CBC3 progress

matters arising from last time
12C spec
40 MHz clock source
design progress

systems meeting, 26" April, 2016.



12C modifications

CBC3 12C complete, including
reset on start or repeated start conditions

reset if SDA stuck low for 9 clock cycles
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. . output data
CBC3 dlgltal Interfaces S1<0> | S2<0> | S3<0> | Bi<0> | B3<0>

R

S1<1> | S2<1> | S3<1> | Bi<1> B3<1> R

output data: up to 3 stubs data transmitted to CIC/BX —> Si<f- | 985> | S92 | B2 | BO2- | R

5 diff pairS @ 320 MbpS 25 ns S1<3> | S2<3> | S3<3> | B1<3> B3<3> R

8 bit stub seed address (1/2 strip resolution) Si<4> | S2<4> | S3<4> | B2<0> | SoF R

4 bit bend info (location of cluster in window layer) S1<5> | S2<5> | $3<5> | B2<1> | OR254 | R

S1<6> | S2<6> | S3<6> | B2<2> Error R

up to 1 MHz L1 triggering Capablllty S1<7> | S2<7> | S3<7> | B2<3> [ Sync R
1 diff pair @ 320 Mbps v

R = L1 triggered readout data
time flow top to bottom (e.g. S1<0> output first)

fast control

single 320 Mbps fast control line \
NEW 40 MHz clock |_

40 MHz clock generated from fixed pattern in fast 3_2'0 MHy CEMM
control data
normal command structure can not be confused ) ooooooooo 1

with sync pattern bl b0 b7 b6 b5 b4 b3 b2 bl b0 b7

readout data frame < 1 usec

FaStTrigger Test Orbit
Reset Pulse Reset

o
readout data frame rigger

< /W length (active data) = 276 bits = 862.5 ns »
1 [
* \ ' J ' J ' J
2 start bits | \9 bits pipe 9 bits L1 254 bits strip readout data 3
2 error bits “aqdress  count can we swap these fields?




output data frame timing

3.125ns 25ns 3.125ns
e e——> 4 i

stvs<s>_ [ 1 1 n___ 1 M

SLVS<6>| | . |
SLVS<5> contains sync pu|se SLVS<1> SLVS<2> SLVS<3> SLVS<4> SLVS<5> SLVS<6>
SLVS<6> is triggered readout data M Ssi<0- | s2<0> | 830> | Bi<0- | Ba<o- R
. ) S1<1> S2<1> S3<1> B1<1> B3<1> R
in current design output data frame header T oo | socon oo | Bacos -
starts in 2" bit of 25 nsec block o5 ns -

i.e. 3.125 nsec gap between sync pulse S1ed> | S2<8> | S8<% | Bl | BS<S R
and 1St blt Of header S1<4> S2<4> S3<4> B2<0> SoF R
S1<5> S2<5> S3<56> B2<1> OR254 R
overall output data frame length padded to Si<6> | S2<6> S3<6> B2<2> Error R
exact multiple of 25 nsec VLsi<7> | se<7> | s3> | Be<s> | sync R

readout data frame _

» Total frame length (active data) = 276 bits = 862.5 ns >

? \ ) )\ J

Y Y _ Al
2 start bitsT 9 bits pipe 9 bits L1 254 bits strip readout data

2 error bits address  counter 4



SClI timing detail
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Thu Mar 31 08:38:33 2016

.B7,B6.B5,B4.83,82,B1.B0.

+ve 40MHz clock edge
aligned with +ve

320MHz clock edge

and Bit 7

" 56,3883ns 583.464mV.

