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New VFE chip PRR

The first PRR of the VFE chip was done in 2001 November.

Since the gain has been multiplied by 10 and we had to find new
solution for the noise and the offset. The first stage is completly new;
It IS a current convoyer.
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definitions:
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Gain: V,,; by I, for a DC, 25ns current, p = Vour

Orptl= % the ratio Q in 25ns (Q = I;. x 25.1077) by output

voltage, in Coulomb/Volt.

CERN, march 25th 2004 PRR: the PS very front end chip

(page 3)

Gérard Bohner
LPC Clermont-Ferrand



definitions 2:
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Il
2004 - hm 200 m \/OUt
70 0.9
— 200
— 20U i
400 - [
—600m([
—60u 800
*8®U ; \\\\\\ L L L | L L L L L L L L L | *W@ L
0.00 100n 200n .00
time (s )
aO=2 qp=2
Vi’ %]
CERN, march 25th 2004 PRR: the PS very front end chip Gérard Bohner

(page 4) LPC Clermont-Ferrand



Three versions

All versions are 4 channels.
The technology is Austriamicrosystem BiCMQOS 0.8 um.

The first: gain is p ~ 26 000 2, it is necessary to tune the gain with
external resitors and capacitors at VFE level to correct for MAPMT
non uniformity (to decrease the gain). Prototype done and tested.

The second: gain p >~ 9000¢?, it is necessary to tune the gain with
resistors at FE level (to increase the gain). No prototype.

The third : two gain values p >~ 26 0002 and p ~ 13000 €2, selection
by jumper. Another gain selection on the FE card (1 or 1.5), by
jumper too. No prototype.
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The 2001 version

o> | [ [ ]
input 11—
c2D f T/H
multiplexer
clock |—
! divisor ;
clock reset
40MHz

The 2001 gain: p = Vyu/tim ~ 230012
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The first 2003 version.

Two half channels (no dead time). The first stage is a current
convoyer, common mode current to differential mode current, with a
gain 4.6 and two outputs, one for each integrator.

f T/H buffer

f T/H buffer
current

convoyer multiplexer

!
input+ |

|
input-— ]

~ The total gain:
divisor P = 26 OOO Q

clock

B

clock reset
40MHz
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The first version : details.

Integrator, track and hold, multiplexer, buffer and clock divisor are the
same as the 2001 version.
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integrator (reminder)

CERN, march 25t" 2004 PRR : the PS very front end chip Gérard Bohner
(page 9) LPC Clermont-Ferrand



track and hold (reminder)
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multiplexer (reminder)
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buffer (reminder)
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general clock input (reminder)
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general clock output (reminder)
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clock? .—.,_de

clock MOS for each intégrator (reminder)
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ECL clock for each channel (T&H, mux) (reminder
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bipolar current generator : master (reminder)
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MOS current generator : master (reminder)
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The current convoyer.

)  CE— C——
ﬁ
ﬁ
two
differential
current
outputs
input
%
%
— =] F——
— N—/
current current differential
master slave current
X 2.3 slave

The current master measures the PM current and the polarization
current.

The first current slave multiplies the currents by 2.3.

There are two second current slaves, this makes differential currents.
(The polarization current is substracted). The final gain is 4.6 (in charge).
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Current convoyer schematic
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Current convoyer gain: simulation results.

input and output convoyer current

a0
~input current
g charge = 1.07pC
a 75uA
T T T T T T T N Y YT N SO M MR A
2.0 50.40n 190n 150n 200n
time ( s )

The convoyer gain is 4.6 (in charge).
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gain versus temperature: simulation

Tin’C|gaininkQ| «
27 25.9 17.8%
37 26.1 17.8%
47 20.2 17.8%
57 20.3 17.8%
6/ 260.5 17.8%
[ 26.6 17.8%
oL = 960 fC/V

ain versus temperature

With the temperature, « is constant, the gain increases (0.05% per

degree).
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Channel noise: simulation results.

