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1. INTRODUCTION

The purpose of this note is to present the circuit description
and characteristics of the Signal Generation System (Synthesizer
System) Data, measured during installation into the RF console,
is also presented.

Some discussion and descriptions of this system have been

presented in the following RF Note s: #10, #l6, #23, #30, #35,
#36, #40, #42 and #43.

2. SYSTEM DESCRIPTION

The SIGNAL GENERATION SYSTEM consists of a commercial
synthesizer oscillator and the following modules: 140-170 MHz
¢ IGNAL SPLITTER, 135 MHz OSCILLATOR/MIXER, 133 MHz OSCILLATOR/
MIXER, LOW PASS FILTERS, BROADBAND AMPLIFIERS, QUADRATURE HYBRIDS,
F1/F1 BUFFERS, F2/F2 BUFFERS, F3/F3 BUFFERS, F+/F+ (7. — 35 MHz)
SPLITTERS, F+ BUFFERS (2 modules), F+ BUFFERS (2 modules) and
+15 V/+24 V Power Supplies. This system has multiple outputs
of the following signals;

Fl: Asin(2nfo+120°), Fl: Asin(2mfo+120°-90°)
F2: Asin(2nfo), F2: - Asin(21fo-90°)
F3: Asin(2nfo-120°), F3: Asin(27fo<120°-90°)

F+: Bsin(2nw(fo+2 MHZ))

F+: Bsin(2w(fo+2 MHZ)-90°)

These signals are required for the signal source of 3-trans-
mitters and the reference signals of the pahse control scheme in
the RF system. Figure 1 shows the block diagram of this system.

The power supply units distribute +15V, -15V and +24V for
requirements of all modules in the SIGNAL GENERATION SYSTEM,
PHASE SHIFTERS, PHASE TRIMMERS, and PHASE DETECTORS. Note the
PHASE DETECTOR was redesigned as the new MIXER/¢-DETECTOR, which
works at the NIM standard power supply voltages. (Refer to
RF Note 81).

All modules and power units are installed in the RF control
console as shown in Figure 2.

3. DIGITAL FREQUENCY SYNTHESIZER PTS-200

A commercial synthesizer PTS 200 serves as a primary signal
source for the Signal Generation System. Practical operating



frequency is in the range from 143 (for fo = 8 MHZ) to 167 MHZ
(for fo = 32 MHZ). Resolution (settability) is 10 HZ. The

- amplitude of the output signal is adjustable, however, the
amplitude of signal to the 140-170 MHZ Power Splitter module
must be set at 1 V rms (+13 dBm) in order to stabilize the _
amplitude of output signal from the Signal Generation System,
over the entire operating frequency.

Detailed specifications and additional information are

presented in the Instruction Manual of the PTS-200. Further
discussion is presented in RF Note #43.

4. 140-170 MHZ SIGNAL SPLITTER MODULE

This module splits an input signal into 5 in-phase outputs.
The BNC RF INPUT on the front panel is fed from the PTS-200
commercial synthesizer.

On the rear panel, there are five RF OUTPUTS each in an
Amphenal 27-11 panel jack. OUTPUTS 1 through 3 go to RF inputs
1 through 3 on the rear panel of the 135 MHZ OSCILLATOR/MIXER
module. RF OUTPUT 4 goes to the RF INPUT on the 133 MHZ
OSCILLATOR/MIXER rear panel, and RF OUTPUT 5 goes to the 3-¢
Digital Phase Meter. The commercial eight-way power divider,
ANZAC model DS-309, part no. 8251, is used in this module. The
5-output ports are connected to the rear panel connectors and the
3 remaining ports are terminated by 50Q resistors. (Refer to
Fig. 12).

Acutal operating specifications are as follows:
Frequency: 143 - 167 MHZ

Input Amplitude:. 1 V rms.(+l3dBm)

Output Amplitude: 0.35 V rms (+4dBm)

Impedance: 500

5. 135 MHZ OSCILLATOR/MIXER

Figure 9 shows the block diagram of 135 MHZ OSC/MIXER
module. Xtal OSC is a commercial oscillator unit. 1It's
specifications are 135 MHZ + 10 ppm and +5 ppm stability.

The 135 MHZ signal from the Xtal 0SC is amplified up to
1 V rms by the V-MOS FET gain amplifier which was described in
RF Note #30, and divided 3 way using transistor buffer ampli-
fiers. These three output signals are connected with three
coaxial cables (RG-178B/u) whose lengths were cut to produce
the relationship of 120° delay differences at 135 MHZ.



At the cable connection points on the PC Board, strip lines
are provided for fine adjustments of the phases among 3-phase
135 MHZ signals by changing soldering positions on the strip
lines. The 3 phase output signals 120° apart each other are
adjusted within an accuracy of 0.5 degree at the filtered outputs.

The 3-output signals include higher order component, however,
they are already named as Fl, F2 and F3 respectively and go to
the Low Pass Filters module.

