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CS61881

Octal E1 Analog Front End

Features

Octal E1 Line Interface Unit Compliant with G.703
Very Low Power <100mW per Channel
Single Supply 3.3 V Operation, 5V Tolerant 1/O

No External Component Changes for 120 Q/75 Q
Operation

Analog LOS Detection per ITU G775

Transmitter Short Circuit Current Limiter (<50mA)
TX Drivers with Fast Tristate and Power Down
Transmit Return Loss Exceeds ETS 300 166
JTAG Boundary Scan compliant to IEEE 1149.1
144 Pin LQFP or 160 BGA Package

ORDERING INFORMATION
CS61881-1Q
CS61881-1B

144-pin LQFP
160-pin BGA

Description

The CS61881contains eight analog front ends that each
provide the line interface for E1 transmission systems.
The device contains eight receivers and transmitters
supporting a 2.048 Mbps data rate compliant to ITU
G.703. This device is commonly used with external cir-
cuitry that supplies data encoding/decoding, clock
recovery, and jitter attenuation.

The CS61881 makes use of ultra low power matched im-
pedance transmitters to reduce power beyond that
achieved by traditional driver designs. By achieving a
more precise line match, this technique also provides su-
perior return loss characteristics, exceeding ETS 300
166. The internal line matching circuitry reduces the ex-
ternal component count and eliminates the need to
change components to support both 75 Q and 120 Q
lines. All transmitters have controls for independent pow-
er down and tristate.

The receiver has a high noise margin, providing reliable
data recovery even with cable attenuation of over 12 dB.
It has an impedance matched front end, eliminating the
need to change components to support both 75 Q and
120 Q line impedances. The receiver also incorporates
LOS detection compliant to the most recent
specifications.

A five wire JTAG interface is also provided for improved
diagnostics and reduced manufacturing cost.
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1. CHARACTERISTICSAND SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS WARNING: Operations at or beyond these limits may result in

permanent damage to the device. Normal operation is not guaranteed at these extremes

Parameter Symbol Min Max Units

DC Supply (referenced to RGND=TGND=0 V)| RVCC - 4.0 \%

TVCC - (RVCC)+0.3 \Y,
DC Supply VCCIO -0.5 4.6 \%
Input Voltage, Any Digital Pin Vin GNDIO-0.5 5.8 \%
Input Voltage, Any Three Level Pin (LOOPnN, CBLSEL) Vin GNDIO-0.5 VCCIO+0.5 \%
Input Voltage, RTIP & RRING Vin RGND-0.5 | (RVCC)+ 0.5 \Y,
Input Current, Any Pin (Note 1) lin -10 10 MA
Ambient Operating Temperature Ta -40 85 °C
Storage Temperature Tstg -65 150 °C

1. Transient currents of up to 100 mA will not cause SCR latch-up. Also TTIP, TRING, TVCC and TGND
can withstand a continuous current of 100 mA.

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Units
DC Supply (Note 2)| RVCC, 3.135 3.3 3.465 Y,
TVCC
DC Supply VCCIO 3.135 3.3 3.465 Y
Ambient Operating Temperature Ta -40 25 85 °C
Power Consumption, 75Q Mode (Notes 3,4,5) Pc - TBD 112 mw
Power Consumption, 120Q Mode (Notes 3,4,5) Pc - TBD 99 mw

Notes: 2. TVCC must not exceed RVCC by more than 0.3 V.

3. Power consumption while driving line load over operating temperature range. Includes IC and load.
Digital input levels are within 10% of the supply rails and digital outputs are driving a 50 pF capacitive
load.

4. Typical consumption corresponds to 50% ones density and medium line length at 3.3V.
5. Maximum consumption corresponds to 100% ones density and maximum line length at 3.465V.

4 DS451PP3
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DIGITAL CHARACTERISTICS (TA =-40°C to 85°C; TVCC, RVCC = 3.3 V +5%; GND =0 V)

Parameter Symbol Min Typ Max Units
High-Level Input Voltage, Any Digital Pin ViH 2.0 - - \%
(Note 6)
Low-Level Input Voltage, Any Digital Pin Vi - - 0.8 \%
(Note 6)
Low-Level Input Voltage, Any Three Level Pin | V| - - 1/3VCCIO-0.2| V
(LOOPN, CBLSEL) (Note 6)

Mid-Level Input Voltage, Any Three Level Pin | V,y, | 1/3VCCIO+0.2| 0.5VCCIO |2/3VCCIO-0.2| V
(LOOPN, CBLSEL) (Note 6)

High-Level Input Voltage, Any Three Level Vign | 2/3 VCCIO+0.2 - - \%
Pin (LOOPN, CBLSEL) (Note 6)

High-Level Output Voltage (Notes 6, 7)| Von 2.4 - - \%
IOUT =-400 U.A

Low-Level Output Voltage (Notes 6, 7)| VgL - - 0.4 \%
IOUT =1.6 mA

Input Leakage Current - - +10 HA

Notes: 6. This specification guarantees TTL compatibility (Vo =2.4V @ lgyt = -400 pA).
7. Output drivers are TTL compatible.

DS451PP3 5
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ANALOG SPECIFICATIONS (TA =-40°C to 85°C; TVCC, RVCC = 3.3V +5%; GND = 0 V)

Parameter Min Typ Max Units
Transmitter

Output Pulse Amplitudes 75Q (Note 8) 2.14 2.37 2.6 \%
120Q (Note 9) 2.7 3.0 3.3 Y

Positive to Negative Pulse Imbalance (Notes 8, 9, 11)
Amplitude at center of pulse -5 - 5 %
Width at 50% of nominal amplitude -5 - 5 %
Transmit Return Loss - 75Q Coaxial (Note 11,12) dB

