
CARNEgIE.MELLON

Printed Circuit Board
Implementation of the Tera 16x16

ATM Switch

Josepl~ To Helmsen

1994



Printed Circuit Board Implementation
Tera 16xl 6 ATM Switch

of the

Joseph T. Helmsen
Department of Electrical and Computer Engineering

Carnegie Mellon University
Pittsburgh, PA 15213

August 17, 1994

Advisor: Professor Ronald P. Bianchini, Jr.

© Copyright Carnegie Mellon University, 1994.
All rights reserved.

This thesis submitted in partial fulfillment of the requirements for the Degree of Master of Sci-
ence in Electrical and Computer Engineering



Table of Contents

Thesis
1.0 Introduction .............................................................................................................. 1

1.1 Project History & Purpose ................................................................................................... 1

1.2 What is "ATI~’? ..................................................................................................................1

1.3 Paper Outline .......................................................................................................................3

2.0 The TERA Switch Architecture ............................................................................... 4

2.1 Input Stage ...........................................................................................................................7
2.2 Multicast Stage ..................................................................................................................11
2.3 Feedback Stage ..................................................................................................................11

2.4 Output Stage ......................................................................................................................12

2.5 Overall Switch Architecture .............................................................................................. 12

2.6 Additional Prototype Considerations ................................................................................. 12
2.6.1 Switch Controller ................................................................................................ 12
2.6.2 Serial Address Generation ................................................................................... 13

3.0 Prototype 3 Design & Implementation .................................................................. 14

3.1 Switch Timing ...................................................................................................................14

3.2 Components .......................................................................................................................15

3.3 Synchronization Stage .......................................................................................................16
3.3.1 TAXI Receiver Interface ..................................................................................... 16

3.4 Input Stage .........................................................................................................................18
3.4.1 Input Fetch & Add Chip ...................................................................................... 18
3.4.2 Input Pre-Router Chip .........................................................................................21
3.4.3 Input Banyan Chips .............................................................................................21
3.4.4 Filter Chip ............................................................................................................22

3.5 Multicast Stage ..................................................................................................................22
3.5.1 Multicast Controller Chip .................................................................................... 22
3.5.2 Multicast Pre-Router Chip ................................................................................... 24
3.5.3 Multicast Banyan Chips ...................................................................................... 25

3.6 Feedback Stage ..................................................................................................................27
3.6.1 Feedback Controller Chip .................................................................................... 27
3.6.2 Feedback Pre-Router Chip .................................................................................. 28
3.6.3 Feedback Banyan Chips ...................................................................................... 28

3.7 Output Stage ......................................................................................................................29
3.7.1 Output Crossbar Chips ........................................................................................ 29
3.7.2 TAXI Transmitter Interface ................................................................................. 29

3.8 Controller ...........................................................................................................................29

4.0 Debugging .............................................................................................................. 34

4.1 Controller ...........................................................................................................................34

5.0 Related Work ......................................................................................................... 36

5.1 Switch Prototype 2 .............................................................................................................36

5.2 Ethemet-ATM (MATER) Board ........................................................................................ 36

5.3 ATM4 Test Board ...............................................................................................................37

6.0 Bibliography .......................................................................................................... 38

Table of Contents August 19, 1994 1



Appendices
Acknowledgements ...................................................................................................... 43

Switch Documentation ................................................................................................. 44

B. 1 Input Fetch & Add Chip Documentation (in_endv6) ...................................... 45

1.0 Introduction ................................................................................................ 45

2.0 Data Capture and Send Bit Generation ...................................................... 46

3.0 Queue Statistics and Fetch and Add .......................................................... 46

4.0 Start-up and Normal Operation .................................................................. 49

B.2 Multicast Controller Documentation (mconv7) ............................................... 51

1.0 Introduction ................................................................................................ 51

2.0 Address Generation .................................................................................... 52
2.1 Pipeline Registers ................................................................................................54
2.2 Instance Number Generation ...............................................................................54
2.3 Multicast Pre-router Addresses ...........................................................................55
2.4 POP Signals .....................................................................:. ..................................55

B.3 Feedback Controller Chip Documentation (fbcontv2) .................................... 57

1.0 Functional Description ............................................ . ..................................57
1.1 Introduction .........................................................................................................57
1.2 Detailed Description ............................................................................................57

1.2.1 Input Stream ..........................................................................................57
1.2.2 Reservation Registers ............................................................................58
1.2.3 Reservation Status .................................................................................59
1.2.4 Migrator ................................................................................................59

1.3 Control Signals ............................................... .....................................................59

2.0 Schematic Representation .......................................................................... 60
2.1 Schematic Drawing .............................................................................................60
2.2 Symbols ...............................................................................................................60

Controller Documentation (ucontv2) ............................................................... 65

Introduction ................................................................................................ 65

Resetting the Switch .................................................................................. 65

Steady State or Normal Operation ............................................................. 68
3.1 The Controller Data Path .................................................: ...................................68
3.2 The Control Path .................................................................................................73
3.3 Delays of Note .....................................................................................................73

3.3.1 Branch Latency .....................................................................................74
3.3.2 Load Latency .........................................................................................74

4.0 Internal Control Signals ............................................................................. 74

5.0 Unexplained Phenomena ........................................................................... 74

6.0 Microcode .................................................................................................. 76

B.4

1.0

2.0

3.0

A

B

Appendices August 19, 1994 2


