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1.0 | nt roducti on

This manuscript is intended to provide prelimnary docunentation for the
si xteen channel integrated circuit (1C under devel opnent. The IC is
designed for use with an array of silicon strip detectors in a wde
variety of colliding particle experinments scheduled for Fall 2002. Only
very sinple explanations concerning the operating principles of the
various subsystens will be provided at this time. Enphasis is placed on
simul ation results predicting performance.

The simulation results denonstrate that the I1C wll be capable of
providing both high resolution energy and time neasurenents. The IC is
referred to as the HI NP16C (Heavy |on Nucl ear Physics)IC throughout this
docunent .
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2.0 Bias Crcuits

Several circuits are required to correctly bias the anal og subsystens.
These consists of a bandgap voltage reference, a constant current
reference, and a reference for the digital-to-analog converter used to
correct offsets associated with the | eadi ng edge di scri m nat or

2.1 Bandgap Vol t age Reference

The core of the bias circuitry is a sinple bandgap voltage reference
The bandgap reference produces a relatively stable voltage (1.23 volts)
with respect to both power supply and tenperature variations.

The bandgap circuit nmakes wuse of parasitic bipolar vertical PNP
transi stors. A PTAT (Proportional to Absolute Tenperature) current is
created by forcing equal currents through two diode-connected
transistors whose area differ by a factor of ten. A 60 nV voltage
exi sts across a 590 Chm resistor, producing a current of approxi mately
125 pA. The current is mirrored and passed through a 5.3 KQ resistor
to yield a voltage and sumed with a base-enmitter voltage. The base-
emtter voltage displays a negative tenperature coefficient and
conpensates the positive tenperature dependence of the voltage devel oped

across the 4.5 KQ resistor.
Through the use of current mirrors, bias voltages corresponding to

several different bias currents are also created. These bias voltages
are then heavily filtered in order to greatly inprove noi se performance.

Sunmary of bias voltages and associated currents at 27C

BANDGAP_VOLT = 1. 2331E+00 Vol ts
BANDGAP_CURRENT = 1.2106E-01 mA
VBN_CSA = 1. 3694E+00 Vol ts (0.91164 in LOWN GAI N node)
| _CSA = 9. 0598E-01 mA
VBN_SHAPER = 1. 8519E+00 Vol ts
| _SHAPER = 6. 0567E- 02 mA
VBN_10UA = 1. 9829E+00 Vol ts
| _10UA = 1. 0094E- 02 mA
VBN_DI SC = 2. 6245E+00 Vol ts
I B_DI SC = 6. 0551E- 02 mA
VBP1_DAC = 3.3796 Volts
VBP HI T = 3. 4597 Vol ts
VB_TVC = 3.3650 Volts
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Variations of the bandgap output wth respect to tenperature are
illustrated in Figure 1. The bandgap voltage varies only by 5 nV over a
tenperature range of 40 Celsius. Perfornmance is sunmarized bel ow

Supply current (typical): 1.5 mA (hi gh-gain node)
0.75 mA (Il ow gai n node)

Ar ea:

Noi se at Vref output: 100 pv (10 Hz - 10 MHz)

Nom nal Qut put: 1.233 Volts (27 O

Tenpco: +125 v/ C

Bandgap Vol tage

1.236

1. 235 -
1. 234
1. 2383
1.232

1.231
/

1.23 ‘ ‘ ‘ ‘
0 10 20 30 40 50
Temperature (C)

Fi gure 1: Bandgap Reference Tenperature Dependence

2.2 Constant Current Source

The tinme-to-voltage converter requires a constant current to charge a
capacitor, thereby, producing a voltage that varies linearly with tine

but i ndependent of tenperature or supply voltage. It is inmportant that
the charging current display little, If any, tenperature dependence.
The bandgap voltage, described in section 2.1, is applied across a
tenperature independent resistor. The tenperature independence of the

resi stance is acconplished through a series conbination of a resistance
with a positive tenperature coefficient (ny polysilicon) and a
resistance with a negative tenperature coefficient (hy polysilicon).
See Figure 2.
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Current versus Temperature

10. 06
10. 055 //////,
10. 05

10. 045 +

10. 04
10. 035

10. 03 ~//////
10. 025 //////'

10. 02 '////

10. 015 T T T T
0 10 20 30 40 50

Temperature (C)

Figure 2: Constant Current Tenperature Dependence

Performance is summari zed bel ow

Nom nal CQut put: 10. 038 uA (27 O
Tenpco: + 850 pA/ C

Current varies by +/- 0.17% around the nom nal tenperature of 27 C.
Since the capacitor has virtually a zero tenperature coefficient, this
will also be the relative error in tinme nmeasurenents. W see by
conparing Figures 1 and 2 that the tenperature dependence of the current
source is alnost conpletely due to the tenperature dependence of the
bandgap reference.

