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RF System Parameters

—~

RF Frequency v, = 26,743 MHz

Harmonic Number h 342

]

RF total Voltage Vt 1.2 MV
RF phase angle ¢ = ~ 2,3°

Number of bunches nb = 57

"
(o))

RF cycles per bunch £

65 mA

Average stored current Ia

Beam revolution frequency v = 78.195906 KHz,

RHIC-6



2 - Parameters

For a preliminary design of the RF system we should estimate the number

of cavities required per ring and the maximum value for the stored current.
A reasonable guess for the cavity number is ~ 6; consequently Vc = 200 kV
per cavity is required, Later the case of 12 cavities will be examined.

Following the criterion that the beam—induced voltage should be always
much lower than the amplifier-induced voltage we could set an upper limit to
the stored current, '

An average output impedance of about 100 § can be obtained with a Class A
feedback linear amplifier. With a Class C operation the average output impe-
dance can easily reach more than ~ 400 Q. Because the typical dc plate
voltage of a power amplifier is in the park of ~ 10 kV then it follows that
the transforming ratio should be near 20 and the transferred output impedance
becomes >160 kQ per cavity.

For generating 200 kV on 160 kf the amplitude of the synchronous beam
harmonic should be equal to 1.25 amp., that in turn demands an average current
near to 0.625 A.

With a somewhat narrow safety margin we could assume for the average
current Im a value of 0.5 amp which would accelerate ~ 7 101! particles per
bunch,

A value for n equal to 5 101! particles per bunch seem then very reason-

able and we obtain the following limits:

n =5 10!1 Particles per bunch

q = 8 1078 Charge per bunch (Coulomb)
Q = 4.56 107 Total charge (Coulomb)
Im = 0,356 Average current (Amp)

I1 = 0,713 Synchronous harmonic (Amp)

RF = 2.80 10° Beam eq. Impedance (Ohm)

Ip 2 24. Maximum beam peak current *(Amp)

* The beam is assumed to have parabolic distribution as follows:



3 - Parameters

I(t) = Ip - bt?  —-1/2<t<1/2

Where T is the beam time duration. Setting the boundary conditions we

R
Sy odn

obtain:

+1/2 _ 2. _ _ li -
J —1/2 (Ip = bt )dt = Ipt = b 5 =

Ip-b (5 )% =0
2
Solving for Ip we obtain: Ip = g%; p =22

For q = 8 1078; 7= 0.5 1078 Ip = 24 Amps.
b = 16 1016 A/sec?



1 = Beanm

The Beam Loading

The following scheme could be used for describing the phenomenon as it is

seen by the final amplifier,

l
i |
AAA— ]
P
! l _ : :lu !b
I
@ o= 5 | DR NS
E, | Cr Ry Lr 1
l
Final | Cavity Equivalent Circuit l Ideal | Beam

Amplifier l : Transformer |
l | l

If V is the voltage across the cavity eq. circuit (that is V = Vecavity/N)

‘then we can write:

G = i—+-£—; N = Transforming ratio
p Rt

Where: o and B are phase angles and Il is the beam current component that is

synchronous with the RF voltage.
Equation (1) can be divided into two equations:

GV = Ea cosa + N Il cosB

(uc_ - l——JV - fa sina + N Il sin B
t mLt p



2 ~ Beam

Now we want: o = 0 (that means that the final amplifier sees a real load)
and B = #90° because the stable phase is assumed nearly equal to zero.

Consequently the system reduces to:

GV:.E_?;
P
(we, = o) V= 11
t

Solving we obtain:

Ba = (1+2-) v
t
_1 LN T +
e 7L T Wy Co * AC

where, obviously, V is the voltage that appears at the terminals of the cavity

equivalent circuit as is seen by the amplifier.

Numerical Example

The real cavity equivalent parameters are:

R=0.8M2 C=50 10712 F., L = 6,949 1077 H, vV, = 200 kV.

i

Upon transformation (N = 20) we obtain:

= 20009; C_ = 2 1078 7 L= 1.737 1072

R
t
V = 200 kv/20 = 10 kV; Ilt = (2%0,356)*20 = 14.24 A

(Where the subscript t indicates "Transformed Parameters). Assuming that the



3 - Beanm

amplifier output impedance is equal to 1008 we obtain:

_ 100 s _ ;
E_ = (1 +5505) 10-10° = 10.500 10

_ 14.24 - 1
AC = T gsemsi0.108 - &30 10 F.

It is easy, now, to calculate the total current It that the tube should supply:

- IR .
If E,=(1+5% v _ then:
t
E -V 3
I, === 2y \4 R, e = oA

where It indicates the total current that should be provided by the tube, (We
note that because B = w/2 then It do not depend upon Il).



1 - Cavity

The Cavity

In Fig. 1 is represented an axial section of a cavity that could work with

a gap voltage of 200.kV.

