
PARAMETER KTEV CMS 
Range 16 bits 15 bits 
Least Count 8 fc  0.32 fc  
Noise 15.000 e's 3000 e's 
Clock 53 MHz 40 MHz 
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Absemcr 

A charge integrator and encoder ASIC is being 
developed at Fermilab for readout of the CMS hadron 
calorimeter photodetectors. The chip provides eight 
nonoverlapping ranges and is pipelined for deadtimeless 
operation. It is intended to be used with an FADC to 
digitize hybrid photodiode current pulses at 40 MHz. 
For each clock period, one range is selected depending 
on the signal magnitude, and the output of that range is 
fed to the FADC to form the mantissa. The selected 
range is encoded and output as a 3-bit digital exponent. 
Previous versions of this device have been designed for 
use with photomultipliers which can have high gain. 
Hybrid photodiodes have gains of only a few thousand so 
that a new version of the chip is needed which includes a 
current-mode preamplifier. The principle of the device 
is described and early results from a demonstrator project 
are presented. 

1. INTRODUCTION 

calorimeter. Several techniques have been developed 
and implemented in other experiments that can meet any 
two of these three requirements as response bandwidth 
trades against noise floor and dynamic range. The two 
approaches finding acceptance today are switched 
capacitor analog storage arrays and multi-range direct 
digital techniques. This report describes a direct digital 
approach which is based on a current-splitter input stage 
driving a parallel set of identical integrating capacitors, 
one of which will be selected as within range for 
digitization. An important characteristic of this approach 
is that it maintains approximately constant resolution 
over the full dynamic range. 

Originally, the current-splitter technique was proposed 
for calorimeter readout at the Superconducting Super- 
Collider project[2]. Subsequent events led to develop- 
ment and deployment of these multi-range ASICS in the 
KTeV experiment at Fermilab[3,4] which features a 
precision crystal electromagnetic calorimeter with 
photomultiplier tube readout. The KTeV performance 
specifications exceed those of prior art. Table 1 
indicates the developments needed for the CMS HCAL 
readout by providing a comparison between the 
performance numbers of the KTeV system and those for 
the CMS HCAL requirements. The two areas where 
performance improvements are needed are apparent, 
noise floor and sensitivity. 

Table 1: KTeV and CMS comparison 

Hadron calorimeters (HCAL) in the central and end 
cap regions of the CMS detector are sampling structures 
with copper absorber plates and scintillator readout 
layers. Scintillation light from particle showers is 
collected and re-emitted by wavelength-shifting plastic 
fibers embedded in grooves machined into the 
scintillator tiles. Clear plastic fibers are used to carry the 
shifted light to the photodetectors located in light-tight 
enclosures on the outer calorimeter surface. Inside these 
boxes, the clear fibers that originated from scintillator 
layers are reorganized to form projective towers of 
scintillator tiles. Hybrid photodiodes[1] are used as the 
photodetectors because of the 4 Tesla magnetic field at 
the readout box position. These devices consist of a 
photocathode followed by a gap of several millimeters 
over which a large applied electric field accelerates 
photoelectrons onto a silicon diode target. The signal is 
generated by electron bombardment, and the diodes are 
patterned into pixels to provide many channels in one 
package, 

The HCAL readout system must satisfy demanding 
requirements for rate, dynamic range, and noise floor. 
The precision of measurement requirement is less critical 
in accordance with the intrinsic resolution of a hadron 

2. REQUIREMENTS 

Front-end electronics for the HCAL calorimeter reside 
on the outer surface of the absorber inside readout boxes 
that also house the optical rearrangement structures and 
photodetectors. At this location, the ionizing radiation 
dose is very small amounting to tens of kilorads at most. 
However, the neutron fluence is not negligible 
amounting to more than 1010 per cm squared per year for 
ldnetic energies above 100 key. In today's terms, the 
electronics is required to be radiation tolerant. 

* Work supported by U.S. Department of Energy under contract no.I DE-AC02-76CHO3000. 
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Performance requirements follow from a combination 
of physics issues, Collider parameters and calorimeter 
characteristics. The most significant of these include: 
calorimeter energy resolution and photoelectron 
response, photodetector gain and signal duration, Collider 
crossing frequency, minimum ionizing signal size and 
highest energy signal expected. Table 2 provides a 
summary of the operation and performance 
requirements. 
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produces an 8-bit result, 3-bits of range plus the result 
from a 5-bit FADC, to a 24-bit wide serializer operated 
at 40 MHz clock rate. Figure 2 and Table 3 are provided 
for visualization of the design parameter choices. 
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3. THE QIE ASIC Figure 2. Resolution performance. 

