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T7234, T7237, and T7256
Compliance with the New ETSI PSD Requirement

(Refer to the T7234, T7237, and T7256 ISDN transceiver data sheets.)

Telecommunication Standard

The European Telecommunications Standards Institute (ETSI) has identified a change in the requirement of
the power spectral density (PSD) for Basic Rate Interface ISDN.

Section A.12.4, Power Spectral Density, of ETSI TS080 states the following:

»« The upper boundary of the power spectral density of the transmitted signal shall be as shown in Figure 1,
below.

» Measurements to verify compliance with this requirement are to use a noise power bandwidth of 1.0 kHz.

» Systems deployed before January 1, 2000 do not have to meet this PSD requirement but shall meet the PSD
requirements as defined in ETR 080 edition 2. It is, however, expected that these systems will also meet the
PSD requirements of TS080 edition 3. Some narrowband violations could occur and should be tolerated.
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Figure 1. Upper Boundary of Power Spectral Density from NT1 and LT

The existing SCNT1 family (T7234A, T7237A, and T7256A) of U-interface transceivers fully comply with this
standard.

Conformance to the above requirement has been fully verified, and test reports are available upon request.
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(Refer to the T7234, T7237, and T7256 ISDN transceiver data sheets.)

The Technology and Telecommunications Standard sections below denote the differences between the T7234,
T7237, and T7256 and the T7234A, T7237A, and T7256A.

Technology

» The T-7234- - -ML, T-7237- - -ML, and T-7256- - -ML2 are 0.9 ym CMOS technology devices.
» The T-7234A- -ML, T-7237A- -ML, and T-7256A- -ML are 0.6 um CMOS technology devices.

Telecommunication Standard

In 1996, the European Telecommunications Standards Institute (ETSI) added a microinterruption immunity
requirement to ETR 080 (Sections 5.4.5 and 6.2.5).

Section 5.4.5 in ETSI ETR 080 states the following:

= A microinterruption is a temporary line interruption due to external mechanical activity on the copper wires
constituting the transmission path.

= The effect of a microinterruption on the transmission system can be a failure of the digital transmission link.

= The objective of this requirement is that the presence of a microinterruption of specified maximum length
shall not deactivate the system, and the system shall activate if it has deactivated due to longer interruption.

Section 6.2.5 in ETSI ETR 080 states that:

= A system shall tolerate a microinterruption up to t = 5 ms, when simulated with a repetition interval of
t=5ms.

The SCNT1 family of U-interface transceivers was upgraded to fully comply with this standard. The devices
have been given an A suffix (T7234A, T7237A, and T7256A).

A proposal was added to the Living List (which is intended to collect issues and observations for a possible
future update of ETSI ETR 080) to change the value of the microinterruption from 5 ms to 10 ms. The current
SCNT1 family of U-interface transceivers (T7234A/T7237A/T7256A) from Lucent Technologies Microelectron-
ics Group meets and exceeds this new requirement.

The above change to the SCNT1 family of transceivers has been fully verified, and test reports are available
upon request.
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Application Circuit

Please change the value of capacitor C15 from 0.1 pF to 1.0 yF in Figure 11 of the T7234 data sheet, Figure 17 of
the T7237 data sheet, and Figure 20 of the T7256 data sheet. The following schematic shows the correct value
(1.0 pF) for C15.
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Figure 1. MLT Circuit Showing New Placement of Zener Diode (Z b) and Capacitor (C A)

In the ILOSS mode (refer to ANSI T1.601 1992, Section 6.5.2), the NT generates a scrambled, framed, 2B1Q sig-
nal such as SN1 and SN2. When the ILOSS mode is applied to circuits with the LH1465, it was observed that for

some short loop lengths, the NT, once in the ILOSS mode, would not respond to further maintenance pulses until
the ILOSS timer expired. It was discovered that there is some portion of the transmitted 2B1Q signal from the NT

that passes through the LH1465 to the optoisolator. This causes the optoisolator to report incorrect dial pulses at

its output, and thus prevent the NT from properly exiting the ILOSS mode.

To correct this situation, the dropout voltage (voltage at the Tip/Ring needed to turn on the optoisolator) of the
optoisolator driver on the LH1465 is raised using the 3.6 V zener diode Zp (for example, Motorola* MMSZ4685T1).
Capacitor Cais a 1.0 pF £10% tantalum chip capacitor, with a voltage rating of at least 16 V. Cais added to provide
a level of filtering for the transition points (turn-on or turn-off) of the optoisolator input voltage, which increases the
robustness of the circuit.

* Motorola is a registered trademark of Motorola Inc.
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Euro-LITE Transceiver

Features Description
= U-to S/T-interface conversion for ISDN basic rate The Lucent Technologies Microelectronics Group
(2B+D) systems T7234 Single-Chip NT1 (SCNT1) Transceiver inte-
— Integrated U- and S/T-interfaces grated circuit provides data (2B+D) and control infor-
— Operates in stand-alone mode to provide U- and mation conversion between 2-wire (U-interface) and
S/T-interface activation, control, and mainte- 4-wire (S/T-interface) digital subscriber loops on the
nance functions integrated services digital network (ISDN). The
— Automatic embedded operations channel (eoc) T7234 conforms to the ANSI T1.601 standard and
processing for ANSI T1.601 systems ETSI ETR 080 technical report for the U-interface
— Low power consumption supporting line-pow- and the ITU-T 1.430 recommendation, ANSI T1.605
ered NT1 (See Table 15 on page 49, Question standard, and ETSI ETS 300 012 for the S/T-inter-
and Answers section, #47 for detailed power face. The single +5V CMOS device is packaged in a
consumption information) 44-pin plastic leaded chip carrier (PLCC).

— ldle-mode support (35 mW typical)
— Board-level testability support

= U-interface
— Conforms to ANSI T1.601 standard and ETSI
ETR 080 technical report
— 2B1Q four-level line code
— Automatic ANSI maintenance functions (quiet
mode and insertion loss mode plus the MLT
function as an option for North America)

= S/T-interface
— Conforms to ANSI T1.605 standard, ITU-T 1.430
recommendation, and ETSI ETS 300 012 for NT

operation

= Other
— Single +5V (£5%) supply
——-40°Cto +85 °C
— 44-pin PLCC



Data Sheet
T7234 Single-Chip NT1 (SCNT1) Euro-LITE Transceiver February 1998

Table of Contents

Contents Page
FFRALUIES ..ttt s oo oo e e e e e e e e e e eeee et et et e e e e e EeEe R R R R R e e e e e e e e e e e e e e eteteteeeeeeeeernnnnrnn s 1
[Tt ] o 1o ) o SRR PSS 1
[T L1 (0] .4 F= oo N PRSP 4
FUNCHIONAT OVEIVIEW ...t ettt ettt e ettt e e e e sttt e e e ettt e e e e aa bt e e e e e ek be e e e e e aabbe e e e e s s bbeeaeeansbeeeeeeanbbeeeeeansbeeeeeennnees 8
U-INTEITACE FIramME SEIUCTUIE ... ..t e ettt e oot ettt e e e e e e s e o e ab et b e s e e et e e e e e e e saaaannbbbbe e e e eaeeeeeesaannnnnbnnreees 8
T NI (o ] 0 =T o1 £ EUER 9
ST AR 1 = g o o = T LS (g E od (1= TSP 10
LU R g (=Y o 7= VoI LYol 1) U PUEEPRPRN 12
ST g1 0=T = Yot T DTS ] o) o o PSPPSR 13
(0T o] o= [ox & PUSPRRRR 14
S I 1 =Yo7 o] 1T o PRSP 15
€0C State MaChiNg DESCIIPLION. .. ...t e e e e e e e e s e e e e e e eeeeesessa s aa et e aaeeeeaeaeeessssaasnnbaaaeereaeaaaaaans 17
ANSI Maintenance CoNtrol DESCIIPLION .....uuviiiiieeeiei ittt e e e e e e e e e s eee e e e e e e e e s s e st e e e e e e eaeeeeessesnnrrnrrereees 17
S To T Vo Bl YT B =Ty Vo P EEERRRR 17
PN o] o] o= UuTo g TN =] £ =1 £ PR 18
LAl 2 (] (=] o[t O ] (ol U PO PPPTTRR 18
ADSOIUtE MaXIMUM RALINGS .. .uutiiiiiiiiiei e e e iii it e e e e e e s s st e e e e e eeeeese s s s s et e s aeeeeeeaeeessesaasnsraaseeeeeaaeeessesanssnreneneees 24
[ F= V[0 1T g Vo = = To= U0 1T} o L PREEPRRRN 24
Recommended Operating CONItIONS ........c.ooiiiiiiiiiieiee e e e e e e e s e s s re e e e eeaeeeeesssaaanbeaaeeeeaaaeeessesasnnnns 24
S Yot o= O g P L= Tod 1= o PSPPSR TOTURRT 25
o LY o] o YU Ty g o] (o] o P PEEPRRR 25
el Tt o= O g = = Tod 1= ] o PR 25
S/T-Interface Receiver Common-Mode REJECHION........ciiiiieii i e e e s r e e e e e e e e e e 26
(1) r= LI O P T r= Toa (] 1S3 1o SRR 26
LI T o T O g = U= o 1T ) 1Tt PRSPPI 27
Switching Test INpUt/OULPUL WAVETOIM ..o e e e e e e e e e s s e s e e e e e e e e aaaeaeas 27
Propagation DEIAY ...........cocciiiiiiiiiice e e e e e e et e e e e e e e e e ——————taaaeeeeaaaa—arr————araaaaeeeaeaaaannne 27
L@ 101 [T T To | -1 o o SRR 28
N | T = X PR PRPTURTPRR 28
(@) (o L= g TaTo TN Tl {04 32T 11 o] o PRSP 28
QUESHIONS AN ANSWETS ...eeeieieieeeeee i ii ittt et et et e e e e eesss et et e e eeetaaaeaassaaasastataeeeeeeaeaeaesasaasastssaeeeeeeaeaessssaassnntearnneeeeaaaenns 29
1] o 11 L1 o] o PSPPSR 29
LU R 101 =] o 7= Tol ST PP PP PPPPPPPPPRN 29
STl I 1 =T o = Lo PP PSRR 36
[ TESYot= | = T =0 UL SRR 47
L1 01STT- LY PSPPSR 51
Y= Ta o F= T S B Ta Tt U1 g =T o) -1 1T o USRI 55