Specifications:
Input Signals: 143-167 MHZ (Fy), 0.35V rms, 500
Local Osc.: 135 MHZ (FLOl)
Output Signals: FO=FH-FL0l, and higher order components
Fl=+120"° F2=0° F3=+120°
Power Requirement: +24V 14mA
+15V 300mA
-15v 550mA

6. 133 MHZ OSCILLATOR/MIXER

The block diagram of this module is shown in Fig. 10. The
scheme is as same as the 135 MHZ OSC/MIX module except that the
single output is 2 MHZ higher than Fo. This output is named
F+ signal.

Specifications:

Input Signal: 143-167 MHZ (FH), 0.35V rms, 50Q

Local Osc.: 133 MHZ (FLOZ)

Output Signal: (F+)—(FH)—(FL02)and higher order components
Power Requirement: +24V 14mA

+15V 350mA
-15v 120mA

7. LOW PASS FILTER MODULE

The schematic and characteristics were described in RF
Note #31. Eight identical low-pass-filters which pass the
frequencies up to 70 MHZ are mounted in the double width module
case. The Signal Generation System requires but four filters
for F1, F2, F3 and F+ signals. The rest of the filters are
spares.



8. BROAD BAND AMPLIFIER MODULE

This module consists of an IC gain amplifier and PIN diode
attenuator for the four signals as shown in Fig. 3. The functions
of this circuits are to give the desired amplitude at the output .
of the Signal Generation System and to regulate that amplitude
at a constant value over the entire frequency range.

The typical frequency dependence of the amplitude without
ALC (Automatic Level Control) is shown as curve 1 in Fig. 7.

Amplitude regulation is accomplished with a simple diode
peak detector, an operational amplifier circuit (abbreviated
as ALC) and a PIN diode attenuator as shown in Fig. 7.
The peak detector has the characteristics shown in Fig. 5.
It samples the amplitude at one of many outputs of the Buffer
Amplifier module. The peak detected DC signal is fed back to the
ALC amplifier to control the forward current of PIN diode attenuator.
PIN diodes are so called "RF current controlled resistor
diodes". Three of them are connected in series, in order to
prevent distortion of the RF signals as shown in Fig. 6.

The performance of the amplitude regulation scheme is
presented as curve 2 in Fig. 7. '

Specifications:
Input Amplitude: 0.1 V rms
Output Amplitude: 1.4 - 2V rms

Amplitude Regulation: 1% at the buffer output over the
frequency range of 8-32 MHZ

Power Requirements: +15V 1.3A
-15v  50mA

9. CROSSTALK PROBLEM

~During the Signal Generation System installation and
adjustment in the RF console, a cross talk problem was found
inside the Broad Band Amplifier module.

This problem caused modulation of 2 MHZ and it's level
was nearly 10% of the F+ and F+ signals. RF-OK signals,
which are used for the control of the servo circuits were always
turning on, even if no RF signals existed at various points of
the transmitter and Dees. ' )

The Broadband amplifier module has four IC gain amplifiers
on the one bread board. The input wiring of each amplifier is
located close to the output of the other amplifiers.



In Fig. 4, the data concerning isolation is listed.
The values listed are levels of the outputs induced when only-
one amplifier is fed by the input signhals under the condition
that gives 1 V rms output from that amplifier in the configura-
tion shown by the block diagram. Some attempts to reduce }
crosstalk were made by enlarging the ground plane on the circuit
board, by increase the decoupling capacitance or by adding filter
choke coils in the +15V power line. The results were about 10dB
improvement in the isolation. But 2 MHZ modulation remained in
the F+ signals (which was amplified by amplifier 4) because the
crosstalk to the amplifier 4 from the output 3 was worse than
50db isolation. Only the input of amplifier 1 is distant from
the other output terminals and has enough isolation from the other
3 amplifiers. Finally, in order to avoid the problem, amplifier 1
was changed to use the F+ signals and the 2 MHZ modulation was
eventually reduced to less than 0.5%. Slight modulation still
remains when the complete Signals Generation System is operated.
RF OK signals of the phasing servos are not affected by the
remaining crosstalk.

Crosstalk levels in the other modules of the Signal Generation
System that could cause the same problem were less than measurable
values for 100pV full scale (80dB isolation refer to 1 V rms
signal) of the RF voltmeter when they were measured individually.

10. QUADRATURE HYBRIDS MODULE

This module consists simply of 4 commercial RF components:
Quadrature Hybrids, ANZAC JH-6-4. The three F¢ signals (Fl, F2
and F3) and the F+(F¢+2MHZ) are fed into this module. A pair
of signals, 90 degrees different in phase, for each input signal
goes out to Buffer Amplifiers as shown in Fig. 11.

The frequency range of these Quadrature Hybrids is

2-32 MHZ and phase deviation measured with a 500 termination
was less than 0.5 degree up to 50 MHZ.

