
TEK 
CHARGE SENSITIVE 

PREAMPLIFIER - DISCRIMINATOR A-111 

Designed for direct applications in the field of 
aerospace and portable instrumentation, mass 
spectrometers, particle detection, imaging, 
laboratory and research experiments, medical 
electronics and electro-optical systems. 

Model A-111 is a hybrid charge sensitive preamplifier, discriminator, and pulse shaper 
developed especially for instrumentation employing microchannel plates (MCP), channel 
electron multipliers (GEM), photomultipliers, proportional counters and other low capaci­
tance charge producing detectors in the pulse counting mode. While th is unit was devel­
oped for NASA's deep space probes, the following unique characteristics make it equally 
useful for space, laboratory and commercial appl icat ions: 

• Small size (T0-8 package) allows • Input threshold is externally adjustable. 
mounting c lose to detector. • Analog moni tor point. 

• Power required is typically 6 mill iwatts. • High reliabi lity process. 
• Single power supply voltage. • One year warranty. 
• Output interfaces d irectly with C-MOS 

and TTL logic. 

TYPICAL PARTICLE COUNTING SYSTEM 
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DETECTOR I I T A-111 CMOSOISTTL 

1. PRECAP VISUAL: 
2. SEALING: 
3. STAMPING: 
4. STABILIZATION BAKE: 
5. TEMPERATURE 

CYCLE: 
6. CENTRIFUGE: 
7. ELECTRICAL TEST: 
8. BURN-IN TEST: 
9. FINE LEAK TEST: 

10. GROSS LEAK TEST: 

11. ELECTRICAL TEST: 
12. EXTERNAL VISUAL: 

A iVf PTEK INC 

' ' COUNTER 

ANALOG 
MONITOR 

AMPTEK HIGH RELIABILITY SCREENING 

MIL-STD-883, method 2017. Low Magnification, High Magnification. 
Welded, hermetic seal. 
Date code and serial number. 
MIL-STD-883, method 1008, Condition C. + 1S0°C, 24 hours minimum. 
Ml L·STD-883. method 1010, Condition C min. T = - 65 •c to + 150 •c. 
10 minutes each extreme, 5 minutes maximum 1ransfer time. 
Ml L-STD-883, method 2001 , Condition B. YI Axis; 10,000 G's. 
As per speci fications. 
MIL•STD•883, method 101s, 160 hours at + 12s•c . 
MfL-STD-883, method 101d, Condition A. Rejection if leak rate in excess of 5x 10· 1ccisec. 
MfL-STD-883, method 1014, Condition C. Fluo,o Carbon; Rejection if stream of 
bubbles is present. 
As per specifications. 
M IL-STD-883, method 2009. 
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SPECIFICATIONS 
<Vs= 5V, T = 25'C) 

INPUT CHARACTERISTICS 

THRESHOLD: Model A-111 has a nominal threshold refer­
red to the input of 8x 10- " coulomb. This is 
equivalent to 5x10' electrons. The threshold 
can be increased by the addition o1 a resis• 
tor between Pins 7 and 8. Shorting these 
Pins together produces the maximum in­
crease (approximately 10)(). See Figure 1. 

STABILITY: + 5%, - 2% of 25'C threshold, o· to so•c. 
THRESHOLD SUPPLY VOLTAGE 
COEFFICIENT: - .8%N 1ypical. 
NOtSE: 4.4x10 -" coulombs RMS; 5.5% of nominal 
(typical) threshold. 
DETECTOR 
CAPACITANCE: 0-250pf. 

PROTECTION: 300 ohm resistor in series with input follow• 
ed by back-to-back diodes 10 ground. 

OUTPUT CHARACTERISTICS 
1) Pin 5 provides a positive output pulse capable o f interfacing 

directly with CMOS and other togic (see Operating Notes). 
Pulse characteristics are: 
RISETIME: 25ns. 
FALL TIME: 220ns wi th C, = Spf; 90ns with C, = 5pf and 

R,= 2K. 
WIDTH: 260ns at threshold. 310ns at 10X threshold, 

with C, = 5pf. 
AMPLITUDE: 4.7 volts (approximately 95% of Vs.) 
PROTECTION: Diodes to ground and VS· 

2) Pin 7 provides a positive analog pulse output from the 
preampliHer section fust prior to the discriminator with a rise 
time of about 100ns. See photo above.At maximvmsensitivi. 
ty (no feedback resistor between Pins 7 and 8) !he amplitude 
o f this pulse is proportional to the input charge, A = 2.5 
V/pC. At thresho ld this will correspond to a 20 mV pulse. If a 
feedback resistor is used between Pins 7 and 8, the size o f 
the analog pulse w ill be divided by the same thresho ld at­
tenuation factor the feedback resistor produced (Figure 1.) 
Example: If a 3k!! feedback resistor i s used. the size of the 
analog pulse will be 1 V/pC. This output must be capacitively 
coupled to external circuitry and can be used to perform 
pulse height analysis. Near threshold. however. the shape o f 
t he analog pulse will be effected by lhe !i r in g of l he 
discriminator. 

