
a logic 0 terminates a serial port operation. When SPS=0,
this pin is used in conjunction with CLK to program the
RXMON gain.

10

GND

Ground. This pinshouldbe tiedto system ground (0 volts).
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1 SPS 1 Serial Port Select. This pin should be tied high in order to
use the software mode; otherwise, tie this pin low for the
hardware mode. The function of pins D/Q, GS, and CLK is
affected by this input.

12 RGDET o) Ring Detect Out. This open-drain output goes active low
whenever a proper ring signal is detected at the RGSNS
input. Otherwise, this pinwill go to a high-impedance state
unless pulled up by an extemal resistor to the Vg supply.

13 RGSNS | Ring Sense In. This pin can be connected to the output of
an optocoupled Ring Detectcircuit. The Ring Detectcircuit
in the DS 1360 will integrate the signal at RGSNS over the
20 Hz ring cycles to presenta continuous logic 0 atRGDET
that lasts for the duration of the ring burst (typically 2
seconds in the U.S.).

-14 GSRST 1 Gain Setting Reset. When this inputis ata logic 1, the
gain settings for the transmit limiter circuit are reset to their
default state. The limiter circuit begins adjusting the
transmit level at TXO (only if the level is too high) when this
pin retums low. The limiter gain settings are also resetupon
power-up. This pin should only be used to transmit DTMF
signals at a level higher than the normal -9 dBm limit
specified for voice and data.

15 OHIN | Off-Hook In. This input should be connected to the
off-hookrelay signal from the host system. When this input
transitions low, the TXO output is disabled (forced to
mid-supply) for at least 2 seconds only if a ring signal was
detected within the last 8 seconds. Otherwise, the TXO
output is enabled, except when the TXDIS bit = 1 orifin
the power-down mode.

16 RXMON (o} Recelve Monitor Out. This is a buffered, gain-selectable
version of the receive hybrid output. The gain from RXI to
RXMON is programmed using the Receive Monitor Gain
register. This signal can be routed to an external speaker
amplifier or a handset for audio monitoring of the receive
signal. The load impedance should be > 5K ohms.

17 RXO 0 Receive Out. The receive output of the hybrid is present
at this pin. The gain from the RXI input to RXO is 1.5 dB
(to make up for the loss through a typical coupling
transformer). The load impedance should be > 5K ochms.

18 RX1 ! Receive In. This is the receive input to the internal hybrid
circuit.
19 BAL - Balance Network. An optional balance network can be

attached at this pin for adjusting the return loss of the
hybrid. Normally, this pin should be left floating if not used.

20 VCC | Positive Supply In. Tie this pin to +5 volts.
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DS1360 BLOCK DIAGRAM Figure 1
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OVERVIEW

The DS1360 Phantom DAA (Data Access Arrange-
ment) Chip is a CMOS monolithic device thatintegrates
many ofthe functions required by the FCC forinterfacing
voice and data to the telephone network. By adding a
coupling transformer, an optocoupler, and an off-hook
relay, an FCC Part-68-compatible DAA circuit can be
quicklydesigned. Although the final system must stillbe
tested and certified by an FCC approved testing lab, the
DS1360 greatly reduces the design time as well as the
component cost and board space for implementing the
DAA function. A block diagram of the DS1360 is shown
in Figure 1.

An integral 2- to 4-wire converter or hybrid circuit ise-
lates transmit and receive signals for use with a tele-
phone coupling transformer. The transmit output is spe-
cifically designed fo drive telephone line impedances
with low distortion using a single +5 volt supply. Voice
anddata signals can be multiplexed under software con-
trol to feed the transmitoutput. Automatic power limiting
and a 2-secondbilling delay are inciuded in the transmit
path in order to meet FCC Part-68 requirements.

The receive section of the DS1360is splitinte two paths.
One path feeds the RXO output, which is normally con-
nectedto the inputof a modem or FAX device. The other
path is routed to a gain-programmable op-amp which
then feeds the RXMON output. This outputcan be used
to drive an external speaker or handset, although it can
also be used with modem devices.

The ring detection circuit can take the raw output of an
external optocoupled ring sensor and process itinto a
glitchless square wave that corresponds to the ring burst
duty cycle. Ring detection is reported at both the
RGDET pin and in the Status register.