Multi-range integration of the signal is done using a 
current splitter input stage coupled to a set of identical 
capacitors. An input bias current is applied to set the 
operating point of the splitter transistors and provide a 
unique pedestal for each range so that a companion set of 
comparators can unambiguously select the voltage on 
one range for routing to Me FADC. 

The abbreviation QIE was chosen to indicate charge 
(Q) integration (I) and encoding (E). Functioning as a 
gated integrator, the QE produces two outputs per clock 
period: a three-bit integer indicating the range and a 
voltage proportional to the integrated input charge for 
that range. Coupled with a fast ADC, the QIE front end 
produces a floating-point result each clock period: m bits 
of range (exponent) plus n bits of ADC (mantissa). 
Figure 1. shows an example of a QIE front-end system 
from the HCAL project where three hybrid photodiode 
pixels are processed on one small circuit board. Each 
channel 
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Figure 1. Front end electronics block diagram. 
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Current splitting is accomplished through a parallel 
array of common-base NPN transistors and grouping the 
collectors in the desired weights. An example of a 
current splitter input stage with binary weights is shown 
in Figure 3. An external DC bias current is provided to 
satisfy the comparator requirements and to optimize 
transistor operating parameters. To maintain 
performance at small input signals, a feedback amplifier 
is used at the input with the paralleled transistors of the 
splitter as the series pass element. 

In order to maintain constant split ratios over the full 
dynamic range, the transistor collectors should be held at 
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the same voltage. MOS cascade circuits are used to 
equalize the collector voltages and pass the current 

through to the next stage. For large signals, the most 
sensitive ranges experience very high currents. Series 
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Figure 3. Current splitter example. 

organized to explore these issues both on the bench 
top and in the test beam with prototype calorimeter 
modules. Convinced that a QIE itself could not 
achieve the needed performance, the project team 
focused on developing a current-mode inverting 
preamp for the KTeV QIE system that provided the 
desired overall sensitivity. Figure 4a shows a block 
diagram of the amplifier and Figure 4b shows the 
diagram for the fast pulse amplifier block. The low 
pass DC-coupled path is required for measurement of 
the signal produced by a radioactive calibration source 
illuminating the scintillator tiles. The cross over point 
between the AC and DC paths is set at 1 ld.-Iz. 

In w >+- Out 

R High Frequency Amp RL 

current limiters are installed on each range to prevent 
overloads to the subsequent circuitry. 

Deadtimeless operation is another requirement for 
calorimeter readout at future Collider experiments. 
The QIE incorporates pipelined operations to meet 
this requirement. A latency of four clock cycles is 
needed to perform all signal processing operations, 
and four identical sets of integrating capacitors and 
comparators are utilized. At any one moment in time, 
one set is connected to the current splitter, the second 
set is settling into the comparators, the third set is 
connected to the outputs, and the fourth set is being 
reset. The QIE ASICS produced for KTeV have 
shown that high precision, in terms of settling error, 
reset residual and charge loss at time slice boundaries, 
can be obtained with a pipeline only four clocks deep 
at clock speeds up to ~80 MHz. 

Present versions of the QE have been fabricated in 
a 2 micron Orbit CMOS process. The CMS HCAL 
devices are planned for an 0.8 micron BiCMOS 
process to provide higher performance transistors. 
The development program, which is beginning now, is 
planned for a two and a half year period with the 
production run targeted for January 2001. 
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4. CMS DEMONSTRATOR PROJECT 
DC Low Leakage Amp 

Figure 4a. Preamplifier block diagram. 

Sensitivity and noise requirements for the CMS 
application are significantly tighter than those for the 
KTeV experiment as shown in Table 1. The principal 
reason for such challenging performance numbers is 
the difference in calorimeter light yield. The crystals 
used in KTeV have a very high light yield compared 
to the scintillator and waveshifter sampling 
calorimeter of CMS. A demonstrator project was 
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The demonstrator preamp uses discrete components 
' Even then, three 

iterations of printed circuit layout were needed to 
conquer the problem of parasitics. The QIE and 

and was designed with SPICE. 
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readout artwork was taken straight from KTeV files. 
The final circuit board footprint was chosen to allow 
use in the calorimeter readout box and limited the 
density to six channels per board. 
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instability remained. Muon, pion and radioactive 
source data were taken with the demonstrator 
electronics at the end of August. The clock was mn at 
40 MHz but was not synchronized to the accelerator 
and hence the triggers were randomly phased. 
Uncorrected histograms of raw data show that the 
minimum ionizing signal from a single layer of 
scintillator is clearly seen. The pion signal is seen in 
several channels as the shower size exceeds the 
calorimeter cell size. At this time, information on line 
shape and resolution waits on establishing relative 
channel gains for summing and on untangling the 
pedestal instability effects. 
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