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1. DESCRIPTION

The N681386/87, implements a single channel FXS telephone line interface optimized for short loop applications. It
integrates SLCC (Subscriber Line Control Circuit) functionality with a programmable CODEC and a DC/DC controller.
The SLCC supports internal ringing up to 90 Vpk (5 REN at 4k ft) ideal for Customer Premise Equipment (CPE). The
CODEC can be configured for p-law, A-law or 16-bit linear PCM encoding. It also supports a comprehensive set of
signaling capabilities required to supervise and control the telephone lines. These include tone generation, ring
tones, DTMF detection/ generation as well as FSK generation. An on-chip Pulse Width Modulation (PWM) driver
allows control of an inductor based DC/DC converter. Programmable impedance and trans-hybrid balancing allow for

worldwide deployment.

2. FEATURES ¢ Narrowband Codec (N681386)
. 4 Wideband and Narrowband codec (N681387)
¢ Complete BORSCHT functions & Optional integrated (N681622) or discrete
4 Internal balanced and unbalanced ringing up to 90 Subscriber Line Feed Circuit
Vek (5 REN up to 4k ft)
€ Integrated Power Management Options APPLICATIONS

= Integrated DC/DC controller regulates battery
voltage to minimize power dissipation in all
operating modes

= Programmable external battery switching

& Programmable linefeed characteristics
= Ringing Frequency, Amplitude, and Cadence
= Trapezoidal and Sinusoidal waveforms

= Two wire AC impedance, and trans-hybrid
balance

= Constant Current feed (20 to 41) mA
= Ring Trip and Loop Closure Thresholds
= Ground Key Detection

Residential VolP Gateways / Routers/ IP-PBX
Fiber to the Premise/Home (FTTP/H)
Wireless Local Loop

Optical Network Terminals (ONT)

Analog Telephone Adapter (ATA)

Voice enabled DSL/Cable Modems
Integrated Access Devices

Set Top Boxes

L K 2R R R R IR 2R 4

Ordering Information

¢ Programmable signal generation and detection
= DTMF generation/ detecton and Tone eI N UmoET Ra-rl;gg] ?’ C) FEEER l:l\,lflﬁactt(eariga‘Ia
generation N681386DG
= Frequency Shift Keying (FSK) Enhanced Caller NG81387DG -40to 85 48-LQFP Pb-Free
ID generation (Type | and Type Il)
& Loop test and diagnostics support N681386YG 4010 85 48-QFN Pb-Free
» Integrated loopback modes N681387YG
= Real-time linefeed monitoring
. N681622YG -40 to 85 20-QFN Pb-Free
= On-chip temperature sensor
= Line Card Diagnostics Support
& Digital interfaces ' WARNING !
= PCM: G.711 py-Law, A-Law and 16-bit linear HIGH VOLTAGE WARNING
= GCland SPI bus USE EXTREME CAUTION

= Programmable audio path gains

& Both PCM Master and Slave modes supported === High voltage sources could cause serious injury or

death if not used in accordance with design and/or user

¢ On-chip PLL for flexible clocking options including specifications, if they are used by untrained or
1.0 MHz and 2.0 MHz BCLK operation unqualified personnel. Before testing Nuvoton’s products
& Operating voltage: 3.3V read and understand all instructions, and safety

procedures as in industry standard safe practices.
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3. PIN CONFIGURATION
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Figure 1: N681386/87 Pin Configuration
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Figure 2: N681622 Subscriber Line Feed Circuit (SLFC) Pin Configuration
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4. PIN DESCRIPTION
4.1. N681386/87 Pin Description

Pin Name Pin No. Functionality A/D Pin Type
VDD1 1 Line-driver 3.3 V supply A P
RIP 2 Positive RING Driver current source & Voltage sense A /0
RIN 3 Negative RING Driver current source A (0]
TVB 4 Positive TIP Driver Base Voltage Control A (0]
GND 5 Line-driver ground supply A G
RVB 6 Positive RING Driver Base Voltage Control A (0]
RAC 7 RING Voice Band Input A I
TAC 8 TIP Voice Band Input A |
NC 9 No connect
TEST 10 g;;i;:%rgal testing only. Needs to be tied to ground during normal D |
INTb 11 Ln;::g:s)th Maskable interrupt. Open drain output for wired-or D o
csb 12 thp_SeIect. When inactivel, SCLK_and SDI are ign_ored and SDO is D
high impedance. When active, serial port is operational
SCLK 13 geDrlial port bit clock. Controls serial data on SDO and latches data on D |
SDI 14 Serial port data in. Serial port control data D |
SDO 15 Serial port data out. Serial port control data D (0]
DCN 16 DC/DC converter Control for external NPN BJT D o
DCP 17 DC/DC Converter Control for external PNP BJT D O
GND3 18 Logic 1/0 ground supply D G
VoDL | 1o | Logosenlysolage Thiepn shoudnatte comestedipom | o | o
VDD3 20 3.3V Logic I/0 supply D P
PCMT 21 Serial PCM Transmit data D O
FS 22 8 or 16 kHz Frame Sync D I/0
BCLK 23 PCM Bit Clock. Also used as internal PLL reference clock D |
PCMR 24 Serial PCM Receive data D I
DSY 25 SPI Daisy Chain Enable D I
XBAT 26 Ei)étsmal Battery Supply Enable. Disables DC/DC Controller when set D |
RESETb 27 Eedseeftéuft\?:\a/teel-_ow. Hardware reset used to place all control registers D |
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N681386/87

Single Programmable Extended Codec/SLCC

Pin Name Pin No. Functionality A/D Pin Type
DCH 28 DC/DC Converter Current Sense Higher input Voltage A |
DCL 29 DC/DC Converter Current Sense Lower input Voltage A I

VDD2 30 3.3 V Analog AC path and reference Supply Voltage A P
GND2 31 Analog AC path and reference Supply ground A P
IREF 32 Current Reference A /0
VREF2 33 Precision Reference Voltage A I/0
VREF1 34 Mid Supply Reference Voltage A I/0
CT 35 External Capacitor TIP A 1/0
CR 36 External Capacitor RING A 1/0
NC 37 No Connect
NC 38 No Connect
WBAND 39 Wideband enable (only on N681387) D I
SDA 40 Subscriber Loop Differential sense signal A from linefeed circuit A |
SCM 41 Subscriber Common Mode sense signal from linefeed circuit A |
SDB 42 Subscriber Loop Differential sense signal B from linefeed circuit A |
TVE 43 TIP line-driver emitter voltage sense A |
BAT 44 Battery voltage monitoring A |
RVE 45 RING line-driver emitter voltage sense A |
TIN 46 Negative TIP Driver current source A (0]
TPP 47 Positive TIP Driver current source & Voltage sense A 1/0
VDD1 48 Line-driver 3.3 V supply A P
Table 1: N681386/87 Pin Description
Analog Qutput
Digital Input
Ground Power
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4.2. N681622 Pin Description

Pin Name Pin No. Functionality Type Pin Type
RIP 1 Ring Driver Pull up Current from 34.8 Ohm resistor LV I/0
TVB 2 Tip Pull-Up Driver control voltage LV I
TPP 3 Tip Driver Pull up Current from 34.8 Ohm resistor LV I/0
RVB 4 Ring Pull-Up Driver control voltage LV |
GND 5 Supply ground (0V) LV G
VDD 6 3.3V Supply LV P
SDB 7 Subscriber differential signal B LV O
SDA 8 Subscriber differential signal A LV 0
TIN 9 Tip DC Pull-Down current LV |
RIN 10 Ring DC Pull-Down current LV I
SDR 11 Subscriber differential Ring input HV I/0
NC 12 Not connected
CR 13 Ring Pull-Down filter capacitor HV I/0
CT 14 Tip Pull-Down filter capacitor HV I/0