2.3 DAC Ref erence

The bandgap reference is also used as a reference for the DACs used to

of fset conpensate the |eading edge discrinmnnators. The 1.233 Volt
reference is used in a feedback loop along with a 60 KQ resistor to
generate a 20 pA current. Further details wll be provided when DAC

operation is discussed later in this report.



Srip Chip Design Documentation 8of 31

3.0 Charge Sensitive Anplifier (CSA)

The charge sensitive anplifier (CSA) is used to convert the charge

packet originating at the silicon strip detector into a voltage. A
singl e-ended folded cascode anplifier topology was used. A source
foll ower buffers the output. A feedback capacitor sets the gain. A

| arge feedback resistor, effectively in parallel with the gain setting
capaci tor deternine the decay time constant.

The CSA can be placed in one of two gain nodes: C equal 2.5 pF
(referred to as the high-gain node) and C equal 12.5 pF (referred to as
the lowgain node). The decay tine constant is nominally the same (25

psec) in both gain settings. Mreover, the internal CSA can be bypassed
and the succeeding electronics can be driven by off-chip, externa
pr eanps. Wen this nmode is selected by setting bit 36 in the
configuration register to a ‘1, the internal CSA is effectively shut
down. The gate of the PFET input device is connected to the positive
supply rail. This drives the output of the CSA near the negative rail.

3.1 CSA Transfer characteristic

The response of the CSA is illustrated below in Figure 3. The
simul ation was performed with the followi ng paraneters:
H gh- gai n node: Feedback capacitance 2.5 pF
Feedback resistance 10 M)
Det ect or capaci t ance: 75 pF
I nput : 10 mA, 80 psec current pul se
(5 mllion el ectrons)
CSA ground vol t age: 2.5 Volts
CSA Qutput (Volts)
1.35
1.3
1.25 f/,r_
1.2 -
1.15 /
1.1
1. 05
1 T T T T
1. OE- 06 1. 2E- 06 1. 4E- 06 1. 6E- 06 1. 8E- 06 2. 0E- 06
Time (sec)
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Figure 3: CSA output (high-gain node) with C, = 75 pF
The response is excellent. It is sumarized bel ow
Ri seti me: 22 nsec
Decay tine; 49 usec
Actual peak anplitude: 280 nVv
Expect ed peak anplitude: 320 nVv
Transfer function: 1 Volt = 17.86e+06 el ectrons

The discrepancy (-1.15 dB) between the actual and the expected val ue of
the peak is primarily due to the |oss associated with the NFET source
foll ower (bul k nmodul ation effects) used to buffer the CSA output.

Wth a detector capacitance of 30 pF, the response begins to
deteriorate, displaying ringing. The risetime is 11 nsec. For
conpari son purposes, the response is presented in Figure 4. At 10 pF,
the ringing is severe and not acceptable.

CSA Qut put (Cdet = 30 pF)

-

1. 35E+00

1. 30E+00

1. 25E+00

1. 20E+00

1. 15E+00

1. 10E+00

1. 05E+00 ~

1. 00E+00 T T ‘ ‘
1. OE- 06 1. 2E- 06 1.4E-06 1.6E-06 1. 8E-06 2. 0E-06

Time (sec)

Figure 4: CSA output (high-gain nmode) with C_, = 30 pF

et

The CSA was re-characterized for the | ow gai n node
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Low gai n node:

Det ect or capacitance:

I nput :
CSA ground vol t age:

The results were:
Ri seti me:

Decay tine:;
Actual peak anplitude:
Expect ed peak anplitude:

Transfer function:

2.2 Li nearity

The CSA is linear for
illustrated in Figures 5 and 6.

the CSA G\D voltage was 2.5 Volts.
CSA produced negative goi ng out put
be set accordingly to achi eve the maxi mumrange over which the responses

both positive and negative goi ng pul ses.
For the positive going output
CSA G\D was held at 4 Volts when the

pul ses. It is inmportant that CSA GN\D

10 of 31

Feedback capacitance 12.5 pF
Feedback resistance 2 M

75 pF

50 mA, 80 psec current
(25 million electrons)

pul se

2.5 Volts

140 nsec
66 usec
280 mv
320 v

1 Volt = 89.3e+06 el ectrons

remain |inear. The characterization was perfornmed in the high-gain
node.
CSA Linearity for Positive Going Pul ses
1. OE+01
1. 0E+00 P

