: MQT300A
Cornponents Charge TDC

¢ _

MQT300A CHARGE-TO-TIME CONVERTER

SININOJWOY) .

® Wide Dynamic Range: > 17-Bit with
12-Bit Precision

= Noise Floor: 20 fC RMS

= Short Rundown Time: < 3 psec
(for ranges in linear region)

" Programmable Sensitivity

u 28-Pin PLCC Package

® 2620 pC Full Scale Range Beyond
Pedestal

= Differential ECL Outputs and Gate Input
for Enhanced Noise Immunity

® High Noise Immunity

= Charge Conversion Front-End for use
with Multihit TDCs (such as LeCroy 3
18778 and 3377)

The LeCroy MQT300A is a wide range, high precision, monolithic
charge-to-time converter. When combined with the LeCroy Model 1877S 2
or 3377 Muitihit, 500 psec TDCs, the MQT300A covers demanding ADC E

H IG H DYN AMIC applications including fast plastic scintillators, BGO and Csl calorimeter
readout. The wide dynamic range is achieved by overlapping three

R ANGE, LOW Iirr:ear ranges having relati;edslo?es of 1,|8 and 64. The outpt:ts of theI _

three converters are encoded into a single time stream so on y a single Al

N OIS Es CU R RE NT channel of multihit TDC is required. 2
INTEGRATING |

The MQT300A is ideal for high packaging density applications. Offering
CHARG E ADC maximum flexibility with a minimum of support components, the high
dynamic range MQT300A permits on-detector mounting near the
preamplifier/shaper, away from the digital encoding, readout electronics
and computer processing environment. Only balanced differential digital
ECL signals are transmitted between the detector electronics and the
readout electronics.
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FUUNCTIONAL DESCRIPTION

MQT300A OPERATION

This circuit handles the wide dynamic rangs of the
input current by linearly splitting it into 3 integrator
ranges with up to 50-mA of peak current. Maximum
sensitivity is 50 fC/ps. Maximum full scale is 2620 pC -
above pedestal; Fast Clear time is 900 nsec, from the
leading edge of the fast clear.

The MQT300A’s single channel design minimizes
crosstalk, optimizes Fast Clear response and simpli-
fies board layout. -

Figure 3 shows the basic elements of the front end.
The input stage is formed by a feedback stabilized
common base transistor. The input current is received:
at the emitter of the common base transistor. Low :
frequency common mode noise on the input signal and
its ground retumn can be rejected by connecting the
input signal ground to the REF IN pin of the MQT300A:
The input current then goes through a gating differen-
tial pair. Ten percent of the gated current is spiit off to
the Sum Out current mirror which inverts the current
polarity and provides an output compliance range that
includes ground. The remaining ninety percent of the
gated current goes into a current splitting stage. Here
the gain of the 3 ranges is determined. Each portion of -
the split current goes to a Wilkinson dual slope con- .-
verter. While the gate is open, charge is added to the.

integrating 35 pF capacitor causing a voltage excur- ~
“sion directly proportional to the amount of input charge:
- on that range. After the gate closes a current (kamp) is
- supplied to return the capacitor to its quiescent level.
The time it takes to restore the charge is directly - -

~ proportional to the amount of charge originally added.
‘A comparator monitoring the ramp waveform on the

35 pF capacitor provides a digital pulse width corre-
sponding to the input charge. Fhe comparator outputs

Y
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Figure 2: Dynamic Range Bit Alignment

“can be individually disabled by ECL level control
_ inputs.

~The operation of the three-range front end is shown in

_Figure 4 for three different input charge levels. The
“outputs of the three comparators go through an
“exclusive-or gate structure and produce a series of

;pulses which contain both the time data and the range

‘identification.

large charge arriving ‘at the front end causes the
OW and MID ranges to go to full scale. The data of
nterest is in the HIGH range whose ramp is above
edestal but below full scale. Two transitions would be
ecorded in a time-to-digital converter (TDC).

‘A medium range charge sends the LOW range to full
scale. But both the MID and HIGH ranges are below
the full scale time out. In this case the TDC sees three
transitions and the data of interest is known to be in
.the MID range.

