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since the Cornell preamps have about L5k Z_in, this
acts as a current source for fhem. (Ses nofes, p. 97)

pulse is abouf 84 mV af peak.
RC = 788 nsec

T
| I
| |
| I
| |
! — m !
| o pu !
5 @ |
! N 2 o g o
' wE 5 Zng =g 5 Zup |
, . Ayyd] Doy Input.l . Ry ey Input3 |
= ~ 2] ™ R ~ = ,
| ° 4 ° i) w
I
. fire_ftest — } } - - @ lREBl fire_rest - } } - - E 1R600 '
= 2 [ w 2 z I
: 5 i = - s I E L !
! Charge delivered: B e B e, |
| in simulation, fire_test is a long TTL pulse. 2.25 V in size T L T 1 )
| This produces an 84 mV pulse with a 788 nsec fall fime < VSS 319 ) g VsS (33t ) |
, af fhe current_1,2,3,4 nefs in fhe prefend crystal/diode. 01UF 0.1UF |
| Charge_through 510k should be 2 2 |
X 8LmVx788nset/S10k= 1.3%10%%-13 Coul = 812,000 electrons. = = ,
| According to a NIM article, there are 2,500 measured |
X phofoeletfrons per MeV in a crystal. ,
) L preamps each seeing 812,000 electrons => 13 GeV. |
| I
! ~ -~ !
| 2 a I
£ @ 1
! R £ v [ X
! SER, S @R SE2, O meR
, . L 1 Input.2 . 1 1 Input.b |
5 ~ = i ~ = ,
| ° s ° ) |
: fire_test = - B s fire_test - S z Re5s ‘
b 2 z = 2 z I
! 5 K - : 5 ¥ - : :
, ® R597 © R607 I
I 1 - 1 < !
, = Vss 328 = Vss 334 |
| 0.1UF 0.1UF |
| z !
Vo _____cC T e e e L L L L e e e e e e oo I
Ko Z
FET is an n-channel JFET with pinchoff s Fes
voltage 4V below source. (When gate 3 1
voltage is hogher than fhis, theré’s R384 R %Rsvo v RLLO Lo RiL6 w
drain-source turrent fthat's’ independent RS SatF 35 25 SAtF 5%
of drai-source voltage, and varies
Euadmﬂcuuy with gate voltage. The oo ofo
ET is run with the gate-source "diode”
). [ R391 R392 L R4L7 RLLE
Jjunction reverse biased.) Y1 cu RRY P32 Y1 o RLL R
an AP 39 39 179 CAp 39 39
%o.oluF
s 8 s J10 Y
Input_1 Rag 0 d 068 20 0 y 076
Input_1 - oS J’ Input_3 Input-3 558 s
Nl Nl
1 e 2N3906 1 10 2N3906
s N0 s NG
Photodiode 1 signal arrives here ggg" a70 gég a78
2NLBSBA 2NLBSBA
b i 41 B V3904 In_ground_3 2 NA90L
reamp for diode 1 n_ground_. a9 _gl _ a7
. 2N3904 P! , P!
The 1.01uF capacitance \40 R409 \40
includes Jhe capacitance 198 . simulation peak is af 2.85 usec. about 45 mV. 10 R .
fo ground near the preamp CAR INI904 CAP 1K P4 2N3904
input. (See OSU sheet 31) LO01F (carrent S 1O1UF
1K source) byv N304
In NI AZ65 256-265 1966, bebek says 5,000, stectrons iy o oho - RESS outpUt goes to differential oo
iode corresponds to eV. eV = 2,500, electrons. s I~
He also says that measured photoelectrons per crystal per 5225 EEES E};gpg BE%B EE? E%é amplifier circuit on my page Z. Eé%l Eé’%z Eiipl Eég’ Bég
MeV'is typically 2,500. 6K 12K ] 001 10K < K 3 6k 1K ] 0.01UF < 10K 2K
i
model the test input 2F Note: [ am substituting a ZN4858A = &1 =
for fthe Phillips BSRS8 FET which is n 2 55 100HEG ¢ RETURN g
actually used. sy RuL9 S0
50 S S
RES . . . .
Ri41 alin )
W W
Sg(ﬁ ig(ﬁ
Gho OS5+ Note: I am substituting a 2N4858A Sei
for the Phillips BSR58 which is
actually used.
Sog Yo
s FES
R397 206 R403 v R4Z3 718 R429 v
RES ‘L[AP %RES VoD RES ‘LEAP gRES VoD
820 0.AUF 20K 820 0.1UF 20K
GND GND
q RLOL RL0S L RL30 RL3L
€207 RES RES €219 RES RES
75 AP 39 39 183 AP 39 3
% 0.01UF % 0.01UF
GND Ny 8
w 19 w n
Da2 0 ’ 72 a2 0 y 080
Input_2 Input_2 033 Input_4 Input_4 O3S