11. F+/F+ SIGNAL SPLITTER.MODULE

F+ and F+ signals are respectively divided two ways by
this module and fed into the Buffer Amplifiers Two power splitters,
PSC-2-1(MCL), are mounted in the module. Originally T type BNC
adapter connectors were used for this splitting. After input
impedances of all Buffer Amplifier modules were adjusted to 509,
the splitter module was added between the Quadrature Hybrids
modules and the Buffer Amplifiers.



l2. BUFFER AMPLIFIER MODULE

Seven Buffer Amplifier modules are installed as shown in
?ig. 1. They are classified into four kinds as shown in
*ig. 13-16, although all amplifier circuits are identical.

Outputs from the Buffer Amplifiers go to the Phase Trimmer
modules as a 3-phase signal source and to the MIX/¢~ Detector
modules as the 90 degree phase reference signal. Amplitude
characteristics of these outputs have already been described
in section 8.

The output amplitude proposed originally'(refer to RF Note #28)

was higher, however the amplitude eventually set to 1 V rms

1 V rms (+13dBm) in order to keep in the operating range of the
amplitude regulator and to reduce the slight distortion of the
output signals.

The most important characteristic of the output signals is
the phase deviation: especially the phase between the pair F+
and F+ which are used as the phase reference signals in phase
detection.

The typical measured curve of the phase vs. the operating

frequency is shown in Fig. 8. Near the lower end of the operating

frequency (F¢), the phase behave as good enough 90 degree phase
reference. As the frequency F¢ goes higher, the phase changes in
each output are not identical. Trim pots (shown in Fig. 13-14)
in series at the input of each IC amplifier are provided for

the phase adjustment. Figure 8 shows the results measured after
a rather tedious adjustment at 30 MHZ (F+ = 32 MHZ). Adjustment
procedures are simply to turn the trim pots until the same phase
is obtained at all outputs. Iteration in turning the pots is
needed.

As_a result, the frequency dependence of the phase between
F+ and F+ is satisfied 90%1.5 degree over the range from 8 to
32 MHZ of F¢ frequency. Similar curves of phase relationship
among the 3-phase signals (F1, F2 and F3) were obtained.

Specifications: (each module) .

Frequency: F¢ = 8-32 MHZ, Fl1 = ~120°,F2 = 0°, F3 =
Output amplitude: 1V rms |
Phase deviation: +1.5°

Power Requirement: 15V 560mA
-15 560mA

-120°



§925¥ 2Z2-Cy ONINNYE

W SRR W 1 .m._h,
HALSAS  NOWWAINAD J<zw_.m.
. o |
I .\w_\_ WDV M08 .
NYOIHIIW  ~AHOLVHOBV NOH1OTDAD- N/84 3 ML) “OpY I THoLrAuN0) ¥IHL0 MY
'ONISNY1 15vE ALISYIAINN 31VIS NVOIHIIW | Yoni Dy [HR)  XNENs L2 N3N wySH MO SH80LOANNG)
a0y 332 T2
m
(D) . IGON 3AM} [ M)
S10d100 9} | S8
f=]
A =
3 A313aW ASVHD VLD L <S———
wh
| °
S10d100 Q| | WA (mh
o) i S ] (n2)
- — - E =in NI
S TinG &W..._._Jn.w W..._
ALl [cmpy 44 €100} IYNbIS N
] OOl ddeeat i X1
1 1no :
S104100Q) muwnm:nw NI 550 AHV
+ +
(325 4 ZHWEE |
) ad) AP') . . .
: - dH)
ad ‘>1W qgdad
—=——] : (n2) ) [(m) 02) ) M
Slndinog) | S334408 | N i3 1 { < ‘ JA ?
+. ad/+= [ e} [ [2A] € S
SINd1005 £ 2] <~ A
€] v <t — i
| sumioa || ——33 any . . X[ —g| &2itndg
Sdiog €4l gafed 2| SowsiH €] onvg syand 50 _ - 1 wnois
— ) ROLYIONE ~ayods SSYd |« ange) le ¢ ZHr
[ i Z MO e 3 | . ., 0L1- Qv
— Pt - . 4°d) vy «d
. Sindl005 24 | snd N ot 100°
- ol S34408 My Ao
51041008 2 Nu_\Nu_ - =
..I <H
\— \:w
mn
e - .
clndlnog. | B ZHOIALS ‘ ZHP 0L~ b
SR £ -} SN NIZISTHLNAS
S10dnog, 44 LONIN®INS vLibia
14/13 o2 s 007 S.1d

R e




CCNSOLE.

“TABLE OF RF

_ 'iModule‘s‘ % Po@é; gupp‘)t Um'ts;
Signal Generation System

A M ob.a tion i

<

TMICHIOAN . |

ON & DISTRIBUTION SYSTEM]

I

MICHIGAN STATE UNIVERSITY €AY tANSING,

~-CYCLOTRON LABORATORY-:

.

