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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on'is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI’s standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright © 1995, Texas Instruments Incorporated



INTRODUCTION

Texas Instruments (TI) is pleased to introduce our 1995 product families of
high-performance networking products and related devices. The families of ATM,
SONET/SDH, and Ethernet™ devices are named with the prefix TNET. The token-ring,
bus-logic, and FIFO families keep their current naming conventions.

The 1995 networking product portfolio demonstrates robust introductions in token ring and
Ethernet, as well as aggressive new product rollouts in advanced technologies such as
100Base-T, 100VG-AnyLAN, and ATM. These are complemented by highly integrated
products for SONET/SDH, T3, E3 and other wide-area network interfaces. Tl is investing
heavily in and will continue to deliver leading technology, innovation, products, and support
for the networking market.

Networking Architectures

Tl has developed the following networking architectures that form the foundation for our
approach to networking in the 1990s:

® ThunderLAN — A single architecture to address 10Base-T, 100Base-T, and
100VG-AnyLAN protocols. This flexible architecture addresses multiple price/
performance points with very high performance.

® ThunderCell - The ATM architecture for a family of products that addresses both local-
and wide-area network solutions. ThunderCell provides conformance to standards,
leadership cost/performance, and an evolutionary path from legacy LANs to ATM
networks.

® TI380 Token Ring — The leading token-ring chipset family. TI will continue to invest in
TI380 for PCI compatibility, integration, and enhancements to support newer-switched
services.

® WAN Access — SONET/SDH, T3, and E3 devices for WAN access. As public and
private networks begin to merge, the ability to connect the WAN to the LAN is becoming
increasingly important. Tl is committed to developing solutions to enable an easy
migration from LAN to WAN and from WAN to LAN.

These architectures represent innovative solutions for network requirements today and will
continue to receive aggressive investment from Tl, along with major networking companies
in the future. The flexibility and scalability of network functions, possible with the Thunder
series, is unique in the industry.

This data book is a collection of several product lines designed for the networking
environment. In addition to our ATM, SONET/SDH, Ethernet™, and token-ring products, Tl
has included information on FIFOs, bus interfaces, and logic products typically used in
today’s network systems. This makes it easier for our customers to have the necessary
information to design their systems. Application notes, where appropriate, have also been
included.

Ethernet is a registered trademark of Xerox Corporation.



vi

For more information on TI's networking products, please contact your local Tl field sales
office or authorized distributor.

For data sheets, application reports, board schematics, and questions and answers on TI’'s
ATM and SONET/SDH products, you can contact the ATM Marketing Group at:

*4ATM@timsg.csc.ti.com or on the Internet at
http://www—mkt.sc.ti'.com/sc/docs/schome.htm

For the latest information on TI's token-ring and Ethernet solutions, please send E-mail to:
ti380hot@micro.ti.com or fax to 713-274-4027

This support hotline can provide data sheets, application notes, schematics, and answers
to product specific questions. Also, a free monthly electronic newsletter TI380 Tech Tips,
is available. To subscribe, forward your E-mail address to:

ti380hot@micro.ti.com with a request for TI380 TECH TIPS



PRODUCT STAGE STATEMENTS

Product stage statements are used on Texas Instruments data sheets to indicate the
development stage(s) of the product(s) specified in the data sheets.

If all products specified in a data sheet are at the same development stage, the appropriate
statement from the following list is placed in the lower left corner of the first page of the data sheet.

PRODUCTION DATA information is current as of publication date. Products conform to
specifications per the terms of Texas Instruments standard warranty. Production processing
does not necessarily include testing of all parameters.

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase
of development. Characteristic data and other specifications are subject to change without
notice.

PRODUCT PREVIEW information concerns products in the formative or design phase of
development. Characteristic data and other specifications are design goals. Texas
Instruments reserves the right to change or discontinue these products without notice.

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first
statement below is placed in the lower left corner of the first page of the data sheet. Subsequent
pages of the data sheet containing PRODUCT PREVIEW information or ADVANCE
INFORMATION are then marked in the lower left-hand corner with the appropriate statement
given below:

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information
current as of publication date. Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not necessarily include testing
of all parameters.

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase
of development. Characteristic data and other specifications are subject to change without
notice.

PRODUCT PREVIEW information concerns products in the formative or design phase of
development. Characteristic data and other specifications are design goals. Texas
Instruments reserves the right to change or discontinue these products without notice.
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EXPLANATION OF FUNCTION TABLES

The following symbols are used in function tables on Tl data sheets:

H = high level (steady state)

L = low level (steady state)

T = transition from low to high level

l = transition from high to low level

— = value/level or resulting value/level is routed to indicated destination
e = value/level is re-entered

X = irrelevant (any input, inciuding transitions)

4 = off (high-impedance) state of a 3-state output

a...h = thelevel of steady-state inputs A through H respectively

Qo = level of Q before the indicated steady-state input conditions were established
Qo = complement of Qg or level of Q before the indicated steady-state input

conditions were established

Qp = level of Q before the most recent active transition indicated by 4 or T
Epl = one high-level pulse

r = one low-level pulse

Toggle each output changes to the complement of its previous level on each active
transition indicated by L or T

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output
persists so long as the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X together with T and/or |, this means the output is valid whenever
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state
levels. If the output is shown as a level (H, L, Qq, or Qq), it persists so long as the steady-state input levels and the
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite
direction to those shown have no effect at the output. (If the output is shown as a pulse, 7L or LI, the pulse follows
the indicated input transition and persists for an interval dependent on the circuit.)

‘t” TEXAS
INSTRUMENTS
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EXPLANATION OF FUNCTION TABLES

Among the most complex function tables are those of the shift registers. These embody most of the symbols used
in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift register, e.g.,
type SN74194.

FUNCTION TABLE
INPUTS OUTPUTS
CLEAR MODE cLocK SERIAL PARALLEL oa o8 Q¢ Qp
S1 S0 LEFT RIGHT | A B C D
L X X X X X X X X X L L L L
H X X L X X X X X X | Qa0 QBo Qco Qpo
H H H T X X a b c d a b c d
H L H 0 X H H H H H Qan QBn Qcn
H L H T X L L L L L |'L Qan QBn Qcn
H H L T H X X X X X |Qgn Qcn Qpn H
H Ho L 0 L X X X X X lagy Qcn Qpn L
H L L X X X X X X X 1Qao0 QB0 Qco Qpo

The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs
will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect.

The second line shows that so long as the clock input remains low (while clear is high), no other input has any effect
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low
was established. Since on other lines of the table only the rising transition of the clock is shown to be active, the second
line implicitly shows that no further change in the outputs will occur while the clock remains high or on the high-to-low
transition of the clock. .

The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are both
high then, without regard to the serial input, the data entered at A will be at output Qa, data entered at B will be at
Qpg, and so forth, following a low-to-high clock transition.

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input
and the shifting of previously entered data one bit; data previously at Qp is now at Qg, the previous levels of Qg and
Q¢ are now at Qg and Qp, respectively, and the data previously at Qp is no longer in the register. This entry of serial
data and shift takes place on the low-to-high transition of the clock when S1 is low and S0 is high and the levels at
inputs A through D have no effect. ‘

The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left serial
input and the shifting of previously entered data one bit; data previously at Qg is now at Qp, the previous levels of
Qg and Qp are now at Qg and Qg, respectively, and the data previously at Qp is no longer in the register. This entry
of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and SO is low and the
levels at inputs A through D have no effect.

The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line, the
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs
low was established.

The function table functional tests do not reflect all possible combinations or sequential modes.

{’? TEXAS
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS

Itis normal Tl practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic symbol
based on the assumption of true data (D) inputs. Outputs that produce data in phase with the data inputs are called
Q and those producing complementary data are called Q. An input that causes a Q output to go high or a Q output
to go low is called preset (PRE). An input that causes a Q output to go high or a Q output to go low is called clear (CLR).
Bars are used over these pin names (PRE and CLR) if they are active low.

The devices on several data sheets are second-source designs, and the pin name conventions used by the original
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting

circuits D and Q.

in some applications, it may be advantageous to redesignate the data input from D to D or vice versa. In that case,
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the
graphical symbols. Arbitrary pin numbers are shown.

1
—_— Ng 5
PRE 2 a
c ci
3
D — 1D 6 _
— 4 S——— @
CLR R
LATCH
PRE ! S 5
2 Q
CLK — b ¢
3
D —— 1D 6 _
4 >~ Q@
iR —YR
FLIP-FLOP

k] O‘
2

m O o >
t;
b ]

Bl e ‘.2|
m ol ; b
{:L‘D‘N

C1

[~

LATCH

LA

> C1
1D

FLIP-FLOP

Ol

The figures show that when Q and Q exchange names, the preset and clear pins also exchange names. The polarity
indicators (> ) on PRE and CLR remain, as these inputs are still active low, but the presence or absence of the polarity
indicator changes at D (or D), Q, and Q. Pin 5 (Q or Q) is still in phase with the data input (D or D); their active levels

change together.
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THERMAL INFORMATION

In digital-system design, consideration must be given to thermal management of components. The small size of the
small-outline package makes this even more critical. Figure 1 shows the thermal resistance of these packages for
various rates of air flow.

The thermal resistances in Figure 1 can be used to approximate typical and maximum virtual junction temperatures.
In general, the junction temperature for any device can be calculated using using the following equation:

T, = Romn X Py + Ty

where:
Ty = virtual junction temperature
Rgja = thermal resistance, junction to free air
Pt = total power dissipation of the device
Ta = free-air temperature

JUNCTION-TO-AMBIENT THERMAL RESISTANCE

vs
AIR VELOCITY
130 T T T
14-Pin D Package
120 1 1 1
16-Pin D Package
110 7 t t t
100 / . .zo-Pin I?W Packlage
T

T T
ya 24-Pin DW Package
90 A
48-Pin
80 \\\( \ [ DL Package —]
70 ~
\ \
60
e

50 S~

40

30

0 100 200 300 400 500 600
Alr Velocity — ft/min

Rg JA —Junction-to-Ambient Thermal Resistance — °C/W

Figure 1

Derating curves for 210-mil shrink small-outline package are shown in Figures 2 through 5.

“5‘ TEXAS
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THERMAL INFORMATION

DERATING CURVES FOR 210-MIL SHRINK SMALL-OUTLINE PACKAGE (DB)

1200 1T 1200 T
1100 8 Pin 16 Pin
H
E 1000 £ 1000 -
1 1 S~
- g
'E %00 '§ ‘gkl :: —
g 00 g s00 Faaee L
D ? NS =<
n (] ™~
g 700 a \1\\ =
a;', 600 § 600
NN
2 500j—] I ) SN
£ M~ £ Air Velocity N
3 400 3 400~  (linear m/sec)
E I~ E N
® 300 — 5 =1
S ~ = —_———— =075
200 ly 200~ =05
o® o —_ — =025
100 —— = ()
0 0 | I O I |
25 30 35 40 45 50 55 60 65 70 75 80 85 90 25 30 35 40 45 50 55 60 65 70 75 80 85 90
TA - Free-Air Temperature - °C Ta — Free-Air Temperature - °C
Figure 2 Figure 3
1400 = I B B B 100 P I R
20 Pin 2200
2200 Air Velocity ] z AirVelocity ]
% 2000 (linear m/se:) E 2000 (linear m/se<1:) |
] —— = ] ——
5 1800 —_—— =075 ] § 1800 —_——— =0.75 ]
3 — =05 _| B§ 1600 =05 _|
% 1600 =025 e — — =025
] - ] @2 - —
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o 1000 === 100! SESE
T o S O é 800 b T ey -
- — -l P Ty
.E 600 § ~"\.~ \~§=~ L -5 600 \)\\ \\. =
g = = "\\ 2
1 1
400 400
o ]
200 200
0 0
25 30 35 40 45 50 55 60 65 70 75 80 85 90 25 30 35 40 45 50 55 60 65 70 75 80 85 90
TA - Free-Air Temperature - °C Ta - Free-Air Temperature - °C
Figure 4 Figure 5
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TNETA1500

155.52-MBIT/S SONET/SDH ATM RECEIVER/TRANSMITTER

SDNS021B — MARCH 1994 — REVISED JANUARY 1995

® Single-Chip Receiver/Transmitter for ® Generates Alarms for:
Transporting 53-Byte ATM Cells Via — Loss of Incoming Serial Signal (LOS)
STS-3¢/STM-1 Frame (155.52 Mbit/s) — Out of Frame (OOF)
® On-Chip Analog Phase-Locked Loop — Loss of Frame (LOF)
(APLL) Provides: — B1-Byte Parity Error (B1ERR)
- Recovery of Receive Clock From - Loss of ATM Cell Alignment (LOCA)
|ncoming Serial-Data Stream — Line Far-End Receive Failure (LFERF)
— Transmit Clock Generation From — Receive Loss of Pointer (LOP)
External 19.44-MHz Clock Source - Line Alarm Indication Signal (LAIS)
® Inserts and Extracts ATM Cells Into/From ¢ Meets ATM Forum ATM User-Network
SONET/SDH STS-3¢/STM-1 SPE Interface Specification Requirement
® Detects Multiple-Bit Errors and Corrects ¢ BiCMOS Device Packaged in 144-Pin
Single-Bit Errors in the 5-Byte ATM Plastic Quad Flat Package (PQFP)

Headers of Incoming ATM Cells

description

The synchronous optical network (SONET)/synchronous digital hierarchy (SDH) asynchronous transport mode
(ATM) line-interface receiver/transmitter provides a single-chip implementation for transporting ATM cells over
the SONET/SDH network at the STS-3c/STM-1 rate of 155.52 Mbit/s. This device provides all the functionality
required to insert and extract 53-byte ATM cells into/from a STS-3¢/STM-1 synchronous payload envelope
(SPE), including clock recovery and clock generation using analog phase-locked loops (APLL).

On the receive side, the TNETA1500 accepts 1565.52-Mbit/s serial data, recovers the embedded clock signal,
performs SONET/SDH frame alignment and serial-to-parallel conversion, identifies the SONET/SDH payload,
and establishes the ATM-cell boundaries. The ATM cells are extracted from the payload, descrambled, and
passed to the receive output FIFO for output to the next device (e.g., areassembly device). On the transmit side,
complete 53-byte ATM cells are placed into the transmit input FIFO, scrambled, and inserted into an
STS-3¢/STM-1 SPE. The SONET/SDH frame is scrambled and converted to a serial-data stream for output.
An APLL is used to generate the 155.52-MHz output clock from a low-speed 19.44-MHz oscillator, eliminating

the need for a high-speed 155.52-MHz oscillator.

PRODUCT PREVIEW Information concerns products in the formative or .
design phase of development. Characteristic data and other '
cifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. l EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 1995, Texas instruments Incorporated
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TNETA1500
155.52-MBIT/S SONET/SDH ATM RECEIVER/TRANSMITTER

SDNS021B - MARCH 1994 — REVISED JANUARY 1995

PCM PACKAGE
(TOP VIEW)
02 00 = ('3 8 ]g E
OZ B0 O Qa < Qa [6)a]
2822255999 ees09:2532MEE8358538388as8
pooaonoooonooonooonnononononoononnon
35 30 25 20 15 10 5 1\

CRCAP 3 GND

AGND ] —vee
AGND ] I RESET
Avcc ] 40 1 TEST4
RSDT —§ 140 F TEST3
RSDC ) TEST2
AVCC — FLB
AGND — 1B
AGND . 45 ) CKGENBP

CGCAP =] 135 =3 CKRECBP

[ \Voloy === [ CLKLOOP
TXREFCK T 1 LOF
TXHCKT ] ) GND
TXHCKC .} 50 —Vee
TSDT .} 130 =3 8KHZREF
TSDC — OOF
TSCT = Los
TSCC ] 1 GND
Avcc ] 55 —Vee
AGND 125 1 B1ERR
SDHENABLE [ LocA
OE 1 LFERF
TESTO = — LalS
TEST1 ] 60 ) LoP
TXAF 120 F3 ReKI
GND [ RRE
TXCELL [ RXFE
TWE [ RXCELL
TCKI T} 65 [ LOSRD
GND 115 3 GND
Vee —I Voo
TDO [ NC
D1 > NC
T2 70 — NC
TD3 110 =3 NG
GND = — GND
75 80 85 90 95 100 105
CUUUDUUDUUUUUUUUUUUU0UUUUUOUUULUUUUn L
BEEERSEeS 2858 8REREE052885585%% 28

NC — No internal connection
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TNETA1500
1556.52-MBIT/S SONET/SDH ATM RECEIVER/TRANSMITTER

SDNS021B —~ MARCH 1994 — REVISED JANUARY 1995

functional block diagram

CRCAP Receive Operation
0.1-pF Capacitor LOP
FLB — Connected Externally
+ 8KHZREF LOF LOS OOF B1ERR LAIS l LFERF LOSRD LOCA
— f 444 4 t
S %5 RDO-RD7
RSDC—P—] » Framingand [#] Descrambling, [ —p»-| ATM-Cell | ¢« RCKI
Clock »- - 9 B1-Parity, . Extraction
CKRECBP ——] Recovery Serial-to-Parallel [ Alarm | Demux |—» and —» RXCELL
RSCT —p—] M Conversion 1y, | Generation » Descrambling [ ¢ RRE_
RSCC ——] —» RXFE
7y A A ﬂh A
CLKLOOP
-47% D0-D7
OE > —478L A0-A7
—» READY
> Controller |<¢—— RD/WR
RESET P Interface ——»- INTR
-¢—— SEL
-4—— FLAGT
|-—— FLAGC
YYV A A v 4 v
8
TSDT 4 . Sorambiing | < ATM.Cell [4— TDO-TD?
TSDC 4—] Parallel-to-Serial | ¢ and < Mux e Scrambling [ TCKI
TSCT-¢—] Conversion - B1-Parity - ux. < and < TXCELL
TSCC-4—] M Generation |4 < Cell Insertion [4—— IWE
T |—»- TXAF
TLB Transmit Operation
CKGENBP p—
SDHENABLE

TXREFCK »— Clock CGCAP
TXHCKT »—— Generation

TXHCKC p—— J— 0.1-pF Capacitor
Connected Externally

‘5’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-5

PRODUCT PREVIEW



M3IA3Hd 1ONAOHd

TNETA1500
155.52-MBIT/S SONET/SDH ATM RECEIVER/TRANSMITTER

SDNS021B — MARCH 1994 — REVISED JANUARY 1995

detailed description

transmit operation

The transmit-cell interface consists of the byte-wide input data (TDO-TD7), input clock (TCKI), start of ATM-cell
input (TXCELL), transmit write-enable input (TWE), and transmit-input FIFO almost-full output (TXAF). Input
data is clocked into the TNETA1500 on low-to-high transitions of TCKI when TWE is low. The transmit-input
FIFO almost-full flag (TXAF) goes active when the transmit FIFO is within five bytes of filling up (the FIFO holds
three complete ATM cells).

The 48-byte information field of the ATM cell is scrambled using a self-synchronizing scrambler polynomial of
x43 + 1 to improve the efficiency of the cell-delineation procedure. At startup, the scrambler is initialized to an
all 1s state. The five-byte ATM header is not scrambled at this step. The TXCELL input identifies the first byte
of the ATM cell and disables the scrambler. The input data is stored in the transmit-input FIFO and multiplexed
into the SONET/SDH payload after all 53 bytes have been received. If the FIFO does not contain 53 bytes of
information at the start of a cell-insertion cycle, an idle or unassigned cell is sent dependent on the status of the
control registers. An idle cell is defined as an ATM cell with the 5-byte header set to 00 00 00 01 52 (hex) and
the 48-byte payload set to 6A (hex). An unassigned cell is defined as an ATM cell with the 5-byte header set
to 00 00 00 00 55 (hex) and the 48-byte payload set to 6A (hex) (see the controller interface section for more
information on the operation of the control registers).

The transmit section calculates the header-error check (HEC) byte in the ATM header by default. This implies
that the fifth byte of the ATM cell that is input through the transmit-cell interface is ignored. The HEC byte is
calculated in accordance with the ANSI T1.624-1993 and CCITT recommendation 1.432. This feature can be
disabled by setting a bit in the control register.

The transmit operation can be programmed to send either a SONET STS-3c frame or a SDH STM-1 frame.
When the SDHENABLE input is low, a SONET STS-3c frame is transmitted. When the SDHENABLE input is
high, a STM-1 frame is transmitted. For both the STS-3c and STM-1 frames, the location of the J1 byte in the
path overhead is fixed; the J1 byte always comes after the third C1 byte of the transport overhead (this is known
as location 522). The data-communication channels (D1 through D12 bytes) in the transport overhead (TOH)
are setto a hex value of FF 00 00. The values for the transport- and path-overhead bytes for both a STS-3¢ frame
and a STM-1 frame are given in Table 1.
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transmit operation (continued)

Table 1. Transmit Transport-Overhead and Path-Overhead Bytes

SONET FRAME SDH FRAME
OVERHEAD BYTE SDHENABLE & LOW SDHENABLE £ HIGH
A1 1111 0110 (F6h) 1111 0110 (F6h)
A2 0010 1000 (28h) 0010 1000 (28h)
C1 Bytes 010203 (h) 01 00 00 (h)
B1
B2 Calculated Calculated
B3
First H1 0110 0010 (62h) 0110 1010 (6Ah)

Second H1 (H1*)
Third H1 (H1*)

1001 0011 (93h) 1001 1011 (9Bh)

First H2 0000 1010 (0Ah) 0000 1010 (0Ah)
Second H2 (H2*)
- 1111 1111 (FFh) 1111 1111 (FFh)
Third H2 (H2*)
Three H3 Bytes 0000 0000 (00h) 0000 0000 (00h)
First K2 Normal operation: 0000 0000 Normal operation: 0000 0000
Line FERF: 0000 0110 Line FERF: 0000 0110
Third Z2 B2 error count: B2 error count:
0000 0000 — 0001 1000 0000 0000 — 0001 1000
J1 0000 0000 0000 0000
c2 0001 0011 0001 0011
Bits { — 4 B3 error count: Path FERF: | B3 error count: Path FERF:
0000 - 1000 1001 0000 - 1000 1001
G1 Bit5 Path RDI: 1 Path RDI: 1
Bits 6 - 8 000 000
H4 0000 0000 0000 0000

The parity byte B1, B2 (three bytes), and B3 are calculated as follows:

B1 — B1 is a bit-interleaved parity-8 code (BIP-8) using even parity. B1 is calculated over all bits of the
previous STS-3c frame after scrambling. The calculated value of B1 is placed in the STS-3c frame before
the frame is scrambled. ‘

B2 — For an STS-3c frame, the three B2 bytes combine to form a BIP-24 code; however, each B2 byte is
calculated as if the frame is composed of three individual STS-1s. Each B2 is calculated over all bits of the
line overhead and STS-1 envelope capacity of the previous STS-1 frame before scrambling using even
parity. The computed value is placed in the appropriate B2 byte location before scrambling. The line
overhead consists of the six rows of transport-overhead bytes beginning with the first H1 byte and ending
before the row containing the first A1 byte (see Table 1).

B3 — For an STS-3c frame, the B3 byte is calculated over all bits of the previous STS-3¢ SPE before
scrambling. B3 is a BIP-8 code using even parity. The computed value is placed in the B3 location prior to
scrambling.

{if TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

PRODUCT PREVIEW



M3IA3Hd 1ONAO0Hd

TNETA1500
155.52-MBIT/S SONET/SDH ATM RECEIVER/TRANSMITTER

SDNS021B - MARCH 1994 — REVISED JANUARY 1995

transmit operation (continued)

Prior to transmission, the STS-3c¢ frame is scrambled using a generating polynomial of x7 + x6 + 1. The A1, A2,
and C1 overhead bytes are not scrambled, and the scrambler is reset to 1111111 on the most significant bit of
the byte immediately following the third C1 byte. The scrambler runs continuously throughout the complete
STS-3c¢ frame.

After the STS-3c frame has been scrambled, the bytes are converted to a serial-data stream using a
parallel-to-serial converter. An APLL is used to generate the 155.52-MHz output clock from a 19.44-MHz
oscillator connected to the TXREFCK input. Two other sources can be used for the 155.52-MHz clock. The
CKGENBP and CLKLOOP inputs are used to select either a 155.52-MHz external clock source or the clock
recovered from the incoming serial-data stream APLL (loop timing). The functions for selecting the
transmit-clock source are shown in Table 2. The clock generation APLL requires that an external 0.1-uF
capacitor be connected from the CGCAP terminal to ground.

Table 2. Functions for CKGENBP and CLKLOOP Inputs

CKGENBP | CLKLOOP CLOCK SOURCE
L L TXREFCK (19.44 MHz)
L H Receive recovered clock (loop timing)
H HorlL TXHCKT, TXHCKC (155.52 MHz)

Both true and complementary pseudo-ECL-compatible serial data and clock outputs are available. The serial
data is output on the rising edge of the true clock signal (falling edge of the complement clock). The outputs are
designed to drive a 50-Q line terminated through a 50-Q resistor to 3 V (or its equivalent).

A terminal-loopback feature is also provided on the device. When the terminal-loopback input is high, the ATM
cells received on the transmit input are looped back to the receive output. The ATM cells received are blocked.
The transmit operation is not affected in this mode and operates as previously described.

receive operation

The receive serial inputs to the TNETA1500 consist of 155.52-Mbit/s true and complementary PECL data and
an optional 155.52-MHz true and complementary pseudo-ECL clock. The 155.52-MHz clock inputs are needed
only if the clock-recovery-bypass input (CKRECBP) is high, which disables the clock-recovery circuit. This
feature is used typically for test purposes and is not normally used in a system application.

The clock-recovery circuit is used to recover the embedded clock signal from the serial nonreturn-to-zero (NRZ)
data inputs RSDT and RSDC. The clock-recovery circuit consists of a transition detector, an analog
phase-locked loop (APLL), and a retiming circuit. The transition detector is used to double the frequency of the
incoming serial-data stream. This is necessary because the NRZ-data stream does not contain a second
harmonic, which is necessary to recover the transmit clock. The APLL consists of a phase-frequency detector,
a charge pump/loop filter, and an internal voltage-controlled oscillator (VCO). The phase-frequency detector
compares the output of the transition detector to the output of the VCO and generates a signal to the charge
pump/loop filter that is used to change the frequency of the VCO. The frequency of the VCO is adjusted until
it matches the frequency of the transition detector. When this occurs, the APLL is locked to the frequency of the
embedded-input clock signal.

The clock-recovery circuit also contains a circuit that retimes the input serial data to the recovered output clock.
The only external component required for the clock-recovery circuit is a 0.1-uF capacitor that is connected from
the CRCAP terminal to ground. This capacitor is part of the charge-pump/loop-filter circuit.
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receive operation (continued)

The clock signal recovered from the incoming serial-data stream can also be used as the transmit clock for the
transmit section. This is known as clock looping. The advantage of using the recovered receive clock as the
transmit clock is that the transmit clock is frequency locked to the same clock source that is used to generate
the incoming data stream. If this clock source provides a highly accurate low-PPM (low parts per million) clock,
the transmit clock is also a very accurate clock. The drawback to using clock looping is that if the receive signal
is lost for any reason, the transmit clock is also lost.

A facility-loopback (FLB) input loops the input data and recovered clock to the transmit output data and clock.
This provides a method of testing the function of the clock-recovery circuit and its jitter performance. It can also
be used for system-loopback testing.

The PECL inputs FLAGT and FLAGC are provided for interfacing to the loss-of-optical-signal outputs on optical
receivers. If the optical signal is lost, the loss-of-optical-carrier bit in the interrupt register is set and the interrupt

output (INTR) becomes active low.

The recovered clock signal and retimed input data are passed from the clock-recovery circuit to the framing
circuit. The framing circuit searches for the SONET framing bytes A1 and A2 where A1 has a set value of F6h

and A2 has a value of 28h. The exact framing pattern for a STS-3c frame is ATA1A1A2A2A2 (F6F6F6282828h).

These bytes are not scrambled by the transmitter.

The TNETA1500 provides loss-of-signal (LOS), out-of-frame (OOF), and loss-of-frame (LOF) alarms in
accordance with BellCore specification TR-NWT-000253, Issue 2, December 1991. The LOS alarm goes active
when no transitions are detected on the receive serial data for 3.3 ps. The LOS alarm goes inactive when two
consecutive framing patterns have been detected, and during the intervening time (one frame time), no
transitionless 3.3-us period is detected. The OOF alarm goes active when four consecutive-errored framing
patterns are received. The OOF alarm clears when two successive error-free framing patterns are received. If
the out-of-frame condition fails to clear within 3 ms, the LOF alarm goes active. The LOF alarm goes inactive
when eight consecutive error-free SONET frames are identified. The LOS, OOF, and LOF alarms are indicated
by external signals and by setting a bit in the interrupt registers. This causes the INTR output of the controller
interface to go active low signaling an interrupt.

After the SONET frame is established and the serial data converted to byte-wide data, the B1 BIP-8 parity is
calculated over the scrambled SONET frame. This value is compared with the value of B1 contained in the next
(n + 1) frame. The value of B1 calculated over the previous frame (n — 1) is compared to the value B1 in this
frame (frame n). If the two values do not match, the B1ERR output goes active, denoting that a B1 parity error
has occurred. In addition, the B1 parity-error bit in the interrupt register is set and INTR goes active low.

Next, the SONET frame is unscrambled (except for the A1, A2, and C1 bytes, which were not scrambled by the
transmitter). The B2 BIP-24 value is calculated over all the bits of the line overhead and the STS-3c envelope
capacity and compared to the value contained in the next frame. If a B2 parity error occurs, the B2 parity-error

bitin the interrupt register is set and the interrupt line (INTR) goes active low to notify the controller that a parity
error has occurred.

The TNETA1500 monitors the receive K2 byte for line alarm-indication signal (LAIS) and line far-end receive
failure (LFERF) alarms. A LAIS alarm occurs when bits 6 — 8 of the receive K2 byte are set to a value of 111
for five consecutive frames. The LAIS alarm goes inactive when bits 6 — 8 of the receive K2 byte are setto a
value of 000 for five consecutive frames. The LFERF alarm goes active when bits 6 — 8 of the receive K2 byte
are set to a value of 110 for five consecutive frames. The LFERF alarm goes inactive when bits 6 — 8 of the
receive K2 byte are set to a value of 000 for five consecutive frames. Both the LAIS and LFERF alarms are
indicated on an external terminal and by setting a bit in interrupt register 2.
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receive operation (continued)

The location of the J1 byte in the SPE is determined from the H1 and H2 bytes in the transport overhead. The
location of the J1 byte does not change from the previous frame unless the first four bits of H1 are set to 1001
(the new data flag) or the pointer value contained in H1 and H2 is different for three consecutive frames. The
location of J1 can also be incremented or decremented one-byte position by inverting certain bits in the H1 and
H2 byte pointer. If bits 7, 9, 11, 13, and 15 are inverted, the location of J1 is incremented one time slot. If bits
8,10, 12, 14, and 16 are inverted, the location of J1 is decremented one time slot. Subsequent pointers contain
the new offset.

The TNETA1500 provides a loss-of-pointer (LOP) alarm to indicate that either an invalid pointer was detected
in the incoming H1 and H2 bytes or a new data flag NDF (set to a value of 1001 — the first four bits of H1) was
found in eight consecutive frames. The LOP alarm goes inactive when a valid pointer with the NDF setto 0110
is detected in three consecutive frames. The device also provides a path-AlS alarm to indicate that a path-AIS
condition has been detected in the H1 and H2 bytes. A path-AIS condition is detected as an all 1s condition in
bytes H1 and H2 for three consecutive frames. The path-AIS alarm goes inactive when a valid pointer, with the
NDF set to 0110 is detected for three consecutive frames. The LOP alarm is not set if a path-AlS condition is
detected. The LOP alarm is indicated by an external signal and by the interrupt register. The path-AIS alarm
is indicated only by the interrupt register.

The B3 BIP-8 byte is calculated over the contents of the STS-3¢ SPE, which begins with the J1 byte. The value
calculated for B3 is compared with the value found in the next frame. If a B3 parity error occurs, the B3
parity-error bit is set in the interrupt register and INTR goes active low to notify the controller.

The TNETA1500 monitors the receive G1 byte for a path far-end receive failure (path FERF) and path remote
defect indication (path RDI) alarms. A path FERF occurs when bits 1 — 4 of the G1 byte are set to a value of
1001. The path FERF alarm goes inactive when bits 1 — 4 of the G1 byte are set to a non-1001 value. A path
RAl occurs when bit 5 of the G1 byte is set to a value of 1 for 10 consecutive frames. The path RDI alarm goes
inactive when bit 5 of the G1 byte is set to a value of 0 for 10 consecutive frames. Both the path FERF and path
RDI alarms are indicated through interrupt register 3.

Once the STS-3c SPE is located, the ATM cells are identified and extracted. Cell delineation is accomplished
by computing the header-error check (HEC) for the first four bytes after the J1 byte and comparing the calculated
value with the fifth byte. If the values do not match, the process advances one byte and then repeats. This
process continues until @ match between the calculated value and the fifth byte occurs. Cell alignment is
assumed to have occurred when seven consecutive matches occur. Until cell alignment occurs, the
loss-of-cell-alignment alarm (LOCA) remains active. Once cell alignment is established, it is monitored
constantly for a loss-of-cell-alignment condition. A loss-of-cell-alignment condition is declared (LOCA goes
active) when seven consecutive cells occur with header errors. At this point, the hunting process starts over.

The receive side detects multiple-bit errors and corrects single-bit errors occurring in the 5-byte ATM header
of incoming ATM cells by using the HEC byte. This feature is deactivated by setting a bit in control register 1
(see Table 6). The ATM cells with multiple-bit header errors are dropped, unless a bit is set in control register 1
(see Table 6) to disable the dropping of cells with uncorrectable errors. An 8-bit saturating counter (accessible
through the controller interface) counts the number of ATM cells with multiple-bit ATM header errors.

After the ATM cells are extracted, they are descrambled. The 48-byte payload in the ATM cell is scrambled at
the transmitter using a x43 + 1 polynomial to further distinguish the payload from the header bytes and improve
the efficiency of the cell-delineation algorithm. The x43 + 1 polynomial is also used to descramble the payload
so that it can be sent to the next device.

The TNETA1500 has the capability of dropping idle and unassigned cells from the receive data stream. Anidle
cellis defined as a cell with a 5-byte ATM header set to a value of 00 00 00 01 52 (hex) and an unassigned cell
is defined as a cell with a 5-byte header of 00 00 00 00 55 (hex). In both cases, the payload is ignored. The
dropping of idle and/or unassigned cells can be disabled through control register 1 (CR1) in the controller
interface.

2-10

{if TeExAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75266



TNETA1500
155.52-MBIT/S SONET/SDH ATM RECEIVER/TRANSMITTER

SDNS021B - MARCH 1994 — REVISED JANUARY 1995

receive operation (continued)

After descrambling, the ATM cell is passed to the output buffer, which operates as a FIFO. The receive-cell
interface consists of the output data (RD0O—RD?7), receive-clock input (RCKI), receive-read-enable input (RRE),
receive-FIFO-empty output (RXFE), beginning-of-ATM-cell indicator (RXCELL), and loss-of-receive-data alarm
(LOSRD). Data is sent out from the device on the rising edge of RCKI when RRE is low. The LOSRD alarm goes
active when the output FIFO overflows. In this case, the last cell placed into the FIFO is overwritten. The output
FIFO holds three complete ATM cells.

