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CBC3 I12C front panel
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Pipeline  Stub logic
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write address |
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running the chip

many things to set up correctly

user manual will explain

draft exists - not ready for circulation yet
spec. document already goes some way
test pulse allows to exercise most features

same as CBC2 - arrangement of channels

allows to generate stubs

can limit number of stubs generated
using channel mask

error out

o tatus
write address write and readall| | YES A ' status d
bus speed r) 5 o
& i . 1101110
HM no errar I Beno
CBC address 12¢ daone
EIaccessgarms hinar . source
:I*ldh SHLOTIII 10w —
it
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ﬁgﬁ :) 0 M min hryskeresis beta M| triglat
3 page|CompPol| = buttans out reset | M5B | yalue read bagibcimal value
FEC Register(page 1 fixed)| HCP w| Bloooooo ||t "elecs |CH3|CH2ICH1ICHDI off |zer0 sioooooo | Hee
Latency Register| NOP v| ﬂd62 | Eeta multiplier SLYS current El100000 dsz
beta mulkiplier & SLYS| NOP w|itiooott| [B3 ez Bt | e | IBS gz | 1 [ 6o Ib11000111| diga |
IPRE1 NOP M EE bi1ooi0 | 50|
discrepanc
IPREZ{CASC)| NOP VH‘”ZU | g Comparatar Hysteresis Bl1111000 | 4120
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= dEn pancy only dE
U0 MOP VI if write and read all % L
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i
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deo
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TP Del & Test Chan Grpl NOP vI B11100 | test pulse delay :_) 14 test chan group ;) I3 4115
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caL I NOP w|¥ka0 | Bi1110000 4240
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CAL_YCasC] e v| el1 33 | 11 = fixed pulse width B1i1111 33
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10 = HIP suppressad Pt width
Pipe/tub logic 1fP select & Pt width| NOP w shoiotnt | (B2 ez o1 Jen| oo | H&7
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Coine. Win. O/5 2 & 1 NOP w|Hn | offset2 Jo offset 1 Zj 0 B A |
Laver Swap & Cluster Width| MO w| efioo | [swap=n] cwickh o E100 ah
TPG Ck sel| EM_OR254| k40 DLL
40 MHz Clock & ORZS54| WP | Hioo10000 |l + = narmal || oF || orr | ;JJ 1 B10010000 | dil44
ket best O=bvpass
FCI delay
Fast CMD Inkerface & error Flags| HOP Vl b | :—) i} Errar Flags &0 40
errar flags meaning: Buffer RAM overflow | Latency Ervar | Sync lost | Sync stat | Bad code
YCTH NOF vl bl 000 | 2 WCTH read back b[1000 dg
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running the chip example

example here shows activity on 6 output lines for 3 stubs generated

SLVS<1>, <2> & <3> shows stub address data
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< D i I 1 I I I 1 I I I 1 I I 1 I I I 1 I I I 1 I I I I I I

u] 5 100 120 140 160 150 200 220 240 260 280 300 320 340 360 380 400 420 440 460 450 500 520 540 S&0 580 B00 620
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100 120 140 160 150 200 220 240 260 280 300 320 340 360 380 400 420 440 460 450 500 520 540 S&0 580 B00 620
SIS <2 sample number

g1
2
)
£
< D_I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
100 120 140 160 1a0 200 220 240 260 280 300 320 30 360 380 400 420 440 460 450 500 520 540 S&0 580 B00 620
SLYS 3= sample number
g1
2
£z
£
< D_I | 1 1 ] | 1 | 1 ] 1 | | 1 I | | 1 1 ] | 1 | 1 ] | | |
1] 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 SE0 SE0 £00 620
SLWS <4 = sample number
%1_“““|““‘ “ |‘ “ “ ‘ “ “ “ ““‘ “ “
2
£
1=
< D_I ] ] 1 ] | 1 1 ] | 1 | 1 ] 1 | | 1 I | | 1 1 ] | 1 | 1 ] | | |
20 40 &0 20 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 S&0 &00 620

SLWS <5 sample number

o 1-
1 1 ] ] 1 ] 1 ] 1 1 ] ] i 1 1 ] ] 1 ] 1 ] ] i i
120 140 160 150 200 220 240 260 280 360 400 420 440 460 450 500 520 540 560 580 600 620

SLWS <R sample nyfnber

SLVS<5> shows sync pulse SLVS<6> shows digital header followed by 3 pairs of hits
every 25 nsec

note: no bend information, because test pulse fires channels directly above each other
(seed channel and channel in centre of window => bend = 0)




zooming In

test pulse timing set up
so that hit confined to
one timeslot

stub addresses 16
channels apart as

expected from test
pulse

only get even stub
addresses as odd
values require
adjacent hits on the
same layer (test
pulse can’t do that)