Il A\ Il I
1 e 2N3906 1 10 2N3906
NO
s R402 s R428
a74 082
RES RES
2NLBSBA 26K N394 1DOMEG 2N4LB5BA 26K 2N3904
In_ground_2 a73 55 -
T '*‘\o i '*}\0
R39%6 RL22
meo SR . %o e SR P E—
©
To10F 2N3904 S Rae S162 To10F 2N3904 R
ZET 35
2N3904 ] 2N3904
o - L > o
R3%8 R329 205 RLOL R400 Rz R424 RL25 217 Ru27 RL26
RES RES (AP RES RES [SsE] RES RES CAP RES RES
6k 1K ] 0.0WF 10K S K I 6k 12K T 0.01UF < 10K K
v I L > Y
g o REL 100MEG g o0 REL
=S R436 RES RETURNZ - 9 RL37
Sug RL50 v
=] S
alp
w GND w
Do f Saf
R el
Note: [ am substitufing a ZN4858A Lo Nofe: T am substitufing a 2N4858A Do
for the Phillips BSR58 which is for the Phillips BSR58 which is
actually used. actually used.
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50 100 150 200 250 300
g g
& &
SEL-lwostere 13 A, This is called SOUT
ZER on the OSU schematics
- ! Lones SOUT_SI .
RES
SEL_2 was here 5 B - R492 SOUT_SI goes fo the SI input
Sdg 3 on the shieet 11 "SHAPER
EEN GND Amplifier” schematic
L
SEL_3 was here 6 C ©
Spe 7
N
B
Note: 1 have replaced the CD4066B
L %g swifches here with Peswsmtrs. élse ,
SEL_4 was here 12 D ohms when fhe swifch is closed,
Nofe: 1 use 664 here instead of 332 Bus 10 | 1Meg when the switch is open. (The chip
since only one set of four diff. amps FER is made by Harris semiconductor.)
is drawing current from fhis VF+.
< 11 <
A I
4 O
— %3 RL90 |
VoD CAP RES
€250 661
GND I
VF 4
L VF+ is a supply voltage derived _
from VCC. It shoould be +11.8V
EECRRVEN
og=
|
I
[ G0 RLS9 AL62 ALE6 ALE9 R473 RLT6 RL80 RLE3 B
RES RES RES RES RES RES RES RES
0 10K 10 10K 10K 10K
Nofe: the 0.9uF caps here include the series
1UF at fthe preamp oufpuf and 10ufF af the
mixer-shaper input.
| fas Rez ] da5 |
I I I I
RETURNL RETURNZ RETURN3 RETURNZ
RLST RL6L RLTL R4TB
fee x2a-collectqr xZb_collectq feS x3b_collector At xtb_collec tor et X5b_collector
= 511 511 51 isu R
08 098 086 %6 088 095 @90 092
N s GND . GND Yol GND [ GND
o838 s 83s o5
g i — i — i — i g
U SIGL N SIGz N SI63 N SIGk N 7
R438 RL4E5 R472 R&T9
B N304 N304 Signal (and refurn) from one of B NI A0 Signal (and refurn> from one of = SBES N304 N304 Signal (and return) from one of B N304 N304
Signal (and return) from one of - x2a_emittel 2 four photodiodes on a single Csl - 2, four photodiodes on a single Csl . o, four photodiodes on a single Csl - BN
four photodiodes’ preamps on a e x2b_emitter crystal i crystal S crystal 4
single Csl crystal GND GND GND GND
L 085 099 087 @97 89 as4 091 093 |
Emitter current is abouf
currenf sources —>,, 1.23 mA per fransistor
7]
3 2N3904 N304 2N3904 N304 N304 2N3904 2N3904 N304
L o |
X
RL60 RA4E3 R46T R4T0 RLT4 RLT7 R481 R4LB4
O.lUFl RES RES 0.1UFl RES RES 0.1UF RES RES 0.1UFl RES RES i L JUE R485
[%EI 10K 10K E%SI 10K 10K E%EI 10K 10K [%'EI 10K 10§2A9_V|, EAP - SRES
GND GND GND GND GND
VF-is a supply voltage which
VF- is derived from VEE. If should 0Bk hvd
= be -10.0V [ZAOI [ZL7I |
[ GND GND
gl
o [251I le .
& 3
i GND vss —
This stuff serves as a differentfial amplifier
L with x10 gain. -
VREF should be -3 volts
VREF
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Ohio State Mixer/Shaper board: "SHAPER Amplifier” sheef 11
Transcribed by George Gollin, 8/95). There are 16 of these
per M/S board

