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FOUR PARAMETER PULSE HEIGHT ANALYZER

Ciro A. Cancro, Norman M. Garrahan and R. G. McGowan

. A/"
INTRODUCTION 24 43 /-

The Mark 9 Wide Dynamic Range A to D Converier and Readout System
(ADCR-9) is a modified Mark 6 system (see GSFC X-611-64-183). The modi-
fications consist of addition of charge amplifiers at the inputs of existing chan~
nels A, B, and C and the addition of a fourth ""D'" channel. The output of the
fourth channel detector is analyzed (whenever A and B channel outputs are co-
incident) to determine whether its total charge is less than level D1, between
level D1 and D2 or greater than level D2. The level of D is indicated by the
digital outputs on tape track "'8-initial" and tape track '"8~delayed". The indexing
bits normally connected to tape track '"8-initial" andtape track "8-delayed" in
the ADCR Mark 6 system are disconnected from this track in the Mark 9 system.

CHANNEL D OPERATION

Figure 1 is a block diagram of the D channel in the ADCR Mark 9. Output
charge pulses from D detector, obtained as a result of incident cosmic rays, are
fed to the charge amplifier. The charge amplifier integrates and yields a voltage
output pulse whose peak amplitude is proportional to the total charge in the in-
put pulse. This voltage pulse is fed directly into threshold detector D2 and
through the voltage amplifier to threshold detector D1. Threshold detectors
D1 and D2 yield a 2.5 microsecond output pulse whenever the input charge level
exceeds D1 and D2 respectively. Scaler D1, normally in the reset state, is trig-
gered to the set state when a threshold detector D1 oufput pulse and an A and B
coincidence pulse are applied to the D1 AND gate. Similarly, scaler D2 is set
when threshold detector D2 output pulse occurs simultaneously with the A and B
coincidence pulse. The states of scalers D1 and D2 are read out, through the
readout switch, onto magnetic tape track 8 initial readout and delayed readout
respectively.

PHYSICAL LAYOUT
The ADCR Mark 9 system houses the A, B, C and D channel detectors and

charge amplifiers in a package separate from the electronics package. The
respective channels in each package are interconnected by a cable. This
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requires use of matching transformers at each end of the respective channcl
cable. The details of these transformer interconnections are given in the list
of modifications below.

Channel D threshold detectors, gates and voltage amplifier are mounted on
new board7as shown in Figure 2. Board 7 is mounted on the existing (ADCR-6)
board 4. Figure 2 shows the interconnections of the circuits on board 7, the
connections between board 7 and board 4 and the circuit modifications made to
board 4. Details of these connections and modifications are given in the list
of modifications below.

The A and B coincident signal pulse required by the D channel logic circui-
try on board 7 is connected by an added co-ax cable from existing board 2
(ADCR-6) to the new board 7. Details of these connections are also given in the
list of modifications below.

CIRCUIT DESIGN

Figure 3 is a schematic diagram of the charge amplifier. Transistors Q1,
Q2 and Q3 form an operational amplifier. Capacitor C2 couples the operational
amplifier output to the input, integrating the input charge. Thus the peak output
voltage is proportional to the total input charge. The value of capacitor C2
determines the amplifier sensitivity and may be adjusted between 5 picofarads
and 75 picofarads. Resistor R14 provides a discharge path for C2 controlling
the fall time of the output signal. Transistor stage Q4 is an emitter follower
which decouples the amplifier from the output. Transformer T1 is used to
match the output impedance to the ouiput cable.

Figure 4 is a schematic diagram of the voltage amplifier. This is a non-
inverting bootstrap amplifier with the gain approximately equal to (R5 + R6)/R6.
The gain is adjustable by use of a resistor in parallel with R5.

Figure 5 is a schematic diagram of the threshold detector and gate. Tran-
sistor stages Q1 and Q2, together with tunnel diodes CR1, CR2 and CR3 form a
threshold detector-double pulse monostable circuit, This circuit is described
in detail in GSFC Report X-711-65-435, ""Low Power Nanosecond Pulse and
Logic Circuits Using Tunnel Diodes," page 13. Whenever the input signal
amplitude exceeds approximately 100 millivolts an output pulse of 2.5 micro-
seconds width is obtained across R8, CR2 and CR3. Transistors Q3 and Q4
form an AND gate with the threshold detector output controlling Q3 and the A
and B coincident pulse (2.0 microsecond width) controlling Q4. Thus an output
is obtained at terminal 9 whenever a D channel input signal exceeds the thres-
hold level and is coincident with A and B.



'y "ON PIDOg 0} SUOLIDIJIPOW PUD / ‘ON PaDOgG § YIOW YDAV ‘T 24nbi

(¥01231102 ¥ D)

(301231102 S ©)

WO

AE+

A9-

© o o

!

Sl

'

AE-

Inoavay 1N0avay
WILNI OL AV130 OL
. 56 NT e NT ™ n
VWA 2.) 90 J VWA
Xol »ol
zZy 13
ISZNI _w_w__
® ®
L @ EWS (D)W s L ® B (D W00
ol ta ol o1 za ot
. 094NZ 0
40 35v8 © 10 35ve
Ol vog9o ol
<t
{ - 11s |
€51y . g OVl €Sty _
NI A9 1NOaV3y NI w A9
] A9-
P e e ——————————————————— e ————— ——— e
1 { "ON Q¥V08 NO J3INNOW) £ "ON a¥vos 1
| i
| | S-01d
| ] Ol 1D3ua
! | SN AAV3H
_ o o . e
| i
i vo o i
| 3 aNv ¥HITIWY any 1 -—
woia (8 § ®— §) wobiaa (8 O'
I ® GTOHSIUHL ® sovrion ® QTOHSIYHL I —-
i \a I wawaodsnval
_ | WOUd
I ] NI @
1 I
| |
_ |
|
1
|
|

|
N @) “




MIIA WOLL08
INOAVT Nid

DAL
A ouse @

t O
8

0

§1/22 -
01> -]