noise simulation

[
V2 rms Integer V2
W@—ZL V2 rms V2/F
470nV?2
19~
W@f@
19~
W@f%
w@—@
197249 ‘ ‘ |
1K 120K 1M 16 120G
freq ( Hz )
The output noise: 0 = 690 V.
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Channel noise : simulation results (2).

o (in V) function of temperature (in °C)

noise f(T)

702 .0y Vrms f(T) \

099.0u ,
096.9u ,
093.0u ,
09(J.0u ,

08/.0u [

684.@u L ‘ Il Il Il Il Il Il Il Il Il ‘ Il Il Il Il Il Il Il Il Il ‘
20 40 6 3¢
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Current convoyer : layout
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Current convoyer: gain tuning

It Is possible to decrease the gain of the very front end card.

c The largest R (R = Ry + R_) as

| }ﬁ} sossible for the noise: R > 5 kS
R+ N ‘r

— The smallest R as possible for the
— 1
cpT R- _ cross-talk.
chip
77
) R —R )

_ R_—Ry

C=0C,X R,

C), is the parasitic capacitor (C, ~ 7pF'). The tune-up of the C
capacitor is very important for the o coefficient !
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The layout of the prototype.
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The layout of the prototype.

Large precautions about the power supply lines.

Separated supply lines for the master of current generators. So it is
possible to tune the values of the current generator (Never used until
now).
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The test bench.

VME
FE card PC
.. interface
adc acquisition
dela -
® (i@i (o)
delaéf delaif

{ clock trigger }

signal
generator

board in
test

CERN, march 25t" 2004 PRR : the PS very front end chip Gérard Bohner
(page 29) LPC Clermont-Ferrand



Test results:

We have 61 chips since November 2 003.

The gain is good (measurement and simulation with narrow and wide

pulse). With a continuous input current, p = 26 k€2 in simulation,
p = 28 kL) In test.

The noise: o ~1mV.

Two bad chips versus 61 (bounding default), two bad channels
(of fset > 100mV’) versus 244 ; we refuse 4 chips versus 61.

If we reject chips with offset > 100 mV, we refuse around 10% of
chips.

Consumption: 100m A, 550 mW per chip, good agreement with the
simulation.
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Test results: offset

LHCb2003—4 offset distribution offset mean value ~ 10 mV

[ 1D 10
| Entries 462
Mean 9.293 —
60 |- —_— 45 L
L RMS 41.94 O- m
F — 2/ndf 2464 / 15
r Constant 51.60
[ |— Mean 8.043
50 - Sigma 42.42
40
30 —
20
10 +—
O L L 11 I ‘ - ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ -
-125 —100 —75 —-50 —25 0 25 50 75 100 125
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Test results: gain

LHCb2003—4 gain distribution

absolute value OK.

r 1D 10
| Entries 462
L Mean 647.3 — 2 5 );
60 - RMS 14.73 o * 0
L ¥/ndf  16.10 / 15
r Constant 60.98
| Mean 647.1
50 | Sigma 14.55
40
30
20
10 —
O L Ll ‘ I ‘ - ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I
600 610 620 630 640 650 660 670 680 690 700
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Test results: linearity and dynamics

chip 2003—4 linearity with ADC

1000

800

600

400

200

1400

1200

1000

800
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0 100 200 300 400

dynamics: 1.1V

linearity : better than
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Irradiation tests

Performed with krypton ions at Ganil with the LAL:

DOSE : no cumulative effects observed :
each components  exposed to
~ 26 krad or 45 years of LHCb.

after irradiations: consumption and
functionalities are nominal.

SEL: No SEL observed,
SEL Resistance (SR):

- December 2001 SR > 1600 year/chip (< 0.5chip/year);
- April 2003 SR > 1800 year/chip (< 0.9 chip/year);
- Combined SR > 4000year/chip (< 0.4chip/year).
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The VFE card prototype:

We test the VFE card prototype with 16 chips, the clocks and the
resets. The test setup is with the FE card after 16 m long RJ45 cable.

At the plus input of the chip there is a 3 k() resistor, and nothing at
the minus input. The signal is made with a 100 nF serial condensator
and a 10 k€2 serial resistor. So 1V gives 77 uA

|
100|“F 10kQ 1 3KQ

|
/e
VFE card

The card consumption is 1.70 A for the +2.75 and 1.45 A for the
-2.75A; i.e. 8.7W for each card. Good agreement with the simulation.