—
|

stub address 56

Amplitude

I:I_I | | | | | | | 1 | | | | | | 1 | | [l | | | 1 | | | | | | | |
30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 & 57 53 59 A0
SLwS<lx 2 sample nurnber ' i

v ]l
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3
£ stub address 72 I I
S
=< I:I_I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :I 1 1 1 1 1 1 1 il 1 1 1 1
30 31 32 33 34 35 36 3IF 3B 39 40 41 42 43 44 45 46 47 45 49 S0 51 SE 53 54 55 96 SF 56 59 a0
SLWS 2= 2 sample number i '
g1- |
2 stub address 88 I
£
=< I:I_I | | | | | | | 1 | | | | | | 1 | 1 [ | | | | | 1 | | | | | |
30 31 32 33 34 35 36 37 35 39 40 41 42 43 44 45 46 47 45 49 50 51 5Z2 53 54 55 56 57 58 59 A0
SLWS=3= 2 sample nurmber i )

Amplitude
|

I:I_I | | | | | | | 1 | | | | | | 1 | 1 [] | | | | | 1 | 1l | | | |
30 31 32 33 34 35 36 3F 38 39 40 41 42 43 44 45 45 47 453 49 50 51 52 53 54 55 g6 57 53 59 &0
aLWS<d= 2 sample number E i
| T

g1
=
E
=< I:I_I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 ? 1 1 1 1
30 31 32 33 3 35 30 37 38 39 40 41 42 43 44 45 46 47 45 49 S0 51 52 53 54 55 EIE- 57 58 59 a0
SLwS<5= 2 sample number ! !

—
|

Amplitude
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|

I I I [ I I I I
150 200 50 300 350 400 450 200 250 a0 as0

|
S0 100
sample number

=

WS <6 2

now unmask another pair of channels to generate a 4" stub




4 stubs g 1-
-
o |
= stub address 56
15
< I:I_I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Il 1 1 1 1 1 1 1 n 1 1 1 1
30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 418 43 50 5] 52 53 54 55 §f 57 58 59 G0
stub overflow bit pLEEL> sample number | i
. i} 1_
set in SLVS<5> E
£ stub address 72
=
= I:I_I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :I 1 1 1 1 1 1 1 il 1 1 1 1
30 31 32 33 34 35 36 3IF 3B 39 40 41 42 43 44 45 46 47 45 49 S0 51 SE 53 54 55 96 SF 56 59 a0
SLWS 2= 2 sample number i '
g1- |
= stub address 88 I
2
= I:I_I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 il 1 1 1 1 1 1 1 ] 1 1 1 1
30 31 32 33 34 35 36 37 35 39 40 41 42 43 44 45 46 47 45 49 50 51 5Z2 53 54 55 56 57 53 59 60
SWs<3=2 sample number I !

Amplitude
|

I:I_I | | | | | | | 1 | | | | | | 1 | 1 [] | | | | | 1 | 1l | | | |
30 31 32 33 34 35 36 3F 38 39 40 41 42 43 44 45 45 47 453 49 50 51 52 53 54 55 g6 57 53 59 &0
aLWS<d= 2 sample number i i

T

n= )

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1
30 31 32 33 3 35 30 37 38 39 40 41 42 43 44 45 46 47 45 49 50 51 52 53 54 55 5.6 57 58 59 a0
sample number ! !

1_

Amplitude

LS5 2

1 ] I I H |‘ ‘ I I I
B50

0- ] 1 1 ] ]
150 200 250 300 350 Ca ~+al S00 550 a0

0 S0 100
LY <= 2 sample number

w]-

Amplitud

4 pairs of channels
in triggered data stream

everything appears to be working - can programmatically sweep test pulse through all channels
and check to see all stub addresses present




sweep single stub through all channels

Wavefarm Graph 7
2600

S40.0- SLvS=1>
SLws<Z=
220.0
SLYS=3=
200,00+

stub address 180.0-
generated g 1600
by chip g

m
ﬁ 120.0-
i
100.0-
50.0-
60,0
40.0—
20,0
DID_I 1 I I I I I I 1 I 1 1 I I I I I I I 1 1 I 1 I I I I
u] 5 10 15 20 29 30 35 40 45 S0 55 =11 Q0 a5 100 105 110 115 120 125 130
charnel pair

channel pair fired by test pulse (127 channel pairs altogether)