From Super-Fish calculation we have vo = 26.75 MHz; Qo = 9030; R.s5 = 0.916 M{.
and it follows that at 200. kV the power needed should be near to 22 kw.

The cavity eq. scheme 1s shown in Fig. la.

~
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Fig. la. The cavity is schematized with a foreshortened coaxial line
that contains a discontinuity in the characteristic impedance.

From the resonant frequency and the geometry of the coaxial line the value of
the capacity C can be calculated as will be shown later on.

The cavity shape allows to have the driving tube directly connected to the
low impedance side of the cavity* and we assume that the cavity with the tube can

be schematized as shown in Fig. 2.

*The short stub can be in air so the tube can be easily connected to the
cavity and adjusted for the wanted transforming ratio. Obviously the
values for x and y are to be determined taking into account the total tube
output capacity CT'



2 - Cavity
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Fig. 2. C and CT are the gap and the tube eq. capacities.
Z2 and L are the characteristic impedance and the electrical
length of that portion of the cavity that is under vacuum.
Zl and L1 = x + y define the portion of the cavity that is in
air.,

From the lines theory we have:

V2 =V (cos BL - wcZ2 SIN BL) = AV

1

I2 = jV (we cos BL + 73

SIN BL = jBV

21
where B = = w/eouo is the phase constant.

Transferring the voltage and the current at the junction with the tube we

obtain:
V1 = V(A cos By - Bzl SIN By)
Il = jV(Bcos By + %T SIN By)



4 - Cavity

From the first eq. because N = V/Vl is already known then we determine the
value of.y.

At this point all the quantitites are known and we should find the value of
x for tuning the whole system.

For this purpose we set equal to zero the total admittance Y at the

junction as follows:

If e = E%T then we can write the R.H.S8. component of the total admittance as:

j 1+ ¢ TAN By
Z1 e — TAN By

Y(R) = I1/V1 =

The L.H.S. of the total admittance is:

1
¥(L) = wCp ~ 77 TN Bx
from the tuning condition:
Y =

Y(R) + Y(L) = 0

we obtain:

_ _ 1 + e TAN By
COT Bx = wC,; Bx = =———C TaN By

and the value of x is determined.
With the dimension indicated in Fig., 1 we find that the resonant frequency
is equal to 26.75 MHz., (Super-Fish)

The output impedance of the coaxial structure is as follows:

% TAN(BLL) + TAN(BL2)
71

1 - 77 TAN(BL1)*TAN(BL2)

Z = 372
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Because:Zl = 41,58 Q3 Z2 = 85.62; and B = 0.5604 for vo = 26,75 MHz
then Z 2 j423 Q, Consequently the total gap capacitance (CT) that tunes the
cavity should be: CT = 1/woZ) 2 14 PF,

It follows that:

- A £ 0.084; B = 0,0118
and the eq. A cos By — BZl SIN By = 0.05 (solved numerically) gives y 2 0.12 m,
Now € = 0.171 and CT = ~ 70 PF,

1 - 0.489 4 LT 0.0118

TAN (B 5.17T = 0.069 - 10-40

Consequently:

Solving we obtain: x = ~ 0.17 m.

The Simplified Scheme

The above model is too complicated for a first design of the final

amplifier and we consider the circuit given in Fig. 3.

[}

- TR
L2

—— . | —
V]N c—— \/OUT
ci L1 Cl

Fig. 3. Eq. circuit for the cavity loaded by the driving amplifier.
Cl and C2 are given because they both depend upon the tube
and the cavity.
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Now the transforming ratio (no load) is as follows:

- Yout _ 1

Vin 1 - w2L2c2

N

and we obtain: -

_1-1/N
w2C2

Ly

The circuit should be tuned by the inductor Ll. The input admittance can be

written as follows:

-
C1 (1~w LZCZ) + C

— L
1 w L202

2

setting Y(i) = 0 (that means "tuning"), solving for Ll and recalling the

condition: 1 - w2L2G2 = L we obtain:

N
_ 1 1/N
Ll = 57¢c3 LGl L
2N

The calculations already shown are correct only for "no load conditions”.
It can be demonstrated that for quality factors of the cavity as low as ~ 100

the above formula are still valid for design purposes.
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Simple checks made with the ECAP program shows both the validity of the
previous calculation and the fact that the tube ignores the beam current if the
beam is in quadrature with the gap voltage and an appropriate compensating

capacity 1s added. The scheme prepared for ECAP calculations is shown in Fig. 4.
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1 - Tube

The Tube

Depending upon the shape of the accelerating cavity the power needed for
200 kV is always in the park of 20%25 kW per cavity. The power delivered to the
beam, even during the acceleration, is negligible. Consequently a tube capable
of ~ 30 kW output power is surely enough. |

A good candidate could be the Eimac triode 3CW30,000H3 ($1500 per tube) and
the data sheets are included.