CSEL lines (used to adjust

Since we don't have an analogue model of the
gain for Ihis “QSPU”;?-MIWW CD40665. 1 have replaced closed switches with
the 2k resistor "enabled”. the 200 ohm resistors, and open switches with 1 Meg
ofhers off. ! resistors.

o e -
202 (open for now)  BiE B

CD&4066: pin 14 = +15V, pin 7 = gnd

CSEL_4 was here

- 4 S5
Bus 2 S
Bg S0 245
ZHg (opem 2= 2

CSEL_3 was here

= ] o
mne ounu ENGES
oS nws S
EES (open) EES FEs

Note: VCC = +15, VEE = -15. The SUM line from each crystal goes to the M/S crate

& 23 RS S backpli th t tor to the ADC’s. Thi t Ohio State Mixer/shaper board "SUMMER AMPLIFIER”,
2= (opem g E4y g rgérgsuenners fha forminalon on the Lne fo fhe ADCS. o O éheoﬁ[ 1éhengqagggedEEyMﬁ/eSoE%%P%oHm 8/95. There
. Y P - e SUMSIG is a fofal energy signal for
Ha &S 852 16 crystals. If goes fo fthe differenfiator
2R circuif on sheet 13, The series RC to ground
**EZASPE 1 ENDr{ }7 mocks up fhe fermination on sheet 13
LI e I
Voo o U o= x =
&3 GND I ~ 5 RS1L g0
e RES x 6.19)
6 N8 fal nox 835 RIS ¥ SUMSIG
This is called SI on - 85+ N - 512 1 Yo
the OSU schematics MC34084 1 H 1 AT RS11 RES I l
. TP1 i SUM RES 619K LU
S = 137K 2N3903 e
SOUT_SI £Y 450 mV/GeV here + 9 gk Note: [ use 2N3903 in place of ue)
uccordmg to 0SU. Lpug7 3 E g R507 R509 TP3 et ] Lok
1 think if's 306mV SRES = = oND 2ZN3904. RES L R3l6 0105 RREEZ%
> per GeV when M/S{ 22K 3 5 105K RE2
SLis the sum-of-four-diodes signal produced 57 gain is sef fo 1 GND vss £ 5D N
by a single trysmt It's called "SOUT - §ibr ‘all csel open. £ _ 2N3903 0103
on sheet 10, 10A. vss I SRUS o :‘ p o Note: ontsheef dli, fthis is
N = a virtual ground.
simulation: peak is 3% mV G uﬁ* =] g c s GND 2N3903 9
11 It N33 | 1 BOSUMI
BUS This is called SUMBUS an the g IN306 5 R I GND 18 a0
The SUM line from each crysfal goes to the M/S cratfe The SBUS lines from 16 crystfals are 0OSU schematics. 508 - 175
backplane, then out a connecfor o the ADC's. The reswsfor wire-0OR'd to form the single line called SUMBUS. RES GND =1 RES
represents fhe terminatfion on the line to the oS 137K RSI9
R626 %=
RES [
96 |
G I Note: there used fo be
a rotary switch here,
Note: VCC = +15, VEE = -15. Inis,represents the "drag” on SBUS made setecﬂn% backplane lines
by 23 diher chamnels which oll ‘happen fo VoD 1-8 ¢
stay at ground. SUMBUS is a wire-OR'd signal circled STUff is different on my fester board
formed from the sum of 6 crystals’
SBUS signals. Note: VCC = +15V, VEE = -15V.
ISUM
This line goes to the mixer/shaper confroller. See Bebek's schematic, document number 6057-140, 3/17/98, page 29 of 17 (27