DATE

) 1w
<
Fi / F1 BUFFER
_ ¥2/ F2 BUFFER
GUADRATURE HYBRID F3/F3 BUFFER
BROADBAND AMP's F+ BUFFER (PD)
LOW PASS FILTER F+ BUFFER ,
Ft/ F+ SPUTTER n
133 MHZ - | FF BUFFER il
OSCILLATOR /MIXER :z—) = BUFFER e
I35 MHE .
-, OSCILLATOR/ MIXER 3 i
i i .
140 ~170 MHB -
SIGNAL SPUTTER
< WX Lz o ;
~ _E
< z 3
= o
o 2 -
0. R_I 2 i r F4
b o3 é g, x 'E_ 7 >
- 0 < o é = g
L o 5 . T
: w ﬁ uj 0
TR é G 3 o B 10
(84 > o 4 ] g )
3 3 2 8 <
g >3 g ' \' |
> 0 .
r by @ o RN
R - = 5\ N
: BN ‘
N
<O <aw <0> R Uc__)'o
) N\
t .
N

.- S9ZSY TTOY ONINNYE



NOLY0SH LNIIHSNOSdI

T o)
A:.mﬁNblv ) :
) o o
L : o
Pas- e 21 371030 . Ct
C'8PEV ) suupy HI0O ...azﬁoém T xz%s_m
— (P28 [Py [P P
® 91 — |¥sg [Feg £
Wes |(Fza |~ ¥z | 2
g |[Peg [F an — '}
...v.roo €40Q | 2100 FLOQ | L0d NI
L Nouwagst L ganednl 2
— [®oy [For [¥os | W
vaJ.u C— 1 | oy 1| 59! &
ap OD wﬁrmm. : .l " mﬂ..vm. 2
¥y |Pes [BPee. | }
PLIn0| €100 | 2100 | | 100 | 104N
T b nouyoe :

- ONY ANINSN0SEN  XTL-55D

[ i

MYNSIHO0

< "Hid
Ce 2182 v9] N
P 100 434 1 Qe X< < PN
v /
Nid
(2 - G
€100 24 1 OEx|< < ENHY
Stk 1y / SWA
lanAl NId AVO
G i Qm% G2)
L2100 43 4 ! é; - < 2N 3
Lav| =2
Mid]-2303 EDTEANTTINN B :
1 ‘ (da
Z 0w ad '+
G4 z182v2 ¢4
| 100 43 4 — oS X< < b NIy
SWlA SWA
11y| oeoe .
AZ N4l 220 _>_.o_
12bVNZ 18011 @)
. . <
yow | _ ad 44




IR EE|

i i
FH

¥

1
J

§-
R

e
2

e

el

N

‘OD WISER B WAININ

MILINIINID IHL OL S X 6

A

i
2

x
2
Q
4

cI9T 9%

PR




11

1]
. ;
% " .8
N AS -
o \I% _ :
K g .
i 3
3 i i o 3\(
. ~ R
L
- i
N d ¥
W . ; .
S8 g N NT N
g
8:.' §% i .
o NI '
J [y - . <
T.o0AR \
/3\E /x % x 2\ 3
a L x *. X x\Q
- - g
A X - {
:
. Lo 8 1S
. <+ T o —s
: o . tled m
E o s
lFe.d 359 |5
F To 58 gxy E’&‘ F;q__ {0
z . MICHIGAN STATE UNIVERSITY. 2 L
S Y. o |-CYCLOTRON LABORATORY- tcnoan H "é'fé'lg‘?ﬂél‘lié'é‘é‘i‘r?}.‘f ey
i AN g? LLOCK DuAGRAM e — § - &eocx osc-ranm | A7 oy 22
wko [ L
¥ 0 §E [35pHE OL1ELATOR [ MIXER 2 733 MHE OLCILLATOR) NIXER
=1 (=T O e 1y B atw, mart 11 LI
§ 2.5:80| 4 ot |5=rowi-pamsral H et 0”7 o 1 | S myh—itoA]
. . Fi
H | E1 o :’:S !
el = = . ‘ ——»0ouT {
rmd . .
N . { S
: : . ! b ouT 2
e ' .
F2 > R : ' EIGHT~ WAY .
I e —— ~ :
1 FPOWER 5 >CUT 3
’ PIVIDER
e »F3 IN >————
F3 >——! E3 :
. ~a° > 3 v
it ms
ENZAC
0 : B sl
— > F+ ‘ -3251
- : wav) ,
Y > B4 - _ L] -
zv = =
Y.ms - . }
EI~E4  QUADRATURE HYBRIOS ' _
PNEAS TH=6-4 , N
’ . [y ‘ . E ) : ~
_Fig11 B - . Fig.12
e a— s
2 MICHIGAN STATE UNIVERSITY tasr.iansina| . m]- ' - [MICRIGAN STATE UNIVERSITY sa31 tanuno,
2 . . -CYCLOTRON LABORATORY- MICHIOAN - . -CYCLOTRON LABORATORY: _ MICHIOAN
H " | BLock piGRAM il 3 BUXK DIAGRAM i
- Fone " n . o =
§ QUADRATURE HYBRID MODULE 2 |AD-170MKT SIGNAL SPUTTER MODULE.
F 'E!';_:;__z',—l - l g o R l-n § I‘-‘?‘FZ T - 7 o

et A g s ey

fae s A A vre s e = i s

Crn N et YR s, v st A 9

R N ]



‘ 12

i o

i ) '

i F2(F3D) ' ) R

: () ouT1 - = 44 out1

H . : .. ) Hocs3ck ) ] ;})r D-ET-ECT_ - {Hoos3 K .