" §1.3932ns 581.033mV,
4

40,0 45,0

ume (ns)

status: schematic only - layout to be done
plan to triplicate block, with majority vote on output

50.0 55.0



schedule

February March 9 April 9 May v June R
cJ r + r ¢t 1+ ¢ ¥ t ¢+ 1 ¢ 1  f§ T ¥ 1 ¥ 1 [ ¥ 1 |
— < — < » Michelle
modify pipe- re-layout  layer swap & hit 12C
line control serial data detect multiplexers compatibility
registers shift reg. check

> > < > < . » Lawrence
FE mods LDO I12C config AM ' Chip ID e-fuses
registers + support circuits
— P> —p P> < > < » Stephen
4-bit beta; 10-bit comp. new bandgap hit detect DLL
VPLUS2 M | VCTH | ref. 4+ trimming
DACs L/O ' DAC Mark P. +...
> < > =P ¢}
pipeline RAM TOP LEVEL review post

modifications

T review

extra 12C work absorbed by Lawrence

extra 40 MHz clock work absorbed by Mark P

DLL not quite finished yet

but still hoping to complete according to this schedule



12C registers for fuses
Two types:

1) 19 bits version for chip ID
-Write fuse values to register
-Read fuse register back
-Blow fuses
-Read fuse settings back

One control bit needed to set whether reading from
register or fuses.

2) 6 bits version for Bandgap Trim
-Write fuse values to register
-Read fuse register back
-Blow fuses
-Read fuse settings back
-Override fuses

Two control bits needed to select readback and to overide.

Chip ID Fuse Register Layout
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- Bandgap Trim Fuse Register Layout




@ Science & Technology
Facilities Council

CLK — Code<0-25>

Proposed DLL

DLL for front end sampling

Last FD
. . Clone Clock Tree Buffer
CBC2 DLL deviates slightly from 50:50 mark: VP - Clock Tree Buffer
. . CLK —
space ratio (not an issue for test pulse) 25 stage VeDL |2
will use improved version for CBC3 25 stage o/ps
Existing delay stages from - Fixed width delay pulses
CBC2 « Synced to both edges of the clock
Uses a new phase detection + Delay in steps of 1ns
circuit « 25 step control with bypass option
Two charge pumps - Code<0> = bypass
— Muller C aate + Code<1-25> = <1-25>"1ns increments
' i/p 40MHz
Code <1>
1ns delay pre-layout simulation
Code <2> pulse width 12.5 nsec +/- 150 psec
2ns delay (all corners, -20, +30)
Code <23> o
23ns delay max period jitter (code <25>)
+/- 180 psec
Code <24>
24ns delay
Code <25>
25ns delay

VDD=1.2 Temp=-30C model—FF
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bandgap and trimming Modified Band Gap

circuit

. .y - BG

using CERN PMOS based bandgap for radiation stability o VBGbias
requires trimming for process variations e i
need 2 voltages, one for LDO and one for master current reference 500

6-bit trim enough to cope with process with good accuracy To Rload

- T T
— . .
6bit trim range

= 2 Trimming of MC process variation

) :

e { ‘ m- 63.0 591 va ?'
"Smf — 166,667m 552.367m §m7 /w F r pole] {

1 T T T T T T T T
4 00 se w0 180 me om0 o w0 a0 s S0 o

VBGldo after trimming for

w0 « Trim code used for
510.0 - process variation process compensation
T « Mean=500mV « Mean= 36

Range 499.2mV -> 500.8 + Range 8 -> 51

: i )
_ : —~
470.0 3 : M3: 62,6422 461.207m
B i =
450.0 — m:

0.0 S0 10.0 150 20.0 250 30.0 350 400 450 S0.0 550 60.0 650

TrimCal 9




LDO

draws ~1200 pA from Vin

VDDD
T - S

adjust one resistor and one capacitor

250/1 250/1 to get gain of 2

5k
~90uA : :
OC = going off-chip
| Roc ~ 90 mOhms BO = coming back-on
150/0.5 M 150/0.5 (metal resistance)
~250uA
N

Vref
Q_{ 200/0.5

200/0.5 |

I
| | Ccomp 20p 10



LDO schematic vs extracted: +40, -40, all corners

schematic

Roc =50m
Loc = Lgo = .05nH
“ Rgpo =20m
Murata 0.22 uF cap.
Vref=0.51V

500n 750n 1u
t(s)

works ok down to VDDD = ~ 1.11

) :t(s)

vinvdd)
| vinidos)
vinidos)
vinidos)
v(nido5)

vinldos)

v(nidos)

vinldo5s)
vinidos)
] ¥(nldos)

vinidos)

extracted

ROC = 50m

Vref=0.51V

Murata 0.22 uF cap.