VBAT 15 Battery Supply Voltage HV P
RING 16 Ring terminal HV (0]
NC 17 Not connected
TIP 18 Tip terminal HV (0]
NC 19 Not connected
SDT 20 Subscriber differential Tip input HV 1/0

Table 2: N681622 Pin Description

LV Low Voltage o] Output
HV | High Voltage | Input
G Ground P Power
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9. ABSOLUTE MAXIMUM RATINGS

9.1. Single Programmable Extended Codec/SLCC (N681386/87)

Condition Value
Junction temperature 150°C
Storage temperature range -65°C to +150°C
LQFP-48 Thermal Resistance, typical 76 °C/W
QFN-48 Thermal Resistance, typical 27.1 °C/wW
Voltage applied to any pin (Vss - 0.3V) to (Vpp + 0.3V)
Input current applied to any digital input pin +/- 10 mA
ESD (Human Body Model) 2000 vV
Vop - Vss -0.5V to +3.63V
Power Dissipation 0.7W

1. Stresses above those listed may cause permanent damage to the device. Exposure to the absolute
maximum ratings may affect device reliability. Functional operation is not implied at these conditions.

9.2. Subscriber Line Feed Circuit (N681622)

Parameter Symbol Value Unit
VDD Supply Voltage VDD -0.5-5 Vv
VBAT Supply Voltage VBAT -104 \%
Input Voltage HV 10 VINHV (VBAT-0.3) to (VDD+0.3) \Y
Input Voltage LV 10 VINLV -0.3 to (VDD+0.3) \Y
ESD, HBM JESD22 Class 1C \
Operating Temperature ** TA -40 - 100 C
Storage Temperature TS -40 - 150 C
Thermal Resistance QFN20 Rthja 45 C/W
Power Dissipation Pmax 0.9 w

** When the dice temperature reaches over 130°C, the device reliability may be adversely affected.
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10. OPERATING CONDITIONS

10.1. Single Programmable Extended Codec/SLCC (N681386/87)

Condition Symbol Min Typ Max Unit
Industrial operating temperature TA -40 +85 C
Supply voltage (Vbp) VDD 3.13 3.47 \Y,
Ground voltage (Vss) VSS 0 \Y,

Note: Exposure to conditions beyond those listed under Absolute Maximum Ratings may adversely affect the life and
reliability of the device.

10.2. Subscriber Line Feed Circuit (N681622)

Parameter Symbol Min Typ Max Unit
Industrial operating temperature TA -40 85 C
Supply voltage (Vpop) VDD 3.13 3.3 3.47 \Y
VBAT Supply Voltage VBAT -100 - -9 \%
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11. ELECTRICAL CHARACTERISTICS

11.1. GENERAL PARAMETERS (N681386/87)

Vpp=3.13 V 10 3.47 V; Vss=0 V; Ta = -40°C to +85°C;

Symbol Parameters Conditions Min (2) | Typ (1) | Max (2) | Units
Vi Logic Input LOW Voltage -0.3 -- 0.8 \%
ViH Logic Input HIGH Voltage 2 -- 3.6 \%
Vr Threshold point 1.41 \%

. INTB,FS,PCMT,SDO: loL =4 mA
VoL Logic Output LOW Voltage DCP, DCN: lo, = 16 mA - -- 0.4 \%
. FS,PCMT,SDO: lon = 4mA
VoH Logic Output HIGH Voltage DCP. DCN: lon = 16 mA 24 -- \%
I Input HIGH & LOW Leakage | Vss<Vin<Vbp _ _ +1-10 UA
Current No pull-up or pull-down
. Vss<Vo<Vop
_ - - - uA
loz Tri-state Leakage Current High Z State +/-10
CiN Digital Input Capacitance - 3 - pF
Cour Digital Output Capacitance Vo High Z - 3 - pF

1. Typical values: TA = 25°C, VDD =3.3V
2. All min/max limits are guaranteed by Nuvoton via electrical testing or characterization. Not all specifications are
100 percent tested.

11.2. SUPPLY PARAMETERS DISCRETE SOLUTION (N681386/87 AND DISCRETE LINE DRIVER)

Vpp=3.13 V 10 3.47 V; Vss=0 V; Ta=-40°C to +85°C;

Symbol Parameters Conditions Min Typ (1) | Max (2) | Units
Total Power Down RESETb = 0V, Vdd1..vVdd3
leo Supply Current FS=BCLK=0V 12 100 uA
s Total Standby Supply RESETb = VDD,.VDD1 .. VDD3 8.0 113 mA
Current FS=BCLK=0V, Line state Open
Open (ADC and DAC disabled) 21 mA
Forward/Reverse Active I, y=20 mA 66 mA
Forward/Reverse ON-HOOK 45
Total Supply Current for | Transmission mA
lvop all supplies @3.3V
: Forward/Reverse Idle (ADC and
(linefeed states) DAC disabled) 29 mA
TIP/RING Open 28 mA
Ringing, Sine wave, REN=1,
VPK=56 \ 50 mA
IveaT Total Battery Supply Open, VBAT =72V 0.72 mA
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Symbol Parameters Conditions Min Typ (1) | Max (2) | Units
Current Forward/Reverse Active I y=20 30 mA

mA,
Forward/Reverse ON-HOOK
Transmission, XBTA:XTBOT=0, 12 mA
VBAT = 54V
Forward/Reverse Idle, VBAT = 54V 1.3 mA
TIP/RING Open, VBAT = 54V 1.0 mA
ﬁinging, Sine wave, REN=1, VBAT 6.0 mA
=71V

1. Typical values: TA =25°C,VDD =3.3V

2. All min/max limits are guaranteed by Nuvoton via electrical testing or characterization. Not all specifications are

100 percent tested.
3. The supply current for the DC/DC converter can be calculated by : IDC/DC=IVBAT*VBAT/(efficiency*VDC/DC)

11.3. SUPPLY PARAMETERS SLFC SOLUTION (N681386/87 AND N681622)

Parameter Symbol Condition MIN | TYP | Max | Unit
IDDO Open State 24.0 mA
IDDI Low Power Idle State, VBAT=-50V 21.4 mA
IDDA Active State 63.3 mA
VDD Supply Current —
IDDR Ringing, 1REN, 40Vrms TBD mA
IDDOT On-Hook Transmit 47.9 mA
IDDTO Tip/Ring Open TBD mA
IBTO Open State 0.4 mA
IBTI Low Power Idle State, VBAT=-50V - 0.2 1.2 mA
IBTA Active State 29.0 mA
VBAT Supply Current —
IBTR Ringing, 1REN, 40Vrms TBD mA
IBTOT On-Hook Transmit 141 mA
IBTTO Tip/Ring Open TBD mA
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11.4. MONITORING A/D PARAMETERS

Vpp=3.13 V 10 3.47 V; Vss=0 V; Ta=-40°C to +85°C

Symbol Parameters Min Typ Max Units
INL Integral Nonlinearity (8-bit resolution) +/-0.5 LSB
DNL Differential Nonlinearity (8-bit resolution) +/-0.5 LSB

Gain Error (Current) 20 %
Gain Error (Voltage) 10 %
Sample Rate per channel -- - 800 Hz
Number of channels - 16 -