:' . T A :RBE& I >— »0UT 2 . ®RP) ) TS q —8 , v » OuT2

H s . . ‘ . : 7 B

i F2(F2) . . : . : ] .

: N > B D o, ' ' PRSI - : L pouT3

P — > —’:i‘—{>—.>°°*3 ; L —’“f—{>—

! : . LHO0S3CK . . . . : ' . . )

' ' ‘ o "—}M'F——Rs — ouT & M IN e , . . za . . —
. !': ) :m => . 5 =>

" 4

. o .lif’é’f—!>—’°°"5 '——z«f—{>——>wrs
- 2 (F. . e

| v “Re ourt ) o > OUT §

. R >—> | o e e
F2(/3) .- - L Re |~

: [: : _ _ . ' _ =

l.N r7 Rio ouT3 ’ - - __%‘%_D—’OUH

: tHecack : .
R —>outg |- | FIIN - -—ggf—-{>——>ou1'2

; LHe063CK
T - ' ouT3
R
12 ook . Riz Lnoosack,
! 2 MICHIGAN SI’A‘I’E'UNIVERSlfY SAST LANSING, e ' MICHIGAN STATE UNIVERSITY East LansinG,
. '1:! ~CYCLOTRON LABORATORY-  MICHIOAN 5 . +CYCLOTRON LABORATORY-  MICHIGAN
. . . [owre 97. T ek G 10y | ey st -
H Fia.l3 BLOCK DIAGRAM AT R Fa. 14 3.0 DIAGRAM T
2 i % . e - 8 % hd . . e .
H £2/F3 (F3/F3) BUFFER AMP. MODWLE M F{/E1 BUFFER AMP. MOOULE
z . C (T LT 3 H : cx T G a— 00
H Py i | H : : 28] e | 1
—_—— .- me—c - ram—et R T <. T ™ VAP RY S T T TR R L L 1) - R ] W e e
. — Ry . o e s FHFD
7 - ouT Y L —y&—-l D—e——p OUT {
Ft . ®2 ‘R2 Thoosack

PEAK HOO€3CK

FO o - 1
ouT CET. _ '
(P NAIE AZ ’ 'D—QM’R: ot 2 - o "_Qé':v_‘D_——’ ouT2
7‘ :! : ' OUT3 : .. ‘ ’ ; .——J\m— . N OUTBI
R [: : has ":. ] . e i> R4 g

Lr0243CK Lrocszex

: :-R.é >_> oTs - ' —9;5(‘——- ouTS

Ft N >——r F+(Fr) N >—— _

—’nf_{>_,—> oUT 6 ' r—y‘»f— ouTé
' "*"3;;('—{>——->our7 . e ;:5'( ! > -

'._%;_{>_‘.—?{,§-—{>_—'>ows ) . ' '—};g‘—{>'—v—gfg‘—'-{>——}ours

LHOO63CK . LHCOE3CK
'—'2"—-, > ————youT C .._9“1___l ) SE———
U ; 1 . 1 - i RiA 9
s : T 10 ' L oUT 10
Ri2 by
' Coosack . RIZ2  ioosack

gt —— i}
MICHIGAN STATE UNIVERSITY 3A3T LaNsing,

MlCHlGAN STATE . UNIVERSITY EAST LANSING,
= -CYCLOTRON LABORATORY. _MKHIGAN

. -CVCLO‘I’RON LABORATORY- MicHioA

] diih ANLENV LY S Joem v Lovaues |

BLOCK DIAGRANM

SRUNNG 4022 48208 .

H
3 . " | Bk DIAGRAM ,
< e |
- % F‘% A5 . o e BUFFER AMP’ MODULE Fl? - lé ' "¢ (E¥D BUFFER AVP, MODULE
§ 51-2'?2 o - e :o‘-_f?_sz lv-u - l:-u‘ = l T~




/(/""‘Lf"éléf’) 5//7/?J~MWQM@M
/&7 L lins 4;2‘ j/w 2L > AV ,Z(}@(“
) Vo9t Aywebive weel %T %
wz»ww@wv el s 041« Ay Loy,
% (iéwuwc/ % CZicdl 2oz
%M«vz/éﬂ%{a , @A/Mz/ﬂ 2C Wa@(
/Mz@w% 1 % M/éczW
V&@’{/%‘/ @,‘C/I;Z;é/ﬂ/

,‘/c, ; ¢ (/}M 2t 444647@/6/
Py To @ c/w_ f@z % Z%
@ﬁ«% 77 y?%t v /%
/) %j@/ﬁz
f@?@—;w %Z(/Zé/mé /5%“ ”/%Z\

C«()W a» B2y . CZ/Z// Pz /b@ & %
4//&6{/% AL % /LWMLI@/Z;:L 47/41

%%* L %fm;ﬂ;@ gy
(P2 %/&'/ Wzoa/
m‘% Zf;/f%// § el an ane.

