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- FINAL REPORT

'“1

,“ I. INTRODUCTION

This report is prepared in accordance with the requirements of Contract
DAAB07-71-C-0120. It covers the period from 10 February 1971 to 19 May 1972,
‘ The objective of this program, as stated in the U. S, Army Electronics Command
9 Electron Tube Division Technical Guidelines for "Electron Beam Semiconductor

= Devices" dated 28 August 1970, is to (a) evaluate the capability of an electron beam-
e semiconductor pulse amplifier for switching repeated short pulses of a few amperes
. with nanosecond risetime and (b) construct semiconductor diodes for use as an RF
5 amplifier in an electron beam device,

Phase A of the program required the fabrication, testing, and delivery of five

‘ Watkins -dJohnson Model WJ-3650 pulse amplifiers with an objective output pulse

3 voltage of 200 volts and a risetime of less than one nanosecond into a 25 ohm load.

." j Phase B required the fabrication and delivery of te:n Wa tkins-Johnson electron beam
, diodes with the N~ (drift) layer reduced to 11 micrometers in order to minimize

»f transit time effects at frequencles up to 3 GHz when used in an electron heam~
e semiconductor amplifier.

Phase A of the program was completed with the delivery of five WJ-3650 pulse

amplifiers, Tests performed during this phase showed that this device is capable of
producing single-polarity pulses of 150 volts with 1.5 nanosecond risetime and dual
polarity pulses for push~pull operation of 225 volts peak-to-peak with 3 ns risetime.

Phase B of the program was completed with the delivery to ECOM of ten semiconductor
diodes mounted on studs,
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2. DEVICE DESIGN AND FABRICATION

The WJ-3650, used in Phase A, is an Electron Bombarded Semiconductor Video
Pulse Amplifier having the specifications shown on thie Developmental Specification
Sheet of Appendix 1,

The diodes delivered in Phase B are identical in size to thosc used in the WJ-3650
but are modified in thickness and resistivity.

2.1 WJ-3650 Design and Fabrication

The WJ-3650 consists of a circular-beam electron gun, shown in Figure 1, a
meander line deflection structure shown in Fig. 2 and a semiconductor target
shown in Fig. 3. The semiconductor diodes which are fabricated by Signetics
are interconnected for Class B operation. Each diode used in the WJ-36%0

has an N= (drift) region that is 50 micrometers thick with a resistivity of 38
ohm-cm. The size of the active area is 1.0 mm x 2.5 mm or 2.5 mm2, These
diodes were passivated with a 3 micrometer layer consisting of 1 micrometer
of thermally grown oxide and 2 micrometers of phosphorous glass. A drawing
of the WJ-3650 target is shown in Fig. 4.

Figure 5 shows the WJ-3650 after pumping and cathode processing and prior to

casing. The electron gun can be seen through the glass bulb at the left
and the RF output connector is at the right. The left hand connector on top is
the RF input and the right hand connector is the output of the deflection structure

which is normally terminated.
The cased WJ-3650 is shown in Fig. 6.

2.2 Diode Design and Fabrication

The diodes delivered under Phase B of the program were designed at W-tkins-
Johnson and fabricated by Signetics. These diodes have the same active area,
2.5 mm2, as those used in the WJ-3650 but the diode thickness and the resis-
tivity were changed as specified in the Technical Guidelines. Thickness of

the N™ region is 11 micrometers and the resistivity is 22 ohm-cm. The surface
passivation was unchanged from that used in the WJ-3650,

Ten of these diodes were mounted on especially designed studs and delivered
to ECOM.
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% 3. DEVICE TESTING
yow . . | . !
4 i !
F § All five WJ-3650 pulse amplifiers were tested prior to delivery to ECOM, :I'he
E ten diodes were tested for their voltage breakdown characteristics before delivery,
1 3.1  WJ-3650 Testing I !
b % i .
& f ) . '
f % The five WJ-3650 pulse amplifiers that were delivered were tested for their’
1 é, performance characteristics prior'to shipment. The results of these tests '
B are summarized in Table I. : ‘
WJ-3650 Serial No. z ’ .
Characteristic 6 8 9 10 11
. . !
1. bulse Output Voltage A - : , :
% A. Positive (volts) 150 | 160 |'120 105 | 120 o !
& B. Negative (volts) 150 160 | 120 '| 105 120
2. Pulse Risctime (ns) L5 | L5 JLs | L5 |, L S
i 3. Input Voltage (volts) 7.0 |10 |10 0 | 10
4. Duty Cycle (percent) 2 2 2 2 2 1
£ ' ‘
w5 !
n Table T - Summary of Final Test Data on the five deliverable WJ-3650's,
i
i Load impedance was 50 ohms.
by The pulse voltages listed above are all for single polarity pulses.
t’ '
f In addition, tests were made of the pulse output characteristics when operated
b in the dual polarity or push-pull mode into both 50 and 25 ohm terminations.
| ‘ Figure 7 shows photographs of sampling scope traces of the input and output
* pulses for a WJ-3650 operating into 50 ohms in the top photograph and 25 ohms
" in the lower one. The upper trace in each photograph is the input pulse and
. the lower trace is the output. In both cases the output is operated in the dual
polarity or push-pull wode. This means that with no drive the amplifier is putting

-9 -
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10 volts per centimeter for the upper (input) traces in hoth photographs and 30 and

F.. 40 volts respectively for the lower (output) traces.
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out a negative voltage of approximately one~half of the total pulse voltage.
When the input pulse is applied the output starts at a negative voltage, goes
to a positive peak and then returns to the original negative value. In this
mode, a substantially greater voltage pulse can be achieved than is possible
in the single polarity mode.