Typically at 12-bit the INL and DNL is 2 LSB.
11.5. ANALOG SIGNAL LEVEL AND GAIN PARAMETERS

Vpp=3.13 V to 3.47 V; Vss=0 V; Ta=-40°C to +85°C; Loading 600 Q

TR’?‘A"/S;V"T RECEIVE (D/A)
PARAMETER SYM. CONDITION TYP. UNIT
MIN. MAX. MIN. MAX.
Absolute Level Lags | 0 dBmO =0 dBm @ 600Q 1.0954 - - --- - Vpk
) 3.17 dBmO for u-Law 1.5779 - - - -—- Vpk
Max. Transmit Level Txmax 3.14 dBmO for A—Lan 1.5725 . . . - Vpk
0 dBm0 @ 1020 Hz, Vpp =3.3V;
Absolute Gain (0 dBm0 @ Ta=+25°C; ) )
1020 Hz; Ta=+25°C) Ghs assuming ideal line impedance 0 040 | +0.40 040 | +040 dB
matching
Absolute Gain variation with G Ta=0°C to TA=+70°C 0 -0.10 | +0.10 -0.10 +0.10 4B
Temperature ABST | TA=-40°C to TA=+85°C 020 | +0.20 | -0.20 | +0.20
Absolute Gain variation with Vpp=3.13 V - 3.47 V; 0dBm0 @
Supply Voltage Gress | 1020 Hz; Ta=+25°C 0 | 010 *0.10 | -010 | +010 | dB
Frequency Response Grrv See Figure
Gain Variation vs. Level Tone +3 to —40 dBmO - -0.3 +0.3 -0.3 +0.3
(1020 Hz relative to —10 Gir | -40 to -50 dBmO - -0.6 +0.6 -0.6 +0.6 dB
dBm0) -50 to 60 dBmO -1.6 +1.6 -1.6 +1.6
Gain Step Variation Gst | -6dBto6dB 0 - 0525 - +/-0.025 dB
Absolute Group Delay Taes | 1200 Hz - 633 650 286 300 usec
Group Delay Distortion
(relative to group delay @ To See Figure
1200 Hz)

1. Default Gain Setting
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11.6. 2-WIRE TO 4-WIRE CONVERSION PARAMETERS

Vpp=3.13 V t0 3.47 V; Vss=0 V; Ta=-40"C to +85°C; Loading 600 Q

PARAMETER SYM. CONDITION MIN. TYP. MAX. UNIT
Return Loss R 200 Hz to 3.4 kHz, 600 Ohm 26 40 dB
Trans hybrid Balance Hs 200 Hz to 3.4 kHz, 600 Ohm 26 40 dB

11.7. 2-WIRE PARAMETERS

Vbp=3.13 V t0 3.47 V; Vss=0 V; Ta=-40°C to +85°C; Loading 600 Q

PARAMETER SYM. CONDITION MIN TYP MAX UNIT
Longitudinal Conversion Lo 300 Hz to 600 Hz 40 B dB
Loss 600 Hz to 3.4 kHz, 46
Longitudinal to Metallic or Lu | 300 Hzto 600 Hz 40 52 B dB
PCM Balance Lui | 600 Hz to 3.4 kHz, 46 55 dB
Longitudinal Impedance Lz 300 Hz to 3.4 kHz - 18.5 Ohms
Longitudinal Current L Active OFF-HOOK; 300 Hz to 3.4 kHz - 6.7 mA

11.8. LINEFEED CHARACTERISTICS

Vop=3.13 V t0 3.47 V; Vss=0 V; Ta=-40"C to +85°C; Loading 600 Q

Parameter Sym. Condition MIN TYP MAX Unit

5 REN load; sine wave;

RING amplitude V1r RLoop =160 Ohm; 44 45 --- VRrus
VBAT =-75V

Loop closure / Ground start _

threshold accuracy It It=11.43 mA -- -- +/-20 %

RING trip threshold _

accuracy It It =40.64 mA - +/-20 %

Trapezoidal RING crest _ +/-

factor accuracy Crest factor = 1.3 o o 0.05

Sinusoidal RING crest

factor Ret 1.35 --- 1.45

Ringing frequency accuracy F=20Hz - +/-1 %

Ringing cadence accuracy Accuracy of on/off time - - +/-50 ms

DC Loop Current Accuracy ILIM = 20 mA, Rioap = 500 ohm +/-20 %

DC Open Circuit Voltage Active Mode; Voy =48V, . 4 v

Accuracy V1ip — VRiNG

Power alarm threshold

accuracy Power Threshold = 300 mW - - +/-25 %
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11.9. ANALOG DISTORTION AND NOISE PARAMETERS

Vop=3.13 V — 3.47 V; Vss=0 V; Ta=-40°C to +85°C; Loading 600 Q

TRANSMIT (A/D) RECEIVE (D/A) | UNIT
MIN | TYP | MAX | MIN \ TYP | MAX

PARAMETER SYM. CONDITION

Total Distortion vs. Level Diro 1020 Hz, C-Message Weighted

Tone u-Law

See Figure See Figure
Total Distortion vs. Level D 1020 Hz, Psophometric
Tone, A-Law LTA | Weighting
Audio Tone Generator D 0 dBmO, Active OFF-HOOK and 45 . . 45 . . dB
Signal-to-Distortion Ratio LT | OHT, ideal impedance matching
Spurious Out-Of-Band 4600 Hz to 7600 Hz -70 -30
(300 Hz to 3400 Hz @ Dspo 7600 Hz to 8400 Hz NA NA NA -—- -70 -40 dB
0dBm0) 8400 Hz to 100000 Hz 65 | -30
Spurious In-Band (700 Hz Dsp 300 to 3200 Hz . N 47 N N 47 dB

to 1100 Hz @ 0dBmoO)

Intermodulation Distortion
(300 Hz to 3400 Hz Dim Two tones - -45 - -45 dB
—4 to —21 dBm0)

u-Law; C-message - 13 18 - 1 14 dBrnc0
Idle Channel Noise NipL A-Law; Psophometric - -74 -69 -—- -90 -76 | dBmOp
16-bit Linear - -—-
Power Supply Rejection PSRRa | Vopa; DC to 3.4 kHz 40 - -—- 40 - - dB
Power Supply Rejection PSRRg | Veat; DC to 3.4 kHz 40 - -—- 40 - - dB
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12. FUNCTIONAL DESCRIPTION
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Figure 4: AC signal Path
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12.1. BORSCHT FUNCTIONALITY

The N681386/87 connects to the TIP and RING (POTS - Plain Old Telephone Service) interface and performs the so-
called BORSCHT and AC transmission functions. Following are the BORSCHT functions:

Battery Feed
Over-Voltage Protection
Ringing (Balanced / Unbalanced)

L 2

*

*

€ Supervision (Signaling)
¢ Coding

& Hybrid (2 / 4-wire conversion)
L 2

Testing

12.1.1. BATTERY FEED

The N681386/87, has two DC feed regions; a constant voltage region and a constant current region. As illustrated in
Figure 4 the current limit Iy determines the constant current region. The ON-HOOK voltage, Vou, determines the
constant voltage region. The device has an inherent output resistance of typically 50Q in non-ringing states. The
Ground Margin Voltage, Vem, determines the offset of the most positive terminal (TIP in Forward polarity state and

RING in Reverse polarity state) with respect to ground I.im, Von, and Vem are programmable as shown in Table 2.