250n 500n 750n
t(s]

V) £ 4(s)

vinvddx)
vinldoxs)
L vinldoxs)
vinldoxs)
v{nidoxs5)
v{nidoxs5)
vinldoxs)
v{nidoxs5)
v{nidoxs5)
E v{nidoxs5)

: | vinidoxs)




test pulse circuit

Top Level

/O to neighbour

very congested in bottom right hand corner

all the blocks located there naturally want to be
in close proximity

BB D B DD BN B O
w B B MR K

4

it is now clear that it will be necessary to increase
width of chip by at least one column (250 um)
(not yet implemented in this picture)

have agreed that vertical dimensions of chip can

increase by 100 um at top and 100 um at bottom

512 deep pipeline & O/P buffer
(pipeline control logic now at top of chip)

efuses

12C & biases
bandgap

10b DAC for VCTH
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CBC3

dummy pads on chip (no connection to chip ground)

CBC2
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summary

|12C modifications incorporated into design and complete

Ck40 clock source changes incorporated into design - design not yet complete

can we swap pipe address and L1 counter fields in output data frame?

channel order in CBC3 triggered output data frame will be reversed cf. CBC2

top level layout progress shows chip width has to grow by at least 1 column (250 um)
will try to keep it to one column only

still hoping to be finished by end June
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extra

16



for reference

40 MHz Region Nearest Neighbour Signals Ck40 DLL 4(,) MHz .
Front End = DLL Differential
o Clock: Ck40_ref
Amplifiers
254 >_ c
Xl 1) =l |s| |8
C © < o .
’E 57')\ : > = < E £ & 512 Deep o)
2 th — c £ = il 7]
z S| | o S ) P 2
5 0% =Y s 1S |12a] || |5 (12 8yis) <
S A Vih — E » o £ < = % + »' E
i : ! 5 f*%?g?@’s 32 Deep Z
5 I : S = = S = Buffer %)
v : o o o = o
P Vi E et O “‘5
Comparators 320 MHz
f 4= Differential
t Pipeline Clock: Ck320_ref
Nearest Stub Address Control
Test Neighbour (3& E?S’ebnd \
Pulse Signals x13b+1
Bi L1 Counter
Generator Gen;?’:tor 6 Differential
Y ! Y Outputs at 320 Mbps
f Bend Data Packet Stub &
DLL B lookup ‘. Assembly & Triggered
formatting Transmission Data
vDDD 320 MHz 320 Mbps
-10% <— «—— . Fast Control
VDDA 1.1V+/-10% LDO 1.2V+/-10% Region ast -ontro Differential Input
Slow Control |¢—|2C
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front end design changes complete

CBC3

4010 1.0 V analogue 1.2 V digital
e
\ 500R [} I I
a/1 IPA )—{ 10/0.5 Ipaosl ;—{ 10/1  10/1| |- 1/0.25 1/0.25 0.2/ 0.48/
IPRE2 Ipaos2 I ] | 0.12
]
|[L25/05
Ly | etectrons /_1 ]a.jk VCTH 16/0.12 -
2 10/0.18 }—a | [ o/p
e p 10/0.18 r ! !
- fee 4 o .16/0.12 ) 012/
f 1p hb 12
- BuA 0.12
L 5/5 4un
— |cow>—{ 16/1 Ihvst>_1 |cow>_|
100k ,
§n
PSF > |_10f1 >
1.1 V analogue 1.2 V digital
IPREL -)—1 10/1 }—e IPRE2 |—< Ipacs2 1;.—_\5\] 1/0.5 ey e
I: 0.12
Lewo
T 100f }_c’""": .
VCTH
—{ |—o | o/p
400/0.36 |
1 10/0.18
10/0.18 .16/0.12 |_ o1e/
BuA ) ¥ 012
— 5/5 8/1
, o« o  x
) * 700k ‘ ICOMP H 16/1 Ihyst. ICOMP >_H7
118 sq. "
h gnd
0K a2k >
35 sq 54 sq

115k IBSF >—1 10/1
J_sa sq

VPAFB
o
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