2 Lucent Technologies Inc.



Data Sheet
February 1998 T7234 Single-Chip NT1 (SCNT1) Euro-LITE Transceiver

Table of Contents (continued)

Figures Page
(o [0 = I = (o Tod QBT To | =1 s B PP SOPPPPPRUPPRP 4
FIQUIE 2. PIN DIBQGIAIM....ceiiiiii ittt ettt ettt e e e e e s e oo b bbbt ettt eee e e e e e o e s e aa b b bbeeeeeeeaaeeeesaannnbbsbeeeeaaaaaesaeaannnrnns 4
Figure 3. U-Interface Frame and SUPEITIAME ...........u ittt e e e e e e e e e e e e e e e e e e s e e aanneees 8
Figure 4. U-Interface SUPEIrame Bit GrOUPS .........uuuiiiiiiaiaaaiieiiiitt ettt e e e ettt e e e e e e e e e s aaabbseeeeeeaaaeeesasannnnnees 9
Figure 5. Frame Structures of NT @nd TE FFAIMES .......coiiiii ittt ee e e e e e e e eeaaaaaaeeaeanns 10
Figure 6. Details Of NT @nd TE FIamMeS......ccoo oottt et e e e e e e e e e s s sbabbeeeeeeaaaaeeeaeaanns 11
Figure 7. U-Interface QUAat EXAMIPIE.......coui ittt e ettt e e e e e e e e e s s bab b e e e eeaaaaeeeaeaanns 12
Figure 8. S/T-INterface AST EXAMIPIE .....cooi ittt e e ettt e e e e e e e e e s s bbb e eeeeeaaaaeeeaeaann 13
Figure 9. Location of the Loopback Configurations (Reference ITU-T 1.430 AppendiX 1).......ccccuviiiiiieiiiiinnninnnnns 14
Figure 10. STLED CoNtrol FIOW DIagram ........ooiiiiiiiieieeei ettt ettt e e e e e e e e e e s s ababbeaeeeeaaaaaeeaeanns 16
Figure 11. T7234 Stand-Alone Reference CIrCUIT-A ... ..ot e e e e e e e 19
Figure 12. T7234 Stand-Alone Reference CIrCUIT-B ..........ooii it a e e e 20
Figure 13. RESET TimMiNG DIAOIAIM ......etiiiiaiiiiiiiittie ettt e e e e e e e e e s s bbbt beeeeeeaaeaeseaaanbabbseeeeeaaaeaasaaaanns 27
Figure 14. SWItChiNg TeSt WaAVETOIM......coi ittt e e e e e e e e e e s bbb e e e e eeeaaaeeeaeaann 27
Figure 15. Transceiver IMPedance LIMILS ... ...ttt e e e e e e e e e e s s bbb e e e e eeaaaaeeeaeaann 31
FIQUIE 16. RECEIVET BIAS ...cceiiiiiiieet ettt oottt e e e e e e e e e o bbb bbbt e e e e e e e e e e e s s bbb beeseeeaaaaeaeaaan 38
Figure 17. T7234 S/T Line INtErface SCNEME..........uiiiiiiiiiie et e e e e e e e e e 42
Figure 18. T7903 S/T Line INterface SCNEME..........uuiiiiiiiiiea ettt e e e e e e e e e 42
Figure 19. T7250C S/T Line INterface SCREMIE ... ... e e e e 43
Figure 20. T7903 to T7234 DireCt-CONNECT SCNEME......ccoiiiiiiiii ettt e e e e e e e 44
Figure 21. T7250C to T7234 Direct-CoONNECt SChEME ......oooiiiiie e 44
Figure 22. T7903 to T7234 Direct-Connect Scheme with External S/T-Interface ...........ccccoooiiiiiiiiiccins 45
Figure 23. T7250C to T7234 Direct-Connect Scheme with External S/T-Interface...........cccoovviiiiiiiiiins 46
Tables Page
LI o) I B T D=2 ol ] oo T PP PP PP P PPPPPPPO 5
Table 2. U-Interface Bit ASSIGNIMENT ........viiiiiiiiiei ettt e et e e et e e e e e et b et e e e e anbb e e e e e anbr e e e e annnreas 9
Table 3. Line TranSMISSION COUE ......ccciiiiiiiieiitiitee ettt e ettt e et e e e ettt e e e e st bt e e e ek be et e e e an b e e e e e e asbbeeeeeanbeeeesaannes 13
TADIE 4. STLED SEALES....eiiiittieeieiitie ettt ettt ettt e e ettt e e e ok b et e e e st e et e e e e ek bbb e e e e et be e e e e e aabbeeeeesbbeeeeeeanbreeeeenanes 15
Table 5. T7234 Reference SChematiC PartS LiSt...........uiiiiiiiiiiiiiiiiie et e 21
Table 6. Line-Side ReSISIOr REQUITEIMENTS .........uiiiiiiiiie ettt e et e et e e s et e e e e e abbreeeeanees 23
Table 7. POWET CONSUIMPEION ....eiiiititiieiitiete e ettt e ettt e e sttt e e e sk et e e e s s bb et e e e s akbe e e e e e aabbe e e e e s ambneeeeeabbeeeeesaabbeeeeeaanes 25
Table 8. Digital dc Characteristics (Over Operating RABNGES).........uuiiieiiiiiiieeiiiii et 25
Table 9. S/T-Interface Receiver Common-Mode REJECHION .........ocuiiiiiiiiiiiii e 26
Table 10. Fundamental Mode Crystal CRaraCteriStCS. ........cuuvieeiiiiiiie ettt e e e 26
Table 11. INternal PLL CharaCteriSTICS .......uieeiiiuriiieeiitiiie e ettt e bt e et e e e et e e e e st e e e e e anbb e e e e e anbreeeeanees 26
Table 12, RESET TIMINQG ....iutitiiiiiiiieee ettt ettt e e oo sttt e e e ek b et e e e e et b et e e e e bbbt e e e e anbbe e e e e e anbbe e e e e anbeeeeeannes 27
Table 13. Power DiSSIPAtiON VaArTALION. .........coiiiiiiiiiiiiiie ettt et e e e et e e e s anbre e e e anees 48
Table 14. Power DiSSIPation Of CKOUT ......coiiiiiiiiiiiiiiie ettt e ettt e e et e e e e e aibb e e e e e abbeeeeeanees 48
Table 15. POWET CONSUMPLION .....uutiiiieiiiie ettt ettt e e ettt e e e sttt e e s s bb et e e e s bbb et e e s sabbe e e e e s asbeeeeeeabbreeeesaabneeeeeanes 49

Lucent Technologies Inc. 3



Data Sheet
T7234 Single-Chip NT1 (SCNT1) Euro-LITE Transceiver February 1998

Description (continued)
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Figure 1. Block Diagram

Pin Information
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Note: Pin labels shown in bold (pins 11, 12, and 15) represent chip configuration controls that are sampled on the rising edge of RESET (see
Table 1, Pin Descriptions).
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Figure 2. Pin Diagram
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Pin Information (continued)

Table 1. Pin Descriptions

Pin Symbol Type* Name/Function
1, 10, GNDb — | Digital Ground. Ground leads for digital circuitry.
16
2 OPTOIN [u | Optoisolator Input. Pin accepts CMOS logic level maintenance pulse

streams. These pulse streams typically are generated by an optoisolator
that is monitoring the U loop. Pulse patterns on this pin are digitally filtered
for 20 ms before being considered valid and are then decoded and interpret-
ed using the ANSI maintenance state machine requirements. If the OPTOIN
pin is being used for implementing maintenance functions, the ILOSS pin
should not be used (i.e., it should be held high). An internal 100 kQ pull-up
resistor is on this pin. For applications outside of North America, leave this
pin unconnected.

3 STLED O | Status LED Driver. Output pin for driving an LED (source/sink 4.0 mA) that
indicates the device status. The four defined states are low, high,

1 Hz flashing, and 8 Hz flashing (flashing occurs at 50% duty cycle). See the
STLED Description section for a detailed explanation of these states.

Also, this pin indicates device sanity upon power-on/RESET, as follows:

» If AUTOACT =0 (pin 15) after a device RESET, STLED will toggle at an
8 Hz rate for at least 0.5 s, signifying an activation attempt. If the activa-
tion attempt succeeds, it will continue to flash per the normal start-up
sequence (see STLED Description section).

» If AUTOACT =1 (pin 15) after a device RESET, STLED will go low for 1 s
(flash of life), indicating that the device is operational, and no activation
attempt will be made.

4 SYNS8K/LBIND O | Synchronous 8 kHz Clock or Loopback Indicator. Pin function is select-
ed via SYN8K_CTL (pin 12) state at the end of external RESET. As SYN8K
(SYN8K_CTL = 0), this pin can be used as a reference clock or for synchro-
nization in device performance testing (i.e., it reflects the recovered timing
from the U-interface). SYN8K is always present, even when the chipis in its
low-power (deactivated) mode. As LBIND (SYN8K_CTL = 1), this pin indi-
cates a 2B+D loopback:

0—No loopback.
1—eoc requested 2B+D loopback in progress.

5,13 \VbbD — | Digital Power. 5V = 5% power supply pins for digital circuitry.

6 ILOSS [u | Insertion Loss Test Control (Active-Low). The ILOSS pin is used to con-
trol SN1 tone transmission for maintenance. The OPTOIN and ILOSS pins
should not be used at the same time (i.e., OPTOIN should be held high when
ILOSS is active). This pin would typically be used if an external ANSI main-
tenance decoder is being used, in which case the decoder output drives the
ILOSS pin. Internal 100 kQ pull-up resistor on this pin.

0—U transmitter sends SN1 tone continuously.
1—No effect on device operation.
7 FTE |[u | Fixed/Adaptive Timing Mode Select. Selects S/T-interface timing recov-
ery mode:
0—Fixed timing recovery mode.
1—Adaptive timing recovery mode.

* |U = input with internal pull-up.