A
[Vrie-Veel )
(Volt) AA_\I/ =50Q typical
Vou

AV, i
Al 10kQ typical

" lLoop (MA)

DCFeed

Figure 5: DC Feed Regions

Register Address Parameter Programmable Range Step Size Default Value Unit
LCL 0x45 ILim 20-41 3 20 mA
OHV 0x4C Von 0to-93.5 1.484 -47.488 V
GMV 0x4D Vem 0to-93.5 1.484 -2.968 V

Table 3: Programmable Ranges for DC Line Feed
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The control circuit for TIP or RING is illustrated in Figure 5 and utilizes a three transistor discrete Linefeed circuit.
Transistors Q1 and Q2 drive the voltages on the subscriber loop while transistor Q3 provides additional isolation.
The Line Driver DC feedback loop is completed via DC isolation resistors Rysar and Rye to the chip. TIP and RING
signals are derived from the common mode and differential mode signal block. This information is, in turn, used to

exercise control over the external transistors. Voice band signals are passed over a decoupling capacitor in the AC

feedback loop.

TIP or RING | |
[ s 4 | |
Discrete VDD
Linefeed = N
o 3 sigma/Delta NI
=] 7
Q » = DAC /
T (2]
< =2
T S Sigma/Delta /
3@ ADC 7 (72
S o E,“
-
(1]
Ro 5
(2] AC Loop
_____ RN [N N ettt k= 1 S
VBAT 5 || ocLoo
e— LineFeed / o
R ADC 7
VBAT: R
DC_f(;mm(:pll\lINtl)dg % VE LineFeed /
Iifferential jode
Signals DAC 7
On-chip LLCv1

Figure 6: Line Loop Control

Control and monitoring of these transistors is done both individually and in groups. For example, TIP and RING

Linefeed circuits each have a Q1 transistor. Both share the same register to set their Power Alarm Threshold values.
But each TIP and RING transistor has a separate Power Alarm Interrupt bit in the interrupt register.
The control circuit for TIP and RING whenN681622 is utilized follows the same general principles.
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12.1.1.1. LINEFEED STATES OF OPERATION

The N681386/87 can operate in eleven states, as shown below.

State Méz SettinﬁzB Description
Open 0| 0| 0| 0] TIPandRING tri-state
Forward Active 010 |0 | 1] Vmr>Vrne
Forward ON-HOOK Transmission 0| 0| 1|0 | Vrp>Vrng audio signal paths powered on
TIP Open 0|0 |1 1 | TIP tri-stated, RING active; used for ground start
Ringing 0| 1| 0| 0| Ringingwaveform applied to TIP and RING
Reverse Active O[1]0]| 1] Vrne>Vrp
Reverse ON-HOOK Transmission 0| 11|10 | Vrne> Ve audio signal paths powered on
RING Open 0|1 1 1 | RING tri-stated, TIP active
Forward Idle 110 0]| 1] Vmn>Vene
Reverse Idle 11110 1| Vrne>Vp
Calibration 111110 | Vmp=Vrne~Vbat+2

Table 4: Linefeed States

12.1.1.1.1. OPEN STATE

Current to the external linefeed circuitry is shut off, effectively making TIP and RING tri-stated and it can also be used

for fault condition detection. DC output impedance is 150K ohm.

12.1.1.1.2. ACTIVE, IDLE AND ON-HOOK TRANSMISSION STATES

Active, Idle and ON-HOOK Transmission states all have both Forward and Reverse incarnations
In Forward state TIP is the more positive lead

In Reverse state RING is the more positive lead

In Idle states the external linefeed circuitry is ON but the audio signal paths are not powered up.

In both Active states the external linefeed circuitry is ON and the audio signal paths are powered up.

L 2R R JER 2R 2R 2

In both ON-HOOK Transmission states audio signal paths are powered up to allow ON-HOOK transmission.

The Forward and Reverse incarnations of the Active, Idle and ON-HOOK Transmission states are determined solely
by setting the LS register. Fpr automatic transitions Forward and Reverse incarnations are determined by the Von
polarity in OHV:SB[6] address location (0x4C).

12.1.1.1.3. TIP OPEN STATE

4 All control currents to the external circuitry associated with TIP are shut off.
& Linefeed is provided to RING.
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12.1.1.1.4. RING OPEN STATE

4 All control currents to the external circuitry associated with RING are shut off and keeps TIP active.

12.1.1.1.5. RINGING STATE

4 Drives the ringing waveforms onto the loop

12.1.1.1.6. CALIBRATION STATE

Calibration state is used to compensate or correct for external component imperfections. It should be performed
following the system power up. This state is enabled by setting LS:LS[3:0] address (0x44) to ‘1110’. The line should
be on-hook during calibration. RING or TIP must not be connected to ground during the calibration. All automatic
linefeed transitions should be disabled when performing calibration. After calibration is completed, the Linefeed state
should be reset to a normal operating state and the automatic Linefeed transitions can be enabled again. Calibration

state is not applicable to SLFC. For a more detailed explanation, please refer to the Calibration Application note.

Please note that Calibration state is not applicable to Subscriber Line Feed Circuit (SLFC).

12.1.1.2. OPERATION MODES

The N681386/87 can operate under two battery supply operation modes. The modes are selected with a pin XBAT

as illustrated below.

Oberation Mode XBAT Per Channel | VBAT Switch [DCN/DCP Line
P Pin DC/DC state dependent Control]
On-Chip DC/DC Controller ov On Off
External Battery Supplies 3.3V Off On

Table 5: Operation Modes

12.1.1.3. AUTOMATIC TRANSITIONS

In addition, some automatic state transitions may also be enabled:

12.1.1.3.1. POWER ALARM AUTOMATIC REACT

& Setting LAMC:PAA[2] address (0x43) bit will make the channel automatically enter the Open state upon the

occurrence of a power alarm.

12.1.1.3.2. SETTING RING AUTOMATIC

& Setting LAMC:RGA[1] address (0x43) bit makes the channel automatically enter the Active state from the
Ringing State upon RING Trip Detect
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12.1.1.3.3. SETTING LOOP CLOSURE DETECT AUTOMATIC REACT

Setting LAMC:LCDAJ[0] address (0x43) bit makes the channel automatically enter the Active state from the ON-HOOK
Transmission, Idle, TIP Open, and RING Open states upon Loop Closure Detect. Furthermore, the channel will
transition from Active to Idle state if the Loop Closure Detect circuitry indicates a loop closure is no longer present,

and back to Active state upon a reoccurrence of Loop Closure Detect.

When the above automatic transitions do occur, LS:LS[3:0] address (0x44) will be updated automatically to reflect the
newly entered state. In all cases the shadow linefeed status bits, LS:SLS[3:0] address (0x44) reflect the actual
linefeed status. This includes switching between ‘Ringing’ during the ring burst and ‘ON-HOOK Transmission’ during
the cadence. This RING/cadence transition is not considered an automatic transition and LS:LS[3:0] address (0x44)
will continue to reflect Ringing state. The following example state diagram illustrates LS:SLS[3:0] address (0x44)
states including automatic transitions, RING/Cadence transition and several possible transitions solely governed by

software.
@ PA_AUtO | ° SW’ —————— ----- )
"'l f \“‘ Sw
: On Hook
"""""" i—---sgv---- Tra?;”rgi)ssion
@ e . II: E
'. E Ring Cadence
; ! &
Ky 0 LS[3:0] = Ringing
Ring Burst
___§\_N__-- e LS[3:0]&= Ringing
RT_Auto
LC_Auto =RTLC:LCD =1 & LAMC:LCDA=1
Lo meine, s
PA_Auto = Power Alarm Event& LAMC:PAA =1
F/R = Forward / Reverse
n=1,2
Figure 7: Example State Diagram
Register Bit(s) Address Parameter Description / Range
LS LS[3:0] 0x44 Programmed Linefeed Status Eleven states
SLS[7:4] 0x44 Shadow Linefeed Status Reflects actual state
PAA[2] 0x43 Power Alarm Automatic React Enable/Disable
LAMC RGA[1] 0x43 RING Automatic Enable/Disable
LCDA[O] 0x43 Loop Closure Detect Automatic React | Enable/Disable

Table 6: Associated Registers for Linefeed Control
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The device continuously monitors voltages on the line driver, driving them to target voltages appropriate to the actual

linefeed state as summarized below.