Cumulative counts of receive B1, B2, and B3 errors are provided by registers accessible through the controller
interface. These registers maintain running totals of B1, B2, and B3 block errors and coding violations. The
block-error counters maintain a count of the number of frames that are received with B1, B2, and B3 errors. The
coding-violation counters count the exact number of B1, B2, and B3 bit-interleaved parity (BIP) errors that occur.
It is possible for a single frame to contain 8 B1, 24 B2, and 8 B3 BIP errors. When any of the block-error or
coding-violation counters reach maximum count, a bit is set in the interrupt registers and an interrupt is
generated. These counters are rollover counters that roll over to zero after the maximum count occurs and an
interrupt is generated (see the controller-interface section for additional information).

When the receive side enters a loss-of-cell alignment (LOCA) state, a path remote-defect indication (path RDI)
may need to be sent out the transmit side through the outgoing G1 byte. A path-RDI alarm is declared when
a LOCA state is persistent for an amount of time (also known as soak time) that has not yet been specified by

any industry standards. To provide maximum flexibility with regard to this unspecified soak time, an 8-bit counter
is provided through the controller interface that allows the user to program the amount of soak time for a
path-RDI alarm in increments of 125 ps. This counter is preset (when a device reset occurs) to a value of
4 ms, which is the anticipated soak time for a path-RDI alarm.
controller-interface operation
The controller interface provides access to the internal memory locations that contain the control registers,
interrupt registers, interrupt-mask registers, and the 1D register. Table 3 shows a memory map of the locations
of the various registers in the TNETA1500.
Table 3. TNETA1500 Register Memory Map
(HAE';D";AELSUSE) REGISTER (H‘;E‘;(DVR/E&SE) REGISTER

00 Interrupt register 1 oD B1 block error counter

0t Interrupt register 2 OE Not implemented

02 Interrupt register 3 OF B2 block error counter

03 ID register 10 Not implemented

04 Not implemented 1 B3 block error counter

05 Control register 1 12 B1 coding-violation counter (LSB)

06 Control register 2 13 B1 coding-violation counter (MSB)

07 Interrupt-mask register 1 14 B2 coding-violation counter (LSB)

08 Interrupt-mask register 2 15 B2 coding-violation counter

09 Interrupt-mask register 3 16 B2 coding-violation counter (MSB)

0A Multierrored cell counter 17 B3 coding-violation counter (LSB)

0B Path-RDI soak counter 18 B3 coding-violation counter (MSB)

0C Not implemented >18 Not implemented
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interrupt registers

LOS,

The interrupt registers located at hex addresses 00, 01, and 02 contain information on the condition of the
receive data stream that causes the interrupt flag (INTR) to become active low. The coding for the interrupt
registers is given in Table 4.

Table 4. Interrupt-Register Coding

CAUSE OF INTERRUPT | \0iEcsoey | (abpResso) | (Abbaesson

B1 parity error XXXX XXX1 — —
B2 parity error XXXX XX1X — —
B3 parity error XXXX X1XX — —
Loss-of-cell alignment XXXX 1XXX — —_
Loss-of-incoming signal XXX1 XXXX - -
Out of frame XX1X XXXX — —
Loss of frame X1XX XXXX — —
Loss-of-optical carrier 1IXXX XXXX — _
Line AIS — XXXX XXX1 —
Line FERF — XXXX XX1X —
Loss-of-receive data — XXXX X1XX —_—
Loss of pointer — XXXX 1XXX -
Path AIS —_ XXX1 XXXX —
B1 block error overflow — XX1X XXXX —
B2 block error overflow — XIXX XXXX —_
B3 block error overflow — XXX XXXX —_

B1 CV overflow — — XXXX XXX1

B2 CV overflow — — XXXX XX1X

B3 CV overflow — — XXXX X1XX

Path RDI — — XXXX 1XXX

Path FERF — — XXX1 XXXX

The alarm conditions or errors set bits in the interrupt register that cause the open-drain ouput INTR to go active
low. All of these conditional actions are associated with the receive data stream and are described below.

OOF, LOF, LAIS, LOP, LFERF, LOCA, LOSRD

[
These alarm conditions cause an external signal to go active and set a bit in one of the interrupt registers

(see terminal functions table for description of the individual alarms). The status of the bit in the interrupt register
for these alarms mirrors the status of the external signal. For example, as long as a loss-of-frame condition
exists, both the LOF output and the loss-of-frame bit in IR1 (the value for LOF is x1xx xxxx) are set. When the
logic in the TNETA1500 detects that the LOF condition has cleared, the external output and the status bit in the
interrupt registers are cleared. A change in the status bit in the interrupt registers for these alarms cause the
INTR output to go active low. When the status bit makes a low-to-high transition, the INTR output goes active
low. The INTR output also goes active low when the status bit makes a high-to-low transition. Reading the
interrupt register does not clear the status bit for these particular alarms. However, the INTR output goes inactive
high on a read of any of the interrupt registers.
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loss-of-optical carrier, path AlS, path RDI

These alarm conditions cause a status bit in one of the interrupt registers to go active. As long as the alarm
condition exists, the status bit remains set. When the logic in the TNETA1500 detects that the alarm condition
has cleared, the status bit is cleared. A change in the status bit in the interrupt registers for these alarms causes
theWth to go active low. When the status bit makes a low-to-high transition, the INTR output goes active
low. The INTR output also goes active low when the status bit makes a high-to-low transition. Reading the
interrupt register does not clear the status bit for these particular alarms. However, the INTR output goes inactive
high on a read of any of the interrupt registers.

B1/B2/B3 parity error, B1/B2/B3 block error overflow, B1/B2/B3 CV overflow

The status bits for these errors indicate that the specified error condition has occurred. The status bits in the
interrupt registers for these conditions are set when the error conditions occur and remain set until the interrupt
register is read. If a B1, B2, or B3 parity error is detected on an incoming frame, the corresponding status bit
is set in the interrupt register, the INTR output goes active low, and the status bit remains set until a read of any
interrupt register occurs. Once a read of any interrupt register occurs, the status bit for one of these error
conditions is cleared until the next time that this error condition is detected.

interrupt-mask registers

All of the interrupts in the three interrupt registers can be masked by setting bits in the corresponding
interrupt-mask registers. The coding for the interrupt-mask registers is the same as the coding for the interrupt
registers. To mask only the interrupt associated with a B2 parity error, a value of 0000 0010 is written to the
interrupt mask register 1 (IMR1). To mask all the interrupts in interrupt register 1, a value of 1111 1111 is written
to the interrupt mask register 1. After reset, all three interrupt-mask registers are cleared (set to 00 hex).
Table 5 shows the coding for the interrupt-mask registers.

Table 5. Interrupt-Mask-Register Coding

INTERRUPT TO BE MASKED | ToEeey) | (aDDRESS08) | (ADDRESS 09

B1 parity error XXXX XXX1 — —

B2 parity error XXXX XX1X — —

B3 parity error XXXX X1XX — —
Loss-of-cell alignment (LOCA) XXXX 1XXX — —
Loss-of-incoming signal (LOS) XXX1 XXXX — —

Out of frame (OOF) XX1X XXXX — —
Loss of frame (LOF) X1XX XXXX — —
Loss-of-optical carrier IXXX XXXX —_ —
Line AIS — XXXX XXX1 —
Line FERF — XXXX XX1X —
Loss-of-receive data — XXXX X1XX —
Loss of pointer — XXXX 1XXX —
Path AIS — XXX1 XXXX —
B1 block error overflow — XX1X XXXX —
B2 block error overflow — X1XX XXXX —
B3 block error overflow — 1XXX XXXX —
B1 CV overflow — — XXXX XXX1
B2 CV overfiow — — XXXX XX1X
B3 CV overflow — — XXXX X1XX
Path RDI — — XXXX 1XXX
Path FERF — — XXX1 XXXX
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control registers

The control registers are located at addresses 05 and 06 (hex). The control registers provide a means of
controlling the operation of the device through the controller interface. A reset operation, initiated either by taking
the RESET signal high or by performing a write operation to the ID register, clears both control registers. The
bit definition for the two control registers is shown in Table 6.

Table 6. Coding for Control Registers

ACTION CONTROL REGISTER 1 CONTROL REGISTER 2
(ADDRESS 05) (ADDRESS 06)
Disable error correction for receive ATM cell headers XXXX XXX1 —
Disable transmit ATM-cell header HEC-byte generation XXXX XX1X —
Enable terminal loopback (TLB) XXXX X1XX —
Enable facility (serial) loopback (FLB) XXXX 1XXX —
Disable the dropping of ATM cells with multiple-bit header errors XXX1 XXXX —
Disable the dropping of ATM idle cells from the receive data stream XX1X XXXX .
Disable the dropping of ATM unassigned cells from the receive data stream XIXX XXXX —_
Transmit STM-1 frame . 1XXX XXXX —
Enable receive clock looping —_ XXXX XXX1
Transmit ATM unassigned cells as filler — XXXX XX1X

Descriptions of the various control functions of the control registers are given below:

disable error correction for receive ATM cell headers

When set to a high level, this bit causes the error-detection and correction block to stop correcting single-bit
errors that are detected in the headers of incoming ATM cells. When a reset operation is performed, this bit is
cleared (set to 0). The normal operating state of the TNETA1500 provides single-bit error correction on the
headers of incoming ATM cells, and an action must be taken to disable this operation.

disable transmit ATM-cell header HEC-byte generation

When set to a high level, this bit causes the transmit section to stop generating the header error check (HEC)
byte in the five-byte header of ATM cells that are being transmitted. When a reset operation occurs, this bit is
cleared (set to 0). The normal operating mode of the TNETA1500 calculates the HEC byte from the first four
bytes of the ATM cell that is transmitted and inserts the calculated value in the HEC byte location. This bitis used
to disable the generation of the HEC byte. '

enable terminal loopback (TLB)

When set to a high level, this bit causes the ATM-cells input (through the transmit-cell interface) to loop through
the device and be sent out through the receive-cell interface. The receive serial-data stream is blocked when
this mode of operation is chosen. However, the transmit section operates normally and the device continues
to transmit ATM cells that are inserted in a STS-3¢/STM-1 frame. Internally, this bit is logically ORed with the
TLB input, which allows a terminal loopback to be enabled through either the external input or through the control
register. When a reset operation occurs, the bit in the control register is cleared.

enable facility (serial) loopback (FLB)

When set to a high level, this bit causes the receive serial data and clock inputs to loop through the device and
be sent out through the transmit serial data and clock outputs. The transmit serial data stream is blocked when
this mode of operation is chosen. However, the receive section operates normally, and the device continues to
extract ATM cells from the incoming STS-3¢/STM-1.frame. Internally, this bitis logically ORed with the FLB input,
which allows a facility loopback to be enabled through either the external input terminal or through the control
register. When a reset operation occurs, the bit in the control register is cleared.
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disable the dropping of ATM cells with muitiple-bit header errors

When set to a high level, this bit causes the receive section to stop dropping ATM cells that contain multiple-bit
header errors. When a reset operation occurs, this bitis cleared. The normal operation of the TNETA1500 drops
ATM cells that contain multiple-bit header errors by not placing them into the receive output FIFO.

disable the dropping of ATM idle cells from the receive data stream

When this bit is set, the receive section does not drop ATM idle cells from the receive data stream. An idle cell
is defined as an ATM cell with the 5-byte header set to a value of 00 00 00 01 52 (hex). When a reset operation
occurs, this bit is cleared. The normal operation of the TNETA1500 is to drop idle cells from the receive data
stream.

disable the dropping of ATM unassigned cells from the receive data stream

When this bit is set, the receive section does not drop ATM unassigned cells from the receive data stream. An
unassigned cell is defined as an ATM cell with the 5-byte header set to a value of 00 00 00 00 55 (hex). When
areset operation occurs, this bit is cleared. The normal operation of the TNETA1500 is to drop unassigned cells
from the receive data stream.

transmit STM-1 frame

When this bit is set, the transmit section transmits an STM-1 frame instead of a STS-3¢ frame. Internally, this
bit is logically ORed with SDHENABLE, which allows this mode of operation to be enabled either through the
control register or the external input. When a reset operation occurs, this bit is cleared and causes the
TNETA1500 to transmit a STS-3c frame.

enable receive clock looping

When this bit is set, the receive clock is used as the clock for the transmit side (clock looping). The receive clock
is either the receive serial clock or the clock recovered from the receive serial-data stream depending upon the
state of the CLKRECBP input. Internally, this bit is logically ORed with CLKLOOP, which allows the clock-loop
function to be enabled either through the control register or the external input. When a reset operation occurs,
this bit is cleared, which disables the clock loop. .

transmit ATM unassigned cells as filler

When this bit is set, the transmit side sends ATM unassigned cells for cell rate decoupling when a user data cell
is not available in the transmit FIFO. An unassigned cell is defined as a cell with the 5-byte header set to a value
of 00 00 00 00 55 (hex). The payload is set to 6A (hex). When this bit is not set, the device sends idle cells as
filler cells for cell rate decoupling. An idle cell is defined as a cell with the 5-byte header set to a value of 00 00
00 01 52 (hex) and the payload set to 6A (hex). When a reset operation occurs, this bit is cleared.

ID register

The ID register is located at address 03 (hex). This register identifies the device revision and also provides a
means of performing a software reset. The contents of this register are hardwired to a hexadecimal value of Ax
(x denotes the chip revision). A software reset onthe TNETA1500 is initiated by writing to the ID register through
the controller interface. Since the contents of the ID register are firmware, the write does not change the contents
of the register. The software reset function is logically ORed with RESET. A reset of the TNETA1500 device is
initiated through either the external input or the ID register.

multierrored cell header counter

The multierrored cell header counter is a saturating 8-bit counter that counts the number of ATM cells that are
received with multiple-bit errors in the 5-byte ATM header. This counter resets to zero when the register is read.
This counter does not cause the INTR output to go active low when the counter reaches maximum count. This
counter is set to zero when a reset operation occurs.
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path RDI soak counter

This counter provides a count of the amount of time, in increments of 125 ps, that a loss-of-cell-alignment
(LOCA) condition must be present before a path RDI condition is sent via the outgoing G1 byte. The amount
of time required is not currently specified by any industry standard. This counter is preset to a value of four
milliseconds when a reset operation occurs. The counter value is modified by writing a new value to the counter
through the controller interface. For instance, to set the value in the counter to one millisecond, a value of eight
(8 x 125 ps = 1 ms) is written in the counter. However, the value in the counter is rewritten if a reset operation
occurs because the counter is reset to four milliseconds.

B1/B2/B3 block error counters

These counters maintain the total number of frames received with B1, B2, and B3 errors. These counters track
the number of frames with errors, not the number of actual B1, B2, and B3 bits in error. All three counters are
8-bit counters. These 8-bit counters are read only and a reset operation clears all three counters. When these
counters reach their maximum count, the INTR goes active low and a bit is set high in the interrupt register IR2.
The host system reads the IR2 register to determine the cause of the interrupt. The host reads the counters to
reset them to zero, and finally, the host system reads IR2 again to clear the INTR line.

B1/B2/B3 coding violation counters

These counters maintain the total number of receive B1, B2, and B3 bit-interleaved parity (BIP) bits that are in
error. The B1 and B3 counters are 16-bit counters, and the B2 counter is a 19-bit counter. When one of the
counters reaches its maximum count, the INTR output goes active low and a bit in the interrupt register is set.
The counters automatically reset to zero when they reach their maximum count. To clear the interrupt condition,
the host system has to read the LSB counter first and then read the MSB counter. After the host reads both
counters in this sequence, both LSB and MSB counters are reset and the interrupt condition goes inactive. A
reset operation clears all three counters. Since these counters are read only, a value cannot be written to any
of the three counters.
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Terminal Functions
high-speed serial interface

TERMINAL
110 DESCRIPTION
NAME NO.
FLAGC | Loss-of-optical-carrier alarm (true and complement). This differential input is connected to a fiber-optic
! 30, 31 receiver loss-of-optical-carrier output to provide an interrupt through the controller interface when the
FLAGT (PECL) |. . . . N
incoming optical signal is lost.
RSCT, 32 33 | Receive serial clock (true and complement). This differential input is used to clock in serial data on
RSCC ! (PECL) | RSDT/RSDC when the clock-recovery phase-lock loop is bypassed by taking CKRECBP high.
RSDT, | . . ) . .
RSDC 41,42 (PECL) Receive serial data (true and complement). RSDT and RSDC are differential PECL inputs.
Transmit serial clock (true and complement). This differential output provides the transmit serial output
TSCT, 53 54 o clock. This clock is derived from either the receive serial clock, the output of the clock generation
TSCC ! (PECL) | phase-lock loop, or the transmit high-speed clock depending upon the state of CKGENBP and
CLKLOOP.
TSDT, 51. 52 (0] Transmit serial data (true and complement). The differential serial data is output on the transition of
TSDC ! (PECL) | TSCT/TSCC.
TXHCKT, 49 50 | Transmit high-speed tlock (true and complement). This 155.52-MHz input provides the transmit serial
TXHCKC ! (PECL) [ clock when CKGENBP is high.

alarm indicators

TERMINAL
[l[e} DESCRIPTION
NAME NO.
B1ERR 125 0] B1 error. A high on B1ERR indicates that a B1 parity-byte error is detected on the incoming frame.
Line alarm-indication signal. A high on LAIS indicates that bits 6 -8 of the receive K2 byte are set to 111
LAIS 122 (0] for five consecutive frames. The alarm clears when the pattern 000 is detected in bits 6—8 of the receive

K2 byte for five consecutive frames.

Line far-end receive failure. A high on LFERF indicates that bits 68 of the receive K2 bytes were set
LFERF 123 0] to 110 for five consecutive frames. The alarm clears when the pattern 000 is detected in bits 6 -8 of the
receive K2 byte for five consecutive frames.

Loss-of-cell alignment. A high on LOCA indicates that ATM cells could not be found in the incoming data

LOCA 124 (o] stream. LOCA goes inactive when the cell-delineation algorithm finds seven consecutive ATM cells and
goes active when no valid ATM celis are found in seven consecutive cell slots.

Loss of frame. LOF goes active when the framing circuit is unable to find two consecutive SONET frames

LOF 133 0 for 3 ms. The alarm is cleared when eight consecutive error-free SONET frames are identified.
Loss-of-incoming pointer. LOP goes active to indicate that an invalid pointer was found in the H1, H2
LOP 121 o pointer bytes of the incoming frame. LOP also goes active when a new data flag (NDF) is detected for

eight consecutive frames. The LOP alarm deactivates when a valid pointer with a normal NDF is detected
in three consecutive frames.

Loss of signal. LOS goes active when no signal transitions are detected on the incoming serial signal
LOS 128 (o] for 3.3 us. The alarm is cleared when two consecutive valid SONET framing patterns are detected, and
no transitionless 3.3-us period is detected.

Out of frame. OOF goes active when four consecutive errored SONET frames are received. The alarm
clears when two consecutive error-free SONET frames are identified.

OOF 129 O

Loss-of-receive data. LOSRD goes active when the receive output FIFO overflows. The receive output
LOSRD 116 o} FIFO can store a maximum of three complete ATM celis. If a cell is not sent to the next device before
a fourth cell arrives, the newest cell is discarded to make room in the FIFO for the next arriving cell.
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control signals

Terminal Functions (Continued)

TERMINAL
NAME NO.

110

DESCRIPTION

CKGENBP 136

(TTL)

Clock generation phase-locked loop bypass. When CKGENBP is high, the clock-generation PLL is
bypassed and the high-speed clock input (TXHCKT/TXHCKC) is used for the transmit clock. When
CKGENBEP is low, the 19.44-MHz TXREFCK is used to generate the transmit clock.

CKRECBP 135

(TTL)

Clock recovery phase-locked loop bypass. When CKRECBP is high, the clock-recovery PLL is
bypassed. RSCT/RSCC is used to clock RSDT/RSDC into the device.

CLKLOOP 134

|
(TTL)

Receive clock loop. When CLKLOOP is high and CKGENBP is low, the receive serial clock is looped
to the transmit side and used for the transmit-serial clock. The received clock is either the clock
recovered from the incoming data stream or RSCT/RSCC as determined by the state of CKRECBP.

FLB 138

(TTL)

Facility loopback. When FLB is high, the receive serial data and clock is looped to the transmit-serial
clock and data output. The receive-serial clock is either the clock recovered from the incoming data
stream or RSCT/RSCC as determined by the state of CKRECBP.

OE 58

(TTy

Output enable. When OE is low, all outputs on the TNETA1500, except for the high-speed PECL
outputs, are placed in the high-impedance state. This feature facilitates board-level testing. OE
contains an internal pullup resistor so that it can be left open for normal operation.

RESET 142

(TTL)

Device reset. When RESET goes high, the device is reset. Reset causes the receive side to restart
the frame-search algorithm and forces OOF, LOF, and LOCA high. RESET also flushes any ATM cells
stored in the input and output FIFOs and causes the transmit side to begin building SONET frames
from the A1 byte.

SDHENABLE 57

(TTL)

SDH enable. When SDHENABLE is high, the frame transmitted by the TNETA1500 has the 3 C1
bytes set to the sequence 01 00 00 (hex). In addition, the 3 H1 bytes in the transmit frame set to the
values 6A, 9B, 9B (hex). When SDHENABLE is low, the transmit C1 bytes are set to the sequence
010203 (hex) and the H1 bytes are setto the values 62, 93, 93 (hex). These conditions are necessary
to comprehend the differences between a SONET STS-3c frame and a SDH STM-1 frame.
SDHENABLE has an internal pulldown resistor so that it can be left open for SONET operation.

TLB 137

(TTL)

Terminal loopback. When TLB is taken high, the data received at the transmit-cell interface is looped
through the device and out the receive-cell interface. Data appearing at the receive serial data input
is blocked in this mode.

TXREFCK 48

|
(TTL)

Transmit reference clock. TXREFCK is used to provide a 19.44-MHz reference clock to the
clock-generation phase-locked loop when CKGENBP and CLKLOOP are low. The clock-generation
PLL multiplies this clock by eight to generate the 155.52-MHz transmit-serial clock.
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receive-cell interface

Terminal Functions (Continued)

TERMINAL
[I[e] DESCRIPTION
NAME NO.
RCKI 120 | Receive clock input. Output signals are clocked out of the receive-cell interface on positive transitions
(TTL) | of RCKI when RRE is low.
RDO—RD07 92-95 o Receive byte data. The ATM cells are clocked out of the TNETA1500 thr'ough RDO-RD7 one byte at
98-101 a time on positive transitions of RCKI, which begins with the first byte of the ATM-cell header.
RE 119 (T‘IFL) Receive read enable. A low level on RRE enables the reading of data from the receive-cell interface.
AXCELL 17 o Receive ATM-cell indicator. RXCELL goes high to identify the first byte (start) of an ATM cell. RXCELL
is low during the remainder of the output.
BYEE 118 o Receive FIFO empty. RXFE goes low to denote that the receive FIFO is empty and that the current output

byte is not a valid byte. RXFE goes high when a complete ATM cell is available for output.

transmit-cell interface

TERMINAL

[l[e} DESCRIPTION
NAME NO.
TCKI 65 | Transmit clock input. Input signals are clocked into the transmit-cell interface and output signals are
(TTL) | clocked out of the transmit-cell interface on positive transitions of TCKI when TWE is low.
TDO-TD7 68-71 | Transmit byte data. The ATM cells are clocked into the transmit-cell interface one byte at a time on
74-77 (TTL) positive transitions of TCKI when TWE is low.
TWE 64 (TITL) Transmitwrite enable. A low level on TWE enables the writing of ATM cells into the transmit-cell interface.
TXAE 61 o Transmit FIFO almost full. TXAF goes low when the transmit cell input FIFO can store only five additional
input bytes. TXAF goes high when storage is available in the FIFO to store a complete 53-byte ATM cell.
TXCELL 63 | Transmit start-of-cell indicator. A high level on TXCELL identifies the first byte of an incoming ATM cell.
(TTL) TXCELL should be low during the remainder of the cell input.
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controller interface

Terminal Functions (Continued)

TERMINAL
[I[e] DESCRIPTION
NAME NO. .
| Address lines. AO—A7 provide the address for accessing the internal registers. A7 is the most significant
A0-A7 19-26 . ;
; (TTL) | bit.
DO-D7 1-4 10 Data I/0. DO-D7 provide access to the contents of the device’s internal registers. D7 is the most
- 7-10 significant bit.
INTR 13 o Interrupt (open drain). INTR goes low to indicate that a nonmasked interrupt has occurred.
RD/WA 16 | Read/write control. A high-level input on RD/WR indicates a read operation and a low-level input
(TTL) |]indicates a write operation.
READY 14 (e} Ready. READY goes low to indicate that the device is ready to complete the requested transaction.
SEL 15 (T;L) Device select. A low-level input on SEL enables the access of the device’s internal registers.

miscellaneous signals

TERMINAL
110 DESCRIPTION
NAME NO.
CGCAP 46 Clock-generation loop-filter external capacitor connection. A 0.1-uF capacitor is connected
from CGCAP to ground.
CRCAP a7 Clock-recovery loop-filter external capacitor connection. A 0.1-uF capacitor is connected
from CRCAP to ground. '
AGND 35,38,39,44,45,56 Analog ground. AGND is the 0-V reference connection for analog phase-lock loops.
AVce 34,36,40,43,47,55 Analog supply voltage. AVGc is the 5 V + 5% connection for analog phase-lock loops.
27-29,80-83,
NC 86-89,104-107, No connection. These terminals are left open.
110-113
5,11,17,62,66,72,79,
GND 85,91,97, Ground. GND is the 0-V reference for digital logic
103,109,115, . .
127,132,144
6,12,18,67,
i 73,78,84,90,96, . o - .
\ole} 102,108,114,126, Supply voltage. Vg is the 5 V + 5% supply for digital logic.
131,143
TESTO-TEST3 59,60,139,140 | Manufacturing test. TESTO-TEST3 are connected to Vg for normal operation.
TEST4 141 | Test. TEST4 is tied low for normal operation.
8KHZREF produces a pulse that is synchronized to the receive-side framing bytes.
8KHZREF 130 (o} 8KHZREF serves as an indication that a frame is being received. When frames are

continuously received, 8KHZREF acts like an 8-kHz clock.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, TTL, Vo (see Note 1)
Supply voltage range, PECL, V¢ (see Note 1)
Supply voltage range, analog, AVgg (see Note 1)
Input voltage range: TTL
PECL
Operating free-air temperature range, Tp
Storage temperature range

-05Vto7V
-05Vto7V
-05Vto7V
-12Vto7V
0VtoPVge
0°C to 70°C

—-65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated in the “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTE 1: All voltage values are with respect to the GND terminals.

recommended operating conditions

MIN MAX | UNIT
v Supply Vot TTL 4.75 5.25 v
u voltage

ce PPy orag PEGL 475 5.25

AVcc  Supply voltage, analog 4.75 5.25 \

) TTL 2

VIH High-level input voltage v
PECL (see Note 2) Vecc-1.1 Vgc-0.8
) TTL ' 0.8

VL Low-level input voltage \Y
PECL (see Note 2) Vocc—-19 Vee-15

TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for

logic-level voltages only.

electrical characteristics over recommended ranges of operating free-air temperature and supply

voltage (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPE MAX | UNIT
VIK Input clamp voltage Vocc=4.75V, llk=—18 mA -1.2 \
TTL Vcc =475V, loH=-4mA 4.25
VoH  High-level output voltage ce Slal \Y
PECL PVeG=5VY, IOH = —22.4 mA 4 43
TTL Vec=475V, ° loL=4mA 0.5
VoL Low-level output voltage ce oL Y
PECL PVcc=5V, loL=7.6 mA 3 34
I Input current TTL Ve =5.25V, V| =Vcg or GND +300 pA
All other PECL inputs 25
IIH High-level input current FLAGT, FLAGC Vecc=5.25V, Vi=4.45V
) 250
PECL inputs
All other PECL inputs +25
L Low-level input current FLAGT, FLAGC Voo =525V, V=335V pA
) +250
PECL inputs
Vec =525V, lo=0,
Icc1 Supply current§ {2 155.52 Mbit/s 175 mA
Icc2  Supply current! Vec =525V, f=155.52 Mbit/s 230 mA
Gj Input capacitance TTL 4 pF
1 All typical values are at VoG = 5 V, Ta = 25°C.
§ PECL outputs are unterminated.
Y PECL outputs are terminated with a 50-Q resistor to 3 V.
‘U TEXAS
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timing réquirements (see Figure 1)

NO. MIN  MAX | UNIT
1 tw(SELL) Pulse duration, SEL low " 35 ns
2 tsu(RD/WR)  Setup time, RD/WR high before SEL | 3 ns
3 |tsu(A0-A7) Setup time, AO-A7 valid before SEL 3 ns
4 th(A0-A7)  Hold time, AO-A7 valid after SEL T 0 ns
switching characteristics (see Figure 1)
NO. MIN  MAX | UNIT
5 td(SL-Dv)  Delay time from SEL { to DO-D7 valid 7 25 ns
6 td(SH-DX) Delay time from SEL T to DO-D7 invalid 5 18] ns
7 |tysL-RL) Delay time from SEL | to READY | 7 26| ns
8  |tySH-RH) Delay time from SEL T to READY T 3 15| ns
RD/WR
(input)
22—l
l 3 |
I + ¢ 1 —p!
- X 7
input]
(input) [ | L K
| € 4 P
| | |
A0-A7 [ I
(input)
—7—» F— 8 ——»:
S |
READY I \ I V4
(output)
| 5 —e—>! Pem————
” |
DO_D7 / 77777/ 7 / 7
(output) //% Invalld_ y//% valld invalld ¢
Figure 1. Controller-Interface Read Cycle
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timing requirements (see Figure 2)

NO. MIN MAX | UNIT
1 tw(SELL) Pulse duration, SEL low 35 ns
2 tsu(RD/WR) Setup time, RD/WR low before SEL { 3 ns
3 tsu(A0-A7)  Setup time, AO-A7 valid before SEL | 3 ns
4 tsu(D0-D7) Setup time, DO-D7 valid before SEL T 3 ns
5 th(D0-D7)  Hold time, DO-D7 valid after SEL T 2 ns
RD/WR SF /
(input)
D S—
¢ 8 > 1 N
SEL 'l h y
(input) '
| ]
A0-A7 ! W/
(input)
[
l= 4 ple 5 —JI
-
[ |
D0-D7
N ) G

Figure 2. Controller-Interface Write Cycle
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timing requirements (see Note 3 and Figure 3)

NO. ) MIN MAX | UNIT
1 tw(RCKIH) Pulse duration, RCKI high 0 "
2 tw(RCKIL) Pulse duration, RCKI low 10 s
3 |tsu(RRE) Setup time, RRE high before RCKI T ) s
4 |th(RRE) Hold time, RRE high after RCKI T 0 T s

NOTE 3: All output signals are generated on the rising edge of RCKI. All input signals are sampled on the rising edge of RCKI.

switching characteristics (see Note 3 and Figure 3)

NO. MIN  MAX | UNIT
5 t4(RCH-RXCH)  Delay time from RCKI T to RXCELL T 8 18 ns
6 t4RCH-RDV)  Delay time from RCKI T to RDO-RD7 valid 8 16| ns
7 t4(RCH-RXFH)  Delay time from RCKI T to RXFE T 5 12| ns
87 |t4RCH—RxFL)  Delay time from RCKI T to RXFE | 5 1] ns

T RXFE goes active low when no complete cell is available in the receive cell FIFO. When a complete cell is available, RXFE is deactivated. The
pulse duration of this signal depends on the pulse duration of the RCKI clock and on the cell availability of the FIFO. The minimum pulse duration
is equal to the RCKI width. The maximum width is dependent on the RCKI clock pulse duration and cell availability.

NOTE 3. All output signals are generated on the rising edge of RCKI. All input signals are sampled on the rising edge of RCKI.

RCKI
(input)

le— 3 —pled 4

=

[
|
RRE I
(input) :
| lep— 5
RXCELL | L\
(output) | !
|
|
RDO-RD7
(output) >< Byte 53 W Byte 1 X Byte 2 X Byte 3 X Byte 4 X Byte 5 X
8 ‘F_’l F'"" 7 '
RXFE
(output) -—
If necessary
Figure 3. Receive-Cell Interface
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timing requirements (see Note 4 and Figure 4)

NO. MIN MAX | UNIT
1 tw(TCKIH) Pulse duration, TCKI high 0 s
2 tw(TCKIL) Pulse duration, TCKI low 0 -
3 tsu(TWE) Setup time, TWE high before TCKI T 2 s
4 th(TWE) Hold time, TWE high after TCKI T 0 -
5 tsu(TXCELL) Setup time, TXCELL high before TCKI T 12 ns
6 tsu(TDO-TD7)  Setup time, TDO-TD7 valid before TCKi T 12 e
7 th(TXCELL) Hold time, TXCELL high after TCKI T 0 s
8 th(TDO-TD7)  Hold time, TDO-TD?7 valid after TCKI T 0 s
NOTE 4: All output signals are generated on the rising edge of TCKI. All input signals are sampled on the rising edge of TCKI.
switching characteristics (see Note 4 and Figure 4)
NO. MIN  MAX | UNIT
9 |td(TCH-TXAL) Delay time from TCKI T to TXAF | 5 12| ns

NOTE 4: All output signals are generated on the rising edge of TCKI. All input signals are sampled on the rising edge of TCKI.

DAV AVAVAVAVAVAVAWVAN

TCKI
(input)

TWE
(input)

TXCELL
(input)

TDO-TD7
(input)

TXAF
(output)

le—3 dledl— 4

|
l
!
f— 5 7 i
l
I
o s |

X Byte 1 X Byte 2 Xsytes

Byte 48| X Byte 49 X gnored X Byte 50 X;yte 51 X

(”L !1— 9 —p) / If necessary

Figure 4. Transmit-Cell Interface

timing requirements (see Figure 5)

NO. MIN  MAX | UNIT
1 tw(BKHREL) Pulse duration, 8KHZREF low ns
l— 1 —»
8KHZREF
(input)
Figure 5. 8-kHz Reference Signal
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APPLICATION INFORMATION

introduction

The TNETA1500 SONET/SDH ATM BIiCMOS receiver/transmitter is designed to insert/extract ATM cells
into/from a 155.52-Mbit/s STS-3¢/STM-1 frame. The device contains two analog phase-locked loops (APLL)
and the digital logic necessary to process the incoming frame and build the output frame. The two APLLs are
used to:

® Recover a 155.52-MHz receive clock from the incoming serial-data stream
® Generate a 155.52-MHz transmit clock from an external 19.44-MHz signal

The device is fabricated from a 0.8-micron BiCMOS process. The BiICMOS process provides the capability of
designing true differential PECL (ECL referenced to 5 V instead of ground) serial inputs and outputs. The
advantages of providing true PECL inputs and outputs are:

® The device interfaces directly to fiber-optic receivers and transmitters and UTP-5 transceivers without
external buffering.

