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Abstract: At IUAC, we have succesfully developed and implemented a general
purpose and compact TIME TO AMPLITUDE (TAC) converter for the ongoing
Large Neutron Array' at IUAC. The TAC daughter card contains a TAC Hybrid
Microchip BMC1522 alongwith level converters, power supply circuits and gain

cum buffer circuit. Though recommanded for 500nS range, we have adopted the

same for 100nS range and characterised its performances in this report.
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Specifications:
Time to Amplitude Converter

TAC Range :100nS (Capacitor : 27pF / SM type)

Resolution : better than 50pS *

Drift/Thermal stability : Short term (0-15 min) : 85 pS
Long term (15-200 min) : 40pS

Inputs | :START/RESET, STOP of Fast NIM type.

Output range & Width :0-10Volts, 2.5uS

DC Supply required | :+12Volts and -6V (750 mWatts)

Card Dimension 44mm, x 70mm x 10mm

Note:

Refer the Data sheet for different TAC range.
Different Type Capacitors may be tried for best thermal stability or Drift Characteristics.



Introduction:

Time to Amplitude (TAC) is a very essential circuit function utilised for various
Nuclear experiments in a accelerator laboratory. The commercial Single/Multiple width
TAC modules available are of general purpose in nature. They are also costly, bulky and
require additional level converters, cables and connectors in a experimental setup.

In order to cater similar applications, we have successfully developed a compact
TAC daughter card, which can be incorporated into any custom Nuclear Electronic
modules. They are self contained, having required non standard power supplies, level

converters, amplifier cum buffer to drive a low impedance coaxial cable.

Principle of Operations:

The detail working principle of TAC Hybrid Micro Chip BMC-1522, developed
by BARC and produced by M/s.BEL and detail circuit implementation are made available
within this report. Apart from the HMC, circuit board contains a non-standard biasing
supply (VBB- 1.1V) required by this chip, derived from M6V supply line. The required
level converters (FNIM — ECL) are also implemented with a single transistor. The TAC
range can be determined by Capacitor selection or Charging current (alter R2, R3)
programming. The charging current is fixed and only Capacitor is changed to alter the
TAC range. For example: 27pF is chosen for ~100 nS range in this design. High quality
resistors (MFR, 1%, 25PPM) and Capacitor (Silver Mica) are used for best performance.
The supply lines are filtered with LC type filters.

The TAC HMC is capable of 0-5V for the programmed TAC range. In order to
make it identical to a commercial module, the output is amplified and buffered through
composite amplifier containing LM6171 (WB Opamp) and BUF634 Buffer to obtain the

dynamic output range 0- 10 Volts.
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| — HYBRID MICROCIRCUIT | « ..
—- BMC 15231%
i T TIME TO AMPLITUDE CONVERTER !
l 3 - GENERAL : BMC 1522 1s a hime to amplitude  ~ | &%
f -2-'-2—'1&—-1—1@' ~ converter. The TA( gives analog voltages
= e propotionaldoglime between,start and stop . el g -
. 13 MAX 1 ! pulse, As shown In Blotkéagram A capamor N
; ‘ 39"0' ' tl" 1s discharged by constant current source
' initiated by start pulse On arrival of NIM
i STOP pulse within the fuyll scale, it stops
f = --—‘: discharging ramp. The difference between the
; | & r\ inih13l and final voltage is propotional to the
i ~ & ~ time between start and stop pulse. It can be
‘ = used as hime to amplitude converter. It s
! n housed in 3 30 pin hermehically sealed flat
| ] 35 56 package. It comes as surface mount .
L J devices.
: Note: Dot indicates pin no. 1
: , Absolute Maximum Ratings:
i |
; Operating temperature : 0°C to 70°C
’ Storage temperature : -25°C to 85°C
* For safe and proper functioning of the
: device these rating should not exceed.
: ELECTRICAL CHARA(LTERISTICS (TA:ZS"E. +Veez+12V, -Vee=-12V, VEE=-5.3V, V8B:=-1.1V]
S
' Limits
o | Perameters S I
) Min. Typ. Max.
1. | Output
. utpy
Full Scate Voltage 0 - - - ) \Y; Start “ECL
P2 Range min-max N - - - 500n S Stop : FAST NIM
3. | Resolution .- - - - 250p S RESET :ECL/TTL
(with full scale of SOOns) :
L. | Power consumption - ---1 500 - mW
Revd. §a2ch~ Tigsue: 01 |DOC CODE:DS|DRG. NO: 25221 |SHil/2
Apvd. 21 Date 0102 061 HREID IN-HMC NATA QUEET B B
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TAC (TIME TO AMPLITUDE CONVERTOR) HYBRID
~»  INTRODUCTION: Time between START and STOP is converted into equivalent analog
or Voltage. During. he . interval of Start & Stop trigger a Capacitor is
. discharge by constant current source initiated by START puise. The
TAC is initialized by common reset. . S w
K £ 20 e o i R IS e o R
ve . \/ 2 [Jwor
GHD [: 2 2 DWG
| AL — 28 [ )ReseT
B E— 7 [ ne
ek Eut v Ll 2 me
L we e 28 [ canme
sav [ 17 co A joreser
=~ v []e B [em
‘ GHD E ] 22 : KTIFUY
R — LA SN hatid
o 2 [reen
1
i stor[ 12 19 [ ) RCURRENT
GND : 13 16 :R-FHH
NC : 14 17 :GND
-12v 15 1. ::ﬁ-.‘
PIN DIAGRAM
KEY SPECIFICATION:
Start : ECL
Stop : Fast NIM
Reset : TTL
Output Full scale voliage : Oto+5V
. Range: min -max : 500ns to 100us by ext. resistor
Power Supplies: T 212v,-5.3v
Power consumption: : less than | Watt.
Package - : 30PIN
Reference voltage (current) : inbuilt
POWER SLPPLY .
2V 20mAL SI2V 0 23mAL Sy 4SmA,
Power dissipation Sappoa. 7530mw
Temperature : 010 +70°C

APPLICATION:

Time of flight spectroscupy
Laser induced chenucal studies.
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PIN | FUNCTION | DESCRIPTION

TAC HYBRID is available in 30 pin version as shown in pin diagram and mechanical details.