Linefeed State TIP Target RING Target
Open High Z High Z
Forward Active V1r > VRriNGg
Forward ON-HOOK Transmission V1r > VrinG
TIP Open High Z Active
Ringing RING Signal RING Signal
Reverse Active V1ip < VRiNG
Reverse ON-HOOK Transmission Ve < VRiNG
RING Open Active | High Z
Forward Idle V1ip > VRiNG
Reverse Idle Ve < VRiNg

Table 7: TIP and RING Voltage Targets

The device monitors the currents in the external transistors and makes these values available in registers. These
registers and the internal A/D are updated at a rate of 800 Hz or every 1.25 msec. Other useful voltages and currents

are calculated internally and made available in registers.

Register | Bits(s) Address | Parameter Description / Range

BATV VBJ[7:0] 0x80 Battery Voltage 0V to -94.6V in 0.371V steps
SCM SCM[11:0] 0x92 Common Mode Voltage +93.5V t0 -93.5V in 0.023 V steps
QT3V QT3V[7:0] 0x83 Transistor QT3 Emitter Voltage 0V to -94.6V in 0.371V steps
QR3V QR3V[7:0] 0x84 Transistor QR3 Emitter Voltage 0V to-94.6V in 0.371V steps
QT3 QT3I[11:0] 0x85 Transistor QT3 Current 0A to 78.54 mA in 19.2 pA steps
QRa3I QT3I[11:0] 0x86 Transistor QR3 Current 0A to 78.54 mA in 19.2 pA steps

Table 8: Registers Associated with Line Monitoring — Measured

Register Bit(s) Address Parameter Description / Range
LPV VLP[11:0] 0x8D Loop Voltage +93.5V t0 -93.5V in 0.023 V steps
QT1l QT1I[11:0] 0x87 Transistor QT1 Current 0A to 78.54 mA in 19.2 YA steps
QT2 QT2I[11:0] 0x88 Transistor QT2 Current 0A t0 9.95 mA in 2.5 YA steps
QR1I QR11[11:0] 0x89 Transistor QR1 Current 0A to 78.54 mA in 19.2 YA steps
QR2| QR2I[11:0] O0x8A Transistor QR2 Current 0A t0 9.95 mA in 2.5 pA steps
LGI ILG[11:0] 0x8C Longitudinal Current +77.62 mA to —77.62 mA in 19uA
TIPI ITLP[11:0] O0x8E TIP Current +77.62 mA to —77.62 mA in 19uA
RINGI IRLP[11:0] O0x8F RING Current +77.62 mA to —77.62 mA in 19uA
LPI ILP[11:0] 0x90 Loop Current +77.62 mA to —77.62 mA in 19uA

Table 9: Registers Associated with Line Monitoring — Calculated

In addition the following loop voltages and currents are derived from the above measurements and reported

separately.
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12.1.1.4. POLARITY REVERSAL

The Linefeed states which have Forward or Reverse incarnation (Active, Idle and ON-HOOK Transmission states)
can have the polarity reversed two different ways. In addition, the line (TIP or RING) which is at VOH can be

collapsed towards ground by using the wink function.

4 Hard polarity reversal

& Soft polarity reversal

12.1.1.4.1. HARD POLARITY REVERSAL

Hard polarity is achieved by abruptly reversing the voltage between TIP and RING without any ramp-rate control. This
is achieved by simply changing the linefeed register from Forward to Reverse incarnation or vice versa. A Hard
polarity reversal will be performed provided that soft polarity reversal is not enabled APG:PREN[6] address (0x40) bit
to 0. The sign bit (OHV:SB[6]) is used to determine the polarity of the line when going from Idle to Active States. If
the new polarity is to be retained in future Idle to Active transitions, it is recommended that this bit be also changed

appropriately when polarity is reversed.
12.1.1.4.2. SOFT POLARITY REVERSAL

Soft polarity is achieved by reversing the voltage between TIP and RING with ramp-rate control. Soft polarity reversal
is enabled by setting APG:PRENI6] = “1” address (0x40). The ramp rate at which the reversal will occur is selected in
APG:RAMP[8] address (0x40). The Ramp is triggered by toggling WINK bit APG:PRENI[6] = “1” address (0x40). Soft
polarity reversal can be used from Forward Active to Reverse Active or vice versa. The table below illustrates the
sequence of events for a Forward to Reverse soft polarity reversal. For Reverse to Forward Polarity Reversal step 2

would involve TIP and step 4 would involve RING.

Step(s) | Register Name | Bit(s) Bit State Step Description
1 APG PRE[6] 1 Enables soft polarity reversal
2 APG VOHZI[5] 1 Wink line (RING towards 0V)
3 Use Line state register to reverse the line from Forward to Reverse
4 APG VOHZ[5] 0 Un-wink line (TIP side towards VOH)
5 APG PRE[6] 0 Disable soft polarity reversal

Note that the negative going ramp rate can be limited by the settling speed of the DCDC converter. Setting the

minimum on time (0x57) to 0xOB before the ramp and back to the initialization value after the ramp will prevent this

Addr | Name D7 D6 D5 D4 D3 | D2 D1 DO Default
0x40 APG RAMP PREN VOHZ RES ARX[1:0] ATX[1:0] 0x00

The sign bit (OHV:SB[6]) is used to determine the polarity of the line during an automatic transition into idle, Active,
and On-Hook transition states. If the new polarity is to be retained in future automatic transitions, it is recommended

that OHV:SB[6] be also changed appropriately when polarity is reversed.
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The ramp rate for steps 2 and 4 above is determined by the Ramp Rate bit APG:RAMP[7].

12.1.1.5. WINK FUNCTION POLARITY REVERSAL

A Wink function is used for the ‘message waiting’ lamp in telephone sets. For this function to take place no Linefeed
state change is necessary. The Wink function is a variation of Soft Polarity Reversal but without any Linefeed state
change. In this case Soft Polarity reversal is enabled as before (APG:PREN[6] address (0x40) bit to “1”, with
APG:RAMP[7] address (0x40) selecting the ramp rate). Now the OHV:VOHZ[5] address (0x4C) bit can be used to
directly ramp the RING line towards OV or back to Vring. For example, in Forward Idle mode Vrp is at Vem and Vring
is Vemt+Von. If VOHZ bit is set to “1” the Ring Voltage will ramp towards 0V. If the bit is toggled it will eventually

return to the nominal Vring setting. The user has full control of the Wink function cadence.

