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Features
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Paging systems
Repeater systems/mobile radio
Interconnect dialers
PABX systems

Computer systems

Advanced CMOS technology for low power oonsumptlon
and increased noise immunity

Complete DTMF Transmitter/Receiver within a single chip’
Standard 8051 ,8086/8 microprocessor port,
Central office quahty and perforrnance
Adjustable Guard Time
Automatic Tone Burst mode
Call Progress mode
Single + 5 volt power supply

20-pin DIP or 28-pin PLCC package

2MHz microprocessor port operation

pplications

General Description

The CMD (8888 s a fully mtegrated DTMF Transceiver, fea-
turing Adjustable Guard Time, Automatic Tone Burst mode,
Call Progress mode and a fully compatlble 4551 ,85856/0 micro-
processor interface. The G8888 is manufactured using state-
of-the-art Advanced CMOS technology for low power con-

‘sumption and precise data handling. The GB8883 is based on

the industry standard G8870 DTMF Receiver, while the trans-
mitter utilizes a switched-capacitor D/A converter for low dis-
tortion, highly accurate DTMF signalling. internal counters pro-
vide an Automatic Tone Burst mode which allows tone bursts
to be transmitted with precise timing. A Call Progress filter can

" be selected by an external microprocessor for analyzmg Call

Progress tones.
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Functional Description

The G8888 Integrated DTMF Transceiver provides the design
engineer with not only low power consumption, but Central
Office quality performance within a single 20-pin DIP package.
The G8888's interna!l architecture consists of a high perfor-
mance DTMF receiver with an intenal Gain Setling Amplifier
and DTMF Generator. The DTMF Generator contains a Tone
Burst Counter for generating precise lone bursts and pauses.
The Call Progress mode, when selected, allows the detection
of call progress tones. A standard 80s1,8086/8 series micrapro- .

cessor interface allows access to an internal Status Register, -

two Control ‘Registers and two Data Registers within the
6888 80 -

Input Configuration

The G8880 input arrangemént consists of a differential ihput .

operational amplifier and bias source (VReF) for biasing the
amplifier inputs at Voo/2. Provisions are made for the connec-
tion of a feedback resistor to the Op Amp output (GS) for gain

adjustment. In the single-ended configuration, the input pins -

should be connected as shown in Figure 1, while Figure 2
shows the necessary connections for a differential input
configuration.
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Figure 1. Single-Ended Input Configuration
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C1 = C2 = 10nF

R1 = R4 = R5 = 100KN

R2 = 60K, R3 = 37.5KN

R3 = (R2RA5)/(R2 + RS}
VOLTAGE GAIN
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INPUT IMPEDANCE

(2~ ditl) = 2VVRI1Z + (1/u)2

Figure 2. Differential Input Configuration

Receiver Section
Separation of the low and high-group tones is achieved by
applying the DTMF signal to the inputs of two sixth-order

‘switched capacitor bandpass fillers, the bandwidths of which

correspond to the low and high-group frequencies as shown
in Figure 5. The low-group filter incorporates notches at 350

. Hz and 440 Hz for excellent dial-tone rejection. Each filter

output is followed by a single-order switched capacitor filter
section which smoothes the signals prior to limiting. Limiting
is performed by high-gain comparators with hysteresis to pre-
vent detection of unwanted low-level signals. The outputs ol
the comparators provide full-rail logic swings at the incoming
DTMF signals frequencies.

Following the filter section is a decoder which employs digital
counting techniques to determine the frequencies of the incom-
ing tones, and to verify that the incoming tones correspond 1o
standard DTMF frequencies. A complex averaging algorithm
protects agains! tone simulation by extraneous signals (e.g.
voice), while still providing tolerance to small deviations in {re-
quency. The averaging algorithm was developed to ensure an
optimum combination of immunity to talk-oH, as well as a tol-
erance 1o the presence of interfering frequencies {3rd tones)
and noise. When the detector recognizes the presence of two
valid tones (sometimes referred to as “signal condition” in
industry publications), the “Early Steering” (ESt) output wili go
{o an active slate. Any subsequent loss of signal condition will
cause ESt to assume an inactive state.