GENERAL 
COUNT RATE: 
PULSE PAIR RESOLUTION: 

OPERATING VOLTAGE: 
OPERATING CURRENT: 
(1ypical) 

TEMPERATURE: 

SCREENING: 

WARRANTY: 

RADIATION RESISTANCE: 
WEIGHT: 

PACKAGE: 
ACCESSORIES: 

2.5x 10' CPS periodic. 
1) Normal: 350ns: two identical 

t 0X lllreSl)Ofd pulses. 
2) Overload: 800ns; ·100X 

threshold followed by t OX 
lhreshOld. 

+4to +10VDC. 
1.3 ma quiescent. 
t.4 ma @ 10' CPS. 
1.9 ma @ 10' CPS. 
Operating current is essentially 
independent of Vs. 

- 55' C to + ss•c operational. 
AMPTEK HIGH RELIABILITY 
(Opuona! NASA GSFC S-31 1-P-698) 
One year. 
> 10' Rads 
2.6 g 
12•pin TO·8 case. 
PC-21 test board. 

A·111 TYPICAL WAVEFORMS AT 25X THRESHOLD 
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Horizontal = 200 nsldiv. 

TOP: Input test pulse through 2pf capacitor. The A-111 
responds during the risetime of the fest pulse. 
Vertical: 100 mv/d iv. 
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Analog pulse, Pin 7 
Vertical : 0.5 V/div. 

Discriminator output= Pin 51 driving a 1 Kf! load at 
V, =SV 
Vertical: 2V/div. 
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Figure 1 - Threshold vs. R, 

OPERATING NOTES 
CIRCUIT LAYOUT 

Due to the high sensi tivity of the A-111, care should be 1aken in 
circuit layout. In general. ground plane construction is recom• 
mended, with all ground pins (1, 3, 4. 6. 10, 11 and 9)connected 
lo this plane. Input and output lines should be kept well sepa­
rated and in most cases shielding will be necessary. Particular 
attention st10utd be paid to the detector ground connection to 
avoid multiple pulsing and osci11a1iondue·10 feedback. The sup­
ply voltage is intemally decoi.,pled which prevents the A-111 
from ,espooding 10 supply line 1tansien1s of up to 1QOmv ampli• 
tu<le. Wl1ile this is normally a<leQuate. in some applications ex­
ternal bypassing (typically -011,f) may be helpful. The PC·21 may 
be used as an example of appropriate layout techniques. 



POWER SUPPLY 

While specitications are given for operation al + 5V, the 
characteris1ics of the A -11 1 are n;:ilatively unaffected by changes 
in supply voltage from 4 lo 18V. Parameters critical lo a par­
ticular application should be checked al the actual operating 
voI1age. 

INPUT 

The A · 11 1 has an internal input protection network, including a 
coupling capacitor, as shown: 

The detector anode should normally be capacitively coupled to 
Pin 12 wilh a capacitor of adeQuale voltage rating. In some ap, 
plications where the detector cathode is operated at negative 
potential, the anode can be directly connected to Pin 12. 
The A-111 will respond to a negative pulse of ax10 - 1

~ coulombs 
or greater. Tile lhresnold may De increased by the connection ol 
a ,esistor between Pins 7 & 6. Approximate values are given in 
Figure 1. 
While this device is opt imized for negative input pulses. i1 
wil l respond to positive input pul ses greater than approx­
imately 2X the ,wgative threshold . Because the specifiCa· 
tions pro'lided herein apply to negative input, 1he vser should 
measure all relevant operating ch aracte ristics for any 
positive-input applications. 

The A-11 1 can be tes ted wi th a pulser by using a small 
capacitor (vsually 1 or 2pf) to inject a test charge into 11,e i1,put. 
Tile unit w,11 tri gger on the negative-going edge of the tes1 
pulse, which should have a transition time of less than 20 ns. 
This negative going edge should be followed by a relatively flal 
part of the waveform so 1hat il appears as a step runction. For 
example. a square wave is a gooc! test waveform. 1\•Vhen \1sing 
a square wave. it should be noted tha1 !he unit wi ll respond lo 
th e positive.going edge also. a~ a tn p li1udes above 2X 
threshold). Allcrna1cly, a "'sawtooth .. wa•1e fom1 or a 1ail pulse 
with long tall time ( > 1 ,.s) may be used. 