Register Bit(s) Address Parameter Programmable Range
. . o _ 0 = Return to previous Vo

APG VOHZ[5] 0x40 Wink Function (Smooth transition to Vou=0V) 1 = Ramp to OV
APG PRE[6] 0x40 | Soft Polarity Reversal Enable (1) N E:f:tz':f

. 0=1.5V/125 ps
APG RAMP[7] 0x40 Soft Polarity Reversal Ramp Rate 1=3.0V/125 s
LS LS[3:0] 0x44 Linefeed Status
OHV SBI6] 0x4C Polarity Reversal Status (Sign) (1) : EZCZ?;(;

Table 10: Registers for Polarity Reversal

12.1.2. OVER-VOLTAGE PROTECTION

It is a common requirement for electronic circuits to have to withstand some degree of over-voltage and/or reverse
voltage on the power-supply lines. Integrated circuits are designed to operate from a nominal 3.3V power supply.
Some kind of protection circuit is therefore needed to prevent voltages greater than the maximum allowable from
being applied to the IC pins. The N681386/87 device needs to be protected from surges and AC power shorts. This
should be implemented using external components and a variety of commercial approaches are typically employed.
However, N681386/87 device has on-chip voltage and line monitoring capabilities which allow the system to report
line faults, crossovers, and other line conditions in order to facilitate remote service. It also has sense inputs can be
configured such that blown fuse can be detected. The on-chip DC/DC controller is equipped with three protection

shutdown mechanisms. It detects

a) DCDC output voltage (VBAT) 10% above full scale or
b) DCDC supply voltage (VDDC) too low or
c) DCDC supply current (lvppc) too high;

A counter is tracking the three cases of DC/DC power alarm. The counter will automatically reset upon being read,
allowing the user to monitor the number of power alarms within a specific time period. This register is a read ONLY

register resets upon a read command.
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Register Bit(s) Address Parameter Programmable Range

Increment on every rising edge of LOW
VDC or HIGH IDC; clip at 255;

Table 11: PWM DC/DC Power Alarm Counter

APG PALT[7:0] Ox9F Power Alarm Counter

12.1.2.1. THERMAL OVERLOAD

In addition to voltage and current monitoring described in section 6.1.1.1 “Linefeed States of Operation”, N681386/87
continuously monitors the power dissipation of each external transistor in the Linefeed circuitry. After Low Pass
Filtering, the power dissipation is compared against thresholds which are listed in Table 10. The threshold and the
Low Pass Filter pole are both programmable and should be set according to the characteristics of the individual

transistor as follows. The Low Pass Filter pole for QT1 and QR1 is given by the equation:

QIC[12:0] = PR S RV

800 x Tre

Where Trc is the thermal time constant of the external transistor. The threshold should be programmed according to
the maximum power dissipation of the external transistor. If the threshold is exceeded a power alarm event is
deemed to have occurred. An associated interrupt may be enabled. An automatic state transition into Open state
may be enabled by setting Power Alarm Automatic React (LAMC:PAA[2]) address (0x43)).

Register Bit(s) Address Parameter Description / Range
PALPQ1 Q1C[7:0] 0xA1

PA Low Pass Filter Pole for QT1

PALPQH1 | Q1C[11:8] 0xA3 and QR1 See Register Description
PALPQH2 | Q1C[12] OxA4

PALPQ2 | Q2C[7:0] ) .

PALPQH1 | Q2C[118] | OxA3 | DA tow Pass Filter Pole for QT2 | ge6 Register Description
PALPQH2 | Q2C[12] 0xA4

PALPQ3 | Q2C[7:0] 0xA2 .

PALPQH2 | Q3C[11:8] O0XA3 :r'? d"Q°‘F’{"3PaSS Filter Pole for QT3 | go0 Register Description
PALPQH2 | Q3C[12] 0xA4

PATHQ1 Q1TH[7:0] OxA6 PA Threshold for QT1 and QR1 0to 7.7 Win 30.4 mW steps

PATHQ2 Q2TH[7:0] O0xA5 PA Threshold for QT2 and QR2 010 0.97 W in 3.8 mW steps

PATHQ3 Q3TH[7:0] OxA7 PA Threshold for QT3 and QR3 0to 7.7 Win 30.4 mW steps

INT1 0x26 Power Alarm Interrupt Enable/Disable
IE1 0x27 Power Alarm Interrupt Enable Enable/Disable
LAMC PAA[2] 0x43 Power Alarm Automatic React Enable/Disable

Table 12: Registers Associated with Thermal Overload
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12.1.2.2. TEMPERATURE MONITOR

The device contains an on-chip temperature sensor that senses the temperature inside the package. The sensor is
read through TEMP:TS[7:0] register (0x99) which is READ ONLY register. The temperature T in °C is given by the

following equation.
T = TS[7:0] - 67

For example TEMP:TS[7:0] = 0x23, (35 decimal) indicates a temperature T=-32°C and TEMP:TS[7:0]=0xCD (205
decimal) indicates T=138°C. Similarly threshold temperatures Tt can be set in register THAT:THAT[7:0] address
(OxAA). The Tn is calculated by the following equation.

Ty = TATH[7:0] - 67

By enabling the temperature sensor interrupt in IE3:TMPE[0] address (0x2B), an interrupt will be generated if the
temperature reaches this threshold. This facilitates control of the temperature should the device get close to the
junction temperature. Note that there is no filtering associated with this temperature alarm since the package has an
intrinsic thermal time constant. It is recommended that the temperature alarm threshold be set to 125°C. The actual,

TINT, internal temperature can be estimated by the following equation.
T|NT = TA + RJ x P

Ta — Ambient Temperature, R; — Thermal Resistance, P — Power Dissipation

For example, the maximum power dissipation for the QFN device is 0.7 W. The thermal resistance of the 48-pin QFN

package is 27.1°C/W. So at Ta=85°C, the estimated internal temperature would be:

TNT = 85 + 271 * 0.7 = 104°C

12.1.3. RINGING

There is a built-in RING generator that can generate balanced sinusoidal or trapezoidal ringing without the need for
external components. Both trapezoidal and sine wave ringing signals can be generated. The Frequency, Amplitude,
DC offset and ringing cadence of the ringing signal are programmable. In the case of trapezoidal waveforms the
crest factor is also programmable. The choice of sinusoidal or trapezoidal will depend on requirements of the end
user; sinusoids are required in many parts of the world to minimize cross talk between the many tip/ring pairs in a
typical wiring bundle from the central office, whereas a trapezoid will deliver more power to the phone due to its low

crest factor. As Ringing utilizes the Tone Generation block, we will first examine this function.
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12.1.3.1. TONE GENERATION

There are two tone generators Oscillator1 (OS1), and Oscillator2 (OS2). These can be used to generate signals
such as dial tone, busy tone, and various test tones which can be sent either on the transmit or receive paths. Each

tone generator has a similar architecture and contains a two-pole oscillator circuit with a sample rate of 8 kHz.

Register Bit(s) Address Parameter Description / Range
821 :gh 0O11C[15:0] gigg Oscillator 1 Amplitude Coefficient Sets Amplitude
8218::' 01C[15:0] gigs Oscillator 1 Frequency Coefficient Sets Frequency
8212;':' O10N[15:0] gigg Oscillator 1 Active Timer 0to 8 sec
821 gh O10FF[15:0] 8;((8:3 Oscillator 1 Inactive Timer 0to 8 sec
RMPC TORJ[3] 0xC1 Tone Route Towards D/A or A/D

O1EJ[0] 0xCO0 .
OSN
O2E[1] 0xCO Oscillator Control Control
O1AE[0] 0x29
O1IE[1] 0x29
IE2
02AE[2] 0x29 Interrupt Mask / Enable Control
O2IE[3] 0x29
INTV 0x24 Interrupt Vector Low Register Status
[INT2 0x28 Interrupt Status

Table 13: Associated Registers for Oscillator Control (Oscillator 1 Example)

For a desired frequency f; the oscillator coefficient for Oscillator m, OmC[15:0], can be calculated with the following
equations. The following equations can be used for both Narrowband and Wideband. The resulting hexadecimal

coefficients are inputs to registers OSmCH and OSmCL.