An onboard, 8-bit, analog-to-digital (A/D) converter is
usedto digitize and process external low-frequency sig-
nals such as loop current, receive power level, oranalog
sensor outputs. Conversion samples are accessible
through the serial port. The conversion time is typicaily
80 uS. The DS1360 also includes a Delta Detector cir-
cuit that optionally reports when the input signal to the
A/D converter has changed by a certain percentage.

T-51-07-01

Control of the DS1360 is accomplished using either the
software or hardware modes. In the hardware mode
(SPS =0), device operation is controlled by tying certain
pins high or low. The software mode (SPS = 1) uses a
3-wire serial interface for accessing internal registers.
These registers provide control and monitoring informa-
tion for use by an external microcontroller or micropro-
cessor.

A power-down mode is included for reducing power dis-
sipation in low-power applications. The power-down
mode is controlled by the PD bit in the Control register.
The power-down mode is exited by either clearing the
PD bit or by a high-to-low transition on RGSNS.

TRANSMIT INPUT

A block diagram of the the transmit input circuitry is
shown in Figure 2. The analog signals at AUXl and TXI
are summed together and sent on to the line driver un-
less disabled by bits CTR.2 and/or CTR.3 in the Control
register. These bits can be used as a mux for switching
between voice and data when using the software mode
{SPS = 1). In the hardware mode, AUXland TXlareal-
ways enabled and switching must be done externally.

The peak detector circuit continuously samples the out-
putof the input summing op-ampto determine if the level
is too high. Signals routed on to the line driver must be
less than -4dBm (0.5 Vrms) to meet FCC Part-68 limits
formaximum transmission level (theline driver itselt has
unity gain). If the level to the line driver is higher than
-4 dBm, the peak detector begins to attenuate the signal
until it is in compliance (adjustment is only in the direc-
tion of increasing loss). The attenuation rangeis 10dB;
if more than 10 dB of loss is needed, the peak detector
will disable the signal path to the line driver. Once the
attenuation has reached a stable setting, it can only be
reset by either taking GSRST high, by setting ‘RSTPK’
(CTR.1=1), or by cycling the power. Taking GSRST high
resets the attenuation setting back to 0 dB (no loss), ef-
fectively disabling the signal limiting function for as long
as GSRSTis high. The peak detector returns to normal
operation once GSRST goes low again.
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TRANSMIT INPUT SECTION Figure 2

T-51-07-01

GSRST

DETECTOR

PEAK
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-

The GSRST input may also be taken high to transmit
DTMF tones at the higher level of +2 dBm, resulting in
-4 dBm on the telephone line. Part-68 permits a level of
0dBm maximum for DTMF tone transmission. Once the
DTMF digits have been sent, GSRST should be re-
tumed low to limit normal data transmission levels 1o
-4 dBm maximum at the TXO output. Improvements in
transmission quality throughout the telephone network
have greatly reduced the need to transmit at higher lev-
els; therefore, using GSRST in this manneris usually not
necessary.

The attenuation steps are as follows: 0,-0.25,-0.5,-1.0,
-2.0,-3.0,-6.0,-10.0, and infinite (signal path disabled).
The initial steps are gradual to permit transmission near
the maximum of -4 dBm at TXO. The limit of -4 dBmwas
chosen since the matching resistor to the telephone line
will normally introduce another 6 dB of loss. Therefore,
the resulting power on the line will be -10 dBmwhich is 1
dB less than the maximum level allowed by Part-68 of -9
dBm for data signals. The 1 dB margin is necessary for
variations in the absolute accuracy of the peak detector
due fo changes in process, temperature, and supply
voltage. The peak detector steps through the attenua-
tion values until a level less than -4 dBm is reached.

*T

TO LINE
—» DRIVER

Itis important to note that the peak detector monitors
and attenuates the sum of TXI and AUXI. If TX and
AUXl are both enabled and their respective signal levels
are at -6 dBm, the sum may exceed -4 dBm which will
cause the peak detector to introduce the appropriate
amount of attenuation.

BILLING DELAY

An on-chip billing delay circuit is provided to meet
Part-68 requirements to provide the network adequate
time for billing information before modem data is sent.
The billing delay is nominally set to 2.25 seconds, well
within the two seconds required. The billing delay timer
is triggered by a negative transition on OHIN which
causes the TXO output to be squelched for at least two
seconds. Afterwards, the TXO outputbegins to respond
to signals atthe TX! and AUXI inputs as described pre-
viously.