Lucent Technologies Inc. 5
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Pin Information (continued)

Table 1. Pin Descriptions (continued)

Pin Symbol Type* Name/Function

8 PS2E [d | Power Status #2. This is an input for the PS2 bit in transmit U-interface data
stream. If the PS2E functionality is not used, this input must be pulled up externally
with a 10 kQ or less resistor to set the U-interface PS2 bit to the inactive state. An
internal 100 kQ pull-down resistor is on this pin.

9 PS1E [d | Power Status #1. This is an input for the PS2 bit in transmit U-interface data
stream. If the PS1E functionality is not used, this input must be pulled up externally
with a 10 kQ or less resistor to set the U-interface PS1 bit to the inactive state. An
internal 100 kQ pull-down resistor is on this pin.

11 ACTMODE [u | ACT Bit Mode.

O—act = 0 during loopback 2 (per ANSI T1.601). The data received at the NT is
looped back towards the LT as soon as the 2B+D loopback is enabled.

1—act = 1 during loopback 2 after INFO 3 is recognized at the S/T-interface (per
ETR 080). The data received by the NT is not looped back towards the LT until
after ACT = 1 is received from the LT. Prior to this time, 2B+D data toward the
LT is all 1s.

12 | SYNBK_CTL [@ | Synchronous 8 kHz Clock Control. If pin is held low during an external RESET,
the SYNS8K/LBIND pin performs the SYN8K function. If held high during an external
RESET, the pin performs the LBIND function. An internal 100 kQ pull-down resistor
is on this pin.

14 NC — | No Connect.

15 AUTOACT [d | Automatic Activation. If this pin is held low during an external RESET, the AUTO-
ACT bit is written to O, creating an activation attempt. If pin is held high during ex-
ternal RESET, no activation is attempted. An internal 100 kQ pull-down resistor is
on this pin.

17 NC — | No Connect.

18 GNDo — | Crystal Oscillator Ground. Ground lead for crystal oscillator.

19 Vbbo — | Crystal Oscillator Power. Power supply lead for crystal oscillator.

20 X1 O | Crystal #1. Crystal connection #1 for 15.36 MHz oscillator.

21 X2 I Crystal #2. Crystal connection #2 for 15.36 MHz oscillator.

22, 33, VbDA — | Analog Power. 5V + 5% power supply leads for analog circuitry.
39, 42

23 TNR O | Transmit Negative Rail for S/T-Interface. Negative output of S/T-interface analog
transmitter. Connect to transformer through a 121 Q + 1% resistor.

24 TPR O | Transmit Positive Rail for S/T-Interface. Positive output of S/T-interface analog
transmitter. Connect to transformer through a 121 Q + 1% resistor.

* |¥ = input with internal pull-up; 4= input with internal pull-down.

Lucent Technologies Inc.
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Pin Information (continued)

Table 1. Pin Description (continued)

Pin Symbol | Type* Name/Function
25,34, GNDa — | Analog Ground. Ground leads for analog circuitry.
40, 41

26 RNR I Receive Negative Rail for S/T-Interface. Negative input of S/T-interface analog re-
ceiver. Connect to transformer through a 10 kQ + 10% resistor.

27 RPR I Receive Positive Rail for S/T-Interface. Positive input of S/T-interface analog re-
ceiver. Connect to transformer through a 10 kQ + 10% resistor.

28 VRCM — | Common-Mode Voltage Reference for U-Interface Circuits. Connect a

0.1 pF £ 20% capacitor to GNDa (as close to the device pins as possible).

29 VRP — | Positive Voltage Reference for U-Interface Circuits. Connect a 0.1 pF + 20% ca-
pacitor to GNDA (as close to the device pins as possible).

30 VRN — | Negative Voltage Reference for U-Interface Circuits. Connect a 0.1 pF + 20% ca-
pacitor to GNDA (as close to the device pins as possible).

31 HN I Hybrid Negative Input for U-Interface. Connect directly to negative side of
U-interface transformer.

32 LOP O | Line Driver Positive Output for U-Interface. Connect to the U-interface transformer
through a 16.9 Q + 1% resistor.

35 LON O | Line Driver Negative Output for U-Interface. Connect to the U-interface transform-
er through a 16.9 Q + 1% resistor.

36 HP I Hybrid Positive Input for U-Interface. Connect directly to positive side of
U-interface transformer.

37 SDINN I Sigma-Delta A/D Negative Input for U-Interface. Connect via an 820 pF + 5%
capacitor to SDINP.

38 SDINP I Sigma-Delta A/D Positive Input for U-Interface. Connect via an 820 pF + 5%
capacitor to SDINN.

43 RESET [9 | Reset (Active-Low). Asynchronous Schmitt trigger input. Reset halts data transmis-
sion, clears adaptive filter coefficients, resets the U-transceiver timing recovery cir-
cuitry, resets the S/T-interface transceiver, and sets all microprocessor register bits
to their default state. During reset, the U-interface transmitter produces 0 V and the
output impedance is 135 Q at tip and ring. The RESET pin can be used to implement
quiet mode maintenance testing (refer to pin 2 for more description). The states of
ACTMODE, SYN8K_CTL, and AUTOACT are read upon exiting reset state (see cor-
responding pin descriptions). An internal 100 kQ pull-down resistor is on this pin.
RESET must be held low for 1.5 ms after power-on. Device is fully functional after an
additional 1 ms.

44 HIGHZ [u | High-Impedance Control (Active-Low). Control of the high-impedance function. An
internal 100 kQ pull-up resistor is on this pin. Note: This pin does not 3-state the an-
alog outputs.

0—All digital outputs enter high-impedance state.
1—No effect on device operation.

* |4 = input with internal pull-up; 9= input with internal pull-down.

Lucent Technologies Inc. 7
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Functional Overview

The T7234 device provides two interfaces for informa-
tion transfer: the U-interface, the S/T-interface.

The ANSI maintenance controller can operate in fully
automatic or in fully manual mode. In automatic mode,
the device decodes and responds to maintenance
states according to the ANSI requirements. In manual
mode, the device is controlled by an external mainte-
nance decoder that drives the RESET and ILOSS pins
to implement the required maintenance states.

When the T7234 is powered on and there is no activity
on the S/T- or U-interfaces (i.e., no pending activation
request), it automatically enters a low-power IDLE
mode in which it consumes an average of 35 mW.

This mode is exited automatically when an activation or
U maintenance request occurs from the S/T- or U-inter-
faces. The T7234 provides a board-level test capability
that allows functional verification. Finally, an LED driver
output indicates the status of the device during opera-
tion.

U-Interface Frame Structure

Data is transmitted over the U-interface in 240-bit
groups called U frames. Each U frame consists of an
18-bit synchronization word or inverted synchronization
word (SW or ISW), 12 blocks of 2B+D data (216 bits),
and six overhead bits (M bits). A U-interface super-
frame consists of eight U frames grouped together. The
beginning of a U superframe is indicated by the
inverted sync word (ISW). The six overhead bits (M1—
M6) from each of the eight U frames, when taken
together, form the 48 M bits. Figure 3 shows how U
frames, superframes, and M bits are arranged.

Of the 48 M bits, 24 bits form the embedded operations
channel (eoc) for sending messages from the LT to the
NT and responses from the NT to the LT. There are two
eoc messages per superframe with 12 bits per eoc
message (eocl and eoc2). Another 12 bits serve as U-
interface control and status bits (UCS). The last 12 bits
form the cyclic redundancy check (CRC) which is cal-
culated over the 2B+D data and the M4 bits of the pre-
vious superframe. Figure 4 and Table 2 show the
different groups of bits in the superframe.

[= U-FRAME SPAN = 1.5 ms -

ISW[18]

(2B+D) x 12 [216 bits] M[6]

B \%z 12ms —|

Ul u2 U3 U4

us U6 u7 us

U-INTERFACE M BITS [48]

5-2476 (C)

Figure 3. U-Interface Frame and Superframe
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U-Interface Frame Structure (continued)

Bit # 1—18 19—234 235 236 237 238 239 240

Frame # Sync 12(2B+D) M1 M2 M3 M4 M5 M6

1 ISW

CONTROL & STATUS (UCS)

2 eocl

3

4

2B+D
5 SwW
crc

6 eoc2

7

8

Figure 4. U-Interface Superframe Bit Groups

Bit Assignments

Table 2. U-Interface Bit Assignment

Bit # 1—18 19—234 235 236 237 238 239 240
Frame # Sync 12(2B+D) M1 M2 M3 M4 M5 M6
1 ISW 2B+D €0Cal eoca2 e0cCa3 act Ri1,5 Ri1,6
2 SwW 2B+D €0Cdm €oci1 €oci2 dea (psl)* R2 5 febe
3 SW 2B+D eoci3 e0cCi4 eocis R3, 4 (ps2)* crcy crez
4 SW 2B+D eocie €oci7 eocis Ra, 4 (ntm)* cres crca
5 SW 2B+D eoca1 eoca2 eocas Rs, 4 (cso)*T Crcs Crce
6 SW 2B+D €0Cdm eoci1 eoci2 Re, 4 crcr crcs
7 SwW 2B+D eoci3 €0ci4 €ocis uoa (sai)* creo Ccrcio
8 SW 2B+D eocie eoci7 eocis aib (nib)** crcia crciz

* LT(NT). Values in parentheses () indicate meaning at the NT.
T csois fixed at 0 by the device to indicate both cold and warm start capability.
T nib is fixed at 1 by the device to indicate the link is normal.

Lucent Technologies Inc. 9
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S/T-Interface Frame Structure

The S/T-interface transfers its subscriber line 2B+D
information as a 192 kbits/s full-duplex signal grouped
into frames of 48 bits with a period of 250 us, as speci-
fied in the ITU-T 1.430/ANSI T1.605 standard. Thirty-six
of the 48 bits sent in each direction convey user infor-
mation (two 8-bit occurrences of each of the two B
channels, and four D-channel bits). The remaining

12 bits per frame are used for framing, control, dc bal-
ance, and maintenance. The frame structures are
shown in each direction in Figure 5.

In the bit stream transmitted from the terminal endpoint
(TE) to the network termination (NT), 4 bits are used for
framing (F and FA, each with a dc balancing bit L),
eight additional L bits are used to balance the 32 B-
channel bits, and 4 bits are D-channel bits.