A small charge produces outputs from all three ranges.
Four transitions are recorded in the TDC, indicating
hat the data of interest came from the LOW range.
This case is similar to the pedestal condition.
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Figure 1: MQT300A and 1877 TDC Schematic
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MQT300A
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Figure 3: The basic elements of the front end of the MQT300A
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Figure 4: Operation of the three range front-end
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When no charge is injected into the front end a
pedestal condition exists. The pedestal is stable and
predictable over both temperature variation-and over
gate width variation. The pedestals are set for appro
mately 700 nsec on the LOW range, 600 nsec @n the -
MID range and 500 nsec on the HIGH rangs, vﬁh :
respect to the trailing edge of the gate. :

This relatively large pedestal on the LOW ranga‘
provided by design to allow for uncompensawd input
offset currents which may be created ina Dc-eoupled

configuration. Smali offset errors in both the - :

7 Pin 1:

MQT300A's input and in the sourcs of the signal will' Pin 2:
cause input charge. This charge can ba of either Pin 3:
polarity depending on the offsets. For example, a 3 mV 7
negative input offset voltage in the MQT300A Q In can Pin 4:
produce 15 pA into a 200 Q input resistor tied to : Pin 5:
ground. With a 100 nsec gate this results in a 1.5 pC |
loss of pedestal charge and a reduction of pedestal by lPin 6:
150 nsec on the low range. The | OFF_ADJ pin canbe
used to trim out the error current. Whaen this is done Pin 7:
pedestal vanauon with changmg gaﬁe wldth is mini- Pin 8:
mized. Pin 9:
Pin 10:
Two control pins provide direct ad;ustment of the Pin 11:
pedestals. They are voltage sensing and may be :
connected to reference voltages or to DACs to provide
system wide common pedestal adjustments.. The Pin 12:
Q_INJ_COM pin increases or decreases the pedestal
~ of all these ranges by a similar amount. The - Pin13:
Q_INJ_SPLIT pin injects a proportional amount of ..1;
- pedestal into the low and mid range with the gréatest © _ Pin 14:
- proportion going into the low range and the Iaaﬂ G *
proportlon going into the mid range. - .-[.’1
All ranges within their linear rundown ranga wl B
complete within 5 us (earlier with larger lramp gurrents).  Pin 15:
This maximum time out can be selected by the user to ’-".J?
trade off conversion time against resolutiop. At that Pin 16:

maximum time the common start time out of the TDC. _.‘ 4

(typically 1877S (or VT960)) should be applied by the {Pin 17:
user starting the conversion process. For faster i3 “Pin 18:
conversion time, a fast clear pulse should be applied - Pin 19:
to restore all ranges (possibly saturated) to their q---Pin 20:
quiescent state in paraﬁet wﬂh the TDO gopversion. “Pin 21:

\Pin 22:
The VT960 and 1877S have a built-i in auiao ranging - '_T Pin 23:
designed to operate specifically with the MQTS00A. "*Pin 24:
These units include a 2-bit field in the data stream : wae4 Pin 25:
indicating the number of edges recorded during the .~ Pin 26:
common start interval. The TDC is programmed to ~Pin 27:

read out only the last edge received within the com- ‘i Pin 28:

mon start interval. The 2-bit field allows rangeidentifi= -
cation of the data word providing an auto ranging a5
feature. It is possible to readout the last 2 edges
recorded which can be combined in a ‘weighted :
average to minimize errors at range change overs and‘
also to aid calibration between the ranges. It is also
possible to read out all edges but this is. non'nally only
for debugging. S -
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Three range enable bits are provided to allow flexible

configuration of the MQT300A. When alt three ranges
“are simultaneously enabled, the operation is as
described above. Two range or one range operation is
,achieved by appropriate enabling of two or one
*'ranges

‘MQT300A IC PIN ASSIGNMENTS
PLCC 28

Sum Out: Current Output representing 10%
of the gated input current. Inverting.

Vececa: +5V

I OFF_ADJ: Input Offset Current adjust-
ment input. Similar to Q In.

Vee: -52V

Ref in: Analog Reference Input, high
impedance ground reference.

Q In: Analog Charge Input, low impedance
signal input.

Vee: -5.2V

Ground (Digital)

Veed: +5V

Vee: -52V

Q_INJ_COM: Voltage supplied to this input
increases pedestal for all 3 ranges by an
equal amount. Nominal voltage is 7 V.

Low En: Low Range Enable, single-ended
ECL levels.

Mid En: Mid Range Enable, single-ended
ECL levels.

Q_INJ_SPLIT: Voltage supplied to this
input supplies an increase in the pedestal of
the low and mid range with the greatest
proportion going to the low range. Nominal
voltage is 7 V.

High En: High Range Enable, single-ended
ECL level.

Fast Clear: Fast Clear input, single ended,
ECL level.