stub address sweeps between 2 and 254
2 stub addresses not correct

get 218 instead of 106
196 instead of 226

=> get address 218 and 196 twice




error out

u - : - . status
jte address write and readall YES bus speed ;) 5 status code
can also get pena INnte= | ] o7
CBC address I2C done
ﬂaccessgarms hinar —
=P SO 1o i1 =
; width " . .
te-st pulse fires seed Iayer chgn nel and S jn;.u.mnds to wait — comporr ysoresh _
window layer channel immediately above . el CGimgPel — bpeons ot teset | ME6 | i sad Bl cimal value
FEC Register{page 1 fixed) HOP w| Bloooooo ||t "elecs [cna]cnz] cn [ cma ] or [zero bfronnonn | [ee
Latency Register| MHOP Vlﬂdb2—| Bieta mulkiplier SLYS current btoooon | dz
=> pend value 0 should be returned beta multiplier & 5LYS)| NOP w|siioooiii| 83 [z [ d[Ea] [es | ez [ er Jlen Ib1—1000111| diss |
i H IPREL NOP w|3E | ) efl10010 | @50
If no Oﬁset applled IPREZ(CASC)| NOP VHdIZU | discrepancy Comparatar Hysteresis b1111000 d_llZD
i W|ndOW 1PSE NOP - ﬂdW| 0 1111 = minirmum eioononin| dizo
EENEEEEE EEEEEEEEEEE e 7T B, |  FuooolEn
! window layer aos toP LTI e i A ioion | &0
' window Y — top ¥|dEo | Hiotioio | do_|
! ¥PLUS/YRLUSZ)| NOP | ielis| $7 | elUsz|3d | combined| Biiioin | Siiioin | diie |
H centre HIP & Test Made| MOP vI counk ﬂdb_| suggressldisabled Isourcelsampled |M le dF|
EEEEEESS EEEEEEEEEEE
; ai TP Pot Node Select NOP w| Httooooii |5 eo shtoooott | H1ss
: see ayer TP Del & Test Chan Grp| MOP vI B(1110011 | test pulse delay :_) 14 test chan group;_) I3 B1110011 dlﬁ
] TP Critrl & Analogus Mus| NOP w|pliioo000 | )0 analogue Mux setting Hi1ooooo | #oe
channels fired s [z [ o] o
by test pU'Se CAL I MOP w|ddkan | I e11110000] 4240
CAL_YCASC| HOP VHdEB | 11= FixeclIJ pulse width El11111 dﬁ
01 = OR of above
10 = HIP suppressad Pt width
but can change bend value by e = A | tice | siotorii | (erjfesT] [offee] [EafEa T NED| o | %7 |
Pipeline Lilleloni
offsetting window ] s o omsers o o
, Coine. Win, 05 2 &1 HOP v| 3 offset 2 SJ 0 offset 1 2) i dn
window offset by 2 half strips
i y 8 Laver Swap & Cluster Width| MO w| efioo | [tswap=n] cwidth )4 shon | 4k
- N TPG Ck sel| EN_OR254| k40 DLL
window 40 MHz Clack & ORZ54| HoP V| b10010000 |1 = normal || OFF || CFF | ;) 1 % @

1
1
1
! ket best O=bvpass
: ce ntl’e FCI delay

I I I I I I I I - I I I I I I I I I I I Fast CMD Interface & error flags| HOP Vlbh| E)D Error Flags ey |40

errar flags meaning: Buffer RAM overflow | Latency Ervar | Sync lost | Sync stat | Bad code
- seed layer

WCTH NOP vl b1 0o0 | a YCTH read back B1000 ds
o | VM2 sz fsz0 | B

should see non-zero bend value
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3 stubs + bend data

setting window offsets

bend data now
appears in the
expected locations

—
|

Amplitude

o0 o
20 51 52 53 54 55 5;5 57 58 59 a0

I:I_I 1 | | | | | | | | 1 | | | | | | |
a0 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
sample number

SlwE<l= 2
gL
=
g
=< I:I_I 1 I I I I I I I I 1 I I I I I I I 1 I 1 I I I I 1 I I I 1
30031 32 33 34 30 30 37 38 39 40 41 42 43 44 45 46 47 48 49 30 Sl 52 33 5t 50 S5 57 55§ 59 a0

SLWS<Z= 2 sample number . |

—_
1

Amplitude

O e e e o
30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 43 49 S0 51 52 53 54 55 56 57 58 59 60

SLYS<3= 2 sample nurmber |

—_
|

Amplitude

l:l _| 1 | | | | | | | | 1 | 1 | | | | | | | 1 | 1 | | 1 | | | |
a0 31 32 33 34 35 36 3F 38 39 40 41 42 43 44 45 46 47 4%3 49 50 51 52 53 54 55 55 57 58 59 a0
sample nurmber : i

SlWa == 2

—_
|

Amplitude

I:I_I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1
30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 o6 57 58 59 &0
sample number

I I I
a0a 550 ao0 a50

alia<b=> 2

—_
|

| | |
300 a0 400 450
sample number

Amplitude

o]
_

I I I I
100 150 200 £50

=
on
]