From the firm we had two recommended sets of operating conditions:

a) High Voltage Operation

DC and DE wvoltage 10 kv
DC grid bias =450 V
Driving signal 630 V
Plate current (idle) 0.6 A
Plate current 3.16 A
Grid current 0.183 A
Driving power 120 W
Output power 21,5 kW
load 1880 Ohms
Anode signal ~ 9000 Volts
b) Low Voltage Operation

DC anode voltage 5.5 kv
DC grid bias ~-200 V
Driving signal 825 V
Plate current (idle) 2.5 A
Plate current 8 A
Grid current 1.1 A
Driving power 690 W
Output power 29 kW
Load 400 Ohms
Anode signal 4.8 kv

In both the operating conditions the dynamic anode impedance can be
considered as equal to 3300,

From the two sets it is evident that the tube can be operated as a Class A-B
amplifier (very low output impedance). Nevertheless, another recommended typical

Class C operation is as follows:
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DC Anode Voltage 10 kV

DC grid bias -800 V
Driving signal 1160 V

DC anode current (idle) 0.0 Amp.
DC anode current 6 Amp.
DC grid current 0.315 Amp.
Driving power 365 Watts °
Output power 42 Xw
Load impedance 750 Ohms
Anode signal 8000 V

In this condition the output impedance of the tube is no longer definible.
Any model should be analyzed with the state variable method and the tube should
be treated as a highly non~linear device, However, it can be shown that even a
Class C operation could be satisfactory if an appropriate tuning is provided

’ fOr.

Modeling the Tube

We assume that, to a first approximation, the following equation holds:
1 a
= - + M I > 0. .
Ip =5 (v, +wv )% Ip (1)

Where Vp and Vg are respectively the anode and grid voltages with reference to

the cathode and @ is normally near to 3/2. Eq. (1) can be rewritten as follows:

%o * a/Ip -uvVv=yv (2)

Assuming o = 1,5 the constants p and U can be determined from two points

wisely chosen on the tube data sheet.

et a/p = x then we have:
o
x VIl =~ uVlg = VI
o, P P (3)
x YI2_ -~ uV2g = V2
P P
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where the subscript 1 and 2 refer to the points already chosen.

Solving with the Kramer rule we obtain:

Vip - Vig

V2p - Vzg le Vg - VZP Vlg (4)
X - =

®/11p - Vig v2g *ilp - Vig VI2g

¢/12p - V2g

®y1lp Vip

[0 4 Q a

YI2p V2p vip *Vizp - v2p “ilp

u o= : = (5)

*Y11p - Vig vog Wilp - v Hizp

“Y12p - V2g

When x is known then p =x". Obviously the model is not very accurate.
Nevertheless it is always very useful because it allows to take into account
both the wvariation of the internal resistance and the phenomenon of the cut-off
that, in many cases, could be extremely important. (For the indicated tube a
possible choice could be p = 30 103, M = 20 with the condition already seen
a = 1,5).
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 3CW30,00013

. WATER-COOLED  *
< POWER TRIODE'

"The Eimac 3CW30,000H3 is a water-cooled, ceramic-metal power
triode designed primarily for use in industrial radio-frequency heating
services. Its water-cooled anode is conservatively rated at 30 kilowatts of
plate dissipation with low water flow and pressure drop.

Input of 60 kilowatts is permissable up to 90 megahertz. Plentiful
reserve emission is available from its one kilowatt filament. The grid
structure is rated at 500 watts making this tube an excellent choice for
severe applications.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated-Tungsten Min. Nom.  Max.
Voltage - - = - - 6.3 \Y
Current - - - - - 152 172 A
Amplification Factor- - =+ - 20
Interelectrode Capacitances, Grounded Cathode:
Grid-Filament - - - - 48 - 58 pF
Plate-Filament - - - - 1.2 1.5 pF
Grid-Plate - - - - - 30 38 pF-
Frequency for Maximum Ratings- - - - - - 90 MHz
MECHANICAL
Base - - - - -« - - 4 - - . 4 - - -
Operating Position S T T T S T
Cooling - - - - - - - - - . - . . . -
Maximum Operating Temperatures:
Ceramic-to-Metal Seals - - - - - - - - - -
Maximum Dimensions:
Height - - - - - - -« =« =« - - . - -
Diameter e e e e e e e e e e e e,
Net Weight - - - - - - =« » - =« =« - - -

(Effective 11-1-68) © 1965, 1968 by Varian

- - See Outline
Vertical, base up or down
Water and Forced Air

250°C

- - See Qutline
- - See Outline

- - 12 pounds

3

Printed in U.S.A.