The billing delay only operates when going ofi-hook in
answer to a ring signal. Specifically, if a ring burst has
notbeen received in the eight seconds preceding OHIN
going low, thebillingdelay is unused and TXOis enabled
immediately. This permits the host system to go
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off-hookwhen needing to immediately diala number. It  2- TO 4-WIRE HYBRID T-51-07-01

is then the responsibility of the answering modem to pro-
vide a 2-second delay before sending data.

TRANSMIT LINE DRIVER

The transmit line driver takes the output of the input
summing op-amp and buffers it to the TXO pin. Normai-
ly, TXO would be connected through a line-matching re-
sistorto atelephone coupling transformer. The resulting
impedance attached to TXO is the matching resistor
plus the telephone line impedance—typically 1.2K chms
(600 + 600 = 1.2K ohms). The line driver will actually
drive up to 600 ohms without significant distortion up to
the point of clipping. Clipping typically occurs when the
signal at TXO is within 0.25 volts of either power supply
rail.

Thelinedriver also removes extraneous high-frequency
signals using a 1-pole, low-pass filter with a break point
at 12 KHz. This filter attenuates the clock switching
noise that modem devices typically add to the modu-
lated data signal as well as any coupled noise from the
powersupply. A typical clockswitching frequency of 128
KHz would be attenuated by 20 dB before transmission
outto TXO. Aspectrum analyzershouldbe used to look
at the TXO output to check that attenuation of
out-of-band signals conforms to Part-68 requirements.
Typically, the internal low-pass filter provides adequate
attenuation.

The TXO output has a DC offset of Vc/2 volts (2.5 volts
if Voo =5 volts) and usually should be AC-coupled with a
capacitor when connecting to a transformer. Typically,
one leg of the transformer is hooked to ground which
means that TXO would have to drive 2.5 volts into the
large DC load of the line matching resistor if not
AC-coupled. A value of 1 uF or more is usually ade-
quate; lower values may introduce in-band attenuation
of the transmit and receive signals. If a low impedance
mid-supply is available in the sysiem, then it may be tied
to the transformer in lieu of ground. Inthatcase, thecou-
pling capacitor is not needed.

When the power-down mode is entered (PD=1 in the
Control register), the TXO output is tri-stated to help
conserve power. Note thatthe off-hookretay should dis-
connectthe phone line connection when using the pow-
er-down mode since the TXO outputis now in a high-im-
pedance state (i.e., the reflected impedance back to the
line is no longer 600 ohms).

The intemal electronic 2- to 4-wire hybrid circuit splits
the signalto/from the telephone line into separate trans-
mit and receive signals. As illustrated in Figure 3, the
hybrid consists of an op-amp which sums a portion of the
TXO signal with the signal at RXI which is usually tied to
the external coupling transformer. The receive gain
from RXI to the output of the hybrid is about 1.5 dB to
make up for the typical insertion loss of a coupling trans-
former. The hybrid assumes that the TXO componentat
RXi will be 6 dB lower than that at the TXO pin. Asare-
sult, the sum of the TXO signalthrough the inverting and
non-inverting gain paths of the hybrid op-ampiis theoret-
ically 0, which means that only the recseive signal from
the other end of phone line should be present at the hy-
brid output (RXO). However, due to variations in the
phone line impedances, the signal at RX| varies in
phase and amplitude from the the ideal case; conse-
quently, the TXO componentis notcompletely cancelled
by the hybrid. Typically, the retumn loss (the loss of the
transmit signal through the hybrid) varies from 10 to 16
dB.

Thereturn loss of the hybrid can be adjusted by an exter-
nal compensation network attached to the BAL pin. Ex-
ternal balancing is optional and in most cases the user
cansimply float this pin. The amplitude and phase of the
signal routed to the non-inverting terminal of the hybrid
op-amp can be programmed using external resistors
and capacitors. When using external resistors, make
sure to use values low enough to swamp out the internal
resistor divider.