TO -: Time OQutput, Differential ECL levels.
TO +: Time Output, Differential ECL levels.
Ground (Output)

Vclamp: +15V

Ground (Digital)

Vee: -52V

Ground (Anaiog)

Veca: +5V

Vee: +15V

Gate +: Differential Gate Input, ECL Levels
Gate -: Differential Gate Input, ECL Levels
IRAMP: Current supplied to this virtual
ground input increases rundown current and
decreases rundown time. Allows gain

. adjustment (320 pA for a gain of 50 ns/pC).

e
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SPECIFICATIONS MQT300A

MIN NOM MAX Unit Comment
DC Characteristics
Vce Voltage Requirement 14.75 15 | 15.25 \"
Vclamp Voltage Requirement 14.5 15 15.5 \ O
Vcca Voltage Requirement 4.75 5 5.25 \% g
Vced Voltage Requirement 4.75 5 5.25 \ O
Vee Voltage Requirement 5.0 -5.2 5.4 \ g
Vce Current Requirement 19 23 mA | Static Condition m
Vclamp Current Requirement 0.2 0.24 mA | Static Condition (during pulse max. current can 5
be up to 50 mA) (7]
Vcea Current Requirement 22 27 mA | Static Condition
Veed Current Requirement 0.5 0.6 mA | Static Condition (during pulse max. current can
be up to 50 mA)
Vee Current Requirement 46 55 mA | Static Condition
Power Dissipation 670 803 mW | Static Condition
Operating Range
Temperature 0 70 °C | Case Temperature
lramp (discharge current) 320 1400 uA | See Note 3
VQinj Com 5 15 v
V ainj spiit 5 15 v

All characterizatlon with 500 nsec gate width, lramp = 320 {IA, Vain spie = 8, Vanjcom = 5, Ry = 200 Q, temperature = 25°C, unless
otherwise specified.
Q In Characteristics

Pulse input Current Negative 50 mA
input Current Positive 0.2 mA
Input Impedance 015 0.5 ohm
Rise Time 3 ns | For Specified Performance
Common Mode Rejection 60 dB | DC to 100 kHz = 100 mV Common Mode Range
Series Input Resistor (R;,) 100 200 ohm | Larger value of R minimizes pedestal shift due to
(sets input impedance) DC offset errors, for voltage source drive. Current
source drive highly recommended.
DC Input Signal Current 10 mA
Pulse Input Signal 50 mA | Pulse Width must be <1 ps
Qin Error Voltage (V1) -5 1 mV | See Note 4
loffset ADJ Error Voltage (V2) -2 2 mV | See Note 4 i
Temp Coefficient of V1 28.5 100 uv/eC b
Temp Coefficient of V2 3.5 40 puv/eC
Offset Current
Lo Range -13 0.24 13 HA
Mid Range -50 6 50 HA
Hi Range -450 120 600 HA
Temperature Coefficient of Offset Current
Lo Range -0.03 pA/°C
Mid Range -0.149 pA/C
Hi Range -0.299 pA/°C

Gate Input Characteristics Differentlal ECL
Duration 10 500 ns | Dynamic range and noise will be reduced for

very small widths. Contact Factory for

wider width options.

internal Settling Time 5 ns
Capacitance 3 5 pF
High Level -0.9 -0.8 -0.7 V | Integrate (Gate open) for Gate + Signal,
Gate - signal requires opposite polarity
Low Level -2 -1.6 -1.4 V | Isolate (Gate closed) for Gate + Signal,
Gate - signal requires opposite polarity
Rise/Fall Time 2 10 ns L- *
¥
Pedestal Sensitivity to Temperature It
Includes effects of temperature -
coefficients of offset current.
Lo Range. 50 ns Gate -30 15 30 fC/°C
Mid Range, 50 ns Gate -45 20 45 fC/°C e
Hi Range, 50 ns Gate -800 200 800 fC/°C .