. . : 3CW30,000H3 @? —

- ) ° DIMERSIOWSE 1N IMCHES
@ - DHaENSIONAL DATA
MmN, MAX. REE,
70D 750

e  .Ee0

TEC - O
| 3792 T 2232
BP0 700 |

i L se8

[ 8.028 g Las i
| E020 5090

: =2
.375 ]
| P90 . E.0/0 ¢
QO S50
2300 2500
| 3.950 | &./00
[ 220 &850 |

®

AN

i

SEEMOTE ) E

WITH Y& S4E FLACE

S - i
]

/ /@/ I

5 lopase wareR rues —— /\_// e !

Sgai{""*§<‘t‘{hkﬂ)ik'\?\kt‘vnlm

FITIING NUTS. — ! .250

(SEENOTE 5 ) L X i 29 | /-
(wee Mie T ; -\ - T 1 | €.750
25D
J— , EOO0

@ L5300 | 9.000
I i L0200

e
@ — i 590

4 N !
—@ ©
— [ NOTESY

[__SMOINTING HILS IN

' MTG FLANGE.
(,P i E_LES DIMS. ARE FORINFO.
)

OrLY BMD 2LE MOT LEDID

— ROR ISR FLielosES.

T vy
S_ETTHEL FTTING ol BE
[ ’ , ; L — MOWTING MGE TEED B8 WEET
= S~ | @ e A
~ Z N G/
) @ Sl ponorawmer ‘:,Z eS¢ 2
T _@ — . C‘D S /TG, FCONGE, FIL LESDS §
; @ A ! : WATER FITTINGS 2PE 76 Al
: b GRID ALNGE CPIENTED 45 SHOWA/,
| 1 e L (EEE NETEE)
' |

ﬂ_ﬂJ:j_

’ j — @ L5 WOT ONTRET
~

/ CAAMENT LEADS

I




GRID VOLTAGE — VOLTS

PLATE VOLTAGE — KILOVOLTS

EIMAC 3CW30,000H3
TYPICAL .

CONSTANT CURRENT

CHARACTERISTICS -

PLATE CURRENT — AMPERES
-— —— — GRID CURRENT — AMPERES

( ‘
B A T A | s

7 8 9

10




1 - Tr-An

The Beam Loading Transient Analysis

The steady state sinusoidal linear analysis already made shows that if the
.béam is always in quadrature with the accelerating voltage then the beam current
(transformed) do not affect the final tube provided the amplifier is properly
tuned. Unfortunately the real situation is quite different because the beam
passes throughout the cavity in a very short time.

Each beam occurs every 6 periods of the RF voltage, and the tube could be
operated in Class C.

A simple model for simulating this situation is given in Fig. 4.

L2
- B4 AR - ¢ —& et~
ITP
Y(2) Y(3)
Cl Cc2 I(t)
+" o N + ] +
VB . ‘
C>VS _ Y(1) l E Y (4)
- —— ' —

Fig. 4. Equivalent circuit for the transient non-linear analysis. The
state variables are as follows: Y(1); Y(&) are voltages; Y(2);
Y(3) are currents,

After some elementary algebra we obtain the following set of differential
equations:

Y(1) = (-¥(2) - ¥(3) - ITP)/CL
¥(2) = (¥(1) - E)/Ll

¥(3) = (¥(1) - Y(4))/12

Y(4) = (IT + ¥(3) - Y(4)/AR)/C2

The beam current could have parabolic distribution and must be periodic
with period equal to 6T. That is we have a bunch every 6 RF cycles. The first

period is defined as follows:



2 = Tr~An

‘ o )
I(t)=-Ip 1.—(_2£._1.-_I.) T21<t<T+T
I (t) = 0.0 0.0 < =X

T+ T 2
I (t) = 0.0 > < t < 6T

The model for the tube current is not critical. Obviously the cut—off and
the dependency of the anode current upon the anode voltage are the most
important factors,

From the data sheet already seen we could assume:

- 1.5
= 5 *
IPt 0.3 10 (Vpk + 20 ng)

where E = dc anode voltagé = 11 kV; Vb = dc grid bias =-550;
VS = Peak driving voltage = 700.V; VPk = Y(1)
v

= V *SIN wt + Vb
gk s

The system was integrated with the normal fourth order Runge-Kutta method
and the results show that the tube does not see the beam peak current and that
the gap voltage remains reasonably sinusoidal even if the cut—off occurs.

In Fig. 1 the beam current and the gap voltage are represented for two
different values of the compensating capacity ACT 2 11 pF and ACE 2 13 pF.
Obviously the slope changes (because the amplitudes change) but the waveform
remains sinusoidal. In both cases the model was working on Class B condition.

We conclude that the standard linear analysis is applicable for the system

"Power Amplifier - Acc., Cavity.”
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The Power Amplifier

1. General Considerations

The final amplifier should exhibit a very low output impedance mainly

because this impedance appears across the accelerating cap, at best, multiplied
by the square of the voltage transforming ratio (N & Zd).