Anotherway to balance the hybridis to change the exter-
nalline-matching resistor (nominally 600 ohms) untitthe
TXO component at RXI is exactly 6 dB lower than at
TXO. Phase compensation may be added by tying a ca-
pacitor from either TXO or GND to the BAL pin. Note
that the absolute values of the internal resistors con-

nected to the BAL vary & 20% ,while their ratio varies
only +0.1%.

The output of the hybrid is sent on to the RXO pin and to
a programmable gain op-amp which feeds the RXMON
pin. RXO and RXMON are both designed to drive > 5K
ohm loads.
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TRANSMIT DRIVER/ RECEIVE HYBRID SECTION Figure 3 1-51-07-01
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RECEIVE MONITOR OUTPUT HARDWARE MODE GAIN Table 2

The RXMON output is a gain-programmable version of
the signal at RXO (RXMON is also 180 degrees out of
phase with RX0). In the software mode, the gain from
the hybrid outputto RXMON can be programmed using
the Receive Monitor Gain register. As showninTable 2,
eleven gain values ranging from +9.0 to -21 dB can be
selected. An additional value (OFF) can be used to
completely mute the RXMON output. This mightbe use-
ful when using the DS1360 with a handset for voice/data
switching. RXMON can also be connectedto a speaker
buffer amp for use with a monitor speaker. A monitor
speaker is normally included in Hayes compatible mo-
dems; the AT command set in such modems specifies
programmable speaker levels which can be easily im-
plemented using RXMON.

Inthe hardware mode (SPS = 0), the gain for RXMON is
programmed by using the CS and CLK multifunction
pins. The four gain values supported are shown in
Table 2.

cs CLK Gain (dB)
0 0 +6.0
0 1 0.0
1 0 6.0
1 1 off

RING DETECTION

Ring detection can be accomplished using the RGSNS
and RGDET pins with an extemal optocoupler sensor
circuit (see Figure 4). The RGSNS input digitally inte-
grates low-going pulses output from aring sensing opto-
coupler. The integrated signal is then fed to the RGDET
output which goes to a logic 0 when a valid ring signal
has been received at RGSNS. RGDET is an open-drain
output and should be pulled up by an external resistor to
define the off state (logic 1). The RGDET state is also
reported by the Status register in the software mode;
each ring occurrence is latched by the RGDET bit; a
read operation of this register clears the RGDET bit until
the next valid detection of a ring burst.
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RING DETECTION OPERATION Figure 4
HOOKSWITCH
LINE COUPLING
TRANSFORMER _ 5 Ohm
To AMA—O TP
250V MOV
L 50hm
RING
Off-hook
TouP
50K
Ring indicats TRANSIS 22K, 0.33uV
«—J RGDET RGSNS ki = 174w 250V
»
DS1360 P re L)
= Ring Burst (2 sec typical)

Ringing on the telephone line can be 15 to 68 Hz in fre-
quency and 40 to 150 Vrms inamplitude. The task of the
ring sensor circuitis to provide the RGSNS pin with low
pulses corresponding to the ring signal exceeding some
voltage threshold. Figure 4 shows a recommended cir-
cuit which provides the ring sensing as well as the 1000
Vrms isolation required by Part-68. The final processed
ring detectsignal is presented at RGDET whichcan then
be used by a microprocessor. This circuit in Figure 4
also presents an on-hook AC impedance that complies
with Part-68.

Low-goingsignals at RGSNS also cause the DS1360 to
exit the power-down mode. The purpose of this feature

A 111§
AGDET —_L—_—_—[_'

is to allow a ring signal to wake up a system thatis ina
low-power state. Once powered up, the DS1360 inter-
nally clears the PD bit in the Control register.

A/D CONVERTER OPERATION

The DS1360 includes an 8-bit linear A/D converter for
use with low-frequency and DC signals. The converter
can sample either the VSENSE or DLTSET inputs, de-
pending upon the mode the DS1360 is in. The result of
the A/D conversion is placed in the A/D Data register
(ADR) which can be read through the serial port. The
coding for the 8-bit data sample is shown in Figure 5.
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A/D CONVERTER TRANSFER FUNCTION Figure 5
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1111 111

1111 1110

1111 1101

A/D CODING s A
{AD7-ADO)

0000 0011 —

0000 0010 4

0000 0001 -}

0000 0000 4 } |

; 1 1
1LSB 2LSB 3LSB

Y 1 )
¢ . .
FS-2LSB FS-1LSB FS

INPUT VOLTAGE AT VSENSE/DLTSET

Input signals at VSENSE or DLTSET may be anywhere
inthe range from GND to V; each step of the A/D con-
verteris then Vg c/255 volts. Foratypical Voe = +5V, the
A/D converter can resolve down to 20 mV. The absolute
accuracy of the converter is entirely dependent upon
Vce; no internal reference is used. Signals connected to
VSENSE shouldusethe Ve supply so thatthe changes
in Ve will not affect the A/D conversion accuracy. The
input impedance is typically 8 pF to ground (GND).

