INTRODUCTION SCOTT HOLM

FINDER CHIP

• FUNCTION

• BLOCK DIAGRAM

• 4 MAIN BLOCKS

• IMPLEMENTATION

• GRAPHICAL DESIGN FILE

• RESULTS

• FITTING • SIMULATION • TIMING DIAGRAM • COST

FINDER - FUNCTION

• Identify track segments in a Super Layer.

• Send segment information to the LINKER.

1. Segment is present when 9 out of a set of 12 wires(MASK) related to a cell are on or �hit�.

2. Segment is represented by a pixel which tell the location and/or slope of the segment in the cell.

3. Twelve pixels for each cell.

+Neighbor -Neighbor 1 2 3 4

5 6 7 8 9 10 11 12

12 wires of a MASK

Line shows a segment

T im e

D em ul ti pl ex er

TD C d at a

en te rs @ 2 2n s

T D C D at a fro m

4 co re c el ls 16

13 2

4: 1 Ti m e

M ul tip le xe r

@ 3 3 ns

48 4 8 48 4 8

13 2

48

P ix el O ut pu ts

@ 3 3 ns

12

12

13 2 ns

R eg .

L2 B uf fe r 0

L2 B uf fe r 1

L2 B uf fe r 2

L2 B uf fe r 3

L1 W IR E P ip el in e

IN T E R FA C E

C on tr ol

L2 D at a O ut

S L1 4 3 S L2 4 6 S L3 4 7 S L4 4 8 X F T F IN D E R B lo ck D ia g ra m

7 7

T D C D at a fro m

pl us n ei gh bo r

TD C D at a fr om

m in us n ei gh bo r

B ea m Z er o

M ar ke r 1

B ea m Z er o

1 B ea m Z er o

24 c or e w ire s of a c el l

(1 2 pr om pt /1 2 de la ye d)

4 in pu t

# of m is se s

c ou nt er su m o ft hr e

"# o fm is se s

co un te r"

O R in g of

"s um o ft hr e "

c ou nt er s

85 d if er en t

c ou nt er fu nc tio ns

34 2 su m fu nc tio ns (M A S K S )

12 o rg at es

r an gi ng in si ze fr om

3 5 to 4 7 in pu ts

@ 3 3 ns

@ 3 3 ns

L1 P IX E L P ip el in e

13

D E A D W IR E

re gi st er

D at a/ A d re s /C on tr ol

In pu ts

B ea m Z er o 13

1

9 n s

@ 3 3 ns @ 3 3 ns

S H 1 2/ 17 /9 6

S L1 1 68 S L2 2 14 S L3 2 50 S L4 3 42

S L1 9 -1 8

S L2 1 5- 27

S L3 2 1- 36

S L4 3 3- 47

S L1 5 0 S L2 5 3 S L3 6 8 S L4 8 5

M A S K S L4

13 n s fro m c lo ck e dg e

to d at a va lid a to ut pu tp in

• DEMULTIPLEXER

• 6 to 1 Time demultiplexer of wire information from the TDC operating at 22ns.

• 6 time slices of wire information forms a 132 bit register that contains the prompt and delayed wire information of 4 cells and the pertinent neighboring cells wire information(9 wires each side).

• 132 bit register is valid for the next 132ns.

• MULTIPLEXER

• 1 to 4 multiplexer of wire information from the 132 bit register.

• Multiplexes the 132 bits of wire information into 4 - 48 bits of wire information that relate to each of the 4 cells and feeds them to the MASK set.

• The 48 wires change every 33ns so in 132ns four cells of wire information are pipelined into the MASK block.

• Multiplexer also sends the prompt and delayed wire information of a cell to the level

1 pipeline every 33ns so in 132ns the level 1 pipeline receives the prompt and delayed information of all four cells.

• MASK SET

• Looks for the number of misses within a group of 12 wires(MASK).

• If the number of misses is 3 or less, a pixel that relates to a segment in the cell is turned on.

• More than one Mask may turn on the same pixel.

• The Mask set has 3 pipelined stages running at 33ns so the 12 bits of pixel data for a cell is output 99ns after the wire information for that cell is selected by the

Multiplexer.

• LEVEL 1 PIPELINE & LEVEL 2 BUFFERS

• The wire and pixel information of the four cells are stored in a level 1 pipeline that is programmable up to 64 time slices(132ns) deep.

• On a level 2 write command the wire and pixel information of the 4 cells from one time slice(132ns) is stored in one of four level 2 buffers.