% L(/w L«z{v—mcz,/f a2 /zzZZ;f

a o~ el 47%& 4//4%/ &‘Zé@é t
cjﬂ/éu{ /Lﬁﬂi 7 crie /%ﬁ(ézczzéjb (J/W

Gm




[%z U Wua/»’%%ueé(

e
:;ZL sl %f/%;a/zf%dxc%/ Vi ﬂdw ;( g

_ L A%/leaw 4,}%% //Q % kez/ﬂ
CQPLMVL /(Z/ Z/Zg[J AY LU C'/p/ﬁ(&ﬂ zb/oz’( M%

’Z,e/l/-c’//az 5’(/ o ZJ/(%,@/MWL :

Z 2l % //ﬁéd/g »z/ari/L &7 za% &-77
W’(» ﬂé//%

% b yﬂ%g /"LZ{%( iy
ﬂk MM&&‘LL/ agv e '2@/& ‘é(/ZX// /7 %af/’% W/MMN‘(
//z,%/, 2 Z?mmlﬁé “VL /21449—777 4%54447/ .

AV A’éﬁ% 01,44 M%JM@@C oL '_*—;Z—:c gy Cec
A Dk Ll Torec Al
S S ot 4%(4/?, ZMLMM wuwf{/g -@(7 /”Z/
«M*c%cﬁé’( /&6 (c:%c-d., “%/L 4%:5/@ A f%ézﬁ( /47%

. /Lw-oé . 2. i ﬂé@ éﬁ"%wﬂ/wﬁ
%@-/é M/ /% 7z Z/% anesls /

LR - %2 7o prlaine el e

/;a, T
zﬂu v 2, 4‘&%&% fé/g:iZ/ L5904 %/L LB e .
“6LT AIBTL &é ﬁ/uw/ 2427—;9/] \/+/ V’—

Vil / V- ) Ve Za / V/ ﬂm%@/ \/M@ / Vlrivg df/t
/l/(/%@ 20 gj\xn@ walkeoa.. ZZZ;W
and Theac /u"a ate o /(?ﬂ, Z%/M

oty o 4%%&12@5 - 50 Sy
- /é 1 On Fh oo, % %n//&w
“% MM"/W sz/ * W SaTles arl

mf ;iiﬁz Z s o

@MW :37% e

: ) J?Zé Lo L A2 Hn e~
Ea.p7 /-c'/ e /é{ﬂ , é’ﬁ) M (Z{zﬁ vz,(/.g/yb/ S %sz;yz_ﬁé



S575/50.
H6ys MAL%W /w ReA
”Z%( C stral- %M /ZZZZ

ortainded faraotids Tl /@Lﬂf%mw
1243 CIRes, | 845, ;Zﬂj 347

%«:fb /d/a/fiyé ALRD QZM ‘,mm(, ad Wm
/)'l Ll ;

vere M@ %; T2 0 f T fr0arts
*% LA %@%Z

WM/WVM%MZZM% %“%
/&Zémz Mé(d; //
& \ﬁ\/ a /44567)/& WQW Ip'é%‘a’

7'5)6/1/ ¢ bloo % /;;2%5 -
%{z“/z?fzim , s

97&‘2?3@@” %M}é/ﬂ ;,/sz@ Wi
C)TQZ&/<V / %é % / /%”
fw ’2’727/%7 i 3 fThz .
77047
#75 55 ﬁ/ﬂ#j% \

aA WW% /fa//»%aazfplﬁsz,



RCA | Electronic Components | Lancaster, Pennsylvania 17604

Mr. Jack Riedel

RGA
Cyclatron Laboratory

East Lansing, MI 48824 May 7, 1982

Dear Jack:

Enclosed is the data we obtained on the 4648 during video
pulse tests here at Lancaster. As I said previously, we
have not, nor have any of our customers, experienced
difficulty with these frequencies when the tube is being
used in RF service.

For your information, the screen by-pass capacitor we
were using for our tests at 425 KHz is comprised of 24
6800 pfd low inductance capacitors in parallel.

If you have any questions after receiving this data, give
me a call.

el —
Jere D. Stabley
Power Devices
Marketing & Application Engineering

JDS:ab

Enclosure
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Trip

Report May 6, 1982
By J. Riedel

Visit to CERN, (Geneva) DCI (ORSAY) and GANII, (Caen)

Preamble: The purpose of the trip was to see how some

CERN:

laboratories in Europe build their highpower r.f.
transmitters, and especially to find out how they
suppress the parasitic oscillations that sometimes
are present in such transmitters. This was important
because we are having a parasitic problem with our
K800 transmitter tube.

