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Parameter
Bunch spacing

Hit density

Designed data rate
(trigger)
Designed data rate
(triggerless)

Efficiency
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Design requirements

Unit
ns
hits/bunch/cm?
hits/bunch
pixels/bunch

MHz/32bit

MHz/32bit

* How longis the acceptable dead time for the pixel readout?

— Assuming worse occupancy case (pixel) = 0.05%
— 100ns :99.9% ; 200ns : 99.6% ; 500ns: 99%

Effiency
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680 210 25
2.5 2.5 0.2
8.2 8.2 0.66

25 25 2
5 5 5
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iN: “T15120MHz

iy triggerless 160MHz
Trigger 5 MHz

Dead time: X{%1] 500ns
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Parameter Unit Higgs W Z
Bunch spacing ns 680 210 25
hits/bunch/cm? 2.5 2.5 0.2
Hit density hits/bunch 8.2 8.2 0.66
pixels/bunch 25 25 2
Hit pixel rate MHz/cm? 11 36 24
MHz/chip 36 120 80
Chip data rate Gbps 1.15 3.84 2.56
(triggerless) MHz/32bit 36 120 80
Chip data rate Mbps (Average) 40 40 3.2
(trigger, no error) MHz/32bit 1.25 1.25 0.1
Chip data rate Mbps C(Average) 40 40 25.6
(trigger, 7LSB error) MHz/32bit 1.25 1.25 0.8
Designgd data rate MHz/32bit 5 5 5
(trigger)
DIZEg e GalE il MHz/32bit 160 160 160
(triggerless)
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Readout architecture

Readout of 512 double columns

Readout of 128 double columns
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Readout of 32 double columns
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Interface & function

Pixel array

No connection
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Peripheral logic
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Interface 1 - Pixel array

10 11 12 13 14
VALID / \
Fastor(EOC) / TororX
0<TDA<23ns 0<TDFOR<45  4—F _
{ TDVLD 0<TDVLD<23
READ(EOC) 7Z .m < <
H TDA
ADDR X1 Xo X3 Xo X5 Xo X7 X
¥ TDA_ALP 0<TDA_ALP<45
ADDR_ALP X 1 P4 3 X 5 N4 7 N

The signals below are the inner signalsin the peripheral logic.

Fastor Posedge is syncronized by the CLK negative edge followed a CLK positive edge..

CLK ¢ -+ -+ L+ L+ L+ L+ 4+ L+ [+ L+ [+ L+ [ 2

fastor_syn / \ Fastor negedga is not syncronized.
VALID Posedge is syncronized by the CLK negative edge followed a CLK positive edge..
valid_syn / \
VALID negedga is not syncronized.
latch_en /S N\
ADDR is taken at the positive edge of clock when latch_en is high.
addr_rcv X 1 X 3 X 5 X 7

TimeGer

CLK cycle: 25ns READ cycle: 50ns #hE %7 EREAD T S5
v FEI3JilA: READE T =44 %l => TDA<23ns  CRFEFIX 2 F BRAED
v ALPIDfA: READ (SYNC) T ¥ HulE & f7=> TDA_ALP < 45ns

I©©
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Interface 2 - SPI
‘Ignore O A 16 bits data packet

-> >

SPI_CSB \ , —
SPI_ CLK ’ ‘ 1 2 3 4 5 6 7 8 9 10 1| 13 14| Tis| Ti6

LSB

| | MSB
SPI_MOSI g ’ 1 ‘W/R X A4 * A3 * A2 * Al x A0 x ‘ DI7 l Dlex DI5 X Di4 X DI3 X DI2 X DIL DjIO
RO VA &

SPI MISO / R R S \ “o” ‘ DO7 x DOGX DO5 x DO4 x DO3 x DO2 x DOL x DjOO k
tvos ReF Ck | [ | [ L LJ L | L U L L g L L
| |
LVDS_DATA[31] : : | I
|
LVDS_DATA[30:0] Datal| Data2| Data3 Datad
I |
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Functlonl trigger mode data match

TRIGGER_LATENCY 8 #7 ff2%: %ERJ0-6us

=> FIFO1 R {7 fif6usi i, i 6ushIds < 57
TRIGGER_UNCERTAIN 3fi. 27 f72%: & HJuFl0-175ns

2.925us 3.075us

| | 1| | g
Ous 3us 6US

T trigger

Example of setting trigger latency and trigger uncertain.

Suppose the trigger signal comes at 6us, and users wants to acquire the hits
from 2.925us to 3.075us, then we should set TRIGGER LATENCY as 8°d
123 (123*25ns=3.075us), and TRIGGER UNCERTAIN as 3’b110. (0.15us).

