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Technology

HIT READOUT ILLUSTRATION FOR 6 BUNCH CROSSINGS (BC)

25ns 50ns 75ns 100ns 125ns 150ns 175ns 200ns 225ns

BUNCH CROSSINGS (BC) BC1 BC2 BC3 BC4 BCS BC6
ODD BUNCH GROUP 128-bit REG REGI  RESET  REG1  RESET  REG1  RESET  REG1  RESET  REG1
EVEN BUNCH GROUP 128-bit REG RESET RESET RESET RESET RESET
0DD BC HIT PROCESSING BLOCK 1 PROCESS BC1 PROCESS BC3 PROCESS BC5 PROCESS BC7
EVEN BC HIT PROCESSING BLOCK 2 PROCESSBC2 | PROCESS BCA4 PROCESSBC6 |  PROCESS BCS
0DD BC 8x13-bit INTERMEDIATE REG1 STOREBC1 | STOREBC3 | STOREBC5 | STOREBC7 |
EVEN BC 8x13-bit INTERMEDIATE REG2 STORE BC2 STORE BC4 STORE BC6 STORE BC8
8x13-bit OUTPUT REG1
0DD BUNCH GROUP 8x13-bit OUTPUT REG2
8x13-bit OUTPUT REG3
EVEN BUNCH GROUP 8x13-bit OUTPUT REG4 :
OUTPUT

LATENCY =75ns OUTPUT 8 HITS PER BC PERIOD
IF LESS THAN 8 HITS IN ANY BC PERIOD THEN FILL WITH '1' TO DENOTE BLANK HITS

We use 4 OUTPUT REGs instead of 2 as we already have silicon proven 4-to-
1mux following the registers; some penalty in space and power is paid but this
block draws very little power when compared to the analogue blocks and
compared to the array occupies a small percentage of total area.
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Technology

(. '
. g\ Channel 1
REG1 [ Al20
[ \ § Channel 2
HIT 8 HIT 7 HIT 6 HIT 5 HIT 4 HIT 3 HIT 2 HIT1 8x13 \g\_
REG, [ Bl20) A[12:0] —— s > Channel 3
8 7 6 5 4 3 2 1
Bl20]— ouiizor | p—
cpzo—— "% § Channel 4
s|7|e|s5]|als]2]1 oxls —
REG3 [——CM20l D [12:0] —— ‘ ‘ A
g8l7]|6|5|4|3|2]1 o °
8as | o \ )‘
8|l 2|6 |5|4|3|2]|1]|.— | REG D 112:0]
°
° —
° ¢ > [Channel 13
« Silicon-proven \___J
. blocks (see
later)
8 7 6 5 4 3 2 1

e 4.16 Gbits/sec total data-rate

« Each LVDS channel operates at 320 Mbits/sec (single data-rate)
 Read-out 104-bits in 25 ns
» Reference clock for sync to be added (not shown here)
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TOKEN GENERATOR

HIT Processing Block

‘HIT FINDER

STATE MACHINE
o
1 =

-LOGIC FOR GENERATING FLAG
AT END OF READOUT
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Technology

B - | IS PR SUUHE R — e

SR || B 1S || RS

* There are two multi-bit buses and two 1-bit bus; each bus is divided into 4 parts
* The buses are divided to reduce loading; dividing the buses improves SR
« Each part of a bus serves 32 RO cells; need to OR the signal of each part in the bus
 We need 4 input OR gate; we also need to bring the bus back to known
state once the Token passes through; we use the Token to reset the state of the Bus to OV
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Technology with Fast Skip Logic
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Technology Block
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Technology finder block (STRIP Encoding)

Name cload 2 nRst
{CDNfh: 2e-14 s .
s 2014 52 Strip Address [0]
B /Data<l> 2e-14 -
Ml /022> W od 1 Strip Address [1]
{Data<3» 2e-14 - \
e s 2 Strip Address [2]
{Data<Ge 2e-14

no Lt

B (1S05(HIT_BUS4 | 2e-14
fISOS(HIT_BUS2 | 2e-14
fISOSHIT_BUSZ | 2e14

B /1295/HIT_BUS1 2e-14

Strip Address [3]
Strip Address [4]