® The device outputs can directly drive a 50-Q line terminated with 50 Q to 3 V or the Thevenin equivalent
(121 Q to ground and 82 Q to Vgg). This eliminates transmission-line reflections and improves
performance.

® The differential PECL inputs provide a high common-mode noise-rejection ratio (CMRR), which
improves noise immunity of the device.

® - Thereduced output voltage swing of the differential PECL outputs (approximately 800 mV) reduces the
internal noise generated when the high-speed serial outputs switch. This is especially important since
the outputs are switching at 15656.52 Mbit/s.

Internally, the two analog PLLs are isolated from each other and the digital logic blocks (see Figure 6). Each
analog PLL has its own Vg and ground connections that are not connected internally to the Ve and ground
connections of the other blocks. From a power and ground connection viewpoint, this forms three blocks: the
digital logic block, the analog clock-recovery block, and the analog clock-generation block.

general layout considerations for the TNETA1500

The major considerations in laying out a board for the TNETA1500 are:

® Decouple the analog supply (AVgc terminals) from the digital supply (Vg terminals) using an inductor
or ferrite bead. This can be accomplished by one of two methods:
~ Connect the AV terminals for the clock-recovery block together and use an inductor/ferrite bead
to connect them to the digital plane. Then, connect the AV terminals for the clock-generation
block together and use a second inductor/ferrite bead to connect these pins to the digital-supply
plane.
- Connect each AVCC terminal to the digital-supply plane using an inductor or ferrite bead and a
0.1-puF bypass capacitor.

® Use low-inductance bypass capacitors, such'as 0.1-uF surface-mount devices, to reduce Vg noise
due to output switching. The recommended bypassing is one bypass capacitor for each AV terminal
and one bypass capacitor for each two Vg terminals.
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general layout considerations for the TNETA1500 (continued)

The PECL inputs to the device are terminated using a split-resistor termination of 121 Q to ground and
82 Q to Vg Placing the termination resistors close to the input terminals reduces the possibility of signal
reflections and maintains the integrity of the signal waveform. The PECL outputs are also terminated using a
split-resistor termination of 121 Q to ground and 82 Q to V. The termination resistors should be placed as
close as possible to the input terminals of the device that the TNETA1500 is driving to prevent reflections and
maintain signal integrity.

External capacitors must be connected to the analog PLLs to provide the loop-filter capacitance. One capacitor
is required for each APLL. The recommended size of the capacitor is 0.001 — 0.1 pF. Since there is no
measurable performance increase over the range of 0.001 — 0.1 uF, any size can be used.

Figure 7 shows a typical connection between the TNETA1500 and fiber-optic or UTP-5 transceiver with PECL
inputs and outputs. In this diagram, the AV terminals are broken out between the analog clock-recovery block
and the analog clock-generation block.

0.1 uF
AVcc AGND i
r _L _ 4_ R -i
RSDT - | Analog » > > | ATM
Clock PECL-to-CMOS Serial-to-Parallel Receive Cell
| A Converter Converter Digital Logic ’ ells
RSDC —»H ecovery > > > : Out
|
| |
| ! |
TSDT <4 <
| | cMos-to-PECL Parallel-to-Serial Transmit I gl'fs
Converter Converter Digital Logic L
TSDC —4—:— < < 9 ¢ I' In
| |
| 4 |
| |
| Aralog | PecLto-cmos |
: Generation Converter {
O O U J
[T [
AVce AGND € 1 Ve GND

NOTE A: The 0.1-pF capacitors are external and connected to the analog PLLs.

Figure 6. Analog and Digital Blocks in TNETA1500
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4.1 yH

M3IA3Hd 10ONA0Hd

To Other Voo
AV Terminals for YN
Clock-Recovery Termlnali
Terminals (34, 36, 40, 43) Power Plane »
0——]_ r——ﬂ
j— * * —I 0.1 0.1 ’
s Lol [ T T
0.1 uF 0.1 puF 0.1 uF L L
vee T T°T - -
121Q 82Q 34 36 40 43 18 12
o 411 rspT
Line 42 | pspc
Receiver
(fiber optic | 1210 82Q
or UTP-5)
= Vee
TNETA1500
Vee
) Line
Transmitter 82Q
(fiber optic
or UTP-5) 51 TSDT
52 | rsoc
820 47 55 67 73 78 84
41 "H Power Plane R
[r-r—r. T o
0.1 uF I I I I I 0.1 yF  Terminals
AV Terminals for Clock-Generation Terminals (47, 55)
NOTES: A. If the TXHCKT, TXHCKC, RSCT, and RSCC inputs are not used, they need to be terminated as follows:
— TXHCKT (terminal 49) — 1-kQ resistor to Voo
— TSHCKC (terminal 50) — 1-kQ resistor to GND
~ RSCT (terminal 32) - 1-kQ resistor to Voo
— RSCC (terminal 33) — 1-kQ resistor to GND
B. The FLAGT and FLAGC inputs contain internal pullup/pulldown resistors and can be left open.
C. Al AGND and GND terminals are connected to the same ground plane.
D. Itis recommended that one 0.1-uF capacitor be used for each two Vg terminals (digital-power terminals).
E. Ferrite beads can be used in place of the 4.1-uH inductors. Listed below are the part numbers of beads from Fair-Rite Corporation

. that can be used. Other beads from other manufacturers may work as well:
- Surface-mount ferrite beads:
- Fair-Rite P/N 2743021447 (long bead)
- Fair-Rite P/N 2743019447 (short bead)
- Leaded ferrite bead:
- Fair-Rite P/N 2743002111

Figure 7. Board Layout for the TNETA1500
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® Recovers a 155.52-MHz Clock Signal From DW PACKAGE
a 155.52-Mbit/s STS-3/STM-1 NRZ Data , (TOP VIEW)

Stream Vool[1 ™ 2] TESTH
® Accepts Pseudo-ECL (PECL) Input Voltage CPLL[] 2 23[] TEST2
Levels on the input Data Stream GND[| 3 22[] Ve

® Provides a Separate Pseudo-ECL-to-True- DIN[] 4 21[] CLK
ECL Converter for an Additional Data INDIS[] 5 20[] CLK
Signal Requiring Conversion DIN[| 6 19]] GND
® Requires a Single 5-V Supply Veell 7 18{] DOUT
GND[] 8 17[] DOUT
description TESTOUT[Jo 16 Vce
) GND[| 10  15[] DATAIN
The TNETA1555 device recovers an embedded Vool 1 14] DATAIN
clock signal from a 155.52-Mbit/s STS-3/STM-1 DATAOUT[l 12 13[] DATAOUT
nonreturn-to-zero (NRZ) data stream using a

frequency/phase-locked loop. The device accepts

PECL (ECL signals referenced to 5 V instead of GND) input-voltage levels. The recovered clock and data
outputs are PECL compatible. The serial data input and recovered clock and data outputs are differential to
provide maximum noise immunity.

The input disable (INDIS) disconnects the incoming serial-data stream from the clock-recovery circuitry. When
the INDIS input is high, the data output is forced low and the clock-recovery circuitry maintains the output
frequency present at the time the input was disabled for a specific amount of time. This time is dependent upon
the value of the capacitor in the loop filter.

A PECL-to-ECL converter is included in the device for those applications where an interface between the two
different voltage levels is required. An example of such an application is an optical transmitter that requires ECL
input voltage levels and a parallel-to-serial converter with pseudo-ECL-level outputs.

The TNETA1555 requires only a positive 5-V supply (5 V + 5 %) for operation. The device is characterized for
operation over a temperature range of —40°C to 85°C. ‘

functional block diagram

5

INDIS —( 17
DIN & 5 DouT
DIN ~—Q ClockRecovery | '° BAUT
(frequency/ 21
phase-locked loop) CLK
| 2 cPLL
14 13
DATAIN PECL-to-ECL DATAOUT
DATAIN 15 Converter 12 DATAGUT

PRODUCTION DATA information is current as of publication date. Copyright © 1994, Texas Instruments Incorporated
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Terminal Functions

TERMINAL [I[e] ' DESCRIPTION

NAME NO. :

CLK, CLK 20, 21 (0] Recovered clock output. PECL compatible.
CPLL 2 | Capacitor connection for phase-locked-loop filter (Cp_| = 0.1 pF recommended)

DATAIN, DATAIN, 14,15 | PECL-compatible input for PECL-to-ECL converter
DATAOUT, DATAOUT 12,13 0 ECL-compatible output for PECL converter
DIN, DIN 4,6 | Serial data input. PECL compatible.
DOUT, DOUT 18,17 o] Serial data output. PECL compatible.

GND 3,8,10,19 Ground (0-V reference)

Input disable terminal (TTL compatible). The device ignores the input data when

INDIS - 5 ' ] INDIS is active and forces DOUT low and DOUT high.
TESTOUT 9 (o] Manufacturing test output. Leave open.
TEST2 23 | Manufacturing test input. Tied to GND.
TEST1 24 | Manufacturing test input. Tied to GND.
Vce 1,7,11,16,22 Supply voltage

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vog (See Note 1) oot -05Vto7V
Input voltage range, TTL ... e ittt ea e e -12Vto7V
Inputvoltagerange, ECL ... ..o -55Vto0V
Input voltage range, pseudo-ECL ... ..ot OVto7V
Operating free-air temperature range, TaA .« .o ovviiiteiiii i e e as —40°C to 85°C
Storage temperature range . .....oiiniiiitt it e i e -65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to the GND terminals.

recommended operating conditions

. MIN NOM MAX UNIT
Vce Supply voltage 4.75 5 5.25 \
VIH High-level input voltage, TTL 2 Vv
ViL Low-level input voltage, TTL 0.8 \
1% Input clamp current, TTL -18 mA
ViH High-level input voltage, PECL (see Note 2) Vee 1.1 Voc-0.8 Vv
VIL Low-level input voltage, PECL (see Note 2) Voe-1.9 Vecc-15 \
TA Operating free-air temperature -40 85 °C

NOTE 2: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for

logic-level voltages only.
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electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted) (see Figure 1)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. DOUT, DOUT, Voc=475V10525V, See Notes2and3 Vce-1.03 Vcc —-0.85
VOH High-level CLK, CLK v
output voltage DATAOUT,
DATAOUT Vcc =475V, See Notes 2 and 4 -1.02 -0.75
DOuT, bouT, Vcc=475V105.25V, SeeNotes2and3 Vcc-1.856 Vce -1.62
v .. Low-level CLK, CLK v
vOL
output voltage DATAOQUT,
DATAOUT Vcc =475V, See Notes 2 and 4 -1.81 -1.58
Input clamp _ _ _
VIK  yoltage INDIS Vog =475V, I|=-18 mA 12 v
| Input current INDIS Voo =525V, V) =Vgg or GND +1 pA
High-level DIN, DIN, ~
"H  inputcurent | DATAIN, DATAIN | /OC =528V, V=445V 50 bA
Low-level DIN, DIN,
L input current DATAIN, DATAIN Voc =525V, Vi=335V 50 wA
VoG =525V, fj = 155.52 Mbit/s,
| Suool ‘ Outputs open 4 100 mA
upply curren
cC  Suppy VCC =525V, fi = 155.52 Mbit’s, 2 150 A
See Note 5

NOTES: 2. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for
logic-level voltages only.
3. These outputs are terminated through a 50-Q resistor to Voc -2 V.

4. These outputs are terminated through a 50-Q resistor to -2 V.

5. DOUT, DOUT, CLK, and CLK are each terminated with a 50-Qresistor to Vo —2 V. DATAOUT and DATAOUT are each terminated
with a 50-Q resistor to -2 V.

operating characteristics over recommended operating free-air temperature range (unless

otherwise noted) (see Figure 1)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT

Acquisition time See Note 6 CpLL = 330 pF ! ms
CpLL=0.1pF 3

Deviation of clock sampling point, tesp See Figure 1 -800 800 ps
RMS jitter, recovered clock See Note 7 1.5° 4° | °RMS
Input data rate 155.52 Mb/s
Duty cycle, recovered clock See Note 3 45% 55%
Maximum number of consecutive bits (1 or 0) in input data stream | See Note 8 100 450

NOTES: 3. These outputs are terminated through a 50-Q resistor to Vog -2 V.
6. Acquisition time is the time required to achieve a valid clock output while applying a 27 -1 pseudo-random bit sequence.
7. RMS jitter is measured with a 231 —1 pseudo-random bit sequence.

8. This measurement is made with a 213 —1 pseudo-random bit sequence with string substitution.

switching characteristics over recommended operating free-air temperature range,
Vee =5V £ 0.5V (unless otherwise noted) (see Figure 1)

PARAMETER (rr?:uh% (OU1;'?’UT) MIN MAX| UNIT
tPLH DATAIN or DATAIN DATAOUT or DATAOUT 15 45| ns
tPHL DATAIN or DATAIN DATAOUT or DATAOUT 15 45| ns
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‘PARAMETER MEASUREMENT INFORMATION

Vec -2V
5003 50035003 500
DIN ———2 7_o DouT 2V
18 haadd
DIN 21 DOUT
CPLL 2] TNETA1585 [20 gti 5003 500
J_ DATAIN 14 13 ® - DATAOUT
CpLL DATAIN 18 12 DATAOUT
0.1 uF I
) " LOAD CIRCUITS
[—>+—3.215ns DATAIN e ——— VIH
| [ or 50% 50%
DIN  50% | 50% DATAIN | ! viL
| tpLH —n—»: K—D{-—— tPHL
CLK 50% A| 50% DATAOUT I I VOH
H or XSO% Xso%
—¥ e tesp DATAOUT VoL
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

OUTPUT CLOCK AND DATA TIMING

PROPAGATION DELAY TIMES

Figure 1. Load Circuits and Voltage Waveforms
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APPLICATION INFORMATION

introduction

The TNETA1555 clock-recovery device provides clock recovery and data retiming on a nonreturn to zero (NRZ)
serial input data stream. The device uses an analog phase-locked loop (APLL) with an integrated voltage
controlled oscillator (VCO) to recover the imbedded clock signal from incoming data. A loop-filter capacitor is
the only external component required for the proper operation of the device. The TNETA1555 is designed for
operation with a 155.52-Mbit/s serial-data stream. The device has pseudo-ECL compatible inputs and outputs
and operates from a single 5-V supply. Pseudo-ECL levels are referenced to 5 V instead of ground. -

Since the incoming 155.52-Mbit/s data stream does not contain a 155.52-MHz frequency component, a
transition detector, shown on the clock-recovery block diagram, is used as a frequency doubler to generate this
frequency. The output of the transition detector is passed to a phase/frequency detector where it is compared
to the output of the VCO. The phase/frequency detector is actually comprised of two circuits. One circuit provides
a coarse frequency-detection capability and a second provides a finer phase adjustment. The phase/frequency
detector compares the signal from the transition detector to the VCO output and generates signals to either
increase or decrease the VCO frequency, depending upon whether the VCO frequency is less than or greater
than the frequency of the signal from the transition detector. The up/down pulses are sent to the charge
pump/loop filter for conversion to a bias voltage that sets the VCO output frequency.

The process of comparing the input signal frequency and the VCO output frequency is continuous and
eventually results in the VCO output frequency equaling the frequency of the input signal. It also allows the VCO
output to react to changes in the input signal due to jitter. The recovered clock output is sent from the VCO to
the retiming circuit where the input data is retimed to the recovered clock. The retiming circuit centers the output
clock in the middle of the output data.

clock-recovery block diagram

< CPLL

DIN—®— Transition > Phase/Frequency| | Charge Pump/ c\ﬁttzgfe-d

Detector Detector Loop Filter Oscillator

<
| -

Recovered v P_CE
Clock Retiming > pout
Circuit »- CLK
. _
» » CLK

performance measurements

Measuring the performance of a clock-recovery circuit involves determining how well the circuit operates in the
presence of jitter. Jitter is defined as the short-term variations of digital signals significantinstants from their ideal
positions in time (see Note 9). For testing purposes, jitter is usually generated by modulating a digital data
sequence with a sinusoidal waveform of a known frequency. This results in a digital data stream where the
widths of the individual data pulses vary with time. The amount of pulse-width variation can be changed by
altering the frequency and amplitude of the modulating signal, which changes the amount of jitter in the data
stream. The following paragraphs describe the test results obtained from the TNETA1555 for various
performance measurements.

NOTE 9: Bellcore technical reference TR-TSY-000499 Issue 3, December 1989, page 7-1.
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RMS jitter

This test provides a measure of the internal jitter performance of the clock-recovery circuit. A data stream with
very low jitter (all data generators have a small amount of jitter) is input to the clock-recovery device, and the
jitter of the recovered clock is measured. A 2311 pseudo-random bit sequence (PRBS) is used for the input
data stream. For this test, the worst-case jitter performance was measured with V¢ = 4.75 V at an operating

APPLICATION INFORMATION

free-air temperature of 85°C. Table 1 summarizes these test results.

Table 1. Worst-Case RMS Jitter Measurement, Voc = 4.75, Tp = 85°C

. Device No. 1 2 3 4 5 6 7 8 9
Jitter
© RMS) 3.5 3.2 3.5 3.3 3.1 3.5 3.1 3.0 34

jitter tolerance

Jitter tolerance is a measure of the ability of the clock-recovery circuit to tolerate an input signal without
experiencing a bit error. For this test, the Bellcore SONET category Il jitter-tolerance mask was used (Bellcore
specification TR-NWT-000253). The worst-case performance was measured with Vo = 5.25 V'at an operating

free-air temperature of 85°C. Table 2 and Figure 2 show the results of this test.

Table 2. Jitter Tolerance Values Used in the Graph of Figure 2

2-34

Frequency Hy Bellcore TNETA1555
10 15 N.A.
30 15 N.A.
300 1.5 10
1k 1.5 10
2k 1.5 10
5k 0.81 10
10k 0.3 1
20k 0.15 1
50k 0.15 1
100k 0.15 0.658
200k 0.15 0.382
500k 0.15 0.34
M 0.15 0.536
2M 0.15 0.515
3.5M 0.15 0.486
4M 0.15 0.493
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jitter tolerance (continued)

JITTER TOLERANCE (worst case)

1000
]
5 100
5 E
O =
85
21 10
R TNETA1555
x 3 N
§ i"a N L
£
£<
£
3 g Belicore $ +
a3 1111 11—
- 111 1
H 0.1
2 X
<
0.01

10 100 1k 10k 100k iM 10M
f - Frequency — Hz )

Figure 2

transitionless bit periods

The SONET/SDH specifications do not use a line code that limits the number of transitionless bit periods in a
bit stream to a specific number. Instead, a scrambler is used to provide some randomization of the line signal.
As long as the output data stream does not match the output of the scrambiler; this technique works fairly well.
However, it is possible for the scrambled data stream to contain a large number of transitionless bit periods,
depending upon the data being transmitted. It is important that the clock-recovery device handle large numbers
of transitionless bit periods without causing a bit error. Figures 3 and 4 show the results of tests conducted on
the TNETA15655 for transitionless bit periods. The y-axis shows the number of transitionless bit periods that the
devices can accept before a bit error is recorded on the bit-error rate tester.
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transitionless bit periods (continued)

Number of 1 Bits

MAXIMUM NUMBER OF HIGH BITS MAXIMUM NUMBER OF LOW BITS
WITHOUT A BIT ERROR ; WITHOUT A BIT ERROR

1000

1000
//\ 900 /\
800 N Vec =525V 800 N / \ Vec=525V
N N
600

- v = ) y \ \ \
/ \CC = 5‘ Vv \ 500 g /
[—

700

400

Number of 0 Bits

400 £ " \ /l N \
74 \ \ 300 AN
—\‘ —
'\\\g / M——
200 200 i/
Voo =475V
100 Vec =475V
0 0 | |
-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
Ta — Operating Free-Air Temperature - °C TA — Operating Free-Air Temperature — °C
Figure 3 Figure 4

jitter transfer (peaking and bandwidth)

SONET/SDH regenerator interfaces-are required to meet jitter-transfer requirements. Jitter transfer is the ratio
of measured output jitter to applied input jitter, and it is measured in decibels. Meeting the jitter-transfer
requirement in SONET/SDH regenerators requires either a clock-recovery circuit with a voltage-controlled
crystal oscillator (VCXO) or a similar technique that provides extremely low jitter. The TNETA1555 provides a
typical jitter-transfer bandwidth of approximately 2 MHz. This is where the device begins to attenuate the input
jitter so that the outputjitter is less than the input jitter. The device exhibits minimaljitter peaking when a capacitor
of approximately 0.1 uF is used in the loop filter. The peaking is less than 0.3 dB, which is the resolution of the
test equipment used to measure this parameter.

external connections

loop-filter capacitor

The capacitor for the loop filter is connected from terminal 2 of the TNETA1555 to ground. It is recommended
that a 0.1-puF chip capacitor be used. A smaller capacitor reduces the amount of acquisition time required for
the device to lock on to the input data stream while it increases the amount of jitter peaking that can occur. A
larger capacitor results in a longer acquisition time and does not provide any noticeable increase in jitter
performance.

signal connections

Figure 5 shows a typical connection between the TNETA1555 clock-recovery device, an optical-to-electrical

converter, and a framer device. The TNETA1555 clock-recovery circuit accepts pseudo-ECL compatible signals
at the serial data inputs DIN and DIN. The retimed pseudo-ECL clock outputs are provided at outputs CLK and
CLK. The pseudo-ECL inputs and outputs require a 50-Q termination to Vgc -2 V (or a Thevenin equivalent).
The Thevenin equivalent circuit consists of an 82-Q resistor to Vg and 120-Q resistor to ground.
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signal connections (continued)

APPLICATION INFORMATION

A separate pseudo-ECL to ECL converter is also provided on the TNETA1555. The pseudo-ECL inputs require
a 50-Q to Vg -2 V termination (or a Thevenin equivalent) and the ECL outputs require a 50-Q to =2 V
termination (or its equivalent). Figure 6 shows the external connections for the pseudo-ECL to ECL converter.

T 0.1 uF Vee
i Voo | =
= 82 Q <120 Q
¢
v L 4 L CLKIN
CcC 1 . TNETA1555 2 ® ® CLKIN
b Vee TEST1 o
8203120 Q 21cPLL TESTZ|, 8203120 @
3 GND Vee 21
IN OUuT e L 4 DIN CLK : =
—| 20 -
2] iNDis CLK[ Vee
ouT [F— 51BN GND 155.52-Mbit/s
7 v DoUT 18 Framer
Optical-to- Gﬁg bouTlZ Vee
Electrical 82 Q 2120 Q 9 16
Converter 10 TESTOUT Vee 15 =
= " GND DATAIN 82 Q<120 Q@
Vee 1] Vec DATAINHA
—1215aTAOUT DATAOUT[HS —o DIN
—- & Em
_T: 82 Q35120 Q
Vee ~
NOTES: A. Terminating resistors should be placed as close to the input terminal as possible.
B. The 0.1-pF bypass capacitors should be connected from the V¢ terminals to ground.
Figure 5. TNETA1555 External Connections (PECL-to-ECL converter not used)
Vee l
TNETA1555 -5V
82Q S120Q 82Q $S120Q
ouT|—e 14 DATAIN DATAOUT 18 o IN
oUT|—e o—5|5ATAN  DATAOUTHZ—e * N
PECL- Level ECL-Level
Device 82Q 2120 Q 82Q 2120 Q Device
vee Y
Figure 6. External Connections for PECL-to-ECL Converter
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SBus Device That Provides Asynchronous
Transfer-Mode Interface

Single-Chip Segmentation and Reassembly
(SAR) for Full-Duplex ATM Adaptation-
Layer (AAL) Processing

On-Chip SBus Host Interface Allows Use of
Host Memory for Packet SAR

53-Byte ATM Cells Are Transparent to the
User

Provides Complete Encapsulation and
Termination of AALS and Limited AAL3/4

Features a Null AAL That Provides
Functions for Constant-Bit-Rate Services

Explicit Cell-Level Interleaving Between
Groups of VCs

Packet Interface Is Managed by Efficient
Descriptor Rings

Physical (PHY)-Layer Interface Is Full
Duplex and Compliant to the ATM Forum
UTOPIA Contribution

Supports PHY-Layer Data Rates in the
Range of 25.6 Mbit/s to 155.52 Mbit/s
Interfaces Directly to the TNETA1500
SONET ATM BiCMOS Receiver/Transmitter
(SABRE)

Recognizes ATM-Layer Operation and

® Supports 1023 Unique Virtual Circuits Maintenance (OAM) Cells
(VCs) on Receive Side ® No External Logic Required for Host Bus to
Ensure Simple Design

description

The TNETA1560 is an asynchronous transfer mode (ATM) segmentation and reassembly (SAR) device with
an SBus interface. This device incorporates ATM adaptation-layer (AAL) processing, ATM SAR processing for
full-duplex operation up to the STS-3c rate of 155.52 Mbit/s, and the controls for the register interface on the
physical (PHY) layer. The device provides a packet interface that is managed by descriptor rings, making the
53-byte ATM-framing format transparent to the user. The device passes the payload of 48 bytes, constituting
the payload of each cell, across the SBus-host interface. All packets are segmented and reassembled in host
memory and accessed by the chip via the descriptor-ring mechanism. This operation reduces the memory
requirements for network-interface cards (NICs). The TNETA1560 requires no local processor on the card,
which enables very compact solutions.

The applications for the TNETA1560 include NICs for client workstations and servers, embedded applications
like LAN emulation, and multiprotocol systems like video servers. The TNETA1560 provides complete AAL5
encapsulation and termination in hardware. In addition, limited support is provided for AAL 3/4, and a null AAL
is provided to facilitate real-time data transfer. The TNETA1560 recognizes ATM-layer operation and
maintenance (OAM) cells.

Inthe transmit direction, the TNETA1560 generates data via a special bit-rate control table that provides explicit
cell-level interleaving between groups of virtual circuits (VCs). This mechanism brings a higher degree of
flexibility when specifying peak rates for each group (up to 155.52 Mbit/s at a resolution greater than 32 kbit/s).
The VCs within a group are serviced via a first-in, first-out (FIFO) discipline on a per-packet basis.

In the receive direction, the TNETA1560 allows multiple virtual paths (VPs) with the condition that each VC is
unique. The device is primarily intended for AAL5 encapsulation and termination that is supported in hardware.

The TNETA1560 has four interfaces that include: the SBus interface with a 32-bit-wide data bus, the cell
interface based on the universal test and operations interface for ATM (UTOPIA), a control-memory interface
to access the local SRAM, and the local-bus interface to access the PHY-layer register and an EPROM. The
UTOPIA interface to the PHY layer consists of an 8-bit-wide data path and associated control signals in both
the transmit and receive directions. The 53-byte ATM cells pass between the ATM and PHY layers.
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description (continued)

The native clock for the TNETA1560 is the SBus clock, which can range between 16.67 MHz and 25 MHz. The
native word size for the device is 32 bits, corresponding to the data width for the SBus. The control-memory
interface is 32 bits wide. This interface allows the device to access the local memory to obtain the control
information on.the packets being segmented and reassembled and to obtain their locations in host memory.
Each packet queued for transmission can be distributed across multiple buffers in host memory with each
starting at any byte boundary. This is supported in hardware by the device. Every received package is placed
in a single buffer in the host memory and is aligned to a 16-byte boundary. The TNETA1560 operation is
explained in detail in the Principles of Operation section. '
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SBus interface

Terminal Functions

TERMINAL
110 DESCRIPTION
NAME NO.
SBus acknowledge. SBACK2—-SBACKO are used to indicate SBus word acknowledgement for
SBACK2- 139-141 o word operations on the TNETA1560 registers and control memory if set to 011. If set to 101, the
SBACKO SBus byte acknowledgement is for local bus operations. An error acknowledgement is indicated
if setto 110. SBACK2~SBACKO can be driven by the system or by the TNETA1560 in siave mode.
SBAS 62 | SBus address strobe. When SBAS is low, an address is loaded in the TNETA1560.
SBBG 61 | SBus bus grant. SBBG is asserted by the SBus controller to make the TNETA1560 the master.
SBBR 59 (0] SBus request. SBBR is asserted by the TNETA1560 to request operation as the SBus master.
SBCLK 57 | SBus clock
66-69,
72-75,
78-81,
SBD31-SBDO 84-87, o _SBus data pus‘ SBD31-SBD0 provide access from the host to the contents of the TNETA1560
90-93, internal registers.
96-99,
102-105,
108-111
SBIRG 63 o soB;S interrupt request. SBIRQ is asserted by the TNETA1560 to send an interrupt request to the
SBIERR 146 | SBus late error. SBLERR is considered a fatal error. SBLERR causes the TNETA1560 to terminate
the ongoing master-bus cycle. If SBLERR is a burst transfer, it completes the burst.
114-116,
SBPA15-SBPAQ 1197128, SBus physical address. SBPA15—-SBPA0 and SBPA22 - SBPA23 provid 2 the address for the host
125-129, | | to access the peripheral devices and the TNETA1560 internal registe's via SBus slave-mode
131-133 transactions.
SBPA22-SBPA23  134-135
SBRESET 150 | SBus reset. SBRESET is active low.
SBRD 138 o SBus read. SBRD can be driven by the system or by the TNETA1560 when SBRD is operating as
the master. SBRD indicates a read when high and a write when low.
SBSEL 60 | SBus select. SBSEL is active low and enables the host to access the TNETA1560 device.
SBSIZ2—SBSIZ0 143-145 1o SBus data-transfer size signals. SBSIZ2-SBSIZ0 are used to indicate the size of data transfers

between the TNETA1560 and the host.
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PHY-layer receive interface

Terminal Functions (Continued)

TERMINAL
e} DESCRIPTION
NAME NO.
RCLK 215 O | Receiveclock. RCLK s equivalentto the internal clock at 19.44 MHz. RCLK s sent to the PHY layer.
201.
RDATA7-RDATAO0 203-207, | Receive data. RDATA7—RDATAO are connected to the PHY-layer receive interface.
209-210

RSOC 213 | Receive start of cell. The PHY layer sends RSOC with the output data.

RYXEMPTY 212 | Recglve buffer empty in PHY layer. RXEMPTY acts as an inverted enable signal on the PHY-layer
receive.

RXENABLE 211 O | Receive enable. RXENABLE is active low and is driven by the TNETA1560.

PHY-layer transmit interface

TERMINAL '
110 DESCRIPTION
NAME NO.
TOLK 229 o Transmit clock. The TNETA1560 generates TCLK at the SBus frequency and sends it to the PHY
layer. TCLK is an inverted version of the internal clock.
217-219, Transmit data. TDATA7-TDATAO are sent at the rate of the SBus clock and are driven by the
TDATA7-TDATAC 551225 | © [TNETA1560.
Ts0C 207 o Transmit start of cell. TSOC is sent to the PHY layer with the transmit output data and indicates that
the first byte of an ATM cell was transmitted to the PHY layer.
TXENABLE 208 o ;’ir;r:aslmlt enable. The TNETA1560 turns off TXENABLE when the PHY layer sends the TXFULL
TXEOLT 216 | Transmit buffer full in the PHY layer. The PHY layer asserts TXFULL at least four cycles before any

internal buffers are full. This makes the TNETA 1560 stop the data transmission to the PHY layer.

control-memory interface

TERMINAL
110 DESCRIPTION
NAME NO.
236 ’
CMADDR13- 23?_340’ o Control-memory address. CMADDR13~CMADDRO are used to access the data structures in
CMADDRO 5___ o control memory.
11-13
14-15
17-21,
gg:g Control-memory data bus. CMD31-CMDO are 32-bit data bus. This control-memory interface is
CMD31-CMDO 35— 39' 1/0 | designed for 20-ns asynchronous SRAMs. The TNETA1560 uses CMD31~CMDQO to write and read
494 5’ data from its data structures in the control memory.
48-51,
53-55
CMOE 230 Control-memory output enable. CMOE is an active-low signal.
CMRAW 231 Control-memory read/write. CMR/W determines a read or write operation. If CMR/W is low, itis a

write operation. If CMR/W is high, it is a read operation.
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local-bus interface

Terminal Functions (Continued)

TERMINAL
110 DESCRIPTION
NAME NO.
181-183,
LBADDR15- 185-189, o Local-bus address. LBADDR15-LBADDRO are the lower 16 bits of the SBus address bus and are
LBADDRO 192-195, routed directly to the local-bus address lines.
197-200
161-165, .
LBD7 - LBDO 167169 I/0 | Local-bus data. LBD7-LBDO are used to transfer data to/from local slave devices.
LBEPROMCS 170 o} Local-bus EPROM chip-select. LBEPROMCS is an active-low signal.
LBINTR 179 | Local-bus interrupt. LBINTR is generated by a local-bus device.
LBPHYCS 171 O | Local-bus PHY-layer chip select. LBPHYCS is used to interface with PHY-layer devices.
LBRD 174 (6] Local-bus read. LBRD is an active-low signal that indicates a read operation.
Local-bus-ready. LBREADY is driven by local slave devices. The bus transaction must be
LBREADY 180 | completed after eight SBus cycles regardless of LBREADY. LBREADY is accepted by the
TNETA1560 as a handshake from the devices on the bus.
LBRESET 175 (@] Local-bus reset output. LBRESET is an active-low signal.
LBRW 173 (e] Local-bus write. LBRW is an active-low signal that indicates a write operation.
control and configuration
TERMINAL
110 DESCRIPTION
NAME NO.
PHYCLOCK 177 | PHY-layer clock. PHYCLOCK is a 19.44-MHz clock signal driven by a PHY-layer clock crystal.
147, . . .
TESTI3-TESTIO 149, 1o l'eztr :lt?g:ls. TEST13-TESTIO are for manufacturer use only. These signals are tied low for normal
233-234 P :
Test-mode configuration. TESTMODE is tied low for normal operation. TESTMODE is for
TESTMODE 151 ' manufacturer use only.
TESTO7-TESTOO  152—159 1o Test signals. TESTO7 — TESTOO are left open for normal operation. TESTO7-TESTOO are for

manufacturer use only.

power and ground

TERMINAL
DESCRIPTION
NAME NO.
GND 4 16,23,28,40,47,52,56,64, 71,76, 83, 88, 95, 100, 107, 112,117, 124,136, 148, 160, |
172, 176,184, 191, 196, 208, 220, 232, 235, 237
10,22, 34, 41, 46, 58, 65, 70, 77, 82, 89, 94, 101, 106, 113, 118, 130, 137, 142, 166, 178,
vee 190, 202, 214, 226, 238 ‘ Supply voftage
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo (see Note 1) ...
Input voltage range, Vi . .ovne i e
Output voltage range, Vo  v.vvvieiiiii

Input clamp current, Ik (Vi<O0orV|>Vgg) (seeNote2) ...,
Output clamp current, Iok (Vo<0orVo>Vgg) (seeNote 3) ...,

Operating free air temperature range, TA « .o vvvrne et ittt anas
Storage temMpPerature raNgE . ..ot ittt et e e

-05Vto6V
-05VtoVgo +0.5V
-05VtoVgg +0.5V
+20 mA
+20 mA
0°C to 70°C
—-65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values are with respect to the GND terminals.
2. Applies for external input and bidirectional buffers
3. Applies for external output and bidirectional buffers

recommended operating conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4.75 5 525 Vv
Ve =475V 3.325
. . omos . <&
ViH High-level input voltage Vecc =525V 3.675 \
TTL 2
Vo =475V 0.95
_ cMos .8
ViL Low-level input voltage Voo =525V 1.06 \
TTL 0.8
TA Operating free-air temperature 0 70 °C

electrical characteristics over recommended operating conditions, Ta = 25°C (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN  MAX | UNIT
IoH =8mA Vcc-0.8
VOH High-level output voltage OH ce \Y
: loL=4mA Voc-0.8
loH=8mA 0.5
VoL Low-level output voltage v
loL=4mA 0.5
loz High-impedance state output current V| =Vgg or GND +10 pA
L Low-level input current Vi =GND -1 pA
H High-level input current Vi=Vce 1 pA

{'f TEXAS
INSTRUMENTS

2-44 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TNETA1560
ATM SEGMENTATION AND REASSEMBLY DEVICE
WITH SBUS HOST INTERFACE

SDNS010B — JANUARY 1994 — REVISED DECEMBER 1994

timing requirements (see Note 4 and Figure 1)

NO. MIN  MAX | UNIT
1 tw(RCLKH) Pulse duration, RCLK high 12 s
2 tw(RCLKL) Pulse duration, RCLK low ' 12 ns
3 tsu(RSOC) Setup time, RSOC high before RCLKT 10 ns
4 |tsu(RXEMPTY)  Setup time, RXEMPTY low before RCLKT 10 ns
5 tsu(RDATA) Setup time, RDATA valid before RCLKT 10 ns
6 th(RSOC) Hold time, RSOC high after RCLKT P s
7 |th(RXEMPTY)  Holdtime, RXEMPTY low after RCLKT 1 s

NOTE 4: All output signals are generated on the rising edge of RCLK.

operating characteristics (see Note 4 and Figure 1)

NO. MIN MAX | UNIT
8 td(RXENABLE)  Delay time, RCLKT to RXENABLET i 1 20 ns
NOTE 4: All output signals are generated on the rising edge of RCLK.