The converter architecture uses a Successive-Approxi-
mation register (SAR) approach with an R-2R ladder
DAC. This approach lends itself to quick conversion
times (80 uS typically) with excellent accuracy and lin-
earityy The converter does not include a sam-
ple-and-hold stage since the intended use is with slowly
varying or DC signals (this does not preclude the use of

an extemnal sample and hold circuit). The clocking for
the conversion process is derived from an internal 130
KHz oscillator that is also used for the billing delay tim-

ing.

DELTA DETECTOR

The delta detector is for use in a phantorn modem by
sensing changes in the DC loop current. Loop current
sensing is important for detecting when extension de-
vices on the telephone line go off-hook. For example,
the DS1360 could be used in a FAX or modem applica-
tionto knowwhenthe telephone handset was picked up.
A Teleservicing application can use the Phantom feature
to non-intrusively borrow the phone line when it is free
and to release it when someone picks up an extension
phone set.
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DELTA DETECTOR SCHEMATIC Figure 6 T7-51-07-01
DIGITA

OHIN FILTEF% »{ DLTSET

RSMP —__pl
© bR ol ST
(SPS=0) CONTROU M
DLTDIS — START A/D
(CTR.6) - VSENSE
CLEAR

RSMP «— -«

BIT - DLTSET
+ 8 pF—l— 8 pF
SAMPLE 4 L
R-2R LADDER DAC
HEREARR
A/D DATA REGISTER
(8-BIT SAR)
DONE A/D| A/D CONTROL le——— 130 KHz clock

In the hardware mode (SPS = 0), the delta detect circuit
reports changes in the vollage at VSENSE using the
A/D converter. In this mode, the signalat DLTSET is au-
tomatically sampled 250 mS after each falling edge at
OHiN; this sample is stored in the R-2R DAC and then
continuously compared to the voltage at VSENSE.
When the voltage at VSENSE is lower than the old sam-
ple of DLTSET, the DLTDET pin transitions to a logic 1.
DLTDET stays high until the DLTSET input goes back to
a higher voitage or when OHIN goes high. To resample
DLTSET after the automatic sample is taken, the D/Q
pin can be used. A rising edge at D/Q in the hardware
mode causes a new sample to be taken of DLTSET.

A resistor divider can be placed between the VSENSE
and DLTSET inputs to program where the DLTDET trig-
gers. Forexample, to detect a 35% change atVSENSE,
one resistor would be 55% of the other. Figure 6 illus-
trates the operation of the delta detector. Figure 8
shows an application.

In the software mode, the delta detector can be con-
trolled using the DLTDIS bit in the Control register.
When DLTDIS = 1, the delta detector circuit is disabled
(DLTDET isforced to a0). An8-bit A/D conversionofthe
signal on the VSENSE pin is initiated by setting the
RSMP bit to a 1; when the conversion is complete, this
bit is automatically cleared internally (the host can poll
this bit to see when the conversion is done). Each con-
version result is written into the ADR register which can
then be retrieved by the host.

If the DLTDIS = 0, the delta detector is enabled and a
sample of the DLTSET input is automatically taken after
each high-to-low transition at OHIN (just as in the hard-
ware mode). Setting the RSMP bithighin this mode initi-
ates resampling of the DLTSET signal (not VSENSE)
which is then continuously compared to the VSENSE
signal. The DLTSET samples are stored in the ADR reg-
ister. The DLTDET output can be used asaninterrupt to
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alert the host microprocessor of voltage changes as an
alternative to polling of the serial port.

