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1. General

Description:
128 channd low-noisellow power charge sengitive preamplifier- shaper
circuit, with amultaneous sample and hold, multiplexed ana ogue readout
and cdibration facilities.

Application Aress.
Silicon gtrip, or other semiconductor, detectors of higher capacitance

(20-100 pF)
Vendor:
Integrated Detector & Electronics AS (IDE AS),
Veritasveien 9, 1322 Heavik, Norway.
Phone: +47-67 55 18 18
Fax:  +47-67 5596 30
e-mal: Sdes@ideasno, http:/www.ideas.no/
Avalaaility:
Available as unpackaged, wafer tested dices or mounted on hybrids
(dedicated or standard designs). Normally stock goods.
2. Physical
Process: 1.2 um N-well CMOS, double-poly, double metal.
Diesze 6.18 mm x 4.51 mm, thickness. ~ 600 pum

Recommended chip pitch when severd chips are mounted in cascade on ahybrid: 6.4 mm
or more. That is; fitswell with true 50 um pitch strip sensors.

Input bonding pads:
Four rows. Norma connection to rows 1 and 2, redundart padsin rows 3 and 4.

Pad size: 50 pm x 90 um
Pad pitch: 91.2 um
Row pitch: 170 pm (see fig. 2&3)

Output, control and power pads:
Singlerow.
Pad size: 90 pm x 90 um
Pad pitch: 200 um (seefig. 2)
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3. Electrical

Power rails;

Back contact:

Current draw:

Input bias currents:

Pesking time:

Power disspation:
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Vdd =+2.0V, Vss=-2.0V

Each with separate connections for andogue (avdd and avss)
and digitd sections (dvdd, dvss) of the chip.

metalized, connect to avss (-2 V)

Quiescent (typicd vaues):
dvdd: <10 pA
dvss <10 A

avdd: 115 mA
ass -73 mMA
gnd: 61.5 mA

Nomina vaues Minimd vaues'
(all driven to devices (e.g. resistors) referred to avdd)

pre bias. 500 pA pre bias. 50 pA
sha bias 22 pA sha bias 5 pA
ibuf: 140 pA ibuf: 40 pA
(ibuf only during readour)

Nomind: 1us

Adjustable:  1us- 3us

Typicd vaues

Quiescent: 170 mW Minimd: 68 mwW

Peak 177 mW

! at this conditions performance may vary from nominal specs
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ESD Protection:

Input stage:

Gan:
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Inputs. None
Andogueoutp & m: None
Controls (include. shift out b):

~ 300W series resistor and protection diodes to Vdd and Vss.
Input device:  PMOS referenced to gnd
Sgnd input potentid: ~-1.2Vto-1.3V

~ 12,5 mV/fC nomina with differential outputs each driving

500 W. Current gainis about 10 pA/fC. The gain depends on
setting parameters like VFS, Sha bias etc.

Linear range:

Noise (ENC):

Readout:

about £ 10 MIP (can handle both signal polarities)
20 MIP in single polarity can be used with adjustment of VREF

Typicd vaues

180 + 7.5/pF ermsfor 1 psec pesking time
165 + 6.1/pF ermsfor 2 psec pesking time

Controlled via 128-hit (output) shift register.

Analogue outputs (outp, outm) of two or more chips can be
connected in pardld to drive the inputs of an externd,
differentid, tranampedance amplifier.

Max. read-out is 10 MHz, here care has to be taken not to load
the output buffer with to high capacitance and resistance.

Cdibration/test:Voltage step applied via externa 1.8 pF capacitor to the cal-

input. 2 mV step represents 1 MIP (=22400 € or 3.6 fC).
Some additiona noise has to be taken into account in test
mode due to serid resistance and additiona capacitance.
Cdlibration sgna can be given to one channd in agiven chip

a atime. The channd is sdected viaa 128-hit (input) shift
register.
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4. Pad Description

The output, control and power pads are listed below from top to bottom. (see chip plot on

next page (Fig. 1.)

Pad name Type | Description Nomind vaue
gnd p | 9gnd ground oV
dvdd p | digitd vdd +2.0V
dvss p | digtd vss -20V
delay adjust a | notinuse connect to gnd
delay on di | notinuse connect to dvss
holdb di | usedto hold analogue data, seefig. 3. Logicd
dummy (hold) d |*) Logica
dreset di | resst of digitd part Logicd
dummy (dresetb) d |*) Logica
shift in b di | start pulsefor read-out Logicd
dummy (ck) d |*) Logicd
ckb di | clock for read-out register, seefig. 3. Logica
shift out b do | Sgndling end of read-out. Can be Logicd
used as shift_in_b for next chip.
test on di | Turnschip into tes-mode Logica
avss p | Andogue vss (+ chip backplane) -2.0V
pre bias a | Biascurrent for pre-amplifiers 500 pA
gha bias a | Biascurrent for shaper-amplifiers. 2 YA
vref a | notinuse (recommended connected
to decoupling capacitor).
ibuf a | Bias-current for output-buffer. 140 pA
outm a0 | Negative output Sgna (current)
outp a0 | Podtive output Sgnd (current)
vfs a | Control voltage to feedback 700 mV
resistance in shaper-amplifier
vip a | Control voltage to feedback -0.2 V?
resstance in pre-amplifier
ca a | Testinput Sgna 1 MIP
avdd p | Andoguevdd +2.0V