TYPICAL TEST CIRCU IT 

T, < 20ns (negative-going edge) 
Amplitude: 500mvlpicocoulomb: 4mv al tne nominal thresMld. 

Charge transfer 10 the input is accordi ng to Q = c,v. wl1ere 
0 = total charge, C r = value of t est capacitor . .i.nd 
V = ampl itude of voltage step. DO NOT connect the test pulser 
to the input directly or through a large capaci1or ( > 100pf) as 
this can produce a large current in the input transistor and 
cause irreversible damage. 

OUTPUT 

The output circuit of the A· 111 is a PN P transistor wi th a 6K 
col lecto r load to ground: 

P IN 2 V-.; 

l()QU 

6K 

This circuit directly drives CMOS inputs with wide voltage 
swing and thus excellent noise immunity. The high value (6K) 
load resistor m inimizes both internal ground curren ts and 
power consumption in critical applicat iOl)S. In applical ions 
where load capacitance is s igni ficant and high count rate per­
formance is important. the addition of an ex1erna1 resistor Rx 
rrom Pin 5 10 ground will shorten the tall time oi the output 
pulse. A typical value for load capaci tance ol t0-50pt, is 2K. Al 
lhe expense of pt1lse amplitude. low impedance c ircuits may 
be driven. e.g. Ierminated coaxial cable. For example. ter­
m inaled 50 o llm cable car1 be driven with a pulse ampl iluoe of 
1.4 V (Vs=5VI. 
To interlace the A,·I 11 directly wi ltl TTL. a value for Ax rnust be 
chosen 10 sink !he required low level input current o f the TTL 
device. For example. for low power devices requiring 11N = .4 
ma at .4V. the rnax1mum value lor Rx. in parallel with me 6K is 
1 K. For devices requiring more than 2ma current sinking, an 
in.,ert ,ng NPN Ir311sistor w1etface 1ie1we8f\ lhe A-1 I 1 and the 
mput ,s recommended. 

GENERAL 

Due 10 i1s hermetic seal and small size. the A-11 1 is well sui led 
to use w ithin a vacuum chamber. In such applications care 
should be taken to avoid electr ical discharge near the input 
wt1ich can damage the unit and VOID WARRAN TY. 
Use care in solde1 ing leads - avoid overheating . 

PIN CONFIGURATION 

Cou1'\tef c lockwise as viewed from the top 

PIN 1. 3. 4. 6. 10. 11 Ground and Case 
2 V5 \+ dto +18VDC) 
5 Output 
7 Analog mon itor 
7 and 8 Threshold adjustment 
9 No connection 
12 Input 

fl t ( Hno:iSl'IOld Ad111St) 

,AN'-, 
' ' 



TYPICAL APPLICATIONS 
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CONNECTION OF A PHOTOMULTIPLIER 
TUBE TO THE A-111 

CONNECTION OF CHANNEL ELECTRON 
MULTIPLIER TO THE A-111. 

ADDITIONAL THRESHOLD ADJUSTMENT 

A) lncfeaslng lhe Threshold of lhe A·111: 

C 7 

12 -· ............... ~-----+---II 
8 

8) Oocreasing the Threshold of the A-111: 

Increasing the threshold of the A·111 beyond the x10 provided by shorting out Pins 7 and 
8 can be ~chicvcd by 0;n RC feed!xlck 35 s-hown 3t left. 

Apart from unit to unil •,ariat ion, the discriminat ion levels will be as follows: 

1}Shorting out Pin$ 7 and Swill result in x10 inc,oose of nominal threshold: (Sx10• elec· 
Irons) i<lO = Sx10~ e.lectrons. 

2) Shorting out Pins 7 and 8 plus feedback: 
R:50K C=2.2))1 x17 
R : 20K C = 3.3Pf x23 
A=5K C=t;,7pl : x40 
A =2K C=6.8pf : x88 

Intermediate values can be obtained by adjusting the value o f R. 

Decreasing the threshold of the A-111 beyond t lte nominal Sx 10' clcctfons car) be achieved by adding a fcsistor ffom Pin 8 to g found. A 300 
ohm resistor will approximately double the sensitivity fesulling in~ threshold of 2.sx10• electrons. 
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