RCLK
(output)
8 —&

| \

|
RXENABLE l
(output) !
; !
| le—3-dled-6
RSOC | |
(input) | |
T
| k— 5 —pl
00000,
aowrao X owoss YIEZEEK over Yooz X oves X mnes  Xomes X
le— 4 —er—7

RXEMPTY
(input)

Figure 1. Receive-Cell Interface
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timing requirements (see Note 5 and Figure 2)

NO. MIN  MAX | UNIT
1 tw(TCLKH) Pulse duration, TCLK high 12 1 s
2 tw(TCLKL) Pulse duration, TCLK low 2 -
3 |tsu(TXFULL) Setup time, TXFULL low before TCLKT 10 ns
4 th(TXFULL) Hold time, TXFULL low after TCLKT 1 ns

NOTE 5: All output signals are generated on the rising edge of RCLK. All inputs are sampled on the rising edge of TCLK.

operating characteristics (see Note 5 and Figure 2)

NO. MIN MAX | UNIT
5 t4(TXENABLE)  Delay time, TCLKT to TXENABLEL ¥ 20| ns
6 t4(TSOC) Delay time, TCLKT to TSOCT 1 20| ns
7 td(TDATA) Delay time, TCLKT to TDATA valid 1 20| ns

NOTE 5: All output signals are generated on the rising edge of RCLK. All inputs are sampled on the rising edge of TCLK.

1 {4-——44———;%—2

TCLK
(output) .

le»—5
TXENABLE I Sl / \
(output) [

|
|
|
le»—6 {
|
|
|
|

TSOC (Y
(output) | (’ (’

TDATA7 - ‘J 7 Input
TDATAO Byte 1 Byte 2 Byte3 Byte 47 Byte 48 Byte 49 Byte 50
( Ignored
) I

(output)
4

|
3—“1 —
TXFULL N
(input)

Figure 2. Transmit-Cell Interface
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timing requirements (see Figure 3)

NO. MIN  MAX | UNIT
1 tsu(SBBG) Setup time, SBBG low before SBCLKT 15 ns
tsu(SBACK) Setup time, SBACK2-SBACKO valid before SBCLKT 15 ns
3 th(SBACK) Hold time, SBACK2-SBACKO valid after SBCLKT 0 ns
operating characteristics (see Figure 3)

NO. MIN  MAX | UNIT
4t [tyseBR) Delay time, SBCLKT to SBBR. 25 22| ns
st td(SBD) Delay time, SBCLKT to SBD31-SBDO valid 25 22 ns
67 |t4sBRD) Delay time, SBCLKT to SBRD! 25 22| ns
7t td(SBSIZ) Delay time, SBCLKT to SBSIZ2-SBSIZ0 valid 25 22 ns

T Numbers are given for SBus clock frequency of 25 MHz.

SBCLK
o £ N/ S S

s

(output)

SBEE ————— |

(input)

SBD31-
SBDO
(output)
SBRD

i
L

VAT X Word 0

X Word1 X Word2 X Word3 )———

(output)

SBSIZ2-
SBSIZ0
(output)
SBPA
(input)

SBACK2-

r

D, %

2 —l
—

—
le— 3

|
seacke —— T )< (T (>

3 3 <3 7 )

(input)
VA = Virtual address

Figure 3. TNETA1560 Write Operation (TNETA1560 as Master in This Burst Operation)
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timing requirements (see Figure 4)

NO. MIN MAX | UNIT
1 tw(SBCLKH) Pulse duration, SBCLK high 17 ns
2 tw(SBCLKL) Pulse duration, SBCLK low 17 ns
3 tsu(SBBG) Setup time, SBBG low before SBCLKT 15 ns
4 tsu(SBD) Setup time, SBD31-SBDO valid before SBCLKT 15 ns
5 tsu(SBACK) Setup time, SBACK2-SBACKO valid before SBCLKT 15 ns
6 th(SBD) Hold time, SBD31~SBDO valid after SBCLKT ns
7 th(SBACK) Hold time, SBACK2—-SBACKO valid after SBCLKT ns
8 th(SBBG) Hold time, SBBG low after SBCLKT 0 ns
operating characteristics (see Figure 4)
NO. MIN MAX | UNIT
9T lt4(sBBR) Delay time, SBCLKT to SBBRJ 25 22| ns
10t td(SBD) Delay time, SBCLKT to SBD31-SBDO valid 25 22 ns
1t [tysBRD) Delay time, SBCLKT to SBRDT 25 22| ns
12t td(SBSIZ) Delay time, SBCLKT to SBSIZ2-SBSIZ0 valid 25 22 ns
T Numbers are given for SBus clock frequency of 25 MHz.
e
T I X A\ S\
(input) /] | | | |
¥ e I | ! I
SBBR | /\ | | A
(output) t 1 1 T
— 8
SBBG _____,“"13"’: : :“4‘" o
input T ™t T
SBD31 10— f&— Ll - =6
SBDO DX ' (VAT ) ] Word 0 H Word 1 )= Word 2 )=—{ Word 3 )=
() 11— le— |
SBRD
T
(output) !}’ ! \_
12
SBSIzZ2- e !
588120 SR —
(output) ;
SBPA .
(input) i @
5 —l i
SBACK2 ; - 7
seacko — 1 7 7 3 3 3 < )7 ) r——
(input)

1 VA = Virtual address

Figure 4. TNETA1560 Read Operation (TNETA1560 as Master in This Burst Transfer)
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timing requirements (see Figure 5)

NO. MIN  MAX | UNIT
1 tsu(SBD) Setup time, SBD31-SBDO valid before SBCLKT 15 ns
2 tsu(SBRD) Setup time, SBRD high before SBCLKT 15 ns
3 tsu(SBSIZ) Setup time, SBSIZ2-SBSIZ0 valid before SBCLKT 15 ns
4 tsu(SBPA) Setup time, SBPA valid before SBCLKT 15 ns
5 tsu(SBSEL) Setup time, SBSEL low before SBCLKT 15 ns
6 tsu(SBAS) Setup time, SBAS low before SBCLKT 15 ns
7 |tnsBD) Hold time, SBD31-SBDO valid after SBCLKT 0 ns
8 |tnsssiz) Hold time, SBSIZ2—SBSIZ0 valid after SBCLKT 0 ns
9 th(SBPA) Hold time, SBPA valid after SBCLKT 0 ns
10 |th(SBSEL) Hold time, SBSEL low after SBCLKT 0 ns

operating characteristics (see Figure 5)

NO. MIN  MAX [ UNIT

1T td(SBACK) Delay time, SBCLKT to SBACK2-SBACKO valid 25 22 ns

T Numbers are given for SBus clock frequency of 25 MHz.

SBCLK
(input) /-—\_/_\_/_\_Jr—\__/—\__/_\_/—\_/_\_/—-\._/—
SBBR

|

(output) / :
SBBG / i
|

|

|

(input)

SBD31-

sBD0  RXXBBEXXDY
(input) h— 2—»l
SBRD }
(input)

SBSIZ2— ' . |
P 94 %%a% % —
(input)

SBPA
(input)

I}

i

SBSEL
(input)

SBACK2-
SBACKO
(output) —»
SBAS ‘L /_

(input)

Figure 5. TNETA1560 Read Operation (TNETA1560 as Slave)
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timing requirements (see Figure 6)

NO. MIN  MAX | UNIT
1 tsu(SBRD) Setup time, SBRD low before SBCLKT 15 ns
2 tsu(SBSIZ) Setup time, SBSIZ2-SBSIZ0 valid before SBCLKT 15 ns
3 tsu(SBPA) Setup time, SBPA valid before SBCLKT 15 ns
4 tsu(SBSEL) Setup time, SBSEL low before SBCLKT 15 ns
5 tsu(SBAS) Setup time, SBAS low before SBCLKT 15 ns
6 th(SBSEL) Hold time, SBSEL low after SBCLKT ns
7 th(SBAS) Hold time, SBAS low after SBCLKT ns
8 th(SBPA) Hold time, SBPA valid after SBCLKT ns

operating characteristics (see Figure 6)

NO. MIN  MAX | UNIT
9 td(SBD) Delay time, SBCLKT to SBD31-SBDO valid 25 22 ns
10 td(SBACK) Delay time, SBCLKT to SBACK2-SBACKO valid 25 22 ns

SBCLK
(input)
SBBR
(output)

SBBG
(input)

SBD31-
SBDO
(output)
SBRD
(input)

SBSIZ2-
SBSIzo

(input)
SBPA
(input)

SBSEL
(input)
SBACK2-
SBACKO
(output)
SBAS
(input)

R —————H e
e—1—l |
0 ' /
—2—» I
—— ' ‘ )
, | | A
! | | |
! | | —
N T
i —b; le 10 i
[ —= >
|
& 5 75
¥ ¥

Figure 6. TNETA1560 Write Operation (TNETA1560 as Slave)
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operating characteristics (see Figure 7)

NO. MIN  TYP MAX | UNIT
1 t4(LBPHYCS)1  Delay time, LBRDI to LBPHYCS! 7 ns
2 td(LBPHYCS)2  Delay time, LBADDR15 — LBADDRO valid to LBPHYCS!L 7 ns
3 td(LBREADY)1  Delay time, LBPHYCSJ to LBREADY. 17 ns
4 td(LBD)1 Delay time, LBPHYCS\ to LBD7-LBDO valid 16 ns
5 td(LBD)2 Delay time, LBPHYCST to LBD7~LBDO invalid 1 ns
6 td(LBREADY)2  Delay time, LBPHYCST to LBREADYT 9 ns
7 |taLeapoR) Delay time, LBPHYCST to LBADDR15 — LBADDRO invalid 2 ns

LBRW
(output)
LBRD *
(output)
l
LBADDR13- |
(output) | | |
LBD7- —\ : ailia .
LBDO : Data )—
(iNPUY) e/ | |

2

T 777N

|
5
LBREADY | | /
(input) | \1\ |
le ’ 4 :1[ IF— 56—

LBPHYCS \l\ V
(output) '

Figure 7. Local-Bus-Interface Read Operation (TNETA1560 as Slave)
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operating characteristics (see Figure 8)

NO. MIN TYP MAX| UNIT
1 t4(LBPHYCS)1  Delay time, LBRWT to LBPHYCS! 7 ns
2 td(LBPHYCS)2  Delay time, LBADDR15-LBADDRO valid to LBPHYCS{ 7 ns
3 td(LBPHYCS)3  Delay time, LBD7-LBDO invalid to [BPHYCST 7 ns
4 td(LBPHYCS)4  Delay time, LBADDR15-LBADDRO invalid to [BPHYCST 6 ns
LBRD
(output)
LBRW
(output)
I
J
LBADDR15- a0 9.9 992
LBADDRO @——( RRRRRRK
{output) 9.9.9.9.9.9.9.4

LBD7- |
LBDO >—'-(

(input) |
F_

LBPHYCS 1‘\
(output)

Figure 8. Local-Bus-Interface Write Operation (TNETA1560 as Slave)
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operating characteristics (see Figure 9)

NO. MIN MAX | UNIT
1 tw(CMR/WL) Pulse duration, CMR/W low ns
2 td(CMR/W)1 Delay time, CMADDR13-CMADDRO valid to CMR/W. ns
3 [tacMRw)2 Delay time, CMD31—CMDO valid to CMRAWT ns
4 t4(CMD) Delay time, CMR/WT to CMD31-CMDO invalid ns

CMOE
(output)
CMADDR13- TSI RATTTSIS
QK2 9.9.9.0.9,9.0, i 9:9:9.9.9.0.0.9.9.9.0.
CMADDRO 020 K RRRRHRKY Valid NXRHRRRRRRRRKS

(output)

CMD31-

CMR/W

(output)

CMDO
(output)

RRRIRILIIN

TS
9. 0.0.0. ¢ XD
oioxoiomox’ X

Figure 9. Control-Memory-Interface Write Operation

SRR

ATAATAAY

timing requirements (see Figure 10)

PRODUCT PREVIEW

NO. MINT  MAX | UNIT
1 tsu(CMD) Setup time, CMD31-CMDO valid before CMOET ns
2 th(CMD) Hold time, CMD31-CMDO valid after CMOET ns
T These numbers are for a 20-ns asynchronous SRAM control memory.
operating characteristics (see Figure 10)
NO. MIN MAX | UNIT
3 td(CMOE) Delay time, CMADDR13—-CMADDRO valid to CMOEL ns
CMR/W
(output)
CMADDR13-

CMADDRO JXREEKKED
(output) LR

Valid

L

3 ~—ﬂ,v
i X f

oo R J—

CMD31— seremrrcronry

BTN 4
CMDO SSKKKKK Valid )@
(input) XXX \ '

Figure 10. Control-Memory-Interface Read Operation
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functional overview

SBus SAR refers to an SBus device (TNETA1560) that provides an ATM interface. The device provides an
interface to SBus, ATM adaptation layer processing, ATM SAR processing for full-duplex ATM at the STS-3¢
rate of 155.52 Mbit/s, and the controls for the register interface on the physical (PHY) layer. Figure 11 shows
a typical connection to the SBus SAR in an adaptor-card application.

Local Slave Bus 8
SBus

EPROM > L,
2 SBus Physical
3 .
a < > SAR Layer Media

4 ‘
Control -
Memory

32

Local Memory Bus

Figure 11. SBus SAR External Connections

The SBus SAR provides a packet interface managed by descriptor rings, making the 53-byte ATM framing
format transparent to the user. The device passes the 48-byte payload of each cell across the SBus. All packets
are stored in host memory and accessed by the chip via the descriptor-ring mechanism.

The SBus SAR generates data in the transmit direction via a special bit-rate control table that provides explicit
cell-levelinterleaving between groups of VCs. This mechanism provides a high degree of flexibility in specifying
peak rates for each group, up to 155.52 Mbit/s at a resolution greater than 32 kbit/s. VCs within a group are
serviced via a FIFO discipline on a per-packet basis.

The SBus SAR supports 1023 unique VCs, typically all associéted with virtual path identifer (VPI) 0. The SBus
SAR allows multiple VPs with the caveat that each VC is unique. Limited support is provided to recognize ATM
layer OAM cells.

The device is primarily intended for ATM adaptation layer type 5 (AAL5) encapsulation and termination, which
is fully supported in hardware. Limited support is provided for ATM adaptation layer type 3/4 (AAL3/4) with
48-byte transfers across the SBus interface and hardware recognition of the EOM indicator on the receive side.
Finally, a null AAL is also supported to facilitate real-time data transfer.

The interface to the PHY layer consists of an 8-bit-wide data path and associated control signals in both the
transmit and receive directions. The 53-byte ATM cells pass between the ATM and PHY layers.
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functional overview (continued)

The native clock for the SBus SAR is the SBus clock, which can range between 16.67 MHz and 25 MHz. The
8-bit-wide data path on the PHY-layer receive interface requires a clock rate of at least 19.44 MHz when
interacting with a 155.52 Mbit/s PHY-layer. The PHY-layer receive interface uses the the PHY-layer clock. The
native word size for the device is 32 bits, corresponding to the data-bus width for SBus.

glossary and conventions

This section presents several special terms and conventions used throughout this document. Itis not a complete
list of abbreviations.

transmit direction

The direction of data flow from SBus to the ATM PHY layer
receive direction

The direction of data flow from ATM PHY-layer to SBus
two’s-complement value

A number in two’s complement is given by (0 — actual positive value) modulo (2"), where n is the number of bits
in the field.

GFC
Generic flow control field. Appears in the upper four bits of the ATM cell header at the UNI.
EOM
End of message
EOP
"End of packet
NCE
Network control engine

functional description

packet interface

The SBus SAR uses host memory to store the 48-byte payload units that constitute a packet in both the transmit
and receive directions. The device initiates the 48-byte data transfers containing packet data over the SBus for
both transmit and receive operations. The packet does not include AALS encapsulation while in host memory.
This is provided by the SBus SAR. The buffering within the device is limited to that required to match the
ATM-PHY transfer protocol to the transaction-oriented SBus transfer protocol. The chip contains an 8-cell
transmit FIFO and a 32-cell receive FIFO.

Each packet queued for transmission may be distributed across multiple buffers in host memory with each
starting at any byte boundary. This is supported in hardware by the device. Each received packet is placed in
a single buffer in host memory (either small or big) aligned to a 16-byte boundary.
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bandwidth group (BWG) table mechanism

M3IA3Hd 10NnAO0Hd

The SBus SAR generates data via a special bit-rate control table known as the BWG table. Each BWG consists
of one or more virtual circuit identifiers (VCIs), and each VCl is served via a FIFO discipline on a per-packet
basis. Each entry in the BWG table consists of an 8-bit BWG index, and BWGs are serviced based on the
composition of the BWG table. The size of the BWG table is programmable with a maximum of 4800 entries,
organized as 1200 words, to provide a resolution greater than 32 kbit/s (see Figure 12).

Bit 31 Bit 0
125 12 16 0 4—— SendIdleif0
25 18 3 255
b BWG Index (0-255) Given by 8-Bit Entry
[ ]
8 | 18 ] 2 | 9 Table Size: 1200 Words

Figure 12. BWG Table

AAL-type processing

The SBus SAR supports various types of AAL processing. AAL3/4, AALS, null-AAL, GFC, and OAM processing
are described in this section.

AAL3/4 processing

Since 48 bytes are provided across the SBus interface, all AAL3/4 packet data processing is performed by the

- host in software. AALS processing is disabled on VCls using AAL3/4. The AAL3/4 EOM indicator, which is

located in the first byte of the ATM payload (see Figure 13), is recognized in hardware, initiating an interrupt to
the host.

Bit7 Bito
| | Aas/aEOMSBIt | | | | | | |

Figure 13. AAL3/4 Processing

AALS processing

The primary support is for AAL5 with encapsulation in the transmit direction and termination in the receive
direction. AALS5 packets are converted to cells by the SBus SAR before delivery to the PHY layer. Similarly, the
device recovers 53-byte ATM cells from the PHY layer before it performs AAL5 termination.

The SBus SAR adds the pad, the control/length field, and the cyclic redundancy check (CRC) for transmit
packets. The SBus SAR does not interpret the field length in the AAL5 frame in the receive direction; therefore,
the entire AALS packet is forwarded to host memory allowing the driver to remove the correct payload. This also
allows the host to examine the control field in software, necessary in a time of evolving standards in this area.
The device performs CRC checks in the receive direction and indicates EOP processing to the host based on
the EOP indication in AALS.

null-AAL processing

Null-AAL processing uses the same mechanism as the AAL3/4 in the transmit direction to disable AAL5
processing. The control entry associated with each BWG (VCI) in the receive direction has an entry to indicate
an interval defined in units of cells received. The SBus SAR then provides an interrupt to the host when the
number of cells received on the VCl is equal to that indicated by the table entry. This counter is reset after each
interrupt (at the end of each interval). This interval is also referred to as a packet, although it does not
encapsulate a well-defined unit of information.
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high-order VPI/ VCI bits GFC processing

The lower ten bits of the VCI are used to encode the 1023 possible VCls. VCI 0 is not used since it indicates
unassigned cells. The upper-order bits of the VCI and the VPI field are programmable on a per-VC basis on
transmit. The GFC field is always set to zero.

The upper-order bits of the VCI, the VPI field, and the GFC field are ignored on all cells that are received. These
cells pass to the SBus SAR if the header error control (HEC) field is correct, the upper-order bits of the header
are set intentionally, or the cell is misrouted. The probability of misrouting is small and such an event would be
detected via the CRC check in AALS. The advantage of this scheme is that any VPI/VCI combination is
supported if the lower ten bits of the VCI are unique.

OAM processing

ATM-layer OAM processing does not require any real-time intervention and is processed in software. OAM cells
received on the link must be identified by the device. Table 1 summarizes ATM-layer OAM encoding as
described by various standards bodies.

Table 1. ATM-Layer OAM Encoding

NO. ITEM vel PTI

1 VP level: link-associated OAM cell 3 —_

2 VP level: end-to-end OAM cell 4 —

3 VC level: link-associated OAM cell Any 4

4 VC level: end-to-end OAM cell Any
Each OAM cell forms a fully encapsulated packet. ATM-layer OAM cells transcend AAL protocols and are
recognized differently. The end system recognizes all four ATM-layer OAM flows. OAM cells received in VCI 3
and 4 do not interfere with the normal data stream. The only special processing necessary is to initiate EOP
processing for each cell. The software drivers must configure VCI 3 and 4 as null-AAL channels with a packet
length equal to one cell in the receive direction. OAM cells are transmitted as null-AAL packets with length equal
to one cell. VC-level OAM cells are specially interpreted. They are diverted to receive direct-memory access
(DMA)
channel 0 and the 4-byte ATM header is passed on to a receive-completion ring in host memory during normal
EOP processing.

transmit descriptor rings and DMA

Each transmit BWG is supported by a corresponding DMA channel and its own descriptor ring. The SBus SAR
supports 255 BWGs, 255 descriptor rings, and 255 DMA channels in the transmit direction. BWG 0 represents
null, indicating that an idle cell should be transmitted. This limits the number of packets and VCs active
simultaneously in the transmit direction to 255.

Each descriptor ring holds up to 256 entries corresponding to 256 buffers that may be queued for transmission
in the ring. The total number of buffers that can be queued for transmission by the device is 64K. The buffers
within a descriptor ring (each BWG) are serviced in FIFO order on a per-buffer basis. Each packet consists of
one or more byte-aligned buffers in host memory.

Each descriptor-ring entry contains a control bit that indicates whether a buffer is queued for transmission. The
DMA entry for each BWG contains a pointer to the first item in the queue in the corresponding descriptor ring.
An idle cell is transmitted if the control bit in the next entry of the descriptor ring indicates an inactive entry.

A field in each DMA entry allows the BWG to be disabled by the host. This may be used by the host to respond
to back-pressure mechanisms in software.
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receive free-buffer rings and DMA

The SBus SAR uses buffer pointers from two free-buffer rings to place incoming packets in the host memory.
These are called small free-buffer ring and the big free-buffer ring. Each receive BWG has a control bitindicating
the type of buffer it uses: small or big. BWGs are unable to preallocate buffers for the next packet, which prevents
user processes from managing their own buffer space.

The SBus SAR supports 1023 receive DMA channels and 1023 VCs. The incoming VCI indexes the receive
DMA channels directly. BWG 0 is reserved to process special information for OAM cells. The drivers must
configure VCI 0 as a null-AAL VCI with a packet length equal to one cell.

completion rings

The SBus SAR indicates completion of packet processing in either direction to the host via an interrupt and by
posting entries to receive- and transmit-completion rings. Each completion ring accepts up to 256 entries. A
control bit in each entry of the completion ring prevents the device from overwriting an entry that has not been
processed by the host.

packet-size restrictions

The SBus SAR supports a maximum packet size of 64K bytes in either direction. The maximum buffer size for
transmit is also 64K bytes.

SBus interaction and burst-transfer size requirements

The SBus SAR behaves both as an SBus direct virtual memory access (DVMA) master and as a slave.
Table 2 classifies the interaction between the device and SBus into seven groups. This also quantifies the
support required from the DMA controller on the host machine.

Table 2. SBus Transactions

SAR TRANSFER ACK.
NO. TRANSACTION TYPE ROLE SIZE SIZE
1 | Host accesses SAR registers or control memory Slave Word Word
2 | Host accesses PHY-layer registers Slave Word Word
3 | Host accesses EPROM ) Slave Byte/Word Byte
4 | SAR transmits control-information transactions and receives free-buffer ring transactions | Master Word Word
5 | SAR receive completion-ring entries posted to the host Master 4 Word 4 Word
6 | SAR cell-payload transfers (default) Master | 8, 4, and 1 Word 8, %g&d 1
7 | SAR cell-payload transfers (NCE) Master 4 Word 4 Word

It is efficient to transfer the 48-byte payload via successive transfers of 32 and 16 bytes if the data is on even
burst boundaries. This is the algorithm followed by the SAR in the default mode for all transfers on receive and
for all transfers on transmit except those on buffer boundaries.

The NCE is based on a SPARCstation 1+ platform that does not support 32-byte bursts. A configuration register
bit on the SBus SAR programmed by the host is set to indicate that the platform is the NCE or any system that
does not support 32-byte bursts. The device then uses 16-byte bursts exclusively to transfer cell-payload data
in each direction.

Since there is atleast a 4-cycle overhead associated with each transfer fora DVMA master, the number of cycles
required to transfer a cell in the default mode in either direction with no overhead for packet processing is at least
20 SBus cycles. The time to transfer the 48-byte cell payload on the NCE in either direction is at least 24 SBus
cycles. )
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SBus interaction and burst-transfer size requirements (continued)

Burst transfers in.the transmit direction are optimized to yield the fewest SBus cycles based on buffer, packet,
cell boundaries, and their location in host memory.

commands, registers, and interrupts

The SBus SAR has several internal registers for configuration and storage of operational state information. The
information contained in the registers is described in a later section.

The SAR generates an interrupt, connected on the adapter to SBus interrupt request terminal, on packet
completion and on a variety of error conditions.

PHY data interface

The ATM-cell-transfer rate is full-duplex 149.76 Mbit/s, but data may arrive in bursts at 155.52 Mbit/s due to the
framing scheme described by the PHY layer. A clock rate of at least 19.44 MHz is essential in the receive
direction to prevent cell loss due to buffer overflow in the PHY layer. The SBus SAR decouples the SBus clock
from the ATM clock in the receive direction via an asynchronous FIFO memory, which holds up to 32 cells. The
SAR transmits data to the PHY layer at the SBus clock rate.

PHY-layer control interface

Figure 11 shows that the local bus is used to connect the SBus EPROM to the register interface on the PHY-layer
device.

interfaces

The terminal layout and the terminal functions table fully describe the terminal assignments and functions of the
Sbus SAR (TNETA1560).

SBus interface

The SBus SAR behaves both as an SBus DVMA master and slave. The SBus SAR is selected as the slave if
the SBSEL signal is asserted. The system accesses the control-memory block, the local bus, and the user
registers with SBus slave accesses to the SAR. The transfer size is determined by SBSIZ2 - SBSIZ0, which
must be set to 000 to represent a one-word transfer. The physical address is given by the SBPA signals and
must fall within the ranges specified in Table 2. The SBus SAR generates an error acknowledgment given by
SBACK2-SBACKO setto 110 if either of these two conditions is violated. The SBAS signal is used as described
in the SBus specification, and the SBRD signal indicates a read or write operation. Finally, SBACK2 — SBACKO
are set to 011 to indicate SBus word acknowledgment for operations on the SAR registers and control memory;
SBACK2 - SBACKO are set to 101 to indicate SBus byte acknowledgment on local-bus operations.

The SBus SAR can initiate transactions as master only when no slave transactions are active. The SAR asserts
the dedicated SBBR signal to request an operation as the SBus master. The SBus controller asserts the SAR
dedicated SBBG signal making the SAR the master. The SAR sets the SBSIZ2 — SBSIZ0 signals to indicate
a 1-word, 16-byte, or 32-byte transfer, the SBRD signal indicates a read or write operation, and the DVMA
address is placed on the SBD31 — SBDO lines. The TNETA1560 monitors the SBACK2 — SBACKO lines
anticipating the appropriate acknowledgment value. The SBus SAR considers either an error acknowledgment
on the SBACK2 — SBACKO lines or a late error on the SBLERR line as a fatal error, disables all data-transfer
processing, and generates a SBus interrupt via the SBIRQ signal.
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control-memory interface

The control memory is set up in a 16K x 32 configuration with the cycle time given by the SBus clock. The
interface is designed for an asynchronous SRAM with a 32-bit data bus, a 14-bit address bus, a CMR/W signal
determine read or write, and an output-enable signal (CMOE).

PHY-layer interface

The SBus SAR generates a transmit clock at the SBus frequency and a 19.44-MHz receive clock. The transmit
clock sent to the PHY layer is an inverted version of the internal clock. This ensures that all setup and hold-time
restrictions are met. The receive clock sent to the PHY layer is equivalent to the internal clock.

The SBus SAR generates output data along with a start-of-cell indicator in the transmit direction. This data is
sent at the rate of the SBus clock. The PHY layer can respond with a full signal, which is asserted at least four
cycles before any internal buffers are full. The SAR then turns off the transmit-enable signal until the full signal
is deasserted. The PHY layer sends a start-of-cell indicator with output data. The empty signal acts as an
inverted enable signal on this interface.

The PHY-layer interrupt signal is directly connected to the SBus interrupt signal; therefore, the SBus interrupt
is asserted when the PHY-layer interrupt signal is asserted.

local-bus interface

Since there could be several devices on the local bus, the SBus SAR accepts a ready signal from devices on
the bus as a handshake. The bus transaction is assumed to be complete eight SBus cycles (at least 320 ns)
after the transaction is initiated, regardless of the ready signal. This accommodates slow devices such as
EPROMs and also can be used to relax timing constraints on the register interface for the PHY-layer devices.

The local bus is accessed exclusively via SBus transactions with the SAR as the slave with the exception of the
local-bus interrupt signal. The lower 16 bits of the SBus address bus are directly routed to the local-bus (LBus)
address bus. The SBus address must remain stable while the local bus is active. This is achieved by not
returning an acknowledgment signal on SBus until the LBus transaction is complete.
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architecture

Figure 14 depicts a data-flow representation of the SBus SAR architecture.
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Figure 14. SBus SAR Architecture

transmit modules

The transmit host and buffer transaction processor (XBTP) is responsible for all host-related functions on the
transmit side and requests 16- and 32-byte transfers from the SBus-interface block. The cell actuator accesses
the BWG table and determines the next VC to be serviced. The transmit adaptation layer processor (XALP)
processes all AAL-related functions and adds the four bytes of the ATM header to each cell. The XALP identifies
the AAL5 CRC and determines if it should be appended to the packet. The transmit buffer (XMB) is an 8-cell
buffer that receives 13 words per cell. Idle cells are also placed in this buffer. The transmit PHY interface (XPIN)
does word-to-byte unpacking and interacts with the PHY layer using the SBus clock.
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receive modules

The receive PHY interface (RPIN) performs byte-to-word packing, filters idle cells, and interacts with the PHY
layer using the system’s PHY-layer clock crystal. The receive buffer (RCB) performs rate synchronization from
the PHY-layer clock to the SBus clock and buffers up to 32 cells. The receive ATM processor (RAT) and the
receive ATM adaptation layer processor (RALP) operate in parallel and are part of the same module. The RALP
terminates the AALS CRC and processes various EOP indicators. The RAT block is responsible for deleting the
ATM header and accessing the correct receive DMA entry. Finally, the receive host and buffer transaction
processor (RBTP) performs all host-specific functions on the receive side.

SBus interface module

The SBus interface module (SBIN) is responsible for implementing the details of the SBus protocol. The XBTP
and the RBTP are the only two modules that require SBus transactions involving the SAR as a master; therefore,
SBIN arbitrates between requests from the two blocks. The SAR is the SBus slave when the host accesses
control memory, the local bus, or the user registers internal to the SAR.

control-memory interface and arbitration

The control-memory interface and arbitration (CMIA) block performs memory arbitration for all the blocks that
access control memory. Since each access is a 1-word access, no module can hold up the memory for a long
time. CMIA imposes a strict priority mechanism and services various blocks in the following order: RALP, XALP,
cell actuator, RBTP, SBTP, SBIN.

local bus-interface module
The local bus-interface (LBIN) module is used to access the EPROM and the registers on the PHY-layer device.
user register

The user-register block stores a number of configuration and operational registers. The user registers also
generate SBus interrupts on packet completion or when an error condition is detected.

data management

The SAR architecture uses two memory subsystems: host memory and on-board control memory. The control
memory provides fast multichannel memory-based DMA channels and a temporary storage area used as virtual
auxiliary registers. Some transmit and receive data-management components reside in control memory for
immediate access to critical real-time events isolated from host memory, which is tied to SBus latency. The AALS
CRC is also encapsulated in the control memory. The control memory is accessible by the host for initialization
and monitoring the hardware and network status. Figure 15 shows the organization of the SAR data structures
across control and host memory.
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data management (continued)

SAR
Control
Memory

Transmit Receive
BWG Table
(max 4800 entries)
BWG DMA States VCI DMA States
(255 states) (1024 states)
Small Free-Buffer Ring
TX Descriptor Rings (256 entries)
(255 rings,
each ring: 256 entries) Big Free-Buffer Ring
(256 entries)

TX Completion Ring
(256 entries)

RX Completion Ring
(256 entries)

Data Buffers
(48-byte cell payload)

Data Buffers
(48-byte cell payload)

Host
Memory

Figure 15. SBus SAR Data Organization

Several registers stored in the control memory indicate the address of the next entry in the two free-buffer rings
and the two completion rings. The descriptor rings apply to packet- or buffer-level processing, whereas the DMA
channels apply to per-cell processing. The transmit DMA state for each BWG indicates the location of each
transmit-descriptor ring.

programmer’s reference

This section presents the SBus SAR data structures in detail. The contents of various physical locations are
summarized in Table 3. A large part of this information is presented in Figure 15 but is duplicated here for
convenience.