For the NT-to-TE transmission, 4 bits (F with dc balanc-
ing bit L, FA, and N) are used for framing, one M bit
marks the start of a 20-frame multiframe, four E bits

| ONE FRAME = 48 bits IN 250 ps

form an echo channel for retransmission of the D-chan-
nel bits received from the TE, one additional L bit is
used to balance the contents of the entire frame, and

1 bit (A) is set to one when bit synchronization is
achieved between TE and NT as part of the INFO 4
state. One S bit is used for transmitting S-subchannel
messages in an NT-to-TE multiframe.

The framing procedure uses bipolar line-code viola-
tions to establish synchronization. Since the last binary
0 of any frame is a positive pulse and the F bit is also
defined to be a positive pulse (see Figure 6), the first bit
of each frame represents a coding violation. In addi-
tion, the second bit of each frame, a balance bit, is a
negative pulse, and the next binary 0 in the frame is
forced to be negative, causing another violation. Both
bipolar violations allow framing and provide dc balance.
All other pulses follow the alternating convention.

NT-TO-
TE el L] EiGHT EIGHT EIGHT EIGHT .
FRAME B1BITS |E|D|AFAIN  BopITS DIM| gimits |E|D|S| B2BITs |E|D
TETO- EIGHT EIGHT EIGHT EIGHT
NT
ERAME FILl Bieirs | H[PIEPALLL goems |Y|PIY| Bimits |[H|P|Y| B2mits |H|P| L
BANDWIDTH = 192 kbits/s
5-2479 (C)
Figure 5. Frame Structures of NT and TE Frames
10 Lucent Technologies Inc.
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S/T-Interface Frame Structure (continued)

In the TE-to-NT direction, in at least four of five frames, this second violation occurs within 13 bits of the F bit. If this
coding algorithm is not maintained, the receiver loses synchronization, but the T7234 continues transmitting. Multi-
framing is not supported in the T7234.

— TIME

48 bits IN 250 ps.
L|F L B1Bl eee B1B1 E D A FA N B2 B2 eee B2 E D M B1Bl eee B1 E D S B2B2eeeB2 E D L|F L

48|1 2 3|4 eee |9]10|11|12]13|14]|15|16|17| @eee |23]|24|25|26|27|28| eee |34|35|36|37|38|39|e @ 45|46 |47 48|1|

— —— (NTTOTE)
FA/N BIT PAIR MULTIFRAME SYNC
INVERT TO FLAG BIT (OPTIONAL, ONCE
Q-BIT TRANSMISSION IN 20 FRAMES)
+0 D L|F B1 oo Bl L DL FALB2B2 eee B2 L D L B1Bl eee Bl L D L B2B2eeeB2 L D L
1 48[1] 2 3[4]eee | [10[11]12[13]14[ 15| 16[17] o o'# [23[24]25[ 26]27[28] & & & [34]35] 36[ 37[38]39]e & & 25[46 ] 47[ 23]
-0 L | ||
(TETO NT)
) Q-BIT OPTION
2-bit OFFSET (EVERY 5TH FRAME)
F = Framing bit FA = Auxiliary framing bit or Q-channel bit M = Multiframe synchronization bit
L = dc balancing bit N = Bit set to binary value N = FA B1 = Bit within B channel 1
D = D-channel bit A = Activation bit B2 = Bit within B channel 2
E = Echo D-channel bit S = S-channel bit
Signals from NT to TE Signals from TE to NT
INFO O No signal. INFO O No signal.
INFO 2 Frame with all bits of B, D, and D echo (E) channels setto | INFO 1 A continuous signal with the following pattern:
binary ZERO; bit A set to binary ZERO; N and L bits set ac- positive ZERO, negative ZERO, six ONEs.

cording to the normal coding rules. I—l |—|

INFO 4 Frames with operational data on B, D, and E channels; bit | INFO 3  Synchronized frames with operational data on B
A set to binary ONE. and D channels.

5-2480 (C)

Figure 6. Details of NT and TE Frames

Lucent Technologies Inc.
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U-Interface Description

At the U-interface, the T7234 conforms to ANSI T1.601
and ETSI ETR 080 when used with the proper line
interface circuitry. The T7234 Reference Circuit
description in the Application Briefs section of this doc-
ument describes a detailed example of a U-interface
circuit design.

The 2B1Q line code provides a four-level (quaternary)
pulse amplitude modulation code with no redundancy.
Data is grouped into pairs of bits for conversion to qua-
ternary (quat) symbols. Figure 7 shows an example of
this coding method.

The U-interface transceiver section provides the 2B1Q
line coder (D/A conversion), pulse shaper, line driver,
first-order line balance network, clock regeneration,
and sigma-delta A/D conversion. The line driver, when
connected to the proper transformer and interface cir-
cuitry, generates pulses which meet the required 2B1Q
templates. The A/D converter is implemented by using
a double-loop, sigma-delta modulator.

The U-transceiver block also takes input from the data
flow matrix and formats this information for the U-inter-
face (see Figure 1). During this formatting, synchroni-
zation bits for U framing are added and a scrambling

algorithm is applied. This data is then transferred to the
2B1Q encoder for transmission over the U-interface.
Signals received from the U-interface are first passed
through the sigma-delta A/D converter, and then sent
to the digital signal processor for more extensive signal
processing. The block provides decimation of the
sigma-delta output, linear and nonlinear echo cancella-
tion, automatic gain control, signal detection, phase
shift interpolation, decision feedback equalization, tim-
ing recovery, descrambling, and line-code polarity
detection. The decision feedback equalizer circuit pro-
vides the functionality necessary for proper operation
on subscriber loops with bridged taps.

A crystal oscillator provides the 15.36 MHz master
clock for the device. The on-chip, phase-locked loop
provides the ability to synchronize the chip to the line
rate.

The U-interface provides rapid cold start and warm
start operation. From a cold start, the device is typically
operational within four seconds. The interface supports
activation/deactivation, and when properly deactivated,
it stores the adaptive filter coefficients permitting a
warm start on the next activation request. A warm start
typically requires 200 ms for the device to become
operational.

+3— —| l_
- | L A
-1 — —
3— | L
QUAT SYMBOL -1| +3 +1 -3 -3| +1 +3| 3| -1| -1 +1 -1| -3 +3 | +3 -1 +1
BIT CODING 01| 10 11 00 00| 11 10 00 01 01 11 01 00 10 10 01 11

5-2294 (C)

Figure 7. U-Interface Quat Example
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S/T-Interface Description

At the S/T-interface, the 4-wire line transceiver meets
the ANSI T1.605 standard, ITU-T 1.430 recommenda-
tion, and ETSI ETS 300 012 when used with the proper
line interface circuitry. Refer to the March 1996, T7903
ISA Multiport Wide Area Connection (ISA-MWAC)
Device Data Sheet (DS96-084ISDN). Appendix F of
the ISA-MWAC data sheet is an application brief that
contains detailed information concerning guidelines for
S/T line interface circuit design.

The S/T transceiver interprets the frames received from
the line and generates frames to be transmitted onto
the S/T link. It exchanges full-duplex 2B+D information
with the data flow matrix. The transceiver consists of
two sections: the transmitter and the receiver. The
transmitter is a voltage-limited current source. The
transmitted bits are timed by an internal 192 kHz clock
derived from the U-interface.

The transmitter employs a line coding technique
referred to in the standards as “pseudo-ternary coding
with 100% pulse width,” which is often referred to as
alternate space inversion (ASI) coding. ASI coding rep-
resents a logical 1 by the absence of a pulse and a log-
ical O by alternating positive and negative pulses. ASI
is a differential strategy, with positive and negative rails
connecting to the transformer. Current flows through
the transformer only when there is a voltage difference
on the two rails. When a logical one or mark is being
sent, meaning no current is desired, both rails go to a
high-impedance condition. When a positive logical zero
(space) is transmitted, the positive rail forces current to
the negative rail through the transformer. The reverse
occurs for a negative zero. Table 3 and Figure 8 illus-
trate the ASI coding method.

Table 3. Line Transmission Code

Positive Rail | Negative Rail | Current Logic
Z* Z* 0 1
1 0 +1 +0
0 1 -1 -0

* Z = high impedance.

Lucent Technologies Inc.

The line receiver is more complex. Since the loop
length to the subscriber(s) is variable, as is the number
of TEs on the loop (1 to 8), the receiver must be suffi-
ciently intelligent to adjust for widely varying input
waveforms. The receiver uses a self-adjusting voltage
threshold comparator to adapt to various loop lengths.
It also features a digital timing recovery circuit employ-
ing either adaptive or fixed timing modes.

The adaptive timing mode can be used on any loop
configuration (point-to-point, extended passive bus,
short passive bus) in which round trip delays are
between 0 ps and 42 ps and differential delays
between TEs are between 0 ps and 3.1 ps. This
exceeds the requirement in the standards, which is
0—2 us (see, for example, ITU-T 1.430 section A.2.1.3,
p. 58). A differential delay of O ps is meaningful in the
case of a line transmitter and line receiver directly con-
nected externally in a loopback configuration, so the
receiver can extract the 2B+D information correctly
from the transmitted stream.

A short passive bus configuration permits TEs to be
connected anywhere along the full length of the cable,
with the restriction that the total round trip delay must be
between 10 ps and 14 ps for all TEs. Thus, worst-case
differential delay between TEs can be as much as 4 ps.
If the differential delay is more than 3.1 ps, adaptive tim-
ing mode cannot be used. A fixed timing mode is avail-
able for this case. When using fixed timing, the input
stream is sampled 4.2 ps after the leading edge of each
192 kHz transmit bit interval. The fixed/adaptive timing
mode is controlled via the FTE pin.