Steering Circuit

Belore registration of a decoded tone pair, the receiver checks
{or a valid signal duration (referred to as Character Recognition
Condition). This check is performed by an external RC time
constant driven by ESt. A logic high on ESt causes Vc (See
Figure 3) to rise as the capacilor discharges. Provided that the
signal condition is maintained (ESt remains high) for the val-
idation period (1cTp), Vc reaches the threshold {V1s) of the
steering logic 1o register the tone pair, latching its correspond-
ing 4-bit code (See Figure 5) into the Receive Data Register.
At this point the GT output is activated and drives Vc to Voo.
GT continues to drive high as long as ESt remains high. Finally,
alter a short delay to allow the output lalch to settle, the
Delayed Steering output flag goes high, signaliing that a
received tone pair has been registered. lt is possible to monitor
the status of the Delayed Steering flag by checking the appro-
priate bit in the Status Register. If Interrupt Mode has been
selected, the IRQ/CP pin will pull low when the Delayed Steer-
ing flag is active.

VYoo
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Voo
SIGT \{-
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G8sso tGTA = (R1C1) In (Voo-Visi)

tGTP = (R1C1) In [Voo/(Voo — Visi)]

Figure 3. Basic Steering Circuit



The contents of the output latch are updated on an active
Delayed Steering transition. This data is presented to the 4-
bit bi-directional data bus when the Receive Data Register is
read. The steering circuit works in reverse to validate the inter-
digit pause between signals. Thus, as well as rejecling signals
100 short to be considered valid, the receiver will tolerate signal
interruptions (drop out) too short to be considered a valid
pause. This facility, together with the capability of selecting the
steering time constants externally, allows the designer to tailor
perormance 1o meel a wide variety of system requirements.

Guard Time Adjustment

The simple steering circuit shown in Figure 3 is adequate for
most applications. Component values are chosen according
1o the formula:

trec = top + tGTP
tio = toa + {GTA

The value of tor is a device parameter and tRec is the minimum
signal duration to be recognized by the receiver. A value for
C of 0.1 uF is recommended for most applications, leaving R
1o be selected by the designer. Different steering arrangements
may be used to select independently the guard times for tone
present (1GTpP) and tone absent {IgTA). This may be necessary
to meet system specifications which place both accept and
reject limits on both tone duration and interdigital pause. Guard
Time adjustment also allows the designer to tailor system
parameters such as talk-off and noise immunity. Increasing
trRec improves talk-off pedormance since it reduces the prob-
ability that tones simulated by speech will maintain signal con-
dition long enough 1o be registered. Alternalively, a relatively
short tRec with a long too would be appropriate for extremely
noisy environments where fast acquisition time and immunity
to tone drop-ouls are required. Design information for Guard
Time adjustment is shown in Figure 4.
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Figure 4. Guard Time Adjustment

FLow FHiGH DIGIT | D3 | D2 | D1 | DO
697 1209 1 0 0 0 1
697 1336 2 0 0 1 0
697 1477 3 0 0 1 1
770 1209 4 0 1 0 0
770 1336 5 o] 1 (o] 1
770 1477 6 0 1 1 0
852 1209 7 0 1 1 1
852 1336 8 1 0 0 0
852 1477 9 1 0 0 1
941 1336 0 1 0 1 0
941 1209 . 1 0 1 1
941 1477 # 1 1 0 0
697 1633 A 1 1 0 1
770 1633 B 1 1 1 0
852 1633 (o} 1 1 1 1
941 1633 D. 0 0 0 0

0 = LOGIC LOW, 1 = LOGIC HIGH

Figure 5. Functional Encode/Decode Table

Call Progress Filter

A Call Progress (CP) Mode can be selected allowing the detec-
tion of various tones which idenlify the progress of a telephone
call on the network. The Call Progress tone input and DTMF
input are common, however, call progress tones can only be
detected when the CP Mode has been selected. DTMF signals
cannot be detected if the CP Mode has been selected (see
Table 5). Figure 6 indicates the useful detect bandwidth of the
Call Progress filler. Frequencies presented {o the input (IN+

. and IN -} which are within the ‘accept’ bandwidth limits of the

filter are hard-limited by a high-gain comparator with the IRQ/
CP pin serving as the output. The square wave output obtained
from the schmitt trigger can be analyzed by a microprocessor
or counter arrangement o determine the nature of the Call
Progress tone being detected. Frequencies which are in the
‘reject’” area will not be detected, and consequently there will
be no activity on IRQ/CP as a result of these frequencies.
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Figure 6. Call Progress Response
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DTMF Generator