Table 3. Location of SBus SAR Data Structures

PRODUCT PREVIEW

MEMORY MEMORY REGISTERS EPROM
BWG table TX descriptor rings (255) Configuration registers Boot code
TX DMA states TX completion ring Operation registers 48-bit address
RX DMA states Small free-buffer ring Diagnostics
Initialization block | Big free-buffer ring SBus ID
RX completion ring
Data buffers

The system has a bus width of four bytes and all transactions are conducted on 4-byte boundaries. The SBus
SAR uses big-endian addressing by definition as an SBus device. All addresses are in hexadecimal notation
unless otherwise specified.
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programmer’s reference (continued)

Each descriptor ring has 256 entries as shown in Figure 15. Each descriptor-ring entry consists of four words.
Each descriptor ring is aligned to a 4K-byte boundary in host memory with each entry aligned to a 16-byte
boundary. The SAR has two receive free-buffer rings, one transmit completion ring, and one receive completion
ring. The current pointer to each of these rings is stored in the initialization block in SAR control memory. An
entry in each transmit DMA channel points to one of the 255 transmit-descriptor rings in host memory.

Each DMA-channel entry consists of eight words and is located in control memory. The DMA entries on both
transmit and receive have an OWN bit that is set when the DMA channel is active. The descriptor-ring entries,
the completion-ring entries, and the free-buffer ring entries have an OWN bit that is set when the entry belongs
to the SAR.

control-memory map and access

Table 4 shows a control-memory map. The address bus to memory is 14 bits wide. The physical SBus offset
address on the SAR for control memory is C00000 hex. All SBus accesses to control are 1-word accesses at
word boundaries.

Table 4. Control-Memory Map

MEMORY REGIONS BASE POINTERS (hox) | ADDRESS (hex)
Initialization block 0000 C00000
Transmit BWG 0 — 255 — DMA block 0100 C00400
BWG table (1200 words, 4800 entries) 0900 C02400
Receive BWG/VCI 0 - 1023 — DMA block 1000 C04000

initialization block

The initialization block contains exactly four entries and resides in control memory. Table 5 shows the
configuration of the initialization block.

Table 5. Initialization Block

e | ot o
C00000 0000 TX completion-ring offset pointer Index 0 — 255
C00004 _0001 RX completion-ring offset pointer Index 0 — 255
C00008 0002 Small free-buffer-ring offset pointer Index 0 — 255
C0000C 0003 Big free-buffer-ring offset pointer Index 0 — 255

The pointers are mapped to SBus DVMA addresses by appending the lower-order four bits representing the
offset within each 16-byte descriptor-ring entry. Since accesses are only permitted on a word basis, the
lower-order two bits are always set to zero.
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transmit-data descriptor rings

Each of the 255 transmit-data descriptor rings holds 256 entries and each ring represents one transmit packet
queued for transmission. A packet is composed of one or more transmit buffers. The host posts entries to the
rings and the SAR processes each entry within the given ring. Table 6 shows the composition of the four-word
entry.

Table 6. Transmit-Data Descriptor-Ring Summary

ENTRY DESCRIPTION

Word 0 | Control field, packet length, buffer length
Word 1 Start-of-buffer pointer — 32 bits

Word2 | 4-byte ATM header

Word 3 AALS tail — control and length fields

TX descriptor-ring word 0 — configuration

| Control (bits 31 —27) |  Packet length (bits 26 - 16) | Butter length (bits 15-0) |

OWN (bit 31)

The descriptor is owned by the SBus SAR when the OWN bit is set. The descriptor is owned by the host when
the OWN bit is zero. The OWN bit is set by the host when a buffer/packet is queued for transmission. When
the next BWG index from the BWG table does not have an active buffer location in the transmit DMA entry, the
SBus SAR attempts to recover a new-buffer descriptor entry from the transmit-data descriptor ring. This entry
is loaded into the DMA entry if the OWN bit is set. If the OWN bit for the first descriptor in the transmit-data
descriptor ring is zero, no data is queued for transmission and an idle cell is transmitted.

The host places all the buffers for a packet in the descriptor ring before setting the OWN bits on the entries
representing each buffer in sequence from the last buffer to the first buffer (in reverse order). The SBus SAR
clears the OWN bit after if finishes transmitting/processing the bytes associated with the buffer pointed to by
the DMA entry. When the OWN bit is cleared by the host, word 0 is not meaningful and is overwritten by the host.

start of chain (SOC) (bit 30)
The SOC bit indicates that this is the first buffer of a packet, which consists of one or more buffers. This bit is
also set in packets with single buffers.
end of chain (EOC) (bit 29)
The EOC bit indicates that this is the last buffer of a packet. Single buffer packets have both the SOC and EOC
bits set. Packets with multiple buffers have the SOC bit set on the first buffer and the EOC bit set on the last buffer.
AAL type — AALS indicator (bit 27)

The AAL-type bit indicates the packet/buffer described in this descriptor-ring entry is an AAL5 packet. When
zero, this bit indicates to the SAR that AALS processing should be performed in the transmit direction. This
includes addition of the pad, the control- and packet-length fields, and the 32-bit CRC. The total size of the AAL5
packet is a multiple of 48 bytes.

The SBus SAR does not perform any packet-level encapsulation similar to that used in AAL5 for either AAL3/4
or the null AAL. The host provides packets correctly formatted into 48-byte cells to the SAR.
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packet length (bits 26 — 16)

The packet-length field is expressed in units of cells in the packet. The host computes the correct number of
cells in the packet including the additional cell sometimes needed for AALS to accommodate the 8-byte tail. This
field represents the value used by the SBus SAR to determine the number of cells in a packet and enable EOP
processing.

The field is programmed in two’s complement. Incrementing the value by one each time a cell is sent results
in zero when the entire packet is transmitted. The maximum size of a packet is 64K bytes; therefore, 11 bits are
adequate to describe the largest packet.

Since this is a packet-level field as opposed to one that applies to individual buffers, it is only placed in the first
buffer descriptor of a packet in the transmit-data descriptor rings. The DMA channel only updates the
packet-length field on a per-packet basis. The packet-length field is general in that it is used for all three AAL
modes supported. In each case, the SAR enables EOP processing to notify the host when the EOP is detected
on transmit via the packet-length field.

buffer length (bits 15 - 0)

The buffer-length field specifies the number of bytes in the buffer represented by this descriptor-ring entry. The
maximum buffer size is 64K bytes, which is the largest packet size and allows an entire packet in one buffer.
This field is programmed in two’s complement and is equal to zero when all the bytes in a buffer are retrieved
by the SAR.

TX descriptor-ring word 1 — start-of-buffer pointer

| Byte-aligned start-of-buffer pointer (bits 31 — 0) I

The start-of-buffer pointer is 32 bits. Each buffer can be aligned on byte boundaries.

TX descriptor-ring word 2 — ATM header

[ PTI2 (bits 31 — 29) ] CLP2 (bit 28) | VP! (bits 27 - 20)| VCI (bits 19 — 4)] PTI1 (bits 3 - 1) l CLP1 (bit 0) ]

Word 2 contains the 4-byte header for every cell of the packet. The upper-order four bits of the ATM header,
representing the GFC at the user-to-network interface (UNI), are set to zero in every outgoing cell. Bits (3 - 0)
in word 2 represent the payload-type indicator (PTl) and cell-loss priority (CLP) fields used in every cell of the
packet except the last one (the cell that contains the EOP indication). Bits (31 —28) in word 2 represent the PTI
and CLP fields used in the last cell of the packet.

The PTI field in the last cell of an AALS packet is set either to 001 or 011. The CLP is programmable and the
cell containing the EOP indication can have a different priority level from the other cells. This field is required
onlyinthe first descriptor for the packet. In AAL3/4 or null-AAL packets, the PTl and CLP fields in both the upper-
and lower-order bits of word 2 are the same.

TX descriptor-ring word 3 — AALS control/length

[ AALS control field (bits 31 - 16) | AALS length field (bits 15-0) |

The AALS control and length fields apply to packets, not to buffers, and this entry is required only in the first
descriptor for the packet. The AALS5 length field is not used to determine the length of the packet during transmit
processing. Both fields are placed in the descriptor ring in an AALS5 packet in the proper position (in the four bytes
preceding the AALS5 32-bit CRC). These fields are not used if the packet is either an AAL3/4 or a null-AAL packet.
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transmit BWG DMA block

The control memory contains 255 transmit BWG DMA entries, each containing eight words. Table 7 summarizes
the contents of each entry.

Table 7. Transmit BWG DMA Entry

ENTRY DESCRIPTION A
Word 0 | Control field, packet length, buffer length Dynamic
Word 1 Current-buffer pointer — 32 bits Dynamic
Word2 | 4-byte ATM header Dynamic
Word 3 | Static bits — BWG ON/OFF (BWG_ON bit) Static
Word4 | BWG data-ting pointer, descriptor pointer Dynamic
Word5 | BWG cell-counter place holder — not implemented Dynamic
Word 6 Partial 32-bit packet CRC Dynamic
Word 7 | AALS tail — control and length fields Static

The SBus SAR initiates host transactions affecting the DMA table, except those required for one-time
configuration of a channel for normal operation based on cell-transmission opportunities from the BWG table.
Each DMA entry represents a buffer under segmentation.

During initialization, the host has to configure word 0, word 3, and word 4 in the transmit DMA states table for
each BWG selected for transmission in the BWG table, including the BWGO. These words allow the TNETA1560
to start a transmission of a new packet. After configuration, the TNETA1560 reads word 3 to check if the
BWG_ON bit is set. If it is set, the device reads word 0 to determine if the OWN bit is set. When the OWN bit
is not set, it indicates that this is the first buffer of a new packet. The TNETA1560 then reads word 4 to obtain
a transmit descriptor-ring pointer that indicates the memory address in host memory for the transmit
descriptor-ring pointer. The following sections explain each TX DMA table word in detail.

TX DMA word 0 - state/configuration

| Control (bits 31 ~ 27) | Current packet length (bits 26 — 16) | Current buffer length (bits 15 — 0) |

The contents of word 0 are copied directly from the corresponding transmit-data descriptor-ring entry at the start
of each new buffer. This applies to all the fields in this status word, and the host must ensure consistency across
the fields.

OWN (bit 31)
The OWN bit is set when the DMA channel for the BWG is active, and all related state information in the DMA
entry is current. The OWN bit indicates a packet is currently being segmented and transmitted for this BWG.

This OWN bit is cleared by the SAR after the entire packet is transmitted, a completion-ring entry is posted, and
an interrupt generated to the host.

The host sets the OWN bits for individual buffers in a packet in the transmit-data descriptor rings in order from
last to first. This ensures that the DMA block is not held up while waiting to acquire the next buffer from a partially
transmitted packet.

start of chain (SOC) (bit 30)

The SOC bit indicates that this is the first buffer of a packet which may consist of one or more buffers. This bit
is also set in packets with single buffers. The SOC bit is cleared by the SAR after all processing for the first buffer
is complete.
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end of chain (EOC) (bit 29)

The EOC bit indicates that this is the last buffer of a packet. Every packet has at least one buffer with the EOC
bit set.

AAL type — AALS indicator (bit 27)

The AAL-type bitis setto zero to indicate that the packet described in this descriptor-ring entry is an AALS5 packet.
This bitis a configuration item rather than a bit carrying state information. This bit is set in every buffer of a packet,
and the software driver ensures that all buffers within a packet use the same AAL type.

current packet length (bits 26 — 16)

The SBus SAR increments this two’s-complement value with every cell transmitted until the counter is equal
to zero, which indicates to the SAR that the entire packet has been transmitted.

current-buffer length (bits 15 - 0)

The buffer-length field specifies the number of remaining bytes in the buffer currently being processed in this
BWG. The SAR adds to the value of this two’s-complement field with every transfer of payload data to the XMB
until it is equal to zero, which indicates to the SAR that all the bytes in this buffer are processed and queued for
transmission.

TX DMA word 1 — current-buffer pointer

I Byte-aligned current-buffer pointer (bits 31 — 0) ]

The current-buffer pointer is copied directly from the start-of-buffer pointer in the corresponding transmit-data
descriptor-ring entry at the start of each new buffer. The field is 32 bits, which implies that the buffer is aligned
to a byte boundary. The pointer is adjusted to point to the current location after each transfer of payload data
from the host to the XMB.

TX DMA word 2 - ATM header

| PTI2 (bits 31 — 29)| CLP2 (bit 28) | VPI (bits 27 — 20) | VCI (bits 19 — 4)[ PTI1 (bits 3 — 1) | CLP1 (bit 0) ]

The 4-byte ATM header field is copied directly from the corresponding transmit-data descriptor entry at the start
of each new packet. Bits (28 — 0) are concatenated to the 4-bit GFC field that is set to zero for every cell in the
packet except the last one. Bits (31 — 28) provide the PTI and CLP fields in the last cell of each packet.

TX DMA word 3 - configuration

| BWG_ON (bit 31) | Unused (bits 30-0) |

This bit allows the host to enable data transmission on a per-BWG basis. The BWG_ON bit from the current
BWG index is examined by the SAR on each cell opportunity. BWG_ON (31) is directly set by the host to indicate
that the BWG is enabled and that normal data processing is followed. If the bit is zero, no processing of transmit
data on the BWG is performed and an idle cell is transmitted on the link. This idle cell is used by the host to
respond to congestion indicators.

TX DMA word 4 - descriptor-ring address

| Tx-data descriptor-ring pointer (bits 31 - 12) | T descriptor-ring entry (bits 11— 4) | 0000 (bits 3-0) |

This pointer is a direct DVMA address to the location of the current entry (there are 256 entries in each ring)
in the corresponding transmit-data descriptor ring (one of 255 rings) for this BWG. Each descriptor ring is aligned
to a 4K-byte boundary in host memory with each entry aligned to a 16-byte boundary.

2-68

‘t'? TeExAs
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



_ TNETA1560
ATM SEGMENTATION AND REASSEMBLY DEVICE
WITH SBUS HOST INTERFACE

SDNS010B ~- JANUARY 1994 — REVISED DECEMBER 1994

PRINCIPLES OF OPERATION

TX DMA word 4 — descriptor-ring address (continued)

The address of the 4K-byte boundary in host memory is provided by bits (31 - 12). The entry number between
0and 255 is provided by bits (11 — 4). The low-order four bits are set to zero, and each entry is 16 byte aligned.
Bits (11 — 0) are initialized by the host to zero to correspond with the first entry used by the host in the
transmit-data descriptor ring.

TX DMA word 5 — place holder

| Place holder (bits 31 — 0) I

TX DMA word 6 — transmit CRC

| Partial AALS transmit CRC (bits 31 — 0) |

This field stores the 32-bit CRC calculated over the entire payload of each AAL5 packet. The CRC is placed in
the last four bytes of the last cell of the corresponding packet.

TX DMA word 7 — AALS tail

| AALS control field (bits 31 - 16) | AALS length field (bits 15-0) |

The AALS control and length fields are copied directly from the corresponding transmit-data descriptor entry at
the start of each new packet. The length field is not used for any control functions within the SAR. Both fields
are used exclusively for placement in the tail of an AAL5-protocol data unit (PDU).

transmit-completion ring

Table 8 shows the composition of the 4-word entry. The transmit-completion ring is a free ring with 256 entries.
The SAR posts an item to the next entry in the completion ring when it completes the transmission of each
packet. The transmit-completion ring pointer maintains the value of the current entry within the SAR. The host
can recalibrate to this by reading the value from the initialization section in control memory.

Table 8. Transmit-Completion-Ring Summary

ENTRY DESCRIPTION

Word 0 OWN (bit 31)  Unused (bits 30 —8) BWG index (bits 7 — 0)
Word 1 Reserved

Word 2 Reserved

Word 3 Reserved

TX-completion-ring word 0
OWN (bit 31)

This completion-ring entry is owned by the SBus SAR when the OWN bit is set. The completion-ring entry is
owned by the host when the OWN bit is zero. The SAR uses the next completion-ring entry in the ring if the OWN
bit is set. The TNETA1560 clears the OWN bit after updating the entry. The host then receives an interrupt and
retrieves the next entry in the completion ring to post the completion of packet transmission for a BWG and the
release of the buffer space occupied by the buffers constituting the packet. The host clears the OWN bit to allow
the SAR to use the completion-ring entry. if the OWN bit is not set when the SAR is ready to post a completed
packet, a status bit is set in the hardware-status register and an interrupt is generated if the error condition is
unmasked.
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BWG index (bits 7 - 0)

The only item that is posted to the transmit-completion ring when the SAR completes transmission of a packet
isthe BWG index. This is adequate for the host to locate the transmit-buffer pointers to the buffer locations where
data for the packet was stored and reclaim the buffer space.

receive free-buffer-ring format

Table 9 shows the composition of each free-buffer-ring entry. Each of the two rings has 256 entries. The host
places free-buffer pointers in each ring. The SAR removes a pointer when it starts processing each new packet

from the link.
Table 9. Receive Free-Buffer-Ring Summary

ENTRY DESCRIPTION
Word 0 OWN (bit 31) Unused (bits 30 - 28) Start-of-buffer pointer (bits 27 — 0)
Word 1 Reserved
Word 2 Reserved
Word 3 Reserved

RX free-buffer-ring word 0

OWN (bit 31)

Each free-buffer-ring entry is owned by the SAR when the OWN bit is set and it is owned by the host when the
OWN bit is zero. The host sets the OWN bit for new entries placed in the free-buffer rings. The SBus SAR uses
the next free-buffer-ring entry in the respective ring ifthe OWN bit is set. The SBus SAR clears the OWN bit after
acquiring the buffer and releasing the ring location to the host. The buffer is not freed until a packet is posted
to the receive-completion ring. If the OWN bit is not set when the SAR polls a free-buffer ring for a new entry,
a status bit is set in the hardware-status register and an interrupt is generated if the error condition is unmasked.

start-of-buffer pointer (bits 27 - 0)
A pointer to a buffer, aligned to a 16-byte boundary, is the only information placed in each free-buffer ring.
receive DMA block

The SAR supports 1024 receive DMA-channel entries with each containing eight words. Each DMA channel
represents a VCI on which data is received, and DMA entries in the control memory are indexed by incoming
VCis. The SAR initiates all transactions affecting the DMA table, except those required for one-time
configuration of a channel in word 3, during normal operation based on the header of cells received from the
link. Table 10 summarizes a receive DMA-channel entry.

Table 10. Receive DMA-Virtual-Channel Entry

ENTRY DESCRIPTION STATIC/DYNAMIC
Word 0 | Control, status, EFCN cell count, current packet length Dynamic
Word 1 Current buffer pointer — 28 bits Dynamic
Word2 | Start-of-buffer pointer — 28 bits Static

Word 3 | Control, packet length’ ' Static
Word4 | Reserved

Word5 | AALS partial CRC - 32 bits Dynamic
Word6 | Reserved

Word 7 Reserved
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receive DMA block (continued)

Data with the PTl field equal to 10X, representing VC-level OAM cells, is diverted to DMA channel O that operates
in the null-AAL mode with a packet length of one cell. Word 0 in each receive DMA-channel entry is copied from
word 3 at the start of each new packet. A number of the fields in word O represent the dynamic state of the
reassembly process for a cell. The fields in word 3 represent one-time configuration values for the VC entered
by the host. SAR accesses word 0 during normal cell-level processing to retrieve configuration items.

RX DMA word 0 - VC status/configuration

| Control (bits 31 — 23) I Unused (bit 22) | Current congestion number (bits 21 — 11) | Current packet length (bits 10 — 0) '

OWN (31)
The OWN bit is set when the DMA channel for this BWG is active and all DMA parameters such as the
receive-data pointer, buffer length, and packet length are current. The OWN bit is set by the SAR when word
3 is copied to word 0 at the start of each new packet. The bit is cleared by the SAR when the entire packet has
been posted to a buffer in host memory. The BWG is inactive when the OWN bit is zero. Then, the free-buffer
ring indicated in word 3 is used to poll a new buffer on the arrival of the first cell of a new packet on the VClI used
to index this BWG.

static-configuration bits from word 3 -

Table 11 summarizes six static-configuration bits copied from word 3 at the start of each packet. Each is
described in detail in the section on word 3 of this DMA block.

Table 11. RX DMA Word 0 Static-Configuration Bit Summary

LOCATION FIELD
Bit 30 VC_ON
Bit 29 Buffer type: small or big
Bit 28 Null-AALS indication
Bit 25 AAL3/4 indication
Bit24 End-of-packet wait
Bit23 Enable-end-of-packet wait

explicit forward congestion notification (EFCN) cell counter (bits 21 — 11)

The number of cells received with the EFCN indicator set in each packet is counted and the value stored in this
field. The EFCN indication is given a logic value of 01x in the PTI field of the ATM header. This value is passed
to the receive-completion ring at the end of each packet. Since this field is copied from word 3 at the start of each
new packet, it is reset to zero at this time.

packet length (bits 10 — 0)

The packet-length field in word 0 is set up with the two’s-complement value for the buffer size used by this BWG
at the start of each new packet. The counter is incremented with each new cell until the EOP signal or until the
value is zero. Null-AAL packets are terminated when the value of this counter reaches zero. If either the AAL5S
or AAL3/4 packet fills the buffer to capacity, the counter reaches zero and the packet is terminated with the
buffer-overflow indicator set in the receive completion-ring entry.
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RX DMA word 1 - current-buffer pointer

| Unused (bits 31 - 28)' Current-buffer pointer — 16 byte aligned (bits 27 - 0) I

The current-buffer pointer is 28 bits, which implies that the buffer is aligned to 16-byte boundaries. This is a
dynamic field that is updated with every RCB-to-SBus transaction.

RX DMA word 2 - start-of-buffer pointer

[ Unused (vits 31 - 28)| Start-of-buffer pointer — 16 byte aligned (bits 27 - 0) |

The start-of-buffer pointer is 28 bits because the buffer is aligned to 16-byte boundaries. This field is copied from
the corresponding 28-bit field in word 0 of a free-buffer-ring entry.

RX DMA word 3 - configuration

| Configuration (bits 31 - 23) | Unused (bits 22 - 11) | Null-AAL packet length (bits 10-0) |

OWN bit position (bit 31)

The OWN bit is set high for each valid receive channel. It is copied into the corresponding OWN bit location in
word 0 at the start of each new packet to indicate that the DMA channel is active.

VC_ON (bit 30)
The VC_ON bit enables packet-reassembly processing. The bit is set in the default mode to indicate that the

VC is enabled. The SAR discards cells received on the corresponding VC when the VC_ON bit is deasserted
on a per-cell basis.

buffer type — small or big (bit 29)

The SAR supports only two buffer sizes on receive: small and big. The host determines the sizes of the small
and big buffers. The buffer-type bit is used to select between a buffer pointer from the small free-buffer ring or
the big free-buffer ring for each new packet, which allows the host to target small or big buffers for all packets
on a given VC. The small free-buffer ring is used when the bit is set and the big free-buffer ring is used in the
default (zero) state.

null-AAL indication (bit 28)

This field is set to indicate that null-AAL packets are received on this BWG (VC). The null-AAL packet-length
field in bits (10 - 0) is used to determine the end of a packet. CRC errors are ignored for null-AAL packets. The
CRC-error indicator in the receive-completion ring is not used.

AAL3/4 indication (bit 25)

This field is set to indicate that AAL3/4 packets are received on this BWG (VC). This indicates the EOM field
in byte 6 (bit 6 of an ATM cell is used as the EOP indicator). CRC errors are ignored for AAL3/4 packets. The
CRC-error indicator in the receive-completion ring is not used.

end-of-packet wait (bit 24)

This bit must be set to zero by the device driver during initialization. This gives the SAR the responsibility of
setting the bit to one in DMA word 0 (when this feature is enabled). This bit is a status bit used by the TNETA1560
during operation.
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enable end-of-packet wait (bit 23)

When a start of a packet is detected by the TNETA1560, the TNETA1560 requests a buffer from the host
memory. If the buffer is not available, the first cell of this packet is dropped. The rest of the packet is dropped
after it is received. The host can set bit 23 to 1 enabling the TNETA 1560 to drop the cells of a packet that had
the first cell dropped. Once the TNETA 1560 detects the end packet, it begins to receive packets in this VCI. This
feature only works for AALS and AAL3/4. For null-AAL and OAM cells, bit 23 must be set to zero.

EFCN cell counter place holder (bits 21 — 11)
This field is set to zero since it is a place holder for the EFCN cell counter in word 0 of this DMA block.
AAL-packet length (bits 10 - 0)

The AAL-packet-length field in word 3 indicates the length of the buffer in cells for each packet in this BWG. This
is used in different ways based on whether the BWG supports AAL5 or AAL3/4 packets or null-AAL packets.
This field indicates the length of the buffer size allocated by entries in the free-buffer ring used by this BWG for
AALS or AAL3/4 packets. This is used to detect buffer overflow.

When the null-AAL indicator is set, this field programmed in two’s-complement notation represents the number
of cells in each null-AAL packet. Since receive DMA channel 0 operates off the null-AAL mode with each packet
of size equal to one cell, this field is programmed with the value 1 in two’s-complement notation (7FFhex).

RX DMA word 5 — AALS partial CRC

[ Partial AAL5 receive CRC (bits 31 -0) |

This field stores the 32-bit CRC that is calculated over the entire payload of each received AALS packet. The
CRC is stored in the last four bytes of the last cell in the AALS5 frame. The CRC check results in a unique
polynomial, if the frame is error frée.

receive-completion ring

Table 12 shows the composition of a 4-word receive-completion-ring entry. The receive-completion ring is a free
ring with 256 entries. The SAR posts an item to the next entry in the completion ring when it completes
reassembly on a packet. The receive-completion-ring pointer maintains the value of the current entry within the
SAR. The host can recalibrate to this by reading the value from the initialization section in control memory.

Table 12. Receive-Completion-Ring Summary

ENTRY DESCRIPTION

Word 0 | Control field, EFCN cells received, packet length
Word 1 Start-of-buffer pointer — 28 bits

Word 2 4-byte ATM header

Word3 | Reserved

RX completion-ring word 0 - control

| Control (bits 31 —29) I Unused (bits 28 — 22) l Congestion cells received (bits 21 - 11) | Packet length (bits 10 —m
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OWN (bit 31)

‘This completion-ring entry is owned by the SAR when the OWN bit is set and it is owned by the host when the
OWN bit is zero. If the OWN bit of the next entry in the respective receive-completion ring is zero when the SAR
polls it to post the completion-of-packet processing, an error indicator in the status register is set and an interrupt
generated. This causes the buffer that the SAR attempted to post to be lost. The SAR clears the OWN bit in the
receive-completion ring after it posts the packet. The host then owns the entry and may retrieve various pointers
to the packet.

packet overflow (bit 30)

The packet-overflow bit is set if the receive buffer overflowed while processing the current packet. Every packet
that ends in a buffer overflow is immediately terminated and a completion-ring entry is posted to the host.

CRC condition (bit 29)
The SAR forwards AALS packets with a CRC error to the host. This bit is set when a packet is received with an
AAL CRC error.

congestion cells received (bits 21 — 11)

The number of cells received in the packet with the EFCN indication set is forwarded to the host to implement
associated feedback mechanisms to squelch the source.
packet length (bits 10 - 0)

All received data is passed to the host in units of 48 bytes. The packet length in 48-byte payload units from
word 0 of the receive DMA block is passed to the host in two’s-complement notation. This value is always zero
for null-AAL packets. The length of AALS or AAL3/4 packets in integer units is obtained by subtracting this value
from the reassembly-buffer length reserved for the packet.

RX completion-ring word 1 — start-of-buffer pointer

| Unused (bits 31 - 28) I Start-of-buffer pointer — 16 byte aligned (bits 27 - (FI

The 28-bit start-of-buffer pointer is provided to the host in the RX completion ring to enable it to locate the
reassembled packet.

RX completion-ring word 2 - ATM header

| ATM header byte 1 l ATM header byte 2 | ATM header byte 3 I ATM header byte 4

The 4-byte header from the last cell in the reassembled packet is passed to the host.
user registers

This section describes several host-accessible internal SAR registers. Host-write accesses to nonexistent
registers areignored. A null word (32 zeroes) is returned to the host on a read access from a nonexistent register.

configuration register

The configuration register holds various values pertaining to overall SAR configuration. The host may read the
register and is allowed to program the EN_RX and the EN_TX bits.

| Unused (bits 31 —5)| NCE_M (bit 4)| 0 (bit 3) | EN_RX (bit 2) | EN_TX (bit 1)| 0 (bit 0)|
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EN_TX - enable transmit operation

The EN_TX bit allows the host to disable packet-to-cell segmentation and any payload data transfer from the
host to the link. It is set high to enable normal transmit processing and set to zero to disable such processing.
It is set to zero on reset, disabling transmit operation until various configuration register, the BWG table, and
the DMA blocks are configured by the host. The transfer of the new cells from SBus to the SAR is inhibited when
the enable transmit bit is disabled; however, cells already in the output buffer are forwarded to the PHY layer.

EN_RX - enable receive operation

The EN_RX bit allows the host to disable packet reassembly. All cells from the PHY layer are dropped when
the EN_RX bitis zero. The EN_RX bit is set high to enable normal processing. It is set to zero on reset, disabling
receive operation until various configuration and the DMA blocks are reconfigured by the host. The transfer of
new cells from the ATM link to the receive buffer is inhibited when the enable receive bit is disabled.

NCE mode indicator

The NCE bit is set to indicate to the SAR that cell payloads must be transferred exclusively via 16-byte SBus
bursts. The value at the input of the NCE-mode terminal is shifted into this indicator bit on every clock cycle.
Internal operation of the SBus SAR is based on the value of this register.

status register

The SAR status register is read only for the host. All the bits except the TX_freeze bit and the SBus error flags
are cleared when the register is read. The SAR generates an SBus interrupt to the host if one of the bits in the
register is set and if the condition represented by the bit is enabled by the interrupt-enable-mask register. The
SBus interrupt is an asynchronous signal that is held until the system clears the condition that caused the
interrupt.

Unused (bits 31 - 11)

LB_intr (bit 10)

SB_lerr (bit 9)

SB_err_ack (bit 8)

RX_freeze (bit 7)

TX_freeze (bit 6)

TX_comp_notav (bit 5)

RX_comp_notav (bit 4)

RX_bfree_notav (bit 3)

RX_sfree_notav (bit 2)

TX_comp_update (bit 1)

RX_comp_update (bit 0)

TX_comp_update, RX_comp_update (bits 1 - 0)

The transmit or receive completion update bit is set when the hardware releases a transmit or receive descriptor,
respectively, to the completion ring. This is initiated when the OWN bits in the respective DMA blocks are cleared
by the SAR.

RX_bfree_notav, RX_sfree_notav (bits 3 - 2)

The appropriate receive free-buffer not-available bit is set when the first entry in the corresponding receive
free-buffer ring is not available. This is indicated when the OWN bit in the first entry of the free ring is zero.

The incoming cell is deleted since there is no buffer available in which to place it. This eventually causes the
loss of the entire packet due to the resultant CRC error. The buffer-allocation-error bit in the DMA block is set,
indicated by a zero in the first free-buffer-ring entry.

RX_comp_notav (bit 4)

The receive completion-ring not-available bit is set when the next descriptor in the receive completion ring has
not been released by the host. This is indicated when the OWN bit in the entry is zero. This packet and buffer
are both lost to host memory.
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TX_comp_notav (bit 5)
The transmit completion-ring not-available bit is set when the next descriptor in the receive completion ring has
not been released by the host. This is indicated when the OWN bit in the entry is zero. The transmit-freeze bit
is set when this bit is set, disabling all transmit operation until the transmit-freeze bit is cleared via an active
command from the host.

TX_freeze (bit 6)

The transmit-freeze bit is set when the TX_comp_notav bit is set, disabling all transmit operation until the
transmit-freeze bit is cleared via an active command from the host. This has the same effect on the transmit
circuitry as disabling the enable-transmit bit.

RX_freeze (bit 7)

The receive-freeze bitis set when the RX_comp_notav bit is set, disabling all receive operation until the receive
freeze bit is cleared via an active command by the host. The buffer that could not be posted is effectively lost,
and the host must find some way to recover it while the freeze is in operation. The receive-freeze indicator has
the same effect on the receive path as disabling the enable-receive bit.

SB_err_ack (bit 8)

The SBus-error-acknowledgment bit is set to indicate that the SAR detected the SBus-error-acknowledgment
signal; i.e., SBACK2 — SBACKO set to 110 during the SBus DMA cycle. The SAR then terminates the ongoing
master-bus cycle, even if it is a burst transfer, and freezes all DMA-channel operation until a hardware or
software reset. This is a fatal error.

SB_lerr (bit 9)

The SBus-late-error bit is set to indicate that the SAR detected the SBus-late-error (SBLERR) signal during the
SBus DMA cycle. The SBus SAR then terminates the ongoing master-bus cycle unless it is a burst transfer, in
which case, it completes the burst. It then freezes all DMA-channel operation until a hardware or software reset.
This is a fatal error.

LB_intr (bit 10)
The LBus-interrupt bit is set if an interrupt is generated on the local bus.
interrupt-enable-mask register

| Unused (bits 31 — 11) ] Mask (bits 10 — 0) |

The interrupt-enable-mask-register bit has a bit to correspond to every entry in the status register. When a bit
in the mask register is set, an interrupt is generated if a corresponding bit in the status register is also set.

BWG-table-configuration register

| Unused (bits 31 — 11) | BWG Table Size (bits 10 — 0) |

The 11-bit BWG-table-size register allows the user to configure the size of the BWG table in 4-byte words. Each
word in the table consists of four 8-bit entries. The maximum table size is 1200 decimal, allowing for 4800 entries.
A resolution greater than 32 kb/s is achieved with 4800 entries. The number of entries in the table is one more
than the number programmed in this register; therefore, there is one entry in the table when the register is set
to zero.
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FIFO-maximum-depth registers

| Unused (bits 31 - 20) | Max_RX_FIFO_Depth (bits 19 — 10)| Max_TX_FIFO_Depth (bits 9-0) |

This is the only set of statistics collected by the SAR, which is useful information for queuing analysis in different
platforms with varying SBus clock speeds and latencies. These registers are not of the read-and-reset variety
and must be explicitly set to zero to restart the measurement.

SBus physical-address mapping (in SBus-slave mode)

The SAR allows the host to access various peripheral devices and internal registers via an SBus-slave mode.
The device connects to the SBus physical-address bits (15—0) and (24-23).

peripheral devices
Table 13 specifies the SAR-slave mode SBus physical-address ranges for the SAR peripheral devices.

Table 13. SBus Physical Addresses for SAR Peripheral Devices

ADDRE?&;)“ BITS DESCRIPTION ADDRESS | READ/WRITE
000000-00FFFF EPROM addresses 16 Read only
400000-40FFFF PHY-layer register addresses 16 Read/write
C00000-CO3FFF Control-memory addresses 14 Read/write

SBus SAR registers

The SBus SAR internal registers have an SBus physical-address base value of hex 800000. Table 14 specifies
the offset from this address for various SAR registers.