1. 0E-01

/

. OE-02

/

1. 0E-03

Qut put Vol t age
[N

1. OE- 04

1. 0E-05 x

T T T

1. OE+02 1. OE+03 1. OE+04 1. OE+05 1. 0E+06 1. OE+07 1. O0E+08

I nput El ectrons

This is
pul ses,
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Fi gure 5: CSA Linearity for Positive Going Qutput Pul ses

CSA Linearity for Negative Going Output Pulses

1. 0OE+01

1. OE+00

1. 0E-01

1. OE-02

1. OE- 03

1. OE- 04 ~

1. OE- 05 T T
1. 0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08

I nput El ectrons

Fi gure 6: CSA Linearity for Negative Going Qutput Pul ses
2.3 Noi se Perfornmance

The noise performance of the CSA (high-gain node), as a function of
detector capacitance, is depicted in Figure 7. The slope of the curve
is approximately 12 electrons per pF. The graph represents the total
integrated noise in a bandwidth of 10 KHz to 1 Mz (roughly the
bandwi dth of the shaping filter).
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Noi se as Function of Detector Capacitance
(Hi gh- Gai n Mode)

3. OE+03

2. 5E+03 A

2. OE+03

1. 5E+03

1.0E+03 1 _—|

5. 0E+02

0. OE+00 T
0. OE+00 4. 0E-11 8. 0E-11 1. 2E-10 1.6E-10

Det ect or Capacitance (F)

Figure 7: Noise Performance of CSA (high-gain node) Versus C

det

The noise performance of the CSA (high-gain nobde), as a function of
detector capacitance, is depicted in Figure 8  The slope of the curve
is approximately 20 el ectrons per pF. The graph represents the total
integrated noise in a bandwidth of 10 KHz to 1 Miz (roughly the
bandwi dt h of the shaping filter).
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Noi se As Function of Detector Capacitance
Low Gai n Mode

6. OE+03

5. 0E+03 A

4. OE+03

3. 0E+03

2. 0E+03 +

1. OE+03

0. OE+00 T
0. OE+00 4. 0E-11 8. 0E-11 1. 2E-10 1.6E-10

Det ect or Capacitance (F)

Figure 8: Noise Performance of CSA (| ow gain nmode) Versus C

det
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4.0 Pul se Shaper

The exponential pulses at the CSA output are transformed into seni-
gaussi an shaped pul ses by the pul se shaper circuit described herein.

The transfer function for the pul se shaper is

Fi gure 9: Pul se Shaper Transfer Function

Fi gure 10: Pul se Shaper Tine Domai n Response

4.1 Li nearity

Figure 11: Pul se Shaper Linearity for Positive Pulses at I|nput

Fi gure 12: Pul se Shaper Linearity for Negative Pulses at |nput

4.2 Peaki ng Ti ne

Figure 13: Peaking Time As Function of Control Voltage

4.3 Noi se Perfor nance
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5.0 Ti ne-t o- Vol t age Converter (TVQ

5.1 Li nearity

The transfer function for the tine-to-voltage converter (250 nsec range)
is illustrated in Figure 14. The slope of the curve belowis 3.85 nV /
ns. The DC offset is approximately 1 Volt and represents the threshold
voltage of the source follower buffer. The range does not extend to t=0.
The range over which the curves linearity is characterized is fromt = 3

ns to t = 250 ns. The integral nonlinearity is 440 ps. If a range
starting at t = 2 ns is used, the integral nonlinearity increases to 850
ps. If the range starting at t=10 nsec is used, the integra

nonlinearity is approxinmately 50 ps.

Vol t age versus Tine

1.8 H/////,,
1.6 ////r//

1.2 F/f///

1 ‘
0. OOE+00 5.00E-08 1. 00E-07 1.50E-07 2.00E-07 2.50E-07
Time (sec)

Figure 14: Linearity of TVC (250 nsec range)

Figure 15: Linearity of TVC (1 psec range)

5.3 Noi se Perfor nance
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6.0 Pseudo Constant Fraction Discrimnator (CFD)

The pseudo constant fraction discrimnmnator (CFD) displays very good wal k
characteristics. The CFD was driven with exponential pulses. The

risetime was 35 nsec and the falltime was 55 psec. The pul se anplitude
was varied fromlnV to 1V, corresponding to detector inputs ranging from
17,000 to 17e6 el ectrons.