The cathode follower amplifier could be used but at 27 MHz the stabilizatiom
becomes‘critical and, on the other hand, the achievable output impedance is really_
low only on a very narrow frequency range. '

The grounded grid amplifier is always very stable but its output impedance
is very high (~ 40 kQ for Class A linear operation using the Eimac tube
3CW30, 000H3). The grounded cathode amplifier offers a relatively low output
impedance but must be neutralized in order to achieve the wanted stability..

The neutralizing techniques are well-known and for each one there are
advantages and disadvantages.

Among the very many the one which could offer a high degree of feedback is

the old and practically abandoned "split grid neuting circuit” that is shown in

Fig., l.*

Zp

Z
|

Fig. 1. Split grid neutralized amplifier.

|
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!
!
|
!
|
!
x
i
1

*Fig, 1 is only a functional diagram where the imput and output circuits (the
so-called 'externmal circuits') are not shown. Normally the Z impedances are
purely capacitive. When the grid current is not negligible then Zk and Zl becomes
complex. ’ .
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Where the impedances Z1 and Z2 take into account C and Cgp that are the

inherent capacitances of the tube,

It is well-known that over a

pk

theoretically infinite range of frequencies a

perfect neutralization occurs if and only if:

Z

’ Z
-2 (1)
k 1

If the neutralizing condition is fulfilled then the external grid and plate

circuits are connected across the
consequently, the circuits ignore
active element and the impedances

pattern that strongly reduces .the

opposing vertices of a balanced bridge and,
each other. Nevertheless the tube is an
Zp; Zk; Cl; C2 creates a negative feedback

amplifier output impedance.

The simplest possible equivalent scheme for the amplifier is given in Fig. 2.

i
|
4 iaa
|
L L I
—=C —C
2 P l
|
I o t "'_:?&g::
oYY Y N !
— . . |
C' —FCK |
|
|
>——s & io4+;
!
i

RF DRIVING VOLTAGE

LOAD

Fig.e 2, The neutralized amplifier connected
to the load and to the driver.
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And on Fig. 3 is drawn the equivalent scheme for calculating the amplifier output

impedance.
7 -~ C2
1 >= & o
G
Cp
-~ T~ <
S P TO LOAD
cl Ck
GmVg
- ¢ —jL -
Fig. 3. Equivalent scheme for the neutralized amplifier.

The impedance Z takes into account all the grid
external circuitry.

In the worst case we could assume that p = «; moreover if we assume

¢, = Cl; Cp = C2

the neutralizing condition is satisfied and the calculations are somewhat

simpler. Under the previous hypothesis the admittance seen from the terminals

aa is as follows:

: Gm + ijc2
Y(aa) = —-———C—i————

1+62-

that does not depend neither upon Z nor upon the load. This means that the

output impedance depend upon the parallel combination of a resistor Req and a

capacitor Ceq.
_ 1+ c1/c2

lReq - Gm
2
Ceq = ——— (2)
R S

cl  ¢C2
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It should be observed the resistive component is effective only if the tube is
"on". This is not the case for the capacitive component that is always present.

It can be shown that if the impedances Zp; Zk; Zz; Zl are purely capacitive
and the neutralizing condition is fulfilled then:

+
Cl Ck

pt I+ ¢./Cp

+
Cp Ck

Cgt = T+ g /el

where CPt and Cgt are the total capacities that appear respectively on the plafe
~and on the grid circuits while Cl is arbitrary and determines the degree of
feedback we like to introduce. (Increasing Cl the feedback is reduced and the

normal trade-off is to make Cl nearly equal to twice the value of Ck)'

2. The Linear Analysis

The triode Eimac 3CW 30, 000H3 can be linearized using the following

parameters:

Anode dynamic resistance p = 4009
Transconductance Gr = 0.05 Siemens
Grid tolcathode capacity Ck = 60 pf

Grid to anode capacity P = 40 pf

and in Fig. 3 is given the amplifier eq. scheme prepared for the ECAP ac
analysis. It should be noted that we assumed a load of about 700 i, That
surely represents the worst case (cavity shunt impedance ~ 0.8 M{; anode ac
voltage ~ 6000 V; N = 33,8).
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The first three plots give information for the transfer functionms. Namely
the ratio NV1/NV4 = 0.65 should be interpreted as follows.

The input impedance is equal to ~ 8.6 k§ and if we need 6 kV on the output
we need a driving current near to ~ 1.07 amp. That meané ~ 5. kW, while the
amplifier is generating 6 kV on 700 & which means an output power Wo equal to
~ 25.7 kW.

The real voltage gain Go should be measured beiween the driving node
(NV(2)) and the driven node (NV(1l)) and we find Go = 12.29.

On the last plot we have the output impedance that, due to the feedback, is
reduced to 54 Q,. .

