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Before 1943
Audio 20 W power amplifier based on EL34 Output thermionic valve

Let’s open the EL34 Valve Data Sheet!

T.1 - Historical Review 3/ 18



Wiring board History Wire wrap Technology Copper Clad Prototyping Technology FitSAT

Before 1943
Audio 20 W power amplifier based on EL34 Output thermionic valve
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Before 1943
Wiring example
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Dr. Paul Eisler (Viena, 1907 – London, 26/10/1992)
Invented the Printed Wiring Board.First 5 valves radio

He developed the first 5 valve radio with Printed wiring board.

Fig. 1: 5 valve radio receiver patent
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The patent document GB639178A

Let’s go deeper into the Patent !
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Dr. Paul Eisler life

He managed to convince a lithograph company in Camberwell to take on his idea of printed
circuits in 1941. As a sign of faith, he signed the contract without reading it and unwittingly
signed away his future rights.
In 1943 he took out a patent for using printed circuits in a variety of products: cables,
interconnections, aerials, transformers, motors, valves and heated wallpaper. However, he found
no demand for his product until the Americans started work on the proximity fuse to bring down
V1 Nazi rockets, and for which printed circuits were vital.
Following the end of the war, the USA released the secret of printed circuits, and from 1948 all
electronics in airborne instruments were printed.
Eisler was responsible for a number of other popular developments, including the rear windscreen
heater, heated clothes and also a pizza warmer, to enable a customer to keep his take out pizza
warm by plugging the box into a battery powered by the car.
Like so many of Eisler’s inventions, however, it never made the transition from idea to commercial
success.
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Wire wrap Technology
popular for large-scale manufacturing in the 60s and early 70s

Fig. 2: Computer Wire-wrap backplane detail Z80 1977

Wire-wrap WIKI
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http://en.wikipedia.org/wiki/Wire_wrap


Wire-Wrap Tutorial for electronics

Open with Adobe Reader 9 or higher.

Youtube video



http://www.youtube.com/watch?v=8SSOKppwpAE
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Copper Clad
Usage from 1945s to the mid-1970s

Example 1
Example 2

Example 3
Example 4
Example 5
Example 6
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Prototyping
For early prototype development

Example 1
Example 2
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Prototyping
For early prototype development

Example 1
Example 2
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Graphic Chart ,Black Crepe Paper Tape, 1/8 ′′x 324 ′′,
1960
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Letraset R©
Usage from 1960s to the mid-1980s

Letraset Information Kalkitos (Gillette) Information
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Low Noise Converter
Nowadays FIT-Sat. 5.8GHz Low Noise Converter

1 2 3 4 5 6 7 8

A

B

C

D

87654321

D

C

B

A

Title

Number RevisionSize

A3

Date: 1-Nov-2011 Sheet    of 
File: C:\Documents and Settings\TAKATA\My Documents\001_protel\110706_NIWAKA\FIT_NiwakaSatellite.ddbDrawn By:

8
×

6
　

0
.9

J

Z
N

R
1

E
R

Z
-V

F
2
M

2
2
0

GND

λ
/
4
 

5.8GHz Patch Ant

C1 3pF

C
2

N
C

C
3

N
C

GND

L
1

1
.5

n
H

C
4

2
p

GND

R
1

3
3

C
5

1
0
0
0
p

GND

G

S

D

Q1
VMMK-1225

GND L
2

1
.5

n
H

C
6

2
p

GND

R3 22k

R
2

4
.7

k

GND

R
4

3
3

C
7

1
0
0
0
p

GND

3
V

/
2
0
m

A

RF1st Amp.
Ga=15dB NF=0.5dB
GaAs HE-HEMT@252

G

S

D

Q2
VMMK-1225

GND

C8 1pF

L
3

1
.5

n
H

R
5

3
3

C
1
0

1
0
0
0
p

GND

R
6

4
.7

k
C

9
2
p

GND

L
4

1
.5

n
H

C
1
1

2
p

GND
R7 22k

R
8

3
3

C
1
2

1
0
0
0
p

GND

3
V

/
2
0
m

A

GND

RF2nd Amp.
Ga=15dB NF=0.5dB
GaAs E-HEMT@252

FB1

FB-1

C13

4p

Ga=-2.5dB
5.8GHz LC BPF×２

BPF@=??? Murata

GND

GND
GND

Ga=-6dB  Iso=-35dB
DBM

DBM@=1827 Mini circuits

Lo=+4dBm
GNDGNDGNDGND

Ga=-1.0dB    ob=-25dB
500MHz LPF

LPF@=92 Jhonson

40mA

GND

GND

1
0
m

A

Ga=18dB  NF=1.0dB
 440MHz IF Amp.

@=164Avago

C15

100p
Gnd

in bias

out

Gnd

IC1
MGA-68563-TR1G

GND

R
1
0

4
.7

k

GND

C
1
6

1
0
0
p

C
1
7

0
.0

1
u

GND

GND

C
1
8

0
.1

u

GND

1
0
m

A

Ga=-1.0dB    ob=-25dB
500MHz LPF

LPF@=92 Jhonson

GND

GND
C19

47p

Ga=-3.0dB   

3dB IF Att.