SERIAL PORT OPERATION

The serial control port of the DS1360 consists of three
pins: CS, CLK, and D/Q. These three signals provide
synchronous access of internal control and status regis-
ters. To use the serial port, the DS1360 must be placed
in the software mode by tying the SPS (Serial Port Se-
lect) pin high. The host can then access the internal reg-
isters by transferring a 2-byte sequence; the firstbyte is
write-only and provides command and register address
information, while the second byte is the actual register
data thatis either read or written by the host. Databytes
to andfromthe DS1360are always transferred LSB first.
The serial port can be operated at any time even when
the DS1360 is in the power-down mode. As shown in

SERIAL PORT OPERATION' Figure 7

T-51-07-01
Figure 7, a serial port operation isinitiated by first taking
CS (Chip Select) high. The host then clocks in the com-
mand byte using a clock supplied to the CLK pin. Data
written to the D/Q pin is sampled on rising edges of CLK.
Thefirstthree bits indicate register address information,
the next three bits are device selection bits, and the last
two bits the type of operation {read or write). There are
siX registers available for host use.

The next eight clock cycles at CLK transfer data into or
outof a particular register within the DS1360. For a write
operation, the DS1360 samples data at D/Q on rising
clockedges; fora readoperation, data at D/Q is updated
onfalling clock edges. Note thatfora read operation, the
DS1360 will drive the D/Q line after the eighth falling
edge of CLK. Once the last bit has been transferred, the
CS line should be taken low to terminate the operation.

cs _ |

COMMAND BYTE
(write-only)

REGISTER BYTE
(read/write)

1. Command and register bytes are always read/written LSB first.

REGISTER ADDRESSES Table 3

REGISTER ADDRESS!

(A2,A1,A0)
CONTROL REGISTER 000
STATUS REGISTER 001
RECEIVE MONITOR GAIN 010
A/D DATA REGISTER o1
SPARE 1 100
SPARE 2 101

1. Address values 100 through 111 are used for factory test and should never be used.

2. Spares are read/write, temporary storage registers.
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40

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



DALLAS SEMICONDUCTOR CORP G52E D ®H 2614130 000bbE37 518 EEDAL

DS1360
REGISTER POWER-ON DEFAULT VALUES Table 4 T-51-07-01
REGISTER VALUE
CTR 0000 0100 (AUXI input disabled)
STR 1111 0000
RMR 1111 1111 (RXMON off)
ADR 0000 0000
SP1 QOOO 0000
SP2 0000 0000
COMMAND BYTE (WRITE-ONLY) Table 5
R/W R/W 1 0 0 A2 A1 A0
(MSB) (LSB)
SYMBOL POSITION ME AND DE
RW CB.7 Determines read or write operation
R/W CB.6 00 = write operation
11 = read operation
01,10 = undefined
1 CB.5 Device select bits
0 cB.4
0 CB.3
A2 CB.2 MSB of Register Address
Al CB.1
A0 CB.0 LSB of Device Address
CONTROL REGISTER (READ/WRITE) Table 6
0 TXODIS DLTDIS PD TXE AUXE RSTPK RSMP
(MSB) (LSB)
SYMBOL POSITION NAME AND DESCRIPTION
o CTR.7 Unused; must be zero for proper operation.
TXODIS CTR.6 Three-states TXO outputand disconnects TXO from the internal
hybrid.

0 = normal operation

1 = TXO high-impedance

DLTDIS CTR.5 Delta Detect Disable.
0 = Delta detector enabled
1 = Delta detector disabled
This bit is used to disable the operation of the delta detector cir-
cuit. The 8-bit A/D converter continues to operate in response
to sample requests via the RSMP bit.

PD CTR.4 Power Down controf.
0 = normal operation
1 = power down
When this bitis setio a 1, the DS 1360 enters a low-power mode.
All analog outputs (TXO, RXO, and RXMON) are disabled and
the internal processing clock is halted. Power down mode is ex-
ited by either: 1) the PD bit being cleared by software or a pow-
er-up on Vg or 2) a falling edge on the RGSNS pin.
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TXDIS CTR.3 Transmit input signal enable.
0 = TXi signal path enabled
1 = TXI signal path disabled

AUXDIS CTR.2 Auxiliary input signal enable.
0 = AUXI signal path enabled
1 = AUXI signal path disabled

RSTPK CTR.1 Reset fransmit signal limiter peak detector.
0 = normal operation
1 = peak detector in reset state
This bit must be cleared by the host to a 0 for proper operation
of the transmitlimiter function; otherwise, the transmit signal wilt
pass through unatienuated.