Table 14. SBus Physical Addresses for SAR Registers

OFFSET - 8 BIT DESCRIPTION READ/WRITE
(hex)

00 Software reset Write only
04 Status register Read only
08 Interrupt-mask register Read/write
ocC Configuration register Read/write
10 Reserved

14 BWG-table-size register Read/write
18 TX/RX FIFO-maximum-depth register Read/write
1C Reserved

20 Clear-transmit-freeze command Write only
24 Clear-receive-freeze command Write only
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® Peripheral Component Interconnect (PCl) o Explicit Cell-Level Interleaving Between
Device That Provides Asynchronous Groups of VCs
Transfer-Mode (ATM) Interface ® Packet Interface Is Managed by Efficient

® Single-Chip Segmentation and Descriptor Rings
Reassembly (SAR) for Full-Duplex ATM ® Physical (PHY)-Layer Interface Is Full
Adaptation-Layer (AAL) Processing Duplex and Compliant to the ATM Forum

® On-Chip PCI Host Interface Allows Use of UTOPIA Contribution
Host Memory for Packet SAR ® Supports PHY-Layer Data Rates in the

® 53-Byte ATM Cells Are Transparent to the Range of 25.6 Mbit/s to 155.52 Mbit/s
User ® Interfaces Directly to the TNETA1500

® Provides Complete Encapsulation and SONET ATM BiCMOS Receiver/ Transmitter
Termination of AALS5 and Limited AAL3/4 (SABRE)

® Features a Null AAL That Provides ® Recognizes ATM-Layer Operation and
Functions for Constant-Bit-Rate Services Maintenance (OAM) Cells

® Supports 1023 Unique Virtual Circuits ® No External Logic Required for Host or
(VCs) on Receive Side Local Buses to Ensure Simple Design

description

The TNETA1561 (PCI SAR) is an asynchronous transfer mode (ATM) segmentation and reassembly (SAR)
device with a peripheral component interconnect (PCl)-bus interface. This device incorporates ATM
adaptation-layer (AAL) processing, ATM SAR processing for full-duplex operation up to STS-3c rate of 155.52
Mbit/s, and the controls for the register interface on the physical (PHY) layer. The TNETA1561 provides a packet
interface that is managed by descriptor rings, making the 53-byte ATM-framing format transparent to the user.
The device passes the payload of 48 bytes, constituting the payload of each cell, across the PCl-host interface.
All packets are segmented and reassembled in host memory and accessed by the chip via the descriptor-ring
mechanism. The device reduces the memory requirements for network-interface cards (NICs). The
TNETA1561 requires no local processor on the card, which enables very compact solutions.

The applications for the TNETA1561 include NICs for client workstations and servers, embedded applications
like LAN emulation, and multiprotocol systems like video servers. The TNETA1561 provides complete AALS
encapsulation and termination in hardware. In addition, limited support is provided for AAL 3/4, and a null AAL
is provided to facilitate real-time data transfer. The TNETA1561 recognizes ATM-layer operation and
maintenance (OAM) cells.

In the transmit direction, the TNETA1561 generates data via a special bit-rate control table that provides explicit
cell-level interleaving between groups of virtual circuits (VCs). This mechanism brings a higher degree of
flexibility when specifying peak rates for each group (up to 155.52 Mbit/s at a resolution greater than 32 kbit/s).
The VCs within a group are serviced via a first-in, first-out (FIFO) discipline on a per-packet basis.

In the receive direction, the TNETA1561 allows multiple virtual paths (VPs) with the condition that each VC is
unique. The device is primarily intended for AALS encapsulation and termination that is supported in hardware.

The TNETA1561 has four interfaces that include the following: the PCl-bus interface with a 32-bit-wide data
bus, the cell interface based on the universal test and operations interface for ATM (UTOPIA specification), a
control-memory interface to access the local SRAM, and the local-bus interface to access the PHY-layer
registers. The UTOPIA interface to the PHY layer consists of an 8-bit-wide data path and associated control
signals in both the transmit and receive directions. The fifty-three-byte ATM cells pass between the ATM and
PHY layers through the UTOPIA interface.
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NC - No internal connection

description (continued)

The native clock for the TNETA1561 is the PCI clock, which operates up to 33 MHz. The native word size for
the device is 32 bits, corresponding to the data width for the PCI bus. The TNETA1561 is compliant to the
PCl-local-bus specifications (revision 2.0). The control-memory interface is 32 bits wide. This interface allows
the device to access the local memory to obtain the control information on the packets being segmented and
reassembled and to obtain their locations in host memory. Each packet queued for transmission can be
distributed across multiple buffers in host memory with each starting at any byte boundary. This is supported
in hardware by the device. Every received package is placed in a single buffer in the host memory and is aligned
to a 16-byte boundary. The TNETA1561 operation is explained in detail in the Principles of Operation section.
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PCl-bus interface

Terminal Functions

TERMINAL
[[[e} DESCRIPTION
NAME NO.
o
PINTA 110 (open | PCl interrupt. PINTA is an interrupt request from PCI SAR.
drain)
121-123,
125-129, PCl address bus and data bus. PAD31-PADO is multiplexed on the same PCI terminals. During
133-135, the first phase of a transaction (address phase), PAD31—PADO contains a 32-bit physical
138-141, address. This phase is the clock cycle when PFRAME is asserted.
PAD31- 143, 110
PADO 156-159, | (3 state) | During the data phase, PAD7-PADO contains the least significant byte and PAD31-PAD24
161-164, contains the most significant byte. Write data is stable when PIRDY is asserted. Read data is
167-170, stable when PTRDY is asserted. Data is transferred during those clock cycles when both PIRDY
171, and PTRDY are asserted.
173-175
PCBE3 131, 144 e PCl-bus command and byte enable. PCBE3-~PCBEQ lines are multiplexed on the same PCI
PCBE 0' 155’ 165, 3 stat terminals. During the address phase of a transaction, PCBE (3-0) lines define the bus
! ( e) command. During the data phase, PCBE3-PCBEO0 lines define which bytes are valid.
PCLK 149 | PCl clock. PCLK provides timing for all transactions on PCI.
e PCl device select. PDEVSEL, when actively driven, indicates that the driving device has decoded
PDEVSEL 151 3 state its address as the target of the current access. As an input, PDEVSEL indicates whether any
(3 state) device on the bus is selected.
e PCI frame. PFRAME is driven by the current master to indicate the beginning and duration of an
PFRAME 145 3 state) | 2°°ESS: PFRAME is asserted at the beginning of the bus transaction and remains asserted
(3 state) during data transfer. When PFRAME is deasserted, the transaction is in the final data phase.
BATT PCl bus grant. PGNT indicates to the agent that the arbiter has granted access to the bus. PGNT
PGNT 116 | : : L .
is a point-to-point signal and every master has its own.
PCl initialization and device select. PIDSEL is used as a chip select during configuration read
PIDSEL 114 | N "
and write transactions.
PCl initiator ready. PIRDY indicates the initiating agent’s (bus master) ability to complete the
FIRDY 146 110 current data phase of the transaction. During a write, PIRDY indicates valid data on
(3 state) | PAD31-PADO. During aread, PIRDY indicates the master is prepared to accept the data. PIRDY
is used with PTRDY when wait cycles are inserted until both PIRDY and PTRDY are asserted.
PCI parity. PPAR is even across PAD31-PADO and PCBE3-PCBEDO. For data phases, PPAR
/o is valid one clock after either PIRDY is asserted on a write or PTRDY is asserted on a read. Once
PPAR 154 (@ state) asserted, PPAR remains valid until one clock after the completion of the current data phase. The
master drives the PPAR for address-and write-data phases. The target drives PPAR for the
read-data phase.
1o PCI parity error. PPERR reports a data-parity error on all commands except special cycle. An
PPERR 152 @ state) agent cannot report a PPERR until it has claimed the access by PDEVSEL and completed a data
phase.
SEER PCl request. PREQ indicates to the arbiter that this agent desires use of the bus. Every master
PREQ m o . SEEA~
has its own PREQ.
PRST 115 | PCI reset. PRST forces the PCI sequence of each device to a known state.
110 SRS . . .
PSERR 153 (open PCI system error. PSERR reports address-parity errors and data-parity errors on special-cycle
) commands.
drain)
FSTOP 177 10 | PCI stop. PSTOP indicates the current target is requesting the master to stop the current
(3 state) | transaction.
1o PCI target ready. PTRDY indicates the target agent’s (selected device) ability to complete the
PTRDY 147 3 stat current data phase of the transaction. During a read, PTRDY indicates that valid data is present
(@3 state) on PAD31-PAD 0. During a write, PTRDY indicates that the target is prepared to accept data.
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Teﬁninal Functions (Continued)

PCI SAR and local-bus interface

TERMINAL
/o] DESCRIPTION
NAME NO.
LBRESET 62 o Local-bus reset. LBRESET is an active-high signal that is driven by the PCI SAR.
T T Local-bus PHY-layer chip select. LBPHYCS is used to interface with PHY-layer devices and is
LBPHYCS. 20 O | driven by PCI SAR
LBEPROMCS 19 0 Local-bus EPROM chip select. LBEPROMCS is an active-low signal that is driven by PCI SAR.
e Local-bus write. LBRW is an active-low write signal that indicates a write operation and is driven
LBRW 63 (e}
by PCI SAR.
e Local-bus read. LBRD is an active-low read signal that indicates a read operation and is driven
LBRD 61 (0]
by PCI SAR. .
LBINTR 44 [ Local-bus interrupt. LBINTR is an interrupt that is generated and driven by a local-bus device.
Local-bus ready. LBREADY is driven by local-slave devices. The bus transaction is completed
LBREADY 45 | after eight PCI bus cycles regardless of LBREADY. LBREADY is accepted by the SAR as a
handshake from the devices on the bus.
LBD7- g;:gg 1o Local-bus data. LBD7-LBDO are used to transfer data from and to local-slave devices and are
LBDO 59 ! driven by PCI SAR or local-slave devices.
LBADDR{3— 39-35, Local-bus address. LBADDR13-LBADDRO are the lower 14 bits of the PCI address bus and
LBADDRO 33-29, (0] are directly routed to the local-bus address lines. LBADDR13-LBADDRO are driven by
27-24 PCI SAR.
PHY-layer receive interface
TERMINAL
110 DESCRIPTION
NAME NO.
Receive clock. RCLK is equivalent to the internal clock at 19.44 MHz. RCLK is sentto the PHY
RCLK 84 (o} layer.
RDATA7 - 757_?%2 | Receive data. RDATA7-RDATAQ are connected to the PHY-layer receive interface and are
RDATAOQ , driven by the PHY-layer device.
69-67
RSOC 81 | Receive start of cell. RSOC is a start-of-cell signal from the PHY layer that indicates the first byte
of an ATM cell was sent to the TNETA1561.
AXEVPTY 80 | Receive buffer empty in the PHY layer. RXEMPTY is a receive buffer-empty signal that acts as
an inverted enable signal on this interface and is driven by the PHY layer.
RXENABLE 85 ) Receive enable. RXENABLE is active low and is driven by the TNETA1561.
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PHY-layer transmit interface

Terminal Functions (Continued)

TERMINAL
110 DESCRIPTION
NAME NO.
TOLK a9 o Transmit clock. The TNETA1561 generates TCLK at the PCI clock frequency and sends it to the
PHY layer. TCLK is an inverted version of the interhal clock. .
TDATA7— g;:gg- o |Transmit data. TDATA7-TDATAG are sent at the rate of the PCI clock and are driven by the
TDATAO ! TNETA1561.
87-86
TSOC %8 Transmit start of cell. TSOC is sent by the PCI SAR to the PHY layer and indicates that the first
byte of an ATM cell was transmitted to the PHY layer.
TXENABLE 102 (e} Transmit enable. The SAR turns off TXENABLE when the PHY layer sends the TXFULL signal.
Transmit buffer full in the PHY layer. The PHY layer asserts TXFULL at least four cycles before
TXFULL 79 | any internal buffers are full. This makes the TNETA1561 stop the data transmission to the PHY

layer.

PCI SAR and control-memory interface

TERMINAL

110 DESCRIPTION
NAME NO.
18-17,
CMADDR13- 15-11, o Control-memory address. CMADDR13-CMADDRO is a 14-bit address bus and is driven by the
CMADDRO 9-5, PCI SAR.
3-2
240-239,
236-233,
231-227, . .
CMD31 - 205_991 Coqtrol-memory data. The control-memory interface has a 32-bit data bgs. CMD31-CMDO are
CMDO 219-21 5’ /10 designed for 20-ns asynchronous SRAMs. The TNETA1561 uses this interface to access the
213-209, data structures and pointers in the control memory.
207-203,
201
CMOE 195 Control-memory output enable. CMOE is an active-low signal and is driven by the PCI SAR.
CMRW 194 Control-memory read/write. CMR/W determines a read or write operation. If the output is low, it

is a write operation. If the output is high, it is a read operation. CMR/W is driven by the PCI SAR.
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PCI SAR and test/control interface

TERMINAL
NAME

1o DESCRIPTION

PHYCLK 57 [ PHY-layer clock. PHYCLK is a 19.44-MHz clock signal driven by a PHY—Iayér clock crystal.

NC

(o] No connection. Leave open.

SCANEN

185 | SCAN enable. Connect to ground for normal operation.

TESTMODE 181 | Test mode. TESTMODE is driven by the test system. Leave grounded for normal operation.

power and ground

NAME

TERMINAL
NO.

DESCRIPTION

GND

4,16, 23, 28, 40, 47, 52, 56, 64, 71, 76, 83, 88, 95, 100, 107, 112, 117, 124, 136, 148, 160,
172,176, 184, 191, 196, 208, 220, 232, 237

Ground

vVee

10, 22, 34, 41, 46, 58, 65, 70, 77, 82, 89, 94, 101, 106, 113, 118, 130, 137, 142, 150, 166,
178, 190, 202, 214, 226, 238

Supply voltage
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vo (see Note 1) .....oooiiiiii it
Input voltage range, V| ... i e
Output voltagerange, Vo o .oovvii i e
Input clamp current, ljk (Vj<O0orV;>Vgg) (seeNote2) .................
Output clamp current, Iok (Vo <0orVo>Vgg) (seeNote3) .............
Operating free-air temperaturerange, TA .. ..covieiiiii i,
Storage temperature range . ...t e

-05Vto6V
-05VtoVgc+05V
-05VtoVgg+0.5V
+20 mA
+20 mA
0°C to 70°C
—-65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values are with respect to the GND terminals.
2. Applies for external input and bidirectional buffers
3. Applies for external output and bidirectional buffers

recommended operating conditions

MIN NOM MAX | UNIT
Vce Supply voltage 4.75 5 525 )
Voc=4.75V 3.325
, ‘ cMos cc
VIH High-level input voltage Vcc =525V 3.675 \
TTL 2
Voo =475V 0.95
, CMOS ce
ViL Low-level input voltage Vcc=5.25V 1.05 Y
TTL 0.8
TA Operating free-air temperature 0 70 °C

electrical characteristics over recommended operating conditions, Ty = 25°C (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN MAX | UNIT
IOH =8 mA Vcc-0.8
VOH High-level output voltage OH CC \Y
loL =4 mA Vce-0.8
IoH =8 mA 0.5
VoL Low-level output voltage \
loL=4mA 0.5
loz High-impedance-state output current V) =Vgg or GND +10 pA
L Low-level input current V| =GND -1 pA
IIH High-level input current Vi=Vce 1 pA
‘V TEXAS
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timing requiremehts (see Note 4 and Figure 1)

NO. MIN  MAX | UNIT
1 tw(RCLKH) Pulse duration, RCLK high 12 ns
2 tw(RCLKL) Pulse duration, RCLK low 12 ns
3 tsu(RSOC) Setup time, RSOC high before RCLKT 10 ns
4 tsu(RXEMPTY)  Setup time, RXEMPTY low before RCLKT 10 ns
5 tsu(RDATA) Setup time, RDATA valid before RCLKT 10 ns
6 th(RSOC) Hold time, RSOC high after RCLKT 1 ns
7 th(RXEMPTY)  Hold time, RXEMPTY low after RCLKT 1 ns
NOTE 4: All output signals are generated on the rising edge of RCLK.
operating characteristics (see Note 4 and Figure 1)
NO. MIN MAX | UNIT
8 t4(RXENABLE)  Delay time, RCLK T to RXENABLET 1 20| ns

NOTE 3: ' All output signals are generated on the rising edge of RCLK.

| | |
1 —q—N—yfl | —2
RCLK
(output)
| { Al
RXENABLE | gl
RXENABLE | |
(output) ; ! J( \
| le—3—pledl6
RSOC | !
(input) | |
T
| -5l
RDATA7- s
RDATAO Byte 53 XOKKKKXN  Byte 1 )Gyte 2 X Byte 3 X Byte 4 X Byte 5
(input) 00099
le— 4 —djepl— 7
RXEMPTY
(input)

Figure 1. Receive-Cell Interface
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timing requirements (see Note 5 and Figure 2)

NO. MIN  MAX | UNIT
1 tw(TCLKH) Pulse duration, TCLK high 12 18 ns
2 tw(TCLKL) Pulse duration, TCLK low 12 18 ns
3 |tsu(TXFULL) Setup time, TXFULL low before TCLKT 10 ns
4 th(TXFULL) Hold time, TXFULL low after TCLKT 1 ns
NOTE 5: Al output signals are generated on the rising edge of RCLK. All inputs are sampled on the rising edge of TCLK.
operating characteristics (see Note 5 and Figure 2)
NO. MIN  MAX | UNIT
5 |td(TXENABLE) Delay time, TCLKT to TXENABLEL 1 20| ns
6 td(TSOC) Delay time, TCLKT to TSOCT 1 20| ns
7 td(TDATA) Delay time, TCLKT to TDATA valid 1 20 ns
NOTE 4: All output signals are generated on the rising edge of RCLK. All inputs are sampled on the rising edge of TCLK.

TCLK
(output)

L
)]

le»—5 i

TXENABLE | | / \
(output) | 1 }
-6 |
tsoc | [
(output) | |
I
|

TDATA7 -
TDATAO
(output)

£(
TXFULL o \ /

7

(
7

N

<t

Byte 1 X Byte 2 XByteS

Byte 47 X Byte 48 X ,;:g‘:;d X Byte 49 X Byte 50 ><

(
7

S 37

(input)

Figure 2. Transmit-Cell Interface
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timing requirements (see Figure 3)

NO. MIN NOM MAX| UNIT
1 tsu(PGNT) Setup time, PGNT low before PCLKT 10 ns
2 tsu(PTRDY) Setup time, PTRDY low before PCLKT 7 ns
3 tsu(PDEVSEL)  Setup time, PDEVSEL low before PCLKT 7 ns
4 th(PTRDY) Hold time, PTRDY low after PCLKT 0 ns
5 th(PDEVSEL) Hold time, PDEVSEL low after PCLKT 0 ns
operating characteristics (see Figure 3)
NO. MIN  TYP MAX| UNIT
td(PREQ) Delay time, PCLKT to PREQJ 2 121 ns
7 td(PFRAME) Delay time, PCLKT to PFRAMEL 2 1] ns
t4(PCBE) Delay time, PCLKT to PCBE valid 2 1 ns
9 t4(PIRDY) Delay time, PCLKT to PIRDY{ 2 1 ns
10 |td(PAD) Delay time, PCLKT to PAD31—PADO valid 2 1 ns
T N N N N N N/ N/ N W N
(input) .
| | | | | |
PREQ | | | | |
(output) | i | 1 [ 1
& s e | | [
PGNT | | | | / !
(input) I 1 ! il
109 ¢ | [ I I
PAD31- ™\ | Address Data 1 Dataz X Datad X Dalad Y
PADO | T T T T
(output) 7 ¥ :‘— | | | |
PFRAME X : ! : / |
output
PCBE3- ™\ ' { BusCmd __ XBE No. S-1X BE No.S-2 X BE No. S-3 X BE NO. S-4 e
PCBEO | T Y Y T
(output) | 9 ¥ l— | | |
PIFDY " urn Arouna Y| | /
(output) ‘ Cycle I _’} 2 —» e 4
PTRDY i i X ! E )L
input
(input) | | o s -u‘ le— 5
PDEVSEL i | X i ,|¢ -
(input) . |{¢— Address Phase —pl¢——————— Data Phase ———————P

Figure 3. TNETA1561 Write Operation (PCl SAR as Master)
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timing requirements (see Figure 4)

NO. MIN NOM MAX | UNIT
1 tw(PCLKH) Pulse duration, PCLK high 12 ns
2 tw(PCLKL) Pulse duration, PCLK low 12 ns
3 [tsu(PGNT) Setup time, PGNT low before PCLKT 10 ns
4 tsu(PAD) Setup time, PAD31-PADO valid before PCLKT 7 ns
5 |tsy(PTRDY) Setup time, PTRDY low before PCLKT 7 ns
6 |tsuPDEVSEL)  Setup time, PDEVSEL low before PCLKT 7 ns
7 th(PAD) Hold time, PAD31 — PADO valid after PCLKT 0 ns
8 th(PTRDY) Hold time, PTRDY low after PCLKT 0 ns
9  |th(PDEVSEL) Hold time, PDEVSEL low after PCLKT 0 ns

operating characteristics (see Figure 4)

NO. MIN TYP MAX| UNIT
10 |td(PFRAME) Delay time, PCLKT to PFRAMEL 2 1 ns
11 |t4(PAD) Delay time, PCLKT to PAD31-PADO valid 2 11 ns
12 [t4prceE) Delay time, PCLKT to PCBE3—PCBEO valid 2 11| ns
13 |t4(PIRDY) Delay time, PCLKT to PIRDY{ 2 11| ns
14 [t4(PREQ) Delay time, PCLKT to PREQJ 2 12| ns

- e .
o A T S N N N N N W N N N
e | I !
PREG | | | | | /
(output) 14 _“| Ih_ 3 : _" Tﬁ— . I
PGNT o S 1 L 1/
(input) 1] | 7 |
PADST~ '
(10) 10 'JI f'_ | | L .
PFRAME [ S | /|
(output) 129 e | I |
PCBE3- =\ L Buls Cmd BE No.IS-1 — XBENo.S-2)(BE No. sa)(Js_E No.S-4 )
PCBEO [ \Buacmd T T
(output) | 139 f“ [ |
PIRDY T X | | /
(output) | 5 —bf Ih— lﬁ- 8 -bll
PTRDY I Turn Around Cycle x + ! 4
(Input) ! _’1. le— i+ 9 "[
PDEVSEL | X : I 4
(input) j¢&—— Address Phase —bﬂ—-— Data Phase ———>|

Figure 4. TNETA1561 Read Operation (PCl SAR as Master)
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timing requirements (see Figure 5)

NO. MIN NOM MAX | UNIT
1 tsu(PIDSEL) Setup time, PIDSEL high before PCLKT 7 ns
2 tsu(PAD) Setup time, PAD31-PADO valid before PCLKT 7 ns
3 tsu(PCBE) Setup time, PCBE3-PCBEO valid before PCLKT 7 ns
4 |tsu(PIRDY) Setup time, PIRDY low before PCLKT 7 ns
5 tsu(PDEVSEL)  Setup time, PDEVSEL low before PCLKT 7 ns
6 th(PIDSEL) Hold time, PIDSEL valid after PCLKT 0 ns
7 |th(PAD) Hold time, PAD31—PADO valid after PCLKT 0 ns
8 th(PCBE) Hold time, PCBE3-PCBEQO valid after PCLKT 0 ns
9 |thPIRDY) Hold time, PIRDY low after PCLKT 0 ns
10 | th(PDEVSEL) Hold time, PDEVSEL low after PCLKT 0 ns

operating characteristics (see Figure 5)

NO. MIN TYP MAX| UNIT
1 td(PAD) Delay time, PCLKT to PAD31-PADO valid 2 1 ns
12 td(PFRAME) Delay time, PCLKT to PFRAMEL 1 ns
13 |t4(PTRDY) Delay time, PCLKT to PTRDY{ 2 1 ns

(input) l—
(- | | |
PIDSEL _—_L*_J_!t_ 6 | | |
(Input) I : | : |
| 1 |
PAD31- 2T | M '
(10) 12 -9 e | : | |
L ! | ' 5
PFRAME X | | Ve |
(output) | — T N T | |
JEiimoniing ! ! 1
PCBE3- ~ N\l Buscmd X BE )
PCBEO | | T | M
(input) B | | le—4 o
PIRDY | ‘ ! ’L | )l{—
(input) | : : T
| l I 13 | lh—
PTRDY : | | X ;l‘
(output) I |
B | s |10 e
PDEVSEL T | \ | L
(input) | Address | | |
|1— Phase ————ﬂ Data Phase —i‘—q
Figure 5. TNETA1561 Read Operation (PCI SAR as Slave)
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timing requirements (see Figure 6)

NO. MIN NOM MAX | UNIT
1 tsu(PIDSEL) Setup time, PIDSEL high before PCLKT 7 ns
2 tsu(PAD) Setup time, PAD31—PADO valid before PCLKT 7 ns
3 tsu(PFRAME) Setup time, PFRAME low before PCLKT 7 ns
4 tsu(PIRDY) Setup time, PIRDY low before PCLKT 7 ns
5 tsu(PDEVSEL)  Setup time, PDEVSEL low before PCLKT 7 ns
6 th(PIDSEL) Hold time, PIDSEL high after PCLKT 0 ns
7 th(PIRDY) Hold time, PIRDY low after PCLKT 0 ns
operating characteristics (see Figure 6)
NO. MIN TYP MAX | UNIT
8 td(PTRDY) Delay time, PCLKT to PTRDY. 2 1 ns
- 1 b
PCLK
ooy SN TN NN
PIDSEL . ' ' : |
(input) | ¥ I % ! | . !
T T 1 T
: Jas i |
AD31-
PADO Address m Data : )
(10) | I l l |
— __A_r 3% | | l |
PFRAME | |/ | | |
(input) , ] | | |
| | ] | ]
PCBE3- w BE Y
PCBEO | | | T |
(input) [ ! | e | -
PIRDY | i Y% | r
(input) | | I !
l 1 | —» 8
PTRDY | | T 4; /
(output) | | e 5 ‘Hl
] |
PDEVSEL | | ’L /
(input) |

[
j&——»— Address Phase
Figure 6. TNETA1561 Write Operation (PCI SAR as Slave)
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operating characteristics (see Figure 7)

NO. MIN TYP MAX| UNIT
1 td(LBPHYCS)1  Delay time, [BRDJ LBPHYCS! 7 ns
2 |t4uBPHYCS)2 Delay time, LBADDR13 — LBADDRO valid to LBPHYCS! 7 ns
3  |t4LBREADY)1 Delay time, LBPRYCS! to [BREADYL 17 ns
4 td(LBD)V Delay time, LBPHYCS\ to LBD7 ~ LBDO valid 16 ns
5 |tyweoy Delay time, LBPHYCST to LBD7 — LBDO invalid 11 ns
6 td(LBREADY)2 ~ Delay time, LBPHYCST to LBREADYT 9 ns
7 |td(LBADDR) Delay time, LBPHYCST to LBADDR13 — LBADDRO invalid 2 ns

[BRW
(output)

LBADDR13-
LBADDRO
(output)

e ——!
(input) ———/Il !

LBRD Sl
(output)
I
|

I:¢-1—ﬂ

2

LBREADY
(input)

|

7,/

1
_T }_@

3]

I
|

LBPHYCS
(output)

T
L.\li

7

Figure 7. Local-Bus-Interface Read Operation (TNETA1561 as Slave)
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operating characteristics (see Figure 8)

NO. MIN TYP MAX| UNIT
1 td(LBPHYCS) Delay time, LBRWJ to LBPHYCS! 7 ns
2 t4(LBPHYCS)2  Delay time, LBADDR13 — LBADDRO valid to [BPHYCS! 7 ns
3  |tywBPHYCS)3  Delay time, LBD7 - LBDO invalid to (BPHYCST 7 ns
4 td(LBPHYCS)4  Delay time, LBADDR13 — LBADDRO invalid to (BPHYCST 6 ns

LBRD
(output)

LBRW
(output)

LBADDR13-
LBADDRO
(output)

LBD7-
LBDO
(input)

S
|
ZD—

e

i

A

LBPHYCS
(output)

\l\

Figure 8. Local-Bus-Interface Write Operation (TNETA1561 as Slave)
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operating characteristics (see Figure 9)

NO. MIN  MAX

UNIT

-

tw(CMRML) Pulse duration, CMR/W low

ns

td(CMR/W)1 Delay time, CMADDR13 — CMADDRO valid to. CMRAW. -

ns

td(CMR/W)2 Delay time, CMD31 — CMDO valid to CMR/WT

ns

plwin

ns

td(CMD) Delay time, CMR/WT to CMD31-CMDO invalid

CMOE
(output)

CMADDR13-
CMADDRO
(output)

<

0202020202020 %020 %% %

Q

) %0%0%0%%%% %% %%

CMR/W
(output)

CMD31 -
CMDO

(output)
Figure 9. Control-Memory-interface Write Operation

timing requirements (see Figure 10)

NO. MINT  MAX

UNIT

1 tsu(CMD) - Setup time, CMD31-CMDO valid before CMOET

ns

2 th(CMD) Hold time, CMD31-CMDO valid after CMOET

ns

t These numbers are for a 20-ns asynchronous SRAM control memory.

operating characteristics (see Figure 10)

NO. MIN  MAX

UNIT

3 [tacmor) Delay time, CMADDR13—CMADDRO valid to CMOEL

ns

CMR/W /
(output)

CMADDR13- morcrorcroerorororors
920.0.0:020°0.0:0° ¢
CMADDRO 55555886 XN

Valid

(output) SERRRRRRKG m
CMOE \‘\ /l[

(output)

'h—1—-—’:‘————2————-dl

( Valid %

Figure 10. Control-Memory-interface Read Operation

CMD31-
CMDO
(input)
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functional overview (see Figure 11)

The TNETA1561 (PCI SAR) is fully compatible with the PCl-bus requirements for connecting a peripheral device
to a PCl-bus host system (mapped in memory space) and is designed for the PCI plug-in card concept. The
central-resource functions, such as PCl-bus arbitration, are implemented by the host processor using the PClI
SAR adapter.

The PCl SAR provides the PCl-configuration space to support its configuration and initialization. This
configuration space specifies data for initialization software and error-handling software. The PCI SAR supports
the mechanism to implement an external-EPROM interface for device-specific initialization and other booting
mechanisms.

The PCI bus uses bursts as the basic mechanism to transfer data. The TNETA1561 supports data-burst sizes
up to 52 bytes for a PCl-bus access requiring a total of 13 data-phase transfers. The typical latency for PCl-bus
access is 2 ps, but this PCI SAR provides adequate data buffering for a worst-case latency of up to 30 ps.
EPROM
Pl 4
Bus . 8 Local Bus
A 4 4
Host - a
cPU <> X UTOPIé
Memory
—’_
Master 32, . | TNETA1561 Physical )
Arbit Dl (PCI SAR) Layer Media
roiter —¢————
RX UTOPIA
Bus <
Bridge
' 3
32 Control-Bus
Memory
v
Control
Memory

Figure 11. TNETA1561 Architecture
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PRINCIPLES OF OPERATION

functional overview (see Figure 11) (continued)

The TNETA1561 provides a packet interface that is managed by descriptor rings to make the 53-byte ATM
framing format transparent to the user. The PCI SAR passes the 48-byte payload of each cell across the PCI
bus. All packets are stored in host memory and accessed by PCI SAR by the descriptor-ring mechanism.

The PCI SAR generates data in the transmit direction via a special bit-rate control table that provides explicit
cell-level interleaving between groups of virtual circuits (VCs). This mechanism provides a high degree of
flexibility in specifying peak rates for each group of up to 155 Mbit/s at a resolution greater than 32 kbit/s. VCs
within a group are serviced via a FIFO discipline on a per-packet basis.

The PCI SAR supports 1023 unique VCs, typically all associated with virtual path identifier (VPI) 0. VP10 allows
multiple virtual paths (VPs) with the reminder that each VC is unique. Limited support is provided to recognize
ATM-layer OAM cells. The PCI SAR is primarily intended for ATM AALS5 encapsulation and termination that is
fully supported in hardware. Limited support is provided for AAL3/4 with 48-byte transfers across the PCl-bus
interface and hardware recognition of the EOM indicator on the receive side. In addition, a null AAL is supported
to facilitate real-time data transfer. The interface to the PHY layer consists of an 8-bit-wide data path and
associated control signals in both the transmit and receive directions. The 53-byte cells pass between the ATM
and PHY layers. The native clock for PCl SAR is the PCI-bus clock frequency of 33 MHz. The 8-bit-wide data
path on the receive ATM-PHY interface requires a clock rate of at least 19.44 MHz when interacting with a
155.52-Mbit/s physical layer. The receive interface uses the PHY-layer clock. The native word size for PCI SAR
is 32 bits, corresponding to the data-bus width for the PCI bus.

functional description

The PCI SAR implements the functions of the transmit and receive modules. The implementation of these
modules is described in terms of their functional blocks. The PCI SAR has the following basic blocks: PCIMAC,
PMIF, LBIN, USR REG, transmit block (XBTP, CA, XALP, XMB FIFO, XPIN), and receive block (RBTP, RALP,
RMB FIFO, RPIN) (see Figure 12).

transmit modules

The transmit host-and-buffer transaction processor (XBTP) is responsible for all host-related functions on the
transmit side. It requests 48-byte transfers from the PCI bus-interface block, PCIMAC. The cell actuator (CA)
accesses the BWG table and determines the next VC to be serviced. The transmit adaptation-layer processor
(XALP) processes all AAL-related functions and adds the 4 bytes of the ATM header to each cell. The AAL5
cyclic redundancy check (CRC) is generated by the XBTP module and it is appended to the packet. The transmit
buffer (XMB), a FIFO, is an 8-cell buffer that receives 13 words per cell. Idle cells are also placed in this buffer.
The transmit PHY interface (XPIN) does word-to-byte unpacking and interacts with the PHY layer using the
PCl-bus clock.

receive modules

The receive PHY interface (RPIN) performs byte-to-word packing, filters idle cells, and interacts with the PHY
layer using the system PHY-layer clock crystal. The receive buffer (RMB) performs rate synchronization from
the PHY-layer clock to the PCl-bus clock and buffers up to 32 cells. The receive ATM processor (RAT) and the
receive ATM adaptation-layer processor (RALP) operate in parallel and are part of the same module. The RALP
terminates the AAL5 CRC and processes various EOP indicators. The RAT function is responsible for deleting
the ATM header and accessing the correct receive direct-memory access (DMA) entry. Finally, the receive
host-and-buffer transaction processor (RBTP) performs all host-specific functions on the receive side.
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PCIMAC

The PCIMAC block is aninterface unit between a PCl-based host system and PMIF block of PCI SAR. It masters
the PCI bus in its master mode and allows the host to access the PCl SAR in its slave-mode operation. This
block provides the PCI-bus host interface with all the interface signals for master and slave operations. This
blockimplements a 32-bit data buffer to provide a data path to and from the host. This data buffer has aninterface
with the XMB FIFO for transmit data and with RMB FIFO for receive data. This module also has a
PCl-configuration space implemented as 32-bit registers.