[\

Loy oy iy oy o o du e po o oo e ooy oo g uo

(LS R

—seronl - Strip Address [5]
(Token 2e-14 -2 i
W iclknb 214 3 ° Strip Address [6]

A HIT Bus4

V(V)V(V)V(V)V(V)V(V)V(V)V(V)V(V?\)V(V)V(V)V(V)V(V)V(V)V(V)V(V)V(V)

Strips hit: 8 ;
. HIT Bus3
Locations: 1, 5, 10, 35, 55, 5
71, 95, 128 ’ HIT Bus2
2 A NN HIT Busl
? ~ HITs
2 Token Out
. Token in
Temp=27C - i
Nominal corner 8 e e e e
Clock=320MHz 10.0 20.0 30.0 40.0 50.0 60.0

time (ns)
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Technology Strip Address

fDamd | 2e14 g 3 Strip Address [0]
B /Data<l: 2e-14 .5
{Data<2> 2e-14 2 0 , - 2
{Dame3> | 2e14 . °° [ | [ .
M st | 2614 & % | l‘ Strip Address [1]
e | =2 = 7'
fclknb 2e-14 ﬁz'o
mibus | 2el4 _;E: 3 Strip Address [2]
-5
20
= § Strip Address [3]
-5
2.0 . ; S
= | :
= 3 [ 'L | Strip Address [4]
8
Strips hit: 8 20 : 1 |
Locations: 1, 5, 10, 35, 55, < 3 | | Strip Address [5]
71, 95, 128 X
f § Strip Address [6]
-5
20
i’ % HITs
-5
20
Temp=27C 2 3 Clk
Nominal Corner -.5 T ] L} T T T ] T T T T ] T T T T ] T T T T [ T
Clock=320MHz 10.0 20.0 30.0 40.0 50.0

time (ns)
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Technology Tokens

Name cload 2.0
—pesaidpdl et~ 3 Token out
(105 TOK 5> | 2014 —
‘ {Token 2e-14 .5
:cl:nb :&i: 2-0 o
- 3
-
-5
2.0
Between Strips which 2 3
are not hit, the Token
passes through 20
e
asynchronously e
-5
2.0
= Token in
-
-5
2.0
e Clk
Temp=27C >
Nominal Corner -.5 | T T T L] [ T T T T | L] T T T '| T T T T [ T T T T [
Clock=320MHz 0.0 25.0 50.0 75.0 100.0 125.0

time (ns)
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Name cload 2.0
{1895/HIT_BUS1 2e14 &
{1895/183 <12 7>{EnabkOut 214 &

B (18950183 <1275(TokenOutShifti | 2e-14 -5
I 118950183 <12 7>{TokenOuti 2e-14 2.0
f1895/183 <12 7>{natl34 2e-14 -~
Token 2e-14 <
fclknb 2e-14 > 5
fhit_b 2e-14 o
us - 2.0

=
~ .
-5
2.0
e
>
-5
2.0
=
]
-5
2.0
=
-
-5
2.0
)
p- 2
-5
2.0
_ )
Temp=27C >
-5

Nominal corner
Clock=320MHz

Simulation of strip encoding

15t Hit RO Cell Signals

HIT Busl

Enable Tr-State buffers
to output HIT address
(active low)

Token out clocked
(-ve edge)

Token out clocked
“(+ve edge)

Xor of Token out
(both +ve & -ve edges)

Token in

Clk

time (ns)
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T Chn0l08y Encoding Block

Temp=27C
Nominal Corner

Bl Clk (40MHz)

Il /CLK_HIT_ENCODING1

I /CLK_HIT_ENCODINGZ

/I59/CDN_REG1

BN /153/CDN_REG2 20 |

] |
| |
1 J i._‘

A A e

ASS/HIT_BUS_CLOCK1 . 20 HITs BX1

I /I59/HIT_BUS_CLOCKZ

HITs BX2

I /RST

I /START_PROCESS_BC1

B /START_PROCESS_BC2

We simulate 4 hits per bunch crossing (BX) and all 8 hits detected
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TeChnOlOgy Encoding Block