3
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Lo Range, 1 s Gate
Mid Range, 1 us Gats
Hi Range, 1 us Gate-

Pedestal Sensttivity o ‘V (-5.4t0 -5.0 V)

L.o Range
Mid Range
Hi Range

Pedestai Sensitivity to Veea (4.75 to 5.25 V)

L.o Range
Mid Range
Hi Range

Pedestal Senitivity to Ve (14, 7510 1525 V)

Lo Range
Mid Range
Hi Range

Gain Sensitivity to Tompultln
Lo Range SR
Mid Range
Hi Range

Gain Senslthrly to Vee (-54t0-5V) -

Lo Range
Mid Range
Hi Ranga

" Lo Range
Mid Range
~Hi Range

Lo Range
‘Mid Range
HiRangs

QIrllSpﬂGﬂq

Lo Range
Mid Range

Qinj Com Gain
Lo Range
Mid Range
Hi Range

Time Output Charactefistics
Rise/Fall times
High Level Voltage

Low Levei Voitaga
Output Current

Sum Output M

~ @ain Sensitivity to Veca (4.75 to 5.25 V)

5
U
4

F | OF LIS

q

Gain (Output Gurrantﬂrull th'rd'l}

Output Compiiance
Offset Current
Pedestal Charge

Conversion Characteristics

Mid Range Gain

Lo Range/Mid Range Gain Ratio
Mid Range/Hi Range Gain Ratio

G-h Suumwty to Vee (14.75 to 15.25 V)

-

MIN | NOM |MAX
3 | 70
R I
-3506. | 1000 {4500

43| oss | 21

28| 044 | 35

-27 20 | 32

-0.33
-1.44
108 2

-0.32 | 0.043 | 018

-0.50 | 0.057 | 0.65

-8.4 123 | 108

| oor
o
ot

05| 057

0.1 | 043

Q5 | 054

‘._‘ ‘
.,.l -0.16
-0.11
018
-0.094
-0.11 :
-020 |ios8
o
0.88
34
w | 13 1.7
\5‘.‘ 6| 148
be ¥ § 11‘
A
.88
| &8s
E
5 )
008 | 01
o ;
- 38
=
5| :

58 | 625

6.8 75

g

Unit

fC/°C
fC/°C
fC/°C

fC/mV
fC/mv
fC/mVv

fC/mV
fC/mV
fC/mVv

fC/mV
fC/mV
fC/mV

%/°C
%/°C
%/°C

Y/
%N
Yo/V

%N
%IV
%N

%N
%N
%N

fC/mVv
fC/mV

fC/mV
fC/mv
fC/mV

ns/pC

Comment

R|N=‘-1K
R|N=1K
R|N=1K

See note 1
See note 1

Differentiai ECL.
20-80%, loaded with 510 ohm to Vee

Recommended pulidown is 510 ohm to Vee

inverting with respect to input current

Occurs immediately after leading edge of the gate

See Note 2




: MQT300A

IMIN | NOM ” MAX Unit Comment
Full Scale Charge Beyond Pedestal 2620 | pC
Residual Pedestal Low Range f 800 ns Input open or AC coupled, TG = 500 ns, (@)
o QINJ_COM =4V, QINJ_SPLIT=6V o
Residual Pedestal Mid Range : . 650 ns Input open or AC coupled, TG = 500 ns, =
| QINJ_COM =4V, QINJ_SPLIT=6 V 3
Residual Pedestal Hi Range ; 500 ns Input open or AC coupled, TG = 500 ns, =z
| QINJ_COM =4V, QINJ_SPLIT =6 V z
i =
Fast Clear »
Pulse Width 300 ns
Settling Time (after pulse) 600 ns To settle to within 0.1% with |,mp = 320 pA
integral Non-linearity
Lo Range 10.03% 10.15% 200 Q input, Tg = 50 ns
of full scale sampled mode
Mid Range 10.05% | £0.3% 200 Q input, Tg = 50 ns
iof full scale sampled mode
Hi Range 10.2% | $0.6% 200 Q input, Tg =50 ns
of full scale sampled mode
Composite of all 3 Ranges +0.3% 200 Q input, Tg =50 ns
(algorithm dependent) of input sampled mode
+20 fC