The PMIF has another interface with PMIF (internal to PCI SAR) that provides all the necessary control signals
enabling PCI SAR to operate in master mode. The operation in slave mode is controlled by the host system.

PMIF

The PMIF block provides interfaces to LBIN, CMIA, XBTP, RBTP, and USR REG blocks. The LBIN function
provides access to the PHY layer and EPROM. The CMIA interface provides a data path to access control-
memory data. The XBTP and RBTP interfaces provide appropriate signals that make the PCI SAR device a
PCI-bus master for the transmit or receive function.

The USR REG interface provides status and control data for PCl SAR functions. This block also has a SAR
configuration register that is written by the host to enable transmit or receive operation. This block is only a carrier
of data and control signals in either its master- or slave-mode operation. It does not initiate any operation except
generating PCl-bus requests.

CMIA

The CMIA block provides an interface to the control memory using the local memory bus. It performs memory
arbitration for all the functions that access control memory. Each access is a one (32-bit) word access. The
priority mechanism to service various functions is in the following order: RALP, XALP, CA, RBTP, XBTP, and
PMIF.

PHY layer

The PHY-layer interface is serviced by the XPIN and RPIN modules for either reading data from the XMB FIFO
in the transmit direction or writing data to RMB FIFO in the receive direction. Figure 12 depicts the data-flow
representation of the PCI SAR functional block diagram.
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Figure 12. PCI SAR Functional Block Diagram
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interfaces

The PCI SAR (TNETA1561) has the interfaces shown in Figure 13. The PCl-bus interface communicates with
any other host on the PCI bus. The local-bus interface allows PCI SAR to have access to PHY-layer device
registers and to an external EPROM. The control-memory interface allows the host and other internal functions
of the PCI SAR to access the control memory. The PHY-layer interface allows the PCI SAR to transmit packets
to a PHY-layer device or receive cells from it.

Control and Test Terminals .

/\
/ A\
PHYCLK TESTMODE SCANEN
~ —4—>»—} PAD31-PADO LBRESET |—p—
—<«—>{ PCBE3-PCBED LBPHYCS |—»—
—<4—>— PPAR LBEPROMCS |[——p—
—«—>| PrRAME [BAW |—»—
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Figure 13. PCI SAR Interface to Other Hosts on the PCI Bus
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PCl-bus interface

The PCl-bus interface is provided by the PCIMAC block of the PCI SAR device. The system terminals are for
the PCl-clock and reset function. The address and data terminals are for a 32-bit interface with the least
significant byte [LSB] being the bits (7 — 0) and the most significant byte [MSB] being the bits (31 —24). The bus
command and byte enable are used to indicate the valid byte of the data. The device fully supports all bus
commands (per PCI Local-Bus Specification. Rev 2.0 April 30, 1993) except for the interrupt acknowledge,
special-cycle command, and I/O commands. In the slave mode, the memory-read multiple and the
memory-read lines are treated as the memory-read command. The memory write and invalidate commands are
treated as the memory-write command. In the master mode, it does not support memory-read multiple and
memory-read line commands. The device also provides all the interface control terminals; PFRAME PIRDY,
PTRDY, PSTOP, PIDSEL, and PDEVSEL. The PLOCK feature is not supported. For bus-master operation, the
PREQ and PGNT terminals are provided. The error reporting terminal PPERR is for reporting parity errors
(except on a special cycle) and PSSER is for reporting address-and-data parity errors or any other catastrophic
system error. The PCIMAC also generates PSERR when it is self selected as the target.

The PCI SAR keeps track of the number of times it has retried a PCl-master transaction. This feature is externally
programmable up to a maximum of 15 retries. Once the number of retries exceeds this count value, the
TNETA1561 asserts PSERR low. The interrupt PINTA is defined for the PCI SAR. The PC! SAR does not support
any JTAG or boundary-scan function. The PCI SAR implements the following functions: the PCl-memory bus
master for DMA transfers responds as a PCl slave for local-memory accesses and supports disconnection with
retry for PCI. As a PCl-bus master, it supports burst and nonburst data accesses; however, in slave mode it
supports only nonburst data transfers. The PC SAR is designed to meet the worst-case latency of the PCI BUS
up to 30 us. A minimum bus-grant value ensures the PCl-bus access for a minimum duration that is long enough ~
to transfer a cell (48 bytes). The PCI macro terminates a transaction when the TNETA1561 is acting as a bus
master and no device-select return is detected after it has initiated a transaction.

local-bus interface

The local-bus interface is between the PMIF and LBIN modules. The local bus allows access to the EPROM
and the registers on the PHY-layer device. Since several devices are allowed on the local bus, the PCI SAR
accepts a ready signal from devices on the bus as a handshake. This accommodates slow devices such as
EPROMSs and is used to relax timing constraints on the register interface for PHY-layer devices. The local bus
is only accessed via PCl-bus transactions with the PCI SAR as the slave (with the exception of the local-bus
interrupt signal). The lower 14 bits of the PCl-bus address lines are used to address the local bus. The PCI-bus
address must remain stable while the local bus is active.

control-memory interface

The control-memory interface is between the control-memory interface and arbitration (CMIA) and all other
modules that access the control memory. The control memory is set up in a 16K x 32 configuration with the cycle
time given by the PCl-bus clock. The control-memory interface is designed for an asynchronous SRAM with a
32-bit data bus, a 14-bit address bus, a read or write signal, and an output-enable signal (CMOE).

PHY-layer interface -

The ATM-cell-transfer rate is full-duplex 149.76 Mbit/s, but data may arrive in bursts at 155.52 Mbit/s due to the
framing scheme described by the PHY layer. A clock rate of at least 19.44 MHz is essential in the receive
direction to prevent cell loss due to buffer overflow in the PHY layer. The PCI SAR decouples the PCl-bus clock
from the PHY-layer clockin the receive direction via an asynchronous FIFO, which holds up to 32 cells. The PCI
SAR transmits data to the PHY layer at the PCl-bus clock rate.
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PHY-layer interface (continued)

The PCI SAR sends a transmit clock at the PCI clock frequency and a receive clock at 19.44 MHz to the PHY
layer. The transmit clock sent to the PHY layer is an inverted version of the internal clock. This ensures that all
setup- and hold-time restrictions are met. The PCl SAR generates output data along with a start-of-cell indicator
in the transmit direction. This data is sent at the rate of the PCl-bus clock. The PHY layer can respond with a
full signal, which is asserted at least four cycles before any internal buffers are full. The PCI SAR then turns off
the transmit-enable signal until the full signal is deasserted. The PHY layer sends a start-of-cell indicator with
output data. The empty signal acts as an inverted enable signal on this interface.

The PHY-layer interrupt signal is directly connected to the PCl-bus interrupt signal; therefore, PCl-bus interrupt
is asserted when the PHY-layer interrupt signal is asserted.

operation

The memory mapping of the PCI SAR local-memory elements is mapped in the host-memory space. The host
memory-block location, which is determined by the host, is not predefined. The host writes the starting address
in the base-address register located in the configuration space. The PCI SAR during read-from or write-to host
memory uses the little-endian addressing scheme. This requires byte swapping of data into big endian and
writing into the XMB FIFO during the transmit operation. The received data bytes from the RMB FIFO must also
be swapped from big endian into little endian.

PCl-bus and data-transfer requirements

The PCI SAR behaves as a PCl-bus DMA master and as a slave. The PCI SAR supports a maximum AALS
buffer size of 64K bytes, which corresponds to a maximum AALS packet length of 64K bytes. In burst mode,
the data transfer between the PCI SAR and the hostis cell based (48 bytes). This transfer is completedin a single
access of the PCI bus, but this is dependent upon the bus latency of the host system. This transfer is always
initiated by the PCI SAR as a master. The data transfer across the PCl bus is word based (4 bytes). The
PCIl SAR also supports nonburst transfers as a master and as a slave for host accesses (as defined in the
PCl-bus transaction).

PCI-bus interaction and transfer size

TRANSACTION PCI SAR ROLE TRANSFER SIZE
Host access — PCI SAR registers, PHY-layer registers and control memory Slave Word
Host access — PCl-configuration space Slave Byte/Word
Host access -~ EPROM Slave Word

PCI SAR access — Transmit-completion ring, transmit-descriptor ring,

and receive free-buffer ring transactions Master Word
PCI SAR access — Posting to host-receive completion-ring entry Master 4 Word
PCI SAR access — Cell-payload transfers Master 1-13 Words

Latency Dependent

byte swapping

The payload-data (48 bytes per cell) processing by the PCI SAR requires byte swapping to meet the PCl-bus
little-endian format. This swapping is required as the transmit and receive data in the local-buffer FIFO is stored
in big-endian format. The two formats are described for comparison.
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little-endian addressing

If the starting address to retrieve data is 1232h, the required byte from the word readout is bytes 2 and 3. The
next word readout is bytes 4, 5, 6, and 7.

Data Bits 31-24 23-16 15-8 7-0

Addressing Bits 31(MSB) ... e ... .. 0 (LSB)
Byte Addresses [0-1233] [0-1232] [0-1231] [0-1230]

Byte 3 Byte 2 Byte 1 Byte 0

Byte 7 Byte 6 Byte 5 Byte 4

big-endian addressing

If the starting address to retrieve data is 1232h, the requnred byte from the word readout is bytes 2 and 3. The
next word readout is bytes 4, 5, 6, and 7.

Data Bits 31-24 23-16 15-8 7-0
Addressing Bits 0(MSB)... ... e - 31 (LSB)
Byte Addresses [0-1230] [0-1231] [0-1232] [0-1233]

Byte 0 Byte 1 Byte 2 Byte 3
Byte 4 Byte 5 Byte 6 Byte 7

The data bytes, starting from the least significant byte, are located in the LSB position for the little-endian format
and in the MSB position for big-endian formats.

memory-map table

The following memory-map table defines the offset-address range for the various blocks of the control memory
as they are mapped into host memory. The host-memory base address of the control-memory block is obtained
from the base register 0. This is defined in the paragraph for the PCI SAR configuration-space registers. The
host-memory base address of the EPROM-memory block is obtained from the expansion-ROM base-address
register. These base addresses are defined in the PCI-SAR configuration-space register section.

control-memory block — maximum size of 64K bytes

The first 48K bytes of this block are in the control memory (external to the PCI SAR) and are divided into the
first 16K bytes for the transmit-side information and the next 32K bytes for the receive-side information. The
remaining 16K bytes are divided into 8K bytes each for the USR register (within the PCI SAR) and PHY-layer
register (PHY-layer device external to PCl SAR).

OFFSET ADDRESS BITS DESCRIPTION READ/WRITE REGISTER
00000000h — 000003FFh Initialization block (256 words) RW
00000400h — 000023FFh Transmit DMA states (2K words) R/W
00002400h — 00003FFFh BWG table (1.2K words) R/W
00004000h — 0000BFFFh Receive DMA states (8K words) RW
0000C000h — 0000DFFFh PHY-layer register (2K words) R/W
0000E000h — 0000FFFFh USR register (2K words) R/W
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indirect local-memory block — maximum size of 8K bytes
The indirect control-memory block includes the following registers for addressing, data, and status information:

REGISTER SIZE DESCRIPTION
Control-memory address register 32 bit Contains the address of the control-memory block
. " Buffer that provides data read from or written to the
Control-memory data register 32 bit control-memory block
Control-memory control register 1 — register 8 32 bit Display PCI SAR register information
EPROM memory block

The maximum size for the EPROM is 8K bytes.
PHY-layer registers access

The TNETA1561 uses the local-bus interface to access the PHY-layer registers. The host system must use the
PCl interface to address the register in the PHY layer; therefore, a 32-bit address has to be generated from the
host and passed to the TNETA1561. To access a byte-wide address offset for the PHY-layer device registers,
the host software has to increment the PCl-offset address by four bytes because the lower two address bits are

control-memory access

always ignored. The TNETA1561 converts this address to a byte-wide offset allowing easy access to the ;
registers. The data in the PHY-layer registers is byte wide, so the reads and writes carry a byte of information. w
The TNETA1561 copies this byte four times into a 4-byte word and transfers this word to the host. The hostthen e
extracts one of the four bytes. E
PCI-OFFSET ADDRESS BITS PHY-REGISTER OFFSET ADDRESS o

0000C000h 00 [a

0000C004h 01 -

0000C008h 02 O

0000C00Ch 03 - |

0000C010h 04 (]

o)

(2 s

o

The control memory is accessed by using the offset-address bit of the PCl-bus address. This provides a
14-bit-wide address bus to the control memory. All PCl-bus accesses to control memory are one-word accesses
at word boundaries.

control-memory address map
The data below specifies the memory regions and base pointers of the control-memory address map.

MEMORY REGIONS CONTROL-MEMORY BASE POINTERS (HEX)
Initialization block 0000h
Transmit BWG 0 — 255 — DMA block 0100h
BWG table (1200 words, 4800 entries) 0900h
Receive BWG/VCI 0 —1023 — DMA block 1000h
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PClI-bus physical addresses for PCl SAR peripheral devices
The data below specifies the PCI SAR slave-mode PCl-bus physical-address ranges for peripheral devices.

DESCRIPTION ADDRESS BITS | READ/WRITE REGISTER
EPROM addresses 14 R
PHY-layer register addresses 14 R/W
Control-memory addresses 14 RW

packet-interface information

Packet interface, BWG-table mechanism, AAL5 processing, AAL3/4 processing, null-AAL processing,
VPINCI/GFC processing, OAM processing, and details on the transmit-descriptor rings/DMA, receive
free-buffer rings/DMA, and completion rings is described in this section.

The PCI SAR uses host memory to store a packet (48-byte cells) in both transmit and receive directions. The
PCI SAR initiates the data transfer for the PCI bus for both transmit and receive operations. The packet does
not include AALS encapsulation while in host memory. The PCI SAR provides this header data. The buffering
of data within the PCI SAR is limited to an 8-cell FIFO for transmit and a 32-cell FIFO for receive.

Each packet queued for transmission may be distributed across multiple buffers in host memory with each
starting on a one-byte boundary. Packets that are received over ATM are placed in a single buffer in host memory
(either big or small) aligned to a 16-byte boundary.

bandwidth group (BWG) table mechanism

The PCI SAR generates data via a special bit-rate control table known as the BWG table. Each BWG consists
of one or more virtual circuit identifiers (VCls), and each VCl is served via a FIFO discipline on a per-packet
basis. Each entry in the BWG table consists of an 8-bit BWG index, and BWGs are serviced based on the
composition of the BWG table. The size of the BWG table is programmable with a maximum of 4800 entries,
organized as 1200 words, to provide a resolution greater than 32 kbit/s (see Figure 14).

Bit 31 Bito
125 12 16 0 <4— Sendldleif0
25 18 3 255
BWG Index (0 — 255) Given by
Y an 8-Bit Entry
L)
Table Size: 1200 Words
8 | 18 | 21 | o

Figure 14. BWG Table

AAL-type processing

The PCI SAR supports various types of AAL processing. AAL3/4, AALS5, null-AAL, GFC, and OAM processing
are described in this section.
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AALS processing

The primary support is for AALS with encapsulation in the transmit direction and termination in the receive
direction. AALS5 packets are converted to cells by the PCI SAR before delivery to the PHY layer. Similarly, the
device recovers the 53-byte ATM cells from the PHY layer before it performs AALS termination.

Since 48 bytes are provided across the PCI-bus interface, all AAL3/4 packet data processing is performed by
the host in software. AALS5 processing is disabled on VCls using AAL3/4. The AAL3/4 EOM indicator, which is
located in the first byte of the ATM payload (see Figure 15, is recognized in hardware, initiating an interrupt to
the host. This is used by the host to retrieve successive 48-byte payload segments from the appropriate buffer.

AAL3/4 processing

The PCI SAR adds the pad, the control/length field, and the cyclic redundancy check (CRC) for transmit
packets. The PCI SAR does not interpret the field length in the AALS frame in the receive direction; therefore,
the entire AALS5 packet is forwarded to host memory allowing the driver to remove the correct payload. This also
allows the host to examine the control field in software, necessary in a time of evolving standards in this area.
The PCI SAR performs CRC checks in the receive direction and indicates EOP processing to the host based
on the EOP indication in AALS.

Bit7 Bit0
| | AAL3/4 EOM Bit | | | | | ] |

Figure 15. AAL3/4 Processing

null-AAL processing

Null-AAL processing uses the same mechanism as AAL3/4 in the transmit direction to disable AAL5 processing.
The control entry associated with each BWG (VCI) in the receive direction has an entry to indicate an interval
defined in units of cells received. The PCI SAR then provides an interrupt to the host when the number of cells
received on the VCl is equal to that indicated by the table entry. This counter is reset after each interrupt (at the
end of eachinterval). Thisinterval is also referred to as a packet, although it does not encapsulate a well-defined
unit of information.

high-order VPI/VCI bits and GFC processing

The lower ten bits of the VCI are used to encode the 1023 possible VCIs. VCI 0 is not used since it indicates
unassigned cells. The upper-order bits of the VCI and the VPI field are programmable on a per-VC basis on
transmit.The generic flow control (GFC) field is always set to zero.

The upper-order bits of the VCI, the VPI field, and the GFC field are ignored on all cells that are received. These
cells are only passed to the PCI SAR if the header error control (HEC) field is correct, the upper-order bits of
the header are set intentionally, or the cell is misrouted. The probability of misrouting is small and such an event
would be detected via the CRC check in AALS5. The advantage of this scheme is that any VPI/VCI combination
is supported if the lower ten bits of the VCI are unique.

OAM processing

ATM-layer OAM processing does not reqUire real-time intervention and is processed in software. OAM cells
received on the link are identified by the PCI SAR.
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ATM-layer OAM encoding
NO. ITEM Vel PTI

1 VP level: link-associated OAM cell 3 -
2 VP level: end-to-end OAM cell 4 -
3 VC level: link-associated OAM cell Any 4
4 VC level: end-to-end OAM cell Any 5

Each OAM cell forms a fully encapsulated packet. ATM-layer OAM cells transcend AAL protocols and are
recognized differently. The end system recognizes all four ATM-layer OAM flows. OAM cells received on VCI
3 and 4 do not interfere with the normal data stream. The only special processing necessary is to initiate EOP
processing for each cell. The software driver must configure VCI 3 and 4 as null-AAL channels with a packet
length equal to one cell in the receive direction. OAM cells are transmitted as null-AAL packets with length equal
to one cell. VC-level OAM cells are specially interpreted. They are diverted to receive DMA channel 0 and the
4-byte ATM header is passed on to a receive-completion ring in host memory during normal EOP processing.

transmit descriptor rings and DMA

Each transmit BWG is supported by a corresponding DMA channel and its own descriptor ring. The PCI SAR
supports 255 BWGs, 255 descriptor rings, and 255 DMA channels in the transmit direction. This implies that
the number of packets and VCs that are active simultaneously is limited to 255. BWG 0 represents null and a
null cell is transmitted. This null cell is generated by the PCI SAR and no data is buffered in the FIFO memory
for transmission.

Each descriptor ring holds up to 256 entries corresponding to 256 buffers that may be queued for transmission
for that ring. The total number of buffers that can be queued for transmission is approximately 64K (256 buffers
per descriptor ring x 255 descriptor rings). The buffers within a descriptor ring are serviced in FIFO order on a
per-buffer basis.

Each descriptor-ring entry contains a control bit that indicates whether a buffer is queued up for transmission.
The DMA entry for each BWG contains a pointer to the first item in the queue in the corresponding descriptor
ring. Anidle cell is transmitted if the control bit in the descriptor entry indicates an inactive entry. The DMA entry
has a bit that allows the host to disable any BWG.

receive free-buffer rings and DMA

The PCI SAR uses buffer. pointers from two free-buffer rings to place the incoming packet data in the host
memory. These are called small free-buffer ring and big free-buffer ring. Each receive BWG has a control bit
indicating the type of buffer it uses: small or big. These buffers are preallocated by the host application for the
next packet and not by the BWG.

The PCI SAR supports 1023 receive DMA channels and 1023 VCls. The incoming VClindexes the receive DMA
channels. BWG 0 is reserved to process information for OAM cells.

completion rings

The PCI SAR indicates completion of packet processing in either direction to the host via an interrupt and by
posting entries to receive- and transmit-completion rings. Each completion ring accepts up to 256 entries. A
control bit in each entry of the completion ring prevents the PCI SAR from overwriting an entry that has not been
processed by the host.
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data structure

The PCI SAR data structure and contents of various physical locations are summarized below:

CONTROL MEMORY HOST MEMORY INTERNAL REGISTERS
BWG table TX descriptor rings (255) PCI SAR operational registers
TX DMA states TX completion ring PCI SAR configuration registers
RX DMA states Small free-buffer ring PCI configuration space
Initialization block Big free-buffer ring

RX completion ring
Data buffers

The parameters necessary for booting the device are stored in the PCI configuration space. The system
requiring use of an external EPROM contains the booting sequence.

The system has a bus width of four bytes and all transactions are conducted on 4-byte boundaries. The PCI
SAR uses little-endian addressing as a PCl-bus device. Each descriptor ring has 256 entries and each
descriptor-ring entry consists of four words. Each descriptor ring is aligned to a 4K-byte boundary in host
memory with each entry aligned to a 16-byte boundary.

The PCI SAR has two receive free-buffer rings, one transmit-completion ring, and one receive-completion ring.
The current pointer to each of these rings is stored in the initialization block in the control memory. An entry in
each transmit DMA channel points to one of the 255 transmit-descriptor rings in host memory.

Each DMA-channel entry consists of eight words and is located in control memory. The DMA entries on both
transmit and receive have an OWN bit that is set when the DMA channel is active. The descriptor-ring entries,
the completion- nng entries, and the free-buffer nng entries have an OWN bit that is set when the entry belongs
to the PCI SAR.

initialization block

The initialization block contains exactly four entries and resides in control memory. The following data shows
the configuration of the initialization block.

initialization block table

PCI-BUS ADDRESS CONTROL MEMORY BITS 31 -0
OFFSET (HEX) ADDRESS (HEX)
0000 0000 TX completion-ring offset pointer
0004 0001 RX completion-ring offset pointer
0008 0002 Small free-buffer-ring offset pointer
000C 0003 Big free-buffer-ring offset pointer
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initialization block (continued)

The PCl-bus address offsets for control memory have the lower-order two address bits always set to zero since
accesses to control memory are permitted only on a word basis. The software driver must setup all of these
structures on 16-byte boundaries in host memory. In addition, the driver must write the pointers to the data
structures in the initialization block as follows:

— Tx completion-ring offset pointer, small free-buffer ring pointer, and big free-buffer ring pointer.
The driver selects a host memory address and writes it to control memory by shifting it two bits to the right.
Example: The host address 4EFF0000 (hex) is written to the control-memory initialization block as
13BFC000 (hex).

- Rx completion-ring offset pointer.
This pointer is written by shifting the address four bits to the right.
Example: The host address 4EFF0000 (hex) is written to the control-memory initialization block as
04EFF0000 (hex).

transmit-data descriptor rings

Each of the 255 transmit-data descriptor rings holds 256 entries and each ring represents one transmit packet
queued for transmission. A packet is composed of one or more transmit buffers. The host posts entries to the
rings and the PCI SAR processes each entry within the given ring.

transmit-data descriptor-ring summary
The data below shows the composition of the four-word entry.

ENTRY DESCRIPTION

Word 0 Control field, packetvlength, buffer length
Word 1 Start-of-buffer pointer — 32 bits

Word 2 4-byte ATM header

Word 3 AALS tail — control and length fields

TX descriptor-ring word 0 - configuration

[ Control (bits 31 - 27) | Gurrent packet length (bits 26 ~16) | Current buffer length (bits 15-0) |

OWN (bit 31)

The descriptor is owned by the PCI SAR when the OWN bit is set. The descriptor is owned by the host when
the OWN bit is zero. The OWN bit is set by the host when a buffer/packet is queued for transmission. When the
next BWG index from the BWG table does not have an active buffer location in the transmit DMA entry, the
PCI SAR attempts to recover a new-buffer descriptor entry from the transmit-data descriptor ring. This entry is
loaded into the DMA entry if the OWN bit is set. If the OWN bit for the first descriptor .in the transmit-data
descriptor ring is zero, no data is queued for transmission and an idle cell is transmitted.

The host places all the buffers for a packet in the descriptor ring before setting the OWN bits on the entries .
representing each buffer in sequence from the last buffer to the first buffer (in reverse order). The PCI SAR clears
the OWN bit after it finishes transmitting/processing the bytes associated with the buffer that is pointed to by
the DMA entry. When the OWN bit is cleared by the host, word 0 is not meaningful and is overwritten by the host.

start of chain (SOC) (bit 30)

The SOC bit indicates that this is the first buffer of a packet, WhICh consists of one or more buffers. This bit is
also set in packets with single buffers
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end of chain (EOC) (bit 29)

The EOC bit indicates that this is the last buffer of a packet. Single buffer packets have both the SOC and EOC
bits set. Packets with multiple buffers have the SOC bit set on the first buffer and the EOC bit set on the last buffer.

interrupt control bit (ICB) (bit 28)

The ICB bit controls interrupt posting by the PCI SAR to the host. The setting of ICB to active high disables
posting of interrupts to the host by the PCI SAR.

AAL-type — AALS indicator (bit 27)

The AAL-type bitindicates that the packet/buffer described in this descriptor-ring entry is an AALS5 packet. When
zero, this bit indicates to the PCI SAR that AALS processing is being performed in the transmit direction. This
includes addition of the pad, the control- and packet-length fields, and the 32-bit CRC. The total size of the AAL5
packet is a multiple of 48 bytes. The PCI SAR implements the functions related to packet length and the
generation of the pad. The PCI SAR does not perform any packet-level encapsulation similar to that used in
AALS for either AAL3/4 or the null AAL. The host provides packets correctly formatted into 48-byte cells to the
PCI SAR.

packet length (bits 26 — 16)

The packet-length field is expressed in units of cells in the packet. The host computes the correct number of
cells in the packet including additional cells that are sometimes needed for AAL5 to accommodate the 8-byte
tail. This field represents the value used by the PCI SAR in silicon to determine the number of cells in a packet
and enable EOP processing. The field is programmed in two’s complement. Incrementing the value by one each
time a cell is sent results in zero when the entire packet is transmitted. The maximum size of a packet is
64K bytes; therefore,11 bits are adequate to describe the largest packet.

Since this is a packet-level field as opposed to one that applies to individual buffers, it is placed only in the first
buffer descriptor of a packet in the transmit-data descriptor rings. The DMA channel only updates the
packet-length field on a per-packet basis. The packet-length field is used for all three AAL modes that are
supported. In each case, the PCl SAR enables EOP processing to notify the host when the EOP is detected
on transmit via the packet-length field.

buffer length (bits 15 - 0)

The buffer-length field specifies the number of bytes in the buffer represented by this descriptor-ring entry. The
maximum buffer size is 64K bytes, which is the largest packet size and allows an entire packet in one buffer.
This field is programmed in two’s complement and is equal to zero when all the bytes in a buffer are retrieved
by the PCI SAR.

TX descriptor-ring word 1 — start-of-buffer pointer

[ Byte-aligned start-of-buffer pointer (bits 31 — 0) J

The start-of-buffer pointer is 32 bits. Each buffer is aligned on byte boundaries.

TX descriptor-ring word 2 — ATM header

| PTI (bits 31 — 29) | CLP (bit28) | VPI (bits 27 - 20) ] VCl (bits 19-4) | PTI(bits 3-1) ICLP (bit 0) |

Word 2 contains the 4-byte header for every cell of the packet. The upper-order four bits of the ATM header,
representing the GFC at the user-to-network interface (UNI), are set to zero in every outgoing cell. Bits (3 - 0)
in word 2 represent the payload-type indicator (PTI) and cell-loss priority (CLP) fields used in every cell of the
packet except the last one (the cell that contains the EOP indication). Bits (31 —28) in word 2 represent the PTI
and CLP fields used in the last cell of the packet.
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TX descriptor-ring word 2 — ATM header (continued)

. The PTl field in the last cell of the AALS5 packet is set either to 001 or 011. The CLP is programmable and the
cell containing the EOP indication can have a different priority level from the other cells. This field is required
only in the first descriptor for the packet. In AAL3/4 or null-AAL packets, the PTI and CLP fields are the same
in both the upper- and lower-order bits of word 2.

TX descriptor-ring word 3 — AALS control/length

[ AALS control field (bits 31 — 16) | AALS length field (bits 15— 0) ]

The AALS5 control and length fields apply to packets, not to buffers, and this entry is required only in the first
descriptor for the packet. The AALS length field is not used to determine the length of the packet during transmit
processing. Both fields are placed in the descriptor ring in an AALS5 packet in the proper position (in the four bytes
preceding the AAL5 32-bit CRC). These fields are not used if the packet is either in AAL3/4 or a null-AAL packet.

transmit BWG DMA block

The control memory on the PCI SAR contains 255 transmit BWG DMA entries, each containing eight words.
The contents of each entry are summarized in the following table.

transmit BWG DMA entry table

ENTRY DESCRIPTION STATIC/DYNAMIC
Word 0 | Control field, packet length, buffer length Dynamic
Word 1 Current-buffer pointer — 32 bits Dynamic
Word 2 4-byte ATM header Dynamic
Word 3 | Static bits - BWG ON/OFF (BWG_ON bit) Static

Word 4 BWG data-ring pointer, descriptor pointer Dynamic
Word5 | Reserved Dynamic
Word 6 | Partial 32-bit packet CRC Dynamic
Word 7 AALS tail — control and length fields Static

The PCl SAR initiates all transactions affecting the DMA table during normal operation based on
cell-transmission opportunities from the BWG table. During initialization, the host has to configure word 0,
word 3, and word 4 (shown in the transmit BWG DMA entry table) for each BWG selected for transmission in
the BWG table including the BWGO. These words allow the TNETA1561 to start a transmission of a new packet.
After configuration, the TNETA1561 reads word 3 to check if the BWG_ON bit is set. If it is set, the device reads
word 0 to determine if the OWN bit is set. When the OWN bit is not set, it indicates that this is the first buffer of
anew packet. The TNETA1561 then reads word 4 to obtain a transmit descriptor-ring pointer that indicates the
memory address in host memory for the transmit descriptor-ring pointer. The following sections explain each
TX DMA table word in detail.

TX DMA word 0 - state/configuration

LControI (bits 31 —27) I Current packet length (bits 26 —16) I Current buffer length (bits 15 - 0) I

The contents of word 0 are copied directly from the corresponding transmit-data descriptor-ring entry at the start
of each new buffer. This applies to all the fields in this status word, and the host must ensure consistency across
the fields.
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OWN (bit 31)

The OWN bit is set when the DMA channel for the BWG is active, and all related state information in the DMA
entry is current. The OWN bit indicates a packet is currently being segmented and transmitted for this BWG.
This OWN bit is cleared by the PCI SAR after the entire packet is transmitted, a completion-ring entry is posted,
and an interrupt is generated to the host.

The host sets the OWN bits for individual buffers in a packet in the transmit-data descriptor rings in order from
last to first. This ensures that the DMA block is not held up while waiting to acquire the next buffer from a partially
transmitted packet.

start of chain (SOC) (bit 30)
The SOC bit indicates that this is the first buffer of a packet which consists of one or more buffers. The SOC
bit is also set in packets with single buffers. The SOC bit is cleared by the PCI SAR after all processing for the
first buffer is complete.

end of chain (EOC) (bit 29)
The EOC bit indicates that this is the last buffer of a packet. Every packet has at least one buffer with the EOC
bit set.

AAL-type — AALS indicator (bit 27)

The AAL-type bit is set to zero to indicate that the packet described in this descriptor-ring entry is an AALS
packet. This bit is a configuration item rather than a bit carrying state information. This bit is set in every buffer
of a packet, and the software driver must ensure that all the buffers in a packet use the same AAL type.

current-packet length (bits 26-16)
The PCI SAR increments this two’s-complement value with every cell transmitted until the counter is equal to
zero, which indicates to the PCI SAR that the entire packet has been transmitted.

current-buffer length (bits 15-0)

The buffer-length field specifies the number of remaining bytes in the buffer currently being processed in this
BWG. The PCI SAR adds to the value of this two’s-complement field with every transfer of payload data to the
XMB until it is equal to zero, which indicates to the PCI SAR that all the bytes in this buffer are processed and
queued for transmission.

TX DMA word 1 — current-buffer pointer

l Byte-aligned current-buffer pointer (bits 31-0) J

The current-buffer pointer is copied directly from the start-of-buffer pointer in the corresponding transmit-data
descriptor-ring entry at the start of each new buffer. The field is 32 bits, which implies that the buffer is aligned
to a byte boundary. The pointer is adjusted to point to the current location after each transfer of payload data
from the host to the XMB.

TX DMA word 2 — ATM header
[ PTI (bits 31-29) | CLP (bit28) | VPI (bits 27 -20) | VOI (bits 19-4) ] PTI (bits 3—1) | CLP (bit0) J

The 4-byte ATM header field is copied directly from the corresponding transmit-data descriptor entry at the start
of each new packet. Bits (28—0) are concatenated to the 4-bit GFC field that is set to zero for every cell in the
packet except the last one. Bits (31-28) provide the PTIl and CLP fields in the last cell of each packet.
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TX DMA word 3 - configuration

[ BWG_ON (bit31) | Unused (bits 30-0) |

This bit allows the host to enable data transmission on a per-BWG basis. The BWG_ON bit from the current
BWG index is examined by the PCI SAR on each cell opportunity. BWG_ON (31) is directly set by the host to
indicate that the BWG is enabled, and that normal data processing is followed. If the bit is zero, no processing
of transmit data on the BWG is performed and an idle cell is transmitted on the link. This idle cell is used by the
host to respond to congestion indicators.

TX DMA word 4 - descriptor-ring address

| TX-data descriptor-ring pointer (bits 31-12) 1 TX descriptor-ring entry (bits 11-4) I 0000 (bits 3—0) I

This pointer is a DMA address to the location of the current entry (there are 256 entries in each ring) in the
corresponding transmit-data descriptor ring (one of 255 rings) for this BWG. Each descriptor ring is aligned to
a 4K-byte boundary in host memory with each entry aligned to a 16-byte boundary.

The address of the 4K-byte boundary in host memory is provided by bits (31-12). The entry number between
0 and 255 is provided by bits (11-4). The low-order four bits are set to zero, and each entry is 16 byte aligned.
Bits (11-0) are initialized by the host to zero to correspond with the first entry used by the host in the
transmit-data descriptor ring.

TX DMA word 5 — reserved

I Reserved ]

TX DMA word 6 — transmit CRC

[ Partial AAL5 transmit CRC (bits 31-0) |

This field stores the 32-bit CRC calculated over the entire payload of each AALS packet. The CRC is placed in
the last four bytes of the last cell of the corresponding packet.