It should be observed that the situation we have simulated is really the .
worst case because we assumed that the grid circuit is loaded with 2000 & (see
the listing for ECAP).

Normally much larger resistors are used and the input impedance can be
easily raised by a factor of 3,

Moreover if an anode voltage of 10 kV is required then the anode load
‘should be near to 2000 Q,

Consequently we conclude that in any case the split-grid neutralized

amplifier would be effective,



ECAP.

-
3.
L
Se
€.

T 7.

B'

G
10.
11.
12.
13.
lé.
15
16.
17.
1B.
19.

NO FATAL INPUT ERRORS DETECTED,

i

AC ANALYSIS

Bl
B2
B3
B4
BS
B6
B7
88
Be
Bl0
Bll
Rlz
B13
Blé
M1
Tl

aC ANALYSIS
N{l1+0)yR=400.
N{l+0)yC=0,40E~10
N{(1+0)sR=T00.
N{l+0)9sL=0.,35768BE-6
N(ly2)+C=40,E=-12
N(l14¢3)eC=40.,E~12
N{2+0)+sC=0,1E~9
N{3+0)sC=0,1E~9
N(2+0)eR=0,1E4
N{(3+0)+R=0,1E4
N(243)sL=0,49638BE-6
N(4s0)+C=0,T70E-10
N(4e0)eL=0,49638E-6
N(&4s0)2R=1.E64I=].
B(13s1ll)el=0,1E=7
B8(931)eBGM=0,05
FREQUENCY=2T.E6
EXECUTE

09/i5/84 00.37.46s

7 - Amplifier

T TTPAGE NO, 1

EXECUTION INITIATED.

.
.

FiuAL AHALIFIER  EB&. HoDEL
FOR Ac

ECAP ANALNSS

BL

[ ——mn]

L
H

238

|
o

B

\J.u‘o) ] R = 40,

RS e P,




ECAP. AC ANALYSIS

09/15/84

8 — Amplifier

09.37,46. PAGE NO. 4

L L R A S TR Y L1 Y Ty T Ny P o Py Sy Sy v i S oSy SNy oS-

+5526E+ 04"

+ 54 15E+ 04 %
+5305E+04%

e S5194E+04*
_* L5083E+04%
o kS TIE+O4*

_ N ._+4B62E+04n
D J4TSIE+04®
_ D 4641E+04®
E +4530E+06&s

. v 44 1QE+ 04

V  «4309E+04»

0 +AL9BE+04w
«hOBTE+Q4®
+3976E+ D4
¢ 3866E+04%
«37SSE+04
E  «3644E+04*
_e3534E4 04+
«3423E+04%
«3312E404*
e 3202E+04%
e3001E«+04*
-« 2980E+04*
«2BT70E+04+
«2T7S59E+04%®
s 264BE+04®
+2537E+04=
«242TE+D4 ™
1 «2316E+04*
__s2205E+04¢
«2095E+04+
«1984E+04%
»1873E+04»
«1T63E+04%
«1652E+04
s 1561E+04%
e1431E+04
«1320E+04%
¢ 1209E+04*
«1099E+04
+987BE+03*
«8TTIE+O3%
«T664E+D3*
«6557E+Q3*
«5451E+03®
e 6344E+Q3
¢ 323TE+034%
«2130E+03%

L
=T
A
6

- -

moozx

“ro<

wn

L d

RS T FXTRY kTS ST STV S LRl l L LI Y TY VR VRV P o PRl F-wrh PRy 2+ 2 Fuyt X s Tapy-rr yope™
«2652E+08

«2500E+08

PLOT 1

X
XXX XXX
XXXXXXXXX XX

»2576E+08
«253RE+08

XX

X X
X

X

i
I

!
!
I
i
|

H
i

A tle R
B t .

i

|
|

|
i
l

& kR RE K

XX
xx
X
X

i

XX
XXX

xxX
XxXyx

«2614E+08

«2T2TE+ Q8

.2690E+08
¢ FREQUENCY

«2765E
HLRZ *

XXXX .
XX XXX
XXXXZXXXXXX .

BERL R BN Ju s wtei  ne s s iR XXX XXXN XX

«2803E+08
«2RAL1E+ OB

«2879E+08
+08

LI B BE N NN B R BB IR AN J

'
q

S L LS et AR E R RE LIRSS



ECAP.