In the upper photograph, operating into a 50 ohm load, the output pulse
voltage is 225 volts and tise pulse risetime is 2.2 nanoseconds when the input
pulse risetime of 1,0 nanosecond is subtracted,

In the lower photograph, operating into a 25 ohm load the output pulse voltage
is approximately 200 volts with a risetime of 1.0 nanoseconds when the input
pulse risetime is taken into account,

The total signal delay through the WJ-3650 was measured to be slightly less
than 3 nanoseconds.

3.2 Diode Testing
b
e The ten diodes delivered to ECOM were each tested for its voltage breakdown

characteristics prior to shipment. The voltage at the 100 microampere point

2
S35

« for the diodes is shown in Table 2, belos.
é Diode No. Voltage at 1,0 mA
; S 1 160 volts
v 2 150 volts

3 145 volts

4 160 volts

5) 130 volts

6 140 volts

7 150 volts

3 8 150 volts

5 9 145 volts

b 10 145 volts

Table I - Voltage breakdown characteristics of the ten diodes.

b

‘ : A typical diode oscillogram of dinde current versus reverse bias voltage

B is shown in Fig. 8.
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! 4. SUMMARY AND CONCLUSIONS
i
4 This program was divided into two phases. The objective of Phase A was the
3 fahrication, testing, and delivery of five WJ-3650 pulse amplifiers. During
5 Phase B, ten diodes were to be fabricated and delivered. During Phase A,
5 eleven WJ-3650 amplifiers were built and tested and five were delivered.
bt
3
"’ Typical performance characteristics for the delivered WJ-3630 amplifiers were:
Pulse Output Voltage 130 volts
Pulse Risetime 1.5 nanoseconds
Input Voltage 10 volts
Duty Cvele 2 Percent

During Phase B, twelve single diodes fabricated and ten were delivered, mounted
on studs. A tvpical voltage breakdown for these ten diodes is 140 volts.
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Ul ,A WATKINS JOHNSON

ELECTRON BOMBARDED SEMICONDUCTOR
(EBS) RF AND VIDEO PULSE AMPLIFIER

The WJ-3650 is one of a new series of Watkins.
Johnson Electron Bombarded Semiconductor (EBS)
components. This device amplifies pulses of either
polarity and delivers an amplified vo'tage autput pulse
with nanosecond risetimes. Alternatively, it can be
used as an RF amplifier to produce a peak power out-
put greater than 125 watts (50 ohm load) and wide
instantaneous bandwidth.

The WJ-3650 utilizes an electron beam that passes
through a wideband defiection system. An input signal
deflects the electron beam between two silicon semi.
conductor diode targets. Since the pair creation en.
ergy of a silicon semiconductor lattice is 3.6 eV, each
10 keV incident Ueam electron produces thousands
ot carrier pairs, resulting in a current gain of about
2000. In the absence of an input signal, no beam cur-

WJ-3650

¢ PULSE OUTPUT VOLTAGE 250 VOLTS
(DUAL-POLARITY)

o PULSE RISETIME LESS THAN 2
NANOSECONDS

o PEAK POWER OUTPUT 125 WATTS AT
27 dB GAIN

reni is ntercepted by the diodes and thus no output
sigrial resuits,

For maximum efficiency, a voltage swing across the
diode from: zero to the maximum output voltage is
desirable. This will result in the positive half of the
sine wave being completely intercepted by one target
and the negative half of the sine wave intercepted by
the other target. Efficiencies as high as 50% have
been measured.

The basic frequency response of the WJ-3650 is that
of a broadband low pass amplifier. This response is
fargely limited by the capacitance of the diode and the
load impedance. The transit time of the carrier pairs
through the diode also has an effect. Pulse risetimes
of 1.0 nanosecond are attained into a 25 ohm load.

SPECIFICATIONS

PERFORMANCE CHARACTERISTICS
Time Domain

Fast Rise Mode
(Load Impedance: 25 ohms)

High Veltage Mode
(Load Impedance: 50 ohms)

Video output voltage .. ............. LWG190velts L e 250 volts
Pulserisetime . ....................., 1 nanosecond ......................... 2 nanoseconds
Video inputvoltage ............. B 1 o ' | . 10 volts
Pulse polarity ............ e oo Dualpolarityt L. L. ... .. .. Dual polarityt
Dutyfactor .........................4percent...... e treeesaieeraeaeeeaenesa.. & percent
Frequency Domain