C31

100p

3B Local Att.

L
7

5
-0

.6
-5

T

GND

GND

Local in
5.4G/-6dBm

C
2
8

1
0
0
0
p

GND

C
2
7

0
.1

u

GNDGND

C
2
1

1
u

GND

E
E
E
-
H

A
1
A

1
0
2
P

GND

C
2
0 4

.7
u

C
2
5

1
u

GND

E
E
E
-
H

A
1
A

1
0
2
P

C
2
2

4
.7

u

GND

50mA

dnc
3xdnc

2xdnce/d
outVcc

Gnd

X1

D75J-050.0M

50MHz TCXO

Analogue TCXO3.3V/6mA

GND

C
3
5
1
2
p

C
3
3

1
0
0
0
p

GND

F
B

4

F
B

-1

C
3
4

4
.7

u

GND

+3V

50.000MHz<±1ppm

@=1981 Connor Winfield
@=?? Toshiba

×９　Multiplier
Ultra speed C-mos gate
3.3V/4mA

GND

F
B

5

F
B

-1

C
3
7

1
0
0
0
p

GND

C
3
6

1
u

GND

C39

47p

4
m

A

6
m

A

1

2

3

4

5

6

78

FL5
B39461B3590Z810

450MHz SAW Filter
460MHz Wide Band SAW
-2dB/450MHz oB=-30dB

@321 EPCOS

GNDGND

C40

47p
2

3 4

5

61 Vcc

Gnd out

in

IC6 UPC2746TB

GND

450MHz Amp
Ga=19dB/NF=4dB
3.3V/8mA sat=0dBm

@??? NEC

GND

F
B

7 F
B

-1

C
4
2

1
0
0
p

GND

C
4
3 0
.0

1
u

GND

8
m

A

1

2

3

4

5

6

78

FL6
B39461B3590Z810

C44

47p

450MHz SAW Filter
460MHz Wide Band SAW
-2dB/450MHz oB=-30dB

@321 EPCOS

GND GND

C45

47p

2

3 4

5

61 Vcc

Gnd out

in

IC7 UPC2746TB

GND GND

C
4
7

1
0
0
p

GND

C49

22p

F.Doubler
Ga=19dB/NF=4dB
3.3V/8mA sat=0dBm

@??? NEC

R
1
4 4
7

C
4
8

0
.1

u

GND

8
m

A

900MHz SAW Filter
900MHz Wide Band SAW
-2.5dB/900MHz oB=-45dB

@46 TAIYO Yuden

GND

GND
C50 22p

GND

1

2 3

45

FL7

FAR-F5KA-897M50-D4DC-Z

GND

-27dBm/450MHz

-10dBm/450MHz

-15dBm
900MHz

GND

L
9

1
0
n
H

R
1
6

2
2

GND

C
5
3 0

.1
u

GND

1
6
m

A

C55 10p

C
5
2

1
0
0
p

F.Tripler
Ga=14dB/NF=2.5dB
3.3V/16mA sat=-0.5dBm

@266 AVAGO

1
6
m

A
GND

GND

2.7GHz LC Filter
2.7GHz Band LC Fil.
-2.0dB/2.6GHz oB=-30dB

@179 TDK

-17dB/2.7GHz GND

L
1
1

1
0
n
H

GND

C
5
8

2
2
p

2.7GHz Amp
Ga=14dB/NF=2.5dB
3.3V/16mA sat=0.5dBm

@266 AVAGO

C56

10p

GND

C
6
0 0
.0

1
u

GND

C
6
1

1
0
p

F
B

1
1 F

B
-1

F
B

1
0 F
B

-1

1 2 3

456
NC

rf gndin

BL1
2500BL14M050T

2.7GHz BALAN
2.7GHZ Filter Balan.
-1.5dB/2.7GHz  1:1

@99 Jhonson

GND

-3dB/2.7GHz

HSMS-8101-TR1G
@164 AVAGO

R
1
8

4
7

GND

R15 100

N
C

D2

HSMS-8101-TR1G

N
C

D3

HSMS-8101-TR1G

GND

F. Doubler
SHF Mixer diode

C62 3p

Ga=-2.5dB
5.4GHz LC BPF

BPF@=180TDK

BPF

FL9
DEA255395BT-2065D2

GND

GND

G
n
din

out

IC8 VMMK-2103

G
n
din

out

IC10
VMMK-2203

L
8

2
2
n
H

GND

C
5
1

1
0
0
0
p

G
n
din

out

IC9 VMMK-2203

L
1
0

1
0
n
H

R17 100

GND

C
5
7

1
0
0
0
p

C63
3p

GND

GND

L
1
3

1
0
n
H

GND

C
6
5

1
0
p

C
6
6

1
0
0
0
p

L
1
2

1
0
n
H

R19 100

GNDC
6
4

1
0
0
p

GND

5.4GHz Amp
Ga=15dB/NF=2.5dB

4.5V/20mA sat=0dBm
@266AVAGO

C68
3p

C
5
4

0
.0

1
u

GND

58mA

Ga=-2.5dB
5.4GHz LC BPF

BPF@=180TDK

G
n
din

out

IC11
VMMK-2503

C69
3p

GND

L
1
5

6
.8

n
H