MIN TYP MAX Unit Comment

Noise Charge Qnoise = k1VTg+k2x10-? pC (rms)
Lo Range Hi Z Input

k1 25 50
k2 180
ex. Qnoise for 50 ns Gate 12x10-3 pC (rms)
Lo Range 200 Q Input
k1 39 80
k2 100
ex. Qnoise for 50 ns Gate 15x10-3 pC (rms)
Mid Range
k1 208 420
k2 180
ex. Qnoise for 50 ns Gate 0.1 pC (rms)
Hi Range
k1 1350 {2700
k2 300
ex. Qnoise for 50 ns Gate 0.8 pC (rms)
where Tg=gate width (in seconds)
Note 1 Ramp Cap. To prevent a large pedestal from occurring, a
Vee sensitivity can be improved for these ranges by returning the compensation current (lcomp) must be generated, and subtracted
two 13k bias current resistors on Qin and I_Off_Adj (see Input/ from Ix. Ideally Ix and lcomp are equal, but due to process and
Output Circuits schematic) to a reference supply (instead of Vee). thermal variants, the two currents may not be exactly equal. The
Note 2 :jifference betweetn efjhexnt‘ is re”fert;e? hto 1a§ Izhe Qf{set ((DU;TGI';Y. :x antt/j
comp are generated external e resistors (refer to Inpu
The maximum sensitivity of 50 ns/pC (for the Lo Range) is obtained Outpﬁt Circguits) these resistor;l sl'!llould therefore be matched (18/0 or
With lramp Set to 320 uA. This current is internal divided by a factor of better) to reduce the Offset Current. V1 is defined as the voltage
approximately 16 which yields a final ramp run-up current of 20 pA. between Qin and Ref In. Ideally this voltage would be equal to zero,
The maximum sensitivity of 50 ns/pC is equivalent to 20 fC/ns. but due to a finite open loop gain of the input feedback amplifier, it is
Note 3 close to, but not equal to zero. This voltage plus any offset voltage
Lamp 1S Set by selecting the value of R and V (see Input/Output due to the source, divided by Rin plus the Source Resistance
Circuits) lamp =V/R. This current is intemnally divided by approxi- (Rsource) produces a component of the offset current. To compensate
mately 16, mirrored and supplied to the ramp as discharge current for this component Rext is connected frorp loff_ adj to ground. Rext
to set the ramp back to its quiescent level. The time for the ramp to should be equal to Rin plus Rsource. V2 is the voltage between

recover to this level is equivalent to the output time. For a gain of loffset_adj and Qin, similar to V1 it also has an offset associated with
50 ns/pC low range, (6.25 ns/pC mid range, 0.78 ns/pC hi range) the it. The resulting external component of offset current can be

required discharge current would be equal to 20 pA. (I=Q/). expressed by loffset=Ix-lcomp+(V1+Voffset)/(Rin+Rsource)-V2/Rext.

if the MQT300A is driven from a current source (Rin approaches
Note 4 infinity, and also Rext since Rext should be equal to Rin) a major
The input stage requires a fixed operating current (Ix) to maintain portion of the external component of offset current is eliminated. For
linearity; this current added to the input current is applied to the wide Gate Widths current source drive is recommended.
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MQT300A

SUGGESTED CONFIGURATION WITHOUT TRIMS

g
v
Q
pd
m
2
(7]
+5V
Pg_inj_com oUTPUT_GND {19
14 s :
Q_inj_split —]_
=0 = 101:4
18 5] 3 TO+
T0+
[T-CRIE 26 L gares 4/(‘42 =
_17 4 2 T0-
. T0
10104@ 21 care- L {>
FAST_CLEAR ———\ . $510 3510 390 $390
10194 ) s MQT300A (L
1003 100 1003 1003 100 252
2y S %’v
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. 13K
io6 i %100
e 2 5| reF_1N !
3| 10FF_aDJ
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SUGGESTED CONFIGURATION WITH TRIMS FOR
INPUT OFFSET CONVERSION GAIN AND PEDESTALS

: : .a” i =0 3 0
I:.- e - L. E]

| i

d e

J1uF
= i

v
o —_—
s 2 |z - 15 Jag ”
> Veoa Vee

I8 icsa

- lzaap

y _:4"
]
-
Z
1T}
Z
(o]
o
=
O

o

.|H}_l

It

I

i;
I
Tl

3
cd

| ~ FAST.E L_‘\ 1€ | ee MQT300A




‘ | MQT300A

o
0.49*
e %)
O
| -
0 S o
v F v U %
E F C M I G G 2
E C R A A o
A A A O A T T
u D u U M E E
x J x T P - +
I Y Y O O O O
4 3 2 (O 28 21 26
REFIN [ 5 28] VCC —x
0.050"
QN [Os 24[] vccA —Y
VEE [] 7 LeCroy 23 [] GNDA
GNDD [ 8 MQT3OOA 2277 VEE
VCCD [ o 2111 GNDD
VEEaux E 10 20] VCLAMP ;
Q INJ COMMON [ 11 19]1] OUT GND -
(12 13 14 15 16 17 18 3
S I I I A O I A j
L M Q H F T T
o 1 I ¢ 0O O
W D | G -+
N H
E E J
N N E
S N ;
P
L
|
T

Figure 5: MQT.. 3A Pin Assignments
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