AC ANALYSIS

+B4BBE+ 04

v
0

«8326E+04%
sRIBLE+04™
.BOO2E+04w
«TBLOE+ Q4
+T6TBE+04®
v T516E+04w
s T355E+04®
«T193E+04%

T WT031E+04*

«6BAIE+ D4

V' L BTO0TE+04®

e 6545E+04¢

L
T
A
6
£

T

Mmooz

N4~ o<

*®

.B3B3E+04»
S6221E+ 06
«605GE+ 04«
«5BGRE+ 048
«ST36E+04+
«S5T4E+ Q4"

A +B&12E+04°

«S5280E+ 04
«S50B88E+04*
f 49 26E+04%
P4 TOGE+ Q4™
LB OP2E+OGH
s b4b'41E+ Q40
-« 4279E+ 04
«411TE+Q4s
¢ 3955E+ 04"
«37Q3E+ 04"
«3631E+04¢

T «3669E+04%

«3307E+Que
+3145E+04¢
«29B4ES Db e
s 2B22E+04"
e 2660E+04*
T W249BE+04*
«2336E+04¢
«21T74E404%
«20)12E+0D4s
«1850E+04®
«16BRE+ Q4 ®
«1527E+04
« 1365E+04®
«1203E+04+
+10641E+D4®
«BT90E+03e
«7171E+03%

«2500E+08

05/15/84 09.37,46» PAGE NO. 7
T R L L T L T L 21T LN L1 PO Y T TRY TUPNET T SPPIRINS Py SRR Y g
— RN D Xz ..
<X X *
X : -
i IR -
X @
S, - — - .
X @
e e ——— z — —————
»
X - X T - - T T -
L )
-y - —_— e
~
- - - -
X -
- —— e
X -
o e e e e e e e -
~ r———— _x. x *
*
X X *
*
b 4 *
. *
L 3
TouT o - -*
x *
x - = T *
x *+
“
x *
X - ) X - e
X X -
X X ° -
X X *
X X -
X KX .
XX b ¢ -
X XX . _ *
XX XX -
XX XX -
XX -
XX XX .
XXX XX »
XXXX XXX e *
XXXX XXX .
XXXXX _ XXXXX e *
XXXXXXX XXX XXX -
. . R 555XXxx§xx_ *
.55525+03‘XXXXXX0oo,¢0904Q0i6,.oo.¢u¢.g.;foo;ccoa.cl'e¢.o¢cZ3(;3230737733i;:;;;?ii?#(nc;;T;:6G+5.;67i5"““'."XXX
«2576E+ 08B +2652E+08 «2T2TE+p8 «2B03E+08 «2B79E+ (08
+2614E+0OR .2690E+08 .2T65E408 «2B41E+08
& FREGQUENCY HERZ *

PLOT ¢

«2538E+08

9 - Amplifier

XXXXXXXXXX




L 4522E+03¢

N__ +3981E+03*

10 - Amplifier

ECAP. AC ANALYSIS ' ue/19/84 09.37,46. PAGE NO. 10

-‘6)3E+03-{'oo+¢a9n.-eo«+¢c04,;opa¢oaq..booc+oc§o.e'bi+oofcoﬁ¢x0+bu‘¢.o*#c.oi«éOéo-a¢o¢¢‘,,o.a+o¢o;;d;o¢+ﬂoua.oG.@#
. e e U S0 SV ——
s 44 32E+03 % X X
4 4342E+03 .. . : x e . . -
«&251E+03# X
& L4)61E+03% . ;L S
«40TIE+0O3* X

N . . . . . L .
0 «3890E+03% X
D «3800E+03% .
E +3710E+03+ X
+3619E+03% X
V  +3529E+03* X
_ 0 _+3439E+03® . o
L «3349E+03+ X
T
&
G

«3258E+03*® ] X
«3168E+03% B 4
. +307BE+03* X
E «2987E+03% R 3
«2B89TE«03*®
AT L 2BOTE+03%® ’ TTTUTTX -
T +2716E+03¢ X
e 2626E+03¢ ’ X -
N «2536E+03% X
0 2666E+03% X
D . .2355E+03% X
E .2245E+03¢% ¢ . X o B
s 21 75E+03% X X
«20B4E+03 % X
«1994E+03% : X
2 +1904E+03+ X
. 1B164E+03% X X
T s 1T23E+03% X ) oo T -
«1633E«+03% X X
»1543E+03% X ’ X
e1452E+03¢ X X
«1362E403» X ’ X
«1272E+03¢ X X
«1181E+03* ) :
«1091E+03% ) X . XX
.1001E+03% . XX ’ X
«9105E+02 XX XX
+B202E+02* X ) XX
« 7299E+02* X XX
T . 6397E+02s xx T CoTmmeT xR
«5494E+02% : XXX XX
®  L450G1E+02¢ XXX ) ' XX
»3688E+02% XXXXX XX XX
»2785E+02+ XXXXXX : ’ s ST T TR xxX
+»1B82E+D2* XXX XX XXXXXX XXXXXXXXXX
TeOTBAE+OLI XXXXXXXXXXX#CE 2o BB sonuistan, PRTT IR T Y 2 YR TR T er ¥ X 2 e n‘i.‘iiie.11¥1+063¥"300ﬁ+60uo.&oouxxxgyxxxxx[
.2500E+08 «2576E+08 .2652E+08 »2727E+ 0y +2B803E+08 «2879E+08
.2538E+08 +2614E408 . 2690E+08 L 2T65E+08 +2B41E+08
pLOT 3 « FREQUENCY HERZ *