The sinulator naxi mumtinestep was specified as 250 ps. Sonme of the
variation in propagation delay can be attributed to this relative large
timestep. The maxinumtinmestep was not nade small er because of the
excessive tine required to conduct the sinulations.

CFD Wal k PI ot

5. 10E- 08

[&)]

. O5E- 08 +

a1

. O0E- 08 -

N

. 95E- 08 \

N

. 90E- 08

N

. 85E- 08 +

N

. 80E- 08 - ~_

4. 75E-08 ‘ ‘
1. 00E+04 1. 00E+05 1. O0E+06 1. 00E+07 1. O0E+08
I nput El ectrons

6.1 Zero Cross Disrimnator (ZCD)

6.1.1 Differential Amplifier

6.1.2 DC O fset Cancellation

6.1.2.1 Differential -to-Single Ended Conversion
6.1.2.2 Current Attenuator

6.1.2.3 I nt egrat or
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6.1.2.4 Single-to-Differential Ended Conversion
6.1. 3 Conpar at or
6.2 Leadi ng Edge Di scrini nator (LED)

6.2.1 Digital -to-Anal og Converter (DAC)

The digital-to-analog converter (DAC) is wused to correct offsets
associated with the |eading edge detector. It consists of a binary
wei ghted array (weights: 1, 2, 4, 8, 16) of current sources and a binary
wei ghted array (weights: 1, 2, 4, 8) of current sinks. The nost
significant bit, bit 5, indicates the algebraic sign and whether the
current sources or current sinks are used. In other words, the data
format is sign/magnitude with 5 bits of magnitude in the postive
direction and 4 bits in the negative direction.

An output voltage is created by either sourcing or sinking current

through a 0.5 kQ resistor, connected to anal og ground (AG\ND = 2.5 VDC).
A maxi mum positive output voltage of 19.8 nV with respect to AGND can be
achieved. The nobst negative output is -9.9 nV (relative to AGND). The
stepsize is approximately 0.625 nV. Settling time (better than 1 % on
the DAC outputs is 1 psec. The stepsize of 0.625 nV corresponds to
roughly 12,000 el ectrons (need to check this!). Ofsets associated with
the | eadi ng edge discrimnator are expected to be 10 nV (3 sigma). This
inplies that we are guaranteed to be able to set maxi mum threshol ds at
| east at the 120,000 el ectron |evel.

6.2.2 Differential Amplifier
6.3 Ht Logic
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7.0 Peak Sampling Circuit

7.1 Non-1linear Gain Anplifier
7.2 Leadi ng Edge Di scrini nator (LED)
7.3 Sanpl e and Hol d
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8.0 Anal og Reset Logic

Automatic reset circuitry has been incorporated into each channel. As
di scussed earlier, when a channel is hit, the channel's CFD enits a
positive-going pulse (generated by a one-shot circuit with a fixed
pul se-width) that lasts for approximately 100 ns. This pulse is then
used to trigger a second one-shot. This second nonostabl e produces a
negative-going pulse with a variable pulse width. The delay, comopn to
all channels on the IC, can be varied by controlling the voltage on the
DLY_VC pi n. Figure x below illustrates that the delay can be reliably

varied froma few hundred nano-seconds to around 100 psec by varying the
control voltage between 1 Volt and 4 Volts. A control voltage of 2.5
Volts yields a delay of 1 psec which is approximately equal to the
peaki ng tine of the shaper

If the "veto_rst"” signal is not asserted prior to the trailing edge of
the pulse fromthis second one-shot, the channel will reset itself. The

following events will take place. The "hit" register will be cleared
the tinme-to-voltage converter will be reset by discharging the interna
capacitor, and the peak-sampling circuit will be reset. The "veto rst"
signal must remain asserted until the variable delay tinme has el apsed.
Vari abl e One-shot Del ay Versus Control Voltage
1. 0E-04
1. 0E- 05
1. OE- 06
\
1. 0E- 07 ‘ ‘ ‘
1 1.5 2 2.5 3 3.5 4
Control Voltage (Volts)
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9.0 Common Digital Logic

rd n

In addition to the 32 anal og channels there exists a 33 channel "(a 9"