The major activity at CERN is to construct LEP
(large electron positron storage ring) which is to
provide 50 GEV on 50 GEV at high luminosity. Orsay
is to build the electron linac. The electrons or
positrons will then be put into an accumulator and
injected into the 30 GEV AGS and then into the SPS and
finally into LEP. The rf for accelerating protons and
antiprotons in the SPS will not accelerate electrons,
so additional standing wave cavities will be installed
in the SPS and the same group, under a Mr. Zettler,
which built the rf system for the SPS,is building this
new rf system. .

They are building cavities and transmitters operating

at 200 Mhz and 100 KW must be supplied to each of some

20 cavities. They had had a lot of experience which be-
came obvious as I inspected the rf system for the SPS.
Here they use 40 KW transmitters, and with a complicated
system of 12" diam hybrid transmission line commercial
combiners finally provide some 2 MW to the travelling
wave accelerating structure.

Zettler told me of his philosophy to achieve
reliability and minimize down time. It is that it
is preferrable to use many transmitters rather than one
large one, so that if a transmitter fails, and there are
N transmitter, then, because of the isolators, it can be
disconnected at the combiner and worked on while the
rest of the transmitters need only supply I/N more than
their nominal power.

Their "window" for feeding this 2 MW of power into
the vacuum was interesting. It was a 6" diam alumina
disk inside a 30 ohm transmission line. Its only prob-
lem was that periodically it had to be replaced due to
gold plating onto it when multipactoring exists. Initially
it and the accelerating structures have a 1 or 2 micron
layer of titanium evaporated on their surfaces.



- l

The water load that they use for testing a trans-
mitter and for abhsorbing the power from the travelling
wave structure is also interesting. It is simply a 6"
outer conductor transmission line of inner conductor
sized so that with air the Z is 30 ohms (maximum power
transfer with minimum gradient) and loaded with city
water in a closed system to make Z = 3 ohms. A .
> /4 section of tapered line matches this to the 50 ohm
12" lines. These loads are about 15 feet long, with
most of the power being absorbed in the first two feet.

The n'B prototype of the 100 KW transmitter for the

-standing wave cavities was being tested for the first

time on the very day I arrived. Previous prototypes had
to be discarded because they parasited catastrophically
at about 1.3 Ghz. This one had 16 parasitic suppression
loops mounted in it, each tuned to 1.3 Ghz and feeding a
50 ohm line to 10 watt terminating resistors. Zettler
feels he understands the nature of this parasitic, and
what to do about it. He believes that all tubes will
parasite at some level of dc plate current, in a ring
mode intrinsic to the internal tube geometry.

Further, he believes that the reason transmitters
operating at low frequences ( 30 Mhz) don't  parasite,
or if they parasite one can live with the parasitics,
is that though the Ghz parasitic may start to build up
it won't reach disastrous. amplitudes during the short
conducting time, and, since the Q of these parasitics
is quite low (N 200) they decay away before the next
conduction cycle. However, at 200-Mhz they don't have
time to decay and so will build up. He believes these
are ring modes and the frequency can be calculated from
the tube geometry as F=3E8/27r, one wavelength around the
circumference. They become excited due to an assymmetry
in the radial spacing of the electrodes (non coaxial cylinders).

However, since it is a ring mode with the currents
orthagonal to the normal currents, it is possible to damp
these modes external to the tube with coupling elements
that absorb no power from the fundamental. He was very
happy to observe, as I did also, that the tube did not
parasite with 10 amps of plate current. We celebrated the
success with beer for all.

To feed the 100 KW to the cavity he uses a 3" diam
alumina vacuum window with a.~r from inner to outer con-
ductor of only 1 cm. This window, and the larger ones
used for the 1.5 MW system, are 99.5% pure alumina metalized
on the inner and outer cylindrical surfaces and brazed onto
ss pipes. They are about 1 cm thick.



For testing the transmitter he uses a divider feeding two
of the same 50 KW water loads we purchase from Dielestric
Communications.

The transmitter is completely coaxial and very complicated
mechanically. I have & large drawing of this transmitter and
will show it to anyone wanting to see it.

I saw many other interesting things at this laboratory,
such as N Way Wilkenson hybrid power dividers, and I was able
to get information on how to build them. If the parasitic
suppressors installed in this transmitter had failed to do
their job he was proposing to install some Siemans ferrites
in the cavity which have a - of 10 and Q of 200 below 200 Mhz,
but for higher frequencies the Q is very low. This sounds
like a good idea.

On the third day I visited W. Schnell who is building
the rf system for LEP. This will be a klystron fed standing
wave series of cavities operating at 500 Mhz. Since LEP will
have only one pair of bunches, power can be saved by trans-
ferring the rf energy to a storage cavity mounted on top of
the accelerating cavities when the;bunch is elsewhere in the
ring and returning it to the accelerating cavities when needed.
Very complicated. Zettler wanted to use telrodes at 200 Mhz
but was over-ruled. :

Orsay: DCI (1.5 GEV electrons on 1.5 GEV positrons) was operating
for experimenters. The visual display of interaction events
from their large detector was very impressive. The beams have
a lifetime of 16 hours. They had just recovered from a three
day shut down due to the 12" transmission line feeding 350 KW
to the cavities having burned up. The solder joints on the
innter conductor came apart and various parts of the line
melted. '

The transmitters, employing RCA 4648 tubes have never had
any problems with parasitics. The tubes (operating at 25 Mhz)
have racked up some 10000 hours of operation with no problems.