Temp=27C
SLOW and FAST corners

Transient Response

Name

I /CLK_COLUMN_PERIPHERY

B8 /CLK_COLUMN_PERIPHERY g ,’ : i i | " | ; Clk (4OMHZ)

Il /CLK_HIT_ENCODING1
Bl /CLK_HIT_ENCODING1

/CLK_HIT_ENCODINGZ
Ml /CLK_HIT_ENCODINGZ

Il /159/CDN_REG1
I /159/CDN_REG1

BN /I59/CDN_REG2
W /I53/CDN_REG2Z

m s H‘w?‘leH\mHH QTSR < 20mH2)

B /I59/HIT_BUS_CLOCKT 2L ‘ . ‘
JI5S/HIT_BUS_CLOCK : | ‘ HITs BX1

B /IS9/HIT_BUS_CLOCK2 T A
B /159/HIT_BUS_CLOCKZ H ‘

HITs BX2

I /RST
W /RST

B /START_PROCESS_BC1
/START_PROCESS_BC1

Il /START_PROCESS_BC2Z
Il /START_PROCESS_BCZ

20.075
time (us)




15
@ Science & Technology Facilities Council SimUIation Of COmPIEte STRIP
TeChn()lOgy Encoding Block (LVDS i/p)

Temp=27C
Nominal Corner

EE st er e eE e e mE e e ne e e ol Ol (220MH2)

"

n " » »
own pw pwn o

I /LOAD_REGI

I /LOAD_REGZ

ALVDS_IN<0>

I /LVDS_IN<1>

» N
own own

Bl /LVDS_IN<Z>

& -
&
=
2
=
&
=.
o
>
s
=
s

Il /LVDS_IN<3>

gl

Bl /LVDS_IN<4>

v tv!

B /LVDS_IN<S>

v(V)

D ! N L ) !
ot pin pin

LYDS_IN<B>

I".' () ,V (V)

Il /LVYDS_IN<7>

n

W /LVDS_IN<G>

‘1|l (V)

|

/LVDS_IN<9>

v(V)
n N
n s

o

B /LVDS_IN<10>

v

(XX
o

Liiid) L0eidl Liind) LiLGd) LiLDd) LU0 LLLBIY LLMBd) L0l Libbdd LLiGd) A0LLE) L0Gild LLLGE) A0bhl) L0nl) LiRil) Liiugg
|
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own
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Transient Response

Name

Simulation of complete STRIP
Encoding Block (LVDS i/p)

Temp=27C
SLOW and FAST corners

2.0
M /159/CLK_OUTPUT_REG1 .S? ‘
159.CLK_OUTPUT_REG1

Il /LOAD_REG1

I LOAD REG!1

I LOAD_REG2Z
/LOAD_REGZ

[

I /LVDS_IN<D>
LVDS_INwDv>

ok
7]

B /LVDS_IN<10>
B LVDS INe10%>

o

Il /LVDS_IN<11>
Bl LVDS_INW11%

Sin

N

I /LVDS_IN<12>

Il LVDS_INVe12y>

ain

B /LVDS_IN<1>
B LVDS IN<T%>

ot

fLVDS_IN<2>
B LVDS_INwegy>

7]

B /LVDS_IN<3>
LVDS_INw<3\>

v o v "-’(V)‘ Y v Vv vV

o

I /LVDS_IN<4>

V[V)'

I LVDS_INV=4'>

own

[N

fLVDS_IN<S>

Il LVDS NS>

oin

M /LVDS_IN<B>
LYDS_INwB>

v v

own

I /LVDS_IN<7>
B LVDS_INVT\>

oin

W

Wl /LVDS_IN<G=>

[ LVDS INwB>-

B /LVDS_IN<9>
B LVDS_INwS\>

G G GIE TGIEI TIEI Tl TEI TII T TIEN TN TENN TEmn  TEmm e
v(

vw v v

|
in

Clk (320MHz)