channel in the case of our 8 channel 1Q). This additional "channel"
contains the common bias circuits described earlier along with digital
circuits "common" to all of the channels. This "common" digita

circuitry will be described now.
9.1 Configurati on Register

The configuration register is a serial shift register that is 48 bits (6
bytes) I ong. Bit O should be |oaded first. Bit 47 is |oaded |ast.
Data should be applied to "sin". Shifting occurs on the rising edge of
"scl k" and therefore "sin" data nust be STABLE and VALID on each rising
edge of "sclk". Data energes from the configuration register at the
"sout" pin. A positive pulse on the "dig rst” pin will reset all bits
of the configuration register to '0'".

The configuration register bit assignnents along with the default state
after a digital reset has been performed is provided bel ow

Bit Position Functi on Def aul t

0 0 = Enable CFD Ch O Ch 0 CFD enabl ed
1 =Disable CFDCh 0O

1 0 = Enable CFD Ch 1 Ch 1 CFD enabl ed
1 = Disable CFD Ch 1

and so on ..

31 0 = Enable CFD Ch 31 Ch 31 CFD enabl ed
1 = Enable CFD Ch 31

32 0 = Positive pulses at CSA out Negati ve pul ses
1 = Negative pul ses at CSA out

33 0 = 1 psec TVC range 1 psec range
1 = 250 nsec TVC range

34 0 = CSA high-gai n node H gh- gai n node
1 = CSA | ow gai n node

35 0 = test node 1 OFF CSA and shaper

not brought out to pins

1 =test node 1 ONi.e.
CSA and shaper outputs
for selected channel
brought out to pins

36 0 = Enable internal CSA Use internal CSA
1 = Select external preanp

37 0 = test node 3 OFF Test node 3 OFF
1 =test node 3 ON
Peak sanpling circuit of
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Sel ected channel driven by
Ext ernal signa

38 — 39 Currently unused Al bits 0
40 - 47 Bit 47 M5 bit (8 bit ID) ChipID=0

9.2 Encoder

This is a 32 — 5 encoder. The output is a binary code that indicates
which of the 32 input lines is active (HGH i.e. which of the 32
channels is currently in need of attention. If none of the 32 inputs

are active, the output code is “00000”. This is NOT a priority encoder
If nore than one input is HGH the output code is UNKNOMN. In normal
operation, it is not possible for nore than one input to be
si mul t aneously HI GH. One line from each of the 32 channels, encoder
output, is routed to the 32-5 encoder that is located within the comon
digital block within the special common channel

In the current 16channel 1C, only inputs O — 15 are used. |Inputs 16 —
31 are connected to ground.

9.3 Decoder

This is a 5 — 32 decoder. The 5 bit input address determ nes which of
the 32 output lines is active, thereby selecting one of the 32 channels.
One (and only one) of the 32 lines is always “hot’. The decoder outputs
are the channel select lines. One of the 32 channels can be sel ected by
appl ying the appropriate 5 bit channel code to this decoder

In the current 16 channel IC, outputs 16 — 31 are NOT connect ed.
9.4  Address MJX

The address MJX is used to multiplex two 5 bit addresses. One 5-bit
address is the output of the 32 — 5 encoder described above. The other
5 bit code is an externally generated address. The *“sel _ext_addr”
signal selects the externally generated address.

9.5 Address Latch

It is possible to latch the externally applied address. This allows the
external address lines to be used as data lines for the DACs that are
used for offset conpensation in the | eading edge detectors.

The address latch is transparent when the “dac_stb” signal is LON On
the rising edges of “dac_stb”, the external address is |atched. Dat a
intended for the DACs will be latched on the falling edge of dac_stb

Care was taken to nmke sure that the delays are such that the data is
| atched into the DAC regi ster before the channel select |ines change.