RFoutputpower ................... L175watts ..., ... et iieeeaeaaaeeras. 125 watts
Frequency response (3 dB) .......... .DC=320MHz ...... . ..... vt e .. DC =160 MH2
RFinputpower ......................025watts ... ........ccivvvvnnnnneenne... 0.25 watts
Powergain .........................285dB ......... P A - |

DUty factor .. .. o 2PEICRNE L L i eeeee . @ percent

JULY 1972
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SPECIFICATIONS (Contd)

$ ELECTRICAL REQUIREMENTS

Heatervoltage ac .................... BOVOItS ... it it 5.0 t0 6.0 Vac

3 Heater current .............ccuvvnens 0.8 A ittt 0.6t0 1.0A

4 Cathode voltaget ...................0s =I5KV i ~12to —15 kV

Cathode current .................... BMA L e e 2to 5 mA

é Grid bias voltage? ................... ~150volts . ...... .. i e —-140 to —180 V

|7 Grid pulse voltage3 (peak) .............. 135 VOIS .. vvi it e et 130to 180 V

‘ Gridcurrent ............iiiiiiiannn lessthan S pA ..o i iiin ittt Oto5 pA
.- Ancde 1voltage? ..................... BBOVOIS ..o v et veee e eerenaaanns 500 to 700 V
8- Anode 1 current ...........c.0iinninn lessthan B A .. . ittt Oto5 pA
| & Anode 2voltage? ..............oivunn, 1300 volts ............. e eeeaeneares 1400 to 2000 V

3 Anode 2 current .................. .o.dessthanB A Lo iiiiiiiiii i ....0toB5pA
4 Targetlvoltage* ..................... +200volts ........coiiiiiiiinnn e 150 to 250 V

i Targei 2voltage* ..................... =200 volts . .......ciiiiiiiiiiie —150 to —250 V

; Targets 1 and 2 current (peak) .......... 75A......... e e vee s . BtO9A
1 4 MECHANICAL CHARACTERISTICS
; % Length ... 10.75 inches (273 mm) max. (excluding connectors)
Cross SeCtion .. ... i i e e e 2 x 2 inches (51 x 51 mm) (excluding connectors)
- L1 L=~ S 3 Ibs. (1.36 kg)
T COMNECIOIS . L.ttt e e e e SMA, Jack

# COONNE ettt e e Conduction through baseplate
¢ i ';o ;E:h plus or minus output voitage can be obtained.

Y 2. Indicated voltages are with respect to cathode. Body is at grcund potential,

3. indicated voltages are with respect to the grid bias voltage.
4. Indicated voitoges are with respect to ground potential.

SCHEMATIC DIAGRAM
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INPUT - VOLTS
Output voltage of W1-3650 as a function: of input voltage.
Note linearity up to saturation point.
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TP R R T R W AT s ¥ T FG TR v e T iy W e
4
RF INPUT TYPE ~ MEANDER LINE TERI*INATION
SMA FEMALE —-\ ", TYPE SMA FEMALE
ot 18" B i 3.80 — s . 3.02 ---—’-4\
NOM. NOM, \ NOM.
\ —~of |- 0.20
\ NOM.
RF QUTRUT
TYPE SMA
] FEMALE
' ' } 1 215
2.00 ® Q @ NOM.
1 (]
——— + i\iﬁmml 3 | g ‘
\~ TARGET BIAS '
172 3.50 50 L 1
' ’ "1 Now, 208 I-L 3] |\ 232 0Nc-2
- 10.50 x 0.32" DEEP
NOM. fete 2.00 —= (6} PLACES
TARGET MOUNT
AND HEAT SINK
TwWiN
BEAM- 50¢ DEFLECTION SYSTEM SEMICONDUCTOR
FORMING TARGETS
ELECTRODES
SHEET
fLECTRON
BEAM
MEANDER LINE
GROUND PLANE
GRID FOR CURRENT CONTROL
OR PLLSE MODE MODULATION
Schematic of the balanced twin-target EBS amplifier using defiv:tion modulation,
60
WJ-3650 /
/
A
50 / ,’_\‘
/ ,wl0.050s 8= GRounD POTENTIAL~,
[ ] / O—OMF.!* PACA !‘u\,. —
5 : 1 ’
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: -/ : o -
A e e R
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f : f Actual data of response to an input pulse of 6.0 volts,
1o)—- - ——«l-~ I WL ] with a single diode target, Qutput risetime is 0.65 nsec.,
| i . since only one-haif the dual target capacitanceis present.
{
| | |
| ' ! |
. | | e !
2 4 ) 8 10




A

1 248

/4 .

248

e E /?zo.m

4 i)-3650 (/“"B

H 20 MHz '

k- +100 BIAS /

al- 7 ) T

,& o L4

d / / § |
: 7 s / g
& g / / 2r e
B L% 4 2 / R
4 = 78 ; ;
- a. ! g /

b2 = /

’f ? 10‘7--;L-

risetime. Output risetime is 1.3 nsec.

0F—- //
P / A PPy GROUND POTENTIAL
¢
C / Actual data of response to 10 volt input pulse; 1 nsec

) "% 0 10 2 3 a0
' Py - d8m

b Output power for the WJ-3650 as a function of input power.

_: Note linearity.
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