The DTMF transmitter employed in the GB8Bes 8is capable of
generating all sixteen standard DTMF tone pairs with low dis-
tortion and high accuracy. All frequencies are derived from an
exiernal 3.58 MHz crystal. The sinusoidal waveforms for the

individual tones are digitally synthesized using row and column

programmable dividers and switched capacitor D/A converters.
The row and colunn tones are mixed and fillered providing a
DTMF signal with low total harmonic distortion and high accu-
racy. To spécify a DTMF signal, data conforming to the encod-
ing format shown in Figure 5 must be written 1o the Transmit
Data Register. Note that this is the same as the receiver output
code. The individual tones which are generated (fLow and {HIGH)

* are referred to as low-group and high-group tones. As seen

from Table 1, the Low-Group frequencies are 697, 770, 852
and 941 Hz; the High-Group frequencies are 1209, 1336, 1477
and 1633 Hz. Typically the High-Group to Low-Group ampli-
tude ratio (twist) is 2dB to compensate for High-Group atten-
uation on long loops.

DTMF Generator Operation

The period of each lone consists of 32 equal lime segments.
The period of a tone is controlied by varying the length of these
time segments. During write operations to the Transmit Data
Register, 4-bit data on the bus is latched and converted 1o 2
of 8 coding for use by the programmable divider circuitry. This

code is used o specify.a time segment {ength which will ulti-

mately determine the frequency of the tone. When the divider
reaches the appropriate count as determined by the input code,
a resel pulse is issued and the counter starts again. The num-
ber of time segments is fixed at 32; however, by varying the
segment length as described above, the frequency can also
be varied. The divider output clocks another counter which
addresses the sinewave lookup ROM. The lookup table con-
tains codes which are used by the switched capacitor D/A
converter to obtain discrete and highly accurate DC vollage
levels. Two identical circuits are employed to produce row and
column tones which are then mixed using a low noise summing
amplifier. The oscillator described needs no “start-up” time as
in other DTMF generators since the crystal oscillator is running
continuously, thus providing a high degree of tone burst accu-
racy. Under conditions when there is no tone output signal, the
TONE pin assumes a DC level of 2.5 volls (typ). A bandwidth
limiting filter is incorporated and serves 10 atlenuale distortion
products above 4 KHz. It can be seen from Figure 7 that the
distortion products are very low in amplitude.

Table 1. Actual Frequericies Versus Standard
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Figure 7. Spectrum Plot

Requirements
ACTIVE OUTPUT FREQUENCY (Hz)

INPUT SPECIFIED ACTUAL *% ERROR
U 697 699.1 +0.30
L2 770 766.2 ~0.49
L3 852 847.4 -0.54
LA 941 948.0 +0.74
H1 1209 1215.9 +0.57
H2 1336 1331.7 -0.32
H3 1447 1471.9 -0.35
H4 1633 1645.0 +0.73

Burst Mode

In certain telephony applications it is required that DTMF sig-
nals being generated be of a specific duration determined
either by the particular application or by any one of the
exchange transmitter specifications currently existing. Stan-
dard DTMF signal timing can be accomplished by making use
of the Burst Mode, The transmitter is capable of issuing sym-
melric bursts/pauses of predetermined duration. This burst/
pause duration is 51 mS = 1 mS which is a standard interval
for autodialer and central office applications. After the bursV
pause has been issued, the appropriate bit is set in the Status
Register, indicating that the transmitter is ready for more data.

VI + Vi + Vi +

Viundementsl

THO{%) = 100

Equation 1. THD(%) For a Single Tone

VVEL F VIS + VoL + Vim + Vi + Vinn + Vimp

THO(%) = 100 VVIL+ Vi

Equation 2. THD(%) For a Dual Tone

The timing described above is available when the DTMF Mode
has been selected. However, when CP Mode (Call Progress
Mode) is selected, a secondary burstpause time is available
such that this interval is extended to 102 mS = 2 mS. The
exiended interval is useful when precise tone bursts of longe!
than 51 mS duration and 51 mS pause are desired. Note tha
when CP Mode and Burst Mode have been selected, DTMF
fones may be transmitted only and not received. In certair
applications where a non-standard bursVpause time is desir
able, a software timing loop or external timer can be used U
provide the timing pulses when the Burst Mode is disabled b
enabling and disabling the transmitter.

The 8888 is inilialized on power-up sequence such th:
DTMF Mode and Burst Mode are selected.

Single Tone Generation

A Single Tone Mode is available whereby individual tones troi
the low-group or high-group can be generated. This mode cz
be used for DTMF test equipment applications, acknowledg:
menl tone generation and distortion measurements. Refer
Control Register B description for details.