5-2295 (C)

Figure 8. S/T-Interface ASI Example
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Loopbacks If a U-interface transparent B1 or B2 loopback is
reguested via an eoc message, the proper channel is
The figure below shows the Layer-1 loopbacks that looped upstream of the data flow matrix. All other
are defined in ITU-T 1.430, Appendix | and ANSI Speci-  device functions are unaffected.
fication T1.605, Appendlx G.A cpmplete discussion If a U-interface transparent 2B+D loopback is
of these loopbacks is presented in ITU-T 1.430, Appen- requested via an eoc message, the 2B+D data will be
dix 1. looped as close to the S/T-interface as possible. The
device forces all Os in the echo channel towards the
TE.
TE1 NT2 NT1
TE2 TA

RﬂEi

Loopback Channel(s) Looped
TE1 = ISDN terminal R = R reference point 2 2B+D channels
TE2 = Non-ISDN terminal S = S reference point 3 2B+D channels
TA = Terminal adapter T =T reference point 4 B1, B2
NT2 = Network termination 2 U = U reference point C B1, B2
NT1 = Network termination 1 B1 or B2 2B+D, B1, B2
LT = Line termination A 2B+D, B1, B2

5-2482.a (C)

Figure 9. Location of the Loopback Configurations (Reference ITU-T 1.430 Appendix I)
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STLED Description

The STLED pin is used to drive an LED and provides a
visual indication of the current state of the T7234. The
STLED control is typically configured to illuminate the
LED when STLED is LOW. This convention will be
assumed throughout this section.

Table 4 describes the four states of STLED, the list of
system conditions that produce the state, and the cor-
responding ANSI states, as defined in ANSI T1.601-
1992 (Tables C1 and C4) and ETSI ETR 080-1992
(Tables A3 and 12).

Table 4. STLED States

Note: The ETSI state names begin with the letters
NT instead of H. Also, the ETSI state tables
do not include a state NT11 because it is con-
sidered identical to state NT6. Table A3 of the
ETSI standard contains the additional states
NT6A, NT7A, and NT8A to describe state
related to the eoc loopback 2 (2B+D loop-
back). The most likely ANSI state for each
STLED state is shown in bold typeface, in
Table 4.

The flow chart in Figure 10 illustrates the priority of the
logic signals which control the STLED pin. Note that
guiet mode and ILOSS mode are ANSI maintenance
modes, and aib is a U-interface overhead bit.

STLED State List of System Conditions that Corresponding ANSI States
Can Cause STLED State
High (LED off) | RESET (pin43)=0 NA
AUTOCTL =0 or
AUTOEOC =0 or
STOA=0
U and S/T not active HO, H1, H10, H12
8 Hz Flashing RESET =0 NA
Quiet mode active, or
ILOSS mode active
U activation attempt in progress H2, H3, H4
AIB=0 H7, H8
eoc-initiated 2B+D loopback active NTBA*, NT7A*, NT8A*
1 Hz Flashing U active, S/T not fully active H6, H6(a), H7, H11, H8(a)T,
H8(b), H8(c)
Low (LED on) U and S/T fully active H8

* These are ETSI DTR/TM-3002 states not yet defined in ANSI T1.601, although they are defined in revised ANSI tables which are currently on

the living list (i.e., not yet an official part of the standards document).
T State H8(a) is most likely when U-interface bit uoa = 0.

Lucent Technologies Inc.
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STLED Description (continued)

16

»( START )=

STLED = OFF

YES

STLED =8 Hz

STLED =1 Hz

STLED = OFF

RESET =0, QUIET

MODE = ACTIVE, OR ILOSS > |

MODE = ACTIVE

STLED =8 Hz

S/T- AND
U-INTERFACE
INACTIVE?

U-INTERFACE
NOT SYCHRONIZED?

YES

YES
STLED =1Hz

STLED =8 Hz

STLED =8 Hz

STLED = ON

Figure 10. STLED Control Flow Diagram

5-3599 (F)
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eoc State Machine Description

The following list shows the eight eoc states defined in
ANSI T1.601 and ETSI ETR 080. The bit pattern below
represents the state of U-interface overhead bits
eocil—eoci8, respectively (see Table 2).

01010000—Operate 2B+D loopback.
01010001—Operate B1 channel loopback.
01010010—Operate B2 channel loopback.
01010011—Request corrupt CRC.
01010100—Notify of corrupted CRC.
11111111—Return to normal (default).
00000000—Hold state.
10101010—Unable to comply.

The T7234 automatically handles the eoc channel pro-
cessing per the ANSI and ETSI standards.

ANSI Maintenance Control Description
The ANSI maintenance controller of the T7234 can

operate in fully automatic or in fully manual mode.
Automatic mode can be used in applications where

Lucent Technologies Inc.

autonomous control of the metallic loop termination
(MLT) maintenance is desired. The MLT capability
implemented with the Lucent LH1465AB and an opto-
coupler provides a dc signature, sealing current sink,
and maintenance pulse-level translation for the testing
facilities. Maintenance pulses from the U-interface MLT
circuit are received by the OPTOIN pin and digitally fil-
tered for 20 ms. The device decodes these pulses
according to ANSI maintenance state machine require-
ments and responds to each request automatically.

For example, the T7234 will place itself in the quiet
mode if six pulses are received from the MLT circuitry.
Manual mode can be used in applications where an
external maintenance decoder is used to drive the
RESET and ILOSS pins of the T7234. In this mode, the
RESET pin places the device in quiet mode and the
ILOSS pin controls SN1 tone transmission.

Board-Level Testing

For board-level testing during manufacturing, the
HIGHZ pin 3-states all digital outputs.

17
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Application Briefs
T7234 Reference Circuit

A reference circuit illustrating the T7234 in a stand-
alone NT1 application is shown in Figures 11 and 12.
This depicts a complete stand-alone NT1 design with
the exception of power supply circuitry and power sta-
tus monitoring circuitry. A bill of materials for the sche-
matic is shown in Table 5. Note that specific
applications may vary depending on individual require-
ments.

U-Interface

The U-Interface attaches to the board at RJ-45 connec-
tor J1 (see Figure 11). F1 and VR2 provide overcurrent
and overvoltage protection, respectively. These two
devices in combination with transformer T1 provide
protection levels required by FCC Part 68 and UL*
1459. For an in-depth discussion of protection issues,
the following application notes are helpful.

1. *“Overvoltage Protection of Solid-State
Subscriber Loop Circuits,” Lucent Analog Line
Card Products Data Book (CA97-006ALC) 800-
372-2447.

2. Protection of Telecommunications Customer
Premises Equipment, Raychem® Corporation,
415-361-6900.

Cl6is a 1.0 pF dc blocking capacitor that is required
per ANSI T1.601, Section 7.5.2.3. The 250 V rating of
C16 is governed by the maximum breakdown voltage
of VR2, since the capacitor must not break down before
VR2. The resistance of R13 (21 Q) and F1 (12 Q) pro-
vides a total line-side resistance of 33 Q, which is
required when using the Lucent 2754H2 transformer
(see the note at the end of Table 5 for information on
R13 values when using other transformers).

On the device side of the U-interface transformer, VR1
provides secondary overvoltage protection of 6.8 V.
Optional capacitors C13 and C14 provide common-
mode noise suppression for applications that are
required to operate in the presence of high common-
mode noise. R6 and R7 provide the necessary external
hybrid resistors.

S/T-Interface

The S/T-interface attaches to the board at RJ-45 con-
nector J2 (see Figure 12). L1 is a high-frequency com-
mon-mode choke used to minimize EMI. R24 and R25
are 100 Q terminations required by ITU 1.430 Section
8.4. Jumper-selectable resistors R26 and R27 provide

18

for a 50 Q termination option instead of the standard
100 Q termination. This is useful in configurations
where none of the TEs have terminating resistors.
Dual-transformer T2 has a standard footprint that can
accept ISDN transformers from several vendors. On
the device side of the S/T-interface transformer, D2—
D11 and VR3—4 provide overvoltage protection for the
device pins. R20—23 provide current limiting for cases
where one or more of the protection diodes conducts
due to an overvoltage condition. Capacitor C17 pro-
vides suppression of common-mode noise that might
otherwise be introduced onto the receiver input pins,
effectively increasing the receiver's CMRR. Note that
the S/T transformer must have a center tap on the
device side in order to use this scheme. R16 and R17
in combination with R20 and R21, respectively, provide
the 121 Q of resistance required by the T7234 on each
transmitter output pin. R18 and R19 are the 10 kQ,
10% resistors required on the receiver input pins.

MLT Circuit

The metallic loop termination (MLT) circuit (U3 and
related components in Figure 11) provides a dc termi-
nation for the loop per ANSI T1.601, Section 7.5. R14
and R15 are power resistors used to sink current dur-
ing overvoltage fault conditions. The optoisolater (U2)
provides signal isolation and voltage translation of the
signaling pulses used for NT maintenance modes, per
T1.601, Section 6.5. The T7234 interprets these pulses
via an internal ANSI maintenance state machine, and
responds accordingly. For applications outside North
America, the MLT circuit is not required.

Status LED

D1 in Figure 11 is an LED that is controlled by the
STLED pin of the T7234 and indicates the status of the
device (activating, out-of-sync, etc.). Table 4 and Figure
10 of this data sheet details the possible states of the
STLED pin and the meaning of each state.

Fixed/Adaptive Timing Control

As detailed in Table 1, pin 7 of the T7234 controls
whether the S/T-interface will use fixed or adaptive tim-
ing recovery. When there is no connection to pin 7, an
internal 100 kQ pull-up holds the pin high, which
causes the chip to default to adaptive timing recovery.
JMP1 is provided (see Figure 11) to change the timing
recovery mode to fixed timing by pulling pin 7 down
through a 5.1 kQ resistor.

* UL is a registered trademark of Underwriters Laboratories, Inc.
T Raychem is a registered trademark of Raychem Corporation.