2 * T * ft 2 * T * ft
OIC [15:0]=COS |—— | *= 2%° 02C [17:0]=COS |— | * 27
16 kHz 16 kHz
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The initial condition for Oscillator m, OSmICL[15:0], can be calculated using the following equation. The following

equations can be used for both Narrowband and Wideband.

2% m*
omIC [15:0]= A * sin |——— | * 2P (m:1.2)
16 kHz

“A” is calculated as the ratio of desired peak amplitude, Apk, with a peak D/A output of 1.5779 Vpk. Apk cannot

exceed 1.2 Vpk. The resulting hexadecimal coefficient is input to registers OSmICH and OSmICL.

_ _Aex
15779
Frequency | hycr1s:01 | A€ | 01IC[15:0] Frequency | noc7:01 | APK | 021C[15:0]

(Hz) (Volts) (Hz) (Volts)

697 OX7B3C | 0.31 0X06C5 697 1ECFO | 031 | oxo6C5
770 0x7A37 | 0.31 0x0775 770 1E8C5 | 031 | o0x0775
852 Ox78E7 | 0.31 0x0839 852 1E39B | 031 | 0x0839
941 0x775C | 0.31 0x090B 941 1DD70 | 031 | 0x090B
1209 0x71D8 | 055 | Ox145B 1209 | 1C75E | 055 | O0x1458B
1336 | Ox6EC9 | 055 | Ox164E 1336 1BB22 | 055 | Ox164E
1477 0x6B11 | 055 0x1868 1477 | 1AC43 | 055 | ox1868
1633 0x6692 | 055 | Ox1AA4 1633 19A48 | 055 | Ox1AA4

Table 14: Example Register settings for Oscillator m
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[ | > 16-Bit
Modulo «—— 8 kHz Clock
OS1AT os1IT Counter
IT AT O1EN
Expire Expire
/_"
1 A4 Y
< — .
IE2:01AE — INT Logic INT Logic Zero C"'°53 OSNC:012C
Logic
' ' ‘ ]
INT2:01A INT2:011 20
Load Logic Cross
' ,
IE2:01E Register Enable
Load
Two-pole
> Resonance l«—— 8 kHz Clock
Oscillator
0s1C 0os1iC
y
] R Signal
RMPC:TR Routing

b

To TXPath To RX Path

0sC18

Figure 8: Block Diagram Oscillator 1

Each tone generator contains two timers, one for setting the active period and the other for the inactive period. Each
period can be programmed between 0 seconds (timer disabled) to 8 seconds in 125us increments. In addition,
interrupts can be enabled on the expiration of either timer. The device has programmable cadence where the signal

is generated during the active period and suspended during the inactive period.

One-shot control of the oscillation can be achieved by controling OSN:O1E[0] and OSN:O2E[1] address (0xCOQ)
together with the active timer and the interrupt for durations up to 8 seconds. For longer durations or for direct
software control of the oscillation, enabling the active timer by setting it to any non-zero value while simultaneously
disabling the inactive timer completely will put the oscillator under direct control of the OSN:OmE bit. Zero crossing
detect can be enabled by setting the OSN:OmZC bit for the corresponding tone generator. Setting this bit will ensure

that each oscillator pulse will end without a DC component as illustrated below.
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cadence cadence

Figure 9: Zero Crossing for Tone Generation

Oscillator 2 is also specifically used to generate the Ringing signal and is unavailable for other functions during

ringing. FSK generation does not utilize either one of the tone generation oscillators.

12.1.3.2. RING SIGNAL GENERATION

The N681386/87 supports balanced and unbalanced Ringing up to 90 VPK (5 REN up to 4 kft, 4REN up to 4.5 kft, 3
REN up to 8 kft). Oscillator 2 from the Tone Generation block is used to generate the Ringing waveform. However,
programming the waveform, sinusoidal or trapezoidal, involves some slight modifications to the procedures described
for Tone Generation. The active and inactive timers of oscillator 2 can be programmed between 0 seconds (timer
disabled) and 8 secs in 125us increments. A Ring phase delay can also be programmed in the
OS2RPD:02RPD[7:0] address (0xAD).

All other oscillator operations are standard and follow the description in the tone generation section. Interrupts can
be enabled on the expiration of either timer, so that, for instance, Caller ID can be inserted between tones. Cadence
is activated when a non-zero value is programmed into both the active and inactive timers. In this case, these timers
effectively govern the transitions in and out of the Ringing state as described in Linefeed States of Operation in
Section 6.1.1.1.

When the Ring Automatic bit LAMC:RGA[1] address (0x43) is set, the oscillator is automatically enabled when the
Ringing state is entered and disabled when exited. If the Ring Automatic bit is enabled the transition from Ringing to

Active state (Forward or Reverse) occurs automatically upon Ring Trip Detect. The oscillator enable and ring enable
bits are automatically updated accordingly OSN:O2E[1] address (0xC0) and RMPC:R1EN[5] address (0xC1).

One-shot control of the oscillation can be achieved by controlling OSN:O2E[1] address (0xCO) together with the
active timer and the active timer interrupt for durations up to 8 seconds. For longer durations or for direct software
control of the oscillation, enabling the active timer by setting it to any non-zero value, while simultaneously disabling
the inactive timer completely, will put the oscillator under complete direct control of the OSN:O2E[1] address (0xCO0)
bit. Zero crossing detect can be enabled by setting the OSN:02ZCJ[3] address (0xCO0). Setting this bit will ensure that
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N681386/87

Single Programmable Extended Codec/SLCC

the RING signal will end without a DC component. It is recommended that settings be reprogrammed only when the

oscillator is disabled.

Register Name Register Name Address Parameter Description / Range
RMPC TRAP[7] 0xC1 Ringing Waveform Sine/Trapezoid
0S2CL 02C[17:0] 8§g8 Rinaing Frequenc 15 to 100 Hz for Sine Trapezoid
0OS2CH ’ 0xDC ging Freq y Ramp Slope
OS2ICL . 0xC4 A . 0 to 93.5 V Trapezoid tRISE /
0S2ICH 02I1C[15:0] 0xC5 Ringing Amplitude tPEAK
OS2RPD OS2RPDI[7:0] OxAD Ringing Phase Delay 0to32ms
OSN O2E[1] 0xCO Ringing Oscillator Enable Enable/Disable
OS2ATL . 0xCC I~ . . )
OS2ATH O20N[15:0] 0xCD Ringing Oscillator Active Timer 0V to 8 seconds
0S2ITL . 0xDO I~ . . .
0S2ITH O20FF[15:0] OxD1 Ringing Oscillator Inactive Timer | 0V to 8 seconds
OSN 022C[5] oxco | Ringing Oscillator Zero Cross | £ 1)1e/Disable
. Linefeed Status Control (Initiates L _
LS LS[3:0] 0x44 Ringing State) Ringing State = 0100b
VBHV VBATH[5:0] Ox4E VBATH High Battery Voltage /2 0V to -93.5V in 1.484V steps
. VCMR Common Ringing Bias .
VCMR VCMR[5:0] 0x42 Adjust During Ringing 0V to -93.5V in 1.484V steps
ROFFS ROS[5:0] 0xDC Ringing DC voltage offset 0V to +47.488 V in 1.484V steps
IE2 0x29 Interrupt Enable Controls
INTV 0x24
INT2 0x28 Interrupt Status
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SINUSOIDAL RINGING

12.1.3.2.1.