Ll



Distortion Calculations

The G8888 is capable of producing precise tone bursts with
minimal error in frequency (See Table 1). The internal surmming
amplifier is followed by a first-order low-pass switched-capac-
Hor filter to minimize harmonic components and intermodula-
tion products. The total harmonic distortion for a single tone
can be calculated using Equation 1 which is the ratio of the
total power of all the extranéous frequencies to the power of
the fundamental frequency expressed as a percentage. The
Fourier.components of the tone output correspond 10 Vai.... V!
as measured on the odutput waveform. The total harmonic dis-
tortion for a dual tone can be calculated using Equation 2. VL
and VH correspond 1o the low-group amplitude and high-group
amplitude, respectively, and Vaimp is the sum of all the inter-
modulation components. The internal switched-capacitor filter
following the D/A converier keeps distortion products down 1o
a very low level as shown in Figure 7.

DTMF Clock Circuit

The internal clock circuit is completed with the addition of a
standard television color burst crystal having a resonant fre-
quency of 3.579545 MHz. A number of GB888 devices can be
connecled as shown in Figure 8 such that only one crystal is
required.

Table 2. Internal Register Functions

RSO RD | WR Function
0 1o Write to Transmitter
0 0 | 1 Read from Receiver
1 11}10 Write 1o Control Register
1 0 1 Read from Stalus Register
Table 3. CRA Bit Positions
b3 b2 b1 bo
RSEL IRQ cp DTMF TOUT
Table 4. CRB Bit Positions
b3 b2 b1 b0
CR SD TEST BURST

Figure 8. Common Crystal Connection
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Microprocessor interface

The GB8888 employs a microprocessor interface which allows
precise conlrol of transmitler and receiver functions. There are
five internal registers associated with the microprocessor inter-
face which can be subdivided into three categories, ie: data
transfer, transceiver control and transceiver status.

There are two registers associaled with data transfer opera-
tions. The Receive Data Register contains the output code of
the last valid DTMF tone pair to be decoded and is a read-
only register. The data entered in the Transmil Data Register

Table 5. Control Register A Description

Description

A logic ‘1" enables the Tone Output. This function can be implemented in either the
Burst Mode or Non-Burst Mode.

in DTMF Mode (logic “0), the device is capable of generating and receiving Dual
Tone Multi-Frequency signals. When the CP (Call Progress) mode is selected {logic
‘1'), a 6th-order bandpass filter is enabled to allow Call Progress tones to be detected.
Cali Progress tones which are within the specified bandwidth will be presented at
the TRQ/CP pin in rectangular wave formal if the IRQ bit has been enabled (b2 =
1). Also, when the CP mode and Burst Mode have both been selected, the transmitter
will issue DTMF signals with a burst and pause of 102 mS (typ) duralion. This signal
duration is twice thal obtained from the DTMF transmitter, if DTMF Mode had been
selected. Note that DTMF signals cannot be decoded when the CP mode of operation
has been selected.

A logic *1" enables the Interrupt Mode. When this mode is active and the DTMF Mode
has been selected (b1 = 0), the IRQ’CP pin will pull {o a logic "0 condilion when
either 1) a valid DTMF signal has been received and has been present for the guard
time duration or 2) the transmitier is ready for more data (Burst Mode only).

A logic *1" selects Control Register B on the next write cycle 1o the Control Register
address. Subsequent write cycles to the Control Register are directed back to Control

Bit Name Function
b0 TOUT Tone Output
b1 CP/DTMF Mode Control
b2 IRQ Interrupt Enable
b3 RSEL Register Select
Register A.

5




will determine which tone pair is to be generated (See Figure
5 for coding details). Data can only be written to the Transmit
Data Register. Transceiver control is accomplished with two
Control Registers (CRA and CRB) which occupy the same
address space. A write operation to CRB can be executed by.
setling the appropriate bit in CRA. The following write operation
to the same address will then be directed to CRB and sub-
sequent wrile cycles will then be directed back to CRA. Internal
rese! circuitry wil! clear the contro! registers on power-up; how-

ever, as a precautionary measure the initialization software
should include a routine to clear the registers. Refer 1o Table
5 and Table 6 for details concerning the Control Registers. The
IRQ/CP pin can be programmed such that it will provide an
interrupl request signal upon validation of DTMF signals, or
when the transmitter is ready for more data (Burst mode only).
The TRQ/CP pin is conligured as an open-drain output device
and as such requires a pull-up resistor (See Figure 9).