Stop mput 1s NIM pulse, which is converted into ECL internally.

Start input is ECL negative pulse. The time between Start and Stop generates gate width of time. which is the
time between start and stop.

Initially. reset is applied and the circuit is continuously kept in this state. The reset of the hybrid &
start can be tied together. The high state of start & reset ensures that intemnal transistor and the DMOS switch is
in ON state and keeping the capacitor Cl at a constant internal reference voltage of 5Vand can be adjusted by
external resistors i.e. R-FB and R-IN. When the start (ECL logic) goes to -1.6v i.e. falling edge (low state) the
switch turns off, and. the capacitor Cl discharges through constant current source. The discharge current is
controlled by the current source at the tail of transistor and external resistor (R-current) can adjust this current to
full scale.

Now when Stop comes, this is a fast NIM pulse, the stop latch gets set. The voltage on the capacitor remains
constant. The differential amplifier gives an inverted pulse starting from zero with a value (5V-discharge
voltage). The seuling time of the output is more 200-600ns depending upon the type of the Op-amp.

Now when the Start goes low the circuit is again reset state to begin a new cycle. The output voltage goes to
rero

TPWIDTH : This is test point provided to see the width at the output i.e. time set by the user. User can observe
the set time hetween Start and Stop.

OFFSET: This pin is used to set the output offset at the output pin which will start from zero.
VBB This is 1.1V input require to set differential pair internally to rest the DMOS Sw itch.

R_CURRENT: External resistor for full scale adjustment of time correspond to the width i.e. Time between
Start and Stop. :

CAP : This is the timing capacitor, which can be fixed to any value and then R_Current resistor can he adjusted
i reguired slope.

.‘maﬁ‘{ J!* G .Nc;.ﬂﬁ\p','ii e No Connection =+ 4K ;: .,.“. e FEREoT" for gain ‘
adjustment
2 GND Analog Ground 17 GND Analog Ground :
3 START ECL input 18 | R-FB(1) Gain adg.Resistor input sidc |
. of op-amp
4 NC No Connection 19 R-CURRENT Full scale adj.Resistor
S NC No Connection 20 R-FB(2) Gain-adj Resistor op-amp |
output point
6 NC No Connection - |21 5| 412V s - == | Positive power supply
7 -5.3V Negative power supply 22 OUTPUT = Final Output of TAC
8 NC No Connection 23 | GND Analog Ground
9 GND Analog Ground 24 OFFSET | Offset adjstment
10 [ NC No Connection 125 | CAP(TIME) Timing Capacitor |
11 [NC No Connection 26 | NC No Connection !
12 STOP NIM input 27 NC No Connection !
13 GND Analog Ground 28 RESET Reset the output
14 NC No Connection 29 VBB Negative |.1v internal i
15 L-n2v Negative power supply 30 WIDTH . | Test point for Start-Stop |
| ' duration ’

FUNCTIONAL DESCRIPTION:
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Introduction
_ There was need to develop a versatile TAC
dyhrid based on proven designs. The
£ digitization of the TAC ramp output could
¥ be done used with Successive approximation
wADC or can be interfaced to single slope
e. Wilkinson ADC using a single external
~ciirrent source. This approach would allow
B higher channel capacity , ease in testing/
‘maintenance , improving the performance

[ Tac
hybrid

Development of Time to Amplitude
_ ‘Converter (TAC) Hybrid o -
V.B.Chandratre’, Manoj Kori’, R.S.Shastrakar ’

- Electronics Division, Barc, Mumbai 400085, *Bel Ltd Bangalore.
* Correspondence author
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’

Abstract

“ © This paper describes the design and development of a Time to Amplitude Converter
. .. (TAC) hybrid. The hybrid features Start, Stop with reset capability and it gives analog
." voltage ramp proportional to the time interval of start-stop. The hybrid has been
designed for 250 ps resolution with Full scale of 500ns. The hybrid is designed, simulated,
tested. It was fabricated at BEL Itd using thin film resistors, and dies of semiconductor
 devices. The hybrid has applications in timing spectroscopy and in instrumentation
that demands precise time measurement viz. range finder, echo measurement, etc.

that is critically dependent on layout. TDC
is critical component in setups for lifetime
measurements in florescence experiments,
Time of flight in nuclear experiments, and
finds use in laser range finder instruments
just to mention critical demanding
applications.

* Circuit Description

The TAC gives analog output voltages
proportional to time between start and stop
pulse. Refer to block diagram of the TAC. A
Capacitor is discharged by constant current
source initiated by START pulse. On arrival
of NIM STOP pulse within the full scale, it
stops discharging ramp. The difference

between the initial and final voltage is~

Lo\

o
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200ns CR2 +DC 1.49 V HO:

PSD TAC Output
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