Lucent Technologies Inc.
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Application Briefs (continued)

T7234 Reference Circuit (continued)

V3IYV A3HSVYA SIHL NIHLIM AY1INDYID IHL 40 ww §'¢

41100 H
VA G+ o1
T

ANL

ddl

ZHIN 09€°ST

NIHLIM INOD LON @TNOHS SNV Id 33MOd/ANNOHD rol AT
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ - [4%e}
|
” Q18
o <o
” %%%omm e 411000 3EzcE
LINDHIO FOVAYILNIN | 110 greg
Sb-rd I NW g dyA
CHYSLZ | ] 62
3 . STT | o] NEA
8 S I 569t 7e|\H
> < A do1
L b 2e] 143 T
o VYaapA aaap Py
> 5 cHA S ee - €T /H o
a 6691 e | YAND veZLL TLO MBNAS = i 1070 NS+
S Z A NO1 JAOWLOY |- 10
[}S] GE 1T
v o] M aano
0ST-0094L 318d
> 4 adogg L jg|NNIGS 5
€ 60T [——-|dNIas 2 Jesd
>— 8¢ z
VYaap o
4 6 z < .
>— = 5 8 W . DIT'S
g =58 IINERERE]
I YA G+ 41100 » > 41 LINDYID
EICY ONIYOLINOW

S|lw 0§ 39 ATINOHS SMOVYL
3IS3HL 4O HLAIM IHL 3ION

Nv Hoﬁo

ATINO SNOILVOITddV
NVIOId3NY HLYON J04

mz
OATT
STy I
[2 mmn_ _\,_mw s | o©eer
€ en 9 crd
2t SHI
1 +d Olfg
Mz CieT | |
OATT GVSOrTH 1Ty
[

(9¥TH1 IHL OL 319ISSOd SV 3SO1D 41 10
SV 4OLIOVdVD SIHL 30V1d) §1D

ﬂ
[
” LINDYHID 1N

YAS+ o1 H
[Ele)

OITS
ege]
NG+
1IN2¥I0 ¥od

vses U
T e
aF1snLvis

SNLVLS ¥43IMOd
0Ol 3¢sd ANV
31Sd LOINNOD

5-4048.h (C)

Figure 11.T7234 Stand-Alone Reference Circuit-A
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Application Briefs (continued)

T7234 Reference Circuit (continued)

S/T-INTERFACE CIRCUIT

_______________________ 1
|

PR R16 R20 A
1] 2 |
IMP2 1 [
R24 g 2 5 —< |

100 Q R26 | ¢
100 Q 3 |
L1
4o 5 4 |
1 3e 6 5 |
750 46.4Q . " .\ S . |
R18 R22
M T T | W et
- o
D10 IMP3 8 ¢ I
VR4 2 PE65554 |
R25 R27 RJ-45
L Ofﬁ;I 100 Q g 100 Q |
D11 = |
R23 -

. A | I
46.4Q |
I

5-4047(C).a

Note: See Question/Answer section, #35.

Figure 12.T7234 Stand-Alone Reference Circuit-B
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Application Briefs (continued)
T7234 Reference Circuit (continued)

Table 5.T7234 Reference Schematic Parts List

Reference Description Source Part #
Designator
C[1—4, 7, Ceramic Chip Capacitor, 0.01 pF, 10%, 50 V, X7R Kemet! C1206C103K5RAC
10, 11]
C5 Tantalum Chip Capacitor, 1.0 pF, 10%, 16 V Kemet T491A105K016AS
C[6, 8,12, | Ceramic Chip Capacitor, 0.1 pF, 10%, 50 V, X7R Kemet C1206C104K5RAC
17]
C9 Ceramic Chip Capacitor, 820 pF, 5%, 50 V, NPO Kemet C0805C821J5GAC
C[13, 14] Ceramic Chip Capacitor, 3300 pF, 10%, 50 V, X7R Kemet C1206C332F5RAC
C15 Polyester Capacitor, 0.1 pF, 63 V, 10% Philips 2 2222 370 12104
Note: Insulation resistance of this part must be
>2 GQ.
Ci6 Capacitor, 1.0 pF, 250 V, 10% Vitramon3, via | VJ9253Y105KXPM
Alternate: Philips 2222 373 41105 TMI (rep)
(215) 830-8500
D1 Green Surface-mount LED Hewlett HSMG-C650
Packard 4
D[2—11] SMT Switching Diode Philips PMLL4151
F1 Overcurrent Protector (Polyswitch?®) Raychem TR600-150
Alternate: Bel Fuse® MJS 1.00A, (201) 432-0463 (415) 361-6900
See note at the end of this table (p. 23).
Ji, J2 RJ-45 8-pin Modular Jack (standard height) Molex ’ 15-43-8588
JMP[1—3] | Two-position Header with Shorting Jumper Multiple
L1 High-frequency Common-mode Choke Pulse PE65554
Alternate: Pulse PE-65854 (surface mount) Engineering®
(619) 674-8100
R[1—3, 5] SMC Resistor, 5.1 kQ, 1/8 W, 5% Dale® CRCW1206512J
R4 SMC Resistor, 825 Q, 1/8 W, 1% Dale CRCW12068250F
R[6, 7] SMC Resistor, 16.9 Q, 1/8 W, 1% Dale CRCW120616R9F
R8 SMC Resistor, 17.8 kQ, 1/8 W, 1% Dale CRCW12061783F
R9 SMC Resistor, 2.2 MQ, 1/8 W, 5% Dale CRCW1206225J
R[10, 18, 19] | SMC Resistor, 10 kQ, 1/8 W, 5% Dale CRCW1206103J
R[11, 12] SMC Resistor, 137 Q, 1/8 W, 1% Dale CRCW12061370F
R13 SMC Resistor, 21.0 Q, 1 W, 1% Dale WSC-1
1. Kemet is a registered trademark of Kemet Laboratories Company, Inc.
2. Philips is a registered trademark of Philips Manufacturing Company.
3. Vitramon is a registered trademark of Vitramon, Inc.
4. Hewlett Packard is a registered trademark of Hewlett-Packard Company.
5. Polyswitch is a registered trademark of Raychem Corporation.
6. Bel and Bel Fuse are registered trademarks of Bel Fuse, Inc.
7. Molex is a registered trademark of Molex, Inc.
8. Pulse Engineering is a registered trademark of Pulse Engineering, Inc.
9. Dale is a registered trademark of Dale Electronics, Inc.
Lucent Technologies Inc. 21
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T7234 Reference Circuit (continued)

Table 5. T7234 Reference Schematic Parts List (continued)

Reference Description Source Part #
Designator
R[14, 15] SMC Resistor, Dale WSC-2
1.1 kQ, 2 W, 5%
R[16, 17] | SMC Resistor, Dale CRCW120675R0F
75Q,1/8W, 1%
R[20—23] | SMC Resistor, Dale CRCW120646R4F
46.4 Q, 1/8 W, 1%
R[24—27] | SMC Resistor, Dale CRCW12061000F
100 Q, 1/8 W, 1%
T1 ISDN U-interface Lucent 2754H2
Transformer Alternates (See note at the end of this table, p. 23.):
Lucent 2754K2 (1500 Vrms breakdown)
Lucent 2809A (for EN60950 compliance)
Valor ° PT4084 (619) 537-2500
Midcom 671-7759 (605) 886-4385
T2 ISDN S-interface Pulse PE65498
Dual Transformer Engineering Alternates:
(619) 674-8100 Pulse Engin(_aering PE-68988 (single transformer,
reinforced insulation)
Valor PT5048 (619) 537-2500 (pin compatible)
Advanced Power Components!?, LTD.
APC40498 (pin compatible)
APC2050S (single transformer, reinforced insulation)
US: Terry Manton, Inc. (rep), (201) 447-8821
Europe: 44-634-290588
Vacuumschmelze!? (VAC) (single transformer,
reinforced insulation)
T60403-L4097-X017-80
U.S.: (908) 494-3530
Europe: 49-6181-38-2026
Ul Single-chipNT1IC, | Lucent T7234
44-pin PLCC
uz2 Optocoupler Hewlett HCPL-0701
Packard
u3 ISDN dc Termina- | Lucent LH1465AB
tion IC

©ONoGOkLODN R

9. Dale is a registered trademark of Dale Electronics, Inc.
10. Valor is a registered trademark of Valor Electronics, Inc.
11. Advanced Power Components is a registered trademark of Advanced Power Technology, Inc.
12. Vacuumschmelze is a registered trademark of Vacuumschmelze GmbH.
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Kemet is a registered trademark of Kemet Laboratories Company, Inc.
Philips is a registered trademark of Philips Manufacturing Company.
Vitramon is a registered trademark of Vitramon, Inc.
Hewlett Packard is a registered trademark of Hewlett-Packard Company.
Polyswitch is a registered trademark of Raychem Corporation.
Bel and Bel Fuse are registered trademarks of Bel Fuse, Inc.
Molex is a registered trademark of Molex, Inc.

Pulse Engineering is a registered trademark of Pulse Engineering, Inc.
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Application Briefs (continued)

T7234 Reference Circuit (continued)

Table 5. T7234 Reference Schematic Parts List (continued)

Reference Description Source Part #
Designator
VR1 Transient Voltage SGS- SM6T6V8CA
Suppressor Thomson!3 Alternates:
Motorola SA6.5CA, P6KE6.8CA, P6KE7.5CA
VR2 Transient Voltage SGS- SMP100-140
Suppressor Thomson Alternate:
Teccor'* P1602AB (972) 580-7777
VR([3,4] Transient Voltage Motorola 1.5SMC6.8AT3
Suppressor, 6.8 V Alternate:
Motorola 1IN6269A
X1 15.36 Crystal Saronix SRX5144
(415) 856-6900 Alternates:
MTRON?® 4044-001 (605) 665-9321
2B Elettronica S.D.L. TP0648 39-6-6622432

©ONoGkLODN R

9. Dale is a registered trademark of Dale Electronics, Inc.

10. Valor is a registered trademark of Valor Electronics, Inc.

Kemet is a registered trademark of Kemet Laboratories Company, Inc.
Philips is a registered trademark of Philips Manufacturing Company.
Vitramon is a registered trademark of Vitramon, Inc.
Hewlett Packard is a registered trademark of Hewlett-Packard Company.
Polyswitch is a registered trademark of Raychem Corporation.

Bel and Bel Fuse are registered trademarks of Bel Fuse, Inc.

Molex is a registered trademark of Molex, Inc.
Pulse Engineering is a registered trademark of Pulse Engineering, Inc.

11. Advanced Power Components is a registered trademark of Advanced Power Technology, Inc.
12. Vacuumschmelze is a registered trademark of Vacuumschmelze GmbH.
13. SGS-Thomson is a registered trademark of SGS-Thomson Microelectronics, Inc.
14. Teccor is a registered trademark of Teccor, Inc.
15.MTRON is a registered trademark of MTRON Industries, Inc., a wholly owned subsidiary of Lynch* Corporation.
* Lynch is a registered trademark of Lynch Corporation.