11
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Function2-Pixel mask function (1)

SPI_MOSI —
Pixeltest_din

SPI_CLK —
Pixeltest_clk

SPI_CSB —
Pixeltest_csb
Test —

Load_m -
load_ ¢ -

Pixel mask out

Pixel Pixel Pixel Pixel Pixel Pixel
? 4 ; 7
Pixel Pixel Pixel Pixel| 7777 Pixel Pixel
Pixel Pixel Pixel Pixel Pixel Pixel
Con_clk0 Con_clk1
Con_data0 Con_datal Con_data511
Col_mask > Col_mask S Col_mask
Row_clk (pixel_mask_clk)
__ Col_clk (Con_clk0,*=,...Con_clk511) Apulse Apulse0,-=+,Apulse511,
Dpulse Dpulse0, **+, Dpulse511
—  Load_c0,*=*,Loadc511
xrstn

Load_m0,"**,Loadm511

por_rstn —

G_rst (G_rstO0, **=, G_rst511)



Ignore “0” A 16 bits data packe

START_I ' Start
i=0, j=0
e P EULED LU L -

MSB L8 L Write register 00110 with mask data DI7-D10
MOSI e l dp Y R k 0o o I 1 1 1 L DI7 x |:|6‘ DI5 x D4 x DI3 x DI2 xSPLDX DIo k Y_/R i=i+l
tg’:‘\g:&/ DI7/DI | No i<=64
» YES
con_clki | | A 4

Write register 00111 with DI7-D10=8'h00
Fitl

Internal timing sequence generation of
con_clk (2 spi_clk cycles), load_c/load_m (4 spi_clk cycles) o j<=1023

YES

Write register 00111 with DI7-D10=8'h80 for loadc active
or Write register 00111 with D17-D10=8'h40 for loadm active
or Write register 00111 with DI7-D10=8'hcOfor loadm and loadc active

« Setting the pixel mask by software

— Easy to use
— Test [1:0] can be fixed to 2’'b00 when bonded on a ladder

Setting flow for pixel mask function
— External Loadc,loadm can be removed in the next version.

End
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FounctlonB data compression

Addresses in a
double column

1016
1019
1020
1022

o Ut o]

__\l-bUUO

1017
1018
1021
1023

pattern

First address in the

Data in pixels
compression package

111 1 1

=

=
=
[N
[EnY
=

1
il i 1 T [ 0,4,8,12-

gtﬁ Iﬁii % : ng mE EE a¥
HE 1 [1]1
L N N T N O O O 1,5913

4 |11 1 1

1 11 [z 1
1 7 1 [T T 2,6,10,14++

000 100 010 001 011 101 110 111

B0 BO0 = . W E .1 .1 3,7,11,15

Compression of the successive four pixels

B unconcerned pixel 1 hit 0 not hit

Example of Data compression in peripheral logic

7EF IFO1 Z BT 348 SC A = 48
& B B AN IR S MU R B AV BE BB A EES A bt AT R4 (324K
BNETEFIFO1, FIFO2RNTRHERE BHMITA) , BARJLA i ESEEE
DT Em BN IESE

REEFTER I EIRAL T N IR 14
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Verification

e Testbench

- Hit generation
TR VAR 0 A BE AL A2 e — LR R 2k

, PISIEERES Test Bench
- Pixel col signal
o HBUEE ORISR BEFP . BEL.

- Data analysis

X PR RS2 B W E s CEIRIED o Fiit
2 120MHz f UL # AT LIE AL H
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Verification

o HENZ
- SPHENERE MR : FALE A7 f & R ALIRES X
AT BT I I B T BEE . pixel maskIIgEM i (
5 AN A fimask patternjf: & i%& A #Bloadc. loadm)
— Apulse Dpulse #Mfloadc loadmillli
- WE S MEAEESHE
Jefatrigger (AN[E]frtrigger latency flitrigger window ik

B . RGHARIEG . Ml GRS, RiEsE. B, B
e BEHLS )
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Verification

-ﬁE%%:
— JEARTRE

— Triggerf =X &

HIE B 6

— Triggerlessti =\ H A YE £46, 15 H300ms, =%
120MHz-130MHz 58 4> IEHf, B Rt slidsir
160MHz A I &=FE# (2 H160MHZRH])

B /b AT LSRR B = A 5

— IRt 2URT PLSCRF B i B =2 (PR R R AR T Ml bk
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192%1:  1300um*4800um

1024%1): 1120um*25600um

10245 IH3E: 120MIEZER 547, trigger 136mW, trigger 98mW £
, EPETHMZE 560%; T—SILETEh R 2%

Analog pixel Reg
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Summary

o X FHFtrigger. triggerlessiE =
RIS T HhE SR R 4

HJ 1

SRR 120MHZ I BUE

I T B RN A debug iR Bl

i

X
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BT, e MDA &
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Thank you!



|\/|Od|fled SPI interface

3 Chip 03 3 ] 3 Chip02_ = _
;’ ;’ A m’ * START_PULSEO
MISQ | Hoster
mosi - (' Master)
CLK
START_I ’

C 1 5 ‘e 7 8 1 1 12 13| 4| Tu 1 ‘2 = .

L« L L | 4] 4 L Question:

vos b o [oefoefou [oe Jor [ [ ] [ The driven strength of

MISO

START_OUT

Internal_CSB

« Use STAR | generate a internal CSB (SP1_CSB).
*  Write register control “SPI_D” to disable the SPI interface and to generate
START_OUT, which is connected to STAR_I of the next chip.

PAD for START_OUT ?
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Next work

ntegrate the on-chip debug module
~inish the final layout
Provide timing report

Provide power analysis report
Extract delay information & Post simulation




On -chip test
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Register 00100~00101.:

On chip channel test control. The function is not included In
the present version.

OCTE: On chip channel test enable. 1: enable , O:
disable (default).

F/\V: Fastor or Valid waveform select. O: fastor
waveform, 1: Valid waveform.

FVL[2:0]: Fastor or Valid waveform length. Unit in read
counts

API. Line-by-line or interlaced address generating
selecting. O: Line-by-line, 1: interlaced

ADR[9:0]: The on chip channel test controller start
address. 23



