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1 column of front-end circuitry
Pixel contains 32 pre-amps

Periphery contains 32 Discriminators + 32 HIT Encoding Blocks
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Hit HitNext nEncode Flag

0 0 1 o | Logic functions:

0 0 1 0 HitNext = (HitNext_, OR Hit)

0 0 1 O | Encoded = (Hit OR HitNext_;)

0 0 1 0 S
Flag = Flag_,0OR ( HitNext_{NOR Hit)

1 0 0 | 0

0 1 1 0

0 1 1 0

0 1 1 0 The Encoded signal controls sending the

1 1 1 1 I segment/pixel address (5-bits) to the

1 1 1 1 periphery along with the Flag if it's raised.

0 1 1 1
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HitPrev

HitNext Hard coded pixel addréss
e 1 bit hit to encoding

Hit ey thi
R ; 1 ‘ Sel == 5 bit hit address
e |-E > e D CEEEE
—

Hitb
1 bit hit flag

FlagPrev
HitPrevb

Hit Flag Logic

x32

Edge detector latching
on the leading (falling)
edge of the comparator

Hit encoding

Hit address GRAY coded!
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HIT detect and encoding
logic implementation
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Technology Monostable simulation

Name vopiz 2.0
1.8 1.5
18
18 =1.0 HIT
18 > 5
0.0

-5
2.0

1.5
= 1.0

=2 ' HITb

uT

M oute
{inputdata
fclkideal

>.5
0.0

-5
2.0

Temp=27C L5
Nominal Corner sto
Clock=320MHz ~~

0.0

-5
2.0

1.5
—1.0
= Clk
> .5

0.0

-5

I T T T T T T T T T T T T T T T T T T T T T T T T T

0.0 10.0 20.0 30.0 40.0 50.0
time (ns)

Detects all falling edge transitions on the input data even at 320 MHz clock speed
This block will operate at 40 Mhz

Input Data
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Jame Cormer 2.0

; _ | _ o ] ] g - ;
felk 1.5 } u‘ [ ' I
B icik nom '
fclk SF 51-0 l Clk
fclk FAST - 5
fclk SLow l l '
fclk Fs 0.0 e B S B I T B I B B B B
fouT 5
B out nom 2 0
fout SF ' 1 ' — — —%
fout FAST 1.5 | | | I
B out SLOW ‘ \ ' |
fouT FS El.(] ‘ HIT
{OUTE > .5 ‘
fOUTE nom 0.0 ESp— - L | ﬂ L ! 8
{OUTB SF . i o eimia — T
B ouTe FAST .5

B oute SLOwW 2.0

fOUTE FS \ ; | ] \ f 5 1 |
{inputdata 15
\ {inputdata nom
W finputdata SF alo ‘ ! | , HITb
> !

finputdata FAST .5
finputdata SLOow
finputdata FS 0.0
-5
2.0
1.5
5 1.0 Input Data
— >,
Temp=27C g

All Corners o
Clock=320MHz — T T T

10.0 20.0 30.0 40.0
time (ns)
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Technology for one complete column

Name cdec 5 2.0 7 HIT Next 32
B Segment Address [4:0) = -5
{H31> 2¢-13 22'0 a HIT Next 1
{Hel> 2e13 o -5
B /PixelEnceded 32> 212 ~ 2.0 : )
{PixelEncoded <1> 2e-13 a’_.s g nEncode 32
{OValidb<32> 213 2 57
M /ovaldb<l> 213 & g nEncode 1
I fovald 32> 2e13 > -5
(DValidel> 2013 520 a Pixel 32 HITb
fvCompThin<32> 213 - -5
{vCompThla<l> 213 ~ 2.0 -
fvinComp<32> 2013 & 5 a Pixel 1 HITb
B finCompels 2e-13 22 0 _
{CompOut<32> 213 & g Pixel 32 HIT
fCompOut<l> 2212 > -5
{HITNext 23 520 E Pixel 1 HIT
{FLAG 2013 -5
| =12
i s Cud 95 a Pixel 32 PreAmp+Threshold
> .
Pixels hit: Pixel 1 & 32 Elgi 3 Y A ——— Pixel 1 PreAmp+Threshold
Signal: Both 2Ke- 250 _
Hit time:60psec E"S g Pixel 32 Comp Out
CC time:1ns 520 = Pixel 1 Comp Out
R -5
Address Out: Pixel 1 %2'0 : HIT Out
Pixel 1 address: 00000 > -5
Pixel 32 Address: 10000 32-50 = Flag
FLAG Raised: YES > 50 -
< g Clk
Temp=27C >
. o J 0 Segment Address
Nomlnal Corner I ] T T T T ] T T T T [ T T T T I T T T T I T T
— s E : 60.3 60.4
Clock=40MHz Hib B =

time (us)
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HIT encoding simulation