TX DMA word 7 — AALS tail
| AALS control field (bits 31 - 16) | AALS length field (bits 15-0) |

The AALS control and length fields are copied directly from the corresponding transmit-data descriptor entry at
the start of each new packet. The length field is not used for any control functions within the PCI SAR. Both fields
are used exclusively for placement in the tail of an AAL5-protocol data unit (PDU).

transmit-completion ring

This entry contains only one word. The transmit-completion ring is a descriptor ring with 256 entries. The PClI
SAR posts an item to the next entry in the completion ring when it completes the transmission of each packet.
The transmit-completion ring pointer maintains the value of the current entry within the PCI SAR. The host can
recalibrate to this by reading the value from the initialization block in control memory.

transmit-completion-ring summary

ENTRY DESCRIPTION
Word 0 OWN (bit31) | Unused (bits 30-8) | BWG index (bits 7-0)
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TX-completion-ring word 0
OWN (bit 31)

This completion-ring entry is owned by the PCI SAR when the OWN bit is set. The completion-ring entry is owned
by the host when the OWN bit is zero. The PCI SAR uses the next completion-ring entry in the ring if the OWN
bitis set. The TNETA1561 clears the OWN bit after updating the entry. The host then receives an interrupt and
retrieves the next entry in the completion ring to post the completion of packet transmission for a BWG and the
release of the buffer space occupied by the buffers constituting the packet. The host then sets the OWN bit to
allow the PCI SAR to use the completion-ring entry when it has queued a packet for transmission. If the OWN
bit is not set when the PCI SAR is ready to post a completed packet, a status bit is set in the hardware-status
register and an interrupt is generated if the error condition is unmasked.

BWG index (bits 7-0)

The only item that is posted to the transmit-completion ring when the PCl SAR completes transmission of a
packet is the BWG index. This is adequate for the host to locate the transmit-buffer pointers to the buffer
locations where data for the packet was stored and reclaim the buffer space.

receive free-buffer-ring format

There are two free-buffer rings. A receive free-buffer-ring entry consists of one word. Each of the two rings has
256 entries. The host places free-buffer pointers in the entries of each ring. The PCI SAR removes a pointer
when it starts processing each new packet from the link.

receive free-buffer-ring summary

ENTRY DESCRIPTION
Word 0 OWN (bit 31) J Unused (bit 30) LStart—of-buffer pointer (bits 29-0)

RX free-buffer-ring word 0
OWN (bit 31)

Each free-buffer-ring entry is owned by the PCI SAR when the OWN bit is set and it is owned by the host when
the OWN bit is zero. The host sets the OWN bit for new entries placed in the free-buffer rings. The PCI SAR
uses the next free-buffer-ring entry in the respective ring if the OWN bit is set. The PCI SAR clears the OWN
bit after acquiring the buffer and releasing the ring location to the host. The buffer is not freed until a packet is
posted to the receive-completion ring. If the OWN bit is not set when the PCI SAR polis a free-buffer ring for a
new entry, a status bit is set in the hardware-status register and an interrupt to host is generated if the error
condition is unmasked.

start-of-buffer pointer (bits 29-0)
A pointer to a buffer, aligned to a 4-byte boundary, is the only information placed in each free-buffer ring.

receive DMA block

The PCI SAR supports 1024 receive DMA-channel entries with each containing eight words. Each DMA channel
represents a VCI on which data is received, and DMA entries in the control memory are indexed by incoming
VCls. The PCI SAR initiates all transactions affecting the DMA table, except those required for one-time
configuration of a channelin word 3, during normal operation based on the header of cells received from the link.

Data with the PTI field equal to 10X, representing VC-level OAM cells, is diverted to DMA channel O that operates
in the null-AAL mode with a packet length of one cell. Word 0 in each receive DMA-channel entry is copied from
word 3 at the start of each new packet. A number of the fields in word O represent the dynamic state of the
reassembly process for a cell. The fields in word 3 represent one-time configuration values for the VC entered
by the host. PCI SAR accesses word 0 during normal cell-level processing to retrieve configuration items.
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receive DMA-virtual-channel entry summary

T
ENTRY DESCRIPTION Ds:n:;llvﬁ/c
Word 0 Control, status, EFCN cell count, current packet length Dynamic
Word 1 Current-buffer pointer — 28 bits Dynamic
Word 2 Start-of-buffer pointer — 28 bits Static
Word 3 Control, packet length Static
Word 4 Reserved

Word 5 AALS partial CRC - 32 bits Dynamic
Word 6 Reserved

Word 7 Reserved

RX DMA word 0 - VC status/configuration

[ Control (bits 31-23) | Unused (bit 22) | Current congestion number (bits 21-11) | Current packet length (bits 10—0ﬂ

OWN (bit 31)

The OWN bit is set when the DMA channel for this BWG is active and all DMA parameters such as the
receive-data pointer, buffer length, and packet length are current. The OWN bit is set by the PCI SAR when
word 3 is copied to word 0 at the start of each new packet. The bit is cleared by the PCI SAR when the entire
packet has been posted to a buffer in host memory. The BWG is inactive when the OWN bit is zero. Then, the
free-buffer ring indicated in word 3 is used to poII a new buffer on the arrival of the first cell of a new packet on
the VCI used to index this BWG.

static-configuration bits from word 3

The next summary lists five static-configuration bits bopied from word 3 at the start of each packet. Each is
described in detail in the section on RX DMA word 3.

RX DMA word 0 static-configuration bit summary

LOCATION FIELD
Bit 31 OWN
Bit 30 VCON
Bit29 Buffer type: small or big
Bit 28 Null-AAL indication
Bit 25 AAL3/4 indication
Bit 24 End-of-packet wait
Bit 23 Enable end-of-packet wait

explicit forward congestion notification (EFCN) cell counter (bits 21-11)

The number of cells received with the EFCN indicator set in each packet is counted and the value is stored in
this field. The EFCN indication is given a logic value of 01x in the PTI field of the ATM header. This value is
passed to the receive-completion ring at the end of each packet. Since this field is copied from word 3 at the
start of each new packet, it is reset to zero at this time.

packet length (bits 10-0)

The packet-length field in word 0 is set up with the two’s-complement value for the buffer size used by this BWG
at the start of each new packet. The counter is incremented with each new cell until the EOP signal or the value
is zero. Null-AAL packets are terminated when the value of this counter reaches zero. If either the AAL5 or
AAL3/4 packet fills the buffer to capacity, the counter reaches zero and the packet is terminated with the
buffer-overflow indicator set in the receive-completion-ring entry.
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RX DMA word 1 - current-buffer pointer

[ Unused (bits 31 —-28)J70urrent-buffer pointer - 16 byte aligned (bits 27-0) |

The current-buffer pointer is 28 bits, which implies that the buffer is aligned to 16-byte boundaries. This is a
dynamic field that is updated with every RCB-to-PCl-bus transaction.

RX DMA word 2 - start-of-buffer pointer

[ Unused (bits 31-30) I Start-of-buffer pointer — 4 byte aligned (bits 29-0) J

The start-of-buffer pointer is 30 bits because the buffer is aligned to 4-byte boundaries. This field is copied from
the corresponding 30-bit field in word 0 of a free-buffer-ring entry.

RX DMA word 3 - configuration

l Configuration (bits 31-23) T Unused (bits 22-11) I Null-AAL packet length (bits 10—-0) I

OWN bit position (bit 31)
The OWN bit is set high for each valid receive channel. It is copied into the corresponding OWN bit location in

word 0 at the start of each new packet to indicate that the DMA channel is active. This OWN bit is automatically
reset to a 0 after the end-of-packet indicator is received.

VC_ON (bit 30)
The VC_ON bit enables packet-reassembly processing. The bit is set in the default mode to indicate that the

VC is enabled. The PCI SAR discards cells received on the corresponding VC when the VC_ON bit is
deasserted on a per-cell basis.

buffer type — small or big (bit 29)
The PCI SAR supports only two buffer sizes on receive: small and big. The host determines the sizes of the small
and big buffers. The buffer-type bit is used to select between a buffer pointer from the small free-buffer ring or the
big free-buffer ring for each new packet, which allows the host to target small or big buffers for all packets on a

given VC. The small free-buffer ring is used when the bit is set, and the big free-buffer ring is used in the default
(zero) state.

null-AAL indication (bit 28)

This field is set to indicate that null-AAL packets are received on this BWG (VC). The null-AAL packet-length
field in bits (10-0) is used to determine the end of a packet. CRC errors are ignored for null-AAL packets. The
CRC-error indicator in the receive-completion ring is not used.

AAL3/4 indication (bit 25)

This field is set to indicate that AAL3/4 packets are received on this BWG (VC). This indicates the EOM field
in byte 6 (bit 6 of an ATM cell is used as the EOP indicator). CRC errors are ignored for AAL3/4 packets. The
CRC-error indicator in the receive-completion ring is not used.

end-of-packet wait (bit 24)

This bit must be set to zero by the device driver during initialization. This gives the SAR the responsibility of
setting it to one in DMA word 0 (when this feature is enabled). This bit is a status bit used by the TNETA1561
during operation.
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e end-of-packet wait (bit 23)

When a start of a packet is detected by the TNETA1561, the TNETA1561 requests a buffer from the host
memory. If the buffer is not available, the first cell of this packet is dropped. The rest of the packet is dropped
after it is received. The host can set bit 23 to 1 to enable the TNETA1561 to drop the cells of a packet that had
the first cell dropped. Once the TNETA1561 detects the end packet, it begins to receive packets in this VCI. This
feature only works for AAL5 and ALL3/4. For null-AAL and OAM cells, bit 23 must be set to zero.

EFCN cell-counter place holder (bits 21-11)

This field is set to zero since it is a place holder for the EFCN cell counter in word 0 of this DMA block.

AAL-packet length (bits 10-0)

The AAL-packet-length field in word 3 indicates the length of the buffer in cells for each packet in this BWG. This

‘is used in different ways based on whether the BWG supports AALS or AAL3/4 packets or null-AAL packets.

This field indicates the length of the buffer size allocated by entries in the free-buffer ring used by this BWG for
AALS or AAL3/4 packets. This is used to detect buffer overflow.

When the null-AAL indicator is set, this field programmed in two’s-complement notation represents the number
of cells in each null-AL packet. Since receive DMA channel 0 operates off the null-AAL mode with each packet
size equal to one cell, this field is programmed with the value one in two’s-complement notation (7FFhex).

RX DMA word 5 — AALS partial CRC)

| Partial AALS receive CRC (bits 31-0) |

This field stores the 32-bit CRC that is calculated over the entire payload of each received AAL5 packet. The
CRC is stored in the last four bytes of the last cell in the AAL5 frame. The CRC check results in a unique
polynomial.

receive-completion ring

The following table shows the composition of a 4-word receive-completion-ring entry. The receive-completion
ring has 256 entries. The PC! SAR posts an item to the next entry in the completion ring when it completes
reassembly on a packet. The receive-completion-ring pointer maintains the value of the current entry within the
PCI SAR. The host can recalibrate to this by reading the value from the initialization section in control memory.

receive-completion-ring summary

ENTRY DESCRIPTION

Word 0 Reserved

Word 1 Start-of-buffer pointer - 28 bits

Word 2 4-byte ATM header

Word 3 Control field, EFCN cells received, packet length

RX completion-ring word 0 — reserved
*

This word is not used or defined.

RX completion-ring word 1 — start-of-buffer pointer

| Unused (bits 31-28) | Start-of-buffer pointer — 16 byte aligned (bits 27-0) |

The 28-bit start-of-buffer pointer is provided to the host in the RX completion ring to enable it to locate the
reassembled packet.
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RX completion-ring word 2 — ATM header

| ATM header byte 1 I ATM header byte 2 rATM header byte 3 LATM header byte 4

The 4-byte header from the last cell in the reassembled packet is passed to the host.
RX completion-ring word 3 — control

| Control (bits 31-29) | Unused (bits 28-22) | Congestion cells received (bits 21-11) | Packet length (bits 10-0) |

OWN (bit 31)

This completion-ring entry is owned by the PCI SAR when the OWN bit is set and it is owned by the host when
the OWN bit is zero. Ifthe OWN bit of the next entry in the respective receive-completion ring is zero when the
PCI SAR polls it to post the completion-of-packet processing, an error indicator in the status register is set and
an interrupt is generated. This causes the buffer that the PCI SAR attempted to post to be lost. The PCI SAR
clears the OWN bit in the receive-completion ring after it posts the packet. The host then owns the entry and
may retrieve various pointers to the packet.

packet overflow (bit 30)

The packet-overflow bit is set if the receive buffer overflowed while processing the current packet. Every packet
that ends in a buffer overflow is immediately terminated and a completion-ring entry is posted to the host.

CRC condition (bit 29)

The PCI SAR forwards AALS packets with a CRC error to the host. This bit is set when a packet is received with
an AAL CRC error.

congestion cells received (bits 21 - 11)

The number of cells received in the packet with the EFCN indication set is forwarded to the host to implement
associated feedback mechanisms to squelch the source.

packet length (bits 10 - 0)

All received data is passed to the host in units of 48 bytes. The packet length in 48-byte payload units from
word 0 of the receive DMA block is passed to the host in twos-complement notation. This value is always zero
for null-AAL packets. The length of an AALS or AAL3/4 packet in integer units is obtained by subtracting this
value from the reassembly-buffer length reserved for the packet.

registers

The PCI SAR has defined two types of registers: the PCI configuration-space registers and control and status
registers. The PCI-SAR internal registers have a PCI bus physical-address base value read from BASE REG 0
of the PCI configuration space. This section describes several host-accessible internal PCI-SAR registers.
Host-write accesses to nonexistent registers are ignored. A null word (32 zeros) is returned to the host on a read
access from a nonexistent register.

— PCI SAR configuration-space registers:
These registers are initialized by the system-initialization procedure (BIOS device-initialization
routine) to program the operation of the PCI SAR device with a PCl-bus interface.

— PCI SAR control and status registers:
These registers provide PCI SAR device status and control information.
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TNETA1561 configuration-space registers

The TNETA1561 supports the 64-byte header that is defined by the PCI specification revision 2.0. None of the
device-specific registers in locations 64—-255 are used. The predefined header region has a size of 64 bytes.
The layout of the PCI configuration-space registers is shown below.

ADDRESS BYTE 3 : | BYTE 2 BYTE 1 BYTE 0 READ/WRITE
0x00 Device ID Vendor ID R
0x04 Status Command RW -
0x08 Class code Revision ID R
0x0C BIST f Header type 7 Latency timer Cache line sizet R/W
0x10 Base address 0 : R/W
Ox14 " Baseaddress 11 R/W
0x18 Base address 2T RIW
0x1C Base address 3t R/W
0x20 Base address 41 R/W
0x24 Base address 51 ‘ RW
0x28 - Reserved (returns 0 when read)
0x2C Reserved (returns 0 when read)
0x30 Expansion ROM base address . RW
0x34 ‘ Reserved (returns 0 when read)
0x38 ’ Reserved (returns 0 when read)
0x3C Maximum latency Minimum grant Interrupt pin Interrupt line . RW
0x40 Reserved (returns 0 when read)

0x44-0xFF Reserved (returns 0 when read) R

1 Registers not implemented and return 0

The PCI configuration-space registers are accessible only by PCl-configuration cycles. All multibyte numeric
fields follow little-endian byte format.

vendor-ID register (offset address 00h)

The vendor-ID register is a 16-bit register that identifies the manufacturer of the TNETA1561. The Texas
Instruments (T1) vendor ID is 104C. The vendor ID is assigned by the PClI special interest group. The vendor-ID
register is located at offset address 00h in the PCI configuration space and is read only.

device-ID register (offset address 02h)

The device-ID register is a 16-bit register that uniquely identifies the TNETA1561 device within TI’s product line.
The device ID is assigned by Tl and is not the same as the device part number. The device-ID register is located
at offset address 02h in the PCI configuration space and is read only.
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command register (offset address 04h)

The command register is a 16-bit register that provides coarse control for the device functionality to generate
and respond to PCl-bus cycles.

The command register is located at offset address 04h in the PCI configuration space. It is read and written by
the host. The bit definition is given below:

— Control bit0 = /O space

~ Control bit1 = memory space

- Control bit2 = bus master

— Control bit 3 = special cycle operations

— Control bit4 = memory write and invalidate enable (this bit is set according to the requirements
of PCI SAR).

— Control bit5 = VGA palette snoop (this bit always returns 0).

— Controlbit6 = parity-error response

—~ Control bit 7 = wait cycle control (this bit is hardwired to 0).

— Control bit8 = PSERR enable

— Control bit9 = fast back-to-back enable

- Control bit 10

status register (offset address 06h)

The status register is a 16-bit register that contains status information for the PCl-bus related events. The status
register is located at offset address 06h in the PCI configuration space. The bit definition is given below:

bit 15 = reserved

— Status bit0-6 = reserved
— Status bit 7 = fast back-to-back enable
— Status bit 8 = data parity reported

— Status bit 9—10 = DEVSEL timing (the PCISLV decode logic supports medium DEVSEL timing
and these bits return 01).

signaled target abort

received target abort

initiated master abort (the PCIMST logic sets this bit to a 1 when it generates a
. master abort).

signaled-system error

detected-parity error

— Status bit 11
— Status bit 12
— Status bit 13

— Status bit 14
— Status bit 15

revision-ID register (offset address 08h)

The revision-ID registeris an 8-bit register that specifies a device-specific revision-identifier number. The current
value of the register is 00h. The revision ID register is located at offset address 08h in the PCI configuration
space and is read only.

class-code register (offset address 09h)
The class-code register is a 24-bit register that specifies the generic function of the device. The class code
register is located at offset address 09h in the PCI configuration space and is read only.

cache line-size register (offset address 0Ch)

The PCIMAC supports write and invalidate as a master. The host writes the cache line size into this byte-wide
register.
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latency-timer register (offset address 0Dh)

The latency-timer register is an 8-bit register that specifies the maximum time TNETA1561 device can continue
with bus-master transfers. The PCIMAC supports a burst of more than one data cycle. The host sets the latency
requirements of the system in this register in PCl-bus clock units. When the current-time value (00h) stored in
the latency-timer register expires, the TNETA1561 immediately releases the bus after finishing the current data
phase.

header-type register (offset address OEh)

The header-type register is an 8-bit register that describes the format of the PCI configuration-space locations
10h to 3Ch. The header defined here is referred to as type 0. The header-type register is located at offset
address OEh in the PCI configuration space and is read only.

built-in self-test register (BIST) (offset address OFh)
BIST is not supported by the PCI SAR. Reading this register returns 0.

base-address register 0 (offset address 10h)

Host-memory address block for direct Read only by PCI SAR

Base register 0 (32 bits) control-memory mapping Read and write by host

Base-address register 0 is a 32-bit register. The base-address registers provide the base address of the
control-memory blocks mapped into host memory. The complete address is the sum of base and offset
addresses. The base address is written by the host during power-on reset time. The typical format for the
base-address register is given below:

Bit (0) = 0, memory-space indicator

Bit 2-1) = 00, locate anywhere in 32-bit address space
01, locate below 1M byte
10, locate anywhere in 64-bit space
11, reserved

Bit (3) ¢ = O(setto 1 only for prefetching)

Bit (31—-4) = 28-bit address

Base-address register 0 defines the starting address of the direct mapping of control memory and internal
registers in host memory.

1

expansion ROM base-address register (offset address 30h)

I EPROM base register (32 bits) | Host-memory address block for EPROM | Read only by host —|

The expansion ROM base-address register is a 32-bit register. The EPROM register defines the starting
address of the external EPROM mapped in the host memory. The expansion ROM base-address format is given

below:
- Bit (0) = 1 enable EPROM
- Bit (10-1) = reserved
- Bit (31-11) = expansion EPROM base address

Bits (31 — 16) are read-only bits. These bits are written by the host after initialization to allocate the memory block
in the host memory for mapping EPROM. The remaining bits (15 - 0) are hardwired to zero. This allows EPROM
addressing up to a maximum size of 64K bytes. ,
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interrupt-line register (offset address 3Ch)
The interrupt-line register is an 8-bit register that is used to communicate the routing of the interrupt. This register
is written by the HOST software during system initialization. The value in this 8-bit register indicates which input
of the system-interrupt controller is connected to the PCI-SAR interrupt terminal. The typical value is between
0 and 15. The interrupt-line register is located at offset address 3Ch in the PCI configuration space and is read
and written by the host.

interrupt-pin register (offset address 3Dh)

The interrupt-pin register is an 8-bit register indicating the interrupt pin that the TNETA1561 is using. The PCI
SAR is defined as a single-function device, uses only interrupt A, and has a value of 1. The interrupt-pin register
is located at offset address 3Dh in the PCI configuration space and is read only.

minimum-grant register (offset address 3Eh)

The minimum-grant register is an 8-bit register that specifies the length of the data burst required by the
TNETA1561 for every PCl-bus grant. This specifies the length of the burst period that the PCI-SAR device needs
in 0.25-us units. The typical value of 0.75 us (decimal 3) is defined for PCI SAR. The minimum-grant register
is located at offset address 3Eh in the PCI configuration space.

maximume-latency register (offset address 3Fh)

The maximum-latency register is an 8-bit register that defines the maximum latency value for the PCI SAR. This
specifies how often the PCI-SAR gains access to PCl bus in 0.25-us units. A typical value of 10 us (decimal 40)
is defined for PCI SAR. The maximum-latency register is located at offset address 3Fh in the PCI configuration
space.

PCI-SAR control and status registers
The PCI SAR has defined the following registers for status and control information.

on:zs“s;'ﬁz?:ss DESCRIPTION WIDTHIN BITS | READ/WRITE

00E000 Software reset 32 Write only
00E004 SAR-status register 32 Read only
00E008 Interrupt-enable mask register 32 Read/write
00EO010 Reserved 32 —_

00EOOC SAR-configuration register 32 Read/write
00E014 BWG-table-size register 32 Read/write
00E018 Transmit/receive FIFO maximum-depth register 32 Read/write
00EO1C Reserved 32 —

00E020 Clear-transmit-freeze command 32 Write only
00E024 Clear-receive-freeze command 32 Write only
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PCI-SAR-status register (offset address 00E004)

The PCI-SAR-status register is read only for the host. All the bits, except the transmit-freeze bit and the PCl-bus
error flags, are cleared when the register is read. PCl SAR generates a PCl-bus interrupt to the host if one of
the bits in the register is set and if the condition represented by the bit is enabled by the interrupt-enable mask
register. The PCl-bus interrupt is an asynchronous signal that is held until the system clears the condition that
caused the interrupt. The bit format is shown in following table:

ADDRESS TARGET REPORTED
PARITY ERROR (BIT11) | PARITY ERROR (BIT10) RETRY COUNT EXPIRED (BIT9) LOCAL-BUS INTERRUPT (BIT 8)
o ' . : Transmit completion ) . . .
Receive freeze (bit 7) Transmit freeze (bit 6) not available (bit 5) Receive completion not available (bit 4)
Receive big-free buffer Receive small-free buffer Transmit completion ' " .
not available (bit 3) not available (bit 2) update (bit 1) Receive completion update (bit 0)

transmit completion update and receive completion update (bits 1-0)

The transmit or receive completion update bit is set when the hardware releases a transmit or receive descriptor,
respectively, to the completion ring. This is initiated when the OWN bits in the respective DMA blocks are cleared
by TNETA1561.

receive big free-buffer not available and receive small free-buffer not available (bits 3—2)

The appropriate receive free-buffer not-available bit is set when the first entry in the corresponding receive
free-buffer ring is not available. This is indicated when the OWN bit in the first entry of the free ring is zero. The
incoming cell is deleted because there is no buffer available to hold it. This eventually causes the loss of the
entire packet due to the resultant CRC error. The buffer allocation-error bit in the DMA block is set. This is
indicated by a zero in the first free-puffer ring entry.

receive completion-ring not available (bit 4)

The receive completion-ring not-available bit is set when the next descriptor in the receive completion ring is
not released by the host. This is indicated when the OWN bit in the entry is zero (host owns it). This packet and
buffer are both lost to host memory.

transmit completion-ring not available (bit 5)

The transmit completion-ring not-available bit is set when the next descriptor in the receive completion-ring is
not released by the host. This is indicated when the OWN bit in the entry is zero. The transmit-freeze bit is set
when this bit is set, disabling all transmit operation until the transmit-freeze bit is cleared via an active command
from the host. :

transmit freeze (bit 6)

The transmit-freeze bit is set when the transmit completion-ring not-available bit is set, disabling all transmit
operation until the transmit-freeze bit is cleared via an active command from the host. This has the same effect
on the transmit circuitry as disabling the transmit-enable bit.

receive freeze (bit 7)

The receive-freeze bit is set when the receive completion-ring not-available bit is set, disabling all receive
operation until the receive-freeze bit is cleared via an active command by the host. The buffer that could not be
posted is effectively lost, and the host must find some way to recover it while the freeze is in operation. The
receive-freeze indicator has the same effect on the receive path as disabling the receive-enable bit.
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local-bus interrupt (bit 8)
The local-bus interrupt bit is set if an interrupt is generated on the local bus.
retry count expired (bit 9)

The retry count expired is set to a 1 logic state when the macro exceeds the maximum retry count with a master
transaction. This bit is set to a 0 logic state after reset.

target-reported parity error (bit 10)

The target-reported parity error is set to a 1 logic state when the macro receives a data-parity error (receives
PERR during a master write or detects a parity error during master read). This bit is set to a 0 logic state after
reset.

address-parity error (bit 11)

The address-parity error is set to a 1 logic state when the macro is a PCl target and detects an address
parity (target). This bit is set to a 0 logic state after reset.

interrupt-enable mask register (offset address 00E008)

[ unused (bits 31-12) | Mask bits (bits 11-0) ]

An interrupt-enable mask-register bit has a bit that corresponds to every entry in the PCI-SAR status register.
When a bit is set in the status register, an interrupt is generated if a corresponding bit in the status register is
also set.

SAR-configuration register (offset address 00E00C)

The SAR-configuration register holds various values pertaining to the overall PCI-SAR configuration. The host
can read the register and is allowed to program the EN receive and the EN transmit bits. In addition, two more
bits are defined for posted write-buffer enable (PWBE) and software reset (SR).

Unused (bits 31-5) | SDH (vit5) | Unused (bits 4—3) | EN receive (bit2) | EN transmit (bit 1) | 0 (bit0) |

enable-transmit operation (EN transmit) (bit 1)

The EN-transmit bit allows the host to disable packet-to-cell segmentation and any payload-data transfer from
the host to the link. The EN-transmit bit is set high to enable normal transmit processing and set to zero to disable
such processing. The EN-transmit bit is set to zero on reset, disabling transmit operation until various
configuration registers, the BWG table, and DMA blocks are configured by the host. The transfer of the new cells
from PCI bus to PCI SAR is inhibited when the enable-transmit bit is disabled. Cells already in the output buffer
are forwarded to the PHY layer.

enable-receive operation (EN receive) (bit 2)

The EN-receive bit allows the host to disable packet reassembly. All cells from the PHY layer are dropped when
the EN-receive bit is zero. The EN-receive bit is set high to enable normal processing and is set to zero on reset,
disabling receive operation until various configuration registers and the DMA blocks are reconfigured by the
host. The transfer of new cells from the ATM link to the receive buffer is inhibited when the enable-receive bit
is disabled.

SDH bit (bit 5)

If the SDH bit is set to 0, the TNETA1561 transmits null cells (unassigned cells) when no valid cells are ready
for transmission. If SDH bit is set to 1, the device transmits idle cells as fillers.
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BWaG table-size register (offset address 00E014)
| Unused (bits 31-11) [ BWG table size (bits 10-0) |

The 11-bit BWG table-size register allows the user to configure the size of the BWG table in 4-byte words. Each
word in the table consists of four 8-bit entries. The maximum table size is 1200 (decimal) allowing 4800 entries.
A resolution of 32 kbit/s is achieved with 4800 entries. The number of entries in the table is one more than the
number programmed in this register, and there is one entry in the table when the register is set to zero.

transmit/receive FIFO maximum-depth register (offset address 00E018)

I Unused (bits 31 —Z(H Maximum receive FIFO depth (bits 19-10) l Maximum transmit FIFO depth (bits 9—0)J

This is the only set of statistics collected by the TNETA1561 because it is useful information for queuing analysis
in different platforms with varying PCl-bus clock speeds and latencies. These registers are not of the read and
reset variety and must be set to zero to restart the measurement.
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® Recovers a 622.08-MHz Clock Signal From DW PACKAGE
a 622.08-Mbit/s STS-12/STM-4 NRZ Data (TOP VIEW)
Stream

[] DATAOUT
| DATAOUT

® Accepts Pseudo-ECL (PECL) Input Voltage Voc 1 [J GND
Levels on the Input Data Stream Vec [} 2 ] GND
® Requires a Single 5-V Supply ng i
® Provides PECL-Clock and PECL-Data Datanl s 1 Vo
Outputs pATAIN[] 6 1 Voo
- "GND[}7 ] CLKOUT
description Vool 8 | CTROUT
The TNETA1622 recovers an embedded clock CAPOUTN[] 9 ] GND
1

signal from a 622.08-Mbit/s STS-12/STM-4 CAPOUTP ] GND
nonreturn-to-zero (NRZ) data stream using a
frequency/phase-locked loop. The device accepts NC - No internal connection

PECL (ECL signals referenced to 5 V instead of
GND) input-voltage levels. The recovered clock
and data outputs are PECL compatible. The serial
data input and recovered clock and data outputs
are differential to provide maximum noise
immunity.

The TNETA1622 requires only a positive 5-V supply (5 V +5%) for operation. The TNETA1622 is specified for

operation over a temperature range of —40°C to 85°C.

functional block diagram

CAPOUTP CAPOUTN

||

. » | Frequency- Charge Voltage-
DATA —- >
_IN 14 T';ae?::t':: and-Phase 4 Pump/Loop p Controlled
DATAIN v Detector Filter Oscillator
\ 4

I DATAOUT

» " —» DATAOUT

| Retiming { o o kout

CLKOUT
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Terminal Functions

TERMINAL
I{e] DESCRIPTION
NAME NO.

CAPOUTN 9 . . )
CAPOUTP 10 | Capacitor connection for phase-locked-loop filter

g:ﬁgg 12 (o] Recovered clock output, PECL compatible

DATAIN 5 . . "

DATAIN 6 | Serial data input, PECL compatible
DATAOUT 17 . .
DATAOUT 18 (o} Serial data output, PECL compatible

4,7,11,12,
GND 19,20 Ground (0-V reference)
Vce 1,2,8,15, 16 Supply voltage
NC 3 No connection. Leave floating (open).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

Supply voltage range, Voo (See Note 1) ... oiin it
Input voltage range, PECL .. ... . e e

POWET diSSIPAtON .. ettt ettt ettt et e e e e

Operating free-air temperature range, TA ... oovviiii i i e
Storage temperature rANQE . ... ..o.venet e et e ea et

-05Vto7V
OVto7V
562 mW
—-40°C to 85°C
—-65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and

functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to the GND terminals.

recommended operating conditions

MIN NOM MAX UNIT
\ole} Supply voltage 4.75 5 5.25 Y
VIH High-level input voltage PECL (see Note 2) Voo-1.1 Vgc-0.8 \
ViL Low-level input voltage PECL (see Note 2) Vee-1.9 Vee-15 Vv
TA Operating free-air temperature -40 85 °C

logic-level voltages only.

NOTE 2: The algebraic convention, in which the ieast positive (most negative) value is designated minimum, is used in this data sheet for
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electrical characteristics over recommended ranges of operating free-air temperature and supply
voltage (unless otherwise noted) (see Figure 1)

PARAMETER TEST CONDITIONS MIN MAX UNIT
) GLKOUT, GLKOUT, Voc=475V105.25V,
VOH High-level output voltage DATAOUT, DATAOUT | See Notes 2 and 3 Vcc-1.03 Vgc—-0.85 \
CLKOUT, CLKOUT, Voo =4.75V105.25V,
VoL Low-level output voltage DATAOUT, DATAGUT | See Notes 2 and 3 Vec-1.85 Vgogo-1.62 \
IIH High-level input current DATAIN, DATAIN Voc=525V, V|=445V pA
TR Low-level input current DATAIN, DATAIN Vcc=525V, V=335V uA
Voo =525V, f=622.08 Mbit's, 107
Outputs open
Icc Supply current - mA
Vocc=5.25V, f=622.08 Mbit/s, 107
See Note 4

NOTES: 2. The algebraic convention, in which the ieast positive (most negative) value is designated minimum, is used in this data sheet for

logic-level voltages only.

3. These outputs are terminated through a 50-Q resistor to Vo -2 V.
4. GLKOUT, CLKOUT, DATAOUT, and DATAOUT each are terminated with a 50-Q resistor to Vo -2 V.

operating characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figure 1)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Acquisition time See Note 5 ms
Deviation of clock sampling point, tesp See Figure 1 ps
RMS jitter, recovered clock See Note 6 °RMS
Input data rate 622.08 Mbit/s
Duty cycle, recovered clock See Note 3 45% 55%
Maximum number of consecutive bits (1 or 0) in input data stream See Note 7

NOTES: 3. These.outputs are terminated through a 50-Q resistor to Vg — 2 V.
5. Acquisition time is the time required to achieve a valid clock output while applying a 27 - 1 pseudo-random bit sequence.

6. RMS jitter is measured with a 231

- 1 pseudo-random bit sequence.

7. This measurement is made with a 213 — 1 pseudo-random bit sequence with string substitution.
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PARAMETER MEASUREMENT INFORMATION

Vec-2V
5003 5023 6003 50Q
6 18
DATAIN . l DATAOUT
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Figure 1. Load Circuit and Voltage Waveforms
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TNETA1630
622.08-MHz CLOCK-GENERATION DEVICE

SDNS029A - OCTOBER 1994 — REVISED DECEMBER 1994

® Generates a 622.08-MHz Clock From a TTL
Clock of 19.44 MHz

® Provides Differential Pseudo-ECL (PECL)
Outputs

® Operates From a Single 5-V Power Supply

® Packaged in 20-Pin Plastic Small-Outline
(DW) Package

description

The TNETA1630 is a 622.08-MHz clock-
generation device that utilizes a TTL clock input at
19.44 MHz. The 622.08-MHz clock is provided on
differential pseudo-ECL (PECL) outputs. The

TNETA1630 operates from a single 5-V power

supply. An internal second-order low-pass filter is
used to reduce jitter.

functional block diagram
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TNETA1630
622.08-MHz CLOCK-GENERATION DEVICE

SDNS029A - OCTOBER 1994 — REVISED DECEMBER 1994

Terminal Functions

TERMINAL
/0 DESCRIPTION
NAME NO.
CLKIN 5 | 19.44-MHz TTL-input clock
CLKOUT 16 o 622.08-MHz PECL-output clock true
CLKOUT 15 o 622.08-MHz PECL-output clock complement
6,7,8,10,
GND 18,19, 20 Ground (0-V reference)
.1,2,4,9, 11,
Vce 121417 Supply voltage
NC 3,13 No connection (leave floating)

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vo (See <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>