T il .
9 |
I
I
I
I
I
! Adjust this resistance 0LF
| fo change gain SS EEZIEE) E[Zég :
I
| Rune = IGND I ! simulation: +94, -94 mV, or +/- 72 mV/GeV, or +/- 362 mV/GeV
‘ isum voltage is 41.3 mV in simulation. or 318 mV/GeV. i sum <, |
+ Nho I
! Tplus oo TOplus TOplus
, o Rin LMB37 : >
| RES - R622
. R6Z3 | RS
| GND £ ! TOminus TOminus )
! Ul ¢ |
| Note fhse cpanps use fo be LFLLZs. o 1 o ] ‘ s gepresen's fhe termnarig
! G T e 1
I
I
: VoD GND I GND I |
I
I
| M/S current sum fo ‘
. . I
! differentfial voltage — |
‘ s ‘
, ) RSZ9 RSZ8 !
| (from Chris Bebek, !
, o
I
: 2/8/97' Then mOd‘ﬂEd Chris uses 4 resistors %7k %k !
. 1/28/00 based on M/S gere msfefudmof s%o R521 R I
: ecause of the |
! controller schematic.) packaging. ‘
I
| |
I
| 100F | 0aUF !
w ST A ‘
‘ - VDD I I |
| ST GND :
I . |
! Egﬁ |
| LM837 Tminus ,
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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‘50 100 150 250 300
Differenfiator
vss
Tl L Lgy
— 10K 0.1UF 0AUF 4
277 Note: in the OSU design. this is a CMP08 (like an AMD AM685)
VD CAP GND .~ J12 which_has ECL outputs. The CMPOS isn’t as fast, and also
O 2N3906 g8 Nofe: VBB is +5V BN has TTL oufputs.
3 oos oD TPé Il 1309 QuF s
g SUMSIG 1T N
2N3906 -
[ N N304 u : J7GND
Lo s =+
fhis 1s TP D‘D(F e 107 Rod This is TP7 Threshold comparison .
m
I GND ¢ 82
- = nJFSIGold . zColold
= RES 121k i —
4.75K DIFSIGold zero-crossing above fthreshold
[ l £280
I L Vo our
Vss 0.1UF K
GND 2N3906 RES
~ oo Threshold buffering 1 add the lk resistar and the R348 N
2 diodes fo keep the current
gAePF (wi mggtéo ZCDVrefl ﬁgé £ mirror bases from rising above
-6 392K fthe collecfor voltoges.
IN9LY
ggg ” EAlTJF L lEZ‘?O el ::E%Sp
r ' dite > ' 7
GND ;|7 543 b20 TS
GND RS5L
o
a5 - VoD |, yom a0
= 835 B [ vow R
L }—Tffﬁi B
LFL12A
o ool ENGSIG 2
k] ] 1K a
> RES
1 R545 -
> 288 i 2N3904
CAP GND
IOIUF
VSS™T GND
ek 0.1UF
- R54T CAP =
32
GND veo
vss vss I
Threshold comparison . v GND
L g3 = |
T ZCD20ld
I
zero-crossing above threshold
L » 4
Threshold buffering 1 add the 1k resistor and the e
& diodes fo keep fhe current
fal Z mirror bases from rising above
ZCDVref2 i ~  the collector votmges.g
GND
L l IN9LL B
l
~
1. L
b4 O4LF GND Ra60 TR S
S S
— G%SVE[ —
Threshold comparison for total energy I GND
GND
L ENGSIG ELD |
1K
total energy above threshold B
2N3904
Sold GND
2E=
| LEV3 1 |
GND
vss vss
= 0.1UF —
CAP
[3%0
Threshold comparison for total energy I vee
| 1
ENGSIG = ELD2
fotal energy above threshold
LEVL
B
=2
3
L cld 4
afb
1
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