One LSB on the FE corresponds to 1.15mV of the VFE card ouput.
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The VFE card prototype: noise measurement.

ADC noise: 0 =045 LSB;
VFE card and ADC noise: 0 = 0.85 LSB

—> VFE card noise only: ¢ = 0.72 LS B wich corresponds to
~ 800 V' at the chip output.

(simulation of VFE chip noise: o = 690 uV')
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The VFE card prototype: gain tuning.

|
|

50Q : L —— = input-
|

VFE card

We tune the input signal shape with Ca = 20pF', Ra >~ oo

Ra=00 |Ca~ a=23%|as=1.0%| p =28 k)
Ra=6kQ| Ca=32pF | a=16% ay=02% | p=13kQ
Ra=6kQ|Ca=22pF | a=27T%|as=2.7T% | p = 10 k2

No cross talk, noise unchanged.

—> it Is possible to tune the gain, but it Is not easy; the precision to
a needs a good precision to the capacitor Ca.
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The VFE board prototype.
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The VFE chip prototype: conclusion.

The prototype is done and tested with satisfaction.

It Is possible to tune-up the gain channel per channel on the VFE card,

but it is not easy. We have to adjust 64 resistors and capacitors for
each VFE card.

It Is possible to tune the gain in the FE card, but in this case it is only
possible to increase the gain in analog part. This gives up offsets and
noise problems.

We have an other project, ready for production: a two gain values
project.
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The two gain values project

We modify the current master.

[ Ve We tune the gain with the

jumper. If he is at ground,
<| |» the current master passes
® one transistor, If he is at
T theslaves — \/cc the current master
e I |» passes two transistors, the
Ve or ground dround gain is decreased by a fac-
tor two.

master current
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The two gain values project : gain simulation results.

two gain values project

]
100U . input current R— \%% %g“g
0.0 Q.00
—100m
—10u
< . —200m [
 —20u _ | 243mV
—300m
~30u |
r —400m
i 467mV
—40u b e —500m [ Lo ! A |
.00 50 .0n 10@n 150n 0.0 50.0n 10@n 15¢
time (s ) time (s )
The gains are p = 259k, o = 17.1% g = 2.5%
and p = 13.4kQ, a = 17.0% oy = 2.5%.
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The two gain values project : noise simulation results.

integer noise

two gain values :

1g—4 rms noise f(F)

9

19719
19719
19719
127

The low gain noise: o = 560 uV/, |

/]

low gain

I

307 nV2

19~ 1%

19~ 18

19~ 19

1024

NoIse

integer noise
1g—4 rms noise f(F}

big gain

470 nV2

10~
19~ 19

100K

10M
freq ( Hz )

16 1006 1K

t 1S correct.

100K

The high gain noise: o = 690 .V, It Is correct.

10M 1G 1
freq ( Hz )

Probably the offset is correct: less than or equal to the prototype

offset.
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The two gain values project: convoyer layout.
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The two gain values project : chip layout.

- -

AT TR

iR q 4 i i b 5
AR I il

BRI
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The two gain values project : conclusions

We have a good project in simulation. The layout is ready.

Gain tuning is done by jumper at the VFE board and at the FE board.
4 gains available:

code | VFE gain | FE gain| p ot
00 | 13k0 1 |13k | 1900fC/V
01 13 kS 1.5 20k | 1270fC/V
10 | 26kQ 1 | 26kQ| 960fC/V
11 | 26kQ | 15 |39kQ| 640fC/V

No more resistors, capacitors, all the boards are identical.
Noise is accurate.

Offset is probably accurate.
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Summary

The high gain chip prototype is fine (good tests for the chip, good
tests for the VFE card). But difficulties to tune 64 R and C on each
VFE card. The cross-talk at the VFE board is < 1%.

The two gain chip seems to be the best choice. Noise and offset are
OK. All VFE and FE boards are identical. Probably no cross-talk
problems. The layout is ready.
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