9.6 Status Circuits

The 1 C has circuits that can report the current status of the IC. The IC
can notify the external world that at |east one of the channel hit
regi sters has been set. This is acconplished by ORing the outputs of
the 32 hit registers. The OR function is distributed across the
channel s. The pulldown transistors reside in the respective channels.
There is one comon pullup device along with an inverter located in the
common digital bl ock. The "or _out" pin when H CGH indicates that at
| east one channel on the IC has been hit.
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In a simlar manner, the "acq_ack" pin indicates whether an acquisition
is currently in progress. The falling edge of "acq_ack" signals the end
of data acquisition

The acquisition process is initiated when the "token_in" pin is driven
LOW

VWhile the "or_out™ pin is an indicator of whether or not any channel on
the 1 C has been hit, the "MJLTIPLICITY" output is an anal og voltage that
is proportional to the nunber of channels that currently have there hit
regi sters set. A 40 pA current source is switched onto a 75 KQ
resistor to AVSS in every channel whose hit register is set. These
outputs are then tied together and buffered by source follower in the
common channel. Therefore, the MULTIPLICITY output voltage is given by
the follow ng rel ati onshi p:

MULTI PLI CI TY = (40 uA * 75 KQ) / N + (DC of fset)

=3 Volts / N + 1 Volt

where N is the nunber of |1C channels. For the eight channel 1C this
becones

MULTI PLI G TY = 375 nV / channel + 1 Volt
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10.0 Pin Descriptions

Pi n nunber:
Pi n nane:
Pin type:
Descri ption:

Pi n nunber:
Pin nane:
Pin type:
Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Description:

Pi n nunber:
Pi n nane:
Pin type:
Descri ption:

Pi n nunber:
Pin nane:
Pin type:
Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Description:

Pi n nunber:
Pi n nane:
Pin type:
Descri ption:

1

cfd_out

Di gital output

This is the output (for the selected channel) of the
100 ns one-shot that is triggered by the narrow out put
pulse from the CFD. The CFD outputs from all 32
channel s are multipl exed. This is the output of the
mul ti pl exer.

2

acg_cl k

Digital input

This is the clock signal used for acquisition. The
ri sing edge of “acq_cl k” causes the active register to
be set in a channel whose “hit” register is set AND
whose “token_in” is active i.e. LON The falling edge
of “acqg_clk” in turn causes the “hit” register to be
cl ear ed. This is turn will potentially allow the
“token_out” of the channel to be active i.e. LOW
t hereby, enabling the next channel in the chain. The

next rising edge of “acq clk” will clear the active
register.

3

a0

Bi di recti onal

This is external address |ine aO. Wen the
“sel _ext _addr” pinis HGH this line will be
a DIG@TAL INPUT and is the |east significant
bit of the address of the channel the user
w shes to select. Wien the “sel _ext_addr” pin
is LON this line wll be a D G TAL OUTPUT
and wll be the least significant bit of the
address of the channel that is currently in
need of attention.

4
al

Bi di recti onal

This is external address line al. See di scusion for
address |ine ao.

5

a2

Bi di recti onal

This is external address |ine aZ2. See di scusion for
address |ine ao.

6

a3

Bi di recti onal

This is external address |line a3. See

di scusi on for address |ine aO.

7
a4

Bi di recti onal

This is external address |line aé4. See discusion for
address |ine a0.
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Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

8

or _out

Di gital output

The “or_out” pin will be HGH if any hit register on
the chip is set. A LOW on this pin indicates that
NONE of the “hit” registers is set.

9

acqg_ack

Di gital output

The “acq_ack” pin will be H GH during the acquisition
process and will go LOW once all channels have been
acqui r ed.

10

token_in

Digital input

This is the token into the chip. It is active LOWV

11

t oken_out

Bi di recti onal

This is the token out of the chip. It is active LOW
When the line is high, an acquisition is in progress.

12

vet o_r st

Digital input

After a channel has been hit, the tine-to-voltage and
peak sanpling circuits as well as the hit and active
registers wi || automatically be reset UNLESS
“veto rst” is asserted (HHG&). The “veto rst” signal
nmust be continued to be asserted until the time when
the automatic reset would have taken pl ace.

13

force_rst

Digital input

A positive going pulse on this line will reset the

ti me-to-voltage and peak sanpling circuits as well as
the hit and active registers in ALL channel s.

14

conmon_st op

Digital input

Wen HGH halts the tine-to-voltage converter i
every channel. The tine-to-voltage conversions wl
STOP even if the start conversion signal is stil
asserted.

n
I
[

15

gl obal _cfd_en

Digital input

Wen LOW the CFDs for all channels are DI SABLED.
Wen H GH, a channel’s CFD will be enabled provided

the corresponding CFD enable bit is a ‘0 in the
configuration register.
| MPORTANT NOTE: After the "global _cfd en" line is

made active, it inportant that a reset be forced.
This is acconplished by applying a positive pulse to
the “force_rst” pin.
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Pi n nane:
Pin type:
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Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:
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16

DGN\D1

Digital supply pin. Return currents for digital
pads.