51kHz to 102kHz 17 - -
102kHz to 2048kHz 17 - -
2048kHz to 3072kHz 17 - -

Transmit Return Loss - 120Q Twisted Pair (Note 11,12) dB
51kHz to 102kHz 17 - -

102kHz to 2048kHz 17 - -

2048kHz to 3072kHz 17 - -

Transmitter Short Circuit Current (Notes 11) - - 50 mA RMS
Transmit Intrinsic Jitter; 20Hz to 100kHz (Notes 10,11) - TBD TBD ul
Receiver
RTIP/RRING Input Impedance 120Q Load, CBLSEL open - 40k - Q
75Q Load, CBLSEL High or Low 40k
Receiver Dynamic Range 0.5 - - Vp
Signal to Noise margin (Per G.703, 0.151 @ 6dB cable Atten.) 18 - - dB
Receiver Squelch Level 150 mV
LOS Threshold - 200 - mV
LOS Hysteresis 50 mV
Data Decision Threshold 43 50 57 % of peak
Input Return Loss (Notes 11, 12)
20kHz to 51kHz 20 - - dB
51 kHz - 102 kHz 20 - - dB
102 kHz - 2048 kHz 20 - - dB
2048 kHz - 3072 kHz 14 - - dB
LOS occurrence to ALOS asserted delay 30 S
LOS Reset 10 - 255 Marks

Notes: 8. Pulse amplitude measured at the output of the transformer across a 75 Q load.
9. Pulse amplitude measured at the output of the transformer across a 120 Q load.
10. Assuming that jitter free clock is input to TCLK.
11. Not production tested. Parameters guaranteed by design and characterization.
12. Using components in CDB61881 evaluation board
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SWITCHING CHARACTERISTICS (TA =-40°C to 85°C; TVCC, RVCC = 3.3 V +5%);
GND =0 V; Inputs: Logic 0 =0V, Logic 1 = RVCC; See Figures 1, 2, & 3)

Parameter Symbol Min Typ Max | Units
TCLK Frequency 2.048 MHz
Transmit Pulse Width (NRZ Mode) 219 244 269 ns
TCLK Duty Cycle (NRZ Mode) tren/trepw 10 - 90 %
TPOS/TNEG to TCLK Falling Setup Time (NRZ Mode) tsuo 25 - - ns
TCLK Falling to TPOS/TNEG Hold Time (NRZ Mode) tho 25 - - ns
TCLK Pulse Width (RZ Mode) 236 252 nsS
TXOE Asserted Low to TX Driver Hi-Z - - 1 S
TCLK Held Low to Driver Hi-Z 8 15 uS
Rise Time, All Digital Outputs (Note 13) t, - - 85 ns
Fall Time, All Digital Outputs (Note 13) t - - 85 ns
RPOS/RNEG Pulse Width trpw 200 244 300 ns
RRTIP/RRING input to RPOS/RNEG output trxD - 85 - ns
RPOS/RNEG Output to RCLK Output - - 5 ns

Notes: 13. Output load capacitance = 50 pF.

DS451PP3 7
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2. THEORY OF OPERATION

The CS61881 is designed to provide the analog
front end (AFE) for up to eight E1 lines. Thedevice
provides an interfaceto twisted pair or co-axial me-
dia. A patented matched impedance technique is
employed that reduces power and eliminates the
need for matching resistors. As aresult, the device
can interface directly to the line through a trans-
former without the need for matching resistors on
either the receive side or the transmit side.

2.1 Transmitter

The CS61881 contains eight identical transmitters
that each use alow power matched impedance driv-
er to eliminate the need for external load matching
resistors. Asaresult, the TTIP/TRING outputs can
be direct connected to the pulse transformer allow-
ing one hardware circuit for both 120 Q and 75 Q
applications (see the Applications section). In addi-
tion, the matched impedance driver provides im-
proved return loss when compared to solutions
with external matching resistors. The appropriate
line matching is selected via the CBLSEL control

pin.

The line drivers transmit data received in either
NRZ or RZ format depending on the state of
TCLK. When TCLK is driven with an externa
clock, NRZ data sampled on TPOS/TNEG will be
transmitted onto the line via TTIP/TRING. In this
mode, a transmit pulse shape compliant to G.703
will be generated internally (see Figure 4). Data on
TPOS/TNEG is sampled on the faling edge of
TCLK.

If TCLK is held high for at least 12 uS, RZ data
driven into TPOS/TNEG is transmitted on
TTIP/TRING. In this mode, the width of positive
pulses is controlled by the width of the pulses on
TPOS and the width of negative pulses is con-
trolled by the width of the pulses on TNEG.

Thetransmitter can beforcedinto ahighimpedance,
low power state by holding TCLK low. Alternately,

the TXOE pin can be used to force al eight trans-
mitters into a high impedance state. This featureis
useful in applications that require redundancy.

Percent of
nominal
peak
voltage

120
110
100
90
80

50

10

-10
-20

Figure4. Mask of the Pulse at the 2048 kbps I nterface

2.2 Receiver

The CS61881 containseight identical receiversthat
each use a matched impedance technique that al-
lowsacommon set of external componentsfor both
120 Q and 75 Q operation. Thisallows one stuffing
option to accommodate both line impedances. The
appropriate line matching is set via the CBLSEL
pin.

The receiver dices the incoming signa on
RTIP/RING and outputs the recovered data on
RPOS/RNEG. To maximize the signal-to-noise ra-
tio, the dlicing threshold is dynamically adjusted
based on the amplitude of the incoming signal. In
the absence of a signal, a minimum threshold is
maintained to reduce the occurrence of impulse
noise. Thereceiver is capable of recovering signas
with over 12dB of attenuation (referenced to
2.37V nominal).
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For added flexibility the receive polarity select pin
(RPS) is provided to define whether RPOS/RNEG
have active high or low polarity. In addition, are-
ceiver power down pin (RPD) is provided that
powers down all receivers and places RPOS,
RNEG, and RCLK into a high impedance state. Fi-
nally, to support applications that employ external
clock recovery, signals on RPOS and RNEG are
XORed and output on RCLK.

2.3 Loss-of-Signal Detector

Each receiver in the CS61881 has an analog loss-
of-signal (LOS) detector for ITU-G.775. Ananaog
LOS condition will be signaled on ALOS when the
input signal is less than 200 mV for 30 uS (Typ).
The LOS condition is cleared once the signal am-
plitude exceeds 250 mV. The ALOS signa will oc-
cur between 10 and 255 bits as specified by 1TU
G.775.