The Orsay group (Laboratoire de L'accelerateur Linear)
has received funding to build "Super ACO", a 1 GEV storage
ring exclusively for synchrotron light. It will operate at
100 and 500 Mhz. Most of the people who built DCI are de-
signing and developing the 3- Ghz linac to be built there and
then transported to CERN for LEP. They were in the process
of developing manufacturing techniques for the iris cavities
and had a 10 foot section under test. '

Elsewhere at Orsay, the group of whom Laisne is a member,
are designing a K 200 superconducting proton cyclotron for
precision experiments. When super ACO is operational, in
about 3 years according to Marin, DCI will be shut down.



GANIL

The train trip to GANIL takes 2 hours and it is very -
pleasant to view the French countryside at 90 MPH in com-
fort. I was met by Bieth and quickly shook hands with many
of the staff whom I had previously worked with. Gouttefangeas
was difficult to recognize in his beard. '

CSS, the injector cyclotron, was running. They were
accelerating C4 + with . a lmos wide pulse and 25% duty factor.
Bieth says that with this Russion ion source they get a much
higher average yield of high charge state ions by pulsing it
than they would get operating CW. The beamline to the first
large cyclotron was installed and test beams have been guided
thru it. However, rf has not been applied to the buncher
cavity which is installed in this line. Their original plans
called for a second buncher to be installed in the line between
the two large cyclotrons, but they now believe this second
buncher -will not be necessary.

The first of the two accelerating structures is now in-
stalled in the cyclotron after having previously been tested
in their large vacuum test chamber. They were in the process
of trying to make everything vacuum tight. During their tests
in the test chamber they had quite a few problems with their
hydraulic piston that adjusted the capacitor. This was solved
with the addition of a screw mechanism for fine adjustment.
Apparently, the transmitter behaves properly over most of the
frequency range by appropriately adjusting 4 large vacuum
variable capacitors in their output network with a microprocessor.
However, they are plagued with excitation of 2nd, 3rd, 4th and
5th harmonic modes in this large and complicated network and
have added suppressors and are developing criteria for dif-
ferentially adjusting the various capacitors to stay 4 or 5 parts
in Q away from these modes. They gave up trying to build a
choke to feed in the B+ and I gather they haven't completely
solved this problem.

But they report there are no parasitics, and their phase
control (via what we call our fast phase shifter) can keep the
phase of the injector cyclotron and the large cyclotron dee rf
to +.1 degrees. : '

On arrival I was informed that I was to give a talk at
1 P.M. This meant I wasn't able to take much time for the
usual gourmet meal which one expects in France. At 10 'Clock
some forty people, most of whom I knew, evinced great interest
in the MSU K 500 operation and after I briefly told them about
our successes and problems I received a barrage of questions
from the audience. Fortunately, I am poor of hearing so I was
successfull in ducking a good many of them.



Later Bieth told me about the design he had worked out
for the rf system for the K 200 superconducting cyclotron
at Orsay. He will be in charge of this rf system and
expects to move back to Orsay soon. Some of the ideas he
has for this system are very original and interesting, but
hardly relevant to our work here. But who can tell but that
they might become relevant.

For instance, he proposes to have a compound moving short
in the vacuum and a loop coupling which automatically matches
the feeder to the dee stem. I had played around with such a
design for the K 500 but decided it was too complicated. He
has developed criteria for moving fingers and concludes that
the maximum current that fingers can carry depend on the geo-
metric tolerances. If the tolerances are large the finger have
to be long and thus will overheat if required to carry the
same current that shorter fingers would carry. He conclydes
that the current carrying ability is proportional to 1/T~ where
T is the tolerance. For GANIL, with tolerances of + .8 mm and
using Thompson CSF carbon tipped fingers he claims a current
carrying capability of 100 amps/cm.

On Coating Aluminum
ok i
Everywhere I went I asked about what coating they used on
aluminum. At CERN all aluminum is silver plated in their own shops.

At Orsay they use unplated aluminum with no problems, howeverx
they bolt everything together with 5mm bolts spaced very closely.

At GANIL the transmitters were built by Phillips, who use an
irriditing process to coat the aluminum. Bieth didn't know what
the process was. Again, closely spaced bolting was used.

Epilogue

I feel that I learned a good many. useful and relevant things
during my visit to these laboratories and that the expense to the
laboratory and effort on my part were worth it. I believe that every
few years the senior engineers should visit other laboratories which
are doing work in his field, and especially before understating
the design of a new and expensive undertaking. The Laboratory should
insist that the conceptual designer should visit other laboratories
known to have expertise in his field.