AlWa <6 2



choose window offsets appropriately

for example to see bend values of

0,1, 2, 3 (decimal)

program window offsets to

0, 14,12, 10
Coinc, Win. Of5 4 &3 NOP w|Bio101100 | offset4 10
Coinc, Win, OfS 2 & 1 NOP wr|bliiio0000 | offsetz 5 14

desired
offset

[strips]

/
offset 3 312 B10101100| 4172 -1

offset 1 :- a0 E|11100000 dEZ‘i

Yo
0 (centre)
+%%
+1
+1%
+2
+2Y5

+3

value to
program

[decimal]

@I—\ N w ESN ol (e}

15

13

0

11

1101

1101

1110

1110

1111

1111

0000

0000

0001

0001

0010

0010

0011

bend value
expected for
test pulse hits
[binary]

(0)

(1)

(2)

3)

13



sweep stub again

Wavefarm Graph 7
2600

sweeping single stub through Z0 i:iﬁiﬁE
all channel pair locations

120.0-

shub address

see 4 groups of channels

100.0—

with expected bend values

but one channel not returning o
eXpeCted bend Value &0 Chan::mair 70 75 a0 ag an a5 100 105 110 115 120 125 130

WaveForm Graph §
same channel that also returns oo
incorrect stub address

stub bend

! [ | ! [ i ! i 1 ! i ! | 1 ! [ ! ! ] ] ! ! ! i
15 20 25 30 35 40 45 50 55 &0 65 70 75 a0 a5 a0 95 100 i0s 110 115 120 125 130
channel pair

31 chans 32 chans 32 chans 32 chans




explanation of incorrect stub addresses & bend

» Verilog code for the Stub Gathering Logic has some typos that slipped through the checking process.

Extra 1 appeno‘led to 7-bit address, so truncation occurs

assign Stub Info 52 Half int = {Y
wire [12:0] Stub Info 53 ink;

assign Stub_Info 53 int = {T'RHO1W0101, 1'k0, Bend[Z264: 260] };
wire [12:0] Stub Info 53 Half int)

'h0110100,1'k1, Bend [259: 2E5] };

assign Stuh_InfnZES_HElf:int = {T\h0110101,1'k1, Bend[264:260] 3 ; ‘g
wire [l:=:0] Stub Info 54 ig
assign Stub_Info B4 int =T h01101101)1 b0, Bend[269:265] }; E;

wire [12:0] Stub Info 54 Ha
assign Stuh Info 54 Half int = {T'bDllDllD,l'hl,Bend[EEQ:EEE]}; —

avra [12.1N1 24+0k TwfFa EE Awt.

wire [12:0] Stub_Info 111 1int;

assign Stub_Info_111 int = {7'h1101111,1'h0, Bend[554:550]};

wire [12:0] Stub_Info 111 Half int;

a331gn Stub_Info 111 Half int = {7'b1101111,1'k1, BEend[E54:550]};
wire [12:0] Stub_Info_ 112 int;

3331gn Stub_Info 112 int = {T7'b1110000, 1'b0,Bend[E59:555]};

wire [12:0] Stub_Info 112 Half int;

assign Stub Info 112 Half int = {7'b1110000,1'b1, Eend[559:555];
pire [12:0] Stub Info 113 int;
-..-'1-:|n Stub Info 113 int = '"']'1111|||:||:|1 1'b ), Bend [5G4 :559] 1 ;
[1"-||] “Stub Info 113 qur int; ‘v,-
E qr Stuh Infa 113 Half int = i'T'hllll:ll:ll:ll_.1']‘! ,Bend [564 ;5597 3 ;
Wire [12 0] Stub Info 114 ink;
aaalqn Stuh Info 114 int = {7'b1110010, 1'k0, Bend[569: 56
wire [12:0] Stub Info 114 Half int;

Should have been Bend [564:560]

3

* These channels can be masked on the existing chips and if necessary/desirable the issue can be
corrected with a metal-mask-only change.

« We will review how this occurred and tighten-up our procedures to prevent future occurrences. 15




force continuous stub generation

set VCTH threshold so all channels constantly firing

selectively unmask channels to generate clusters

Amplitude

U
5 25

90 95 lDD 105 llD 115 120 125 ISD 135 14D 145 150 155 IE\D 165 17D 175 lBD 185 190 195 ZDD ZDS 210 215 220 225 230 235 240 245 250 255 ZE\D 265 27D 275 ZED 285 290 295 SDD 305 SID
5LV5<1> Time:

0-
5 25

\
90 95 IDU 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 IBU 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 27’5 280 285 290 295 300 305 310
SLVS<2> Time:

tul-
<0
25

1
90 95 lﬂﬂ 105 llD 115 120 125 ISD 135 14D 145 150 155 160 165 l?D 175 lﬂD 185 190 195 ZDD 205 210 215 ZZD 225 230 235 24D 245 ZSD 255 260 265 ZTD 275 ZBD 285 290 295 SDD SDS 310
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SL¥a<6>