Notes: During LOS the RPOS/RNEG outputs will be

active.

2.4 L oopback

The CS61881 provides two loopback modes for
each port. The LOOP pins are used to activate or
disable each port’s loopback operation. When the
LOOP pinsareleft open, loopback operationisdis-
abled. When a LOOP pin is tied either High or
Low, Local or Remote |oopback is enabled respec-
tively.

2.4.1 Local Loopback

Local loopback is selected by driving LOOP High.
In this mode the data being transmitted on
TTIP/ITRING isinternally connected to the receiv-
er, and the RTIP/RRING inputs are disconnected.

2.4.2 Remote Loopback

Remote Loopback is selected by driving LOOP
Low. In remote loopback, the RPOS/RNEG and
RCLK outputs are internally input to the transmit
circuits for output on TTIP/TRING. In this mode
the TCLK, TPOS, and TNEG inputs are ignored.

2.5 5V Logic Support

The CS61881 provides digital interface pins capa-
bleof interfacing with 5 V logic. The overall power
consumption will still be minimized because the
IC s core circuitry is powered by 3.3V supplies.

2.6 JTAG Support

The CS61881 supports the IEEE Boundary Scan
Specification asdescribed inthe IEEE 1149.1 stan-
dards. A Test Access Port (TAP) is provided that
consists of the TAP controller, the boundary scan
register (BSR), and the 5 standard pins (TRSTB,
TCK, TMS, TDI, and TDO). A block diagram of
the test access port is shown in Figure 5. The test
clock input (TCK) is used to sample input data on
TDI, and shift output data through TDO. The TMS
input is used to step the TAP controller through its
various states.

The Test Access Port consists of the Tap Control-
ler, Instruction Register, by-pass register, device
ID register, and boundary scan register. The TMS
input is used to manipulate the TAP controller to
allow loading of the instruction and data registers.

Theinstruction register is used to select test execu-
tion or register access. The by-pass register pro-
vides a direct connection between the TDI input
and the TDO output. The device identification reg-
ister contains an n-bit device identifier.

The Boundary Scan Register isused to support test-
ing of IC inter-connectivity. Using the Boundary
Scan Register, the digital input pins can be sampled
and shifted out on TDO. In addition, this register
can also be used to drive digital output pins to a
user defined state.

2.6.1 TAP Controller

The TAP Controller is a 16 state synchronous state
machine clocked by the rising edge of TCK. The
TMS input governs state transitions as shown in
Figure 6. The value shown next to each state tran-
sition in the diagram is the value that must be on
TMSwhen it issampled by therising edge of TCK.

10
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2.6.2 Test-Logic-Reset

The test-logic-reset state is used to disable the test
logic when the part isin normal mode of operation.
This state is entered by asynchronoudly asserting
TRSTB or forcing TMS High for 5 TCK periods.

2.6.3 Run-Test-ldle
The run-test-idle state is used to run tests.

2.6.4 Select-DR-Scan

Thisisatemporary controller state.

2.6.5 Capture-DR

In this state, the Boundary Scan Register captures
input pin dataif the current instruction is EXTEST
or SAMPLE/PRELOAD.

2.6.6 Shift-DR

In this controller state, the active test data register
connected between TDI and TDO, as determined
by the current instruction, shifts data out on TDO
on each rising edge of TCK.

2.6.7 Exitl-DR

Thisis atemporary state. The test data register se-
lected by the current instruction retainsits previous
value.

2.6.8 Pause-DR

The pause state allows the test controller to tempo-
rarily halt the shifting of data through the current
test dataregister.

2.6.9 Exit2-DR

Thisis atemporary state. The test data register se-
lected by the current instruction retains its previous
value.

2.6.10 Update-DR

The Boundary Scan Register is provided with a
latched parallel output to prevent changes while
data is shifted in response to the EXTEST and
SAMPLE/PRELOAD instructions. When the TAP

controller is in this state and the Boundary Scan
Register is selected, dataislatched into the parallel
output of this register from the shift-register path
on the falling edge of TCK. The data held at the
latched parallel output changes only in this state.

2.6.11 Select-IR-Scan

This is a temporary controller state. The test data
register selected by the current instruction retains
its previous state.

2.6.12 Capture-IR

In this controller state, the instruction register is
loaded with afixed value of "01" on therising edge
of JTCK. This supports fault-isolation of the
board-level serial test data path.

2.6.13 Shift-IR

In this state, the shift register contained in the in-
struction register is connected between TDI and
TDO and shifts data one stage towards its seria
output on each rising edge of TCK.

2.6.14 Exitl-IR

Thisis atemporary state. The test data register se-
lected by the current instruction retainsits previous
value.

2.6.15 Pause-IR

The pause state allows the test controller to tempo-
rarily halt the shifting of data through the instruc-
tion register.

2.6.16 Exit2-IR

Thisis atemporary state. The test data register se-
lected by the current instruction retainsits previous
value.

2.6.17 Update-IR

The instruction shifted into the instruction register
islatched into the parallel output from the shift-reg-
ister path on the faling edge of J TCK. When the
new instruction has been latched, it becomes the

12
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current instruction. The test data registers selected
by the current instruction retain their previous val-
ue.

2.7 JTAG Instruction Register (IR)

The 2-bit instruction register selects the test to be
performed and/or the data register to be accessed.
The valid instructions are shifted in LSB first and
arelisted in Table 1.

IR CODE INSTRUCTION
000 EXTEST
100 SAMPLE/PRELOAD
110 IDCODE
111 BYPASS

Tablel. JTAG Instructions

2.7.1 EXTEST

The EXTEST instruction allows testing of off-chip
circuitry and board-level interconnect. EXTEST
connects the BSR to the TDI and TDO pins.
CS61881 inputs can be sampled by loading the
BSR with the Capture DR state. The sample values
can then be viewed by shifting the BSR register us-
ing the Shift-DR state. The device output pins can
be set by shifting a pattern into the boundary scan
register and then using the Update-DR state.