N681386/87

Single Programmable Extended Codec/SLCC

Sinusoidal Ringing is selected by setting RMPC:TRAP[7] address (0xC1) to LOW. For a desired frequency fr is
calculated and programmed as before (see section Tone Generation). The oscillator initial condition for oscillator 2 is

set in register O2IC[15:0] address (0xC4 — 0xC5) according to the following equation.

Description Equation
Desired frequency fr N .
TR 17

) ) L ) 02C [17:0] = COS * 2
The resulting hexadecimal coefficient is input to registers
0S2CH and 0S2C and ROFFS 8 kHz
Oscillator initial condition for oscillator 2 . .

] ) o ] Q2IC [15:0] = A * sin * 2
The resulting hexadecimal coefficient is input to registers
OS2ICH and OS2ICL 8 kHz
A is calculated from the desired peak amplitude, APK
Apk, in volts A = 96

Note that A is calculated differently for Tone Generation. Finally the precise phase position where the sinusoidal

ringing signal begins transmitting can be controlled by programming a transmission or phase delay of up to 31.8 ms

into OS2RPD:O2RPD[7:0] address (0xAD). If the zero-crossing feature is enabled signal transmission will end at the

equivalent phase position.

Target
Frequency Frequency (Hz) 02C[17:0]
(Hz)
10 11.12 1FFFB
11 11.12 1FFFB
12 12.18 1FFFA
13 13.15 1FFF9
14 14.07 1FFF8
15 15.73 1FFF6
16 16.49 1FFF5
17 17.22 1FFF4
18 18.60 1FFF2
19 19.27 1FFF1
20 20.51 1FFEF
25 25.37 1FFE6
50 50.26 1FF9A

Table 16: Example Ringer Register settings

Preliminary Datasheet Rev1.0

Page 41 of 164

January 2010



N681386/87

Single Programmable Extended Codec/SLCC

NnNUvoToON
I s——_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—,—,—,—,—_—,—,—,—,_,_,_,_,_

12.1.3.2.2. TRAPEZOIDAL RINGING

Trapezoidal Ringing is selected by writing RMPC:TRAP[7] = 1 address (0xC1). Three parameters are required to
specify a Trapezoidal RING Signal and they as follows:

e Desired frequency f; (period T)
e Desired amplitude Apk
e Crest factor, CF

Three values are programmed across O2C[17:0] and O2IC[15:0] to describe the waveform.

VTIPRING
4

TAPK
Time

tRISE
«— T =1 R

A

TRV

Figure 10: Trapezoidal Ringing

Description Equation

1
Calculated rise time (trise) tRISE =0375*T* [1 _ [_2D
CF

The rise time, expressed as an integer number of periods of 8 kHz,

0OS2ICL

The resulting hexadecimal coefficient is input to registers OS2ICL

Calculated peak time (tpk) tpk = 05*T)- (2 * tRISE)

The peak time, expressed as an integer number of periods of 8

kHz, OS2ICH
02IC[15:8]=tpy *8 kHz

The resulting hexadecimal coefficient is input to registers OS2ICH

Calculated ramp rate is specified in 02C[15:0] {APK }*215
02C[15:0] =

Oscillator 2 has 18-bit register. The resulting hexadecimal coefficient is
written to registers ROFFS:02C[7:6], OS2CL and OS2CH tRISE *8 kHz

Precise position where the trapezoidal signal begins transmitting. If
the zero-crossing feature is enabled signal transmission will end at
the equivalent phase position.

OS2RPD = transmission or phase delay of up
to 32 ms
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12.1.3.2.3. RINGING DC OFFSET AND COMMON MODE BIAS

A Ringing DC offset voltage Vrorr can be defined by setting ROFFS:ROS[5:0]

v
ROS[5: 0] = | —ROFF |+ 56
9

Ringing DC Offset is enabled when ROFFS:ROS[5:0] contains a non-zero value. Vrorr is added to, or subtracted

from, the AC ringing signal depending on the setting. Similarly a Common Ringing Bias voltage Vcur can be defined
by setting the VCMR Register.

time
ov

v

VBATH/ 2

VRING\\_
VBATH__ _______________________________________________________________________________________________
VROFF =0 VROFF >0 RG
VoltsY
Figure 11: Positive DC offset for Trapezoidal Ringing
time
ov

VBATH/ 2

Figure 12: Programming Vcwmr voltage for Trapezoidal Ringing
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12.1.3.2.4. LINEFEED CONSIDERATIONS DURING RINGING

To maintain proper biasing of the external bipolar transistors the generated Ringing signal should stay between the
Ringing voltage rails (GNDA and Vgatn). If the ringing signal approaches the rails the signal will distort. Furthermore
excessive power dissipation in the external transistors will also occur. This can be prevented if VgaTh is programmed
such that:

VBATH > 2 % {APEAK * VROFFJ +VeMmR

12.1.3.3. INTERNAL UNBALANCED RINGING

An unbalanced ringing waveform can be generated by the N681386/87. This feature is enabled by setting
GMV:UBR[7] address (0x4D) to “1”. The Ringing signal is only applied to the RING lead and the TIP lead remains at
the programmed Vgum voltage. The Ringing signal is programmed as described in section 9.1.3.1. A DC offset can be
used to provide DC current for Ring Trip Detection (section 9.1.3.2.3). Positive Vrorr values will cause the DC offset

point to move closer to ground. The internal unbalanced Ringing waveform is shown below.

time
ov )
VGM T VGM -
Veath Vov
Volts ¥

Figure 13: Unbalanced Ringing on TIP

The DC offset value should be set to less than half the ringing amplitude or the ringing signal will be clipped. Reverse
unbalanced Ringing waveform can be achieved by setting the GMV:UBR[7] address (0x4D) bit to 1 (the TIP lead

oscillates while the RING lead stays constant). In this mode, the polarity of Vrorr must also be reversed.
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12.1.3.4. RING TRIP DETECTION

The Ring Trip Detection mechanism is used to recognize an off-hook event during Ringing. The N681386/87
monitors the Loop current through the Loop current circuitry (available at LPI:ILP[11:0] address (0x90)). If the
shadow Linefeed state LS:SLS[7:4] address (Ox44)indicates a Ringing state the loop current can used to evaluate

whether a Ring Trip event has occurred under two alternative methods - AC path or DC path.

AC Path >
Ring Trip
RTTA="" Threshold RTOUA
S Debounce
) igita Filter
—> —»
Rectifier LPF y'y RTD
| RTDBA
Loop DRTDFC[11:0] Interrupt RT
Current: Input Signal | Logic g
Processor Ring Trip
I RTTD Threshold RTOUD RTE —T
LS:SLS[3:0]
Debounce |_|

Digital . Filter
L b
LPF Rectifier x

I RTDBD
ARTDFC[11:0]

DC Path

\

Figure 14: RING Trip Detection Mechanism

For the AC path the AC component of the loop current is determined by passing it first through a full-wave rectifier to
remove the DC component and then through a Low Pass Filter for smoothing. The resulting value is compared to the
AC path Ring Trip Threshold in register RTTA:ARTT[5:0] address (0x55). A subsequent debounce filter is
programmed with an AC Path debounce interval from register RTDBA:ARTDI[7:0] address (0x48). If this interval is
satisfied, a valid Ring Trip is judged to have occurred. However, RTLC:RTDUA[3] address (0x46) bit reco