(HIT detection)

Dvalid\<32\> 16 g
Dvalidi<li> 16 =
CompOuti<32\> 16
~ i) 20
vCompThin\<32y> 16 —
vinComph< E
v C;:m pTTl :'::1'-7 i : ot
CLE 16 -5
2.0
=)
-
-5
Pixels hit; Pixel 1 & 32 ﬁ”
Signal: Both 2Ke- =
Hit time:60psec &
CC time:1ns 1.2
Address Out: Pixel 1 §
Pixel 1 address: 00000 05
Pixel 32 Address: 10000 1.2
FLAG Raised: YES §
.05
2.0
Temp=27C s
Nominal corner >
Clock=40MHz 2

Pixel 32 HIT

Pixel 1 HIT

Pixel 32 Comp Out

Pixel 1 Comp Out

__Pixel 32 PreAmp+Threshold

Pixel 1 PreAmp+Threshold

Clk

60.0

60.1

60.2
time (us)

60.3 60.4
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Technology (HIT propagation)

Name

CLK 16 >

B FLac 16 =~
HITNeaxt 16

W Hey 16

U HE1 16 2.0
DValid\<32\> 16 =
DValid\<1{> 1.6

Clk
Flag

HIT Out

P?xels hit: Pixel 1 & 32 2.0
Signal: Both 2Ke- 2 3 ¥ l HIT Next 1
> ‘ :

Hit time:60usec

CC time:1ns AZ'U M2: 60 03212us 718.8641mV
Address Out: Pixel 1 < y HIT Next 32
Pixel 1 address: 00000 5
Pixel 32 Address: 10000 _*°
FLAG Raised: YES = HIT 32

50

§ HIT 1
Temp=27C -4 _
Nominal corner 60.0 60.02 60.04 60.06 60.08
time (us)

Clock=40MHz

HIT Signal Propagation Time < 6ns from top to bottom of column
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Technology 1 pixel in the middle hit

Name cdec ﬁ20
B Segment Address [4:0] § 3 Compal‘ator Out
I ivCompThin<16 2e-13 ;
(Compgutd& 2e13 1'.52
N Fuekcatntan | 213 S § Pre-Amp Out & Threshold
H<l6e 2e-13
=] ?D\‘alﬂbelﬁ: 2813 293
e (= nEncode
(] - -5
ey iz 20
S § HIT Next
- -5
20 S— .
< § \ ( HITb
.5 '
2.0
Pixels hit: Pixel 16 > % HIT
: -
Signal: 2Ke- -5
Hit time:60usec s § HIT Out
CC time:1ns ” 5
Address Out: Pixel 16 g”"“’ g | ; o
Pixel 16 address: 01000 % siiii = Al
FLAG Raised: NO _.20
g é CLK
Temp=27C 3
: g% 8% 0
Nominal corner 0o —_—ere——- .Se.gm.en.tA‘.jdr,PS'?
Clock=40MHz 60.0 60.1 60.2 60.3 60.4

time (us)
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Rail Irms

VDDD 67uA
VCC 376pA
VDDA Pixel 106pA
VDDA 582A
Periphery

Pixels hit: Pixel 1 & 32

Signal: Both 2Ke-
Hit time:60usec

CC time:1ns

Temp=27C
Fast corner

Clock=40MHz

| (mA)

| (uA)

| (uA)

| (uA)

2.5

0.0
-2.5
5.0
-7.5
-10
-375.75
-376.0
-376.25
-376.5
-376.75
-377.0

-377.25
-580.0

-585.0
-590.0
-595.0
-600.0

-605.0
-105.0
-105.5
-106.0
-106.5
-107.0
-107.5
-108.0

One complete column
total power drawn

VDDD

HIT Encading Logic

VCC

Powers first branch of Pre-Amplifier

gl
—VDDA Periphery

Trim DAC+Comparator+Buffer

|

VDDA Pixel

Powers Pre-Amplifier 2" branch & Diode Bias

T T T T T T T T T T T T T T T T

60.2 60.3 60.4 60.5

time (us)