2.7.2 SAMPLE/PRELOAD

The SAMPLE/PRELOAD instruction samples all
device inputs and outputs. This instruction places

the BSR between the TDI and TDO pins. The BSR
is loaded with samples of the 1/0 pins by the Cap-
ture-DR state.

2.7.3 IDCODE

The IDCODE instruction connectsthe device iden-
tification register to the TDO pin. The device iden-
tification code can then be shifted out TDO using
the Shift-DR state

2.7.4 BYPASS

The BYPASS instruction connects a one TCK de-
lay register between TDI and TDO. Theinstruction
Is used to bypass the device.

2.8 Boundary Scan Register (BSR)

The BSR is a shift register that provides access to
the digital 1/0 pins. The BSR is used to read and
write the device pins to verify interchip connectiv-
ity. Each pin has a corresponding scan cell in the
register. The pin to scan cell mapping is given in
the BSR description shown in Table 2.

Notes: 1) Data is shifted LSB first into the BSR

register.

2) HIZ controls the RPOSx, RNEGx, and
RCLKXx pins. When HIZ is High, the outputs
are enabled; when HIZ is Low, the outputs
are tri-stated.

DS451PP3
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BSR Bit Pin Name Cell Type | BSR Bit Pin Name Cell Type
0 LOOPO [ 43 RCLK5 o)
1 LOOP1 [ 44 RPOS5 o)
2 LOOP2 [ 45 RNEG5 o)
3 LOOP3 [ 46 HIZ5 note 1
4 LOOP4 [ 47 ALOS5 o)
5 LOOP5 [ 48 TCLK4 [
6 LOOP6 [ 49 TPOS4 [
7 LOOP7 [ 50 TNEG4 [
8 TCLK1 [ 51 RCLK4 o)
9 TPOS1 [ 52 RPOS4 o)
10 TNEG1 [ 53 RNEG4 o)
11 RCLK1 o} 54 HIZ4 note 1
12 RPOS1 o} 55 ALOS4 o)
13 RNEG1 o} 56 TXOE [
14 Hiz1 note 1 57 RPS [
15 ALOS1 o} 58 ALOS7 o)
16 TCLKO [ 59 RNEG7 o)
17 TPOSO [ 60 RPOS7 o)
18 TNEGO [ 61 RCLK7 o)
19 RCLKO o} 62 HIZ7 note 1
20 RPOSO0 o} 63 TNEG7 [
21 RNEGO o} 64 TPOS7 [
22 HIZO note 1 65 TCLK7 [
23 ALOSO o} 66 ALOS6 o)
24 ALOS3 o} 67 RNEG6 o)
25 RNEG3 o} 68 RPOS6 o)
26 RPOS3 o} 69 RCLK6 o)
27 RCLK3 o} 70 HIZ6 note 1
28 HIZ3 note 1 71 TNEG6 [
29 TNEG3 [ 72 TPOS6 [
30 TPOS3 [ 73 TCLK6 [
31 TCLK3 [ 74 CBLSEL [
32 ALOS2 o}
33 RNEG2 o}
34 RPOS?2 o}
35 RCLK2 o}
36 Hiz2 note 1
37 TNEG?2 [
38 TPOS2 [
39 TCLK2 [
40 TCLK5 [
41 TPOS5 [
42 TNEG5 [

Table 2. Boundary Scan Register
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3. PIN DESCRIPTION
3.1 Pinout - 144-Pin LQFP

~ ~ © © o] 0 ~ <
N~~~ o~ ~ 0 © © O w0 OrRO vo < < NS
38888 20E222852808280225232288,888858
=4 s iE x = s iE X = EsSa Za
EReE<herEF R P FEPREPERERERCFERPRRZRERRE
TONTODONOUITNANAODDON~NOITNNAOOODONOTNMNAOD
3333358333333 32949988898388039333d4d2538S
TPOS7 =—1 O 108 —— TPOS4
TCLK7 —— 2 107 —— TCLK4
ALOS6 —— 3 106 —— ALOS5
RNEG6 —— 4 105 —— RNEGS5
RPOS6 —— 5 104 —— RPOS5
RCLK6 —— 6 103 —— RCLK5
TNEG6 — 7 102 —— TNEG5
TPOS6 —— 8 101 —— TPOS5
TCLK6 —— 9 100 —— TCLK5
RPD# —— 10 99 —— TDI
GND —— 11 98 —— TDO
GND =—— 12 97 /= TCK
GND —— 13 96 —— TMS
GND —— 14 95 —— TRST
GND —— 15 94 —— REF
GND —— 16 CS61881 93 —— CBLSEL
VCCIO —— 17 . 92 ——= VCCIO
GNDIO == 18 144-Pin 91 —— GNDIO
RVCCO —— 19 90 —— RVCC1
RGNDO —— 20 LQFP 89 —— RGND1
LOOPO —— 21 1 88 —— GND
LOOP1 —— 22 (Top VIeW) 87 ——= GND
LOOP2 —— 23 86 —— GND
LOOP3 —— 24 85 ———= GND
LOOP4 —— 25 84 —— GND
LOOP5 —— 26 83 —— NC
LOOP6 —— 27 82 ——= NC
LOOP7 —— 28 8l —— TCLK2
TCLK1 =—— 29 80 —— TPOS2
TPOS1 —— 30 79 —— TNEG2
TNEG1 —— 31 78 —— RCLK2
RCLK1 —— 32 77 ——= RPOS2
RPOS1 —— 33 76 —— RNEG2
RNEG1 —— 34 75 ——= ALOS2
ALOS1 —— 35 74 ——= TCLK3
TCLKO —— 36 73 —— TPOS3
SRR IFILILETRIB NI BBEBBICTBIEEEBIRTN
COO0O0O0O0ONMOO0CO0OO0O0O0 A Ad A AT AN ANANNNNMNMMMHMMOMOHMNMOMMNM
DOXNON=z=02 0020002002000 Q0L0OLNODXO
C U g0 o =S ZF SO sorz52F 02500800
FEariEx FERTEREFEZXE ERYEREEE*IEReF

Figure7. 144-Pin LQFP Pin Description Drawing
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3.3 Pin Descriptions

Power Supplies

VCCIO - Power Supply, Digital Interface, LQFP Pins17 & 92, BGA Pins G1 & G14.
Power supply for digital interface pins; typicaly +3.3 Volts.