Connect to circuit ground.

17

DvDD1

Digital supply pin. Powers digital I/O pads.
Connect to +5VDC.

18

i do

Bi di rectional .

Bit 0O of the <chip identification code.
significant bit. \Wen "sel _ext_addr" is H GH
an input.

19

idl

Bi di rectional .

Bit 1 of the <chip identification code.
"sel _ext_addr" is HHGH, idl is an input.

20

i d2

Bi di rectional .

Bit 2 of the <chip identification code.
"sel _ext_addr" is HHGH, id2 is an input.

21

id3

Bi di rectional .

Bit 3 of the <chip identification code.
"sel _ext_addr" is HHGH, id3 is an input.

22

i d4

Bi di rectional .

Bit 4 of the <chip identification code.
"sel _ext_addr" is HGH id4 is an input.

23

i d5

Bi di rectional .

Bit 5 of the <chip identification code.
"sel _ext_addr" is HGH, id5 is an input.

24

i d6

Bi di rectional .

Bit 6 of the <chip identification code.
"sel _ext_addr" is HGH, id6 is an input.

25

id7

Bi di rectional .

Bi t 7 of the «chip identification code.
"sel _ext_addr" is HGH id7 is an input.

26

sel _ext _addr

Digital input

/0

Least
idO is

When

When

When

When

When

When

When
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Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

When H GH, this signal selects the external address as
input to the 5-32 decoder used for selecting one of
the 32 channels. Wien H GH, mekes a0-a5 lines as well
as i1d0-id7 lines inputs.

27

dac_stb

Digital input

Data on the address pins (a0-a5) are latched into an
internal address latch on the rising edge of dac_stbh.
When dac_stb is high, data on the ext_addr lines wll
alter the DAC output whose channel is select by the
address stored in the internal address latch. On the
falling edge the data on the address pins wll be
| atched into the DAC register.

| MPORTANT NOTE: Data on address lines a0-a5 must be
stable and valid on both rising and falling edge of
“dac_stb”.

28

dac_sgn

Digital input

Wil e the magnitude of the DAC value is placed on the
bidirectional external address lines (a0-a5), the
al gebraic sign has a dedicated input pin

29

rst

Digital input

Master reset. Resets all of the digital logic. A
bits of the configuration register are cleared. Al
of the DAC registers on chip are al so cl eared.

30

acqg_al l

Digital input

A positive-going pulse will set the “hit” register in
each of the channels. This can be useful if one wants
to force the acquisition of all channels on chip. AT
PRESENT THERE | S NO WAY TO SET THE H T REG STER I N ANY
ONE CHANNEL (ot her than by having the CFD fires). Do

31

sout

Di gital output

Serial output from48-bit configuration register.

32

sin

Digital input

Serial clock for 48-bit configuration register. Data
on “sin” pin nust be valid on rising edge of “sclk”.
33

scl k

Digital input

Serial clock for 48-bit configuration register. Data

on “sin” pin nmust be valid on rising edge sclKk.

34
force_track
Digital input
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Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi ns 36:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi ns 40-43:

Pi n nunber:
Pi n nane:
Pin type:
Description:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:

When active (HIGH) forces all peak sanpling circuits
into track node even if CFDs have not fired.
Force_track nmust be asserted 500 nsec prior to peaking
of shaper circuits. Must be held active until all
data has been acquired. Releasing force_track causes
a reset of peak sampling circuit.

35

qui et

Digital input

Wen active (H G nutes analog portions of CFD
circuits.

UNUSED

37

AVSS

Anal og i nput

Connect to circuit ground.

38

AVDD

Anal og supply pin.

Connect to +5VDC. Supplies power to shaper, peak
sanmpling and full bias circuits.

39
EXT_SHAPER
Anal og i nput

Can be used to apply a sinulated SHAPER signal to the
PEAK SAMPLING circuit. For this to happen the
configuration register bit 37 should be active high.

UNUSED

44
EVEN_PULSER
Anal og i nput

Pulser input for even channels (0.2, 4, 6, etc.)

45

ODD_PULSER

Anal og i nput

Pul ser input for odd channels (1, 3, 5, 7, etc.)
46

PULSER_AVDD

Anal og i nput

Connect to +5VDC.