3 x 4 strip seed and window clusters

can use this technique to generate fixed pattern in SLVS output lines
also to verify cluster width discrimination logic, Pt window width logic, layer swap, ...
(principle proven - exhaustive check not yet implemented)




Ck40 test

can switch output of DLL to a test pad o

error out
status

test feature only - to verify DLL performance ‘#eeRestr

for normal operation leave OFF

write and readal| [ v¥ES bus speed ;} 5 P—— status code
CBC address 12¢ done o error GO0
binar 1 SOLFCE
FElOTITIT |10 —
milliseconds to wait : comparator hysteresis 1
Walue to write| min hysteresis gta M| triglat
page|CompPol| = huttons out reset | M3B | value read badiecimal value
FEC Register{page 1 fixed)| HOP | Bo0o0oo [ ||elecs lcra] crie ] cra | cra] oe | zere siooooon | He+
HoP wludz | Beta multiplier SLvscurrent  Bi00000 | daz |
beta multiplier & SLYS| MOP vl leDDDlll| | B3 | B2 I B1 I B0 I I B3 || B2 I Bl I B0 Ib1unun111| 4135 |
IPREL| MOP w30 | bi10010 | <50
discrepanc
IPREZ(CASC)] HOP w|fdizn | Y onpersermysees  Miitooo | Hizo
IpsE MOP w|adiz0 | o SRl biooonoio| 4130
& E
@ MOP vl‘id 10 | LS CLII’I’EI'I'.: B11010010 dElD
S50 discrepancy only valid 2000 MaEITUM fotoo | 4o
IPAOS] HoF VI ! if write and read al o100 2
fCome| NOP vl | Hiotioio | 450
WPLLS{VPLLIS2] NOP w| plus|s47 | wpLusz|3er | combined| Si1iorin | Biiioiin | 919 |
HIP & Test Made| MOP ¥/ tount 24 |suppress|disabled Isourcelsampled |SL\"S| (! IbIEIDEI -
Test Pulse amplitude
TP Pot hode Select NOP w| Hiotonir |57 sioitoti| Hiss
TP Del & Test Chan Grp| MR vl b1 1100000 | test pulse delay :_j 7 test chan group :_j i} bl11100000 | dEz4
TP Cntrl & Analogue Mus| e VI B{1100000 | |elecs I En IGnd | :—} 0 analogue Mux Setting B 100000 | 496
[« sz 1] o] noet
caL 1 MOP NECZO Bi11110000| 4240
Pl 00 = sampled
CAL_VCASC NOP w5953 | 11 = fixed puise width Hiiiin | @3 |
01 = OR of above
10 = HIP suppressed Pt width
Fipe/Stub logic [P select & Pt width| MOP w| b1 | o]0 ] [eL] 6] b1 a5
Pipeline  Stub logic
Coinc. Win, 05 453 NOP wBiiitiitn | offseta ;} 15 offset 3 o] 15 Biiti1111] 4oss
Cainc., Win, 05 2 & 1 MOP wlHitii1111 | offset2 15 offset 1 5] 15 Bit1t111| H25s
Layer Swap & Chuster Width| HOP w| ko0 | stap=DI C Width ?} 4 bl100 i
TPG Chsel| EM_OpZS4| CkaoDLL
40 MHz Clock & OR254 MOP w| Hioiioo11 [ =nomal || ok I oM | g Blioitooil | dive
q0kest| O=bypass
FCI delay
Fast €MD Inkerface & error Flags| NOP VI £ | :—} a Errar Flags e dn
etror Flags meaning: Buffer RAM averflow | Latency Ervar | Svnc lost [ Sync stat [/ Bad code
YCTH MOP vI E000 | a H WCTH read back 1000 dE
o | VM2 olis0 Hsen " Y



Ck40 test

scope on infinite
persistence

select Ck40DLL taps

one at a time 25 nsec

small difference between
25 nsec delay and
bypass due to different
signal path lengths

(@D s00mve @& S500mVQ ][4.00ns ][2.50(}5{5 ][ o - —190mv]

i 56.40 % 10k points

29 Nov 2016
18:49:36




deviation from specification

e = Total active frame length = 276 bits = 862.5 ns ’

. _MSB 1, .