GNDIO - Ground, Digital Interface, LQFP Pins 18 & 91. BGA Pins G4 & G11.
Power supply ground for the digital interface; typicaly 0 Volts.

RVCCO, RVCC1 - Power Supply, Core Circuitry, LQFP Pins 19 & 90. BGA PinsH1 & H14.
Power supply for all subcircuits except the transmit driver; typicaly +3.3 Volts

RGNDO, RGND1 - Ground, Core Circuitry, LQFP Pins 20 & 89, BGA PinsH4 & H11.
Ground for subcircuits except the transmit driver; typically 0.0 Volts

TVCCO - Power Supply, Transmit Driver 0, LQFP Pin 44, BGA Pins N4, P4.
Power supply for transmit driver O; typically +3.3 Volts.

TGNDO - Ground, Transmit Driver 0, LQFP Pin 47, BGA Pins N6, P6.
Power supply ground for transmit driver O; typically O Volts.

TVCC1 - Power Supply, Transmit Driver 1, LQFP Pin 53, BGA Pins L4, M4.
TGNDL1 - Ground, Transmit Driver 1, LQFP Pin 50, BGA Pins L6, M6.

TVCC2 - Power Supply, Transmit Driver 2, LQFP Pin 56, BGA PinsL11, M11.
TGND2 - Ground, Transmit Driver 2, LQFP Pin 59, BGA PinsL9, M9.

TVCC3 - Power Supply, Transmit Driver 3, LQFP Pin 65, BGA Pins N11, P11.
TGND3 - Ground, Transmit Driver 3, LQFP Pin 62, BGA Pins N9, P9.

TVCCA4 - Power Supply, Transmit Driver 4, LQFP Pin 116, BGA Pins All, B11.
TGND4 - Ground, Transmit Driver 4, LQFP Pin 119, BGA Pins A9, B9.

TVCCS5 - Power Supply, Transmit Driver 5, LQFP Pin 125, BGA Pins C11, D11.
TGNDS5 - Ground, Transmit Driver 5, LQFP Pin 122, BGA Pins C9, D9.

TVCCG6 - Power Supply, Transmit Driver 6, LQFP Pin 128, BGA Pins C4, DA4.
TGNDG6 - Ground, Transmit Driver 6, LQFP Pin 131, BGA Pins C6, D6.

TVCCY7 - Power Supply, Transmit Driver 7, LQFP Pin 137, BGA Pins A4, B4.
TGND7 - Ground, Transmit Driver 7, LQFP Pin 134, BGA Pins A6, B6.

GND - Ground, LQFP Pins 11-16, 43, 84-88, BGA Pins E2, F1-F4, G3, K2, J11-14, H12.
Connect these pins to ground to insure proper operation.

DS451PP3 17
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Control

RPD - Receiver Power Down, LQFP Pin 10, BGA Pin E1

When RPD is Low, the complete receive path for all ports is powered down the output pins
RPOS, RNEG and RCLK are switched to the high impedance state.

TXOE - Transmitter Output Enable, LQFP Pin 114, BGA Pin E14

When TXOE is asserted Low, all of the TX drivers are forced to a high impedance state in
1 uS (max). All other internal circuitry remains active.

RPS - Receiver Polarity Select, LQFP Pin 115, BGA Pin E13

This pin is used to set the polarity of RPOS/RNEG. When RPS is High, RPOS/RNEG has an
active high output polarity. When RPS is low, RPOS/RNEG have an active Low polarity.

LOOPO - Loopback Mode Select Port #0, LQFP Pin 21, BGA Pin G2
This pin selects the loopback mode for LIU transceiver 0. The mode is selected as follows:

No Loopback - LOOPO is left open (unconnected)

Loca Loopback - LOOPO is tied High. In this mode, data transmitted on TTIPO and TRINGO
is looped back into port O’'s receiver and output on RPOSO and RNEGO. Data present on RTIPO
and RRINGO is ignored.

Remote Loopback - LOOPO istied Low. In this mode, data received on RTIPO and RRINGO is
looped back for retransmission on TTIPO and TRINGO. Data on TPOSO and TNEGO is
ignored.

LOOPL1 - Loopback Mode Select Port #1, LQFP Pin 22, BGA Pin H3
LOOP2 - Loopback Mode Select Port #2, LQFP Pin 23, BGA Pin H2
LOOP3 - Loopback Mode Select Port #3, LQFP Pin 24, BGA Pin J4
LOOP4 - Loopback Mode Select Port #4, LQFP Pin 25, BGA Pin J3
LOOPS - Loopback Mode Select Port #5, LQFP Pin 26, BGA Pin J2
LOOPG6 - Loopback Mode Select Port #6, LQFP Pin 27, BGA Pin J1
LOOP7 - Loopback Mode Select Port #7, LQFP Pin 28, BGA Pin K1

18 DS451PP3
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CBLSEL - Cable Impedance Select, LQFP Pin 93, BGA Pin G13

This pin is used to select the impedance matching network used by all eight transceivers. The
transmitters always make use of an internal cable matching network to eliminate external line
matching component. The receiver can be operated with either internal or external line
matching. The CBLSEL input sets the desired cable matching for the transmitter and configures
the receiver for either internal or external impedance matching. The Application section
provides sample schematics for both internal and external RX matching.

CBLSEL Cable TX Match RX Matching Mode
No Connect 120Q 120Q Supports both Internal and External 120 Q Matching
HIGH 75Q 75Q Internal 75 Q Matching
LOW 75Q 75Q External 75 Q Matching

Satus

ALOSO - Analog Loss Of Signal Output Port #0, LQFP Pin 42, BGA Pin K4
ALOSO is asserted “high” to indicate analog loss of signal (LOS) compliant to ITU-T G775.