47

PULSER_AVSS

Anal og i nput

Connect to circuit ground.
48

CH_I N15

Anal og i nput

Channel 15 detector input
49

CH_I N14
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Pin type: Anal og i nput

Descri ption: Channel 14 detector input

Pi n nunber: 50

Pi n nane: CH I N13

Pin type: Anal og i nput

Descri pti on: Channel 13 detector input

Pi n nunber: 51

Pi n nane: CH I N12

Pin type: Anal og i nput

Descri ption: Channel 12 detector input

Pi n nunber: 52

Pi n nane: CH I N11

Pin type: Anal og i nput

Descri ption: Channel 11 detector input

Pi n nunber: 53

Pi n nane: CH_I N1O

Pin type: Anal og i nput

Descri ption: Channel 10 detector input

Pi n nunber: 54

Pi n nane: CH I N9

Pin type: Anal og i nput

Descri ption: Channel 9 detector input

Pi n nunber: 55

Pi n nane: CH I N8

Pin type: Anal og i nput

Descri ption: Channel 8 detector input

Pi n nunber: 56

Pi n nane: CSA G\D

Pin type: Anal og i nput

Descri ption: This is a signal ground for the CSA circuits. For
negati ve-goi ng pul ses at output of CSA, connect to 4.0
VDC. If processing positive-going pul ses, connect to
2.5 VDC.

Pi n nunber: 57

Pi n nane: CSA AVSS

Pin type: Anal og supply pin

Descri ption: Connect to circuit ground

Pi n nunber: 58

Pi n nane: CSA AVDD

Pin type: Anal og supply pin

Descri ption: Connect to +5VDC.

Pi n nunber: 59

Pi n nane: CH I N7

Pin type: Anal og i nput

Descri ption: Channel 7 detector input

Pi n nunber: 60

Pi n nane: CH | N6

Pin type: Anal og i nput

Descri ption: Channel 6 detector input

Pi n nunber: 61

Pi n nane: CH I N5
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Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:
Description:
Pi n nunber:

Pi n nane:
Pin type:

Descri ption:

Pins 67-135:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:

Anal og i nput

Channel 5 detector input
62

CH IM

Anal og i nput

Channel 4 detector input
63

CH_ I N3

Anal og i nput

Channel 3 detector input
64

CH_I N2

Anal og i nput

Channel 2 detector input
65

CH_ I N1

Anal og i nput

Channel 1 detector input

66

CH_I NO

Anal og i nput

Channel 0 detector input
UNUSED

136

AVDD1

Anal og supply pin. Supplies power for the above.
Connect to +5VDC.

137

AVSS1

Anal og supply pin. Return currents for channels 0-7
for TVC circuits

Connect to circuit ground.

138

TVC_QUT

Anal og out put

Anal og out put voltage proportional to the duration of
time that has elapsed between the channel being hit
(the one presently selected) and the assertion of the
“comon_stop” signal .

139

PEAK_QUT

Anal og out put

Peak anplitude of shaper signal for the selected
channel .

140

CSA_out

Anal og out put

CSA output for the selected channel. Only avail able

if the “test node” bit in the configuration register
isa‘1.

141
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Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

Descri ption:

Pi n nunber:
Pi n nane:
Pin type:

SHAPER_QUT

Anal og out put

Shaper output for the selected channel. Only
aval lable if the “test node” bit in the configuration
register is a ‘1.

142

DLY_VC

Anal og i nput

Control voltage that determnes the tinme del ay between
a channel being hit and the automatic reset of the
ti me-to-voltage converter, the peak sampling circuit,
and the active and hit registers in that channel.

143

DGND

Digital supply pin for above.
Connect to circuit ground.

144

DvVDD

Digital supply pin for common digital circuits, CFDs,
and reset logic

Connect to +5VDC.

145
PEAK_TI ME
Anal og i nput

Control voltage for shaper peaking tine. Set to 2.5
VDC for a 1 esec peaking tine (approxinate).

146

MULTI PLICI TY

Anal og out put

Anal og output voltage proportional to the nunber of
channel s whose hit registers are currently set.

147

AGND

Anal og i nput

Anal og ground (2.5 Volts)

148

TVC_CAP_GN\D

Anal og i nput

Connect to a clean circuit ground.
149

AVDD2

Anal og supply pin. Supply for <channels 8-15 TVC
circuits.
Connect to +5VDC.

150

AVSS2

Anal og supply pin. Return currents for channels 8-15
TVC circuits.

Connect to circuit ground.

151
SUBSTRATE
Anal og i nput
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Descri ption: Bi ases silicon substrate. Connect to clean circuit
ground.

Pins 152-160: UNUSED