A T \ )\ )\ J
. L1 A |
2 start bits | 9 bits pipe 9 bits L1 f 254 bits strip readout data
2 error bits address  counter ¢ 1st

(latency, buffer overflow)

specification says channel 254 first

chip actually produces channel 1 first (same as CBC2)

not clear to me how this confusion came about
Is it a big problem? (for CIC)

can we just modify spec.?



conclusions on digital functionality so far

chip is working well

a few bugs (that will have to be fixed) but nothing disastrous
plenty left to test ...

move now onto some analogue results
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main analogue changes from CBC2

provision to run
more currentin NEW preamp cascode

input device if bias scheme to pre & postamp polarity switch options removed
eliminate “shadow effect”

required
1.0 V analogue . 1.2 v digital
| I] TRl §
| e P& ->—{ 10/0.5 Ipaos].}—l w01 1001 };5052 1jozs 1/0.25 0z 048/
IPRE1 _>_<D;o,f1 mﬁ IPRE2 —T— ) I - 012 [0_12
| 25/05 J
J_Cfp 25/0.25 lEJ electrons _{ 20k ’J \—‘ VCTH ’J 16/0.12 p—>
100f | E 1oj0s JI\H___ '] \—'mfo-ls 10/0.18 }—o I I o/p
%400;0_35 » — 't;.cp_,, - .16/0.12 . g_:g Y |: g_izf
5/5 4uA
— |con.4p>—{ 16/1 lhvst>_|E|comp>_| .
IPSF ;—Iﬁuﬂ =i T i
1
- wee  NEw postamp feedback bias scheme & current neutral comparator
——1— @ addresses CM effects observed when many channels fire
101 }_ﬁ +
o T
;::‘;;_/—H% T
‘“ﬁH—{ﬁ global comparator threshold voltage VCTH
t — generated by 10-bit resistor ladder DAC for
- . s r linearity & monotonicity
anD ; 4 |L| M ! M 1 0.5M
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bandgap and VDDA

bandgap has 6 bits tuning register
to compensate for process variations

once value is chosen, can blow fuses
to store it as default

e-fuse operation not yet looked at

LDO provides VDDA
value = 2x bandgap

LDO clearly working, but no detailed
studies yet

bandgap output [V]

VDDA [V]

0.56
0.54 | |
0.52 § | §
osob
0.48 = chip#6 bandgap vs 12C

0.5555 ->0.4482 , 64 steps
046 =>1.70 mV resolution
Y I Y O

10 20 30 40 50 60
110e — ! ! ! ! !
108 ,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,, RS SN FSUNRRURE EUSSS SRR AR
1.06
1.04
1.02
1.00 §
0.98 3 3
0.96F . e R e T e e
094+ chip#6 VDDA vs I2C %
0.92f 1.096->0.8866,64steps e
090k > 3.33mV resolutic
0.88 | ' '
10 20 30

12C value”’?




VCTH

VCTH now generated by 10-bit
resistor ladder DAC

VCTH [V]

~ 1 mV resolution (~ 150 electrons)

T T R T
0 100 200 300 400 500 600 700 800 900 1000

o777 T T 7
INL= | [V -V o) L N o NN . I B S u
;n/eas zero| 12C, 00 (ﬁ 0.8 INL & DNL
LSB-IDEAL 0.6 3 | s s | s
0.4
DNL = [ Vipey -V | 0.2
V| sB-ipEAL _ 0.07 - N  OnA MM 1A
0O 100 200 300 400 500 600 700 800 900 1000

12C value
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bias currents

IPRE1 / channel [uA]

a0l
o
o

400

300

200

100

| | | | :
| | | | |
0 50 100 150 200 250

[2C value

other current biases
also ok

IPRE1 (main source of current in input transistor)
now has ~3x fullscale range compared with CBC2

=> can cope with larger sensor capacitance

current / channel [uA]

100 150

200 250

I2C value
24



offsets tuning change e
CBC2 offsets tuning mechanism deliberately
made non-monotonic to avoid gaps where 620
can’t set offset accurately
this is ok don't want @ 600
this =
>
T
£5 580
2.
see X% for more details e
)
= 560
o
540
520 44
500 §

http://www.hep.ph.ic.ac.uk/~dmray/systems talks/2016/CBC3 systems Jan2016.pdf

|12C value


http://www.hep.ph.ic.ac.uk/~dmray/systems_talks/2016/CBC3_systems_Jan2016.pdf

raw s-curve daka

scurves and tuningﬂﬂ-

all channel offsets set to >
same value (110 in this case)

counkts

after tuning >
32 channels at a time

counts

1
520 525 530 535 540 545 550 555 560 565 570 575 S80 535 590 595 a00 a0S 610 615 620
YCTH walue




scurves and tuning

raw s-curve daka

can s-curves be acquired for
all channels simultaneously?

not without some distortion

Coufks

~12 mAincrease in VDDD
current consumption during
period of maximum channels
firing activity

bu_t S_hOUId Work better When SZIEI 52|5 53|III 53|5 5":0 5":5 SSIIII 55|5 SEIuEI SEIuS S?IIII S?IS SBIEI SBIS 5".:IJIII 59|5 EuIIIIEI E-IIIIS E-lIIII EulIS EuZIEI
chip is bump-bonded YCTH value