ALOSL - Analog Loss Of Signal Port #1, LQFP Pin 35, BGA Pin K3
ALOS2 - Analog Loss Of Signal Port #2, LQFP Pin 75, BGA Pin K12
ALOS3 - Analog Loss Of Signal Port #3, LQFP Pin 68, BGA Pin K11
ALOSA - Analog Loss Of Signal Port #4, LQFP Pin 113, BGA Pin E11
ALOS5 - Analog Loss Of Signal Port #5, LQFP Pin 106, BGA Pin E12
ALOS6 - Analog Loss Of Signal Port #6, LQFP Pin 3, BGA Pin E3
ALOSY7 - Analog Loss Of Signal Port #7, LQFP Pin 140, BGA Pin E4

RX/TX Data |/O

TCLKO - Transmit Clock Input, LQFP Pin 36, BGA Pin N1.

If a2.048MHz transmit clock is input on this pin, the TPOS and TNEG inputs function as NRZ
inputs. In this mode, the falling edge of TCLK samples NRZ encoded data on TPOS and
TNEG

If TCLKO is held High, the TPOS and TNEG inputs function as RZ inputs. In this mode, the
transmit pulse width is set by the duty cycle of the signal input on TPOS and TNEG. To enter
this mode, TCLK must be held high for at least 12 uS.

If TCLKO is held low for at least 12 puS, the output drivers enter a low-power, high impedance
state.
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TPOSO0 - Transmit Positive Pulse Input, LQFP Pin 37, BGA Pin N2.
TNEGO - Transmit Negative Pulse Input, LQFP Pin 38, BGA Pin N3.

When TCLKO is active (NRZ input mode), data on TPOSO and TNEGO is sampled on the
falling edge of TCLKO and transmitted onto the line at TTIPO and TRINGO respectively. An
input on TPOSO results in transmission of a positive pulse; an input on TNEGO results in
transmission of a negative pulse.

When TCLKO is held high (RZ input mode), the pulse widths of TPOSO and TNEGO
determine the pulse widths output on TTIPO and TRINGO. If TPOSO and TRINGO are high at
the same time, TTIPO and TRINGO will both be O.

RCLKO - Recelve Clock Output, LQFP Pin 39, BGA Pin P1.

This output is the XOR of RPOS and RNEG. It can be used for external clock recovery
circuits. This output is in a high-impedance state when RPD is Low.

RPOS0 - Receive Positive Pulse Output, LQFP Pin 40, BGA Pin P2.
RNEGO - Recelve Negative Pulse Output, LQFP Pin 41, BGA Pin P3.

These pins output the RZ data recovered by the receive dicers. A positive pulse on RTIP with
respect to RRING generates a logic 1 on RPOS; a positive pulse on RRING with respect to
RTIP generates a logic 1 on RNEG. The polarity of the output on RPOSRNEG is selectable
with the RPS pin. Note: RPOS and RNEG will be active when the transceiver isin LOS.

RPOS/RNEG will be in a high impedance state if the RPD pin is Low.

TCLK1 - Transmit Clock Input Port 1, LQFP Pin 29, BGA Pin L1.
TPOSL - Transmit Positive Pulse Input, LQFP Pin 30, BGA Pin L2.
TNEGL1 - Transmit Negative Pulse Input, LQFP Pin 31, BGA Pin L3.
RCLK1 - Recelve Clock Output, LQFP Pin 32, BGA Pin M1.

RPOSL - Receive Positive Pulse Output, LQFP Pin 33, BGA Pin M2.
RNEGL1 - Recelve Negative Pulse Output, LQFP Pin 34, BGA Pin M3.

TCLK2 - Transmit Clock Input Port 2, LQFP Pin 81, BGA Pin L14.
TPOS2 - Transmit Positive Pulse Input, LQFP Pin 80, BGA Pin L13.
TNEG2 - Transmit Negative Pulse Input, LQFP Pin 79, BGA Pin L12.
RCLK2 - Recelve Clock Output, LQFP Pin 78, BGA Pin M 14.

RPOS2 - Receive Positive Pulse Output, LQFP Pin 77, BGA Pin M 13.
RNEG2 - Recelve Negative Pulse Output, LQFP Pin 76, BGA Pin M12.

TCLK3 - Transmit Clock Input Port 3, LQFP Pin 74, BGA Pin N14.
TPOS3 - Transmit Positive Pulse Input, LQFP Pin 73, BGA Pin N13.
TNEGS3 - Transmit Negative Pulse Input, LQFP Pin 72, BGA Pin L2.
RCLK3 - Recelve Clock Output, LQFP Pin 71, BGA Pin P14.

RPOSS3 - Receive Positive Pulse Output, LQFP Pin 70, BGA Pin P13.
RNEGS3 - Recelve Negative Pulse Output, LQFP Pin 69, BGA Pin P12.
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TCLK4 - Transmit Clock Input Port 4, LQFP Pin 107, BGA Pin B14.
TPOSA - Transmit Positive Pulse Input, LQFP Pin 108, BGA Pin B13.
TNEG4 - Transmit Negative Pulse Input, LQFP Pin 109, BGA Pin B12.
RCLK4 - Recelve Clock Output, LQFP Pin 110, BGA Pin Al4.

RPO$4 - Receive Positive Pulse Output, LQFP Pin 111, BGA Pin A13.
RNEG4 - Recelve Negative Pulse Output, LQFP Pin 112, BGA Pin Al12.
TCLKS5 - Transmit Clock Input Port 5, LQFP Pin 100, BGA Pin D14
TPOS5 - Transmit Positive Pulse Input, LQFP Pin 101, BGA Pin D13.
TNEGS - Transmit Negative Pulse Input, LQFP Pin 102, BGA Pin D12.
RCLKS5 - Recelve Clock Output, LQFP Pin 103, BGA Pin C14.

RPOSS - Receive Positive Pulse Output, LQFP Pin 104, BGA Pin C13.
RNEGS5 - Recelve Negative Pulse Output, LQFP Pin 105, BGA Pin C12.