UJ—CF'O<

'
|
'
i
!
|
‘.t"“‘.t.t“"“'#‘t##..#t“‘#‘.‘t##ﬂ‘#‘tﬁt#'#&#



11 = Amplifier

ECAP. AC ANALYSIS 09/19/84 09.37.47. PAGE NO, 1
1. AC ANALYSIS
; 2. _Bl N(1+0)sR=400, . . B
3. 82 N{l90)sC=0.40E-10
4, B3 N(1y40)sR=T00, . o e
5. B& N{(1+0)sL=0,35768E=6 i
... ..6e. BS H(l,y2)+Cm40,E-12 e e . e s e,
7. B6 N{1s3)+C=60,E-12
8. _B7 N{240)4C=0,1E=9 = i —
9, B8 N(3+0)¢C=0,1E~9
10. B89 N(2+0)+R=0,1E4 o e B

1l. BlO NI(340)sR=0.1E4
——i2s Bl1l N(2+3)sL=0.,49638E-6
13. Bl2 N(4s0)+C=D,T0E=10
l4. Bl3 N(&,0)eL=0,49638E~6
15. Bl4 N{&40}R=1,E6
- 164 815 N(1s0)sR=1,E6rI=1.
17. «1 B{13+11) e =0.1E=7

. 18. 11 B(9+1) +6M=0.05 _— P, —— e
19 FREQUENCY=2T7.E6
20 EXECUTE

NO FATAL INPUT ERRORS DETECTED, EXECUTION INITIATED.

FIuAL ANPLIFIER E& HODEL
FOR AC . ECAP RNALRSS

S ‘ x===jj:j==ﬂ ML

—]
|
|
l
1

M B(13,4)  Le0re7 B W40 | Rapm
— TL 8(8,1) ,6H.005 e

BI5  N(1,0) ) R=4.EL, T24. IS USED oNuy FOR HEASURIVG
THE OLTPUT IMPEPRICE .



12 -~ Amplifier

ECAP. AC ANALYSIS ' 05719784  09.37.47. PAGE NO. 4

e L T R 3 4 02 3t T Ll T I Y T T v S o e S g S
2 D%4BE+02% . . e e e XX XXX XXX XXX_

«5446E+02* X XXX XX XX
 «B445E+02% XXX e e e XXX
«S444E+D2S - XX XXX
©  .S4AZ2E+02¢ XXX e el XK.
W 5441 E+ D2 XX XXX
_35439E+02¢ - XX

N C e
0 ,543BE+02% XX XX
D
£

LR - A 1

;
i

+543TE+02% XX e XX -
.54 35E+02¢ XX XX

+S5436E+02* TXXX L - . X

+5433E+02% XX T T ) XX

__*5431E+02+ XX ) _ XX

«5430E+02¢ XX XX

5429E+02% XX . ) X

54 2TE+02* XX ) T ’ X
+5426E+02% X , ] XX
«5425E+02% XX : ’ o ) ’ X
+5623E+02#XX ) N X
«S5422E+02XX ’ X
.5420E+02% ) o %

2 541GE+02 % : X

N ..5618E+02% . B X
0 .S416E+02#% . XX
0
E

.
i
MO B~ 0O <

A
T

+5415E+02¢ . T o KK
«5414E+02% XX
+5412E+02% : . o X
+5411E+02¢ X
.5410E+02% XX
1 +5408E+02¢ XX
«5407E+02+ . e A
+5405E+D2e : X
«5404E+02% . . X
.54 03E+ 02+ X
+5401E+02% . XX
+5400E+D2e . - X
 «5399E+(2+ R : XX
+53GTE+02* . X
+5396E+02+ o - . — . . S W
V. +5395E+02+ X
0 «5393E+02% . . Do XX
L +5392E+02+ ' o X
T __+5390E+02% : X

]
H

+S3B9E+02e X

«53BBE+024 : L ] ) X
*  ,53R6E+02* . ’ - X

«5385E+02¢

«5384E+02+

+S3R2E+02* X

t’#tt.t“"#*#“ta“#.t#tOﬁﬁttﬁthttt;tl.t’tl’t

»n

!
|

RCKE RIS IR T I Y 2R T X2 IR R T 2PN L L IR TY POEY Y PR TR SR Y YR PUvl T8 FY X Fwey ¥ T gy R ST Yy T2 W Y T T et X ey ey 7 1 TSR Ry

.2500E+08 «2576E+08 «2652E+08 «2727E+08 ~ZBQ3E+08 ) _=2879E+08
.2538E£+08 +2614E408 «26G0E«08 -2TESE+08 «2841E+08

PLOT 1 « FREQUENCY HERZ *