=> promising for antenna tests on hybrids



hit detect cct tests

hit detect sensitive to short pulses
that only exceed comp. thresh. for
short period between clock edged

-> Fixed Pulse Width

Output from Channel
Comparator Mask

40MHz DLL adjusted clock

also performs simple 40 MHz sampling

-> 40 MHz Sampled Output

combining the two by simple OR

HIP Count (3 bits)

gives efficiency for piled up pulses without

inefficiency for smaller signals

2 separate multiplexers gives flexible choice
of which signals can be fed to pipeline

and stub logic

(for normal operation choose OR output
to both and enable HIP suppression)

Fixed

Pipe Select

d

Pulse
Width

40MHz

Mux

LA A A 4

Sampled
Qutput

Compare
Logic

Select
(1 Bit)

Y

—

—

v v

Mux

(2 Bit)

_’TO
Pipeline

To
— Stub

™ .

T

Stub Se

Logic

lect

(2 Bits)

HIP Enable 40 MHz clock edges
R

comp. thresh.: R B

comp. I/P

comp. O/P  [T]
fixed pulse width
40 MHz sampled

OR
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hit detect cct tests

verify operation using test pulse, sweeping
test pulse trigger in 25 nsec steps, using

test pulse DLL to give finer steps of 1 nsec.

pictures here for test pulse amplitude of
60 (decimal), ~5fC

i 40 MHz sampled

50 nsec

counts

1
i
k Bl
i ! ! | | ! i ! ! | ' 1 | | [ | | ! ] 1 ! ] '
15 20 pras) 30 ES 40 45 S0 55 60 65 o s 80 85 a0 95 o0 105 110 115 1200 125
test pulse steps [nsec]

100 -

counts

i ! ! | | ! i ' ' | ! | | | ! | | ! ] ! ! ] '
15 20 25 30 35 40 45 50 55 60 65 70 75 &0 85 90 95 100 105 110 115 120 125
test pulse steps [nsec]

100

50 nsec

counts

i te a
| ! ! | | ! i ' ' | ' | | | [ | | ! ] L ! ] '
15 20 25 30 35 40 45 50 55 60 65 70 75 &0 85 90 95 100 105 110 115 120 125
test pulse steps [nsec]




test pulse sweeps

use test pulse to look at signal duration
test pulse amplitudes approximate only
VCTH setto ~ 1.25 fC

pulse width ~ ok for nominal postamp feedback
settings




test pulse sweeps

adjustment of pulse width possible using
post-amplifier feedback value VPAFB

\ 4

result for minimum resistance

1.2V digital

5 a0 95 100 s 1o s 120 1ds

G 40 45 sb s e es 7o 7R
bk pulss steps [naec]

100 -

couts
o
2

5 90 95 100 105 10 115 120 125

5 40 45 S0 S5 e0 e 70 75 Go
Lest pulse steps [neec)

a5 4D 45 S0 S5 &0 65 70 75 @0 5 80 95 100 105 10 115 120 125
test pulse steps [nzec)




gain & linearity ..
TP=120 TP=96TP:84 TP=72 TP=60 TP=48 TP=36 TP=24 TP=12 peds
R S N N NN A 2 2

o 1000 TR T Ty T BERE
5 W
§ 800—; BN | B I N BEE BNl EEE BEE BE 1
600
o - V. N U VNI VNI VI
150 200 250 300 350 400 450 500 550 600
VCTH
using approximate calibration ssob. 1 — — — ]
(TP value of 12 = 1 fC) = 500k YR ES S — S E— _
get~40 mV /f{C = 450} e I S S -
@) | ‘e | | | |
B A0 e N B
S
5 3OF o .
S
o 300F e .
=
3 os0b
@ NG
200 i | i
60 80 00 120

test pulse amplitude 32



power

digital power higher than hoped
for VDDD = 1.2V measure 33.6 mA, equivalent to 160 uW / channel

(if switch SLVS drivers off get 20.7 mA)

=> overall chip power goes to ~ 510 uW/channel, unless sacrifice some analogue power

note: analogue power calculations based on 1.2V (not 1.25)

CBC3 spec. “The target power consumption for 5cm strips (~¥8pF) is 450 uW/Channel, assuming 350 uW/Channel
analogue and 100 pW/Channel digital power consumption.”