TCLK®6 - Transmit Clock Input Port 6, LQFP Pin 9, BGA Pin D1.
TPOS6 - Transmit Positive Pulse Input, LQFP Pin 8, BGA Pin D2.
TNEGS6 - Transmit Negative Pulse Input, LQFP Pin 7, BGA Pin D3.
RCLK®6 - Recelve Clock Output, LQFP Pin 6, BGA Pin C1.

RPOS6 - Receive Positive Pulse Output, LQFP Pin 5, BGA Pin C2.
RNEGS6 - Recelve Negative Pulse Output, LQFP Pin 4, BGA Pin C3.

TCLK7 - Transmit Clock Input Port 7, LQFP Pin 2, BGA Pin B1.
TPOS7 - Transmit Positive Pulse Input, LQFP Pin 1, BGA Pin B2.
TNEG?7 - Transmit Negative Pulse Input, LQFP Pin 144, BGA Pin B3.
RCLK7 - Recelve Clock Output, LQFP Pin 143, BGA Pin Al.

RPOS7 - Receive Positive Pulse Output, LQFP Pin 142, BGA Pin A2.
RNEG7 - Recelve Negative Pulse Output, LQFP Pin 141, BGA Pin A3.

TTIPO - Transmit Tip Output, LQFP Pin 45, BGA Pin N5.
TRINGO - Transmit Ring Output, LQFP Pin 46, BGA Pin P5.

These pins are the output of the differential transmit driver. The driver matches impedances for
75 Q unbalanced and 120 Q balanced lines requiring only a 1:1.15 transformer. The CBLSEL
pin is used to select the appropriate impedance for line matching.

Note: TTIP and TRING are forced to a high impedance state when the TCLK pin is Low for
over 12 uS.

RTIPO - Receive Tip Input, LQFP Pin 48, BGA Pin P7.
RRINGO - Receive Ring Input, LQFP Pin 49, BGA Pin N7.

The pins are the differential line inputs to the receiver. The receiver internally matches
impedances for 75 Q unbalanced and 120 Q balanced lines requiring only a 1:2 transformer,
two external 15 Q resistors, and one capacitor. The CBLSEL pin is used to select the
appropriate impedance for line matching.

Data recovered from the signal input on these pins is output via RPOS, RNEG, and RCLK.
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TTIP1 - Transmit Tip Output, LQFP Pin 52, BGA Pin L5.
TRINGL1 - Transmit Ring Output, LQFP Pin 51, BGA Pin M5.
RTIP1 - Receive Tip Output, LQFP Pin 55, BGA Pin M7.
RRINGL1 - Recelve Ring Output, LQFP Pin 54, BGA Pin L7.

TTIP2 - Transmit Tip Output, LQFP Pin 57, BGA Pin L10.
TRING2 - Transmit Ring Output, LQFP Pin 58, BGA Pin M 10.
RTIP2 - Receive Tip Output, LQFP Pin 60, BGA Pin M8.
RRING2 - Recelve Ring Output, LQFP Pin 61, BGA Pin L8.

TTIP3 - Transmit Tip Output, LQFP Pin 64, BGA Pin N10.
TRINGS3 - Transmit Ring Output, LQFP Pin 63, BGA Pin P10.
RTIP3 - Receive Tip Output, LQFP Pin 67, BGA Pin P8.
RRING3 - Receive Ring Output, LQFP Pin 66, BGA Pin N8.

TTIP4 - Transmit Tip Output, LQFP Pin 117, BGA Pin B10.
TRING4 - Transmit Ring Output, LQFP Pin 118, BGA Pin A10.
RTIP4 - Receive Tip Output, LQFP Pin 120, BGA Pin AS8.
RRING4 - Receive Ring Output, LQFP Pin 121, BGA Pin BS.

TTIP5 - Transmit Tip Output, LQFP Pin 124, BGA Pin D10.
TRINGS - Transmit Ring Output, LQFP Pin 123, BGA Pin C10.
RTIP5 - Receive Tip Output, LQFP Pin 127, BGA Pin C8.
RRINGS - Receive Ring Output, LQFP Pin 126, BGA Pin D8.

TTIP6 - Transmit Tip Output, LQFP Pin 129, BGA Pin D5.
TRINGG - Transmit Ring Output, LQFP Pin 130, BGA Pin C5.
RTIP6 - Receive Tip Output, LQFP Pin 132, BGA Pin C7.
RRINGG6 - Receive Ring Output, L QFP Pin 133, BGA Pin D7.

TTIP7 - Transmit Tip Output, LQFP Pin 136, BGA Pin B5.
TRING?7 - Transmit Ring Output, LQFP Pin 135, BGA Pin A5.
RTIP7 - Receive Tip Output, LQFP Pin 139, BGA Pin A7.
RRING?7 - Receive Ring Output, L QFP Pin 138, BGA Pin B7.

JTAG Test Interface

TRST - JTAG Reset, LQFP Pin 95, BGA Pin G12.

This active low input resets the JTAG controller. This input is pulled up internally and may be
left asa NC.

TMS - JTAG Test Mode Select Input, LQFP Pin 96, BGA Pin F11.

This input enables the JTAG serial port when active high. This input is sampled on the rising
edge of JTCK. Thisinput is pulled up internally and may be left as a NC.
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TCK - JTAG Test Clock, LQFP Pin 97, BGA Pin F14.

Data on TDI is valid on the rising edge of TCK. Data on TDO is valid on the faling edge of
TCK. When TCK is stopped high or low, the contents of all JTAG registers remain unchanged.
Tie low when not used.

TDO- JTAG Test Data Output, LQFP Pin 98, BGA Pin F13.

TAG test data is shifted out of the device on this pin. Data is output on the falling edge of
TCK. Leave as NC when not used.

TDI- JTAG Test Data Input, LQFP Pin 99, BGA Pin F12.

JTAG test data is shifted into the device using this pin. The pin is sampled on the rising edge
of TCK. TDI is pulled up internally and may be left as a NC when not used.