L=]

Table 6. Control Register B Description

Bit Name Function Description
bo BURST Burst Mode A logic 0" enables the Burst Mode. When this mode is selected, data corresponding
to the desired DTMF tone pair can be written to the Transmit Data Register, resulling
in a tone burst of a specific duration {See AC Characleristics). Subsequently, a pause
of the same duration is induced. immediately following the pause, the Stalus Register
is updaled indicating that the Transmit Data Register is ready for further instructions,
and an interrupl will be generated if the Interrupt Mode has been enabled. Additionally,
it Call Progress (CP) Mode has been enabled, the burst and pause duration is
increased by a factor of two. When the Burst Mode is not selected (logic “1') tone
bursts of any desired duration may be generated.
b1 TEST Test Mode By enabling the Test Mode (fogic 1°) the TRQ/CP pin will present the delayed steering
’ (inverted) signal from the DTMF receiver. Reler to General Transceiver Timing (b3
wavelorm) for details concerning the output wavelorm. DTMF Mode must be selected
(CRA b1 = D) before Test Mode can be implemented.
b2 sD Single/Dual Tone A logic ‘0" will allow Dual Tone Mufti-Frequency signals to be produced. If single-
Generation fone generation is enabled (logic *1°), either row or column tones (low-group or high-
group) can be generaled depending on the slate of b3 in Control Register B.
b3 CR Column/Row Tones When used in conjunction with b2 (above) the transmitier can be made 1o generate
single-row or single-column frequencies. A logic "0’ will select row {requencies and
a logic 1" will select column frequercies.
Voo
G8aso T c
- 3
¢! R —{] N+ voo [} 1 {|
INPUT O \ 'l IN-
11 VW ] IN S1GT = c2 fa HL
[——'\/\N——{: Gs ESt
R2 —{] Vaer DI[}— -
] vss D2[}— .
X1
. DI—-E 0sct o1[3} —
DTMF [
- {1ToNe  iRGCP > ) JOuP
—_ — : BUS
— WR RD —p
Ru == = .
I——(j cs RSO 8, -
Notes: o
R1,R2 = 100K 1% /77 >
R3 = 374K(}l 1%
R4 = 3K} 10% i
RL = 10K(} (min) “Microprocessor based systems can inject undesirable noise into the
C1 = 100 nF 5% §upply rails. The performance of the G888 can be oplimized by keep-
C2 = 100 nF 5% ing noise on the supply rails to a minimum. The decoupling capacitor
C3 = 100 nF 10%" (C3) shpuld be connected close o the device and ground loops should
X1 = 3.579545 MHz be avoided.

Figure 9. Application Circuit (Single Ended Input)




Table 7. Status Register Description

Bit Name Status Fiag Set Status Flag Cleared
b0 IRQ interrupt has occurred. Bit one (b1) and/or bit Interrupt is inactive. Cleared after Status
two (b2) is sel. Register is read.
b1 Transmit Data Register Empty | Pause duration has terminated and transmitter | Cleared after Status Register is read or when in
(Burst Mode Only) is ready for new data. g Non-Burst Mode.
b2 Receive Data Register Full Valid data is in the Receive Data Register. Cleared after Status Register is read.
b3 “Delayed Steering Set upon the valid detection of the absence of | Cleared upon the detection of a valid DTMF

a DTMF signal. -

signal.




Absolute Maximum Ratings (Note 1)

Ratings Symbol Value
Supply Voltage (Voo—-Vss) Voo + 6.0V Max
_Voltage on any Pin Vvdc -0.3V o Voo + 0.3V
Current on any Pin too 10 mA Max
Operating Temperature Ta ~40°C to +85°C
Storage Temperature Ts —-65°C to +150°C

<

This device contains input protection against damage due o
static voltages or electric fields; however, precautions should
be taken to avoid application of voltages higher than the max-
imum rating.

Notes:
1. Exceeding these ratings may cause permanent damage.
Functional operation under these conditions is not implied.

DC Characteristics All voltages referenced to Vss unless otherwise noted. Voo = 5.0V, Vss = 0V, fc = 3.579545 MHz,