RSMP CTR.0 Resample signal present at VSENSE or DLTSET pin.
0 = normal operation
1 = take new sample (cleared internally)
The 8-bit sample is stored in the the ADR register which can be
read by the host. This bitis cleared intemally after ADR isloaded
with a new sample. RSMP resamples the VSENSE pin when
DLTDIS=1 and the DLTSET pin when DLTDIS=0.

STATUS REGISTER (READ ONLY) Table 7

1 1 1 1 TXSQU TXLVL DLDET RGDET
{MSB) (LSB)
SYMBOL POSITION
1 8TR.7 Unused.

1 STR.6 Unused.
1 STR.S Unused.
1 STR4 Unused.
TXSQuU STR3 Transmit output squeiched due to excessive signal power.

0 = TXO output active
1 = TXO output squeiched
This bit latches to a 1 whenever the transmit attenuator is at its
maximum loss. At this time, the transmit output (TXO) is
squelched until GSRST or RSTPK is toggled.

TXLVL 8STR.2 Transmit level adjustment.
0 = no level adjustment made
1 = level adjustment made
This bit latches to a 1 whenever the transmit peak detector has
forced the transmit signal limiter to increase its loss by a step.
A read of the Status register clears this bit.

DLDET STR.1 Delta detect at VSENSE pin.
0 = no delta change detected
1 = delta change detected
This bitlatches to a 1 whenever the voltage at VSENSE changes
by the a certain percentage (see "Delta Detector” section). A
read of the Status register clears this bit unless the condition still
exists.

RGDET STR.0 Ring detect.
0 = no ringing detected -
1 = ring burst detected
This bitlaiches to a 1 when a valid ring signal has been received
at RGSNS (also indicated by the RGDET pin going low). A read
of the Status register clears this bit until the next valid ring burst.
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RECEIVE MONITOR GAIN (READ/WRITE)' Table 8
1 1 1 1 G3 G2 G1 G0
(MSB) (LSB)
SYMBOL POSITION NAME AND DESCRIPTION
1 RMR.7 Unused.
1 RMR.6 Unused.
1 RMR.5 Unused.
1 RMR.4 Unused.
G3-GO RMR.3-0 Receive monitor output gain. These bits select the amount of

gain from the output of the internal hybrid to the RXMON output.
The mapping of these bits is shown below.

1. Unused bits RMR.7-RMR.4 will read back as 1’s; however, it is recommended that these bits always be written
as 0’s to maintain compatibility with future options.

RECEIVE MONITOR GAIN MAPPING Table 9

G3- GO GAIN/LOSS
0000 +9.0dB
0001 +6.0
0010 +3.0
0011 0.0
0100 - 3.0
0101 - 6.0
0110 - 9.0
o111 -12.0
1000 -15.0
1001 -18.0
1010 -21.0

1011-1111 OFF!

1. The OFF selection means that the RXMON output is forced to low-impedance mid-supply. Itis also recom-
mended that the 1111 selection be used for turning RXMON off since selections 1010-1110 may be used for
additional gain settings on future versions of the DS1360. All gains except OFF are + 1dB.
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground -1.0V to +7.0V )
Operating Temperature 0°C to 70°C T-51-07-01
Storage Temperature -55°C to +125°C

Soldering Temperature 260°C for 10 seconds

* This is a stress rating only and functional operation of the device at these or any other conditions above those
indicated in the operation sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS (0° C to +70° C)
PARAMETER SYM MIN TYP MAX UNITS | NOTES
Logic 1 ViH 2.0 Veet0.3 \
Logic 0 Vi 0.3 +0.8 \
Supply Vee 4.5 5.5 \ 3
CAPACITANCE (ta= +25° C)
PARAMETER SYM MIN TYP MAX UNITS | NOTES
Input Capacitance CiN 10 pF
Output Capacitance Cout 10 pF
DC ELECTRICAL CHARACTERISTICS (0° Cto +70° C; Voo = 5V £10%)
PARAMETER SYM MIN TYP MAX UNITS | NOTES
Active Supply Current lcca 5 mA 1
Power-Down Supply Current lccpp 1 5 uA 2
Input Leakage hix -1.0 +1.0 uA
Output Leakage lok -1.0 +1.0 uA
Output Current (@2.4V) loH -1.0 mA
Output Current (@0.4V) lot +4.0 mA
NOTES:

1. Analog outputs unloaded.
2. PD bit= 1 (CTR.4).
3. Decoupie with 10uF and 0.1uF capacitors.
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TRANSMIT ANALOG CHARACTERISTICS (0° C to -70° C; Vg = +5V + 10%)
PARAMETER MIN TYP MAX UNITS NOTES
Input AC Impedance (AUXI, TXI) 80 Kohms 1
Input Level Before TXO Squeiched +2.00 Vpk 2
(GSRST=0)
Input Level Before Clipping +295 Vpk 2
(GSRST=1)
TXO Billing Delay 241 2.25 sec 3
TXO Output Level 0.475 0.540 Vms
Transmit Attenuator Range (Before 10 dB
TXO squelched) :
TXO Harmonic Distortion 55 dB 4
TXO Output Offset Voltage +50 mV
Output AC Impedance (TXO) 25 Ohms 1
NOTES:
1. Viest = sine wave, 0.25 Vrms, @ 1 KHz.
2. Viest = sine wave @ 1 KHz. Squelched refers to TXO being disabled.
3. Measured from falling edge of OHIN. Ring must have been detected in previous 8 seconds.
4. TXO load = 600 ohms. TXI or AUXI = sine wave, 0.25 Vrms, 1 KHz.
RECEIVE ANALOG CHARACTERISTICS (0° Cto 70° C; Vg = +5V +10%)
PARAMETER MIN TYP MAX UNITS NOTES
Input AC Impedance (RXI) 110 Kohms 1
Input Level Before Clipping (RX{) +20 Vpk 2
Output Offset Voltage (RXO, RXMON) +50 mV
Ring Detect Delay 100 mS 3
NOTES:

1. Viest = sine wave, 0.707 Vrms, @ 1 KHz.
2. Clipping observed at RXO.
3. RGSNS = 20 Hz square wave.
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A/D CONVERTER CHARACTERISTICS (0° Cto 70° C; Vo = +5V £10%)
PARAMETER MIN TYP MAX UNITS NOTES
Input AC Impedance (DLTSET, 500 Kohms
VSENSE)
Input Voltage Range (DLTSET, 0.0 Vee v
VSENSE)
Total Conversion Error +5 +1 LSB
Conversion Time 80 usec
SERIAL PORT TIMING CHARACTERISTICS (0° C to +70° C; Voo = S5V * 10%)
PARAMETER SYM MIN TYP MAX UNITS | NOTES
D/Q to CLK Setup toc 35 ns 1
CLK to D/Q Hold tcoH 40 ns 1
CLK Low Time oL 125 ns 1
CLK High Time teH 125 ns 1
CLK Rise and Fall Times tr, tr 100 ns 1
CS 1o CLK Setup tcc 250 ns 1
CLK to CS Hold tocH 40 ns 1
CS Inactive Time town 250 ns 1
CLK to D/Q Delay tcop 75 ns 1
CS to D/Q High Z tcoz
NOTES:
1. Measured at Vi = 2.0V, V|_ = 0.8V, and 10ns maximum rise and fall times.
060891
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SERIAL PORT TIMING — WRITE REGISTER OPERATION Figure 9
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SERIAL PORT TIMING -- READ REGISTER OPERATION Figure 10
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DS1360 PHANTOM DAA CHIP
20-PIN DIP T-51-07-01
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AT 2 .010 TNA
DIM INCHES
MIN MAX

A 0.960 1.040
B 0.240 0.260
C 0.120 0.140
D 0.290 0.310
E 0.015 0.040
F 0.110 0.130
G 0.080 0.110
H 0.320 0.370
J 0.008 0.012
K 0.015 0.021
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DS1360S PHANTOM DAA CHIP BEDAL
20-PIN SOIC
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DIM INCHES
MIN MAX

A 0.500 0.511
B 0.280 0.300
9] 0.089 0.095
D 0.325 0.330
E 0.008 ~|0.012
F 0.097 0.105
G 0.046 0.054
H 0.400 0.410
J 0.006 0.011
K 0.013 0.019
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