Miscellaneous
REF - Reference Output, LQFP Pin 94, BGA Pin H13.

This pin must be tied to ground through 13.3 kQ 1% resistor.
No Connects

NC - No Connects, LQFP Pin 82-83, BGA Pin K13-K 14.
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4. PACKAGE DIMENSIONS
144L LQFP PACKAGE DRAWING

CS61881

E »|

O
O
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INCHES MILLIMETERS
DIM MIN NOM MAX MIN NOM MAX
A 0.55 0.063 1.40 1.60
Al 0.002 0.004 0.006 0.05 0.10 0.15
B 0.007 0.008 0.011 0.17 0.20 0.27
D 0.854 0.866 BSC 0.878 21.70 22.0 BSC 22.30
D1 0.783 0.787 BSC 0.791 19.90 20.0 BSC 20.10
E 0.854 0.866 BSC 0.878 21.70 22.0 BSC 22.30
El 0.783 0.787 BSC 0.791 19.90 20.0 BSC 20.10
e* 0.016 0.020 0.024 0.40 0.50 BSC 0.60
O 0.000° 4° 7.000° 0.00° 4° 7.00°
L 0.018 0.024 0.030 0.45 0.60 0.75

* Nominal pin pitch is 0.50 mm

Controlling dimension is mm.
JEDEC Designation: MS022
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160-BALL FBGA (2 LAYER) PACKAGE DRAWING
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JEDEC #: MO-158

Notes: 14. All dimensions and tolerance conform to ASME Y 14.5 M - 1994.
/2\ Dimension is measured at the maximum solder ball diameter, parallel to primary datum [€ |.
/N Primary datum and seating plane are defined by the spherical crowns of the solder balls.
4. Maximum mold to substrate offset shall be 0.127.
5. The surface finish of the package shall be EDM charmille #18 - #21.
6. Unless otherwise specified tolerance: Decimal +0.05; Angular +2
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5. APPLICATIONS
+3.3V
+ ? +
— 68F _—__ O0.1F — 0AWF
\—" Note 1
Note 2 L
RGND — - TGND
RV+ TV+ RTIP
+3.3V R1
RECEIVE
VCCIO o) LINE
. % R2
0.1F —— - RRING
O T11:2
GNDIO — 8
- @] TRING
TRANSMIT
LINE
133V CS61881 TP
750 T21:1.15
Cable
NC —& —e—— CBLSEL 133k Q
120 Q REF VY
Cable —
GND
Figure9. Internal RX Impedance Matching
Component 75 Q Coaxial Cable 120 Q Coaxial Cable
R1(Q) 15 15
R2 (Q) 15 15

Notes: 1) Required Capacitor between each TVCC, RVCC, VCCIO and TGND, RGND, GNDIO respectively.

2) Common decoupling capacitor for all TVCC and TGND pins.
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Figure 10. External RX Impedance Matching
Component E1 75 Q Coaxial Cable E1 120 Q Twisted Pair Cable
R1(Q) 9.31 15
R2 (Q) 9.31 15

Notes: 1) Required Capacitor between each TVCC, RVCC, VCCIO and TGND, RGND, GNDIO respectively.
2) Common decoupling capacitor for all TVCC and TGND pins.

DS451PP3

27






	CS61881
	Features
	Description
	Table of Contents
	List of Figures
	List of Tables
	Contacting Cirrus Logic Support
	1. CHARACTERISTICS AND SPECIFICATIONS
	ABSOLUTE MAXIMUM RATINGS
	RECOMMENDED OPERATING CONDITIONS
	DIGITAL CHARACTERISTICS
	ANALOG SPECIFICATIONS
	Transmitter
	Receiver

	SWITCHING CHARACTERISTICS
	Figure 1. Signal Rise and Fall Characteristics
	Figure 2. Recovered Clock and Data Switching Characteristics
	Figure 3. Transmit Clock and Data Switching Characteristics

	2. THEORY OF OPERATION
	2.1 Transmitter
	Figure 4. Mask of the Pulse at the 2048 kbps Interface

	2.2 Receiver
	2.3 Loss-of-Signal Detector
	2.4 Loopback
	2.4.1 Local Loopback
	2.4.2 Remote Loopback

	2.5 5V Logic Support
	2.6 JTAG Support
	2.6.1 TAP Controller
	Figure 5. Test Access Port Architecture
	Figure 6. TAP Controller State Diagram

	2.6.2 Test-Logic-Reset
	2.6.3 Run-Test-Idle
	2.6.4 Select-DR-Scan
	2.6.5 Capture-DR
	2.6.6 Shift-DR
	2.6.7 Exit1-DR
	2.6.8 Pause-DR
	2.6.9 Exit2-DR
	2.6.10 Update-DR
	2.6.11 Select-IR-Scan
	2.6.12 Capture-IR
	2.6.13 Shift-IR
	2.6.14 Exit1-IR
	2.6.15 Pause-IR
	2.6.16 Exit2-IR
	2.6.17 Update-IR

	2.7 JTAG Instruction Register (IR)
	Table 1. JTAG Instructions
	2.7.1 EXTEST
	2.7.2 SAMPLE/PRELOAD
	2.7.3 IDCODE
	2.7.4 BYPASS

	2.8 Boundary Scan Register (BSR)
	Table 2. Boundary Scan Register


	3. PIN DESCRIPTION
	3.1 Pinout - 144-Pin LQFP
	Figure 7. 144-Pin LQFP Pin Description Drawing

	3.2 Pinout - 160-Pin FBGA
	Figure 8. 160-Pin FBGA Pin Description Drawing

	3.3 Pin Descriptions
	Power Supplies
	Control
	Status
	RX/TX Data I/O
	JTAG Test Interface
	Miscellaneous
	No Connects


	4. PACKAGE DIMENSIONS
	144L TQFP PACKAGE DRAWING
	160-BALL FBGA (2 LAYER) PACKAGE DRAWING

	5. APPLICATIONS
	Figure 9. Internal RX Impedance Matching
	Figure 10. External RX Impedance Matching