- Ta = 25°C
Parameter symbol Min Typ* Max Units
Operating Supply Voltage Voo 475 5.0 5.25 A
Operating Supply Current ioo —_— —_— 10 mA
Power Consumption Po — — 52.5 mw
Inputs
High Level input Vottage Vino
0sC1 3.5 — —_ Y
Low Level Input Voltage vio
OSCH — — 1.5 \Y
Input Impedance (@ 1 KHz) RN
IN+, IN~ _— 10 —_ MO
Steering Threshold Voltage Vvrst 22 -_ 25 A
Outputs
High Level Output Voltage (No Load) VoHo
0sCc2 4.9 -— — A
Low Level Output Voltage (No Load) VoLo
0SsC2 —_ —_ 0.1 v
Output Leakage Current (Vor = 2.4V) loz
IRQ —_— 1.0 10.0 pA
VRer Output Voltage (No Load) VREF 2.4 —_ 2.7 \Y
Vrer Output Resistance RoR — —_ 1 KN
Data Bus (D0-D3, RD,WR, RSO, CS)
Low Level Input Voltage ViL —_ —_ 0.8 v
High Level input Vollage ViH 20 — _ Vv
Low Level Output Voltage (loL = 1.6 mA) Vo — — 0.4 v
High Level Output Voltage (lon = 400 pA) Vou 2.4 — — \
Input Leakage Current (Vin = 0.4 10 2.4V) Iz —_ —_ 10.0 uA
Electrical Characteristics — Galn Setting Amplifier: All voliages referenced to Vss unless otherwise noted.
Voo = 5.0V, Vss = OV, Ta = 25°C
Parameter Symbol Min Typ* Max Units
Input Leakage Current (Vss < VIN < VD) IN -_— 100 -— nA
Input Resistance RIN — 10 —_ MO
Input Offset Voltage Vos — 25 — mv
Power Supply Rejection {1 KHz) PSRR — 60 —_ dB8
Common Mode Rejection (—3.0V < ViN < 3.0V) CMRR —_ 60 —_ dB8
DC Open-Loop Voltage Gain AvoL — 65 —_ dB
Unity Gain Bandwidth BW —_ 1.5 —_ MHz
Output Voltage Swing (RL = 100 K1l to Vss) Vo — 4.5 — Vep




Electrical Characteristics — Gain Setting Amplifier (continued)

Parsmetsr Symbol Min Typ* Max Units
Maximum Capacitive Load CL
Gls : — 100 — pF
Maximum Resistive Load Ru
. GS — 50 — KN
Crmmon Mode Range (No Load) Vo —_ 30 — vep

AC Characteristics: All Voltages referenced o Vss unless otherwise noted. Vo -

P

Recelve Signal Conditions - =~ "=~

5.0V, Vss = OV, fC = 3.579545 MHz

Valid Input Signal Levels 68888 . -29 - +1 dBm
(Each Tone of Compostte Signal; Notes 1, 2, 3,5, 6, 9) 215 — 369 mVAMS
Valid Input Signal Levels G8888-1 , -31 - +1 dBm
(Each Tone of Composite Signal; Notes 1,2, 3, 5. 6, 9) 21.8 — 369 mVAuS
i 888-1 =37 — —_ dBm
ln'p.ut Signal Level joect Gs Notes 12,3, 5. 6. 9) : 10.9 — — MVRAMS
Positive Twist Accept (Notes 2, 3, 6, 9) — ——— 6 dB
Negative Twist Accept (Notes 2, 3, 6, 9) - — 6 d8
Freq. Devialion Accept (Notes 2, 3, 5, 9) +1.5% =2 Hz — —_ Nom.
Freq. Deviation Reject (Notes 2, 3, 5) =3.5% — - Nom.
Third Tone Tolerance (Notes 2, 3, 4, 5, 9, 10) — -16 . — dB
Noise Tolerance (Notes 2, 3, 4, 5,7, 9, 10) — -12 — dB
Dial Tone Tolerance (Notes 2, 3, 4, 5, 8,9, 11) —_ +22 — dB
Call Progress
Lower Frequency (@ —25 dBm) fa
ACCEPT —_ 320 — Hz
Upper Frequency (@ —25 dBm) fHA
ACCEPT - 510 —_ Hz
Lower Frequency (@ —25 dBm) fLA
REJECT - 290 — Hz
Upper Frequency (@ —25 dBm) MR
REJECT . — 540 - Hz
Recelve Timing
Tone Present Detect Time tor 5 11 14 mS
Tone Absent Detect Time toa 0.5 4 8.5 mS
Tone Duration Accept (Rel. Fig. 9) tREC — _ 40 mS
Tone Duration Reject (Rel. Fig. 9) {REC 20 —_ —_ mS
Interdigit Pause Accept (Ref. Fig. 9) tip — — 40 mS
Interdigit Pause Reject (Rel. Fig. 8) too 20 — — mS
Delay St to b3 - tPsbd — 13 —_ uS
Delay St to RXo—RX3 tPSIRX _ 8 _— uS
Transmit Timing
Tone Burs! Duration (DTMF Mode) tBST 50 — 52 mS
Tone Pause Duration (DTMF Mode) tps 50 — 52 mS
Tone Burst Duration (Extended, Call Process Mode) tBSTE 100 —_ 104 mS
Tone Pause Duration (Extended, Call Process Mode) tPSE 100 — 104 mS
Tone Output
High Group Output Leve! (RL = 10 K) VHouT -6.1 —_ ~-2.1 dBm
Low Group Output Level (AL = 10 K1) Viout -8.1 — -4.1 dBm
Pre-emphasis (RL = 10 K(1) dBe 0 2 3 dB
Output Distortion (RL = 10 K(}, 3.4 KHz Bandwidih) THD — -25 —_ dB
Frequency Deviation (I = 3.5795 MHz) fo — =0.7 =15 %
Output Load Resistance Rur 10 - 50 KN