Note:

The Lucent 2754K2 and the Valor PT4084 have different winding resistances than the Lucent 2754H2, and therefore require a change
to the line-side resistor (R15). In addition, if the Bel Fuse is used in place of the Raychem TR600-150 PTC at location F1 (which will

sacrifice the resettable protection that the PTC provides), the line-side resistors must be adjusted to compensate for reduced resistance
due to the removal of the PTC (12 Q). The following table lists the necessary resistor values for these cases. Note that R15 is specified
at 1%. This is due to the fact that the values were chosen from standard 1% resistor tables. When a PTC is used, the overall tolerance
will be greater than 1%. This is acceptable, as long as the total line-side resistance is kept as close as possible to the ideal value. See

Questions and Answers section, #6 for more details.

Table 6. Line-Side Resistor Requirements

Transformer When Raychem TR600-150 Is Used | When Bel Fuse Is Used
R13 R13
Lucent 2754H2 210 33.2Q
Lucent 2754K2 154 Q 27.4Q
Lucent 2809A 9.53Q 215Q
Valor PT4084 0Q 10.7 Q

Lucent Technologies Inc.
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Absolute Maximum Ratings

Stresses in excess of the absolute maximum ratings can cause permanent or latent damage to the device. These
are absolute stress ratings only. Functional operation of the device is not implied at these or any other conditions in
excess of those given in the operation sections of the data sheet. Exposure to absolute maximum ratings for
extended periods can adversely affect device reliability.

External leads can be soldered safely at temperatures up to 300 °C.

Parameter Symbol | Min Max Unit
dc Supply Voltage Range VbD -0.5 6.5 \%
Power Dissipation (package limit) Pp — 800 mw
Storage Temperature Tstg =55 150 °C
Voltage (any pin) with Respect to GND — -0.5 6.5 \%

Handling Precautions

Although protection circuitry has been designed into this device, proper precautions should be taken to avoid expo-
sure to electrostatic discharge (ESD) during handling and mounting. Lucent employs a human-body model (HBM)
and charged-device model (CDM) for ESD-susceptibility testing and protection design evaluation. ESD voltage
thresholds are dependent on the circuit parameters used to defined the model. No industry-wide standard has
been adopted for the CDM. However, a standard HBM (resistance = 1500 Q, capacitance = 100 pF) is widely used
and, therefore, can be used for comparison. The HBM ESD threshold presented here was obtained by using these
circuit parameters:

ESD Threshold Voltage
Device Voltage
T7234-ML2 >1000

Recommended Operating Conditions

Parameter Symbol Test Conditions Min Typ Max Unit
Ambient Temperature Ta Vob =5V +5% —40 — 85 °C
Any Vpp VoD — 4.75 5.0 5.25 \%
GND to GND Vee — -10 — 10 mV

24 Lucent Technologies Inc.
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Electrical Characteristics

All characteristics are for a 15.36 MHz crystal, 135 Q line load, random 2B+D data, TA =—-40 °C to +85 °C,

Vop =5V £ 5%, GND = 0V, and output capacitance = 50 pF.

Power Consumption

Table 7. Power Consumption

Parameter Test Conditions Min Typ Max Unit
Power Consumption Operating, random data — 270 350 mw
Power Consumption Powerdown mode — 35 50 mwW
Pin Electrical Characteristics
Table 8. Digital dc Characteristics (Over Operating Ranges)
Parameter Symbol Test Conditions Min Max Unit
Input Leakage Current;

Low liLpu ViL=0 (pins 2, 6, 7, 11, 44) -52 -10 A

High liHPU Vi1 = Vob (pins 2, 6, 7, 11, 44) — -10 A

Low liLPD ViL=0 (pins 8, 9, 12, 15, 43) -10 — A

High liHPD ViH = Vop (pins 8, 9, 12, 15, 43) -10 -52 A

Input Voltage:

Low Vi All pins except 2, 6, 43 — 0.8 \%

High VIH All pins except 2, 6, 43 20 — \%

Low-to-high Threshold ViLs Pin 43 Vop—- 0.5 — \%

High-to-low Threshold ViHs Pin 43 — 0.5 \%

Low ViLc Pins 2, 6 — 0.2 Vop \%

High ViHC Pins 2, 6 0.7 Vbp — V

Output Leakage Current:

Low lozL VoL =0, Pin 44 =0 (pins 3, 14) — 10 A

High lozH VoH = Vbp, Pin 44 = 0 (pins 3, 14) -10 — A

Low lozLpu VoL =0, Pin 44 =0 (pin 11) -52 -10 A

High lozHpPU VoH = Vbb, Pin 44 = 0 (pin 11) — 10 A

Low lozLPD VoL =0, Pin44 =0 (pins 4, 8,9, 17) -10 — A

High lozvpp | VoH = Vbb, Pin 44 = 0 (pins 4, 8, 9, 17) 10 52 A

Output Voltage:

Low, TTL VoL loL = 4.5 mA (pin 3) — 0.4 Y,
loL =19.5 mA (pins 4, 9) — 0.4 \%
loL=8.2 mA (pins 8, 17) — 0.4 \%

loL = 6.5 mA (pin 14) — 0.4 Y,
loL=3.3 mA (pin 11) — 0.4 Y,
High, TTL VoH loH = 32.2 mA (pins 4, 9) 2.4 — Y,
loH = 13.5 mA (pins 8, 17) 2.4 — Y,
loH=10.4 mA (pins 3, 14) 2.4 — Y,
loH = 5.1 mA (pin 11) 2.4 — Y,
Lucent Technologies Inc. 25
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S/T-Interface Receiver Common-Mode Rejection

Table 9. S/T-Interface Receiver Common-Mode Rejection

Parameter

Symbol

Specifications

Unit

Common-mode Rejection (at device pins)

CMR

400

mV

Crystal Characteristics

Table 10. Fundamental Mode Crystal Characteristics

These are the characteristics of a parallel resonant crystal for meeting the £100 ppm requirements of T1.601 for NT
operation. The parasitic capacitance of the PC board to which the T7234 crystal is mounted must be kept within the

range of 0.6 pF + 0.4 pF.

Parameter Symbol Test Conditions Specifications Unit
Center Frequency Fo With 25.0 pF of loading 15.36 MHz
Tolerance Including Calibration, TOL — +70 ppm
Temperature Stability, and Aging
Drive Level DL Maximum 0.5 mw
Series Resistance Rs Maximum 20 Q
Shunt Capacitance Co — 3.0 £ 20% pF
Motional Capacitance Cwm — 12 + 20% fF
Table 11. Internal PLL Characteristics
Parameter Test Conditions Min Typ Max Unit
Total Pull Range — +250 — — ppm
Jitter Transfer Function -3 dB point (NT), 18 kft 26 AWG — 5* — Hz
Jitter Peaking 1.5 Hz typical — 1.0* — dB

* Set by digital PLL; therefore

26

, variations track U-interface line rate.
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Timing Characteristics

Table 12. RESET Timing

Parameter Description Min Max Unit
tRSLFL, tFLRSH | RESET Setup and Hold Time 60 — ns
tRSLRSH RESET Low Time:
From Idle Mode or Normal Operation 375 — us
From Power-on 1.5 — ms
SYN8K t S_/_S S_\_%_/_S
[+—tRSLFL tFLRSH—=—>]
RESET
- tRSLRSH -

5-3462 (C)

Figure 13. RESET Timing Diagram

Switching Test Input/Output Waveform

24V

20V 20V
> TEST POINTS<

0.8V 0.8V

0.4V 0.4V

5-2118 (C)

Figure 14. Switching Test Waveform

Propagation Delay

The maximum propagation delay from the S/T-interface to the U-interface (upstream direction) is 750 ps. The max-
imum propagation delay from the U-interface to the S/T-interface (downstream direction) is 550 ps.

Lucent Technologies Inc. 27
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Outline Diagram
44-Pin PLCC

Dimensions are in millimeters.
- 17.526 + 0.127 >

- 16.586 + 0.076. >
PIN #1 IDENTIFIER
6 ZONE 1 40
mimlm]m === —
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-+—0.330/0.533
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—»‘ L— 127 TYP

5-2506r8

Note: The dimensions in this outline diagram are intended for informational purposes only. For detailed schematics to assist your design efforts,
please contact your Lucent Technologies Sales Representative.

Ordering Information

Device Code Shipping Method Package Temperature Reliability Comcode
T7234A - -ML-D | Dry Pack—Sticks 44-Pin PLCC | -40°Cto +85 °C — 108051814
T7234A - -ML-DT | Dry Pack—Tape & Reel 44-Pin PLCC | —40°Cto +85°C — 108050816
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Questions and Answers

Introduction

This section is intended to answer questions that may
arise when using the T7234 Single-Chip NT1 Trans-
ceiver.

The questions and answers are divided into three cate-
gories: U-interface, S/T-interface, and miscellaneous.

U-Interface

QL.

Al:

Q2.

A2:

Qs3:

A3:

Q4.

A4
Q5:

A5:

Is the line interface for the T7234 the same as for
the T7264?

Yes. The U-interface section on these chips is
identical, so their line interfaces are also identical.

Why is a higher transformer magnetizing induc-
tance used (as compared to other vendors)?

It has been determined that a higher inductance
provides better linearity. Furthermore, it has been
found that a higher inductance at the far end pro-
vides better receiver performance at the near end
and better probability of start-up at long loop
lengths.

Can the T7234 be used with a transformer that
has a magnetizing inductance of 20 mH?

The echo canceler and tail canceler are opti-
mized for a transformer inductance of approxi-
mately 80 mH and will not work with lower
inductance transformers.

Are the Lucent Technologies U-interface trans-
formers available as surface-mount components?

Not at this time.

Are there any future plans to make a smaller
height 2-wire transformer?

Due to the rigid design specifications for the
transformer, vendors have found it difficult to
make the transformer any smaller. We are con-
tinuing to work with transformer vendors to see if
we can come up with a smaller solution.

Lucent Technologies Inc.

Q6:

AB:

Q7.

A7:

Q8:

Qo9:

A9:

The line interface components’ specifications
require 16.9 Q resistors on the line side of the
transformer when using the 2754H2. For our
application, we would like to change this value.
Can the U-interface line-side circuit be rede-
signed to change the value of the line-side resis-
tors?