p = power, di =digitd in, do = digital out, a = andogue in, ao = andogue out

*) These ‘dummy’ signals are recommended for high performance. They should be used to add complementary
signals to the effective ones in order to minimise digital signal-feedthrough to the analogue output.

% see chapter ‘Useful Hints’
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delay_adjust
delay_on
holdb

hold (dummy)

dreset

dresetb (dummy)
shiftinb

ck (dummy)
ckb

shift out b
test on

pre_bias

sha bias
vref

avdd

The VAL circuit.
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Fig. 2 Chip geometry & pad placement (Not to scale - dl dimensons
in um. Please note that the referred co-ordinates are layout co-
ordinates. Add 50-100 pum on each sde for scribefcutting tolerances).
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5. Functional Description
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Fig. 3. Definition of input pad Sze and pitch.

As shown in Fig. 4 the chip condsts of 128 identicd pardld charge sendtive amplifiers
The output of dl amplifiers enters corresponding inputs of a 128 channd multiplexer. The
switches in the multiplexer are controlled by a bit-register which runsin parale. The output

of the mux. goes directly out of the chip viathe output buffer (Sgnd = ‘outp’ -

‘outn’).

Only one of the switchesin the mux can be“on ™ a atime. That is one amplifier (channd) at
atime can be seen on the output of the chip. The bit in the register ripples in sequence from
the top- to the bottom- channel by clocking ‘ckb’. The clock can be stopped at any point
which will leave the connection between the current channel and the output, which remains

enabled.
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Fig 4. VA1 Architecture

6. Normal mode of operation

The norma mode of operation isthat the 128 inputs are connected to a detector from where
the charge Sgna comes. After the physics event, each channd will integrate its eventud

sggnd for 1us. Usudly, after the pesk isreached (1us), an externd *holdb’ signd should be
applied to sample the vaue. Immediately after this a sequentia read-out can be performed
by activating the output bit-register using ‘shift_in_b’ and ‘ckb’. Seefig. 5 for an example
of the timing in this mode. The logic part of the chip can be reset either by gpplying the
‘dreset’ or, smply by running through a norma reed-out once.

Example Nonmal Readout Sequence of one chip

Hulkib —_
i .
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o T UL L
Slnft_awr B . I_I_
a
4___..;—915]1..1.1.
Adaiz . Chet .
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Fig 5. Read-out timing of VA1
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7. Operation in test mode

Each of the inputs of the amplifiers can be accessed viathe input pads on the left Sde, see
Fig.4. In test mode, it is not necessary to connect any of these. Instead, the test facility of the
chip can beturned on (‘test-on’). Thiswill enable another mux./bit-register on the input to
run exactly in pardld with the output mux./bit-register. Thisinput mux. connects al the
inputs to the *cal’ pad viaa switch controlled by the bit-register. Also, in this case, only one
connection at atime is possible and this connection will dways correspond to the same
channd asis connected in the output mux.

Fig. 6: VAl circuitson a ceramic-PCB hybrid board
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8. Useful hints

Useof ‘cd’-input

When the ‘cal’-input is used in test mode an externa capacitor (as close as possible to the
pad) should be connected in series before the Sgnd entersinto the “cal’ pad. A capacitor
vaue of 1.8 pF isrecommended. A voltage step of 2 mV gives hence an input Sgna charge
of 3.6 fC (~ 1 MIP).

Generation of bias-currents/-voltages
Fig. 7. shows a possible approach for generating the necessary bias currents and voltages.

Adjusment of VFP
VFP adjusts the feedback resstor of the pre-amplifier. Lower vaues result in ahigher
feedback resistor thus at too negative va ues the pre-amplifier will sop working.

Termination of outputs
Fig. 8 shows a possible solution for termination of the outputs ‘outm’ and ‘outp’.

Decoupling of power and bias lines

It is recommended to decouple the power and bias linesto GND.

9. Bias current generation

VDD VDD GND
o | |- g
VFP GND
| IR =
Vss ]
Pre-bias g
(sha-bias/buf-bias) L1 invout pad VS

Fig 7. Biascurrent & Voltage generation Fig. 8. Analogue-Out termination
(1 kOhm recommended)

Document Nr. VA1 version 1.4 date 14.05.97

The information in this catalog is subject to change without prior notice.

Information given by IDE ASis believed to be reliable. However, no responsibility is assumed for possible
inaccuracies or ommision.
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