General Transcelver Timing
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Reglster
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EXPLANATION OF EVENTS
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Tone bursts detected, tone duration invalid, RX data regisier not
updated.

Tone #n detected, tone duration valid, tone decoded and latched
in RX data register.

End of tone #n detected, tone absent duration valid, information
in RX data register retained uniil next valid tone pair.

Tone #n + 1 detecied, tons duration valid, tone decoded and
latched in RX dala register.

Acceptable dropout of tone #n + 1, tone absent duration invalid,
data remains unchanged.

End of tone #n + 1 detected, tone absent duration valid,
information in RX dala register retained until next valid tone pair.

EXPLANATION OF SYMBOLS ~

Vn
ESt

DTMF composite input signal.
Early steering output. Indicales detection of vahd tone
frequencies.

|

=l

N
|
L]

SVGT

RXo~RX3

X ]

b2

RacP

tRec
tmec
o
too
top
toa
Gre
tata

L]

Steering input/guard time output. Drives external RC timing
circuit.

4-bit decoded data in receive data register.

Delayed sieering. Indicates that valid frequencies have been
presentabsent for the required guard time thus constituting a
valid signal. Active low for the duration of a valid DTMF signa
Indicates that valid data is in the receive data register. The bit
cleared afier the status register is read.

Interrupt is active indicaling that new data is in the RX data
register. The interrupt is cleared afer the status register is res

‘Maximum DTMF signal duration not detecied as vald.

Minimum DTMF signal duration required for vatid recognition.
Minimum time batween valid sequential DTMF signals.
Maximum allowable dropout during valid DTMF signal.

Time 10 delect valid frequencies present,

Time to delect valid frequencies absent.

Guard time, tone present.

Guard time, tone absent.

Test load for DO-D3J pins

50V
MMDS150 (or 24Kn
equivalent)
TEST POINT O _I_ +—Fe
130 pF 24xn
MMDT000 (or
equivalent)

Test load for IRQ/CP pin

TEST POINT O

50V

K -

‘L1OOpF

Q@



—ﬁicroprocessor Interface

]
1
i
i

| ! | ! 1 ]
| Parameter | Symbol & Min | Typ* | Max | Units |
i |emer e e = o m———— o e fommm—— pm—————— §
| RD, WR Low Pulse Width I TCL | 200 | - 1 -1 nS |
| mmmmmm e m e o m———— om——— m————— o ——— G ——— !
| RD, WR High Pulse Width | TCH 1 180 | - -1 nS |
|=mmmmmm e o ———— o ——— m————— t————— $mm————— |
| RD, WR Rise and Fall ! TR, TF 1 - | - 1 251 nS |
|mmmm e m e e = e ———— ————— o ——— 4 m————— o ———— 1
| Address Hold | TAH i 101 - 1 - 1 nS |
| rommmm e e ———— - o —m———— e o ———— m———— tomm———— |
| Address Setup I TAS 1 23 | - 1 -1 nS I
| e ——m e —m e s = o m————— R e 4mme e - o ——— |
c | Read Data Hold I TDHR 1| 22 1 - | ~ 1 nS 1
|ommm e e e ——— - o ——— R e ————— ————— fmm—————— i
| RD to Valid Data Delay | TDDR | - 1 -~ } 150 1 nS I
I (200pF Load) | I I ! | |
[emmwemr e e e m = A ——————— m———— o mm——— b m—— o ———— |
| Write Data Setup I TDSW 1 A5 | - 1 - 1 nS |
BTt ' m ot e e e om m m m om o ———— tm———— o ———— Form——— P —— |
| Write Data Hold | TDHW 1 10 1| - | -1 nS‘ |
1 Parameter Symbo1l Min Typ* Max Units
‘ input Capacitance Cw
i DO-D3 —_ 5. —_— pF
| Output Capacitance Cout
1 TROCP - 5 — pF
DTMF Clock
I Crystal Clock Frea. fc 3.5759 3.5795 35831 | MHz
i Clock Input Rise Time (Extemal CIk) tLHeL - —_— 110 nS
| Clock Input Fall Time (External Clk) tHLCL —_ — 110 nS
: Clock Input Duty Cycle (External Clk) DCct 40 50 60 %
, Capacitive Load Cuo
i 0SC2 — —_ 30 pF
*Typical values are for use as design aids only, and are not guaranteed or subject to production testing.
Notes:
1. dBm = decibels above or below a relerence power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all 16 DTMF tones.
3. Tone duration = 40 mS. Tone pause = 40 mS.
4., Nominal DTMF frequencies are used. 8. The precise dial tone frequencies are 350 and 440 Hz (= 2%).
5. Both tones in the composile signal have an equal amplitude. 9. For an error rate of less than 1 in 10,000.
6. The tone pair is devialed by = 1.5% = 2 Hz. 10. Referenced to the lowest amplitude tone in the DTMF signal.
7. Bandwidth limited (3 KHz) Gaussian noise.