R22 10
GND

C
7
1

1
0
p

C
7
2

1
0
0
0
p

L
1
4

1
0
n
H

R21 33

GND

C
7
0

1
0
0
p

GND

C75 3p

4.5V/40mA sat=16dBm

5.4G Local Amp.
Ga=13dB NF=3.5dB

GaAs E-HEMT@266Avago

C
7
3

0
.0

1
u

GND

6
5
m

A

Ga=-2.5dB
5.4GHz LC BPF

BPF@=180TDK

L5

6.8nH

L
6

4
7
n
H

Pel.1

8.3mm□Peltier　Cooler　×２
＠=2068 Japan Tecmo.co

+
TEFC1-03112

3.3V /1.1A

-

1
2

S
S

CN1
B2B-PH-SM4-TB

GND

+６．５Vin

R
1
2

0

C
7
6 1

0
0
0
p

GND

6.5V（１.０A)

GNDGND
GND

GND

C
6
7

0
.0

1
u

GND

F
B

1
2 F
B

-1

GND

F
B

GND

GND

GND

25mA

58mA

92mA

R20
47

C
3
2

0
.1

u

GND

90mA

1
.0

A

200mA

Max.1.4A

5.83～5.85GHz

PAT1220-C-3DB-T5
Lo=+8dBm(5.4GHz)

Lo=+9.5dBm

+12dBm
-1dBm1.5dBm-13.5dBm-11dBm/5.4GHz

-
3
d
B

m
/
2
.7

G
H

z

FIT-Sat. 5.8GHz LN Conv.
2011.07.13

If =430～450MHz
IF out =430～450MHz

5.40GHz

2×2.70GHz
2.70GHz

5.4GHz 5.4GHz

12S S

C
N

3
B

2
B

-P
H

-S
M

4
-T

B

GND

R
1
3

4
.7

k
L
E
D

1

L
E
D

F
B

3 F
B

-1

C
5
9 1
0
0
0
p

GND

+3.3Vr

+
5
.0

V
o

FB2

FB-1

Bias T

+3.3V

+
4
.5

V

D1

RB491D

GND

LFB185G78SGAB783  

GND

GND

BPF

FL11
DEA255395BT-2065D2

GND

Pel.2 +
TEFC1-03112

-

321
Vout VinVss

Reg.
IC2

LD2981CU33TR

321
Vout VinVss

Reg.IC3

LD2981CU33TR

321
Vout VinVss

Reg.IC4

LD2981CU50TR

GND

C
2
3

1
u

GND

GND

GND

+3.3Vo

C
2
4 4
.7

u

GND

C
2
61

0
0
0
u
/1

0
V

tr
ip

 C
.=

3A

GND

C
2
9

1
0
0
0
u
/1

0
V

C30

1000p

GND

Z
D

1
V

z=
9
V

GND

FB6

FB-1

FB8

FB-1

FB9

FB-1

GND

C
3
8

0
.0

1
u

L18

390nH

C
1
4

1
u

GND

R9

-3dB/50ohm

susumu @79

GND

R11

-3dB/50ohm

PAT1220-C-3DB-T5
susumu @79

+6.5V

C
4
1 0
.0

1
u

GND C
4
6

0
.0

1
u

GND

C
7
4 1
u

GND

GND GND

shield

GND

4
4
0
0
-
0
9
1
L
F

4
4
0
0
-
0
9
1
L
F

LQH31HNR39K03L

L
1
6

3
9
0
n
H

L
Q

H
3
1
H

N
R

3
9
K

0
3
L

L17

390nH
LQH31HNR39K03L

1 2 3

4

567

8

FL3

0500LP15A500E

1 2 3

4

567

8

FL4

0500LP15A500E

4 2

3

1

FL1

LFB185G78SGAB783 

4 2

3

1
FL2

LFB185G78SGAB783 
12345

6 7 8

Gnd

9 10

IFRF

Lo
Gnd

M
IX

1
M

C
A

1
-8

5
L
+

GND

CN4

SMA(F)

GND

142-0711-201

C
7
9

1
0
0
0
p

GND

1

2

3 4

5

NC

Gnd

Vcc

Vout

Vin

IC5

TC7SG04AFS

BPF

FL10
DEA255395BT-2065D2

4

2

3

1

FL8
DEA252593BT-2074A3

LP_LOGO1

LP_LOGO

LP_LOGO2

LP_LOGO

PHR-2

P
H

R
-2

Lcl5.0V

Lcl3.3V

P
L
L
o
u
t

FitSAT- A Small Artificial Satellite Developed at the Fukuoka Institute of Technology
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5.4GHz Local Oscilator
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Wiring board History Wire wrap Technology Copper Clad Prototyping Technology FitSAT

SMT Real Cubesat PCB
5.84 GHz, RF Power 2 W, DC Power 15 W, Speed 115 Kbps, FSK ±50kHz
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