Yes. For example, the line-side resistances can
be reflected back to the device side of the trans-
former so that, instead of having 16.9 Q on each
side of the transformer, there are no resistors on
the line side of the transformer and 24.4 Q resis-
tors on the device side (16.9 Q + 16.9 Q/N?,
where N is the turns ratio of the transformer).
Note that the reflected resistances should be kept
separate from the device-side 16.9 Q resistors,
and located between VR1 and T1 in Figure 11.
This is necessary because the on-chip hybrid
network (pins HP, HN) is optimized for 16.9 Q of
resistance between it and the LOP/LON pins.

Table 5, T7234 Reference Schematic Parts List,
states the 0.1 pF capacitor that is used with the
LH1465 (C15) must have an insulation resistance
of >2 GQ. Why?

This capacitor is used to set the gate/source volt-
age for the main transistor in the device. The
charging currents for this capacitor are on the
order of microamps. Since the currents are so
small, it is important to keep the capacitor leak-
age to a minimum.

The dc blocking capacitor (C16 in Figure 11)
specified is 1.0 pF. Can it be increased to at least
2 uF?

This value can be increased to 2 pF without an
effect on performance. However, for an NT1 to be
compliant with T1.601-1992 Section 7.5.2.3, the
dc blocking capacitor must be 1.0 uF £ 10%.

Why is the voltage rating on 1 pF dc blocking
capacitor (C16 in Figure 11) so high (250 V)?

In Appendix B of T1.601, the last section states
that consideration should be given to the handling
of three additional environmental conditions. The
third condition listed is maximum accidental ring-
ing voltages of up to —200.5 V peak whose
cadence has a 33% duty cycle over a 6 s period.
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U-Interface (continued)

A9: (continued)

Q10:

A10:

30

This statement could be interpreted to mean that
a protector such as VR2 in Figure 11 should not
trip if subjected to a voltage of that amplitude.
This interpretation sets a lower limit on VR2’s
breakover rating. Since capacitor C16 will be
exposed to the same voltage as VR2, its voltage
rating must be greater than the maximum break-
over rating of VR2. This sets an upper limit on the
protector breakover voltage. The result is a need
for a capacitor typically rated at about 250 V.

However, an argument can be made that it
doesn’t matter whether VR2 trips under this con-
dition, since it is a fault condition anyway, and a
tripped protector won't do any damage to a cen-
tral office ringer.

The only other similar requirement, then, is found
in Footnote 8, referenced in Section 7.5.3 of ANSI
T1.601. The footnote implies that the maximum
voltage that an NT will see during metallic testing
is 90 V. The breakover voltage VR2 must be large
enough not to trip during the application of the
test voltage mentioned in the footnote. This
means that a protector with a minimum breakover
voltage of 90 V can be used that would permit a
capacitor of lower voltage rating (e.g., 150 V) to
be used. This is the approach we currently favor,
although Figure 11 illustrates the more conserva-
tive approach.

What is the purpose of the 3300 pF capacitors
(C13 and C14) in Figure 11 in the data sheet?

The capacitors are for common-mode noise
rejection. The ANSI T1.601 specification contains
no requirements on longitudinal noise immunity.
Therefore, these capacitors are not required in
order to meet the specification. However, there
are guidelines in IEC 801-6 which suggest a
noise immunity of up to 10 Vrms between

150 kHz and 250 MHz. At these levels, the

10 kHz tone detector in the T7234 may be desen-
sitized such that tone detection is not guaranteed
on long loops. The 3300 pF was selected to pro-
vide attenuation of this common-mode noise so

Q11:

All:

that tone detector sensitivity is not adversely
affected. Since the 3300 pF capacitor was
selected based only on guidelines, it is not man-
datory, but it is recommended in applications
which may be susceptible to high levels of com-
mon-mode noise. The final decision depends on
the specific application.

As for the size of the capacitors, lab tests indicate
the following:

1. The performance of the system suffers no
degradation until the values are increased to
about 0.1 pF

2. The return loss at 25 kHz increases with
increasing capacitor value.

3. The capacitor value has no effect on longitudi-
nal balance.

4. A large unbalance in the capacitor values did
not affect return loss, longitudinal balance, or
performance.

Are there any recommended common-mode fil-
tering parts for the U-interface? | suspect that our
product may have emissions problems, and |
want to include a provision for common-mode fil-
tering on the U-interface.

The only common-mode filtering parts we have
any data on are two common-mode chokes from
Pulse Engineering (619-674-8100) that are
intended to help protect against external com-
mon-mode noise. The part numbers are
PE-68654 (12.5 mH) and PE-68635 (4.7 mH),
and in lab experiments, no noticeable degrada-
tion in transmission performance was observed.
These chokes are typically effective in the fre-
guency range 100 kHz—1 MHz.

As far as emissions are concerned, we don't have
a lot of data. We have seen some success with
the use of RJ-45 connectors that have integral
ferrite beads such as those from Corcom?*, Inc.,
(708) 680-7400. These provide some flexibility in
that they have the same footprint as some stan-
dard RJ-45 connectors.

* Corcom is a registered trademark of Corcom, Inc.
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U-Interface (continued)

Q12

Al2:

: I am planning on using a Raychem PTC (p/n

TR600-150) on the U-interface of the T7234 as
shown in Figure 11. The device is rated at 6 Q—
12 Q.1 am concerned about the loose tolerance
on the PTC resistance. Will | be able to pass the
return loss requirements in ANSI T1.601 Section
7.1?

The NT1 impedance limits looking into tip/ring are
derived from the T1.601 return loss requirements
(Figure 9 in T1.601). At the narrowest point in the
templates, the permissible range is between

111 Q to 165 Q. The tolerance on the PTC will
reduce the impedance margin somewhat, but
should still be acceptable.

Figure 15 is derived from the return loss template
in ANSI T1.601. Return loss is a measure of the
match between two impedances on either side of
a junction point. The following equation is an
expression of return loss in terms of the complex
impedances of the two halves of the circuit Z1, Z2.

Z1+ 72
Z1-272

RL (dB) = 20 log

When the impedances are not matched, the junc-
tion becomes a reflection point. For a perfectly
matched load, the return loss is infinite, whereas
for an open or short circuit, the return loss is zero.
The return loss expresses the ratio of incident to
reflected signal power and should consequently
be fairly high.
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Figure 15. Transceiver Impedance Limits
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Al12: (continued)

It is desirable to express the return loss in terms of im-
pedance bounds, since an impedance measurement is
relatively simple to make. From the above equation, up-
per and lower bounds on impedance magnitude can be
derived as follows:

Zo = return loss reference impedance = 135 Q
Zu = upper impedance curve
Z. = lower impedance curve

Upper bound (Zu > Zo):

Zo+Z
RL(dB)=20log |5—5=
Lower bound (ZL < Zo):
Zo+Z
RL(dB)=20log |5o—5=

Note that the higher the minimum return loss require-
ment, the tighter the impedance limits will be around
Zo, and vice-versa.

So, for the upper bound, solve for Zu:

—RL

Zu = ZO%D: ‘ZO‘ME
0

D102 D Dl 102 0
For the lower bound, solve for ZL:
RLH
20 20 D
Zu = ZOLEF ‘ZO‘M
Dlo + 1D Dl +10%20 0

Plotting the above equations (using 135 for Zo and Fig-
ure 16 in T1.601 for the RL values) results in the graph
shown in Figure 15, which shows the return loss
expressed in terms of impedance upper and lower
bounds.

32

Q13: Why must secondary protection, such as a SGS-
Thomson SM6T6V8CA protection diode, be
used?

A13: The purpose of the diode is to protect against
metallic surges below the breakdown level of the
primary protector.

Such metallic surges can be coupled through the
transformer and could cause device damage if
the currents are high. The protector does not pro-
vide absolute protection for the device, but it
works in conjunction with the built-in protection
on the device leads.

The breakdown voltage level for secondary pro-
tection devices must be chosen to be above the
normal working voltage of the signal and typically
below the breakdown voltage level of the next
stage of protection. The SM6T6V8CA has a mini-
mum breakdown voltage level of 6.4 V and a
maximum breakdown voltage of 7.1 V.

The chip pins that the SM6T6V8CA protects are
pins 36 (HP), 31 (HN), 32 (LOP), and 35 (LON).
The 16.9 Q resistors will help to protect pins 32
and 35, but pins 31 and 36 will be directly
exposed to the voltage across the SM6T6V8CA.
The on-chip protection on these pins consists of
output diodes and a pair of polysilicon resistors.
These pins have been thoroughly tested to
ensure that a 7.1 V level will not damage them;
therefore, no third level of protection is needed
between the SM6T6VBCA and the HP and HN
pins.

The SM6T6V8CA has a maximum reverse surge
voltage level of 10.5V at 57 A. Sustained cur-
rents this large on the device side of the trans-
former are not a concern in this application.

Thus, there should never be more than 7.1V
across the SM6T6V8CA, except for possibly an
ESD or lightning hit. In these cases, the T7234 is
able to withstand at least £1000 V (human-body
model) on its pins.
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U-Interface (continued)

Q14

Al4:

Q15:

A15:

Where can information be obtained on lightning
and surge protection requirements for 2B1Q
products?

Requirements vary among applications and
between countries. ANSI T1.601, Appendix B,
provides a list of applicable specifications to
which you may refer. Also, there are many manu-
facturers of overvoltage protection devices who
are familiar with the specifications and would be
willing to assist in surge protection design. The
ITU-T K series recommendations are also a good
source of information on protection, especially
recommendation K.11, “Principles of Protection
Against Overvoltages and Overcurrents,” which
presents an overview of protection principles.
Also refer to the application notes mentioned in
the U-interface Description section of this data
sheet.

ITU-T specification K.21 describes a lightning
surge test for NT1s (see Figure 1/K.21 and Table
1/K.21, Test #1) in which both Tip and Ring are
connected to the source and a 1.5 kV voltage
surge is applied between this point and the GND
of the NT1. What are the protection consider-
ations for this test? Are the HP and HN pins sus-
ceptible to damage?

The critical component in this test is the trans-
former since its breakdown voltage must be
greater tha