11. Referenced to the minimum valid accept level.

Microprocessor Read Cycle

TCL

Microprocessor Write Cycle

IcL

H|

|

TAS e
v ‘_>“{
Ti.nso )

: TOoSW —{~ ~ TDHW
pATABUS L

I
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Pin Function Table

Name Description Name | Description

IN+ Non-inverting op-amp input. s
IN- inverling op-amp input. TRO/CP | interrupt request to microprocessor (open-drain output).
GS Gain Select. Gives access 10 output of front end Also, when Call Progress (CP) Mode has been selecled

ditterential amplifier for connection of feedback resistor. and Interrupt enabled the TRG/CP pin will oulput &
— rectangular wave signal representative of the input

Vrer | Reference voliage output. NW'}‘“’Y Voor2 is used to signal applied at the input op-amp. The input signal
bias inputs at mid-rail (see application circuit). must be within the bandwidth limits of the Call Progress

Vss | Negative power supply input. ' filter. See Figure 6.

0SC1 | DTMF clockoscillator input. DO-D3 | Microprocessor data bus. TTL compatible.
0SC2 | Clock output. A 3.5795 MHz crystal connected between ESt | Eary Steering output. Presents a logic high once the
0OSC1 and OSC2 completes the internal oscillator digital algorithm has detected a valid tone pair {signal
circuit. . condition). Any momentary loss of signa! condition will
cause ESt to retum to a logic low.
TONE | Dual Tone Muti-Frequency (DTMF) ovtput. - slogolow,

g : — SIGT | Steering inpuvGuard Time output {bidirectional). A
Write input. A low on this pin when CS : voltage greater than Vst detected at St causes the.
,L’;clg:rzzzglg: data t;;;:{f&:mm the device 1o register the detected lone pair and update the

s . output fatch. A voltage less than VTs: frees the device

TS | chip Select. TTL input (TS = 0 1o select the chip). 10 accept & new tone pair. The GT output acts to resel

RSO | Register select input. See register decode table. TTL the e'xlernal steering time-constant; its state is a
compatible. function of ESt and the voltage on St.

RD |Read tnput. A low on this pin when €S . Voo | Positive power supply input.

{s low enables data transfer to the
microprocessor. TTL compatible.

Pin Configuration

0 1 + 8 ’6 ‘-’-;
L] g Z £ 5 0 w
ne 1 — 2w /*""—zaa
n- ]2 19 [ si6T )
cs 3 18 [ ESt NC |5 251 NC
vaer ] 4 17 [ o ver | 6 24 | NC
vis 18 cesso 'C ) b2 vas |7 23 | NC
G8830
osct 16 1s[] o osci|s 2| D3
osca 17 ulJoo osca|s 21| b2
Tone [T ¢ - 13 [ iRGcCP NC | 10 20 | OV
WRILT s 12 ] RD nc| 1 19 | 0O
Cs : 10 1" RSO I © ~ ®
w ) o &
o
S l:: 15 § z Im, S
v [



)rdering information

Description

{0

C—Special G—Standard
Product identification Number

Package

P—Plastic E-—Leaded Chip Carrier
C—Ceramic L—Leadiess Chip Carrier
D—Cerdip X—Dice

Temperature Processing

None— 0°Cto - 70°C,
{— - 40°C to - 85°C.

5% P.S. Tol.
% P.S. Tol.
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