• Level 2 buffers are readable through VME.

FINDER IMPLEMENTATION

• FINDER design implemented in a CPLD using ALTERA MAXPLUS2 software with the targeted device a ALTERA EPF10K50RC240-3 �FLEX 10K50�

• FLEX 10K50:

• Contains both embedded arrays and logic arrays.

• 2,880 logic elements - 20,480 RAM bits - 3,184 registers - 189 I/0 elements

• In circuit reconfigurable via external configuration EPROM, Intelligent controller or JTAG.

• Design is implemented with a top level schematic in a graphical design file.

• The graphical design file include symbols which contain text design files written in the ALTERA hardware description language(AHDL) and other graphical design files.

FINDER RESULTS

• FITTING - Different FINDER design for each Super Layer.

MAX+plus II Compiler Report File Version 7.0 08/26/96 Compiled: 12/11/96 13:23:35

***** Project compilation was successful

** DEVICE SUMMARY **

Chip/ In Out Bidir Memory Memory Lcs # POF Device Pins Pins Pins Bits % Utilized LCs % Utilized Masks

fndsl1 EPF10K50RC240-3 93 13 32 9908 48 % 1304 45 % 168 fndsl2 EPF10K50RC240-3 63 13 32 9908 48 % 1481 51 % 214 fndsl3 EPF10K50RC240-3 63 13 32 9908 48 % 1670 57 % 250 fndsl4 EPF10K50RC240-3 63 13 32 9908 48 % 2064 71 % 342

All four designs similar with the exception of the number of masks and also SL1 has 30 extra input pins for the possibility of having the wires come out both sides of detector.

• SIMULATION

• Timing Simulation was successful with 22ns input clock and 33ns output clock.

Simulator checks of setup/hold time of registered data within the chip were OK.

• DEMULTIPLEXING at 22ns requires that the input portion of the design be hand placed.

• Requires 3 time slices(132ns) for the data to be extracted from the wire information and forwarded to the LINKER. 4 cells worth of information.

a [ 2 2 . 0 ] p a [ 4 2 . 2 3 ] p a [ 6 5 . 4 6 ] p a[ 2 2 . 0 ] d a [ 4 2 . 2 3 ] d a [ 6 5 . 4 6 ] d b [2 2 . 0 ]p

b

b

b

b b [6 5 . 4 6 ] d a [ 1 3 1 . 0 ] a [ c e l 1 ]

a [ c e l 2 ]

a [ c e l 3 ] p r o m p t a n d d e la y e d

c

c

c

c

c

c a [ c e l 1 ]

a [ c e l 2 ]

a [ c e l 3 ] a [ c e l 1 ]

a [ c e l 2 ]

a [ c e l 3 ] a [ c e l 1 ]

a [ c e l 2 ]

a [ c e l 3 ] b [1 3 1 . 0 ]

p r o m p t a n d d e la y e d a [ c e l 4 ]

b [c e l 1 ]

b [c e l 2 ]

b [c e l 3 ] a [ c e l 4 ]

b [c e l 1 ]

b [c e l 2 ] a [ c e l 4 ]

b [c e l 1 ] a [ c e l 4 ]

o u tp u t o f D e m u lt ip le x e r o u tp u t o f M u lt ip le x e r

( c e l s e le c to r ) o u tp u t o f " 4 i n p u t n u m b e r o f m is s e s c o u n te r " o u tp u t o f th e s u m o f 3

" n u m b e r o f m is s e s c o u n te r s " p ix e l o u tp u t o f F IN D E R in p u t to F IN D E R

( D e m u lt ip le x e r )

s 0

s 1

s 2

s 3

s 0

s 1

s 2

s 3 b [c e l 4 ] b [c e l 3 ] b [c e l 2 ] b [c e l 1 ]

3 3 n s c lo c k

2 2 n s c lo c k

1 3 2 n s

1 3 2 n s

2 2 n s

9 9 n s

3 6 3 n s

X F T F IN D E R - T im in g D ia g r a m

S H 1 2 /1 7 /9 6

1

2

3

4

5

6

FINDER COST

• Quantity = 336

• 24 SL1/3 boards each having 6 FINDERS = 144

• 24 SL2/4 boards each having 8 FINDERS = 192

• total = 336 + LINKERs

• >500 quantity $256.00 each. Jan. 97 pricing

• 336 * $256 = $86,016

• price is expected to drop by time order is placed