A

O ‘rl¥ oL ol
1ndING
QIONNOYONN
NI

SLIOA Tt~
SLTOA Zi+
NOWWOD
NOWWO?2
300D Nld

N[O (O —

"19131|dwy ebioyy g eunbiy

00z
2y

Il Q¥9 - INO 3AILSOd
6 QU9 ~ 1NO 3AILVOIN
Ni 35INd IAILSOd 304

JAIR]
INOVEdS

1

£P6€-064 NDOLS
318D 10Q0¥IW

B

"OIW L= ¥1d IWNIWON

22 0L N3 D NYHL

L¥ISNI 35INd 1531 V. Alddv OL
23001 = 1D

001 NIW S\vi3f ¥OLSISNVYL TV

1®

r———

GN3 Q3aNvd

A/

>
—A—>

Uy B AL+ O—

©° ®

NI 3O¥VYHD aWOIN0d

sL/ze
o0z 8>
Zy E ¥ % 1D
302
¥
-=-qQaL
001-N$
oo
00404
[47)
s1/22
”_ [3e) T
v00Z
£y




©

-6V +3V
R2 R7
1000 1000
c2 |-
40;'.1:_L
oV |+
R3
; R8 C4 _j+
I 47K 4.7K 60uf ——
R 4
100 0 Q2
T MW 2N2369 @
Cl J N¢
2.2uf our
'l b Qi
cr:ri' Il e T |\72N2894
! T.8.D.
RS
5K
—% O
R6
510n
R1
47K '
X c3
— 22uf

Figure 4. Voltage Amplifier.
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MODIFICATIONS TO MARK 6 CIRCUITS

The following modifications are made to convert the ADCR Mark 6 to an
ADCR Mark 9 system:

A. Board No. 1 (See Figure 27, GSFC X-611-64-183)

1‘

Place transformer (Sprague R-1174) between input co-ax cable
and input amplifier Type 1b in channels A, B, and C as shown in
Figure 6.

B. Board No. 2 (see Figure 31, GSFC X-611-64-183)

1.

Add single co-ax cable terminal connector P21,

Connect center conductor of a co-ax cable between P21 and the
collector of the 2N929 transistor. Connect the shield of the cable
to the common bus at the transistor end.

C. Board No. 4 (see Figure 33, GSFC X-611-64-183)

1.

Mount the new board No. 7 on to board No. 4 as indicated in
Figure 2.

Connect the +3v., -3v., -6v., and common terminals on board
No. 7 to the corresponding bus on Board No. 4.

Hook up D1 and D2 scalers (Figure 21, GSFC X-611-64-183) by
connecting scaler terminal 5 to the -6v, bus, terminal 1 to the
common bus and terminal 3 to the Reset bus.

Add CR1, Q6, Q7, R1 and R2 to the track 8 readout circuit as
shown in Figure 2.

Add single co-ax cable terminal connector P20,

Place transformer (Sprague R-1174) between input co-ax cable
from P20 and terminal 8 of the D2 threshold detector as shown
in Figure 7.

Connect a co-ax cable from terminal P9-A3 to terminal 10 of the
D1 threshold detector as shown in Figure 2.
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Figure 6. ADCR Mark 9, Board No. 1, Transformer and Connections for Channels A, B, and C.

CO-AX ———

T
(SPRAGUE R-1174)

FROM
P20 ——

COMM O—

N

L

vy 4 5 o
é ]K§
3 6

H—

\

) —

CO-AX TO
THRES DET D2
PIN 8

Figure 7. ADCR Mark 9, Board No. 4, Transformer and Connections for Channel D.



9.

10,
11,

12,
13.

Connect terminal 9 on the D1 and D2 threshold detectors through
diode 1N4153 to the base of Q2 (Figure 21, GSFC X-611-64-183)
in the respective D1 and D2 scalers as shown in Figure 2.

Connect terminal 6 of scaler D1 through R2 to the base of Q7.

Connect terminal 6 of scaler D2 through R1to the base of Q6.
Connect emitter of Q7 to the initial read bus.

Connect emitter of Q6 to the delay read bus.

Remove the 1IN251 diode connected between the base of the 2N760
transistor in track 9 and the delay read bus.

D. Connect a co-ax cable between P21 on board 2 and P20 on board 4.

DIGITAL OUTPUT WORD FORMAT

Each time an event is processed in the ADCR Mark 9 system the readouts
from channels A, B, C and D are recorded as two sixteen bit words on the 16
track magnetic tape. The information carried in each bit is as indicated in

Table 1,
Table 1
ADCR MARK 6 DIGITAL OUTPUT WORD FORMAT
Track Number Initial Readout Delayed Readout

1 Bit Al Bit B1

2 Bit A2 Bit B2

3 Bit A3 Bit B3

4 Bit A4 ~ Bit B4

5 Bit A5 Bit B5

6 Bit A6 Bit B6

7 Bit A7 Bit B7

8 Bit D1 Bit D2

9 Index No Output
10 Multiplier Al Multiplier Bl
11 Multiplier A2 Multiplier B2
12 Bit C1 Bit C6
13 Bit C2 Bit C7
14 Bit C3 Multiplier C1
15 Bit C4 Multiplier C2
16 Bit C5 Time Index

10