yield

1st batch of 9 chips bonded
5 ok, 4 had problems

3 drew no power, showed no activity
1 drew high current

2"d patch of 9 chips

all ok (power, 12C ok, produce data)



summary

still early days, but CBC3 is working

some digital issues to work around, but nothing to stop progress

analogue front end appears ok

more to investigate, but need to bump-bond and connect to sensors to get true performance
SEU & ionizing irradiation test procedures can now be developed based on wirebonded single chip setup

next priority to develop wafer probe test

short term schedule on next page



CBCa3 test plan outline (continues to_evolve)
2016 2017

July Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun July Aug

CBC3 submitted 1st chips
6 wafers out of fab, send 1 for dicin undgg test
J @ * expect to be ready
wire-bondable chips in hand to undertake SEU and
_ _ _ lonizing tests during
wire-bond chip carrier 1st half 2017
+ interface card @
+ VME DAQ

can start to develop
SEU & ionizing test, B
using FC7 based DAQ <— Kirika & Georg & Sarah

(need suitablewc use CBC2 FMC

send (some) wafers for bumpi

<— choice oNvendor?

lengthened to

/ ~ 12 weeks

BC3 chips on 2CBC3 hybrids under test

_ _ 1st 2CBC3 mini-module?
now in this '1‘

: A
region 2CBC3 hybrid Tsuitable Sensors
for 2CBC3?

2CBC3 hybrid interface card
FC7 based 2CBC3 DAQ
(need suitable FMC)

bumped wafers in hand
probe-test bumped wafer, seqd for dicing
bump-bondable chips in hand, send to hybrid
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Latest Block
Diagram

PISO Shift Register

Stub &
Triggered
Data

320 MHz Diff. Clock
Fast Control

320 Mbps Diff. I/P

&—>|2C

Nearest
Programmal.wle Delay Neighbour Pipeline
Eront End patiabeacy Signals Control
Amplifiers t
254 !
B0 <
X Py, _>—' § z _%
4 © T o
“ D)\? >_, ~ % < £ oo 512 Deep
g Vin s - c s S o Pipeline
< AR _ M _H B _F_EH. e
s L HNEINERERER
27T CIE[ | e Mo EpEm i e | o
Ln ] c = S 5 O ©
$ : : je T £ S th g 32 Deep
' I O @ = S S Buffer
o3 bt ot &
=( 2] |E] |7
o Vi > = o S
t Comparators
l L1 Counter
Test b B Stub Addres
Pulse Neighbour & Bend Stub Error
Generator Signals (3x13b + 1) |Overflow Flags
1 OR254 l
DLL Ck40_DLL Bend
T |°°k“P Data Packet
: formatting Assembly &
Bias — Transmission
Generator | VDDA 1.0V Y
. ? 40MHz recovery
Band-gap LDO \1/2'\3/5) 1-10% 320 MHz Region
Slow Control
KEY

» Digital Data Path
» Analogue Signals

» Differential SLVS Output Bus

4 Differential SLVS Input <— Bi-directional Slow Control
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39

, 43 rows

CBC3
525mmx 11 mm

20 columns
(1 more column than CBC2)

final layout picture for reference

512 deep pipeline & O/P buffer

test pulse circuit
|/O to neighbour
bend LUT

data assembly

L1 counter & FIFO
bandgap

12C & biases

10b DAC for VCTH
|/O to neighbour

K il +1
THHE B HEHRE BB I B HHE BB HEH B
0 e 2 : g 2 00

s|]auuey) angdojeuy §
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http://www.hep.ph.ic.ac.uk/~dmray/pictures/CBC3_PADS_Footprint1.png

CBC3 digital interfaces S1<7> | s2<7> | S3<7> | B2<3> | sync

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

output data: up to 3 stubs data transmitted to CIC/BX —> S1<5> | S2<5> | S3<5> [ B2<l> | OR254
6 SLVS diff pairs @ 320 Mbps 25 ng [LS1<4> | S2<4> | s3<4> | B2<0> | SoF
S1<3> | S2<3> S3<3> | B1<3> B3<3>

S1<2> | S2<2> | S3<2> | B1l<2> | B3<2>

|0 |D|D|D|D|D

Si<1> | S2<1> | S3<1> | Bl<1l> | B3<1>

S1<0> | S2<0> | S3<0> | B1<0> | B3<0> R

readout data
readout data frame length 950 nsec
=> up to 1 MHz L1 triggering capability

R = L1 triggered readout data
time flow top to bottom (e.g. S1<7> output first)

st

MSB 1
i n

A4 )\ )\ J
2 start bitsT 9bits'pipe 9bits'L1 :

! 254 bits strip readout data
2 error bits address  counter | ch.254 1st
(latency, buffer overflow) no - CBC3 actually transmits ch1 first

fast control 20 MEC'EMW
320 MHz clock | ) ooooooooo 17

» Total active frame length = 276 bits = 862.5 ns >

320 Mbps fast control line bl bo b7 b6 bs bad by bl b0 b7
Fast Trigger Test  Orbit

Reset Pulse Reset

40 MHz generated from fixed sync pattern in fast control data Trigger
normal command structure can’t be confused with sync pattern | 40 MHz clock ’/41




